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Preface. 

During the geological investigations in Spitsbergen carried out by 
the Norwegian expeditions in the years of 1 906- 1 925 inter alia a 
large material of Devonian vertebrates was brought together. Of this 
material the Cephalaspids have been described by Stensio in 1927, 
whereas some other groups have been treated by Kiær and Heintz 
(in 1929, 1 930, 1932, 1935 and 1937). 

Since 1925 large new collcctions of fossil vertebrates have been 
made in the Devonian of Spitsbergen by Th. Vogt's expedition in 1 928 
(see Vogt 1930) and by a special palaeontological English-Norwegian
Swedish expedition in 1939, here briefly called the ENS expedition .  

The present work i s  devoted to  the Cephalaspids in  the said new 
co l lections . 

The greater and most important part of this new material of 
Cephalaspids was brought home by the ENS expedition . The planning 
and realization of this expedition was mainly the work of Professor 
E. Stensio, Stockholm, under whose leadership the expedition was car
ried out. Otherwise the expedition was the result of a close cooperation 
between the British Museum of Naturai History in London, the Palaeonto
logical Museum in Oslo and the Palaeozoological Department of the 
Swedish Museum of Natural History in Stockholm, and as leaders from 
the English and Norwegian sides took part Dr. E. I. White, London, 
and Professor A. Heintz, Oslo . An account of the expedition and of 
the geological results , obtained during it, has been published by FØyn 
and Heintz (1943). The expedition visited most of the Devonian areas 

both in the Ice Fiord district and at the firths of the north coast. Parti
cularly the Wood Bay series yielded much material, and its vertebrate 
fauna appeared to be surprisingly rich both in Cephalaspids and other 
lower vertebrates .  A large and important material of lower vertebrates 
was also collected in the Red Bay series . In all more than 600 specimens 
of Cephalaspids were brought back by the expedition . 

The material of Cephalaspids brought home by Th . Vogt's expedi
tion in 1928 mostly comes from the Red Bay series .  It includes 132 
specimens , severai of which are excellently preserved and very valuable 
from an anatomical point of view. 

Besides the collections just mentioned some previously undescribed 
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specimens from Th. Vogt' s expedition in 1 925 (see Vogt 1 926) and a 
single specimen of the Lewin collection in the Palaeozoological Depart
ment of the Swedish Museum of Natural History in Stockholm have 
also been dealt with in the present work . 

The writer has had the opportun it y of going through all the speci
mens of Cephalaspids described by Stensio and some of these specimens 
are als o treated and discussed in the present work . 

The material of Cephalaspids collected by the Norwegian expedi
tions in 1 906- 1 928 all is in the possession of the Palaeontological 
Museum of Oslo . It will be referred to below under the numbers of 
that museum. The material of Cephalaspids brought together by the 
ENS expedition belongs to the British Museum (N. H.)  in London , 
the Palaeontological Museum in Oslo and the Palaeozoological Depart
ment of the Swedish Museum of Naturai History in Stockholm,  but as 
it has not yet been divided among these museums, it will here be dealt 
with as a unit so that the individual specimcns are referred to as 
ENS nos . 1-616, respectively. 

In view of the circumstance that StenslO's paper is chiefly a treatise 
of the anatomy of the Cephalaspids, the present work was originally 
planned as a taxonomic research of the new material of Spitsbergen 
Cephalaspids collected since 1925. During the course of the investiga
tions it appeared , however, that the material also offers much of 
anatomical interest. Under such conditions it was necessarry to treat 
here some points of the general morphology, and hence the present 
work also includes an anatomic part . This part does not contain a 
complete account of the anatomy, but intends chiefly to point out 
certain new facts and to describe such structures which are of general 
interest and lead to new interpretations of certain anatomical conditions. 

In presenting the results of my investigations I wish first to express 
my great obligation to Professor E. Stensio, Stockholm, Dr. E. 1. White, 
London, and Professor A. Heintz , Oslo , for entrusting to me this 
valuable material . I also acknowledge here my debt of gratitude to the 
late Professor G. Save-Soderbergh for excellent working facilities at the 
Palaeontological Institute of Uppsala .  To Dr. Elsa Warburg and Pro
fessor P. Thorslund, the succeding heads of the institute , I also wish to 
express my grateful thanks. For their efforts of bringing this paper into 
press I tender my sincere thanks to Professor A. Heintz , Oslo, and to 
Professor H. U. Sverdrup, Director of Norsk Polarinstitutt, Oslo . 

The retouching of the photographs and the final drawings of the 
figures have been made by Messrs . E. Ståhl and A. Nilsson, Uppsala ; 
a few photographs have been retouched by Mr. S. Ekblom, Stockholm. 
The revision of the English manuscript has been made by Professor 
O. Zdansky, Uppsala . To these collaborators and to others who in any 
way have facilitated my work I here wish to express my cordial thanks . 



Introduction. 

The magnificent monograph by Stensib ( 1 927) on the Cephalaspids 
from Spitsbergen constitutes a milestone in the history of investigations 
into the Osteostraci and likewise all other sections of fossil agnathous 
vertebrates, and it forms the natural and, in faet, only eoneeivable 
basis for all subsequent works on this group. 

Through the researches of Stensib our knowledge of the most 
primitive fossil vertebrates was immediately enormously enlarged. The 
inner anatomieal strueture of the eephalie shield in the Osteostraei was 
elucidated in detail , and it was thereby made wholly evident that the 
group belongs to the agnathous and monorhinous vertebrates .  The 
relation of the Osteostraci to the other groups of the Ostraeoderms 
and to the reeent Cyclostomes was diseussed . The group was proved 
to be most nearly related to the Anaspida, and it was thought to be 
more closely akin to one of the two re cent eyclostomous groups, viz . 
the Petromyzonts , than these between themselves. A later paper by 
Stensib ( 1 932) , on the Cephalaspids of Great Britain, supplements this 
work in dealing particularly with the trunk behind the eephalie shield 
and the minute strueture of the exoskeleton. 

A valuable abstraet of the results of Stensib on the eephalie 
anatomy of the Cephala:�pids is given in a paper by StensiO & Holm
gren ( 1936) whieh also eontains many comparisons with the modern 
Cyclostomes . 

Stensib's conclusions with regard to the Osteostraci as agnathous 
vertebrates have been generally accepted but in reference to the con
tents of the group Ostracoderms and to the interrelationship between 
its different sub-groups and between these and the two recent cyc1osto
mous groups, the opinions of later authors are mueh at varianee. 

Following upon the works of Stensib our knowledge of the 
Osteostraei has been inereased by the researches of severai authors . 

The Osteostraci faun as of Saaremaa (Oesel ; cf. also Luha 1940 ; 
Bblau 1 949 ; Robertson 1 95 1  a) , most interesting in view of being the 
oldest well preserved vertebrate faunas known dating from the Lower 
Ludlow, have been the subject of extensive researches . A very large 
material was brought home by Patten, and he has briefly described 
(Patten 1 93 1 )  two new speeies of Tremataspis (T. milleri and T .  mam-
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mil/ata) and "Didymaspis" pustulata as weU as a new genus Dart

muthia, with the speeies D. gemmijera, considered to represent a new 

family connecting the Cephalaspids with the Tremataspids . A new 

restoration of the lower side of the shield in Tremataspis, showing the 
disposition of the plates of the oralo-branchial fenestra,  was als o given 
by Patten ( 1 932) .  

After the death o f  Patten in  1 9 32  his material has been worked up 
by Robertson in a long series of papers . The genus Dartmuthia was 
more ful ly described and figured (Robertson 1 9 3 5 a) ,  a new genus, Oesel
asp is, was founded (Robertson 1 93 5b) on "Didymaspis" pustulata and a 
detailed description was given of the speeies . In the same year he gave a 
prel iminary classification of the Osteostraci (Robertson 1 9 3 5c) as follows : 

"Family Cephalaspidae Agassiz 1 844 
Sub-family Cephalaspinae StensiO 1 9 32  
Sub-family Kiaeraspinae Stensio 1 9 32  

Family Tremataspidae Woodward 1 8 9 1  
Family Dartmuthiidae Patten 1 9 3 1 
Family Oeselaspidae Robertson 1 9 3 5 ." 

Robertson ( 1 9 3 8 a) has furthermore dealt with the Tremataspids . 
He gives i .  a. a new restoration of the plates of the oralo-branchial 
fenestra, and a description of the courses of the sensory lines and of 
some details of the inner anatomy ; seven speeies of the genus are 
described (four of them as new speeies , viz. T. panderi, T. patteni, 
T. rohoni and T. scalaris; cf. Luha 1 940 ; Denison 1 947) .  

Two new genera have been proposed by Robertson (l9 3 8b) : 
Saaremaaspis, supposedly with short cornua and with one pair of short 
lateral sensory fields, is assumed to belong to the sub-family "Kiaer
aspinae"; type speeies (and only speeies) is Tremataspis mickwitzi of 
Rohon ( 1 8 92) . Rotsikilliaspis with the new speeies R. obrutchevi is 
apparently related to Dartmuthia . 

In a later paper (Robertson 1 939a) he redescribes the speeies 
Cephalaspis schrenkii, erected by Pander as early as in 1 8 56, and pro
poses the new genus Witaaspis for its reception . 

A supposed representative of the genus Cephalaspis from Sa are
maa is described (Robertson 1 9 39b) as C. oeselensis in apaper which 
also contains a survey of the Osteostraci from Saaremaa, described til l 
then . Rotsikiillaspis is now assigned to the family Dartmuthiidae. A 
second speeies of Witaaspis (W. patteni) is described (Robertson 
1940a) . A description of the sensory lines in Thyestes verrucosus is 
given in the same year (Roberts on 1 940b) , and these lines are found 
in some respects to agree with those of Tremataspis. 

In 1 945 Robertson ( 1 945)  gives a redescription of the Saaremaa 
speeies placed by him in the family "Cephalaspidae", viz . Thyestes 
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verrucosus, Witaaspis schrenkii, W.  patteni, Saaremaaspis mickwitzi 
and Cephalaspis oeselensis . He also discusses all the genera proposed 
in this family, and the characteristics which are thought to denote 
groups of family rank, and, finally, gives a classification list of all the 
genera in Osteostraci. His list, down to sub-families, runs as follows : 

"Order Osteostraci Lankester 
Family Cephalaspidae Agassiz 

Sub-family Cephalaspinae Stensia 
Sub-family Hemicyclaspinae Heintz 
Sub-family Kiaeraspinae Stensia 

Family Tremataspidae Woodward 
Family Dartmuthiidae Patten 
Family Oeselaspidae Robertson 
Family Didymaspidae n. fam." 

It is a development of his list in 1 935, and it is interesting to note 
that the order is not subdivided into groups of super-family rank 
(the Trernataspids are thus not placed in a group distinet from the 
other families , cf. Berg 1 93 7 ;  1 940 ; Heintz 1 9 39)  and that the genus 
Didymaspis is placed in a family of its own. 

The min ute structure of the exoskeleton of Tremataspis and other 
Silurian Osteostraci has been studied by Gross ( 1 9 3 5 ; 1 947) ,  Wangsjo 
( 1 944),  Bolau ( 1 95 1 ) ,  and particularly by Denison ( 1 947 ; 1 95 1 b) ;  the 
latter, and BOlau, have observed the relations of the sensory lines to the 
mucous canals , and have both put forward a new interpretation of this 
canal system; they have also made some very interesting observations 
on the growth of the exoskeleton. Denison's interpretation of the mucous 
canal system has rightly been critizised by Robertson in a recent paper 
(Robertson 1 950) ,  in which he als o enters upon a discussion of the 
specific criteria used in the Cephalaspids and more especially in the 
genus Tremataspis . 

Four new Cephalaspis species (C . canadensis, C .  acadica from 
the supposed Eodevonian, and C. patteni, C. rosamundae from the 
Neodevonian) frol? Canada have been described by Robertson ( 1 936 ;  
1 9 3 7 ;  1 94 1 ) .  

The first Cephalaspid, found in U. S.A. , has been described by 
Bryant ( 1 9 3 3) as Cephalaspis wyomingensis . Some very small bone frag
ments (Ohioaspis) from the Mesodevonian of Ohio have been referred 
to Osteostraci on account of their minute structure (Wells 1 944) . 

In Germany som badly preserved remains are described as Cephal
asp is diensti, in addition to two indeterminable Cephalaspid fragments, 
all from the Upper Eodevonian (Gross 1 9 3 3 a ;  1 9 33b ;  1 9 37) . 

A partly exceptionally weU preserved specimen, holotype for the 
new speeies Cephalaspis kozlowskii, has been thoroughly studied by 
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Zych ( 1 937) ;  some of the superficial vascular canals of the dorsal 
side of the shoulder-girdle are described and interpreted as being 
connected to the vascular canal system of the pectoral fin , and the 
n.  glossopharyngeus is said to have run in a canal behind the labyrinth 
cavity and not to have pierced this cavity . 

A new Cephalaspis species (C . jack i) is described from England 
by White ( 1 9 35b) and a new Benneviaspis species (B.longicornis) 
from Spitsbergen by Wangsjo ( 1 937) .  

A badly preserved specimen and some isolated scales from the 
Downtonian of Scotland are described as a new genus and species, 
Hemiteleaspis heintzi, by Westoll ( 1 945) , who in this connection also 
enters upon severaI questions of general interest with regard to the 
anatomy and growth of the cephalic shield and the evolution of the 
Osteostraci .  

Lehman ( 1 937) has described undeterminable fragments of Oste
ostraci from the Upper Ludlow of Scania (Sweden) , and some fragments 
Ci. a. of Darthmuthia) from Gotland are mentioned by Spjeldnæs ( 1 950) .  

In  a most important paper Heintz ( 1 939) has given a very detailed 
account of two Cephalaspids from the Downtonian of Norway, viz . 
Aceraspis robusta and HirelIa ("Micraspis") gracilis, first described 
by Kiær ( 1 9 1 1 ) .  He gives i. a. interesting informations on the scle
rotic ossifications and on the ventraI visceral exoskeleton, and accor
ding to him, the position and the shape of the mouth opening is quite 
different in these two closely related forms .  Both speeies have the 
anterior portion of the dorsal fin-fold developed as a high and thin 
anterior dorsal fin or fin-like crest (it is, however, interpreted as being 
forrned in essentially the same way as the dorsal crest in e. g .  Hemi
cyclaspis). Very peculiar is the structure of the caudal fin with a 
horizontal membrane on its antero-ventral part (this membrane is 
shown to occur als o in Hemicyclaspis, A teleaspis and Cephalaspis, 
and is thought to be characteristic of the caudal fin of the Cephalaspids 
in general) . A teleaspis tesselata is also redescribed . This genus, and 
A ceraspis, HirelIa and Hemicyclaspis are placed in a subfamily of 
their own, "Hemicyclaspinae" . The classification of the order Oste-
ostraci according to Heintz is this : 

. 

"Order Osteostraci 
Sub-order Cephalaspida 

Fam. Cephalaspidae 
Sub-Fam. Hemicyclaspinae 

Sub-Fam. Cephalaspinae 

Fam. Kiaeraspidae 
Sub-order Tremataspida ." 
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Recently Denison ( 1 9S 1 a) ,  in a paper on the evolution and c1assifi
cation of the Osteostraci has put forward a new c1assification of the 
order, taking into account all the known genera, but with particular 
reference to those from the Lower Ludlow of Saaremaa. Witaaspis 
patteni is synonymized with W .  schrenkii and Rotsikiillaspis obrutchevi 
with Saaremaaspis mickwitzi, Cephalaspis oeselensis is referred to a 
new genus, "Procephalaspis",  and Cephalaspis woodwardi to another 
new genus, "Stensiopelta".  The c1assification of Dension is as follows : 

"Order Osteostraci 
Family Tremataspidae 

Subfamily Tremataspinae 

" Dartmuthiinae 

" Oese1aspinae 

" Didymaspinae 
Family Sc1erodontidae 

" Ateleaspidae 

Family Cephalaspidae 

(Tremataspis) 
(Dartmuthia, Saaremaaspis) 
(Oeselaspis) 
(Didymaspis) 
(Sclerodus) 
(Hemicyclaspis, Hem ite leasp is, 
Micraspis, A ceraspis, 
A teleaspis, Witaaspis) 

Subfamily Cephalaspinae (Thyestes, Procephalaspis, 
Cephalaspis) 

" Benneviaspinae (Securiaspis, Benneviaspis, 
Hoelaspis, ? Boreaspis, 

Family Kiaeraspidae 
Stensiopelta) 

(Kiaeraspis) ."  

General views as to the position of the group Osteostraci in the 
vertebrate system are expressed by Goodrich, de Beer and Watson 
(Goodrich 1 93 1 ,  de Beer 1 9 3 1 ) ,  and Sewertzoff ( 1 9 3 1 ) .  Goodrich and 
de Beer i . a .  lay stress upon the many points of agreement in the 
structure of the two recent cyc1ostomous groups and object to the 
supposition (advanced by Stensio 1 927) of a polyphyletic origin for them 
(similar views are expressed by Sewertzoff 1931) . This opinion is also 
held by White ( 1 9 3 S a) ,  who places the Osteostraci as a c1ass and order 
of its own among the Agnatha, in rank with the Heterostraci (exc1usive 
of the Coelolepids) , Anaspida and Cyc1ostomata, and by Watson ( 1 9 37) ,  
who applies the same divisions. 

The c1assification of Berg ( 1 9 3 7 ;  1 940) is somewhat different and 
is in agreement with that of Stensio ( 1 927) in so far as he separates the 
two recent cyc1ostomous groups ; he divides the Agnatha into four 
c1asses : Cephalaspides (Osteostraci) , Petromyzones ,  Pteraspides (Heter
ostraci) and Myxini. The Cephalaspides are made to contain the sub
c1ass Cephalaspides (with the orders Cephalaspidiformes and Tremat
aspidiformes) and the subc1ass ? Birkeniae (Anaspida) . 
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A similar conception of the larger groups within the Agnatha is 
found in a paper by Gross ( 1 939) ,  partly expressed in an earlier paper 
(Gross 1 9 3 3c) .  

Moy-Thomas ( 1 9 3 9) classifies the Agnatha in the following way : 

"Sub-class 1 .  Ostracodermi 
Ord. 1 .  Heterostraci = Pteraspida 
Ord . 2 .  Coelolepida 
Ord . 3 .  Osteostraci = Cephalaspida 
Ord. 4 .  Anaspida 

Sub-class 2 .  Cyclostomi . "  

Only the orders Osteostraci and Anaspida are thought to be  closely 
related to one another ; the Coelolepids are hesitatingly placed in the 
Agnatha ; the possibility that the modem Cyclostomes may be the 
descendents from a cephalaspid- or anaspid-like ancestor is appre
ciatively discussed . 

Heintz has also dealt with these questions ; he adopts (Kiær & 
Heintz 1 9 35 )  in some measure the classification of Stensio ( 1 927) ,  but 
leaves open the question as to the relations of the recent Cyclostomes 
to the fossil groups. The divisions of Zych ( 1 9 3 7) are in accordance 
with those of Stensio . 

WestoIl ( 1 945)  discusses i. a. the possibility that some Coelolepids 
may be related to the Osteostraci (even the p ossibility that they may 
be "larval" Osteostraci) , others to the Heterostraci, and yet others to 
the Anaspida. The evolution of the group Agnatha is considered by 
Obruchev ( 1 945)  in conjunction with a discussion of the development 
of the exoskeleton . Contrary to the views of Stensio he assurnes a 
progressive evolution from forms with small exoskeletal units towards 
forms with large and compound plates (cf. also "the lepidomorial 
theory" of StensiO & 0rvig ,  see Ørvig 1 95 1 , pp. 366-368) .  The 
Thelodonti are regarded as the basal agnathous group from which the 
Heterostraci, the Osteostraci, the Anaspida and the recent Cyclostomata 
have evolved . 

The systematic position of the group Heterostraci ,  as of interest 
in this connection , has lately been examined als o by Balabai ( 1 948) .  

Morphological questions connected with the Cephalaspids are dealt 
with by Allis ( 1 93 1  a, mouth-opening and visceral skeieton ; 1 93 1  b, 
naso-hypophyseal canal) , Bohlin ( 1 94 1 ;  sensory fields) and Holmgren 
( 1 942 ; sensory line system) , and furthermore discussed in a greater or 
lesser degree in connection with investigations into the anatomy or 
embryology of Petromyzon by Damas ( 1 943) ,  J ohnels (1948 ; 1 95 0) .  
and Lindstrom ( 1 949) .  



Material an d met hod s .  

The cephalaspid material from Spitsbergen, treated in this paper, 
is on the whole of the same type as that described by Stensio ( 1 927) ; 
the fossils thus consist almost exc1usively of cephalic shields or fragments 
of such shields .  On one occasion only parts of the trunk have been 
found associated with the cephalic shield (a specimen of Cephalaspis 
pinnijera) . Parts or fragments of the detached trunk are present in 
two cases . 

The types of the vertebrate-bearing rocks from the Spitsbergen Old 
Red, as far as of interest in this connection, have been described by 
Stensio ( 1 927 ,  p. 1 8) ,  Heintz ( I 929a, p. 2 1 ) and Kiær & Heintz ( 1 9 3 5 ,  
pp . 1 7-1 8) ,  and I can therefore in the main refer to these authors . 

The rocks are different kinds of sandstone, which always are 
ca1ciferous ; in some places the rock has the character of a lime-sand
stone . Of ten,  especially in Mt Ben Nevis, the rock is conglomeratic , 
the conglomerate is intra-formational, and the small nodules consist 
of mud-stone fragments (cf. Heintz 1 929a,  p. 2 1 ) .  Concretion-like 
nodules, containing fossils , occur in a few places : Fraenkel Ridge, in 
the "Psammosteus" layer, Mt Ben Nevis , in the Vogti layer and on 
Mt Pteraspis (cf. Kiær & Heintz 1 93 5 ,  p. 1 7) . 1 

As to the state of preservation of the fossils in different kinds of 

l The result of analyses of the lime-con tent of some sandstone types from Spits

bergen is shown below (the calcite was dissolved with acetic acid (4-n), in sample 4c 

with 5% and 4d with 1 0% hydrochloric acid; the weight of each samp1e was 20 gl: 

1. Red B ay series. Fraenkel Ridge, Primaeva layer . ... ..... .... 45.95% CaCO:: 
2 .  Anglaspis  l ayer . . . . . . . . . . . . .  28 . 1 5  % 
3.  Mt Ben Nevis, Benneviaspis layer . . . . . . . . . . 3 3 .4 % 
4a. A.ndree Glacier, S. half, moraine .......... .. 64.5 % 
�. . ... . ..... .. M .9% 
4c. . .... ....... 68 .45% 
4d. . ... . ....... 45.5 % 
5.  Mt Pteraspis ... . . ...... . . . . . . . . . .. .. . .... . 3 9 .55% 

6. Wood Bay series. Mt Sigurd, slope towards the Hoffnung Gl.  

a)  "red layers about 130 m" ........ . ....... 40.0 % 
7 .  b )  layer with Boreaspis ceratops . . . . . . . .... . 42.65% 
8 .  Mt Kronprinz, opposite the Stiørdalen Val ley, 

grey sandstone . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  311 .5  % 
9 .  Mt Lyktan, S. E.  slope .. . ...... . . . . . ... . .. 27.0 % 

(Cont. overleaf) 
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rocks, we can, in addition to what has been said by Stensia ( 1 927) and 
Kiær & Heintz ( 1 935), state that in some places in the Anglaspis layer 
on the Fraenkel Ridge the cephalic shields (preserved in a dark grey 
sandstone) are exceptionally well preserved, the inner parts , including 
the endoskeletal cavities and canals being filled with calcite , which 
makes the preparation comparatively easy . The shields from the Pri
maeva layer (in a reddish sandstone) are rather well preserved but the 
bone-tissue seems in many cases to have been subjected to some chemical 
alterations so that they will not readily or not at all stain with alizarin ; 
the same applies to some shields from the lowermost part of the Wood 
Bay series on Mt Sigurd . Those shields occurring in a grey sandstone in 
the Wood Bay series are generally much better preserved than those 
embedded in the usual red or red-brown sandstone . The fossils from 
the light grey , coarse sandstone in Mt Borgen (Wood Bay series), being 
well preserved with regard to their external shape, have, however, the 
inner structures destroyed to a varying degree . 

In general it can be said that the exoskeleton is badly preserved 
and does not show any finer details . The endoskeleton is of ten weU 
preserved, and more of ten so in the specimens from the Red Bay series 
than in those from the Wood Bay series . The inner parts of the shields 
from the Wood Bay series are usually not weU or not at all preserved, 
and this is very probably primarily due to unsuitable conditions during 
and after fossilization in the sandstones from this series, and possibly 
the bad state of preservation is to a certain degree caused by a feebler 
development of the endoskeletal bone-Iayers (cf. , however, Stensia 1 927 ,  
pp . 3 1 -32 ;  1 9 32 ,  pp . 1 2- 1 3) .  The state of  preservation varies in  
some species according to  the type of  rock in which the different speci
mens are embedded. We find e .  g .  that a specimen of Cephalaspis lati
carnis from a grey-green sands tone has at least the perichondrial cana]
layers very well developed while the endoskeleton on the whole in other 
specimens of the same species , but occurring in the usual red sands tone 
of the same series, is badly preserved. In most of the specimens of 
Nectaspis arealala the endoskeletal bone-Iayers are more or less deli
cate or even absent but in two specimens from one locality on Mt Lyk
tan they are well and strongly developed (this applies also to two speci
mens of Bareaspis rabusta from the same locality) . 

lOa. Wood Bay series. Mt Lyktan, S. E. Slope,  sandstone with Nect-

10b. 

Il. 
12. 

13. 

14. 

J 5. 

16. 

aspis arealata and Bareaspis robusta, holotypes 37. 6 % CaCO� 

ditto . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . 38. 0 5% 

Mt Lyktan, Fiskedalen Valley . . . . . . . . . . . . . . 3 3. 12% 

Mt Borgen,  N. part . . . . . . . . . . . . . . . . . . . . . . . .  13. 15% 

Mt Errol White , "fossiliferous Iayer ab. 125 m" 34. 3 % 

StjØrdalen Valley, S. side . . . . . . . . . . . . . . . . . . . 20. 6 % 

, W. part . . . . . . . . . . . 23. 7 % 

Mt Prismefjell,  W. sIope, about 20 0 m . . . . . .  21. 2 % 
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Of ten the shape of the fossil shields has been affected by pressure 
of the rocks and they are thus more or less distorted. This is most of ten 
the case with shields from the Stjørdalen division of the Wood Bay 
series (see e. g. Nectaspis del/ei, p .  5 47) .  

The fossils detach themselves from the embedding rock in such a 
way that the splitting plane lies either within the exoskeleton through 
the lower division of the midd le layer or just beneath the exoskeleton 
in the zone of the subcutaneous canal plexus ; an outer or peripheral 
part of the fossil thus almost invariably remains on the counterpart. 

The preparation of the fossils was first carried out with the help 
of chisels , and then, under a low-powered binocular magnifier, with a 
dental mallet. The finer preparation was carried out by fine needies 
under a binocular microscope of the Greenough type, usually with a 
magnification of 25-40 times. During this finer preparation the 
fossils most of ten were soaked with a1cohol, xylol, oil of aniseed, or 
coated with glycerine, and in such cases a strong illumination was used 
(as a Leitz "Monla"-lamp or a Reichert pointolit lamp) . In some cases 
it was found very useful and practical to cut parts of the fossils, in which 
the deep lying canals or cavities were to be followed, in smaller or lar
ger pieces by means of a pair of sharp pincers . The fossils could thus 
most of ten be cut as desired and the required canals exposed ; if neces
sary the canals or cavities in these pieces were c1eaned out with the 
dental mallet or with needies. After studying them in this way the fos
sils were "mended" by gluing together the pieces carefully. For photo
graphing the fossils were of ten immersed in one of the fluids mentioned 
(or in a few cases in thick canada balsam) and lighted up with the aid 
of, usually two,  strong arc-Iamps. In a few cases the fossils were coated 
with ammonium chloride, and a soft illumination was used (cf. pls . 2 7 : 2 ;  
3 9 : 3) .  Extreme1y useful i n  many cases was the staining of the bone
tissue with alizarin (us ing a saturated solution of alizarin in a1cohol) ; 
the method has been fully described by Stensio ( 1 944, pp. 5-6) ; in the 
explanations to the plates in this paper it is always remarked when this 
method has been us ed on the fossils figured. 

The measurements given in the systematic descriptions were 
always taken directly upon the fossils as they are preserved, thus e. g. 
small irregularities in the symmetry of the cephalic shields are not 
disregarded, even if they have possibly originated during the fossili
zation. Distinctly distorted shields are generally not directly mea
sured but the very approximate dimensions of the restored shields are 
given. As in most cases it is impossible to say if the fossils have under
gone some slight postmortal distortions or not, it is of course evident, 
that the figures referring to measurements must be used very cauti
ously, and cannot, in general , be used for more elaborate statistical 
ca1culations . 

2 
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The thin sections through the exoskeleton for study of its minute 
structure were made in the ordinary way ; it was , however, in many in
stances found useful first to embed the samples in a transparent plastic 
(methyl-metacrylate) , in the main following the procedure described 
by Randall & Menzies ( 1 94 1 ) .  

The grinding method for obtaining serial sections has not been 
employed. 

All the photographs used for the plates or text-figures in this paper 
have been retouched. 

Li st of localities. 

(See the maps, figs .  1-3 ;  the numbers on the maps refer to 
localities or groups of localities ,  to be found with corresponding figures 
in the following list. The maps are compiled from those in the papers 
of De Geer ( 1 9 1 2 ;  1 9 1 3 ) ,  Isachsen ( 1 9 1 5 ) ,  Heintz ( 1 929b), Lid ( 1 929) ,  
FØyn & Heintz ( 1 943) .  Many informations have been obtained from 
"The Place-Names of Svalbard" ( 1 942). The statements as to longi
tude and latitude are not at all uniform for the different localities, and 
are in most cases only approximate. )  

Localities at  the bays of the North Coast ( l -20) .  
Localities on the E .  side of R e d  B a y (Raudfjord ; 1-3) .  

1 .  Fraenkel Ridge (Fraenkelryggen) , a narrow ridge from the S.  part 
of Mt Fraenkel towards Red Bay, immediately N. of the Andree 
Glacier (79� 4 1 '  N . ,  1 2� 20'-3 0' E . ) .  

On  the labels the stratigraphical horizon only i s  indicated, and 
this refers in many cases to a certain locality or to Ioc ali ties 
within a rather restricted area ; they can more or less exactly be 
placed with the aid of the statements by Heintz (in Kiær & Heintz 
1 9 3 5 ,  pp. 1 1 - 1 3) ; as to the localities a) - c), see also HØeg 
1 942. p. 1 3 .  
a) "Psammosteus lag" (horizon) ,  on the easternmost part of the ridge, 

about 5 00-550 m. (Cephalaspis corystis, C. sp . no. A 30099) ; 
b) "Corvaspis lag", "Corvaspis horizon", on the N. side of the 

ridge, along a brook from the glacier on the W. slope of Mt 
Fraenkel (C. acuminata, C. dissimulata); 

c) "Plante lag" (Plant horizon) , as b) but further down (C. crad

leyensis, C. pygmaea); 

d) "Primaeva lag", " Primaeva horizon", different local ities i n  
a red sandstone in the middle parts o f  the ridge, S .  of 
b) (C. acuminata. C. dissimulata, C. divaricata, C. eurhyncllus, 

C. heintzi, C. hyperboreus, C.oreas, C. pygmaea, C. silluata. 

C. verruculosa, Ectinaspis heintzi); 



Fig. 1 .  - Map of Spitsbergen, show

ing the extent of the Devonian system 

(after HØeg 1 942). The framed 

square fields de note the areas, shown 

on a larger scale in figs. 2 and 3 .  
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e) "Polaris lag" (horizon), "Horis .  250  m." ,  in a grey-green sand

stone in the middle parts of the ridge ; its relation to d) seems 
to be obscure (C . arcticus, e. dissimulata, C . oreas?); 

f) "Anglaspis lag" , "Anglaspis horizon" , "Horis .  200 m." ,  on the 
S. W.  side of the ridge, on the slope towards the Andree Glacier 
(e. acuminata?, e. deltoides, C .  dissimulata, C .  divaricata?, 
C. eurhynchus?, C. excellens, C. hastata, C. recticornis, e .  
vogti, e. sp . ENS nos . 608 , 6 1 0) .  

2 .  Between Fraenkel Ridge and M t  Ben Nevis ; 

a) Andree Glacier (Andreebreen) ; in the moraine (without further 
annotation of locality) (C. tenuicornis, Securiaspis sp .) ; 

b) Andree Glaeier , N. half, W. part ; in the moraine (moraine 
material originating from Fraenkel Ridge) (C . eurynotus?, 
C. verruculosa?); 

c) Andree Glacier, S .  half, W.  part: in the moraine (moraine ma
terial derived from Mt Ben Nevis) (e . broughi, C. ibex, C. me
topias, C. pinnifera, C. platycephalus, e .  tenuicornis, C. sp. 
ENS no. 6 1 1 ,  Tegaspis kolleri); 

d) W. of the Andree Glacier (C . eurynotus, C .  powriei var. polaris, 
C. sinuata, C .  verruculosa?); 

e) in the shore profile ("Strand profil") , very probably on the N. 
side of the stream from the S. W corner of the Andree Glacier 
(C . eurynotus) . 
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Fig. 2. - Sketeh-map of a northern part of W. Spitsbergen, with fossil loealities 1-19 .  
Seale 1 :625 000. 

Unglaciated areas in the western part are strongly shaded; in the eastern part the whole 
land-area is strongly shaded; on the whole this area is mueh less glaeiated than the 

western part. 

The area mapped adjoins the area shown in fig. 2; cf. fig. 1 .  

3 .  M t  Ben Nevis. Mountain E .  and S .  E.  of the head of Red Bay, S .  
of the Andree Glacier (79° 39' N. ,  12 ° . 26' E. ) ; 
a) without annotation of the exact locality, in talus (C. aarhusi, 

C. cro/ti, C. eukeraspidoides, C. exilis, e. hoeli, C. pinni/era, 
C. platycephalus, C. retusa, C. tenuicornis?, Benneviaspis holte
dahli, S. quadrata, S. staxrudi, T. kolleri); 

b on the shore [of Red Bay] (C. signata); 
c) N. W. part, "s. of the Andree Glaeier, fossiliferous horizon 

about 50 m above sea level" (Benn. holtedahli?); 
d) Northern Plateau, 300 m (C? pedata), 6QO m (Benn . longicornis); 
e) "Vogti lag" (horizon) , on the Northern Plateau or Northern 

Ridge (e.  /Øyni, C. ibex); 
f) horizons A-I (of Hoel) , on the N. side of the bro ok from the 

First Glacier on Mt Ben Nevis to the Grand Glaeier S. of Red 
Bay (S. staxrudi, T. kolleri); 

g) Second Glaeier (on the W. slope of the mountain), in the mo
raine ("Cephalaspis moraine") (C. metopias, C. signata, C .  
tenuicornis, T.  kolieri); 
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Fig. 3 .  - Sketch-map of a central part of W. Spitsbergen, with fossil localities 20-28.  
Scale 1 :625 000. 

The whole land-area is shaded (no distinction is made between glaciated and unglaciated 
areas). The map is to the N. continued by that in fig. 2; cf. fig. 1 .  

h) "Tunge", a narrow tongue between the upper parts of the First 
and Sec ond Glaciers (Benn. sp . 1 ,  C. hastata? ,  C. hoeli, C .  
signata); 

i) the Cliff, immediately S. of f) , forming the N. escarpement of 
j) (= "below Southern Plate au") (e. cro/ti, C. ibex); 

j) Western Plateau, S.  of the First Glaeier, W. of the top of the 
mountain, 
300-400 m, "Ctenaspis lag" (horizon) (Benn. holtedahli, B .  

platessa?,  C .  doryphorus, C .  exilis, e. hoeli, C .  platycepha
lus, C . retusa), 

5 00-600 m, "Benneviaspis lag" (horizon) (Benn. holtedahli, 
B .  platessa, C. exilis, e. hoeli, C. metopias, C. retusa, 
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Hoelaspis angulata, Kiaeraspis auchenaspidoides, S. stax
rudi, T .  kolleri); 

k) S. W. part (Kiaeraspis auchenaspidoides); 
1) horizons J-U (of Hoel) , localities on the S. W. slope of the 

mountain, from the glaeier between Wulff Ridge and Mt Ben 
Nevis to the top of the mountain (C . retusa); 

m) S. E .  slope, in talus (T. kolleri) .  
The place of  some localities has been determined after the state
ments in the paper by Kiær & Heintz ( 1 9 3 5 ,  pp . 1 1 - 1 5) .  It 
has not been possible to indicate these localities from Mt Ben 
Nevis (and those from Fraenkel Ridge) on

' 
the map,  fig . 2, but 

they may be placed with the aid of the detailed map and the 
panorama in Kiær & Heintz ( 1 93 5 ,  pp.  1 1 - 1 3) ,  to which the 
reader is referred . 

Localities at L i e f d e B a y (Liefdefjorden ; 4-6) . 

4 .  Mt Pteraspis (Pteraspistoppen) , mountain on the W. side of the 
bay, near its head, between the Ida Glaeier in the S. and the Erich 
Glacier in the N. (79 ° 3 6' N. ,  1 2 °  3 0' E.)  (C . deltoides, C. recti
cornis, C. sinuata .) 

5 .  "The mountain S .  of the Ida Glacid' (between the Ida and Emma 
Glaciers ; E. part of Mt Ringertz) ; N. side (79 ° 34' N. ,  1 2 °  26' E.) 
(C . exilis) . 

6 .  Cape Roos (Roosneset ; point on the peninsula between Liefde Bay 
and Bock Bay) ; N. slope of the Roos Mts (Roosfjella ; incorrectly 
as the K. Wilhelm Mtn on the label ; 7 9 °  35 '  N. ,  1 3 °  2 8' E.) 
(Boreaspis gracilis) . 

Locality on the E .  Side of B o c k B a y (Bockfjorden ; 7) .  

7.  Mt Kronprinz (KronprinzhØgda) , W. slope (79° 27' N. , 1 3 ° 3 0' E.)  
(Axinaspis whitei, Bor .  circinus, B.  puella? ,  B .  intermedia, B.  mac
rorhynchus? ,  B .  robusta, C. caroli? ,  C. laticornis, C. oblonga, Nect
aspis peltata?) .  

Localities at W o o d B a y (Woodfjorden, Vedafjorden ; 8- 1 4) .  
Localities on the W.  side of  the bay (8-9) .  

8 .  Mt Kronprinz (KronprinzhØgda , mountain forming the peninsula 
between Bock Bay and Wood Bay ;  S. E. part, on the E. Slope of 
the mountain, "opposite the V. StjØrdalen" (79 ° 25 '  N. , 1 3 °  46' E.) 
(A crotomaspis instabilis, Bor.  circinus, B.  gracilis, B .  macrorhyn
chus, B .  robusta, B .  spinicornis, B .  triangularis, B .  sp . ,  C. jracti
cornis, C .  sp . ENS no. 606, N. peltata) . 

9 .  Mt Sigurd (Sigurdfjellet) , mountain ne ar the head of the bay 
(79 ° 1 4'- 1 8' N. ,  1 3 ° 23 '-54' E.) .  The localities are situated in 
the N. E. part of the mountain ; 
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a) on the slope towards the Hoffnung Glaeier (Vonbreen), about 
6 km from the coast, in a grey-green sandstone (H. angulata); 

b) as a) but nearer to the coast, in red sandstones (most of the 
fossils are found in talus, some in "red layers, about 1 30 m", 
an information of little value, since the layers do not lie hori
zontally) (Ax .  whitei, Benn . grandis, B . lOvgreeni, B .  maxima, 
Bor. batoides, B. eeratops, B. eostata? ,  B. intermedia, B. mae
rorhynehus, B. puella, B. rostrata, C. eurta, C. fraetieornis, C .  
isaehseni(?), C .  jarviki, C .  latieornis, C .  oblonga? ,  C .  produeta); 

c) "E.  slope, 0-500 m" (slope towards Wood Bay) (C. brevi-
eornis?, C. oblonga?) . 

The indication "Wood Bay. I Bunden" (Wood Bay, at the head of 
the bay) on old labels refers to locality (localities) on the slope of 
Mt Sigurd towards the Hoffnung Glacier. 

Localities on the E. side of the bay ( 1 0- 1 4) .  

1 0 .  Mt Wachter (Vaktaren) , mountain E .  of  the head of  Wood Bay 
(79 ° 1 6' N . ,  1 3 °  1 3 ' E.) ; on the slope towards the bay (C . gigas, 
C .  oblonga?).  

1 1 . Mt Scott Keltie (Scott Keltiefjellet) , mountain-complex N.  of Mt 
Wachter (79 °  1 9'-25' N . ,  1 4 °  2'-30' E . ) ;  
a )  S .  side, slope towards the valley between this mo un ta  in  and 

Mt Wachter (Bor. eostata, B .  robusta); 
b) S. part, W. slope (Bor. gracilis, B .  robusta, C. gigas? ,  C. sp. ENS 

no. 607) ; 
c) N. part, W. slope, at 500 m (A er. trinodis), in talus (C . pro

dueta?) .  
1 2 .  StjØrdalen Valley, valley between Mt Scott Keltie and Mt SØrli 

(the mouth at about 79 ° 25'  N.) ; slope of the northernmost part of 
Mt Scott Keltie ; 
a) S. side (C. eurta? ,  C. semicireularis, N. areolata, N. dellei); 
b) S. side, W. part (C . moy-thomasi, C. semicireularis) . 

1 3 .  Mt SØrli (SØrlifjellet) , mountain between StjØrdalen Valley and 
Verdalen Valley (79 ° 25'-29' N.) ; 
a) without indication of exact locality (Bor. robusta, C .  moy

thomasi); 
b) "between V. Stjørdalen and V. Vaerdalen, 0-5 00 m, talus" 

(A er. trinodis, Bor. robusta, N.  dellei) . 
1 4 . Mt Prismefjellet, mountain N.  of Verdalen Valley, at Cape Auguste 

Viktoria (79 °  3 1 ' N . ,  1 4 °  E. ) ; W. slope, 200 m (Aer. trinodis?). 

Localities on the W.  side of W i j d e  B a y (Wijdefjorden, Vide
fjorden ; 1 5-20) . 

1 5 .  Sixth Valley (Sjettedalen) , about 7 9 °  2 1 '  N .  (C . sp . ENS no. 609) . 
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1 6 . S. of the 6th Valley, in the eoast-profile (A er. sp . 2) .  
1 7 . Mt Errol White, mountain at the entranee of Vestfjorden, the 

W. braneh of Wijde Bay ("the mountain S. of Sneugledal" = Kross
pynt Valley) , between Krosspynt Valley and Landing Valley 
(79 ° 1 3' N.) ; 
a) without note of exaet loeality (Bor. eurtirostris, C .  sp. no. 

A 3009 8 ,  N. areolata); 
b) E. slope, fossiliferous horizon about 1 25 m above sea leve l 

(Bor. robusta, N. areolata (? )} . 
1 8 .  Between Bryhn Valley and Kaalaas Valley, on the E .  side of Vest

fjord Valley (between these valleys lies the Hagen Valley, and the 
exaet loeality is, without doubt, S. of this valley, about 79 °  6' N.)  
(C . earoli) . 

1 9 .  N.  of Jørgensen Valley, on the E. side of Vestfjorden (about 
79°  8' N.)  (Bor. robusta) . 

20.  Passage between Jaderin Valley and Zeipel Valley, on the W.  side 
of the innermost part of the East Fiord (Austfjorden, the E. braneh 
of Wijde Bay ;  7 8 °  54' N . ,  1 6 °  E . ) ,  590 m (Benn . sp . 2) .  

Loealities at  the northern bays of  the lee Fiord (Isfjorden ; 2 1-28) .  
Loealities a t  D i e  k s o n  B a y (Dieksonfjorden ; 2 1-26) .  

2 1 .  Mt Lyktan (Lykta) , mountain at  the E .  side of the inner part of 
the bay, bounded in the S. and E. by Nathorst Valley, in the N. by 
Fiskedalen Valley ; the N. part of the mountain is ealled Mt Fiske
fjellet (78 °  48' N . ,  1 5 °  30' E. ) ; 
a) S. E .  slope (Bor. gracilis, B .  robusta, C .  lanternaria, N .  areolata); 
b) S. W.  slope (Bor. robusta, B .  spinieornis, C .  lanternaria?); 
e) W. slope (Bor. eurtirostris, N. areolata); 
d) the shore profile (Bor. eostata); 
e) Fiskedalen Valley (Soppdalen) (Bor. curtirostris, B .  robusta, 

N. areolata) . 
22 . Mt Triplex (Triungen) , mountain S. E .  of Mt Lyktan, between Culm 

Valley in the N . ,  Nathorst Valley in the N. W. and Hugin Valley in 
the S .  and S .  W. (7 8 °  45' N . ,  1 5 °  42' E.) ; N. slope, towards Culm 
Valley (Bor. eurtirostris, B .  gracilis?,  B .  robusta, N. areolata) . 

2 3 .  Mt Rebbingen ("the Mt. N. of Fiskedalen") ,  mountain on the 
E. side of Dickson Valley, N. of Mt Lyktan, between Fiskedalen 
Valley (Soppdalen) in the S. and Grønhorg Valley in the N.  
(78 ° 5 1 ' N. ,  1 5 °  30' E. ) ; S .  W.  slope (Bor. eostata, B .  robusta, 
C .  gigas? ,  N .  areolata) . 

24. Mt Barmfjellet, mountain on the W. side of Diekson Valley, be
tween the Battye Glaeier (Trevor-Battye Glader) in the N. and 
Flat Valley in the S. (78 ° 54' N . ,  1 5 °  1 2' E. )  (Bor. gracilis, 
B .  robusta, C. gigas, C. latieornis) . 
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2 5 .  Perched Block Mtn, on the W. side of Dickson Valley, between 
Mt Borgen and Mt Barmfjellet (C. gigas?, N. areolata) . 

26 .  Mt Borgen, mountain on the W. side of the innermost part of 
Dickson Bay, opposite Mt Lyktan (78 °  48' N. ,  1 5 °  1 2' E.) ; N. part 
(A cr. sp. 1 ,  Bor. costata, B .  curtirostris, B .  robusta, C .  menoides, 
N. areolata) . 

Localities on the E.  side of E k m a n  B a y (Ekmanfjorden ; 
27-28) .  

27 .  The mountain N.  of  Mt Garborg (Garborgnuten ; 78°  44' N. ,  
1 4 °  52' E. ) ; W. slope (N. areolata) . 

2 8 .  The second mountain N .  of M t  Garborg (78 °  4 5 '  N. ,  1 4 °  4 8 '  E.) ; 
a) S. part (N. areolata); 
b) N. W. part (N. areolata) . 



General anatomical remark s. 1 

External features of the cephalic shield. 

The following general anatomical description must only be taken 
as remarks upon the anatomy of the Spitsbergen Cephalaspids. For a 
comprehensive account of the general anatomy the reader is referred to 
the basic paper by Stensio ( 1 927) .  It has been found that the structure 
of the Cephalaspids is mther uniform (cf. Stensio 1 932 ,  p. 28 ) ,  and 
that the different forms in the new material, here treated, as to their 
inner structure, in general fit in with the descriptions of Stensio, which 
mainly are based up on very penetrating investigations of two (three) 
species, Cephalaspis hoeli (incl . C. exilis) and Kiaeraspis auchen
aspidoides . 

The remarks given in this section of the paper refer therefore in 
general to conditions , different from those found by Stensio, or to 
features, better preserved here than in his material, or to interpretations, 
in which I differ from those expressed by earlier investigators . 

The cephalic shield of the Osteostraci (= Cephalaspida) is ,  as 
demonstrated by Stensio ( 1 927) ,  composed of different parts , viz. a 
cephalic division or the cephalic shield proper, and an abdominal divi
sion, comprising the unpaired inter-zonal part of the shield and the 
paired zonal parts (or the shoulder-girdle) . These parts are rigidly and 
without apparent boundaries united with each other so as to form the 
continuous cephalic shield. 

The shape of the cephalic shield in the Spitsbergen Cephalaspids 
is in general fairly uniform, the shield being more or less triangular 
in outline with its postero-Iateral parts produced into cornua of varying 
length. 

The genera Kiaeraspis, A xinaspis, A crotomaspis and Nectaspis 
form exceptions to this rule . In these genera the cephalic shield (figs .  
1 00-1 06 ;  pls . 97-98 ; 1 00- 106 ;  1 08 ;  1 1 0- 1 1 3) is oblong, owing 
partly to a feeble development (Kiaeraspis) or even absenee (Axinaspis, 
A crotomaspis, Nectaspis) of the cornua, and partly to a lengthening of 
the shield . This lengthening of the shield affects the inter-zonal part 

1 The terminology used in this paper follows (when not otherwise stated) that 
employed by Stensio ( 1 927 ; 1 93 2),  and for its explanation the reader is referred to 
these papers . 
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in Kiaeraspis (StensiO 1 927 ,  pp. 24, 297 ; 1 932 ,  p .  8 ;  cf. p .  37)  and to 
a lesser degree als o in Axinaspis and A crotomaspis, but is in Nectaspis 
mainly due to a strong development of the pre-orbital part of the shield . 

In some forms the shield is provided with processes of different 
kinds , viz . besides the lateral cornua, commonly present, also a rostral 
pro cess or a dorsal spine . These processes are thus integral parts of 
the cephalic shield, and when in the descriptions in the systematic part 
the term cephalic shield is used, they are (when present) inc1uded . 
The term m a i n c e p h a l i c s h i e l d  (this is only a descriptive 
term without any morphological meaning, and should not be confused 
with the cephalic shield proper) denotes the central part of the cephalic 
shield exc1usive of these processes . 

The cephalic shield is broadest at a level across the cornua or the 
basis of them and is more or less rapidly dec re as ing in breadth anteriorly. 

The rostraI margin of the shield in most species is evenly rounded 
or obtusely angular but in some species of Cephalaspis the shield is 
produced into a short rostrum, fairly indistinct (pls . 3 ;  5 : 1 -2 ;  7) or 
rather evident (pls . 4 ;  5 :4-6) ,  but always gradually merging into the 
main cephalic shield. In the genera Hoelaspis and Boreaspis there is 
a short or long rostraI process , distinctly set off from the rest of the 
shield (figs .  85-99 ; pls . 7 6 ;  7 8-80 ;  82-92 ; 94-95 ; cf. Stensio 
1 927 ,  pls. 1 3-1 5) .  

In N ectaspis, as  noted above, the pre-orbital part of  the shield 
inc1uding the ro of of the buccal cavity is somewhat prolonged, but the 
rostral part of the shield is not produced into any rostrum or rostraI 
process . 

In A crotomaspis the rostraI margin is truncate (pls . 1 0 1 ; 1 02 : 2 ;  
1 04 : 3 -4 ; 1 05 ) ;  when the shield of A .  instabilis i s  viewed obliquely from 
in front (pl .  1 02 :2) ,  it is seen that the antero-Iateral borders of the 
shield are vertical and fairly high but that the rostraI margin forms a 
much lower, antero-ventrally directed narrow rim ; the shield can thus 
be said to be provided anteriorly with a low and bro ad ventral notch . 
These conditions can be explained by the assumption that an anterior 
(rostral) part of the ventraI rim is not developed in this form, very 
probably owing to the fact that the mouth-opening has shifted from a 
subterminal (which is the normal one in the Cephalaspids) to a more 
terminal position. In geologically younger species of the same genus 
the rostrai margin is indistinctly indented (A . sp . 1 ,  pl. 1 04 : 3) or 
distinctly trilobated (A . trinodis, pl. 1 05 ;  A .  sp. 2, pl. 1 04 :4) ,  the antero
lateral corners of the shield and a median part of the rostraI margin 
being somewhat produced anteriorly. 

The s e n  s o r y  f i e l d  s ("electric fields" of Stensio ; cf. p .  1 92) 
consist invariably of one unpaired dorsal field besides one or severaI pairs 
of lateral fields .  Normally there is only one pair of lateral fields as in 



- 2 8  -

Cephalaspis, Securiaspis, Tegaspis, Ectinaspis, Benneviaspis, Hoelaspis, 
some Boreaspis species, and generally in Kiaeraspis. 

In Boreaspis ceratops (fig. 9 8 ; pl. 96) the margins of the lateral 
fields are incised in their middle parts in such a way that each lateral 
field is partly subdivided into an anterior and a posterior portion. In 
one specimen of B .  curtirostris (fig. 96C ;  pl. 92 : 3 )  and one specimen of 
Kiaeraspis auchenaspidoides (fig . 1 00B ; pl. 97 : 2) the lateral field is 
actually divided into two divisions (Isf 1 , Isf 2) by a very narrow space . 
In the following Boreaspis species, viz . B .  circinus (fig. 95 ; pls . 90 :  l ;  
92 :2) ,  B .  spinicornis (fig . 9 3 ; pl. 8 9 :2-4) and B .  triangularis (fig . 94 ;  
p l .  90 :4) the lateral fields are constantly subdivided into two parts , and 
we thus have here twa pairs of lateral sensory fields (Isf l '  Isf:J 

In A xinaspis also there are two pairs of lateral fields (fig . 1 0 1  A, 
B ,  D; pl. 97 :4 ,  Isf 1 , Isf2 )  or, expressed in another way, each lateral 
field is represented by twa weU separated divisions, corresponding to 
those in the specimen of Kiaeraspis auchenaspidoides, mentioned above. 

In Nectaspis the lateral fields are each subdivided into three divi
sions (figs . 1 04- 1 06 ;  pls . 1 0 8 ;  1 1 1 : 2 ;  1 1 3 : 1 ,  Isfl-lsf3) ,  which in 
N. peltata (fig. 1 04 ;  pl. 1 1 3 : 1 ) and same specimens of N. areolata 
(p. 545) are separated from each other by very narrow gaps. 

In A crotomaspis finally there are four lateral sensory fields on 
each side of the shield (figs . 1 02- 1 03 ; pls . 1 0 1 : 1 ;  1 02 : 1 -2 ;  1 03 : 1 -3 ;  
1 04 :4 ;  1 05 :4 ; Isfl-lsf4) . 

As is evident from the survey of the lateral sensory fields in 
different Spitsbergen Cephalaspids , I regard the presence of more than 
ane pair of lateral sensory fields as a secondary character, being the 
result of a subdivision of a primarily single pair of fields. The condi
tions in Kiaeraspis, A xinaspis and A crotomaspis are assumed to repre
sent different stages in an evolutional series . As is shown by the 
innervation of the lateral fields (see pp . 1 29 ,  205 ; cf. figs . 1 0 1B ,  1 05C) 
the conditions in Nectaspis cannot, however, be regarded as a further 
development of the stage represented in A xinaspis. In this connection 
I may mention that the presence of two pairs of lateral sensory 
fields in Tremataspis also is interpreted as a secondary condition 
(see p .  5 5 6) .  

The shape of  the dorsal and the lateral sensory fields is very 
varying (as is seen in the systematic part) . Suffice to mention he re that 
the lateral fields (or the posterior pair of lateral fields) in some Bennevi
asp is species (figs . 8 1-82 ; pls . 7 3 ; 75 : 1 ,  Isf), in Boreaspis (e. g .  
figs . 8 6-99 ; pls . 7 8 : 3 ;  79 : 2 ;  90 : 1 ;  92 : 3) ,  A crotomaspis (figs . 1 02-
103 ; pls . 1 0 1 ; 1 02 : 1 ;  1 03 : 3 ;  1 04 :4 ;  1 05 :4 ,  Isf4 ) and Nectaspis (figs . 
1 04-106 ;  pls . 1 08 ; 1 1 1 : 1 -2 ; 1 1 2 : 3 ; 1 1 3 : 1 ,  lsfg )  extend to or are 
(partly) situated on the dorso-lateral sides of the inter-zonal part of the 
shield, that they do not at all continue upon the cornua in T egaspis 
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(fig. 75 ; pls . 65 : 1 ;  66) ,  Boreaspis (e. g. figs . 8 6-89 ; pls . 7 9 : 2 ;  80 : 2 ;  
8 9 :2-4 ; ' 9 1 ;  96) and Kiaeraspis (fig . 1 00A, B ;  pl. 97 : 1 ) , and that both 
the dorsal and the lateral fields are very strongly developed in some 
species of Benneviaspis (figs .  8 1-82 ;  pls . 7 3 ; 74 ;  75 : 1 ) .  

The exoskeletal plates o f  the sensory fields are found preserved 
only (on the lateral fields) in one spe eimen of Cephalaspis pinnifera 
(pls . 92 : 1 ;  9 3 :2 ,  plsf) and in some speeimens of Tegaspis kolleri (pIs. 
65 : 1 ,  plsf; 66 ;  1 1 6 : 1 ) .  In this latter speeies the plates seem to be more 
rigidly eonneeted to the shield than is usual in the Cephalaspids,  and a 
plate is in one plaee found to be anehylosed to the shield at the lateral 
margin of the field (pl. 1 1 6 :  1 ;  see als o p. 48) .  

The naso-hypophyseal opening normally consists of  the ordinary 
three divisions, but in Boreaspis the anterior and middle divisions are 
represented by a more or less slit-like opening while the posterior 
division is oval or rounded (pls . 7 8 : 1 ;  79 : 2 ;  80 ;  8 8 : 1 - 2 ;  90 :2-3 ; 9 1 : 2 ;  
92 : 3 -4 ;  95 :2) .  I n  most of the Benneviaspis species the whole opening 
is slit-like and linear without any divisions (fig. 4C ; pls . 70 :2 ; 7 1 : 1 ;  
72 :2 ; 73 ; 74) ; in the speeies B. longieornis (pl .  6 8 : 3) ,  however, the 
naso-hypophyseal opening has the normal form. In A erotomaspis 
instabilis the opening is unusually large (pl. 1 0 1 ) .  

In  N eetaspis the middle division of the opening i s  obliterated, the 
lateral borders of this divison being united with eaeh other, 1eaving at 
most a suture between them (pIs . 1 0 8 ; 1 1 0 :2 ,  nai ,  na2 ; 1 1 1 :2 ,  nal '  
na2 ; 1 1 2 : 3),  and we have thus one anterior opening for the hypophyseal 
duet and one posterior nasal opening. The same conditions are to be 
found in a few Cephalaspis speeies, viz . constantly in C. exeellens (fig . 
4B, nal '  na2 ; pls. 1 2 :2 ,  nal '  na2 ; 1 3 ;  1 5 :2) ,  in C.  eurynotus (pl. 1 8 : 2) ,  
and in two spee imens of C.  dissimulata, but in all these forms no trace 
of any suture is seen. 

The anterior division of the naso-hypophyseal opening (or the 
separate opening for the hypophyseal duet) is usually situated most 
anteriorly and in the deepest part of the eireum-nasal fossa, while the 
posterior division (or the nasal opening proper) is found on a small 
nasal elevation (as noted by Stensio 1 932 ,  p. 4 ;  see fig . 4A, B) . In 
Neetaspis, however, also the opening for the hypophyseal duet lies on 
a separate small e1evation in the anterior part of the eireum-nasal fossa 
just in the same way as the nasal opening in its posterior part (pl . 1 1 0 :2 ,  
nal ' na2 ) ,  and in Benneviaspis (distinetly seen in  B .  maxima) the who le 
slit-like naso-hypophyseal opening lies on a low nasal ridge (fig. 4C ; 
pl. 74) .  

The eireum-nasal fossa i s  o f  ten weU developed, e .  g .  i n  many Cephal
aspis species (fig . 4A-B, fen; pls . 5 :2 ;  7 : 1 ;  1 1 : 3 -5 ; 1 2 :2 , 4 ;  1 3 ;  1 5 : 2 ;  
2 3 : 1 ;  2 4 ;  26 : 1 ;  27 ; 29 : 1 ;  34 : 3 ;  3 6 : 1 -2 ;  3 7 ;  3 8 : 2 ;  4 1 ) ,  in Seeuriaspis 
(pl. 6 1 ) ,  Tegaspis (pIs . 65 : 1 ;  66), Eetinaspis (pl. 67 :2) ,  Axinaspis (pk 
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97 :4 ;  9 8 : 1 ) ,  A crotomaspis (pIs .  1 0 1 ; 1 02 : 1 ,3 ) ,  Neetaspis (pls .  I l O ;  1 1 1 ) , 
as well as in Kiaeraspis (Stensio 1 927 ,  fig . 3) .  It is broad and fairly 
shallow in C. gigas (pl . 5 2) and C. lanternaria (pl . 54) .  In some Cephal
aspis species an anterior division of the circum-nasal fossa is well 
defined and deep (e . g. pls . 26 :  l ;  42 : l ,  fen; 43 :2) .  The fossa is not well 
defined in Benneviaspis (fig. 4 C, fen; pIs . 68 : 3 ; 70 : 2 ;  73 ; 74) and in 
Bdreaspis (pIs . 7 8 : 1 , 3 ; 8 0 ;  8 8 : 1 ,2 ,6 ; 95) .  

On each side of  the posterior part of  the circum-nasal fossa, ante
riorly or antero-medially to the orbits , the re is in some species a more 
or less well defined cr distinct elevation ,  for which the term a n t  o r
b i t  a l p r o m  i n e n c e is adopted (after Lankester 1 8 70a, p. 37) .  
It is found in  many Cephalaspis species (e .  g .  fig . 4A,  B,  ap; pls. 12 :  l ,  
ap; 1 5 : 2 ;  1 8 : 2 ;  2 3 :2 ;  24 ; 26 : 1 ;  27 ; 34 :2 ,  ap; 3 6 :  l ;  4 1 ; 54) ,  in Seeuri
aspis (pl . 6 1 ) ,  in Tegaspis (pl . 65 : 1 ) ,  and in A xinaspis (pls. 97 : 4 ;  9 8 : 3 ) ;  
i n  Benneviaspis (see e .  g .  fig . 4 C ;  pl .  74) i t  i s  very faintly developed . 

No pineal plate is found preserved in any Cephalaspid specimen 
from Spitsbergen but its existence is in many species indicated by the 
pineal depression , as e. g. in C. exeellens (fig. 4 B, pd; pl. 1 5  :2) ,  C. ibex 
(pl .  3 6 :  l )  and C. hastata (pl. 3 6 :2) .  When the endoskeleton is not ossi
fied, not preserved , or else not accessible for observation ,  the existence 
of a pineal plate in the living animal is indicated by a slit-like opening 
in the exoskeleton, extending transversely between the two orbital ope
nings (cf. Heintz 1 9 39 ,  p. 1 7) .  This open space was once occupied 
by the pineal plate . The opening is here called the p i n e a  l f i s
s u r  e (fissura pinealis) . It is distinctly seen in severaI Cephalaspis 
species (e . g. pls . 5 : 1 ;  6 : 1 ;  9 : 3 ; ] 2 : 2-3 ; 1 8 :2 ;  23 : 1 -2 ;  24) . I n  C .  sig
nata (pl . 28 : 1 ) it is very narrow, and in C. aarhusi it is in its lateral 
parts extremely narrow and cannot possibly have lodged a pineal plate .  
There i s ,  however, most anteriorly a small notch in the left lateral 
margin of the darsal sensory field, indicating the possible presence in 
the living animal of a short transverse pineal plate along the anterior 
margin of the dorsal sensory field . I n  other Cephalaspis species the 
anterior and posterior borders of the pineal fissure have evidently appro
ached each other so closely that they have met,  and only a more or 
less distinct suture is left between the original borders ; such a suture 
is distinctly seen in some species (fig. 4A ; pls. 1 1 : 7 ;  1 9 :2) , more 
indistinctly in others (as in pl .  7 :  1 ) .  Thus in these speeies an indepen
dent pineal plate has never been present . 

A pine al plate was present in the following Cephalaspis species . 
viz. C.  aarhusi (possibly) , C. aeuminata, C .  eurhynehus, C .  de/toides, 
C. divarieata, C. oreas, C. heintzi, C. pygmaea, C. dissimulata, C. euker
aspidoides, C. hyperboreus, C. exeellens, C. vogti, C. eurynotus, C .  
verrueulosa, C .  sinuata, C .  signata, C .  ibex, C.  doryphorus (probably) ; 
its presenee in C.  eradleyensis, C .  fØyni, and C. broughi could not be 



- 3 1 -

A 

Fig. 4. - Dorso-median part of the cephalic shield, A, in Cephalaspis hoeli, B ,  in 
Cephalaspis exeellens, C, in Benneviaspis maxima.  A, B, X 2 .5 ,  C, nat. size . 

ap, antorbital prominence ; dl, opening of the ductus endolymphaticus ;  fen, circum
nasal fossa ;  mp, anterior transver,se sensory line ; nal, opening of the hypophyseal duct ; 
na2, nasal opening proper; pd, pine al depression; pin, pine al opening ; pinl ,  pineal 

opening on dorsal side of the exoskeleton. 

ascertained. In C. broughi (pl. 7: 1) the pineal opening on the dorsal 
side of the endoskeleton lies in the anterior end of the dorsal sensory 
field, and there possibly existed along the anterior margin of the field 
a short pine al plate (such as assumed in C. aarhusi) , which did not 
reach laterally on to the orbital openings. In all the other Spitsbergen 
species of Cephalaspis an independent pineal plate was not developed 
and it can be noted that it is constantly absent in all the geologically 
young (the post-Dittonian) species of the genus, while in the Dittonian 
species the conditions were not stabilized. 

The pine al plate is lacking in Securiaspis (see pls . 62 : 1 ;  63 :2) ,  
Tegaspis (pl .  65 : 1 ) ,  Benneviaspis (pls . 70 :2 ; 7 1 : 1 ;  72 :2 ; 73) ,  Hoel
aspis (pl .  76 : 1 ) ,  Boreaspis (e. g. pl. 7 8 : 1 , 3) ,  Kiaeraspis (pl . 97 : 1 , 2) ,  
probably in A xinaspis (there is in any case no long pine al plate, 
reaching from one orbit to the other ; pl. 97 :4) ,  A crotomaspis (pl .  1 0 1 ) ,  
and in  Nectaspis (pl. 1 1 0 :2) .  I t  was · present in  Ectinaspis (pl. 67 :2) .  

In this connection it i s  worth while to  denote the presence of  a 
pine al plate in all the genera belonging to Ateleaspidinae (Stensio 
1 932 ,  pls . 1 ;  2 : 4 ;  3 : 4 ;  4 : 1 -2 ;  5 :2 , 3 , 5 ; 7 : 4 ;  Heintz 1 9 39 ,  pls . 1 ;  3 ;  
2 3 : 1 ;  30 : 3 ; pp. 25-26,  72 ,  8 9 ;  Westoll 1 945 , pl. 6 1 : 1 ;  p .  342) ,  in 
Tremataspis (e. g. Patten 1 9 1 2 ,  figs. 2 3 8-239 ; Robertson 1 9 3 8a ,  
fig . 3 ;  pl .  2 :4 ;  p .  1 87) ,  in Thyestes (e . g .  Stensio 1 9 3 2 ,  fig . 1 3. ; pls . 
27 :4 ;  5 1 :2 ;  pineal depression) , in Witaaspis (Schmidt 1 894,  figs .  3 , 8 ,  
pine al fissure ; Robertson 1 940a, p .  29 8 ;  Denison 1 95 1 a, fig . 30B), 
Dartmuthia (Roberts on 1 9 3 5 a, figs. 2-3 , 5 ;  p .  3 3 1 ;  Denison 1 9 5 1 a, 
fig . 29 D), Saaremaaspis (Roberts on 1 9 3 8b ,  pp. 489 ,  49 1 ;  pl. 60 : 6 ;  
Denison 1 95 1 a, fig . 29C) . The plate is lacking i n  Didymaspis (Stensio 
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1 932,  pl. 5 5 : 3-4), and probably also in Oeselaspis (Robertson 1 9 3 5b,  
p .  45 8 ;  cf. , however, Denison 1 95 1 a, fig. 29B) .  Its presenee in Sclerodus 
is not established. 

As an independent pineal plate thus occurs in many of the oldest 
known forms, representing different families ,  it seems probable that 
this plate is an archaic feature, present in the ancestors to these dif
ferent Osteostraci, and that its absenee can be interpreted as a secon
dary condition, arisen independently in later forms. 

In A crotomaspis trinodis (pl. 1 05) ,  no pine al foramen in the 
exoskeleton has been observed in the inter-orbital space, and it seems 
very probable that the distal end of the pineal organ was covered by 
an exoskeletal membrane as in the Heterostraci. 

The openings of the ductus endolymphatici , which usually lie 
within the dorsal sensory field (e. g. pl. 7 8 : 3) or near its lateral margin 
(e . g. pls . 6: 1 ;  8 :  1 ;  7 1  : 2 ,  dl ; 77 :2 ,  dl ) ,  are in Cephalaspis jarviki 
distinetly seen to open on the dorsal face of the exoskeleton behind 
the dorsal sensory field (pl. 46 :2 ,  d) . 

On the ventrai side of the cephalic shield the oralo-branchial 
fenestra is seen in a few specimens ; it is generally rounded in outline 
(figs . l OOC ; l O l C ;  1 02D ; pl. 3 8 : 1 ) ,  even in forms with very broad 
shields (pl. 50 : 1 ) ,  and in Benneviaspis is somewhat broader than long 
(figs . 78E ;  8 3 B ;  pl. 75 :2) .  

The postero-median zone of the ventrai rim, which borders the 
fenestra oralo-branchialis posteriorly, is medially slightly produced, its 
margin towards the fenestra being somewhat convex, in Benneviaspis 
(figs . 78E ;  8 3 B ;  pl. 75 :2) .  In A xinaspis and A crotomaspis there is 
formed a distinet triangular (in A crotomaspis bilobed) median proeess 
into the oralo-branchial fenestra (figs. l O l C ;  1 02D ; pls . 99 : 1 ;  1 04 : 1 -2) .  
Also in Kiaeraspis (fig. l OOC ; cf .  Stensi6 1 927 ,  pls .  5 2 ;  5 3 : 2 ;  5 8) 
there is a short median proeess ,  and this feature is als o to be found in 
Trernataspis (see e. g. Patten 1 903 ,  fig .  8 ;  Robertson 1 9 3 8 a, fig . 2 ;  
p .  1 97) and Saaremaaspis (Rohon 1 892 ,  pL 1 : 1 8 ;  Robertson 1 9 3 8b ,  
pl .  60:  1 -2 ,  4-5 , 7 ;  pp .  492 , 489) .  

The cornua, which constitute the produced lateral parts of  the 
zonal part of the shield or the shoulder-girdle, are most of ten well 
developed and project in a posterior or postero-Iateral direction . They 
are laterally and somewhat posteriorly directed in C. deltoides (fig. 
29 ; pl. 5 : 1 -2), Ectinaspis (fig. 7 6 ;  pl. 67), some Boreaspis species 
(figs . 89-9 1 ,  95 ,  9 7 ;  pls. 8 6 : 1 ;  8 7 ;  8 8 : 1 ;  8 9 : 6 ;  90 : 1 ;  92 : 1 -2 ; 9 3 : 1 ;  
9 4 ;  95) ,  laterally and only slightly posteriorly in Benneviaspis longi
cornis (fig. 77 ; pl. 68 : 3 )  and Boreaspis ceratops (fig. 98 ; pl. 96) .  In 
Hoelaspis they project in a lateral and slightly anterior direction with 
the very apex of the cornua pointing in a more lateral direction, the 
cornua being thus slightly sigmoidally bent (fig . 8 5 ; pl. 76) .  
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The cornua are rather short in Cephalaspis eurynotus (fig . 44 ; 
pl. 1 8 :2) and very short in an undetermined Cephalaspis speeies (pl. 
55 :2) .  In the genus Boreaspis they are generally long or very long 
but short in B. intermedia (fig . 8 9 ;  pl. 8 8) and very short in B. robusta 
(fig. 8 6 ;  pls . 7 8 : 3 ;  79 ; 80) ,  B .  puella (fig . 8 7 ;  pls . 8 2-8 3) and 
B .  costata (fig. 8 8 ;  pl. 84 :2 ; 8 5 ,  c; 8 6 : 2 ;  8 7 : 1 ) .  Also in Kiaeraspis the 
cornua are very short (fig. 1 00 ;  pl. 97 : 1 , 3 ;  StensiO 1 927 ,  figs .  3-5 , 
79 ; pls . 5 1-5 3 ;  5 5-5 6 ;  5 8) ,  and in Axinaspis (fig. 1 0 1 ; pls . 97 :4 ;  
98 : 2 ;  1 00 : 1 ) ,  A crotomaspis (figs .  1 02-1 03 ; pls . 1 0 1 : 1 ; 1 04 : 3 -4 ;  1 05)  
as  well as  in Nectaspis (figs . 1 04-106 ;  pls .  1 06- 1 08 ;  1 1 0 : 2 ;  1 1 1 ;  
1 1 2 : 2 ;  1 1 3 : 1 , 3)  they are absent, being replaced by a more or less 
obtuse lateral angle on the shield. In Axinaspis and A crotomaspis, at 
least, we can assume that this non-development of the cornua is the 
result of a regressive development from a more primitive stage with 
better developed cornua, as exhibited in Kiaeraspis. 

The shape of the cornua is also very variable (as is seen in 
the systematie descriptions) . In some Cephalaspis spe eies they are 
extremely large, broad and flattened and constitute in fact a major 
part of the cephalic shield (see e .  g .  figs .  64-7 1 ;  pls . 48 ; 5 0 ;  5 2-
5 4 ;  5 5 : 1 ) .  

In cross-section the cornua are generally somewhat flattened, but 
are almost circular in some speeies , as in Cephalaspis verruculosa 
(pl .  24) and C.  tenuicornis (pls . 26 : 1 ;  27 :2) .  In most speeies of the 
genus Cephalaspis they are provided along their dorso-medial margin 
with a narrow border, formed by the exoskeleton (l i m b u s c o r
n u a l i s ,  fig . 5A-B, lb) . The margin of this border is in some spe
eies even (pls . 48 : 3 ;  49 :2) ,  in others provided with minute and scat
tered dentic1es (pls . 5 0 : 1 ;  5 5 : 1 ,  lb; cf. also pl .  5 :2) or with c10sely 
set, hooke-like dentic1es (e . g .  fig . 5A;  pls . 5 : 6 ;  9 : 4 ;  1 0 : 2 ;  1 1 : 3 , 5 ) .  
These latter are the real dentic1es (d  e n t i c u l i c o r n u a l e s) ,  
which tIms invariably are to be found as tooth- or  hook-like projec
tions on the cornual limb. In some speeies the whole outer face of 
the exoskeleton of the cephalic shield is ornamented with high tooth
like tuberc1es, and these tuberc1es thus also occur on the inner side of 
the cornua;  they should not be confounded with the real dentic1es 
(cf. C. powriei, p. 3 1 8  and C. arcticus, p. 343) .  

The cornual border, just mentioned, in  general gradually narrows 
anteriorly and disappears (pl. 5 2) ,  but in some speeies it en ds rather 
abruptly (pl. 5 5 :  1 ) ,  and there is thus formed an obtuse angle on the 
medial side of the cornua (this angle seems in some speeimens to have 
come into existence through the border being broken, cf. p. 42 1 ;  
StensiO 1 927 ,  pl. 2 : 4) ;  this is evidently what has been called the 
pectoral or medial angle of the cornu (Stensio 1 927 ,  p. 2 6 ;  fig . 1 ;  
cf. pls . 1 : 3 ;  2 : 3 -4 ;  1 1 ) ,  it has not been found to have any relation 

3 
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to the ex tent of the articular area of the shoulder-girdle (cf. Stensio 
1 927 ,  p. 26) .  

The pectoral sinus, a posterior recess in each zonal part, is in 
general weU defined when the cornua are weU developed, but ill defined 
when the cornua are short (as e. g. in Kiaeraspis) . In A xinaspis and 
A crotomaspis the pectorai sinus is absent, and in Nectaspis, it probably 
forms only a very shallow concavity in the postero-lateral side of 
the shield . 

In some species with weU defined pectoral sinus , the posterior wall 
of the shoulder-girdle, besides being concave, stands somewhat obliquely 
in such a way that its dorsal margin lies more posteriorly than its 
ventral margin (see e. g. Cephalaspis sp . . pl. 5 5 : 2 ;  Benneviaspis holte
dahli, fig . 5 e ;  pl. 7 1 : 1 ;  cf. C. exilis? ("C .  hoeli") Stensio 1 927 ,  pl .  99) ; 
in ventral view the pectoral sinus is thus somewhat deeper than in dorsal 
view. In describing Cephalaspis kozlowskii Zych ( 1 9 3 7 ,  p. 65)  has 
assumed that the pectoral fin "lay fairly low, a condition which may 
mean that during swimming or other movements of the animal it could 
easily be directed downward" ; although the fact on which Zych based 
his assumption (the low position of the openings for the vessels to the 
pectoral fin) is not universal in Cephalaspis, we can, because of the 
oblique position of the posterior wall of the shoulder-girdle in some 
speeies , suppose that the fin in these forms was much more movable 
in a ventrai than in a dorsal direction . In Cephalaspis ibex (fig. 1 8 ;  
pl. 2 8  :2) the dorsal and ventrai margins of the middle part of the zonal 
part reach backwards to about the same distance . 

The extent of that surface on the shoulder-girdle , to which the 
pectoral fin was attached (here called the p e c t o r  a l a r e  a, or the 
a t t  a c h m e il t a r e a f o r  t h e  p'e c t o r  a l f i n) ,  and which is 
lined with a membrane of the external layer of the endoskeleton but, of 
course , devoid of exoskeleton, is demarcated on fig .  1 8A ;  we find that 
it reaches from the medial side of the zonal part at the transition to the 
interzonal part on to the antero-medial s ide of the cornu. The basis of 
the pectorai fin must thus have been fairly broad. 

When clearing out the pectoral sinus in a Cephalaspis speeimen , 
we find that the posterior wall of the shoulder-girdle , that is the pectoral 
area, is never wholly complete, being more or less imperfectly preserved. 
It looks as if the pectorai fin, on becoming detached from the cephalic 
shield after the death of the animal, has torn asunder the thin peri
chondrial bone membrane lin ing the large muscle fossa and of ten also 
surrounding parts of the shoulder-girdle . The best preserved shoulder
girdle is found in a speeimen of C. ibex (fig. 1 8 ;  pl. 2 8 : 2) ;  another less 
weU preserved is exposed in C. signata (pl .  30 :2) .  

The pectoral area of  the shoulder-girdle i s  pierced by  many canals , 
which will be considered in more detail in the remarks upon the endo-
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Fig. 5. - A, B ,  left cornu of Cephalaspis vogti, A, in ventrai view, B, in cross
section ; C, zonal part of the left side of the cephalic shield in Benneviaspis lzolte-

dahli, ventrai view. X 4. 

abr, opening of canal for the a. brachialis ; ae, canal for the a. cornualis; lb, exoskele
tal cornual limb; nz, opening of canal, probably for a nerve; vbr, opening of 
canal for the v. brachialis; velat, canal for the v.  cornualis lateralis;  vern, canal for 

the v.  cornualis medialis. 

skeIet al shoulder-girdle . We will he re only say a few words on the 
appearance of the face of the pectoral area. 

The surface of the pectorai area is not quite smooth but provided 
with usuaUy rather indistinct ridges and depressions. We find thus in 
C. ibex a transverse ridge or low crest in the upper part of the vertical 
wall dorsally to the opening vbrl (in C. signa ta the ridge reaches some
what dorso-laterally to this opening), extending in medial direction to 
a point just ventro-laterally to the opening nz from which it turns for 
a short distance in ventro-medial direction and disappears . It borders 
a large and probably deep fossa on its dorsal and dorso-medial sides, 
between the openings vbrl and nz. This fossa I regard as a muscle fossa, 
the attachment area for a powerful muscle of the pectoral fin. From 
the opening nz there extends a rather short and indistinct ridge in 
medial direction, and, ventrally to it, there is a transverse, very faintly 
developed depression. There is furthermore a ridge between the openings 
abr and vbrz and a very shallow depression from the opening vbrl 
running in latero-posterior direction (on the antero-medial side of the 
cornu ; see fig . 1 8B) .  The significance of all these small irregularities 
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on the surface of the pectoral area cannot be explained without knowing 
anything of the endoskeleton of the pectoral fin. We can, however, 
note that there is no special, distinct or well defined, space within 
the pectoral area, which can be interpreted as an articular area for the 
pectoral fin. 

In such forms as A xinaspis, A crotomaspis and Nectaspis, in which 
no real pectoral sinus are developed, an anterior part of the postero
lateral sides of the cephalic shield, or of the zonal parts , is developed 
into a pectoral area, an attachment area for the pectoral fin . This area 
is known in detail only in A xinaspis (fig . 1 9 ;  pl . 9 8 : 3 ) ;  in A crotomaspis 
and probably als o in N ectaspis it seems on the whole to be similary 
developed and occupies in these forms a very shallow (A crotomaspis) 
or a shallow, but fairly distinct, depression in the postero-Iateral vertical 
wall of the zonal part . 

In A xinaspis (fig . 1 9 ;  pl. 9 8 : 3) the pectoral area forms an oblong 
space on the vertical postero-Iateral wall of the shield from the lateral 
angle of the shield and backwards to a point at about three-quarters of 
the distance between this lateral angle and the postero-Iateral angle of 
the inter-zonal part. The area is broadest in its anterior half and he re 
retains its breadth for some distance ; in the posterior half it gradually 
narrows towards the posterior end, which lies at the dorsal margin of 
the vertical wall of the zonal part. A fairly broad, almost vertical ridge 
separates an anterior rather deep fossa from the rest of the area. From 
the ventrai part of this ridge there run two well marked, rather sharp
edged ridges in posterior direction, one of them, which proceeds postero
dorsally, forming the ventro-Iateral boundary of a triangular antero
dorsal depression ; the other, which is rather indistinct anteriorly ånd 
runs in almost straight posterior direction, turns soon somewhat dorsally 
and becomes more sharp-edged with abrupt ventrai slope ; coming to 
the posterior fourth of the area, it gives off a short postero-ventrally 
directed branchlet, which is placed at right angles to the main ridge . 
This ridge continues in the original direction for only a short distance 
sloping downwards , and ends at an opening (x) of unknown significance. 
Ventrally to the main ridge and antero-ventrally to its postero-ventrally 
directed branch there is formed a narrowly triangular recess or shelf. 
The middle part of the area between these two longitudinal ridges is 
fairly even with two very indistinct depressions near the first ridge. 
Most posteriorly in the pectoral area there is an oblong shallow depres
sion along the postero-ventral margin of the area. 

In A xinaspis too, it is impossible to explain the significance of 
all these irregularities on the surface of the pectoral area. It can be 
assumed that the more pronounced depressions are the attachment areas 
of musc1es for the pectoral fin. The most anterior rather deep fossa is 
thus conceivably the musc1e fossa of a rather strong abductor, and the 
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triangular shelf in the postero-ventral part of the area the fossa of a 
depressor muscle. 

The inter-zonal part of the cephalic shield varies rather much in 
shape and in its backward extension. In Kiaeraspis it is of ten very long, 
and is assumed to have been formed by 1 0  or 1 1  body segments (Ster.sio 
1 9 3 2 ,  pp. 8-9),  so many rows of trunk-scales being included in the 
inter-zonal part. This part of the shield is furthermore fairly long in 
Axinaspis and somewhat shorter in A crotomaspis. In Nectaspis it is 
not very much extended, and in Cephalaspis the backward extension 
of the inter-zonal part varies considerably. It is thus e. g. very short 
in C. doryphorus (fig. 5 5 ;  pl. 40) and fairly long in C. signata (fig . 5 1 ;  
pls . 2 8 :  1 ;  29 :  1 ) ,  in which the dorso-posterior portion is rather much 
produced backwards . The inter-zonal part of the shield is short in 
Ectinaspis, Benneviaspis, Hoelaspis and Boreaspis. 

As observed by Stensio ( 1 927 ,  p. 25 ; 1 932 ,  p .  9) and Heintz ( 1 9 3 9 ,  
p. 1 1 ) the number o f  transverse rows o f  trunk-scales included in  the 
inter-zonal part is greater in the dorsal half than in the ventrai half. 

In Cephalaspis pinnifera (pls . 42 ; 43 :2) it is obvious that parts 
of the dorsal halves of nine rows of trunk -scales are included in the 
postero-dorsal portion of the inter-zonal part (the dor sal spine included) . 
Besides these rows we can without doubt co unt one more, and probably 
expect the existence of at least two additional ones , of which, however, 
no external ve stiges are left. In this speeies , which has a rather short 
but in its dorsal portion somewhat produced inter-zonal part with a 
small dorsal spine, we thus find that the number of transverse scale
rows included in the inter-zonal part of the cephalic shield, and 
accordingly the number of trunk-segments composing that part, must 
be at least 1 2 .  

The extension and the general shape of the inter-zonal part i s  not 
only dependent on the number of composing trunk-segments but also 
on the size of these segments , their disposition and how large a part 
of each of them is included in the inter-zonal part. 

The inter-zonal part is  in most forms provided with a dorsal 
median longitudinal ridge, which in some speeies is pro due ed posteriorly 
into a spine of very varying length and shape. This spine is thought 
by Kiær ( 1 9 1 1 ,  p. 1 6) and Stensio ( 1 927,  p. 26) to form the ve stige 
of a redueed anterior dorsal fin, and evidently considered by Stensio 
( 1 932 ,  p. 68)  to form an anterior continuation of the dorsal fin-fold, 
represented by the dorsal crest. This latter interpretation seems very 
likely, and the spine (and the median ridge) must thus,  at least partly , 
have been formed by transformed and rigidly connected unpaired 
scales, homologous to the scutes of the dorsal crest ; no vestiges of such 
scales are, however, seen in the Spitsbergen Cephalaspids . 

TRe basal part of the spine is somewhat or distinctly broader than 
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the distal part (this is most evident posteriorly) , and there is forrned 
a soc1e-like basis of the spine, which is triangular in cross-section or 
seen from behind (fig. 6) ; this part between the main cephalic shield 
and the shaft of the spine is here simply called the s p i n a l b a s  e 
(bdsp) . In lateral view there is seen a more or less distinct angle on 
the posterior margin of the spine at the transition between the spinal 
base and the distal part of the spine . This angle is called the p o s t  e r 0-
v e n t r a l  a n g l e  o f  t h e  d o r s a l  s p i n e  (p vdsp , fig . 6 ;  pls . 
2 8 : 3 ; 3 4 : 2 ;  3 5 : 1 -2) .  When the cephalic shield is viewed from behind, 
we find that the posterior wall of the spinal base is not covered 
by exoskeleton but that there is forrned a triangular ventrally open 
emargination in the base, which thus has the appearance of being 
saddle-like with a central cavity (fig. 6, to the right) ; this basal cavity 
is generally filled with the inter-zonal endoskeleton (which also to a 
varying length reaches up into the shaft of the spine ; see further p .  54) .  

These features in the dorsal spine can only be explained if we 
ass urne that the dorsal crest of the scale-covered trunk division lay 
immediately behind the dorsal spine, and that its most anterior scute 
fitted into the posterior wall of the spinal base and articulated with 
this base (in about the same way as the scutes of the dorsal crest 
between themselves) . No real articular facets have, however, been 
observed on the dorsal spine (the specimens are not sufficiently well 
preserved in these parts of the spine) , but in C. oreas the exoskeleton 
is seen to reach slightly behind the endoskeleton. The resulting free 
borders of the exoskeleton possibly overlapped a part of the anterior 
margin of the foremost scute . 

The conditions, referred to above, thus also indicate that the 
dorsal spine is to be regarded as an anterior, transforrned and enlarged 
part of the dorsal fin fold . 

With regard to the different shape of the dorsal median ridge and 
the dorsal spine, · it can be noted that the dorsal median ridge is very 
short but fairly distinct in some Cephalaspis species (see e. g. pl. 9 : 5 ,  dr) , 
while in other species of the same genus it is rather Iow, fairly Iong 
and sharp-edged (pIs. 2 : 2 ;  6 : 1 ;  48 : 1 ;  49 : 1 ) .  The same development is 
seen also in the genera Securiaspis (pl . 6 1 ) ,  Tegaspis (pIs . 65 : l ;  66) ,  
Axinaspis (pl .  1 00 : 3) ,  A crotomaspis (pls . 1 0 1 ; 1 02 :  1 )  and Nectaspis 
(pl . 1 1 1 : 3 -4) . In some Cephalaspis species the dorsal median ridge 
forms a rather thick low crest (fig .  40 ; pls . 1 2 : 2 ;  1 9 :  1 ) .  Of ten the 
ridge rises somewhat posteriorly and thus forms a low and rather short 
dorsal spine (pls . 42 ; 43 : 2 ,  dsp) or is somewhat produced in postero
dorsal direction, forming a backwardly inc1ined dorsal spine (figs . 3 1 ,  
34 ,  4 8 ,  59 ) .  This spine can be shaped as a fairly high crest with some
what truncate (fig. 25)  or acuminately produced apex (fig . 47) .  The 
spine is sometimes erect and fairly long (pls . 5 6 : 3 ;  5 9 :2)  or, in some 



Fig. 6. - Dorsal spine 
on the inter-zonal part 
of the cephalic shield, 
A, in Cephalaspis oreas, 
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speeies, extremely long and vertical (figs. 52-5 3 ,  5 5 ; pls . 3 4 : 2 ;  3 5 :  l ;  
40: 1 -2) or even somewhat forwardly incliried (fig . 5 4 ;  pl. 3 5 :2) .  In 
the following genera no dorsal median ridge is developed at all, viz . 
in Eetinaspis (pl. 67 :2) ,  Benneviaspis (e. g .  pl. 70 :2) ,  Hoelaspis 
(pls . 7 6 ;  77 :2) and Boreaspis (see pls . 7 8 : 3 ; 79 : 1 ;  80 ;  8 8 : 1 - 3 ,  5 ;  
90 : 1 , 5 ; 95) .  

In the genera Benneviaspis, Hoelaspis and Boreaspis the posterior 
margin of the dorsal portion of the inter-zonal part is distinetly 
emarginate between the postero-Iateral and the posterior angles ; there is 
tIms formed a characteristic paired posterior sinus in the dorsal ro of 
of the inter-zonal part, the s i n  u s i n t e r - z  o n a l i s (d o r s a l i s) , 
the (dorsal) inter-zonal sinus (figs .  77-99 ; pls . 68 :2-3 ; 69 ; 70 :2 ; 7 1 : 1 ;  
7 3 ; 75 : 1 ;  7 6 ;  7 7 : 2 ;  7 8 : 1 , 3 ;  79 ; 8 0 ;  82 :2-4 ; 8 8 : 1 - 3 , 5 ;  8 9 : 4 , 6 ;  
90 : 1 -2 , 4-5 ; 92 ; 95 ; 96) .  

The cavity in the posterior part of the shield behind the post
branchial wall and which is bordered dorsally by the roof of the inter
zonal part, laterally by the lateral walls of this part and a postero
median portion of the zonal parts and ventrally by the floor or ventrai 
portion of the inter-zonal part (when present) and open backwards is 
referred to as the t r u  n k c a v i t Y o f t h e  c e p h a l i c s h i e l d . 
This cavity is very deep when the inter-zonal part of the shield is long, 
as in Kiaeraspis, and very shallow when this part is short, as in 
Benneviaspis and others ; it is generally more or less open ventrally 
as the inter-zonal part is much shorter ventrally than dorsally. 
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For the sake of convenience the ventrai floor of the inter-zonal 
part is thought to extend forwards on to the oralo-branchial fenestra, 
although by definition a narrow zone along the posterior border of the 
fenestra belongs to the cephalic shield proper (Stensi6 1 927 ,  p. 20) .  

The inter-zonal part i s ,  as  far as  observed, complete ventrally in 
all the Spitsbergen Cephalaspids, except in Nectaspis, in which it forms 
on each side a ventro-medially pointed process, which does not meet 
its fellow of the other side, but leaves a median gap in the exoskeleton 
(fig. 1 0SD) .  This gap lies immediately below the ventral notch in the 
endoskeletal post-branchial wall, which transmitted the truncus arteriosus . 

In A xinaspis and A crotomaspis the inter-zonal part can be said 
to form three different, fairly well separated portions, a dorsal , hori
zontal roof, which, as mentioned above, is rather long, the paired 
vertical lateral wall, which decreases in breadth in ventral direction, 
and in A crotomaspis (fig . 1 02C ; pl. 1 04 : 1 -2) in its ventral half only 
consists of two narrow bars , forming the connection to the third portion 
or the ventral, horizontal floor, which anteriorly is produced as a 
median process into the oralo-branchial fenestra (figs . 1 0 1 C, 1 02D ; 
pls . 99 : 1 ;  1 04 : 1 -2) .  

Exoskeleton of the cephalic shield. 

In this section I shall deal briefly with the different modifications 
in the minute structure of the exoskeleton in the cephalic shield in the 
Spitsbergen Cephalaspids.  

The fundamental characteristics of the exoskeleton in the Oste
ostraci have been elucidated by the investigations of Stensi6 ( 1 927 ,  and 
mainly 1 9 3 2) and in this respect nothing essential can be added in 
studying the Spitsbergen forms. As already pointed out by Stensi6 
( 1 927 ,  p. 32)  the exoskeleton of the Spitsbergen Cephalaspids is in 
general but little suitable for examination of its minute structure, and 
this structure can be understood clearly only in the light of the condi
tions in the well preserved forms from Great Britain . 

Before proceeding I shall give a short recapitulation of the prin
cipal microanatomical features of the exoskeleton in the Osteostraci 
(see fig. 7, which schematically reproduces the conditions in a rather 
normal cephalaspid form) . 

When completely developed the exoskeleton consists of three diffe
rent layers, the basal, the midd le and the superficial layers . The basal 
layer (bl) ,  composed of regular horizontal lamellae, is comparatively 
solidly built and encloses rather few canals ; basally it contains parts 
of the subcutaneous vascular canal plexus (dplx) . At its bottom the 
middle layer (ml) passes gradually into the basal layer and peripherally 
into the superficial layer ; it contains numerous canals so that it of ten 
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Fig. 7. - Schematic block diagram of the exoskeleton in the cephalic shield of 
Cephalaspis excellens. 

bl, basal layer ; cac, circum-areal mucous canal; case, ascending vascular canal ; desc, des
cending vascular canal ; dplx, subcutaneous vascular canal plexus; ebc, external branches 
from the ascending and radiating vascular canals, forming the subepidermal vascular 
canal plexus; iac, intra-areal mucous canals;  mg, partly covered gro ove of the mucous 
canal system; ml, middle layer ; p, Pl, pores of the mucous canal system; radc, radiating 

vascular canals ; sl, superficial layer; splx, subepidermal vascular canal plexus. 

only consists of thin trabeculae. The can als in the middle layer belong 
to two different systems,  viz . the mucous canal system, mainly situated 
in the outer division of the layer, and the canals of the vascular system, 
which chiefly occupies a lower division in this layer. The superficial 
layer (sl) , which generally is very thin, consists of dentine (most super
ficially enamel-like) ; it forms a covering to the middle layer and is pier
ced by fairly wide pores (p) or grooves (mg) of the mucous canal system. 

The mucous canal system consists of a network of horizontal 
canals, and among these we can in many forms distinguish between 
rather wide, circum-areal canals (cac, Gross 1 9 3 5 ,  "inter-areal canals" , 
Stensio) , which subdivide the outer division of the middle layer into 
polygonal areas , and canals of a fine calibre, the intra-areal canals (iac) , 
which form a fine-meshed network within the polygonal areas, and 
which are in communication with the circum-areal canals .  Both the 
circum-areal and the intra-areal canals open to the exterior, the latter 
through ascending so-called pore canals (Gross) which pierce the super
ficial layer by the pores (p), mentioned above, and the former through 
pores (P l ) or short or long slit-like openings . In this latter case the 
canals are thus more or less covered gro oves (mg) . Denison ( 1 947,  
cf. 1 95 1 b) has , after an examination of the exoskeleton of Tremataspis, 
described the mucous canals ("sensory canals") in this genus as being 
divided by a horizontal septum into an outer and an inner division 
(Denison 1 947 ,  pp. 34 1-342,  352-3 5 3 ; figs .  1 ,  3 ,  5-6, 9, 1 1 ;  
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pl. 2 :  1 -2 ;  1 95 1 b, fig . 32A) . As far I can see the lower division of 
the canals must be canals of the horizontal submucous vascular plexus 
(Wangsjo 1 944, p. 3 5 7 ;  fig . 5 ;  pl. 7 : 2 ;  cf. Denison 1 95 1b ,  p. 208 ; 
figs .  32B, 3 5A). 

The vascular canals start from the subcutaneous vascular canal 
plexus (dplx) . From this plexus issue groups of ascending vascular 
can als (case) , in general one group towards the center of each polygonal 
area. They thus pierce the basal layer in centrifugal direction, and, 
arriving in the lower division of the middle layer, branch into hori
zontal, radiating canals (rade) , which run to the periphery of the poly
gonal area below the circum-areal canals of the mucous canal system, 
where they meet corresponding canals from the adjacent polygon al 
areas . From the peripheral parts of the radiating canals issue des
cending vascular canals (desc), which run in centripetal direction 
through the basal layer to the canals of the subcutaneous vascular 
plexus or, in some forms, to rather wide canals , ringsinus, in the basal 
division of the basal layer . These ringsinus form a wide-meshed net
work in which the canals lie conformably below the circum-areal canals 
of the mucous canal system. Through the disposition of the vascular 
canals vascular areas are forrned in the exoskeleton, which topogra
phically correspond in size and shape to the polygonal areas . From the 
ascending and the radiating vascular canals there issue small external 
branches (ebe) to the outer division of the middle layer, and these 
canals form here, below the intra-areal mucous canals , a subepidermal 
vascular canal plexus (splx) . From this plexus emanate small external 
branches which pass over into the den tine can als of the superficial 
layer. In addition small canals connect the subepidermal plexus with 
the mucous canals . 

The generalized picture of the minute structure of the exoskeleton, 
given above, is for the most part to be recognized in Cephalaspis 
excellens (fig . 7 ;  pls . 1 1 : 1 -2 ;  1 2 : 1 ;  40 :4-5 ; 65 : 3 ;  1 1 5 :2 -3 ) .  

With a partial non-development of the exoskeleton, the super
ficial and subsequently the middle 1ayers are reduced to a greater or 
lesser degree. When the superficial layer is absent, the circum-areal 
and the intra-areal mucous can als are developed as open grooves, and 
when also parts of the midd le Iayer are reduced, the intra-areal and 
eventually also the circum-areal grooves disappear ; in these cases the 
mucous system was situated partly or wholly in the soft tissue outside 
of the exoskeleton . 

Turning now to the structure of the exoskeleton in the Spitsbergen 
Cephalaspids , we find that the superficial Iayer of the exoskeleton in 
very many Cephalaspis species is developed as a continuous covering 
to the middle layer, e. g. in C. excellens (fig. 7 ;  pIs .  1 2 : 1 ;  1 1 5 :2-3) ,  
C.  reeticornis (pls . 20 : 1 ;  1 1 4 : 3) and others ; i t  seems furthermore to 
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be continuous in Benneviaspis, Hoelaspis, Boreaspis (pl. 1 1 7 : 2-3) ,  
Kiaeraspis, A xinaspis (pl. 1 1 6 : 2) ,  Nectaspis (pl .  1 1 8 : 3) ,  generaUy so in 
A crotomaspis (pl. 118 : 1 -2) ,  and probably in Ectinaspis and Securiaspis. 

The outer face of the superficial layer is as a rule quite smooth 
without any ornament, but in some forms tuberc1es of different size 
and shape occur. In speeies with a smooth outer face in the main parts 
of the cephalic shield there is a tendency towards a coarse surface 
through the development of tuberc1es or ridges in some places, as on 
the circum-orbital ridge, the antorbital prominence, the borders of the 
dorsal sensory field, the median dorsal ridge, the rostrai and lateral 
margins of the main shield and the distal parts of the cornua, as e. g. in 
C. excellens (pls . 1 2 : 1 -2 ;  40 :4-5 ; 1 1 5 : 3 ;  cf. fig . 40) and C. recticornis 
(pl . 20 :  1 ) .  In some speeies the tuberc1es are only low (though some
times large) and not weU defined elevations on the outer face of the 
exoskeleton (as in C. recticornis, pl. 1 1 4 : 3 ) .  In others they are weU 
defined (e. g. C. verruculosa, pls . 2 3 : 2 ;  1 1 4 :2) ,  and in A crotomaspis 
instabilis they are in comparison exceptionaUy high (pls . 1 0 1 : 2 ;  1 03 : 3 ;  
1 1 8 : 1 -2) .  The tuberc1es in these speeies, as weU as in Axinaspis 
(pls . 1 1 6 : 2 ;  1 1 7 :  1 )  and some others are formed mainly by a strong 
development of the middle layer, but on the rostrai margin of the shield 
in C. excellens (pl. 1 1 5 : 3)  the tuberc1es (and ridges) are thickenings 
of the superficial layer. 

In a few Cephalaspis speeies with a continuous superficial layer 
this layer is subdivided into polygonal areas by the circum-areal 
grooves of the mucous canal system, as in C. aarhusi, C. pinnifera 
(pl . 4 3 : 2 ,  par), C .  metopias (pl. 4 1 : 1 ) and C. gigas, in the middle and 
posterior parts of the shield in C.  excellens (pls. 1 1 :2 ;  1 2 : 2 ;  1 4) .  

The superficial layer i s  discontinuous (and i f  so  most aften als o 
an outer part of the midd le layer is missing) and only present in 
the tuberc1es in C.  deltoides, C .  verruculosa (pl. 1 1 4 :2) ,  C.  signata, 
C .  jarviki and others, as weU as in T egaspis (pl .  1 1 6 :  1 ) .  

I n  some speeies the superficial layer o f  the exoskeleton is variably 
deve10ped in different spee imens (C . exilis) or even in different parts 
of the shield in ane speeimen (C . powriei, cf. als o C. vogti) . 

As to the general development of the middle and the basal layer 
not much is to be said. PaFt of the middle layer is absent when the 
superfieial layer is discontinuous, but most of the lower division seems 
always to be present . The lower division of the midd le layer is very 
thin in Benneviaspis, Hoelaspis and Boreaspis (pl. 1 1 7 : 2-3) ,  but in 
same speeies of Cephalaspis (pl. 1 1 5 : 1 ) the same division is excep
tionaUy thick. This different development is due to a weak or strong 
development of the horizontal vascular canals (radiating canals) in 
this division. 

The basal layer is more strongly developed and thicker in the 
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posterior portion of the cephalic shield, on the inter-zonal part, where 
it is not underlain by endoskeleton (cf. Dartmuthia, Wangsjo 1 944, 
pp. 350-352)  than in other parts of the shield. 

When the superficial layer is present and continuous the mucous 
canal system is enc10sed in the exoskeleton (Stensio 1 932 ,  p. 1 9) .  It is 
distinctly differentiated in to wide circum-areal and narrow intra-areal 
canals in C. excellens (fig . 7 ;  pls . 1 1 : 1 -2 ;  1 1 5 :2) ,  c. vogti, C. broughi, 
C. menoides and partly, in C. dissimulata; the circum-areal canals 
are in some places (mostly in the posterior part of the shield) devel
oped as more or less covered grooves (in C.  excellens, C .  vogti, 
C. pinnifera) . In C. aarhusi, C. metopias (pl . 4 1 : 1 ) ,  C. gigas as wel l 
as in Securiaspis staxrudi (pls . 63 : l ;  65 :2) the re are open circum
areal grooves and c10sed intra-areal canals . In Securiaspis staxrudi 
(pl . 65 :2)  we find that in the anterior part of the shield the circum
areal grooves are arranged into three or four concentric gro oves 
while in the inter-zonal part the circum-areal gro oves are in general 
simple and undivided ; the conditions he re thus remind of those in a 
Cephalaspis species, figured by Stensio ( 1 932 ,  fig . 5B ,  C) . 

With non-development of the outer parts of the exoskeleton, the 
mucous canal system is only partly enc10sed in it and lodged in open 
grooves. In some species , as C. signata (pls . 2 8 : 1 ;  1 1 4 : 1 ) , C . ibex, 
C. corystis and others we can distinguish between circum-areal and 
intra-areal grooves . In C. jarviki and C. lanternaria (pl . 54) and in 
Tegaspis exist circum-areal grooves but no intra-areal grooves have 
been observed (probably the intra-areal parts of the mucous system lay 
entirely outside of the exoskeleton) . In C? pedata the outer parts of 
the exoskeleton are in some places subdivided into polygonal areas 
through broad circum-areal grooves, in other places there is formed a 
wide-meshed and very irregular network of wide and narrow grooves , 
encircling low elevations or tubercles (pl . 6 8 :  1 ) , in which narrow 
intra-areal canals are developed ; the grooves must have partly lod
ged circum-areal or modified circum-areal divisions of the mucous 
system. 

In very many Cephalaspids, and thus in many Cephalaspis spe
cies , as in C . oreas, C. heintzi, C. hoeli, C. hyperboreus, C. eurynotus, 
C. recticornis (pl . 1 1 4 : 3) ,  C. curta and others (pl . 1 1 5 : 1 ) ,  in Ectinaspis, 
Benneviaspis, Hoelaspis (pl . 7 7 :  1 ) ,  Boreaspis (pl . 1 1 7 :2-3) ,  A xinaspis 
(pls . 1 1 6 : 2 ;  1 1 7 : 1 ) ,  A crotomaspis (pl . 1 1 8 : 1 -2) ,  Nectaspis (pl . 1 1 8 : 3)  
and probably in some Securiaspis species and in Kiaeraspis the mucous 
canal system is developed as a uniform, fine-meshed network of canals , 
in which no differentiation between circllm-areal and intra-areal canals 
can be observed. In C. fracticornis the mucous canal system is partly 
developed as a network of canals , partly as a network of open grooves 
(pl. 47 : 1 ) .  
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In Cephalaspis the vascular canal system of the midd le layer 
generally shows well developed radiating canals, mostly forming de
finite vascular areas, as in C. excellens (fig. 7 ;  pls . 1 1 :2 ;  65 : 3) .  In this 
species, however, there is forrned in the middle of each polygonal area 
a fairly wide plexus of anastomosing horizontal canals from which the 
comparatively short radiating canals issue. In C. eurynotus (pl. 2 1  :2)  
and C.  recticornis (pl. 2 1 :  3 )  the radiating canals are very irregular 
and of varying calibre. The radiating can als of some of the species 
from the Wood Bay series (as C. jarviki, C . oblonga, C. semicircularis, 
C. menoides) are extremely narrow. 

Radiating canals are, besides in Cephalaspis, developed als o in 
the genera Securiaspis, Tegaspis (pl. 65 : 1 ) ,  Ectinaspis, Kiaeraspis, 
Axinaspis (with irregular vascular areas) , A crotomaspis and Nectaspis. 

Generally there is only one layer of radiating canals (fig. 7 ;  pls. 
1 1 4 : 2-3 ; 1 1 5 :2 ;  1 1 8) but in an undeterminable specimen of Cephal
aspis (pl. 1 1 5 :  1 )  four or five layers of radiating canals are observed, 
as in Hemicyclaspis murchisoni (Stensio 1 932 ,  fig . 7 ;  pl. 60) . The 
interrelations between these layers could not be worked out. 

In the genera Benneviaspis, Hoelaspis and Boreaspis the horizontal 
vascular canals in the thin inner division of the midd le layer (or the 
submucous vascular canals , cf. Wangsjo 1 944, p. 3 5 7 ,  in reference to 
Tremataspis), are not developed as radiating can als but consist, in the 
main parts of the shield, of a single l ayer of anastomosing canals, 
forming a fine-meshed network (pl. 1 1 7 :2-3) .  

In the basal layer regular ringsinus have be en observed in the 
major part of the cephalic shield in but a few species, as C. aarhusi 
(pl. 1 : 1 ) ,  C .  tenuicornis (pl. 26 : 1 ) ,  C. metopias (pl .  4 1 : 2) ,  C .  gigas, 
e .  lanternaria, an indeterminable Cephalaspis specimen (pl .  5 5 : 1 ) ,  and 
in Tegaspis (pls. 65 : 1 ;  66),  forming polygonal areas in the basal layer 
(pl . 65 : 1 ,  par) .  In other species (e. acuminata, C. vogti, C. arcticus, 
C. pinnijera, Securiaspis staxrudi (p . 6 1 ) ,  Ectinaspis heintzi (ring
sinus, of ten irregularly developed and not forming distinct polygonal 
areas, are observed in the inter-zonal part, and mostly in the posterior 
portion of this part. In C. broughi, C. deltoides and a few others the 
lower part of the basal layer contains irre gular horizontal canals, which 
probably correspond to the ringsinus, but which do not form polygonal 
areas. In most of the Cephalaspis species, as weU as in the genera 
Benneviaspis, Hoelaspis, Boreaspis, Kiaeraspis, Axinaspis, A crotom
aspis and N ectaspis no ringsinus have been observed. 

In certain parts of the cephalic shield there are seen some discre
pancies in the disposition of the mucous and vascular canals from 
the normal conditions . Along the anterior and lateral margin of the 
shield the superficial layer in Cephalaspis excellens is ornamented with 
long or short longitudinal ridges (pls . 1 2 : 1 ;  40 :5 ) ,  and between them 
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the mucous canals are situated (pl .  1 1 5 : 3 ,  mc) ,  thus forming longi
tudinal canals ; the vascular canals in the middle layer are oriented in 
a similar way. Similar conditions are met with in C. oreas, C .  hoeli 
(pl . 1 1  : 3 ) ,  C. exiUs (pl . 1 1  : 5 )  and other Cephalaspis speeies as weU as 
in Securiaspis; in a few Boreaspis speeies (B . macrorhynchus, B .  curti
rostris) longitudinal vascular canals are observed along the margins of 
the main shield and (B . curtirostris) in a similar way als o along the 
borders of the dorsal sensory field (cf. also the disposition of the 
vascular canals in C. powriei, Stensio 1 9 32 ,  pls . 63 : 3 ;  6 6 :  1 ,  rad . c) . 
In C. eurhynchus, most anteriorly on the dorsal side of the shield , longi
tudinal vascular canals run forwards, converging towards the apex of 
the rostrum (pl . 5 : 6) .  In Boreaspis longitudinal vascular canals run 
all along the rostrai proeess while the mucous canals form a uniform 
network as on the main shield (the vascular canals are distinctly seen 
in pls .  7 8 : 2 ;  80 :2) .  In C .  fracticornis (pl .  47 : 1 ) ,  the middle layer 
along the margins of the shield is traversed by longitudinal vase ul ar 
canals (lvc); these canals issue from obliquely ascending vase ul ar 
canals (case) . 

It has been shown (Stensio 1 9 32) that there exists a correl�tion 
between the disposition of the mucous and the vase ul ar canals in the 
exoskeleton, the vascular canals being disposed "in vascular areas , 
which in shape and extent agree with the polygonal areas of the ex 0-
skeieton" (StensiO 1 93 2 ,  p .  73) ,  and "sinee we know that the sub
division of the exoskeleton of the cephalic shield into polygonal areas 
is due to the mucous canal system, it follows that the arrangement of 
the vascular canals in to groups - vascular gro ups - is also deter
mined by the mucous eanal system, which is tI1US a dominant factor 
in the structure of the exoskeleton" (Stensio 1 9 32 ,  p. 24). In the Spits
bergen Cephalaspids such a correlation exists in many speeies.  And 
in the genera Benneviaspis, Hoelaspis and Boreaspis, in which the 
mucous eanal system is developed mainly as a uniform fine-meshed 
network and where the underlying, submucous, vascular canals are 
disposed in a similar manner, we find also a correlation in the disposition 
of the mucous and vascular canals . 

This correlation is, however, not universal and not even of a 
prevalent occurrence . The most widespread con dit ion in this respect is 
a combination of a vascular canal system disposed in regular vascular 
areas, and a mucous canal system present as a uniform net-work, which 
does not subdivide the exoskeleton into polygon al areas. 

In Tremataspis mammillata (see Wangsjo 1 944, pp. 3 5 7-3 5 8) 
we find a eombination of irregularly disposed submucous vase ul ar 
canals (corresponding to the radiating canals in other Osteostraci) and 
of a net-work of mucous canals (probably corresponding to circum
areal canals), forming polygonal areas . In Dartmuthia (Wangsjo 1 944) 
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there are weU defined vase ul ar areas (according to Denison, 1 95 1 b ,  
only in the dorsal exoskeleton) but the disposition of  the mucous canals 
is not clearly or not wholly correlated to that of the vascular canals . 
In Oeselaspis we find (Denison 1 95 1 b ,  pp . 206-209) irregularly 
radiating vascular canals and a fine-meshed net-work of mucous 
grooves, and in "Procephalaspis" oeselensis a combination of normal 
radiating canals and circum-areal and jntra-areal mucous grooves 
(Denison 1 9 5 1b ,  p. 2 1 1 ) .  We thus find in the oldest known Osteostraci 
a diversity of combinations with reg ard to the disposition of the vascular 
and mucous canals . 

The first exoskeleton elements to appear were probably small super
fieial tubercles or scales (cf. Sewertzoff 1 9 3 1 ,  p. 3 1 ;  Gross 1 9 3 3c ,  
p .  1 08 ;  Heintz 1 939 ,  pp. 1 03-1 05 ; WestoU 1 945 , pp . 345-346 ,  3 5 1 ;  
Obruchev 1 945 ; Ørvig 1 9 5 1 ,  pp . 366-3 68) .  Such superfieial tuberc1es 
may have been present in the immature stages, and the ossification of 
the deeper layer of the corium which must have begun in the center 

.' 
of the vascular areas can also have started before the animal was full-
grown. As long as the peripheral parts of the vascular areas were 
unossified these areas behaved as small units in the prospective cephalic 
shield and could continue their areal growth, but as soon as the ossifi
cation had reached the outer parts of the are as and the adjacent areas 
became anchylosed the areal growth of the vascular areas, and thus 
als o the general growth of the animal, ceased. Through the subdivision 
of the derrnis in vascular are as by means of radiating vessels the 
prospective shield had a great possibility to grow and increase in size, 
and the ossification , of the derrnis could begin before the animal was 
full-grown. In other forms, as in Tremataspis and others , in which 
the vascular canals are not disp os ed as radiating canals and the derrnis 
was not subdivided into separate areas, no growth could occur after 
ossification had set in. This is substantiated by the observations of 
Denison ( 1 947) on the development of the exoskeleton .  The structure 
of the derrnis in Tremataspis and others (Benneviaspis and allies) was 
most certainly secondary (cf. Obruchev 1 945 , p. 267) .  

Thus it seems that the disposition of the vessels in the dermis was 
a dominant factor for its structure and consequently also for the struc
ture and development of the exoskeleton. 

The minute structure of the plates of the sensory fields (which 
are found in Cephalaspis pinnijera artd Tegaspis kolleri) corresponds in 
the main to that of the rest of the exoskeleton (as in Hemicyclaspis 
murchisoni and C.  pagei, Stensio 1 932 ,  p .  2 6 ;  cf. also Tremataspis, 
Denison 1 947,  p .  3 5 6) ,  and thus the plates consist of exoskeleton only . 

The plates are independent units of the exoskeleton ; they are thus 
generaUy wholly separated from each other and from the rest of the 
cephalic shield (cf. Denison 1 947 , fig . 1 OB ; als o observed by me on 
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sections through the lateral fields of Tre matasp is}; in some cases , 
however, the plates are anchylosed to each other (cf. Stensio 1 932 ,  
pl. 3 2 : 1 ) ,  being separated on  ly by  sutures, o r  to  the rest o f  the cephalic 
shield (cf. p. 29 ; pl. 1 1 6 : 1 ) .  In many cases this is apparently the 
cause of the plates being preserved and found in position . 

In the two Spitsbergen speeies (C . pinnijera, Teg. kolleri) each 
plate corresponds in shape and extent and in the relations of its vascular 
and mucous canals ordinarily to a polygon al area on the rest of the 
cephalic shield ; the circum-areal grooves or canals of the mucous 
system in these fields must have been situated between adjacent plates . 

The main difference between the minute structure of the plates 
of the sensory fields and the exoskeleton on the rest of the shield lies 
in the development of the basal layer, which in the former contains 
cavities in its inner parts . Between the endoskeleton and the plates in 
Tegaspis there is thus formed a wide but rather low cavity, which, 
through partitions from the basal layer of the plate ,  is partly sub-

• 
divided in to separate chambers (pl . 1 1 6 :  l ,  bch) or, expressed in other 
words , between the basal parts of the basal layer of the plate and the 
endoskeleton is a narrow vacuity and from it extend rather shallow 
separate cavities up in to the middle parts of the basal layer of the 
plate . The basal cavities in the plates are not c10sed chambers but are 
in open communication with the exterior through the open gaps be
tween the plates and between them and the borders of the fields .  

In this connection can be mentioned that the plates in  Tremat
aspis (which I have examined in a speeimen of T. mammillata) consist 
of the superficial , the middle and the outer parts of the basal layer, 
and that they are separated by a small gap in the middle parts of the 
basal layer from the underlying part of the shield , to which thus the 
basal parts of the basal layer are adhering. (The space between the 
plate and the underlying part of the shield seemingly is not situated 
between the basal layer of the exoskeleton and the endoskeleton, as 
maintained by Denison 1 947,  p. 3 5 6 ,  and as in Tegaspis, described 
above. )  It can also be observed that the plates of the sensory fields 
in Tremataspis mammillata are much larger than the polygonal areas 
formed by the mucous canals, and that each plate encloses severaI 
such areas . 

The significance of the above-mentioned conditions in the sensory 
fields will be diseussed later (p . 1 93 ) .  

Yet another matter i s  to  be  considered with reg ard to  the exo
skeieton, viz. the relation of the sensory line system to the exoskeleton. 

This system is not very easily observed in the fossil Cephalaspids ,  
in  which i t  i s  represented by open grooves in  the exoskeleton .  These 
grooves were thought by StensiO ( 1 927 ,  p. 2 3 5 ; 1 932 ,  p. 48) to lie very 
superficially and be present in general only when the outer parts of the 
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exoskeleton were weU developed. Denison ( 1 947,  pp. 3 5 0 ;  1 95 1 b ;  cf. 
Bolau 1 95 1 )  has, however, shown that in Tremataspis and others the sen
sory lines are situated in the mucous canal system. (From this fact he 
has drawn the unwarranted conc1usion that this latter system must have 
contained sensory organs with the same function as the sensory lines , 1 
a conc1usion which has already been criticized by Robertson 1 950 ,  
pp .  342-344.)  I can on  the whole confirm the facts brought forward 
by Denison, but must add that the canals or the partly covered grooves 
for the sensory lines in Tremataspis even in superficial view (when the 
outer parts of the exoskeleton are made transparent with e. g. xylol) 
can be distinguished from the normal mucous canals by their in general 
distinetly greater breadth and that in cross-section they are of ten 
discerned by being cordate in outline, while a section through a mucous 
canal and its pore-canal is pyriform in outline. As is seen from the 
figures by Denison ( 1 95 1b ,  fig . 37) the canals for the sensory lines 
in other forms can of ten be distinguished from the mucous canals by 
their greater breadth. These differences alone make it more than 
probable that the canals (or grooves) in question are different in nature 
from the normal mucous canals . 

In Dartmuthia the sensory lines (I have only observed the infra
orbital line) are situated in partly covered grooves, which in super
ficial view, exc1usively by their forming a continuous characteristic 
line, can be distinguished from interstitial mucous canals (cf. Denison 
1 9 5 1b ,  pp . 205-206).  

The sensory lines in Tremataspis and Dartmuthia l ie thus fairly 
deep in the exoskeleton. The same must be the case to a still higher 
degree in Didymaspis and Thyestes (T. verrucosus), for in both these 
genera the sensory lines are represented by gro oves in the exoskeleton. 
For Didymaspis we know (Stensio 1 932 ,  pp. 1 5 ,  1 74) that in the ante
rior part of the shield only the basal layer is present in the inter
tubereular spaces .  In Thyestes verrucosus (cf. Stensio 1 9 32 ,  pp. 1 5 ,  
1 64 ,  1 69 ;  Denison 1 9 5 1b ,  pp . 209-2 10) only the basal part of the 
lower division of the middle layer is found here. The grooves of the 
sensory lines reach thus down near to or even into the basal layer of 
the exoskeleton. 

Turning now to the true Cephalaspids, we can first note that the 
grooves of the sensory lines occur both in species with continuous 
and d iscontinuous superficial layer, and that in the latter case they 
are situated in such places where the superficial layer is absent (e. g .  
C. signata, pl .  1 1 4 :  l ;  C? pedata, pl .  68 :  1 ) .  

We find, as far as  observed, that in the Cephalaspids the sensory 
lines form comparatively shaUow, open grooves, which reach down 

1 A similar view is  also held by B61au ( 1 95 1 ) .  
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into the outer division of the midd le layer of the exoskeleton, and that 
the mucous canals are in communication with these canals (distinctly 
seen in Hoelaspis, pl. 77 : 1 ,  but als o e . g .  in C. signata, pl. 1 1 4 : 1 ;  
cf. Denison 1 95 1b ,  fig . 37) .  

When the exoskeleton is subdivided into polygonal areas by means 
of circum-areal mucous canals or grooves , the grooves of the sensory 
lines are not situated in these mucous grooves but traverse the poly
gonal areas in their middle, as observed in C. aarhusi, C. broughi ,  
C . signala (pIs . 2 8 : 1 ;  1 1 4 : 1 )  and others (cf. Stensio 1 9 32 ,  pls . 23 : 1 ;  
24 ; 3 1 ;  42) . In C? pedata, however, the grooves of the sensory lines 
lie in the intertubercular spaces , in the broad grooves ,  which are 
thought to be grooves of the mucous canal system, and he re the sensory 
line grooves are provided with lateral walls of their own, which separate 
them from the mucous grooves, in which they are lodged (pl . 6 8 :  l ) . 
In "Procephalaspis" oeselensis the sensory line canals are said to be 
circum-areal canals (Denison 1 95 1 b, p .  2 1 1 ) but this is not evident 
from the published figure (Denison 1 95 1b ,  fig .  37A) . 

Thus the sensory line grooves of the Cephalaspids have in their 
disposition no relation to the circum-areal canals or grooves of the 
mucous system, and are in communication mainly with the intra-areal 
canals (or grooves) , when the mucous canal system is so differentiated . 

From what is seen of the development of the sensory lines in the 
Cephalaspids we must assume that the grooves of the sensory lines and 
the mucous canal system represent two different structures or organs 
with different function . The relation between them is only topographical, 
but, if we assume that the mucous canals have lodged a slimeproducing 
organ (cf. Stensio 1 927 ,  p .  39 ; 1 9 32 ,  p .  74; cf. also Matveyev 1 945 , 
p. 5 3 2-5 3 3) and this seems to be a rather probable interpretation, the 
communication between the mucous canals and the sensory line grooves 
must appear quite natural , if we remember the analogous fact that the 
sensory line canals in fishes are filled with slime, produced by mucus 
cells in the wall of these can als (cf . Cole 1 8 99 ,  p .  1 92) . 

From the above survey we find, that the sensory lines in the living 
Osteostraci were not situated in the epidermis but sunk as grooves or 
canals into the corium, and we find furthermore that the sensory lines 
lay much deeper in the corium in geologically old members of the Oste
ostraci ,  than in the Cephalaspids proper, and finally that at least in 
Dartmuthia and in Tremataspis the sensory lines were situated in closed 
canals or almost completely covered gro oves but that in the Cephal
aspids proper the sensory lines formed open grooves in the exoskeleton . 

Finally we may in this chapter consider a case of secondary growth 
in the exoskeleton . In fig . 8 a section of the exoskeleton of Tegaspis 
kol/eri is represented, and we find here some conditions, which must 
be interpreted as appositional growth of a tubercle . The primary 
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dente, dentine-canals ; me, mucous grooves; res, cavity, formed by resorption ; sp/x, 

primary subepidermal vascular plexus;  SP/Xl ,  secondary subepidermal vascular plexus; 
(1 , primary tubercle ; ( 2 ,  secondary tubercle ; vasee, horizontal vascular canals, possibly 

disposed as radiating canals. 

tubercle (t 1 )  with canals of the subepidermal vascular plexus (splx) and 
dentine-canals (dente) arising from them contains in a part of its upper 
half a large cavity (res) , very probably caused by resorption. Above 
the dentine-layer of this tubercle (tl ) there is a layer with vascular 
canals , an additional subepidermal vascular plexus (splX I ) '  which is  
connected with the primary subepidermal plexus and with the under
ly ing horizontal vascular canals (vasec), and outside of it is a thick 
layer of dentine. Thus there is forrned a secondary tubercle (t '2) ,  super
imposed up on the primary one (t l ) ' both forming a composite tubercle , 
which, however, is not to be distinguished from the simple ones in 
external view. 

The conditions here remind much of those in a superficial "blister" 
in Osteolepids (Jarvik 1 950 ,  pp . 24-2 6 ;  fig . 3) and the development 
of the secondary tubercle and that of a superficial "blister" are very 
probably analogous (cf . also Gross 1 9 3 5 ,  fig . 9 ;  Ørvig 1 95 1 ,  fig. 4A). 

Such cases of appositional growth of tubercles (and thus of the 
exoskeleton in general) are evidently very rare in Cephalaspids. l have 
only observed them in a speeimen of Tegaspis kolleri and they are 
figured in a Cephalaspis sp . by Ørvig ( 1 95 1 ,  fig . 1 1 B ;  cf. p. 3 7 6) but 
similar structures are also seen in Cephalaspis salweyi (Stensi6 1 9 32 ,  
pl. 66 :  l )  and possibly in  Hemieyclaspis (?) /ightbodii (Stensi6 1 9 32 ,  
pl. 63 : 3 ) .  They have no real significance for the question as to the 
general growth of the exoskeleton, about which we know very ] jttle 
indeed (cf . Denison 1 947 ,  pp. 3 62-3 65) .  

We can finally note that the structure of  the exoskeleton in the 
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Spitsbergen Cephalaspids and in the Osteostraci in general is subject 
to gre at variations, but we can not find that the exoskeleton in geolo
gicaUy older forms is in general better and more completely developed 
than in younger forms, and there is thus no indication that the exo
skeleton in the Osteostraci was on the whole in a regressive state of 
development (cf. Stensio 1 93 2 ,  p. 27 ; Denison 1 9 5 1 a, pp. 1 70- 1 7 3 ; 
1 95 1b ,  p .  2 1 7) .  

The endoskeleton. 

As weU known, the endoskeletal component of the cephalic shield, 
the presence of which in the Osteostraci was first established by Stensio 
( 1 927),  is a very complex structure . 

The endoskeleton is completely ossified in all species of Bore
asp is (as pointed out for B .  rostrata by Stensio 1 927) ; in all other forms 
of the Spitsbergen Cephalaspids it probably consisted of cartilage or 
a cartilaginous tissue, provided with a perichondrial bone-layer. 

These endoskeletal bone-layers are, however, not always present 
in the actual fossils or, when present, not developed to the same degree 
in different specimens (cf. Stensio 1 927 ,  pp. 3 1-32 ;  1 932 ,  pp. 1 0- 1 3) .  
The divergences in  this respect probably are caused by different factors 
or a concurrence of severai different factors . A secondary cause of the 
absence or the bad preservation of the endoskeleton can be unfavourable 
conditions during the decomposition of the animal or during or after 
the fossilization, including a possible selective dissolution of the chemical 
components in the bone-tissues ; and this is probably the specific cause 
in very many instances . A primary cause can be a feebler development 
or a non-development of the bone-Iayers in question and this, in its turn, 
can be due to a constitutional factor in the species, which prevents the 
development of the bone-Iayers or only allows a moderate ossification 
of the endoskeleton, or it can be due to the fact that the ossification 
had not yet begun or was not completed when the animal died and 
became embedded in the sediment. 

Very little is known of the progressive ossification of the endo
skeleton during the life of the individual animal. It has been made 
probable that the skeleton of the Osteostraci became ossified on ly with 
maturity (see above, p. 47),  and this has been substantiated by the 
observations of Denison ( 1 947,  pp. 3 5 8-3 65) on the growth of the 
exoskeleton in Tremataspis . He has also shown that the ossification 
of the exoskeleton proceeded in centripetal direction. As Denison's 
research concerned only the structure of the exoskeleton, he gives no 
specific informations as to the development of the endoskeleton. 

Some observations on Tremataspis h ave made it conceivable that 
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the ossification of the endoskeleton and of the exoskeleton took place 
in the same way and, thus, proceeded from the periphery and inwards . 
It has namely been found that in Trernataspis the bone-Iayers became 
more and more delicate in centripetal direction, and finally disappeared, 
while the peripheral parts of the endoskeleton, near the exoskeleton, 
were rather strongly ossified. We also find in different specimens of 
Trernataspis, which are found together, and which most likely have 
been exposed to similar conditions after death, various stages in the 
state of preservation of the endoskeleton, from specimens with a rather 
weU preserved endoskeleton to such in which it is absent. In how far 
these conditions were prevalent in the Osteostraci can not yet be told 
but they seem possibly to be of some significance .  

We cannot say in a general way whether the absence or the poor 
development of the endoskeleton in a fossil Cephalaspid is caused by 
this factor or another, and it is, with regard to the Spitsbergen Cephal
aspids , impossible definitely to say whether "the Cephalaspids in general 
during the time from the Upper Silurian to the lower Devonian under
went regressive development with regard to the degree of ossifica
tion of the endoskeleton" (Stensio 1 932 ,  pp . 1 2- 1 3 ;  see also 1 927 ,  
pp. 3 1-32) or  not. 

After the foregoing discussion it seems to be of no general interest 
to give a survey of the state of preservation of the endoskeleton in 
different species , and the reader is in this respect referred to what is 
said in the decription of each species. 

The endoskeleton constitutes a major part of the cephalic shield, 
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and underlies the exoskeleton in all places , where this is developed, 
with the exception of certain, most of ten posterior and postero-Iateral , 
portions of the inter-zonal part. The extent backwards of the endo
skeleton is thus in the main as shown by Stensi6 ( 1 927 ,  figs .  7 ,  8 ;  1 932 ,  
figs .  3 , 4) .  The Spitsbergen Cephalaspis speeies (figs .  62 ,  66-67),  Ectin
asp is (fig. 76) ,  Tegaspis and Nectaspis (figs .  1 04 ,  ] 05B) agree in most 
cases with the Cephalaspis speeies figured by StensiO ( 1 927 ,  fig . 7 ;  
1 9 32 ,  fig .  3 )  and the genera A xinaspis and A crotomaspis are in this 
respect similar to Kiaeraspis (cf. Stensi6 1 927 ,  fig . 8 ;  this paper, pl .  
1 00 :  l ) .  

I n  Benneviaspis, Hoelaspis and Boreaspis the endoskeleton i n  the 
inter-zonal part dorsally extends backwards as far as or almost as far 
as the exoskeleton, and ventrally ends only slightly ahead of the poste
rior end of the exoskeleton (fig. 9B) .  We can furthermore note that 
the interior of the rostrai proeess in Hoelaspis and Boreaspis is filled 
up with endoskeleton (fig . 9B ; cf. Stensi6 1 927 ,  p. 1 45) .  

In many C ephalaspis species the endoskeleton dorsally extends 
very far backwards, on to the posterior angle of the inter-zonal part, 
and, when a dorsal spine is developed, partly or completely fills up 
the interior of this spine (fig . 9A ; pls . 3 5 :  1 ;  5 6 : 3 ) .  

According to Stensi6 ( 1 927 ,  p .  29) the endoskeletal component of 
the cephalic shield comprises the whole endocranium, a dorsal part of 
the visceral endoskeleton, the endoskeletal shoulder-girdle and, finally, 
a pronephros component. 

We shall now briefly consider the nature of the hind most part of 
the "endocranium" .  The occipital region was thought by Stensi6 ( 1 927 ,  
p .  48)  to  include the whole part of  the endoskeleton lying behind the 
otic region of the endocranium. It was thought that the neural ridge, 
present on the ventraI face of the occipi tal region, was in the l iving 
forms continued backwards by certain cartilaginous parts behind the 
"foramen magnum " ,  as preserved in the fossil state . 1 t was also assumed, 
that there must have been a gradual transition between the neural ridge 
and the vertebral column. On this assumption it is impossible to draw 
a dis tinet boundary between the endocranium and the postcranial axial 
endoskeleton. The occipital region is considered to be short in speeies 
with a short inter-zonal part of the shield and long in those with a 
long inter-zonal part, and it would thus be extremely long in such a 
form as Kiaeraspis. Jf we furthermore regard a Dartmuthia,  in which 
the dorsal endoskeleton reaches as a long chord on to the posterior end 
of the cephalic shield (cf. Wangsj6 1 944, fig . I ) , it appears unreason
able to include the whole of this endoskeletal ' structure in the endo
cranium. In some Cephalaspis species the cephalic shield is provided 
with a well developed dorsal spine which, as said above, is composed 
not only of exoskeleton but also includes an endoskeletal component, 
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and as this spine most probably is a transforrned anterior part of the 
dorsal median fin-fold (Kiær 1 9 1 1 ,  p. 1 6 ;  Stensio 1 927 ,  p. 2 6 ;  1 9 32 ,  
pp. 68-69) , its endoskeleton certainly must have been derived from 
quite another primordium (cf. Schaffer 1 90 1 ; Schrnalhausen 1 9 1 2 ;  
1 9 1 3) than the real occipital region which always is developed from 
transforrned neural arches. The endoskeleton of the dorsal spine cannot 
be inc1uded with the occipital region solely on the basis that it is a 
median endoskeletal structure, continuous with the endocranium and 
lying postero-dorsally to it, without paying regard to its possibly diffe
rent developmental history . We must stress the fact that the endo
skeleton of the dorsal spine lies dorsally to the neural canal and that 
it most probably is not a part of the axial skeieton. It is also pointed 
out by Stensio ( 1 927,  p. 50) that the hindmost part of the "occipital 
region" in a Cephalaspis sp . (without any dorsal spine) has no relations 
to the neural canal but projects backwards as a proeess above the 
vertebral column. This is the case also in Kiaeraspis but in this form 
the proeess is much longer than in the Cephalaspis sp . ,  just mentioned . 
In Dartmuthia the long posterior skeietal chord, referred to above, has 
no relations to the neural canal. It lies dorsal to it, is epiaxial and does 
not belong to the axial skeieton . 

Another interesting feature in Dartmuthia is the long backward 
extension of the endoskeleton as a strand on the lateral sides of the 
cephalic shield . 

We find that in the posterior part of the cephalic shield in Dart
muthia the endoskeleton is forrned in those places, where the median 
and lateral fin-folds or rudiments of them are supposed to be or have 
been developed, and it seems thus very probable that the dorsal and 
lateral endoskeletal strands , mentioned above, really represent ossifi
cations in a longitudinal plate of skeietogenous tissue, lying in the 
median dorsal and the lateral fin-folds (cf. the ontogeny of the median 
or paired fins in Petromyzonts and in fishes, Balfour 1 8 8 1 ;  Schaffer 
1 90 1 ;  Braus 1 904 ; Schrnalhausen 1 9 1 2 ;  etc . ) .  

These endoskeletal structures which, probably both, are present 
also in other Cephalaspids (and the dorsal one of them is here partly 
represented by the endoskeleton in the dorsal spine) , will be referred 
to as t h e  d o r  s a l and t h e  1 a t e r  a l i n t e r  - z o n a l e n d o 
s k e I  e t o n ,  and i t  will b e  emphasized that they constitute postcranial 
divisions of the endoskeleton of the cephalic shieid.  

Anteriorly the lateral inter-zonal endoskeleton is probably con
tinuous with and passes into the zonal endoskeleton (the shoulder
girdie) without any boundary, and it must originally have been part of 
the same initial structure as this division, since the zonal endoskeleton 
is to be regarded as the transforrned anterior part of the deep tissues 
in the lateral fin-fold (cf. the development of the paired fins and their 
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girdies in fishes , e .  g .  Goodrich 1 930 ,  pp. 1 23- 1 44,  1 63- 1 64, 1 69) .  
The boundary between the lateral inter-zonal and the zonal endo
skeleton must be difficult to determine if and when they both are fully 
developed. In Dartmuthia the presence or development, if present, of 
the zonal endoskeleton is still unknown. In the Spitsbergen Cephal
aspids all the endoskeletal structures lying in the lateral sides of the 
inter-zonal part and behind undoubtedly zonal endoskeleton are, for the 
sake of convenience, reg ard ed as belonging to this division . 

Most anteriorly in the inter-zonal part of the shield the dorsal 
inter-zonal endoskeleton came into contact, during ontogeny, with the 
skeietogenous tissues around the spinal cord, and in the fossils it is 
impossible to determine the boundary between the dorsal inter-zonal 
endoskeleton (epiaxial) and the axial skeieton ; the inter-zonal endo
skeleton is also wholly continuous with the endocranium and no distinct 
boundary can be drawn between them. 

With regard to the peculiar development of the endoskeleton as 
a single continuous mass in the shield of the Osteostraci, the question 
as to the limit between the head and the trunk or, more explicitly, 
between the endocranium and the postcranial endoskeleton, which in 
all vertebrates is a very difficult one, is here still more intricate , 
and, since we shall never know the ontogenetical development of 
the endoskeleton in these forms , it cannot be answered adequately 
and definitely (cf. Koltzoff 1 902 , p. 5 7 3 ; Johnston 1 905b, pp. 229 
-230) .  

In the fossils the boundary between the two regions must be  drawn 
quite arbitrarily, and, since there is no possibility to fix it at any point 
in the most posterior part of the endoskeleton (as hinted to above), it 
will here be drawn in the region of the neural tube and the noto
chord, at some place behind the exit of the vagus canal from the cavum 
cerebrale and before the exits of the can als for the first spinal nerve 
from the neural canal. It will thus be set down between the posterior 
uniformly narrow neural canal, which has enclosed the med ulla spinalis , 
and the widened part of the cavum cerebrale, lying in front, which 
enclosed the medulla oblongata. The dorsal part of the occipital region 
will be considered to extend somewhat farther backwards than the 
ventrai part, or as far as to enclose the openings of the ductus endo
lymphatici. Posteriorly the occipital region is continuous, dorsally with 
the dorsal inter-zonal endoskeleton, and ventrally and medially with 
the postcranial axial endoskeleton, "the vertebral column" . 

With this delimitation of the occipital region, and thus of the 
posterior boundary of the endocranium, we must distinguish yet another 
division in the endoskeleton, viz . that enclosing (wholly or partly) the 
neural canal and, partly, the notochord, and which thus consists of 
ossifications in the perichordal skeIetogenous tissues . This division is 
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here called t h e  i n  t e r - z  o n a l a x i a l e n d o s  k e i  e t o n (or 
the postcranial axial endoskeleton) . It forms the posterior and major 
part of the neural ridge and the roof of the neural canal and, behind 
the ridge, the roof of the neural groove ; it has free ventrai, postero
ventrai and, partly, lateral sides and is continuous anteriorly with the 
occipital region of the endocranium and dorsally with the dorsal inter
zonal endoskeleton. 

It must be noted that in the fossils the dorsal and the axial inter
zonal endoskeleton have no fixed posterior limit, the extent backwards 
of the regions being dependent of the length of the inter-zonal part. 
They are in general weU developed and long in species with a long 
inter-zonal part and short in those with a short inter-zonal part. In the 
living forms both the dorsal inter-zonal and the postcranial axial endo
skeleton extended far backwards in the trunk but were here represented 
by unossified connective tissues . 

The demarcation in the endoskeleton between the endocranial and 
the postcranial (dorsal and axial) inter-zonal endoskeletal divisions re
flects the subdivision of the cephalic shield into the cephalic division 
proper and the trunk division (Stensio 1 927 ,  p. 20). 

More or less complete remains of all the divisions, distinguished 
in the endoskeleton of the Spitsbergen Cephalaspids and mentioned 
above, have been observed in the material treated in this paper. 

The endocranium. 

The endocranial division of the endoskeleton can only arbitrarily 
be identified and distinguished from the rest of the endoskeleton, as 
it is continuous with and merges imperceptively into the dorsal parts 
of the visceral endoskeleton and the inter-zonal endoskeleton. 

The endocranium encloses the brain-cavity and the ethmoidal 
cavity, as weU as the labyrinth cavity and the orbits , in addition the 
proximal parts of the canals outgoing from these cavities (and some 
canals whoUy lying within the endocranium) . 

The roof of the oralo-branchial chamber is regarded as being 
mainly of visceral origin and will be dealt with in connection with the 
visceral endoskeleton. 

In the endocranium ethmoidal, orbito-temporal, otic and occipital 
regions have been distinguished (Stensio 1 927 ,  p. 48) ,  and as for their 
delimitations and extents in the endocranium the reader may consult 
the papers of Stensio ( 1 927) or Holmgren & Stensio ( 1 9 3 6 ;  cf. however, 
what is said in the present paper about the occipital region) . 

In the subsequent account it will of ten be unpractical to keep 
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within the limits of a region when describing certain canals or other 
structures , and in such cases I shall without interruption and in one 
place describe such structures which are in a certain way connected 
with each other ,  even if they belong to different regions . 

The e t  h m o i d a l  r e g  i o n encloses the ethmoidal cavity in 
which three divisions have been distinguished (Stensio 1 927 ,  pp .  1 24 
- 1 25 ; Holmgren & Stensio 1 93 6 ,  p .  252) , viz. a dorso-posterior tube
shaped division for the olfactory organ,  an antero-ventral likewise 
tubeshaped division for the anterior part of the hypophyseal pouch . 
and a middle narrow division between these two sections . In general 
these three divisions of the ethmoidal cavity communicate with the 
exterior through the respective divisions of the naso-hypophyseal 
openmg. 

In Nectaspis, which has an anterior opening for the hypophyseal 
duct and a posterior nasal opening proper through the exoskeleton. 
there is a middle slit-like opening in the endoskeleton (pls . 1 1 0 :  1 ; 
1 1 1  : 3 -4) covered by the exoskeleton and thus the midd le division of 
the ethmoidal cavity opens on the dorsal face of the endoskeleton but 
is closed to the exterior. 

In Cephalaspis excellens the middle division of the ethmoidal cavity 
is closed dorsally by a part of the internal bone-Iayer, and there is 
formed a saddle-like depression in the roof of the ethmoidal cavity 
between an anterior and a poste ri or opening into the outer face of the 
endoskeleton (pIs . 1 3 ,  na l ' na:!. ;  1 5 :2) ,  or, expressed in other words ,  
from the closed ethmoidal cavity issue in antero-dorsal direction two 
short separate canals ,  an anterior one for the outer part of the hypo
physeal pouch and a posterior one for the nasal tube. 

It is worthy of note that in  all Cephalaspids , sufficiently known , 
even in those forms with a com mon naso-hypophyseal opening, the 
hypophyseal sac and the nasal tube must have opened to the exterior 
by separate openings , and that in the Cephalaspids there was not formed 
a common naso-hypophyseal tube as in the modem Cyclostomes 
(cf. e. g .  BUtschli 1 92 1 ,  figs . 5 03-504) .  

As described by Stensio ( 1 927 ,  p .  1 25 )  the postero-dorsal division 
of the ethmoidal cavity is tube-shaped, and it seems thus probable that 
this division only Iodged the nasal tube, which led to the olfactory 
organ, and that the olfactory organ itself was situated slightly postero
ventraI to this division , in the most antero-dorsal part of the so-called 
cavum cerebrale cranii, which is distinctly and of ten considerably wider 
than the "ethmoidal cavity" (Stensio 1 927 ,  figs . 1 5 ,  20, 22-2 3 ,  27 ; 
pls . 1 3 : 3 ;  4 7 : 1 ,  tel; this paper, pIs . 90 : 5 ; 93 :2) .  This assumption is 
als o to a certain extent based upon what is known of the olfactory 
organ and its development (Retzius 1 89 3 ,  pl. 24 : 1 -3 ;  Lubosch 1 905 ; 
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Imamura 1 92 8 ; Matthes 1 9 3 4 ;  etc .)  and the configuration of the olfac
tory bulbs of the telencephalon in recent Cyclostomes (Muller 1 8 3 9 ,  
pls . 2 : 8-9 , 1 1 - 1 2 ;  3 : 3 -5 ;  Wiedersheim 1 8 8 0,  pl. 1 : 3 -6 ; Ahlborn 1 8 8 3 ,  
pl. 1 3 ;  Retzius 1 8 9 3 ,  pl. 24 : 1 -4, 6 ;  Johnston 1 902a; 1 9 1 2 , figs. 3-4 ;  
Worthington 1 906 ,  pl. 8 : 1 -3 ;  Sterzi 1 907 , figs. 1 8-2 1 , 70,  1 60,  1 65 ;  
Butschli 1 9 1 2 , fig .  404 ; Herrick & Obenchain 1 9 1 3 , figs. 1 -2 ;  Saito 
1 9 30,  pls . 7- 1 0 ;  Jansen 1 9 30 ,  figs. 1 -3 ; Larsell 1 947 ,  figs. 1 ,  7 ;  
Heier 1 94 8 ,  figs .  1 -2 ;  etc . ; cf. also Goodrich 1 909 , figs. 2 1 ,  25 ; 
Matthes 1 9 34 ,  fig . 663 ; Parker & Haswell 1 940, fig . 1 09) .  It is thus 
probable that the olfactory organ in the Cephalaspids was not lodged 
in such a narrow and high cavity as indicated in the restorations by 
StensiO ( 1 927 ,  fig . 3 2) and that it did not occupy any part of the midd1e 
division of the ethmoidal cavity (cf. Stensio 1 927 ,  p. 1 25) .  The median 
ridge observed by Stensio in the roof of the cranial cavity between the 
pineal opening and the posterior division of the naso-hypophyseal 
opening in a Cephalaspis speeimen (Stensio 1 927 ,  p. 1 4 1 ; figs .  1 5 , 2 3 ; 
pl. 8 0) can possibly indicate that the olfactory organ in the Cephal
aspids was bipartite, divided by a simple median septurn, as it is in 
the Petromyzon-larva (Peter 1 90 1 ; Lubosch 1 905 ; Imamura 1 92 8 ) .  
I f  the assumption a s  to  the position o f  the olfactory organ put forward 
above is justified then the foremost part of the cavum cerebrale as 
defined by Stensio ( 1 927 ,  pp. 1 3 5-1 42) is really a part of the 
ethmoidal cavity . 

At the transition between the ethmoidal and the orbito-temporal 
regions the floor of the endocranium is pierced by the paired carotid 
canal (pls . 4 :2 ; 8 : 2 ;  1 4 ;  1 5 : 1 , 3-4 ; 1 6 ; 1 7 ;  69 ; 8 3 : 1 -2 ;  8 6 : 2 ;  1 1 2 : 1 ,  
aear) in the usual manner (Stensio 1 927 ,  pp. 1 1 1 - 1 1 2) .  

In  a speeimen o f  Boreaspis maerorhynehus, however, the two 
carotid canals issue from the aorta groove in about the median line , 
one canal lying be fore �he other (pl . 93 : l ,  aear) . The posterior canal 
runs in dorso-lateral, the ante ri or one in postero-dorso-lateral direction, 
and they both open into the cranial cavity in the normal way and thus 
at about the same transverse leve! (pl . 94 :2 ,  aear) . These conditions 
furnish additional proof of the hypothesis that the aorta (in this place) 
really was unpaired (cf. StensiO 1 927 ,  p. 1 74) . 

As usual i n  the Cephalaspids (Stensio 1 927 ,  p. 1 1 2) a groove leads 
from the inner opening of the carotid canal in the lateral wall of the 
ethmoidal cavity to the opening of the canal for the a. facialis (pIs . 3 : 2 ;  
4 : 1 ;  8 : 2 ;  1 4 ; 1 5 : 1 ;  1 7 ;  8 6 : 2 ;  1 09 ,  afae) . An independent canal for 
the a. facialis wholly outside of the ethmoidal cavity, as in Kiaeraspis 
(Stensio 1 927 ,  p .  1 1 2 ;  figs. 2 1-22),  has not been observed in any of 
the specimens so far examined. 

In a specimen of C.  exeellens (pl .  1 5 : 3 -4) we find, however, some 
aberrant conditions with regard to the canal of the a.  facialis . In 
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pl. 1 5 :  3 a pair of canals (afac) is seen to pierce the floor of the division 
of the ethmoidal cavity for the hypophyseal sac at some distance in 
front of the inner openings of the carotid canals (acar); the canal afac 
on the right side issues somewhat ahead of the corresponding canal 
on the left side . In the continuation of each canal there is a groove 
running in postero-dorso-Iateral direction in the wall of the cavity. 
These gro oves pass into a pair of canals , issuing from the lateral side 
of the ethmoidal cavity ; the canals are in pl. 1 5 :4 seen to split into 
two branches . The canals afac in pl. 1 5  : 3 ,  although lying anteriorly 
to the carotid canals and issuing independently of them from the aorta 
groove, evidently correspond to the can als for the a. facialis in other 
Cephalaspids ; the a .  facialis in this specimen had thus arisen directly 
from the aorta and not as a branch of the a. carotis. 

In a specimen of C.  exilis (pl .  27 : 1 )  a canal is seen issuing from 
the antero-dorso-Iateral side of the canal for the left a. carotis (acar) , 
and this canal is most probably the canal for the a. facialis .  

During its antero-dorso-Iateral course to the upper face of the 
ethmoidal region the canal of the a. facialis divides into some branches , 
of which the antero-dorsally directed canal afac must be considered as 
its anterior continuation . Distally, after having reached the outer face 
of the endocranium, it continues in antero-ventral direction over to 
the visceral endoskeleton. The lateral can al aad is the most conspicuous 
branch of the main canal (pls . 3 : 2 ;  4 : 2 ; 8 ;  1 0 ;  1 3 ;  1 5 :2 ;  2 3 : 1 ;  34 : 1 ;  
3 6 : 1 ;  3 8 : 2 ;  62 : 1 ;  1 06 ,  afac, aad) . In some specimens also a posteriorlY 
directed branch (afp) has been observed (pls. 1 3 ;  1 5 : 2 ;  1 9 : 2 ;  3 6 : 1 ;  
3 8 :2 ;  1 06 ;  1 07) .  

The canal afac branches frequently (pIs. 8 : 2 ;  1 0 ;  2 3 : 1 ;  62 : 1 ) and, 
as these branches intersect in some places (pl . 1 0 :  l ,  afac, V 1 ?) it seems 
very probable that some of them enclosed structures other than arteries , 
and since these canals of ten run in a fairlY straight direction , they 
most probably gave passage to nerve-fibres . In Cephalaspis haeli the 
branches in question are distributed to the dorso-median part of the 
cephalic shield immediately antero-Iaterally to the anterior division 
of the naso-hypophyseal opening (pl . 1 0 1 ,  VI ?) '  By comparison with 
modem Cyclostomes (cf. Fiirbringer 1 8 75 ;  Allis 1 903a ;  Johnston 1 905 a ;  
Worthington 1 906 ;  Tretjakoff 1 927a ;  Cords 1 929 ;  Lindstrom 1 949) we 
must conc1ude that these nerve-fibres were general cutaneous fihres 
belonging to the n. profundus (ophthalmicus ; V I ) '  

In  Nectaspis arealata we find in  the holotype a small canal (pls . 
1 06 ;  1 07 ,  V I ?) issuing from the canal for the a. facialis immediately 
after it has reached the dorsal face of the endocranium and running 
for a short distance in antero-Iateral direction just in front of the orbit ; 
this canal has the appearance of a nerve-canal and has possibly given 
passage to a branch of the n. profundus . 
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In the same speeimen of N ectaspis areolata there is a dis tinet 
canal (pls . 1 0 8 ; 1 09 ,  alm), which issues from the canal of the a. facialis 
(a/ac) just after its exit from the ethmoidal cavity, and which runs in 
antero-dorso-medial direction to the outer face of the endocranium 
between the opening for the hypophyseal duct and the nasal opening 
proper. It enc10sed a median branch of the a. facialis or possibly a 
branch of the n .  profundus. 

In the same specimen there is seen a small canal (pl . 1 09 ,  n), 
coming from the antero-median part of the orbit or from the transitional 
part between the cavum cerebrale and the orbit (thus from the roof of 
the canalis opticus) and running in dorso-median direction to the lateral 
part of the dorsal side of the interorbital wall postero-Iaterally to the 
nasal opening proper (pl. 1 0 8 ,  na2)  and laterally to the pineal opening 
(pl. 1 08 ,  pin) . As this region of the shield was drained by a vein in 
the canal vso (pl .  1 07), the canal n very probably did not trans mit a 
vein, and, as its origin lies rather laterally , it is not very conceivable 
that it lodged an artery from the internal carotid ; most probably the 
canal gave passage to a dorsal branch of the n. profundus or the r .  
ophthalmicus superficialis lateralis. 

In the holotype of C.  excellens we find some canals or canal frag
ments of fine calibre on the dorsal face of the ethmoidal region in the 
circum-nasal fossa (pls . 1 3 ;  1 5 :2) .  A canal (vso) , which in another 
specimen (no. A30064, not figured) is seen to issue from the dorso
median part of the orbit, runs in antero-median direction from a point, 
medially to the anterior part of the orbital opening. It gives off branches 
in anterior and posterior direction and leads into the short canal for 
the nasal duct near its opening ; this canal (vso) must correspond to 
the canal v. SO l for the anterior supraorbital vein, described in Kiaer
aspis and C. verruculosa (StensiO 1 927 ,  p. 1 34 ;  figs. 27 ,  49 ; pl. 39) .  
Below this canal and thus slightly under the dorsal face of  the endo
cranium are seen some horizontal canal fragments, which evidently 
aH belong to one and the same canal (su) . It is much narrower than the 
canal vso, and runs forwards in bending slightly medially ; as it passes 
ventrally to small openings into the dorsal side of the endocranium, it 
very probably sends small branches upwards to these openings . As the 
course of the canal su rather c10sely corresponds to that of the groove 
in the exoskeleton for the supposed supraorbital sensory line (soc) , 
it conceivably enc10sed nerve-fibres belonging to the r . ophthalmicus 
superficialis lateralis and supplying neuromasts in this line. 

The lateral branch (aad) of the canal for the a .  facialis (corre
sponding to the main canal for the a. facialis in the terminology of 
Stensio) first runs as usual in a lateral direction and then gradually 
curves into a posterior direction, following rather c10sely the anterior 
and lateral borders of the orbital opening ; it generally ends near the 
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postero-Iateral corner of this opening. On account of its position near 
the orbit, it will here be called the canal for t h e  a. a d o r  b i t  a l i s 
(the adorbital artery) ; it is seen in severai speeimens (pls . 8 : 1 ;  1 0 ;  1 9 : 2 ;  
2 3 : 1 ;  24 : 2 ;  3 6 : 2 ; 62 : 1 ;  9 3 : 2 ;  9 8 : 1 ) .  I t  gives off, as i s  well known. 
severai antero-Iateral branches , which will be further considered in the 
chapter on the vise er al endoskeleton. 

It can also be noted that the lateral parts of the ethmoidal region 
are traversed by a canal for the preorbital division of the v. capitis 
lateralis , and laterally to this canal by the canal for the r .  maxillaris 
trigemini (n. profundus , Stensio) , and most laterally by the first nerve 
canal for the lateral sensory field , as is known from the descriptions 
by Stensio ( 1 927 ,  1 932) .  

In a specimen of  C. excellens a canal (pl . 1 5 : 4 ,  vIs";!. )  i s  seen to 
enter the orbit just laterally to the exit of the canal for the r. maxiI laris 
trigemini (V";!. ) .  This is the canal for the second dorso-Iateral super
ficial vein, which in this specimen, most unusually , enters the orbit 
directly and not by means of the canal for the preorbital division of 
the v.  capitis lateralis (cf. Stensio 1 927 ,  pp . 1 8 8 ,  223) .  

We can finally add that some fine canals , having evidently carried 
somatic-sensory nerve-fibres , of the general cutaneous and in some 
cases certainly of the lateralis system, issue from the antero-lateral part 
of the orbit, running in antero-Iateral direction to the superficial parts 
of the viseerai endoskeleton (pls . 1 2 : 5 ; 1 5 : 3 -4 ; 3 6 : 1 ;  3 8 : 2 ,  n, bu); in 
some cases they are seen to open into vascular canals (pl . 1 5 : 4 ,  n, vis :!. ) .  

Turning now to the o r b i t  0 - t e m p o r a I r e g i o n of the 
endocranium, I have nothing to add to the descriptions by Stensio 
( 1 927 ,  pp. 94- 1 00 ; 1 9 32 ,  pp. 32-3 3 ;  Holmgren & StensiO 1 9 3 6 .  
pp. 25 3-254) with regard to its general structure and its relation to 
other parts of the endoskeleton , but will immediately go on to a con
sideration of its canals . 

I t  will first be noted that in  same speeies at the place of the 
foramen opticum is formed a very short canal connecting the cavum 
cerebrale cranii with the orbit (cf. Stensio 1 927 ,  figs . 1 5 , 2 1 ) .  Thus 
we must speak of a c a n a l i s o P t i c u s i nstead of a fenestra 
optica.  

As mentioned just befare , the lateral part of the ethmoidal reg ion 
i s  travers ed by the canal V :!. , here called the canal for the r. maxilIaris 
trigemini (see below ; corresponding to the canal " V l " of Stensio) , 
which apens into the antero-ventral part of the orbit (cf. Stensio 1 92 7 .  
pp .  1 1 3 ,  1 25 ) .  And we  can now observe that a posterior continuation 
of th i s  canal is found in the shape of a more or less distinctly marked 
groove in the floor of the orbit beginning at the opening of the cana l  
(pls . 3 :2 ;  4 : 1 ;  8 : 2 ;  1 4 ; 1 5 : 1 , 3 -4 ;  1 6 : 1 ;  1 7 ; 3 9 : 1 ;  40 : 3 ;  8 1 : 1 ;  8 3 : 1 ;  
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8 6 :2) .  In some speeimens of C. oreas, C .  excellens, C .  doryphorus, 
Boreaspis robusta and B. puella (pls . 8 :2 ;  1 6 : 1 ;  3 9 : 1 ;  8 1 : 1 ;  8 3 : 1 )  this 
groove can be followed in postero-median direction to the postero
ventro-median corner of the orbit near to or on to the opening of the 
trigeminus-Iateralis chamber (see below, p. 67) .  

This is a very important fact as it shows that the nerve trans
mitted in the canal V 2 '  if we follow it in centripetal direction, must, 
after entering the orbit, have run in this groove in the floor of the 
orbit all the way on to its ganglion in the trigeminus-Iateralis chamber 
or, if a groove is not or only partly developed, have in any case been 
situated c10sely to the floor of the orbit. The nerve must thus have 
had such a position that it crossed the n. opticus, passing ventrai to 
it or that it in any case lay morphologically ventrally to the n. opticus. 
Consequently it can not have been a n .  profundus as maintained by 
Stensio since in all vertebrates, without exception, the n. profundus has 
its path dorsally to the n. opticus . 

On comparison with modem Cyc1ostomes (cf. Fiirbringer 1 8 75 ,  
pp . 32 ,  6 1 ,  63 ; fig . 2 3 ; Johnston 1 905a ,  pl. 5 ;  Worthington 1 906,  
p .  1 66 ;  fig .  1 4 ;  Tretjakoff 1 927a, pp . 3 8 7-3 8 9 ;  figs. 1 0-1 1 ;  Cords 
1 929 ,  pp. 223-225 ; figs. 1 ,  3-4 ; Lindstr6m 1 949,  figs . 9, 24,  29) 
and fishes (cf. Allis 1 897 ,  pp. 603 , 605 , 607 ; figs . . 20-2 1 ,  25 , 3 0 ;  
1 903b, p.  254 ;  fig . 5 5 ;  1 922,  pp. 275-276 ; figs. 45 , 49 ; Herrick 
1 899 ,  pp .  3 3 2-348 ; pl. 1 5 ;  1 900, pp . 279-282 ; 1 90 1 ,  pp . 1 9 6-
20 1 ; Norris 1 925 , pIs . 1-2, 4-6 ; Norris & Hughes 1 920, p. 3 3 6 ;  figs . 
1 5- 1 7 , 3 5 ,  5 1 ;  Pankratz 1 930 ,  fig .  1 0 ;  Pope 1 9 3 8 ,  pp . 4 1 8-4 1 9 ;  
etc . )  we find that certain parts of the n .  trigeminus (of ten associated 
with the n. lateralis anterior) have a similar course as the nerve in 
the canal (and groove) V 2 '  and that this nerve with reg ard to its course 
within the orbit can be compared most c10sely with the r. maxillaris 
of the n.  trigeminus (n. subopticus) in Petromyzon .  It can be noted that 
Allis ( 1 9 3 1 a, pp. 525-526) regards the "n. profundus" in the Cephal
aspids (i . a .  under the assumption that it ran ventrally to the n.  opticus 
instead of dorsally to it) as homologous to the r .  maxillaris V in Petro

myzon, and that Holmgren & Stensi6 ( 1 936 ,  pp. 265 , 279) with reg ard 
to the course of the "n .  profundus" in the visceral endoskeleton, 
express a surmise that this nerve in the Cephalaspids corresponded 
partly with the n. maxillaris in the Petromyzonts (cf. Lindstrom 1 949,  
pp . 445-446). 

In this paper the nerve will be regarded as to some degree homo
logous to the r .  maxillaris trigemini in the Cyc1ostomes , and will be 
called t h e  r .  m a x i 1 1  a r i s  t r i  g e m i  n i ,  and its canal the canal 
for the r. maxillaris trigemini (V 2 ) '  

In the antero-ventro-Iateral part of  the orbit, postero-laterally to the 
opening of the canal V 2 '  just considered , there is another opening for a 
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nerve canal V 3 (corresponding to the canal " V  2 " in StensiQ's descrip
tions) . The proximal course of this canal and its opening into the 
orbit are seen in severai speeimens (pls . 3 :2 ;  4 : 1 ;  8 : 2 ;  1 6 ;  1 7 ;  8 6 :2 ,  
V:l , Vil a) .  

In C.  oreas (pl. 8 :2) a faintly marked groove in  the floor of  the 
orbit starts from this opening and runs in postero-lateral direction, 
and in C. doryphorus (pl . 3 9 :  1) and some speeimens of C. excellens 
(pl . 1 6 : 1 ;  cf. pl. 1 5  : 3 )  we find a weU marked and distinet groove (in 
C. excellens in places covered with a thin bone-lining and thus forming 
a partly closed eanal) in the floor of the orbit all the way from the 
opening, just referred to, and leading to an opening in the postero
ventrai part of the orbit for a canal to the brain-cavity (corresponding 
to the eanal "l" in Stensio's descriptions) .  

In  Boreaspis robusta (pl . 8 1 : 1 ) the canal V:l enters the orbit in 
its lateral part and is continued in postero-median direetion by a weU 
marked groove in the postero-ventral wall of the orbit. A eorresponding 
groove is seen als o in a speeimen of B .  puella (pl . 8 1 : 3 ,  VH)  and in  the 
holotype of Nectaspis areolata, in which latter speeimen the groove is 
very deep and forms a partly closed eanal. 

In another speeimen of N. areolata however, the canal V;3 
runs entirely outside of the orbit, along its postero-lateral side. 
In its further course, between the labyrinth cavity and the trigeminus
lateralis chamber, it runs in postero-median direetion to the brain
cavity or, more exaetly, towards the transition between the labyrinth 
eavity and the cavum cerebrale, i. e. towards the short eanalis aeustieus 
(fig . 1 2 ;  pl. 1 1 2 : 1 ) .  

The eanal V;l fl (corresponding to the proximal part o f  the canal 
V:; in the speeimen of N. areolata, just mentioned, and to the eanal Hl" 
in the Cephalaspids deseribed by Stensio) enters the brain cavity as 
usual by means of the canalis acusticus (pls . 1 4 ;  1 5 : 1 ;  1 6 : 1 ;  1 7 ;  3 9 : 1 ,  
cacu) but in C .  acuminata (pl . 3 :2) it evidently runs directly to this 
cavity in front of the canalis acusticus . In C .  excellens the canal is 
eontinued in postero-median direction by a groove (V ;p,  pl. 1 7) in the 
antero-median waU of the labyrinth cavity and this gro ove could be 
traced proximally over into the canalis acusticus, where it ends just 
near the point of eommunication between this latter canal and the 
eanal Vm (see further p. 69) .  

The canal V;\ " ("l") was eonsidered by Stensio ( 1 927 ,  pp. 8 6-8 7 ,  
cf. Holmgren & Stensio 1 93 6 ,  p.  255 )  to have eontained lateralis fibres 
and to correspond to a nerve whieh in Petromyzon "passes from the 
otie eapsule to the orbit and whieh eonsists of the lateralis fibres whieh 
accompany the trigeminus branch" . Stensio ( 1 927 ,  p. 1 03)  ass urnes 
that the conditions with regard to this nerve in the Cephalaspids 
were alm ost exactly as in Petromyzon, that its fibres did not beeome 
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ganglionic until they reached the orbit, and that its ganglion was 
situated at the bottom of the orbit (cf. the restoration of the brain 
and the cranial nerves in a Cephalaspid, Stensio 1 927 ,  fig . 43) .  The 
nerve-fibres, referred to in Petromyzon, are evidently the roots of the 
lateralis nerve which pass through the capsula auditiva and form the 
ganglion hypoticum (Tretjakoff 1 927a, p. 402), lying c10sely up to the 
antero-ventral part of the said capsule (cf. Ahlborn 1 8 84 ,  pL 1 8 : 5 ;  
Alcock 1 89 8 ,  pp. 1 3 3-1 3 6 ;  pL 2 ;  Johnston 1 905a,  pp. 1 5 9-1 60 ;  
p L  5 ;  Tretjakoff 1 927a,  pp. 402-404 ; fig . 6 ;  Cords 1 929 ,  pp. 230-
23 1 ;  Lindstrom 1 949,  pp. 3 8 6-3 8 8) .  In rostrai direction the ganglion 
gives off a tiny commissure to the n.  trigeminus (and n. profundus) and 
the main nerve, the n. buccalis (or r. buccalis VII) . 

If we now return to the conditions in the Cephalaspids, we find 
some facts which directly speak against such an interpretation.  

The canal V 3 (" V 2 ") was regarded by Stensio ( 1 927 ,  pp . 1 1 3 ,  1 9 8) 
as having lodged the truncus maxillo-mandibularis or the n .  trigeminus 
proper, and the origin of this nerve, a compound ganglion gasseri, 
to have been situated chiefly in the postero-ventro-median part of 
the orbit. The n. trigeminus was said to have been accompanied by 
lateralis fibres from the supposed lateralis ganglion in the orbit (lying 
laterally to the g. gasseri) , but some independent lateralis fibres were 
also thought to have been given off in lateral direction from the lateralis 
nerve during its course through the orbit (see Stensio 1 927 ,  figs. 24 ,  
2 8 , 43) .  

From the above account it is evident, that the nerve in the canal 
"V 2 "  and that in the canal "I" must have forrned the distal and the 
proximal parts of one and the same nerve, and we have seen that this 
nerve in (at least one specimen of) Nectaspis areolata passed from near 
the cranial cavity outwards in a canal of its own. The proximal part 
of this canal (or the canal "I") cannot have given passage to the roots 
of a lateralis nerve while the distal part of the same canal (or the canal 
"V 2 ") contained mainly the maxillo-mandibular trunk (cf. also StensiO 
1 927,  pls . 49-5 0). We find furthermore from the conditions in some 
specimens that there is no point in the canal, here called V 3 '  nor in 
the floor of the orbit, which is transforrned in such a way that it could 
have lodged a ganglion of this nerve. As, furtherrnore, it is highly 
improbable that a ganglion could have been situated within the brain
cavity, it follows that this nerve could not have contained any sensory 
fibres (if not secondarily enc1osed ; see below, p. 67) .  It must have 
been a purely motor trunk. And although the nerve in its disposition 
outside of the brain-cavity was quite independent of the nerves in front 
and behind, it cannot have constituted a complete cranial nerve (a com
parison with the eye-musc1e nerves is of course quite exc1uded in this 
connection) but only a part of such a nerve. 

5 
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It is now evident that the nerve in the canal V;; was not a n .  buc
calis , nor a maxillo-mandibularis trunk (n. trigeminus proper) , and 
neither a n. facialis (as suggested by Lindstrom 1 949,  pp. 446-447). 

Looking for comparable conditions in the pro-otic nerve-group in 

recent Cyclostomes and fishes, we find that the disposition of the nerve 

in question in the Cephalaspids most closely corresponded to that of 

the motor trunk of the n. trigeminus in the Myxinids (Allis 1 903a ,  
pp.  262-263 , 274 ;  Holmgren 1 9 1 9 ,  fig .  27 ; 1 946,  p.  5 6 ;  Jansen 1 930 ,  
figs.  1-3 ; Lindstrom 1 949,  pp . 3 32 ,  346 ,  3 5 2 , 4 3 6 ;  figs.  9 ,  1 5 ) which , 
at least proximally, is quite isolated from the trigeminus ganglion and 
its branches . 

We may thus be justified in regarding the nerve, which passed 
through the canal (or canals and groove) V � as a motor trunk belonging 
to the n. trigeminus, and it is consequently called in this paper t h e  
r .  m a n  d i b u l a r i s  t r i  g e m i  n i ,  in analogy with the conditions 
in recent Cyclostomes , and its canal (or canals and groove) is called the 
canal (the canals and the groove) for the r. mandibularis trigemini (V ;: ) .  

In  some specimens described by  Stensio ( 1 927 ,  pp. 1 1 4-1 1 5) 
there are some very fine canals (bu) passing through the lateral wall of 
the orbit and for the most part leading into the canal "seil ' 2 " (= seil  
in this paper) , but in some cases runn ing to the outer face of the endo
skeleton antero-Iaterally to the orbit. They were considered to have 
carried lateralis fibres from the supposed lateralis ganglion in the 
postero-Iateral part of the orbit, and general cutaneous fibres from the 
g. gasseri . Si mil ar canals are als o described by Zych ( 1 93 7 ,  pp . 8 6-89) 
but the nerves in two anterior canals are by him thought to have been 
associated with the "n .  profundus" and to have formed branches of the 
"n .  ophthalmicus lateralis" (they would, according to him, correspond 
to the canal bUl  in Stensio 1 927 ,  pls . 2 J ,  28 ) .  

In  pls . 3 6 : 1 ,  37 ,  and 3 8 :2 in the present paper there are se  en 
severai canals, interpreted as canals for somatic sensory nerves , coming 
from the superficial parts of the visceral endoskeleton and entering the 
orbito-temporal region of the endocranium. As noted above, similar 
can als also traverse the lateral parts of the ethmoidal region . 

In C.  excellens (pl. 1 6 : 1 )  a couple of fine canals (n) pass from the 
groove of the r. mandibularis trigemini (V 3) in the orbit in antero
lateral direction to the canal seil '  and in Nectaspis areolala (pl . 1 1 2 :  l � 
cf. fig .  1 2) some very fine and short canals (n) pass from the orbit or 
from the trigeminus-Iateralis chamber to the canal V:: . 

In C .  oreas and C .  excellens (pls .  8 : 2 ;  1 4 ;  1 5 :  l )  the floor of the 
orbit is travers ed by some very fine grooves running from the periphery 
in median and postero-median direction. 

All these grooves and canals, now considered, as well as the simi
lar ones previously mentioned in connection with the ethmoidal region, 
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bad evidently lodged fine nerves of the general cutaneous and the 
lateralis systems, corresponding to those in the canals bu in the Cephal
aspids described by Stensio, and in the canals opht. lat and bu in 
Zych's description. It is also evident from the disposition of some of 
them that the nerves in them cannot have had their origin in the nerve 
in the canal V 3 '  but must have been associated with the nerve in the 
canal V 2 or have originated in the trigeminus-Iateralis chamber. And 
from what is said above with reg ard to the structure of the nerve in 
the canal V 3 it is impossible that any of these nerve-fibres could have 
been branches from this nerve. 

These conditions now lead us to a consideration as to the nature 
of the endocranial space, which repeatedly has been referred to as the 
trigeminus-Iateralis chamber. 

This chamber is a wide canal or deep fossa opening into the 
postero-ventro-median part of the orbit and reaching in median or 
postero-median direction near to the median line, where it ends blindly 
(in some specimens the canal meets in the median line its fellow of the 
other side and becomes confluent with it) . The chamber is connected 
with the cavum cerebrale by means of severaI canals of varying size . 
Stensio ( 1 927 ,  pp . 97-98)  interpreted it as a (posterior) myodome. 

The trigeminus-Iateralis chamber is seen more or less distinctly in 
some specimens among the present material (pls. 8 : 2 ;  1 4 ;  1 5 : 1 ;  1 6 : 1 ;  
1 7 ;  3 1 : 1 ;  3 9 : 1 ;  40 : 3 ;  5 7 : 1 -2 ;  1 1 2 : 1 ,  gch) . It is by StensiO ( 1 927,  p .  97) 
said to diminish in diameter medially , but this is not a general character 
for in some specimens, as seen in pls . 1 5 : 1  and 1 1 2 : 1 ,  the opening of 
the canal or chamber into the orbit is distinctly narrower than its middle 
part, the whole chamber being more or less sac-like in C. excellens 
(pl .  1 5 : 1 ) ,  but fusiform in Nectaspis areolata (fig . 1 2 ;  pl. 1 1 2 : 1 ) .  In a 
specimen of C.  excellens the chamber is seen (pl . 1 7) to be indistinctly 
subdivided into two parts , a larger antero-Iateral one, which opens 
into the orbit and which posteriorly receives a strong canal, and a 
smaller postero-median part, which is rather rounded. 

As said above, Stensi5 regarded this chamber as a myodome for 
some of the recti musc1es , and this only on the assumption that, since 
the orbit attains a rather considerable size, the eye must have been 
large and weU developed and the recti muscles accordingly strong and 
large, requiring an enlarged area of attachment. 

From the conditions in A ceraspis, HirelIa, A teleaspis (Heintz 1 939 ,  
pp. 1 8-25 ,  72 ,  89) and Tremataspis (Patten 1 9 1 2 ,  figs. 2 3 8-239 ; 
Robertson 1 9 3 8a ,  p .  1 90 ;  and own observations) we know that the eye
ball is large, almost filling up the orbit, and that the outer layers (the 
sc1eroid and parts of the corneal layers) of the eyeball are heavily 
ossified in the named genera. In other Cephalaspids the ossification 
of the eyeball seems to be less developed. It seerns, however, probable 



- 68 -

that the eyeball in all Cephalaspids retained the same relations to the 
orbit as in the genera mentioned. To judge from the conditions in these 
there are no indications whatever that the eye-muscles were large and 
strong. Heintz ( 1 9 3 9 ,  p. 24) is of the opinion that the eyeball in A cer
aspis (as well as in all Cephalaspids) was only slightly movable . Allis 
( 1 93 1 a, pp. 5 1 4-5 1 5 ,  527)  denies the presenee in the Cephalaspids 
of a myodome comparable to that in the Teleostornes (but points out 
that the so-called myodome in the Cephalaspids resembles to some 
degree a part of the trigeminus fossa in Squalus and the trigeminus fossa 
in Polypterus), but as pointed out by Stensi6 ( 1 927 ,  p. 98) ,  if a myodome 
was present in the Cephalaspids, it must have arisen independently from 
that in the Teleostornes ,  and we can thus not expect to find very similar 
conditions in these cases . As, however, there is nothing in favour of 
the presenee of a myodome in the Cephalaspids and since the fossa in 
question in some cases (as in Nectaspis areolata and same spee imens of 
C. excellens) has definitely not the shape of a myodome, I don't think 
we are compelled to or need ass urne that a myodome was developed 
in the Cephalaspids . 

From the shape of the chamber and with reg ard to the severai 
canals entering it from the cavum cerebrale, the chamber or fossa is 
considered as having mainly contained some ganglionic masses , and, to 
judge from the nature of the canals and grooves connected with it, it 
contained the compound trigeminus ganglion and an anterior lateral is 
ganglion. The chamber is therefore here called t h e  t r i  g e m i  n u s
l a t e r  a l i s c h a m b e r. As we shall see below, it was also traversed 
by certain vessels , and it seems also possible that some small parts of the 
ganglion-complex were situated outside of the chamber in the adjacent 
part of the orbit. 

As is seen from the pl. 1 1 2 :  l (cf. fig . 1 2) the orbit in Nectaspis 
areolata has a shallow postero-median recess between the opening of 
the trigeminus-Iateralis chamber and the can alis opticus ; this recess can 
possibly be interpreted as having forrned the attachment for ane or 
some of the recti muscles but, of course, nothing definite can be said 
in this question. 

We shall now with regard mainly to the conditions in Cephalaspis 
(cf. Stensi6 1 927 ,  pp . 1 00- 1 1 0, 1 97 ,  1 99-202) consider in some 
detail the canals which, coming from the cavum cerebraIe, enter the 
trigeminus-Iateralis chamber. 

In the Cephalaspis specimen, used by Stensi6 for his series A of 
sections (Stensi6 1 927 ,  figs. 1 5- 1 7 ,  23-24 ; pls . 77-79 ; Holmgren 
& Stensi6 1 9 3 6 ,  figs . 2 1 4-2 1 5 , 2 1 8 ;  cf. this paper, fig . 1 0) there are 
on each side seven canals (" Va-d", " Vx",  " Vxa",  "v .  pt") of varying 
calibre, which issue from the cavum cerebrale and are in communi
cation with the trigeminus-Iateralis chamber ; two of them are, however, 
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very small and do not run directly to this chamber but join the canal 
lettered " Vd" . In the Cephalaspis specimen in series B of sections 
(Stensio 1 927 ,  pls . 8 6-87) there are six such canals (the canals " Va" 
and " Vb" forming a single canal) , and in C.  exilis? (series C ,  StensiO 
1 927 ,  pls . 89-93)  the canal " Va"; "Vb" and " Vx" are not diffe
rentiated, and thus we find here only four canals . 

In the present material we find in C .  excellens only three or four 
of the canals in question (pls . 1 5 :  1 ;  1 7) but there are possibly additional 
canals which have not been revealed by the preparation .  In C. signata 
four canals enter the posterior half of the trigeminus-Iateralis chamber 
(pl. 3 1 :  1 ) ,  and in an unnamed Cephalaspis sp . (pl. 57) there are sevcn 
or eight canals from the brain-cavity which directly or indirectly run 
to the trigeminus-Iateralis chamber. 

The most strongly developed of these canals is the one (lettered 
" Vd" by Stensio 1 927 ,  p. 1 00) , which leaves the floor of the cavum 
cerebrale at a level with the fenestra (or canalis) acustica and enters the 
posterior part of the trigeminus-Iateralis chamber (pls . 8 : 2 ;  1 4 ;  1 5 : 1 ;  
1 6- 1 7 ;  3 1 : 1 ;  3 9 : 1 ;  40 : 3 ;  5 7 ,  Vm) . Its general disposition is as described 
by Stensio ( 1 927 ,  p. 1 00) . 

In a specimen of C.  excellens the canal Vm (pl . 1 7) issues from 
the bottom of the brain-cavity slightly postero-medially to the canalis 
acusticus, and soon after its exit comes in dose contact with this canal 
and is also for a short distance in open communication with it. The 
antero-median part of the labyrinth cavity is here transformed into a 
sharply defined groove (V 3 p) for the r. mandibularis trigemini and this 
groove comes proximally in dose proximity to the canal Vm, which is 
here only partly dosed. In the Cephalaspis sp. , figured in pl .  57 ,  the 
canal Vm issues ventro-medially dose to the fenestra acustica.  

In C. excellens the canal Vm receives on its dorsal side and rather 
soon after its origin from the brain-cavity one (or two) minute canals 
from the same cavity (evidently corresponding to the canals " Vx" and 
" Vxa" in a Cephalaspis specimen descdbed by Stensio 1 927 ,  p. 1 0 1 ; 
cf. fig . 1 0  in this paper) . In an unnamed Cephalaspis species (pl. 5 7 :2-3)  
a short but not very narrow canal issues from the cavum cerebrale 
ventro-medially to the anterior part of the fenestra acustica and joins 
the canal Vm in the posterior third of its length . 

The canal Vm is by Stensio ( 1 927,  p .  1 06 ,  " Vd") considered to 
have transmitted visceral motor fibres of the n .  trigeminus ,  and the 
same interpretation is adopted in this paper. We must, however, ob
serve that the canal in question gave passage only to a part of the motor 
trigeminus, as another part is thought to have run through the canal 
V 3 .  It is thus worth nating that both these nerve roots must have 
issued from the medulla very dose together, and that the conditions 
in a specimen of C. excellens (pl. 1 7) ,  mentioned above, can be inter-
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preted in such a way that there was a single motor root which soon 
after it had left the medulla divided into two branches, one running 
through the canal Vm and the other through the (groove and) canal 
V � .  It is here of considerable interest to notice the conditions in recent 
Myxinids with regard to the motor roots of the n. trigeminus (Allis 
1 903a,  pp . 263 ,  274 ; Black 1 9 1 7 ,  p. 47 3 ,  fig . 7 ;  Holmgren 1 9 1 9 ,  
fig . 27 ; Jansen 1 930 ,  pp. 3 6 8 ,  448 ,  figs . 1-3 ,  5 6 ;  Addens 1 9 3 3 ,  pp . 
3 8 8-392,  figs .  1 0-1 1 ;  Lindstrom 1 949 , pp. 3 32 ,  346-3 5 3 ,  figs .  9 ,  
1 5 ) .  Two motor roots (severai roots according to  Allis) emerge from 
the ventrai part of the cornu medullae to unite immediately into a 
common motor root . Soon after its passage through the membran a
ceous cranial wall the motor trigeminus divides into two main bran
ches, one of which joins one of the sensory trigeminus branches while 
the other branch continues as a separate motor trunk. In Petromyzon 
(Ahlborn 1 8 84 ,  pp. 29 8-299,  pl. 1 8 ;  Johnston 1 905a ,  pp . 1 5 1-1 5 5 ,  
pl. 5 ;  Tretjakoff 1 927a,  pp. 3 8 1 ,  39 1-392,  fig .  6 ;  Addens 1 9 3 3 ,  pp . 
3 6 5 ,  376-377 ,  figs . 9 ,  5 0 ;  Lindstrom 1 949,  pp . 366-3 70, 3 74 ,  393  
-395 ,  figs .  24 ,  29-30, 3 6 ,  40) the motor roots are intimately joined 
to the sensory fibres and pass through the trigeminus ganglion. The 
conditions with regard to the motor roots are also much obscured by 
the fact that one of them has been interpreted as the n. abducens or 
as a n . oculomotorius-abducens (cf. besides the authors cited above, 
Cords 1 929 ,  pp. 2 1 3-2 1 4 ;  Tretjakoff 1 929 ; Stefanelli 1 9 3 5 ; Wood
burne 1 9 3 6 ; pp. 4 1 3-4 1 7 ;  Kappers 1 947 ,  pp. 75-76,  pl. 1) but in 
this case the statements of the authors are most contradictory. Same 
small variations in the number of the motor roots of the n. trigeminus 
do occur but in general there are three roots , a small anterior one (com
posed of two or three small rootlets and regarded as the n. abducens 
or n. oculomotorius-abducens by some authors but definitely as a trige
minus root by Woodburne and Lindstrom) , a large median root (con
s idered by all authors to be a true trigeminus root) and a small poste
rior root (sensory root, Addens ; possibly second abducens root, Stefa
nelli ; at least to a major part belonging to the n. abducens , Lindstrom) . 

Returning now to the Cephalaspids, we have found one or two 
small canals from the cavum cerebrale joning the canal Vm (" Vx", 
" Vxa" Stensio 1 927 ,  p .  1 0 1 ; Vma this paper pl. 5 7 :2-3 ; cf .  fig . 1 0) .  
One of them or both are considered by Stensio possibly to have given 
passage to the n. abducens (Stensio 1 927 ,  p. 1 09 ,  cf. p. 1 97) .  The nerve 
can possibly have followed this pass age or it may have run through 
the canal Vm together with the viseerai motor roots of the n. trigeminus,  
but it is  impossible to say anything positive about it .  In the latter case 
the small canals " Vx",  " Vxa", Vma probably transmitted small rootlets 
of the motor trigeminus . Be that as it may, it seems, however, very 
prohable that the n. abducens emerged through the cranial wall associ-
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ated with the trigeminus motor roots (Stensio 1 927 ,  p.  1 09) and not 
further forward through the canal lettered "v. pt." by Stensio, as sugges
ted by Allis ( 1 9 3 1 a, p. 5 1 5 ;  cf. Stensio 1 927 ,  p. 1 02) .  In this connec
tion it can be pointed out that in fishes the n. abducens has its exit from 
the brain very far backward, at a level with the exit of the n. facialis 
or behind it (Herrick 1 899 ,  p. 3 8 5 ,  pls . 1 5 ;  1 6 ;  Norris & Hughes 1 920,  
p .  3 1 3 ;  figs . 20,  5 1 ;  Kappers 1 947 , p .  1 1 8 ;  pls . 2-3 ; figs . 67 ,  8 8 ,  9 1 B ,  
93B ;  etc . ) .  

The next canal in front is the one lettered Ve by Stensio ( 1 927 ,  p .  
1 0 1 ) ;  i t  i s  seen in some specimens in the present material (pls . 1 4 ;  
1 5 : 1 ;  1 7 ;  3 1 : 1 ;  5 7 :2-3 , lat; cf. fig . 1 0) .  I n  the Cephalaspis specimen 
used by Stensio for his series A of sections (fig . 1 0 ;  Stensio 1 927 ,  p. 1 0 1 ; 
fig . 1 7 ;  pls . 77-78 ; Holmgren & Stensio 1 9 3 6 ,  fig . 2 1 4) the canal is 
followed backwards by a groove in the lateral wall of the cranial cavity 
towards the dorsal part of the fenestra acustica, and in C .  exilis? 
(Stensio 1 927 ,  series C of sections, pl. 93 )  it is continued within the 
trigeminus-Iateralis chamber by a partly covered groove, which reaches 
on to the antero-Iateral part of this chamber. 

In C.  signata, in the material now at hand, we can follow the canal 
lat to the cavum cerebrale . The corresponding posterior gro ove dorsal 
to the fenestra acustica can be traced backwards to the transition be
tween the divisions of the cavum cerebrale which have lodged the cere
bellum and the medulla oblongata (pl. 3 1 : 1 ,  lat) . 

The canal was by Stensio ( 1 927 ,  pp . 1 0 8 ,  1 97) thought to have 
given passage to the somatic sensory (general cutaneous) root of the 
n. trigeminus proper and also to certain vise er al sensory fibres . As we 
have seen above, the anterior lateralis nerve must have run to the trige
minus-Iateralis chamber or to the adjacent part of the orbit and not 
through the canal V 3 '  The anterior lateralis ganglion must thus have 
been situated in the said chamber or in its immediate v�inity in the 
orbit and its root fibres must have run through one of the canals con
nec ting this chamber with the brain-cavity. Now we find the disposition 
of the structure lodged in the canal lat (" Ve") most similar to that of 
the root of the n. lateralis anterior in the Myxinids (Worthington 1 906,  
pp.  1 70-1 72 ,  figs .  1-3 ,  1 4 ;  Holmgren 1 9 1 9 ,  fig . 27 ; Jansen 1 930 ,  
pp .  368 ,  449 , figs . 1-3 ,  5 6 ;  Lindstrom 1 949,  pp . 3 5 5-3 5 7 ,  442 , 
fig . 9) ,  and hence I think it most probable that the canal lat really 
transmitted the root fibres for the lateralis anterior ganglion. This 
ganglion is thus supposed to have been situated in the antero-Iateral 
part of the trigeminus-Iateralis chamber (and possibly reached into the 
orbit in some species) and, accordingly, laterally or postero-Iaterally, 
but c10sely adjacent, to the trigeminus ganglion. 

It can be observed that, to judge from the disposition of the groove 
in the posterior continuation of the canal lat, the roots must have run 
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rather dorsally in the cavum cerebrale, and very probably on to the 
antero-dorsal part of the medulla oblongata, and it is thus of interest 
to note that this dorsal part in the Cyc1ostomes (and other lower verte
brates) contains the regio statica with the principal nuc1eus for the 
n . lateralis anterior (cf. Johnston 1 902a, fig . 1 1 ;  Ayers & Worthington 
1 908 ,  p. 3 ,  figs .  26 ,  3 0 ;  Tretjakoff 1 909,  pp . 650-65 1 ;  Pearson 1 936 ,  
pp . 204, 2 1 6 ;  Stefanelli 1 9 3 7 ;  Kappers 1 947, p .  77 ,  fig . 39 ; etc . ) .  

It is of  interest to  notice that in Petromyzon the anterior pre
auditory lateralis ganglion which gives rise to the n. buccalis lies partly 
in front of the capsula auditiv a and independent of the acustico-facialis 
ganglion complex and the posterior preauditory lateralis ganglion (for 
the lateralis nerve in the r. hyomandibularis ; cf. Johnston 1 905a) .  

Close to  the opening of  the trigeminus-Iateralis chamber in  to the 
orbit, the chamber was found by Stensio ( 1 927 ,  p. 1 0 1 ; series A-C 
of sections ,  pls . 7 8 ; 86-8 7 ;  92-93 ; cf. figs . 1 5- 1 7 ,  2 3 ,  Vb; Holm
gren & Stensio 1 9 36 ,  figs .  2 1 4-2 1 5 ,  Vb; cf. this paper, fig . 1 0, veer) 
in three Cephalaspis specimens to receive a canal on its dorsal side. The 
canal is su es from the dorso-Iateral part of the cavum cerebrale and 
runs in almost straight ventraI direction to the trigeminus-lateralis 
chamber. In the speeimen (of C. exilis?) in the series C of sections 
(pls . 92-93) a canal issues from the cavum cerebrale , runs for a short 
distance in lateral direction and then divides into a rather small antero
dorso-Iaterally directed branch ("IV") and a somewhat larger one (" Vb") 
which turns in ventraI direction. 

According to Stensio ( 1 927,  pp . 1 08 ,  1 99) the canal " Vb" was 
traversed by general cutaneous (and communis) nerve fibres , constituting 
the sensory root of the n. profundus (and the canal iV gave passage to 
the n. trochlearis) . Now we can see at once that this is a rather peculiar 
origin and course for a normal nerve root canal, and it seems a priori 
not very likely that it really contained such a structure .  The suspicion 
that we have to do with some other structure is further strengthened by 
the conditions found in a couple of speeimens in the present material. 

In an unnarned Cephalaspis sp . (pl . 5 7 : 1 , 3 )  we find a canal (veer) 
issuing from the antero-dorsal part of the trigeminus-lateralis chamber 
near its opening into the orbit and running in dorsal and somewhat 
median direction . This canal is in communication with the cavum cere
brale by means of some short transverse canals (veer 1 , veer2 ' veer:� , 
IV?) .  After the issue of the most dorso-median branch (veer;) the 
main canal veer on the left side of the shield could be followed for only 
a short distance (as the shield is imperfectly preserved in this place) 
but it seems beyond question to have run to the dorsal face of the endo
cranium and here continued as a superficial supraorbital vein canal 
(cf. Stensio 1 927 ,  fig . 23 ) .  On the right side of the same shield the 
fairly large opening of a canal is seen rather high up on the lateral 
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wall of the cavum cerebrale (pl. 57 :2 ,  IV, veer) posterior to the opening 
of the canal lll . This foramen is reg ard ed as the joint opening of the 
canals IV and veer. Dorsally to this opening there is a short canal (veer) 
piercing the roof of the cranial cavity and running in dorso-Iateral 
direction to the dorsal face of the endocranium postero-medially to the 
orbital opening and there joining the canal adsm as it reaches the outer 
face of the endocranium (pls . 5 6 : 1 ;  5 7 :2) .  From this place two small 
canals are starting in anterior, and anterior and slightly lateral direc
tion (pl. 5 6 : 2) ;  the median one of them is considered to be the anterior 
continuation of the canal veer and to constitute a superficial supra
orbital vein canal (cf. Stensio 1 927 ,  fig .  23) .  

The points of  origin from the mesencephalic division of  the cra
nial cavity of a pair of corresponding dorsal canals (veer) are seen in 
C.  exeellens (pl. 1 5  :2). The distal parts of the canals veer are observed 
in C. dissimulata (pl . 8 :  1 ) .  

The canal lV  i s  interpreted a s  being (and the canal lV? a s  possibly 
be ing) the canal for the n. trochlearis (cf. StensiO 1 927 ,  p. 1 08 ;  figs . 1 5 ,  
1 7 ;  pls. 7 8 ,  8 6-87,  92-9 3 ;  Holmgren & Stensio 1 93 6 ,  p .  254 ;  
figs . 2 1 4-2 1 5 ,  2 1 8 ;  this paper, fig . 1 0) ,  but the distal course o f  the 
canals could not be followed. 

From what is said above it can be inferred that I reg ard the canal 
veer and its branches as being the canal for a vein which drained at 
least some lateral and dorsal parts of the middle div is ion of the cranial 
cavity, and in addition some superficial parts in the posterior portion 
of the inter-ocular space. On the left side of the shield (in pl. 5 7 :  1 ,  3) 
the vein was contained in a canal running mostly outside of the cranial 
cavity, but on the right side (pl. 57 :2) the vein is thought to have entered 
the cranial cavity through the opening IV, veer and then, for a short 
distance, to have run intra-meningeally in the cranial cavity ,  leaving 
the cavity through the dorsal canal veer. 

In C. hastata? a canal (pl. 3 3 : 1 ,  veer) separates from the canal for 
the post-orbital division of the v. capitis lateralis near its opening into 
the orbit, runn ing in dorso-median and slightly posterior direction and 
reaching, as far as seen, with a small branch to the dorsal face of the 
endocranium, postero-medially to the orbital opening. The main canal, 
however, continues in medial direction, probably to the cavum cere
brale cranii . It is also possible that the canal veer is developed in its 
ventral part only as a groove in the posterior wall of the orbit, originating 
at the opening of the canal vel. This canal veer in C. hastata? is con
sidered to be homologous to the canal veer in the Cephalaspis sp . above 
(pl .  5 7) ,  but in this species, the origin of the canal veer is thought 
to have shifted in lateral direction from the trigeminus-lateralis chamber 
to the canal vel ne ar its opening into the orbit. The canal veer in 
C.  hastata? thus contained a ve in which opened directly into the 
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v. capitis lateralis . In the Cephalaspis speeies , considered above, the 
ve in is thought to have passed through the opening of the trigeminus
lateralis chamber into the orbit and to have joined here åle intra-orbital 
part of the v. capitis lateralis. 

The canal aXl '  found by Stensio ( 1 927 ,  p. 1 1 1 ) in Kiaeraspis and 
a Cephalaspis spe eimen certainly lodged a dorsal , extra-meningeal 
branch of a homologous vein. 

With reg ard to the nature of this vein and its possible homologies 
in recent Cyclostomes and fishes it is evident that it must be considered 
as a cerebral vein , since it i. a. drained parts of the cranial cavity and 
entered the v. capitis lateralis as a median branch. It is not yet possible 
definitely to point out its equivalent in the Cyclostomes , since here, in 
the Petromyzonts , venous blood from the brain and cranial cavity is 
generally not found to run in closed vessels but in open peri-meningeal 
sinus, and the existence of cerebral veins other than the v. cerebralis 
posterior is positively denied by some authors (Gelderen 1 924,  pp . 546 
-548 ; cf .  Daniel 1 934 ,  pp. 3 3 5-3 3 6 ;  Towarnicki 1 935 ) .  Sterzi 
( 1 907,  p. 226) ,  however, describes in adult Petromyzon veins , "vv. cere
brali medie" , from the tela chorioidea mesencephalica, with irregular 
disposition, some of them leaving the cranial cavity in company with 
the n. trigeminus . The ve in in question was in the Cephalaspids partly 
equivalent functionally to the v. cerebralis anterior in sharks (Parker 
1 8 8 7 ,  pl. 3 5 : 8 ;  Rex 1 8 9 1 ,  pl. 25 ; O'Donoghue 1 9 14 ,  fig . 2 ;  Grodzinski 
1 93 8 ,  fig .  1 9 ;  1 946b, pp. 30-3 1 ,  3 7 ,  43-44, 62-63 ; figs . 2-7, 
9- 1 1 ;  etc .) and to the v. cerebralis media in teleosts (Allen 1 905 , 
p. 84 ,  v. cerebralis anterior = v .  cerebralis media (spuria) , cf. Gelderen 
1 924,  pp. 5 5 8-5 6 1 ; Grodzinski 1 946a, pp. 1 1 - 1 2 ,  1 5- 1 7 ;  figs. 
2-4) . In Saurichthys Stensio ( 1 925 , p .  3 8) has observed a canal from 
the cranial cavity to the orbit which splits into twa branches in its 
peripheral course through the orbito-temporal region. He interprets the 
canal as the com mon canal for the n. trochlearis and the v. cerebralis 
anterior, which distally passed separately, each through a canal branch 
of its own. The cerebral vein in the Cephalaspids , now considered, 
cannot, however, have been homologous to a v. cerebraIis anterior or 
to a. cerebral is media (spuria) in fishes, since these veins always join 
the v. capitis lateralis (or medialis) in front of the n. trigeminus. With 
regard to its opening into the v. capitis lateralis in relation to the 
nn. trigeminus and facialis, it can possibly be compared with the 
v. cerebralis media in Neoceratodus (Gelderen 1 924,  pp. 5 6 1-5 6 2 ;  
cf. Grodzinski 1 93 8 ,  p.  4 1 ) ,  but as this vein (and the v .  cerebral is media 
spuria in Actiopterygians) leaves the cranial cavity in company with 
the roots of the n. trigeminus , the agreement between this vein and the 
cerebral vein in Cephalaspids is not complete. Thus, no direct homo
logies can be assumed between this cerebral vein in the Cephalaspids 
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and any cerebral vein in the Gnathostomes . The vein in question is 
possibly homologous to the "vv. cerebrali medie" of Sterzi in Petro
myzon, but nothing definite can be said about it. 

The vein is here called the a n t  e r i o r c e r e b r a  l v e l  n 
(v. cerebralis anterior) and its canal the canal for the anterior cerebral 
vein, as opposed to the posterior cerebral vein, also present, but without 
thereby implying anything beyond a topographical designation. 

In front of the canal lat there is in C. exeellens (pls . 1 5 :  1 ;  1 7) 
another canal (Vs) running from the cavum cerebrale in antero-ventro
lateral direction to the medial part of the trigeminus-Iateralis chamber ; 
this canal evidently corresponds to the canal " Va" in the series A and B 
of sections of the Cephalaspis specimens , described by Stensio ( 1 927 ,  
p. 1 02 ;  pls . 78 ,  8 7 ,  v .  pt .  (the canal Va in pl .  8 7 :B 3 6  has beyond 
doubt transmitted only a small branch of the vein in the canal Vb); 
cf. figs. 1 6- 1 7 ;  Holmgren & Stensio 1 9 3 6 , fig . 2 1 4 ;  cf. fig . 1 0  in this 
papir, Vs) and probably to the canal "v .  pt" in C. exilis? (series C,  
Stensio 1 927 ,  pl .  89) .  

In the Cephalaspis sp . in  pl .  5 7  we find in front of  the inner 
apening of the canal lat twa foramina in the wall of the cranial cavity, 
a rather large ane (Vs) antero-dorsally to it and another much smaller 
ane (Vsa) slightly ventro-medially to the apening Vs, and also in 
C. signata (pl. 3 1 :  1) we see in the postero-Iateral wall of the trigeminus
lateralis chamber, antero-ventro-medially to the opening of the canal 
lat, two foramina,  a larger one (Vs) and a smaller one (Vsa) , the latter 
lying slightly antero-ventro-medially to the former. These two canals 
(Vs, V sa) are regarded as corresponding to the single canal Vs in 
C. exeellens and to the canal " Va" or its equivalent in the Cephalaspis 
species, described by Stensio. 

The canal " Va" is interpreted by Stensio ( 1 927 ,  pp . 1 08-1 09) 
as having transmitted the suppa sed visceral motor root of the n .  pro
fundus. As we have found, however, that the canal " Vb" of Stensio 
(= veer in this paper) did not give passage to a nerve root but to a 
cerebral vein and as the canal " V  c" of Stensio is here suppa sed to have 
transmitted lateralis root fibres, we have not yet located a canal for 
the sensory trigeminus roots . 

In recent Cyclostomes the sensory root (or roots) of the n. trige
minus (and n. profundus) leaves the medulla antero-dorsally to the 
motor ro ats and anteriorly to the anterior lateral is root, and consists 
of ane common root for the n. trigeminus and n. profundus or of ane 
lateral and ventrai root (or severai rootlets) for the n. trigeminus proper 
and ane median (and dorsal) root for the n. profundus (Ahlborn 1 8 8 3 ,  
p .  2 1 1 ;  pl. 1 3 :2 , 4, 6 ;  1 8 84, p .  29 8 ;  pl. 1 8 : 5 - 6 ;  Retzius 1 89 3 ,  pl. 24 : 1 -3 ;  
Allis 1 903a, pp . 262-263 ; Johnstan 1 902a, p .  5 0 ;  fig . 1 ;  1 905a,  
p.  1 5 1 ; Worthington 1 906 ,  p .  1 64 ;  figs. 1 -2 ;  Tretjakoff 1 909 , p .  67 1 ;  



- 7 6 -

1 927a,  p .  3 8 1 ;  Holmgren 1 9 1 9 ,  fig . 2 7 ;  Cords 1 929 ,  pp. 2 1 7 , 220,  
222 ; Jansen 1 930 ,  p .  447 ; figs . 1 -3 ,  5 7 ;  Larsell 1 947,  fig . 1 ;  Lind
strom 1 949,  pp. 3 32 ,  3 66).  

The canal Vs in the Cephalaspids (or the can als Vs and V sa; 
" Va" in Stensio's descriptions) has the same topographical relations to 
the canals Vm (Vm, Vm a) and lat as the sensory trigeminus ro at or 
roots to the trigeminus motor and the anterior lateralis roots in modern 
Cyc1ostomes, and it is, therefore , most naturaI to regard the canal Vs 
(Vs, V sa) as having transmitted the sensory (general cutaneous) trige
minus root in the Cephalaspids . The roots of both the trigeminus and 
the profundus ganglion would then have run together in ane canal in 
same Cephalaspis species but in others the roots in question were 
transmitted through twa canals (Vs, Vsa, pls . 3 1 : 1 ;  5 7 :2) .  As the canal 
Vsa leaves the cavum cerebrale medially to the canal Vs (it must, 
however, be noted, not anteriorly and not dorsally to it, but on level 
with the posterior part of this canal) and as it is the smaller ane of 
these twa canals , and since the n. profundus must have been much 
smaller than the sensory part of the n. trigeminus ,  it seems very probable 
that the (somatic-sensory) root fibres for the n. profundus ganglion 
were transmitted through the canal V sa . The (somatic-sensory) root 
fibres for the trigeminus ganglion (g. gasseri) must consequently have 
left the cranial cavity through the canal Vs. 

In the trigeminus-Iateralis chamber the small profundus ganglion 
occupied an antero-median position, while the certainly much larger 
g. gasseri filled up most of the central part of the chamber and the 
anterior lateralis ganglion undoubtedly was situated laterally to these 
ganglia, in the antero-lateral part of the trigeminus-Iateralis chamber. 

We have finally yet another small canal from the cavum cerebrale 
cranii to the trigeminus-lateralis chamber to account for, and this is 
the canal lettered "v .  pt" by Stensio in his series A of sections (Stensio 
1 927 ,  p. 1 02 ;  pIs . 78-79 ; cf. figs .  1 6- 1 7 , 24 ;  Holmgren & Stensio 
1 93 6 ,  fig .  2 1 4 ;  cf. fig . 1 0 , v, in this paper) . From what has been said 
above it appears, that the canal " v .  pl" in the series B and C of Stensio 
( 1 927 ,  pls , 8 7 ,  89 ,  9 1 )  is probably equivalent to his canal " Va" (Vs in 
this paper) . The canal is found again in the present material in twa 
Cephalaspis species (C . excellens, pl. 1 5 :  l ;  Cephalaspis sp . ,  pl. 5 7 ,  v) .  

In C.  excellens (pl . 1 5 :  1)  the canal (v) runs from the antero-dorso
median corner of the trigeminus-lateralis chamber in almost straight 
transverse direction to the cavum cerebrale, and is fairly wide . In the 
unnarned Cephalaspis sp . in pl. 57 the canal runs from the dorsal side 
of the chamber in dorso-medial direction and apens in the floor of 
the cavum cerebrale . On the left side the canal immediately beneath 
this floor gives off a small branch which apens slightly antero-dorso
laterally to the main opening of the canal (pl. 5 7 : 3 ,  v) . 
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Fig. 10 .  - Cephalaspis sp . east of the cranial and ethmoidal cavity and the neural canal 
in lateral view. After Stensio (Holmgren & Stensio 1 936 ,  fig. 2 1 4),  with lettering partly 

altered. About X 1 2. 

acar, can al for the a. carotis (interna) ; adsm, canal for the postorbital superficial artery; 
a/ac, canal for the a. facialis ;  alm, canal for a median branch of the a. facialis for the 
outer part of the hypophyseal pouch; cacu, canalis acusticus; copt, canalis opticus ; 
dx, canal for an artery to the posterior part of the dorsal sensory field; /shyp, hypo
physeal fossa ;  hys, division of the ethmoidal cavity for the hypophyseal pouch; lat, canal 
for the roots of the n. lateralis anterior ;  med, most posterior part of the cranial cavity 
at the transition to the neural canal ; mes, division of the cranial cavity for the mesen
cephalon; met, division of the cranial cavity for the cerebellum; nal, anterior division 
of the naso-hypophyseal opening (opening of the hypophyseal pouch) ; na2, posterior 
division of the naso-hypophyseal opening (nasal opening proper) ; ndl, canal for the 
dorsal root of the first spinal nerve ; nVl, canal for the ventrai root of the first spinal 
nerve ; 01/, oivision of the cranial cavity for the olfactory organ ; pin, pineal canal; 
t, u, canals for vessels ; v, canal for a vein, probably a branch of the v. cerebralis 
anterior; veer, canal for the v. cerebralis anterior ;  vcp, canal for the v. cerebralis 
posterior; v labp, canal for the v. posterior labyrinthi; vvm, canal for a vertebro
medullar vein; vvm?, canal possibly for a vertebro-medullar vein ; Ill, canal for the 
n. oculomotorius ;  I V, canal for the n. trochlearis; Vm, canal for the motor trigeminus 
root passing to the r. maxilIaris V; Vma, canal possibly for a motor trigeminus root; 
Vs, canal for the sensory roots for the nn. trigeminus and profundus; IX, canal for 

the n. glossopharyngeus; X, canal for the n. vagus. 

The canal v ("v . pl", Stensio) I regard, following Stensio ( 1 927 ,  
pp .  1 02-1 03) ,  as  having been "traversed by a small vein which drained 
certain parts of the cavum cerebrale just at and posteriorly to the 
dorsum sellae and perhaps in addition als o certain ventrai parts of the 
mesencephalon and diencephalon" . It most probably joined the anterior 
cerebral vein, mentioned above. I cannot, however, find it in any way 
homologous to the v .  pituitaria (hypophyseal vein) in fishes (Stensio 
1 927 ,  pp. 1 03 ,  228 ; cf. Allis 1 9 3 1 a, p. 5 1 5 ,  and as to the disposition 
of the v. pituitaria in fishes i. a .  Allen 1 905 ,  p. 8 1 ;  fig .  1 5 ;  Allis 1 9 1 4 , 
pp. 228-246 ; 1 9 1 9 ,  pp. 22 1-222, 2 3 1 ,  275 , 277 ; 1 923 ,  p .  1 52 ;  
1 92 8 ; de Beer 1 924, pp. 296 ,  304, 3 1 7 ,  3 2 8 ; figs . 3 , 7 , 9 , 1 1 , 1 7 ,  etc . ; 
1 926 ,  p .  270 ; figs. 4, 1 1 , 1 4, 20, 26 ,  3 8 ,  39 ,  1 3 3 ,  etc . ; Goodrich 1 9 30,  
pp. 239-24 1 ;  figs . 245 , 256,  etc . ) .  If such a vein was present, which 
is not very probable as it is wanting in recent Cyc1ostomes ,  it possibly 
went more anteriorly and from the left to the right orbit passing through 
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the ventrai part of the fenestra optica (cf. however Allis 1 93 1 a, p .  5 1 4 ,  
who denies the presence in Cephalaspis of a pituitary vein on the basis 
of the supposed absence of a v. capitis medialis) . 

Very little is known in detail of the trigeminus-Iateralis chamber 
in cephalaspid genera, others than Cephalaspis. In N ectaspis (fig . 1 2 ;  
pl. 1 1 2 : 1 ) ,  as said before, the chamber is lengthened and fusiform in 
shape and thus has its maximum breath in the midd le of its length ; 
postero-medially it rather gradually passes over into a wide canal (rV) , 
connecting the chamber with the cavum cerebrale . In the basal part 
of the chamber and from its antero-median side issues a minute canal 
(v) , running in median and slightly anterior and dorsal direction on to 
the cavum cerebrale. It is possible that all the trigeminus sensory roots 
and the roots of the ganglion laterale anterius and a part of the trige
minus motor roots (associated with the r. maxillaris) on each side left 
the cavum cerebrale through a common wide canal , just as they probably 
did in Kiaeraspis (Stensio 1 927 ,  pp . 1 1 0- 1 1 1 ) .  The canal v is very 
probably the canal of a vessel, but whether it transmitted an artery or 
a vein cannot be settled. It corresponds possibly to the vein canal v in 
Cephalaspis, just mentioned. 

In this connection can be noticed that the real nature of the canal 
"v. pt" in Kiaeraspis (Stensio 1 927 ,  p .  1 1 0 ;  pls . 1 00- 1 0 1 ; figs .  2 1  
-22) is very obscure . It has been interpreted by Stensio as the canal 
for the v .  pituitaria, but, according to what is said above on the canal 
with the same lettering in Cephalaspis, this seems not very likely , and 
the possibility cannot be set as ide that it may have transmitted trige
minal motor roots , while the canal " V" transmitted general cutaneous 
and lateralis roots . 

With reg ard to the other canals for nerves or vessels in the orbito
tempora l region, viz . the canals for the nn. oculomotorius (Ill) and 

trochlearis (IV) ,  the first nerve canal for the lateral sensory field (seil ) '  
branches of  the postorbital superficial artery (adsm),  supraorbital vein 
canals (VSO) , and those parts of the canal for the v.  capitis lateralis (vel) 
and its dorso-lateral branches (vis) falling in this region, I have no thing 
of general interest to add to the descriptions by Stensio ( 1 927 ,  1 9 32)  
as only parts of them or only their proximal or distal openings are se en 
in the present material ; some of them will, however, be mentioned in 
the following section on the otic region or in the chapter on the visceral 
endoskeleton. 

Here shall only be cited what is said by Stensio ( 1 927 ,  p.  1 20) 
concerning the canals vsa: "Besides to veins certain of the canals 
v. sOl-v .  S04 probably also gave passage to cutaneous nerve branches 
from the n.  profundus .  One of the posterior of these canals must 
obviously also have transmitted the lateralis nerve to the short trans
versal lateral line groove (pc, text-figs .  76 ,  77) situated c10se behind 
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the pine al opening. " .  This latter sentence is of importance, and I can 
add that I have found no other canal through which a nerve for this 
sensory line could possibly have been transmitted. The sensory line 
in question must thus have been innervated by a nerve from the anterior 
lateralis ganglion (a r.  ophthalmicus superficialis lateralis) . The pineal 
sensory line in Petromyzon with which this line in the Cephalaspids 
has been homologized (StensiO 1 927 ,  p. 2 3 8 ; 1 932 ,  p. 5 0 ;  cf. Holm
gren 1 942, p. 7) is now known (Lindstrom 1 949,  pp. 3 89 ,  40 1 ,  442) 
to be innervated by the so-called r. postorbitalis glossopharyngei (from 
the posterior lateralis ganglion ; see further p. 1 89 as to the consequences 
of these facts for the interpretation of the mentioned sensory line in 
the Cephalaspids) . 

The canal for the foremost part of the notochord, reaching for
wards to the dorsum sellae, is seen in some specimens (pls . 8 : 2 ;  1 6 : 1 ;  
39 : 1 ;  8 1 : 1 ;  8 3 : 2 ;  94 :2 ,  ch) . 

Before leaving the orbito-temporal region we shall only observe 
that in C. signata (pL 3 1 :2 ,  pin) the pineal canal is very wide and 
long ; it must obviously have enclosed not only the pineal body, epi
physis (and paraphysis) , but also a well developed saccus dorsalis (cf. 
Petromyzon, Sterzi 1 907,  fig. 1 8 ; Herrick & Obenchain 1 9 1 3 , figs. 1-2 ;  
Saito 1 9 3 0, figs . 1 -4 ;  Heier 1 948 ,  figs . 1 -2).  

T h e  o t i c r e g  i o n .  The canals for the roots of the trige
minus (s . 1.) and the anterior lateralis nerves , which pierce the otic 
region, have been dealt with above in connection with the trigeminus
lateralis chamber or with the parts of them which run in the orbito
temporai region. We have thus seen that the root of the r. mandi
bularis V in general left the cranial cavity proper through the most 
anterior part of the so-called fenestra acustica and went for a short 
distance in a well marked groove in the antero-medial wall of the laby
rinth cavity in order finally to enter a canal of its own.  

The term f e n  e s t r a a c u s t i  c a is here used for the large 
opening between the cavum cerebrale cranii and the labyrinth cavity ,  
which is thought to have transmitted the proximal part of the r .  mandi
bularis V, the roots of the nn. VII and VIII, and the roots of the 
nerves for the sensory fie1ds, and possibly some vessels . The connecting 
part between the cavum cerebrale and the labyrinth cavity is of ten 
lengthened to form a short canal, which then may be called t h e  
c a n a I i s a c u s t i  c u s ; it corresponds to the acustico-facialis canal 
of Stensio ( 1 927,  p. 72) .  The fenestra (laeu) or canal (caeu) in ques
tion is seen in severai specimens (pIs. 3 : 1 ;  4 ;  1 4 ;  1 5 : 1 ;  1 6-1 7 ;  3 9 : 1 ;  
40: 3 ;  5 7 :2-3 ; 1 1 2 : 1 ) .  

The fenestra acustica was by StensiO ( 1 927 ,  pp. 7 1 ,  1 93) thought 
to have transmitted only a part of the n. acusticus, namely an anterior 
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branch, which must have corresponded to the r. utricularis VIII in 
recent Cyclostomes . The posterior branch of the n. acusticus, r. saccu
laris VIII , had passed, according to Stensio ( 1 927 ,  pp. 7 1 ,  8 1 ,  1 92),  
through a canal of its own, which leaves the cavum cerebrale some 
distance behind the fenestra acustica and goes to the postero-median 
part of the labyrinth cavity ,  ventrally to the division of that cavity 
for the ampulla posterior (Stensio 1 927 ,  figs . 1 5-22 ,  24,  2 8 ; pls .  25 
-26, 49, 50 ,  V/Ilp; Holmgren & Stensio 1 9 3 6 , figs. 2 1 3-2 1 5 ,  2 1 7 ,  
2 1 9 ,  VIl/p; cf. this paper, fig .  1 0, vlabp) . 

In the present material a corresponding canal is observed only 
in a few specimens, as e. g. in a speeimen of C. acuminata and of 
C. signata (pl . 3 1 : 6 ,  vlabp) . In an unnarned Cephalaspis species there 
exists on the right side an opening into the cavum cerebrale (pl . 5 7 :2 ,  
vlabp) which I regard as  the inner opening of  this canal . It must be 
observed that the opening lies rather far behind the fenestra acustica .  There 
exists , however, definitely no such opening on the left side (pl . 5 7 : 3) .  

In the specimen of C.  excellens figured by StensiO ( 1 927 ,  pls .  25 
-26,  "C .  vogti?"), which I have examined, the canal " VIl/p" issues 
from the basal part of the vagus canal (" / X + X + X v. cp") and runs 
on the left side in lateral and slightly posterior direction along the 
posterior margin of the division of the labyrinth cavity for the ampulla 
posterior. For a short distance it is in open communication with this 
cavity but farther distally forms again a closed canal ; the distal part 
of the canal is fractured and could not be followod. From the course 
of this canal it is evident that it could not have transmitted a branch 
of the n. acusticus, and if the canal really is homologous to the canal 
with the same lettering in other speeies , it follows that neither in these 
species can it have lodged a n. acusticus branch. In favour of this 
view is als o the fact that the canal in the Cephalaspis sp . mentioned 
above (pl .  5 7 :2 ,  vlabp) opens rather far behind the fenestra acustica 
(the r. posterior VIII would have lain far apart fram the r. anterior VIII , 
which is not the case in modem Cyclostomes and fishes) and that it 
is laeking on the left side. It can als o be noted that the canal in some 
specimens of Kiaeraspis (Stensio 1 927 ,  pls . 49-05) is much too large 
for a branch of the acusticus nerve. It can furthermore be noticed 
that the subdivision into two separate nerves of the n.  acusticus in 
the Myxinids, with which the Cephalaspids in this respect have been 
compared (Stensio 1 927 ,  p. 1 42),  very probably is connected with the 
peculiar structure of the labyrinth organ in these Cyclostomes (cf. Ayers 
& Worthington 1 90 8 ,  p. 1 0) .  

As to the transmission o f  any branch o f  the n .  acusticus by the 
canal " VIl/p" we can say on the whole that this is certainly not the 
case in some Cephalaspids , while in others there exists a very great 
probability against it. All the roots of the auditory nerve are thus 
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thought to have run through the fenestra acustica and very probably 
soon to have forrned a ganglion acusticum from which the branches 
of the n. acusticus for the different parts of the membranous labyrinth 
took their origin. 

If the canal " V/IIp" did not transmit a branch of the acusticus 
nerve we must find for it another interpretation. That it gave passage 
to a nerve seems most improbable. J udging from its position in relation 
to the vagus canal and under the assumption that the small canal t 
(fig. 1 0 ;  pls . 30 : 3 ;  57 :2-3 ; cf. Stensio 1 927 ,  pp. 7 1 , 8 1 ;  figs. 1 5- 1 8 ;  
pl. 55)  dorsal to it enc10sed a branch from the a. encephalica posterior, 
we can with some probability surmise that the canal in question trans
mitted a vein, which drained some posterior parts of the membranous 
labyrinth and possibly some other structures in the labyrinth cavity, 
in order to empty into the v .  cerebralis posterior within the brain-cavity . 
This supposed vein is here called t h e  v. p o s t  e r i o r l a b y r  i n t h  i 
and its canal the canal for the v. posterior labyrinthi. 

We can find analogous conditions in fishes : in Scyliorhinus 
(= "Scyllium") the veins from the membranous labyrinth are said 
apparently to open into the posterior cerebral vein at its inner end 
(O'Donoghue 1 9 1 4, p. 442), and in Ophiodon a posterior auditory vein 
from the ampulla posterior empties into a branch of the posterior 
cerebral vein (an anterior auditory vein from other parts of the mem
branous labyrinth joins the v. cerebralis media spuria, Allen 1 905 , 
pp. 84 ,  8 6 ;  fig . 25) .  

Openings into the cavum cerebrale, corresponding to the canals t 
in Cephalaspis sp. and Kiaeraspis, and u in Cephalaspis sp . and 
C. exilis? described by Stensio ( 1 927 ,  pp. 7 1-72,  8 1 ,  8 3 )  are found 
in an unnarned Cephalaspis sp . (pl . 57 :2-3) ,  and the canal t is seen 
also in C. signata (pl. 3 0 : 3) .  In this species it is observed (not figured) 
that the canal after its opening into the labyrinth cavity, or more 
exactly, into that part of the cavity which lodged the nerve for the 
dorsal sensory field and the otical vein 1 is continued by a groove in 
dorsal direction and eventually in a dorso-Iateral direction to that part 
of the labyrinth cavity which lies between the canal des and the 
commissural division ; there it splits into two small branches . As 
mentioned above, the canal t possibly transmitted a branch from the 
posterior encephalic artery, and the canal u certainly gave passage to 
a vessel (Stensio 1 927 ,  p. 8 3) but as to the nature of this vessel I can 
give no definite opinion. 

The canal adsm (fig. 1 0 ;  Stensio 1 927 ,  pp. 72-7 3 ,  figs . 1 5- 1 7 ,  
20-2 3 ,  25-27 ; Holmgren & Stensio 1 93 6 ,  figs . 2 1 3-2 1 5 ,  2 1 8) 

1 In C. si/mata the canal des for this nerve has a somewhat more posterior posi
tion and a more postero-median course than in the Cephalaspis sp. and Kiaeraspis, 

described by Stensio (1 927,  figs. 1 8- 1 9) .  

{, 
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from the dorso-Iateral part of the cavum cerebrale to the superficial 
parts of the otic and the orbito-temporal regions , interpreted as a canal 
for the a. postorbitalis superficialis (Stensio 1 927 ,  pp . 7 3 ,  2 1 2) ,  is 
seen in severai specimens in the present material (pls. 8 : 1 ;  1 0 : 2 ;  1 1 :4 ;  
1 3 ;  1 5 :2 ;  24 : 2 ;  30 : 3 ; 3 1 : 1 - 2 ;  3 6 : 2 ;  5 6 : 1 ;  5 7 : 2-3 ; 77 :2 ; 1 06-1 07 ,  
adsm) . In  C.  signata (pls . 30 : 3 ;  3 1 : 1 -2) two or  three branches are also 
given off from the main canal for the superficial postorbital artery to 
the postero-median part of the orbit. In the same specimen the canal 
is seen to open comparatively far backwards and into the posterior 
part of the division of the cavum cerebrale for the cerebellum (met) , 
and to be continued in ventro-median direction by a short groove in 
the posterior wall of this division (pl . 3 0 : 3) .  From · the disposition of 
the canal and the connected groove in this species it seems very 
probable that the artery which was lodged in them was a direct dorsal 
continuation of the artery (a. encephalica posterior) which passed 
through the canal epost in the occipital region. 

The large canal for the postorbital division of the v. capitis 
lateralis (vel) which traverses , the dorso-Iateral parts of the otic region 
is more or less well displayed in many spee imens (pls . 4 : 1 ;  5 : 3 ;  8 : 2 ;  
1 0 ;  1 1 : 4 ;  1 3- 1 7 ;  3 0 : 3 ; 3 1 : 1 , 2 , 4 ;  3 2 : 3 ; 3 3 : 1 ;  5 6 : 1 ;  62 : 1 ;  6 3 : 2 ; 
64 :2 ; 68 : 3 ; 77 : 2 ; 93 :2) .  The canal leaves the orbit at its postero-dorso
lateral corner and runs in straight posterior direction, as in C. excellens 
(pls . 1 3-1 5 ;  1 7) and C. signata (pl . 3 2 : 3) ,  or slightly sigmoidaIly 
bent in Hoelaspis angulata (pl . 7 7 : 2 ;  cf. Stensio 1 927 ,  pls . 45 ; 47 : 1 ) , 
or more distinetly so in Boreaspis eurtirostris? (pl. 9 3 : 2) .  In other 
species the canal issues from the postero-dorsal corner of the orbit and 
travels straight backwards (C . heintzi, pl. 5 : 3 ,  and C. exilis, pl. 1 1  :4)  
or with a slight median bend (C . hoe/i, pl .  1 0 :2 ; Seeuriaspis, pls . 62 : 1 ;  
63 : 2 ;  64 :2) .  I n  Boreaspis eurtirostris? (pl . 9 3 :2)  the canal vel is found 
to be in open communication with the labyrinth cavity . 

During its course through the otic region the canal for the v. capitis 
lateralis receives some small branches from the superficial parts of the 
region and from the labyrinth cavity (Stensio 1 927 ,  pp. 76 , 225) ,  and , 
on its lateral side, some generally large canals coming from the super
ficial dorso-Iateral parts of the viseerai endoskeleton. The former canals 
have not been observed at all or only as small fragments in the material 
now at hand and will not be dealt with here, the latter will be treated 
in the chapter on the viseerai endoskeleton. Here will only be noted 
that in Neetaspis areolata a couple of superficial canals is found 
posteriorly to the orbit (pls . 1 06- 1 07).  In this species vascular canals 
are much anastomosing, in some places to such a degree as to form 
an irregular network of canals, in which the course of the individual 
main canals can be disentangled only wi th considerable difficulty .  The 
anterior one (vds) of the canals probably corresponds to one of the 
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canals "v .  ds1 "  and H V .  ds2 " in Cephalaspis (Stensio 1 927 , figs. 2 3 .  
25-26) or to the canal " v .  ds" i n  Kiaeraspis (Stensio 1 927 ,  fig . 27) ,  
and the posterior one (ads) possibly runs to the dorso-Iateral part of 
the labyrinth region and represents a canal for an artery to the dorso
lateral superficial parts of this region ; proximally this artery would 
then have issued from the anterior part of the a. communicans (see 
below, p. 97) .  The canal vds is a canal for a vein from the dorsal 
part of the otic region. 

A major part of the otic region is occupied by the rather spacious 
labyrinth cavity ; it  is lined with a perichondrial bone-Iayer of its own ,  
which directly or  by  means o f  canal bone-Iayers i s  primarily con
tinuous with the cerebral division of the cranial cavity (Stensio 1 92 7 ,  
p. 7 7 ) .  The labyrinth cavity can be  divided into two distinct parts , 
a mainly ventro-Iateral one, consisting of the so-called vestibulum, and 
another one, mainly dorso-median, comprising the two vertical semi
circular divisions (one anterior and one posterior division) and the 
commissural division (see also Stensio 1 927 ,  pp . 77-94;  Holmgren 
& Stensio 1 93 6 ,  p. 2 5 6) .  

From what i s  seen o f  the labyrinth cavity in  the specimens among 
the present material it is evident that it is built on the whole like that 
in the Cephalaspis sp . and Kiaeraspis, described by Stensio ( 1 927) .  
We shall only point out here some structural details which are regarded 
as being of special significance. 

The vestibular division (vest) of the labyrinth cavity is weU 
exposed in many specimens (pls . 3 :2 ;  4; 8 : 2 ;  9 :4, 7 ;  13- 1 4 ;  1 5 : 1 ;  ] 6  
- 1 7 ;  29 :2 ; 30 : 3 ;  3 1 : 1 -3 , 6 ;  3 2 : 1 -2 ;  3 3 : 1 ;  3 9 : 1 ;  40 : 3 ; 7 1 : 3 ;  8 1 : ] ; 
82 : 1 , 3 ;  9 3 : 2 ;  94 ; 1 1 2 : 1 ) .  One or both of the semicircular divisions 
(csema, csemp) or parts of them (ampa) are seen in severai speeimens 
(pls . 1 1 :4 ;  1 3- 1 5 ;  1 6 : 1 ;  1 7 ;  3 1 : 1 ;  3 3 : 1 ;  5 6 : 1 ;  64 :2 ;  68 : 3 ; 7 7 : 2 ;  
92 : 5 ; 9 3 : 2 ;  95 : 1 ) ,  and also the commissural division (com) i s  observed 
in some specimens (pls . 1 3 ;  1 5 :2 ;  3 0 : 3 ;  3 3 : 1 ;  5 6 : 1 ;  7 7 : 2) .  

It is definitely established by Stensio ( 1 927,  p. 80) that the mem
branous labyrinth in the Cephalaspids must have resembled most 
closely that of recent Petromyzonts and have been fundamentally 
dis tinet from the type found in fishes and higher vertebrates in having 
only two (vertical) semicircular canals and laeking the horizontal one . 

By closer comparison between the labyrinth cavity in the Cephal
aspids and the membranous labyrinth in the Petromyzonts (see Retzius 
1 8 8 1 ,  pp . 1 3-27 ;  Krause 1 90 1 ,  pp . 1 04- 1 05 ;  1 906 ; Burlet & 
Verstegh 1 930,  pp . 8-44 ; Burlet 1 934 ,  pp. 1 300- 1 302 ;  etc .)  we 
find, however, distinet discrepancies which make it certain that the 
membranous labyrinth in the Cephalaspids differed rather much from 
this latter. It is thus evident that the labyrinth in the Cephalaspids, 
although built on the same basis as that of the Petromyzonts , had the 
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"ciliated rooms" (vestibulum) , if they were present at all, very slightly 
developed and devoid of their upper divisions . The development of 
the semicircular divisions, furthermore indicates that the ampullae of 
the simicircular canals were, most probably, simple and not trifid and 
thus without any sinus ampuUae utriculares . The structure of the 
utriculus, into which the two ampuUae opened, is unknown, and 
whether or not there were any ventrai recesses, corresponding to the 
lagena and sacculus, is undecided ; neither can the place of origin of 
the ductus endolymphaticus (if from the utriculus or from the crus 
commune) be determined. From the comparison it appears that the 
membranous labyrinth in the Cephalaspids very probably only occupied 
a dorso-median space in the labyrinth cavity, and that the vestibular 
div is ion mostly enc10sed structures others than the labyrinth . This latter 
assumption is also based on other facts as we shall see in the foUowing. 

In the figures of casts of the labyrinth cavity of Cephalaspis sp . 
and Kiaeraspis, given by StensiO ( 1 927 ,  figs .  1 8- 1 9 ;  Holmgren & 
Stensio 1 93 6 ,  fig . 2 1 7) we can observe that the vestibular division has 
a large and fairly dis tinet oblong swelling proximaUy to the exit of the 
first nerve canal for the lateral sensory field ("seil '  2 ") .  In C. acumi
nata this swelling is weU marked (pl .  3 :  l ,  gse!l ) ,  and in C. signata it 
is strongly developed and partly separated from the rest of the vesti
bulum, forming an antero-median division of this part of the labyrinth 
cavity (pls . 3 1 : 1 -3 ; 3 2 : 1 -2 ,  gsell ) or, expressed in another way, the 
proximal part of the canal sei l  in C .  signata is distinetly widened and 
this enlarged part of the canal communicates with the antero-median 
division of the labyrinth cavity. In some Boreaspis species at least the 
lateral part of the floor of the vestibulum is provided with some 
distinet but small transverse ventrai protuberances (pls. 8 1 :2 ;  8 3 : 1 ;  
94 :2 ,  gsel) from which issue, in dorso-Iateral direction, the nerve canals 
for the lateral sensory fields .  In a speeimen of C. excellens, in which 
the floor of the left vestibulum has been c1eaned from the inside, we 
find that this floor is furnished with at least two transverse partitions 
(pl. 1 6 : l ,  pg), dividing the basal part of the vestibulum into three 
basal chambers , of which the middle one, lying medially to the inner 
opening of the canal sel4 ' is fusiform in outline and well displayed 
(in pl. 1 6 : 1 ,  gseI4 ) .  

I t  i s  quite c1ear that the basal swelling of  the canal sei l  in  C.  sig
nata can only have been caused by a ganglionic structure from which 
the nerve in this canal arose. From this follows that the swellings 
and the ventrai protuberances or the basal chambers of the vestibular 
division of the labyrinth cavity, referred to above, als o without any 
reasonable doubt partly lodged the ganglion of respective nerve for 
the lateral sensory field, and that the basal chamber gsel4 in C. excellens 
thus lodged the basal parts of the ganglion of the fourth nerve for the 
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lateral sensory field. It seems furthermore very probable that these 
ganglia were large and occupied a major part of the vestibular division 
of the labyrinth cavity. 

H, as assumed, the nerves for the lateral sensory fields issued 
from ganglia (lying in the vestibulum) it follows, of course, that also 
the nerve for the dorsal sensory field took its orig in from a ganglion. 
No definite opinion as to the place of this ganglion within the laby
rinth cavity can, however, be advanced. 

The hypothesis that the nerves for the areas, which in this paper 
are called the sensory fields ("electric fields" , Stensi6) , were ganglionic 
in their proximal ends has a definite bearing up on the question as to 
the nature of these nerves and consequently also upon that of the 
nature of the fields which they innervated .  This latter problem will 
be discussed later (p . 1 92) ; here we shall only stress the fact that the 
nerves in question undoubtedly must have been sensory nerves. 

The designation "vestibular division of the labyrinth cavity" is, 
strictly speaking, not appropriate if it implies that this division con
tained a structure corresponding to the so-called vestibulum ("ciliated 
rooms") in the Petromyzonts (Stensi6 1 927 ,  p. 80) ;  the name v e  s t i
b u l u m or vestibular division is, however, here retained as a non
committal term for the large latero-ventral ro om in the labyrinth cavity.  

From the lateral part of the vestibulum issue severaI canals , 
viz . five large nerve canals for the lateral sensory field (or fields, 
sel l-selrJ ,  the canals for the posterior (motor) trunk of the n .  trige
minus (r. mandibularis V, V 3 ) '  the n. facialis (VII), most of ten the 
n. glossopharyngeus (IX) and most of ten als o the so-called a. com
municans (acom), the two latter of ten in a common canal (IX + acom) . 
These two latter structures generally travers ed the postero-lateral part 
of the vestibulum and thus have each a separate posterior opening or 
a common posterior opening through the posterior wall of the vesti
bulum. In addition there are usually some openings of can als for 
dorso-lateral superficial arteries (ala, alp) into the vestibular division . 
Connected with the vertical commissural division of the labyrinth 
cavity there are a dorso-median canal for the nerve of the dorsal 
sensory field (des), a posterior canal for the otical ve in (vdsv), and a 
small canal con nec ting the canal vdsv with the brain-cavity (dx) . For 
a comprehensive account of these structures the reader is referred to 
the papers by Stensi6 ( 1 927 ; Holmgren & Stensi6 1 9 3 6) .  

The very exit from the labyrinth cavity of  the canals for the 
dorso-lateral superficial arteries has not been observed in any specimen 
in the present material except in C. oreas (pl . 8 : 2) ,  where the canal 
for a dorso-lateral artery (ala) is seen leaving the vestibulum and 
runn ing in dorso-lateral direction to the outer face of the endoskeleton, 
and in C.  excellens (pl .  1 6 :2 ,  alp) . 
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The origin of the canal for the n .  facialis ( V  I l) is seen only in 
C. signata, in which it leaves the cavity together with the canal sel;!. 
and anterior to it (pl . 3 2 : 1 ;  cf .  Stensio 1 927 ,  figs .  1 8- 1 9 , 23-25 , 27) .  

Those canals in the otic region which have not yet been con
sidered will be dealt with in connection with the can als of the occipital 
region or of the visceral endoskeleton. 

T h e  o c c i p i t a I r e g i o n,  as he re delimitated, is very short 
and broad ; anteriorly it passes into the otic region, and is continuous 
posteriorly with the inter-zonal endoskeleton and laterally with the 
zonal endoskeleton (the endoskeletal shoulder-girdle) . It has no free 
lateral borders . Ventrally the anterior part of the region passes over 
into the postbranchial wall of the visceral endoskeleton, which abuts 
against the endocranium at the transition between the occipital and 
otic regions, while the posterior part of the region has a free ventrai face . 

The most conspicuous of the canals in this region is the vagus 
canal, but there are also many other important canals which will be 
de alt with be fore we give an account of the vagus canal and the canals 
associated with it, the vagus canal complex . 

The large and short canal vdsv (referred to above) , which trans
mitted a vein, the otical vein, considered to have drained a middle 
part of the dorsal sensory field and certain parts of the labyrinth 
cavity, and also to have given passage to the ductus endolymphaticus , 
soon joins the large occipital vein sinus (Stensio 1 927 ,  pp . 64, 74,  8 5 ,  
2 3 0 ;  figs .  1 8- 1 9 , 2 3 , 26-27 ; Holmgren & Stensio 1 9 36 ,  figs .  2 1 7-
2 1 8) .  The canal vdsv , but only its proximal part near the junction 
with the canal des and the commissural division of the labyrinth cavity , 
is seen in a few specimens in the present material, viz. in C.  excellens 
(pIs .  1 3 ;  1 5 :2) ,  C. hoeli (pl . 1 0 :2) ,  C .  signata, and an undetermined 
Cephalaspis sp . (pl . 5 7 :2) .  

Parts , and mostly ante r i  or  parts , of  the large occipital vein sinus 
(cf. Stensio 1 927 ,  p. 6 1 ;  figs. 23-27 ; Holmgren & Stensio 1 93 6 ,  
p.  262 ; fig .  2 1 8 ) are observed in  some specimens (of C .  acuminata, 
pl. 3 : 2 ;  C. excellens. pls . 1 3 ,  1 5 ,  1 7 , and Cephalaspis sp . ,  pl .  5 6 ,  vsoc) , 
and its connections with the canal of the v. capitis lateralis and with 
the canal of the v. cerebralis posterior are exposed, the former in 
C. hoeli (pl. 1 0 :2) ,  both in C. excellens (pl . 1 7) and the latter connec
tion also in Cephalaspis sp . (pl .  5 6 : 1 -2) .  

The v .  cerebralis posterior issued in Cephalaspis from the brain
cavity together with the roots of the metotic cranial nerves in the big 
vagus canal (Stensio 1 927 ,  pp . 52-5 3 ;  figs . 1 5- 1 7 , 24) . In Kiaer
aspis (Stensio 1 927 ,  figs .  20, 22) the vagus canal is very short and 
indistinct and the vein in question passed through an almost independent 
canal from the cranial cavity. 
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In an unnamed Cephalaspis sp. the v .  cerebralis posterior of the 
left side issued from the brain-cavity through a very short vagus canal 
(pl . 5 7 : 3 , ve), but left the cavity on the right side through a canal of 
its own, distinctly postero-dorsally to the canal IX + X  (pl .  5 7 : 2 ,  vep). 

As is known (Stensio 1 927 ,  pp. 62, 8 6) ,  the ductus endolympha
ticus must have passed from the labyrinth cavity through the canal 
for the otical vein, the median part of the occipital vein sinus, and 
finally in a short canal from the postero-median corner of this sinus 
in order to issue through a foramen on the postero-dorsal side of the 
cephalic shield. The opening of the canal (dl )  o n  the dorsal face of 
the endoskeleton or in the exoskeleton is observed in many species of 
Cephalaspis, in Seeuriaspis, Eetinaspis, Benneviaspis, Hoelaspis, Bore
asp is, Kiaeraspis, Axinaspis and Neetaspis (pIs . 5 : 3 ;  6 : 1 ;  8 : 1 ; 9 : 2 ;  1 0 ;  
1 1 : 3 -4 ;  1 9 : 1 ;  24 ; 25 : 2 ;  3 6 : 2 ;  3 9 ;  44 : 2 ;  46 :2 ; 49 : 1 ;  5 1 : 1 ;  6 1 ;  63 : 2 ;  
64 :2 ; 67 : 2 ;  68 : 3 ; 69 ; 70 : 2 ;  7 1 : 3 ;  7 3-7 4 ;  76 : 1 ;  77 : 2 ;  7 8 : 3 ; 9 1 : 1 ;  
97 : 1 ;  1 00 : 3 ;  1 06) . The canal als o transmitted a ve in from the postero
dorsal superficial parts of the cephalic shield . The canal for this ve in 
will be further dealt with below (p . 1 1 3) ,  together with some other 
vein canals, which join the occipital vein sinus . 

The small canal dx (cf. Stensio 1 927 ,  pp. 57 ,  8 1 ,  8 6 ;  figs . 1 5-20,  
22-2 3 ;  Holmgren & Stensio 1 9 3 6, figs. 2 1 4-2 1 5 ,  2 1 7-2 1 8 ;  this 
paper, fig . 1 0) from the brain-cavity to the most proximal part of the 
canal vdsv is observed in some Cephalaspis species (pls. 1 3 ;  1 5 :2 ;  
29 : 3 ;  5 7 :2-3) .  As the canal dx generally joins the canal for the otical 
vein (vdsv), its most obvious interpretation seems to be that it trans
mitted a vein. Stensio ( 1 927,  p. 8 6 ,  cf. p. 1 92), however, regards it as 
having given passage to an artery or to a nerve or to both these struc
tures . J udging from the conditions in a specimen of C. signa ta I think 
it most likely that it really transmitted an artery and not a vein. In the 
specimen in question the opening of the canal dx on the left side into 
the canal vdsv (or, more precisely, into the common canal for the otical 
vein and the nerve for the dorsal sensory field) is continued by a groove 
which runs for a short distance in dorsa1 direction to that dorsal part 
of the common canal which is thought to have transmitted the nerve 
for the dorsal sensory field, and this groove is considered to have 
lodged the continuation of the artery running through the canal dx . 
On the right side of the same specimen the canal dx is replaced by 
some small canals from the canal adspd (which gave passage to an 
artery for the dorsal spine, see below ; cf. pl. 30 :4) .  

More or less on the same tran sver se level with the apening from 
the cavum cerebrale of the vagus canal and the canal dx the floor of 
the cranial cavity is pierced by a pair of foramina, apenings of short 
canals (epost) to this cavity from the aortal groove (or canal) , trans
mitting the a. encephalica posterior (the occipital encephalic artery, 
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Stensio 1 927 ,  pp. 5 6-5 7 ,  2 1 3) .  One of them or both, normally 
developed, are exposed in some species of Cephalaspis (pls . 9 : 7 ;  1 4 ;  
1 5 : 1 ;  1 6 ;  3 9 : 1 , 3 ;  5 7 :2) ,  in Boreaspis eostata (pl. 8 6 : 2) and Nectaspis 
areolata (pl .  1 1 2 :  1 ) .  

In  some Cephalaspis spe eies we  find, however, aberrant conditions 
with regard to this canal in rapport with the development of special 
structures which will now be described . 

In C.  hastata? there is observed on the right side a double foramen 
in the roof of the aortal groove (or canal) or, more exactly, a small 
median opening and immediately lateral to it a much larger one 
(pl . 3 3 : 1 ,  cp) . This opening is seen to lead into a wide canal (adspd), 
which, bending in a postero-dorso-median direction, runs entirely out
side of the division of the cranial cavity for the med ulla oblongata . 
Immediately after its origin the canal gives off a very small canal in 
median and slightly dorsal direction, probably to the cavum cerebrale . 
After a short distance the canal adspd receives a tributary (adsps) which 
opens into the left side of the canal and this is beyond doubt a canal 
from the left side, corresponding to the canal adspd. After the junction 
of the canals adspd and adsps the resulting common canal adsp soon 
takes a median position and runs in a straight posterior direction, lying 
dorsally to the neural canal (it thus enters the inter-zonal endoskeleton 
but its posterior part is not preserved ; pl. 32 :4) .  At about a level with 
the openings of the ductus endolymphatici the canal adsp gives off a 
branch from its ventrai side (adspx) , which runs for a short distance 
in posterior direction on the right side of the canal adsp and sends 
out small branches , i. a. to the superficial dorso-Iateral parts of the 
dorsal inter-zonal endoskeleton. 

In a speeimen of C. signata the exit of the large canal adspd from 
the right side of the aorta groove is seen in pl .  3 1  :2 (adspd); the canal 
first runs in postero-dorsal direction and then turns in postero-dorso
medial direction and receives the canal adsps (pl . 29 : 3 )  which in this 
speeies issues from the right dorso-Iateral side of the medullar division 
of the cranial cavity. The common canal adsp continues in postero
dorso-medial direction until it reaches the median line of the shield 
(the distal part of the canal is not preserved) . The canal adspd gives 
off from its dorsal side some small and short canals which lead to 
the canal (des) for the right nerve to the dorsal sensory field ; in this 
connection it is to be noted that the canal dx is wanting on the right 
side but present on the left side (pl. 29 : 3) .  

In C.  doryphorus (pl . 3 9 : 1 , 3 -4) the left canal epost is somewhat 
enlarged ; immediately after its en trance into the endoskeleton it gives 
off a strong lateral branch, which is the canal as (to be accounted for 
later on, p .  97) ,  and then enters the cavum cerebrale somewhat behind 
the orig in of the vagus canal. Slightly behind a transverse level through 
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the posterior opening of the eanal Xl a strong eanal (adsp) leaves the 
neural eanal in the median line of the dorsal side . Between the opening 
of the eanal epost into the eavum eerebrale and the exit of the eanal 
adsp the wall of the eavum eerebrale and of its posterior eontinuation, 
the neural canal, shows a fairly dis tinet groove, which indicates that 
the strueture in the eanal epost eontinued baekwards and entered the 
eanal adsp . The eanal adsp runs baekwards and enters the antero
ventrai part of the dorsal spine. Slightly behind its origin it gives off 
a small braneh (a l )  to the neural eanal and als o a braneh (a2 )  in 
lateral direetion . 

In an undeterminable Cephalaspis specimen (pls. 5 6 : 1 -2 , 4 ;  5 7 :2)  
there i s  on the dorsal side of  the hindmost part of  the eavum eerebrale 
an opening (pl . 5 6 : 1 -2 ,  adsp) which leads into a long eanal runn ing 
in posterior direetion in the median line dorsally to the neural eanal 
or groove ; (it will be further deseribed in the ehapter on the inter-zonal 
endoskeleton, p. 1 1 0) . 

In C .  excellens, finally, there is also a eorresponding eanal (pl. 
1 5  : 2 ,  aerl) but which issues from the neural eanal further posteriorly 
than in the now deseribed species . It will be aeeounted for in eonnee
tion with the canals from the neural eanal . 

As the eanal adsp in some species arises from the '-lOrtal groove 
(or canal) and as in others it is distinetly eonneeted with the canal 
epost for the a. encephalica posterior, it must have transmitted an 
artery, and, more precisely, an artery for the dorsal spine (see below 
on the canals of the dorsal spine) . The artery and its eanal will be 
called the a. s p i n a e d o r  s a l i s and the canal for the a. spinae 
dorsalis, respective1y. The canal is evidently serially homologous to 
a canal for a posterior artery for the dorsal spine in C. doryphorus, 
and homologous to the canal aerl in C. excellens (cf. Stensio 1 927 ,  
pp . 5 6-5 7) .  The artery in  the canal aerl may be  ealled the a. c r i s  t a e 
(l o n  g i t u d i n  a l i s) d o r  s a l i s .  

In C.  hastata? the lateral opening (cp) thus leads into the canal 
for the a.  spinae dorsalis, and the small opening medially to it is 
probably the real opening for the a. encephaliea posterior . 

As the (left) canal as (for the oecipital segmental artery, see be
low, p. 97) in C. doryphorus issues as a branch from the (left) eanal 
epost it seems probable that the arteries in both these canals belonged 
to the same morphological unit, having been the lateral and dorsal 
braneh, respectively, of a segmental artery (cf. Stensio 1 927 ,  pp. 5 6-
5 7 ,  3 5 8 ,  3 6 5 ,  who interprets the posterior encephalie artery as a trans
forrned segmental artery) . 

We shall now turn to the vagus eanal and its proximal branches 
and some canals eonneeted with them, and first consider a specimen 
of C. signata in which these struetures are most eomplete and most 
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complicated (fig. 1 1 ;  pls . 29 :2 ; 30 : 3 ;  3 1 ;  3 2 : 1 -2) . Before proceeding 
we can notice that the dorso-medial part of the postbranchial wall is 
well developed and that the occipital region reaches somewhat more 
posteriorly in this speeimen (as als o in some specimens of other species) 
than in the speeimens studied by Stensio ( 1 927) ,  in such a way that 
most of the canal complex, just mentioned, is enc10sed in the endo
skeieton. In the specimens studied by StensiO ( 1 927 ,  pp. 5 2-5 6 ;  
figs. 1 3- 1 4 ;  pls . 75 ; 84-8 5 ; 92-9 6 ;  1 00) the nerves and vessels in 
this complex lay partly behind the endocranium and the postbranchial 
wall , causing grooves and pits on their posterior face. 

As mentioned above, the canal for the v. cerebralis posterior 
mostly joins the dorsal part of the vag us canal ; this part will not be 
considered here . 

The rather short vagus canal (ve . pl. 3 1  :4-5 ; fig . I l ) is very 
wide, and forms a fairly spacious chamber, which must have lodged 
the gangiia of the n .- glossopharyngeus ,  the n. vagus and the n. lateralis 
posterior, since after the branching of the vagus canal into fairly 
uniform and narrow can als there are no more distal places, where the 
ganglia could have been situated (cf. Stensio 1 927 ,  pp. 1 90- 1 9 1 ) .  
We find thus , contrary to  what i s  the case in  the trigeminus-Iateralis
anterior-complex, that the ganglia of the metotic cranial nerves lay 
c10sely to the cavum cerebrale and that all the roots to the se ganglia 
passed from the cavum cerebrale through a single common canal. 

The most proximal part of the vagus canal receives from be10w 
two short and narrow canals , being branches of a com mon very short 
trunk issuing from the dorsal side of the aortal groove . The opening 
into the vagus canal of the posterior branch is the larger one and lies 
directly behind the anterior one, as seen in pl. 3 1 :4 (a) . The canals 
most certainly transmitted small arteries from the aorta to the metotic 
ganglion compIex . 

Near the base of the vagus canal and from its postero-medial 
part, shortly behind the opening of the posterior canal a, there issues 
a fine canal vvma (pIs . 3 1  : 4 ;  3 2 :  1) which runs in postero-Iateral direc
tion and soon joins a small posterior canal (vvmb) coming from the 
ventro-lateral side of the neural canal. The common canal (vvm l ) 
thus forrned runs in its turn in the same direction as the canal vvma 
but also slightly upwards to the median side of a longitudinal fairly 
small canal (vet) with which it unites . The further description of these 
and other canals , connected with the neural canal in its anterior part, 
and with the occipital vein sinus, will be postponed to the chapter on 
the inter-zonal endoskeleton, in which also an interpretation of all of 
them will be attempted. 

Laterally to the exit of the canal vvma there issues from the 
postero-dorso-Iateral part of the vagus canal a fairly narrow canal 
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(XI, fig . 1 1 B-C ; pl. 3 1 :4) which runs , meandering very slightly and 
without apparent branches, in an almost straight posterior direction 
backwards into the inter-zonal endoskeleton.  From is disposition and 
the nature of its course the canal Xl must be a nerve canal and in 
that case it can only have transmitted a branch of the n. lateralis 
posterior or the main r .  lateralis vagi (with reg ard to this nerve canal 
in other species see farther below in the chapter on the inter-zonal 
endoskeleton, p .  1 1 5) .  

Immediately lateral to  the origin of  the canal Xl  a minute canal 
(v, fig. 1 1  B ;  pl. 3 1 :4) runs from the vagus canal in postero-dorso-Iateral 
direction to the occipital ve in sinus ; the canal possibly transmitted a vein. 

As is known from the description of Cephalaspis sp . by Stensi6 
( 1 927 ,  p. 5 2) the short vagus canal generally breaks up into three 
main canals . The branch corresponding to the canal IX (fig. 1 0 ;  Stensi6 
1 927 ,  p .  5 3 ;  figs . 1 5- 1 7 , 24, 2 6 ;  Holmgren & Stensi6 1 9 3 6 , fig . 2 1 5 ) 
will now be treated. 

The canal IX issues from the vagus canal in straight lateral direc
tion, and, after having run for a short distance, divides into two 
branches, IXl and lXI (pl .  3 1 :4-6) .  The latter canal (lXI) continues 
in lateral or lateral and slightly dorsal direction and, antero-medially 
to the posterior opening of the canal for the v. capitis lateralis (vel) ,  
gives off a posterior branch (pls . 3 1 :4-6 ; 3 2 : 1 ,  lXIp) . This on the left 
side soon pierces the ventraI wall of the endocranium, but is continued 
by a distinct groove in the ventrai side running in lateral and slightly 
posterior direction immediately anteriorly to the opening of the canal 
vel (pls . 3 1  : 4 ;  3 2 :  1 ) .  The main canal (IXla) could be followed on the 
left side only for a short distance in lateral direction before it opens by 
a foramen in the median side of a large pit in the ventraI wall of the 
endocranium. This pit is probably an anomaly as it is lacking on the 
right side of the same speeimen and is not found in any other species. 
On the right side of the shield both can als are enclosed in the endo
skeIeton, and could there be traced somewhat farther distally than on 
the left side ; they lie immediately behind the distal part of the canal as 

and diverge in their lateral course only slightly from each other. They 
reach most certainly the dorso-Iateral outer face of the endoskeleton, 
but this could not be actually observed. The rna in branch of the canal 
IX (IX l ) runs in lateral and somewhat ventraI and anterior direction, 
lying dose to the posterior and postero-lateral parts of the vestibulum 
(fig .  l IA ;  pls . 3 1  : 6 ;  3 2 :  1 )  but nowhere has any communication with 
this cavity been observed. The canal is, however, on the left side very 
closely associated with the canal acom, lying in some places immediately 
up to this canal, and it has also been observed that the partition 
between the two canals has disappeared (pl. 3 1  : 6) .  On the right side, 
the canal IX l '  at least partly and posteriorly, lies at some distance 
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Fig. I l . - Cepha/aspis signata n. sp. Sketches showing, A, the canals for the n. glosso
pharyngeus and the a .  communicans in relation to the labyrinth cavity and the nerve 
canals for the lateral sensory field, ventraI view; B, the vagus canal with its branches, 
the canal for the occipital segmental artery and p art of the canal for the a .  subc1avia. 
seen obliquely from in front; C, the vagus canal and same small canals behind it 
connected with the neural canal or with the occipital vein sinus,  ventraI view (the 

posterior parts of the canals ndl and vet are displayed beside each other but in reality 
the canal ndl lies directly dorsally to the canal vet) .  

a, canals most probably for small arteries to the metotic ganglion complex ; aeom, canal 

for the a .  communicans ; aefi4,  aeff5 , canals for the fourth and the fifth efferent branchial 

arteries ;  a/a, canal for the common basal trunk of anterior dorso-lateral superficial 

arteries ; a/p, basal parts of the canals for the posterior dorso-lateral superficial arteries ;  

apwd, apwv, canals for arteries t o  the posterior side o f  the postbranchial wall; as, canal 

for the a.  segmentalis lateralis occipitalis ; asubc/, canal for the a .  subc1avia ;  asubc/x,  

groa ve i n  the canal for the a .  subc1avia, of unknown significance ; a + Xbr,  common 

canal for the fifth efferent branchial artery and same branchial ram i of the n .  vagus ; 

gse/l ,  basal swelling of the canal seh for a ganglion ; ne, neural canal ; nd1 , canal for 

the dorsal root of the first spinal nerve ; nVl,  canal for the ventraI roots of the first 

spinal nerve ; sell-se/5, canals for the first to fifth nerves of the lateral sensory field ; 
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v, canal for a vein to the occipital vein sinus; ve, vagus canal; vet, canal for a longi
tudinal vein to the occipital vein sinus, being i. a. a collector vein for the anterior 
vertebro-medullar veins; vest, vestibulum; vlabp, canal for the v. posterior labyrinthi ;  
v v m a ,  v v m b ,  canals for branches of the first vertebro-medullar vein; Vvml-VVmg, 

canals for the first to third vertebro-medullar veins ; IX, canal for the n.  glossopharyn
geus ; IXl , canal for the main branch of the n. glossopharyngeus ; lXI, canal for the 
r. lateralis glossopharyngei ;  IXla, IXlp, canals for an anterior and a posterior branch of 
the r . lateralis glossopharyngei ;  X, canal for the n. vagus ; Xl, X2, canals for branches 
of the n.  vagus; Xl-2, connecting canal between the canals Xl and X2 ; Xbr, canal for 
some branchial rami of the n. vagus; Xbrl-Xbr2 , canals for the first and second 

branchial rami of the n. vagus;  Xl, canal for the main r . lateralis vagL 

dorsally to the canal acom (pL 30 : 3) .  The canal IX l accompanies the 
canal acom in its entire course, and lies antero-dorsally or (further 
distally on the left side) antero-medially, or (on the right side) medially 
to this canal (pL 32 :2) . Distally the canal follows the postero-Iateral 
and lateral sides of the vestibulum. It runs in antero-dorso-Iateral direc
tion dorsally to the proximal parts of the canals sel5  and se14 but 
between the can als sel4 and se13 turns somewhat in antero-ventro
lateral direction and crosses the latter canal on the ventrai side (pL 3 2 :  1 ) .  
On  the left side two very narrow canals (pL 32 : 1 ,  n) are observed ; the 
posterior one of them could be followed down to its exit from the canal 
acom and distally almost to the outer face of the endoskeleton postero
laterally to the orbit. 

On the right side of the shield the canal IX l opens together with 
the canal acom through a large common opening into the oralo-branchial 
chamber at the 3rd interbranchial ridge (pls . 29 : 2 ;  3 2 : 3) Iying between 
(but ventrally to) the canals se12 and se13 . On the left side the terminal 
point of the main canal IX l could not be observed but it is, never
theless, evident that at least three of its distal branches pierce the 
roof of the oralo-branchial chamber through openings of their own 
(pls . 29 :2 ; 3 1 : 1 -2 ,  lXI) .  

The canal IX transmitted the n .  glossopharyngeus (Stensio 1 927 ,  
pp .  53 ,  69 ,  7 1 ,  87 ,  1 9 1-1 92) .  The canals IXla and IXlp are con
sidered here to have given passage to branches of the n. lateralis 
posterior, which thus left the vagus canal together with the n. glosso
pharyngeus ,  and which thus may be comprised under the name (main) 
r .  I a t e r  a l i s g l o s  s o P h a r  y n g e i (main r. lateralis IX) . It is , 
however, very probable that the canals IXla and IXlp also transmitted 
general cutaneous fibres, as such fibres enter into the n. glossopharyn
geus in Petromyzon (Johnston 1 905a,  p. 1 8 6 ;  pL 5) and als o in some 
Elasmobranchs (Cole 1 896 ,  p. 665 ; Hawkes 1 906 ,  p. 978 ; Kappers 
1 9 1 4, pp. 1 02- 1 03 ;  cf. Goodrich 1 930 ,  pp . 75 3-754 ,  also Norris 
& Hughes 1 920,  pp. 3 57 ,  3 67-368 ; Daniel 1 922,  p. 2 5 4 ;  Norris 1 924,  
p .  2 1 7) and in some Actinopterygians (Johnston 1 89 8 ,  p .  595 ; 1 90 1 ,  
p .  7 6 ;  Allis 1 922 ,  p .  285 ; Norris 1 924,  pp. 2 1 6-2 1 7 ;  1 925 ,  p .  3 8 4) .  
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The main stem of the glossopharyngeal nerve went through the eanal 
IX l '  and it very probably eonsisted of viseeraI motor and viseeraI 
sensory fibres, and probably also eontained somatic sensory or possibly 
lateralis elements . The canals n, mentioned above, must, to judge from 
their straight unbranehed eourse, be assumed to have transmitted nerve
fibres and they must then have traversed the eanal acom and run on 
to the glossopharyngeal nerve in the eanal IX 1 medially to it . 

The largest and topographieally most ventraI of the branehes which 
1eave the vagus eanal is the eanal for the n. vagus or the vagus eanal 
proper (fig. 1 1 B-C ; pls . 30 : 3 ;  3 1 : 1 -5 ; 32 :2 ,  X; cf. Stensio 1 927 ,  
pp . 5 3-5 3) .  It runs in ventraI and somewhat anterior and lateral diree
tion and passes the transverse eanal as with which it is in open eommuni
eation (pl . 3 1  : 3 ,  5 ) .  Soon afterwards it divides into three main canals. 

One of these (Xb'l)  issues from the lateral side of the main eanal 
and travels first in ventro-Iateral direetion c10se of the posterior face 
of the postbranehial wall, and then also in anterior direetion and crosses 
the eanal asubcl on the dorsal side . It opens into the oralo-branehial 
ehamber c10se to the interbranehial ridge 4, immediately laterally to the 
postero-ventral part of the otieal prominenee eaused by the labyrinth 
eavity, (and thus about normally as in the Cephalaspids , cf. Stensio 1 927 ,  
pp .  54 ,  1 63 ,  1 90 ;  figs. 4 ,  1 3 , 33 ,  36 ;  pl .  28 ) .  The eanal transmitted 
the first branehial ramus of the n. vagus.  Close to the base of the 
eanal Xb' l there issues from it a small braneh of unknown significanee 
running for a short distanee in postero-Iateral direetion (pl .  3 1 : 4 ,  5 ) .  

The eanal (Xl ) following medially on  the eanal Xb' l i s  a large 
one ; it eould be traeed but for a rather short distance in antero-ventro
lateral direetion or as far as to the postero-dorsal side of the eana! 
asubcl. Its distal branehes are not preserved, and the significance of 
the eanal eould not be made out beyond that it must have transmitted 
some of the branehial vagus branehes.  On its medial side the eana! 
is in open eommunieation by a very short eanal (XI -2 ) with the eana! 
X 2 '  and opens on its lateral side into the can al asubcl. 

The most medially disposed braneh (X"2 )  of the eana! X i s  nar
rower the eanal X l ' I t  runs in antero-ventral and s!ightly lateral 
direetion and is preserved distally no farther than be eanal X I ;  as 
mentioned above, it sends out a very short braneh (XI -2 ) to this canal. 

In this eonneetion we must als o shortly eonsider the eanal asubcl 
(for the a. subc1avia) . On the left s ide of the speeimen before us it 
i s  on ly partly preserved, the distal and proximal parts being missing 
(fig . l 1 B ;  pls . 30 : 3 ;  3 1 :2-6) .  It  sends out small branehes in antero
ventraI direetion (apwv) . One braneh (apwd) is also observed whieh ,  
issuing from the postero-dorsal side of the eanal , breaks through the 
posterior face of the postbranehial wall and is eontinued by a groove 
on the posterior side of this wall . These small eanals eontained arteries 



- 95 -

to the posterior face of the postbranchial wall (cf. Stensio 1 927 ,  p .  1 8 3) .  
On  the ventrai side o f  the proximal part o f  the canal asubcl there are 
observed two openings (in pl. 3 1 :4-5 , aeff5 and Xbr) . These are the 
openings of two extremely short canals , which join to form a short 
common canal (a + Xbr, pl. 3 1  : 3 ) .  From the antero-Iateral part of 
the common canal near its orig in issues a small canal (x, only the basal 
part of it is preserved) of unknown significance . The distal part of 
the common canal also gives off a branch (Xbr:2 )  in antero-ventro
lateral direction. 

With regard to the question as to what structures were transmitted 
in these canals , mentioned above, we can say that the canals X 1 and 
X 2 gave passage to branches of the n. vagus, and the canal X 2 probably 
to a branch (or branches) for the most median and posterior gill-sacs . 
As to the significance of the short transverse canal X 1 -2 I have no 
definite opinion. The canal aeff G and a median part of the canal 
a + Xbr transmitted the a. branchialis efferens 5 ;  the canal Xbr and 
a lateral part of the canal a + Xbr gave passage to the rr. branchiales 
2 and 3 (and possibly also to the fourth one) of the n. vagus (and of 
these the r .  branchialis 2 went through the canal Xbr2 (see further 
p. 1 5 1 ) .  Through one of the canals Xl or X:2 went possibly also a 
r. intestinalis vagi, if such a branch really was developed in the Cephal
aspids (cf. the conditions in recent Cyclostomes, Worthington 1 906 ,  
p .  1 74 ;  Cords 1 929 ,  p .  238 ) .  

Still another canal and its branches in  this complex i s  to  be 
described. In the lateral and ventro-Iateral walls of the aortal canal, 
somewhat before a transverse leve1 through the exit of the vagus canal 
from the cavum cerebrale, three forarnina are seen on the left side 
(pls . 30 : 3 ; 3 1 :2 ;  somewhat more backwards at a leve1 with the origin 
of the canal nv 1 there is another opening in the lateral wall of the 
aortal groove leading into a short canal which very soon breaks through 
the ro of of the trunk cavity) . The ventro-lateral openings are the 
openings of very short canals, the posterior one of which runs in postero
ventrai direction, and the anterior one in ventrai and very slightly poste
rior direction . Distally they both open in the trunk cavity on the ventrai 
side of the transitional part between the postbranchial wall and the 
occipital region of the endocranium. The canals must have been traversed 
by arteries , but nothing definite can be said about their destination 
or significance ; one of them possibly transmitted an artery for the 
pronephros (cf. Petromyzon, Julin 1 8 87 ,  p .  7 8 9 ;  pls . 2 1 : 6 ;  22 : 2 ; Hatta 
1 922 ,  p. 1 5 1 ;  in C. hoeli, however, this artery issued from the a.  efferens 
communis, cf. Stensio 1 927 ,  figs . 3 5 ,  39 ,  a. pm) . 

The opening through the lateral wall of the aortal canal (which 
is observed both on the right and on the left side) leads into a fairly 
wide canal (as, fig. l l B ;  pls . 30 : 3 ;  3 1 : 1 -2 , 4 ;  3 2 : 2) .  At first this canal 
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runs in lateral and somewhat dorsal direction and immediately anteriorly 
to the canal X, with which it is in open communication, as mentioned 
above . After having crossed this canal, it soon gives off a branch 
(acom), which runs in lateral and slightly anterior direction. This canal 
branch takes a position c10se to the canal lX I and follows it rather 
intimately (at least on the left side of the shield) , as said above . It thus 
runs in antero-Iateral direction c10se to the posterior and postero-Iateral 
wall of the labyrinth cavity (vestibulum), and during its course gives 
off small branches to this wall ; it passes furthermore dorsally to the 
basal most parts of the canals sel:;.,  and sel.+ , turns then somewhat 
ventrally between the canals sel.+ and se!:) and runs ventrally to the 
canal sel ;) (pl. 3 2 :  1 ) .  

In  the anterior part o f  its course the canal acom i s  seen to  give 
off a branch (ala, fig . 1 1  A ;  pl. 3 2 :  1 )  in dorsal direction, c10sely behind 
the canal sel;) . This branch could be traced in dorso-Iateral direction 
almost to the dorsal face of the endoskeleton, postero-Iaterally to the 
orbit . It certainly reached this face and gave rise to the canals ala l 
and ala:!. (pl. 29 :  1 ) ,  but the actual connection between the basal trunk 
ala and these canals could not be observed (on account of an imperfect 
preservation of this part of the shield). Whether or not there are other 
dorsal branches from the canal acom which reach the outer face of 
the endoskeleton could not be ascertained (possibly the canals ala ;] 
and ala.+ also arose from the canal ala) . In the dorsal wall of the canal 
a small opening is seen (pl. 3 2 :  1 ,  a), but where it leads in unknown. 
Both posteriorly and postero-Iaterally to the vestibulum the canal acom, 
however, gives off min ute branches to the wall of the vestibulum 
(pls . 30 : 3 ;  3 1 : 6 ;  32 : 1 ,  avest) , as said above . 

The canal acom opens on the right side through a large foramen, 
common to this canal and the canal IX 1 (pl. 3 2 : 2 ,  IX + acom), as 
described above. 

Returning now to the main canal as, we find that it runs mainly 
in lateral direction but also somewhat dorsally and slightly posteriorly 
(fig . l 1B ;  pls . 30 : 3 ; 3 1 : 1 -2 , 4-6) .  On the left side of the shield the 
canal opens into the above-mentioned pit anterior to the posterior 
opening of the canal vel (pl . 3 1  :4-6) but laterally to this pit another 
canal continues in lateral direction .  This latter canal (as l '  pls . 3 1 :4 ;  
3 2 :  1 )  could be traced rather far laterally and near the outer face of 
the endoskeleton is seen to divide into two branches which open on 
this face , one slightly lateral to the other (pls . 29 :  1 ,  alp). On the right 
side of the shield the canal as remains a c10sed canal as far as it could 
be traced, but its distal part is not preserved. Thus it could not be 
followed on the dorsal face of the endoskeleton (pl. 3 1 :  1 -2) .  

Jf we now consider the question as to the nature of these canals 
(as, acom) and then take into account the origin of the canal as and 
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the distal termination of the canal acom, as well as their branches on 
the outer face of the endoskeleton (which will be further dealt with in 
the chapter on the visceral endoskeleton, p. 1 1 8) ,  it is fully evident 
that the canals in question must have transmitted arteries . The artery 
in the canal as most probably corresponded to a segmental artery in 
the trunk region in fishes or, more specifically, to an a. segmentalis 
lateralis (parietal artery, intercostal artery, cf. Daniel 1 922,  fig . 1 7 2 ;  
Coles 1 92 8 ,  pp. 9 8 ,  1 02 ;  Corrington 1 9 30 ,  p .  20 1 ;  Grodzinski 1 9 3 8 ,  
pp. 50-5 2 ;  Gorkiewicz 1 947 ,  pp. 247-250 ;  etc) , and on account 
of its proximal course in the occipital region of the endocranium, will 
be referred to as t h e  a. s e g  m e n  t a l i s (l a t  e r a l i s) o c c i P i
t a l i s (the occipital segmental artery) . To judge from the conditions 
found in C. doryphorus (see below), this is the lateral branch of a 
segmental artery of which the a. encephalica posterior probably is the 
dorsal branch. Distally the occipital segmental artery gave rise to 
posterior dorso-Iateral superficial arteries ,  running towards the shoulder
girdie . Through the canal acom passed an artery, which created an 
anastomosis between the segmental artery, just mentioned, and the 
third a. branchialis efferens, which ran in the groove on the third inter
branchial ridge. The artery is here simply referred to as t h e  a. c o m
m u n i c a n s  (and the canal is called the canal for the a.  communi
cans) . From the artery originated the anterior dorso-Iateral superficial 
arteries (by means of one or two basal trunks) and furthermore i .  a .  some 
small arteries for the vestibular division of the labyrinth cavity, here 
called t h e  a a. v e  s t i  b u l a r e  s .  

Looking in  the recent Cyclostomes and fishes for structures similar 
to this a. communicans and its branches, we find that in the Cyclostomes 
nothing comparable is described, but in fishes we find that dorsal 
nutrient branchial arteries are commonly given off from the efferent 
branchial arteries, but that these arteries generally supply deeper struc
tures in the neighbourhood of the gills . Very seldom (in Lamna, 
Burrie 1 92 3 ,  p. 227) one of them is developed as a subcutaneous vessel 
or (as in Squatina, Marples 1 9 3 6b ,  p. 8 2 0 ;  fig .  3) supplies among 
other structures also the postero-dorsal part of the head. In Galeus 
(Corrington 1 930 ,  pp. 203-204, fig . 1 8) there is formed, by means 
of the dorsal lateral artery, an anastomosis between the fourth efferent 
branchial artery and the a. subclavia (which is commonly regarded as 
a transformed lateral segmental artery) . In Chlamydoselachus (Allis 
1 9 1 1 , pp . 5 1 5 ,  5 1 8 ;  fig . 1 ;  1 9 1 2 ,  pp. 483-484 ;  1 92 3 ,  p. 205 ; fig . 52) 
a small vessel, considered to be a segmental (vertebral) artery connects 
the efferent hyal artery with the dorsal aorta ; a small branch from this 
vessel runs along the glossopharyngeal nerve towards the endocranium. 
This last-named fish thus offers conditions which in some way remind 
of those in the Cephalaspis here treated. 

7 
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In the other Cephalaspids in the present material in general only 
small parts of the vagus canal complex and associated canals are 
exposed. The proximal part of the vagus canal is seen from the median 
side in an unnarned Cephalaspis species (pl . 5 7 : 3 ,  ve) and, as men
tioned above, the corresponding canal (pl .  5 7 :2 ,  IX + X) on the right 
side enc10sed only the nn. glossopharyngeus and vagus as well as the 
associated n. lateralis posterior (or more exactly their roots and ganglia) 
while the posterior cerebral vein left the cavum cerebrale in a canal 
of its own (pl . 5 7 :2 ,  vep) . The vagus canal (ve) is furthermore exposed 
in cross-section in C. oreas (pl. 8 :2) ,  C. exeellens (pls . 1 4 ;  1 5 : 1 ;  1 6  
- 1 7) ,  C .  doryphorus (pl .  3 9 : 1 ) ,  and in ventrai view in Neetaspis 
areolata (fig. 1 2 ;  pl. 1 1 2 : 1 ) .  In this latter species there is developed 
a rather long and fairly narrow basal part (r1X + X) of the vag us canal 
while the distal part of the canal is much widened . The basal part 
must have transmitted i. a. the roots of the metotic ganglia, and the se 
ganglia must have been situated in the distal enlarged part of the canal ; 
the metotic ganglion complex lay thus in Neetaspis rather far from the 
cavum cerebrale (contrary to what was the case in C.  signata) . 

The canal Xl or its posterior opening in the antero-ventral wall of 
the inter-lOnal endoskeleton is observed in C .  oreas (pl . 8 :2) ,  C .  exeellens 
(pls . 1 3-1 5 : 1 -2 ;  1 7) ,  and C. doryphorus (pl . 3 9 : 1 , 3 ) ;  it will be further 
considered below (p . 1 1 5 ) .  

Parts of  the canal X or  its branches X br  and of  the canals I X and 
lXI are exposed in C. oreas, C. excellens and C. doryphorus (pls . 8 : 2 :  
1 4 ;  1 5 : 1 ;  1 6 ;  3 9 : 1 ,  3 )  and Neetaspis areolala (fig . 1 2 ;  pl. 1 1 2 : 1 ) .  I t  will 
be observed that the canal IX (or more exactly the branch corresponding 
to the canal IX 1 in C. signata, treated above) in C. excellens and, most 
certainly als o in C. oreas, enters the posterior part of the vestibulum , 
as is evidently normal in the Cephalaspids (cf. Stensio 1 927 ,  pp. 5 3 ,  
1 9 1 ,  etc . ) ; in Neetaspis, however, the canal behaves as in C.  signala , 
and thus runs behind the vestibulum. It is evidently a composite 
canal, having enc10sed both the n. glossopharyngeus (main branch) and 
the a. communicans . 

In C. doryphorus an opening on the right side of the roof of 
the trunk cavity antero-medially to the posterior opening of the canal 
vel and laterally to the ridge on the lateral side of the aortal groove 
represents the termination of the canal lXI (pl . 3 9 :  1 ) . A short and 
hardly noticeable groove leads from the opening in lateral direction . 
Further distally, ventro-Iaterally to the posterior opening of the can al 
vel two very narrow gro oves are observed, the anterior groove (IX/a , 
pl. 39 : 1 )  running in ventro-Iateral and slightly posterior direction , the 
posterior one (IXlp) in postero-ventro-Iateral direction ; both grooves 
open into canals in the endoskeleton at the transition between the 
inter-lOnal and lOnal endoskeleton . These grooves and canals probably 
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lodged branches of the posterior lateralis nerve associated with the 
n. glossopharyngeus, which supplied neuromasts in the lateral part of 
the supratemporal and the scapular sensory lines . 

In the holotype of C.  excellens the canal IXl on the right side 
opens into the canal vel near its posterior opening (pl. 1 5 :  1 ) .  Laterally 
and slightly ventrally and posteriorly to this opening we find a minute 
opening in the roof of the trunk cavity, which leads into a narrow 
canal running in lateral and somewhat posterior direction to the outer 
part of the zonal endoskeleton, in giving off an anterior branch (pl .  
1 4, nY . On the left side o f  the same specimen two short grooves on  the 
ventrai side of the endoskeleton are seen, which very soon turn 
laterally and continue as narrow canals . The grooves lie antero-later
ally to the posterior opening of the canal vel (pl . 1 3 ,  n; cf. C. signala); 
proximally they pass over into canals (pl .  1 4, n) which certainly join 
the canal vel slightly before its posterior opening. The canals and 
grooves n have with certainty given passage to lateralis nerves, being 
branches of the nerve in the canal IXl. 

In C.  doryphorus the canal X pierces the ventrai wall of the endo
cranium and opens behind the postbranchial wall (pl. 3 9 : 3 ,  Xa) ; the 
vagus nerve in this canal then went ventro-Iaterally in a groove (X) in 
the posterior side of the postbranchial wall and finally pierced this wall 
through the opening Xb in order to reach the gill sacs .  

In a specimen of C.  excellens we find a groove in the most postero
median part of the roof of the oralo-branchial chamber immediately 
anterior to the postbranchial wall. This groove is seen to run from the 
aorta groove in lateral and finally also in posterior direction on to an 
opening (as) in the roof (pl . 1 6 : 1 ) ;  this opening in its turn leads into 
a canal which in pl. 1 5 : 1  (as) is seen entering the labyrinth cavity asso
ciated with the canal IX. In the same specimen there is on the right 
side a groove in the roof of the trunk cavity immediately behind the 
postbranchial wall and anteriorly to the posterior opening of the canal 
vel, running in postero-ventro-Iateral direction to an opening in the 
roof at the transition between the inter-zonal and the zonal endoskeleton 
(pls . 1 3- 1 4 , asb) . This groove could easily be mistaken for the groove 
of the occipital segmental artery. It is, however, to be noticed that the 
groove runs in a postero-ventro-Iateral direction towards the zonal 
endoskeleton and thus lies rather far backwards on the shield. Some
what postero-Iaterally to the opening, just referred to , we find the canals 
asc 1 and asc 2 (for the scapular arteries ,  see p. 1 7 1 ) entering the dorsal 
face of the endoskeleton. It seems certain that the arteries in these 
canals originated from the artery which ran in the groove or canal asb 
(but the actual connection between the groove or canal asb and the 
canals ascl and asc2 could not be observed) . The artery thus gave rise 
to quite other superficial arteries than the occipital segmental artery 
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Fig. 12 . - Neetaspis areolata . east of the cavities of the endocranium and the prin

cipal nerve can als from them. Restoration mainly after the speeimen figured in pl.  112 :  1.  

VentraI view. About X 1 0 .  

aear, canal for the a .  carotis ;  aeom, opening into the vagus c a n  al for the a. communi

cans ; epost, canal for the a .  encephalica posterior; geh, trigeminus-lateralis chamber ; 

hys, division of the ethmoidal cavity for the hypophyseal sac ; n, canals for general 

cutaneous and/or lateralis fibres from the trigeminus-Iateralis ganglion complex, asso

ciated with the r .  mandibularis V;  n V j ,  canal  for the ventrai root of the first spinal 

nerve ; orb, orbit; rV, canal for the roots of the r. maxilIaris V, n .  profundus and 
n .  lateralis anterior; rIX + X, canal i .  a .  for the roots of the metotic cranial nerves ; 
seil-sei", can als for the nerves to the lateral sensory fields ; v, canal for a vessel ; 
vest, vestibulum ; ve, vagus canal ; vsoe, occipital vein sinus ; V�, canal for the r. maxil

Iaris V; V;{, canal for the r .  mandibularis V;  VII, canal for the n .  facialis ;  IX, canal for 
the main branch of the 11. glossopharyngeus (and probably also for the a .  communi

cans) ; Xbr, canals for some posterior branchial rami of the n .  vagus ; Xbrl, canal for 
the first branchial ramus of the n .  vagus. 

in C. signa ta , and it seems very probable that the gro ove asb lodged a 
segmental artery behind the occipital segmental artery. The true occi
pital segmental artery most probably passed through the canal as into 
the vestibulum. 

In the same speeimen of C. excellens a fairly narrow canal issues 
from the vestibulum between the basal parts of the canals sel"2. and sel;l 
(pls . 1 4 ;  1 5 : 1 ;  1 6 : 1 ,  IX) and, to judge from its size, this canal pre
sumably transmitted only the n.  glossopharyngeus .  A foramen in the 
lateral wall of the vestibulum postero-ventrally to the exit of the canal 
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sel4 can be interpreted as the possible exit for the a. communicans , but 
as the canal could not be traced distally, this interpretation is uncertain . 

The occipital segmental artery on the right side in C.  doryphorus 
possibly left the aorta behind the postbranchial wall and was lodged 
in a groove in the roof of the trunk cavity in the posterior part of the 
occipital region at the transition to the postbranchial wall (pl . 3 9 : 3 ,  
as?); the groove ends at a n  opening (pl . 3 9 : 1 ,  as?) just laterally to the 
ridge, bordering the aorta groove on the lateral side. The foramen as? 
leads into a canal which possibly lodged the occipital segmental 
artery, running to the vestibulum as in C. exeellens. Laterally and 
slightly ventrally and posterior to this opening is a long faintly marked 
groove and, anteriorly to this groove there is seen an opening (asb?; 
pl. 3 9 : 1 ) .  The groove possibly lodged a posterior branch of a segmental 
artery, corresponding to that in the canal asb in C. exeellens and the 
opening asb? perhaps transmitted an anterior branch of the same ar
tery . On the left side of the same specimen the canal as (for the occi
pital segmental artery) branches off from the canal epost (pl. 39 :4) ,  as 
related above . It could not be traced for any distance in lateral direc
tion as the shield in this place is imperfectly preserved. Somewhat 
laterally to the canal epost and antero-medially to the posterior opening 
of the canal vel there is a low and broad opening in the roof of the 
trunk cavity ,  followed in lateral direction by a distinet groove in the 
ventrai side of this lateral part of the occipital region (pl . 3 9 : 3 ,  asb?). 
This grove possibly lodged a segmental artery corresponding to the 
artery in the canal asb in C. exeellens. 

In N eetaspis areolata only short fragments of the proximal parts 
of the canal as are exposed (pl . 1 1 2 :  1 ) .  The canal aeom (or this is 
possibly the equivalent to the canal as) joins the vagus canal, and the 
a. communicans was farther distally probably enclosed in a common 
canal together with the main branch of the n.  glossopharyngeus (IX; 
cf. als o fig . 1 2) .  

We shall now briefly consider the conditions with reg ard to  the 
vagus canal complex and associated structures in a few Cephalaspis 
specimens previously described, and shall begin with the best preser
ved specimen studied by Stensio (Cephalaspis sp . ,  used for the series 
B of sections, Stensio 1 927 ,  pp. 5 3-5 6 ;  fig . 1 4 ;  pl. 85 ) .  With the 
conditions in C. signata in mind, we can re-interpret those in that 
Cephalaspis sp . in the following way :  the metotic ganglion complex 
was situated in the vagus canal and not in the fossa "Xgn" , the vagus 
nerve issued through the foramen "X" , traversed the mentioned fossa 
and split into three branches, 'Which entered the openings "Xbr2-
Xbr6 "; the groove "n. 19 ."  possibly lodged the a. subclavia ;  the lateralis 
fibres , corresponding to those transmitted in the canal Xl in C. signata, 
issued through the opening "IX"; the occipital segmental artery, after 
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having left the aorta, ran in the dorsal part of the fossa "Xgn" and in 
dorso-Iateral direction in a groove together with the lateralis fibres 
just mentioned ; the canal "lXI" transmitted the main glossopharyngeal 
nerve, and the canal "Xl" the a. communicans ; (the opening "IXp" in 
fig . 1 4  is problematic , cf. pl. 85 ) .  

In  the wax-models made after the series A of  sections, and figured 
by Stensio ( 1 927 ,  figs . 1 8 , 24 ; Holmgren & Stensio 1 9 3 6 ,  fig . 2 1 7) the 
canal "IXa" is seen to be strikingly wide ; it had transmitted not only 
the n. glossopharyngeus (the main branch) but also the a. communicans . 

In an undeterminable Cephalaspis specimen, figured by StensiO 
( 1 927,  pl .  28)  the canal "IX a" is probably the canal for the a. commu
nicans and the canal "IXav" probably transmitted a nutrient artery to 
the roof of the oralo-branchial chamber (cf. C. kozlowskii below) ; an 
unlettered canal, seen medially to this canal , is probably the canal for 
the (main) n. glossopharyngeus . 

In C.  kozlowskii Zych ( 1 937 ,  pp . 69-72,  cf. p. 9 1 ;  pls . 2 ,  4 :  l )  
has described interesting conditions with reg ard to dorso-lateral super
ficial arterial canals and their proximal connections , and I can here , 
after having examined his material, make some additional notes. The 
canals for the anterior dorso-lateral superficial arteries join proximally 
forming a com mon trunk ("a . la" or "a. le + IX") which in its turn 
opens into a canal ("a . seom") behind the labyrinth cavity. The canal 
"a. seom" is said to issue from the aorta groove, but the actual connec
tion between them is not seen as the shield is imperfectly preserved 
in this place . Nevertheless, the canal "a. seom" corresponds to the 
canal as (in the present paper) , and it must thus really have issued from 
the aortal groove (or canal) . The posterior part of the canal "a. la" 
(or "a. le + IX") corresponds to the canal aeom (in C. signata and 
others) . The main anterior continuation of the canal was not observed 
by Zych ; on further preparation of the specimen, described by him, it 
was, however, found to run down through the endo�keleton and to 
open in the oralo-branchial chamber as in C.  signala . It can be noticed 
that the canal in the main passes behind the labyrinth cavity but that 
it is for a short distance in open communication with the vestibulum 
at the postero-lateral corner of the cavity. Somewhat behind its opening 
into the oralo-branchial chamber the canal gives off from its ventrai 
s ide a narrow canal to the roof of the said chamber (this canal is inter
preted as having transmitted a nutrient artery) . In the lateral wall of 
the vestibulum, just dorsally to the exit of the canal sel-l ("sel :; " ,  Zych) 
there is an opening leading into a very short canal joining the distal 
part of the canal aeom . This is the canal for the (main) n. glossopharyn
geus .  The distal part of the canal called aeom is thus, at least partly 
(the anterior side of the canal was not exposed and it is thus uncertain 
whether the canal farther distally bifurcates or not) , a composite canal, 
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transmitting both the a. communicans and the n. glossopharyngeus .  Jt 
is evident that this latter nerve must have traversed in this species at 
least a small part of the labyrinth cavity, but it could not be ascer
tained whether in proximal direction it ran through the proximal part 
of the canal acom and the canal as (and it was by Zych assumed to 
have done so and to have lain entirely behind the labyrinth cavity) or 
independently through the labyrinth cavity and pierced its posterior 
wall by an opening of its own. The distal part or lateral continuation 
of the canal as ("a . scom") is imperfectly preserved ; it soon branches 
into two canals . Both of them are without doubt arterial canals (and 
the anterior one certainly did 1;1ot trans mit a branch of the n. vagus as 
supposed by Zych 1 937 ,  p. 70) . Indubitably the canals served the 
passage of posterior dorso-lateral superficial arteries. 

The inter-zonal endoskeleton. 

For the sake , of convenience the inter-zonal endoskeleton will be 
described here, after the account of the occipital region of the endo
cranium, although it does not belong to the head division of the cepha
lie shield (and its description would most logically follow after that 
of the visceral endoskeleton) . It will furthermore be treated as an 
entirety and, thus, the inter-zonal axial endoskeleton and the dorsal 
inter-zonal endoskeleton are not described separately. 

The ventral face of the inter-zonal endoskeleton is provided with 
a generally well developed ne ural ridge (cf. Stensio 1 927 ,  pp . 48 ,  5 0) ,  
which encloses the canal for the spinal cord ( t  h e n e u r a l c a n a l) ; 
anteriorly the ridge passes over into the rapidly widening posterior part 
of the occipital region. It forms part of the axial endoskeleton. As noted 
by Stensio ( 1 927 , p. 50) it does not usually reach backwards as far as 
to the posterior end of the inter-zonal part, and its dorsal part generally 
extends farther posteriorly than its ventral part in such a way that the 
posterior opening of the neural canal has a more , or less oblique position . 

In Boreaspis, however, in which genus it is strongly developed, 
the neural ridge (nr) reaches as far backwards as to the posterior end 
of the , inter-zonal part. Here it is abruptly truncated so that the ope
ning of the neural canal (nc) faces straight backwards (pls . 79 : 1 ;  8 2 : 3 ;  
9 1 :  1 ;  92 :5 ) .  Also in some Cephalaspis species the neur.al ridge reaches 
equally far backwards or nearly so (C. hoeli, C. retusa, pls. 9 : 7 ;  1 0 : 2) 
but generally it ends before that point (C . excellens, C . oreas, C .  
doryphorus, etc . ,  pls . 8 :2 ;  1 3 ;  1 6 :2 ; 3 9 : 1 ;  5 6 :2) .  In some speeies , 
best seen in C .  hastata? (pl. 3 2 :4) ,  the axial endoskeleton in the poste
rior portion of the inter-zonal part only formed a roof over the spinal 
cord or, in other words , the spinal card was partly lodged in a groove 
on the ventral side of the inter-zonal endoskeleton ; this is an extreme 
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case of the condition, referred to above, that the dorsal part of the 
neural ridge extends further backwards than the ventraI one. The 
groove, just mentioned, will be called t h e  n e u r a l g r o  o v e .  

The groove on the ventraI side of  the neural ridge for the noto
chord (cf. Stensio 1 927 ,  pp . 50-5 1 )  is seen in pl. 8 : 2 ,  and in its most 
anterior part, in pls . 1 7  and 3 9 :  1 .  

On the ventraI side of the inter-zonal endoskeleton and in its 
anterior part the broad groove for the aorta dorsalis , if observable , 
is found on the right side of the neural ridge in Cephalaspis; in some 
cases it is on the lateral side bordered by a sharp-edged ridge (pls . 3 :  1 ; 
8 : 2 ;  1 3- 1 4 ;  1 5 : 1 ;  1 6 : 2 ;  1 7 ;  32 : 4 ;  3 3 : 1 ;  5 6 : 1 ) .  

I n  C. signata (fig . l l C ;  pls . 3 1 :4 ;  3 2 :  1 )  i t  has been shown above 
(p . 90) that a small canal vvma from the vag us canal joins another 
small canal (vvmb) from the neural canal to form a com mon canal 
vvm l running in postero-dorso-Iateral direction to the canal vet. More 
precisely, the canal vvmb has arisen from the union of two minute 
canals coming from the ventraI side of the lateral part of the neural 
canal just behind the origin of the vagus canal .  Just posteriorly to the 
point of union of the canals vvm l and vet a small canal vvm 2  issues 
from the latter canal and runs in medial and slightly posterior direction 
to the neural canal ,  where it opens on the lateral side of this canal 
immediately be fore the opening of the canal nd l '  The can al vet 
continues in posterior direction, and slightly behind the origin of the 
canal vvm 2 another small canal (vvm ;) runs from the canal vet in 
ventro-medial and slightly posterior direction turning most medially 
somewhat in anterior direction and reaching near to the ne ural canal , 
but, because of the imperfect preservation, its connection with this 
canal is not seen ; it seems nevertheless very probable that it really 
joined the neural canal . Just laterally to this canal the canal vvm ;: 
gives off a canal in posterior direction . Shortly behind the orig in of 
the canal vvm ;l the canal vet sends out a connecting canal to the canal 
nd 1 and, slightly posterior to this point, another small canal in postero
ventro-Iateral direction . The canal vet runs farther backwards, and is 
now lying directly ventrai to the canal ndl . It ends at about a trans
verse level with the foramen dl (the posterior part of the dorsal sensory 
field) in opening into the trunk cavity rather near to the neural ridge ; 
slightly before this point it sends out a couple of small branches in 
dorso-Iateral direction (they could not, however, be traced far distally, 
and their destination is thus unknown) . J ust behind the posterior inner 
opening of the canal vvmb, but from the ventro-Iateral side of the 
neural canal, two minute canals issue ; they soon unite to form a com
mon canal (nv 1 )  which runs in ventro-Iateral direction (and very pro
bably pierces the roof of the trunk cavity near the neural ridge) . Imme
diately behind the opening into the neural canal of the canal vvm 2 
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and at the same horizontal level, the canal nd l emerges from the 
neural canal ; it runs in posterior direction with a very slight lateral 
bend, crosses the canal vvmg on the dorsal side and receives ,  slightly 
behind this point, a small branch from the canal vet (as mentioned 
above) . Further distally the canal nd1 , which is now somewhat wider 
than before, lies dorsally to the canal vet; in its posterior course the 
canal turns dorsally and opens under the posterior part of the dorsal 
sensory field into a fairly wide sinus-like canal (which is only partly 
preserved) . It may als o be mentioned that the anterior part of the 
ne ural canal receives from below some small canals, evidently coming 
from the dorsal part of the aortal groove. 

The minute canals nv are, besides in C. signata ,  exposed only 
in a specimen of C.  excellens, in which two of them (nv 1 ' nV:2) have 
been observed (the posterior one of them is seen in pl. 1 3 ,  nV"2) '  In 
C. oreas in found a pair of canals possibly representing these canals 
(pl. 8 :2 ,  nv?). In C. excellens the canals issue from the ventro-Iateral 
side of the neural canal, the anterior one somewhat nearer to the 
median line than the posterior one ; they thus originate in the same 
way as the canal "nv ] " in a Cephalaspis sp . described by Stensio ( 1 927 ,  
p .  5 7 ;  figs.  1 6- 1 7 ,  24 ;  pl .  74 ;  Holmgren & Stensio 1 9 3 6 ,  fig . 2 1 4 ;  
cf. fig . 1 0, this paper) . Slightly behind the canal nV:2 there is found in 
the same specimen of C. exeellens another canal (nd2) ,  also minute but 
a little larger than the canal nv 2 '  which issues from the neural canal at 
a slightly higher level than the canal nV 2 (and tl1US much as the canal 
"nv 2 "  in a Cephalaspis sp . ,  figured by Stensio 1 927 ,  figs. 1 6- 1 7 ,  24 ; 
pl. 7 3 ;  Holmgren & Stensio 1 936 ,  fig . 2 1 4 ;  cf. this paper, fig . 1 0 , nd1 ) .  

At a transverse level with the exit of  the canal nV 2 in C. exeellens 
the canal aerl, mentioned before (p . 89) ,  issues in the median line 
from the dorsal side of the ne ural canal (pls . 1 3 ;  1 5  :2) .  This canal 
could be followed backwards to the posterior end of the endoskeleton, 
lying below the longitudinal dorsal crest, and it is beyond doubt that 
the artery which passed in this canal must have continued farther 
backwards and thus into the tissues of the dorsal crest of the scale
covered division of the trunk. On the right side the canal is seen to 
give off a small dorso-Iateral branch (pl .  1 5 :2 ,  aerl l ) '  

Immediately before or, more exactly, anteriorly and slightly 
laterally to the origin of the canal aerl the proximal opening of another 
canal is observed (pls . 1 3 ;  1 5 :2 ,  vvm l s) .  This canal could be followed 
in postero-dorso-lateral direction and was found to join the posterior 
part of the occipital vein sinus (in about the same way as the canal 
"nd l "  in Cephalaspis sp . and Kiaeraspis, Stensio 1 927 ,  p. 5 7 ;  figs . 23  
-24, 26-27 ; Holmgren & Stensio 1 9 3 6 , fig. 2 1 8) .  Slightly be fore 
the exit of this canal there issues from the right dorso-Iateral side of 
the neural canal another small canal (vvm l d, pl. 1 5 :2 ;  its point of 
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orig in is also seen in pl .  1 3) ,  which runs in postero-dorso-Iateral direc
tion ; this canal corresponds to the canal vvm l s on the left side . At 
some distance behind these canals there issues a pair of canals from 
the dorso-Iateral side of the neural canal ; the origin of the left one 
lies s lightly before that of the right one . The canal on the right side 
(pls .  1 4 ;  1 5 : 1 ,  vvm :! )  is observed to run in postero-Iateral direction 
and to open into the trunk cavity ne ar the neural ridge (in pl. 1 3  only 
the proximal and distal openings of the canal are seen) . Immediately 
below the exit of this canal another canal issues from the lateral side 
of the neural canal , runs in postero-Iateral direction, lying just ven
trally to the canal vvm :! ,  and opens below the distal opening of this 
canal, thus also into the trunk cavity (pl . 1 3 ,  nd) . The corresponding 
canals vvm :! and nd;{ on the left side of the shield have a common 
proximal and a common distal opening (pl .  1 5 : 1 ,  vvm :! ,  nd;{ ) .  Farther 
posteriorly on the right dorso-Iateral side of the neural canal the exit of 
yet another canal is seen (pls . 1 3 ;  1 4 , vvm :l ) '  A couple of the canals 
vvm is also seen in another specimen of C. excellens (pls . 1 6 : 2 ;  1 7) .  

In  C.  doryphorus (pl . 3 9 : 3) a pair o f  narrow canals nd i s  seen 
to issue from the lateral part of the neural canal and at about the same 
transverse level ,  and somewhat behind them another pair of canals 
(vvm) , which are somewhat wider than the canals nd, and which issue 
from the dorso-Iateral side of the ne ural canal , the right one slightly 
anteriorly to the left one . Both pairs of canals open into the trunk 
cavity just laterally to the neural canal (or groove) . 

The canal nV l in Cephalaspis sp. is interpreted by StensiO ( 1 927 ,  
pp . 57-5 8)  as  having transmitted the first spinal nerve ("spino-occi
pitar' nerve) , and most probably only the ventrai (motor) root of this 
nerve and in addition also a vertebro-medullar ("myelonal") artery . 
The canal nV l in C. excellens and C.  signata is here considered to be 
the canal for the ventrai root of the first, and the canal nv:! in C.  
excellens to be  the canal for the ventrai root o f  the second spinal nerve . 1 
I find it , however , rather unlikely that the canals should have transmitted 
also vertebro-medullar arteries , if we take into account the minute size 
of the canals and the probability that the ventrai part of the neural canal 
was supplied with arteries from the aorta directly, and the dorsal part 
with arterial branches from the proximal part of the a.  spinae dorsal is  
(or a .  cristae dorsalis) , and make a comparison with the conditions in 
Petromyzon, in which the arteries for the rhombencephalon and the ante
rior part of the spinal cord are branches of the posterior cerebral artery 
(Cori 1 906,  pl .  1 ;  Sterzi 1 907,  fig . 70) .  In C.  signala the ventrai root of 
the first spinal nerve (in the canal nv l '  fig . 1 1 ) must have issued from the 
spinal cord by means of at least two rootlets , as the canal nv 1 arises by 

I That the y were traversed only by the motor roots i s  m ade probable from 

what is said below with regard to the canals nd. 



- 1 07 -

the union of two small proximal canals coming from tht( neural canal . 
Also the canal in front (vvmb) originates in the same way, but as this 
canal finally reaches the canal vet and does not pierce the roof of the trunk 
cavity it cannot have been traversed by any ventrai (motor) nerve root. 

The eanals nd1 in C. signata and nd2 in C. exeellens are inter
preted as hav ing each been traversed by the dorsal root of a spinal 
nerve, and, to judge from the position behind the canal nv 1 and nv 2 
respectively for the ventrai root of the first and second spinal nerves , 
the root · in the canal nd 1 must have been the dorsal root of the first, 
and the root in the canal nd 2 the dorsal root of the second spinal nerve 
(cf. Petromyzon, Freud 1 877 ,  pp . 22-24;  1 87 8 ;  pp . 1 50- 1 5 2 ;  
Johnston 1 905a,  pl. 5 ,  cf. p .  1 82 ;  Tretjakoff 1 927a, fig . 2 1 ; Addens 
1 9 3 3 ,  p. 3 8 6 ;  etc . ,  and Eptatretus, Worthington 1 906 ,  p .  1 7 6 ;  Allen 
1 9 1 7 , pp . 1 42-1 5 6 ;  Addens 1 9 3 3 ,  p. 403 ; etc . ) .  The canal nd;� is 
the canal of the dor sal root of the third spinal nerve, and it must be 
noticed that this nerve-root must have run rather closely associated 
with the first normally developed vertebro-medullar vein (which is 
thought to have traversed the canal vvm;: , see below, p. 1 09) .  

The canal nd1 in C. signata is , however, as to its origin, quite 
corresponding to the canal "nv 2 "  in Cephalaspis sp . ,  described by 
Stensio ( 1 927,  pp .  5 9-60 ; figs. 1 6- 1 7 ,  24 ;  pl. 73) ,  and the canal 
nd2 in C. exeellens has , with regard to its position, already been com
pared with this canal . The canal "nv 2 "  of Stensio is by him interpreted 
as having been traversed by the ventrai root of a spinal (spino-occipital) 
nerve and an a. vertebro-medullaris (Stensio 1 927 ,  p. 60) . 

The canal nd1 in C.  signa ta cannot, by reason of its dorsal posi
tion within the inter-zonal endoskeleton, have given pass age to a ven
tral nerve root. That the structure in the canal nd2 in C. exeellens 
was a ventrai nerve root and thus serially homologous to that in the 
canal nV ;2 seems very improbable, since the canal nd2 lies much too 
closely to the canal nV 2 ; the distance between the exit of the canals 
nV l and nV 2 in the examined speeimen is 1 . 5 mm and between that 
of the can als nV2 and nd2 only 0 .4  mm (between the exit of the can als 
nd2 and nd;: it is 1 . 3 mm) . Although the distance between twa subse
quent ventrai roots in Petromyzon is rather variable (cf. Freud 1 8 77 ,  
p. 23 ; Julin 1 8 8 7 ,  pl. 22 :2-4) a comparison with this animal makes it 
very probable that the canais nV2 and nd2 did not transmit serially 
homologous structures but were traversed by different structures , and 
thus one by the ventrai, the other by the dorsal root of a spinal nerve. 
It can furthermore be noted that although the dorsal root in Petromyzon 
leaves the spinal cord from the dorsal side it traverses the endorhachis 
in the lateral or ventro-lateral wall of the neural canal (Freud 1 8 77 .  
fig . 2 ;  Tretjakoff 1 927a, fig . 25)  but on  a higher leve1 than the vent raI 
root (cf. Tretjakoff 1 927a, fig . 26) .  
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A canal for the dorsal root of the first spinal nerve has not been 
observed in C. excellens, either because of its not being preserved or 
else because this dorsal root was lacking in the species ; it was present 
in C. signata (in Petromyzon the first spinal nerve is said to be rep re
sented only by a ventrai root, Tretjakoff 1 927a,  p. 407, but this is 
not in accordance with the facts brought forward by Addens 1 9 3 3 ,  
pp . 3 8 5-3 8 6) .  

The can als vvm l s and vvm l d in C .  exeellens form a pair o f  canals 
which correspond to the canals "ndl " in the Cephalaspids, described 
by Stensio ( 1 927 ,  pp. 5 7-5 8 ;  figs . 1 5- 1 7 ,  20-28 ; pls . 1 8 ;  1 9 : 1 ;  
7 3-74 ; 8 9 ;  1 02-1 03) and interpreted by him as can als for the first 
vertebro-medullar ("myelonal") vein and probably also for the dorsal 
root of the first spinal nerve ; this latter assumption is, however, cer
tainly wrong. No dorsal roots leave the neural canal so far dorsally 
as these canals in C.  exeellens and the position of canals which 
undoubtedly had been traversed by dorsal roots (ndx in this species ; nd1 
in C. signata) is quite different. I thus consider the canal vvm l in 
C. excellens as being the canal for the first vertebro-medullar vein, 
and as the canal joins the occipital vein sinus the ve in must have emp
tied in this sinus and through it into the v .  capitis lateralis ; it thus be
longed to the system of the anterior cardinal veins . The canal "ndl " 
in Stensio's descriptions must accordingly also have been a canal only 
for the first vertebro-medullar vein, and I think it highly probable that 
the dorsal root of the first spinal nerve went through the canal lettered 
"nv 2 "  by Stensio . 

In C.  signata the veins from the posterior part of the med ulla 
oblongata and the anteriormost part of the medulla spinalis joined a 
longitudinal vein stem (in the canal vet) ,  laterally to the neural canal, 
which emptied into the occipital vein sinus. The anterior part of the 
vein in the canal vet can be compared with the longitudinal collector 
vein for the anterior dorsal segmental veins , discharging into the 
v. cerebralis posterior in Petromyzon (Cori 1 906,  pp . 50-5 1 ;  pl. 1 ;  
cf. also StensiO 1 927 ,  fig . 99) .  The veins in the canals vvm l '  vvm 2 '  and 
most probably als o in the canal vvm� , are most naturally regarded 
as vertebro-medullar veins . As to the nature of the posterior part of the 
ve in in the canal vet I have no definite opinion (see below and p. 226) .  
The canal vet corresponds probably partly to the canal with the same 
lettering in Cephalaspis sp. and Kiaeraspis, described by Stensio ( 1 927 ,  
pp. 62-63 ; figs.  1 4 , 24 ,  2 6 ;  pls . 74-75 ; 8 4 ;  1 0 1- 1 02) and inter
preted by him as the canal for an anterior segmental vein . It is to be 
noticed that the vertebro-medullar vein can als in C. signata enter the 
neural canal in its ventrai half and thus very Iow as compared with 
C .  exeellens and other species . 

As the vertebro-medullar vessels represent median branches of 
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dorsal segmental vessels , arising from the dorsal aorta or the cardinal 
veins, the first vertebro-medullar ve in in C. exeellens and the anterior 
ones in C. signata had an anomalous disposition and were thus trans
formed vertebro-medullar veins (cf. the conditions in Petromyzon, 
Cori 1 906,  pp . 50-5 1 ,  pl. 1 ;  cf. also Hatta 1 922,  p. 1 8 3) .  

The canal vvm2 in C. exeellens gave passage to  the second verte
bro-medullar vein, and the canal vvm:3 to the third one. It is important 
however, to note that, to judge from the place of the distal openings 
of the canals, these veins could not have emptied (directly or indi
rectly) into the occipital ve in sinus (contrary to what was the case in the 
preceding vertebro-medullar vein) . If we con sider that in the Cephal
aspids the heart very probably was situated c10sely be hind the ventrai 
part of the postbranchial wall (Stensio 1 927 ,  p. 204) , then it seems 
probable that the posterior cardinal veins had reached so far anteri
orly that they could have received the vertebro-medullar veins behind 
the first one in C. exeellens, and the vein in the canal vvm in C. dory
phorus. Possibly also the longitudinal vein in the canal vet in C. sig
nata opened downwards into the posterior cardinal vein, and thus con
stituted an anastomosis between this vein and the occipital vein sinus .  

Because of the openings in a similar way into the trunk cavity 
of the canals "nd" and "ndl

'
" "nd2 " in C .  exilis and Hoelaspis angu

lata (StensiO 1 927 ,  p. 5 8 ;  pls . 23 : 3 ;  44) the vertebro-medullar veins 
in these canals als o possibly opened into the posterior cardinal veins . 

In a speeimen of C.  hastata? (pIs . 3 2 : 4 ;  3 3 : 1 )  an aberrant condi
tion with reg ard to a canal issuing from the neural canal (or groove) 
is to be noted: besides some canals for dorsal spinal nerve roots (nd) 
and some apparently normally developed canals for vertebro-medullar 
veins (vvm), there is found a pair of canals which issue from the dorsal 
side of the neural canal ( or groove) ; the right one is preserved only 
in its most basal part but the left canal (vne) runs in antero-dorsal 
direction, then bends over to the right side and turns in lateral and 
slightly postero-ventral direction ; it is not preserved farther distally. In 
the dorsal ro of of the aortal groove there is, however, an opening, 
which in postero-ventro-Iateral direction is continued by a narrow groove 
in this ro of. It disappears after a distance. The opening and the narrow 
groove are disposed in such a way that the structure transmitted in the 
canal vne probably continued distally in them. As to the nature of 
this structure I have no definite opinion : possibly it was a transforrned 
vertebro-medullar vein which had an anomalous passage because of 
the asymmetrical development of the heart or the ductus cuvieri and 
the veins emptying into it (cf. recent Cyc1ostomes ,  Jackson 1 90 1 ; Cori 
1906 ;  Hatta 1 922,  p. 1 6 8 ;  Cole 1 925 ; etc . ) .  

We shall now turn to a consideration of the canals in the posterior 
part of the inter-zonal endoskeleton, inc1uding those of the dorsal spine . 
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In an unnarned Cephalaspis sp. (fig . 1 3 ;  pl. 5 6 : 1 -3 )  a pair of 

can als (vvm) for vertebro-medullar veins leaves the neural canal (or 

gro ove) somewhat behind the exit of the arterial canal adsp . The right 

one of these canals was followed in posterior and somewhat dorsal and 

lateral direction and was found to join the canal for a dorsal seg

mental vein in the antero-basal part of the dorsal spine (fig . 1 3 ) .  
A small opening in to the wall of the cavum cerebrale at  the transition 
to the neural canal, seen on the right side (of the same specimen , 
pl. 5 7 :2 ,  vvm ?) is possibly the opening of a canal for an anterior 
vertebro-medullar vein. 

In the posterior part of the inter-zonal endoskeleton we find on 
the ventraI side (in the same unnarned Cephalaspis sp . ,  fig. 1 3 ;  pl . 5 6) ,  
two longitudinal series of  openings , one on each side of  the median 
line (asd, l vsd) . The three posterior openings lead into ascending canal s 
(which are preserved only in their basal parts and which thus could 
not be followed far distally) ; they possibly are all canals for dorsal 
segmental veins .  

The most anterior canal (vsd l )  receives (observed o n  the right 
side only) , as said above, near its base the canal vvm coming from in 
front ; the canal vsd1 runs in dorsal direction and divides into three 
branches to the most anterior ventrai part of the dorsal spine . The 
canal vsd1 transmitted a dorsal segmental vein and received through 
the canal vvm a vertebro-medullar branch. 

The second vein canal (vsd"2.)  is well developed ; it consists of a 
main stem and an anterior branch ; the former splits , as far as observed, 
into two distal canals which antero-Iaterally to the dorsal spine reach 
the outer face of the endoskeleton, and he re give origin to two super
ficial vein can als (vsds); the main stem is by a narrow canal connec
ted with the canal adsp . The anterior branch runs i n  anterior and 
slightly dorsal and medial direction, and as a whole lies near the 
median line of the shield and thus more medially than the posterior 
branch . It splits into three distal branches near the branches of the 
canal vsd 1 ,  and these branches ascend to the superficial area in the 
median line between the dorsal sensory field and the basis of the 
dorsal spine . By a very short but fairly wide canal the anterior branch 
communicates with the canal adsp . Slightly behind this point it gives 
off a dorsal branch which splits into five fairly small dorsal canals 
(dspc) ascending to the anterior part of the dorsal spine, and als o a 
small canal to the posterior main stem of the canal (vsd:!,) .  The ante rio rI y 
directed part of the anterior branch certainly transmitted veins but 
severai of the canals of its dorsal branch very probably gave pass age to 
arteries for the dorsal spine, and one of them possibly gave origin to 
the superficial canal adsps on the side of the dorsal spine (pl . 5 6 : 3 ) .  

The canal adsp (corresponding to the canal for the a .  spinae dor-
1 uds in  fig. 1 3 .  



- 1 1 1 -

B ·2 .3 
od ... V'., 04 "d. - . 0  \ 

dsp,c \ 

, od. 02 

vsd1 vsd'2 vsd3 

I 
vsd4 

.. sdS 

·bend 

Fig. 1 3 .  - Cephalaspis sp . (same specimen as in pls. 56-57). A, vascular canals in 
the basis of the dorsal spine ; the canals belong to the left side of the shield with 
exception of the shaded canals which lie on the right side ; lateral view; about X 3 .  

B ,  postero-Iateral continuation o f  the canal adsp (with branches), seen obliquely from 
in front. 

(l I ,  dorsal branch from the canal adsp, enc\osing an artery to the dorsal sensory field; 
aZ--a4; basal parts of canals for superficial arteries to the dorso-median region of the 
inter-zonal part at the base of the dorsal spine ; ads, canal for a dorsal segmental artery ; 
adsp, canal for the a. spinae dorsalis ; bend, dorsal border of the endoskeleton in the 
dorsal spine ; dspc, canals to the dorsal spine, at least partly for arteries;  vdsp, canal 
for a posterior superficial vein on the side of the dorsal spine ; vsd i _S ' canals for 
dorsal segmental veins; vsds, basal part of canals for superficial branches of a dorsal 

segmental vein; vvm, canal for a vertebro-medullar vein. 

salis in other Cephalaspis species) , after its origin from the neural 
canal, runs , as said before, in posterior direction, lying near the median 
line, but gradually turns somewhat over to the left side ; during its 
course it gives off a short canal (a l )  to the most posterior part of the 
dorsal sensory field, and farther backwards another canal (a:.! )  to the 
outer face of the endoskeleton antero-Iaterally to the base of the dorsal 
spine . The canal adsp posteriorly divides into two branches . The right 
one is very short and joins the anterior branch of the canal vsd'l. ' as 
mentioned above ; the left branch runs in postero-ventral direction and 
terminates in an opening (asdl)  in the ventrai wall of the inter-zonal 
endoskeleton just anteriorly to the opening of the canal vsd'j . Imme
diately ' after its orig in the left branch gives off a small canal (a ;{ ) ,  
which gives rise to  a superficial canal lying just ventro-Iaterally to  the 
superficial canal a2 (pl. 5 6 : 3) ,  and ne ar to the posterior opening asd 
issues another rather long canal (a4) ,  running in lateral and slightly 
dorsal and posterior direction, and also ending in a superficial canal, 

l ads in fig.  1 3 .  
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which lies behind the vein canal vizl (pl. 5 6 : 3 ,  a.JJ . The canals al-4 
transmitted arteries , and, to judge from the disposition of the canals 
a2-4 , the arteries in these three canals were most probably branches 
of a dorsal segmental artery which entered the endoskeleton through 
the opening asd. The a. spinae dorsalis thus ran in the canal adsp back
wards to the branching of this canal and then through its right branch ; 
a small branch of the artery may have entered the left branch and 
passed in the connecting canal between the can als adsp and vsd'2 ' 

On the basal part of the dorsal spine a fairly strong vein canal 
(vdsp, pl. 5 6 : 3) runs in posterior direction and turns most distally 
somewhat ventrally before it opens at the posterior margin of the endo
skeieton. It most probably transmitted a dorsal segmental vein which 
thus must have joined the posterior cardinal vein in the trunk division 
behind the cephalic shield. 

In C.  doryphorus there are two arterial canals for the dorsal spine . 
The canal for the anterior a. spinae dorsalis (adspa, pl. 39 : 4) enters 
the foremost part of the dorsal spine ; it does not break up into small 
can als as is evidently the case in the Cephalaspis sp . ,  just described. 
The posterior part of the spine is traversed by a vertical canal which 
opens on the ventrai side of the endoskeleton of the spine, slightly 
to the right of the median line (fig. 6B ; pl. 39 : 1 , 4 ,  adspp) .  This canal 
is interpreted as the canal for a posterior a. spinae dorsalis . On the 
left side of the dorsal spine two superficial canals are seen which very 
probably are arterial canals ; one of them (adspas, pl. 40:2) is probably 
a branch of the canal for the a. spinae dorsalis anterior ; the posterior 
one (adspps, pl. 40 :2) is seen to open into the canal adspp . Between 
the se canals there is a superficial canal (v, pl. 40 :2) which probably 
gave passage to a branch of a segmental vein . 

In an undetermined fragment (probably of a Cephalaspis sp . )  the 
vein can als on the lateral side av the dorsal spine are beautifully exposed 
(pl .  59 :2) .  A number of vertical canals join a common trunk in the 
basal part of the spine, and this trunk runs in antero-ventral direction 
but could not be followed far . It is thus uncertain whether it joined 
the lateral inter-zonal ve in canal (see below) or is forrned by one or 
severai dorsal segmental vein canals , but the latter supposition seems 
the most plausible one. 

In the dorsal spine of the holotype of C. hastata (pl . 3 5 : 1 )  short 
superficial canals are seen in its basal part ; they soon enter deeper 
parts of the endoskeleton in the spine and thus cannot be traced far. 
Near the top of the spine there is one pair of vertical canals (dspv) 
on each side, which certainly consists of a vein and an artery canal. 

After this fragmentary account of the can als in the dorsal spine 
we shall now consider some superficial canals in the inter-zonal endo
skeieton, which in general do not extend to the dorsal spine. 
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In the unnamed Cephalaspis sp . ,  frequently mentioned above, a 
well developed longitudinal canal with numerous branches lies on the 
dorso-Iateral side of the shield, laterally to the posterior part of the 
dorsal sensory field ; anteriorly the canal turns ventrally into the endo
skeleton and joins the postero-Iateral part of the occipital ve in sinus 
(pl. 5 6 : 3 ,  vizl) . This canal will be referred to as the canal for t h e  
l a t e r a l  i n t e r - z o n a l  (s u p e r f i c i a l) v e i n. The anterior 
part of the canal corresponds to the canal "v .  ol" (for "the lateral occi
pital vein") in a Cephalaspis sp . ,  described by StensiO ( 1 927 ,  p. 64 ;  
figs . 23-26) . 

In C.  doryphorus the lateral inter-zonal vein (in the canal vizl, 
pls . 3 9 : 4 ;  40:2) a1so drained the superficia1 parts of the anterior region 
of the basal dorsal spine. To judge from its disposition, the cana1 vizl 
must have entered the dorso-1atera1 part of the occipital vein sinus, just 
as the corresponding cana1 in the Cephalaspis sp. mentioned above . 

In a specimen, doubtfully assigned to C.  hastata, the canal vizl 
is strongly deve10ped (pl. 32 :4) as far backwards on the shield as well 
behind the leve1 of the openings dl ' and the vein in it had possib1y 
contributed to the drainage of the dorsal spine. A longitudina1 cana1 
vizm lies dorsally and somewhat medially to the canal vizl and is found 
anteriorly to join the cana1 dl ' which opens into the postero-median 
part of the occipita1 vein sinus.  The cana1 vizm is thought to have 
transmitted a vein, which is here called t h e  m e d  i a n i n t e r
z o n a l (s u p e r  f i c i a l) v e i  n and the canal vizm is referred to 
as the cana1 for the median inter-zonal vein. The canal is possib1y 
homologous to the cana1 lettered "nd 1 m" by Stensio in a Cephalaspis 
sp. (StensiO 1 927 ,  figs . 23-24, 26) .  

In the ho1otype of C. hastata parts of the canals vizm and vizl are 
seen (pl. 3 6 :2) ; they both give off small superficia1 branches. Thus 
some small canals (vizms) are observed running from the canal vizm 
to the most posterior part of the dorsal sensory field. 

In C.  signata the canal vizm is not deve1oped ; there is no posterior 
canal from the postero-median corner of the occipital ve in sinus in 
which the cana1 dl apens . On the shie1d behind the opening of the 
canal dl and along the base of the dorsal spine the re is ,  however, seen 
a longitudinal series of five comparative1y small superficial canals 
(vsd 1 -vsd,l '  pl. 29 : 1 ) which from their origin on the outer face of 
the endoskeletan run in ventro-Iateral direction, generally in branching 
frequently. The first of these canals (vsdl)  do es not join a median 
inter-zonal ve in as could have been suspected with reg ard to its posi
tion closely behind the canal d l ;  the canal could b e  traced for a short 
distance in straight ventraI direction (but its basal part is not preserved) . 
To judge from their position and by comparison with the unnamed 
Cephalaspis sp . ,  mentioned above, it seems very probable that all the 

8 
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canals vsdl-vsdij were canals for superficial branches from dorsal 
segmental veins . A superficial rather feebly developed bifurcated canal 
(vizl, pl. 29 : 1 ) ,  corresponding to the canal for the lateral inter-zonal 
vein in other Cephalaspis species , is seen ventro-Iaterally to the canals 
vsdl-vsd2 • It does not enter the dorsal spine . Proximally it was 
found to join the occipital vein sinus ; more precisely, the postero
lateral corner of the occipital vein sinus passes over into a canal which 
soon divides into a dorsal branch which eventually reaches the outer 
face of the endoskeleton and gives rise to the superficial eanal vizl, 
and a ventraI braneh which, splitting into two canals, pierces the roof 
of the trunk eavity, postero-dorso-medially to the posterior opening 
of the eanal vel (pl s .  3 1  : 4 ;  3 2 :  l ,  vsocv) . Some eanals in the anterior 
part of the dorsal spine (pl .  29 : 1 ,  adsp?) are possibly branehes of the 
canal for the a. spinae dorsalis (no other eanals are preserved in the 
dorsal spine of the specimen examined) . 

In C.  hoeli (pl . 1 0 :2)  the eanal for the lateral inter-zonal super
fieial vein (vizl) is well developed as a longitudinal eanal with 
numerous branehes, and it is also found developed in a similar way in 
C. sinuata (pl . 2 3 :  l )  and in an unnarned Cephalaspis specimen (pls . 5 9 :  l ;  
60) . In the posterior region of the inter-zonal part in this latter speci
men a fairly small eanal (aiz) is seen, which must have transmitted 
an artery . In Securiaspis staxrudi the canal vizl is small and runs in 
postero-ventro-Iateral direction (pl . 62 : 1 ) .  In C. dissimulata the canal 
vizl (pl . 8 :  1) divides into two eanals postero-ventro-Iaterally to the 
opening of the eanal dl ' The lateral of these branches runs to the 
most dorso-posterior region of the inter-zonal part and gives off a 
braneh in dorso-postero-median direetion to the lateral side of the dor
sal spine (which in this speeies is rather small) . 

In N ectaspis areolala the canals for both the median and the 
lateral inter-zonal superficial veins are weU developed (pls .  1 06- 1 07 ,  
vizm, vizl); the former eanal joins the eanal dl ' The can als send out 
numerous transverse branches which partly anastomose and form a 
network of rather uniform eanals in which the main canals .often are 
difficult to diseern . Two longitudinal superfieial canals (aiz) in the 
median line of the shieId between the poste ri or parts of the canals vizm 
are probably arterial eanals (cf. p. 2 1 7) .  

In Ectinaspis heintzi the canal vizm i s  represented by  three poste
rior eanals whieh converge to and empty into the eanal dl (pl .  67 :2) .  

In A xinaspis whitei there is forrned a complieated network of 
horizontal superficial eanals in the region between the dorsal sensory 
fieId and the dorsal erest, and in this network a pair of l ongitudinal 
canals (vizm, pl. 1 00 : 3 )  ean be distinguished, running in posterior 
direetion from the openings of the canals dl ' These canals are seen 
partly to lie directly beneath the boundaries between two adjacent 
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vascular areas in the exoskeleton (pl . 1 00 :2) ;  the descending vascular 
canals must have opened into the canals vizm . 

In C .  exilis two posterior superficial canals open into the canal 
dl (pl. 1 1  :4) .  The postero-median one (vizm) is the main canal for 
the median inter-zonal vein, corresponding to the canal "nd 1 m" in a 
Cephalaspis species, described by Stensio ( 1 927,  p .  5 8 ;  figs. 23-24,  
26) while the postero-lateral canal corresponds to  his canal "nd l /" .  
I n  C.  verruculosa the corresponding postero-Iateral canal is more ela
borately developed than the postero-median one (pl. 24 :2 ,  vizm) . 

For the sake of completeness we shall also mention a groove in 
the ventrai side in the postero-lateral region of the inter-zonal part 
in C. doryphorus (pL 39 : 1 ,  3 ,  v) . It runs in posterior and slightly 
median and dorsal direction and consists , more precisely, of two parts , 
one before and one behind the distal part of the groove Xli; the lat
ter part of the groove sends out a median branch, which distally 
divides into severai small grooves. From the way of branching this 
groove must have lodged a vessel , but as to its nature nothing definite 
can be said. 

We shall now finally in this chapter consider some structures in the 
dorsal inter-zonal endoskeleton, here interpreted as having lodged nerves .  

We have previously accounted for a canal Xl which leaves the 
vagus canal running in straight posterior direction, a canal which is 
thought to have transmitted a part of the n. lateralis posterior, the 
main r. lateralis vagi. The canal soon opens into the trunk cavity of 
the cephalic shield at a variable distance, but not far, behind the post
branchial wall rather ne ar the neural ridge, as seen in C. oreas, C .  
excellens, and C .  doryphorus (pls . 8 : 2 ;  14 ;  1 5 : 1 ;  1 7 ;  3 9 : 1 ,  3) the 
right canal Xl thus pierces the ro of of the. aortal groove . In some speci
mens a groove in the ventrai face of the inter-zonal endoskeleton con
tinues in posterior direction from the opening of the canal Xl (pls . 8 : 2 ;  
1 7 ;  3 9 :  l ,  3) ,  and in C .  oreas a sec ond groove runs from this opening 
in postero-ventro-Iateral direction (pL 8 : 2) .  In C. doryphorus the longi
tudinal groove, at least on the left side of the shield , soon divides ; 
a median branch (Xdl) is running in posterior direction, while the other, 
the lateral one (Xli) , runs in postero-ventro-lateral direction. This 
latter branch bifurcates ne ar the postero-ventral border of the endoskele
ton (pL 3 9 : 1 , 3 ) .  In the holotype of C. excellens no groove is present 
immediately behind the opening of the canal Xl but on the ventrai side 
of the posterior part of the inter-zonal endoskeleton there is a rather 
short median groove, running backwards, and a somewhat longer 
lateral groove, running in postero-ventro-Iateral direction .  These gro 0-
ves evidently correspond to the median and lateral grooves in C.  
doryphorus. It shall now be noted that in the posterior part of  the 
groove X dl in C. doryphorus there is seen on the left side a bngitudinal 
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series of minute openings, disposed at slightly varying intervals (the 
mean distance between two subsequent openings is 0 . 5  mm) . The ope
nings are best seen on the counterpart (pl. 3 9 : 3) ,  consisting of a east 
of the ventrai side of the inter-zonal endoskeleton, as small prominen
ces on the ridge which corresponds to the groove Xdl. The openings 
must have lead into minute dorsal canals running out to the dorsal face 
of the endoskeleton (and into the exoskeleton) . 

As the canal Xl must have transmitted the main r. lateralis vagi 
the gro ove XdI must have lodged a r. dorsalis of this nerve which by 
fine branches supplied the neuromasts in a dorsal lateral line, and the 
groove XlI a branch supplying the neuromasts in the main lateral line 
and possibly also an extra-Iateral and a lateral line, both on the trunk . 
It can be noticed that a dorsal lateral line is actually observed in C. 
doryphorus (pl . 40: 1 ,  dIe) but that no sensory lines have as yet been 
found on the scale-covered trunk division in any member of the Oste
ostraci. 

The viseerai endoskeleton. 

The viseeraI endoskeleton in the Cephalaspids is by Stensio 
( 1 927 ,  pp . 1 44- 1 45 ; 1 932 ,  p. 3 7 ;  Holmgren & Stensio 1 9 3 6 ,  p. 262) 
considered to have been composed of two divisions, a dorsal division 
forming part of the endoskeleton of the cephalic shield, and an inde
pendent ventrai division consisting of unossified connective tissue. 

The dorsal division is said to liee dorsally to the external bran
chial openings, the ventrai one to have been situated ventrally to 
them. This must, however ,  mean that the position of the ventraJ 
division was morphologically ventrai to the external branchial ope
nings as the branchial fossae open on the ventrai side of the cephalic 
shield and the branchial openings lie at the same horizontal leve1 as 
the plates of the oralo-branchial fenestra. The ventrai division of the 
viseerai endoskeleton must thus lie topographically medially to the 
external branchial openings .  Now the ventrai parts of the interbranchial 
septa have approximately this position, and, as we shall see (p . 1 65) ,  
in the living forms they probably continued farther ventro-medially 
than their preserved parts would indicate. It is most probable that 
the se parts constitute a ventrai division of the viseerai endoskeleton , 
corresponding i .  a. to those (hypotrematic) parts of the branchial bars 
in Petromyzon, lying ventrally to the external branchial openings (cf. 
Johnels 1 94 8 ,  pp . 270-2 7 1 ) .  

The ventrai division o f  the viseerai endoskeleton thus formed a 
direct continuation of the dorsal division but how far it reached in 
median direction is uncertain . It if reached on to the central parts of 
the ventrai wall of the oralo-branchial fenestra, it probably passed 
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over into some flexible connective tissue, but as to the possible presenee 
of this tissue and its developement we know nothing (cf. Stensio 1 927 ,  
p.  1 44 ;  1 932 ,  p .  4 1 ) .  From what i s  known of  the development of  the 
ventral, hypotrematic, division of the viseerai endoskeleton in the 
Cephalaspids it can only be inferred that it was not independent of 
the dorsal division but continuous with it and form ed part of the cepha
lie shield. 

In the following the vise er al endoskeleton will be considered as 
an entirety without a subdivision into ventrai and dorsal portions , and 
it thus corresponds to the viseerai endoskeleton in a "restricted sense" 
as defined by Stensio ( 1 927 ,  p. 1 45) .  It thus "constitutes a consi
derable part of the endoskeletal component of the cephalic shield . . . .  , 
forming not only the rostral but also the lateral and to a great extent 
also the postero-ventral portion of that component. And . . . .  , it 
bounds the oralo-branchial chamber anteriorly, laterally and posteri
orly ."  To this can be added that the roof of the oralo-branchial cham
ber, as will be evident from the following account, is mostly of viseeraI 
origin. As to what parts of this roof in detail (e . g. the aortal groove) 
belong to the viseerai endoskeleton or to the endocranium can not be 
decided on the basis of the fossils only. All the structures in the roof 
of the chamber will, however, for the sake of convenience be treated 
in this connection. 

With reg ard to the different structures in the vise er al endoskele
ton we shall first consider the canals for the superficial arteries and 
veins, and the nerve canals and after that, more in detail, the shape of 
the roof of the oralo-branchial chamber and the different grooves and 
canals for nerves and vessels which were connected with the branchial 
apparatus. 

The superficial arteries on the dorsal side of the viseerai endo
skeleton consisted, as far as known, of branches from the a .  facialis, 
a .  communicans , a .  segmentalis occipitalis ,  a .  marginalis, and possibly 
also from the a. rostralis . 

The intracranial passage of the a. facialis has been considered 
above. It was said that the main canal (afac), after it had reached the 
outer part of the endocranium, ran in antero-ventral direction to the 
dorso-median region of the rostrai part of the viseerai endoskeleton.  
It corresponds to the canal for the anterior branch of the a. facialis of 
Stensio ( 1 927 ,  pp . 1 2 8 ,  209) . The most important branch of the canal 
afac is the lateral one (aad) which at first runs in lateral direction just 
in front of the orbit and then turns backwards along the lateral side 
of the orbital opening, and which gives off severaI side-branches (adl) 
to the visceral endoskeleton. In this paper it is called the canal for 
the a. adorbitalis (p . 62) ; it corresponds to the main canal for the 
a. facialis in the terminology of Stensio. 
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The side-branches from the canal for the a. adorbitalis to the 
superficial parts of the visceral endoskeleton extend over an anterior 
and antero-lateral region of the shield between the orbit and the lateral 
sensory field, and in some places may reach on to and over this field . 
They are generally four in number but there is a very great variation 
as to their development and disposition (cf. Stensio 1 927,  figs .  46-
47, 49 ; 1 9 32 ,  figs .  9-1 2) ,  and I can not find that they are in any 
way "metamerically" disposed (cf. Stensio 1 927 ,  pp. 1 32 ,  1 82 ,  2 1 4) .  

The can als will he re be called the first to fourth lateral branches 
of the canal for the a.  adorbitalis, and are lettered adll-adI4 . They 
correspond more or less exactly, respectively to the "premandibular" , 
the "mandibular" , the "lateral infraorbital" and to a lateral side-branch 
of the "median infraorbital" branch of the canal for the "a .  facialis" 
in the terminology of Stensio ( 1 927 ,  pp. 1 29 ,  1 32 ,  209 , 2 1 1-2 1 2) .  
It  will, however, be noted that on account of the great variability in 
their disposition it is of ten not possible to homologize the canals in 
different species, and canals with the same letter ing in different species 
are thus not necessarily exactly corresponding . 

The first branch (adi l ' pIs . 1 0 : 2 ; 1 2 : 4 ;  2 3 : 2 ;  29 : 1 ;  3 6-37 ; 
3 8 :2 ;  62 : 1 ;  9 8 :  1 ;  1 06-1 07) lies generally between the nerve canal sel }  
and the vein canal vel l . In some species i t  i s  small and simple, in  others 
ramified, white in still others it seems to be absent. In Nectaspis areo
lata there are severai small branches from the canal for the a. adorbi
talis, of which a rather large one is lettered adl 1 (pls .  1 06- 1 07) .  

The sec ond branch (adl2 , pls . 1 0 : 1 ;  1 2 : 4 ;  1 9 :2 ; 23 ; 25 : 2 ;  29 : 1 ;  
3 6-3 7 ;  3 8 : 2 ;  62 : 1 ;  9 8 : 1 ;  1 06- 1 07) leaves the canal aad as a rule 
just medially to the nerve canal sel l  and lies either wholly medially 
to this canal or crosses it and lies with its distal part laterally to it . In 
some speeies it  issues together with the canal adl: :  from a common 
trunk connecting the canals adl;!. and adl;� with the canal aad. 

The third branch (adl"" pls . 1 : 2 ;  6 : 2 ;  8 : 2 ;  1 0 : 1 ;  1 2 :4-5 ; 1 3 ;  
1 6 : 1 ;  23 ; 36-3 7 ;  3 8 :2 ;  5 9 ;  62 : 1 ;  6 3 : 2 ;  69 : 2 ;  9 8 : 1 ;  1 06- 1 07) is 
generally the largest of the side-branches from the canal aad. It issues 
from this canal separately or together with the branch adl"2 ' and usu
ally lies between the nerve canal sei l  and the vein canal vis;>, ; it is 
generally divided into two or three main branches . 

The fourth canal (adI4 , pls . 6 :2 ;  8 : 1 ;  1 4 ;  1 6 : 2 ;  2 3 : 1 ;  24 : 2 ;  3 6-
3 7 ;  3 8 : 2 ;  59) i s  generally short and lies between the nerve canals seil 
and sel;!. ; sometimes it crosses the vein canal vls:� . In C.  ibex (pls . 
3 6 :  1 ;  3 7 ;  3 8 :2) it is represented by two short branches . It is of ten 
missing, and seems in some speeies to be replaced by the canal for an 
anterior dorso-lateral superficial artery (ala l ) .  

We have seen previously (in the chapter on  the endocranium, 
p. 96) that the canal for the a. communicans (acom) sends out a 
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canal (ala) to the superficial part of the endoskeleton. From its disposi
tion it seems most likely that the canal gave rise to the canals ala l 
and ala2 for the first and second anterior dorso-Iateral superficial 
arteries .  Whether this branch ala also gave off some posterior branches 
for similar arteries or whether they issued from a posterior trunk could 
not be ascertained in the speeies examined (C . signata); it is, howewer, 
evident that all the anterior dorso-Iateral superficial arteries issued 
from the a.  communicans . In C. kozlowskii (Zych 1 9 3 7 ,  pl. 2) it is 
seen that the canals for the four anterior dorso-Iateral superficial arteries 
are branches from a basal trunk, which issues from the canal for the 
a.  communicans . In other species in which the a. communicans passed 
through the labyrinth cavity the canals for these superficial arteries 
issue from the vestibulum (cf. Stensio 1 927 ,  figs . 1 8- 1 9 ,  2 3 ,  2 5 ,  27) .  

The number of  the canals for the anterior dorso-Iateral super
ficial arteries is generally four (alal -ala4)  but in some species only 
three such canals are observed and in others there is an additional 
posterior canal (ala,, ) .  The canals are basally connected with each 
other in different ways as to form basal trunks which join the canal for 
the a. communicans or the vestibulum. In some species it was impossible 
to ascertain whether some of the canals belonged to the anterior dorso
lateral superficial arteries (being branches from the a .  communicans) or 
to the posterior dorso-Iateral superficial arteries , which issued from the 
a.  segmentalis occipitalis, as they could not be traced to their proximal 
origin. The canals in question are, however, lettered ala4 or ala.j} , 

and only those canals which with a fair degree of certainty can be 
assumed to have carried posterior dorso-Iateral superficial arteries are 
lettered alp . 

The canals for the anterior dorso-Iateral superficial arteries corre
spond in the main to the canals "a. sa" and "asm" and its branches in 
the Cephalaspids described by Stensio ( 1 927 ,  pp. 1 8 1 -1 82 , 2 1 3-2 1 4) .  

The first canal (ala l '  pls . 1 2 :4-5 ; 1 6 : 2 ;  23 ; 25 :2 ; 29 : 1 ;  3 6 : 1 ;  3 7 ;  
3 8 : 2 ;  5 9 :  1 ;  60 ; 1 06-1 07) is generally situated behind the vein canal 
vls :� and (of ten) before the nerve canal sel2 ; it most of ten joins the 
following canal ala2 to form a common basal trunk. On the left side 
of the holotype of C. signa ta (pl. 29 : 1 ) it lies behind the vein canal vls4 ' 
and in Nectaspis areolata (pls . 1 06-1 07) it is situated ahead of the 
canals sel2 and vls:� . In C. ibex (pls . 3 6 : 1 ;  3 7 ;  3 8 :2)  the basal trunk 
has an anterior small branch which runs in antero-dorso-median direc
ti on to the orbital opening . 

The second canal (ala2 , pls . 1 0 : 2 ;  1 2 :4-5 ; 1 3 ;  1 4 : 1 ;  1 6 :2 ; 23 : 1 ;  
25 :2 ; 29 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 : 2 ;  5 9 : 1 ;  60;  6 3 : 2 ;  68 : 3 ;  1 06-1 07) generally 
lies behind the vein canal vls.t and before the nerve canal sel;� . As said 
above, it usually joins the canal ala l but in C. hoeli (pl .  1 0 :2) ,  C. sinuata 
(pl. 2 3 : 1 ) and an unidentified Cephalaspis speeimen (pls . 59 : 1 ;  60) 
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it fuses with the canal ala ;{ ,  and on the right side of a specimen of 
c .  excellens (pl . 1 3) the canals ala2 ' ala :l ' and ala4 unite to form a 
common basal stem. 

The third canal (ala :l ' pls . 6 : 2 ;  8 : 1 ;  1 0 :2 ; 2 3 : 1 ;  29 : 1 ;  3 6 : 1 ;  3 7 ;  
3 8 :2 ;  5 9 : 1 ;  6 0 ;  6 8 : 3) usually lies between the nerve canals sel ;l and 
sel4 and before the ve in canal vis";) . It unites with the canal ala4 or 
sometimes, in C. sinuata (pl . 2 3 : 1 ) ,  on the right side of a specimen of 
C. hoeli (pl . 1 0 :2) ,  in Cephalaspis sp . (pIs . 5 9 : 1 ;  60) ,  with the canal 
ala 2 .  In Nectaspis areolata is lies immediately ahead of the canal Sel :l . 

The fourth canal (ala4 ' pls . 6 : 2 ;  8 : 1 ;  1 0 : 2 ;  1 2 : 5 ; 1 3 ;  1 6 : 2 ;  2 3 : 1 ;  
29 : 1 ;  3 7 ;  3 8 :2 ;  68 : 3 )  is most of ten situated before the nerve canal sel4 
but behind the vein canal vis:) but lies in some cases behind the canal 
sel4 (pls . 6 :2 ; 1 2 :5 ) .  It usually unites basally with the canal ala :, . 

A canal ala4 ? in a Cephalaspis sp . (pls. 5 9 : 1 ;  60), lying between 
the nerve canals sel4 and sel:)  and between the vein canals vlsG and 
vls7 , and a canal ala4 ?' joining another canal (ala :;, ?) in Securiaspis 
slaxrudi (pl . 62 : 1 )  possibly belong to the system of the posterior dorso
lateral superficial arteries . 

In C.  ibex a fifth canal (ala :;, )  issues from the proximal part of 
the canal ala 4 '  runs in posterior direction over the vein canal v Is G ' 
and divides into a posterior dorsal and a postero-Iateral branch (pls . 
3 6 : 1 ;  3 7) .  

The canals for the posterior dorso-Iateral superficial arteries (alp) 
are, as we have seen (pp. 96 ,  1 03) ,  branches from the can al for the 
occipital segmental artery (as) . This fact could, however, be established 
with a reasonable degree of certainty, only in C. kozlowskii and in 
C. signala . 

In C. excellens (pl .  1 6 :2) we find a canal (alp) leaving the postero
lateral part of the vestibulum and soon dividing in to two superficial 
canals . From what is said above (pp . 99- 1 00) , in the chapter on the 
endocranium, with reg ard to the groove and the canal as and the groove 
asb, compared with the conditions found in C. kozlowskii (Zych 1 93 7) ,  
i t  seems most certain that the a .  segmentalis occipitalis in  C.  excellens 
entered the canal as (pls . 1 5 : 1 ;  1 6 : 1 )  and, through it , the labyrinth 
cavity ; here it gave off the a. communicans and issued from the vesti
bulum by the canal alp .  

The openings in to the outer face of the endoskeleton of the super
ficial branches of the canal as are seen on the left side of the shield 
in the holotype of C. signala (pl. 2 9 : 1 ,  alp) . 

The canals for the posterior dorso-Iateral superficial arteries are 
two in number (alp l '  alp2);  they correspond in the main to the canals 
Ha. sm 2 "  and Ha. sp" in the descriptions by Stensio ( 1 927 ; 1 9 32) .  
The first of these canals (alp l '  pls . 1 3 ;  1 6 ; 29 : 1 ;  3 6-37) lies, wholly 
or partly, between the vein canals vls(> and vls7  and between the nerve 
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canals sel4 and self) ' The sec ond canal (alp 2 '  pls. 1 3 ;  1 6 ;  29 : 1 ;  3 6-
3 7) runs behind the vein canal vls7 ' In C .  excellens and C.  ibex the 
canals alp l and alp2 unite on the outer face of the endoskeleton to 
form a common basal trunk. 

A canal (alp?) in Benneviaspis longicornis (pl . 68 : 3) possibly 
lodged a posterior dorso-Iateral superficial artery . 

The superficial branches (ams) from the canal for the a. marginalis 
(cf. Stensio 1 927 ,  p. 2 1 7) are generally short. Some lateral branches 
are seen in C. ibex (pl. 3 7) ,  and some median branches to the lateral 
sensory field are exposed in an undeterminable Cephalaspis specimen 
(pl . 60) . 

Branches of the a. rostralis which went to the most rostrai part 
of the shield or to the rostrai process (Boreaspis robusta, pl. 7 8 :2) or 
the a. rostralis itself must have given off small superficial arteries in 
canals to the outer parts of the shield . Some of the superficial canals 
on the most rostrai part of the visceral endoskeleton are very probably 
arterial canals issuing from the canal or the groove for the rostrai 
artery or from the transition of this canal or groove to the canal for 
the a. marginalis, but in this region it is very difficult or impossible 
to tell the arterial canals from the vein canals if they are not traced 
to their origin (cf. pls . 8 : 1 ;  1 6 : 2 ;  34 : 1 ;  3 8 :2 ,  ars) . 

The canals for the superficial veins on the dorsal side of the 
visceral endoskeleton are well known (cf. Stensio 1 927 ,  pp . 75-76,  
1 1 8 ,  1 32-1 34, 1 8 6- 1 89 ,  220-225) .  They belong to  the systems 
of the v. capitis lateralis, the v. marginalis and the v. rostralis (or rostrai 
vein sinus) . 

The most important of these superficial vein canals are the canals 
for the dorso-Iateral superficial veins (vis l-viss) '  They will be dealt 
with here only briefly, and for their disposition on the shield in 
different species the reader may con sult the plates and what is said on 
each species (in which they are preserved) in the systematic part. 

The number of the canals for the dorso-Iateral superficial veins 
seems in general to be six, but not infrequently a seventh canal (vls7 )  
i s  observed, in  some cases with a posterior branch (viss) .  

The first and second of  these canals ,  vls l  (pls . 1 2 : 4 ;  1 6 : 2 ;  1 9 : 2 ;  
23 ; 29 : 1 ;  34 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 :2 ;  62 : 2 ;  7 1 :2) and vls:2 (pls . 1 :2 ;  8 : 1 ;  
1 1 :4 ;  1 2 : 4 ;  1 5 :4 ;  1 6 : 2 ;  1 9 ;  2 3 : 1 ;  29 : 1 ;  34 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 : 2 ;  6 7 : 1 ;  
69 :2) ,  join the canal for the preorbital division of the v .  capitis lateralis 
(vell ) ' but in one specimen of C. excellens the canal vls2 opens directly 
into the orbit (as mentioned above, p. 62 ; pl. 1 5 :4) .  In C. ibex 
(pls . 3 6 : 2 ;  3 7 ;  3 8 :2) the canal vlsl is represented by two canals (vis la  
and vis l b) .  

I n  their proximal course some of the third-eighth canals (vls:�
viss)  most of ten join in different ways so as to form common basal 
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tru nks which open into the canal for the postorbital division of the 
v. capitis lateralis (vel) or into the postero-dorso-Iateral corner of the 
orbit. Never all the can als are independently developed, and the eighth 
canal (vIss)  always joins the seventh (vls7 )  and can best be regarded 
as a posterior branch of this canal. The canal vls ;� of ten joins the 
canal vls.t and als o in some cases unites with the canal vIs;; to form 
an anterior common trunk (vIa ,  e. g. pls . 8 : 2 ;  1 1  :4 ; 1 5 :4 ;  7 1  :2 ) ,  and 
the canals vIs;;  and vls ( \  or vls , ;  and vls 7  unite to form a posterior 
common trunk (vIp,  pls . 1 0 : 2 ;  1 1 :4 ;  1 2 : 5 ; 1 3- 1 4 ;  1 5 : 1 -2 ;  1 6- 1 7 ;  
1 8 : 1 ;  1 9 : 2 ;  2 3 ; 6 1 ; 68 : 3 ;  7 7 : 2 ;  7 8 : 3 ; 95 : 2 ;  etc . ) .  In C.  signata there 
are three basal trunks, the first being formed by the canals vIs ; :  and 
vls.t , the second by the canals vIs:;; and vls6 and the third by the canals 
vls 7  and vIss . In C. excellens and C. vogti (certain specimens) all the 
canals vls.t-vls 7 unite into a common basal trunk (pls . 1 2 : 5 ; 1 3 ) .  
The disposition of  the proximal parts of  the can als i s  rather varying 
and of ten not constant even within the speeies . 

The canal vls :� is seen in the pls . 1 : 2 ;  4 : 1 ;  6 : 2 ; 8 ;  1 0 ;  1 1 : 4 ;  
1 2 :4-5 ; 1 3- 1 4 ;  1 5 : 2 , 4 ;  1 6- 1 7 ;  1 9 : 2 ;  2 3 ; 24 :2 ; 25 : 1 ;  29 : 1 ;  3 1 : 1 -2 ;  
32 : 1 , 3 ;  3 6-3 7 ;  3 8 : 2 ;  59 : 1 ;  60 ; 62 : 1 ;  63 : 2 ;  64 : 2 ;  67 : 1 ;  68 : 3 ;  69 : 2 ;  
70 ; 7 1 :2 ;  7 7 : 2 ;  7 8 : 3 ; 90 : 3 ;  9 1 : 1 ;  9 3 : 2 ;  98 : 1 ;  1 06- 1 09 .  I n  the genus 
Cephalaspis the canal generally opens into the postero-dorso-Iateral 
corner of the orbit ; in C. signata, however, it joins the canal vls.t , and 
the common trunk thus formed, opens into the canal for the post
orbital division of the v .  capitis lateralis (vel) just behind the orbit 
(pl. 32 :2) .  Similar conditions have also, as an exception, been observed 
in C. excellens. In Securiaspis staxrudi the canals vls ;� , vls4 and vIs :;; 
unite to form a short and wide basal trunk which opens into the canal 
vel most anteriorly but also with the foremost part into the postero
dorsal corner of the orbit (pl. 62 : 1 ) ;  in S. quadrata the canal vls ;� 
opens in about the same way as this common trunk (pl. 64 :2) ; in an 
undeterminable Securiaspis specimen the canal vIs: :  opens in to the 
orbit (pl. 63 :2) .  In Ectinaspis the canal vls ;� runs to the postero-dorso
lateral corner of the orbit (pl .  67 :  1 ) .  In 

'
Benneviaspis the canal vIs ; :  

(or the common trunk formed by the union of this canal and the canal 
vls.t )  opens into the orbit (pls . 68 : 3 ,  left side ; 70 :2 ; cf. pl. 7 1 :2)  or 
into the canal vel behind the orbit (pl .  70 :  l ) .  In Tegaspis, Boreaspis 
(pls. 78 : 3 ;  90 : 3 ;  9 1 : 1 ;  93 :2) ,  A xinaspis (pl . 9 8 : 1 ) ,  A crotomaspis, Nect
aspis (cf. pls . 1 06- 1 09),  and als o in Hoelaspis (pl. 77 :2 ; cf. Stensi6 
1 927 ,  pl. 45) the canal vls;� joins the canal vel behind the orbit. 

The canal vls.t is observed in many specimens (pIs . 1 : 2 ;  4 : 2 ; 
6 : 2 ; 8 : 1 ;  1 0 : 2 ;  1 1 : 4 ;  1 2 : 5 ; 1 3 ;  1 5 : 4 ;  1 6 ;  1 9 :2 ;  2 3 ; 24 : 2 ;  25 : 1 ;  29 : 1 ;  
3 2 : 1 -3 ;  3 6-3 7 ;  3 8 : 2 ;  5 9 : 1 ;  60 ;  62 : 1 ;  64 :2 ;  67 : 1 ;  68 : 3 ;  69 : 2 ;  70 : 2 ;  
7 1 :2 ;  77 :2 ; 7 8 : 3 ; 1 06- 1 09) as well as the canal vIs:;; (pls .  4 : 2 ;  1 3 ;  
1 6 ;  1 9 :2 ; 2 3 ; 25 : 1 ;  29 : 1 ;  3 2 : 1 ;  3 6-3 7 ;  3 8 : 2 ;  5 9 : 1 ;  60 ; 62 : 1 ;  67 : 1 ; 
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68 : 3 ;  69 ; 70 : 2 ;  7 1 : 2 ;  7 7 : 2 ;  7 8 : 3 ; 1 06-1 09) and vlsu (pls . 4 : 2 ;  6 : 2 ;  
8 : 1 ;  1 0 : 2 ; 1 2 :4-5 ; 1 3- 1 4 ;  1 6 ;  1 9 : 2 ;  23 ; 25 : 1 ;  29 : 1 ;  3 2 : 1 ;  3 6-3 7 ;  
5 9 : 1 ;  60 ; 62 : 1 ;  64 :2 ;  67 : 1 ;  68 : 3 ;  69 : 2 ;  70 :2 ; 7 1 : 2 ;  77 : 2 ;  7 8 : 3 ;  1 00 : 1 ;  
1 06- 1 07) .  The canal vIs,  is seen in the pls . 1 0 : 2 ;  1 2 : 5 ; 1 3 ;  1 6 ; 2 3 ; 
29 :  1 ;  3 6-3 7 ;  5 9 :  1 ;  60 ; 69 : 2 ;  7 7 : 2 ; 1 00 :  l .  

In C.  signata the canal vIs,  has a rather considerable posterior 
branch (visH , pl. 29 : 1 ) ;  in C. ibex the corresponding canal is small 
(pls . 3 6 : 1 ;  3 7 ,  viss ) .  

In their distal course the canals for the dorso-lateral superficial 
veins have a fairly constant disposition in re1ation to the canals for 
the nerves of the lateral sensory fields .  The canals vls1 and vis'2 He 
medially to the canal sei l ' the canal vls2 ' however, in Cephalaspis 
aften between the branches seI la  and sel lp; the canal vis ;: lies just 
in front of the canal sel2 ' the canal vls4 between the canals sel2 and 
sel; \ , the canal vis:;  between the canals sel;: and sel4 and the canal 
vls ( i  between the canals sel4 and sel:; ; the canals vis ,  and visp,  lie 
generally behind the proximal part of the canal sel:;, .  Although the 
canals thus alternate rather regularly with the nerve canals to the 
lateral sensory fields , they have no such relation to the canals for 
the branchial nerves, and they cannot in any way be said to have a 
"metameric disposition" (cf. StensiO 1 927 ,  p .  225) .  

In an und�terminable Cephalaspis speeimen (pls .  59 :  l ;  60) we 
find some aberrant conditions with regard to the canals for the dorsa
laterai superficial veins . The canal vlsr;,  has in its inner half an anterior 
branch (vis4 m) which represents the basal part of the canal vis4 . 
Between the distal parts of the nerve canals sel2 and selg runs a vein 
canal (vls4 !) which in proximal direction turns backwards and opens 
into the canal vis .• ; it is probably the distal part of the canal VlS4 
which has lost its connection with its basal part and acquired a new, 
more distal ane with the canal vIs:; . The canal vis 6 '  basally joined to 
the canal vis:;"  is by a large sinus-like canal (vcom) in communication 
with the canal veD in the shoulder-girdle . By these connections a 
longitudinal superficial vein canal passage is formed, lying medially 
to the posterior part of the lateral sensory field. 

In the anterior part of its course the v .  capitis lateralis (or the 
preorbital division of this ve in) was a superficial vein which drained 
the antero-dorso-median part of the ethmoidal region and the rostrai 
viseerai part, lying immediately in front of this region (cf. Stensi6 
1 927 ,  pp . 1 1 8 ,  1 32 ,  225 ,  228) ; its canal vell is seen in many speci
mens (pls . 3 :2 ;  6 :2 ; 8 : 1 ;  1 0 ;  1 5 :2 ;  1 6 : 2 ; 1 9 : 2 ;  2 3 ; 29 : 1 ;  3 6 : 1 ;  3 7 ;  
3 8 : 2 ;  62 : 1 ;  63 : 2 ;  67 : 1 ;  7 1 : 2 ;  77 :2) .  

Median branches (vms) from the canal for the v .  marginalis (vmarg) 
run to the lateral sensory field and to the region of the shield lying 
just medially to this field (pl. 60) . 
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The dorsal superficial branches (vrd) from the canal or groove for 
the rostrai ve in or vein sinus to the rostrai part of the visceral endo
skeleton between the anterior part of the lateral sensory fields are seen 
in severai specimens (pls. 6 :2 ; 8 : 1 ;  9 : 6 ;  1 3- 1 4 ;  1 6 : 2 ;  1 8 :2 ;  20 :2 ; 2 9 : 1 ;  
34 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 :2 ;  6 1 ;  64 : 1 ;  70 : 1 ) .  In Nectaspis areolata this part 
of the shield is provided with a superficial network of anastomosing 
canals in which the individual canal trunks cannot be distinguished, 
nor can it be made out which of the canals are vein canals and which 
are arterial canals (pl .  1 1 0 :  1 ) .  

Turning now to the nerve canals w e  shall he re consider their 
course through the visceral endoskeleton with the exception of those 
parts of the nerves which went into the oralo-branchial chamber and 
left impressions in the roof of this chamber and which will be con
sidered later on in this chapter. 

We have previously (p . 60) found that the n. profundus evidently 
was a very small nerve which probably supplied only the interorbital 
space and the superficial part of the ethmoidal region and possibly 
also a part of the rostrai visceral endoskeleton. There is no canal 
which without any doubt can be exc1usively assigned to this nerve but 
some canals (lettered Vi ?' pls . 1 0 : 1 ;  3 7 ;  3 8 :2) in C. hoeli and C. ibex 
are possibly canals for branches of this nerve ; a canal Vi ? in Nectaspis 
areolata is with much doubt thought to be a canal for such a branch . 

The r. maxillaris trigemini left the orbit through a canal of its 
own (V 2); this canal or parts of it is seen in many specimens (pIs .  3 : 2 ;  
4 :  l ;  6 :2 ; 8 : 2 ;  9 : 7 ;  1 0 :2 ;  1 1 :4 ;  1 4 ;  1 5 : 3 -4 ;  1 9 :2 ;  2 3 : 2 ;  25 : 2 ;  3 0 :  l ;  
3 6-3 7 ;  3 8 : 2 ;  6 1 ; 62 : 1 ;  6 3 : 2 ;  64 :2 ; 6 6 ;  67 : 1 ;  68 : 3 ; 69 :2 ; 70 ;  7 1 :2 ;  
77 :2 ; 7 8 : 1 ;  8 1 : 1 ;  82 : 2 ; 8 3 : 1 ;  8 4 : 2 ;  8 6 : 2 ;  8 9 : 2 ;  90 : 3 , 5 ;  93-95 ; 97 : 3 ;  
9 8 :  1 ;  1 00 :  l ;  1 02 :  1 ;  1 03 : 4 ;  1 06- 1 07 ;  1 1 0) .  After its orig in from the 
antero-ventral part of the orbit it ascends to the outer part of the rostraI 
visceral endoskeleton and here runs in antero-ventral direction until 
it en ters the oralo-branchial chamber with one or severaI openings ; 
this takes place about midway between the orbit and the rostraI margin 
of the shield (C. excellens, pl . 1 3) or nearer to this margin (C. exilis, 
pls . 1 1 :4 ;  2 7 : 1 ;  c. retusa, pl . 9 : 5 ; C . signala, pIs. 29 :2 ; 30 : 1 ;  Bore
aspis spp . ,  pls . 8 3 ;  8 5 ; 8 7 : 1 ;  Nectaspis areolata, pIs . 1 08- 1 09) . In 
Securiaspis staxrudi, Boreaspis costata and B .  macrorhynchus the canal 
V 2 during its superficial course divides into two branches (V), V 2 m ,  
pls . 6 1 ;  62 : 1 ;  94 :2 ; V2 , pls . 8 6 : 2 ;  9 3 : 1 ) ,  and a t  least i n  the latter 
species the median branch (which bifurcates) runs to the superficial 
parts of the shield . The canal sends out narrow branches to the super
ficial part of the visceral endoskeleton (pls . 9 3 : 1 ;  94 :2 ; 9 7 : 3 )  and 
some of its terminal branches end ne ar the rostrai or antero-Iateral 
margin of the shield (pls . 3 0 :  1 ;  94 :  1 ) .  These branches must have 
carried somatic sensory fibres or, more specifically , general cutaneous 
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fibres . Such fibres were, however, without doubt, also present in the 
nerve branches which went through the roof of the oralo-branchial 
chamber on to the roof of the mouth cavity (cf. the conditions in 
Petromyzon, Johnston 1 905a,  p. 1 84 ;  Lindstrom 1 949,  pp . 372-3 7 3 ) ;  
for the rest the nerve branches to the oralo-branchial chamber carried 
visceral motor fibres for the oral museulature. In some specimens 
the visceral endoskeleton is so thin that the canal V 2 produced a ridge 
(pV2)  in the roof of the oralo-branchial chamber (pls . 9 : 6 ;  1 5 :4 ;  2 7 : 1 ;  
9 6 :  1 ;  1 08-1 1 0) .  

The r .  mandibularis trigemini (V 3 )  which, a s  we  have seen (p . 65) 
was a pure motor trunk, generally passed through the orbit before it 
entered a canal running out to the visceral endoskeleton, but in Nect
aspis it went in a canal of its own directly from the antero-median 
part of the labyrinth cavity. The canal V 3 sometimes also gave passage 
to lateralis fibres coming from the anterior lateralis ganglion in the 
trigeminus-lateralis chamber. In general the canal V 3 runs for a short 
or rather long distance through the outer parts of the viseerai endo
skeleton befare it opens into the oralo-branchial chamber (the canal 
is more or less distinctly seen in severai specimens : pls . 3 : 2 ;  8 : 2 ;  1 0 : 2 ;  
6 1 ;  62 : 1 ;  6 3 : 2 ;  68 : 3 ;  69 : 2 ;  7 0 ;  7 1 :2 ;  7 8 : 3 ; 8 6 : 2 ;  8 9 : 2 ;  9 1 :2 ;  9 3 : 2 ;  
94-95 ; 97 : 1 , 3 ;  1 00 : 1 ;  1 02 : 1 ;  1 03 : 4 ;  1 06-1 09 ;  its opening into 
the oralo-branchial chamber is exposed in the specimens figured in 
pls . 9 : 6-7 ; 1 3- 1 4 ;  1 6 : 1 ;  27 ; 29 ; 7 8 :2-3 ; 8 1 :2 ;  82 : 1 ;  8 3 ;  8 5 ;  8 7 : 1 ;  
9 1 ;  9 3 : 1 ;  94 : 2 ;  95-9 6 ;  1 08-1 09 ;  1 1 0 : 1 ) .  In Cephalaspis the canal 
V 3 is short or very short and does not (or only exceptionally) enter the 
dorsal face of the endoskeleton, but in other genera in which it is 
observed (Securiaspis, Tegaspis, Ectina�pis, Benneviaspis, Hoelaspis, 
Boreaspis, Kiaeraspis, A crotomaspis, Nectaspis) it has a rather long 
passage through the visceral endoskeleton. In Cephalaspis the canal 
generally opens into the oralo-branchial chamber in the interval between 
the two branches of the canal seIl or (e. excellens, C. vogti in which 
this canal is undivided) just in front of the canal seIl . In Securiaspis it 
passes down between the branches of the canal seil  or entirely behind 
or ventrally to this canal. These two conditions are also present in 
Tegaspis, Benneviaspis, Hoelaspis, Boreaspis, Axinaspis, Acrotomaspis 
and Nectaspis (see also p .  2 3 9) .  

The canal for the n .  facialis (VII) issues from the lateral part of 
the vestibulum. The main canal VII in Cephalaspis is very short and 
does not reach the outer part of the endoskeleton ; it opens into the 
oralo-branchial chamber rather far dorso-medially just anteriorly to 
the canal sel2 ; because of its deep position in the endoskeleton it 
is seldom exposed (pls . 1 0 :2 ; 1 4 ;  1 5 : 1 ;  27 : 2 ;  29 :2) .  In Securiaspis 
(pl. 6 1 ) ,  Benneviaspis (pl. 7 1 : 2) ,  Hoelaspis (pl. 77 :2) and Axinaspis 
(pl. 1 00 : 1 )  it is somewhat longer and in Boreaspis (pls . 8 1 :2 ;  8 2 : 1 ;  
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8 3 : 2 ;  85 ; 8 6 : 2 ;  8 7 : 1 ;  9 1 : 1 ;  9 3 ; 94 :2 ; 95-96) ,  A crotomaspis (pl . 1 03 : 1 )  
and Nectaspis (pls . 1 06-1 09) it is very long, opening far antero
ventrally into the oralo-branchial chamber. It normally lies c10sely 
anteriorly to the canal sel2 but in A crotomaspis (pl . 1 03 : 1 )  runs 
c10sely behind this canal. The n. facialis was, as the following cranial 
nerves, mainly a nerve for the branchial pouch. The general cutaneous 
component of the nerve was apparently feebly developed (see below) 
and there was very probably no (normally developed) lateralis com
ponent accompanying it. 

The canals for the n. glossopharyngeus (IX) have been accounted 
for above (in the chapter on the endocranium) . Here it will only be 
repeated that the canal for the main nerve (the branchial ramus) in 
Cephalaspis either runs posteriorly and laterally to the labyrinth 
cavity or consists of two independent canals , a proximal one behind, 
and a distal one laterally to the labyrinth cavity ; the distal canal is  
very short ( in this latter case the nerve passed through the vestibulum) . 
The canal runs c10sely associated with or is coalescent with the canal 
for the a.  communicans (pls . 4 : 1 ;  1 4 ;  1 5 : 1 ;  1 6 : 1 ;  3 1 : 1 -2 ,  6 ;  3 2 : 1 -2) 
and opens far dorso-medially into the oralo-branchial chamber (pls .  
1 6 : 1 ;  27 ; 29 :2 ; 3 2 : 1 ) .  In the other genera the canal IX or ,  more 
exactly, its opening rather far ventro-Iaterally into the oralo-branchial 
chamber, has been observed in Boreaspis (pls .  8 1 :2 ;  8 3 : 2 ;  8 7 : 1 ;  9 3 ;  
96 :2) ,  and a canal which possibly i s  the canal lX is exposed in A cro
tomaspis (pl .  1 02 : 1 ;  IX?) and Nectaspis (pl. 1 07 ,  IX?) . In this l a tter 
genus the n.  glossopharyngeus ran in a canal behind the labyrinth 
cavity, much in the same way as in C. signata (fig .  1 2 ;  pl .  1 1 2 :  1 ) . 
In Boreaspis the canal runs ventrally to the canal sel ; ;  and its opening 
into the oralo-branchial chamber lies just anteriorly to this canal . 
In Cephalaspis it opens downwards in the interva l  between the proxi
mai parts of the canals sel2 and sel:>, . The canals for somatic sensory 
nerve fibres of the glossopharyngeal nerve are known only in C. signata 
(see above , p. 93) ,  and superficial canals possibly having carried 
such fibres will now be considered in connection with other superfic ial 
nerve canals . 

Before doing so we shall only recall that the canals for the n .  vagus 
have been de alt with in connection with the occipital region of the 
endocranium and will  be further considered below when dealing with 
the branchial fossae in the oralo-branchial chamber. No canals in the 
visceral endoskeleton for somatic sensory branches of the n. vagus are 
known (cf. StensiO 1 927 ,  pp . 1 65 ,  1 9 1 ) .  

When dealing with the ethmoidal and orbito-temporal regions 
of the endocranium some narrow grooves in the floor of the orbit 
and some canals issuing in antero-Iateral direction from the orbit 
have been mentioned, and following Stensio ( 1 927) ,  these cana l s  



- 1 27 -

have been considered to have carried somatic sensory fibres. Some 
of them were general cutaneous and others later alis fibres. Now we 
find in C. excellens that some of these canals continue in antero
ventro-lateral direction in the outer parts of the viseerai endoskeleton,  
in some cases on to the median margin of the lateral sensory field 
(pls . 1 4, n I ; 1 6 : 2 ,  n) . In C. vogti a similar canal (bu, pL 1 2 : 5 )  runs 
first along the lateral border of the orbital opening and then turns 
in antero-ventro-lateral direction ; it has exactly the same course as 
the proximal part of the infraorbital groove of the sensory line 
system, and it had, beyond any doubt, carried a lateralis branch 
which supplied this line. In C. exilis (pL 34 :  1) we find the distal 
continuation of this nerve canal : a narrow canal (bu) issues from the 
canal seil near the median margin of the lateral sensory field and 
runs in anterior direction over the foremost part of this field bifur
cating into an antero-median and an antero-Iateral canaL The former 
branch is assumed to have given passage to a nerve branch supplying 
the antero-median part of the infraorbital line, while the latter branch 
possibly carried a lateralis branch for a supposed anterior marginal 
line (this line has not yet been observed in any Cephalaspid but is 
present in some other Osteostraci) . A canal corresponding to the 
antero-median branch of the canal bu in C. exilis is seen in C. divari
cata (pL 6 : 1 ,  bu), its median part following the main course of the 
groove ifcI of the sensory line system. In C. ibex (pls . 3 6 : 1 ;  37)  
and in an undeterminable Cephalaspis specimen (pls . 59:  1 ;  60) there 
are severai narrow superficial canals (n) which, on account of their 
course and mode of branching must have given pass age to nerve 
branches, and, more specifically, to somatic sensory nerves . The 
anterior ones of these canals in C. ibex, that is ,  those lying behind 
the canals V 2 or vlsl  b but ahead of the canal vis.! , have such a 
position that they must have carried nerve branches originating from 
the trigeminus-lateralis-ganglion complex ; the nerves in the canals n 
between the canals vls4 and vlsG were branches of the n. facialis or 
the n. glossopharyngeus, while the nerves in the posterior canals n 

most probably were cutaneous branches of the n .  glossopharyngeus . l 
It seems thus as if the general cutaneous component in the n .  facialis, 
if present at all, was rather feebly developed. Which of the canals in 
question had carried general cutaneous fibres and which of them carried 
lateralis fibres can not yet be decided. 

I Cf. the course of the canals IXla and IXlp and the superficial canals very 

probably issuing from the canal lXI in C. signala, see p p .  9 1 ,  9 3 ;  it will here 

be noted that the can als IXla and IXlp reached the outer face of the endoskeleton 

ventro-Iaterally to the posterior half of the dorsal sensory field or just dorso-medially 

to the union of the canals VIS7 and v/Sg , and that the canals n from the canal IX + acom 

reach the dorsal face of the endoskeleton somewhat postero-laterally to the orbit .  
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We have yet another kind of superficial nerve canals to account 
for, viz. the canals for the lateral sensory fields . They are generally 
most conspicuous and more or less perfectly preserved in all specimens 
in which the visceral endoskeleton is not destroyed. The canals for 
these nerves are generally broad and flattened but sometimes (as e. g .  
in C.  eurhynchus, pl .  4 : 1 ,  and especially in C. kozlowskii, Zych 1 9 3 7 ,  
pl. 2 )  they are more rounded i n  cross-section and somewhat similar 
to other nerve canals . They are , however,  always larger than other 
canals and the nerves in them must have been very strongly developed, 
hypertrophied. 

We have previously found that in some species the canal seIl  
has a fairly independent position in relation to the other nerve can als 
sel, and that it was provided with a distinct basal swelling, doubtless 
caused by a ganglionic mass .  This fact and the conditions in severai 
species and genera as e. g. Boreaspis, Kiaeraspis, Nectaspis and in 
other Osteostraci make it much more probable that this canal enclosed 
a single nerve branch which in some cases bifurcated distally than 
two nerves (as supposed by Stensio 1 927 ,  pp. 8 4 ;  1 7 1- 1 72), and 
this is assumed here (the canal is lettered seIl ' and its distal branches 
seIl a  and seI l p ,  and these branches thus correspond to the canals 
"seI l "  and "seI2 " of Stensio) . 

The total number of nerve canals for the lateral sensory field (or 
fields) was thus five in both the Cephalaspids and most of the older 
Osteostraci . Exceptions may, however, occur. Thus in a specimen of 
Boreaspis macrorhynchus we find an additional nerve canal (seI2 b) and 
consequently in this specimen six nerve can als for the lateral sensory 
field (pl . 95 :2) . 

In all the specimens of the Spitsbergen Cephalaspids , so far 
examined, the proximal course of the canal seIl  is constant and very 
characteristic . Issuing from the anterior or antero-Iateral part of the 
vestibulum it runs mainly in antero-Iateral direction to the lateral margin 
of the orbit and follows this margin to the ante ro-lateral corner of the 
orbit ; here it turns in antero-ventro-lateral direction and enters the 
visceral endoskeleton. In most of the Cephalaspis species it bifurcates 
ne ar the antero-lateral corner of the orbit and there are thus two 
branches of the canal which enter the visceral endoskeleton. In C. excel
Iens (pls . 1 3 ;  1 5 : 2 ;  1 6 : 1 ) ,  C. vogti (pl . 1 2 : 5 ) ,  and a specimen of C. dissi
mulata (pl . 8 :  1 )  the canal runs undivided on to or ne ar to the lateral 
sensory field. In Securiaspis (pls . 6 1 ; 62 : 1 ;  63 :2 ; 64) and Tegaspis 
(pl . 66) the canal seIl  divides into two branches about midway between 
the orbit and the lateral sensory field , or somewhat nearer to this field . 
In Benneviaspis (pls . 69 : 2 ;  7 1 :2) ,  Hoelaspis (pl. 77 :2)  and Ectinaspis 
(pl. 67 :2) the canal branches in general just medially to the lateral field , 
and in Boreaspis (pls. 8 2 : 2 , 4 ;  8 3 ;  8 6 ;  8 9 : 1 -4 ;  90 : 3-5 ; 9 1 ;  93-95 ; 
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96 :2) ,  Kiaeraspis (pl . 97 :  1 -3 ) ,  Axinaspis (pls . 9 8 :  1 ;  1 00 :  1 ) ,  A crotom
aspis (pls . 1 0 1 : 1 ;  1 02 : 1 -2 ;  1 0 3 : 1 -2 , 4 ;  1 05 :4) and Nectaspis (pls . 1 08 
- 1 09 ;  1 1 1  : 3 -4) it is virtuaUy undivided. In a specimen of Boreaspis 
robusta the canal sell , as an exception, bifurcates midway between 
the orbit and the lateral field (pl. 7 8 : 3) .  

When, a s  in Kiaeraspis (pl . 97 :2) ,  Boreaspis (fig . 93)  and A xin
aspis (fig . 1 0 1 B) ,  the lateral sensory fields are subdivided into two 
parts the anterior field is supplied with two nerve canals and the poste
rior one with three canals . In Nectaspis (fig. 1 05C) the anterior and 
the midd le field receive two canals each and the posterior field one 
canal. In A crotomaspis (fig. 1 02B) the first, sec ond and third fields 
each receive one nerve canal and the fourth field two nerve canals . 

We shall now turn to a consideration of the roof of the oralo
branchial chamber in different Cephalaspids and the various impres
sions produced in it mainly by the branchial apparatus and by diverse 
structures related to this apparatus. 

We shall then first con sider in some detail the conditions in the 
roof of the oralo-branchial chamber in the genus Cephalaspis, and shaU 
turn our atten ti on to a fairly weU preserved cast of the oralo-branchial 
chamber in the holotype of C. signata (pls . 29 :2 ,  detail in pl. 27 : 2 ;  
the most anterior part of the roof o f  this chamber i s  also shown from 
below in pl. 30 :  1 ;  cf. also fig .  1 4) .  

The aortal ridge, present only in the anterior part of  the roof, is 
very high and keel-like with blunt edge, and without any aortal groove 
(cf. C. salweyi, Stensi6 1 932 ,  p. 3 8 ;  pl. 25 : 1 ) .  Anteriorly but at some 
distance behind the rostrai part of the ventrai rim it becomes low and 
broad-backed, and disappears gradually. Somewhat behind its anterior 
end a pair of low, bro ad and indistinct ridges runs from it in ante ro
ventro-lateral direction for a short distance but is soon wholly oblite
rated, at least on the right side ; on the left side the first branchial fossa 
behind it is somewhat better pronounced and deeper in front than the 
right one, and its anterior border forms a rather slightly developed 
margin which runs antero-laterally as a continuation of the ridge re
ferred to . The rostrai area ahead of the aortal ridge is quite plane and 
not in the least depressed. There is thus formed a large but indistinctly 
bounded triangular anterior area, the face of which is fairly smooth, and 
(this must be emphasized) which has no cavity or fossa in its ventro
lateral corners , where it passes imperceptibly over into the ventrai rim . 

The pair of short ridges, just mentioned, corresponds to the well 
developed velar ridge in Nectaspis, to be described later on (p . 1 5 5 ) ;  
and this term will be  employed for them als o in  Cephalaspis. The 
anterior triangular area corresponds to the area occupied by the buccal 
cavity in Nectaspis . This area in Cephalaspis will here be termed t h e  
b u c c a l a r e  a (area buccalis) ; its supposed exoskeletal bone covering 

9 
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is called by Stensio ( 1 932 ,  p .  37) the maxillary toothplate . It will, 
however, be observed that no such exoskeletal covering is present in 
any of the examined Cephalaspids from Spitsbergen . 

In the anterior part of the oralo-branchial chamber behind this 
area (in the branchial chamber proper) the interbranchial ridges are 
rather poorly developed, being fairly dis tinet only near to the aortal 
ridge and in their ventro-Iateral parts in passing over into the inter
branchial septa. The branchial fossae are defined and separated from 
each other, as will be seen, mainly by the development of other 
structures. 

The first branchial fossa is very large, roughly triangular in out
line with the apex dorso-postero-medially near the median line at a 
transverse level with the anterior end of the circum-nasal fossa. On 
the right side it passes without boundary antero-ventro-Iaterally over 
into the buccal area ; for the rest it is limited anteriorly by the pair 
of velar ridges, mentioned above, and posteriorly its borders are repre
sented by the first interbranchial ridge , the posterior margin of the 
groove aq l (see below) and the first interbranchial septurn. The left 
branchial fossa l is somewhat shorter than the right one . 

The most conspicuous feature in the first branchial fossa i s  a 
transverse series in the posterior part of the fossa of eight oblong 
c10sely lying impressions or pits (igl) separated from each other by 
narrow ridges (gl) . The series of pits begins in the dorso-median part 
of the fossa rather near to the aortal ridge and reaches in ante ro
ventro-Iateral direction to a point some distance from the ventrai rim . 
Each of the pits extends antero-medially to postero-Iaterally . The most 
median (the first) pit is the smallest one, and is rather indistinctly 
defined, the sec ond and the third are somewhat larger then the first 
but still slightly smaller than the five subsequent ones which are of 
about uniform size. The first five pits are all fairly weU bordered on 
all sides but the three last ones pass postero-lateraUy over into a trans
verse broad groove (aQ l ) '  The series of pits is  separated from the 
posterior border of the fossa by an area of about uniform breadth . 
This area is rather plane in its dorso-median part but is ventro-Iaterally 
somewhat deepened so that the fairly broad and shallow groove (aQ l ) ' 
just referred to, is forrned between the transverse series of pits and 
the posterior border of the first branchial fossa. The groove continues 
antero-ventro-Iaterally but most distally there is forrned from the 
branchial fossa a postero-Iateral continuation in the shape of an 
external groove (dext) running along the inner border of the ventraI 
rim . This external groove lies laterally (or ventro-Iaterally) to the 
interbranchial septurn bordering the fossa postero-ventro-Iaterally (cf. 
Stensio 1 927 ,  fig. 3 3) .  It is to be noted that the external groove i s  
not uniform (and this applies also to the external grooves from the twa 
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following branchial fossae) but that its postero-Iateral part is some
what more depressed and forms a fairly distinet impression (dexta) . 
The roof of this impression is traversed by a longitudinal branching 
groove (a) which passes over posteriorly into a small canal running to 
the canal for the a. marginalis . The antero-median part of the external 
groove from the first branchial fossa disappears at about the first third 
of the length of the ventro-Iateral part of the second fossa ;  the postero
lateral impression (dexta) continues to somewhat more than the middle 
of this distance. The anterior part of the corresponding impression 
(dexta) in the second external groove has a branching transverse groove . 

In the most ventro-Iateral part of the branchial fossa, distally to 
the transverse series of pits (igl), there is a fairly large, oblong impres
sion (th l )  with uneven borders . On the left side of the shield this 
impression is very shallow; on the right side it is somewhat larger than 
on the left side, and slightly deeper and indistinctly bi-Iobed. The 
bottom of the impression is not smooth but in places very finely 
granulate and for the rest provided with minute branching grooves 
and ridges. 

Along the anterior border of the transverse row of pits (igl) , and 
thus in the midd le of the first branchial fossa, runs a rather long 
groove (pbg); it begins medially just ahead of the first pit or, on 
the left side, somewhat medially to this pit, and is here fairly nar
row but becomes gradually somewhat deeper and broader in antero
ventro-Iateral direction. It can be traced to a point before the last pit. 
In its distal part it is, however, indistinct and without any clear border 
on its anterior side. In the median half of its length the groove shows 
some very faint cross-ridges, one just in front of each ridge gl. The 
groove pbg does not ramify or send out any secondary branches during 
its course . 

The second branchial fossa is of fairly uniform breadth. It is 
bordered anteriorly by the first interbranchial ridge and by the posterior 
margin of the groove aq l '  and, most ventro-Iaterally, by the first inter
branchial septum ; its posterior border is formed by the second inter
branchial ridge, the posterior border of the groove aq 2 '  and the sec ond 
interbranchial septum. The sec ond interbranchial ridge passes medially 
over the orbital prominenee (pl .  32 :2-3 , ibr2 ' prorb) . 

In the dorso-median part of the fossa the pits igl are generally 
very indistinctly defined. In the ventro-Iateral part of the fossa they 
are developed as fairly narrow grooves, separated by rather flat ridges 
which are somewhat broader than the grooves ; the grooves pass over 
into the transverse groove aq 2 and can be regarded as secondary 
branches from this groove . 

The groove aq 2 is better developed than the corresponding groove 
aql in the first branchial fossa . . It begins in the dorso-median third 
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Fig. 14 .  - Cephalaspis signata. east of the anterior part of the oralo-branchial 
chamber; dorsal view. (Diagrammatie figure showing the impressions in the roof of 

the chamber.) X l � . 
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aa, grooves for afferent arterioles; aaff, groove for an afferent branchial artery; 

aear, canals for the a. carotis ; aefh---aeffa, grooves for the first to third efferent 

branchial arteries ; aql---aqa, grooves probably for efferent ducts in the first to third 
gill-saes ; ard, grooves for dorsal branches of the a. rostralis (impar); arostr, eanal and 
grooves for the a. rostralis (par) ; asp, grooves for the a. spiraeularis ; dext, groove for 

the external efferent duet from the gill-sae ; dexta, impression for a strueture of 
unknown signifieanee near the external branehial duet; gl, ridges in the branehial 

fossa, probably for the attaehment of the gill-lamellae ; igl, grooves or pits in the roof 
of the branehial fossa between the ridges gl; pbg, groove probably for the peri

pharyngeal ciliated groove; prorb, impression of the otical prominenee; p V2, impres
sion caused by the ridge enclosing the r. maxillaris V; th1-th4, impressions probably 

for the gl. thymus;  vbp, grooves for the v. bueco-pharyngealis; velr, impression of the 

velar ridge; vmarg, eanal and groove for the v. marginalis; vnbr, grooves for VY. nutri
tiae branehiales ;  vr, eanal and groove for the v. rostralis ;  V2-Va, eanals for the 

seeond and third ventrai transversal veins; V 2, grooves and eanals for branehes of the 

r. maxillaris V; Va, grooves for branehes of the r. mandibularis V; VII, grooves 
for branehes of the n. facialis; IX, grooves for branehes of the n. glossopharyngeus; 
IX + aeom, groove for the main bmneh of the n. glossopharyngeus and for the 

a.  eommunicans. 

of the fossa, where it is bordered anteriorly by a ridge caused by the 
r. mandibularis V (pl . 27 :2 ,  p V  3 ) .  Ventro-Iaterally it becomes gradu
ally broader and deeper and passes distally over into a shallower, 
postero-Iaterally directed external groove. 

No groove corresponding to the groove pbg in the first branchial 
fossa is present in the second fossa. 

A distinet and fairly deep impression (th2) ,  equivalent to the 
impression th l in the first fossa, in the ventro-Iateral part of the second 
fossa and somewhat dorso-medially to its ventrai end occupies almost 
the entire breadth of the fossa. The bottom of the impression is uneven 
and in the median line traversed by a groove with numerous side
branches . 

The third branchial fossa is slightly shorter than the second fossa.  
It is bounded anteriorly by the second interbranchial ridge, the posterior 
border of the groove aq 2 and the second interbranchial septum, and 
posteriorly by the weU developed third interbranchial ridge (which als o 
partly forms the posterior margin of the groove aq 3 )  and the rather 
high third interbranchial septum. The third interbranchial ridge reaches 
medially over the most anterior part of the otical prominence. The 
fossa can be regarded as consisting of two parts , a short dorso-median, 
horizontal part, lying beneath the endocranium and a long distal part 
in the ventro-Iateral sloping division of the roof of the oralo-branchial 
chamber. 

On the horizontal part of the fossa four oblong pits are observed 
on the left side, the two median ones are rather small ; on the sloping 
part of the right side four indistinct pits can be discerned. They are 
developed like those in the second branchial fossa and thus as grooves, 
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opening into the transverse groove aq 3 '  separated from each other by 
fairly broad intervening spaees . 

The groove aq 3 along the posterior margin of the fossa is weU 
developed and almost as long as the groove aq 2 but is in its ventro
lateral part slightly narrower and considerably deeper than the latter . 
Like the two grooves in the first and sec ond fossae the groove aq :� 
passes over into a shaUow postero-Iaterally directed external groove 
which here is somewhat narrower and shorter than the preceding ones . 

The impression th 3 in the ventro-Iateral part of the branchial fossa 
is weU defined and rather deep but somewhat smaUer than the impres
sion th2 •  Its bottom is provided with short irregular grooves and 
ridges of which one is somewhat larger than the others and runs, soon 
bifurcating, for a short distance from its dorso-median margin in ventro
lateral direction. 

The fourth and following branchial fossae are very imperfectly or 
not at all preserved in the specimen examined. They are, however, in 
good condition in a speeimen of C. exilis, to be described below (p. 1 48) .  
In this connection shall only be mentioned that the fourth interbranchial 
ridge, which borders posteriorly the fourth fossa, medially ends on the 
middle part of the otical prominence . 

After having described the general features of the roof of the oralo
branchial chamber, we shall now, before giving an account of the many 
grooves for nerves and vessels found in this roof, put forward an attempt 
at an interpretation of the different structures met with so far. 

That the different compartments in the oralo-branchial chamber, 
here (after StensiO 1 927) called branchial fossae, really had lodged the 
respiratory apparatus seems beyond any doubt (Stensio 1 927 ,  pp . 46,  
1 66-1 70), and it  is also evident that the gills of  the Cephalaspids , 
as pointed out by Stensio ( 1 927,  pp . 46,  1 67 ,  1 69- 1 70) must have 
been somewhat similar to those of recent Cyc1ostomes, particularly those 
in the Petromyzonts .  And if this be true, the series of pit-like impres
sions (igl) in the roof of the oralo-branchial chamber as weU as the 
grooves aq and dext must have been caused by the gill apparatus.  The 
interbranchial ridges in the Cephalaspids correspond to the dorsal 
(epitrematic) part of the branchial arches in the Petromyzonts (StensiO 
1 927 ,  pp . 1 65-1 66) and they thus each forrned the basis of the gill
septurn from which an anterior hemibranch was developed into the 
branchial fossa in front of the interbranchial ridge, and a posterior 
hemibranch into the next fossa behind the same interbranchial ridge . 
A complete gill-pouch in a branchial fossa was thus composed of gill s 
developed from the sides of two subsequent gill-septa (interpreted after 
the conditions in Petromyzon) . In Petromyzon there arise from the 
gill-septum an anterior and a posterior series of proeesses , the gill
lamellae , and from each of these lamellae grow out a dorsal and a 
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ventraI row of secondary gill-IameUae. The dorsal and ventraI gill
lamellae in the gill-poueh are united with the wall of the gill-pouch 
and have eoaleseed with the corresponding gill-Iamellae from the 
adjacent gill-septum in the same gill-sac (Dohrn 1 8 8 5 ,  fig . 1 7 ;  Nestler 
1 890,  pp . 6-8 ; figs . 1-2,  5-6 ; Schaffer 1 895b,  pp . 295-296 ;  
Gaskell 1 89 8 ,  figs .  1-2 ;  pl. 3 ;  1 908 , figs .  63-64, 68 ; Goette 1 90 1 ,  
pp . 5 3 5-546 ; figs . 24-3 0 ;  Vialleton 1 90 8 ,  pp . 5 9-67 ; Jacobshagen 
1 920,  pp . 1 1 1- 1 1 6 ;  Keibel 1 927 ,  figs . 1 2-1 3 ;  Sakwarelidse 1 92 8 ; 
Daniel 1 9 3 1 ,  p .  4 6 ;  fig .  2 ;  Balabaj 1 93 5 a ;  Rauther 1 9 3 7b, pp . 2 1 8-
22 1 ) .  By comparison between the structure of the branchial fossae of 
the Cephalaspids and the strueture of the gills in Petromyzon it seems 
most plausible that in the transverse series of groove- or pit-like impres
sions in the roof of each branehial fossa the ridge (gl) between two 
adjaeent pits (igl) had forrned the basis of a gill-Iamella which was 
developed in the soft tissue in the ventraI continuation of this ridge . 
The gill-sacs (or more correctly the dorsal halves of the gill-saes) had 
extended very far dorso-medially or to near the aortal ridge (cf. Petro
myzon, e. g. Vialleton 1 903 ,  p. 305 ; Goodrieh 1 909,  fig .  3 5) .  The 
space ventro-Iaterally between the interbranehial septa was oceupied 
only by the external efferent ducts . 

It is most interesting to find that in some Poraspids (in the group 
Heterostraci) the transverse branchial impressions are in a way, similar 
to that just deseribed in c. signata, subdivided by a series of oblong 
longitudinal pits (Poraspis polaris, Kiær & Heintz 1 9 3 5 ,  p. 70 ; pl. 1 1 ) .  

Each of  the grooves aq  had lodged a strueture with no  direct equi
valent in recent Cydostomes, yet it seerns, nevertheless , very probable 
that this cavity was not occupied by any gill-Iamellae but forrned a duct 
or tube leading the water outwards to the external efferent duct of the 
gill-pouch, which was partly lodged in the groove dext. It seems als o 
probable that the external duet was situated in the antero-median part 
of the external groove, and that the postero-Iateral impression dexta 
which evidently was weU supplied with (arterial) vessels probably was 
occupied by a quite different structure, about the real nature of which 
I have, however, no opinion. 

The groove pbg is at first inspection easily taken for the groove 
for an efferent branchial artery (cf. Stensio 1 932 ,  pl. 25 : 1 ) but on 
doser examination we find that it differs in severaI respects from the 
grooves for efferent arteries (to be described later on) . It is thus not 
situated in dose connection to an interbranchial or, more eorrectly 
in this case, to a corresponding prebranchial ridge, it does not reach 
on to the aorta groove or even as far medially as to the aorta ridge, it 
has no side-branches, and it is (in its median part) traversed by nar
row grooves which must have lodged arteries as they run on to and end 
on the ventraI part of the aorta ridge (cf. below) . As the groove cannot 
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possibly have lodged any efferent artery , I am inc1ined to think that it 
possibly gave pass age to a structure corresponding to that (vertical) 
part of the peripharyngeal (ciliated) groove in the larva of Petromyzon 
which is a rather deep and conspicuous structure, running in the lateral 
pharyngeal wall on to the roof of the pharynx immediately in front of 
the anterior (hyoidean) gill-sac (cf. Schneider 1 879 ,  p. 8 4 ;  Dohrn 1 8 8 5 ,  
figs. 1 5 ,  1 7 ;  1 8 87 ,  pl. 4 ;  Willey 1 894,  pp . 1 68-1 69 ;  Schaffer 1 895a ,  
pp .  703-704 ; figs. 5-6 ; 1 895b,  pp. 3 1 0-3 1 2 ;  fig . 23 ; Gaskell l 89 8 ,  
pl. 3 : 2 ;  1 908 ,  fig . 63 ; Reese 1 902,  pp. 92-94 ; fig . 5b-d ; Goodrich 
1 909, fig . 3 7 ;  Salkind 1 9 1 5 ,  pp . 3 0 1 -302 ;  Wallin 1 9 1 7 ,  pp . 1 37-
1 43 ;  fig . 2-3 ; Daniel 1 93 1 ,  p. 44 ; fig . 2 ;  Leach 1 939 ,  p. 5 64) .  Ac
cording to Dohrn ( 1 8 8 5 ,  pp . 54-5 5 ; figs .  1 5 ,  1 7 ;  1 8 87 ,  pp. 309-
3 1 4, 3 1 8-3 1 9 ;  1 8 8 8 ,  pp . 234-243) the peripharyngeal groove in 
Petromyzon has , however, arisen by a transformation of the first pair 
of visceral pouches (corresponding to the first pair of supposed gill-sacs 
in the Cephalaspids) , and if this conception is correct then the inter
pretation of the groove pbg as having lodged the peripharyngeal groove 
apparently loses its foundation. v. Kupffer ( 1 895)  and particularly 
Goette ( 1 90 1 ,  pp . 540-5 43) contest the point of Dohrn, and Goette 
con siders the vertical part of the groove to be related only to the 
anterior wall of the pouch, and Damas ( 1 943 ,  pp . 225-227) who has 
carried out the most recent investigation in this matter, has in the 
main confirmed the view of Goette with reg ard to the vertical portion 
of the peripharyngeal groove (he says, p. 273 ,  that the groove is for
med by the anterior third of the epithelium of the first visceral pouch) . 
Be that as it may with regard to the ontogenetic facts , it seems never
theless, evident that the peripharyngeal groove is a very ancient struc
ture phylogenetically, inherited from the pre-vertebrate ancestors, and 
that once it must have been present when a spiracular gill-pouch was 
wholly developed . Later, with the disappearance of this pouch, it must 
have shifted backwards to its present position in front of the anterior 
(morphologically sec ond) gill-sac .  

However, we  must not entirely disregard another attempt a t  a 
quite different interpretation of the groove pbg, viz. that it was the 
gro ove for a strongly developed vein in the roof of the branchial cham
ber, corresponding to the v.  mandibularis in Petromyzon . 

This vein in Petromyzon is a large vessel (in some species sinus
like , cf. Daniel 1 934 ,  "hyoidean sinus") which issues ventrally from 
the v. jugularis inferior (v. superficialis longitudinalis ventralis) and 
passes upwards in the wall of the pharynx, medially to the ascending 
subotical part of the ventro-Iateral plate of muco-cartilage , following 
c10sely the course of the paripharyngeal groove and dorsally passing 
over into a longitudinal vein, commonly (but wrongly, Gelderen 1 924 ; 
cf. Cori 1 906 ;  Hatta 1 922 ; de Beer 1 924 ; etc . )  reg ard ed as the v. cardi-
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nalis anterior (v. capitis medialis) .  Now this vein is said by Hatta 
( 1 922,  p. 1 04) to arise from the primitive embryonic mandibular vas
cular arch which should have lost its connection with the truncus 
arteriosus and obtained a new one with the "v. cardinalis anterior" . If 
this be true, the groove pbg cannot be the groove for a corresponding 
vein as the spiracular gill-sac was weU developed and its vascular arch 
in front of it must be assumed to have been normally functional though 
the efferent division (at least in C. signa ta) was rather rudimentary (cf. 
below) . The ontogenetic history of the v. mandibularis is ,  however, not 
whoUy clear as the description by de Beer ( 1 924, pp . 324-327) of 
the conditions of the vein system in a young larva of Petromyzon is 
incompatible with the statements of Hatta, and, according to the for
mer, the v. mandibularis has nothing to do with the differentiation of 
the mandibular vascular arch. Under these conditions it is, of course, 
impossible to form an opinion as to the possible presence of a corre
sponding vessel in the fossil Osteostraci .  

With regard to  the impressions th 1 -th3 it may be noticed that 
they are cavities in the ventro-lateral part of the roof of the branchial 
fossae, lying anteriorly to the external grooves , and that they thus are 
"segmentally" disposed, that the bottom of the impressions is uneven, 
and in some places crossed by vein canals (as will be seen later on) . 
It can thus i .  a. be supposed that the structures which were lodged in 
them were in some way related to the gills . By comparison with recent 
Cyclostomes we find dorsally and ventrally to the vestibule of each 
gill-sac in Petromyzon in the Ammocoetes stage nodular structures 
with granular surface,  partly (the dorsal nodule dorso-Iaterally, the 
ventrai nodule ventro-laterally) enclosed in a capsule of connective 
tissue, and lying near to the vy. superficiales longitudinales. Each of 
these structures closely resembles thymus rudiments in fishes and have 
been regarded as a glandula thymus or an incipient gl. thymus (Schaffer 
1 89 4 ;  1 906,  p .  67 ; Castellaneta 1 9 1 3 ;  Salkind 1 9 1 5 ,  pp . 297-304 ;  
cf. Keibel 1 925 ,  pp. 1 9-20 ;  Pietschmann 1 934,  p .  3 8 2 ;  Rauther 
1 9 3 7b,  pp . 272-27 3 ;  Damas 1 94 3 ,  p. 226) .  Judging from the shape 
and disposition of the cavities th 1-th ", in the Cephalaspids , I find it 
rather probable that each of them really 10dged a structure correspon
ding to the thymus or thymus-like organ or, more exactly, to the dorsal 
part of this organ in the Petromyzon-larva, and if this be so, it is of 
interest to note that these structures which in Petromyzon are rather 
small and evidently wholly disappear during the metamarphosis , in the 
Cephalaspids were large and well developed in the adults . In this 
connection it can be observed that the true gl. thymus in fishes arises 
as rudiments from the viseeraI pouches (but here from the most dorsal 
part of them) and takes an epibranchial position along the jugular vein 
(Dohrn 1 8 84 ,  pp . 1 4 1-1 5 1 ;  Maurer 1 8 86 ,  pp. 1 49-1 5 9 ;  Beard 
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1 902 ; Hammar 1 9 1 2 ,  pp . 1 44- 1 49 ,  1 67- 1 7 1 ;  Deanesly 1 927 ; 
Hill 1 9 3 5 ; Rauther 1 937a,  pp . 706-708 ;  1 937b,  pp . 273-275 ; etc . ) .  

To judge from the disposition of the impressions of  the branchial 
apparatus it seems obvious that this apparatus was developed in many 
ways as in the larva of the Petromyzonts , in as far as the gill-sacs 
most probably opened directly into the pharynx (as they also do in the 
Myxinids) without the formation of a sub-oesophageal, branchial tube 
as in the adult Petromyzonts . From the disposition of the canals for 
the afferent and efferent branchial arteries in the roof of the oralo
branchial chamber and thus along the lateral wall of the gill region 
(see below, p. 1 40) . compared with the conditions of these vessels in 
the gill-sacs of recent Cyclostomes ,  it can furthermore possibly be 
inferred that the gill-sacs were not very deep, and that their epitrematic 
or dorsal parts were much more developed than their hypotrematic or 
ventrai parts , and that they thus were more developed along the roof 
of the oralo-branchial chamber than near its floor. The pharynx has 
then probably been very wide and the gill-sacs not so closed and weU 
circumscribed as in recent Cyclostomes (cf. Goodrich 1 9 3 1 ) .  Jf the 
other interpretations put forward above represent the real facts we find 
that the Cephalaspids in severai respects agree more with the Ammo
coetes larva of the Petromyzonts than with the adult form in which 
i .a .  the peripharyngeal groove and the thymus-like organ have disappea
red . In the structure of the anterior part of the gill region the Ammo
coetes larva is on the whole more primitively organized than the adult 
Petromyzon (cf. e. g. Balabaj 1 9 3 5b) . 

We shall now return to the east of the oralo-branchial chamber 
in C. signata for a consideration in detail of the grooves for different 
vessels and nerves ,  here present. 

A pair of short longitudinal grooves (arostr) in the buccal area 
possibly represents the grooves for the paired rostrai artery (cf. Kiaer
asp is, Stensi6 1 927 ,  pp . 1 49- 1 50 ,  206-207) .  The groove on the 
right side has a short median branch, and leads anteriorly to an ope
ning into the ventrai rim . 

Before the velar ridge there are ane or two very short transverse 
grooves on the side of the aortal ridge. Behind the velar ridge three 
dis tinet pairs of small narrow grooves (ard, asp) are seen coming from 
near the edge of the aortal ridge and running in dorso-Iateral direction 
on the side of this ridge to the roof of the oralo-branchial chamber in 
the vicinity of the ridge ; the first (anterior) and the third (posterior) 
of them branch rather frequently. The posterior pair (asp) of these 
grooves will be considered more c1osely. The groove asp on the right 
side of the shield sends out a small bifurcated branch in antero-dorso
lateral direction and runs then first in dorso-Iateral direction. Just 
behind the inner end of the groove pbg it turns antero-ventro-Iaterally , 
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running between this groove and the transverse series of pits (igl), and 
ends on the antero-Iateral side of the third pit igl; it sends i. a .  out one 
branch on each side of the sec ond pit. The groove asp on the left side 
evidently (though the basal connection has not been directly observed) 
sends out a comparatively strong branch in antero-dorso-Iateral direc
tion, and runs after that dorso-Iaterally over the most dorso-median 
part of the groove pbg and then crosses the two first pits igl in the 
middle of their length.  

On the border-line between the first and the sec ond branchial fossae 
runs a groove (aeff 1 )  for the first efferent branchial artery (cf. Stensio 
1 927 ,  pp. 1 50 ,  1 74) which medially could be traced up to the lateral 
side of the aortal groove. The groove is fairly distinct as a main 
groove down to the ventro-Iateral parts of the two fossae ; it does not 
bifurcate but receives severai small and of ten indistinct side-branches, 
mainly from in front. Some of these anterior grooves run in mainly 
postero-median direction in order to reach the main groove, others , 
however, run in mainly postero-Iateral direction ; one of these grooves 
(aaff?) crosses the most dorso-median part of the groove aQ 1 '  and turns 
then in lateral direction, approaching the groove aeff 1 but is obliterated 
before reaching it. 

Also the groove for the second efferent branchial artery (aef!2 )  
runs as  a main groove between two adjacent branchial fossae, here 
the sec ond and the third. It receives some side-branches from in front 
which are short and which could not be traced distally beyond the 
groove aQ2 ;  two side-branches from behind are fairly long ; they bifur
cate in their distal end on the ridges gl in the third branchial fossa. The 
groove aeff 2 receives from behind the grooves for the n. facialis and 
in the middle of its length for a distance coincides with the groove for 
one of the branches of this nerve ; the groove is in this place distinctly 
wider than medially and distally from there . In such cases it is ,  of 
course, very difficult to ascertain which of the side-branches of the 
groove had lodged a vessel and which had lodged a nerve, and there 
is thus a possibility that a groove which I interpret as a nerve groove 
really gave passage to an artery and vice versa ;  this reservation is valid 
also for the interpretation of some of the grooves between the third 
and the fourth branchial fossae. The groove aeff 2 is seen to be a 
double structure just medially to the point where it receives the groove 
for the n. facialis from behind, a low ridge partly cutting off a small 
anterior section which narrows medially . Laterally to the place where 
the anterior branches for the n. facialis leave the main groove, this 
latter (here lettered aaff) continues farther ventro-Iaterally and is here 
a well developed groove, and distally becomes even slightly broader ; 
from · behind it receives two small grooves (aa) which run in antero
ventro-Iateral direction in order to join the main groove. 
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The groove for the third efferent branchial artery (aeffa ) runs be
tween the third and the fourth branchial fossae . It is distinct in its 
median passage just in front of the otical prominence but farther distally 
it receives, or is crossed by, grooves for the n. glossopharyngeus and 
here the conditions are rather obscure. The groove aeff B ' however, 
receives some small arterial gro oves from in front, two of them in front 
of the otical prominence, and two grooves from behind. As stated above 
(p . 93)  the canal for the a. communicans (or the common canal for 
the a. communicans and the n. glossopharyngeus) opens into the oralo
branchial chamber at the groove for the a.  branchialis efferens 3 ;  more 
exactly, just behind the groove aeff 3 the canal in question passes over 
into a partly closed groove which communicates with the groove aeffa . 
The groove IX + acom is in front of the groove aeffa continued by 
a longitudinal groove (a + IXa) and it is distinctly seen that this groove 
is a composite groove (as its roof is partly provided with a median 
longitudinal ridge) , and thus the groove must have lodged two struc
tures (one of them was a branch of the n. glossopharyngeus, the other 
an efferent arteriole) . 

The groove aeff 4 for the a. branchialis efferens 4 is only pre
served in its most median part ; it lies between the fourth and fifth 
branchial fossae and runs in dorso-median direction up to an opening 
in the anterior side of the canal for the a.  subclavia (cf. fig . l l B). It 
will be further considered below in connection with the posterior effe
rent branchial arteries which are most conveniently treated separately 
after the description of the posterior part of the oralo-branchial cham
ber exposed in a specimen of C. exilis. 

The grooves aeff l-aeff 4 must have lodged the first to fourth 
efferent branchial arteries and of these the first to third must have 
joined the aorta directly, while the fourth one first joined the a. sub
clavia, lying behind it (whether the common trunk thus formed, the 
a. efferens communis par, emptied into the aorta or into an unpaired 
a. efferens communis could not be ascertained as the median parts of 
the postbranchial wall with the canals or grooves for them are not 
preserved in the specimen examined) . As pointed out by Stensio 1 927 .  
p.  1 75)  these arteries must each have arisen from the arterioles in  the 
gills of a branchial bar and thus from the adjacent halves of two sub
sequent gill-sacs , just as in Petromyzon . It is, however, remarkable 
that the efferent branchial arteries in the Cephalaspids lay so closely 
to the roof of the oralo-branchial chamber that they left impressions 
in this wall . In Petromyzon they are situated near to the median side 
of the gill-sacs, along the free ends of the branchial septa , running in 
almost dorsal direction to the aorta and thus far away from the bran
chial bars ; parts of the gill musculature and the afferent branchial 
arteries lie in fact between them and the branchial arches (Julin 1 8 8 7 ,  
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p.  777 ; pl. 2 1 : 3 ;  Nestler 1 890,  pp. 1 8-20 ; pl. 6 ;  Goette 1 90 1 ,  p .  543 ; 
figs .  24-26,  30-3 1 ;  Cori 1 906,  p .  29 ; pl. 3 : 1 4 ;  Gaskell 1 89 8 ,  fig . 2 ;  
1 90 8 ,  fig . 7 1 ; Goodrich 1 909 , figs . 3 5 .  3 7 ;  Daniel 1 9 34 ,  pp . 320-
325 ; figs .  4, 9 ;  Rauther 1 9 3 7b, fig . 1 9 6 ;  cf. Hatta 1 922,  figs. 1 68-
1 7 0 ;  etc . ) .  It can furthermore be observed that the efferent branchial 
arteries in the Cephalaspids ran as a main trunk (at least in that part 
of the gill region which has left imperssions in the roof of the oralo
branchial chamber) receiveing from in front and from behind small 
side-branches from the gills, and that they thus were developed as 
the corresponding arteries in the larva of Petromyzon (cf. , besides the 
authors, just mentioned, Tretjakoff 1 927b, pp . 220-22 1 ,  fig . 1 ;  cf. 
also the restorations by Stensio 1 927,  figs .  4 1 ,  44, which, probably 
incorrectly, show the efferent branchial arteries bifurcating in the 
ventro-lateral part of the branchial fossae) . The grooves joining the 
grooves for the efferent branchial arteries are, however, not regularly 
disposed as could be expected if they really gave pass age to branches 
of these arteries but this fact can probably be explained by the assump
tion that the arterioles only occasionally lay in such a way that they 
caused impressions in the face of the endoskeleton.  We can also note 
that the lateral extent of the grooves for the efferent branchial arteries 
was not inversely related to the median extent of the gill-sacs, as is 
evidently the opinion of StensiO ( 1 927,  p. 1 75) .  

As stated above, some small grooves run in mainly postero-lateral 
direction towards the groove for the efferent branchial artery, as e. g .  
the grooves lettered aatt? and aa. These grooves can hardly be inter
preted as having given passage to efferent arterioles ;  they possibly 
lodged afferent arterioles to the afferent branchial artery which, to 
judge from the conditions in Petromyzon, was probably situated c10sely 
to the efferent branchial artery in the same gill-septum. The conditions 
in the complex of grooves between the second and third branchial fossae 
can only be explained if we assurne that the lateral part of the groove 
which is lettered aatt really lodged the afferent branchial artery of this 
branchial arch ; then the anterior section in the groove aeff 2 '  just 
medially to the union of this gro ove and the groove for the n .  facialis , 
must have lodged a median part of this artery. The two small grooves 
(aa) joining the groove aaft from behind have given passage to afferent 
arterioles .  

The groove asp gave passage to  an artery which probably was the 
dwarfed and transforrned and posteriorly displaced original first efferent 
branchial artery ; it is here called t h e  a. s p i r a c u l a r i s , and the 
groove asp the groove for the a. spiracularis . 

The efferent branchial arteries form the dorsal aorta, and the 
anterior point of the aorta were thus the place of union of the first 
pair of efferent branchial arteries somewhat in front of the transverse 
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level through the anterior end of the endocranium. The aorta was , 
however, continued in anterior direction by a nutrient artery. This 
artery was certainly an unpaired structure in its posterior part and 
passed along the aortal ridge which forms a direct continuation ante
riorly of the groove for the dorsal aorta . The term aortal ridge (and 
aortal groove) is thus correct only for that part of the ridge (and groove) 
which, when present, lies posteriorly to a level with the origin of the 
grooves asp, but it will , nevertheless, be used for the sake of convenience 
als o for the anterior continuation of the ridge (groove ) and thus for the 
entire ridge (and groove) . The artery which formed the anterior con
tinuation of the dorsal aorta will be called t h e  r o s  t r a l a r t  e r y 
(a. rostralis) . It thus ran forwards on the aortal ridge from a point, 
anteriorly to the opening into the aorta of the a .  spiraeularis, as an 
unpaired vessel, and between this and the velar ridge gave off at least 
two pairs of side-branches (which were lodged in the grooves ard) to 
the dorso-median part of the roof of the first branchial fossa in front 
of the gills . Farther anteriorly it gave off minute branches on both 
sides of the ridge and then divided, forming the paired rostrai arteries 
(in the grooves arostr) . 

Turning now to the grooves (and canals) for veins , we find ante
riorly on the left side in the distal continuation of the velar ridge two 
rather large openings (vr, vmarg) in the ventrai rim. The antero-median 
one (vr) of these openings is continued straight backwards by a distinet 
groove which, however, soon disappears at the anterior end of the first 
branchial fossa. The postero-Iateral opening (vmarg) is continued by 
a fairly short groove which runs in postero-median direction to the 
point where the other groove ends ; the two grooves thus join at an acute 
angle . On the right side of the shield which is somewhat fractured 
only the opening vr is observed (pl .  3 0 :  l ) .  The foramen vr is the 
opening of the canal for the rostrai vein (or rostrai vein sinus, cf. Stensio 
1 927 ,  pp . 1 8 6 ,  226) and the foramen vmarg that of the canal for the 
v. marginalis (cf. Stensio 1 927 ,  pp. 1 84-1 8 6,  227) .  The longitudinal 
gro ove running from the opening vr probably lodged the anterior con
tinuation of the v .  jugularis inferior ("v. superficialis longitud inalis 
ventralis",  StensiO 1 927 ,  p. 227, cf. p .  1 8 5 ;  with regard to the corre
sponding vein in Petromyzon, cf. Nestler 1 890, p. 22 ; Vialleton 1 90 3 ,  
pp. 307-308 , 324-325 ; Cori 1 906,  p .  5 8 ;  fig .  3 ;  Favaro 1 908 , 
p .  402 ; Mozejko 1 9 1 0, pp . 622-625 ,  640 ; Hatta 1 922,  pp . 1 95- 1 9 6 ;  
Daniel 1 934 ,  p .  329 ; fig .  8 )  and the short lateral gro ove contained the 
antero-median continuation of the v .  margin alis or, expressed in other 
words , the v. jugularis inferior (which in the anterior part of the head 
was a paired vessel) divides anteriorly, giving on the, one side rise to 
the v. rostralis which first ran in a groove on the ventrai side of the 
ventrai rim and then entered the most rostrai part of the viseerai endo-
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skeleton through the opening vr, and on the other side communicating 
with the v. marginalis . It will be noted that in this speeies the v. margi
nalis and the v. rostralis for the most part went in closed canals , and 
nbt in open grooves. 

In the posterior part of the buccal area there is a richly ramified 
system of fine grooves (vbp) which converge in a point in the postero
lateral part of the area where they abruptly disappear ; some of the 
grooves begin on the side of the aortal ridge and some in the most 
anterior part of the first branchial fossa These grooves most certainly 
lodged small vein branches, which drained the anterior part of the ro of 
of the oralo-branchial chamber, and emptied into a short basal trunk 
which discharged into the v .  jugularis inferior. They were branches of 
a vein which will be called t h e  b u c c o - p  h a r  y n g e a l v e i  n 
(v. bucco-pharyngealis) . There are no correspondent veins in recent 
Cyc1ostomes and fishes as the roof of the mouth and the anterior part 
of the pharynx in these animals is drained by veins belonging to the 
epibranchial vein system (v. cardinalis anterior, cf. i. a. Hatta 1 922 ,  
p .  1 43 ;  Daniel & Bennett 1 9 3 1 ) .  

I n  the middle o f  the ventro-lateral part o f  the first to fourth 
branchial fossa some grooves (vnbr) are interpreted as grooves for veins. 
In the second fossa a few grooves run in ventro-lateral direction, con
verge and join into a common main groove which ends on the median 
side of the impression th2 ;  anteriorly to this gro ove a short groove 
with three branches is seen which could not be traced far distally. The 
impression th2 is, as mentioned above, traversed by a longitudinal 
groove with many side-branches . In the third fossa the grooves vnbr 
are more ramified than in the second fossa ;  here three main grooves 
converge in a point at the lateral margin of the cavity th 3 and to this 
point runs also a small bifurcated groove in the roof of this cavity . In 
the fourth branchial fossa only the median part of the groove vnbr is 
preserved. In the first branchial fossa on the left side of the shield 
only a single groove runs down to the median margin of the impres
sion th l ,  and on the ventro-lateral side of this impression a mainly 
longitudinal bifurcated groove is found ; on the right side three grooves, 
each with a few side-branches, run separately in ventro-lateral direction 
towards the median margin of the cavity th l .  

The grooves vnbr are here considered to have lodged veins which 
drained the ventro-lateral part of the roof of the gill-sacs and emptied 
into ventro-median side-branches to the v. marginalis (the supposed 
transversal veins between the v. marginalis and the v. jugularis inferior, 
cf. StensiO 1 927 ,  pp. 1 84 , 226) or joined the paired v .  jugularis inferior. 
These veins are here termed t h e  v v. n u t  r i t i a e b r a  n c h i a l e s  
(cf. the conditions in fishes , Parker 1 8 87 ,  p .  1 73 ;  Allen 1 905 ,  p .  9 1 ;  
Daniel 1 922,  pp. 207-208 ; Marples 1 9 3 6b ,  p .  8 3 0 ;  etc . ; in Petro-
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myzon, Cori 1 906,  p .  5 8 ;  Grosser 1 907,  p .  1 0 1 ; Favaro 1908 ,  pp. 400 
-40 1 ;  Mozejko 1 9 1 0 ,  p. 622 ; Hatta 1 922,  pp. 1 9 6-1 9 8 ; Daniel 
1 934 ,  p. 329 ; in Myxine, Grodzinski 1 926 ,  p. 1 3 1 ;  fig . 1 1 ) .  It is to be 
noted that these veins were closely associated with veins from the 
glandulae thymi (or thymus-like organs) or even reeeived vein-branehes 
from these organs . 

Finally the grooves in the roof of the oralo-branehial ehamber, 
supposed to have earried nerve branehes, remain to be considered . 
Within the distal part of its passage through the viseerai endoskeleton 
the eanal for the r. maxillaris trigemini (V 2) divides on eaeh side of 
the shield into three eanal branehes which open separately into the 
oralo-branehial ehamber. The openings of the canals on the right side 
are eontinued in anterior or antero-Iateral direetion by dis tinet grooves 
in the ro of of the oralo-branehial ehamber. The two median canals 
open just on the groove pbg, and the groove (V 2a) from the most 
median opening is very narrow and runs for a short distanee in anterior 
and very slightly median direetion. The groove (V 2 b) from the second 
opening is by far the largest ; it runs in anterior direetion but soon splits 
into two narrow, slightly diverging grooves. In the anterior eontinuation 
of the large groove most antero-ventrally in the roof of the ehamber 
ne ar the ventrai rim, an opening (pL 30 : 1 ,  V 2 b) is found just medially 
to the opening vr, and to judge from the conditions on the left side 
(see below) , this is the opening of a eanal for a superficial braneh of 
the r. maxillaris . The lateral braneh of the eanal V 2 opens into the 
oralo-branehial ehamber slightly behind the opening of the large eana] 
just mentioned, and is eontinued for a short distanee in antero-ventro
lateral direetion by a narrow groove (V .z d) in the roof of the foremost 
part of the first branehial fossa. Just distally to the origin of this groove 
a short eanal issues from the groove and runs through the posterior 
raised border of the groove pbg in order to open in the oralo-branehial 
ehamber just in front of this border, and from this opening a narrow 
groove (V 2 c) runs forwards almost parallelly to the large groove V"2b ,  
bifureating distally. Similar conditions prevail also on the left side of 
the shield ; the grooves eorresponding to the grooves V 2c and V 2d 
run, however, quite independently of  eaeh other, and the groove eorres
ponding to the groove V 2a is here a median braneh to the groove V 2 b .  
The groove V 2 b i s  eontinued forwardly b y  a eanal i n  the endoskeleton 
through the velar ridge (pL 30 : 1 ;  cf. Nectaspis, p. 1 5 6) .  This eanal 
opens anteriorly to this ridge and is followod by a groove, lying just 
medially to the groove from the opening vr, and this groove, in its 
turn, terminates at the opening of a eanal in the ventrai rim. One of 
the nerve branehes of the r .  maxillaris had thus piereed the roof of the 
oralo-branehial ehamber just before the first gill-poueh, had eontinued 
in a groove in the roof of this ehamber. had piereed the velar ridge, 
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and finally entered the visceral endoskeleton in order to reach the super
ficial tissues of the most rostrai part of the shield ; it contained somatic 
sensory fibres . The other branches and grooves V 2 most probably 
gave pass age to motor nerve fibres to the oral and pharyngeal and thus 
possibly also to (sorne) velar muscles , and to sensory fibres from the 
epithelium in the mouth and the anterior part of the pharynx (cf. Petro
myzon, Fiirbringer 1 875 , pp . 63-6 6 ;  figs . 2 1-23 ;  Johnston 1 905a, 
pp. 1 5 5-1 5 6 ;  pl. 5 ;  Tretjakoff 1 927a, pp. 3 8 7-390, 394-3 9 6 ;  
figs . 8 ,  10- 1 2 ;  Cords 1 929 ,  pp . 223-225 ; figs . 2 ,  3-4 ; Holmgren 
& StensiO 1 9 3 6 ,  p .  279 ; Lindstrom 1 949, pp. 37 1-374, 378-3 8 4 ;  
figs . 2 4 ,  2 7 ,  29-3 1 ) .  

The canal for the r .  mandibularis trigemini (V 3 )  during its passage 
through the visceral endoskeleton divides into two branches which open 
into the oralo-branchial chamber in the anterior half of the sec ond 
branchial fossa. From the median opening a very short groove runs in 
anterior direction and divides into two diverging branch grooves, a 
lateral and a median one, which run on to the groove aeff l '  Anteriorly 
to this groove the median gr60ve has a narrow continuation (V 3 a) , 
running in antero-ventral direction in the roof of the first branchial 
fossa. In the distal continuation of the lateral groove, in front of the 
groove aeff l '  there is proximally a main groove which breaks up into 
severai distal branches. Two of them (V 3 b) are considered to have 
carried nerve fibres .  One groove runs in antero-ventral direction and 
partly crosses the first branchial fossa, the other travels in antero
ventro-Iateral direction obliquely across the groove aq l ' On the left 
side of the shield a corresponding groove (no other grooves of the 
r. mandibularis are preserved) divides distally into three branches of 
which one turns in medial direction over the branchial fossa 1 and 
two reach down over the depression th l '  The lateral opening of the 
canal V 3 is continued by a ventro-Iaterally running groove (V 3 c) which 
can be traced to near the first interbranchial ridge. 

The r. mandibularis trigemini which was transmitted by the canals 
and grooves V 3 was, as said above (pp. 6 5 ,  69), exclusively a motor 
nerve (the sensory fibres possibly associated with it proximally are 
assumed all to have been composed of general cutaneous or lateralis 
elements, coming from the trigeminus-Iateralis chamber, and to have 
rather soon left the main trunk and run to the skin) . The r. mandi
bularis, as far as can be judged from the course of the grooves V 3 '  
innervated musc1es in the first gill-pouch (and most probably also other, 
deep lying pharyngeal or ventrai musc1es) . In this connection it must 
be pointed out emphatically that only some of the branches of a nerve 
lay so c10sely to the roof of the branchial chamber that they could 
leave traces in the endoskeleton, and that we do not know anything of 
those branches which undoubtedly must have turned ventrally or deeper 

10 
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into the soft tissues after they had pierced the roof of the oralo-branchial 
chamber ; this reservation is, of course, also valid with regard to the 
following branchial nerves . In Petromyzon the r. mandibularis V inner
vates most of the intricate lingual musculature, some velar muscles and 
also some other deep muscles (cf. Ftirbringer 1 875 , pp . 66-67 ; 
Johnston 1 905a, pp. 1 5 3- 1 5 4 ;  Tretjakoff 1 927a, pp . 392-393 ; 
Cords 1 929,  p .  225 ; Lindstrom 1 949,  pp. 3 69-37 1 ,  376-378) ,  and 
in the Myxinids the motor trunk of the n. trigeminus innervates the 
very complex "tongue" musculature (cf. Allis 1 903a, pp. 274-276 ; 
Lindstrom 1 949,  pp. 346-3 5 3) ,  and as the musculature of the rostral 
part of the head in re cent Cyclostomes is most probably much trans
forrned secondarily in relation to the conditions in the Cephalaspids , 
no comparisons between the corresponding nerves can be made. 

The canal for the n. facialis (VI/) opens into the oralo-branchial 
chamber by a single opening (pl .  29 :2 ,  VI/) dorsally in the third 
branchial fossa about midway between the second and the third inter
branchial ridge . It is continued in antero-ventro-lateral direction by 
a very short groove which divides into two grooves . The median one 
of these grooves is rather bro ad and reaches on to the groove aeff � . 
which here is fairly wide . From the anterior side of this widened part 
issue two grooves, and from its lateral continuation, the groove aaff, 
one groove arises, which I suppose had lodged nerve branches . The 
median groove (VI/a) runs in antero-dorso-lateral direction over the 
gro ove aq2 and on to the anterior part of the branchial fossa, its d istal 
end lying just postero-medially to the opening of the median canal for 
the r. mandibularis trigemini. The nerve groove (VI/b) next to it in 
the lateral sense crosses the same groove and, at the anterior margin 
of it, divides into three narrow grooves , two short median ones and a 
rather long lateral indistinct one . This latter gro ove turns over in 
ventro-lateral direction and crosses two of the ridges gl. The groove 
VIle issues from the median part of the gro ove aaff and runs in ventro
lateral and somewhat anterior direction over the groove aq 2  and bifur
cates ; it ends at the median margin of the fossa th � .  The lateral groove 
VI/d, arisen from the bifurcating groove VI/, is narrower than the 
median one ; it runs in antero-vei1tro-lateral direction on to the groove 
aaff which it meets somewhat ventro-laterally to the origin of the 
groove VI/c. 

The branchial rami of the n. facialis must tl1Us have innervated 
mainly structures in the second gill-pouch, between the first and second 
interbranchial ridges or in the region morphologically in front of the 
second gill-opening, just as is the case in modem Petromyzonts (A1cock 
1 898 ,  pp . 1 40-143 ; pl. 2 : 1 - 2 ;  Johnston 1 905a,  pp. 1 6 1-1 62 ;  pl . 5 ;  
1 908 ,  p. 576 ;  figs . 7--8 , 1 9 ;  Tretjakoff 1 927a, pp. 403-404 ; Cords 
1 929,  pp. 23 1-232 ; fig .  4 ;  Holmgren & StensiO 1 9 36 ,  pp. 279-2 8 0 ;  
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Lindstrom 1 949,  pp . 3 8 6-3 8 7 ,  3 90-3 9 1 ) . Whether a median branch 
of the nerve (passing in the groove VIIa) contained viseerai sensory fibres 
(and thus was a r .  visceralis) or not, cannot be decided with any certainty 
(cf. StensiO 1 927,  pp. 1 59-1 62 ,  1 65 ,  1 94) but, to judge from the 
conditions in Petromyzon, it seems very probable that such fibres were 
present, even if they were not collected into a special visceral branch 
(cf. Fusari 1 907 ; Johnston 1 90 8 ,  pp. 5 8 6-59 1) .  

As  said above in  connection with the intracranial passage of  the 
n. glossopharyngeus , its canal (or, more exactly, the cOmJnon canal for 
the n. glossopharyngeus and the a. communicans) opens into the oralo
branchial chamber, on the right side of the shield, immediately behind 
the third interbranchial ridge just on the groove for the third a .  
branchialis efferens . This is the main glossopharyngeal canal opening, 
but slightly before the canal opens, it must have given off a short 
lateral canal which opens slightly laterally to the main canal opening.  
The grooves for the branches of the n .  glossopharyngeus issuing from 
the anterior side of the composite groove aeff 3 are intermingled with 
arterial grooves but the following grooves are supposed to have given 
passage to nerve branches . As mentioned above (p . 1 40) the groove 
a+IXa is a composite groove and had lodged an efferent arteriole 
and a branch of the n. glossopharyngeus .  Laterally to the exit of this 
groove the groove aeff 3 has a distinet swelling, and from this widened 
part of the groove issue i .  a .  two grooves for nerves . The median one 
(IXb) of them runs in antero-ventro-lateral direction over the groove 
aq3 and gradually tur�s over into a ventro-Iateral direction in the 
middle of the third branchial fossa. The other groove (IXc) which issues 
slightly laterally to the median one and is narrower than this runs 
mainly in ventro-Iateral direction along the roof of the groove aq n 
and divides into severaI fine branches. The groove IXd issues from 
the opening of the lateral glossopharyngeal canal and runs in ventro
lateral and slightly anterior direction on to the groove aeff 3 which it 
joins somewhat ventro-Iaterally to the exit of the groove IXc. On the 
left side of the shield the canal for the n. glossopharyngeus (the 
branchial ramus) divides,  as said before (p . 93) ,  during its passage 
through the endoskeleton, and the canal branches open into the oralo
branchial chamber by forarnina of their own and apart from the 
arterial grooves . We thus find that the grooves for the branchial rami 
of the n. glossopharyngeus are directly comparable with those of the 
n. facialis (as here interpreted) , and it is thus very probable that the 
branchial rami of both these nerves were developed in the same way . 
To judge from the grooves of the n. glossopharyngeus this nerve 
innervated (mainly) the third gill-pouch or the region between the 
second and the third interbranchial ridge or that which morphologi
cally lay between the sec ond and third gill-openings (cf. Petromyzon , 
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A1cock 1 89 8 ,  pp. 1 44- 1 4 6 ;  pl. 2 : 1 ,  Johnston 1 905 a, pp. 1 69-1 72 ;  
figs.  1 7- 1 8 ;  pl. 5 ;  1 90 8 ,  pp. 573-5 74, 576-577 ; figs.  5-1 0 ;  
Tretjakoff 1 927a,  pp. 408-409 ; Cords 1 929 ,  p .  235 ; fig . 4) .  

The canals and grooves for the branches of the n.  vagus will be 
considered below after the description of the posterior branchial 
fossae, preserved in a specimen of C. exilis. In pl. 27 : 1 is shown a 
rather complete east of the oralo-branchial chamber in C .  exilis, and 
here we find conditions somewhat different from those just described 
in C. signata . 

In the anterior part of the shield the viseerai endoskeleton was 
considerably thinner than in C. signata and did not reach sufficiently 
far downwards for the branchial apparatus to leave such impressions 
as in this species .  The interbranchial ridges are very feebly developed, 
and the most prominent sculpture is produced by ridges caused by the 
canals V 2 and .'lell (pV 2 '  psel; cf. also pl. 9 : 6) .  

In  the branchial fossae 1-4 (k1-k4)  the ventro-Iateral parts are 
well defined, and the external grooves (dext) are well developed and 
deep. The antero-ventro-Iateral part of the fossae forms a rounded 
depression and corresponds possibly to the depression th in C. signala. 
The transverse canals (v) from the canal vmarg or vsmarg enter the 
antero-Iateral sides of the external grooves of the fossae 1-5 but 
farther backwards these canals descend into the space between the 
outermost parts of two subsequent fossae. 

The openings of the canals for the r .  mandibularis V (V 3) are 
seen in the antero-ventro-Iateral part of the first fossa, those of the 
n. facialis (VII) in the second fossa, those of the n. glossopharyngeus 
(IX) and the a. communicans somewhat laterally to the middle of the 
third fossa, and those of the first branchial ramus of the n. vagus just 
postero-Iaterally to the otical prominenee in the fourth fossa.  

The aortal groove is strongly developed ; it reaches forward to a 
transverse level through the middle of the first branchial fossa or to 
the origin of the groove asp; before this point the sharp-edged aortal 
ridge is seen running forward. Somewhat behind the origin of the 
canal for the internal carotid (acar) the groove sends out a pair of 
large side-grooves (aeff 2) for the second efferent branchial arteries , 
which are, however, soon obliterated ; the right one receives from 
behind two small grooves . Somewhat anteriorly to the exit of the canal 
acar a pair of grooves (aeff 1 ) ' smaller than the grooves aeff 2 ' are sent 
off from the aortal groove, they are the grooves for the first efferent 
branchial arteries ; still more forward another pair of fairly small 
grooves (asp) are given off, which are caused by the a .  spiraeularis . 
Anteriorly a narrow canal (arostr) is seen running from the aortal ridge 
in mainly lateral direction .  It ends on the postero-Iateral corner of 
ihe buccal area, and as seen in a speeimen of C. retusa (pl . 9 : 6) and as 
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mentioned below (p . 1 54) , just at the opening of a branch from the 
most anterior part of the canal for the a. Juarginalis . In the lateral 
part of the third interbranchial ridge there i" on the left side of the 
shield a narrow groove (aaff?) and on the right side two adjacent very 
narrow grooves ; the former groove is seen gradually to taper in median 
direction ; possibly this groove as well as one of the grooves on the 
right side had lodged the distal part of an afferent branchial artery. 

Having accounted for the anterior part of the oralo-branchial 
chamber and the four anterior branchial fossae (k1-k4) which are 
weU developed and rather large, we now turn to the posterior branchial 
fossae. The fifth fossa (k5) forms a transition to the four posterior 
ones which are very narrow, and form long and deep grooves ; the last 
fossa (k9 )  is, however, somewhat broader and indistinctly bounded 
medially. The fifth fossa is in its major part disposed transversely 
to the main axis of the shield, its distal fourth turning abruptly in 
postero-ventral and slightly lateral direction. The branchial fossae 6 
and 7 (k6 , k 7 )  are in their inner half directed lateraUy and slightly 
posteriorly from the median line while their outer half is bent in 
posterior and somewhat lateral direction. The fossae 8 and 9 (ks ,  k 9 )  
are in the main (in the distal two-thirds o f  the length) disposed 
almost parallelly to the main axis of the shie1d. It  can be observed 
that mediaUy to the outer part of the fossa 9 there is a short and 
shaUow fossa or groove (kxJ with an almost transverse disposition 
(cf. Stensio 1 927 ,  fig .  39) .  

The canal for the a. subc1avia (asubcl; in this speeies the artery 
was wholly enc10sed in a canal in the endoskeleton), coming from the 
zonal endoskeleton, traverses the distal part of the branchial fossa 5 
and then runs dorsaUy to the interbranchial ridge 5 and, more medially, 
dorsally to the branchial fossa 6 .  Somewhat medially to the posterior 
bend of the fossa 5 the canal has an opening on its antero-ventral side 
(aeff5 ) which is most probably the opening for the a. branchialis efferens 
5 (cf. Stensio 1 927 ,  pls . 1 07 :F 3 0 ;  1 08 :F 3 1 ,  a. eff6p).  Further 
medially, in its dorso-median part, the canal asubcl receives from behind 
a rather large and short canal which opens on the postero-ventral side 
of the canal. This canal (afe) is forrned by the union of three canals from 
the dorso-median part of the postbranchial wall, more precisely, the 
canal afe sends out a lateral branch (aeff 6) and then, almost imme
diately, divides into two canals (aeff7 and aeffs ) .  The lateral canal 
aeff 6 can be traced in distal direction to the antero-dorsal side of the 
branchial fossa 7 near the interbranchial ridge 6 ,  in which fossa it 
opens .  The canal aeff 7 is short and runs to the antero-dorsal side of 
the branchial fossa 8 ,  and the canal aef/g which is much longer runs 
to the distal half of the fossa 9, where it opens in its lateral part. In 
the dorsal side of the branchial fossa 5 there is an opening (aeff 4) 
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just postero-medially to the opening for the first branchial ramus of 
the v. vagus, and this, to judge from the conditions in C. signata, must 
t-e the anterior opening of the canal for the a. branchialis efferens 4 
v,,-hich joined and opened into the canal asubcl on its antero-dorsal 
side, about opposite to the opening of the canal afe. Part of this canal 
corresponds to the posterior of the two canals in C. hoeli, lettered 
"Xbr2-Xbr6"  by StensiO ( 1 927 ,  figs .  3 3-34 ,  cf. fig . 39 ) .  From 
the junction with these efferent branchial canals (aeff 4-aeff 8) onwards 
(in median direction) the canal asubcl will now be called the canal 
aeffep (see also pl. 9 : 7) or the canal for t h e  p a i r e  d c o m ID o n 
e f f e r e n  t a r t e r  y (a. branchialis efferens communis par) ; it passes 
on to and opens into the unpaired canal aeffe or the canal for the 
a. b r a  n c h i a l i s e f f e r e n  s c o m m u n i s  i m p a r" which in this 
speeies is slightly asymmetrically disp os ed as its posterior part is tumed 
somewhat to the left from the median line . It must be noted that the 
canals for the paired a. efferens communis join the canal aeffe 
somewhat before its posterior end, and furthermore that this latter 
canal is open posteriorly, in other words , that it traverses the post
branchial wall and opens into the trunk cavity (pl . 27 : 1 ) ;  this is als o the 
case in A xinaspis (pl . 99 :2 ; cf. also Stensio 1 927 ,  pls . 46 : 1 ;  47 : 1 ;  5 8 ) .  
It is thus evident that the canal aeffe cannot have been traversed 
exc1usively by an efferent artery but that in its posterior part it must 
have lodged an artery of a different nature . Very probably this was 
one or severai nutrient arteries for structures in the trunk, possibly 
corresponding to the paired artery for the pronephros or the unpaired 
a. intestinalis anterior or the a. mesenteriea in Petromyzon (Julin 
1 8 8 7 ,  pp . 7 89-79 1 ;  pls . 2 1  : 2 ;  22 :2 ; Favaro 1 90 8 ,  pp. 378-3 80 ;  
Hatta 1 922 ,  pp . 1 50-1 52 ,  1 62- 1 63)  or the a .  coeliaca i n  the 
Myxinids (Jackson 1 90 1 ,  p. 2 6 ;  fig. 1 8 ;  Cole 1 92 5 ,  p. 3 1 2 ;  fig. 1 ;  
Grodzinski 1 926 ,  p .  1 44 ;  cf. also the conditions in C.  hoeli, StensiO 
1 927 ,  figs .  3 5 ,  3 9 ;  pl. 1 07 ,  and in Boreaspis, p. 1 63 ) .  

We shall now retum to  the specimen of  C.  signata, examined before, 
and consider what is preserved of the arterial and nerve canals and 
grooves connected with the posterior gill-pouches. In the chapter on 
the occipital region of the endocranium we have accounted for the 
proximal parts of the canals for the vagus branches and the arterial 
canals developed in connection with them. 

It will first be noted that on the left side of the shield the canal for 
the first branchial ramus of the n. vagus is found to pierce the roof of 
the oralo-branchial chamber and to open into the proximal part of the 
gro ove for the fourth efferent branchial artery, and that this groove leads 
on to an opening in the a. subc1avia (cf. fig . l l B ;  pl. 3 1 : 5 -6) .  The 
a.branchialis efferens 4 had thus opened into the a. subc1avia and not 
into the a. branchialis efferens communis impar or the aorta. 
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On the right side of this specimen of c .  signata the canal for the 
subclavia (asubcl, pl. 29 :2-3) is preserved in its entire length. It is 
seen that the canal runs in antero-median direction from the zona1 
endoskeleton in to the visceral endoskeleton in the subclavian ridge ; 
the canal then turns and ascends in antero-dorso-median direction in 
the postbranchial wall, lying closely to the posterior side of this wall . 
Coming to about a level with the postero-Iateral corner of the labyrinth 
cavity the canal turns again rather abruptly over into a median and 
slightly ventrai direction and opens on the posterior side of the post
branchial wall, on which it is continued for some distance by a groove. 
The canal sends out numerous small ramifying ventral canals (apw) 
to the postbranchial wall . Just at the dorsal bend of the canal asubcl 
it has an opening on its anterior side (aeff 4 ' cf. fig. l lB), being the 
opening of a very short canal, running in antero-lateral direction and 
piercing the roof of the oralo-branchial chamber just at the fourth 
interbranchial ridge (pl. 35 : 3 ,  aeff 4) .  This is the canal for the a. branch
ialis efferens 4, which thus opened proximally into the a. subclavia. 
The canal is continued distally by a groove in which the canal for the 
r .  branchialis 1 vagi (Xb'l ,  pls . 29 : 2 ;  3 5 : 1 ;  cf. fig. l lB) opens . An 
opening (Xb'l a) into the antero-dorsal side of the canal Xb'l is probably 
the opening of a canal corresponding to the grooves IXa for a branch 
of the n. glossopharyngeus and Vlla for a branch of the n. facialis . It 
will be observed that the canal asubcl is somewhat larger distally to 
the opening aeff 4 than proximally to this point. 

Somewhat medially to the foramen aeff 4 the canal asubcl (or 
mote correctly the canal aeffc) receives from behind a branch from 
a canal for the n. vagus and sends out in ventrai direction two very 
short canals (Xb'z.3 , aeffr5 , pl. 29 : 3 )  which open on the posterior 
side of the postbranchial wall and are continued by two con
verging grooves. These join to forjll a common groove (aX) which 
immediately passes over into a canal which traverses the thin post
branchial wall and opens on the anterior side of the wall. One, 
probably the median one, of the two canals and the corresponding 
groove is the canal and groove for the a. branchialis efferens 5 (aeff 5 )  
while the other, probably the lateral one, transmitted the second and 
third branchial rami of the n. vagus (Xbrz-3 ) .  The common opening 
(a l X in pls . 29 : 3 ; 3 5 : 3 ,  which transmitted the a .  branchialis efferens 
5 and the r. branchialis 2 vagi) on the anterior side of the postbranchial 
wall is continued in lateral and slightly ventrai direction by a groove 
(aeff 5 , pl. 3 5 : 3) between the fifth and sixth branchial fossae, along 
the interbranchial ridge 5 ;  it is the groove for the fifth efferent branchial 
artery . .  Three grooves (Xa, Xb, Xc, pl. 3 5 : 3) running over the posterior 
part of the fifth branchial fossa correspond to the grooves IXa, IXb, 
IXc and Vlla, Vllb, VIle, respectively, and contained branches of 



- 1 5 2 -

the second r .  branchialis X .  The groove aX just before it passes over 
into a canal, sends out a branch (Xbr3 , pl. 29 : 3 )  in ventro-median 
direction on the posterior side of the postbranchial wall which runs on 
to an opening . Another rather large groove (afc, pl. 29 : 3 )  is found 
running from the groove for the a. efferens communis (par) to the same 
opening. The common opening (a2X, pl. 29 : 3 )  leads into a short canal 
through the postbranchial wall . During its passage the canal divides 
into two branches which open on the anterior side of the wall by a 
rather small dorso-median (aeff6 , pl. 3 5 : 3 )  and a somewhat larger 
ventro-Iateral opening (af Cl , pl. 3 5 : 3) ,  both lying straight ventrally 
to the common anterior opening of the canal transmitting the a. branch
ialis efferens 5 and the r. branchialis 2 vagi. To judge from the 
conditions in C .  exilis, the common trunk for the three posterior efferent 
arteries (6-8) was lodged in the groove afc . During its pass age 
through the postbranchial wall the trunk divided into two branches of 
which one, the a. branchialis efferens 6, went through the opening aeff6 , 
and the other, the common basal stem for the aa. branchiales efferentes 
7-8 , through the opening a/Cl ' In the groove Xbr3 was lodged a 
branch of the n .  vagus, presumably the r .  branchialis 3 or possibly a 
branch containing the branchial rami 3 and 4 .  

We thus find that the aa .  branchiales efferentes 4-6 must have 
opened separately into the a. subclavia or into the a. efferens communis 
par, as the median part of the artery is called, and that the r .  branch
ialis 1 vagi was associated with the a. branchialis efferens 4, the 
r. branchialis 2 vagi with the a. branchialis efferens 5 .  

With regard to the posterior efferent branchial arteries and their 
canals (or grooves) we have found some facts which are not in agree
ment with the picture of their disposition given by Stensio ( 1 927 ,  pp. 
1 75-1 80) .  These facts are, however, obtained from a rather scanty 
and in some respects imperfectly preserved material , and in order to 
get a clear and complete idea of the conditions in question we must 
await an opportunity of studying better preserved specimens ; Stensio's 
material was also imperfect, consisting mainly of an incomplete spe
cimen of C. hoeU, used for his series F of sections (Stensio 1 927 ,  figs . 
3 3-3 5 ,  39-40 ; pls . 1 06-1 1 2) .  According to Stensio ( 1 927 ,  pp. 
1 75-1 76) the aa. branchialis efferentes 3-5 (Ha .  eff4-a. eff6") 
opened directly and separately into the a. efferens communis impar, 
while the three following efferent arteries joined the a. subclavia . The 
interpretation by Stensio of the three pairs of foramina in the canal 
for the a. efferens communis (impar) as the openings for three pairs 
of efferent branchial arteries is, as is evident from the descriptions 
given above, not in accordance with my interpretations of the facts 
observed in C. signa ta and C .  exilis . Since it is most improbable that 
the conditions were so variable within the genus that both our inter-
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pretations can be true, and as the facts related by Stensio can be so inter
preted that they harmonize with those here observed (see above) , we 
must assurne that the forarnina in the canal for the a. efferens communis 
impar transmitted arteries other than efferent branchial arteries , and 
I think it rather probable that these arteries were nutrient arteries for 
the pharynx and possibly other structures in the oralo-branchial 
chamber (cf. Petromyzon, in which such arteries are issuing from the 
aorta, Favaro 1 908 ,  p. 375) .  

The canals and grooves for the marginal and rostrai veins and 
arteries in same specimens of Cephalaspis will now be described. 

In C. signata the wide canal for the v .  marginalis (v . marg) is seen 
in pl. 29 :2 ,  and lateral to it, in cross-section, the canal for the 
a. marginalis (amarg, see als o pl. 30 :  l ) .  Anteriorly to the velar ridge 
the canal vmarg (pls .  29 : 2 ;  30 : 1 )  opens ventrally, and its opening is 
continued by a short groove in median and slightly posterior direction ; 
it soon meets another gro ove which leads forward to the opening of 
the canal vr (for the rostrai ve in) as described above (p . 1 42) .  

In C .  exilis (pl. 27 : 1 ) and C.  retusa (pl. 9 : 6) we find somewhat 
different conditions. The canal for the v. margin alis (vmarg) issues 
from the marginal vein sinus (vsmarg) and runs forward in giving off 
transversal short median canals (v3 ' v 2 ' for ventrai transversal veins) 
to the external grooves of the branchial fossae 3 and 2 (k3 ,  k2 ) ,  and 
also numerous lateral branches to the canal amarg. More anteriorly it 
opens into the external groove of the first branchial fossa (k l '  cf. 
Stensio 1 927 ,  pl. 1 1 0 :  F 45 , v. marg, v 2 ' k2 ) .  From the antero-Iateral 
side of this groove issues another slightly curved canal (vmarg 1) and 
runs forward, opening into the oralo-branchial chaanber ne ar to the 
ventrai rim, laterally to the branchial fossa l (this canal vmarg1 
corresponds to the posterior canal "va" in pl. 1 1 0,  F 45 ,  F 49 and to 
the anterior canal "v .  marg" in pl. 109 :  F 39  and to the canal 
"v .  marg" in pl. 1 09 :  F 42 and its anterior opening, lettered "v l

" in 
pl. 98 C 1 1 2 ,  all in Stensio 1 927) .  The v.  marginalis which was lodged 
in the canal vmarg passed through soft tissue in the postero-ventro
lateral part of the branchial fossa 1 ,  then entered the canal vmarg l '  and 
anteriorly to this canal went in a gro ove along the ventrai rim ; 
anteriorly it opened into the rostrai vein which in these species was 
enlarged to form a vein sinus (vrs) . This vein sinus was lodged in a 
large transverse groove in the anterior part of the buccal area 
(corresponding to the space, lettered "dpr" in Stensio 1 927,  pl. 1 1 0 :  
F 45 ,  F 49).  From this groove several canals issue in  anterior or 
antero-ventral direction. 

The canal for the a. marginalis (amarg) runs forwards from the 
lOna! endoske1eton, lying laterally to the canal vmarg.  During its 
forward pro gress it receives median branches from the canal vmarg 
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and gives off numerous lateral branches ; gradually it grows very 
narrow. The canal continues, however, in antero-median direction, 
and, anteriorly to the canal vmargl has a few short median branches 
to the gro ove for the v. marginalis ; most anteriorly it divides into a 
postero-median branch going to the groove vrs just at its lateral end 
ne ar the end of the groove arostr, and an antero-median branch which 
soon joins an anterior canal from the rostral ve in sinus ; further medially 
it could not be followed (an anterior part of the canal amarg 
corresponds to the canal "va" in Kiaeraspis and Hoelaspis and to the 
anterior canal "va" in C.  hoeli, Stensio 1 927 ,  pls . 44 ; 5 5 ;  1 1 0 :  F 45) .  
In these speeies the a.  marginalis thus went in a canal of  its own on 
to the rostral part of  the shield and here very probably passed over 
into the transverse paired a. rostralis (which was a branch of the 
unpaired a. rostralis , the anterior continuation of the dorsal aorta) . 
At the transition between this artery and the a. marginalis an ante ro
median branch was probably given off which i. a .  gave orig in to dorsal 
superficial arteries (such as those in the canals ars in other speeies) . 

We find thus that the v. marginalis and the v. rostralis in some 
speeies went wholly (or almost wholly) enc10sed in canals in the 
visceral endoskeleton while in others they went partly enc10sed in and 
partly outside, ventral to the endoskeleton.  In the former case the 
ante ri or and ante ro-lateral parts of the roof of the oralo-branchial 
chamber are rather even but in the latter case it is provided with 
marked grooves and ridges, caused by impressions of these veins . These 
irregularities in the ro of can be easily misinterpreted as impressions 
of the gill-apparatus with which they thus have nothing to do . (cf. 
Stensio 1 927 ,  pls . 9 8-99 ,  1 09- 1 1 0) .  

We  shall now consider the conditions in  the anterior part o f  the 
oralo-branchial chamber in Nectaspis, as it represents a type different 
from that just described in Cephalaspis. In this latter genus the oralo
branchial chamber forms a large and wholly continuous cavity in the 
antero-ventral part of the cephalic shield, separated posteriorly from 
the trunk cavity by the transverse postbranchial wall . 

In Nectaspis (fig. I Se ;  pls . 1 06- 1 09 ;  1 1 1 ) we find, however, that 
oralo-branchial chamber in Nectaspis, as it represents a type different 
compartments, a smaller anterior one and a larger posterior one . The 
anterior part of the oralo-branchial chamber is thus partly separated 
from the posterior one by a transverse ridge or partition reaching down 
from the ro of of the chamber, As this partition does not reach down to 
the horizontal level of the ventrai rim but ends dorsally to it, the two 
compartments are ventrally in open communication. Where the trans
verse separating wall laterally abuts against the lateral wall of the 
oralo-branchial chamber it is fairly broad and flat but in median 
direction soon becomes very thin and forms a sharp-edged ridge ; it 
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runs in median direction slightly backwards and near the median line 
of the shield becomes again rather broad. Its ventrai side is here 
rounded. It cuts off the aortal ridge and the dorsal part of it forms 
the anterior limit of this ridge. 

The transverse ridge or wall is regarded as forming the boundary 
between an anterior o r a l or b u c c a l c a v i t Y and a posterior 
b r a  n c h i a l c a v i t y, and it will therefore be referred to as t h e  
v e l  a r r i  d g e (velr) . It has been suggested by Stensio ( 1 927 ,  
p. 1 67) that, i f  a velum was present in  the Cephalaspids i t  must have 
been formed by soft tissue projecting from "the interbranchial ridge 
1 " , and as this ridge and the velar ridge in N ectaspis are corresponding 
structures, this assUlmption, in view of the conditions in Nectaspis, 
seems to be a most plausible one, and on this account the ridge in 
question is called the velar ridge. 

The buccal cavity is rather shallow with its greatest depth poster
iorly and postero-Iaterally. The postero-ventral margin of the ventrai 
rim is smoothly rounded in its antero-median (rostrai) part and passes 
rather gradually over into the roof of the buccal cavity . There is no 
indication whatever of the presenee of any depressed area as in some 
other Cephalaspids (cf. Stensio 1 927,  pp . 45-47 , 1 50) . The posterior 
part of the roof of the cavity is divided into a right and a left half by 
means of a low median ridge which, beginning from the anterior side 
of the velar ridge, reaches forwards about two-thirds of the length of 
the cavity ; it can be regarded as an anterior continuation of the aortal 
ridge. The median ridge is fairly broad posteriorly but tapers gradually 
forwards and also gradually looses in height. Posteriorly, near the 
origin of the ridge, on its ventro-Iateral sides there is a pair of openings 
(arostr) which must belong to canals corresponding to those for the 
rostrai arteries in Kiaeraspis (Stensio 1 927,  pp . 1 49-1 50 ,  205 ; figs. 4 ,  
36 ;  pL 5 1 ) .  

In  the lateral part o f  the roof o f  the buccal cavity, i n  the corner 
between the velar ridge and the ventrai rim there is a rather distinet 
rounded fossa which antero-laterally is fairly well defined but which 
in medial direction passes over without distinet boundary into the rest 
of the dorsal wall of the buccal cavity ; most laterally it reaches its 
greatest depth. The margin of the ventrai rim, bordering the fossa 
ventro-Iaterally, is here sharp-edged. In the anterior wall of the fossa 
is the opening of the rostrai vein sinus (vrs) . In the lateral wall of 
the fossa there are three foramina ; an anterior SlJTIaller opening lies 
slightly more medially than the two posterior openings (vmargl) which 
are of uniform size and slightly larger than the anterior one . The 
anterior opening probably transmitted a branch from the a.  marginalis 
or possibly the whole a. marginalis, and the two posterior ones probably 
lateral branches of the v. marginalis . The fossa is here given the non-
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committal name t h e  b u c c a l f o s  s a (fossa buccalis, fb); it 
corresponds to the ventro-Iateral part of the fossa "k l "  in Kiaeraspis 
(StensiO 1 927 ,  p .  1 5 1 ;  figs .  4, 3 6 ;  pl . 5 1 ) which by Stensio is considered 
to be a (prespiracular) branchial fossa. From the descriptions of the 
rostraI part of the oralo-branchial chamber in Cephalaspis, and in 
Boreaspis (see below, p. 1 5 8) ,  it is quite clear that in these types 
there was no prespiracular branchial fossa, and from what will be 
said about the homologies in this part of the shield and with regard 
to the disposition of the nerve canals it is evident that the so-called 
first branchial fossa in Kiaeraspis and the corresponding buccal fossa 
in N ectaspis cannot have been a branchial fossa, lodging a prespiracular 
gill-sac, but that it must have had a quite different function. And as 
the fossa is present only in a few forms among the Cephalaspids but 
absent in others it is clear that the structure, which was e,nclosed in 
it, cannot have been a strueture universally present in the Cephalaspids 
or of fundamental importance. But as to the real nature of it nothing 
definite can be said. There is a possibility that it was a muscle fossa 
for some strongly developed and transforrned buccal muscles or that 
it lodged a buccal gland (it is weU known that in Petromyzon , but 
only in the adult form, there is a pair of large buccal or "salivary" 
glands, Kaensche 1 8 90,  pp . 243-244 ; Haack 1 903 , pp . 1 1 4-120 ;  
figs .  1-8 ; Fahrenholz 1 937 ,  pp . 1 3 0-1 32 ; fig .  1 4 8 ; Damas 1 9 3 5 ,  
pp . 1 7 8 ,  222 ; etc) . The fossae (or more correctly the fossa "kl "  in 
Stensio's description) are by Damas ( 1 943 ,  p. 233 )  tentatively 
compared with the prevelar invaginations of the stomodaeum in the 
Petromyzon larva (which, as shown by him, p .  2 1 7 ,  are by no means 
branchial in nature) or to the apparatus connected with the hydrosinus 
in the adult lamprey (cf. Reynolds 1 9 3 1 ) .  This latter assumption 
seems rather tempting ; the stomodaeum wou1d then possibly have 
been provided with diverticula, comparable to the hydrosinus , and 
their function would have been regulated by strong muscles (functionally 
comparable to the m. pharyngeus in Petromyzon, cf. also Tretjakoff 
1 926 ,  pp . 296-297) which originated in the buccal fossa. 

About midway between the median line of the shield and the 
ventral rim the velar ridge was traversed on each side by the 
r. maxillaris V. The canal for this nerve (V 2) pierces the roof of the 
oralo-branchial chamber in the middle of the first branchial fossa and 
is continued forward by a short groove in the roof of this chamber, 
which reaches to the posterior side of the velar ridge and ends at an 
opening for a short canal through this ridge . The canal divides and 
opens on the anterior side of the ridge with two forarnina (V 2 a) .  

The branchial cavity on each side is subdivided by the inter
branchial ridges and septa into a series of compartments or fossae, the 
branchial fossae (Stensio 1 927 ,  pp . 46 ,  1 50-1 5 4) .  In Nectaspis the 
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interbranchial ridges are rather weU developed in their lateral parts 
at the transition to the septa while most medially near the aortal ridge 
they are more indistinct and in their middle parts almost or, in some 
specimens, wholly obsolete. The anterior interbranchial ridges are 
slightly curved, and from their origin at the aortal ridge run in lateral 
and somewhat anterior direction; the ventro-Iateral parts of the fossae 
lie thus somewhat more anteriorly than their dorso-median parts 
(contrary to what is the case in Kiaeraspis, Stensio 1 927 ,  p. 1 5 1 ;  figs. 
4,  3 6 ;  pl. 5 1) .  

The roof of  the first fossa i s  pierced in its lateral third and 
somewhat in front of the first interbranchial ridge by the canal of the 
r. mandibularis V (V 3) .  This canal is from its opening continued 
forwards by two short diverging grooves, one running in anterior, the 
other in antero-Iateral direction. The lateral waU of the fossa is pierced 
by three canals of which two open by fairly large foramina.  One of 
these openings (vmarg) lies ventrally to the most postero-Iateral part 
of the velar ridge and the other (v l )  in the most postero-ventro-Iateral 
part of the fossa ; between them there is the third imperfectly preserved 
opening. The opening vmarg is continued forward to the buccal fossa 
by an indistinct groove in the ventrai side of the lateral part of the 
velar ridge. The v. marginalis thus went forwards in the canal vmarg 
and then in the groove on the velar ridge ; in the lateral part of the 
buccal fossa it passed through soft tissue and probably joined the 
v. jugularis inferior and the v. rostralis (or the rostrai vein sinus ; cf. 
the conditions in C. signata, p. 1 42) . 

In the second fossa opens the canal for the n .  facialis (VII). The 
lateral wall of this fossa has two openings, of which the posterior 
fairly large one (v 2) leads into a short canal opening into the canal 
for the v.  marginalis ; immediately in front of the median opening of 
the canal there is another much smaUer opening. The openings v 1 
and v 2 are the openings of canals for ventrai transverse veins from the 
v. marginalis. 

The second interbranehial ridge reaehes the aortal ridge somewhat 
before the orbital prominence, at a transverse leve! with the middle 
division of the ethmoidal eavity of the endocranium. 

The third interbranehial ridge abuts against the anterior part of 
the orbital prominenee, and the fourth one runs in a direction towards 
the groove between this and the otie prominenee (cf. pl. 1 1 1  : 3 ) .  

The aortal ridge i s  weU developed and provided with a dis tinet 
aortal groove. From the aortal groove issues a groove (aeff1 , for the 
a. branehialis efferens 1 )  running in lateral and slightly anterior 
direction on the here feebly marked interbranchial ridge 1 .  Anteriorly 
to this point the aortal groove sends out a lateral groove (asp, for the 
a. spiraeularis) which slightly behind the velar ridge pierces the small 
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ridge bordering the aortal groove, and which on the right side is seen 
to continue for a short distance in lateral direction in the anterior 
half of the first branchial fossa.  The aortal groove disappears behind 
the velar ridge in giving rise to a pair of small grooves (av) running 
in antero-ventro-Iateral direction on the posterior side of the velar 
ridge ; the right one reaches on to an opening in this ridge near the 
median line ; these small grooves possibly lodged nutrient arteries for 
the velum. In the anterior continuation of the main aortal groove a 
canal runs through the velar ridge, and this is the canal for the rostrai 
artery. During its passage through the thick median part of the velar 
ridge the canal (probably) divides into two branches , each opening, 
as said above, anteriorly in the buccal cavity on the side of the 
median ridge. 

In this  connection can be mentioned that the postbranchial wall 
is exposed in severai specimens (part of it is seen in pl. 1 1 3 :2) .  It is 
perforated by the large opening for the oesophagus , and ventrally has a 
notch for the truncus arteriosus . 

In Boreaspis the conditions with regard to the shape of the 
anterior part of the oralo-branchial chamber are quite different from 
those in N ectaspis. 

In Boreaspis (fig . I SA ;  pls .  7 8 :2-3 ; 8 5 ;  8 6 : 2 ;  8 7 ;  93-94;  95 : 1 ) 
we find as in Cephalaspis a continuous oralo-branchial chamber. The 
antero-median part of the ventrai rim is very broad and its posterior 
margin is abruptly truncated forming the anterior transverse border 
of the oralo-branchial chamber. In B .  robusta and B .  puella it has 
been observed that the aortal ridge does not reach so far antero
ventrally as to abut against the ventrai rim but ends somewhat behind 
it. The short gap between the anterior end of the aortal ridge and 
the postero-ventral margin of the ventrai rim forms a narrow but fairly 
broad groove which in lateral direction becomes narrower than it is 
medially . The groove is thus broadly triangular in outline ; the posterior 
border of the groove is raised so as to form a faintly marked transverse 
ridge (pls . 7 8 :2 ;  87 :2) .  It can be noted that the exoskeleton on the 
postero-ventral margin of the ventraI rim is thickened and travers ed 
by numerous minute canals (probably vascular canals , pl. 8 7 :2) .  In 
view of the conditions in C. exilis and C. retusa it seems most probable 
that the groove in question in Boreaspis lodged the rostrai vein sinus, 
and that it had nothing to do with so-called depressed area, the supra
oral field, in some Cephalaspids or the triangular tooth-bearing area 
in other Osteostraci (Stensio 1 927 ,  pp . 45--46 ,  1 5 0 ;  Kiær 1 92 8 ,  pp . 
1 27- 1 29 ;  StensiO 1 9 32 ,  p .  3 7 ;  Heintz 1 939 ,  pp . 3 3 ,  8 1 ) .  

The first branch ial fossa i s  very spacious, distinctly larger than 
each of the subsequent fossae. It is bounded posteriorly by a distinet 
transverse interbranchial ridge (ibr 1 ) which is almost straight or with 
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Fig. 1 5 .  - Anterior part of the oralo-branchial chamber of A, Boreaspis costa ta, B, Ce

phalaspis aeuminata, and C, Neetaspis areolata. Ventrai view. A and B, X 2, C X 3 % . 

aefh-aefl2, grooves for the first -and second efferent branchial arteries ;  ao, aortal 
groove; arostr, canals for the ' a .  rostraHs; asp, groove for ,the a. spiraeularis; av, gro ove 
for the a. velaris ; be, buccal cavity; dextl- dext2, grooves probably for the external 
efferent ducts from the first and second gill-sacs; fb, fossa buccalis; ibrl-ibr2, first 
and second interbranchial ridges; ibsl-ibs2, first and second interbranchial septa; 
kl-k3, first to third branchial fossae; pbg, groove probably for the peripharyngeal 
ciHated groove; velr, velar ridge; vmarg, canal (and groove) for the v. marginalis; 
vrs, canal for the rostrai vein sinus; VI-V2, canals for the first and second ventraI 
transversal veins; V2, canals for the r. maxillaris V; Va, canal (and grooves) for the 
r. mandibularis V; VII, canal for the n. facialis; IX, canal for the n. glossopharyngeus. 

a slight anterior bend and directed laterally (fig . I SA ;  pls . 8 5 ;  8 6 : 2 ;  
8 7 : 1 )  or laterally and somewhat anteriorly (pls . 9 3 : 1 ;  94 :2) ;  ventro
laterally it turns in postero-lateral direction and passes over into the 
first interbranchial septum. Forwards the first branchial fossa reaches 
on to the rostrai end of the oralo-branchial chamber. As _ a whole 
this (and the three subsequent) branchial fossa forms a uniformly 
broad, in outline rectangular compartment in the oralo-branchial 
chamber, which only postero-Iaterally is curved somewhat backwards 
or the postero-Iateral corner of which is somewhat protracted. In some 
Boreaspis speeimens (e. g. of B .  robusta) two divisions separated by 
a faint, low, rounded ridge (velr?) can be distinguished i(Il the first 
branchial fossa, viz. a shallow, shelf-like anterior division and a slightly 
deeper posterior division (pl .  7 8 :2-3) .  

The first interbranchial ridge in B .  -costata is provided medially 
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with a distinet, and the second one with a rather indistinct transverse 
groove issuing from the aortal groove ; these grooves were caused by 
the aa. branchiales efferentes 1-2 ,  respectively. In other Boreaspis 
species the interbranchial ridges are indistinct or obsolete in their 
median parts but the grooves for the aa. branchiales efferentes in the 
roof of the oralo-branchial chamber are very weU developed (pls . 
93 : 1 ;  94) . 

The second to fourth branchial fossae are short and broad. The 
position of the anterior interbranchial ridges and the grooves for the 
anterior aa. branchiales efferentes in relation to other structures in 
the shield varies somewhat in different Boreaspis species . In B .  costa ta 
the three anterior interbranchial ridges (ibrl-ibr3)  lie entirely ahead of 
the orbital prominence, and the fourth one (ibr 4) abuts against the anterior 
half of this prominenee (pls . 8 5 ; 8 6 : 2 ;  8 7 : 1 ) .  In B .  macrorhynchus 
the third interbranchial ridge (ibr3 )  runs in medial direction towards 
the anterior margin of the orbital prominence, and the fourth one 
(ibr 4) towards the posterior margin of this prominence ; the groove 
for the fourth efferent branchial artery joins the aortal groove postero
medially to the orbit (pls . 9 3 : 1 ;  94,  ibr4 ' aeff4) .  In B. batoides the 
grooves for the anterior aa. branchiales efferentes have a corresponding 
position (pl. 95 : 1 ) .  

In B .  costata the anterior branchial fossae with exception of  the 
first have shifted forwards as compared with those in B .  macrorhynchus 
and B. batoides and encroached upon the first fossa ;  this fossa is thus 
comparatively small er in B .  costata than in B .  macrorhynchus or 
B .  batoides. 

The anterior branchial fossae are uniformly shaUow in the median 
two-thirds of their breadth (cf. however the first one, see above) ; in 
their lateral third they become suddenly considerably deeper and there 
is in fact formed in each of the four anterior fossae a dis!tinct cavity 
in their lateral part (pls . 8 1 :2 ;  93 : 1 ;  94 :2) .  These cavities which will 
be called t h e  b r a  n c h i a 1 c a v i t i e  s are weU displayed in a 
specimen of B .  robusta? (pl .  8 1  :2 ) .  Those in the second and third 
branchial fossae are best developed and consist here of a lengthened 
sigmoidaUy bent pit or groove ; in the second fossa the anterior (and 
dorso-median) transversely rounded part (k2a) of the cavity, which is 
rather deep, lies ne ar to the first interbranchial septum (ibs1 ) .  This 
part is continued in postero-Iateral direction by a short, shallower 
part leading over into another deep part (k2 b ,  which is considerably 
narrower than the antero-median one) in front of the interbranchial 
septum 2 (ibs2) ,  and hence there is again a shallow groove (dext) 
running in postero-ventro-lateral direction, ending near the ventraI 
rim. The branchial cavity can thus be said to consist of an anterior 
median (k2a) and a posterior lateral (k2 b) pit, connected by a shallow 
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groove and continued postero-ventro-Iaterally by another shallow 
rather long external groove (dext) . The cavity in the third branchial 
fossa is similarly built but the antero-median pit is much larger than 
in the second cavity ; in the fourth fossa the antero-median pit is 
shallower than in the two other fossae and not so well defined. In 
the first branchial fossa the branchial cavity is on the whole smaller 
than the two following ones and the antero-median part is not so 
widened. Also the fifth (k;;) ,  sixth (k6) ,  and seventh (k7) cavities are 
seen in this specimen and lie on the anterior side of the lateral part 
of the postbranchial wall (cf. StensiO 1 927 ,  p. 1 54) . The fifth cavity 
consists of a very indistinct dorso-median part and a well marked 
external groove ; of the sixth and seventh cavities only the external 
grooves are developed but two small indistinct pits in the antero-dorsal 
part of the postbranchiaI wall probably belong here though they are 
quite separated from their external grooves. No further cavities are 
present medially to the seventh one. In B .  macrorhynchus (pls . 9 3 :  1 ; 
94:2) four shallow impressions on the anterior side of the postbranchial 
wall represent the four hindmost branchial fossae (k4-k 7 ) ;  the three 
foremost fossae (kl-k3)  are also seen. 

The canals for the vy. transversales ventrales (cf. Stensio 1 927 ,  
pp. 1 8 3-1 85)  open into the postero-Iateral pit a t  the transition to 
the external groove (v l-v3 ) ;  the fourth (v 4) opens , however, into the 
antero-Iateral side of the external groove, and the following three 
canals (v 5-v7)  into the spaces between two adjacent grooves. 

The roof of the first branchial fossa is pierced in its antero-Iateral 
part by the canal for (a ventraI branch of) the r. maxillaris V (V 2 )' 
and in its postero-Iateral part somewhat before the interbranchial 
ridge l by the canal for the r. mandibularis V (V3 , pls . 7 8 ;  8 1 :2 ;  8 5 ; 
8 6 : 2 ;  8 7 : 1 ) .  In other specimens the opening of this latter canal lies 
cIosely behind the first interbranchial ridge (or the groove for the 
first efferent branchial artery) . The opening of the canal V 3 is 
continued in anterior and slightly lateral and ventral direction by two 
slightly diverging grooves in the roof of the first branchia1 fossa (p1s . 
7 8 : 3 ; 8 3 :2 ;  8 5 ; 9 3 : 1 ;  95 : 1 ) or by three such grooves (pl. 96) .  The 
canal for the n. facialis (VII) opens into the postero-Iateral part of 
the second branchial fossa or c10sely behind the sec ond interbranchial 
ridge (pls . 8 3 : 2 ;  8 5 ; 8 7 : 1 ;  9 1 : 1 ; 93 ; 94 :2 ; 95 : 1 ) ;  in some specimens 
two or three grooves from this opening are seen to cross the ridge 
(pls . 9 3 :  1 ;  94 :2 ; 96) .  Into the postero-Iateral part of the third fossa 
opens the canal for the n. glossopharyngeus (IX, pls . 8 5 ; 8 7 : 1 ;  9 3 ; 
94 :2 ; 95) .  In the specimen of B .  robusta? ,  referred to above, the canal 
for the r .  mandibularis V (or for a lateral branch of this nerve) opens 
into the oralo-branchial chamber medially to the antero-median pit 
in the second branchial fossa, slightly behind the interbranchial 

1 1  
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septum 1 ,  and is continued by a groove running in antero-ventro-Iateral 
direction to the antero-median pit in the first branchial fossa. The 
groove for the n .  facialis runs forwards from the opening of the canal 
VII to the connecting part between the antero-median and the postero
lateral pit in the cavity k2 . The canal for the n. glossopharyngeus (IX) 
opens into the oralo-branchial chamber c10sely behind the antero
median pit in the cavity k 3 .  

The branchial cavities correspond to similarly shaped cavities in 
Hoelaspis (Stensio 1 927 ,  pls . 44 ; 46 : 1 ) and to the deepened ventro
lateral thirds of the branchial fossae in Kiaeraspis (Stensio 1 927 ,  
figs. 4 ,  3 6 ;  p l .  5 1 ) and Cephalaspis exilis and C. retusa (pls .  9 :6 ;  27 : 1 ) .  
Whether the branchial cavities in Boreaspis contained the dorsal part of 
the gill-sacs or only were impressions of the gl. thymus (or thymus-like 
organ) and the external ducts cannot be definitely ascertained. The 
disposition of the openings of the canals for the branchial nerves far 
laterally in the oralo-branchial chamber speaks for the assumption that 
the gill-apparatus in Boreaspis did not reach so far medially as in 
Cephalaspis .  Be that as it may, the cavities, however, show us the 
number of the branchial fossae, and it is thus c1ear that in Boreaspis 
they were never more than seven. As to the number of the gill-sacs 
in the living forms, however, we cannot from this fact infer anything 
with certainty ; there can possibly have been gill-sacs medially to the 
seventh branchial fossa which have not left any impressions in the 

anterior side of the postbranchial wall, but, on the other hand, there 
is a possibility that in Boreaspis not so many gill-sacs were furmed 
as in Cephalaspis. 

The first branchial fossa in Boreaspis, lying anteriorly to the first 
interbranchial ridge corresponds in N ectaspis to the first branchial 
fossa and the buccal cavity ; the buccal cavity in this genus can possibly 
be regarded as to correspond to the anterior shallow part of the first 
branchial fossa, which is seen in B .  robusta (and B .  costata) . The 
first branchial fossa in Boreaspis is thus also equivalent to the so-called 
"first" and "second branchial fossae" in Kiaeraspis (Stensio 1 927 ,  
figs . 4 ,  36 ;  p l .  5 1 ,  k l ' k2 ) ,  and the branchial cavity in  the first branchial 
fossa in Boreaspis corresponds to the ventro-Iateral part of the so-called 
"sec ond branchial fossa" in Kiaeraspis. It is of great importance to 
note that in Boreaspis there is no cavity that can be compared with 
the buccal fossa in Nectaspis or with the ventro-lateral cavity in the 
so-called "first branchial fossa" in Kiaeraspis, and that Boreaspis has 
no real ridge corresponding to the velar ridge in Nectaspis (or Cephal
asp is) or to the "interbranchial ridge 1 "  in Kiaeraspis. The first 
branchial fossa in Boreaspis certainly contained only the first gill-sac . 

In the posterior part of the oralo-branchial chamber we meet 
some conditions different from those in Cephalaspis with reg ard to the 
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canals for the efferent branchial arteries and some other arterial canals . 
We have mentioned previously that the a. branchialis efferens 4 ,  in a 
groove along the fourth interbranchial ridge, joined the aorta. How 
the fifth efferent artery was disposed is unknown but at least in 
B. costata (cf. pl. 8 5 )  it seems beyond doubt that it must have emptied 
into the aorta. In B .  costata (pls . 8 5 ; 8 6 :2) the canal for the a. subc1avia 
receives from behind and ventrally a canal (afc) which must correspond 
to the canal afc in Cephalaspis and Kiaeraspis (p . 1 49 ;  pl. 97 : 3 ;  cf. 
Stensio 1 927 ,  p .  1 79 ,  figs. 3 6 ,  3 9-40) in as far as it must have 
enc10sed the two posterior efferent branchial arteries ,  here the sixth 
and seventh or, if the latter one was not developed, only the a. branch
ialis efferens 6. After the union of these canals the common canal 
(for the a. efferens communis par, aeffc) passes in median direction 
up to and unites directly with the aortal canal (ao) . 

Thus in Boreaspis the paired a. efferens communis opened 
separately and directly into the aorta, while in Cephalaspis (and 
Hoelaspis, Kiaeraspis, A xinaspis) the paired a. efferens communis 
proximally ran, probably as a common trunk (the a. efferens communis 
impar) in a common unpaired canal before it opened into the aorta. 
The difference between the types is evidently of no great importance .  

In  Boreaspis the postbranchial wall is (as well known) perforated 
by the independent openings for the oesophagus and the truncus 
arteriosus, and in some species they are separated by a very narrow 
and delicate transversal skeietal bar (pls . 8 3 ;  8 8 :4) but in others by 
a broader interval (pls . 84 : 2 ;  85 ) .  

In  B .  costata (pls . 8 5 ; 8 6 :2) we  now find an  unpaired opening 
(apn) in the postbranchial wall just above the opening for the 
oesophagus, situated asymmetrically somewhat to the left of the median 
line, and in B . macrorhynchus (pl .  94 :2) a canal (apns, or possibly 
only a groove in the posterior side of the postbranchial wall) is seen 
on the left side, opening into the ventro-lateral side of the aortal canal. 
It will also be noticed that in a corresponding place on the right side 
there is a short vertical groove (apnd) in the posterior face of the post
branchial wall which does not reach on to the aortal canal . The opening 
apn and the canal apns must have transmitted an artery coming from 
the trunk. In some species the artery passed through an opening in 
the postbranchial wall in order to reach the aorta but was in others 
lodged in a canal in this wall (or possibly only in a groove on the 
posterior side of it) and joined thus the aorta somewhat more backwards 
than in the other species . It is probable that the artery was paired but 
that the artery on the right side joined the aorta behind the post
branchial wall. Jf this be true, the artery possibly was an artery for 
the pronephros and not corresponding to the unpaired a. intestinalis 
anterior or the a. rnesenterica in Petromyzon (cf. Julin 1 8 87 ,  pp. 7 8 9-
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79 1 ;  pls. 2 1 :2 ;  22 : 2 ;  Favaro 1 90 8 ,  pp. 378-3 8 0 ;  Hatta 1 922,  pp. 
1 50-1 52 ,  1 62-1 63) .  It can be observed that in C.  hoeli a paired 
canal, having probably enc10sed an artery for the pronephros ,  joins the 
canal for the a. afferens communis from behind (Stensio 1 927 ,  p. 245 ; 
figs. 3 5 ,  3 9 ;  pl. 1 07) .  

We shaU now add some details related to the region of the oralo
branchial chamber, observed in some other Cephalaspids in the present 
material. The specimens examined are of ten by no means so completely 
preserved or so instructive as those described above but are, neverthe
less, in severai respects of great interest and reveal structures which 
are of importance or which can be interpreted in the light of the more 
complete knowledge we have gained from a study of the better 
preserved material. 

Conditions similar to those in C. signata, or more specifically , the 
buccal area, the groove pbg, the transverse series of pits (igl) in the 
first branchial fossa,  have been observed in a few species, viz . 
C.  hastata (pl .  3 6 :2) ,  C .  ibex (pl .  3 8 : 1 ) ,  C.  corystis (pl. 3 3 :2) ,  all 
evidently c10sely related to C.  signata, and in C.  kozlowskii. Traces of 
the pits igl have been seen in C . oreas, and the groove pbg in 
C.  excellens (pl. 1 3) .  The buccal area and velar ridge, similar to those 
in C. signata, as weU as the branchial fossae with their external grooves, 
are seen in C. cro/ti (pl. 26 :2) ,  and the buccal area and the velar ridge 
are also observed in C. exilis. In C. hoeli the buccal area seems to be 
whoUy confluent laterally with the first branchial fossa, and the velar 
ridge is thus not developed in the antero-Iateral part of the oralo
branchial chamber. 

In C.  acuminata (fig. 1 5B) in which the shield is anteriorly pro
tracted and acuminated, the shape of the rostrai part of the oralo
branchial chamber is somewhat different from that in C. signata . The 
shape of the branchial fossae is on the whole as in this species but the 
anterior part of the first fossa is narrow since the velar ridge which 
is fairJy distinet only in its antero-ventro-Iateral part lies ne ar to 
and parallei to the groove pbg. The aortal ridge is rather broad and 
provided with a distinet aortal groove posteriorly and forwards as far 
as to a transverse level with the first branchial fossa. Farther 
anteriorly it becomes sharp-edged but most forwards it again broadens 
and passes over into a triangular shelf which abuts against the ventraI 
rim. In this shelf there is an indistinct groove which divides anteriorly 
into two grooves, each leading on to an opening (arostr) into the 
ventrai rim. The grooves lodged the unpaired rostrai artery which split 
into two branches and passed in a pair of canals in the most rostrai 
part of the endoskeleton. Between the triangular shelf and the velar 
ridge the roof of the buccal area is excavated so as to form on each 
side a fairly deep depression ; this cavity is deepest in its broad and 
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rounded antero-ventral part but grows shallower and is finally effaced 
towards its narrow dorso-median part. Possibly this cavity was of the 
same nature as the buccal fossa in Nectaspis (p . 1 5 6) .  

In C.  ibex (pl .  3 8 : 1 ) the interbranchial septa 1-6 are preserved, 
and it is of importance to notice that the septa on their median and 
ventro-median side are not provided with any perichondrial bone-lining. 
This means that the bone-Iayer which lines the septa on their anterior, 
posterior, and ventrai sides can be followed only far a short distance 
in median direction befare it ends abruptly. Similar conditions can als o 
be observed in a specimen of C.  hoeli, used by Stensio for his series F 
of sections (Stensio 1 927 ,  pls . 1 09--1 1 O) . As this fact cannot be satis
factorily explained as a result of imperfect preservation, it can only 
mean that in the living animal the septa must have continued in unossi
fied tissue farther medially than is evident from their fossil state . These 
unossified bars must thus have forrned a median, or morphologically 
ventrai and hypotrematic, continuation of the branchial are hes of which 
the septa are a part. In other words , they form ed part of the ventrai 
viseerai endoskeleton (cf. p. 1 1 6 ,  and StensiO 1 927 ,  p. 1 44).  

The place of the openings into the oralo-branchial chamber of the 
nerve canals has been de alt with above (p . 1 24 ;  cf. also p. 1 44) ; here 
shall only be mentioned that in C. excellens (pl . 1 3) the canal V 2 opens 
into the first branchial fossa about midway between the first inter
branchial ridge and the gro ove pbg, and is continued in anterior 
direction by a groove which divides into two bifurcating branches, 
crossing the gro ove pbg. The canal V 3 of which the main trunk never 
reaches up to the outer face of the endoskeleton opens into the aralo
branchial chamber very far medially, on the right side of the shield in 
the holotype (pls . 1 3 ;  1 6 : 1 )  just before the second interbranchial ridge, 
and is here continued by two grooves, running in ante ro-lateral direc
tion ; on the left side the canal opens somewhat in front of this ridge 
and from the opening a groove can be followed in antero-Iateral 
direction on to the first interbranchial ridge before it disappears (the 
opening of the canal V 3 into the oralo-branchial chamber is also seen 
in pl. 1 6 : 2) .  

In  Hoelaspis the canal V:� opens into the first branchial fossa and 
is continued in antero-ventro-Iateral direction by a shart gro ove 
(pl .  7 7 : 2 ;  cf. Stensio 1 927 ,  pls. 44-45) .  The canal VI/ opens in to 
the oralo-branchial chamber at a point in the lateral continuation of 
the groove far the sec ond efferent branchial artery ar somewhat befare 
this point in the second branchial fossa, and is continued in antero
ventro-Iateral direction by a long (sometimes bifurcating) groove 
(pl. 7 7 : 2 ;  cf. Stensio 1 927 ,  pls . 44-45 ; 46 : 1 ;  the groove "VI/v" is a 
groove in the roof of the aralo-branchial chamber closed towards the 
endoskeleton, and cannot have transmitted any branch of the n. facialis) . 
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The conditions in the lateral parts of the oralo-branehial ehamber of 
Hoelaspis (as seen in StensiO 1 927 ,  pl. 44) are almost exaetly as in 
C. exilis and C. retusa . The marginal vein ran in a eanal (v . marg) 
whieh opens into the branehial fossa l ("k2 ") and then for a short 
distanee in soft tissue in this fossa, and more forwards again in a eanal 
which opens into the oralo-branehial ehamber (at the point lettered 
"k l ") ;  the vein then traveled ventro-medially to the endeskeIeton. 
Somewhat antero-medially to the point "kl " there is a marked pit 
resembling a branehial fossa whieh possibly represents the plaee of 
union of the marginal and rostraI veins into the v. jugularis inferior. 
The rostrai vein sinus was lodged in a groove in the roof of the most 
anterior part of the oralo-branehial ehamber (the eanal "vs.r" is a 
superfieial eanal from this groove) . The eanal "va" transmitted an 
anterior part of the a. marginalis . The groove "a.eff 1

" 
lodged a weU 

developed a. spiraeularis .  
In Benneviaspis the anterior part of  the roof of  the oralo-branehial 

ehamber is poody known but is apparently developed mueh as in 
Hoelaspis (cf. Stensio 1 932 ,  pl. 49 : 3 ) ;  the velar ridge (velr) and the 
bueeal area (ba) are seen in pl .  7 1 : 1 .  

The strueture of the oralo-branehial ehamber is unknown in the 
genera Ectinaspis, Tegaspis and Securiaspis; the rostrai vein sinus is, 
however, observed in a spe eimen of the latter genus (pl . 6 1 ) .  

In  Axinaspis the shape of  the anterior part of  the oralo-branehial 
ehamber is almost unknown ; the indistinetly developed velar ridge (velr) 
and the first and second interbranehial ridges Ubrl ' ibr2)  with well 
developed grooves for the efferent branehial arteries are seen in a 
distorted specimen (pl .  1 00 : 1 ) .  In another specimen of the same species 
the five hindmost branehial fossae are preserved (pl . 99 : 1 ) .  The eanal 
for the a. subclavia in its ventro-lateral passage is found running 
dorsally to an interbranehial septurn and, to judge from the conditions 
in Cephalaspis (cf. above, p. 1 49) and Kiaeraspis (cf. Stensio 1 927 ,  
figs . 3 3 , 3 9 ;  p l .  5 1 ) ,  this septurn must be the fifth from in  front (ibs5)  
and the fossa before it must be the fifth branehial fossa (k5 ) .  Postero
medially to the interbranehial septurn 5 there are three septa (ibs6 -ibs8) 
and four fossae k(i-kFl" kx) . The interbranehial septa are very short 
and very low, and have the appearanee of being damaged ; they are 
thus not eovered with a perichondrial bone-lining, and must have 
been mueh higher than now preserved or else have been eontinued by 
bars of unossified tissue (cf. C .  ibex, p. 1 65) .  The interbranehial septurn 
5 is, however, somewhat higher than the others and distally turned in 
ventro-median direetion . The septa are eontinued in postero-Iateral 
direetion by rather low, round-edged ridges, bordering the peripheral 
parts of the fossae, which here form external grooves . From the inter
branehial septurn 7 runs a rather high and distinet ridge (roes) first 
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in antero-median and later in straight median direction to the upper 
margin of the common opening for the oesophagus and the truncus 
arteriosus (oes+tr) . By this ridge the two most posterior fossae become 
partly separated from the anterior ones . The last fossa (kx) is very 
different from the preceding narrow fossae ; it is polygonal in outline. 
broadest postero-Iaterally with a rather high antero-median wall, 
separating it from the opening oes+tr and also with a rather high, 
sharp-edged, narrow postero-Iateral walL It is most probably, and at 
least in its major part, not a branchial fossa and lodged certainly not a 
complete gill-sac, but as to what structure it may have contained I have 
no opinion. The real branchial fossae have each a not very deep, but at 
least in the fossa 6, dis tinet pit or depression just behind the inter
branchial septum. Possibly this pit corresponds to the impression th 
in C. signata, supposed to have lodged a gl. thymus (or thymus-like 
organ) . A canal for the a .  efferens communis impar and nutrient 
arteries for the trunk is present also in Axinaspis (aeffc, pl. 99 :2) .  

With reg ard to the general structure of  the oralo-branchial 
chamber in Kiaeraspis nothing of importance is shown in the specimens 
of the material now at hand. It is, however, well known through the 
investigation by StensiO ( 1 927) .  We can observe that the anterior 
part of the chamber reminds somewhat of that in N ectaspis in as far 
as there is formed a buccal fossa, but this fossa is not very deep and 
must have been occupied to a major part by the anterior portion of the 
v.  marginalis ; this vein emerged from the postero-Iateral part of the 
fossa (cf. Stensio 1 927 ,  pl. 5 1 ,  v l) '  It can furthermore be noticed that 
the fossa has none of the characteristics of the branchial fossae behind 
it. The velar ridge is feebly developed or absent. There are nine 
branchial fossae, as in Cephalaspis. As in Axinaspis the postbranchial 
wall has a large opening, common for the oesophagus and the truncus 
arteriosus (contrary to what is said by Stensio 1 927 ,  p. 1 48 ;  cf. pls . 
5 1-52 ;  5 3 :2-3 ; 5 8) .  A pair of canals or grooves in the anterior side 
of the postbranchial wall from the canal for the a. efferens communis 
impar (cf. StensiO 1 927,  pl. 5 1 , a . eff. com) probably transmitted 
nutrient arteries for the most posterior parts of the pharynx. The 
proximal part of the canal for the sixth efferent branchial artery 
(aeff 6) and the common canal (afc) for the two hindmost aa. branchiales 
efferentes are exposed in the speeimen figured in pl. 9 7 : 3  (cf. Stensio 
1 927 ,  fig. 3 6) .  

I n  this connection i t  shall again b e  noted that i n  C.  signata the 
fourth efferent branchial artery emptied into the a. subc1avia on its 
anterior side. This must also have been the case in a Cephalaspis sp . ,  
figured b y  Stensio ( 1 927 ,  pls . 24 :2 ; 2 8 ) ;  the canal "vz" i s  the canal 
for the a. branchialis efferens 4, which has an opening, lettered "Xbrl " , 
into the oralo-branchial chamber together with a branch of the first 
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r. branchialis vagi ; the lateral canal "Xbr l "  transmitted another branch 
of the same ramus . 

In A erotomaspis instabilis (pl . 1 02 : 1 )  the velar ridge (velr) is weU 
developed and runs from a point near the antero-Iateral corner of the 
shield, where it is fairly broad, in postero-dorso-median direction and 
must have reached the aortal ridge at a transverse level with the most 
anterior end of the naso-hypophyseal opening (which in this species is 
excessively enlarged) ; the velar ridges thus enclose a comparatively 
large and shallow triangular buccal cavity (be) . The first and the 
second interbranchial ridges (ibrl ' ibr2 ) are indistinct, the latter runs 
in dorso-median direction somewhat anteriorly to the orbit. The canal 
V 2 opens into the oralo-branchial chamber in the broad lateral part 
of the velar ridge, and the canal V�l opens just before the first inter
branchial ridge and thus into the first branchial fossa. 

In A erotomaspis sp . 1 the median part of the velar ridge meets 
the aortal ridge slightly more posteriorly than in A .  instabilis . 

In A .  trinodis and A erotomaspis sp . 2 ,  being geologically young 
members of the genus, the velar ridge (velr, pls . 1 04 :4 ;  1 05 : 2 , 4) is 
also weU developed ; its dorso-median end lies here at a transverse 
level with the middle division of the naso-hypophyseal opening. From 
the development of these endoskeletal structures it seems as if the 
rostrai part of the cephalic shield had not been subjected to any (great) 
reduction but that instead the antero-Iateral carners of the shield had 
been protracted forwards , and that within the genus there is a tendency 
to shift the naso-hypophyseal opening and the orbits in an anterior 
direction. 

In a specimen of Didymaspis, figured by Stensi6 ( 1 932 ,  pl. 54 : 1 -2) .  
the branchial fossae are exposed, and a comparison between this spe
cimen and the Spitsbergen Cephalaspids makes it wholly clear ,  that the 
branchial fossa, lettered "k 1 ' " corresponds to the first branchial fossa 
as here defined, and to the fossa "k 2 "  in Stensi6's interpretations and 
restorations of Cephalaspis and Kiaeraspis . 

After having described the conditions in the oralo-branchial 
chamber in different Cephalaspids we can make a summary and some 
general conclusions with reg ard to the general marphological structure 
of the anterior parts of this chamber and of the anterior visceral parts 
of the head in the Osteostraci. 

We have thus found that the development of the anterior part of 
the oralo-branchial chamber is rather different in different Cephal
aspids . In Boreaspis no velar ridge is developed and the buccal cavity 
and the first branchial fossa form on each side a combined anteriar 
compartment in the oralo-branchial chamber, in which the buccal cavity 
can be recognized at most as a mare shallow anterior shelf. In Cephal
asp is the velar ridge is slightly developed, separating a buccal area 
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from the large first branchial fossa ; in this fossa the gill-apparatus 
occupied only the posterior half (C . signata and others) . In Nectaspis 
the velar ridge is strongly developed and continuous with its fellow 
of the other side so that they both form a transverse wall, separating 
an anterior buccal cavity from the branchial chamber proper behind 
the ridge ; the common buccal cavity is provided with a pair of distinet 
lateral fossae of unknown significance. 

In Cephalaspis and Hoelaspis the second interbranchial ridge 
runs medially over the anterior part of the orbital prominence . In 
Nectaspis (and Kiaeraspis) two interbranchial ridges lie in front of 
this prominence, and in Boreaspis three interbranchial ridges are 
situated in front of it. Thus the preorbital part of the shield is somewhat 
protracted in Boreaspis in comparison with that of Cephalaspis. and 
the whole branchial apparatus has been shifted forwards .  

The first interbranchial ridge is a dorsal part of the hyoidean 
viseerai arch, and the velar ridge (if of any morphological signi
ficance) probably forms a dorsal part of the mandibular visceral arch. 
No equivalent to a supposed premandibular arch is found in the 
Cephalaspids .  The branchial fossa in front of the first interbranchial 
ridge which is the most anterior branchial fossa has thus a spiraeular, 
and the second one, between the first and the sec ond interbranchial 
ridges, a hyoidean position. The gills were probably of a type most 
c10sely resembling those of recent Cyc1ostomes, as assumed by Stensio 
( 1 927) ,  and the spaces in which they were enc10sed can thus be referred 
to as gill-sacs. There were developed in the Cephalaspids one 
spiracular (mandibular or hyo-mandibular) gill-sac, one hyoidean gill
sac, one glossopharyngeal gill-sac, etc . but there was no prespiracular 
gill-sac (cf. StensiO 1 927 ,  pp . 1 66-1 67),  and much less two prespira
cular gill-sacs, as assumed by WestoIl ( 1 93 7 ,  pp. 1 7-1 8) and Watson 
( 1 93 7 ,  pp. 1 23-1 24 ;  cf. Moy-Thomas 1 939 ,  p. 1 7) .  

In  comparison with the recent Cyc1ostomes we may note that, 
while the branchial apparatus in these forms is displaced far backwards, 
it is shifted much forwards in the Osteostraci and that the posterior 
gill-sacs were small in the Osteostraci and crowded in the posterior 
part of the head. This seems hardly to be a primitive trait. As remarked 
by Damas ( 1 943 , pp . 266-268) ,  the branchial sacs had by no means 
retained any segmental disposition (if such a disposition was ever 
established, cf. e. g. Kingsbury 1 926) .  

The Osteostraci were thus more primitive than the modem Petro
myzonts in as far as they had one more gill-sac and one more gill
opening in front than these animals, but the conditions in the Osteo
straci were wholly in accord with those revealed in the ontogenetic 
development of Petromyzon (in which a rudiment of a spiracular 
viseerai pouch is established but never develops into a gill-sac) and 
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are in no way opposed to the general scheme of development of the 
anterior part of the head in Vertebrates (as would have been the case 
if there really had been a prespiracular gill-sac, as supposed by StensiO 
1 927 ; cf. Scott 1 8 82 ,  p. 1 42 ;  Koltzoff 1 902,  pp. 425-429,  5 1 8-5 1 9 ;  
Kingsbury 1 92 6 ;  Claydon 1 9 3 8 ; Damas 1 943 ,  pp . 228-234) .  

The zonal endoskeleton o r  the endoskeletal shoulder-girdle. 

The zonal endoskeleton or the endoskeletal shoulder-girdle is a 
paired part of the continuous endoskeletal cænponent of the cephalic 
shield, in which it forms the postero-Iateral parts . It consists of the 
endoskeleton of the cornua and the shoulder-girdle proper (Stensio 
1 927 ,  p. 2 3 1 ) .  Its relations to the endoskeletal component of the 
cephalic shield proper have been pointed out by Stensio ( 1 927 ,  p. 23 1 ) ,  
and i t  can here be noted that i t  i s  also continuous dorso-medially with 
that part of the endoskeleton which I have called the inter-zonal 
endoskeleton (p . 55 ) .  

The main features of  the endoskeletal shoulder-girdle were in  
great outlines made c1ear by  Stensio ( 1 927) ,  but severaI of  the superficial 
vascular canals of the dorsal side were first described by Zych ( 1 937) .  

The principal characters o f  the shoulder-girdle, with reference to  its 
cavities and canals, will briefly be recapitulated (see Stensio 1 927 ,  pp . 
1 77-1 7 8 ,  1 8 3- 1 8 5 , 23 1-235 ; Zych 1 937 ,  pp. 72-76 ,  8 3-84). 

In the antero-median part of the shoulder-girdle lies a division 
of a large cavity for the widened section of the marginal vein, the 
marginal vein sinus, and this cavity (vsmarg) opens anteriorly with a 
fairly narrow foramen, or passes gradually over in to a wide canal 
(vmarg) for the marginal vein. Posteriorly the vein sinus opens with 
a foramen in the postbranchial wall into the trunk cavity of the cephalic 
shield. The part of the marginal vein sinus lying within the shoulder
girdle is he re called t h e  z o n a l p a r t  o f t h e  m a r g  i n a l 
v e i  n s i n u s ,  and that part of it, which is supposed to have lain 
behind the postbranchial wall is referred to as t h e  p o s t  - z o n a l 
p a r t  o f  t h e  m a r g  i n a l v e i  n s i n u s . Two short canals 
connect the trunk cavity with the pectoral sinus, viz . a dorso-median 
canal (nz) for a brachial nerve, and a ventro-medial canal (vbr"2)  for 
a ventraI brachial vein . The zonal part of the marginal vein sinus is 
connected with the pectoral sinus through a wide canal (vbrl )  for a 
brachial vein which opened in the dorso-Iateral part of the sinus . A 
canal (asubcl) for the a. subc1avia travers es the shoulder-girdle, postero
ventrally to the cavity vsmarg, and gives off a canal (abr) for an artery 
to the pectoral fin (a. brachialis) and, somewhat medially to the exit 
of this canal, a small branch (avs) for a superficial artery to the ventraI 
side of the shoulder-girdle. Where the canal asubcl reaches the antero-
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medial part of the cornu, it branches into a postero-Iateral canal (ac) for 
the a. cornualis and an antero-Iateral canal (amarg) for the a. marginalis .  

With the guidance of  the statements by Zych ( 1 937) and after 
having examined the specimen of Cephalaspis kozlowskii upon which 
they are based, I shall now give a short, introductory res urne of the 
superficial dorsal vascular canals of the zonal part proper (see fig . 1 6 ;  
this account differs in some respects and interpretations from that of Zych) . 

In the most antero-median part of the shoulder-girdle, at the 
transition to the cephalic shield proper, there is a canal (asct )  which 
issues from the roof of the trunk cavity of the shield somewhat behind 
the lateral part of the postbranchial wall ; when reaching the upper 
face of the endoskeleton the canal runs in anterior direction and 
crosses the canal sel 5 . On the right side of the shield it continues in 
lateral direction in the region between the canals sel4 and selr; as far 
as to the lateral sensory field.  The corresponding canal on the left 
side (Ha. sp . ,  canal for the a. dorsalis lateralis superficialis posterior") 
is somewhat more elaborately developed. The canal is assumed to 
have lodged an artery, and the canal is here called the canal for t h e  
f i r s t s c a p u l a r a r t e r  y (asc, "a .  brachialis superficialis dorsalis 
anterior" , Zych) . Slightly postero-Iaterally to the origin of this canal 
another canal (asc2)  runs frOim the lower face of the endoskeleton just 
behind the postbranchial walL On the upper face of the endoskeletal 
shoulder-girdle it turns in lateral direction and divides into an anterior 
branch and a second branch which travels c10sely behind the canal 
selr,  in a slightly postero-Iateral direction to the antero-median part 
of the cornu ; the whole canal is here called the canal for t h e  
s e c o n d  s c a p u l a r  a r t e r y  (asc2 ; it is by Zych denoted 
Ha . bsda2 " and "absc2 " ,  and the artery in its second branch is called 
"a.  brachialis superficialis cornualis dorsalis") . Posteriorly to the exit 
of this canal, rather far behind it (on the left side) or near to it (on 
the right side) there is a fairly large canal (asc 3 ) ' issuing from a canal 
("a .nz") which pierces the antero-median wall of the zonal part from 
the trunk cavity and opens in the pectora1 sinus through the foramen 
nz (pæsumably homologous to the canal with the same lette ring in 
Stensio 1 927) .  The canal aseR (the canal for t h e  t h i  r d 
s c a p u l a r a r t e r  y ;  "c .  communis", Zych) , after having reached 
the dorsal face of the endoskeleton, divides into two main branches. 
One (soon dividing into three small branches ; canals for the 
"a .  brachialis superficialis 1 -3" , Zych) runs in medial and posterior 
direction, the other mainly in lateral and postero-Iateral direction 
along the very margin of the pectoraI sinus (the artery in it is by 
Zych called "the a.  brachialis superficialis cornualis") . 

The canals asct and asc2 were thought by Zych to have arisen 
from the canal of the a. subc1avia, and the canal Ha. nz" to have lodged 
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an artery emanating from the dorsal aorta. It :must, however, be noted 
that no connecting canals between the canal for the a.  subc1avia and 
the two canals in question have been observed, and, to judge from 
their origin in the endoskeleton behind the postbranchial wall and 
their position in relation to the canal "a .  nz" , especially the relation of 
the orig in of the canal ase'2 to the proximal part of the canal ase :� on 
the right side of the shield, it seems very probable that the arterial 
vessels , lodged in them, all originated from one and the same segmenta1 
artery behind the a. subc1avia (cf. p. 99) .  

The vein canals of the dorsal side of the zonal endoskeleton 
consist mainly of a big canal (vse; corresponding to the canal for the 
"vena brachialis superficialis dorsalis communis" or "r .  superficialis 
dorsalis v .  brachialis" with its branches "r .  superfic . dorsales v. brachia
lis l - S "  and "v .  cornualis" o r  "ramus superficialis dorsalis cornualis 
v. brachialis" ,  Zych) , called here the canal for t h e  s c a p u l a r 
v e i  n (v . scapularis) .  Its branches are situated on the zonal part 
proper antero-medially and anteriorly to the pectoral sinus and on the 
antero-median part of the cornu. 

The can al vse was thought by Zych to have lodged a tributary 
of the v. brachialis . The connection between the canals vse and vbrl 
(or vbr2 )  was, however, not seen ; we can notice that the basal common 
trunk vse runs in proximal direction postero-ventro-medially and thus 
not in the direction towards the canal for the dorsal v. brachialis 
(vbrl ) ; it seems very unlikely that it would be a branch of this canal ,  
nor are there any indications as  to a connection between it  and the 
ventral brachial vein (vbr,, ) . If we now consider the conditions on the 
left side of the shield (cf. Zych 1937 ,  pIs . 3 ;  4 : 1 )  we find in the postero
median portion of the zonaI part a short canaI "a l ' " running from the 
trunk cavity to the pectoral sinus where it opens ventrally to the opening 
in the dorsal part of the pectoral sinus of the canal vse (Zych 1 9 3 7 ,  
pl. 3 ,  v .  bsdeom) and somewhat postero-medially to the opening o f  the 
canal "a.  nz" . From the opening of the canal "a l " there runs a faintly 
marked groove in dorsal and somewhat lateral direction in the wall 
of the pectoral sinus towards the opening "v .  bsdeom"; connected with 
this gro ove are two very short and shallow grooves com ing from 
behind, and from the opening "v .  bsdeom" runs a short groove in 
antero-latero-ventral direction. We have thus a connection, very 
indistinct, it is true, between the canal "a l

" and the canal vse, and 
we may ass urne that the vein from the dorsal side of the shoulder
girdle, contained in the canal vse, continued in proximal direction in a 
groove on the postero-median vertical wall of the shoulder-girdle and 
traversed the short canal "al ' " and we can furthermore assurne that 
this ve in emptied into a posterior division of the marginal vein, which 
lay behind the postbranchial wall . On the right side of the speeimen 
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now considered, the direction of the canal vse (Zych 1 93 7 ,  pl. 4 :2 ,  
the left one of  the canals lettered "v .  bsdeom") is towards a depression 
in the postero-median yertical wall of the zonal part (lettered "a. nz" 

in Zych 1 93 7 ,  pl. 4:2) in which are two openings (as revealed by 
further preparation of the specimen) lying c10sely together , one, more 
median, corresponding to the opening nz, and the other to the opening 
of the canal "a l ' " mentioned above. We find thus that the veins on 
the dorsal side of the shoulder-girdle proper (without any reasonable 
doubt) had no connection with the v. brachialis but that they, 
nevertheless, were tributaries of the marginal vein (sinus) . 

On the dorsal side of the most postero-median portion of the 
zonal part there are a few short canals of uncertain relations, probably 
lodging veins or arteries .  

Wc have now tried to  make c1ear the relations between the super
ficial vascular canals of the dorsal side of the shoulder-girdle proper 
in a weU preserved Cephalaspis specimen and shall now turn to the 
Spitsbergen Cephalaspids . In the first place we shaU consider a 
specimen of C .  vogti in which the conditions are fairly simple and 
which furthermore supplements our knowledge of the vasular canals 
of the cornua, that is , the lateral parts of the shoulder-girdle. 

In C.  vogti (fig. 1 7 ;  pls . 1 2 : 5 ; 1 8 : 1 ) we find no canals which can 
be interpreted as corresponding to the canals ase 1 and ase 2 in 
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C. kozlowskii; the function of the arteries lodged in them seems to 
have been at least partly (and in this specimen) taken over by dorso
lateral superficial arteries . 

In the median part of the shoulder-girdle somewhat behind the 
foramen of the marginal vein sinus in the postbranchial wall (cf. pl .  
1 8 : 1 ,  ov) two openings are found, an anterior one (ase) and a posterior 
one (vse) , for two short canals ascending from the lower to the upper 
face of the zonal endoskeleton. Immediately laterally to the opening 
ase there runs a canal (nz) from the trunk cavity to the pectoral sinus , 
where it opens into the dorso-median part of the pectoral area ; this 
canal evidently corresponds to the canal nz in C. koslowskii (fig. 1 6) 
and C.  exilis? ("C. hoeli", Stensio 1 927 ,  fig. 5 2 ;  pls. 98-99) which very 
probably transmitted a nerve for the pectoral fin (Stensio 1 92 7 ,  p .  2 3 3) .  
The canals ase and vse could be  followed through the endoskeleton and 
were found, on the dorsal side of the endoskeleton, to form the scapular 
vascular canals (fig. 1 7 ;  pL 1 2 : 5 ; ase, vse), the canal vse correspon
ding to the canal with the same lettering in C. kozlowskii, the canal 
ase to the canal ase :l in this species . Very soon after reaching the dorsal 
face of the endoskeleton the canal vse divides in to three branches, 
one running in antero-median direction, a second, rather small one, 
in anterior, and the third one (pl .  1 2 : 5 ,  vse) which is the largest of 
them, in antero-Iateral direction. The canal ase branches in to two 
canals running in opposite directions,  one (pl. 1 2 : 5 ,  ase) in median, the 
other in lateral and s lightly posterior direction, just as in C. kozlowskii. 

Most anteriorly in the pectoral sinus opens the wide and short 
canal for the v. brachialis (vbr, fig . 1 7 ;  pl. 1 8 : 1 ) ,  coming from the 
marginal vein sinus (vsmarg); on its lateral side it gives of a strong 
branch (figs . 5B ; 1 7 ;  pls . 1 2 : 5 ;  1 8 : 1 ,  vem) which runs in postero
lateral direction along the ventro-median side of the cornu, and which 
during its course gives off small branches (veos) to the dorsal and 
ventrai sides of the .median part of the cornu. This branch vem is here 
called the canal for t h e v. c o r n u a l i s m e d  i a l i s, and is 
consequently thought to have lodged a vein which drained the median 
parts 'of the cornu. 

From the canal of the v .  margin alis or, more precisely, from the 
lateral side of the first widened part of this canal anteriorly to the 
marginal vein sinus, there issues a large canal (vclat, figs . 5B ; 1 7 ;  
pl. 1 8 : 1 ) which first runs in postero-Iateral direction crossing the canal 
amarg on the ventral side, and then in more straightly posterior 
direction on the ventro-Iateral side of the cornu ; it could be traced 
distally only to the middle of the length of the cornu , where it turns 
over and runs near the lateral margin of the cornu. This canal is 
called the canal for t h e  v. c o r n u a l i s l a t e r  a l i s ,  and con
tained a vein from the (antero-) l ateral parts of the cornu . 
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vmarg 

Fig. 17 .  - Right zonal part of the cephalic shield in Cephalaspis 

vogti with the principal vascular canals. Dorsal view. X 4.  

ae,  oanal for the a. comualis proper;  aea, canal for the a. cor
nualis accessoria; aeant, anterior branch of the canal ae; arnarg, 

eanal for the a.  marginalis; ase, eanal for the a .  scapularis ;  
n z ,  canal for a nerve · t o  the pectoral fin; vbr, canal for the 

v. brachialis; vclat, eanal for the v. eornualis lateralis; vern, eanal 
for the v. eomualis medialis; veos, superficial branch of the eanal 
for the v. eomualis medialis ; vrnarg, eanal for the v. marginalis ;  
vse, canal for the v .  seapularis; vsrnarg, enlarged posterior division 
of the eanal for the v. marginalis, having eontained a vein sinus. 

The canal for the a .  subc1avia branches in the usual manner 
postero-Iaterally to the wide marginal vein sinus into a canal for the 
a. marginalis and a canal for the a. cornualis proper. This canal (ac, 
figs .  5B ; 1 7 ;  pls . 1 2 : 5 ; 1 8 : 1 ) ,  runs first in the central part of the 
cornu but in the anterior half of the cornu turns over to the lower 
face of the endoskeleton and runs along this face on the ventro-lateral 
side of the cornu. At the point where it reaches the lower face of 
the endoskeleton it receives an anterior branch (acant, fig . 1 7 ;  pl. 1 8 :  1 )  
from the anterior part of the lower side of the cornu. Soon after the 
branching of the canal asubcl into the canals ac and amarg the latter 
canal gives off a fairly strong branch (aca, fig. 1 7 ;  pl. 1 8 :  1 )  which 
runs in the central part of the anterior half of the cornu in postero
lateral direction to the lateral margin of the cornu. The canal aca 
thus must have contained an artery for the antero-Iateral part of the 
cornu, and is here called the canal for the a. c o r n u a 1 i s 
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a c c e s s  o r i a. All the canals vclat, ae and aea give off numerous 
superficial branches. 

On the postero-median part of the shoulder-girdle we find a small 
canal (and an additional one more medially to this canal and thus 
properly on the inter-zonal part of the shield ; fig. 1 7) ;  they are 
certainly vascular canals . 

We can finally note that the anterior part of the shoulder-girdle 
is traversed by fine straight of ten undivided canals n, pl. 1 2 : 5)  
which very probably have lodged somatic sensory nerve fibres . 

We shall now briefly consider some other Cephalaspids with regard 
to the superficial vascular canals of the shoulder-girdle and the 
variations in their disposition.  These canals are, however, seldom well 
preserved or, when present, very difficult to analyze as to their course 
and nature ; this is the cause why they, prior to Zych's investigation 
on C. kozlowskii (Zych 1 937) ,  had escaped attention or had not been 
dealt with. 

The canals vse or ase and their branches,  apparently normally 
but more or less strongly developed, are seen in severai Cephalaspis 
species as C .  excellens (pls . 1 3 ;  1 4 , vse) , C .  hyperboreus (pl . 1 2 : 4 ;  ase, 
vse) , C . oreas (pl . 8 :2 ,  ase, vse), C .  divarieata (pl . 6 :2 ,  ase, vse) , 
c.  verrueulosa (pl . 23 :2 ,  vse) , C .  hastata (pl. 3 6 :2 ,  vse), C .  doryphorus 
(pl. 3 9 : 3 ,  vse) , C. sinuata (pl. 23 : 1 ,  vse) and furthermore in Bennevi
aspis holtedahli (pls . 69 : 2 ;  70 : 1 ,  vse) and Hoelaspis angulata (pl . 7 7 : 2 ,  
ase) . In  C.  exeellens two separate canals for scapular arteries are seen 
in the holotype shield on its right side (pl. 1 3 ,  ase l , ase2 )  and these 
canals were, as said above (p . 99) very probably connected with the 
canal and groove asb for a segmental artery (lying behind the occipital 
segmental artery) ; in C. hastata (pl .  3 6 :2 ,  ase l , ase2 )  there are also 
two similar canals of which the anterior one (ase l )  is strongly 
developed. 

In C. sinuata (pl .  2 3 :  1 )  we find, laterally to the canal vse, a 
branched superficial canal (veos) which joins the canal vem (described 
above in C. vogti) ; this canal veos must have transmitted a superficial 
vein from the dorsal side of the transitional area between the shoulder
girdle proper and the cornu. In C. oreas two small canals (veos . pl . 8 :2) 
from the dorsal and dorso-lateral side of the shoulder-girdle proper 
are evidently of the same nature as the canal veos in C. sinuata, and 
have joined the canal for the v. cornualis medialis . 

In C .  ibex (pls .  3 6 : 1 ;  3 7) the interrelations of the many super
ficia] canals on the dorsal side of the shoulder-girdle are very confused, 
and severai of tht!lm cannot be adequately interpreted. Two canals 
(ase l ? ' ase 2 ?) are possibly can als for scapular arteries , two pairs of 
straight canals are interpreted as being nerve canals (n), and two rather 
small branching canals (vse) near the pectoral sinus are most certainly 
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branches of a common canal for a v. scapularis . As seen in pl. 2 8 :2 ,  
the canals vse are connected with each other by a groove in  the dorsal 
part of the pectoral area which continues in median direction towards 
the canals nz and vse? Dorsally to the canal vbr! the groove is 
continued in ventro-Iatetal direction by a narrow groove which soon 
disappears ; in this groove which is also seen in C. signata (pl. 30 :2 ,  to 
the right of the canal vse) was certainly lodged a vein from the dorso
lateral part of the pectoral area. Laterally to the canals just mentioned 
in C. ibex there is a rather long canal (v cos) running in postero-Iateral 
direction medially to the posterior part of the lateral sensory fie1d ; 
this canal very probably joined the canal vem, and is here considered 
to have lodged a superficial tributary of the v. cornualis medialis . It 
drained partly the same area on the shield which in C.  hastata (cf. pl. 
3 6 :2 ,  vse) was drained by the scapular vein. 

In an undetermined Cephalaspis specimen (pls. 5 9 :  1 ;  60) we find 
a large number of canals , disposed in a confusing manner. The canal 
systems vse, ase can be interpreted as corresponding to the canals vse 
and ase in C. vogti and others, and an additional system of canals 
(ase! ?) possibly corresponds to the canal ase! and its branches in 
C.  kozlowskii . The most conspicuous canal on the dorsal side of the 
shoulder-girdle is, however, a big longitudinal, sigmoidally bent vein 
canal (veom) . This canal is antero-dorso-medially connected with the 
system of dorso-Iateral superficial vein canals (vis), and antero-Iaterally 
through the canal vmsd very probably with the marginal vein canal 
(cf. p. 1 23) ; posteriorly the canal joins the canal vem (for the 
v. cornualis medialis) . The canal (veom) in question partly corresponds 
to the canal veos in C. sinuata (pl. 23 : 1 ) and C. ibex (pls . 3 6 : 1 ;  37 ) ,  
and can be  regarded as  having lodged a dorsal superficial branch of 
the median cornual vein which had become enlarged and sinus-like. 

We have thus found that the disposition of the superficial vascular 
canals on the dorsal side of the zonal endoske1eton is very variable in 
the genus Cephalaspis, and that this vascular system can be modified 
in different ways . 

Besides in the genus Cephalaspis the superficial vascular canals of 
the dorsal side of the shouIder-girdIe are very little known in the 
Spitsbergen Cephalaspids ; Benneviaspis and Hoelaspis have been 
mentioned above ; in Neetaspis (pl. 1 07) some canal fragments are seen 
but their course and interrelations could not be made out. In A xin
asp is (pl .  99 :2) a small canal (vms) is seen connecting the marginal 
vein sinus with the dorso-Iateral face of the zonal endoskeleton. 

The course of the vascular canals in the cornua is very poorly 
known in almost all the Spitsbergen Cephalaspids. The canal for the 
v. cornualis medialis (vem) is seen in the pIs . 2 8 : 2 ;  60 (Cephalaspis) 
and 7 1 :2 (Benneviaspis), and the canal for the v. cornualis lateralis 

1 2  
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(velat) in pl. 2 8 :2 (Cephalaspis) and pl. 1 1 0 :2  (Neetaspis); canals for 
superficial tributaries of the v. cornualis medialis are exposed in pls. 2 3 :  1 ;  
2 8 : 2 ;  3 6 : 1 ;  37  (Cephalaspis) . In C .  exeellens there are seen severai 
transversal canals on the distal part of the right cornu, probably vein 
canals connecting the canals for the lateral and median cornual veins 
(pl . 1 3) .  In Kiaeraspis there are two canals (ae, aea, pl. 97 : 3 ) for 
cornual arteries (as in C. vogti) . 

In a specimen of C.  deltoides some superficial vascular canals 
were observed on the ventrai side of the shoulder-girdle but as it was 
impossible to get a c1ear picture of their disposition, they are not 
further considered here. In C. ibex (pl. 3 8 :  1 ,  vvs) a canal pierces the 
postero-ventro-median part of the zonal endoskeleton, running from its 
ventrai face to the trunk cavity, and probably giving passage to a 
superfici al vein from the ventrai side of the shoulder-girdle to the 
post-zonal part of the marginal vein sinus.  In C. signata (pl . 29 :2 .  avs) 
a canal from the canal asubel (for the a. subc1avia) leads into the 
marginal vein sinus , and is continued in ante ro-lateral direction by a 
short groove in the floor of this cavity to an opening in the floor. A 
branch of the a. subc1avia had evidently run in this groove before it 
pierced the floor of the vein sinus and entered the ventrai side of the 
shoulder-girdle, and this artery is comparable but not strictly corre
sponding to the r .  superficialis ventralis of the a. subc1avia in C. hoeli 
(cf. Stensio 1 927 ,  pp . 1 77-1 78 ; fig . 40 ; pls. 1 09- 1 1 2) .  In  the 
same specimen a fragmentary vein canal was observed running in 
dorso-median direction through the ventrai part of the zonal endo
skeieton ; its opening (vvs) in to the marginal ve in sinus is seen in pl. 
29 :2 .  Also in Boreaspis eostata the opening (vvs) of two canals are 
seen in the ventrai wall of the marginal vein sinus (pIs . 8 5 ; 8 6 :2 ) ;  the 
anterior of them leads downwards into a canal which opens on the 
ventrai side of the zonal endoskeleton. Most probably superficial veins 
from the ventrai side of the shoulder-girdle went in canals through the 
endoskeleton in order to open into the marginal vein sinus through 
the forarnina vvs. 

We shaU now consider the canals which pierce the pectoral area 
of the shoulder-girdle and which mostly contained vessels or nerves 
for the pectoral fin . 

In  a specimen of C.  ibex (fig. 1 8 ;  pl. 28  :2) the pectoral area i s  
fairly weU preserved and we  find here in  its central part severai large 
openings for different canals . The largest of them is the foramen for the 
v. brachial is proper (vbrl ) which lies lateraUy in this part and sl ightly 
nearer to the dorsal than to the ventrai margin of the pectoral area ; in 
C.  signata the corresponding opening (pl. 30 :2 ,  vbr) is situated distinctly 
in the upper half of the pectoral area ; the canal for the v. brachial i s  
proper i s  also seen in C.  vogti (as noted above ; pl . 1 8 : l ,  vbr) .  
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Medially and somewhat ventrally to the foramen vbr l there is 
another opening (abr) ,  the foramen for the main canal of the 
a. brachialis ; the opening itself is directed .obliquely, dorsally and 
medially, and is followed by a short but distinct gro ove in the pectoral 
area. As is seen in C. signata (pl . 30 :2)  the canal for the a .  brachialis 
runs proximally near the lower face of the zonal endoskeleton. In 
approaching the pectoral sinus it turns in dorsal and median direction 
and opens in this species about midway between the dorsal and ventrai 
margins of the pectoral area. The canal for the a. brachialis (abr) is 
also seen in C. doryphorus, connecting the canal asubcl with the 
pectorai sinus (pl. 40 :3 ) .  Before it opens into the pectoral sinus the 
canal abr in C. ibex and C. signata gives off a small ventro-Iateral 
branch which opens ventro-Iaterally to the opening of the main canal 
in the pectorai area (pls . 2 8 : 2 ;  30 :2 ,  abr l ) '  

Somewhat postero-medially to  the foramen abr an  additional big 
canal pierces the zonal endoskeleton and opens into the pectoral 
sinus (pl. 2 8 :2 ,  vbr2 ) ;  this canal (see also pl. 3 8 : 1 ,  vbr2 ) comes from 
the trunk cavity of the shield and pierces the zonal endoskeleton 
somewhat behind the subc1avian ridge as is distinctly seen in 
C. doryphorus (pl .  40 : 3 ,  vbr2 ) '  The canal corresponds to the canal 
"nZl "  in C. hoeli (Stensi6 1 927 ,  figs . 1 2 , 34-3 5 ;  pls . 1 08- 1 09 ;  
p .  2 3 3) as already assumed by Stensi6 (Zych 1 93 7 ,  p .  84) with regard 
to C. kozlowskii, and it probably transmitted a vein from the lower 
side of the pectorai fin (Stensi6 in Zych 1 93 7 ,  p. 84) .  

Dorsally to the opening of the canal abr in the pectorai area 
there is a fairly small opening (pl . 2 8 :2 ,  nz) in a groove in the posterior 
wall of the shoulder-girdle . Ventro-medially to this foramen opens a 
comparatively small canal (vsc?) .  In median direction from this latter 
opening a groove runs on to a slightly smaller opening v. The foramen 
nz corresponds, in C. hoeli and C. exilis? (Stensi6 1 927 ,  figs . 34-3 5 ,  
5 2 ;  pls . 98-99) to the opening nz, in C .  kozlowskii to a lateral opening 
which in the figure published by Zych ( 1 9 3 7 ,  pl. 4 :2) is conceiled in 
the place lettered "a. nz" , and in C. vogti (fig. 1 7 ;  pl. 1 8 : 1 ) to the 
opening of the canal nz. Following Stensi6 ( 1 927 ,  p.  233 )  the canal 
is interpreted as having transmitted a nerve for the pectoral fin . The 
foramen vsc? is possibly the opening of the proximal division of the 
canal for the v .  scapularis or, possibly,  this canal apens in the foramen 
v,  and the apening vsc? transmitted a ve in from the inner parts of 
the shoulder-girdle . 

Severai small canals of unknown significance apen into the dorso
median and dorso-postero-median parts of the pectorai area. In the 
most postero-ventro-Iateral part of this area a small opening vcos i s  
seen in C.  ibex (pl. 28 :2) ;  i t  belongs probably to a canal for a super
ficial vein branch of the v. cornualis medialis .  
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nz vse: I 'I 

Fig. 1 8A, B. - Restoration of the right zonal part of the cephalic shield in Cephal

aspis ibex, seen from behind. CA, more diagrammatie figure with the pectoral area 
shaded). A X 3 ; B X 4. 

abr, opening of the main canal for the a. brachialis ; abrl, opening of a ventro-Iateral 
branch of the canal for the a.  brachialis ; ae, canal for the a. cornuaHs ; e, cornu; 
iz, inter-zonal par of the cephalic shield; nz, opening of a canal for a nerve to the 

pectoral fin ; v, opening of a vein canal; Vbrl, opening of the can al for the main 

v. brachialis; Vbr2,  opening of a canal for a vei-n from the lower side of the pectoral 
fin; velat, canal for the v. cornualis lateralis; vern, canal for the v. cornualis medialis ;  
veos, opening very probably for a superficial branch o f  the canal for the v .  cornualis 
medialis ; vse, openings for branches of the v. scapularis ; vse?, opening probably of a 

canal for the proximal portion of the v. scapularis. 

In A xinaspis (fig. 1 9 ;  pls . 98 :2-3 ; 99 :2) the pectoral area is 
developed unlike that in the genus Cephalaspis, and this can partly be 
correlated with the non-development of the cornua and absenee of 
the pectoral sinus . The general appearance of the pectoral area is 
described above, p. 36 , and we shall here de al only with the can als 
opening into it. 

The canal for the a. subc1avia (asubcl), after leaving the canal for 
the a. efferens communis (pl .  99 :2 ,  aeffc) , or, more exactly, the canal 
for the paired a. efferens communis, runs in the postbranchial wall in 
almost straight lateral direction and gradually turns somewhat back
wards , lying above the fourth interbranchial septum (ibrri) from behind, 
before it enters the ventrai part of the shoulder-girdle (cf. p .  1 66) .  
Here it turns rather abruptly in antero-Iateral direction and travels 
forwards in the basal half of the zonal endoskeleton. Rather soon after 
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Fig. 1 9 .  - Restoration of the left pectoral area in Axinaspis whitei. Postero-Iateral 

view. X 4. 

a, foramen of a canal for an a. segmentalis ;  a?, foramen probably of a branch from 
the canal for the a. marginalis; abrl, opening of a canal for a posterior a. brachialis ; 
abr2, opening of a canal for an anterior a. brachialis ;  nz, opening of a canal for a 
nerve for the pectoral fin ; v, opening of a branch from the canal for the v. brachialis; 
v? ,  opening probably of a ve in canal ; vbr, opening of the canal for the v. brachialis ; 

x, opening of a canal of unknown nature. 

the bend of the canal it gives off a short and rather wide somewhat 
antero-Iaterally directed branch which opens into the pectorai area 
through the foramen abrl (pl .  9 8 : 3) ,  and after a while it gives off an 
additional canal (abr2 )  which opens in the anterior rather deep depres
sion in the pectoral area. The branches of the canal asubcl, opening 
by the foramina abr l and abr 2 '  have thus transmitted arteries from the 
a. subc1avia to the pectoral fin ; they are the canals for a posterior and 
an anterior a. brachialis. After the exit of the canal abr 2 the main 
canal continues as a canal for the a. marginalis first in antero-dorso
lateral direction and then turns, opposite to the lateral angle of the 
shield, in anterior and slightly median direction. A small foramen (a?) 
in the most anterior part of the pectoral area very probably is the 
opening of a branch from this canal. 

A canal from the antero-dorso-Iateral part of the trunk cavity of 
the shield has its origin in the posterior half of the zonal endoskeleton, 
in the postero-lateral wall of the shield, immediately behind the 
posterior opening of the marginal vein sinus (pl. 9 8 :2 ,  anz) ; it traverses 
the zonal endoskeleton in lateral and slightly anterior direction, and 
during its course divides into two branches which open by the forarnina 
a and nz (pl. 9 8 :3 ) ,  respective1y, in the pectoral area. The foramen 
a which is situated antero-dorsally to the opening nz lies in the posterior 
end of a distinet horizontal groove which continues forwards towards 
the anterior oblique ridge in the pectoral area. The canal anz has , 
with regard to its dorsal position, probably transmitted a segmental 
artery and nerve, and the branch which opened by the foramen a I 
regard as having lodged the segmental artery which after entering the 
pectoral area, at least partly, continued forwards in the groove 
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mentioned above, while the postero-ventral branch which opens by 
the foramen nz is thought to have lodged a nerve for the pectorai fin 
(cf . C. kozlowskii and C. vogti, figs . 1 6 , 1 7) .  

In  the anterior part o f  the antero-dorsal triangular depression in 
the pectoral area a big and short canal fram the marginal vein s inus 
opens through the foramen vbr (pl . 9 8 : 3) ,  and this canal must have 
transmitted a ve in from the pectoral fin (v. brachialis) . During its 
course it gives off a canal (v) in dorso-anterior direction which soon 
opens into the same depression in the pectorai area as the brachial 
ve in canal ; it lodged a vein from the dorsal side of the pectoral fin 
or the shoulder-girdle . 

In the posterior part of the pectoral area there are severai openings 
(v?,  x, pl. 9 8 : 3) for small canals which have been observed mostly 
to traverse the zonal endoskeleton and centrally to open into the 
trunk cavity of the shield ; the canal v? probably transmitted a vein and 
is comparable possibly to the ve in canal vbr",!. in Cephalaspis while 
the nature of the other canals is obscure . 

We thus find a certain resemblance in the general disposition of 
the canals in the shoulder-girdle of A xinaspis and Cephalaspis, and the 
main difference lies in the development of canals for two strong 
aa. brachiales in the former genus. We find furthermore that the 
largest canals in the pectorai area open in the anterior half of the 
area. On account of the configuration of the face of this area we can 
assurne that the principal muscles of the pectoral fin were attached 
to it (cf. p. 3 6) .  

In  Nectaspis very little can be  said about the structure o f  the 
zonal endoskeleton ; the canals for the a. subclavia and for an a. brach
ialis are seen (pl . 1 1 0 : 2 ,  asubel, abr) but it could not be ascertained if 
there are one or two canals for brachial arteries . From the marginal 
vein sinus (vsmarg) a small canal (velat? ) runs towards the lateral angle 
of the shield ; it probably corresponds to the canal for the v. cornualis 
lateralis in species with cornua developed . 

In Boreaspis some species , as e .g .  B .  costata (pIs .  85 ; 8 6 :2) , have 
a long zonal part. The canal for the a. subclavia (asubcl) which issues 
directly from the aortal canal (as an a .  efferens communis par, see 
p .  1 63) runs in lateral and slightly posterior direction. On reaching 
the zonal endoskeleton behind the marginal vein sinus (vsmarg J it 
turns abruptly in antero-Iateral direction and very soon g ives off a 
canal for the a. brachialis (abr) . It could not be established whether 
there is a canal for an anterior brachial artery before it or not, but 
because of the extent of the zonal part i t  seems very likely that there 
really is such a canal. 

It is thus beyond any doubt that also in the genus Nectaspis 
and in the Boreaspis species with reduced cornua and pectoral sinus , 
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there was a (probably well developed) pectoral fin, as in the genus 
Axinaspis. 

With regard to the vascular supply of the superficial parts of the 
endoskeletal shoulder-girdle and the pectorai fin we can in conc1usion 
state the following : Branches from the a. subc1avia supplied the 
pectoral fin (aa. brachiales), the lower face of the shoulder-girdle 
proper (r. superficialis ventralis a .  subc1aviae) , and the cornua (aa. cor
nuales) , while an a. segmentalis (behind the a. subc1avia and the 
a. segmentalis occipitalis) supplied the dorsal face of the shoulder
girdle proper (aa. scapulares) and possibly, to a small degree, als o the 
pectoral fin. Veins , emptying into the marginal vein, drained the lateral 
part of the cornua (v. cornualis lateralis) , and veins , emptying through 
the v. brachialis into the widened part of the marginal vein, i. e .  into 
the zonal part of the marginal vein sinus ,  drained the median parts 
of the cornua (v. cornualis medialis) and (secondarily) through this 
cornual vein parts of the dorsal face of the shoulder-girdle proper and 
possibly parts of the pectoral fin . Veins discharging directly into the 
zonal and post-zonal parts of the marginal vein sinus drained the 
pectoral fin (vv. brachiales) and, exceptionally (Axinaspis) , the dorsal 
face of the shoulder-girdle proper, and veins to the post-zonal part 
of the marginal vein sinus drained the dorsal (v. scapularis) and ventrai 
side of the shoulder-girdle proper and to a small degree also the 
pectoral fin . 

The v. marginalis in the Cephalaspids is regarded by Stensio 
( 1 927 ,  pp. 1 85 ,  228 ,  3 68) as homologous with the v. superficialis 
longitudinalis dorsalis in Petromyzon and by Holmgren ( 1 946 pp. 
75-76) compared with the marginal vein in embryos of Myxine (cf. 
p .  229). The a .  subc1avia, a .  marginalis and the brachial veins and 
arteries have no equivalents in recent Cyc1ostomes . The v .  marginalis 
can possibly, but only functionally, be compared with the anterior 
superficial longitudinal vein in sharks which joins the subscapular sinus 
and which can be regarded as an anterior continuation of the lateral 
cutaneous vein (Marples 1 9 3 6a,  p. 3 2 1 ; fig . 2) .  The v.  scapularis 
corresponds more or less to a dorsal branch of the dorsal pectoral 
cutaneous vein or to a branch opening into the anterior part of the lateral 
cutaneous vein in sharks (Marples 1 9 3 6a,  p. 324 ;  1 93 6b ,  pp . 8 3 5 ,  
8 3 6 ;  figs . 3 ,  1 2) .  The a .  marginalis can be compared with the dorso
lateral artery which from the a .  subc1avia runs forward dorso-medially 
to the gill-opening and with the dorsal superficial branchial artery 
from the a. epibranchialis 1 ,  which, however, belongs to a different 
arterial system. In Squalus there is of ten an anastomosis between these 
two arteries «O'Donoghue & Abbott 1 9 2 8 ,  pp . 852 ,  8 5 5 ; figs. 5 ,

. 
8 ) .  

The aa .  scapulares correspond functionally to the dorso-Iateral artery 
in Squall'na (Marples 1 9 3 6b ,  p. 825 ; fig .  3) or to branches from a 
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similar artery in Squalus (O'Donoghue & Abbott 1 92 8 ,  figs . 5 ,  8 ) ,  but 
not to the scapular artery which is a deep vessel running in the dorsal 
wall of the coelom. The r. superficialis ventralis a. subclaviae (and 
other ventrai superficial arteries in the shoulder-girdle) was functionally 
equivalent to the ventro-Iateral artery, issuing from the a. subclavia in 
Squalus (O'Donoghue & Abbott 1 92 8 ,  fig .  8 ) .  

The pronephros component. 

Traces of the p r o n e p h r o s  c o m p o n e n t of the endo
skeleton of the cephalic shield have been observed but in one case, 
viz . in a speeimen of Axinaspis whitei (pl . 99 :2 ,  prn) , and they will only 
be briefly mentioned here . It can be noted that the pronephros com
ponent is previously known only in C. exilis?, in which speeies it was 
discovered and described by Stensio ( 1 927,  pp . 1 49 ,  244-245) .  

In pl .  99 :2 the postbranchial wall is seen to be partly preserved 
as an impression of its posterior face. Between the common foramen 
for the oesophagus and the truncus arteriosus (oes + tr) , and the canal 
for the a. efferens communis impar (aette) there is observed a small 
paired elevation (prn), corresponding to a paired depression in the 
posterior side of the postbranchial wall, the left half of it being slightly 
larger than the right one . In comparison with the corresponding parts 
of the postbranchial wall in C. exilis? ("e .  hoeli", StensiO 1 927 ,  figs. 
9-1 0, 34-3 5 ; pls . 1 06-1 07) we find that the paired depression with 
regard to its position and its general shape, as far as this can be seen, 
corresponds to the space "pr. nephr" in C. exilis? which is called the 
pronephros space and interpreted as having lodged (an anterior part 
of) the pronephros .  It can, however, be observed that although the 
face of the paired elevation in Axinaspis is not quite smooth there are 
no distinet grooves and ridges as those in the pronephros space in 
C. exilis? 

The sensory line system. 

We have previously (p . 49) seen that the sensory line system 
in the Spitsbergen Cephalaspids was lodged in narrow open gro oves in 
the exoskeleton, and that the se grooves reached down into the outer 
division of the middle layer of the exoskeleton. 

The grooves of the sensory line system found in the cephalic shields 
of different forms in the new material of Spitsbergen Cephalaspids 
agree on the whole with those described earlier in the Cephalaspids 
(Stensio 1 927 ,  pp. 235-239 ;  1 932 ,  pp . 48-5 1 ;  Heintz 1 939 ,  pp. 
27-28 ; Westoll 1 945 , p. 3 42) but a few gro oves previously known 
only in other Osteostraci or hitherto unknown are als o discovered. 
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The grooves of the sensory line system observed in the Spitsbergen 
Cephalaspids belong to the following lines : the infraorbital line (ifc, 
ifcl ) ,  the supraorbital line (soc), the main lateral line (lc, ICl )' the dorsal 
lateral line (dle) , the extra-Iateral line (elc), and three transverse lines 
(stc + scc, mp, cm) . These grooves or some of them are seen in 
severaI species of Cephalaspis (figs . 23 , 2 8 ,  3 5 ,  5 1-52 ;  pls . 5 : 1 -2 , 3 ;  
6 : 1 ;  7 : 2 ;  1 0 : 1 ;  1 1 : 3 , 5 ;  1 3- 1 4 ;  1 5 :2 ;  22 : 2 ;  2 8 : 1 ;  3 3 :2 ;  40: 1 -2 ;  45 : 2 ;  
47 : 2 ;  68 : 1 ;  1 1 4 : 1 ) ,  in Securiaspis (fig 74 ;  pls. 62 :2 ; 64 : 1 ) ,  Bennevi
aspis (figs. 78C-D, 80 ;  pls . 6 8 : 2 ;  69 : 1 ;  70 ;  7 1 : 1 ) ,  Hoelaspis (fig. 8 5 ; 
pl. 77 : 1 ) ,  Boreaspis (fig . 8 6A ;  pls . 79 :2 ;  8 1 : 1 ) and Nectaspis (fig. 105A;  
pls . 1 08 ;  1 1 0 :2) .  

A rather characteristic trait in the Cephalaspids is the inconstant 
development of the grooves of the sensory lines, not only in species of the 
same genus but als o within one and the same species. Grooves present 
in one specimen may be entirely laeking in another specimen of the 
same species . The most constantly present grooves belong to the infra
orbital line, the anterior portion of the main lateral line, and the 
posterior transverse line. Grooves which in some cases are developed 
as long continuous lines are in other cases developed as a series of short 
or long dashes . If the short grooves become very short or dot-like, it is 
most of ten impossible to distinguish them with certainty from the 
openings of the mucous canal system, into which the elements of the 
sensory lines were sunk. This fact can possibly account for the failure 
to locate the sensory lines and thus also for the seeming inconstance 
in their appearance, which is not due to a too superficial position in 
the exoskeleton of the grooves in some forms (cf. Stensio 1 932 ,  p. 48) .  

The groove for the infraorbital line (ifc, ifc l )  i s  composed of  two 
divisions as in the Cephalaspids from Great Britain and Norway. The 
posterior of them (ifc, pls . 5 : 1 -2 ;  7 : 2 ;  1 0 : 1 ;  1 1 : 3 , 5 ;  22 : 2 ;  2 8 : 1 ;  3 3 :2 ;  
40: 1 -2 ;  45 : 2 ;  62 : 2 ;  64 : 1 ;  6 8 : 1 -2 ;  69 : 1 ;  70 : 1 ;  7 1 : 1 ;  7 6 : 1 ;  79 :2 ; 8 1 : 1 ) 
is running from the lateral border of the orbital opening in antero
ventro-Iateral direction , ending generally at the median margin of the 
lateral sensory field. As the exoskeletal plates which covered the field 
in this p1ace are not preserved in any specimen the distal part of the 
groove which generally went over these plates could not be observed.  
The anterior division of the groove (ifc l '  pls .  5 : 1 ;  6 : 1 ;  7 : 2 ;  1 1 : 5 ;  1 4 ;  
2 8 : 1 ;  79 :2 ; 8 1 : 1 ;  1 1 0 :2) generally runs from the antero-median margin 
of the lateral sensory field in median direction to the median line or 
to a point near it ; in the former case it meets its fellow of the other 
side so as to form a more or less continuous transverse line between 
the lateral sensory fields. The line in the groove ifc l can be regarded 
as a transverse commissure between the longitudinal lines in the grooves 
ifc . In Nectaspis (pL 1 1 0 :2) in which the lateral sensory fields are 
narrow the distal part of the groove for the posterior division of the 



- 1 8 6 -

infraorbital line does not enter the (anterior) field but runs somewhat 
medially to it .  

To judge from the disposition of the nerve canals , the neuromasts 
in the grooves ifc and ifc l were innervated by nerve-fibres which 
issued from the anterior lateralis ganglion in the trigeminus-Iateralis 
chamber and in peripheral direction ran between the rr. maxillaris and 
mandibularis V (cf. pls . 6 : 1 ;  1 2 : 5 ; 34 : 1 ) ;  they corresponded to the 
r. buccalis in the Petromyzonts . The different parts of the infraorbital 
line must, however, have been innervated by different nerve-branches 
as is evident if we compare the disposition of the grooves in pl. 1 1 : 5 
and the course of the nerve canal bu and its antero-median branch in 
pl . 34 :  1 ;  the nerve in the canal bu can only have innervated neuromasts 
in the groove ifc l ' 

The anterior division of the infraorbital line (ifc l )  was compared 
by Stensi6 ( 1 9 3 2 ,  pp. 49-50, 1 74) with the supposed supraorbital 
line in Petromyzon (considered homologous to the supraorbital line in 
fishes, cf. Stensi6 1 926 ,  p. 1 0) .  The two divisions of the infraorbital 
line in Cephalaspids were thus assumed to belong to two quite different 
sensory lines . As shown, on a different basis, by Save-S6derbergh 
( 1 94 1 a, pp. 5 3 4-5 3 5 )  and Holmgren ( 1 942, p. 6) 1 this view is not 
admissible ; the entire line belongs to the infraorbital line, and as in 
the Petromyzonts , the anterior and posterior divisions were innervated 
by different portions of the r. buccalis .  

The anterior division of the line in  the Osteostraci may, however, 
possibly constitute a transverse commissure, comparable to the 
ethmoidal commissure in fishes, as suggested by Allis ( 1 934 ,  p. 3 96) 
and Save-S6derbergh ( l 94 1 a, p .  5 3 5) .  In e .g .  A mia this commissure 
is innervated by the most anterior portion of the r. buccalis (Allis 1 8 89 ,  
p .  5 1 4 ;  1 897 ,  pp. 603-605 ; figs . 20 ,  3 0) .  I t  i s  therefore o f  interest 
to observe that in older Osteostraci thi s  (supposed) co;mmissure lay 
farther back on the shield than in the real Cephalaspids and was situated 
almost over the anterior margin of the ethmoidal region of the endo
cranium (e .g .  Dartmuthia, Saaremaaspis) . 

In this connection we may briefly consider the anterior marginal 
groove found in Tremataspis, Saaremaaspis and Thyestes but as yet in 
no real Cephalaspid . The groove was compared by Robertson ( l 940b,  
p .  468)  with the oral line in Petromyzon (Robertson 1 940b ; Holmgren 
1 942 ; circumbuccal , Razzauti 1 9 1 6 ;  Allis 1 9 34) ,  and by Holmgren 
( 1 942, p. 6) with the anterior part of the posterior division of the 
infraorbital line in Petromyzon, and assumed to have been innervated 

1)  The anterior division of the infraorbital line, the so-called "supraorbital line" 

in Petromyzon is  not innervated by lateralis fibres in the n .  profundus (Johnston 1 905a,  

pp .  1 56 ,  1 8 6) but  by an anterior portion of the r. buccalis (Allis 1 924, p .  2 6 3 ,  1 9 3 1 b ;  

1 9 34, p .  3 6 2 ;  Holmgren 1 942, p .  6 ;  Lindstrom 1 949 ,  p .  3 88) .  
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by the r .  buccalis . In view of the disposition and the branching of the 
nerve canal bu in C. exilis (pl . 3 4 : 1 )  it seems most probable that the 
anterior marginal groove really lodged neuromasts innervated by an 
anterior branch of the r .  buccalis . The homologization of the line 
with a definite line in Petromyzon is difficult as it is very probable that 
also an anterior part of the oral line is innervated by a branch of the 
r. buccalis (cf. Allis 1 934 ,  p. 3 6 3 ; fig . 1 ;  Lindstrom 1 949,  p. 3 82) ; it 
seems� however, most plausible to follow Holmgren ( 1 942) and regard 
it as a branch of the infraorbital line . The lateral branch from the 
infraorbital line in Didymaspis (Stensio 1 932 ,  fig. 6 1A) , found by 
me also in a specimen of Thyestes verrucosus (p . 5 5 2) ;  probably 
represents a connecting link between the infraorbital line and the 
anterior marginal line (cf. Holmgren 1 942,  p. 6) . Possibly the main 
lateral line, the posterior division of the infraorbital line, and the 
anterior marginal line form parts of a single longitudinal unit, to which 
the anterior division of the infraorbital line is the most anterior 
transverse commissure. 

The grooves of the main lateral line (lc, IC l ,  pls . 5 : 1 ;  7 : 2 ;  1 0 : 1 ;  
1 1 : 3 , 5 ;  22 : 2 ;  2 8 : 1 ;  3 3 : 2 ;  45 : 1 ;  62 : 1 ;  64 : 1 ;  6 8 : 1 - 2 ;  69 : 1 ;  70 ;  7 1 : 1 ;  
76 : 1 ;  7 7 : 1 ;  79 : 2 ;  1 08 ;  1 1 0 :2 ; 1 1 4 : 1 )  start from the postero-Iateral 
corner of the orbital opening or from its vicinity. The line runs first 
in postero-ventro-Iateral and then turns in a straight posterior direction. 
It usually ends at a posterior transverse series of grooves (stc, scc) 
but in Benneviaspis (pls . 69 : 1 ;  70 :2 ; as noted by Stensio 1 927 ,  p. 2 3 6) ,  
in Securiaspis (pl . 64 :  1 )  and in Boreaspis (pl. 79 : 2) it i s  also found 
runn ing on the inter-zonal part of the shield near the postero-Iateral 
angle . 

The anterior, more or less transversally running, division of the 
line (lc l '  pls . 1 0 : 1 ;  69 : 1 ;  70 : 1 ;  7 6 : 1 ;  79 :2 ; etc .)  was considered by 
Stensio ( 1 927,  pp . 2 3 6-237) to be a transversal groove corresponding 
to the jugal or preopercular canal in fishes (cf. Stensio 1 947,  p. 20 ;  
Holmgren & Pehrson 1 949), by  Robertson ( 1 9 3 8 a, p . ,  1 95)  called the 
postorbital line, intercalated between the infraorbita1 and the main 
lateral line (cf. Goodrich 1 930 ,  p. 740, and Zych 1 937 ,  p. 89) ,  and by 
Holmgren ( 1 942 , p. 7) regarded as a portion of the main lateral · line 
(cf .  Save-Soderbergh 1 94 1 a, p. 5 3 4) .  It seems most naturaI to regard 
it as an anterior continuation of the main lateral line and, as it 
doubtless, at least partly, was innervated by a posterior branch of the 
r .  buccalis, running in a canal, corresponding to the canal "n .  bucc :( 
in C .  kozlowskii (Zych 1 93 7 ,  pp . 87 ,  8 8-8 9 ;  pl. 2) it corresponds to 
the otical portion of the main lateral line in fishes. 

A part of this anterior division reaches in some cases (Bennevi
aspis, pl. 69 : 1 ,  cm; cf. Stensio 1 927 ,  fig . 76A; 1 932 ,  fig. 5 5 ;  cf. als o 
Nectaspis, pl. 1 08 ,  cm, and C.  aarhusi, fig. 23 )  farther laterally than 
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to the anterior end of the posterior division (le) , and this lateral 
continuation can possibly be regarded as a transverse line joining the 
main lateral line. As it seems very improbable that this line was 
innervated by any fibres from the anterior lateralis ganglion (r. buccalis) 
but rather by lateralis fibres associated with the n. glossopharyngeus, 
it probably did not correspond to the preopercular line or any other 
sensory line on the cheek in fishes (cf. Stensio 1 947 ; Holmgren & 
Pehrson 1 949) . It can possibly be compared with a series of two 
rudimentary neuromasts connecting the infraorbital line with the 
suprabranchial line, found by Holmgren ( 1 942, p .  4) in a specimen of 
Petromyzon fluviatilis; the innervation of these organs is, however, by 
Holmgren assumed to be hyomandibular. 

The posterior portion of the main lateral line (in the groove le) 
was doubtlessly innervated in Cephalaspis by lateralis fibres belonging 
to the posterior later alis nerve and accompanying the n. glosso
pharyngeus . The innervation of the most posterior cephalic portion 
of the line (in the postero-Iateral corner of the inter-zonal part of the 
shield in Seeuriaspis, Benneviaspis and Boreaspis) was probably 
effectuated by a lateralis branch in the n. vagus (cf. the course of the 
groove XII in C .  doryphorus, pL 3 9 : 1 ,  3 ) .  

In  Tremataspis Robertson ( 1 93 8a,  p .  1 97) found a sensory line 
running backwards from a point just behind the posterior lateral sensory 
field ; it was called the extra-Iateral line. A longitudinal groove (eie) 
which is thought to constitute an anterior portion of this line is found 
in a few Cephalaspis species (figs . 2 3 ,  2 8 ,  5 1 ;  pls . 7 : 2 ;  2 8 : 1 ) .  In 
C. signata in which it is best developed, the groove eie runs from the 
lateral part of the transverse groove sec in anterior direction to a point 
near the median margin of the lateral sensory field (pL 28 : 1 ) ;  in 
C. broughi there is only a short longitudinal groove situated behind 
the groove sec in front of the pectoral sinus (pL 7 :2) and in C. aarhus; 
an obliquely disposed groove possibly represents the same line (or is a 
forwardly curved portion of the scapular line) . It can here be noted 
that the extra-Iateral line is found also in Thyestes; here it consists of 
two grooves between the posterior end of the lateral sensory field and 
the antero-median corner of the pectoral sinus (fig. 1 07) .  To judge 
from the disposition of the extra-Iateral line in Tremataspis and 
Thyestes, the suggestion by Holmgren ( 1 942,  p .  8) that the line 
posteriorly turned over to the ventrai side of the shield and continued 
in the ventrai lateral line seems rather probable. 

The extra-Iateral line in Tremataspis was regarded by Holmgren 
( 1 942, p. 35 )  as a remainder of the suprabranchial line in Petromyzon 
(cf. Merkei 1 8 80,  pL 2 : 1 ;  A1cock 1 8 9 8 ,  fig .  l B ;  Johnston 1 905 a, 
pl. 5 ;  Razzauti 1 9 1 6 , fig. l ,  serie interbranchiale ; Stensio 1 92 6 ,  fig. 7B, 
ibr; Holmgren 1 942 , fig . 1) ,  and in view of the conditions in the 
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Cephalaspis species just mentioned the homologization of the extra
lateral line in the Osteostraci and the suprabranchial line in Petromyzon 
seems to be a most plausible interpretation. 

In C. doryphorus a dorsal longitudinal line is developed ; it consists 
of two grooves, an anterior short groove running in posterior direction 
from the postero-Iateral corner of the dorsal sensory field, and a 
posterior somewhat longer, sigmoidally bent groove (pl. 40 : 1 ,  die) . 
This line must have been innervated by a r. lateralis vagi (cf. p .  1 1 6) ,  
and it  certainly corresponded to the dorsal lateral line in Petromyzon. 
It belongs to the same longitudinal line as the dorsal lateral line in 
Tremataspis (Patten 1 903 ,  fig. 9 ;  StensiO 1 927,  p .  307 ;  fig .  8 3 B ;  
Robertson 1 9 3 8a ,  p .  1 97 ;  fig. 1 ) .  I t  i s  not found i n  any other Cephal
aspid. 

In Tremataspis a pair of short, obliquely set, grooves (the "supra
pine al groove") occurs antero-Iaterally to the dorsal sensory field 
(Patten 1 903 ,  p. 2 1 ;  fig. 9 ;  Stensio 1 927,  p. 307 ;  fig . 8 3B,  pc; Robert
son 1 9 3 8a, p. 1 9 5 ; fig . 1 ,  s. p. c . )  and an exactly corresponding pair of 
grooves is found in Hoelaspis (Stensio 1 927 ,  fig . 77 ,  pc; cf. fig . 8 5 ,  
this paper) . In a specimen of Benneviaspis a similar groove i s  also 
described by Stensio ( 1 927 ,  p .  23 8 ;  fig .  76) but it seems very doubtful 
if it really corresponds to the groove in Tremataspis and Hoelaspis, just 
mentioned (cf. below) . This line is not found in other Osteotraci .  It 
was assumed by Stensio ( 1 927 ,  p. 23 8) to have been innervated from 
the n. lateralis anterior and thought most probably to have corresponded 
to the pineal (suprapineal) line in Petromyzon . As, however, this line 
in Petromyzon is now shown to be innervated by later alis fibres 
accompanying the n. glossopharyngeus (Lindstrom 1 949,  p. 40 1 )  and 
since the assumption of such an innervation of the line in the Osteostraci 
seems out of question (cf. p. 79) ,  the line cannot be equivalent to the 
pineal line in Petromyzon. It may represent a posterior portion of the 
supraorbital line or the anterior pit-line in fishes (these alternatives 
are also mentioned by Stensio 1 927,  p. 23 8) .  In fishes the anterior 
pit-line develops as a posterior division of the supraorbital line and is, 
like this, innervated by the r .  ophthalmicus lateralis (Allis 1 8 8 9 ;  cf. 
Devillers 1 944 ; Lekander 1 949 ,  pp. 8-1 8 ,  22-23 ; Pehrson 1 949) .  
The line in the Osteostraci can, however, possibly represent the rest 
of a cross-commissure which once connected the supraorbital and the 
infraorbital (or the main lateral) lines. 

A groove (soc) belonging to the supraorbital sensory line is found 
only in a specimen of C. excellens (pls. 1 3 ;  1 5 :2) .  It ruos from the 
pineal fissure in anterior direction with a slight lateral bend towards 
the antero-Iateral side of the opening for the hypophyseal duct;  the 
groove thus lies on the ethmoidal part of the head. The line was 
certainly innervated by fibres corresponding to the r. ophthalmicus 
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(superficialis) lateralis .  No certain supraorbital line is present in the 
Cyc1ostomes (cf . Holmgren 1 942 , p .  4 ;  Lindstrom 1 949,  p .  3 3 5) .  

Of the transverse sensory lines we  have mentioned above that the 
anterior portion of the infraorbital line possibly represents an anterior 

. 
commissure and have also commented upon the groove cm found in a 
few specimes. 

In Benneviaspis holtedahli Stensio ( 1 927 ,  fig . 76A) has figured 
three pairs of transverse grooves meeting the dorsal sensory field. The 
anterior one of them ("pc") was homologized with the groove pc in 
Tremataspis and Hoelaspis, but it is to be noted that the groove in 
question has another disposition than the groove pc in these forms . and 
that .in B. lankesteri (Stensio 1 932 ,  pl. 49 :  1 ;  cf. fig . 55 in which the 
line lies toe far posteriorly) a groove which quite certainly corresponds 
to it is labelled "cmm", and thus considered to correspond to the groove, 
lettered mp in this paper in other Cephalaspids ("cmm" by Stensio ; i n  
Tremataspis called the anterior transverse line by  Robertson 1 9 3 8 a) .  

The groove mp of the anterior transverse sensory line (pls . 1 1  : 3 ,  5 ;  
2 8 : 1 ;  40 : 1 ;  68 : 2 ;  79 : 2 ;  1 1 0 :2) which generally is very short abuts 
against the lateral margin of the dorsal sensory field in its anterior 
half. The neuromasts in this line were probably innervated by a latera
lis branch which accompanied the branchial ramus of the n. glosso
pharyngeus (cf. p. 206),  and this line corresponded to the middle head 
line of pit organs in fishes , as supposed by Stensio ( 1 927 ,  p. 2 3 8 : cf .  
1 932 ,  p .  5 1 ) and to the pine al line in Petromyzon. 

The groove cmm in the specimen of Benneviaspis holtedahli 
(Stensio 1 927 ,  fig . 76A) , mentioned above, has no equivalent in any 
other form in the Osteostraci ; if it is not a freak, the line may poss ibly 
correspond to the posterior pit-line on the head in fishes. 

The posterior transverse groove or series of grooves (ste, see , pls .  
7 : 1 ;  1 0 : 1 ;  1 1 : 3 , 5 ;  22 : 2 ;  2 8 : 1 ;  3 3 : 2 ;  40 : 1 ;  45 : 2 ;  47 :2 ; 62 : 2 ;  6 8 : 2 ; 
69 : 1 ;  7 0 ;  7 1 : 1 ;  79 :2 ; 1 08 ;  1 1 0 :2)  runs from the posterior part of the 
dorsal sensory field near the opening for the ductus endolymphaticus ( in  
some Cephalaspids from Great Britain it  was found to start on the plates 
of the dorsal sensory field, StensiO 1 932 ,  p .  5 1 ) in lateral or ventro
lateral direction ending at or ne ar the median margin of the lateral 
sensory field ; here it meets the longitudinal extra-Iateral line when 
this line is present . The line generally consists of severai (of ten three) 
grooves but in Benneviaspis it sometimes forms a continuous groove 
(pIs . 68 : 2 ;  7 1 : 1 ) .  We can distinguish between a median portion of the 
line, lying medially to the main lateral line, and a lateral one. ly ing  
between the main lateral line and the lateral sensory field . 

The median portion (ste) of the posterior transverse line is most 
probably equivalent to the posterior transverse series of neuromasts in 
the head of Petromyzon (Merkei 1 8 80 ,  p .  1 2 : 2 ;  Razzauti 1 9 1 6 , fig . 2 ,  
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seconda serie occipitale ; Stensio 1 926 ,  fig . 7A ; Holimgren 1 942, fig . 1 ,  
supratemporal commissure) , corresponding to the supratemporal com
missure or the posterior pit -line on the head in fishes (Stensio 1 927 ,  
p .  237 ;  1 932 ,  p .  5 1 ) and i s  therefore called the supratemporal line. The 
lateral portion (sec) of the line forms a lateral extension of the supra
temporal line over the shoulder-girdle . It was called by Holmgren 
( 1 942,  pp. 6, 26 ,  42) the scapular line, and was compared with a 
similar line in some Teleosts . To judge from the conditions in 
C.  doryphorus and C. excellens with regard to the nerve canals and 
grooves lXI and XI and their branches , the supratemporal line was 
innervated by lateralis fibres which accompanied the n. vagus , while 
the scapular line was supplied by later alis fibres issuing together with 
the n. glossopharyngeus . 

The sensory lines in the Osteostraci can be interpreted fairly well 
in the light of our knowledge of the sensory lines in recent Petromy
zonts (the neuromasts in Eptatretus have not a disposition which does 
allow a comparison with those in other vertebrates, cf. Ayers & 
Worthington 1 907), and they thus seem in both gro ups to have been 
disposed after the same general plan. 

In the disposition of the sensory lines on the dorsal side of the 
cephalic shield in the Osteostraci we can make out a generalized pat
tern, or arr ange the lines so as to fit such a pattern, consisting of main 
longitudinal lines , connected by cross-commissures (cf. Allis 1 934 ,  
p. 4 1 0 ;  Save-Soderbergh 1 94 1 a, p .  530 ;  Holmgren 1 942,  pp. 29-3 0). 

We can thus discern three main longitudinal stems and four (or 
five) cross-commissures. The inner, median, longitudinal stem consists , 
according to this view, of the dor sal lateral line and the supraorbital 
line. The middle longitudinal stem is made up of the main lateral line, 
the posterior division of the infraorbital line and the anterior marginal 
line. The outer, lateral, longitudinal stem is represented by the extra
lateral line . The cross-commissures which generally are short and not 
camplete would consist of the following lines , viz . a, the anterior 
division of the infraorbital line, b, the lines mp and (possibly) c m ,  c ,  
the supratemporal and scapular lines , d, the so-called transverse com
missure (between the dorsal lateral lines in Tre matasp is) , and further
more possibly the « suprapineal line » .  

Regarded i n  this way the disposition of the sensory lines i n  the 
Osteostraci can be brought in accordance with that of the Heterostraci 
(which, however, is not uniform in the different forms) . With the 
discovery of the sensory line system in Traquairaspis ("Phialaspis" , 
White 1 946a) was found a type which together with other Heterostraci 
permits a comparison to be made on general lines between the sensory 
line systems in the Osteostraci and the Heterostraci . The branchial line 
in Traquairaspis thus corresponds to the extra-Iateral line in the 
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Osteostraci (cf. Holmgren & Pehrson 1 949,  p .  3 07) .  The lateral dorsal 
(the main lateral line) and the infraorbital lines , found best developed 
in Pteraspis (the lines , lettered Il and i/sv in fig . 5A and le, ot, i/sv, 
i/sh in fig .  9 ,  Save-Soderbergh 1 94 1 a) ,  are represented in the 
Osteostraci by the middle longitudinal stem. In the Heterostraci the 
median dorsal line (the median longitudinal line on the dorsal plate of 
which the so-called dorsal lateral line, Holmgren 1 942, figs . 8-9,  
forms a part) together with the supraorbital line and part of  the pineal 
line (the lines lettered dl, pp, aP 2 ' ape, soe in fig .  5A, Save-Soderbergh 
1 94 1  a) corresponds to the inner longitudinal stem in the Osteostraci. 
The supposed anterior cross-commissure (the anterior division of the 
infraorbital line) has no equivalent in the Heterostraci ;  the "suprapineal 
line" is possibly represented by the line lettered x in figs. 5 ,  9 in Save
Soderbergh 1 94 1 a  (the line between hr and Ph in fig .  3 ,  Kiær & Heintz 
1 93 5 ; co in fig . 4 1 ,  Zych 1 9 3 1 ) ,  and to this cross-commissure belongs 
also the median part of the pineal canal (cf. Zych 1 9 3 1 ,  figs . 4 1 ,  49) ; 
the lines mp and cm correspond to the line mp in Poraspis (Save
Soderbergh 1 94 1 a, fig . 5A;  te2 , Kiær & Heintz 1 9 3 5 ,  fig . 3) and the 
cross-commissure formed by the supratemporal and scapular lines is 
probably equivalent ot the next transverse line in the Poraspids 
(s. com? ,  tes ) .  

The correlation of  the sensory lines in  the two principal fossil 
groups of the agnathous vertebrates, given above, is of course only 
tentative as comparisons can only be made along much generalized and 
simplified lines , and as we know rather little of the innervation of the 
different lines in the Osteostraci and hardly anything at all in the other 
group (cf. p .  5 63) .  

The sensory fields. 

The sensory fields ("electric fields", Stensio) are, as well known 
depressed areas on the dorsal side of the cephalic shield in the Osteo
straci, covered by independent exoskeletal bone plates, and constitute 
one of the most distinguishing features in the organization of this 
group. Correlated with the presence of the fields is the development 
of can als for strongly developed nerves . 

The general shape of the fields and their disposition on the shield 
have been dealt with by Stensio ( 1 927 ; 1 932) and in the present paper 
in the chapter on the external features of the shield. The min ute 
structure of the fields has been treated in the chapter on the exo
skeleton (cf. also Stensio 1 932 ,  p. 47 ; Denison 1 947,  p. 3 5 6) ,  and 
these descriptions will not be repeated here . It will only be noted that 
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the variation in the number of the lateral sensory fields is much 
greater in the group than was assumed earlier, and we have thus within 
the family forms with one, two, three or four pairs of lateral fields . 
This variation contrasts with a great constancy in the disposition of 
the nerve canals for the fields in question. 

This chapter will be devoted to a discussion of the nature of these 
fields, and the various opinions, put forward in an attempt at an 
interpretation in this matter. 

The fields were considered by Stensio ( 1 927,  p .  243) to have been 
electric organs, because of a certain superficial resemblance to the 
electric organs in Torpedo (the most obvious resemblance lies, however, 
in the shape and disposition of the nerve canals for the lateral sensory 
fields in the Cephalaspids and the electric nerves in Torpedo, cf. 
Robertson 1 9 3 8 a, p. 200; Bohlin 1 94 1 ,  p. 543 ; Westoll 1 945 , p. 344 ;  
Denison 1 947,  p .  3 57) ,  and because he  was unable to  imagine their 
special function if they were sensory organs. Among later authors who 
have diseussed the matter the opinions are much at variance or most 
of ten undecided, and the fields are of ten designated by non-committal 
teI1ms, as "dorsal and lateral fields" (Robertson 1 9 3 8 a) or "cephalic 
fields" (Bohlin 1 94 1 ) .  When Stensio ( 1 927,  p. 243) refers to the 
resemblance of the "electric fields" in the Cephalaspids to the electric 
organs in Torpedo, he, however, also points out that the supposed 
electric organs in the Cephalaspids could not, like those in most fishes,  
have arisen from (striated) musc1es but must have been forrned from 
the basal part of the corium or from a tissue beneath it or from both ; 
they would thus be comparable to the electric organ in Malopterurus 
which is situated in the corium (the source of the electric organ in this 
fish is, however, as yet unknown, cf. Bohlin 1 94 1 ,  pp. 546-547 ; 
Stuart & Kamp 1 9 34a; Rauther 1 937a, pp . 637-63 8 ;  Kappers 1 947,  
p .  1 72) .  

Bohlin ( 1 94 1 )  remarks that the "volurne of the electric organs , if 
they were such, in the Cephalaspids was very small" , and Westoll 
( 1 94 5 ,  p .  344 ;  cf. Parker & Haswell 1 940, p .  1 27) finds it impossible 
to understand the existence of a musc1e-mass (from which the elec
troplaxes evidently were thought to have arisen) in the "electric" fields ; 
in fact, the organ must have been very thin. In Tegaspis kolleri 
(in which the cephalic shield attains a length of about 1 4  cm) the height 
of the cavities between the exoskeletal plates and the endoskeleton in 
the lateral sensory field is at most 0 .48 mm, and the distance between 
the basal partitions in the plates and the endoskeleton is 0 .23  mm; in 
Tremataspis mammillata in which species the cephalic shield is 
3 5-40 mm in length (Robertson 1 9 3 8 a, p. 2 89) I have measured the 
height of the basal cavities to be 0 .06 mm. 

We find now that the electric organ in Malopterurus occupies a 

1 3 
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very large place in the corium, and that in other fishes the electric 
organs (probably always developed from rudiments of somatic or 
visceral musculature) generally are very voluminous ; in Raja radiata, 
however, the electric orga:n is very small but comparatively deep 
(Ewart 1 8 8 8) .  The small size of the organ in the Cephalaspids cannot 
directly be taken as a proof against the hypothesis of their nature as 
electric organs, but if we consider the very insignificant height of the 
basal cavities in which the electroplaxes should have been situated 
(and the incomplete subdivision of the space between the exoskeletal 
plates and the endoskeleton would remind somewhat of the compart
ments in the electric organ in Raja, cf. Ewart 1 8 92) it seerns wholly 
improbable that the fields in the Cephalaspids could have lodged even 
a very slightly developed electric organ. To this must be added that, 
as noted by Bohlin ( 1 94 1 ,  p. 546) "there must have been a very 
remarkable disproportion between the quantity of electric tissue and 
the nerves connected with it" . The nerves for the fields in the Osteo
straci were, as previously emphasized, hypertrophied, compared with 
the other cranial nerves. 

In recent fishes as in the Torpedinids , Malopterurus, and 
A stroscopus (Fritsch 1 8 87 ,  pp . 2 1-28 ,  cf. Stendell 1 9 1 5 ;  Fritsch 
1 890, pp . 93-94, cf. Stuart & Kamp 1 934a;  Ballowitz 1 899 ; Dahl
gren & Silvester 1 906 ; Stuart & Kamp 1 9 34b ; Haller 1 934 ,  fig. 5 3 4 ;  
Kappers 1 947,  p .  1 49 ;  figs . 8 6-87) we find that hypertrophied 
electric nerves are correlated with an excessive development of the 
electric organ. In Torpedo the 'motor nuc1eus of the electric nerves 
attains an enormous volurne (cf. Kappers 1 947,  pL 1 1 7) ; in the Cephal
aspids we cannot find any indications as to an excessive development 
of the motor nuc1ei (cf. Franz 1 929 ,  p. 63) .  In Electrophorus 
("Gymnotus") which also has an enlarged electric organ, as weU as 
in the Rajids and the Mormyrids, the organs are supplied by numerous 
of ten strongly developed nerves (Fritsch 1 89 1 ,  pp . 947-952 ; Ewart 
1 8 92b, cf. Belobodorova 1 928  and Bodrova 1 93 9 ;  Dahlgren 1 9 1 4 , 
pp. 1 8 1- 1 8 5 ; Kamp & Stuart 1 934 ,  p .  252) .  

The electric organs in fishes are innervated by (somatic or 
visceral) motor fibres (with regard to Malopterurus, cf. Kappers 1 947,  
p .  1 72), and if the fields in the Osteostraci really were electric organs 
they must have been innervated by motor nerves . Now we have 
previously seen that the nerves for the lateral fields must have been 
provided with a basal ganglionic mass in the proximal part of their 
can als or in the vestibulum, and it was thus demonstrated that the 
nerves were sensory in function . This furnishes , I think, independently 
of other indications , definite proof for the view that the lateral (and 
consequently also the dorsal) fields cannot have been electric organs 
but must have been special sensory organs . 
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The organs which were present in the sensory fields of the Osteostraci 
have no direct equivalent in recent vertebrates, and all comparisons 
with cutaneous sensory organs in these forms must have reference only 
to the most general traits in their structure ; more detailed comparisons 
as e. g. with nerve-sacs or ampullae (Wiman 1 9 1 8 ;  Jaekel 1 92 9 ;  Bohlin 
1 9 4 1 )  appear too strained. 

Concerni,ng the theories put forward favouring a sensory nature 
of these fields in the Osteostraci ,  we can note that Wiman ( 19 1 8) 
compares the organs with the nerve-sacs in the Acipenserids (cf. Merkel 
1 8 80 ,  pp. 3 6-3 9 ;  Luther 1 9 1 3 ,  pp. 1 4- 1 7 ;  Disler 1 9 3 9) ,  Bohlin 
( 1 94 1 ) associates them with the ampullae of Lorenzini, found prin
cipally in the Elasmobranchs (Merkel I 8 80 ,  pp. 39-48 ; Ewart 1 R92a,  
fig . 2 ;  Daniel 1 922 ,  pp.  273 , 292-294 ; Allis 1 92 3 ,  pp . 20 1-203 ; 
Lekander 1 949,  pp. 60-62 ; etc . ; cf. als o Sand 1 93 8 ,  pp. 524-528) ,  
and Westoll ( 1 945) suggests that they were receptors of  vibratory 
stimuli, thus with the same function as the sensory line (and the 
acusticus) system. Common to these theories is that the organs 
(irrespective of what their function might have been) are assumed to 
belong to the (acustico-) later alis system (cf. also Jaekel 1 929 ,  p. 1 1 0) .  
This i s  evidently aiso the view of  Haller ( 1 934 ,  p .  66 1 )  who regards 
the nerves for the sensory fields as derivatives of the n. lateralis 
anterior. 

The sense organs in the skin (and the mucosae) belong, according 
to Johnston ( 1 902b ; 1 905b, pp. 1 94-197 ; cf. Herrick 1 903a. pp . 
1 2 1-124) to two different categories , viz . the neuromast organs of the 
somatic sensory (lateralis) system and the organs (taste-buds , end-buds) 
of the visceral sensory system. 

We find now that the organs of the lateralis system in fishes can 
develop into a multiplicity of diverse structures (sensory line ' organs, 
pit-organs, ampullae, vesic1es of Savi, nerve-sacs, glandiform organs , 
mormyromasts , etc . ) ; in some cases they are, as mentioned by Bohlin 
( 1 94 1 ) with reg ard to the ampullae of Lorenzini , aggregating in definite 
groups or fields. The function of these different organs is by no means 
elucidated (the sensory lines are greatly stimulated by vibrations of low 
frequency but resp ond also to touch and pressure, Sand 1 937 ,  and also 
to thermal changes , Rubin 1 93 5 ; the ampullae of Lorenzini are 
temperature receptors, Sand 1 9 3 8) .  In some fishes , the Mormyrids , 
the lateralis nerves which supply special lateralis organs (mormyromasts , 
bulbous organs, Cordier 1 93 8 ;  Gerard 1 940) are hypertrophied (Sten
dell 1 9 1 4 ;  Franz 1 920,  p. 6 ;  Sprenkel 1 9 1 5 ,  pp. 3 3-3 9),  and with 
this hypertrophism of the nerves is correlated an excessive development 
of the static centres in the valvula cerebelli (Franz 1 9 1 2 ;  Sprenkel 
1 9 1 5 ,  pp. 29-30,  3 8 ,  4 1-42 ; Suzuki 1 93 2 ;  Kappers 1 947,  p. 1 5 3) ;  
cf. also Megalops (Horst 1 926) and the Macrurids (Pfiiller 1 9 ] 4) .  
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Before making any comparisons with the Cephalaspids, we shalI 
consider the other system of sensory organs and their central connec
tions ,  the special visceral system with its receptor organs, the taste 
buds, sometimes developed as cutaneous taste-buds (end-buds ; distant 
receptors of chemical stimuli) ; this system can also in some fishes 
achieve an extreme development (Kingsbury 1 897 ; Herrick 1 903a ;  
1 903b;  1 905 ; 1 908 ,  pp. 1 63-1 64 ;  1 944, pp .  320-326 ;  Goodrich 
1 93 0, pp. 730-7 3 2 ;  Kappers 1 9 1 4 ;  1 947,  pp. 1 64-1 66).  In some 
Teleosts (Cyprinids) with strongly developed gustatory organ in the 
roof of the mouth the visceral sensory centres of the glossopharyngeal 
and the vagus nerves in the medulIa oblongata are excessively developed 
(cf. Herrick 1 905 , fig . 3 ;  Haller 1 9 34 ,  figs. 32-3S) .  In others 
(Silurids) with cutaneous taste-buds (of ten distributed over the whole 
body) these organs are all innervated by the n. facialis (cf. besides the 
authors cited above, Sprenkel 1 9 1 5 ,  pp. 1 2- 1 S ;  Haller 1 934 ,  pp . 
667-670), "so that its gustatory root is the largest nerve of the 
body" (Herrick 1 944, p .  323) .  

The nature of  the cutaneous end buds, irregularly distributed, 
particularly on the head, in adult PetrQmyzonts (Merkei 1 8 80 ,  
pp . 6S-67 ; Johnston 1 902a, p .  46 ; 1 905a, p .  1 8 8 ;  Razzauti 1 9 1 6 , 
pp. 3S-40) is uncertain, and there are strong indications that they 
are not homologous to the taste-buds in fishes (Lindstrom 1 949,  
pp.  424-42S) .  

Jf  we now return to the sensory fields in the Osteostraci ,  we find 
that the elements of the sense organs in question were restricted as to 
their distribution to sharply defined areas, and that they must have 
been situated in (or just beneath) the corium, thus sunken rather far 
below the surface, furthermore that they were supplied by strongly 
developed (hypertrophied) nerves ,  which at least peripherally lay very 
superficially and very probably constituted a specialized part of the 
n. facialis (or acustico-facialis ; cf. Stensio 1 927 ,  p. 1 97) .  

The taste-buds in fishes have always a superficial position in the 
epidermis , they are never confined to definite areas or fields when 
developed as cutaneous sense organs, they are innervated by visceral 
sensory fibres which generally are situated medially in the nerve, and 
when the nerves are strongly developed they cause hypertrophism of 
their centres in the medulla. AU these facts speak against the view 
that the sensory fields in the Osteostraci belonged to the same system; 
there is nothing in the shape of the cavum cerebrale in the Cephal
aspids indicating an excessive development of any part of the medulla 
oblongata. The only resemblance is the innervation by thick branches 
of the n. facialis (in fishes this regards the innervation of the cutaneous 
taste-buds) . It can be noted that in the Cyc1ostomes the visceral afferent 
column in the medulla has no differentiated gustatory centre which 
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is considered a primitive trait (Jansen 1 9 3 0 ;  Barnard 1 9 3 6 ;  Herrick 
1 944 ; cf. Lindstrfun 1 949, p .  425) .  

On the other hand we find that the organs belonging to the 
lateralis system are of ten sunk deeply beneath the skin, sometimes 
wholly separated from the epidermis (vesic1es of Savi) ; the ampullae 
and the nerve-sacs form in some cases well defined groups (the groups 
of ampullae in Chlamydoselachus are by Bohlin 1 94 1  compared with 
the sensory fields in the Osteostraci) . Exaggerated development of the 
lateralis nerves is also met with in fishes, correlated with hyper
trophism of their cerebellar centres . In the Cephalaspids, Stensio ( 1 927 ,  
pp. 1 3 8 ,  1 40,  1 44) has shown that the cerebellum must have been 
very well developed, a fact which strongly contrasts with the conditions 
in recent Cyc1ostomes in which the cerebellum is very small or virtually 
absent (cf. Johnston 1 902a ; Stefanelli 1939 ; Larsell l 947 ; Heier 1 948) .  
Jf  we remember the general view that the cerebellum primitively 
constituted a continuation and further development of the area statica 
in the medulla (cf. Horst 1 926,  p .  44 ; Larsell 1 929 ,  pp. 297-299, 
324 ;  Kappers 1 934,  p .  2 87) ,  and consider the conditions in the 
Mormyrids with regard to the correlation between the development of 
the cerebellum and the nn. laterales, it is tempting to assurne that the 
strong development of the cerebellum in the Cephalaspids was correlated 
with the development of the sensory fields and their hypertrophied 
nerves, and that these latter belonged to the lateralis system, the 
sensory fields having been the seat of a special kind of sensory organ 
within this system. 

We thus find that there are severai indications for considering the 
sensory fields as specialized neuromast organs (of unknown function) 
and their nerves as a differentiated part of the n. lateralis (anterior ; 
cf. Haller 1 934,  p .  6 6 1 ) . Against this view can, however, be objected 
that the anterior lateralis ganglion was weU developed and lay wholly 
separated from the facialis ganglion, and that it could not have taken 
any part in the innervation of the sensory fields. On the other side, 
this ganglion represents only the ganglion for the r .  ophthalmicus 
superficialis lateralis and the r .  buccalis or the combined dorsal 
(anterior) lateralis ganglion for these nerves in fishes (cf. Herrick 1 899 ,  
pp .  2 8 8 ,  429 ; Cole 1 896 ,  pl .  1 ,  see also Haller 1 934 ,  fig . 543 ; 
Landacre 1 9 1 6 , pp. 30-35 ; Norris & Hughes 1 920, pp. 3 3 9-346 ; 
etc . ; cf. also Johnston 1 905a, p .  1 63 with regard to Petromyzon) while 
no traces of the ventrai (posterior) preauditory lateralis ganglion or 
its nerves have as yet been detected in the Cephalaspids . It is to be 
observed that the various excessive developments of the lateralis system 
in recent fishes apparently only affect the normal sensory lines and their 
central connections but that in the Osteostraci the sensory fields con
stituted a special system coexistent with the normal sensory line system. 
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Another point to be considered in this connection is that the 
ganglia of the nerves for the sensory fields (as we have seen previously, 
p .  84) occupied a ventrai place in the vestibulum, and that the 
n. facialis lay dorsally and superficially to these nerves (cf. Stensio 
1 927 ,  figs. 1 8- 1 9 ,  23-2 5 ,  27) .  If the latter really constituted a 
transforrned portion of the lateralis element of the facial nerve, they 
should presurnably have taken a more superficial position and have lain 
superficially and laterally to the main nerve (Haller 1 934 ,  pp. 659 ,  
66 1 ;  cf. however, Landacre 1 9 1 4 ,  p .  604) . The exact position of  the 
facialis ganglion is , however, unknown, and the (main part of the) 
n. facialis soon took a more ventrai position and went down to the 
oralo-branchial chamber ; in their peripheral course the nerves for the 
lateral sensory fields lay very superficially. 

In conclusion we can say with regard to the dorsal and lateral 
fields in the Osteostraci that they were not electric organs but lodged 
special sensory organs, possibly (or probably) belonging to the lateralis 
system (their function is however wholly unknown and will so remain) . 

The cranial nerves. 

This chapter will contain a summary of what can be deduced 
from the canals , interpreted as nerve canals , as to the structure and 
disposition of the cranial nerves in the Cephalaspids . It is based upon 
the researches of StensiO ( 1 927) and supplemented with the complemen
tary examinations communicated in the present paper, which in severai 
cases have led to deductions different from those of Stensio . 

An attempted restoration of the brain and the cranial nerves in a 
Cephalaspis species is given in fig . 20 (cf. Stensio 1 927 ,  fig . 43) . 

The n . olfactorius (I) had no canal of its own ; it certainly was 
very short, since the olfactory organ lay immediately in front of the 
bulbus olfactorius , but whether it was developed as in the Petromyzonts 
or as in the Myxinids (with one or severai roots) is unknown. 

The n .  opticus (Il) pierced the connective tissue, separating the 
orbit from the cavum cerebrale in about the middle of the fenestra 
optica. It probably had an antero-Iateral course from its exit in the 
hypothalamus . 

The n .  oculomotorius (Ill) left the side of the cavum cerebrale in 
a short canal slightly before the dorsum sellae and went directly to 
the postero-median part of the orbit ; the exit of the canal from the 
cavum cerebrale is seen in pl. 5 7 .  

The n. trochlearis (IV) had a fairly long intracranial passage before 
it pierced the lateral wall of the cavum cerebrale rather high up ; it 
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crossed the v. cerebralis anterior just as it passed from this cavity or 
somewhat medially to this point. The canal for the nerve opens into 
the postero-dorso-median part of the orbit (it did not, as in recent 
Petromyzonts , enter the orbit together with the n. trigeminus) . The 
exit of the canal from the cavum cerebrale is seen in pl. 57 and its 
opening into the orbit in pl. 3 1 :  1 .  

The n .  trigeminus (V) was probably, as in recent Cyc1ostomes, 
composed of a n .  profundus (r. ophthalmicus, V 1 ) and a n .  trigeminus 
proper (r. maxillo-mandibularis ,  V 2 '  V 3 ) '  

Nothing definitely can, however, be said about the n .  profundus . 
It very probably was only slightly developed, and no canals which can 
be assigned with certainty to this nerve are found. Some canals in 
various species have tentatively been regarded as such canals (pls. 1 0 :  1 ; 
3 7 ;  3 8 :2 ;  1 06-1 07) ; if they really transmitted branches of the 
n. profundus, the nerve must have innervated the antero-dorsal super
ficial parts of the shield, in the region situated between the orbits and 
the antero-median ends of the lateral sensory fields. The ganglion for 
the n. profundus probably was situated in the (antero-)dorso-median 
part of the trigeminus-Iateralis chamber ; the root fibres pierced the 
cranial wall, running in a canal of their own (Vsa, pls . 3 1 : 1 ;  57) ,  or 
in company with the sensory root of the n. trigeminus proper in the 
canal Vs (fig. 1 0 ;  pls . 1 5 : 1 ;  1 7) or with all the roots of the trigiminus
lateralis complex in the canal rV (fig . 1 2 ;  pl. 1 1 2 : 1 ) .  As to its com
position the nerve must have been entirely somatic sensory and on the 
whole much in agreement with the corresponding nerve in recent 
Cyc1ostomes . Its area of distribution seems ,  however, to have been 
more restricted than in these forms. On principle it differed very 
probably in no way from the corresponding nerve or ramus in other 
vertebrates ; in the Osteostraci it certainly was not a branchial nerve 
(cf. Stensio 1 927 ,  pp . 1 08-1 09 ,  1 5 6 ,  1 99 ,  202-203 , 354) .  It is to 
be noticed that the n. profundus (r. ophthalmicus) in Petromyzon never 
behaves as a branchial nerve ; in the ontogenetic development all 

. rudiments of a visceral branch and an epibranchial placode are lacking 
(Koltzoff 1 902, pp . 487 ,  5 1 8) .  

The n .  trigeminus proper (V 2 '  V 3 '  r .  maxillo-mandibularis) was 
strongly developed. It consisted of two independently developed rami, 
an anterior mixed sensory and motor ramus, here called the r .  maxilla
ris (V 2) '  and a posterior, exclusively motor ramus, called the r. mandi
bularis (V 3 ) '  

The ganglion o f  the r .  maxillaris (g. gasseri) was situated in  the 
trigeminus-Iateralis chamber in which it very probably occupied a central 
position between the profundus ganglion on its median and the anterior 
lateralis ganglion on its lateral side. The sensory root fibres left the 
cavum cerebrale in the canal Vs (fig. 1 0 ;  pls . 1 5 : 1 :  1 7 ;  3 1 : 1 ;  57) either 
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together with the n. profundus root or in a separate canal. A portion of 
the motor trigeminus , forming part of the r. maxillaris ,  also went through 
the trigeminus-lateralis chamber. It entered this chamber after having 
passed through the canal Vm (fig . 1 0 ;  pls . 8 : 2 ;  1 4 ;  1 5 : 1 ;  1 6- 1 7 ;  3 1 : 1 ;  
3 9 : 1 ;  40 : 3 ;  57) or issued from the cavum cerebrale by one or possibly 
severai canals (Vma) which join the canal Vm (fig . 1 0 ;  pl. 5 7 :2-3 . The 
mixed nerve, r. maxillaris, which emerged from the trigeminus-lateralis 
chamber, went through the orbit, lying closely to the floor of it, in which it 
in some cases caused an impression in form of a groove (pls .  3 : 2 ;  4 : 1 ;  
8 :2 ;  1 4 ;  1 5 : 1 ,  3 -4 ;  1 6 : 1 ;  1 7 ;  3 9 : 1 ;  40 : 3 ; 8 1 : 1 ;  8 3 : 1 ;  8 6 :2) .  The nerve 
left the orbit in piercing its anterior or antero-lateral wall and traversed 
the ethmoidal region of the endocranium in a canal of its own, entering 
the rostrai part of the visceral endoskeleton (pls . 3 :2 ;  4 : 1 ;  6 : 2 ;  8 :2 ;  9 : 7 ;  
1 0 : 2 ;  1 1 :4 ;  1 4 ;  1 5 : 3 -4 ;  1 9 : 2 ;  2 3 : 2 ;  25 : 2 ;  30 : 1 ;  3 6-37 ; 3 8 :2 ;  
6 1 ;  62 : 1 ;  6 3 : 2 ;  64 : 2 ;  6 6 ;  67 : 1 ;  6 8 : 3 ; 69 : 1 ;  70 ;  7 1 :2 ;  77 : 2 ;  7 8 : 1 ;  
82 : 2 ; 8 3 : 1 ;  84 :2 ; 8 5 ; 8 6 : 2 ;  89 : 2 ; 90 : 3 ,  5 ;  93 : 2 ;  94-95 ; 97 : 3 ;  9 8 : 1 ;  
1 00 : 1 ;  1 02 : 1 ;  1 03 : 4 ;  1 06-1 07,  1 1 0) .  During its passage it gave off 
severai superficial branches with general cutaneous fibres. Some of 
the general cutaneous nerve fibres from the ganglion gasseri went out 
into the visceral endoskeleton independently of the main nerve trunk, 
either in narrow canals of their own (cf. the anterior ones of the can als 
lettered n in pls . 1 4 ;  1 6 : 2 ;  3 6 : 1 ;  3 7 ;  5 9 : 1 ;  60) or in the canals for the 
first nerve for the lateral sensory field and for the r. mandibularis .  The 
nerve entered the oralo-branchial chamber as a main trunk or after 
having split into two or severai branches and thus through one or 
severai openings in the roof of this chamber (pls . 1 0 : 2 ;  1 3 ;  1 7 ;  8 2 : 1 ;  
8 3 ;  87 : 1 ;  9 3 : 2 ;  1 02 : 1 ) ;  its entrance into the oralo-branchial chamber 
lay in the first branchial fossa immediately ahead of the first gill-sac 
near the groove pbg (fig . 1 5 ;  pls . 2 7 : 2 ;  2 9 : 2 ;  3 0 : 1 )  or somewhat more 
posteriorly (pls . 1 3 ;  1 7) ,  or in many forms rather far forwards . In some 
cases (pls . 3 0 :  1 ;  1 08-1 09) it or one of its branches entered the oralo
branchial chamber closely behind the velar ridge, went forwards in a 
groove in the roof of the chamber and pierced the velar ridge in order • 

to enter into the tissues of the oral cavity.  In severai species (and most 
distinctly so in C. signala) the proximal course of its branches or, pro
bably more exactly, some of its branches could be traced by grooves in 
the roof of the oralo-branchial chamber in which they were lodged 
immediately after they had left their canals in the endoskeleton. The 
distal course of the nerve branches is unknown as well as the place of 
their termination, and the nature of the different branches can thus 
not be determined. In the oralo-branchial chamber the r .  maxillaris, 
however, most probably suppIied the oral muscles (and possibly also 
some of the velar muscles) , and sent branches to the mucosa in the 
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mouth cavity. The nerve must thus have been composed of visceral 
motor and somatic sensory (general cutaneous) fibres (there were most 
probably no visceral sensory fibres associated with it) . 

The r. mandibularis or the posterior pure motor trunk of the n .  
trigeminus (V 3 )  took its exit from the cavum cerebrale through the 
most anterior part of the fenestra (canalis) acustica, and passed through 
the antero-median part of the labyrinth cavity, sometimes in a distinct 
groove in the wall of this cavity. It left the labyrinth cavity in a canal 
of its own which either opened into the posterior part of the orbit or 
continued uninterrupted outwards through the orbito-temporal region of 
the endocranium into the visceral endoskeleton (fig. 1 2 ;  pl. 1 1 2 : 1 ) . In 
the former case the nerve traversed the postero-Iateral part of the orbit, 
lying in a groove in the floor of the orbit or in any case near this floor. 
It left the orbit and was, during its passage to and in the visceral 
endoskeleton, lodged in the canal V 3 (pls . 3 : 2 ;  8 : 2 ;  1 0 : 2 ;  6 1 ;  62 : l ; 
63 : 2 ;  68 : 3 ;  69 : 1 ;  70 ;  7 1 :2 ;  7 8 : 3 ; 8 6 : 2 ;  8 9 :2 ; 9 1 :2 ;  9 3 : 2 ;  94-95 ; 
97 : 1 ,  3 ;  1 00 : 1 ;  1 02 : 1 ;  1 03 :4 ;  1 06-1 09). It entered the oralo-bran
chial chamber by one or two branches in the dorso-median or in the 
ventro-Iateral part of the (anterior half of the) second branchial fossa, 
and it or its branches produced one or severai fine grooves in the 
roof of the oralo-branchial chamber, leading from the most anterior 
part of the second branchial fossa to or over into the first branchial 
fossa. The opening of the canal (or canals) for the r. mandibularis 
into the oralo-branchial chamber (and of ten also the grooves for the 
nerve in the roof of this chamber) is seen in pls . 9 : 6-7 ; 1 3- 1 4 ;  1 6 : 1 ;  
27 ; 29 : 2 ;  7 8 :2-3 ; 8 1 :2 ;  82 : 1 ;  8 3 ;  8 5 ; 8 7 : 1 ;  9 1 ;  9 3 : 1 ;  94 :2 ; 95-9 6 ;  
1 08-1 09 ;  1 1  O :  l ;  (in this connection i t  can b e  observed that most of 
the branches of the groove for the r .  mandibularis in a Kiaeraspis spe
eimen, figured by Stensio, 1 927 ,  fig. 3 6 ;  pl. 5 1 ,  V 2 '  had most certainly 
not lodged any nerve branches) . The r. mandibularis innervated mus
eIes in the wall of the first (spiracular or mandibular) gill-sac in the 
region in front of the first gill-opening and probably also other deep 
lying (branchial, pharyngeal and velar) muscles. 

The n .  trigeminus in the Osteostraci had already lost much of its 
presumed simple and primitive nature, and had been much transfor
rned and speeialized in comparison with the following typical bran
chial nerves VII-X, but it was certainly not so elaborately developed 
as the n. trigeminus in modem Cyclostomes with which it, however, 
showed severaI important resemblances (cf. pp. 63 , 66 ,  70,  7 1 ,  75 ) .  

With regard to  the n. abducens (VI) very little can be  said. It 
probably emerged from the cavum cerebrale in company with the mo
tor trigeminus roots but whether it left the cavum in a can? l ()f its 
own (? Vma, fig. 1 0 ;  pl. 5 7 : 2-3) or in a canal together with the trige-
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Fig. 20 .  - Cephalaspis. Attempted reconstruction of the brain and the cranial nerves 

(based mainly on the conditions in C. signata). To the right the ordinary nerves (cut a

neous branches except n .  profundus omitted), to the left the nerves for the sensory fields 

and the lateralis nerves. Dorsal view. 

hil l .  hll�, anterior and posterior divisions of the r. buccalis ; cer, cerebellum ;  di, dience

phalon ; gla, ganglion of the n.  lateralis anterior; glp, ganglion of the n.  lateralis posterior; 

gsel, ganglia of the nerves for the sensory fields ; gVI, profundus ganglion; gV2, ganglion 

gasseri ; mes, mesencephalon (tectum opticum); m ed, medulla oblongata ;  Ildl, dorsal root 

of the first spinal nerve ; n V I ,  ventraI root of the first spinal nerve; ol, r. ophthalmicus 
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lateralis ; sd, saeeus dorsalis ; sed, nerve for the dorsal sensory field; sell_S: '  nerves for 

the lateral sensory field; tel, telencephalon; I, n. olfactorius; Il, n. opticus; Ill, n. oculo

motorius ;  IV, n. trochlearis; VI, n .  profundus (r. ophthalmicus trigemini) ; V 2.  r. maxi!

laris trigemini; Va . r. mandibuhiris trigemini; VII, n .  facialis; VIII, n .  acusticus ;  IX, n. 

glossopharyngeus ; lXI, lateralis branch accompanying the n. glossopharyngeus;  Xb'I_6, 
branchial rami of the n. vagus; Xld, lateralis branch for the dorsal lateral line; Xi, r. intes
tinalis vagi; Xli, lateralis branch for the main and the extra-Iateral lines; Xst, lateralis 

branch for the supratemporal sensory line. 

minus roots (Vm) cannot be made out ; in any case the nerve entered 
the trigeminus-Iateralis chamber through the canal Vm and then pas
sed on to the orbit. 

The n .  facialis (VII) issued with its root fibres from the cavum 
cerebrale through the fenestra acustica in company with the r .  mandi
bularis V and the roots of the nerves for the sensory fields and of the 
n. acusticus , and entered the labyrinth cavity ; probably soon within 
this cavity some of its fibres became ganglionic and formed the faci
alis ganglion (g. geniculi) which probably lay in the ventromedian part 
of the vestibulum.  The nerve, issuing fr<:ml it, went through the vesti
bulum and emerged from it in the canal VII between the canals seil  
and sel2 (cf. pl .  3 2 : 1 ) .  It i s  interesting to note that in Petromyzon 
the roots of the n. facialis enter the labyrinth cavity, and that its ganglion 
is intra-capsular (Johnston 1 902a, p. 45 ; 1 905a,  pp. 1 57-1 59 ,  1 63 ;  
Tretjakoff 1 927a,  p .  402 ; Cords 1 929 ,  pp. 229-23 1 ;  Lindstrom 1 949 ,  
p .  3 8 5) .  Some superficial canals are considered by Stensio ( 1 927 ,  pp. 
1 60,  1 94) to have been canals for general cutaneous branches of the 
n. facialis but in the present material no superficial canals could be 
attributed with certainty to this nerve (cf. p. 1 27) .  It seems, however, 
very problable that such fibres really were present in the n .  facialis of 
the Osteostraci as they are present in recent Cyclostomes (Johnston 
1 905a,  pp . 1 85 ,  1 98 ;  Jansen 1 9 30,  pp. 449 , 455)  and, although rather 
seldom, also in fishes (Kingsbury 1 897 ,  p. 8 ;  Kappers 1 9 14 ,  pp . 1 03 
- 1 04 ;  Norris 1 92 5 ,  p. 3 5 8 ; Horst 1 928) ,  forming an integral part of 
this nerve (and thus not only present in branches which peripherally 
unite with it, as in severai Teleosts , cf. Herrick 1 89 9 ;  1 900 ; 1 90 1 ;  
Rutkiewicz 1 92 1 ) .  After a short (Cephalaspis) or long pass age through 
the visceral endoskeleton in the canal VII the n. facialis entered the 
oralo-branchial chamber (cf. figs . 1 2 ,  1 4- 1 5 ;  pls . 1 0 : 2 ;  1 4 ;  1 5 : 1 ;  27 ; 
29 : 2 ;  32 : 1 ;  6 1 ;  7 1 :2 ;  77 : 2 ;  8 1 :2 ;  82 : 1 ;  8 3 : 2 ;  8 5 ;  8 6 : 2 ;  8 7 : 1 ;  9 1 : 1 ;  
93 ; 94 :2 ; 95-9 6 ;  1 00 : 1 ;  1 0 3 : 1 ;  1 06-1 09 ,  in which the canal VII 
or the opening of it into the oralo-branchial chamber is seen) in the 
second (pIs .  27 : 1 ;  85 ; 8 6 : 2 ;  8 7 : 1 )  or third branchial fossa (pls . 1 4 ;  
1 5 : 1 ;  27 : 2 ;  9 3 : 1 ;  94 :2 ; 96) as a common trunk or after having.  during 
its påssage through the endoskeleton, divided into two or three bran
ches. The nerve, or its branches (or some of its branches) , during its 
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proximal course in the oralo-branchial chamber, produced impressions 
in the roof of this chamber in form of grooves, and these grooves conti
nued over in to the roof of the sec ond branchial fossa in case the nerve 
had entered behind the second interbranchial ridge (thus in the third 
fossa) .  In a weU preserved speeimen of a Cephalaspis species (C. sig
nata, pls . 27 :2 ; 29 :2) grooves, interpreted as grooves for four branches 
of the n. facialis ,  are present, and it is of considerable interest to note 
that grooves for corresponding branches with similar disposition, be
longing to the n. glossopharyngeus and some of the branchial rami 
of the n. vagus, have also been observed. To judge from the course 
of these branches the n. facialis supplied branchial musc1es in the wall 
of the second gill-sac or in the region between the second and third 
interbranchial ridges or in the area lying morphologically between the 
first and the second branchial openings ; it thus went down to the 
branchial region behind the first branchial opening and behind the 
hyoidean viseerai arch to which it belongs . The n. facialis was a typi
cal branchial nerve, and was composed of viseerai motor, (probably) 
somatic sensory and (most probably) viseerai sensory flbres . None of 
the grooves for the facial branches can be assigned with certainty to 
a special r. viseeralis, but possibly the most median branch, in the 
groove VIIa, may have represented such a ramus. 

In connection with the n. facialis we must consider the nerves for 
the sensory fields as they formed most probably a specialized part of 
the n. facialis or, more specifically, possibly were a transformed part 
of the lateralis element, associated with the facialis-acusticus complex . 
The roots of these nerves went all through the fenestra acustica and 
became ganglionic in the labyrinth cavity ; here they formed severai 
ganglia, probably one for each nerve of the lateral field (or fields) , and 
one for the nerve of the dorsal field. The ganglia for the former ner
ves were situated on the floor of the vestibulum in which they formed 
in some cases marked impressions or were lodged in partly separated 
compartments (pls . 3 : 1 ;  1 6 : 1 ;  8 1 :2 ;  8 3 : 1 ;  94 :2) .  In one Cephalaspis 
speeies (C. signata, pls . 3 1 : 1 -3 ;  3 2 : 1 -2) the ganglion of the first nerve 
for the lateral sensory field was situated in the most proximal widened 
part of the nerve canal . The position within the labyrinth cavity of 
the ganglion of the nerve for the dorsal field is unknown. The nerves 
which issued from the ganglia went in two directions , the single nerve 
for the dorsal sensory field running upwards to this field, and the 
remaining nerves mainly in lateral direction. The five (very seldom 
six, in a speeimen of Boreaspis macrorhynchus) nerves which consti
tuted this latter group left the lateral part of the vestibulum, each in 
a canal of its own (seIl-selG ' seen in many of the plates) and went 
in centrifugal, radiating direction on to the lateral sensory field (or 
fields) . In the Cephalaspids proper the anterior one of these nerves 
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went in a canal (seil) from the vestibulum in anterior and slightly 
lateral direction to the postero-Iateral corner of the orbit, followed 
the dorso-Iateral margin of it forwards and, near the antero-Iateral 
corner of the orbital opening, turned in antero-ventro-Iateral direc
tion, entering the viseeraI endoskeleton. At this point it divided into 
two main branches (most of the Cephalaspis species) or the bifurcation 
took place more distally, between the orbit and the lateral sensory field 
(Securiaspis, Tegaspis, Benneviaspis, Hoelaspis, Ectinaspis) but in other 
cases (exceptionally in Cephalaspis, in Boreaspis, Kiaeraspis, A xin
asp is, A crotomaspis, Nectaspis) the nerve did not bifurcate but conti
nued as a main trunk which in the lateral field or just medially to it 
broke up into its terminal branches. In those forms in which the lateral 
sensory field was subdivided into two, three or four portions, the first 
field received the first (A crotomaspis) or the first and second nerves 
(Axinaspis, Nectaspis, occasionally in Kiaeraspis and Boreaspis); if 
only two fields were developed the posterior one received the third to 
fifth nerves (Axinaspis, occasionally in Kiaeraspis and Boreaspis); the 
second field received in N ectaspis the third and fourth nerve but in 
A crotomaspis only the second one. The third field in N ectaspis was 
supplied by the fifth nerve and in A crotomaspis by the third nerve and 
the fourth field in A crotomaspis by the fourth and fifth nerves .  

The nerves for the lateral sensory field were regarded by Stensio 
( 1 927,  p .  1 96) as having a "metamerical" disposition but I cannot 
find that they alternated with the ordinary branchial nerves in such a 
way, and regarding their supposed development from the acustico
facialis complex I believe it highly improbable, that they could have a 
segmental origin. 

The nerves for the sensory line system were in the Cephalaspids, 
as far as known, developed as a preauditory (prootic) n .  lateralis 
anteridr and a postauditory (metotic) n. later alis posterior. As in recent 
Cyc1ostomes (Johnston 1 905a ;  Worthington 1 906 ; Holmgren 1 9 1 9 ;  
etc . )  the n . lateralis anterior (partly corresponding to the n .  buccalis 
in Petromyzon) had an independent position in relation to the n. facialis, 
and its ganglion was (as in the Myxinids) situated c10sely to the ganglia 
of the n. trigeminus . The root fibres of the n. lateralis anterior, after 
their exit from the medulla oblongata, ran forwards in the cranial 
cavity, in some cases in a groove in the lateral wall of the cavum 
cerebrale, dorsally to the fenestra acustica, and left the cavity through 
the canal lat (fig. 1 0 ;  pls . 1 4 ;  I S : I ;  1 7 ;  3 1 : 1 ;  S7 :2-3) .  They entered 
the trigeminus-Iateralis chamber and formed a ganglion in the antero
lateral part of this chamber (possibly in some cases partly reaching into 
the orbit) , lying laterally to the trigeminus ganglia. The nerve fibres 
which arose from this ganglion and which probably were not collected 
into distinet nerve trunks can be divided into two groups, a dorsal and 
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a lateral. The former group, the fibres of which can be combined 
under the name of n. (or ramus) ophthalmicus lateralis, went in dorsal 
direction within the median part of the orbit and then in narrow 
canals (the course of which has not been wholly made out) to the 
neuromasts in the anterior and posterior portions of the supraorbital 
line (cf. pl. 1 5 :2 ,  su) . The lateral group to which the term n. (r . )  
buccalis is applied, went in separate bundles along the floor of the 
orbit, of ten in distinct grooves in this floor (pls . 8 :2 ;  1 4 ;  1 5 : 1 ) ,  and 
left the orbit in narrow canals which issue from its lateral part. In 
the superficial parts of the visceral endoskeleton the nerves went in 
canals of their own (cf. pls . 6 : 1 ;  1 2 : 5 ; 1 4 ;  1 6 :2 ; 34 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 :2 ;  
5 9 :  1 ;  60, n ,  bu) which in some cases soon joined the can als seil  (pl . 
1 6 : 1 )  or Vl (fig. 1 2 ;  pl. 1 1 2 : 1 ) but in others were wholly independent . 
The nerve fibres of the lateral gro up innervated neuromasts in the 
anterior and posterior portions of the infraorbital line (and the 
anterior portion was innervated by a different branch than the posterior 
port ion) and in the most anterior division of the main lateral 
lint' (the otical portion), and also probably those in the anterior 
marginal line . 

The n . lateralis posterior had its ganglion (or ganglia) in the 
vagus canal where it lay closely adjacent to those of the n. glosso
pharyngeus and n. vagus . The nerve fibres from this ganglion (the se 
ganglia) were associated proximally with the nerves mentioned but 
had on the whole a rather independent disposition. An anterior group 
of the fibres ran together with the n. glossopharyngeus in the canal 
IX and some nerve fibres probably followed the nerve in the canal 
lXi (fig. l l A-B ; pls . 30 : 3 ;  3 1 : 1 -2 ,  4-6 ; 32 : 1 )  in order to ascend to 
the superficial parts of the shield in the canals n (pl . 3 2 :  1) somewhat 
postero-laterally to the orbit. If these latter canals really transmitted 
lateralis nerve fibres, the fibres must have innervated neuromasts in 
the main lateral line and in the lines cm and mp . Other branches 
probably went through the canals lXI (IXla, IXlp, pls . 1 5 : l , cf. pIs . 
1 3-14 ,  n; 3 1  :4-6 ; 3 2 :  1 ;  3 9 :  1 )  and innervated neuromasts in a part of 
the main lateral line , in the scapular line , and probably also in the 
anterior portion of the extra-Iateral line . The lateralis fibres which 
are assumed to have been associated with the n .  vagus or, more exactly, 
constituted the r. lateralis vagi, issued from the vagus canal in posterior 
direction in the canal Xl (pIs .  8 : 2 ;  1 4 ;  1 5 : 1 ;  1 7 ;  3 1 :4 ;  39 : 1 , 3 )  and 
soon entered the trunk cavity where they lay closely to the roof of 
this cavity, in some cases in grooves on the lower side of the inter
zonal endoskeIeton. The main r. lateralis vagi divided into a branch 
which supplied the neuromasts in the dorsal lateral line and another 
branch for the neuromasts in the most posterior part of the main 
lateral line on the cephaIic shield, and probably also in the main 
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lateral line and the extra-Iateral line on the scale-covered trunk division. 
The neuromasts in the line ste were without doubt innervated by a 
supratemporal later alis branch of the n .  vagus but no canal which 
can be interpreted as a canal for such a branch has as yet been 
discriminated. 

The n .  acusticus (VIII) entered the labyrinth cavity through the 
fenestra acustica but nothing definite can be said about the number 
and position of its ganglion (or ganglia) and the distribution of its nerve 
branches, whether there was one ganglion situated near the floor of the 
labyrinth cavity as in the Petromyzonts or two, situated c10sely to the 
medulla (thus intracranially and intrameningeally) as in the Myxinids 
(cf. Allis 1 903a, p .  277 ; Worthington 1 906,  p .  1 72 ;  Ayers & Worthing
ton 1 908 ,  p. 1 0) .  Considering the shape of the labyrinth organ in the 
Osteostraci we can, however, assume that the n. acusticus on the whole 
was more similar to that in the Petro,myzonts than in the Myxinids, and 
it is thus probable that it was not, as in the latter group, divided into 
two relatively independent parts (cf. Stensio 1 927 ,  pp . 1 92-1 93 )  but 
that there was formed a single ganglion acusticum from which the 
nerve branches to the cristae anterior and posterior and to the different 
maculae in the labyrinth took their origin (cf. Tretjakoff 1 907,  pl. 2 : 5 ; 
Burlet & Verstegh 1 930 ,  fig . 1 9) .  

The n .  glossopharyngeus (IX) was c10sely associated proximally 
with the n. vagus and the n. lateralis posterior . Its root fibres left the 
cavum cerebrale in the vagus canal, in which also the sensory fibres 
became ganglionic, and the n. glossopharyngeus then entered the canal 
IX. After probably having emitted branches with general cutaneous fibres 
in the canal lXI (together with lateralis fibres) the main nerve entered 
a canal (lXi ' figs .  1 1A-B, 1 2 ;  pls . 1 5 : 1 ;  3 1 : 6 ;  32 : 1 ;  1 1 2 : 1 )  which 
in some species opens into the posterior part of the vestibulum but in 
others runs posteriorly and laterally to this cavity . J n some forms the 
nerve thus ran behind and laterally to the labyrinth cavity (Neetaspis, 
some Cephalaspis), in others it pierced this cavity. Both conditions 
were present in the same genus (Cephalaspis), and the different disposi
ti on of the nerve in relation to the labyrinth cavity was thus not 
stabilized, and the question as to which of these different positions 
is primary and

' 
which is secondary appears to be of no importance in 

the Osteostraci (cf. the Selaehians , Holmgren 1 943 , pp . 1 40-148) .  
In the major part of  its course through the endocranium the n.  glosso
pharyngeus ran c10sely adjacent to the a .  communicans . Postero
laterally and laterally to the vestibulum the nerve went across the 
fifth and fourth nerves for the lateral sensory field, and, after having 
given off some superficial branches (later alis or general cutaneous, or, 
most probably, both) went down between the third and the fourth nerves 
for the lateral sensory field and entered the oralo-branchial chamber. 
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In the species in which the nerve traversed the labyrinth eavity it 
emerged from this eavity by a eanal below the eanal for the third nerve 
for the lateral sensory field and crossed this nerve on the ventrai side. 
The opening for the nerve lies in the third or in the most anterior part 
of the fourth branehial fossa, in some eases (Cephalaspis, fig . 1 4 ;  pls . 
27 ; 29 : 2 ;  32 :2) rather far dorso-medially or in the middle of the fossa, 
in others (Boreaspis, pls . 8 1 :2 ;  8 3 :2 ;  8 7 : 1 )  in its ventro-lateral part. 
In C. signata the n .glossopharyngeus had divided into two main 
branehes just before it entered the oralo-branehial ehamber, and in the 
roof of this ehamber (in the anterior part of the fourth branehial fossa 
and in the third branehial fossa) are the gro oves for the proximal 
parts of four of its branehes, the anterior main braneh having broken 
up into three seeondary branehes (in the grooves a + IXa, IXb, IXc) 
and the posterior main braneh remained undivided (in the groove IXd; 
pls . 27 : 2 ;  29 : 2 ;  fig. 1 4) .  These branehes eorresponded to similar branehes 
of the n. facialis and the branehial rami of the n. vagus . The nerve 
supplied musc1es between the second and third interbranehial ridges 
or in the area between the sec ond and third branehial openings . It 
entered the branehial region behind the glossopharyngeal viseerai areh 
(as in the Petromyzonts, cf. Alcoek 1 89 8 ,  pl. 2 : 1 ,  3 ;  Johnston 1 905a,  
fig . 1 8 ;  pl. 5 ) .  The n .  glossopharyngeus very probably eonsisted of 
viseerai motor, viseerai sensory, and general eutaneous fibres , and was 
associated with a portion of the n. lateralis posterior. 

The n .  vagus (X) , after the entranee of its root fibres into the 
vagus canal, forrned a ganglion or, more probably, severai ganglia in 
this eanal. The main trunk of the nerve entered the eanal X (fig. 1 1 ;  
pls . 8 :2 ;  1 4 ;  1 5 : 1 ;  1 6 ;  30 : 3 ;  3 1 : 1 -5 ; 32 : 2 ;  39 : 1 , 3 )  and was either 
wholly or for the most part enc10sed in a eanal in the postbranehial 
wall, or the eana1 opened into the trunk eavity. In this case the nerve 
lay in a groove in the posterior side of this wall until it again piereed 
the wall either as a main trunk (pl .  3 9 : 3) or by severai branehes (cf. 
Stensio 1 927 ,  pp. 54-5 5 ;  fig . 1 4 ;  pls . 84-85 ; 96) in order to reaeh 
the gill-saes lying on the anterior side of the postbranehial wall. The 
branehial branehes of the n. vagus will be deseribed mainly after the 
conditions of its canals and grooves in C. signata, the only species in 
which they are known in any detail . The vagus trunk divided into three 
main branehes (running in the canals Xbrl ' X l '  X 2 '  fig . U B ;  pl. 
3 1  :4-6) .  The lateral one of these branehes was the first r .  branehialis 
vagi (in the eanal Xbrl ' cf. also fig .  1 2 ; pl. 1 1 2 : 1 ) ; it entered the most 
posterior part of the fourth branehial fossa just postero-laterally to the 
otie prominenee and into or near the groove for the a. branehialis 
efferens 4 (pls. 2 9 : 2 ;  3 5 : 3 ; cf. pls . 27 : 1 ;  8 1 :2) .  It probably divided 
(before or after it had entered the oralo-branehial ehamber) into severai 
branehes of whieh one (eorresponding to the median braneh of the 
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nn. facialis and glossopharyngeus, in the grooves Vlla and IXa, 
respectively) ran in the canal Xbrl a, and one (probably the common 
basal trunk for branches corresponding to the three lateral branches 
of the nn. facialis and glossopharyngeus) in the canal and groove Xbrl 
(pl .  3 5 : 3) .  The r. branchialis 1 vagi supplied i .  a .  muscles in the wall 
of the branchial sac between the third and fourth interbranchial ridges. 
The middle ,main branch of the n. vagus passed through a canal (X l '  
fig. l l B ;  pls . 29 : 2 ;  3 1 : 4) which joins the canal for the a.  subclavia on 
its postero-dorsal side. From the antero-ventral side of the same canaI 
the vagus trunk went first in a canal in the postbranchial wall and then 
for a short distance in a groove on the posterior side of this wall ; here 
it divided into two branches (cf. pl. 29 : 3 ) .  One of these branches, 
the second r .  branchialis X, traversed the postbranchial wall together 
with the a. branchialis efferens 5 and entered the fifth branchial fossa 
(pl .  3 5 : 3 ,  al X) in dividing in at least three branches (in the grooves 
Xa, Xb, Xc, pl. 3 5 : 3) ,  corresponding to the three median branches of 
the nn. facialis and glossopharyngeus. The other branch, the third 
branchial ramus of the n. vagus, ran in a short groove on the posterior 
side of the postbranchial wall (Xbr3 , pl. 29 : 3 ;  possibly, however, this 
groove gave passage to a basal stem consisting of more than one 
branchial ramus) and traversed this wall first in a canal together with 
the a. branchialis efferens 6 and, then, in a canal of its own ; it opened 
into the sixth branchial fossa. The remaining branchial rami and a 
possibly present r. intestinalis vagi constituted the third main branch of 
the n .  vagus which proximally ran in the canal X 2 (exposed in fig .  l l B 
and pl. 3 1  :4) .  These branchial rami must (in Cephalaspis and others) 
have been three in number ; in the genus Boreaspis in which only seven 
branchial fossae and possibly only as many gill-sacs were present, 
possibly only four branchial rami of the n. vagus were formed in all . 
The r. branchialis 4 vagi must have gone down in the branchial fossa 7 ,  
behind the branchial opening 6 and supplied i .  a .  muscles in the wall 
between the interbranchial ridges (and septa) 6 and 7 ;  the ramus 5 
opened in the fossa 8 ,  behind the opening 7 ,  and supplied the area 
between the interbranchial ridges 7 and 8 ;  the ramus 6 opened in the 
(last) fossa 9, behind the branchial opening 8 ,  and supplied i. a .  museles 
in the region next behind the (last) interbranchial ridge 8 .  As there 
most probably were no gills on the posterior wall of the last branchial 
fossa (cf. StensiO 1 927 ,  p. 1 70) there probably was no further ramus 
of the n. vagus developed behind the sixth one. Superficial canals for 
general cutaneous branches of the n. vagus have not been distinguished 
in the fossils but such fibres were beyond doubt present in the n. vagus 
in the Osteostraci. It seems very probable that the n. vagus with regard 
to its composition was built similar to the n. glossopharyngeus , and 
was thus composed of general cutaneous fibres and, in each branchial 

14 
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ramus, of visceral motor and visceral sensory fibres, and was accom
panied by fibres from the n . lateralis posterior. It can be added that 
none of the branches now found in the n. vagus or in the other 
branchial nerves can be interpreted as a pretrematic branch (cf. Stensio 
1 927,  p. 1 65) .  

In  the interpretation of  the nerve canals in  the Osteostraci , 
presented in this paper, the cranial nerves of the recent Cyclostomes 
could serve as a basis for the identification of the canals and cavities 
for corresponding nerves in the Osteostraci. With this proviso it can 
be said that the cranial nerves in this fossil group were in the main 
developed as in the modem Cyc1ostomes, showing resemblances to both 
the Petromyzonts and the Myxinids (the most notable exception is the 
development of the hypertrophied nerves for the sensory fields in the 
fossil group) . And it is most important to observe that they had reached 
on the whole the same level of organization (with rather few primitive 
traits) as in the modem representatives of the group Agnatha. The 
Osteostraci are of little importance for the understanding of the changes 
which the nervous system had undergone in the early evolution of the 
vertebrates. 

The vessels in the cephalic shield. 

In this chapter, which contains a combination of the interpretations 
regarding the vascular can als in the shield of the Osteostraci , we shall 
mostly take into account only the normal conditions, exc1uding the 
disposition of canals , indicative of an aberrant development of the 
vessels ,  which not infrequently is met with , at least as to the vei n 
canals. 

The restorations in fig . 2 1 A, B of the main arteries and veins ,  
respectively, represent a generalized type of the vascular system in the 
shield of a Cephalaspis (and not the conditions in an actual species) ; 
they are hypothetical in severaI respects . 

A r t  e r i e s .  - The heart lay probably c10sely behind the post
branchial wall , as assumed by Stensio ( 1 927 ,  p. 204). The unpaired 
truncus arteriosus pierced this wall by a ventrai foramen (tr, pls . 8 3 ,  
8 5 )  of its own (probably, however, also serving as passage for the 
v .  jugularis inferior) or passed through the ventrai part of the common 
opening for the oesophagus and the truncus arteriosus (oes + tr , pls .  
70 :  1 ;  99) .  In the oralo-branchial chamber the truncus very probably 
soon divided into two main branches (cf. recent Cyc1ostomes , Julin 
1 8 87 ,  p. 772 ; pls . 2 1 : 1 ;  22 : 1 ; Jackson 1 90 1 , p. 20 ; fig . 1 0 ;  Cori 1 906 .  
p .  1 5 ;  fig .  3 ;  Daniel 1 9 34 ,  pp .  3 1 9-320 ; fig . 4 ;  etc . )  which probably 
lay far apart and , on each side of the shield , in the lateral parts of the 
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oralo-branchial chamber. Each of the branches of the paired truncus 
arteriosus gave off the affenmt branchial arteries from the lateral side . 
These arteries went in the soft tissue ventrally to the interbranchial 
ridges and thus media1ly and internally to the viseerai endoskeleton. 
It is noteworthy, however, that they ran so near to the endoskeleton 
that they in some cases left in it impressions in form of grooves (an 
a. branchialis afferens was thus in C. signata situated in the groove 
aaff, fig . 1 4 ;  pls . 27 : 2 ;  29 :2) .  The afferent arteries in each inter
branchial ridge did not bifurcate but gave off small arterioles (cf. fig . 
1 5 ;  pls . 27 :2 ; 29 :2 ,  aaff? ,  aa) to the gill-sacs in front of and behind 
the ridge. 

The afferent arterioles were in the gills connected with the efferent 
arterioles which carried the oxygenated blood into the efferent branchial 
arteries . The many small efferent arterioles passed, like the afferent 
arterioles, from the posterior half of the gill-sac in front of and from 
the anterior half of the gill-sac behind the interbranchial ridge, and 
thus from the adjacent halves of two successive gill-sacs . They forrned 
a series of anterior and a series of posterior arterioles which opened 
into the efferent branchial artery (as in the Petromyzon larva), and this 
artery ran as a main stem in the septurn beneath each interbranchial 
ridge (the arterioles of ten ran in small grooves in the endoskeleton 
which forms the roof of the oralo-branchial chamber, cf. fig . 1 5 ;  pls . 
27 : 2 ;  29 :2) .  The efferent branchial arteries ran, unlike those in recent 
Cyclostomes (cf. Julin 1 8 87 ,  p. 777 ; pl. 23 : 1 ; Cori 1 906,  p. 29 ; Hatta 
1 922,  pp . 1 3 6- 1 3 7 ;  Daniel 1 934,  pp . 324-325) superficially in the 
branchial chamber and so closely to its roof that they of ten were located 
in grooves in the endoskeleton (aeff, figs . 1 4-1 5 ;  pls . 27 ; 29 : 2 ;  3 2 : 2-3 ; 
8 5 ;  87 : 1 ;  93 : 1 ;  94 ;  95 : 1 ;  1 08-1 09 ;  1 1 0 : 1 ) .  The efferent (and 
afferent) branchial arteries were thus closely related topographically to 
the viseerai endoskeleton (contrary to what is the case in Petromyzon, 
cf. , besides the authors cited above, also Tretjakoff 1 927b, p .  256) .  
The number of  efferent arteries was nine in the genus Cephalaspis and 
others with nine gill-sacs . The anterior one of them, in front of the 
anterior gill-sac, was, however, slightly developed or, in comparison 
with the other following efferent arteries, reduced and transformed, 
and is counted as an efferent artery of its own. The number of real , 
wholly developed, efferent branchial arteries was thus eight . 

The efferent artery in front of the first gill-sac is called the 
a. spiraeularis (in the groove asp, figs. 1 4 , 1 5C ;  pls . 27 ; 29 : 2 ;  1 09) .  
The grooves for it are most elaborately developed in C .  signata, and 
from the conditions in this speeies it can be inferred that the artery 
arose from small branches , arterioles ,  from the gills in the antero-dorso
median part of the first (the spiraeular) gill-sac and emptied into the 
dorsal aorta. A small anterior branch in the dorsal region of the oralo-
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branchial chamber in the angle between the aortal ridge and the groove 
pbg must have been a nutritive artery. 

Of the following efferent arteries , the aa. branchiales efferentes 
1-8 (in the canals or grooves aell l-aell s) ,  the first one arose from 
arterioles in the first (spiracular) and the second gill-sacs , and ran 
along the interbranchial ridge 1 ;  the second efferent artery, along the 
interbranchial ridge 2, arose from arterioles in the second and the third 
gill-sacs ; the third one, along the interbranchial ridge 3 ,  arose from 
arterioles in the third and fourth gill-sacs ; etc . The last one, the 
a. branchialis efferens 8 ,  ran in the space between the branchial fossae 
8 and 9 and was formed by the confluence of arterioles from the gills in 
the posterior half of the eighth and in the anterior half of the ninth 
gill-sac . It can be remarked that no canal or groove has been observed 
behind the ninth branchial fossa which could have transmitted an 
efferent artery behind the last gill-sac (and this gill-sac was thus most 
probably an incomplete one, bearing gills only in its anterior half ;  cf. 
Stensio 1 927 ,  pp. 1 70, 1 79- 1 80 ;  cf. also the conditions in Pelromyzon 
in which the last gill-sac is a complete one with an efferent artery 
behind it, Julin 1 8 8 7 ,  pl. 2 1 :2 ;  Cori 1 906,  fig. 1 ;  Hatta 1 922,  pl . 22). 
The aa. branchiales efferentes 1-3 emptied into the aorta dorsalis . 
In Boreaspis also the fourth, and possibly the fifth, at least in some 
species , emptied directly into the dorsal aorta. The following efferent 
arteries (4-8)  ran as follows (according to the conditions in Cephal
aspis, the only genus in which they are fairly well known) : The 
a. branchialis efferens 4 which ran along the fourth interbranchial ridge 
and arose from arterioles in the fourth and fifth gill-sacs joined the 
a. subc1avia on its antero-ventral side (cf. fig .  l 1 B ;  pls . 29 :2-3 ; 3 5 : 3 ,  
aeI14) .  The fifth efferent artery opened in C .  signala medially to the 
fourth one and in the median continuation of the a. subc1avia which 
now is called the a. (branchialis) efferens communis (par) . In C .  exilis 
this fifth efferent artery united with the a. subc1avia rather far laterally, 
and the vessel arisen from the union of these arteries and running 
medially and receiving the efferent arteries 4 and 6-8 is called the 
paired a .  efferens communis . The eighth efferent artery, in running in 
antero-dorso-median direction, joined the seventh efferent artery, and 
the artery arisen from this union received on its lateral side the sixth 
efferent artery (cf. pl. 27 : 1 ,  aell {)-aeff s ) .  The basal trunk for these 
three posterior efferent arteries then opened rather far medially into 
the paired common efferent artery (cf. pls. 27 : 1 ;  29 : 3) .  The paired 
a. efferens communis went in median direction and, in Cephalaspis, 
joined its fellow of the opposite side of the shield, forming a common 
unpaired vessel, the a. efferens communis impar, which was in com
munication with the aorta dorsalis . In Boreaspis, however, the paired 
common efferent artery opened separately and directly into the aorta . 
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The third efferent branchial artery communicated by means of the 
a. communicans with the a. segmentalis occipitalis . 

The aorta dorsalis, having originated from the confluenee of the 
aa. branchiales efferentes, had its anterior end at the union of the aa. 
spiraeulares ; it reached thus far anteriorly in the head. Its forward 
extension is, however, somewhat variable, being different in different 
species (cf. the position of the groove asp in pls . 27 : 1 ;  29 : 2 ;  1 09) .  The 
aorta was an unpaired vessel throughout its length. It ran dorsally just 
beneath the roof of the oralo-branchial chamber (of ten in a distinet 
groove, ao, seen in figs. 1 4, 1 5 ;  pls . 1 7 ;  27 : 1 ;  30 : 3 ;  3 1 : 1 -2 ;  3 8 : 1 ;  8 5 ;  
8 6 : 2 ;  8 7 : 1 ;  9 3 : 1 ;  94 ; 9 6 ;  1 0 6 ;  1 08-1 09), pierced the postbranchial 
wall in its dorso-median part (pls. 3 : 1 ;  27 : 1 ;  70 : 1 ;  8 1 : 1 ;  8 3 ; 84 : 2 ;  8 5 ;  
8 6 :2 ; 94 ; 99), and was behind this wall situated in a very wide groove 
in the ventrai side of the inter-zonal endoskeleton and distinetly on the 
right side of the median line (seen in pls . 3 : 1 ;  8 : 2 ;  1 3- 1 4 ;  1 5 : 1 ;  1 7 ;  
32 :2 ,  4 ;  3 3 : 1 ;  3 9 : 1 ,  3 ;  5 6 : 1 ) .  

Forwards from the point of its origin by  confluenee of  the spira
cular arteries the aorta was continued by an unpaired median vessel, 
the a. rostralis (impar) , a nutrient artery for the rostro-median parts 
of the shield. The a. rostralis went forward for a long or short distance 
immediately below the "aortal" ridge, in some cases in a groove on 
the ventrai side of this ridge (cf. fig . 1 5) .  In Kiaeraspis the rostral 
artery was paired right from its origin (cf. StensiO 1 927 ,  pl. 5 1 ,  a . 
rostr) . In Nectaspis (fig . 1 5 C ;  pls . 1 08-1 09) in which the aorta 
reached almost as far as to the velar ridge the unpaired a. rostralis 
was enclosed in a canal in this ridge and during its passage through 
it the artery bifurcated, forming the paired a. rostralis . In this genus 
a pair of arteries , the a. velaris ,  took its origin from the aorta at the 
transition to the a. rostralis or possibly as a branch of the a. spiraeularis 
and went downwards to the velum (cf. fig . 1 5C ;  pls . 1 08-1 09, av) . 
The unpaired rostrai artery sent small branches to the dorso-median 
region of the roof of the oralo-branchial chamber in front of the first 
gill-sac near the aortal ridge (pL 29 :2 , ard) . Anteriorly it bifurcated 
in giving rise to a paired vessel (a. rostralis par) which ran in the roof 
of the mouth cavity (pl . 27 : 1 ;  cf. pl. 9 : 6 ; pls . 29 : 2 ;  30 : 1 , arostr), and 
in some species it entered a canal in the most rostrai part of the 
viseerai endoskeleton (figs .  1 4 ;  I SA, B ;  pls . 29 : 2 ;  7 8 : 2 ;  8 7 : 1 ) .  In 
Boreaspis with a well developed rostrai proeess, the a. rostralis sup
plied this proeess (running in a longitudinal canal ,  cf. pls . 79 :2 ;  87 : 2 ,  
rostrv) . In  a canal in  the rostrai part o f  the ventrai rim or  in  a grove 
in the roof of the buccal area the paired a. rostralis passed over 
into the a. marginalis (cf. pls . 9 : 6 ;  27 : 1 ) .  From the rostrai artery 
or from the most anterior part of the marginal artery small super
ficial arteries issued supplying the dorsal (and ventrai) outer parts of 
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the rostraI portion of the head (in the canals ars, pls . 8 : 1 ;  1 6 :2 ; 
3 4 :  l ;  3 8 :2) .  

The long extent forwards in the head of the aorta dorsalis and 
the development of an anterior continuation, the a. rostralis, from it 
was a feature peculiar for the Osteostraci, not found (normally) else
where (cf . ,  however,  the peculiar pre-branchial development of the 
arterial system in the Myxinids, Jackson 1 9 0 1 ; Cole 1 925 ; Grodzinski 
1 92 6 ;  Holmgren 1 946 ,  pp . 5 7-70) . 

The paired carotid artery (a. carotis) ascended from the dorsal 
aorta between the first and second (pl . 27 : l ) ,  between the second and 
third (pls . 9 3 : 1 ;  94 : 2 ;  1 08- 1 09) or between the third and fourth 
efferent arteries (pl . 8 6 : 2) but its origin lay always beneath the ethmoi
dal region of the endocranium. The a. carotis generally entered the 
ethmoidal division of the cranial cavity (figs .  1 0, 1 2 ;  pls . 4 : 2 ;  8 :2 ;  
1 4 ;  1 5 : 1 ,  3 -4 ;  1 6- 1 7 ;  8 3 : 1 -2 ;  8 6 : 2 ; 94 : 2 ;  1 1 2 : 1 ,  acar) but in 
Kiaeraspis it went in a canal wholly outside of this cavity (cf. Stensio 
1 927,  p. 208 ; pl. 5 5) .  It soon, and usually within the ethmoidal 
cavity, divided into two branches, a median a. encephalica (anterior) 
and a lateral a. facialis (by Stensio 1 927 ,  pp. 1 1 2 ,  208 , homologized 
with the a. facialis in Petromyzon, "orbital artery",  Daniel 1 9 3 4 ;  corre
sponding possibly to the a . oculo-nasalis in Myxine, cf. Towarnicki 
1 9 35 ) .  In some cases , however, the a. facialis arose directly from the 
aorta in front of the a. carotis (cf. pl. 1 5 : 3 -4), and in C. exilis it (pro
bably) left the a. carotis before this artery entered the ethmoidal cavity 
(cf . pl. 27 : 1 ) .  

The a .  facialis ascended, first within the ethmoidal cavity and then 
in a canal of its own (afac, pls . 3 :2 ;  4 : 1 ;  8 :2 ;  1 4 ;  1 5 : 1 ;  1 7 ;  8 6 : 2 ;  1 09) 
in the endocranium towards the superficial parts of the ethmoidal 
region. During this passage the artery sent out severai posterior and 
median branches (in the canals afp and afm, pls . 1 3 ;  1 5 :2 ;  1 9 : 2 ;  3 6 : 1 ;  
3 8 :2 ;  1 06- 1 09) . Just before the facial artery reached the outer face 
of the endoskeleton it divided into an anterior and a strong lateral 
branch. The anterior branch is to be considered as the main a. facialis 
(cf .  Petromyzon, Cori 1 906,  figs . 1 -3 ,  cf. Favaro 1 90 8 ,  fig . 45 , 
Stensio 1 927 ,  fig . 99 ; Tretjakoff 1 927b, pp. 227-229 ; Daniel 1 934 ,  
p.  326 ; fig. 9) ; i t  supplied the superficial parts of  the head near the 
median line, anteriorly and antero-Iaterally to the nasal opening (cf. 
pls .  3 : 2 ;  4 : 2 ;  8 ;  1 0 ;  1 3 ;  1 5 :2 , 4 ;  2 3 : 1 ;  34 : 1 ;  3 6 : 1 ;  3 8 : 2 ;  62 : 1 ;  1 06 ,  
afac) . The lateral branch which is called the a. adorbitalis (cf. pls . 3 : 2 ;  
4 :2 : 8 ;  1 0 ;  1 3 ;  1 5 :2 ;  2 3 : 1 ;  3 6 : 1 ;  3 8 : 2 ;  62 : 1 ;  1 06 ,  aad) turned laterally 
and later postero-Iaterally and posteriorly and followed rather closely 
the anterior and lateral margin of the orbital opening, and ended ne ar 
its postero-Iateral corner. During its course the a. adorbitalis gave off 
severai, and generally four, side-branches to the superficial region of 
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the head in front of and antero-laterally to the orbit, between this and 
the lateral sensory field (but in some cases the branches reached over 
into this field, too) ; the branches passed in the canals adl1-adl4 
(pls . 1 :2 ;  6 : 2 ;  8 ;  1 0 ;  1 2 :4-5 ; 1 3 ;  1 6 ;  23 ; 24 :2 ;  2 5 : 2 ;  29 : 1 ;  3 6-3 8 ;  
5 9 : 1 ;  62 : 1 ;  63 :2 ; 69 : 2 ;  9 8 : 1 ;  1 06-1 07) .  

With regard to the a .  encephalica anterior and its development in 
the Osteostraci nothing definite can be said, as the artery ran for the 
main part wholly intrameningeally without leaving any impressions in 
the wall of the cranial cavity. It must, however, have supplied the 
anterior parts of the brain, possibly also the olfactory organ (a. cere
bralis anterior) as well as the eye (by a special branch, the optic artery, 
the a . ophthalmica magna StensiO 1 927 ,  p .  2 1 2 , the a. retinae cen
tralis Allis 1 9 3 1 a, p.  1 5 3) ;  probably a posterior branch, the a .  cere
bralis posterior, was developed, which possibly was in communication 
with the posterior encephalic artery (as assumed by Stensio 1 927 ,  
p .  2 1 2) .  

In the posterior part o f  the head, beneath the occipital region of 
the endocranium, the dorsal aorta gave off severai important arteries . 

The a .  encephalica posterior (or occipitalis) generally issued di
rectly from the dorsal side of the aorta, ascending in the canal epost 
(pIs . 9 : 7 ;  1 4 ;  1 5 : 1 ;  1 6 ;  3 9 : 1 ,  3 ;  5 7 : 2 ;  8 6 : 2 ;  1 1 2 : 1 )  and entered the 
cranial cavity . As se en from the conditions in C. doryphorus the a .  
encephalica posterior was probably the dorsal branch of  the a .  seg
mentalis occipitalis (cf. pl. 3 9 : 1 ,  3 -4,  epost, as) . The artery supplied 
the posterior parts of the brain and possibly in some species the dorsal 
side of the most anterior part of the med ulla spinalis, probably also,  
the labyrinth cavity by a branch wlth went through the fenestra acustica 
(cf. Petromyzon, Tretjakoff 1 927b, p .  225) .  Furthermore an artery, 
which probably was a branch of the a .  encephalica posterior, went 
through the canal dx (pls . 1 3 ;  1 5 :2 ;  29 : 3 ; 5 7 :2-3) to the dorsal part 
of the otic region, possibly to the dorsal sensory field (cf. Stensi6 1 927 ,  
pp. 2 1 5-2 1 6) .  Another artery which probably was a branch, or  a 
direct continuation, of the a. encephalica posterior was the a.  postor
bitalis superficialis (in the canal adsm, pIs . 8 :  1 ;  1 0 : 2 ;  1 1 :4 ;  1 3 ;  1 5 :2 ;  
24 :2 ; 30 : 3 ; 3 1 : 1 -2 ;  3 6 : 2 ;  5 6 : 1 ;  57 :2-3 ; 77 :2 ; 1 06-1 07) ; this artery 
was assumed by Stensio ( 1 927,  p. 2 1 2) to have been given off from 
the supposed a. encephalica communicans but, to judge from the con
ditions in C. signata (pl . 30 : 3) ,  the artery must have run in a groove 
in the posterior wall of the division of the cranial cavity for the cerebeI
Ium and thus so far backwards that it seems highly probably that it 
really was in direct communication with the a .  encephalica posterior. 
The a. postorbitalis superficialis supplied the outer dorso-median parts 
of the head, between the posterior parts of the orbits and postero
medially to them, thus i. a .  the anterior part of the dorsal sensory 
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field ; some of its branches entered the posterior part of the orbit (pls . 
30 : 3 ;  3 1 : 1 -2) . 

The a. segmentalis occipitalis issued from the lateral side of the 
aorta dorsalis at about a transverse level with the origin of the vagus 
canal (cf. pls .  1 6 : 1 ;  30 : 3 ;  3 1 : 1 -2 ,  4 ;  32 :2 ,  as) or behind this level (pl . 
1 1 2 : 1 ) ,  in a groove before or behind the postbranchial wall or in a 
canal in this wall . The conditions indicate in C.  doryphorus that the 
basal trunk of the left occipital segmental artery and the left a. encepha
lica posterior issued from the aorta through the canal epost (pl. 39 :4) .  
Rather soon the occipital segmental artery gave off an anterior branch, 
the a. communicans , which went in a canal (aeom), lying c10sely adja
cent to the canal for the n. glossopharyngeus (in some places the two 
canals fused) or in a common canal for the artery and the nerve . The 
a. communicans either passed posteriorly and laterally to the vesti
bulum (cf . figs . l l A-B, 1 2 ;  pls . 30 : 3 ;  3 1 : 1 -2 ,  6 ;  3 2 : 1 ;  1 1 2 : 1 )  or it 
traversed this cavity. In C. exeellens the a .  segmentalis occipitalis entered 
the vestibulum and the a. communicans branched off from this artery 
within the vestibulum (cf. pls . 1 5 : 1 ;  1 6 : 1 ) .  In the first case the a. com
municans ran dorsally to the two posterior, the fourth and the fifth , nerves 
for the lateral sensory field and descended between the second and the 
third nerves, all outside of the vestibulum ; in the latter case the artery 
left the vestibulum in a canal which issues from this cavity below the 
canal for the third nerve for the lateral sensory field ; in both cases the 
artery, in Cephalaspis, opened into the a. branchialis efferens 3 .  

During its passage the a .  communicans gave off small branches , 
the aa. vestibulares, to the wall of the vestibulum, a ventrai artery to 
the dorso-median part of the oralo-branchial chamber (cf. pp . 96 ,  1 02 ,  
Stensio 1 927 ,  pl. 2 8 ,  IXav), and gave furthermore rise to the antenor 
dorso-Iateral superficial arteries . 

These arteries are usually four in number (in the canals ala l 
ala4 ' pls . 6 : 2 ;  8 : 1 ;  1 0 : 2 ;  1 2 :4-5 ; 1 3 ;  1 4 : 1 ;  1 6 : 2 ;  23 ; 25 : 2 ;  29 : 1 ;  
3 6 : 1 ;  3 7 ;  3 8 :2 ;  5 9 : 1 ;  60 ;  62 : 1 ;  6 3 : 2 ;  68 : 3 ;  1 06-1 08) ,  seid om three 
or five (the last one in the canal ala ;; ,  pls . 3 6 : 1 ;  3 7 ;  62 : 1 ) .  They took 
their origin from one or two basal trunks which issued from the a. 
communicans and ascended to the outer parts of the endoskeleton 
postero-Iaterally to the orbit, where they broke up into superficial 
arteries . These superficial dorso-Iateral arteries radiated to the lateral 
parts of the shield, supplying the area lying laterally and postero-later
ally to the orbit, between this and the lateral sensory field and behind 
the region of the lateral branches from the a. adorbitalis and before 
that the posterior dorso-Iateral superficial arteries ,  or in the region 
traversed by the second-fourth nerves for the lateral sensory field . 

A dorso-median artery (in the canal ads, pls . 1 06- 1 07) in Neet
aspis is possibly a dorsal branch from the a. communicans . 
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The main a .  segmentalis occipitalis continued in lateral direction 
(pls . 3 1 : 1 -2 ,  4-6 ; 32 : 1 ;  3 9 : 1 ,  3 ,  as), and divided into two branches 
before it reached the outer part of the endoskeleton ventro-Iaterally to 
the posterior part of the dorsal sensory field (pl . 29 :  l ,  alp); in some 
speeies it travers ed the vestibulum and left this cavity in its postero
lateral part (pl .  1 6 :2 ,  alp) . It gave rise to the posterior dorso-Iateral 
superficial arteries (in the canals alp l-alp 2 '  pls . 1 3 ;  1 6 ;  29 : 1 ;  3 6-
3 7 ;  6 8 : 3) ,  two in number which supplied the posterior parts of the 
cephalic shield proper in front of the shoulder-girdle and antero
laterally to the inter-zonal part of the shield. 

In some speeies of Cephalaspis or those with a weU developed 
dorsal spine on the cephalic shield there was forrned a special artery, 
the a. spinae dorsalis , which supplied this spine and other adjacent 
parts of the shield ; in some speeies without a real dorsal spine there 
was a corresponding a. cristae dorsalis . The artery arose, as a paired 
vessel, directly from the aorta or there was possibly forrned a com
mon short basal stem for it and the a. encephalica posterior (in C.  
doryphorus, on the left side, also for the a. segmentalis occipitalis) ; it 
ascended from the aorta in the canal ep (pl. 3 3 : 1 ) ,  epost (39 : 1 ,  3 -4) or 
adspd (pL 3 1  :2) .  In some species the root vessels which forrned the 
artery ran in canals outside of the cavum cerebrale (pl .  3 3 :  l )  or one 
of them ran in such a way while the other traversed the cranial cavity 
(pls . 29 : 3 ;  3 1 :2) ,  and in still other species the root vessels both ente
red the cavity. In all cases, however, these vessels encirc1ed the me
dulla and united dorsally to it in the median line to form the unpaired 
a. spinae dorsalis (cristae dorsalis) which thus was forrned dorsally to 
the cavum cerebrale (pls . 29 : 3 ;  3 3 : 1 )  or within this cavity, and in the 
latter case issued from the dorsal side of the cavum cerebrale or from 
the neural canal (pls . 1 5 :2 ;  39 : 4 ;  5 6 : 1 -2 ,  4 ;  5 7 : 3) .  The arte ry ran 
backwards, lying dorsally to the posterior part of the cavum cere
brale and to the neutral canal ; during its passage it emitted severai dOl
sal, lateral and ventrai branches (cf. pIs . 29 : 3 ;  32 :4 ,  adspx; 3 9 :4 ,  a l '  
a2 ; 5 6 :4 , al ; see als o fig . 1 3) to the dorso-median parts of the shield 
in front of the dorsal spine, inc1uding the posterior part of the dorsal 
sensory field, and to the neural canal. The a.  spinae dorsalis either 
entered the dorsal spine as a main stem (cf. pls . 3 9 : 4 ;  40:  l )  or broke 
up into severai branches (cf. fig . 1 3 ;  pl. 5 6 :4) of which all or only 
some supplied the dorsal spine. In C. doryphorus there was a second, 
posterior, artery for the dorsal spine which issued from the trunk 
division of the dorsal aorta (cf. fig . 6B ; pl. 3 9 : 1 ,  4, adspp) . 

Vessels in the canals aiz (pls. 1 06- 1 07) in the dorso-median 
region of the inter-zonal part of Neetaspis were probably arteries cor
responding to the a. cristae dorsalis. 

A segmental artery behind the occipital seg)mental artery must 
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have issued from the trunk division of the dorsal aorta and went, 
partly in a groove (asb, pIs . 1 3- 1 4) in the ventrai side of the inter
zonal endoskeleton, in the roof of the most anterior part of the trunk 
cavity, on to the shouider-girdIe . Here the artery ascended to the 
outer parts of the endoskeleton and gave rise to the aa. scapulares (in 
the canals asc, asc l -asc 3 , figs . 1 6- 1 7 ;  pls . 6 :2 ; 8 : 2 ;  1 2 :4-5 ; 1 3-
1 4 ;  1 8 : 1 ;  3 6-3 7 ;  59 : 1 ;  60 ; 77 :2) which supplied the dorsal side of 
the shoulder-girdle proper. 

The a. subc1avia took its origin from the paired a .  branchialis 
efferens communis and went in a canal in the postbranchial wall 
(asubcl, pls . 2 7 : 1 ;  29 :2-3 ; 3 1 :4-6 ; 40 :2 ; 70 : 1 ;  85 ; 8 6 : 2 ;  9 7 : 3 ; 99 :2 ; 
1 1 0 : 2) towards the shoulder-girdle (lying, at Ieast in Cephalaspis, above 
the interbranchial ridge 5) .  After having reached this part of the shield 
the a.  subc1avia turned rather abruptly in lateral or antero-Iateral 
direction and ran behind the large marginal vein sinus to a point near 
its postero-Iateral corner, in the base of the cornu (in species in which 
this part was deve1oped) , where the artery bifurcated and passed over 
into the anterior a. marginalis and the posterior a .  cornualis .  During 
its passage through the postbranchial wall the a. subc1avia gave off 
severai branches to the posterior side of this wall (cf. pls . 29 : 3 ; 3 1 :4-6 ,  
apw, apwd, apwv) and farther outwards superficial branches ("r. super
ficialis ventralis of the a. subc1avia" , Stensio 1 927 ,  p. 2 1 7) to the ventrai 
side of the shoulder-girdle proper (cf. pl. 29 :2 ,  avs and Stensio 1 927 ,  
fig . 40 ; pIs . 1 09- 1 1 2 ,  a .  vs) . Behind the median part of  the marginal 
vein sinus the a. subc1avia emitted, in posterior direction, the a. bra
chialis for the pectoral fin ; this artery ran in a canal which in some 
speeies , c10sely before it opened into the pectorai sinus , divided into 
two branches (abr, abrl ' figs . 1 6- 1 8 ;  pls . 1 2 : 5 ; 1 8 : 1 ;  2 8 : 2 ;  30 :2 ; 
40 : 3 ;  8 5 ; 8 6 : 2 ;  1 1 0 :2) .  In A xinaspis the a. subclavia gave off one 
posterior and one anterior a.  brachialis (fig. 1 9 ;  pl. 9 8 :2-3 , abr l ' abr 2 ) ;  
i n  this species the posterior part o f  the pectoral fin (or the posterior 
part of the pectoral area) was probably supplied by an additional 
artery, a branch from a segmental artery (fig. 1 9 ;  pl. 9 8 : 3 ,  a) . 

The a. cornualis (cf. figs . 1 7- 1 8 ;  pls . 1 2 : 5 ; 1 8 : 1 ;  2 8 : 2 ;  9 7 : 3 ,  ac) 
ran to the ventrai side of the distal half of the cornu and sent out (in 
some speeies) an anterior branch (in the canal acant, fig . 1 7 ;  pl. 1 8 : 1 ) 
to this side of the basal half of the cornu. From the a. marginalis an 
additional cornual artery emerged, going to the lateral part of the cornu 
(a. comualis accessoria, cf. fig .  1 7 ;  pl. 1 8 : 1 ;  97 : 3 ,  aca) . 

The a. marginalis ran forwards from its orig in in the antero
median part of the cornu along the lateral margin of the shield between 
this margin and the v. marginalis ,  enclosed in a canal (amarg, 
pls . 9 : 6-7 ; 27 : 1 ;  29 :2 ; 30 : 1 ;  97 : 3 ; 1 08-1 09) .  During its forward 
course it gave off numerous superficial branches (in the canals ams. 



- 2 1 9 -

pls . 3 7 ;  60) and also same branches to certain structures dose to the 
external ducts from the gill-sacs (pL 27 :2 ,  a) and gradually decreased 
in size sa that anteriorly it was a very narrow vessel (pls . 9 : 6 ;  27 : 1 ) .  
I n  the rostrai part of the shield the a.  marginalis divided into twa 
branches, and was , by means of the median ane of them, in com
munication with the rostral artery ; the lateral branch (and the main 
a. marginalis) probably emitted same superficial arteries to the dorsal 
side of the most rostrai part of the shield (cf. pls . 8 : 1 ; 1 6 : 2 ;  3 4 : 1 ;  
3 8 :2 ,  ars) . 

We have already mentioned that the a. communicans gave off a 
ventrai branch to structures in the dorso-median part of the oralo
branchial chamber. Similar arteries also issued from the unpaired 
a. branchialis efferens communis (cf. p. 1 52 ;  StensiO 1 927 ; fig . 3 3 ;  
pls . 106- 1 0 8 ,  a .  eff4-a. eff6) .  They were comparable to vise er al 
side-branches of the dorsal aorta in Petromyzon (Favaro 1 908 ,  p .

' 
375) ,  

in Myxine to  the median aa .  nutritiae branchiales from the efferent 
branchial arteries and to nutrient arteries (to the pharynx) from the 
prebranchial part of the lateral aorta (Grodzinski 1 926 ,  pp. 1 3 1 ,  1 34) ,  
and to the aa .  nutritiae branchiales (dorsales) which in fishes issue 
from the efferent branchial (epibranchial) arteries (Parker 1 8 86 ,  p .  698 ;  
Al len 1 905 , p .  62 ; pl. 1 : 1 , cf. 1 907 , p .  1 07 ;  Silvester 1 905 , pp. 96 ,  
1 00-1 02 ;  Allis 1 9 1 2, p .  48 3 ;  Burne 1 924, pp .  227-230 ;  
O'Donoghue & Abbott 1 92 8 ,  p .  8 5 1 ;  etc . ) .  

The most posterior part of  the canal aeffe (pl . 27 : 1 ;  99 :2) which 
pierces the postbranchial wall transmitted a posterior branch (or 
posterior branches) of the unpaired a.  branchialis efferens communis, 
and this branch must have been a nutrient artery (arteries) for structures 
in the (anterior part of the) trunk. In Boreaspis a probably paired 
artery issued directly from the aorta (in the canal apns, the groove 
apnd and through the apening apn?,  pIs . 8 5 ;  8 6 : 2 ;  94 :2) and went 
(presumably) to the pronephros .  In Cephalaspis a small paired artery 
which issued from the transition of the paired to the unpaired a. efferens 
communis probably supplied the pronephros (cf. Stensio 1 927 ,  p. 245 ; 
figs . 3 5 ,  39-40) . 

Small dorsal arteries went from the aorta to the vagus ganglion 
complex (in the canals a, fig . 1 1  C ;  pl. 3 1 :4) ;  and the posterior part of 
the cavum cerebrale and the anterior part of the neural canal were 
probably supplied ventrally by small irregularly disposed arteries from 
the aorta (they were thus not associated with the ventrai nerve roots 
of the spinal nerves) and, dorsally, by branches from the a. encephalica 
posterior and the a .  spinae (cristae) dorsalis . More posteriorly the 
neural canal as weU as the dorso-median superficial parts of the shield 
(apart from the dorsal spine) were supplied by dorsal branches of 
segmental arteries (cf. fig .  1 3 ;  pl. 5 6 : 1 -3 ;  ads, a2-a4) .  
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V e i  n s .  - Canals and grooves in the cephalic shield for a 
possibly present lymphatic system cannot be distinguished from those 
of the venous system. As the existence of a lymphatic system has been 
prooved in both groups of the recent Cyc1ostomes (and as it thus is 
present in all groups of recent vertebrates) it seems not improbable that 
it was developed also in the Osteostraci .  Possibly some of the sinus
like widened canals (e . g. the rostrai vein sinus and the marginal vein 
sinus and the canal for the marginal vein) in the Cephalaspids had 
contained lymphatic vessels . It can be observed that the rostrai ve in 
sinus was reg ard ed by StensiO ( 1 927 ,  pp. 1 8 7 ,  227,  cf. also p. 3 69) 
as exactly corresponding to an annular labial sinus in the Petromyzonts , 
and this sinus is now known to belong to an extensive system of 
lymphatic vessels in the anterior part of the head (cf. Hoyer 1 9 3 8 ,  
pp. 4-22).  I t  is to b e  mentioned that i n  the Cyc1ostomes the lymphatic 
system has been observed mainly in the adult forms and that almost 
nothing is known of its development (cf. , however, Kurzmann & 
Paschma 1 947) .  It seems rather probable that, if an independent 
lymphatic system existed in the Osteostraci ,  the relations between the 
lymphatic vessels and the veins were much c10ser than in the re cent 
Cyc1ostomes . The so-called vein-canals in the Osteostraci are in fact 
readily interpreted as having transmitted veins, and if some of them 
may have contained lymphatic vessels also, these vessels probably were 
c10sely associated with and adjacent to veins . At the present time we 
can thus interpret canals for vessels other than arteries only as ve in 
canals but with the reservation that some of them may have been canals 
for lymphatic vessels or had contained such vessels and veins. 

The de-oxygenated blood in the cephalic shield of the Osteostraci 
was brought to the sinus venosus through two systems of veins , viz . that 
of the anterior cardinal veins (and possibly also the posterior cardinal 
veins) and that of the ventrai jugular veins (v. jugularis inferior) . Rather 
little is known of the deeply situated veins and the ventrai superficial 
veins, and the main part of the following account thus refers to the 
superficial veins of the upper side of the cephalic shield . 

To the system of the cardinal veins belonged a, the v. capitis lateralis 
and its tributaries, the superficial dorso-Iateral and dorso-median veins 
and the anterior cerebral vein, b, (as a transforrned tributary of the 
v.  capitis lateralis) the occipital vein sinus and veins from the otical 
region, the superficial occipital and inter-zonal veins, the v. cerebralis 
posterior and the anterior transforrned vertebro-medullar veins , all 
emptying into the sinus, c, some posterior vertebro-medullar veins and 
other dorsal branches of segmental veins which probably discharged 
into the posterior cardinal veins.  To the system of the ventrai jugular 
veins (v. jugularis inferior) I refer here a, the marginal vein and its 
branches , inc1uding i. a. the veins from the shoulder-girdle and those 



- 22 1 -

from the pectorai fin, as weU as some more deeply situated veins from 
the branchial region, b, the rostrai vein and its superficial branches, 
and c, veins in the roof of the oral cavity which emptied directly into 
the v. jugularis inferior. 

The anterior, cephalic, division of the anterior cardinal vein was 
the v.  capitis lateralis . It originated in the superficial part of the 
ethmoidal region and the area immediately in front of it, and dra in ed 
here the area supplied by the a .  facialis (cf. pls . 6 :2 ; 8 : 1 ;  1 0 ;  1 5 :2 ;  
1 6 : 2 ;  1 9 : 2 ;  23 ; 29 : 1 ;  3 6 : 1 ;  3 7 ;  3 8 :2 ;  62 : 1 ;  6 3 : 2 ;  67 : 1 ;  7 1 :2 ;  vell ) .  It 
ran in posterior direction and descended gradually into the endoskeleton, 
and finally pierced (cf. pls . 3 :2 ;  4: l ;  77 : 2) the anterior wall of the 
orbit. This vein was certainly, as assumed by Stensio ( 1 927,  p. 1 1 8) the 
initial branch of the v. capitis lateralis , and it cannot have been homo
logous with the v.  facialis in the Petromyzon larva, as suggested by 
Lindstrom ( 1 949,  p. 446). Well within the orbit the v.  capitis lateralis 
must have run ne ar the median (interorbital) wall of the orbit (and not 
along the lateral wall as in the restorations by Denison 1 95 1 a, figs.  
22-23) ,  and passed out through the postero-dorsal or postero-dorso
lateral wall of the orbit. From the orbit it went, straight or sigmoidally 
bent, in posterior direction, lying dorsally to the lateral part of the 
vestibulum or traversing this cavity (cf. pl. 9 3 :2 ,  vel) . The canal (vel) for 
this part (the postorbital division) of the v. capitis lateralis is seen in 
many specimens (pls. 5 : 3 ;  8 : 1 ;  1 0 ;  1 1 :4 ;  1 3- 1 4 ;  1 5 : 1 -2 ;  1 6-1 7 ;  
30 : 3 ; 3 1 : 1 -2 , 4 ;  32 : 1 , 3 ;  3 3 : 1 ;  3 9 : 1 , 3 ;  5 6 : 1 ;  62 : 1 ;  6 3 : 2 ;  64 : 2 ;  6 8 : 3 ; 
77 : 2 ;  93 :2) .  Postero-Iaterally to the labyrinth cavity and after having 
crossed the posterior nerve for the lateral sensory field on the dorsal 
side, it went deeper into the endoskeleton and emerged from the endo
cranium, entering the most anterior part of the trunk cavity of the shield. 
Here it must have tumed medially and somewhat ventrally and joined 
the v.  cardinalis posterior at the end of the ductus cuvieri (the condi
tions, however, possibly differed from this general plan in as much as 
the proximal parts of the vein trunks had already in the Osteostraci 
been subjected to some transformation and asymmetrical development ; 
cf. the recent Cyclostomes, Jackson 190  l ;  Vialleton 1 903 ; Goodrich 
1 930 ,  pp. 543-544;  etc . ) .  

The v .  capitis lateralis in the Osteostraci was undoubtedly (partly) 
homologous with the vein with this name in the Cyclostomes (in 
Petromyzon also called the v. jugularis superficialis) and fishes, as 
pointed out by StensiO ( 1 927 ,  pp . 74 ,  230) .  The anterior continuation 
of the v. cardinalis anterior was tlms in the Osteostraci formed by the 
v. capitis lateralis, and already in these old forms the v. capitis medialis 
had yielded place to this vein. It is thus of interest to notice that very 
early in the ontogenetic development of Petromyzon the v. capitis 
medialis disappears and is replaced by the v. capitis lateralis (Grosser 
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Fig. 2 1 A. - Cephalaspis. Attempted restoration of the main arterial vessels in the 

cephalic shield (diagrammatie and generalized conditions) . The truncus arterious and 

its branches omitted. To the right mainly deeper situated arteries as weU as the rostrai 

and marginal arteries,  to the left the superficial arteries of the dorsal side of the sh ield 

(except the superficial marginal and rostraI vessels). Dorsal view. 

a .  branch from the a.  margin alis to a strueture near the external branehial d llets ;  

aad, a .  adorbitalis ; abr, a.  braehialis ;ac, a .  eornllalis;  aea, a .  eornual i s  aeeessoria ;  lIcal 11 ,  
anterior braneh of the a .  eornualis ; acar, a .  earotis ;  acom, a.  eommllnicans ; acp , a.  enee

phaliea posterior;  adh--adI4, lateral branehes of the a .  adorbital is ;  adsm, a .  postorbitalis 
superfici al is ;  aefh-aeffs , a. branchialis  efferens 1-8 ; aeffc, a .  branch ial is  efferens com

munis (par) ; afac, a.  faciali s ;  alal--ala-!, anterior dorso-Iateral superficial arteries, 1-4;  
alp l-alp2, posterior dorso-Iateral superficial arteries, 1 -2 ;  amarg, a.  marginali s ;  ams, 
superficial branehes of the a . marginalis ;  ao, aorta dorsali s ;  ap"', branches from the 
a .  subclavia to the postbranehial waU; arastrl ,  a.  rostralis impar; arostr�, a.  rostralis par ;  

. ars, sllperficial branehes of the a .  rostral is ;  as ,  a .  segmentalis oeeipitalis ;  asb ,  segmental 

artery behind the a.  segmentalis oeeipitalis ; asq-asc3, a .  scapularis 1-3 ; asp, a .  spira
elllaris ;  asubcl, a.  subclavia ;  asv, ventrai superficial braneh from the a .  sllbcl avi a ;  

avest, aa. vestibulares.  

1 907,  pp . 1 80-1 8 1 ;  Gelderen 1 924 ,  pp. 546-548 ; the vein in  older 
larvae of Petromyzon, by de Beer 1 924 ,  pp . 3 24-326,  called the 
v.  capitis medial is ,  i s  the v. j ugularis profunda, a visceral vein according 
to Gelderen) . 

The v. capitis medialis ,  as an independent vein, was absent in the 
Osteostraci but possibly some parts of the v. c apitis lateralis in the 
orbit and parts of the cerebral veins were remnants of this  vein .  
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Fig. 2 1 B . - Cephalaspis. Attempted restoration of the main veins of the cephalic shield 

(diagrammatic and generalized conditions). To the right the VY. jugularis inferior ,  margi-

nalis and rostralis ;  to the left the v.  capitis later alis and its branches.  Dorsal view. 

VI-V9 , VY. transversales ventrales, 1-9;  vbp, v.  bucco-pharyngealis ;  Vbrl-vbr2, VY. 
brachiales ;  veer, v. cerebralis anterior; vel, v. capitis lateralis ; veh, p reorbital division of 

the capitis lateralis ;  velat, v. cornualis lateralis ;  vem, v. cornualis medialis ;  vep, v. cere
bralis posterior; vds, dorso-median branch of the v.  capitis lateralis ;  vdsv, v. oticalis ; 

vizl, v. inter-zonalis lateralis ; vizm, v. inter-zonalis medialis ; vji, v. jugularis inferior; 

vlabp, v.  posterior labyrinthi ;  VISI-vlss , VY. superficiales dorso-laterales, 1-8; l'marg, 

v. marginalis ; vms, superficial branches of the v .  marginalis ; vnbr, VY. nutritiae branchiales ;  

vr, v.  rostralis ; vrd, dorsal superficial branches of the v .  rostralis ; vse, v.  scapulari s ;  

vso, V Y .  supraorbitales ;  vsoe, occipital vein sinus;  v v m ,  anterior v .  vertebro-medullaris ; 

v x , hindmost ventrai transversal vein. 

If the Osteostraci had a vein corresponding to the v.  j ugularis 
profunda (v. cardinalis anterior, Cori 1 906 ; Hatta 1 922 ; v. capitis 
medialis, de Beer 1 924) it must have run in the dorso-median part of 
the oralo-branchial chamber and emerged from this chamber through 
the dorso-lateral part of the opening in the postbranchial wall for the 
oesophagus or through the common opening for the oesophagus and 
the truncus arteriosus or, perhaps, through the aortal canal. Possibly 
the anterior continuation of this supposed vein was lodged in the groove 
pbg (pls . 1 3 ;  27 : 2 ;  29 : 2 ;  3 0 : 1 ;  3 6 :2) and was connected with the 
v. jugularis inferior (this part of the vein would then have c�rresponded 
to the v. mandibularis in Petromyzon, cf. p. 1 3 6) .  
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The most important of the superficial veins which drained the 
dorsal side of the cephalic shield proper were the dorso-Iateral super
ficial veins , tributaries of the v. capitis lateralis . These veins drained a 
large portion of the dorsal side of the viseerai part of the shield, 
anteriorly, laterally and postero-Iaterally to the orbit, reaching outwards 
to the median parts of the lateral sensory field. In the periphery of the 
shield superficial rostrai and marginal veins were intercalated between 
the distal branches of the dorso-Iateral superficial veins. The number 
of these latter was mostly six but in some cases seven or eight (the 
eighth vein was only developed as a branch of the seventh one) . The 
two most anterior dorso-Iateral superficial veins (in the canals v/sl '  
vls 2 '  pls .  1 :2 ;  8 : 1 ; 1 1 :4 ;  1 2 : 4 ;  1 5 :4 ;  1 6 : 2 ;  1 9 ;  23 ; 29 : 1 ;  3 4 : 1 ;  3 6 : 1 ;  
3 7 ;  3 8 : 2 ;  6 3 : 2 ;  67 : 1 ;  69 : 2 ;  7 1 :2) generally opened into the preorbital 
division of the v. capitis lateralis (in a speeimen of C. excellens, cf. pl . 
1 5  :4 ,  the second vein united with the v .  capitis lateralis within the 
orbit) . The third to eighth dorso-Iateral superficial veins (cf. vls:{-vlsp" 
pls . 1 :2 ;  4 ;  6 ;  8 ;  1 0 ;  1 1 :4 ;  1 2 :4-5 ; 1 3- 1 4 ;  1 5 :2 , 4 ;  1 6- 1 7 ;  1 9 : 2 ;  
23 ; 24 :2 ;  25 : 1 ;  29 : 1 ;  3 1 : 1 -2 ;  32 : 1 - 3 ; 3 6-3 7 ;  3 8 :2 ;  5 9 : 1 ;  60 ; 62 : 1 ;  
63 :2 ; 64:2 ; 67 : 1 ;  68 : 3 ; 69 :2 ; 70 ;  7 1 :2 ;  77 : 2 ;  7 8 : 3 ;  90 : 3 ;  9 1 : 1 ;  9 3 : 2 ;  
9 8 :  l ;  1 00 :  l ;  1 06-1 09) joined proximally i n  different ways s o  as to 
form two or three basal trunks by means of which they emptied into 
the v. capitis lateralis ; never all of them were developed in one speeimen 
as independent branches of this vein. The disposition of the proximal 
parts of the veins was in this way much diversified and of ten different 
in different speeimens of one and the same speeies . The third dorso
lateral superficial vein or the basal trunk forrned by this and the 
following ve in (or veins) pierced the postero-Iateral wall of the orbit 
and united with the v. capitis lateralis in the orbit (in most Cephalaspis, 
same Securiaspis and Benneviaspis, in Ectinaspis) or the union took 
place just at the point of exit of the v. capitis lateralis from the orbit 
(some Securiaspis) , or at last, the vein emptied into the v. capitis 
lateralis behind the orbit and thus into the postorbital division of this 
vein (some Cephalaspis and Securiaspis, Tegaspis, Hoelaspis, Bore
asp is, Kiaeraspis, A xinaspis, A crotomaspis and Nectaspis) . 

The dorso-median superficial tributaries of the v. capitis lateralis 
were the supraorbital veins (cf. pls . 1 3 ;  1 5 :2 ;  3 7 ;  3 8 :2 ;  106- 1 07 ,  vsa, 
vsoa, vsop) which drained parts of the interorbital region and emptied 
into the intraorbital division of the v. capitis late ralis , and furthermore 
small veins (cf. pls .  1 0 : 2 ;  3 7 ;  62 : 1 ;  1 06-1 07 ,  vds) which joined the 
postorbital division of this ve in coming from the region behind or 
postero-medially to the orbit and above the labyrinth. 

The v. cerebralis anterior arose partly as a small superficial vein 
from the anterior part of the dorsal sensory field, partly as a real 
cerebral ve in in the anterior part of the cranial cavity, which latter 
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probably drained the dorsal side of the telencephalon, the diencephalon 
and the tectum opticum, possibly also an anterior part of the labyrinth 
organ (cf. fig. 1 0 ;  pls . 8 : 1 ;  1 5 :2 ;  3 3 : 1 ;  3 6 : 2 ;  5 6 : 1 ;  5 7 ,  veer) . The 
main vein went down first entering the cavum cerebrale and running 
in this cavity and then issuing from it and passing in a canal outside 
of the cavum to the trigeminus-Iateralis chamber or directly to the 
v. capitis lateralis just behind the orbit ; in the former case the v. cere
bralis anterior joined this vein in the postero-median part of the orbit. 
In the trigeminus-Iateralis chamber the vein received a generally small 
tributary, arisen from two branches in the floor of the cavum cerebrale 
(cf. pl . 5 7 : 3 ,  v), and which drained the lower part of the cranial cavity 
behind the dorsum sellae and also the ventrai side of the midbrain 
(fig . 1 0 ;  pls . 1 5 : 1 ;  57 ,  v) ; this vein was homologized by Stensio ( 1 927 ,  
pp. 1 03 ,  228)  with the v .  pituitaria in  fishes but the homologization is 
declined in this paper (cf. p .  77) .  

The occipital vein sinus (vsoe, only partly exposed in pls . 3 : 2 ;  
1 0 : 2 :  1 3 ;  1 5 ;  1 7 ;  5 6) was situated in a cavity (with the same name) in 
the endocranium behind or dorso-Iaterally to the labyrinth cavity and 
mainly within the occipital region of the endocranium. By a short vessel 
from its antero-Iateral corner the sinus communicated with the v. capitis 
lateralis (cf. pls . 1 0 : 2 ;  1 7) .  A vein from the middle region of the dorsal 
sensory field, the otical vein, probably entered the canal des together with 
the nerve from this field, went in the canal vdsv (pls . 1 0 : 2 ; 1 3 ;  1 5 :2 ;  5 7 : 2) 
which connects the canal des with the occipital vein sinus, and emptied 
into the antero-dorso-median part of the sinus (cf. Stensio 1 927 ,  pp . 225 , 
2 3 0) .  In its antero-ventro-median corner the occipital vein sinus 
received the v. cerebralis posterior (vep) which came from the posterior 
part of the cavum cerebrale (cf. pls . 1 7 ;  5 6 : 1 -2) and entered the dorsal 
part of the vagus canal befare it opened into the vein sinus through a 
very short canal of its own; in some cases, however, the v .  cerebralis 
posterior went directly from the cavum cerebrale in a canal of its own 
(cf. pl. 5 6 :2-3 , in which in the same specimen both conditions are 
exposed) . The v. cerebra1is posterior probab1y drained the cerebellum 
and the medulla oblongata and received i. a .  a v .  posterior labyrinthi 
(in the canal vlabp, figs . 1 0, l l A ;  pls . 3 1 : 6 ;  5 7 : 2 ;  cf. Stensio 1 927 ,  
pls . 25-26,  V/Ilp) from the posterior parts of  the labyrinth cavity. 

The dorsal side of the inter-zonal part of the cephalic shield was 
drained in some species by veins which emptied into two pairs of 
longitudinal superficial vein trunks . The lateral one of these, the lateral 
inter-zonal (superficial) vein (vizl, pls . 8 : 1 ;  1 0 : 2 ;  2 3 : 1 ;  2 9 : 1 ;  3 2 : 4 ;  
3 3 : 1 ;  3 6 : 2 ;  3 9 : 4 ;  5 6 : 3 ; 5 9 : 1 ;  60 ; 62 : 1 ;  1 06-1 07),  drained an antero
dorso-Iateral region of the inter-zonal part or a lateral area of the 
darso-median portion of this part and in some cases also parts of the 
dorsal spine ; the extent of its area of drainage was influenced by the 
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varying development of the other superficial veins in this part of the 
shield. The lateral inter-zonal vein emptied into the postero-Iateral 
corner of the oceipital vein sinus (pl . 5 6 : 3) .  In C. signa ta a ventrai 
branch from the trunk entered the inter-zonal endoskeleton (pls . 3 1  : 4 ;  
3 2 :  1 ,  vsoev) and joined the lateral inter-zonal vein not far fram its 
entranee into the sinus. The median vein, the median inter-zonal (super
fieial) vein (vizm, pls . 1 1 :4 ;  24 : 2 ;  3 6 : 2 ;  67 :2 ; 1 00 : 3 ; 1 06-1 07) ,  when 
developed, drained through its branches a dorso-median region of the 
shield, the most posterior part of the dorsal sensory field (cf. pl. 3 6 : 2 ,  
vizms), and a n  area behind this field ; the v e  i n  entered the canal dl ' 
which als o enclosed the ductus endolymphaticus, and emerged from this 
canal into the postero-median corner of the occipital vein sinus. 

Veins from the anterior part of the neural canal which most 
probably were transforrned vertebro-medullar veins emptied into the 
oceipital vein sinus (vvm l d, vvm l s, pls. 1 3 ;  1 5 :2) or into a longitudinal 
vein, in the canal vet which came from the antero-dorso-median parts 
of the trunk cavity and opened into the antero-ventral part of the occipital 
vein sinus (this vein possibly received tributaries both from the trunk 
cavity and from the outer region of the inter-zonal part ; cf. fig .  I l  C ;  
pls . 3 1 :4 ;  3 2 : 1 ,  vvm l ' vvm z ' vvma, vvmb, vvme, vet) . The occipital 
vein sinus also received a small vein from the vagus ganglion complex 
(fig. 1 1 C ;  pl. 3 1 :4-6 ,  v) .  

It is of interest to observe that in Petromyzon veins from the most 
posterior parts of the brain and the anterior part of the med ulla spinalis, 
probably remnants of vertebro-medullar veins , empty into the v .  cere
bralis posterior (Cori 1 906 ,  pp . 50-5 1 ;  fig. 1 ;  Hatta 1 922,  p. 1 8 3 ;  
pl. 22) and that this ve in sometimes is sinus-like (cf. de Beer 1 924, 
p .  326) .  The occipital ve in sinus in the Osteostraei can be regarded as 
a widened part of the v. cerebralis posterior, and the different branches 
of the sinus as tributaries of this vein; as usual (cf. e. g .  Gelderen 
1 924) the v. cerebralis posterior joined the v. capitis lateralis laterally 
to the vagus ganglion. 

Vertebro-medullar veins which were transmitted in canals running 
from the neural canal and piercing the dorso-median part of the roof 
of the trunk cavity (vvm, vvm z , vvm :� , pls . 1 3- 1 4 ;  1 5 : 1 ;  1 6 : 2 ;  1 7 ;  
3 9 : 3) possibly opened in to the most ante ri or part of the v .  cardinalis 
posterior. In some cases a vertebro-medullar vein emptied into one of 
the dorsal segmental veins which drained the dorsal spine (cf. vvm . 1'sd. 
fig . ] 3 ;  pl. 5 6) .  

In some speeies dorsal segmental veins entered from beneath the 
postero-dorso-median portion of the inter-zonal endoskeleton and 
ascended in some cases into the dorsal spine ; superficial branches of 
them drained the dorso-median region of the inter-zonal part at the 
basis of the dorsal spine (cf. pl. 29 :  1 ,  vsdt -s; pl. 5 6 ;  fig .  1 3 , l 'S(!:-s,  
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vsds) . These dorsal segmental veins most probably discharged into 
the posterior cardinal vein. 

The v. jugularis inferior was a paired vesse1 ; it arose from the 
lateral end of the v. rostralis and the antero-median end of the 
v .  margin alis in the most anterior part of the oralo-branchial chamber 
(cf. pls . 29 : 2 ;  3 0 : 1 ,  vrs, vmarg), and went backwards probably rather 
near the floor of the oralo-branchial chamber ; it issued from this 
chamber through the lateral parts of the opening for the truncus 
arteriosus or the common opening for the truncus and the oesophagus 
(it seems rather improbable that it could have pierced the postbranchial 
wall through the small canal "fy", Stensio 1 927 ,  figs .  3 3-3 5 ; 39-40 ; 
pls . 9-1 0 ;  20 ;  cf. pp . 1 85 ,  226 ; the canal "fy" correspo'nds ti) the 
canal V x }  pl. 27 :  1 ,  this paper) . Behind the postbranchial wall the 
v. jugularis inferior probably united with the v. marginalis, and the 
common trunk thus formed joined its fellow of the opposite side of 
the shield and then opened into the sinus venosus. The v .  jugularis 
inferior probably received many tributaries from the buccal cavity and 
the gill-region, i. a. the bucco-pharyngeal veins which in C. signata 
were lodged in the grooves vbp in the anterior part of the roof of the 
oralo-branchial chamber (pls . 29 :2 ;  30 :  1 ) .  

The v .  rostralis , o f  ten widened so  as to  form a rostrai vein sinus, 
was a transversal vein, either situated in" a canal in the most rostraI 
part of the visceral endoskeleton (the ventraI rim) or partly lodged in 
a groove most anteriorly in the roof of the oralo-branchial chamber 
(vr, vrs, pls . 9 : 6 ;  29 : 2 ;  30 : 1 ;  6 1 ;  7 8 :2-3 ; 8 7 : 2 ;  1 08-1 09) .  Super
ficial vein branches from the dorsal side of the rostrai part of the head 
and from the ventraI rim emptied into the rostrai vein (vrd, pls . 6 : 2 ;  
8 : 1 ; 9 : 6 ;  1 3- 1 4 ;  1 6 : 2 ;  1 8 :2 ;  20 : 2 ;  29 : 1 ;  34 : 1 ;  3 6 : 1 ;  37 ; 6 1 ;  64 : 1 ; 
70 :  1 ) .  Laterally the v. rostralis pass ed over into the v. jugularis inferior. 

The v .  margin alis (vmarg, vmarg l ' vsmarg, figs. 1 6- 1 7 ;  pls . 9 : 6 ;  
1 8 : 1 ;  27 : 1 ;  29 : 2 ;  30 : 1 ;  3 6 : 1 ;  3 7 ;  40 : 2 ;  8 1 : 1 ;  8 3 ;  8 5 ; 8 6 : 2 ;  93 : 1 ; 
94 ;  97 : 3 ;  99 : 2 ;  1 06-1 09 ;  1 1 0 :2) was anteriorly , in the buccal region 
of the ora10-branchial chamber, in communication with the v. jugularis 
inferior. In the anterior part of its course the vein was situated either 
in a canal in the ventrai rim of the visceral endoskeleton or partly in 
such a canal and partly in a groove in the antero-ventro-lateral part 
of the roof of the oralo-branchial chamber. More posteriorly it went 
wholly enc10sed in a canal near the lateral margin of the shield . It 
went backwards to the zonal part of the shield and was here, at the 
boundary between the cephalic shield proper and the shoulder-girdle, 
widened so as to form a marginal vein sinus ; the vein issued from the 
cephalic shield through an opening in the postbranchial wall . Behind 
this wall the vein (the post-zonal part of the marginal vein) probably 
joined the v. jugularis inferior ,  as said before. 
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During its course the v. marginalis received numerous superficial 
tributaries from the dorsal side of the lateral parts of the shield (pls . 
3 7 ;  60 ; 70 : 1 ,  vms) which branches in some cases originated as far 
medially as in the region inside of the lateral sensory field, and, further
more, tributaries from the lower side of the ventrai rim. Farther back
wards , on the shoulder-girdle, superficial branches which came from 
the dorsal and ventrai sides of the shoulder-girdle proper emptied into 
the marginal vein sinus (pls . 29 : 2 ;  3 8 : 1 ;  cf. 8 6 :2 ,  vvs) .  The super
ficial v. scapularis (in the canal vse, figs . 1 6- 1 7 ;  pls . 8 :2 ;  1 2 :4-5 ; 
1 3-14 ;  1 8 : 1 ;  2 3 : 1 ;  2 8 : 2 ;  30 :2 ;  3 6-3 7 ;  39 : 3 ; 70 : 1 )  joined the post
zonal part of the v. marginalis . 

Blood frQIIl the pectoral fin was carried to the marginal vein by 
one or two vy. brachiales (vbr, vbr! , vbr2 ' v? ,  figs. 1 6-1 9 ;  pls . 1 8 : 1 ;  
2 8 : 2 ;  30 :2 ; 3 8 : 1 ;  40 : 3 ;  9 8 : 3) ;  the largest (vbr, vbr!)  of these veins , the 
main v. brachialis , emptied into the lOnal part, the other (vbr2 ' v?) 
into the post-lOnal part of the v .  marginalis . 

The lateral division of the shoulder-girdle, the cornu, both its 
superficial and deeper parts , was drained by direct or indirect tributaries 
of the marginal vein. Thus, in C .  vogti (fig . 1 6 ;  pls . 1 2 : 5 ; 1 8 : 1 ) ,  the 
only species in which their canals are known in any detail, a v. cornualis 
medialis (vern, cf. also pls . 2 8 : 2 ;  60 ; 7 1 :2) which ran along the inner 
margin of the cornu emptied into the (main) v. brachialis ; it received 
severai small vein branches, i. a .  from the upper part of the cornu (cf. 
also pls . 2 3 : 1 ;  2 8 : 2 ;  3 6 : 1 ;  37 ,  veos) . A large v. cornualis lateralis 
(vclat, see also pl. 2 8 :2) with numerous side-branches which drained 
the lateral, and mainly the antero-Iateral, part of the cornu opened 
into the lateral side of the v. marginalis, anteriorly to its posterior, 
widened part. 

During its course the v. marginalis received a series of transversal 
veins (vv. transversales ventrales) which came from the inner or ventraI 
parts of the oralo-branchial chamber ; possibly these transversal veins 
joined the v. jugularis inferior (as supposed by Stensio 1 927 ,  pp . 
1 84-1 8 5 ,  226) so that there was forrned a series of connecting cross
veins between this ve in and the v. marginalis . The canals (or some of 
the can als) for these veins (V2-V9 , vx) are exposed in pls . 26 :2 ; 27 ; 
29 :2 ;  70 : 1 ;  8 1 :2 ;  94 : 2 ;  97 : 3 ;  99 : 1 .  The ventraI transversal veins 
passed outwards to the marginal vein, the anterior ones from the ventro
lateral parts of the branchial fossae (but dorso-medially to their external 
grooves) , the posterior ones from the interval between two adjacent 
fossae ; the posterior transversal veins were situated more ventrally (and 
superficially) than the anterior ones and opened into the ventral side 
of the median, post-lOnal, division of the v.  marginalis . The first three 
transversal veins emptied into the anterior parts of the v. marginalis, 
the fourth and fifth ones into the marginal vein sinus and the most 
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posterior ones (in the canals V6 -V9 , vx) into the post-zonal division 
of the v. marginalis . The ventrai transversal veins probably arose from 
VY. nutritiae branchiales (cf. pl. 27 : 2 ;  29 :2 ,  vnbr) which ran near the 
roof of the ventro-Iateral part of the branchial fossae, and from veins 
which went in the connective capsule round the thymus (or thymus-like 
organ ; cf. pls . 27 :2 ; 29 :2 ; 30 : 1 ,  th 1-th3 )  in each branchial fossa. 

Most of the veins in the cephalic shield of the Osteostraci have by 
Stensio ( 1 927) and in this paper been compared with or homologized 
with veins in the head of Petromyzon (or fishes) . So are the v. captitis 
lateralis and the v. cerebralis posterior made homologous with the 
corresponding veins in this form (Stensio 1 927 ,  pp. 5 3 ,  74,  230-23 1 ) ,  
a procedure which seems wholly justified .  

The v .  marginalis is considered by StensiO ( 1 927 ,  pp. 1 85 .  228 ,  
368 )  to have been homologous with the v .  superficialis longitudinalis 
dorsalis. Although the homologization seems plausible, some points 
are, however, to be added. In Petromyzon the dorsal superficial 
longitudinal vein is c10sely connected by transverse commissures with 
the anterior cardinal vein (and has possibly arisen from connecting 
loops between transverse outgrowths from the anterior cardinal vein, 
cf. Hatta 1 922,  pp. 200-20 1 ) .  According to Cori ( 1 906,  pp. 76-77) 
the (deep) peribranchial (lymphatic) sinus (cf. Hoyer 1 9 3 8) in the adult 
Petromyzon which are in communication only with the anterior cardinal 
vein probably arose from the superficial vein system in the branchial 
region (of which the v .  superficialis longitudinalis dorsalis forms a 
part) . In an American Ammocoetes the superficial longitudinal vein 
which is the v. superficialis longitudinalis dorsalis is short and joins 
the anterior cardinal vein between the second and third branchial arches 
(Daniel 1 934 ,  p. 328 ) .  In the Osteostraci the v. marginalis had no 
connections with the anterior continuation of the anterior cardinal vein 
(v. capitis lateralis) but was connected (at least anteriorly) with the 
v. jugularis inferior .  

Stensio ( 1 927,  pp. 3 6 8-3 69) assurnes that the dorso-lateral 
superficial veins in the Osteostraci were probably homologous with the 
dorsal transverse superficial veins between the dorsal superficial 
longitudial vein and the anterior cardinal vein in Petromyzon, and that 
they had lost their connections with the v. marginalis because of the 
development of the lateral sensory field. It seerns, however, probable 
that this field had interfered in no way with the disposition and 
development of the superficial vessels (cf. p. 123 ; pl. 60) , and the 
homologization seems to be open to some doubt. 

On the other hand, the dorso-Iateral superficial veins 1-3 are 
considered to be represented by the v. facialis and the v. veli dorsalis 
in Petromyzon (Stensio 1 927 ,  p. 370) . The v. veli dorsalis is, however, 
a deeply situated vein in the velum and can impossibly be a transforrned 
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dorso-Iateral superficial vein . The v .  facialis arises, according to Hatta 
( 1 922,  p. 1 82) from a transverse connecting vessel between the v. capitis 
lateralis and the splanchnic v. mandibularis but this is contradicted 
by the description and figures by de Beer ( 1 924, pp. 324-327) ; here 
the v. facilis is represented as the anterior continuation of a vein which 
must be the v. superficialis longitudinalis dorsalis . The morphological 
significance of many of the different veins in the head of Petromyzon 
still seems to be very obscure (besides the examples referred to above, 
see als o the so-called v .  jugularis inferior or v. superficialis longitudinalis 
ventralis and the so-called v. cardinalis anterior or v. jugularis pro
funda) . On the whole it is very difficult or impossible to compare the 
individual veins in the Osteostraci with those in Petromyzon and every 
attempted homologization seems rather doubtful (with the exception 
of that of the v.capitis lateralis and v. cerebralis posterior) . 

The interpretation of the vascular canals given above rests in the 
main on the same basis as that of Stensio ( 1 927) and the principal 
features in this interpretation cannot, in my opinion, be subjected to 
any reasonable doubt. It can be said (cf. StensiO 1 927,  p. 23 1 )  that 
the vascular can als or, more particularly, the arterial canals in the 
Osteostraci on the whole can be readily interpreted in view of our 
knowledge of the vascular system in Petromyzon, and this fact supports 
the ide a that the vascular system in the Osteostraci ,  although in many 
respects aberrantly or more elaborately developed than in the modem 
Cyc1ostomes , nevertheless was built after the same general plan as in 
these animals . 

The scale-covered trunk division. 

In this chapter we are dealing with that part of the trunk which 
follows behind the cephalic shield. As is known, a posterior part of 
the cephalic shield is shown (Stensio 1 927) to consist of an anterior 
division of the trunk which has become incorporated into the cephalic 
shield and rigidly and without apparent boundaries coalescent with 
it; it forms here the shoulder-girdle or the zonal part and llhe inter
zonal part. 

The scale-covered trunk division is on the whole weU known in 
on ly a very small number of Cephalaspids ,  viz . in Hemicyclaspis and 
in a few Cephalaspis species (Stensio 1 932 ,  pp. 54-7 1 ;  8 1-8 3 ;  
1 02-103 ; 1 1 2 ;  1 1 5 ;  1 2 1-1 22) , in A ceraspis and HirelIa and partly 
in A teleaspis (Heintz 1 9 3 9 ,  pp . 3 8-70,  82-8 6 ,  9 1-94) . Among 
other Osteostraci it is partly known in Thyestes (Stensio 1 932 ,  pp. 59 ,  
69 ,  1 70) and very imperfectly in  Trernataspis (Rohon 1 894, pp. 
2 1 5-2 1 9 ;  Robertson 1 9 3 8a,  pp. 2 8 3-285) .  
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In the Cephalaspids the squamation of the trunk consists of the 
following different scales: a dorsal unpaired series of 1 )  the dorsal 
median scales (the scutes of the dorsal crest, the dorsal ridge scales or 
the median dorsal scales ,  the fu1cral scales and spines of the dorsal 
fins) , paired transverse rows of 2) dorso-lateral scales , 3 )  lateral scales 
(the dorso-lateral and lateral scales in eaeh row sometimes fonn a unit, 
the lateral scales in A ceraspis, Hirella and A teleaspis), 4) ventro-lateral 
scales and 5) ventrai scales . Besides these scales there are also the 
different minute scales on the caudal part of the trunk, on the anterior 
(when developed) and the posterior dorsal fins and on the caudal fin 
as weU as irregularly disposed minute scales on the ventrai side of the 
trunk. (See Stensio 1 932 ,  pp. 54-59 ;  Heintz 1 93 9 ,  pp. 3 9-70, 
8 3-85) .  

The seale-covered trunk. division of  the Spitsbergen Cephalaspids 
is very rarely preserved. Stensio ( 1 927 ,  p. 274 ; pl. 3 6 :4) deseribes a 
trunk fragment, associated with a cephalic shield (doubtfully referred 
to Cephalaspis [Securiaspis] staxrudi) . In the material treated in this 
paper we have only one specimen, in which the scale-covered division is 
associated with the cephalic shield (Cephalaspis pinnifera) . Further
more there is a detached, rather large part of this division (ENS no. 6 1 5 )  
and a small trunk fragment (in the Palaeontological Museum, Oslo) , 
both being indeterminable as to genus and species. The squamation 
of these two latter specimens agrees in all essentials, as far as it is 
preserved, with that in Hemicyclaspis or, with regard to the ventro
lateral scales, in Cephalaspis, as deseribed by Stensio ( 1 932 ,  pp. 
5 4-59) ; it can only be noted that in no. 6 1 5  there is preserved a 
dorsal erest as in Hemicyclaspis and Cephalaspis pagei but that no 
large posterior seute, as deseribed in them, has been observed in 
this erest. 

The trunk division or, more exactly, its squamation, of C. pinnifera 
will be described in some detail in sa far as it differs from that in 
other Cephalaspids . 

In C.  pinnifera (pls . 42 ; 43 :2) the transverse seale rows on the 
trunk eaeh consist of a number of dorso-Iateral scales (dis), one lateral 
scale (Is), and one ventro-lateral seale (vs); no ventrai scales are 
preserved. 

While the dorso-lateral scales in Hemicyclaspis and other Cephal
aspis speeies consist of one seale in eaeh transverse row (this seale is 
of ten seeondarily fraetured and thus seems to consist of severai scales) 
they are in C. pinnifera in most plaees really subdivided into a number 
of independent scales of different shape and size, some being long 
and rectangular, others short and quadratic . They are eonnected with 
eaeh other and with the lateral scales by simple sutures. The over
lapping ang overlapped areas in the dorso-lateral scales are much 
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narrower than those in the lateral scales ; each area is occupying only 
about one-tenth of the breadth of a dorso-Iateral scale . 

The lateral scales (Is) are built as in other Cephalaspis species 
and in Hemicyclaspis. In cross-section (fig. 22B) they are fairly thick 
in the middle third of their breadth, while the anterior and posterior 
thirds are rapidly decreasing in thickness towards the margins ; in its 
posterior third the scale is somewhat thinner than in its anterior third . 
The overlapping area of a lateral scale is about as broad as the over
lapped area, each occupying slightly less than one third of the breadth 
of the scale (as is seen in the anterior part of the scale-covered trunk 
division) . The articulating faces between the lateral and the ventro
lateral scales in each transverse row could not be made out in detail 
but seem to be developed as described in Hemicyclaspis (Stensio 
1 932 ,  p. 5 8) .  

The ventro-Iateral scales (vs) consist mainly of  a dorsal portion 
covering the ventrai part of the lateral side of the trunk ; the ventraI 
portion of the scales (at least in the anterior part of the trunk) is very 
indistinctly developed and the angle between these portions is obtuse 
and rounded. No ventro-Iateral proeesses are thus developed and there 
is no distinet ventro-Iateral ridge. 

If we now turn to the unpaired scale series in C.  pinnifera, we 
must first note, that Stensio ( 1 932 ,  pp. 59 ,  67 ,  8 8 ;  fig . 22) has briefly 
described in this same specimen what he considers to be a real anterior 
dorsal fin covered by scale-like plates, situated immediately behind the 
dorsal median ridge of the cephalic shield. 

Most anteriorly on the trunk and intercalated between the upper 
ends of the transverse rows of dorso-Iateral scales there are three very 
imperfectly preserved scales, and a fragment of a possible fourth scale ; 
the foremost one is lying just behind the dorsal spine of the cephalic 
shield. The third of these scales (pl. 42 : 1 ,  sdcr3 )  is seen to be saddle
shaped or fu1crum-like, consisting of a pair of ventro-Iateral legs and 
a narrow, connecting, unpaired part. This scale evidently corresponds 
to an anterior dorsal scute of the dorsal crest in Hemicyclaspis or some 
Cephalaspis species (Stensio 1 9 32 ,  pp. 54 ,  59) and to a median dorsal 
scale in A ceraspis and HirelIa (Heintz 1 939 ,  pp . 39-4 1 ,  5 7-5 8 ,  85 ) .  
The two anterior are very imperfectly preserved and present only in 
their ventro-Iateral parts but it is beyond doubt that they are serially 
homologous with the third scale and that they all formed a series of 
unpaired dorsal scutes belonging to the dorsal crest. From what is 
preserved of the third scute it seems very probable that it cannot have 
been very high but was of approximately the same shape as the 
corresponding one in Hemicyclaspis. 

Behind these scutes follows the structure which has been called the 
"dorsal fin" . Before describing it we must point out thilt it is very 
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Fig. 22. - Cephalaspis pinnifera. A, partly hypothetieal restoration of the dorsal erest; 
nat. size ; B ,  semi-diagrammatieal eross-seetion through three subsequent rows of lateral 

trunk seales ; X 10 .  

ca, area overlapped by the seale in front; cov, overlapping area, partly eovering the 

following Beale ; dIs, dorso-Iateral seales; drs, dorsal ridge seales; dsp, dorsal spine of 
the eephalie shield; sdcr, seutes of the dorsal erest. 

imperfectly preserved, and the anterior half is for the most part present 
as an impression of its left side. It is therefore very difficult or im
possible correctly to decipher the remains, and the following inter
pretation is thus only provisional . 

At first view the "dorsal fin" (pl. 42 : 1 ,  ti) seems to be covered 
with many scale-lik:e plates of different sizes. On c10ser examination 
(pl .  42 :2) ,  however, the "plates" are seen to be more or less continuous 
with each other so that the "dorsal fin" actually consists of one large 
undivided plate or scute, provided with long or short superficial grooves 
or with grooves or canals in its deeper parts . Possibly the anterior 
part of the plate is detached from the posterior part and constitutes a 
separate scute ; the conditions are, however, very obscure in this part 
and cannot be fully clarified. The "fin" thus ressembles the posterior 
part of the anterior dorsal fin in A ceraspis (Heintz 1 939 ,  p. 5 9 ;  figs .  
1 9-20) or possibly more c10sely the first dorsal "fin" in A teleaspis 
(Heintz 1 929,  fig . 34) .  In the posterior half of the plate the dorsal and 
postero-dorsal parts are distinetly thicker than the antero-ventral parts , 
consisting of reticular bone-tissue. The dorsal and postero-dorsal 
margins of the plate are not sharp-edged but broad and rounded. 
Viewed sideway the posterior margin of the plate is convex. No traces 
of any fin membrane are present. The basal parts of the plate are very 
imperfectly preserved and are present only on the left side ; the ventro
lateral margin of the plate is provided with severai projecting angles 
which are connected by sutures to the uppermost ends of the dorso-
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lateral scales . It seems very probable that the plate was somewhat 
saddle-shaped with a shallow basal cavity, and thus the plate would 
resemble the ventro-lateral scales of e. g. Cephalaspis pagei (Stensio 
1 932 ,  fig . 1 8 ;  cf. p. 69) much more than the normal scutes of the 
dorsal crest in Hemicyclaspis or other Cephalaspis species. 

The whole plate can be interpreted as being formed by the fusion 
of separate fu1cum-like scales like those in A ceraspis and HirelIa . It 
can be compared in this respect with the posterior dorsal scute in 
Hemicyclaspis and Cephalaspis pagei (Stensio 1 932 ,  pp. 54 ,  5 9 ,  68 ; 
pls . 2 : 2 , 4 ;  3 :4 ;  3 5 : 3 ) and in A teleaspis (Heintz 1 939 ,  p. 93 ; fig . 34) ,  
and with the fin scute in  Trernataspis (Robertson 1 93 8 <1 ,  p .  284 ;  pls . 
1 : 1 ;  3 : 3 -4 ; cf. Patten 1 9 1 2 ,  fig . 24 1 ) .  

We thus find that in  all probability the so-called dorsal fin in 
C. pinnifera is on the whole similar to that in other Cephalaspids and 
that it does not form any real fin but consists of a dorsal crest which 
is unusually high in its middle and posterior parts . 

The anterior division of the dorsal fin-fold (cf. Stensio 1 932 ,  
pp . 68-69) behind the cephalic shield i s  here interpreted a s  being 
covered in its most ventro-Iateral parts by the uppermost dorso-Iateral 
trunk scales and for the rest by a series of unpaired scutes, and, more 
precisely, by three normally developed fu1crum-like dorso-median 
scales or dorsal scutes, lying immediately behind the dorsal spine of 
the cephalic shield, and possibly one or two scutes which form the 
transition between the anterior scutes and the posterior one, which is 
a very long and rather high dorsal scute . The (in many ways) hypo
the tie al shape of the dorsal crest is shown in the restoration in 
fig .  22A.  

I f  I am right in this interpretation of  the rather obcure , actual 
remains, the difference between the conditions in C .  pinnifera and 
those in Hemicyclaspis, A teleaspis, and other Cephalaspis species,  known 
in this respect, is rather insignificant (cf. , however, C. patteni, p. 246) . 

Heintz ( 1 939 ,  p .  60) has shown that the anterior dorsal fin in 
A ceraspis (and HirelIa) is built after the same plan as the dorsal crest 
in other Cephalaspids ; there is thus only a difference in degree between 
what is called an anterior dorsal fin and a dorsal crest in the Cephal
aspids . 

Behind the dorsal crest there are preserved three dorsal ridge 
scales (pl . 42 : 1 ,  drs) of normal shape . 

Posteriorly to the se scales and above the most posterior rows of 
lateral scales the dorsal portion of the trunk is covered with rather 
small irregularly disposed scales instead of regular rows of dorso
lateral scales .  In comparison with the similar conditions in Hemi
cyclaspis (Stensio 1 932 ,  p. 56) we can assume that this irregular 
disposition of the scales was due to the influence of a posterior dor-
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sal fin situated dorsally to them. Nothing is ,  however ,  preserved of 
such a fin. 

Also the small proximal part of the caudal region of the trunk, 
which is present in the specimen, is covered with rather small irregularly 
disposed scales (pl . 42 : 1 ,  es) . 

Mode of l i  v i n g. 

The head of the Cephalaspids was always depressed and more or 
less expanded in lateral direction, especially by the development of 
flattened cornua.  The hypobranchial part of the head was horizontal ; 
the mouth was subterminal or ventrai and the branchial openings 
situated on the ventrai side. 

By reason of the weight of the cephalic shield, the enc10sure of 
the posterior part of the trunk in a sheat of derrnal plates and the 
generally depressed form of the body the Cephalaspids were probably 
rather heavy-bodied, little active and sluggish swimmers. As has been 
pointed out by Stensio ( 1 927 ,  p. 1 9) they must have been benthonic 
forms.  

It is known (cf. Stensio 1 932 ; Heintz 1 939) that the tail in 
Hemieyclaspis and allies and in Cephalaspis is heterocercal, and it can 
be noticed that these forms also had well deve10ped pectoral fins. The 
shape of the tail is unknown in such forms as e. g. Tremataspis, in 
which the pectoral fins are lacking, but from what is known of the 
caudal part of the trunk (Rohon 1 894;  Robertson 1 9 3 8 a) it seems not 
unlikely that the caudal fin was diphycercal, and this or the hypocercal 
form would, as pointed out by Robertson ( 1 9 3 8a ,  p. 1 84 ;  cf. pp. 1 85 ,  
285 ) ,  seem to b e  the most likely one from a functional point of view. 

The significance of the heterocercal (epibatic) fin has been fre
quently discussed with regard to modern fishes but it seems not yet to 
have been fully understood, as the action of the caudal fin in the 
swimming fish is moderated by many other factors in the shape of the 
body and the position of the paired fins. The most common view is 
that the action of a heterocercal fin, while propelling the fish forwards, 
drives the front end of the fish (that part of the body lying anteriorly 
to the centre of gravity) downwards while the tail of the fish is turned 
upwards (Schulze 1 893 ; Ahlborn 1 895 ; Breder 1 926 ,  p. 225 ; Rauther 
1 9 3 3 ,  p. 5 1 3) .  Experimental studies with models (Grove & Newell 
1 9 3 6 ;  Harris 1 9 3 6) have shown that the action of the heterocercal 
fin, while being propulsive, really results in a raising of the rear part 
of the fish. According to Schrnalhausen ( 1 9 1 6 , pp. 2 1 1-2 1 2) the 
heterocercal fin in connection with a trihedral trunk acts in such a 
way that it drives the fish straight forwards (cf. Rauther 1 9 3 3 ,  p. 5 1 4) .  
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In the Cephalaspids the resultant of the action of the heterocercal 
caudal fin and the weight of the cephalic shield would have turned the 
anterior part of the body downwards and this movement would perhaps 
in some measure have been counteracted by the generally trihedral 
form of the head and trunk and been regulated by adjustments of the 
pectoraI fins . The cornua probably acted as gliding-planes ("hydro
foils" ,  Westoll 1 945 , p. 3 5 0) or balancers and contributed to the 
stability of the animal. In case of reduction or absence of the cornua, 
as e .  g .  in A xin�pis, the pectoral fins possibly partly took over their 
function in having aquired the possibility to move in lateral direction 
by means of certain abductor musc1es. Possibly the Cephalaspids also 
could rest on the sea-bottom, supporting themselves on the pectoral 
fins as do the Cottids among recent Teleosts . This action would imply 
that the pectoral fins were rather movable in ventraI direction and 
the presence of this function can possibly be deduced from the shape 
of the pectoral sinus in certain forms (cf. p. 35 and Zych 1 937 ,  p. 65) .  

The Cephalaspids were certainly microphagous, much as the 
Ammocoetes larvae of recent Petromyzonts (cf. Stensio 1 927 ,  pp . 
1 9-20) . 



S y s t e m a t i e  d e s c r i p t i o n .  

Family Cephalaspididae.1 

1 927.  Cephalaspidae, StensiO. 

1932 .  Cephalaspidae in part: Cephalaspinae + Kiaeraspinae in part, Stensi6. 
1 935 .  Cephalaspidae in part: Cephalaspinae + Kiaeraspinae in part, Robertson. 
1 939 .  Cephalaspidae (Cephalaspinae + HemicycIaspinae) + Kiaeraspidae (in part?), 

Heintz. 
1 940. ? Cephalaspidae, Berg. 
1 945.  Cephalaspidae in part: Cephalaspinae + Hemicyclaspinae + Kiaeraspinae in 

part, Robertson. 

1 95 1 .  Cephalaspidae in part + Ateleaspidae in part + Kiaeraspidae, Denison ( 195 1 a). 
(Older synonyms omitted.) 

D i a g n  o s i s . - Osteostraci with cephalic shield well developed 
and extending more os less backwards on trunk. Cornua well developed 
or replaced by lateral angles on shield or entirely absent. Sensory 
fields consisting of one unpaired dorsal field and one, two, three or four 
pairs of lateral fields . Five nerve canals on each side running from 
labyrinth cavity to lateral field or fields : first nerve canal sigmoidally 
bent, proximal part lying closely to orbit ; distal part undivided or 
divided into two strong main branches. Canal for r. mandibularis 
passing down to oralo-branchial chamber between branches of first 
nerve canal to lateral sensory field or between this canal and sec ond 
canal to lateral field, very seldom just in front of first neJrve canaL 
Canal for dorso-Iateral superficial vein 3 opening into orbit or into 
canal for v. capitis lateralis closely behind orbit. Canal for postorbital 
division of v. capitis lateralis running from posterior part of orbit in 
(almost) straight posterior direction. Infraorbital sensory line running 
from lateral side of orbital opening in antero-Iateral direction over to 
lateral (viseerai) part of shield, generally traversing lateral sensory 
field, meeting its fellow of other side of shield between antero-Iateral 
ends of lateral fields. Oralo-branchial fenestra with rather small plates .  
Pectoral fins present. Scale-covered anterior dorsal fin present or 
represented by dorsal crest, covered with unpaired series of scutes. 
Posterior dorsal fin present. Squamation on trunk forrned by dorsal 
unpaired ridge-scales, transverse rows of lateral (or dorso-Iateral and 

1 This is the correct and only permissible form of the name (cf. Int. rules of 
zool. NomencIature, Art. 4). 
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lateral) and ventro-Iateral scales , and by ventrai and caudal scales . 
Exoskeleton composed of three different layers ; basal layer without 
basal cavities (except in sensory fields) ; middle layer usually with 
radiating vascular canals . 

R e m  a r k  s .  - The diagnosis given above is only preliminary 
and includes many characteristics observed only in a few forms . 

The family as here defined corresponds only to a part of the 
family "Cephalaspidae" as conceived by Stensio ( 1 932 ,  p .  74) ; it 
includes his subfamily "Cephalaspinae" and of his subfamily "Kiaer
aspinae" the first group of genera, viz . Benneviaspis, Securiaspis, 
Hoelaspis, Boreaspis and Kiaeraspis . The genera of the second group 
in this subfamily (Thyestes, Didymaspis, Sclerodus) are here considered 
as not belonging to the family. Heintz ( 1 939) follows Stensio in the 
major subdivisions of the Osteostraci, the only obvious differences 
being that he erects the new subfamilies "Hemicyclaspinae" and 
"Cephalaspinae" , and in doing this he also raises the former sub
families of Stensio to the rank of families and the families to sub
orders . The system of Robertson ( 1 945) does not diverge on prin
ciple from that of Heintz and Stensio, his "Kiaeraspinae" is of the same 
extent as in StensiO's paper, only the genus Didymaspis is placed in a 
family of its own (and two new genera, Witaaspis and Saaremaaspis) 
are added to the subfamily) . With reg ard to Berg's systematic survey 
it seems not c1ear if the family "Cephalaspidae" includes the subfamily 
"Kiaeraspinae" of Stensio or if this subfamily is placed in the family 
Thyestidae . In Denison's ( 1 95 1 a) arrangement Hemicyclaspis and allied 
genera, as weU as Witaaspis, are placed in a family of their own, 
"Ateleaspidae", Thyestes (and "Procephalaspis") is included in 
"Cephalaspidae" , and Kiaeraspis is placed in a family of its own. 

As my concept of the family differs from that of previous authors , 
and as the boundary between the family Cephalaspididae as defined in 
this paper and the other Osteostraci cuts through one of the former 
subfamilies leaving only a part of it within the family , it seems approp
riate here to discuss some of the features us ed by Stensio ( 1 932 ,  pp . 75 ,  
76 ,  1 5 1 ) in  separating the two subfamilies "Cephalaspinae" and 
"Kiaeraspinae" . As an important characteristic the disposition of the 
first nerve canal to the lateral sensory field (seil )  must be considered . 
In "Cephalaspinae" this canal runs undivided from the labyrinth cavity 
only as far as to a point just antero-Iaterally or laterally to the orbit, 
the independent branches of the canal being thus fairly long . In 
"Kiaeraspinae" the canal remains undivided for a greater distance or 
to a point about midway between the orbit and the lateral field, or else 
the canal runs undivided even as far as to the median margin of this 
field. It is evident that we have here to do with a, in reality rather 
vague, difference in degree . To this can be added that the character 
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varies considerably, as in Securiaspis kitcheni (Stensio 1 932 ,  pl .  49 : 1 ) ,  
Benneviaspis (cf. Stensio 1 932 ,  pls . 47 : 1 ;  48 : 1 ) ,  HirelIa gracilis (Heintz 
1 93 9 ,  fig . 27 ; this fact has already been noted by Westoll 1 945 , p. 3 5 1 )  
and Boreaspis robusta (p . 479 ; pl. 7 8 : 1 ,  3 ) ;  als o within the genus 
Cephalaspis irregularities occur, as in Cephalaspis sp. (Stensio 1 932 ,  
pl. 2 1 : 1 ) ,  C.  dissimulata (p . 29 1 ;  pls . 1 :2 ;  8 : 1 ) ,  and C.  eU'rhynchus 

. (p . 265 ; pIs . 4; 5 : 5 ) ; in C. excellens and C. vogti the first nerve canal 
is virtually undivided (pls. 1 2 : 5 ; 1 3 ;  1 6 : 2 ;  cf. Stensio 1 927 ,  pl. 27) .  
It  thus seems clear that the presence or absence of the branches of the 
canal seil  or, in the former case, their different length , cannot be a 
systematic character of primary importance .  It is, however, used in the 
following in the definitions of the genera within the subfamily. 

A second point in the diagnoses of the two subfamilies says that the 
r. mandibularis trigemini (in the canal V 3) passes down to the oraIo
branchial chamber either entirely behind the nerve canal seil  and its 
branches or in the space between the branches or, finally ,  entirely in 
front of this canal. The first alternative distinguishes the subfamily 
"Kiaeraspinae" and more precisely the first group of genera in this 
subfamily, viz. Benneviaspis, Securiaspis, Hoelaspis, Boreaspis and 
Kiaeraspis (here called the Kiaeraspis group) ; the second alternative is 
characteristic of the subfamily "Cephalaspinae" and the third one of the 
subfamily "Kiaeraspinae", the second gro up of genera with Thyestes, 
Didymaspis and Sclerodus (here called the Thyestes group) . 

In the first place and with reg ard to the Kiaeraspis group we can now 
observe that the canal V 3 in Kiaeraspis and Boreaspis opens into the 
oralo-branchial chamber behind the canal seil (pls . 7 8 : 3 ; 8 2 : 1 ;  8 5 ; 
8 6 : 2 ;  8 9 : 2 ;  9 1 :2 ;  93 ; 94 : 2 ;  97 : 1 ;  cf. Stensio 1 927 ,  pls . 1 4 ;  49),  in 
Hoelaspis very far laterally and ventrally to the posterior branch of the 
canal seIl (Stensio 1 927 ,  pl. 45) ,  in Benneviaspis under the posterior 
branch of the canal sei l  or possibly in front of this branch (pls . 70 :  1 ;  
7 1  :2) and that in Securiaspis the posterior branch of the canal V1 is 
disposed as in Benneviaspis while the anterior branch of the canal V;; 
opens into the oralo-branchial chamber between the two branches of the 
canal seil (pl . 62 : 1 ) ;  when the canal seil  is deeply forked (as on the 
left side in S. kitcheni, see Stensio 1 932 ,  pl. 49 : 1 ) the canal V;, is 
disposed exactly as in a normal Cephalaspis species, that is, it opens 
downwards in the space between the branches . In this connection it 
must, however, be noted that in the new speeies Cephalaspis excellens 
(p . 3 1 4) the canal V:� en ters the oralo-branchial chamber far medially 
and immediately in front of the canal seil . In the new genus 
A crotomaspis, probably related to Kiaeraspis, the canal V 3 in its 
proximal course through the visceral endoskeleton runs closely behind 
the canal sel1  but crosses the distal part of this canal on the ventrai 
side and opens into the oralo-branchial chamber just antero-Iaterally 
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to this canal (pL 1 03 :  1 ,  4) . From all this it is evident that the disp osi
tion of the canal V 3 in relation to the canal seI l  or its branches in the 
Kiaeraspis group and in Cephalaspis depends mostly upon the more 
or less deep bifurcation of the canal seIl .  As we regard !his latter 
character as of a minor systematic value it follows that this applies also 
to the disposition of the canal V 3 in Cephalaspis, as opposed to the 
conditions in the Kiaeraspis group. 

In the Thyestes group, however, the matter is different. In this 
group the canal seil is placed so far backwards that the canal V 3 runs 
considerably in front of it, and the canal for the n. facialis (VII) is 
said to behave in the same way too (cf. p .  55 1 ) .  We find also another 
fact of importance, not sufficiently observed previously, i. e. the 
different proximal course of the canal sell : in Cephalaspis and in the 
Kiaeraspis group the canal sel l ,  after leaving the labyrinth cavity, goes 
to the posterior or postero-lateral wall of the orbit and then lies closely 
to the orbit, along its postero-Iateral and lateral walls , and first at the 
antero-lateral corner of the orbit it turns in antero-lateral direction 
towards the lateral sensory field ; the canal seil is thus in its proximal 
course sigmoidally bent. In the Thyestes group, however, the canal 
sel l lies rather far posteriorly to the orbit and runs in almost straight 
direction towards the lateral sensory field. All these differences with 
regard to the canal sei l and its relation to the canal V 3 (and VII?) I 
regard as taxonomically rather important, and with the application of 
this character we cannot separate the subfamilies "Cephalaspinae" and 
"Kiaeraspinae" of Stensio but most draw the dividing-line between on 
one side the subfamily "Cephalaspinae" together with the Kiaeraspis 
group in the "Kiaeraspinae" and on the other side the Thyestes group 
in the "Kiaeraspinae" . 

The difference between the two groups in the "Kiaeraspinae" with 
reg ard to the relation of the canals seil  and V 3 is als o noted and em
phasized by Westoll ( 1 945 , p. 3 5 1 ) .  

With regard to the last character used by  Stensio in  the diagnoses 
of the two subfamilies,  the opening of the canal for the third dorso
lateral superficial vein into the orbit or into the canal for the post
orbital division of the v. capitis later alis , it is indirectly said (StensiO 
1 932 ,  pp. 76 ,  1 5 6) that exceptions occur. As seen e .  g .  in Securiaspis 
(pls . 62 : 1 ;  6 3 : 2 ;  64 : 2 ;  Stensio 1 932 ,  pL 49 : 1 ) and in Thyestes (Stensio 
1 932 ,  pls . 50 : 3 ; 5 1 : 2) it is not even a stable generic character. It can 
accordingly not be used with great confidenee for the separation of 
subfamilies or families .  

Summing up , we must consider the subfamily "Cephalaspinae" and 
the Kiaeraspis group (of the subfamily "Kiaeraspinae") to form a dis tinet 
aggregation of allied genera and as these genera most probably are more 
closely related to each other than to any of the genera of the Thyestes 
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group they are separated from this group and placed in a distinct family, 
Cephalaspididae. 

Westoll ( 1 945 ,  p .  3 5 2) has noted the unsatisfactory in the 
characters normally used in c1assifying the Osteostraci, and, after disc us
sing some of the characters, he proposes to distinguish certain assemb
lages of probably genetically related genera, and as such assemblages 
he mentions the "Hemicyc1aspinae", the "Kiaeraspinae" s . s .  (= the 
Kiaeraspis group) and the Thyestes group. 

Besides the characteristics of the family Cephalaspididae mentioned 
in the remarks above there are also some others used in the diagnosis, 
which will be discussed later in the remarks upon the other Osteostraci 
(p . 5 5 0) .  Here it will only be noted that the characters taken from the 
structure of the trunk and fins are known only in a very few forms and 
that very Httle is known of their variation and systematic value ; they 
are, however, provisionally inc1uded in the diagnosis . 

A rather remarkable fact in the morphology of the family is the 
variable development of the lateral sensory fields . In most of the genera 
they are nor.mally developed, that is, there is only a single field on each 
side of the ehield. The genus Axinaspis is, however, distinguished in 
having the single field replaced by two small fields . In Nectaspis there 
are three fields, and in A crotomaspis no less than four fie1ds are found 
on each side of the shield. In Boreaspis some species have a single field 
while in others the field is subdivided into two fields by a rather small 
intervening space . In a specimen of B .  curtirostris the lateral field, 
which in most specimens of the species is undivided and of uniform 
breadth is by a narrow interval divided into two portions (pl . 92 : 3 ) .  
A similar condition i s  seen in one specimen of  Kiaera-spis auchen
aspidoides (pl . 97 :2) .  In all these aberrant forms the nerve canals for 
the lateral fields, as far as known, are disposed in quite the same manner 
as in other normal forms . It is thus evident that merely the presence of 
two or more lateral sensory fields instead of one on each side of the 
shield is a character of minor systematic importance unless it is 
accompanied by a re-disposition of the supplying nerve canals . 

The baekward extent of the exoskeletal component of the inter
zonal part of the cephalic shield is subjeet to some variation. In 
Cephalaspis, Ectinaspis and Tegaspis it reaches backwards to some 
distance behind the endoskeleton (cf. StensiO 1 927 ,  fig . 7 ;  1 932 ,  fig 3 ) .  
In  Kiaeraspis (StensiO 1 927 ,  fig . 8) ,  Axinaspis and A crotomaspis the 
exoskeleton is greatly developed and forms a major portion of the inter
zonal part which in these genera is extended far backwards on the 
trunk. Nectaspis and Securiaspis occupy in this re speet an intermediate 
position between Cephalaspis and Axinaspis. In Benneviaspis, Hoelaspis 
and Boreaspis the exoskeleton does not extend or extends very little 
behind the endoskeleton and has thus posteriorly the same or alm ost 

16 
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the same boundary as the underlying endoskeleton . The posterior 
margin of the inter-zonal part between the posterior and the postero
lateral angles is distinctly indented so as to form an inter-zonal sinus . 

As is seen from the following systematic account the family 
Cephalaspididae inc1udes many forms,  differing widely in their habitus 
but forming a rather homogenous group with regard to the internal 
structures of their shields . At present it does not seem necessary or 
advisable to divide the family into subdivisions of lower order more 
than the two subfamilies Ateleaspidinae and Cephalaspidinae (after 
Heintz 1 939) .  Within the subfamily Cephalaspidinae we can, however, 
place some of the genera in separate groups, each inc1uding genera 
supposed to be genetically related, and representing distinct evolutionary 
lines within the family. Besides the characters mentioned below there 
very probably are other anatomical structures which will distinguish 
the different groups. 

One such group of genera is forrned by Benneviaspis, Hoelaspis 
and Boreaspis, and is characterized by the exoskeleton not extending 
much behind the endoskeleton on the inter-zonal part of the shield, 
which has distinct and of ten deep inter-zonal sinus , by the lateral 
sensory fields extending with a postero-median process on to the zonal 
part in front of the pectoral sinus or even farther backwards on to the 
inter-zonal part, by the first nerve canal for the lateral sensory field 
being undivided or divided into two branches only to about midway 
between the field and the orbit, by the absence of a dorsal median ridge 
on the inter-zonal part, and by a similar structure of the exoskeleton 
and the development of the mucous canal system. The genera Hoelaspis 
and Boreaspis are in fact very similar and the former may be considered 
a possible ancestor to the latter . 

Ectinaspis approaches this group in some respects (see p .  443) .  
T egaspis shows a similar disposition of the first nerve canal of the 
lateral sensory field as in the genera just mentioned, and a similar shape 
of the lateral sensory field as in Boreaspis; in other respects , however, 
the genus is  quite dissimilar and has probab�'y no very close affinity 
either to the genera Benneviaspis, Hoelaspis and Boreaspis or to 
Ectinaspis. Tegaspis would possibly, through the species Cephalaspis? 
pedata, seem to be related to Cephalaspis. 

A sec ond group within the subfamily is forrned by the genera 
Kiaeraspis, Axinaspis and A crotomaspis, representing another line of 
evolution ; the group is distinguished by the very sl ight or even non
development of the cornua and by the gre at extent backwards of the 
inter-zonal part, the exoskeleton of which is closed ventrally, by the 
undivided first nerve canal for the lateral sensory fields, and by the sub
division or tendency toward subdivision of the lateral sensory fields .  

The genus Nectaspis may possibly in some way be genetically 
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related to these last mentioned genera, but differs from them in some 
important features : the inter-zonal part is not extended very much back
wards on the trunk and is furthermore not c10sed ventrally , on the 
other hand the preorbital part of the shield is rather strongly developed 
and a high velar ridge is present. The subdivision of the lateral fields 
has in this genus gone rather far, and the lateral field on each side of 
the shield is constantly replaced by three small fields . 

The genus Securiaspis is apparently not c10sely related to any of 
the afore-mentioned genera and appears to be most nearly allied to 
Cephalaspis but it is not possible now to point out the particular species 
group in this genus to which it would be genetically connected. The 
genera Cephalaspis and Securiaspis may thus form a third group but it 
must be emphasized that the genus Cephalaspis may possibly turn out 
to be a heterogeneous assemblage inc1uding disparate elements . thus 
representing severai evolutionary lines . 

Subfamily Cephalaspidinae. 

D i a g n  o s i s . - A subfamily of Cephalaspididae with cephalic 
shield provided with cornua, these sometimes represented by lateral 
angles on shield. Pectorai sinus usually present . Pectoral fins well 
separated from cephalic shield and from trunk. Inter-zonal part of 
shield long or short, its exoskeleton generally c10sed ventrally . Lateral 
sensory field on each side of shield single or subdivided, posterior part 
of field or posterior field reaching far backwards, ending on cornua or 
on inter-zonal part. 

G e n  e r a : Cephalaspis Agassiz, 1 8 3 5 ,  Benneviaspis Stensio , 
1 927,  Hoelaspis Stensio, 1 927 ,  Boreaspis Stensio, 1 927 ,  Kiaeraspis 
StensiO, 1 927 ,  Securiaspis Stensio, 1 932 ,  Ectinaspis n.  g. , Tegaspis n.  g . ,  
A xinaspis n.  g . ,  A crotomaspis n.  g . ,  Nectaspis n .  g .  

Genus Cephalaspis Agassiz . 

1 8 35. Cephalaspis in part, Agassiz, p. 1 3 5 .  

1 870a. Cephalaspis in part (subgenera Eucephalaspis + Zenaspis), Lankester, p .  4 3 .  
1 89 1 .  Cephalaspis in part, Woodward, p .  1 77 .  

1 927. Cephalaspis i n  part, Stensio, p .  246. 
1 93 2. Cephalaspis, Stensio, p .  87 .  

D i a g n  o s i s . - A cephalaspid genus with cephalic shield more 
or less triangular in outline, rostral part rounded, angular, or protracted 
jnto a short rostrai proeess. Cornua well developed, projecting in poste
rior or postero-lateral direction, generally extending backwards behind 
level of posterior angle of inter-zonal part. Pectoral sinus generally 
weU defined . Inter-zonal part generally short . Sensory fields well 
developed, consisting of one dorsal, and two lateral fields ; lateral 
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fields extending backwards at least to basal part of cornua, without 
any distinet postero-medial corner or proeess on to zonal part in front 
of pectoral sinus. Orbital openings generally situated before midd le of 
length of cephalic shield in median line. Common naso-hypophyseal 
opening or separate nasal and hypophyseal openings. First nerve canal 
for lateral sensory field generally divided into two branches just ante ro
laterally to orbit, exceptionally running undivided to lateral field . Canal 
of dorso-Iateral superficial vein 3 generally opening into postero-dorso
medial corner of orbit. Middle layer of exoskeleton with radiating 
vascular canals . 

T y P e s p e c i e s .  - Cephalaspis lyelli Agassiz (Woodward 
1 89 1 ,  p. 1 79) .  

R e m  a r k  s .  - The diagnosis given above c10sely follows in 
part that of Stensio in his monograph of the Cephalaspids of Great 
Britain ( 1 932 ,  p. 8 7) but is altered in some respects owing to the 
inc1usion in the genus of some aberrant species . Some of these points 
will be considered below. 

In most of the species the first nerve canal for the lateral sensory 
field (seIl )  divides just antero-laterally to the orbital openings into 
two strong branches , and this disposition is thus the normal one for the 
genus . In the speeies C. excellens and C. vogti, however, the canal runs 
undivided as far as to a point just medially to the lateral field and 
here divides into small diverging branches in the same manner as do 
the other nerve canals for the lateral field . The disposition of the canal 
is thus seemingly the same as in e. g. Boreaspis, Hoelaspis, and Kiaer
aspis and this condition would be thought to indicate a nearer kinship 
of C. excellens and C. vogti to these genera than to Cephalaspis and 
thus also to justify their placing in a separate genus. We must, however, 
observe that the canal seI l  mainly lies behind the canal V:1 in the two 
speeies in question whereas in Boreaspis and others the canal seil  in 
the main part of its course lies in front of the canal V:� . The case is , 
furthermore, complicated by the conditions in some other speeies , 
which seem to deprecate a taxonomical procedure just suggested. In 
one speeimen of C.  dissimulata the canal seIl  is undivided just as in 
C.  excellens and C. vogti but in another speeimen of the same speeies 
the canal is divided into a rather wide anterior and a posterior somewhat 
narrower branch (pl. 1 : 2) .  Furthermore in a Cephalaspis species from 
Great Britain, figured by StensiO ( 1 932 ,  pl. 26 : 1 ) ,  the canal seIl 
("seIl

'
" "seI2 ") on the left side is divided in to two branches, althowsh 

the branching takes place somewhat more antero-Iaterally than in most 
of the Cephalaspis speeies ; on the right side of the same shield, however, 
the corresponding canal ("seI2 ") runs undivided as far as to the lateral 
field. All this seems to indicate that the development of the fi rst 
nerve canal for the lateral sensory field is not always a stable character 
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in the genus, and that it can vary not only in the same species but also 
within the same specimen. The fact that anomalies may occur in the 
development of the nerve canals for the sensory fields is furthermore 
proved by the conditions in a specimen of Boreaspis macrorhynchus, 
where on the left side of the cephalic shield there are six nerve canals 
as against the normal number of five (see p. 493 and pl. 95 :2) .  In 
C. excellens there is also another aberrant feature, i .  e .  the presence 
of separate openings for the nasal and the hypophyseal ducts ; this 
character, however, also occurs in C. eurynotus and C. dissimulata (in 
same specimens) , in other respects quite typical Cephalaspis spedes, 
and thus seems to be of slight importance in systematic respect. It is 
impossible to draw a distinct dividing line between on one side a 
supposed segregation, inc1uding C.  excellens and C.  vogti, and on the 
other side the genus Cephalaspis, and as the two species in other respects 
are quite Cephalaspis-like, they are here included in the genus Cephal
aspis . In this connection it can be noted that the canal seil  in Cephal
aspis, as a rule, is either divided centrally to near the orbit or else is 
altogether undivided ; intermediate stages are seldom met with (see 
C. eurhynchus, p. 265) .  The presence of an undivided canal sell  in 
the species mentioned can be explained as an abortion of the rudiment 
of one of the branches of the canal during the ontogenetic development, 
which in some species (C. dissimulata) occurs only occasionally but in 
others (C. excellens, C .  vogti) has become the rule . Jf this be true, the 
presence of an undivided canal is in these cases a secondary character 
of no great phylogenetic and systematic importance. However, the 
conditions in these two later species can possibly be a vestige of a more 
primitive stage such as exhibited in e .  g. Thyestes. 

In the definition of the genus given above attention is paid only 
to the characteristics of the cephalic shield in order to make it uniform 
with those of the other genera, in which the scale-covered trunk is 
unknown. Stensio ( 1 932 ,  pp. 87-8 8) has inc1uded in his definition 
also severaI features taken from the scale-eovered trunk division and 
the fins : "Trunk generally triangular in cross-section. Pectoral fins 
well developed. Anterior dm"sal fin represented only by long dorsal 
erest, consisting of an unpaired series of large scutes .  Posterior dorsal 
fin situated far backwards with strong anterior spine eomposed of 
fu1cral scales . Caudal fin heteroeereal but with vestiges of ventraI axis 
supporting a partly independent lobe. Squamation consisting of unpaired 
seutes of dorsal crest and unpaired ridge-scales dorsally, and under 
these in each transverse row, one or more dorso-Iateral scales , one 
lateral scale, one ventro-Iateral scale (in front perhaps two or three) 
and severaI ventraI scales . Ventro-Iateral scales of each row extending 
medially to cover lateral part of ventraI surface of trunk."  The sentenee 
about the caudal fin must, however, (after Heintz 1 9 3 9 ,  pp. 65-68 ; 
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fig . 25)  be altered to : Caudal fin heterocercal, in antero-ventral part 
with horizontal membrane . 

The c1assification of the family is at present necessarily built upon 
differences in the structure of the cephalic shields. 

Cephalaspis is here, as by Stensi6 ( 1 932 ,  p .  8 8) ,  regarded as a 
provisional genus, and for the reception in it of most of the species 
referred to it, we only inc1ude in the diagnosis characters taken from 
the cephalic shield. 

The "Cephalaspis-like species from Spitsbergen" (C . pinnifera in 
this paper) , which according to Stensi6 ( 1 932 ,  p. 8 8) must be exc1uded 
from the genus and placed in a new genus , is a true Cephalaspis, even 
if the genus is taken in a restricted sense, since the so-called dorsal 
fin is built essentially like a dorsal crest. 

In this connection we can remark that the conditions in C. patteni 
seem to be somewhat aberrant with regard to the dorsal fins . The 
remains are , however, rather obscure, and it is difficult to get a c1ear 
picture of the structures . From the restoration given by Patten ( 1 9 1 2 ,  
fig . 234) and the description of the same specimen b y  Robertson ( 1 936 ,  
pp . 29 1-292) i t  seems established that there i s  a very long dorsal fin, 
evidently covered by lepidotrichia-like scales and very probably, at least 
in part, representing the posterior dorsal fin in the other species ; nothing 
is known whether there was a small separate anterior dorsal fin or dorsal 
crest or not, nor if the anterior and posterior dorsal fins forrned a single 
continuous fin. 

The majority of the Cephalaspis species are, as said above, known 
only from their cephalic shields . Many species included in the genus, 
are furthermore unknown as to the inner structure of the shield, and 
these species are thus, because of their resemblance to better known 
species, placed more or less provisionally in the genus . 

The definition and determination of the Cephalaspis species was 
rather difficult already before now (StensiO 1 932 ,  p .  89) ,  and with the 
increase of the number of species , which is the result of the working 
up of the new collections from Spitsbergen, this is rendered much more 
difficult still . In many cases the specimens can be specifically deter
mined only after a thorough consideration of a large number of charac
ters and a careful comparison with other specimens . The cephalic 
shields must thus be rather completely and well preserved, and when 
this is not the case the specimens must of ten be left undetermined. 

A number of characters used for distinguishing the different species 
is given by StensiO ( 1 927,  p. 246 ; 1 9 32 ,  p. 8 8) ,  and these characters 
together with a few others are used also in the present paper. The 
characters or group of characters are considered below with short 
remarks on their applicability and their variation (the characters relating 
to the structure of the trunk and fins are omitted as they are not appli-
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cable to the Spitsbergen material, in which the species in almost a ll 
cases are known by their cephalic shields only) . 

T h e  s i z e o f t h e  s p e  c i e s (as indicated by the size of 
the cephalic shield) : there seems to be very little variation in the size 
of the shield in each speeies (as is noted before, p. 5 2) ,  the shields 
preserved are always from fullgrown individuals , those of the juvenile 
ones were not ossified and have thus not been fossilized) ; the variation 
on the length of the shield in a single species seems to be at most 
about 20 % of the mean length. T h e  g e n  e r a l s h a p e a n d  
p r o p o r t  i o n s o f . t h e  s h i e l d : this is generally expressed 
in the diagnoses only by stating the relation of the maximum breadth 
to the length in the median line ; these statements must not be taken 
too literally in such cases where the material of the species is limited 
and the variation is unknown. In severai instances (see e .g .  C. excellens, 
C .  hyperboreus) is has namely been found that the variation is rather 
great in this respect. In some speeies the shape of the shield is also 
described by stating if the shield narrows more or less anteriorly, if the 
lateral margins are rounded or straight, and if antero-Iateral angles are 
present. T h e  c o n f i g  u r a t i o n o f t h e  r o s  t r a l m a r g  i n 
o f  t h e  s h i e l d : the rostrai margin is either broad or narrow, in 
each case broadly or narrowly rounded, with or without a distinet 
rostrai angle, and is sometimes protracted in a short rostral proeess of 
varying form. T h e  s h a p e, d i r  e c t i o n, l e n  g t h a n d p r 0-
p o r t  i o n s o f  t h e  c o r n u a :  These features seem to  be  rather 
unvarying within the species , and they are used constantly in the 
diagnoses for separating the different speeies ; the length of the cornua 
is (after Stensio) given in relation to the distance of their tips from 
the rostrai end of the shield. A pectoral angle has not been found in 
the species described be1ow. If present, it is only marked in the exo
skeietal rim bordering the dorsal margin of the zonal part (in some 
instances its presenee see,ms possibly to be explained as an imperfeetion 
in the preservation of that rim, cf. C. borealis, C. acuticornis, StensiO 
1 927 ,  pls . 1 : 3 ;  2 :4) . T h e p r e s e n e e  o r  a b s e n e e  o f  
d e n  t i e I e  s o n t h e  c o r n u a :  this is apparently a good specific 
charaeter ; the dentic1es must not be confused with long or pointed 
tuberc1es occurring as ornamentation on the outer face of the exo
skeleton of the shie1d and thus also on the margins of the cornua (see 
e . g .  C . powriei, p. 3 1 8) .  T h e  s h a p e  a n d  e x t e n t  b a c k
w a r d  s o f t h e  i n t e r  - z o n a l  p a r t : the breadth (given in 
re1ation to the maximum breadth of the shie1d) is rather characteristic ;  
the length seems to  be somewhat variable ; the extent backwards of 
the posterior angle in relation to that of the postero-Iateral angles is 
used as a separating charaeter ; the height of the inter-zonal part is 
seldom noted as in most species it  is rather inconsiderable, and as the 
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speeimens may be somewhat flattened dorso-ventrally the actual height 
cannot be positively stated and the varying state of preservation obscures 
the real differences . T h e  a b s  e n e  e o r p r e  s e n  c e, s i z e 
a n d  s h a p e o f a d  o r s a l r i  d g e o r s p i n e o n t h e i n t e r
z o n a l p a r t : these are features weU characterizing the species ; 
however, as constituting the highest point of the shield , this part is 
much subject to destrue tion during fossilization, and is thus of ten 
badly preserved or absent (see e. g. C. signala, p. 3 5 0) .  T h e  s h a p e 
a n d  e x t e n  t o f t h e  s e n  s o r y f i e l d  s :  these are relatively 
constant characters , the dorsal field can, however, vary somewhat in 
shape (see C. hyperboreus, p. 3 06) ; the lateral fields are subject to 
some variations in their extent backwards on the cornua ;  the small 
indentations of ten seen in the median margins of the field are variable 
and of no differentiating value ; in many speeies the lateral field is 
characteristically bent in the middle of its length in such a way that 
the posterior half of the field comes closer to the lateral margin of the 
shield than the anterior half. T h e  s i z e a n d  p o s i t  i o n o f 
t h e  o r  b i t  a l o p e n  i n g  s :  the size of the orbital openings in 
proportion to the size of the shield is sometimes a charaeteristic feature ; 
the outer parts of the circum-orbital rim (when present) must, however, 
be completely preserved and representing the real margins of the orbital 
opening ; when the cireum-orbital ridge is abraded the "orbital opening" 
looks larger than it had actually been ; the position of the orbital 
openings in relation to the rostrai and the posterior end of the shield 
or, when the posterior parts of the shield are not preserved , to the 
pectorai sinus , is given, and this character seems to vary within rather 
narrow limits. T h e  p r e  s e n  c e o r a b s  e n e  e o f a n i n d e
p e n  d e n  t p i n  e a l p l a t e; the actual pineal plate , when present, 
is never preserved in the Spitsbergen material , but its presenee is 
indicated by the pineal groove or fissure . T h e  d e v e  l o p m e n  t 
a n d  s t r u  c t u r  e o f t h e  e x o s k e i  e t o n ,  i t s o r n a  m e n  t a
t i o n, a n d  t h e  d e v e  l o p m e n  t o f t h e  ill u c o u s c a n a l 
s y s t e  m,  i f e n c l o s  e d i n t h e e x o s k e i  e t o n :  the develop
ment and the ornamentation of the exoskeleton can vary within the 
single speeies and must thus be us ed with caution as specific characters ; 
in most cases , however, they seem to be rather constant ; it must also 
be noted that the exoskeleton and its ornaments as well as the mucous 
canal system can be differently developed in different parts of the same 
shield and that when comparing these characters in different shields 
one must try to compare them in corresponding parts of the shields . 
T h e  s e n  s o r y l i n e s y st e m :  the eharacters from this system 
are not used as a specific charaeter ; when differences are seen in the 
species , they are probably most of ten due to failure in tracing the 
sensory lines as dis tinet grooves. 
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As will be seen from the descriptions of the species given below, 
rather many of the speeies are founded on a single speeimen. This is 
done when the speeimen exhibits dis tinet differentiating characters and 
the speeies seems not likely to be confused with other species . In such 
cases the diagnosis of the species is , of course, only preliminary. In 
many instances the material of the different species is furthermore too 
scanty to supply adequate information on the variability and the limits 
of the species. Also in these cases the diagnoses can only be said to be 
preliminary. Some of the speeies described below may possibly be 
proved in the future to be only forms of other rather variable species 
(see the remarks to C. ibex and C. hastata, C. exilis and C. retusa); with 
our present knowledge it seems in such cases better to separate the 
different forms that can be distinguished than to unite them into larger 
units . 

Fifty-eight na.med speeies of the genus Cephalaspis are now known 
from Spitsbergen ; seventeen of them were known to Stensio in 1 927 
and thirty-nine are described as new in this paper. It must, however, 
be noted that in this paper I apply a much narrower conception of 
species than Stensio, and that severai of his species have been thought 
to be complex units and have accordingly been subdivided, each into 
two or more species. 

Two of the Spitsbergen species originally placed in Cephalaspis 
have been transferred to other genera, viz . C. staxrudi, which, as 
already mentioned by Stensio ( 1 932 ,  pl. 1 60 ;  cf. Save-Soderbergh 
1 94 1b ,  p. 239 ,  footnote ; Denison 1 95 1 a, pp . 1 5 9 ,  1 9 1 ) ,  belongs to 
Securiaspis, and C. kolleri, which is now placed in the new genus 
Tegaspis. 

For comparison I shall give below an enumeration also of the 
speeies of Cephalaspis known from other countries . From Great Britain 
twenty-two speeies are described (see Stensio 1 93 2 ;  White 1 935b), and 
from Canada eight speeies (Lankaster 1 870b ;  Whiteaves 1 8 8 1 ; Traquair 
1 890,  1 893 ; Robertson 1 93 6 , 1 937) ,  two species are known so far from 
Podolia (Zych 1 9 3 7 ;  Pauca 1 94 1 )  and one speeies from Germany 
(Gross 1 93 3 a) .  Two speeimens, inappropriately attributed to C.  lyelli, 
are recorded from Northern Franee by Leriche ( 1 906,  p. 3 7 ;  cf. Stensio 
1 932 ,  p. 1 22) .  One species is described from the United States (Bryant 
1 93 3) ,  but is too imperfectly preserved to allow a definite generic 
determination. One species described as a Cephalaspis species (C. oesel
ensis) from the Isle of Saaremaa (Robertson 1 9 3 9b) , although imper
fectly known, does certainly not belong to this genus. 1 

1 The species is referred by Denison ( 1 9 5 1 a, pp. 1 59 ,  1 9 1 )  to a new genus, for 

which the name "Procephalaspis" is proposed; this name is, however, not valid accOf
ding to the Int. Rules of zool. NomencIature, Art. 23c.  
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The speeies hitherto recognized (and named) in the genus Cephal
asp is, their provenience and geologi c age are as follows : 

From Great Britain (starting from the revision by Stensio 1 932) :  

C.  acutirostris Stensio (Dittonian) 
C. agassizi Lank. 
C. eradleyensis Stensio 

(also in Spitsbergen) 

C. fletti Stensio 

C. heightingtonensis 

Stensio 
C. jacki White 
C. langi StensiO 
C. lallkesteri StensiO 
C. lornensis Traq. 
C. lyelli Ag. 

(?) 

(?) 

C. magnifiea Traq . (Mesodevonian) 

C. pagei Lank. (Dittonian?) 
C. powriei Lank. (Dittonian?) 

(also in Spitsbergen) 

C. salweyi Egert. 

C. sollasi Stensio 

C. spinifer Stensio 

C. traquairi Stensio 
C. watsoni Stensio 
C. websteri Stensio 
C.  whitbaehensis 

StensiO 

C. whitei StensiO 
C. woodwardi Stensio1 

? 
(Ditto ni an) 

(?) 

(?) 
(?) 

(?) 

From Podolia (very probably Dittonian, see p .  ) : 

C. bucovinensis Paucii 

From Germany (Siegenien) : 

C. diensti Gross 

From Canada: 

C. acadiea Roberts. 
C. campbelltonensis 

Whiteaves 

C. canadensis Roberts. 
C. dawsoni Lank. 

(Eodevonian ?) 

From U.S .A.  (Eodevonian) : 

C? wyomingensis Bryant 

From Spitsbergen: 

C. aarhusi n. sp. (Dittonian) 
C. acuminata n.  sp . 
C. aeutieornis Stensio (V. Eodevonian?) 
C. apicalis Stensio (Dittonian) 
C. aretieus Stensio 
C. borealis Stensio (V. Eodevonian?) 

C. brevicornis Sltensio 
C. brol/ghi n.  sp. (Dittonian) 

C. kozlowskii Zych 

C. jexi Traq. 
C. laticeps Traq. 

C. patten i Roberts. 

C. rosamundae Roberts. 

C. caroli n. sp . 
C. corystis n. sp . 
C. eradleyensis Stensio 

(also in Great Britain) 
C. erofti n. sp . 
C. eurta n. sp . 
C. deltoides n. sp . 

C. dissimulata n. sp . 

(Eodevonian ?) 
(N eodevonian) 

(V. Eodevonian) 
(Dittonian) 

(V. Eodevonian) 
(Dittonian) 

l With our present knowledge of the speeies and of the genus Cephalaspis in 

general the transfer of this species to a new genus ("Stensiopelta"; not valid name ; 
Denison 1 95 1 a, pp. 1 59 ,  1 9 1 )  is unwarranted. 



C. divaricata n. sp. 
C. doryphorus n. sp . 

C. eukeraspidoides 

Stensio 
C. eurh�nchus n.  sp . 

C. eurynotus n. sp . 
C. excellens n. sp . 

C. exilis n. sp. 

C. fØyni n. sp . 

C. fracticornis n. sp . 

C. gracilis Stensio 
C. gigas n. sp . 
C. hastata n. sp . 
C. h eintzi StensiO 
C. høegi Stensio 
C. hoeli StensiO 
C. hyperboreus n. sp . 

C. ibex n. sp . 
C. isachseni Stensio 
C. jarviki n. sp. 
C. lanternaria n.  sp . 
C. lata StensiO 
C. laticornis Stensio 

25 1 -

(Dittonian) 

(V. Eodevonian) 

(Dittonian) 
(V. Eodevonian?) 
(Dittonian) 

(V. Eodevonian?) 
(Dittonian) 

(Siegenian) 

(D. Eodevonian?) 

(V. Eodevonian) 

C. menoides n. sp . 

C. metopias n. sp . 

C. moy-thomasi n. sp . 

C. ob/onga StensiO 
C. oreas n. sp. 
C. pinnifera n. sp . 

C. platycephalus n. sp . 

C. powriei Lank. 

(V. Eodevonian?) 
(Dittonian) 

(V. Eodevonian?) 

(V. Eodevonian) 
(Dittonian) 

(also in Great Britain) 

C. producta n.  sp . (V. Eodevonian) 
C. pygmaea n. sp. (Dittonian) 
C. recticornis n. sp . 
C. retusa n. sp . 
C. semicircularis n. sp . 
C. signata n. sp. 

C. sinuata n. sp . 

(V. Eodevonian ?) 
(Dittonian) 

C. spitsbergensis Stensio 

C. tenuicornis n.  sp . 
C. verruculosa n. sp . 
C. vogti StensiO 

C. watneliei StensiO 
C? pedata n. sp. 

" 

(Siegenian) 
(Dittonian) 

The number of species will certainly increase considerably in 
future . There are for instance many species from Podolia not yet 
described (Zych 1 937 ,  pp . 50-5 1 ) ,  and in the collections from Spits
bergen there are many remains, probably belonging to Cephalaspis, 
whieh are on one side too fragmentary to be described as new speeies 
but on the other hand too differently shaped as to be placed in any of 
the known species .  These fragments thus indicate that here the fauna 
is still rieher in Cephalaspis species than is apparent from the following 
account. 

As to the geologie range of the genus it may be noted that Cephal
aspis is not known from horizons older than the Dittonian ; the youngest 
species come from layers (in Canada) of a Lower Neodevonian age . 

Almost all the speeies from Spitsbergen are geographically confined 
to this faunal area, and only two speeies are previously known from 
another area, viz. C. cradleyensis and C. powriei, whieh occur also in 
Great Britain . 

Among the Spitsbergen Cephalaspis species some groups of species, 
whieh are apparently very c10sely related to each other, can be distin
guished. The following species can be placed together in different 
groups . C. excellens and C. vogti are, as mentioned above, c10sely akin, 
and form a very distinet species group, whieh is possibly related to 
C.  hyperboreus. A sec ond group of similar species is forrned by 
C.  hoeli, C .  exilis, C .  retusa, and C.  dissimulata (all formerly inc1uded 
in C. hoeli); C. eukeraspidoides may also belong here. C. corystis, 
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C.  hastata, C .  ibex, and C.  isachseni are c10sely related, and constitute 
a separate species group, to which also C. signata may belong. A 
further group is forrned by C.  sinuata, C .  tenuicornis, C .  verruculosa 
and possibly als o C.  arctic us and C. cro/ti. C . laticornis, C . •  semi
circularis, C. menoides, and C.  moy"thomasi may belong to another 
species gro up , and, finally, the species C. caroli, C. høegi, C. gigas, 
C. lanternaria, and possibly C. lata, which evidently all are nearly 
related, constitute one group, probably c10sely akin to the preceding 
group. The two last mentioned groups, when better known, could 
possibly turn out to be related to C. pinni/era . An imperfectly known 
species , provisionally placed in Cephalaspis (C? pedata) may possibly 
be a transitional form to the genus Tegaspis. Some of the remaining 
species may be c10sely allied to each other but do not seem to belong 
to distinct species groups.  Their supposed relatives are mentioned in 
the remarks on the separate species . Other species may belong to any 
of the above-mentioned groups but are too imperfectly known as to 
allow a definite state ment in this respect . Some species seem to stand 
rather isolated systematically (e. g. C. recticornis, C. doryphorus. 
C. metopias) . 

A. S p e  c i e s f r o m t h e  R e d  B a y s e r  i e s (s p p.  1 - 3 5) .  

1 .  Cephalaspis aarhusi n. sp. 

(Fig. 23 ; pl. 1 : 1 . ) 

D i a g n  o s i s . - A Cephalaspis speeies of fairly large size with 
maximum breadth of cephalic shield nearly one and a half times as 
great as length of shield in median line . Rostrai end of shield narrow, 
without rostrai angle . Cornua fairly stout and rather long, projecting 
in posterior and slightly lateral direction ; their length equalling about 
one-third of distance of their tips from rostrai end of shield . Inner 
margin of cornua without dentic1es. Pectoral sinus rather broad and 
shallow. Inter-zonal part short and rather narrow, its breadth being 
contained about three times in maximum breadth of shield . Dorsal 
sensory field small , about twice as long as broad . Lateral sensory fields 
narrow anteriorly, rather broad in posterior half, reaching backwards 
on to middle parts of cornua. Orbital openings small ; distance of orbit 
from rostrai end of shield and from pectoral sinus about equal. Small 
independent pineal plate probably present. Outer parts of exoskeleton 
subdivided into polygon al are as by narrow circum-areal mucous grooves . 
Outer face of exoskeleton in major part of shield smooth ; small tuberc1es 
on zonal part. Mucous canal system situated in circum-areal gro oves 
and in intra-areal canals . Polygon al areas small in proportion to size 
of shield. 
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Fig. 2 3 .  - Cephalaspis 

aarhusi n. sp . Restoration 
of the cephalic shield in 
dorsal view. After the 
holotype (ENS no. 487).  Y2 .  

H O l o t  Y P e .  - Cephalic shield (ENS no. 487) .  
M a t e r i a l .  - The material referable to  this species consists 

of the holotype only, an imperfeet cephalic shield, partly in counter
part, laeking the left cornu and adjacent parts as well as a small dorso
median portion of its inter-zonal part. 

D e s  c r i p t i o n .  - The dimensions of the holotype are as 
follows : The length of the cephalic shield in the median line is estimated 
at maximally 1 1  cm; the distance of the tip of the cornu from the rostrai 
is about 1 5 . 6  cm; the maximum breadth of the shield, which lies 
between the middle parts of the cornua, is estimated at about 1 5  cm; 
the breadth of the inter-zonal part between the postero-Iateral angles 
is 5 . 6  cm; the distance of the pineal fissure from the rostrai end of the 
shield is 5 . 1  cm; the height at the posterior end of the preserved portion 
of the inter-zonal part is estimated at about 3 . 5  cm. The species had 
thus attained a rather large size. 

Taken as a whole the cephalic shie1d is moderately broad, the 
maximum breadth, however, exceeding not inconsiderably or, more 
precisely, nearly one and a half times the length in median line ; the 
anterior half of the shield is rather narrow, and also the inter-zonal 
part is narrow. The shield slopes gently and almost uniformly from 
the posterior end of the dorsal sensory field to the rostrai end of 
the shield. 

The rostrai margin is sharply rounded but certainly without any 
rostrai angle ; it passes imperceptibly into the slightly convex lateral 
margins. �he cornua, which project in a posterior and slightly lateral 
direction, reach backwards far behind the posterior end of the shield ; 
their length is contained three times in the distance of their tips from 
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the rostrai end of the shield . The cornua are rather stout and broad in 
their proximal part but taper rapidly to the slender and somewhat more 
straightly posteriorly directed distal part ; they are much flattened dorso
ventrally. The inner margins of the cornua are devoid of denticles .  The 
pectoral sinus are rather well defined but bro ad and shallow, uniformly 
concave without any antero-median or antero-Iateral corner ; in shape 
they rather much resemble those of C. lankesteri . The inter-zonal part 
is short ; its breadth between the postero-lateral angles is only slightly 
more than one-third of the maximum breadth of the shield ; it is 
comparatively high ; the most dorsal part is not preserved but it seems 
very likely that there had been a median dorsal ridge ; whether this ridge 
continued posteriorly as a dorsal spine, or not, can, however, not be 
determined. The dorsal sensory field is comparatively small, about 
twice as long as broad with truncated anterior and posterior margins ; 
its anterior margin lies immediately behind the pineal fissure ; the 
distance of the posterior margin of the field from the posterior end of 
the inter-zonal part is not exactly known, but is in any case greater 
than the length of the field. The lateral sensory fields are narrow in 
their anterior extremity, and gently increasing in breadth backwards 
with the greatest breadth at about the level of the anterior border of the 
pectoral sinus ; backwards they reach to about the middle of the length 
of the cornua (as seen on the counterpart) . The distance between the 
antero-median margins of the two lateral fields is rather small, and 
about equal to the inter-orbital breadth . The orbital openings are small, 
oval in shape, with their main axes convergent anteriorly ; they are 
situated slightly in front of the middle of the length of the shield in the 
median line , and their distance from the rostrai end of the shield is as 
great as that from the pectoral sinus . The circum-orbital ridge is rather 
low and continuous anteriorly with a feebly marked antorbital pro
minence. Between the orbital openings there is a very narrow transverse 
slit (fissur a pinealis) in the exoskeleton ; the fissure widens rather 
abruptly in its median part, which probably was occupied in the liv ing 
animal by a small independent pine al plate . The naso-hypophyseal 
opening is very small ; the circum-nasal fossa is very shallow and ill
defined, with the exception of its anterior part, which forms a rather 
deep, well marked quadrangular cavity lodging the anterior division of 
the naso-hypophyseal opening . 

The exoskeleton is well developed. The superficial layer probably 
forms a continuous covering to the middle layer in each polygonal area ; 
it is ,  as far as can be seen, smooth , without any ornamentation, only at 
the inner border of the pectoral sinus there are some small, blunt 
tuberc1es .  The middle layer has well developed radiating canals of 
extremely small calibres . The basal layer contains small ringsinus .  The 
mucous canal system was only partly enc10sed in the exoskeleton,  it was 
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lodged in open circum-areal grooves and in small intra-areal canals . 
The polygonal areas are small in proportion to the size of the shield ; 
they vary somewhat in size, being markedly smaller in the vicinity of 
the circum-nasal fossa and anteriorly to it ; the average diameter of the 
polygon al areas elsewhere on the shield is 1 . 8  mm. 

Of the sensory line system some narrow gro oves are observed (cf. 
fig .  23) .  A short oblique line near the median margin of the posterior 
part of the lateral sensory field possibly belongs to the extra-lateral line . 

The endoskeleton seems to be rather poorly ossified but very little 
of it is exposed, viz. some of the canals in the lateral sensory field. 

R e m  a r k  s .  - This speeies, which is named in honour of Mr. 
Stig Aarhus , Os1:o, a member of the ENS expedition in 1 939 ,  is rather 
suggestive of some of the Cephalaspis species from Great Britain, viz . 
C.  salweyi, C .  lankesteri and C .  whitbachensis (cf. Stensio 1 932 ,  pp. 90 ,  
1 2 3 ,  1 3 1 ) .  It attains about the same size as C.  salweyi but differs from 
that speeies in the shape of the inter-lOnal part, the cornua and the 
sensory fields .  From C. lankesteri and C. whitbachensis it is at first 
sight distinguished by the size of its shield, being about twice as great 
as in these speeies ; furthermore from C. lankesteri, which it resembles 
in the shape of the cornua and pectoral sinus , it differs in the shape of 
the sensory fields and in the min ute structure of the exoskeleton, and 
from C. whitbachensis in the somewhat different shape of the cornua 
and the pectoral sinus, as als o in the shape of the sensory field and in 
the disposition of the mucous canal system. C .  aarhusi shows no very close 
resemblance to any of the other Cephalaspis speeies from Spitsbergen. 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ben Nevis division. 

L o c a l i t y .  - Spitsbergen, E .  side of Red Bay :  Mt Ben Nevis , 
in talus . 

The speeimen was collected by the ENS expedition in 1 9 3 9 .  

2 .  Cephalaspis cradleyensis Stensio . 

(Fig. 24 ; pl. 2) 

1 932 .  Cephalaspis cradleyensis, Stensio, pp. 1 3 0- 1 3 1 ;  f ig .  44;  pl .  1 5 : 6 .  

D i a g n  o s i s . - A Cephalaspis speeies of small size with 
maximum breadth of cepha1ic shie1d about as great as length of shield in 
median line. Shield somewhat narrowing anteriorly . Rostrai angle 
present. Lateral margins slightly rounded. Cornua rather short, 
projecting in posterior and somewhat lateral direction, reaching back
wards on ly somewhat behind posterior end of inter-lOnal part ; their 
length contained about four times in distance of their tips from rostra] 
end of shield . lnner margins of cornua with denticles . Pectoral sinus 
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Fig. 24. - Cephalaspis cradleyensis Stensi6. A, restoration of the cephalic shield, 
based on the Spitsbergen speeimen (Pal. Mus. Oslo no. A30024) ; B,  C, attempted 

restorations after Stensi6 ( 1 932 ,  fig. 44), based on the holotype . Nat. size. 

narrow and moderately deep. Inter-zonal part moderately short and 
rather broad ; its breadth contained about twice in maximum breadth 
of shield ; dorsally provided with a low indistinct median ridge. Posterior 
angle of inter-zonal part protracted backwards somewhat behind 
postero-lateral angles . Dorsal sensory field narrow, about three and a 
half times as long as broad. Lateral sensory fields reaching backwards 
over basal parts of cornua.  Orbital openings oval in shape, situated in 
front of middle of length of shield in median line . Exoskeleton on 
rostrai and lateral margins and near pectorai sinus of shield ornamented 
with numerous small, flat tuberc1es. Superficial layer (probably) con
tinuous. Mucous canal system (probably) enc10sed in exoskeleton 
(after Stensio 1 9 32,  p. 1 30 ;  altered) . 

H o l  o t Y P e .  - Cephalic shield (no . P .5 375)  in the British 
Museum (N.H.) ,  London (Stensio 1 932 ,  p. 1 30) .  

M a t  e r i a 1 .  - To this species is referred only one speeimen 
(Pal. Mus . Oslo no. A30024) . It consists of a fairly complete cephalic 
shield in counterpart, showing the general aspect of the shield ; both the 
exoskeleton and the endoskeleton are, however, poorly preserved.  

D e s  c r i p t i o n .  - In the following the Spitsbergen specimen 
is described. The length of the shield in median line is 3 5 . 5  mm ; the 
maximum breadth, which lies near the tips of the cornua, is estimated 
at 3 6  mm. the breadth of the inter-zonal part between the postero-lateral 
angles is 1 9 .7  mm ; the distance of the tip of the left cornu from the rostrai 
end of the shield is 40 .5 mm ; the distance of the pineal foramen from 
the posterior end of the shield is 1 9  mm, and from the rostrai end 1 6  mm. 
The present specimen is thus only slightly smaller than the holotype. 

The cephalic shield is narrow, and its maximum breadth is about 
equal to the length of the shield in the median line and slightly less 
than the distance of the cornual tips from the rostrai end of the shield. 
The shielc' is moderately narrowing in breadth towards the rostrai end. 
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The rostrai margin is fairly narrow and is marked off from the lateral 
margins by distinct but very obtuse antero-Iateral angles. A rostrai 
angle is present. The lateral margins are only slightly rounded. The 
cornua, which project in posterior and somewhat lateral direction, are 
flattened, rather narrow and straight and fairly short ; their length 
con sti tutes only about one-fourth of the distance of their tips from the 
rostrai end of the shield ; they reach backwards to a point some little 
distance behind the posterior end of the inter-zonal part. The outer 
margins of the cornua are slightly more curved than the inner margins ; 
the l atter are provided with small anteriorly inc1ined denticles .  The 
pectoral sinus are moderately shallow and rather narrow ; they are 
almost uniformly concave. The inter-zonal part is rather short but 
comparatively broad, its breadth between the postero-Iateral angles is 
only somewhat more than one-half of the maximum breadth of the 
shield. The posterior angle is protracted backwards to a point some 
distance behind the postero-Iateral angles .  Dorsally the inter-zonal 
part is provided with a low, rather indistinctly defined dorsal ridge, 
which seems to be highest in the middle of its length and thus fading 
away anteriorly towards the posterior end of the dorsal sensory field and 
posteriorly towards the posterior end of the inter-zonal part. The dorsal 
sensory field is narrow, its length being about three and a half times as 
great as its breadth ; the posterior margin is abruptly truncated, whereas 
anteriorly the field is gently narrowing. The distance of the posterior 
margin of the field from the posterior end of the inter-zonal part is 
somewhat shorter than the length of the field itself. The lateral sensory 
fields reach backwards only to the basal parts of the cornua and are 
thus somewhat shorter than in the holotype. The orbital openings are 
moderately large, and oval in shape ; they are situated distinctly nearer 
to the rostrai than to the posterior end of the shield, and their distance 
from the former is about equal to that from the pectoral sinus .  The 
orbital openings are rather c10se to each other, the inter-orbital breadth 
being less than one and a half times as gre at as the transverse diameter 
of an orbital opening. The inter-orbital space is imperfectly preserved 
and it is not possible to decide whether the re was an independent pineal 
plate or not. 

The exoskeleton is very imperfectly preserved. Along the lateral 
margin of the shield it is ornamented with low, flattened, and lengthened 
tuberc1es ; on the dorsal side of the shield the outer face of the exo
skeleton seems to be fairly smooth without any tuberc1es .  The radiating 
canals are very delicate. The mucous canal system is in all probability 
entirely enc10sed in the exoskeleton but nothing definite can be said 
about its development. 

Of the endoskeleton only some faint traces of the superficial canals 
for nerves and veins are observed ; the first nerve canal for the lateral 

1 7  
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sensory field and the vein canal viss seem to be disp os ed as normally 
in the genus.  

R e m  a r k  s .  - The speeimen described above, although imper
fectly preserved in many respects , agrees in alm ost all observable details 
with the holotype of C. cradleyel'1sis, and can thus safely be assigned 
to that speeies. The original description was based on a very limited 
material, viz . one speeimen only, and this specimen consisted in its 
turn of an imperfect and distorted cephalic shield. Two alternative 
attempts at restoration of the shield were thus made by Stensio (cf. 
fig . 24B, C), one (B) made mostly after the right side, the other (C) 
mostly after the left side of the specimen. The restoration made after the 
Spitsbergen speeimen (fig. 24A) agrees in its general shape better with 
the first one of Stensio's restorations but is somewhat broader and more 
narrowing anteriorly just as in the second of Stensio's restorations . 
From the present specimen the shape of the inter-zonal part and the 
dorsal field, previously rather uncertain, have been brought to light ; 
in other respects , however,  i .  a . ,  as regards the structure of the exo
skeieton, the' species is still imperfectly known. 

The discovery of this species, described from the Dittonian of 
England, in the lower part of the Red Bay series in Spitsbergen, is very 
remarkable, both from a zoogeographical and from a stratigraphical 
point of view (cf. 5 8 0) .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Plant horizon.  

The single speeimen was collected by Th . Vogt's expedition in 
1 928 .  

3 .  Cephalaspis acuminata n .  sp . 

(Fig. 25 ; pl . 3 ) . 

D i a g n  o s i s . - A rather small Cephalaspis species with 
maximum breadth of cepha1ic shield slightly greater than length of 
cephalic shield in median line . Anterior part of cephalic shield narrow ; 
rostral margin narrow, with rostral angle . Cornua rather long, projecting 
in posterior direction and reaching far behind posterior end of inter
zonal part, slightly curved in medial direction ; their length contained 
about two and a half times in distance of their tips from rostrai end of 
shield . Inner margin of cornua with small, triangular, antero-medially 
directed dentic1es. Pectoral sinus narrow and rather deep . Inter-zonal 
part comparatively long ; its breadth constitutes nearly two-fifths of 
maximum breadth of cephalic shield ; dorsally with rather high , slightly 
posteriorly inc1ined median spine. Dorsal sensory field elongate with 
slightly curved lateral margins . Lateral sensory fields reaching back
wards on cornua but ending before middle of their length . Orbital 
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Fig. 25 .  - Cephalaspis acuminata n. sp . Restoration of the cephalic shield A, in 
dorsal view, B ,  in lateral view. Mainly after the holotype (Pal .  Mus. Oslo no. A30025),  

About nato  size. 

openings situated nearer to rostrai than to posterior end of shield. 
Independent pineal plate present. Exoskeleton ornamented with minute 
tuberc1es ; superficial layer continuous . 

H o l o t  y P e. - Cephalic shield (no . A30025)  in the Palaeontolo
gical Museum, Oslo. 

M a t  e r i a 1 .  - The material, which can be placed in this species 
with a fair degree of certainty, consists of five specimens (Pal. Mus. 
Oslo nos . A30025-A30027 and ENS nos . 48 8-489) .  In addition to 
these specimens I have also placed here, though with hesitation, one 
specimen, ENS no. 490. No. A30025 , the holotype (pl. 3 ) ,  consists 
of a complete cephalic shield, in counterpart ; the other specimens 
con sist only of more or less fragmentary shields . 

D e s  c r i p t i o n .  - The dimensions of the holotype shield are 
the following : The 1ength in the median line (from the rostrai end to 
the posterior end of the inter-zonal part at the basis of the dorsal spine) 
is 3 3 . 7  mm ; the maximum breadth (which in the holotype lies between 
the middle parts of the cornua) amounts to 3 6 . 5  mm ; the distance of 
the tip of the left cornu from the rostrai end of the shield is 46 mm ; 
the breadth of the inter-zonal part between the postero-Iateral angles 
is 1 6 . 2 ,  and the height of the shield at the posterior end of the inter
zonal part (the dorsal spine not inc1uded) about 1 2  mm. In no. 489  
the length of  the shield in the median line is  3 6  mm.  The distance of 
the right cornu from the rostrai end of the shield is in the remaining 
specimens 46 mm (no . A30026), 45 mm (no .A30027) , 4 1 .2 mm (no. 488 )  
and about 3 8  mm (no. 490). The distance o f  the pineal fis sure from the 
rostraI end of the shield is about 1 6  mm (no. A30026), 1 8 . 3  mm (no . 
A30027), and about 1 4 . 5  mm (no. 488 ) .  The shields are all rather 
small and the species thus attained only a small size . 

In general shape the cephalic shield is characterized by its narrow
ness ; the maximum breadth, which lies between the midd le or the distal 
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parts of the cornua,  is only slightly greater than the length in the 
median line and about four-fifths of the distance of the cornual tips 
from the rostrai end of the shield. The anterior, pre-orbital , part of the 
shield is narrow and pointed, and the rostrai margin is somewhat 
protracted and provided with a more or less well developed and distinet 
rostrai angle, in the holotype somewhat rounded at the very apex. The 
lateral margins of the shield are slightly convex, and the lateral margins 
of the main shield pass imperceptibly into the rostrai margin and into 
the lateral margins of the cornua.  The cornua, which project in a 
posterior direction and reach far backwards behind the posterior end 
of the inter-zonal part, are rather long, and of ten in their distal parts 
slightly curved medially. The length of the cornua constitutes about 
two-fifths of the distance of their tips from the rostrai end of the shield . 
The inner margins of the cornua are provided with small, narrowly 
triangular, antero-medially directed, slightly curved denticles . The pec
toral sinus are well defined, rather narrow and deep ; in no. 4 8 8  they are, 
however, rather shallow ; in no. A3 0027 there is a rather distinet antero
medial corner in the right pectoral sinus but in the other specimens the 
sinus are almost uniformly concave. The inter-zonal part is rather long 
and its breadth between the postero-Iateral angles is contained about 
two and a half times in the maximum breadth of the shield . The inter
zonal part is very high in proportion to its breadth ; its height at the 
posterior end (the dorsal spine excluded) constitutes about three-quarters 
of its breadth . Dorsally the inter-zonal part is provided with a rather 
high median spine, which is slightly inclined posteriorly ; the spine is not 
acuminate but has a rather truncated apex. The posterior end of the 
inter-zonal part at the basis of the dorsal spine is protracted backwards 
for some distance behind the postero-Iateral angles . The sensory fields 
are weU developed. The actual shape of the dorsal field is not revealed 
in the holotype nor to its full extent in any of the other specimens ; but 
from what is preserved of the field in the different speeimens its shape 
can be restored as shown in fig .  25A.  The dorsal field is thus elongate 
and at most three times as long as broad with its broadest part in the 
middle of its length and with slightly curved lateral margins ; its anterior 
margin, which lies immediately behind the pine al groove is abruptly 
truncated, and it is very probable that also the posterior margin was 
truncated or only slightly rounded. The distance of the posterior margin 
of the field from the posterior angle of the shield is probably only 
slightly less than the length of the field itself. The lateral sensory 
fields are moderatly bro ad and reach backwards on to the cornua but do 
not extend to their distal parts . The distance between the antero-medial 
ends of the two lateral fields is more than twice as great as the inter
orbital breadth. The orbital openings and the adjacent parts of the 
dorsal side of the shield are not exposed in the holotype and in no. 489 ,  
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and only partly in the other specimens ;  they are of moderate size and 
oval in shape;  it is evident that in the holotype and in no. 489  they are 
situated nearer to the rostral end than to the posterior end of the shield ; 
in the other specimens the posterior portion of the inter-zonal part is 
not preserved and it is thus impossible here to determine exactly the 
position of the orbital openings ; it seems, however, likely that they 
are not situated so far anteriorly as in the holotype. In nos . A30026-
A30027,  4 8 8  the distance of an orbital opening from the rostrai end of 
the shield is slightly greater than from the pectorai sinus of its side . 
The antorbital prominence is weU developed in nos . A30026 and 
A30027 . In these specimens the shape of the circum-nasal fossa is 
displayed, which is rather narrow, triangular, weU defined and rather 
deep anteriorly. The presence in the living animal of an independent 
pineal plate is indicated by the pineal fissure. 

The exoskeleton is apparently rather poorly preserved and its outer 
parts are furthermore not weU exposed for investigation in any of the 
specimens with the exception of no. 490, hesitatingly placed in this 
species . The superficial layer is continuous and smooth or ornamented 
with very minute, low tubercles . The middle layer is provided with 
radiating canals , disposed, at least in the holotype, in rather irregular 
bundles , and the vascular areas are not weU defined. The basal layer 
in the shield proper contains no ringsinus ; in the inter-zonal part, how
ever, there are observed very narrow ringcanals , encircling polygonal 
areas of rather irregular shapes. The mucous canal system is enclosed 
in the exoskeleton and consists of a network of canals of very small 
calibres. 

The endoskeleton is weU ossified and severai of the intern al struc
tures are seen. With reg ard to the disposition of the superficial canals 
for nerves and vessels it can be noted that the canals of the nerves for 
the lateral sensory fields are developed as normaUy in the genus, that 
the vein canals vIs3 and vIs4 unite into a common trunk, which opens 
into the postero-dorso-Iateral corner of the orbit and that the canals 
vls5  and vls6 also unite into a common trunk befare opening into the 
canal vel. The two tru nks are anastomosing with each other by means 
of a rather wide sinuslike canal. 

R e m  a r k  s. - In the general shape of its shield C. acuminata 
is rather suggestive of C.  websteri (Stensio 1 932 ,  p. 1 3 3) from Great 
Britain ; it differs , however, from that species in the smaUer size of 
its shield, the deeper and narrower pectaral sinus, the shape of the 
cornua and also in the shape of the dorsal spine of the inter-zonal part. 
Among the Spitsbergen Cephalaspis species, C. acuminata resembles to 
some extent C.  eukeraspidoides (p . 302 ; Stensio 1 927 ,  pp . 267-268)  and 
C.  fØyni (p . 265) ; from the first species it differs i .  a .  by the narrow 
shield, the broader inter-zonal part, the shorter cornua,  and the narrower 
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pectoral sinus , from the latter species by the greater size, the shape 
of the anterior part of the shield, the shape of the cornua and the inter
zonal part etc . (cf. also C. producta, p. 3 90) . 

G e o  l o g  i c a l h o r  i z o n s .  - Lover Eodevonian (Dittonian) : 
Red Bay series ,  the Corvaspis horizon, the Primaeva horizon (and ? the 
Anglaspis horizon) . 

L o c a l i t i e  s .  - Spitsbergen . E .  side of Red Bay :  Fraenkel 
Ridge, the Corvaspis horizon (no . 489) ;  the Primaeva horizon (nos. 4 8 8 ,  
A30025 - A3 0027) ; the Anglaspis horizon (no . 490, hesitatingly 
placed in this species) . 

The speeimens nos . A30025 - A30027 were collected by Th. 
Vogt's expedition in 1 92 8 ,  nos . . 48 8-490 by ENS expedition 
in 1 93 9 .  

4 .  Cephalaspis eurhynchus n .  sp . 

(Fig .  2 6 ;  pls . 4 ;  5 : 5 -6 . )  

D i a g n  o s i s . - A rather small Cephalaspis spe eies with 
maximum breadth of cephalic shield about one and a quarter times as 
great as length of shield in median line . Anterior end of cephalic shie1d 
protracted into weU developed broad rostrai proeess . Lateral margins 
rather strongly convex . Cornua weU developed, projecting in posterior 
direction, reaching far behind posterior end of inter-zonal part ; distinetly 
curved medially. Length of cornua contained somewhat more than two 
and a half times in distance of their tips from rostrai end of shield. Inner 
borders of cornua with long, close1y set denticles. Pectoral sinus rather 
narrow. Inter-zonal part short and broad, its breadth constituting half of 
maximum breadth of shield .  Posterior angle very obtuse, protracted back
wards only slightly behind postero-Iateral angle . Dorsal sensory field 
elongate, probably slightly more than twice as long as broad, in anterior 
part rapidly narrowing towards pointed anterior end. Lateral fields 
rather narrow, reaching backwards to proximal parts of cornua. Orbital 
openings fairly large, roundcdly oval in shape, s ituated about midway 
between rostrai and posterior ends of shield. Independent pineal plate 
present. Superficial layer of exoskeleton continuous . Radiating vascular 
canals weU developed, disposed in distinet bundles . Mucous canal 
system enclosed in exoskeleton, forming a rather fine-meshed network . 

H o l o t  y P e. - Cephalic shield (no . A30030) in  the Palaeonto
logical Museum, Oslo. 

M a t  e r i a 1 .  - To this species I refer three specimens, Pal .  Mus .  
Oslo nos . A30028 - A30030.  The holotype (no. A30030 ;  p l .  4) 
consists of a cephalic shield with counterpart, laeking a dorso-median 
portion of the inter-zonal part and the right cornu . No . A30029 
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Fig. 26.  - Cephalaspis eurhynchus n. sp . Restoration 
of the cephalic shield in dorsal view (based on Pal. 

Mus. Oslo nos. A30028-A30030).  Nat. size. 

(pl. 5 : 6) consists of a rather complete cephalic shield, partly in counter
part while no. A30028 (pl .  5 : 5)  consists of a cephalic shield lacking a 
considerable portion of its central and posterior parts . In addition to 
these specimens I place here with some hesitation a specimen (ENS no. 
49 1 ) ,  which consists of the antero-medial portion only of a cephalic 
shield. 

D e s  c r i p t i o n .  - The dimensions (in mm) of the cephalic 
shields are given in the following table (figures in brackets are only 
approximate) . 

Nos. ! A30028 ! A30029 ! A30030 

Length in median line . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Distance of tip of cornu from rostml end of shield . . . . .  . 
Distance of postero-lateral angles of inter-zonal part from 

rostrai end of shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Breadth of inter-zonal p art . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 1  

33 .5 

(23) 

( 1 5) 

(27) 
34 

39.4 

26.3 

1 5 .5 

(30) 

(37) 

42 

(29) 

( 1 8) 

The height of the shield could not be measured, but is in no . 
A30029 estimated at about 9 mm. The species in thus of small size, 
but somewhat variable in size and proportions of the shield. 

In general shape the cephalic shield is rather broad ; the maximum 
breadth, whieh lies aeross the middle parts of the eornua,  is somewhat, 
and probably about one and a quarter times , greater than the length of 
the shield in the median line and slightly less than the distanee of the 
tips of the eornua from the rostrai end. The anterior end of the eephalie 
shield is protraeted into a short and bro ad anteriorly rounded rostrai 
proeess, which is  marked off from the main eephalie shield by a dis tinet 
eoneavity at the transition of the rostrai margin to the lateral margins. 
The length of the rostrai proeess constitutes probably only one-seventh 
of the length of the whole shield in the median line. The lateral margins 
of the main shield are strongly eurved and gradually and without any 
interruption passing into the lateral margins of the cornua. The 
cornua project in posterior direction and reach backwards far behind 
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the posterior end of the inter-zonal part ; their length constitutes about 
two-fifths of the distance of their tips from the rostral end of the shield . 
In shape the cornua are rather slender and somewhat flattened dorso
ventrally, and are distinctly curved in median direction . The cornual 
limb is provided with very closely set, rather long and thin, somewhat 
anteriorly curved and sharply pointed denticles .  The pectoral sinus are 
comparatively broad, in proportion to the size of the shield much 
broader than in the probably related speeies C. acutirostris and C. føy ni; 
they are rather shallow. The inter-zonal part is short but comparatively 
broad, its breadth between the postero-Iateral angles is contained about 
twice in the maximum breadth of the shield . The postero-dorso-median 
portion of the inter-zonal part is not preserved in any of the speeimens 
but, to judge from the shape of the preserved parts , the posterior end 
formed a very obtuse angle or was entirely rounded off ; it was 
protracted backwards to a point only slightly behind the postero-Iateral 
angles . The exact shape of the dorsal sensory field could not be 
ascertained as the field is not completely preserved ; it is, however, seen 
that the anterior portion of the field is rapidly decreasing in breadth 
towards the anterior end which is distinctly pointed ; the field was 
probably rather elongate and somewhat more than twice as long as 
broad. The lateral sensory fields are rather narrow, they extend back
wards only on to the basal parts of the cornua, and are thus compara
tively shorter than in C. acutirostris and C. fØyni; the space between 
the antero-median ends of the two fields is about twice as gre at as the 
inter-orbital breadth. The orbital openings which are rather large in 
proportion to the size of the shield, are situated at about equal distances 
from the rostrai and the posterior ends of the shield ; they are roundedly 
oval in shape . The pineal foramen was placed in an independent pineal 
plate, which, however, is not preserved ; the plate was situated somewhat 
in front of the dorsal sensory field . The circum-nasal fossa is weU 
defined anteriorly, the anterior margin forms a distinet, slightly 
obtuse angle . 

The exoskeleton is not weU exposed for investigation and the 
minute structure of its outer parts is thus rather obscure . It seems, 
however, very probable that the superficial layer is continuous and that 
its outer face is either feebly ornamented or quite smooth . The radiating 
canals in the middle layer are weU developed and disposed in distinet 
fascicles , emanating from groups of ascending canals , thus forming 
weU defined vascular areas ; the diameter of a vascular area is on the 
average 1 . 7 mm and thus comparatively large. Between the antero
median ends of the lateral sensory fields in no. A30029, there are two 
groups of ascending vascular canals and from these groups issue many 
paraBel canals , running in straight anterior direction on to the rostrai 
proeess. The basal layer contains no ringsinus.  The mucous canal 
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system is not differentiated into circum-areal and intra-areal can als but 
is developed as a uniform, rather fine-meshed plexus of not very fine
calibrated canals ; it was very probably entirely enc10sed in the exo
skeieton. 

The endoskeleton is very weU ossified and severai of the internal 
structures are seen, especially in no. A30030 (pl . 4) . Here will only 
be mentioned that the first nerve canal for the lateral sensory field 
behaves as normally in the genus except on the left side of the shield in 
no. A30028 ,  where it divides into two branches at a point about midway 
between the orbit and the lateral field (pl .  5 : 5 ) ,  and that the canal 
vIss is isolated and does not join the canal Vls4 before it opens directly 
into the postero-dorso-Iateral corner of the orbit ; the proximal courses 
of the other dorso-Iateral superficial vein canals could not be 
observed. 

R e m  a r k  s. - Cephalaspis eurhynchus is characterized by the 
rather broad cephalic shield, the pronounced rostrai process, the broad 
inter-zonal part and the long, slender, medially curved cornua. In the 
shape of the anterior parts of its shield the species reminds somewhat of 
C. acutirostris (Stensio 1 932 ,  p. 97) ,  C. løyni and C. broughi (p . 268 )  
but differs from these species , with which it i s  possibly related, prin
cipally in the shape of the comparatively broad shield and of the long 
and slender cornua.  

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Primaeva horizon,?  the Anglaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Primaeva horizon (nos . A30028-A30030) ; in the Angl
aspis horizon (no. 49 1 ,  hesitatingly placed here) . 

The speeimens nos . A30028-A3003 0 were collected during Th. 
Vogt's expedition in 1 92 8 ,  no. 49 1 during the ENS expedition in 1 93 9 .  

5 .  Cephalaspis løynt n.  sp . 

(Fig .  27 ; pl. 5 :4) 

D i a g n  o s i s . - A small and narrow Cephalaspis species with 
maximum breadth of cephalic shield slightly less than length of shield 
in median line . Anterior end of shield protracted into short and bro ad 
rostrai proeess .  Cornua rather long, projecting in posterior direction 
and extending backwards far behind level of posterior angle of inter
zonal part ; length of cornua contained almost three times in distance of 
their tips from rostrai end of shield. Inner border of cornua with 
dentic1es. Pectoral sinus narrow and rather deep . Inter-zonal part 
broad ; its breadth more than a half time as great as maximum breadth 
of shield ; moderately long and high, its dorso-median part reaching 
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/f�1 ;;/ \\, /Ij 010 � �.�.�0 I Fig. 27 .  - Cephalaspis fØyni n. sp. Restoration of the cephalic shield \(1 ' in dorsal view. After the holotype (Pal. Mus. Oslo no. A3003 1 ) .  
Nat. size . 

farther backwards than postero-lateral angles .  Dorsal sensory field 
very narrow in anterior part. Lateral sensory fields extending backwards 
on to basal parts of cornua. Orbital openings large, situated about 
midway between rostrai and posterior ends of shield. 

H o l o t  Y P e .  - Cephalic shield (no . A3003 1 )  in the Palae
ontological Museum, Oslo. 

M a t e r i a 1 .  - The speeies is based on the holotype (Pal . Mus . ,  
Oslo no . A3003 1 )  only ; this i s  a somewhat defect cephalic shield . 

D e s  c r i p t i o n. - The length of the cephalic shield in the 
median line is 1 9 . 8  mm, and the maximum breadth, which lies between 
the most basal parts of the cornua measures 1 8 . 5  mm. The breadth 
of the inter-zonal part posteriorly is 1 0  mm and the distance of the 
tips of the cornua from the rostrai end of the shield 25 mm and 
26 .2  mm, respectively ; the distance of the left postero-Iateral angle of 
the inter-zonal part from the rostrai end of the shield is 1 9  mm, and the 
distance of the supposed place of the pineal foramen from the rostrai 
end of the shield 9 . 6  mm. The speeies was thus of a very s'mall size . 

The shield is long and very narrow, and the maximum breadth is 
even somewhat smaller than the length in the median line (a condition 
not met with in other Cephalaspis species) and constitutes about two
thirds of the distance of the tips of the cornua from the rostrai end of 
the shield . The shield decreases in breadth rather evenly towards the 
rostrai margin ; the most anterior part of the shield is protracted into a 
broad and rather short rostral proeess, uniformly rounded anteriorly . 
There is a very slight concavity at the basis of the rostrai proeess where 
the rostrai margin passes over into the lateral margins of the shield ; 
the se latter margins are slightly rounded. The cornua which are rather 
long and slender, project in a posterior direction and reach backwards 
far behind the posterior end of the inter-zonal part. Their length 
constitutes slightly more than one-third of the distance of their tips 
from the rostrai end of the shield . The distal parts of the cornua are 
curved slightly inwards ; the basal parts are rather strongly fl attened 
dorso-ventrally . The inner margins of the cornua are provided with 
small pointed, antero-medially directed, dentic1es .  The pectoral sinus 
are narrow and rather deep, slightly asymmetrical with the greatest 
depth placed near the median margin .  The inter-zonal part is not 
very long but comparatively high and rather broad ; its breadth between 
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the postero-lateral angles is more than a half time as gre at as the 
maximum breadth of the shield. The rounded posterior angle of the 
inter-zonal part reaches backwards to a point somewhat behind the 
postero-lateral angles. The dorso-median portion of the inter-zonal part 
is rather imperfectly preserved and it seems doubtful whether there was 
a dorsal median ridge or not ; the re was certainly no dorsal spine. The 
sensory fields are well developed but their exact shape is uncertain . 
The dorsal sensory field is long and narrow with its greatest breadth 
in the posterior part ; anteriorly the field is gently narrowing towards its 
anterior end, the anterior portion of the field is thus very narrow. The 
lateral sensory fields extend backwards to the basal parts of the cornua. 
The orbital openings are large, oval in shape and situated at about the 
middle of the length of the shield in median line. Most of the inter
orbital space is not preserved in the specimen and nothing can be said 
whether there was an independent pineal plate or not. The development 
of the naso-hypophyseal opening and of the circum-nasal fossa are 
unknown. 

The exoskeleton is  very badly preserved and nothing can be said 
with certainty about its structure . 

The endoskeleton is very imperfectly preserved, and only some 
traces of canals for superficial vessels and nerves can be seen. 

R e m  a r k  s. - c. fØyni is named in honour of Mr Sven FØyn, 
director of the Geological Survey, Oslo, who was a member of the ENS 
expedition in 1 939 ,  and who has contributed much to our knowledge 
of the stratigraphy of the Old Red deposits in Spitsbergen. The species 
is easily distinguished from its congeners by the narrow cephalic shield, 
the short rostrai process ,  the long, slender cornua and the shape of the 
dorsal sensory field. Among the Spitsbergen Cephalaspids C. broughi 
(p . 268) ,  C. eurhynchus (p . 262), C. deltoides (p . 27 1 )  and C. apicalis 
(Stensio 1 927,  p .  282) also have the shield anteriorly protracted into 
a somewhat similar rostral process .  C.  fØyni differs from them all by 
its small size, from C. eurhynchus i .  a. by the shape of the narrow 
shie1d, from C. broughi, which 1ikewise has a narrow shield, by the 
comparatively much longer cornua, and from C.  apicalis in the shape 
of the rostral proeess .  C. fØyni is somewhat suggestive of C. acuticornis 
(Stensio 1 932 ,  p .  97) from the Dittonian of England, but is smaUer, 
with longer cornua and a broader rostral proeess (cf. also C. acuminata, 
(p . 258 ) .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Vogti horizon. 

L o c a l i t y. - Spitsbergen. E. side of Red Bay :  Mt Ben Nevis 
[Northern part] . 

The single speeimen was collected by Th. Vogt's expedition in 
1 92 8 .  
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6.  Cephalaspis broughi n.  sp. 

(Fig. 28 ; pl. 7) .  

D i a g n  o s i s . - A Cephalaspis speeies of medium size with 
maximum breadth of cephalic shield about equal to length of shield in 
median line . Anterior end of shield protracted into short, broad rostraI 
proeess. Lateral margins slightly rounded. Cornua short, projecting in 
posterior direction and reaching backwards somewhat behind posterior 
end of inter-zonal part ; their length contained four or five times in 
distance of their tips from rostral end of shield . lnner margins of 
cornua devoid of denticles . Pectoral sinus shallow. lnter-zonal part 
short, broad and fairly high ; its breadth greater than one-half of 
maximum breadth of shield . Dorsal sensory field rather short, about 
twice as long as broad, with truncated anterior and posterior margins . 
Lateral sensory fields extending backwards to middle parts of cornua. 
Orbital openings oval in shape, situated behind middle of length of 
shield in median line. Superficial layer of exoskeleton continuous and 
(probably) without ornamentation. Mucous canal system enc10sed in 
exoskeleton, differentiated into narrow circum-areal canals and intra
areal canals . 

H o l o t  y P e. - Cephalic shield (ENS no. 493) .  
M a t  e r i a l .  - The material, referable to this speeies , consists 

of two speeimens (ENS nos. 492-493) .  The holotype (no. 493 ; pl. 7) 
is an imperfectly preserved cephalic shield in counterpart, laeking the 
postero-dorsal portion of the inter-zonal part and the distal parts of 
the cornua;  the sec ond speeimen (no . 492) consists of a very imperfect 
cephalic shield in counterpart. 

D e s  c r i p t i o n. - The dimensions of the cephalic shield in 
the holotype are as follows :  The length of the shield in the median 
line cannot be directly measured but can be estimated at 77 mm. The 
maximum breadth, which probably was between the basalmost parts of 
the cornua, is estimated at 79 mm. The breadth of the inter-zonal part 
between its postero-Iateral angles is 46 mm. The distance of the pineal 
opening from the rostral end of the shield is 47 mm, and the distance 
of the postero-lateral angles of the inter-zonal part from the rostraI 
end of the shield is about 77 mm. The maximum height is estimated 
at about 2 8  mm disregarding the dorsal ridge, if there was one. The 
second specimen (no . 492) is toa imperfectly preserved as to allow any 
direct measurements to be taken, but it seems to be only inconsiderably 
greater than the holotype. 

Taken as a whole the shield is characterized by its narrowness with 
the maximum breadth being about as gre at as the length of the shield in 
the median line, and slightly less than the distance of the cornual tips 
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Fig. 28 .  - Cephalaspis 

broughi n. sp . Restora

tion of the cephalic 
shield in dorsal view . 

After the holotype (ENS 
no. 493). Nat. size. 

from the rostrai end of the shield. The anterior part of the shield is 
protracted into a broad, short, anteriorly uniformly rounded rostrai 
proeess .  There seems to be a very slight concavity in the antero-Iateral 
margin of the shield at the transition from the rostrai to tlle lateral 
margins. The lateral margins are somewhat rounded and the shield is 
gently narrowing towards the rostrai margin. The cornua are not 
preserved in their very distal parts but, to judge from the direction of 
the lateral and median margins of the preserved parts , must have been 
projecting in a posterior direction, and been rather small, with a length 
constituting one-quarter or one-fifth of the distance of their tips from 
the rostral end of the shield. The cornua reach farther backwards than 
does the posterior end of the inter-zonal part. At least in the basal parts 
the cornua are flattened dorso-ventrally and their inner margins are 
devoid of denticles .  The pectoral sinus are shallow and rather narrow. 
The inter-zonal part is rather high, short and broad, its breadth between 
the postero-Iateral angles constitutes somewhat more than one-half of 
the maximum breadth of the shield. In the holotype and, to some extent 
also in no. 492,  the inter-zonal part is imperfeet dorso-medially yet 
to judge from the preserved parts in the latter specimen, the inter-zonal 
part was provided with a low, sharply defined dorsal median ridge. 
Whether this ridge continued posteriorly in a dorsal spine is uncertain 
but seems rather unlikely. The dorsal sensory field is bordered laterally 
by a rather broad flattened wall, which is weU defined anteriorly, 
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postero-medially to the orbits , but becomes rather indistinct posteriorly , 
towards the postero-Iateral corners of the field ; at the transition of the 
wall to the downward sloping sides of the shield a fairly weU defined 
ridge is formed. The dorsal sensory field is rather small and narrow, 
about twice as long as broad ; its lateral margins are very slightly curved 
and the anterior and posterior margins are truncated . The distance of 
its posterior margin from the posterior end of the shield is probably 
about half as great as the length of the field . The lateral sensory fields 
are comparatively broad with the maximum breadth at the beginning 
of the posterior quarter of the field ; they reach backwards to the middle 
parts of the cornua. The distance between the antero-median margins 
of the two lateral fields is somewhat greater than the distance between 
the orbital openings. The latter are of a moderate size, and oval in 
shape ; they are situated strikingly far back, and nearer to the posterior 
than to the rostraI end of the shield . The pineal opening on the dorsal 
side of the endoskeleton lies within the dorsal sensory field c10se to its 
anterior margin ; it seems reasonable to ass urne that there was a small 
independent pineal plate situated along the anterior margin of the field , 
and it is quite evident that the plate could not have reached laterally 
on to the orbital openings. The circum-nasal fossa is rather narrow, 
posteriorly indistinctly bounded. 

The outer parts of the exoskeleton are rather imperfectly preserved 
and not weU exposed for investigation so that nothing can be said with 
certainty about the development of the ornament of the outer face ; it is 
however, evident that the ornamentation, if present, must have been 
rather feeble. The lower division of the middle layer has weU developed 
radiating canals , forming very irregularly shaped vascular areas. The 
basal layer in no. 492 has irregular canals , but no regular ring sinus are 
deve1oped. The mucous canal system is apparently enclosed in the 
exoskeleton ;  in the holotype it is developed as narrow circum-areal 
canals , enclosing polygon al areas of varying s ize and shape, and between 
them as a fine-meshed plexus of intra-areal canals . 

The grooves of the sensory line system are weU exposed in both 
specimens (the l ines observed in the holotype are shown in fig . 2 8 ) ;  it 
may be noted here that there is a short groove near the median margin 
of the posterior part of the lateral sensory field which must pertain to 
the extra-Iateral line (cf. C.  signata, fig. 5 1 ) .  

The endoskeleton seems to  be weU preserved but is on the whole 
not easily accessible for investigation . 

R e m  a r k s .  - This species is at once distinguished by the size 
and the general shape of its cephalic shield, and it cannot be confused 
with the other Cephalaspis species provided with a marked rostraI 
process , viz. C. acutirostris (Stensio 1 9 32 ,  p. 97) ,  C. tØyni (p . 265)  and 
C. eurhynchus (p . 262) .  It is also evident that is cannot be identical 



- 27 1 -

with the very imperfectly known C.  apicalis (Stensio 1 927 ,  p .  282) .  -
The speeies is named in ho no ur of Professor James Brough, of 
University College, Cardiff, who is a well-known authority on fossil 
fishes, and who was a member of the ENS expedition to Spitsbergen 
in 1 93 9 .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ben Nevis division. 

L o c a l i t y .  - Spitsbergen. E .  side of Red Bay :  the Andree 
Glacier, S .  half, W. part, in the moraine. 

Both specimens were collected by the ENS expedition in 1 9 3 9 .  

7 .  Cephalaspis deltoides n.  sp. 

(Fig . 29 ; pl. 5 : 1 -2 . )  

D i a g n  o s i s . - A Cephalaspis speeies of  rather small size , with 
maximum breadth of cephalic shield almost twice as great as length of 
shield in median line . Anterior end of shield protracted into a very 
short, broad, anteriorly rounded rostrai proeess . Lateral margins very 
slightly convex. Cornua very long and slender, projecting in postero
lateral direction and reaching backwards rather far behind posterior 
end of inter-zonal part ; their length contained about twice in distance 
of their tips from rostrai end of shield. Distal parts of cornua curved 
in posterior direction. Inner margins of cornua with few, hook-like 
denticles .  Pectorai sinus broad and shallow. Inter-zonal part short ; its 
breadth constituting about one-third of maximum breadth. Posterior 
angle very obtuse, rounded, projecting backwards only for some 
distance behind postero-Iateral angles . Dorsal sensory field about twice 
as long as broad with slightly rounded lateral margins . Lateral sensory 
fields rather short, extending backwards over basal quarter of cornua.  
Orbital openings rather large , situated about midway between rostrai 
and posterior end of shield. Independent pine al plate present . Orna
mentation of exoskeleton consisting of very smal1 tuberc1es . Mucous 
canal system not enclosed in exoskeleton. 

H o l o t  Y P e .  - Cephalic shield (ENS no. 494). 
M a t e r i a 1 .  - The material of this species consists of two 

speeimens (ENS nos . 494-495) .  The holotype (no . 494, pl. 5 :  1 -2) is 
represented by a fairly complete cephalic shield in counterpart, lacking 
the distal part of the right cornu. The second specimen (no. 495)  
consists of the incomplete half of a cephalic shield, exposed in ventrai 
view. 

D e s  c r i p t i o n. - The dimensions of the cephalic shield in 
the holotype are the following . The length in the median line is 
4 1 . 7 mm and the maximum breadth, which lies between the distal parts 
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of the eornua, is about 77 mm. The distanee of the tip of the left eornu 
from the rostraI end of the shield is 66 . 3  mm and the breadth of the 
inter-zonal part between the postero-Iateral angles 24 mm. The distanee 
of the pineal fissure from the rostraI end of the shield is 20 mm. No. 495 
seems to be slightly larger than the holotype, the distanee of the rostraI 
end of the shield from the peetoral sinus (the only dim ens ion obtainable) 
is about 3 8  mm as against 3 5  mm in the holotype. 

Taken as a whole the eephalie shield is triangular in shape, mueh 
depressed and broad, with a maximum breadth exeeeding the median 
length nearly twice and also somewhat greater than the distanee of the 
tips of the eornua from the rostrai end of the shield . 

The rostraI end of the shield forms a very short and bro ad rostral 
proeess, the anterior margin of which is uniformly rounded without any 
dis tinet angle . The rostrai proeess is only very indistinetly set off from 
the main shield by very slight eoneavitks at the transition from the 
rostraI to the lateral margins. The lateral margins are almost straight 
and form an angle of about 45 degrees with the main axis of the shield. 
The eornua projeet in the same direetion and there are thus no 
boundaries at the lateral margins between the main shield and the 
eornua. The distal parts of the eornua are eurved and direeted almost 
straight baekwards . The eornua are very long and slender and reaeh 
baekwards far behind the level of the posterior end of the inter-zonal 
part. The length of the eornua constitutes about half the distanee of 
their tips from the rostrai end of the shield. The inner borders of the 
eornua are provided with only few rather large , anteriorly bent, hook
like dentic1es. The peetoral sinus are broad and rather shallow. The 
inter-zonal part is fairly short, and its breadth between the postero
lateral angles is eontained about three times in the maximum breadth 
of the shield . The posterior margin of the inter-zonal part forms a very 
obtuse, rounded median posterior angle, which is protraeted baekwards 
only slightly behind the postero-Iateral angles . The dorsal side of the 
inter-zonal part is provided with a low and rather indistinet median 
dorsal ridge. The dorsal sensory field is elongate and about twiee as 
long as broad ; its exaet shape in the posterior parts is not visible but 
very probably it had the shape given in the restoration (fig . 29) and 
was thus almost reetangular in outline but with slightly eonvex lateral 
margins . The anterior margin of the field, which is truneated, lies 
immediately behind the pine al fissure and the distanee of its posterior 
margin from the posterior end of the inter-zonal part is about equal to 
the length of the field . The lateral fields are eomparatively short, of 
about the same shape as in C. divaricata and reaeh baekwards only 
over the proximal parts of the eornua.  The distanee between the antero
median ends of the two lateral fields is about twiee as great as the inter
orbital breadth. The orbital openings which are rather large in pro-
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Fig. 29 .  - Cephalaspis 

deltoides n. sp. Restoration 

of the cephalic shield in 

dorsal view. After the holo

type (ENS no. 494). Nat. 

s;ze. 

portion to the size of the shield and roundedly oval in shape, are situated 
about midway on the shield and somewhat nearer to the pectoral sinus 
than to the anterior or posterior ends of the shield. The inter-orbital 
breadth is about as great as the transverse diameter of an orbital 
opening. The antorbital prominence is rather insignificant . An 
independent pineal plate was present in the living animal. The posterior 
division of the naso-hypophyseal opening lies on a comparatively high 
elevation,  and the anterior division on the floor of the narrow and 
apparently rather deep anterior part of the circum-nasal fossa. 

The exoskeleton is not well exposed for investigation and severaI 
details of its minute structure are obscure. The ornamentation of the 
outer face of the exoskeleton consists of numerous very small tuberc1es 
and is thus developed in about the same way as in C. divaricata. The 
superficial layer is discontinuous in the major parts of the shield and 
persists only in the tuberc1es. The middle layer has weU developed 
radiating canals disposed in rather distinct vascular areas ; the average 
diameter of such an area is 1 .7 mm. The basal layer contains no 
ringsinus but in some places irregularly formed widened canals . The 
mucous canal system was not enc10sed in the exoskeleton ; there are no 
traces of any large circum-areal grooves and it thus seems probable 
that the mucous canal system was developed as a network, lodged in 
the grooves between the small tuberc1es . 

Of the grooves of the sensory line system only parts of those 
of the main lateral line and of the infraorbital line are observed 
(pl. 5 : 1 ) .  

The endoskeleton seems to  be  rather well ossified but almost 
nothing of it is exposed in the holotype, the superficial canals being in 
the main parts concealed beneath the basal layer of the exoskeleton. 
If this layer is made transparent by means of e. g. xylol, some of the 
canals are indistinctly seen ; it is thus eveident that the nerve canals for 
the lateral sensory fields are disposed as normally in the genus, and it 

1 8  
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is also seen that the canals vIss and vIs4 join each other in the postero
dorso-lateral corner of the orbit .  

R e ID a r k  s .  - Cephalaspis deltoides is characterized by the 
broad triangular shape of the cephalic shield, by the very long and 
slender cornua with their peculiar denticulation, and by the very short 
rostrai process. It is similar to C. divaricata and the two species are 
probably related ; it differs from that species in the general shape 
of the shield and particularly in the shape of the cornua. C. deltoides 
reminds furthermore remotely of C. woodwardi (Stensi5 1 9 32 ,  p. 1 40) 
but the development of the inter-zonal part is quite dissimilar in the 
two species which are probably only distantly related. It is also similar 
to Ectinaspis heintzi (p . 443) but, apart from the differences in the 
first nerve canal for the lateral sensory field and the shape of this field , 
it diverges from this species in many respects (e . g. in the rostrai part 
of the shield, the inter-zonal part and the cornua) . About the possible 
relation between C. deltoides and C. apicalis, see p. 423 .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Anglaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, [S. W. part] , in the Anglaspis horizon (no . 494). W. side of 
Liefde Bay :  Mt Pteraspis (no . 495) .  

Both specimens were collected during the ENS expedition in 1 9 3 9 .  

8 .  Cephalaspis divaricata n. sp. 

(Fig. 3 0 ;  pl. 6 . )  

D i a g n  o s i s . - A Cephalaspis species of  rather small size with 
maximum breadth of cephalic shield about one and two-third times as 
great as length of shield in median line. Rostrai margin narrow, convex, 
without rostrai angle. Lateral margins very slightly curved.  Cornua 
very long and slender, projecting in postero-Iateral direction and 
reaching backwards rather far behind posterior end of inter-zonal part. 
Length of cornua contained about twice in distance of their tips from 
rostraI end of shield. Inner margins of cornua with rather stout, antero
medially directed dentic1es. Pectoral sinus of moderate breadth, fairly 
deep. Inter-zonal part rather long ; its breadth constituting about one
third of maximum breadth of shield. Posterior angle of inter-zonal part 
protracted for some distance behind postero-Iateral angles . Inter-zona1 
part with low dorsal median ridge. Dorsal sensory field about three 
times as long as broad. Lateral sensory fields rather broad, extending 
backwards to basal parts of cornua. Orbital openings rather large, 
situated somewhat nearer to rostrai than to posterior end of shield . 
Independent pineal plate present . Superficial layer of exoskeleton 
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/ "' ''', /fl" '" / 
\ \� 1/ (yo \:" '\:: 1'lrll, 'II/ (/ -� J/�l \ Fig. 30.  - Cephalaspis divaricata n. sp. Re-

, storation of the cephalic shield in dorsal view; 

mainly after the holotype (Pal. Mus. Oslo no. 
A30032). About nat. size. 

discontinuous . Ornamentation consisting of very small tuberc1es 
of about equal sizes. Mucous canal system not enc10sed in 
exoskeleton. 

H o l o t  Y P e .  - Cephalic shield (no . A30032) in the Palaeonto
logical Museum, Oslo . 

M a t  e r i a l. - The material, which can be placed in this species 
with a fair degree of certainty, consists of three spee imens (Pal. Mus. 
Oslo nos . A30032-A30034) .  They are all represented by more or 
less fragmentary cephalic shields only. The holotype (no. A30032 ; 
pl. 6) consists of a shield in counterpart, laeking the major part of the 
right side and the tip of the left cornu, no. A3003 3 mainly of the right 
half of a shield with the rostrai end rather incomplete, and no. A30034 
of the incomplete left half of a shield, wanting a considerable portion 
of the rostrai and of the 'posterior parts , it is also somewhat com press ed 
laterally. In addition to these speeimens, I place here with some 
hesitation two very fragmentary spee imens (ENS nos . 496 and Pal. Mus. 
Oslo no. A3003 5) .  

D e s  c r i p t i o n .  - The holotype shield has the following 
dimensions . The length in the median line is 3 3 . 3  mm; the maximum 
breadth is estimated at 52 mm, the breadth of the inter-zonal part at 
1 6 . 5  mm, and the distance of the tips of the cornua from the rostrai end 
of the shield at about 45 mm; the distance of the pineal fissure from 
the rostrai end of the shield is 1 5  mm; the height at the posterior end 
of the inter-zonal part is about 9 mm. The specimens nos. A30033  and 
A30034 are of a somewhat smaller size than the holotype ; the length 
of the shield in no. A3003 3 is estimated at about 2 8  111m and its 
maximum breadth at 45 mm. No. A3003 5 seems to have attained 
about the same size as the holotype . The species was thus of fairly 
small size. 

On account of the long and almost straight postero-laterally 
directed cornua the general shape of the cephalic shield is like that of 
an equilateral triangle, the breadth between the tips of the cornua 
(which is also the maximum breadth) being only slightly greater than 
the distance of the tips of the cornua from the rostrai end of the shield . 
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The length of the shield in the median line constitutes about three-fifths 
of the maximum breadth . 

The rostraI margin is rather narrowly rounded but without any 
rostraI angle . The shield is rapidly decreasing in breadth forwards . 
The lateral margins are only slightly curved and there are no angles nor 
any concavities in the margins at their transition into the rostrai margin . 
The lateral margins of the main shield continue backwards ,  without 
any interruption, into the lateral margins of the cornua. The cornua 
are thus projecting in a postero-lateral direction ; they are very long and 
slender, and reach backwards for some distance behind the posterior 
end of the inter-zonal part ; their length constitutes about half the 
distance of their tips from the rostraI end of the shield. The inner 
borders of the cornua are provided with rather stout but not very long, 
slightly pointed dentic1es, which are bent antero-medially. The pectoraI 
sinus are rather deep but only moderately broad ; they are of ten not uni
form ly concave but provided with a more or less pronounced antero
median corner. The inter-zonal part is rather long, its breadth between the 
postero-Iateral angles is contained about three times in the maximum 
breadth of the shield. The posterior margin of the inter-zonal part forms 
a median posterior angle , which is protracted backwards to a point some
what behind the postero-Iateral angles ; the margins between the posterior 
and the postero-lateral angles are even and almost straight. Dorsally the 
inter-zonal part is provided with a low, rather sharp-edged median 
ridge, which is slightly raised posteriorly but which does not form any 
crest or spine. The sensory fields are well developed. The dorsal field 
is elongate, about three times as long as broad ; it is of about uniform 
breadth or very slightly tapering towards the anterior margin, which 
lies immediately behind the pineal groove ; in the holotype the posterior 
margin of the field is on the who le broadly rounded, its distance from 
the posterior end of the shield constitutes about two-thirds of the length 
of the field. The lateral fields are rather broad and comparatively short, 
reaching backwards only over the basal parts of the cornua ;  they are 
shorter in the holotype (fig. 30) than in the other specimens . In about 
the middle of their length the fields are very slightly sigmoidally bent. 
The distance between the antero-median borders of the two lateral fields 
is about twice as great as the inter-orbital breadth. The orbital openings , 
which are rather large in proportion to the size of the shield, are 
roundedly oval in shape and are situated slightly in front of the middle 
of the length of the shield in the median line, and their distance from 
the pectoral sinus is somewhat less than that from the rostraI end . They 
lie rather near to each other and the inter-orbital breadth is much less 
than the transverse diameter of an orbital opening. A pineal fissure 
indicates the presence in the living animal of an independent 
pineal plate . 
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The exoskeleton is not well exposed for observation ,  and could in 
the main only be studied from the inner side. The superficial layer is 
discontinuous and present only in the very small tuberc1es which consti
tute the ornamentation of the outer face of the exoskeleton. These 
tuberc1es are all of about equal size and rather c10sely set ; along the 
rostrai margin they are somewhat larger and flattened, and separated 
from each other by very narrow intervals. The middle layer has well 
developed radiating canals , which are disposed in distinct fascic1es. The 
vascular areas in the middle parts of the shield are comparatively very 
large in the holotype, the average diameter of them being 2 mm; in 
no. A3003 3 they measure about 1 .4 mm in diameter. The basal layer 
contains no regular ringsinus. In the posterior parts of the shield the 
descending vascular canals are well developed. Seen from the inner 
side of the exoskeleton, the descending canals open as c10sely set pores, 
and the joint pores seem to fonn grooves, indicating the boundaries 
between the vascular areas. There are of ten small horizontal canals 
connecting the descending canals and fragments of ring-shaped canals 
are thus formed. The mucous canal system was not enc10sed in the 
exoske1eton ; it was very probably located in open grooves between the 
minute tuberc1es and thus formed a rather uniform network. 

The endoskeleton seems to have been rather poorly ossified in the 
holotype with the exception of its outer parts ; the canals of superficial 
nerves and vessels are thus lined with thin perichondrial bone-Iayers .  
Also in the other specimens severai of the superficial canals are very 
c1early exposed. The nerve canals for the lateral sensory fields are 
disposed as normally in the genus. The canals vls3 and vls4 join before 
they open through a common trunk into the postero-dorso-Iateral corner 
of the orbit ; the canals vls5 and vls6 likewise join into a common trunk. 
which, before opening into the canal vel, receives a small vein canal, 
running between the canals vls4 and vls5 ' 

R e m  a r k  s .  - CephaLaspis divaricata is characterized by the 
general, triangular shape of its shield and the long and slender postero
laterally directed cornua. It is somewhat suggestive of C. whitei (as 
represented by the holotype, cf. Stensio 1 9 3 2 ,  fig . 30A ;  pl. 20 :2) but 
differs from that species in :many respects , i. a. in the size of the shield, 
and in the shape of the cornua and the inter-zonal part. Among the 
Spitsbergen Cephalaspis species, C. divaricata is very similar to C. oreas 
(p. 278)  but has a larger cephalic shield than this species, and the 
anterior part of the shield is narrower, the shape of the inter-zonal 
part is different as is also the development of the exoskeleton. In 
general shape its shield resembles to some extent that of C. deLtoides 
Cp . 27 1 ) ,  but is narrower and differs furthermore i. a. in the shape of 
the rostraI and the inter-zonal parts of the shield, and in the more 
posteriorly directed cornua. 
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G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series ,  the Primaeva and ? Anglaspis horizons. 

L o c a l i t i e  s. - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Primaeva horizon (nos. A30032-A30034) .  Of the two 
specimens, hestitatingly placed here, one (no . 496) comes from the 
Primaeva horizon, the other (no. A3003 5)  from the Anglaspis horizon. 

The specimens nos. A30032-A30035 were collected during Th. 
Vogt's expedition in 1 928  and no. 496 during the ENS expedition in 
1 939 .  

9 .  Cephalaspis oreas n. sp . 

(Fig. 3 1 ;  pL 8 : 2) .  

D i a g n  o s i s . - A Cephalaspis species of small size with 
maximum breadth of cephalic shield (probably) about one and a half 
time as great as length of shield in median line .  Shield strongly 
narrowing towards rostrai end. Rostrai margin sharply rounded without 
any distinct rostrai angle. Lateral margins slightly convex. Cornua 
rather stout, projecting in postero-lateral direction (actual length of 
cornua unknown) . Inner margin of cornua with small denticles . Pectoral 
sinus rather broad. Inter-zonal part comparatively narrow, with a rather 
low, dorso-posteriorly protracted dorsal spine. Posterior angle (at basis 
of dorsal spine) projecting backwards behind postero-lateral angles . 
Dorsal sensory field narrowly oval, about three times as long as broad. 
Lateral sensory fields rather broad, reaching backwards over basal 
parts of cornua. Orbital openings situated somewhat in front of middle 
of length of shield in median line . Independent pineal plate present . 
Exoskeleton without ornamentation. Superficial layer continuous . 
Mucous canal system enclosed in exoskeleton, forming a fine-meshed 
plexus . 

H o l o t  Y P e .  - Cephalic shield (no. A30036) in the Palaeonto
logical Museum, Oslo. 

M a t e r i a L - The material referable with certainty to this 
species consists of the holotype (Pal. Mus. Oslo no. A3003 6 ;  pl. 8 :2) 
only ; it  is a rather completely preserved cephalic shield in counterpart, 
lacking the distal parts of the cornua.  A sec ond specimen (Pal. Mus. 
Oslo no. A30037) ,  which consists of an imperfect cephalic shield, 
distorted by pressure of the rock, is placed here with some hesitation. 
Three very fragmentary shields (PaL Mus . Oslo nos . A3003 8-A30039 
and ENS no. 497) may belong to this species but on account of 
their imperfect state of preservation, which prevents a safe specific 
determination, they are placed here with much doubt. 

D e s  c r i p t i o n .  - The following description is based solely 
on the holotype. The length of the cephalic shie1d from the rostrai end 
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Fig. 3 1 .  - Cephalaspis oreas n. sp. Restoration of 
the cephalic shield, dorsal view; below: dorsal spine in 
lateral view. After the holotype (Pal. Mus. Oslo no. 
A30036) .  Nat. size. 

to the tip of the dorsal spine is 26 mm, the breadth between the distal 
ends of the preserved parts of the cornua is 3 3 . 5  mm, the breadth of the 
inter-zonal part posteriorly is 1 6  mm, the height of the shield at its 
posterior end (the dorsal spine not inc1uded) is 7 . 5  mm, the distance of 
the pineal depression from the rostrai end of the shield is 1 1  mm, and 
that of a postero-Iateral angle from the rostrai end is about 22 .5  mm. 
The species was thus of small size. 

The cephalic shield rapidly decreases in breadth anteriorly . Its 
maximum breadth, which presumably lay between the tips of the cornua, 
cannot be measured as the posterior parts of the cornua are missing, 
but is seems probable that it was about one and a half times as great as 
the length of the shield in the median line . The rostrai margin of the 
shield is sharply and evenly rounded and there is no indication of a 
rostrai angle. The lateral margins are only slightly rounded. Of the 
cornua only the basal p arts are preserved ; they seem, however, to be 
rather strongly built ; they are rather much flattened dorso-ventrally 
in their most proximal parts but are posteriorly more roundedly oval 
in cross-section. They project in a postero-Iateral direction and it seems 
likely that they were rather straight. They reached backwards at least 
to some distance behind the posterior end of the inter-zonal part. The 
inner margins of the cornua are provided with numerous small, slightly 
anteriorly curved dentic1es. The pectorai sinus are broad but not parti
cularly deep . The inter-zonal part is moderately long and high and 
rather narrow; its breadth between the postero-Iateral angles is contained 
about one and a half times in the length of the shield in the median 
line . The dorso-posterior portion of the inter-zonal part (the dorsal 
spine not inc1uded) is protracted somewhat backwards and the obtuse 
posterior angle lies behind the level of the postero-Iateral angles . 
Dorsally the inter-zonal part is provided with a comparatively low, 
dorso-posteriorlY protracted, bluntly acuminated median spine. The 
dorsal sensory field is narrow, about three times as long as broad, and 
oval in shape ; the anterior margin is narrow, and lies immediately 
behind the pineal groove ; the posterior margin is somewhat broader 
and truncated. The distance of the posterior margin of the field from 
the posterior end of the inter-zonal part (dorsal spine not inc1uded) is 
somewhat more than half the length of the field. The lateral sensory 
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fields, which are comparatively broad, extend backwards over the 
basal parts of the cornua ; their posterior third is placed somewhat 
nearer to the lateral margin than their anterior part. The distance 
between the antero-median ends of the two fields is about twice as 
gre at as the inter-orbital breadth . The orbital openings , which are 
moderately large and roundedly oval in shape, are situated slightly in 
front of the middle of the length of the shield in the median line. The 
circum-orbital rim is very narrow and inconsiderable. The pineal groove 
indicates that there was developed an independent pineal plate which 
is, however, not preserved. The naso-hypophyseal opening and the fossa 
circum-nasalis are not accessible to observation. 

The exoskeleton is smooth without tuberculation, only very slightly 
rugose from the margins of the very c10sely placed small pores of the 
mucous canal system. The three layers in the exoskeleton are all well 
developed ; the superficial layer is continuous, the middle layer has 
weU developed vascular canals , in the main parts of the shield disposed 
as radiating canals , in the lateral parts placed paralleI to the margins ; 
the basal layer contains no ringsinus. The vascular areas are not very 
weU separated from each other ; in the middle parts of the shield they 
measure on the average l mm in diameter. The mucous canal system 
is enc10sed in the exoskeleton and forms a uniformly fine-meshed 
network where no circum-areal and intra-areal canals can be 
distinguished. 

Of the sensory line system only the grooves of the anterior division 
of the intra-orbital line have been observed between the antero-median 
margins of the lateral fields . 

The endoskeleton is strongly ossified and comparatively weU 
preserved, and many of the intern al features of the shield are displayed. 
The canal sei l divides just antero-laterally to the orbit as is generally 
the case in the genus . The can als vls:{ and vls-i join into a com mon 
trunk (vIa) at a point immediately postero-Iaterally to the orbital 
opening. Also the canals vis "  and vlsG join into a rather long common 
trunk , which opens into the canal vel. 

R e m  a r k  s. - Cephalaspis oreas is not readily characterized and 
distinguished from its congeners . It is extremely similar to C. heintzi 
(p. 28 1 )  and may eventually turn out to be only an aberrant form 
of this species , which is rather variable. With our present knowledge 
C. oreas seems to differ from C. heintzi in the broader and lower 
cephalic shield , in the cornua, which project in a more lateral direction, 
and which very probably are longer and slenderer, in the lower inter
zonal part, provided with a distinct dorsal spine , and in the shape of 
the dorsal sensory field . Fragmentary shields of the two species can 
of ten not be distinguished . From C. divaricata (p. 274),  which is a 
considerably larger species, it is distinguished i. a. by the slenderer 



- 28 1 -

and more feebly denticulated cornua, by the larger and differently 
developed inter-zonal part, and by the longer lateral sensory fields . 
From C.  whitei (Stensio 1 932 ,  p .  93) ,  which is about twice as great as 
C.  oreas, it differs mainly by the broader inter-zonal part, which is 
provided with a real spine (in C.  whitei there is merely a dorsal ridge) , 
by the more anteriorly situated orbital openings and the shape of the 
dorsal sensory field. It seems very likely that C. oreas in reality is more 
c10sely related to the above mentioned C. heintzi, C. divaricata, and 
C. whitei than to any other known species of the genus (cf. also 
C. pygmæa, p. 285) .  

G e o  l o g  i c a l h o r  i z o n  s .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Primaeva horizon, ? the Polaris horizon. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Primaeva horizon (no. A3003 6) .  The four specimens, 
more or less doubtfully placed here, come from about the same locality, 
nos . 497,  A3003 7-A3003 8 from the Primaeva horizon, no. A300 3 9  
from a horizon 250  m above sea-Ievel and thus from the Polaris horizon 
(see Kiær & Heintz 1 9 3 5 ,  p. 1 3) .  

No.  A30039 was collected by  Th. Vogt's expedition in 1 925 , nos . 
A3003 6-A3003 8 by Th. Vogt's expedition in 1 92 8 ,  and no. 497 by 
the ENS expedition in 1 93 9 .  

1 0 . Cephalaspis heintzi Stensio . 

(Fig . 3 2 ;  pl. 5 : 3 .) 

1 927 .  Cephalaspis heintzii in part, Stensi6, p. 270;  fig. 67 ; pl .  3 6 : 2-3 (not pls. 29-3 0 ;  

3 1 : 3 ;  3 5 : 1 -2 ;  3 6 : 1 ) .  

D i a g n  o s i s . - A small Cephalaspis species with maximum 
breadth of cephalic shield about one and a half times as great as length 
of shield in median line. Shield strongly narrowing anteriorly. Rostrai 
margin sharply rounded or with obtuse rostrai angle. Lateral margins 
curved. Cornua rather long and stout, projecting in posterior, or 
posterior and slightly lateral, direction ; reaching backwards rather far 
behind posterior end of inter-zonal part. Inner margins of cornua with 
small dentic1es. Pectoral sinus rather deep and narrow. Inter-zonal part 
comparatively narrow and high ; posterior angle reaching backwards only 
slightly behind postero-Iateral angles ; dorsally provided with a low 
median ridge . Dorsal sensory field about twice as long as bro ad with 
broad truncated posterior margin ; lateral sensory fields reaching back
wards to basal parts of cornua.  Orbital openings large, situated weU 
before middle of length of cephalic shield in median line. Independent 
pineal plate present. Endoskeleton with very minute tuberc1es . Super
ficial layer continuous . Mucous canal system enc10sed in exoskeleton, 
forming a fine-meshed plexus . 



- 282 -

H o l o t  y P e. - Cephalic shield (no. 5 9) in the Palaeontological 
Museum, Oslo (Stensio 1 927 ,  p. 270) .  

M a t  e r i a l .  - The material, now available, which can be 
referred to this species with a fair degree of certainty, consists of four 
specimens (ENS nos . 498-5 0 1 ) .  Nos . 49 8-499 are represented by 
somewhat imperfectly preserved cephalic shields , no. 498 (pl . 5 : 3 )  is 
lacking a dorso-posterior portion of the inter-zonal part, no. 499 a 
similar portion and the distal parts of the cornua.  No. 500 consists of 
a shield wanting most parts of the cornua.  All these specimens (nos. 
49 8-5 00) se em to be somewhat affected by pressure of the rock. 
No. 5 0 1  consists mainly of parts of the dorsal exoskeleton of the shield, 
exposed in ventrai view. A somewhat imperfectly preserved shield (ENS 
no. 502), apparently flattened by pressure of the rock, is placed here 
with some hesitation . - I have also had the opportunity to study the 
holotype. 

D e s  c r i p t i o n .  - Although this species has been described 
earlier by Stensio, I shall give here an emended description as I have a 
rather homogenous material at hand and as I interpret the species in a 
more restricted sen se than Stensio . The dimensions (in mm) of the shields 
are given in the table below (figures in brackets are approximate) .  For 
comparison I also inc1ude here the holotype (no . 5 9) .  

NOS. ! 59 ! 498 ! 499 500 501  ! 502 

Length in median line . . . . . . . . . . . . . . . .  2 1 . 5  I (22.5) (25) 25 23 24.5 
Maximum breadth . . . . . . . . . . . . . . . . . . . . 32 29 (33) 33 (28 ) 32 
Breadth of inter-zonal part, posteriorly . . 1 5  1 5  ( 1 9) 1 6  ( 1 5) ( 1 7) 
Height of inter-zonal part, posteriorly . . . .  (8) ( 1 0) ( 1 0) ( 1 2  
Distance o f  tip o f  cornu from rostraI end 

of shie1d . . . . . . . . . . . . . . . . . . . . . . . . . .  (28 .5) 29.5 29 
Distance of pine al groove from rostraI end 

of shield . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  1 1  1 4.3  1 2  10  
Distance of postero-lateral angles of  inter-

zonal part from rostrai end of shield . . 20 2 1  25 23 2 1 . 5 20 

The cephalic shield is broad, its maximum breadth, which lies across 
the middle parts of the cornua is distinctly, about one and a half times, 
greater than the length of the shield in  the median line in the holotype 
but in other specimens not more than about one and a quarter times as 
great as this length. The maximum breadth is about equal to or some
what greater than the distance of the cornual tips from the rostrai end 
of the shield. The shield rapidly decreases in breadth forwards and the 
rostrai margin is very narrow, sharply rounded or forming a roundedly 
obtuse rostrai angle . The lateral margins are rather well curved. The 
cornua, which project in a posterior, or posterior and very sligthly lateral 
direction are weU developed ; they are rather broad and dorso-ventrally 
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Fig. 3 2 .  - Cephalaspis heintzi Stensio. Restorations o f  the cephalic shield i n  dorsal 
view, A, based on the holotype (Pal. Mus. Oslo no. 59), B, based on ENS nos. 498 and, 

partly, 500. Nat. size. 

flattened ; they reach far behind the posterior end of the inter-zonal part, 
and their length is contained about two and a half times in the distance 
of their tips from the rostraI end of the shield. The outer margins of 
the cornua are rather strongly curved, more strongly than the inner 
margins ; these latter are provided with small, slightly antero-mediaUy 
curved, dentic1es .  The pectoral sinus are rather narrow and moderately 
deep. The inter-zonal part is short and comparatively narrow; its 
breadth between the postero-Iateral angles constitutes less than half of 
the maximum breadth of the shield. Dorsally the inter-zonal part is 
provided with a very low median ridge, which extends from about mid
way between the posterior margin of the dorsal sensory field and the 
posterior end of the inter-zonal part and runs backwards to the posterior 
angle. A dorsal spine such as indicated in StensiO 1 927 ,  fig .  67C is , 
however, not developed. The dorsal sensory field is rather short and 
broad, not quite twice as long as bro ad, with the greatest breadth in the 
posterior half of the field ; from the middle of its length it tapers for
ward and the anterior margin is fairly narrow, bluntly rounded ; the 
posterior margin of the field is abruptly truncated. The distance of the 
posterior margin of the field from the posterior angle of the shield 
constitutes about two-thirds of the length of the field (the holotype) or 
is only somewhat less than this length (nos . 499-5 0 1 ) .  The lateral 
sensory fields are also rather broad ; they reach backwards to about the 
middle of the length of the cornua or, in the holotype,  slightly farther. 
The orbital openings are comparatively very large ; they are oval or 
roundedly oval in shape, and situated somewhat nearer to the anterior 
than to the posterior end of the shield. The inter-orbital space is narrow, 
and its breadth is contained about one and a half times in the transverse 
diameter of an orbital opening. The circum-orbital rim is very narrow. 
The antorbital prominences are small but rather weU defined. An 
independent pineal plate was present but is not preserved. The circum
nasal fossa is rather deep anteriorly, but the nasal opening proper lies 
on a high elevation. 

The exoskeleton is in general badly preserved. Its outer face is 
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partly exposed in no . 498 ; here it is on the whole smooth , only 
ornamented with some seattered , irregularly placed, extremely small, 
of ten elongated tuberc1es (one of the largest tuberc1es measures 0.07 
mm in length) , which on the circum-orbital rim are somewhat l arger 
and more rounded. The superficial layer, as observed in the holotype 
and in no. 49 8 ,  forms a continuous covering to the exoskeleton.  The 
middle layer has vase ul ar areas with very delicate radiating canals ; the 
diameter of a vascular area was measured to 1 .4 mm in no . 5 0 1 .  In the 
posterior portion of the inter-zonal part the basal layer is well developed ; 
it has no ringsinus. The mucous canal system is enc10sed in the 
exoskeleton and forms a very fine-meshed network. 

The endoskeleton se ems to be rather well ossified but apart from 
canals of superficial vessels and nerves it is in general not exposed to 
observation. The first nerve canal for the lateral sensory field divides 
just antero-Iaterally to the orbit. The canal vis',! opens into the dorso
lateral part of the orbit and the canal vls4 into its dorso-postero-Iateral 
corner, but the courses of the other canals for the dorso-Iateral super
ficial veins could not be ascertained. 

Only some parts of the grooves of the sensory line system have 
been observed ; they offer no special interest. 

R e m  a r k  s. - Cephalaspis heintzi is characterized by its rather 
broad, anteriorly narrowing shield generally with a blunt rostrai angle, 
by the broad posteriorly directed cornua, the shape of the inter-zonal 
part and of the dorsal sensory field . It can most likely be confused with 
C. oreas (p . 278)  which occurs in the same layer, and fragmenta ry 
shields of the two species are of ten quite inseparable ; it differs from 
this speeies in the general presenee of a rostrai angle , in the more 
posteriorly directed (probably shorter) cornua, in the absenee of a dorsal 
spine and in the broader and differently shaped dorsal sensory field . 
The species is als o somewhat suggestive of C.  pygmaea, differing 
from it i. a. in the larger size, in the general shape and proportions of 
the shield, and the development of the inter-zonal part (cf. also 
C. ahetieus, p. 342).  

In establishing the species C .  heintzi, StensiO ( 1 927 ,  p. 270) placed 
in it two specimens (Pal. Mus. Oslo nos . 5 3 and 5 4) besides the hol 0-
type, and with some doubt, also a third specimen (no . 68) .  With the 
narrower delimitation of the species used here , it seems evident that 
none of these spee imens can pertain to C. heintzi . The specimens nos . 
5 3  and 5 4  are in reality C.  platycephalus, described below (p . 327) ,  as a 
new species, while no. 68  is a Cephalaspis but indeterminable as to specbs . 

G e o  l o gi c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Primaeva horizon and the Anglaspis horizon. 

L o c a l i t y .  - Spitsbergen. E .  side of Red Bay :  Fraenkel Ridge, 
in the Primaeva horizon. 
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All speeimens were collected by the ENS expedition in 1 939 .  
The holotype i s  from the Fraenkel Ridge, "Horis .  200  m." and 

thus from the Anglaspis horizon (cf. Kiær & Heintz 1 93 5 ,  p. 1 3) .  

1 1 . Cephalaspis pygmaea n.  sp . 

(Fig. 3 3A ;  pl. 9 : 1 - 3 .) 

D i a g n  o s i s . - A very small Cephalaspis speeies with 
maximum breadth of cephalic shield about one and a third times as 
great as length of shield in median line. Shield narrowing moderately 
anteriorly, rostrai margin well rounded without rostrai angle. Cornua 
rather bro ad and moderately long, projecting in posterior and slightly 
lateral direction and not reaching behind posterior end of inter-zonal 
part ; length of cornua constitutes about one-third of distance of their 
tips from rostrai end of shield ; inner margins with small dentic1es . 
Pectoral sinus broad and shallow. Inter-zonal part short and broad, it� 
breadth about half as great as maximum breadth of shield ; posterior 
end protracted backwards and provided with a low median spine. Dorsal 
sensory field about twice as long as broad ; lateral sensory fields narrow, 
reaching backwards to basal parts of cornua. Orbital openings situated 
before middle of length of shield in median line. Independent pineal 
plate present. Exoskeleton ornamented with numerous small tuberc1es . 
Mucous canal system enc10sed in exoskeleton, forming a very fine
meshed network. 

H o l o t  Y P e. - Cephalic shield (no . A30040) in the Palæonto
logical Museum, Oslo. 

M a t e r i a l. - The species is represented only by two specimens 
(Pal. Mus . Oslo nos . A30040-A3004 1 ) .  The holotype (no. A30040, 
pl. 9 : 1 -2) consists of an incomplete cephalic shield, in counterpart, in 
which the dorsal parts of the left side are much abraded. No. A3004 1 
(pl . 9 : 3) consists of the dorsal exoskeleton of the shield, exposed in 
ventrai view ; it lacks the rostral margin and the left cornu. 

D e s  c r i p t i o n. - The holotype has the following dimensions : 
length in median line from rostrai end to tip of dorsal spine 1 8 . 5  mm, 
maximum breadth 23  mm, breadth of inter-zonal part posteriorly 
1 2 mm, height of inter-zonal part (dorsal spine not inc1uded) about 
5 mm, distance of tip of cornu from rostrai end of shield about 20 mm ; 
distance of pineal fissure from posterior end of inter-zonal part about 
1 0  mm. In no. A3004 1 the maximum breadth is estimated at 22 mm, 
the inter-zonal breadth at about 1 3  mm ; the distance of the pineal 
fissure from the posterior end of the inter-zonal part is 1 1 . 8  mm. The 
two specimens are thus of about the same size and have belonged to a 
very small species . 



Fig. 33 . - A, Cephalaspis pyg

maea n. sp . Restoration of the 
cephalic shield in dorsal view. Af

ter the holotype (pal. Mus. Oslo 

no. A30040). Nat. size. B, Cephal-
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asp is heightingtonensis Stensio. Attempted restoration of the cephalic shield in dorsal 
view. After Stensio 1 932 ,  pl. 1 4 :5-7 .  Nat. size . 

The shield is rather broad ; its maximum breadth, which lies 
between the posterior ends of the cornua, is about one and a third times 
as great as the median length . The shield narrows moderately towards 
the rostrai end, but the rostrai margin is still fairly broad ; it is broadly 
curved and there is no rostrai angle . The lateral margins are rather 
convex. The cornua project in a posterior and somewhat lateral 
direction and reach backwards only to the same level as the posterior 
end of the inter-zonal part. They are thus moderately long and their 
length is contained about three times in the distance between their tips 
and the rostrai end of the shield ; they are flattened dorso-ventrally and 
provided along their inner margins with very small denticles. The 
pectoral sinus are rather broad and shallow, asymmetrically developed 
with their greatest depth ne ar their median borders ; there is thus a well 
marked antero-median corner in the sinus, like that in e. g. C. /weU. 
The inter-zonal part is short and rather broad, its breadth between the 
postero-Iateral angles is about half as great as the maximum breadth 
of the shield. The posterior angle of the inter-zonal part is much 
protracted backwards , reaching far behind the postero-Iateral angles. 
Dorsally there is a low median ridge beginning slightly behind the dorsal 
sensory field and posteriorly passing into a low, pointed, backwardly 
inclined, not very conspicuous dorsal spine. The dorsal sensory field 
is not preserved in its entire length in the holotype ; in no. A3004 1 ,  
however, it i s  about twice as long as broad with its greatest breadth in 
the posterior half and slightly tapering towards the anterior margin 
which is short and truncated. The length of the field is about equal 
to the distance of its posterior margin from the posterior end of the 
dorsal spine. The lateral sensory fields are rather narrow and continue 
backwards only as far as to the most basal parts of the cornua. The 
orbital openings, which are roundedly oval in shape, are situated before 
the middle of the length of the shield in the median line. In the holo
type the inter-orbital distance is about one and a half times as gre at as 
the transverse diameter of an orbital opening while in no. A3004 1 the 
same distance is equal to the diameter. A very narrow circum-orbital 
rim seems to be developed in the holotype. The antorbital prominence 
is nN conspicuous . The presence of an independent pineal plate is 
indicated by the pineal fissure. The naso-hypophyseal opening is not 
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observable but the circum-nasal fossa seems to be rather well defined 
though very small. 

Very little of the exoskeleton is accessible to direct observation in 
the holotype, and in no. A3 004 1 it is very poorly preserved. In  the 
latter speeimen the dorsal face of the exoskeleton is covered with minute 
tuberc1es, and in the holotype some tuberc1es are observed along the 
lateral margins. As to the middle layer only so much can be said that it 
contains radiating vascular canals . The mucous canal system is, wholly 
or partly, enc10sed in the exoskeleton and forms a very fine-meshed 
network where circum-areal and intra-areal canals cannot be 
distinguished. 

The endoskeleton is very imperfectly known. It seems to have 
been fairly well ossified but is poorly preserved. Only fragments of the 
canals of the superficial nerves and vessels are observed and there is 
nothing to indicate that they were disposed otherwise than in the 
majority of the Cephalaspis speeies . 

R e m  a r k  s .  - Among the Spitsbergen speeies of Cephalaspis, 
C. pygmaea is distinguished by its very small size, the shape and 
proportions of the shield, especially the shape of the cornua, the pectoral 
sinus and the inter-zonal part. It is somewhat suggestive of C. heintzi 
(p . 2 8 1 )  and C. oreas (p . 278)  but in both these species , which are of a 
larger size than C.  pygmaea, the shield is more narrow anteriorly, the 
cornua are differently shaped, the pectoral sinus are deeper and of 
different form, the inter-zonal part is longer, etc . ,  and it is thus evident 
that we have here to do with separate although probably c10sely related 
species . It is, however, to the British species C. heightingtonensis 
(fig. 3 3 B ;  cf. Stensio 1 932 ,  p .  9 6 ;  pl. 1 4 : 5 -7) that C.  pygmaea shows a 
most striking similarity . Features common to the two species are the 
same very small size, the general shape of the cephalic shie1d, the shape 
of the cornua and the pectoral sinus, and the development of the mucous 
canal system. C. pygmaea differs from C. heightingtonensis by its more 
laterally directed cornua, the broader pectoral sinus , and in connection 
with this fact the narrower inter-zonal part, the shape of the posterior 
portion of the inter-zonal part and the presenee of a dorsal spine 
(although it must be observed that in this respect the restoration in 
fig. 3 3B may be open to some doubt, cf. Stensio 1 93 2 ,  p. 9 6) ,  the 
shorter lateral sensory fields and the orbital openings, placed more 
forward. Although these differences are not very significant, they seem 
to prevent the two forms from being united into one species .  The two 
speeies must, however, be considered to be very c10sely akin. The 
resemblance between C. heightingtonensis and C. lang; is pointed out 
by Stensio ( 1 9 3 2 ,  pp. 97 ,  1 34), and this observation applies also to 
C. pygmaea with regard to C. langi; the differences between these 
species concern the size and the shape and proportions of the shield . 
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G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series,  the Plant horizon and the Primaeva horizon. 

L o c a l i t i e  s. - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Plant horizon (no . A3004 1 ) , in the Primaeva horizon 
(no. A30040) . 

The two specimens were collected by Th. Vogt's expedition 
in 1 92 8 .  

1 2 .  Cephalaspis dissimulata n. sp. 

(Fig . 3 4 ;  pls . 1 :2 ;  8 : 1 .) 

1 927.  Cephalaspis hoeli in part, Stensio ,  p. 264;  fig. 64 ;  pl .  1 9 :2·3 . 

D i a g n  o s i s . - A Cephalaspis species of small size with 
maximum breadth of cephalic shield about equal to length of "hield 
in median line. Shield more or less narrowing anteriorly, rostraI 
margin rounded. Cornua projecting in posterior direction, reaching 
backwards as far as or slightly behind inter-zonal part, moderately 
long ; their length being contained about three times in distance of 
tips of cornua from rostraI end of shield ; cornua of ten slightly curved 
medially, inner margin with rather strong, pointed dentic1es .  Pectoral 
sinus narrow, with distinct antero-median corner, fairly deep . Inter
zonal part short and broad, its breadth distinctly more than half as great 
as maximum breadth of shield ; postero-dorso-median portion protracted 
backwards, provided with pointed, backwardly inc1ined dorsal median 
spine . Dorsal sensory field about twice as long as broad. Lateral sensory 
fields extending backwards over distal half of cornua. Orbital openings 
situated somewhat nearer to rostraI end of shield than to posterior end 
of inter-zonal part. Independent pineal plate present. Exoskeleton 
without ornamentation ; superficial layer continuous . Mucous canal 
system generally differentiated into circum-areal and intra-areal 
canals . 

H o l o t  y P e. -- Cephalic shield (no . A30042) in the Palæonto
logical Museum, Oslo . 

M a t  e r i a l. - In the present material this species is repre
sented by five speeimens (Pal. Mus . Oslo nos . A30042-A30044, and 
ENS nos . 503-504) . The holotype (no. A3 0042 , pl. 8 :  1) consists of 
an almost complete cephalic shield, with the left half in counterpart . 
No. A30043 consists of the dorsal exoskeleton of an imperfect cephalic 
shield, and no. A30044 of the dorsal exoskeleton of a shield, lacking 
a posterior portion of the inter-zonal part ; it is somewhat distorted by 
pressure of the rock . No. 503 is a fairly complete shield slightly 
affected by pressure of the rock, no . 5 04 is a rather imperfect shield 
lacking a large port ion of its left side and of the inter-zonal part as 
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Fig. 34 . - Cephalaspis dissimulata n. sp . Restoration of the 
cephalic shield, dorsal view; below, dorsal spine in lateral 

view. After the holotype (Pal. Mus. Oslo no. 1.3 0042). 
Nat. size . 

weU as the distal part of the right cornu. In addition to this material 
I have also studied a specimen (Pal. Mus. Oslo no. 26 ;  pl. 1 :2) referred 
by Stensio ( 1 927 ,  p. 264) to C. hoeli, but now placed in this new 
species .  

D e s  c r i p t i o n .  - The dimensions (in mm) of the shields are 
given in the table below (figures in brackets are approximate) : 

Nos. I A30042 I A30043 I A30044 I 
Length in median line . . . . . . . . . . . . . . . . . .  
Maximum breadth o • • • • • • • • • • • • • • • • • • • •  

Breadth of inter-zonal part . . . . . . . . . . . . . .  
Height of inter-zonal part (dorsal spine not 

included) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Distance of tip of cornu from rostrai end of 

shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Distance of a postero-Iateral angle of inter-

zonal part from rostr'al end of shield . . . .  
Distance of pineal fissure from rostrai end 

of shield o • • • • • • • • • • • • • • • • • • • • • • • • • • •  

{ 

3 1  I 30.5 (34) 34 

1 8  (22) 2 1  

1 2.5  { 37.5 
34 

4 1 . 3  

24 
26.5 { 28 

25 30 

1 3  1 5  

503 504 

3 1 .3 
1 8 . 5  ( 19) 

1 1 . 5 

(34) { 23.5 27.5 
25 

1 3 .5  14 .5  

The cephalic shield is thus somewhat variable in size, but the 
variation lies between fairly narrow limits , and the shields must have 
belonged to a species of rather small size . 

In general shape the shield is rather narrow and fairly high , 
The shie1d, especially its anterior part, is somewhat variable in 

shape ; in the holotype, and in nos. 26 ,  504 and A30043 this part is 
rather narrow, the rostral margin being narrow and fairly strongly 
rounded whereas in nos . 503 and A30044 the anterior part is somewhat 
broader and the rostral margin is more broadly rounded. The maximum 
breadth of the shield, which lies between the middle parts of the cornua, 
is about equal to the length of the shield in the median line. The 
rostrai margin is rounded without or with a slight indication of a rostral 
angle ; in the h010type it is somewhat asymmetricaUy developed, a 
feature which, however, is not typical for the species. The transition 
of the rostrai into the lateral margins is marked by very obtuse antero
lateral angles or the rostral margin passes without interruption into 

1 9 
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the lateral margins ; these margins are slightly convex. The cornua 
project in a posterior direction and extend backwards about as far as 
the dorsal spine of the inter-zonal part ; they are moderately long and 
somewhat varying in length, which is contained about three times in the 
distance of the tips of the cornua from the rostraI end of the shield . 
The cornua are slender, somewhat flattened and posteriorly somewhat 
bent in median direction ; their inner margins are provided with rather 
large, antero-medially directed pointed dentic1es .  The pectoral sinus 
are well defined but fairly narrow ; they are asymmetrically developed 
and provided with a distinct antero-median corner, and thus the sinus 
have the same shape as in e. g. C. hoeli . The inter-zomil part, which is 
somewhat varying in length, is in general moderately short but with 
posteriorly produced dorso-median portion ; its breadth is considerable , 
and between the postero-Iateral angles amounts to distinctly more than 
half the maximum breadth of the shield. Dorsally the inter-zonal part 
is provided with a low, sharp-edged median ridge which posteriorly 
gradually rises to a rather short sharp-pointed spine . The dorsal sensory 
field is weU developed, its exact shape could not be ascertained in any 
of the specimens placed here but very probably it is elongately oval 
with the anterior margin rather narrow and the posterior margin , which 
lies between the openings of the ductus endolymphatici ,  broadly rounded 
or truncated. The breadth of the field is about twice as great as its 
length. The field is bordered on each side by a ridge, which anteriorly 
is rather broad and depressed ; posteriorly it is narrower and disappears 
towards the postero-Iateral corners of the field. The lateral sensory 
fields extend over the basal parts of the cornua and reach backwards 
to a point at the middle of the length of the cornua;  in their posterior 
part they decrease gently in breadth . The orbital openings which are 
of a moderate size and roundedly oval in shape, lie somewhat in front 
of the middle of the length of the shield in the median line . There is 
a rather low antorbital prominence. A median portion of the shield 
inc1uding the circum-nasal fossa and the inter-orbital space is damaged 
in the holotype and it is thus not possible to ascertain if there was an 
independent pineal plate. In the other specimens , however, a pineal 
fis sure is c1early seen, indicating the presence of a pineal plate in the 
living animaL In nos . 503 and A30044 the middle division of the 
naso-hypophyseal opening is  obliterated and there are thus separate 
openings for the nasal and the hypophyseal ducts . In no. A30043 there 
is, however, evident ly a middle division ; the holotype and no. 5 04 are 
imperfectly preserved in this region and therefore nothing can be said 
about the development of this opening. 

The exoskeleton is well developed ; the superficial layer is conti
nuous and quite smooth all over the main part of the dorsal face of the 
shield, on ly along the rostrai and lateral margins are there seen small , 
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lengthened, depressed, very closely set tubercles, and in the holotype 
the antorbital prominenee is provided with very small pointed tubercles . 
The middle layer has well developed radiating vascular canals .  The 
vascular areas (and the corresponding polygonal areas, forrned by the 
circum-areal canals of the mucous canal system) are rather variable in 
size. In the middle parts of the shield they are on the average 0.7  mm 
in diameter in the holotype and 0 .9  mm in diameter in no. A30044. 
The mucous canal system is differentiated into wide circum-areal canals 
and a plexus of fine intra-areal canals in the holotype and nos. 503 and 
A3 0044 ; in no. A30043 on the contrary the whole mucous canal system 
is developed as a uniform fine-meshed plexus and this seems also to 
be the case in no. 5 04 .  

The endoskeleton seems to be weU ossified. Only some of  the super
ficial nerve and vascular canals are exposed. We find thus in the holo
type that the nerve canal seIl  runs undivided to the lateral field and 
only just medially to it gives off a strong anterior branch to the anterior 
part of the field, exactly as in C. excellens . In nos . 5 03 and 5 04 the 
canal seems to divide into two strong branches antero-laterally to the 
orbit and in no. 26 this is plainly visible (pl .  1 :2) ,  the posterior branch 
being somewhat narrower than the anterior one. The vein canal vIs:>, 
opens into the postero-dorso-lateral corner of the orbit ; the canals vls:;s 
and vISe join into a common canal but i ts  proximal course, and also 
that of the canal vIs4 , is not well exposed in the holotype, so that it is 
uncertain whether the common trunk and vIs4 also unite into a common 
canal before opening into the canal vel; in no. A30043 this seerns, 
however, to be the case. 

R e m  a r k  s .  - C.  dissimulata is not easily characterized and 
distinguished from its congeners , and this is partly due to the fact that 
its cephalic shield is rather variable in size and shape, and in the length 
of the cornua. It is generally recognized by its size, the rather narrow 
and high shield and the rather much backwardly protracted dorso
median portion of the inter-zonal part with its dorsal spine. C. dis
simulata is similar to C. hoeli (and was originally enclosed in this 
species), and these two species together with C.  exilis (p . 296) and 
C. retusa (p . 299) form a rather weU defined species group within the 
genus.  It differs from C.  hoeli (p . 292) by the higher cephalic shield, 
by the slenderer and of ten longer cornua, by the shape the inter-zonal 
part and by the possession of a dorsal spine and of an independent 
pineal plate, and probably also by the shape of the dorsal sensory field. 

As mentioned above, this speeies and C. hoeli were formerly not 
regarded as distinet, and of the specimens included in C.  hoeli I now 
refer to C. dissimulata no. 26 (Pal . Mus . Oslo ; Stensio 1 927,  pl. 1 9 :2  
and fig . 64) on which the restoration by  StensiO of  the cephalic shield 
of C. hoeli was evidently based. 
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G e o  l o g  i c a l h o r  i z o n s .  - Lover Eodevonian (Dittonian) : 
Red Bay series , the Corvaspis , the Primaeva, the Polaris and the Angl
aspis horizons . 

L o c a 1 i t i e  s .  - Spitsbergen. E .  side of Red Bay: Fraenkel 
Ridge [N. side] , in the Corvaspis horizon (no. 504) , in the Primaeva 
horizon (nos. A30042,  503)  and in the Polaris horizon (nos. A30043-
A30044) . - No. 26 comes from a horizon "200 m. above sea-leve!" 
and this corresponds without doubt to the Anglaspis horizon (see Kiær 
& Heintz 1 93 5 ,  p. 1 3) .  

The specimens nos . A30042-A30044 were collected by  Th . 
Vogt's expedition in 1 92 8 ,  nos . 503-504 by the ENS expedition in 
1 939 .  

1 3 .  Cephalaspis hoeli Stensio. 

(Fig. 35 ; pls . 1 0 ;  1 1 : 3 .) 

1 927 .  Cephalaspis hoeli in part, Stensio, p. 264; pls. 1 7- 1 8 ;  1 9 : 1 ;  23 :2 ;  62 : 1 ;  ? pl. 68 
(not pls .  1 9 :2-3 ; 20-22; 23 : 1 , 3 ;  24: 1 ;  67 :2) .  

D i a g n  o s i s . - A Cephalaspis species of rather small size, 
with maximum breadth of cephalic shield somewhat greater than length 
of shield in median line . Shield more or less narrowing anteriorly. 
RostraI margin convex, without rostraI angle. Lateral margins curved. 
Cornua rather broad, projecting in posterior direction behind level of 
posterior angle of inter-zonal part, their length being contained some
what more than three times in distance of their tips from rostral end 
of shield. Inner border of cornua with small forwardly curved den
tic1es. Pectoral sinus shallow with distinct antero-median corner. Inter
zonal part of cephalic shie1d short and broad ; its breadth being about 
half as great as maximum breadth of shield ; dorsally provided with 
a low median ridge . Posterior angle of inter-zonal part extending back
wards behind postero-lateral angles .  Dorsal sensory field long and 
narrow, about three times as long as broad. Lateral sensory fields 
extending backwards on basal half of cornua.  Orbital openings rather 
large, situated in about middle of length of shield in median line No 
independent pineal plate. Outer face of exoskeleton smooth or orna
mented with very small tubercles . Mucous canal system consisting of 
fine-meshed plexus . 

H o l o t  Y P e. - Cephalic shield (no . 22) in the Palaeontological 
Museum, Oslo (Stensio 1 927 ,  p. 264) .  

M a t  e r i a l .  - Of the material at my disposal six specimens , 
Pal . Mus . Oslo nos . A30045-A30046 ,  A30047 (pl . 1 1 : 3 ) ,  A3 0048-
A30049 , A30050 (pl . 1 0) can be referred to this species . They all 
consist of more or less defect cephalic shields. Of the original material of 
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A 

0 ' 0  U �, 
Fig. 3 S .  - Cephalaspis hoeli Stensio. Restorations of the cephalic shield; A, after the 
holotype (Pal. Mus. Oslo no. 22), B ,  mainly after Pal. Mus Oslo no. A300S0. Dorsal 

view. Nat. size. 

this species , which is rather heterogeneous, I have had on lo an for a 
doser inspection the following specimens, belonging to the species in 
the restricted sense here accepted, viz. nos . 1 9 ,  22 ,  2 5 ,  28  (Pal . Mus. 
Oslo) . 

D e s  c r i p t i o n. - The dimensions of the cephalic shie1ds (in 
mm) are as follows (figures in brackets are only approximate) ; for 
comparison I have also measured the holotype (no. 22) : 

Nos. I A3004S 1 A30046 I A30047 I A30048 I A30049 I A300S0 I 22 

Length in median line . .  23 .0 30.S 28.S 26.S (28) 27 

Maximum breadth . . . . .  (3 1 )  (3S) (3S) �36) (37) (37) (3 1 )  

Breadth of inter-zonal part 1 3 .8  1 7.4 ( 1 8) 1 8  1 8 .S  1 7.S  1 5 

Distance of tip of cornu 

from rostraI end of 

shield . . . . . . . . . . . . . .  3 1 . S 39.0 36.0 

Distance of pineal fora-
men from rostraI end 

of shield . . . . . . . . . . .  1 1  1 6. 3  1 4.8  1 3 .9 1 4  

Distance of pine al fora-
men from posterior end 

of shield . . . . . . . . . . .  1 1 . S I 1 4.0 1 3 .S  I 1 2.4 1 4.9 1 2.9 

The maximum height of the shield (at the posterior end of the 
inter-zonal part) is only roughly estimated at 7 . 5  mm in no. A30046 
and at 9 mm in no. A300S0. The species thus seems to have attained 
but a rather small size. 

The cephalic shield is rather variable in shape, being comparatively 
narrow or fairly broad, with the maximum breadth somewhat greater than 
the length of the shield in the median line or at most one and a third times 
as great as this length. The shield is more or less decreasing in breadth 
forwards, and the rostrai margin is accordingly rather narrow or rather 
broad ; it is also narrowly or broadly rounded, but no rostrai angle is 
deve1oped. The lateral margins are fairly convex. The cornua,  which 
are rather long, broad and flattened, project in a posterior direction 
and reach far behind the leve1 of the posterior angle of the inter-zonal 
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part. Their length constitutes about one third of the distance from 
their tips to the rostraI end of the shield. The outer margins of the 
cornua are rather rounded and the cornua are posteriorly somewhat 
curved medially so that the maximum breadth of the cephalic shield lies 
between the bases or the middle parts of the cornua. The inner border 
of the cornu is provided with a row of densely set, comparatively very 
small, forwardly curved dentic1es .  The pectoral sinus are dis tinet but 
very shallow and rather broad ; their antero-median corners are almost 
rectangular (as is also the case in C. retusa and C. exilis), while the 
antero-Iateral corners are rounded and much less pronounced, or 
altogether absent. The inter-zonal part is short and broad, and its 
breadth between the postero-Iateral angles is about half as gre at as the 
maximum breadth of the shield ; the postero-dorso-median portion is 
protracted backwards far behind the postero-Iateral angles . Dorsally 
the inter-zonal part has a rather dis tinet but low and very short median 
ridge. The dorsal sensory field is elongate1y lanceolate, about three 
times as long as broad ; the posterior margin is short and abruptly 
truncated. The distance of the posterior margin of the field from the 
posterior end of the shield is contained about twice in the length of the 
field . The lateral sensory fields are rather broad anteriorly but decrease 
somewhat in breadth backwards ; they extend posteriorly on to or some
what over the basal half of the cornua .  The distance between the 
antero-median borders of the two fields is rather short, being about 
twice as gre at as the inter-orbital breadth. The orbital openings are 
comparatively large but in regard to the size of the shield they are 
somewhat smaller than in C. exilis. They are situated about midway 
between the rostrai margin and the posterior corner of the inter-zonal 
part. The inter-orbital breadth is somewhat smaller than the transverse 
diameter of an orbital opening. The circum-nasal fossa is narrowly 
triangular in shape and rather weU defined. There was no independent 
pine al plate developed between the orbital openings (cf. fig . 4A) . 

The exoskeleton is very badly preserved in most of the specimens. 
The superficial layer forms a continuous covering to the middle layer ; 
it is apparently smooth anq without any ornamentation in all specimens 
except in no. A30047 , where the outer face of the exoskeleton is orna
mented with very small rather seattered tuberc1es ; the superficial layer 
between the tuberc1es seems to be very thin, if really present . In the 
middle layer, the radiating vascular can als are well developed and form 
distinet vascular areas at least in no. A30046, and the average diameter 
of a vascular area is here 0 .9  mm. The mucous canal system is enc10sed 
in the exoskeleton and consists of a fine-meshed network, where no 
circum-areal and intra-areal canals can be distinguished. 

The grooves of the sensory line system are weU displayed in no. 
A30047 and also to some extent in no . A30050 (cf. fig . 35B) .  
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The endoskeleton is weU ossified in most of the specimens . The 
canals of superficial nerves and vessels are well displayed in no. A3005 0 .  
The nerve canals o f  the lateral sensory fields are disposed a s  normally 
in the genus. The vein canals vls3 and vls4 join into a common sinus
like cavity at the postero-dorso-lateral corner of the orbit, and the 
canals vls5 and vls6 join into a common trunk which opens into the 
canal vel. The canal viss receives from behind a rather narrow canal, 
vls7 coming from the zonal part of the shield. 

R e m  a r k  s .  - C.  hoeli forms together with C.  retusa, C .  exilis 
and C.  dissimulata a small group of c10sely allied species . C. hoeli 
differs from C.  exilis (p . 296) by its greater size, the general shape of 
the cephalic shield (the broad anterior part, the rounded lateral margins), 
the shape and the denticulation of the cornua, and the shape and extent 
backwards of the dorsal sensory fieId. From C. retusa (p . 299) it differs 
by the greater size and by the narrower rostrai part of the shield, the 
somewhat slenderer cornua, and by the shape of the inter-zonal part. 
The differences between C. hoeli and C. dissimulata are noted under 
the remarks on this latter species (p . 29 1 ) .  

The species C.  hoeli i n  the original conception o f  Stensi6 i s  here 
thought to be a rather heterogeneous complex, and it is therefore split 
up into severai distinet species, viz. C. hoeli s. str . ,  C. exilis, C. retusa, 
and C. dissimulata. Of the original material of nineteen certain (Pal. 
Mus. Oslo nos . 1 8-3 5 ,  3 9) and seven dubious (Pal. Mus. Oslo nos. 
3 6-42) specimens, the following will remain in the speeies, viz . nos. 
1 9-20, 22-2 3 ,  2 5 ,  2 8 ,  3 1 ,  34 ,  and 40 ; the specific determination 
of nos . 3 6-3 8 is more or less doubtful, while the Jollowing belong 
to other speeies : nos . 1 8 ,  2 1 ,  24, 26-27 , 29-30, 32-3 3 ,  3 5 ,  3 9 ,  
4 1-42 . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ctenaspis and the Benneviaspis horizons . 

L o c a 1 i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 
Nevis, without c10ser indication of locality (no. A30049) ; Western 
Plateau in the Ctenaspis horizon (nos . A30046, A30050) and in the 
Benneviaspis horizon (no . A30045) ; between the First and Second 
Glaciers ("Tunge" ; no. A30047) ; the Second Glacier, in the moraine 
(no . A30048) .  

The specimens were all collected in 1 928  by Th. Vogt's expedition. 
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1 4 .  Cephalaspis exilis n .  sp . 

(Fig. 3 6 ;  pls. 1 1 :4-5 ; 27 : 1 ;  3 4 : 1 )  

1 927 .  Cephalaspis hoeli in part, Stensio, p .  264;  pls. 20-2 2 ;  23 : 3 ;  24: 1 ;  67 :2 .  

D i a g n  o s i s . . - A Cephalaspis speeies of small size with 
maximum breadth of cephalic shield slightly exceeding length of shield 
in median line . Shie1d rather strongly narrowing anteriorly. Rostrai 
margin narrow, well rounded, without rostrai angle. Lateral margins 
feebly rounded . Cornua rather broad, fairly long, projecting in posterior 
and slightly lateral direction, reaching far behind posterior end of 
inter-zonal part ; their length being contained about three times in 
distance of their tips from rostrai end of shield . Inner margins of 
cornua with c10sely set, rather strong, hook-like dentic1es . Pectoral 
sinus rather narrow, shallow, with antero-median corner. Inter-zonal 
part short and broad, its breadth between postero-Iateral angles about 
half as great as maximum breadth of cephalic shield ; dorsaUy with low 
and short median ridge . Postero-dorsal portion of inter-zonal part 
reaching backwards behind postero-lateral angles. Dorsal sensory field 
long and narrow, about three times as long as broad. Lateral sensory 
fields extending backwards over proximal half of cornua .  Orbital 
openings comparatively large , situated somewhat in front of middle 
of length of shield in median line . No independent pineal plate . Outer 
face of exoskeleton smooth or ornamented with minute tuberc1es ; 
middle layer with large vascular areas . 

H o l o t  y P e. - Cephalic shield (no . A3005 3 )  in the Palaeonto
logical Museum, Oslo. 

M a t  e r i a 1. - The material of this speeies consists of thirteen 
speeimens , Pal .  Mus . Oslo nos . A3 005 1 ,  A30052 (pl. 1 1 :4) , A3 005 3 
(pl. 1 1 : 5 ) ,  A30054-A30060 and ENS nos . 5 05 (pls . 2 7 : 1 ;  3 4 : 1 )  506-
507 .  Beside these speeimens I have had on loan the following, which 
belong to the original material of C. hoeli (Stensia 1 927 ,  p. 2 64) but 
which I place in this new species , viz. Pal. Mus . Oslo nos . 24,  30 ,  32 ,  
4 1 .  The holotype (no. A3005 3)  consists of  a rather complete cephalic 
shield in counterpart. Nos . 505 ,  507 ,  A 3 005 1-A30052 ,  A30054-
A3005 5 also consist of fairly weU preserved shields , some of them are, 
however, slightly distorted by pressure of the rock. The remaining 
speeimens (nos. 5 06,  A3005 6-A30060) consist of fragmentary shields . 

D e s  c r i p t i o n .  - As most of these speeimens consist of 
rather fragmentary or distorted cephaEc shields , measurements could 
only be taken on five speeimens. The dimensions of the shields (in 
mm) of these speeimens are as follows (figures in brackets are ap
proximate) : 
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f / 0 1 0\\" ��- " Fig. 3 6 .  - Cephalaspis exilis n. sp. Restoration of the cephalic 1 U .� """ld; dom.1 vi,w. Mt" \h, h01otyp, (Pol. Mw. 0,10 00. A3OO53) 1Ii'� � and Pal. Mus. Oslo no. A30055 .  About nat. size. V \ 

Nos. I 507 I A30052 I A30053 I A30054 i A30055 

Length in median line . . . . . . . . . . . . . . . .  1 7  (20) 
Maximum breadth . . . . . . . . . . . . . . . . . . . .  23 .5  
Breadth of inter-zonal part . . . . . . . . . . . .  1 0.3  1 1 .2 

Distance of tip of cornu from rostrai end 

of shield . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 .4 

Distance of pineal foramen from rostrai 

end of shield . . . . . . . . . . . . . . . . . . . . .  . 
Distance of pineal foramen from posterior 

end of shield . . . . . . . . . . . . . . . . . . . . .  . 9.6 

1 7.3  
20.8 
1 1 .0 

22.0 

8.4 

8 .8 

1 7.6  

(22) 
1 1 .6  

23 .3  

1 9.5 
22 

1 1 .0 

9 .5 

9 .8 

The fragments of the other shie1ds indicate that they all have about 
similar dimensions as the above measured specimens. The species is 
thus of small size . 

The shape of the cephalic shield in this species is characteristic , 
being rather triangular owing to the narrow anterior part of the shield 
and the feebly curved lateral sides. The maximum breadth, which 
generally lies between the middle parts of the cornua,  is somewhat 
greater than the length in the median line and somewhat less than the 
distance of the tips of the cornua from the rostrai end of the shield. 
The shield narrows more or less strongly towards the rostrai margin and 
the rostrai part of the shield is thus narrow ; the rostrai margin is 
sharply rounded and without indication of any rostrai angle. The 
lateral margins are very slightly curved. The cornua are weU developed, 
rather broad and flattened ; they project in a posterior and slightly 
lateral direction and reach far behind the posterior end of the inter
zonal part ; their length constitutes about one-third of the distance of 
their tips from the rostraI end of the shield. The inner margins of the 
cornua are provided with rather closely set, comparative1y strong, 
anteriorly curved, hook-like denticles . In relation to the size of th� 
shield the denticles are more strongly developed than in the allied 
species C. hoeli and C. retusa . The pectoral sinus are shallow and 
rather narrow with a distinctly pronounced antero-median corner and 
more rounded and very slightly marked antero-Iateral corner (the 
pectoral sinus have thus a si mil ar shape as in C. hoeli and C. retusa) . 
The inter-zonal part is broad and short ; its breadth between the postero
lateral angles is about half as great as the maximum breadth of the shie1d ; 
dorsally it has a weU marked but very short and low median ridge. The 
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postero-dorso-median portion of the inter-zonal part is protracted back
wards and reaches somewhat behind the postero-1ateral angles .  The 
dorsal sensory field is elongate, narrowing anteriorly and posteriorly 
with the maximum breadth slightly behind the middle of its length ; its 
length in the median line is about three times as great as its breadth ; 
the anterior margin is narrower than the posterior, and both are 
truncated. The distance of the posterior margin of the field from the 
posterior end of the shield equals only about one third of the length 
of the field. The lateral fields are broad and extend backwards over 
the proximal half of the cornua ; in no. A300S S ,  however, they reach 
farther backwards , entering the distal half of the cornua.  The distance 
between the antero-median corners of the two fields is rather small , 
being about one and a half times as great as the inter-orbital breadth.  
The orbital openings are very large in proportion to the size of the 
shield, and comparatively larger than in C. hoeli and C. retusa; they 
have an oval shape and lie slightly anteriorly to the middle of the length 
of the shield ; the two openings are situated rather far from each other 
and the inter-orbital distance is about equal to the transverse diameter 
of an orbital opening. There is no independent pine al plate . An ant
orbital prominence is not perceptible. The circum-nasal fossa is nar
rowly triangular in shape and well defined.  

Owing to the imperfect preservation of the exoskeleton, it is diffi
cult to get a clear picture of its minute structure. In some of the speci
mens (nos . S OS-506,  A300S 6-A300S 7 ,  A300S9) the outer face is 
ornamented with very small elliptic tubercles , and it seems probable 
that the superficial layer is developed both in the tubercles and in the 
inter-tubercular spaces . In the holotype (no . A300S 3) and in no . 
A30048 the outer face is apparently quite smooth, lacking all 
ornamentation .  The mucous canal system is probably enclosed in the 
exoskeleton and forms (at least in the holotype and in no. A3 0048)  
a fine-meshed network , which is not differentiated into circum-areal 
and intra-areal canals .  In the lower division of the middle layer 
in all specimens , in which it is sufficiently preserved to allow 
observation, the radiating canals are weU developed and disposed in 
distinct bundles , forming large polygon al vascular areas . In no. 
A3 00S 6 the average diameter of a vascular area is 1 . 1  mm. Along the 
rostrai and lateral margins of the shield the radiating canals are 
substituted by canals running parallelly to the margins. 

The grooves for the sensory line system are well displayed in the 
holotype and traces of some of the grooves are als o seen in nos . S06 ,  
A3005 6 and A300S 9 .  

The endoskeleton i s  well developed and displays many o f  the 
internal structures in severai specimens (nos. S07,  A300S 2-A3 00S 3 ,  
A3005 S ,  A300S 7 ,  and particularly no. S OS) .  I n  the holotype, i n  no. 
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A300S S and on the right side of no. A300S 2 the canal vlsg opens 
into the postero-dorso-lateral corner of the orbit, and the canals vls4 ' 
vls5 '  and vls6 all open into the canal vel; on the left side of no. A300S 2  
the proximal courses o f  the mentioned canals are much obscured owing 
to the development of wide superficial vein sinus. 

R e m  a r k  s .  - C.  exilis is very c10sely allied to C. hoeli (p . 292) 
and C. retusa . It differs from these species by the narrow anterior 
part of the shield, the comparatively large orbital openings, and 
by more strongly developed dentic1es on the cornua, furthermore 
from C. hoeli by the small size and by the dorsal field, reaching farther 
backwards, and from C. retusa by the somewhat differently shaped 
inter-zonal part (see also the remarks on this latter species , p. 3 0 1 ) .  

A s  far a s  can b e  seen, the following specimens i n  the original 
material of C. hoeli must be transferred to C. exilis, viz . Pal. Mus. 
Oslo nos . 24,  30, 32, 4 1 ,  and, with some doubt, nos . 29 and 3 S .  

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the horizon A, the Ctenaspis and Benneviaspis horizons . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 
Nevis, without c10ser indication of locality (nos. SOS ,  A300S2,  A300S 8) ; 
W. Plateau, in the Ctenaspis horizon (nos. A300S 3 ,  A3 00S S-A300S 7 ,  
A3 00S 9), i n  the Benneviaspis horizon (nos. A300S 1 ,  A300S 4) ,  i n  the 
horizon R (corresponding to a part of the Benneviaspis horizon ; no. 
A3 0060) . W. side of Liefde Bay: the mountain S .  of the Ida Glacier, 
N. side (nos. S 06-S 07) . 

The specimens nos . A300S 1-A300S7 ,  A30060 were collected 
by Th. Vogt's expedition in 1 92 8 ,  nos . S OS-S07 by the ENS expedi
tion in 1 9 3 9 .  

I S .  Cephalaspis retusa n. sp . 

(Fig. 3 7 ;  pl. 9 :4-7 . )  

1 927 .  Cephalaspis hoeli i n  part, Stensii:i, p .  2 6 4 ;  ( 1 )  p l .  23 : 1 .  

D i a g n  o s i s . - A Cephalaspis species of small size, with 
maximum breadth of cephalic shield somewhat greater than length of 
shield in median line. Shield slightly narrowing anteriorly. RostraI 
margin broad, obtusely rounded. Lateral margins slightly curved. 
Cornua fairly broad and long ; their length constituting about one-third 
of distance of their tips from rostrai end of shield ; projecting in 
posterior and slightly lateral direction, reaching behind posterior end 
of inter-zonal part. Inner margins of cornua with small dentic1es . 
Pectoral sinus rather narrow, shallow, with distinct antero-median 
corner. Inter-zonal part short, fairly broad ; its breadth posteriorly 
about half as gre at as maximum breadth of shield ; dorsally with low, 
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short median ridge . Dorsal sensory field long and narrow. Lateral 
sensory fields reaching backwards to middle parts of cornua .  Orbital 
openings of moderate size, situated midway between rostrai and posterior 
ends of shield. No independent pineal plate . Outer face of exoskeleton 
smooth, without ornamentation . Mucous canal system enclosed in 
exoskeleton, forming fine-meshed network. 

H o l o t  y P e. - Cephalic shield (ENS no. 508) .  
M a t e r i a 1 .  - The material which I refer to  this species con

sists of the holotype (ENS no. 508 ,  pl. 9 : 4) ,  a complete cephalic shield 
in counterpart, and two specimens (Pal . Mus. Oslo nos . 1 8 ,  3 3) which 
constitute a part of Stensio's material of C. hoeli; no . 1 8  (pl . 9 : 6-7) is 
a cephalic shield lacking a dorso-median portion as well as a distal 
part of the left cornu, no. 3 3  (pl .  9 : 5 )  is a nearly complete cephalic 
shield partly in counterpart. 

D e s  c r i p t i o n .  - The dimensions (in mm) of the shields are 
as follows (figures in brackets are approximate) : 

Nos. 

Length in median line . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Breadth of inter-zonal part, posteriorly . . . . . . . . . . .  . 
Distance of tip of cornu from rostrai end of shield . .  

508 

20.5 

24 

1 1 . 5  

26  

The shields thus belong to a species of small size . 

1 8  

(20) 
23 
1 1  

3 3  

( 1 8 .5 )  

20.7 
10 .5  
25 .5  

The maximum breadth of the shield, which is situated between the 
middle parts of the cornua, is somewhat greater than the length in the 
median line, being in the holotype one and a fifth times as great as this 
length, in the other specimens somewhat smaller . Taken as a whole 
the cephalic shield is less triangular than usual, only slightly decreasing 
in breadth towards the rostrai margin . This margin is comparatively 
very broad, broadly (no. 1 8) or truncately (the holotype) rounded, so that 
there is no trace of a rostrai angle . The lateral margins are slightly 
curved. The cornua project in a posterior and very slightly lateral 
direction, are proximally bro ad and flattened and taper rather rapidly 
towards their pointed tips ; they are fairly long with a length contained 
about three times in the distance of their tips from the rostrai end of 
the shield, and reach far behind the posterior end of the inter-zonal 
part. The outer margins of the cornua are slightly convex but the inner 
margins are alm ost straight . The inner borders of the cornua are 
provided with small, antero-medially directed, slightly curved denticles . 
The pectoral sinus are shallow and rather narrow, asymmetrically built 
with a distinct antero-median corner, and are thus of the same shape 
as in C. hoeli and C. exilis . The inter-zonal part of the shield is short, 
fairly broad and moderately high ; its breadth constitutes about one-



Fig. 37 . - Cephalaspis re/usa n. sp . 

Restorations of cephalic shields, A, 

after the holotype (ENS no. 508), B, 
outlines of the shield no. 1 8  (Pal. Mus. 

Oslo) . Nat. size . 
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half of the maximum breadth of the shield. Dorsally the inter-zonal 
part is provided with a low, very short median ridge. The postero
median portion of the inter-zonal part is rather bluntly rounded, slightly 
protracted backwards and not reaching far behind the postero-Iateral 
angles . The dorsal sensory field is rather narrow and about three times 
as long as broad ; the lateral margins of the field are slightly rounded 
and the posterior as well as the anterior margin truncated . The 
posterior margin lies rather ne ar to the posterior end of the shield, and 
the distance between these points is contained about three times in the 
length of the field. The lateral sensory fields are rather broad and 
reach backwards to about the middle of the length of the cornua. The 
orbital openings are of a moderate size and comparatively smaUer than 
those of C. hoeli and C. exilis; they are roundedly oval in shape and 
s ituated in about the middle of the length of the shield. Very little is 
seen of the inter-orbital space ; an independent pineal plate was not 
developed. 

The exoskeleton is very poorly preserved. As far as could be 
observed there is no ornamentation on its outer face and the superficial 
layer seems to be continuous . Nothing is seen of the vascular can als of 
the middle layer. The mucous canal system (very probably) is enc10sed 
in the exoskeleton and forms a uniformly fine-meshed network. 

The endoskeleton is very poorly preserved in the holotype and in 
no. 3 3 ,  much better in no . 1 8 ;  it is evident that the ossification was 
rather feeble, and the bone-layers are very thin with the exception of 
those of the superficial canals . The nerve canal sei l  branches just 
antero-Iaterally to the orbit and thus behaves as normally in the genus . 
Nothing worthy of notice is seen of the canals for the dorso-Iateral super
ficial veins. 

R e m  a r k  s .  - C.  retusa was inc1uded in C.  hoeli by Stensio 
( 1 927 ,  p. 264). With the narrower species concept used in this paper, 
C. retusa is treated as a distinct species . It is characterized by its smaU 
size, the broad rostrai margin of the shield and the rather broad cornua. It 
is extremely similar to C. exilis and C. hoeli and is undoubtlY very c10sely 
related to these two species and probably also to C. dissimulata. It 
differs from C. exilis Cp . 296) and C. hoeli Cp . 292) by the shape of its 
shield, only slightly narrowing anteriorly and with a very broad rostral 
margin, by the broader cornua and the smaUer orbital openings, and 
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from C. hoeli furthermore by its smaller size, by the shape of the inter
zonal part and the dorsal sensory field. It must be noted that C. retllsa 
is most similar to C. exilis, and although the two speeies seem to differ 
rather considerably in the general shape of the shields, it must be born 
in mind that in other speeies (e . g. C. hyperboreus, C. excellens) this 
character is subject to rather great variation. Within the present material 
the two species seem to be fairly constant and as real intermediate forms 
are wanting, I think it best to regard them, at least provisionally, as 
distinet speeies . 

To this speeies must be referred (besides the speeimens mentioned 
above) no. 3 9 ,  very probably also no. 2 1 ,  and somewhat doubtfully a 
specimen numbered 46,  all in the Palaeontological Museum, Oslo, 
which were placed in C. hoeli by Stensio . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, horizons J, R (corresponding to parts of the Ctenaspis 
and the Benneviaspis horizons,  respectively ; cf. Kiær & Heintz 1 9 3 5 ,  
p .  1 5- 1 6) .  

L o c a l i t i e  s .  - Spitsbergen. E .  side of  Red Bay :  Mt  Ben 
Nevis [S.W. side] , in the horizon J (no . 1 8) ,  in the horizon R (no . 3 3) ,  
without statement of  the horizon (no . 508) .  

Nos . 18  and 3 3  were collected by A. Hoel in 1 909 (Stensio 1 927,  
p .  266), the holotype (no . 5 08) by the ENS Spitsbergen expedition 
in 1 93 9 .  

1 6 . Cephalaspis ellkeraspidoides Stensio . 

(Fig . 3 8 ;  pl. 5 8 : 3 .) 

1 927 .  Cephalaspis eukeraspidoides, Stensio, p .  267 ; fig. 6 5 ;  pl .  3 2 : l .  

D i a g n  o s i s . - A Cephalaspis species of medium size with 
maximum breadth of cephalic shield about one and a half times as great 
as length of shield in median line . Shield rather strongly narrowing 
towards anterior end, with rostrai angle. Lateral margins curved. 
Cornua very long, projecting in posterior direction, reaching far behind 
posterior end of inter-zonal part, length constituting somewhat more 
than half of distance between their tips and rostrai end of shield . Inner 
border of cornua with small denticles . Pectoral sinus shallow. Inter
zonal part of shield fair ly long, its posterior angle reaching backwards 
far behind its postero-Iateral angles ; dorsally with a long, low, median 
ridge . Dorsal sensory field about twice as long as broad. Orbital 
openings situated nearer to rostrai than to posterior end of shield . 
Independent pine al plate present . Superficial layer of exoskeleton 
continuous ; outer face without ornamentation. 

H o l o t  Y P e.  - Cephalic shield (no . 43) in the Palaeontological 
Museum, Oslo (StensiO 1 927 ,  p .  267) .  
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Fig. 3 8 .  - Cephalaspis eukeraspidoides Stensio.  
Restoration of the cephalic shield, dorsal view. 

After the holotype (Pal. Mus. Oslo no. 43) and 
ENS no. 509. Nat. size. 

M a t  e r i a 1. - In the new material now accumulated I can only 
refer one speeimen (ENS 509 ,  pl .  5 8 : 3 )  to this species .  It consists of 
an imperfeet cephalic shield, laeking a major part of the right side and 
most of the left cornu. - For comparison I had the opportunity of 
re-examining the holotype. 

D e s  c r i p t i o n. - The species is described by Stensio ( 1 927 ,  
p .  267) .  Here only some remarks will be made in connection with a 
re-study of the holotype and an examination of the single specimen in 
the new material. Both speeimens are imperfectly preserved and taken 
separately don't give a true ide a of the shape of the cephalic shield . The 
holotype is by far the most complete specimen but its shield is 
posteriorly distorted and evidently rather much compressed laterally 
giving the inter-zonal part a much toa narrow appearance. No. 509 is 
on the other hand somewhat depressed dorso-ventrally. 

The length of the shield in the median line is 3 4  mm in the new 
speeimen (no. 5 09) and the shield is thus only slightly smaller than 
that of the holotype. 

The maximum breadth of the shield which lies across the middle 
parts of the cornua is about one and a third times as great as the 
length of the shield in the median line or somewhat smaller than the 
distance of the tip of a cornu from the rostrai end of the shield and 
somewhat greater than the distance of the rostrai end from a point 
midway between the tips of the cornua.  The shield is much narrowing 
forwards and the lateral margins are fairly strongly convex. The rostrai 
margin is narrow, and is in the holotype provided with a fairly distinet 
rostrai angle, which is almost laeking in no. 509 .  The inner margins 
of the cornua are provided with small denticles, which anteriorly are 
minute and almost straight but posteriorly are somewhat larger and 
hook-like . The exact shape of the inter-zonal part is obscure ; it is, 
however, evident that it was fairly narrow and that its postero-dorso
median portion is protracted backwards so that the posterior angle lies 
much behind the postero-lateral angles . On its dorsal side the inter-
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zonal part has a long and low, but fairly sharp and distinct median 
ridge which does not seem to be continued backwards into a dorsal 
spine . The dorsal sensory field is distorted in the holotype ; in no. 509 
it is about twice as long as broad ; its anterior margin, lying immediately 
behind the pine al groove, is abruptly truncated, the lateral margins 
are only slightly curved. In both the holotype and no. 509 the distance 
of the posterior margin of the field from the posterior end of the inter
zonal part is somewhat greater than the length of the field . The pineal 
fis sure indicates the presence of an independent pineal plate in the 
living animal . The naso-hypophyseal opening is comparatively small . 
The circum-nasal fossa is small and well defined, its anterior margin 
is strongly rounded. 

As far as could be observed also in no. 509 the superficial layer 
of the exoskeleton is continuous and quite smooth, without any orna
mentation. It is pierced by the rather large, c10sely set pores of the 
mucous canal system. The development of this latter system could 
otherwise not be observed directly but it seems probable that it formed 
a uniformly fine-meshed plexus . 

R e m  a r k  s .  - It is impossible at present to make definite 
statements about the relationship of C. eukeraspidoides to other species 
of the genus or to point out the most kindred species . It is compared 
by Stensio ( 1 927 ,  p. 267) with C. hoeli, and the species is possibly 
related to the group of species , represented by C. hoeli . C. euker
aspidoides is likewise somewhat suggestive of the new species C .  acu
minata (p . 258 ) ,  C. producta (p . 390) and C. oblonga (p . 393 ) ,  but, as 
seen from the descriptions of these species, the differences are striking 
and there is very probably no very c10se affinity between any of them 
and C. eukeraspidoides. The species is furthermore slightly similar to 
C. vogti (p . 3 1 4) ,  C. arctic liS (p . 3 42) and the British C. lankesteri 

(StensiO 1 932 ,  p. 1 23)  but cannot be confused with any of these 
species . 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series , the horizon R (corresponding to a part of the Bennevi
aspis horizon) . 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay :  Mt Ben Nevis, 
in tal us (no . 509) .  

The single new specimen was collected during the ENS expedition 
in 1 939 .  
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1 7 .  Cephalaspis hyperboreus n. sp . 

(Fig. 3 9 ;  pls . 1 2 : 3 -4 ;  1 9 : 1 )  

D i a g n  o s i s . - A Cephalaspis species of medium size with 
maximum breadth of cephalic shield somewhat exceeding length of 
shield in median line. Cephalic shield more or less narrowing toward 
rostrai end. Rostrai margin strongly curved. Lateral margins slightly 
convex. Cornua projecting in posteriar direction, somewhat curved, com
paratively short, their length being contained about three and a half 
times in distance of their tips from rostrai end of the shield ; inner 
margins of cornua without denticles . Pectoral sinus rather narrow and 
shallow. Inter-zonal part short and broad, moderately high ; dorsally 
with low median ridge ; breadth of inter-zonal part greater than half of 
maximum breadth of shield. Dorsal sensory field rather small, less than 
two and a half times as long as broad. Lateral sensory fields extending 
backwards to basal parts of cornua.  Orbital openings rather small, 
situated very slightly befare midd le of length of shield. Independent 
pine al plate present. Exoskeleton smooth, without ornamentation. 
Superficial layer continuous. Middle layer with irregularly radiating 
canals . Mucous canal system enclosed in exoskeleton, forming a fine
meshed plexus. 

H o l o t  Y P e.  - Cephalic shield (ENS no. 5 1 2) .  
M a t  e r i a l .  - The material, which I place in  this species , 

consists of five specimens (ENS nos . 5 1 0-5 1 4) .  The holotype (no. 5 1 2 ,  
pl .  1 9 :  1 )  i s  represented by a rather weU preserved cephalic shield, 
partly in counterpart, lacking only the distal part of the left cornu. 
Nos . 5 1 0 and 5 1 1  (pl. 1 2 : 3 -4) consist of shields without parts of the 
cornua, no . 5 1 3  is lacking a dorso-median portion of the shield . A 
fragmentary shield (Pal. Mus . Oslo no. A3006 1 )  is placed he re with 
much hesitation. 

D e s  c r i p t i o n. - The dimensions (in mm) of the shields are 
as follows (figures in brackets are approximate) : 

Nos. \ 5 1 0  5 1 1 5 1 2  5 1 3  5 1 4  

Length i n  median line . . . . . . . . . . . . . . . . . . . . . .  4 1  (42) 44 

Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . .  (46) 48 5 1  

Breadth of inter-zonal part, posteriorly . . . . . . . .  27.5 3 1  

Height of inter-zonal part, posteriorly . . . . . . . . . .  1 7  ( 1 6) 1 8  

Distance of tip of cornu from rostrai end of shield 45 49 52 

Distance of pine al groove from rostrai end of 
shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 .5 2 1  22.5 

48 
30 

48 

The shields belong thus to a speeies of only moderate s ize . 

(40) 
(46) 
29 

22.5 

The shield is comparatively long and narrow ; its maximum 
breadth, which lies approximately between the middle parts of the 

20 
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cornua, is somewhat greater (or generally about one and a fifth times 
as great) than the length of the shield in median line. The shield is 
more or less narrowing anteriorly, more so in nos . 5 1 0-5 1 1 , 5 1 4 than 
in nos . 5 1 2-5 1 3 ;  the shield is thus showing the same variation in the 
breadth of its rostrai part as in C. excellens. The rostral end of the 
shield is accordingly rather narrow or rather broad ; in either case the 
rostrai margin is strongly curved and there is no indication of any 
rostrai angle. The lateral margins are only slightly convex. The cornua 
are rather short and their length is contained about three and a half 
times in the distance between their tips and the rostrai end of the shie1d . 
The cornua project in a posterior direction and reach somewhat behind 
the posterior end of the inter-zonal part ; they are more (no . 5 1 2) or 
less (no. 5 1 1 ) curved in a median direction and also flattened dorso
ventrally. Their inner margins are not provided with dentic1es . The 
pectoral sinus are narrow and rather shallow. The inter-zonal part is 
short and bro ad, and its breadth between the postero-Iateral angles is 
distinetly greater than half of the maximum breadth of the shield ; the 
posterior angle, which is roundly obtuse, reaches somewhat behind the 
postero-Iateral angles. The height of the inter-zonal part is rather 
moderate, being somewhat more than half as great as the breadth of the 
inter-zonal part posteriorly . Dorsally the inter-zonal part between the 
dorsal sensory field and the posterior end is raised to a low, round-edged 
median ridge, and this ridge is thus of about the same shape as that 
in C. excellens. The dorsal sensory field is comparatively small ; it is 
rather narrow, and about two and a half times as long as broad, the 
posterior margin is more or less broad and truncated. The anterior 
margin of the field is rather broad and situated immediately behind 
the pineal fissure (no . 5 1 1 ) ,  or sharply rounded and lies somewhat behind 
the pine al fissure (the holotype) . The length of the field is always smaller 
than the distance of its posterior margin from the posterior end of the 
inter-zonal part. The lateral sensory fields are of a moderate breadth 
and reach backwards only over the basal parts of the cornua,  not 
extending behind the middle of their length . The distance between the 
antero-median corners of the two fields is somewhat variable according 
to the breadth of the rostrai part of the shield, being about three times 
as great as the inter-orbital breadth . The orbital openings are rather 
small, roundedly oval in shape, and situated only slightly before the 
midd1e of the length of the shield in the median line . The circum-orbital 
ridge is narrow ; the antorbital prominenee is feebly developed. The 
inter-orbital breadth is about twice as gre at as the transverse diameter 
of an orbital opening. A separate pineal plate was present. The naso
hypophyseal opening is normally developed ; the circum-nasal fossa is 
triangular in shape and weU defined but rather shallow. 

The exoskeIeton is weU developed ; its dorsaI face is only observable 
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Fig. 39 .  - Cephalaspis hyperboreus n. sp. Restorations of the cephalic shield. dorsal 
view, A, after the holotype (ENS no. 5 1 2) ,  B, after ENS no. 5 1 1 .  Nat. size . 

in some places , it seems to be quite smooth without any ornamentation. 
In no. A3006 1 ,  placed with doubt in this species , the exoskeleton is 
ornamented with small tuberc1es, of different size and shape, blunt or 
pointed ; as the preservation of the exoskeleton is very poor in this 
specimen, it cannot be ascertained if the superficial layer real ly is 
continuous or not. In the other specimens this layer forms a continuous 
covering to the middle layer. In the middle layer the mi�ute vascular 
canals are in the main disposed as radiating canals but are rather ir
regular and provided with many small side branches. The basal 'layer 
contains no ringsinus.  The mucous canal system is enc10sed in the exo
skeleton and consists of a very fine-meshed network in which no circum
areal and intra-areal canals can be distinguished. 

With the exception of the canals for superficial nerves and vessels, 
the endoskeleton seems to be poorly ossified. The nerve canal seil  is 
developed as normally in the genus and branches just antero-laterally 
to the orbital opening . The canal vIs;: enters the postero-dorso-Iateral 
corner of the orbit and the canals vls4 and vlsr; join into a common 
trunk before opening into the canal vel. 

R e m  a r k  s. - C. hyperboreus is  characterized by its com
paratively long cephalic shie1d, the rather short cornua without dentic1es ,  
the shallow pectoral sinus and the shape of  the broad inter-zonal part. 
In the general shape of its shield C. hyperboreus is slightly reminiscent 
of C. sinuata, C. eurynotus, and C. dissimulata but shows distinct diffe
rences in the above mentioned characteristics .  The speeies is, however, 
similar to C. excellens (p . 308)  and to C .  fletti (Stensio 1 932 ,  p .  1 27) 
from the Dittonian of England. From the latter speeies it differs mainly 
by the shorter cornua devoid of dentic1es , by the orbital openings placed 
near the middle of the length of the shield, and by the small dorsal 
field. From C.  excellens it differs i .  a. by the anteriorly more narrowing 
(triangular) shield, the shorter cornua and the absence of dentic1es on 
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them, the shallow pectoral sinus , the normal development of the naso
hypophyseal opening and of the first nerve canal to the lateral sensory 
field. It seems rather probable that C.  hyperboreus is related to these 
two species .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Primaeva horizon. 

L o c a l i t i e  s. - Spitsbergen. E. side of Red Bay :  Fraenkel 
Ridge, in the Primaeva horizon, in the normal red sandstone (nos . 
5 1 0-5 1 4) .  No. A3006 1 ,  doubtfully placed here, is also found on the 
Fraenkel Ridge and in the Primaeva horizon, but in a grey sandstone. 

No. A3006 1 was collected by Th. Vogt's expedition in 1 92 8 ,  the 
other specimens (nos. 5 1 0-5 1 4) by the ENS expedition in 1 93 9 .  

1 8 . Cephalaspis excellens n. sp. 

(Figs . 40-4 1 ; pls. 1 1 : 1 -2 ; 1 2 : 1 -2 ;  1 3- 1 7 ;  40:4-5 ; 65 : 3 ; 1 1 5 :2 -3 . )  

1 927.  Cephalaspis vogti?, Stensio, p .  268 ; pls. 25-26 (no. 4 9 ,  hesitatingly placed in 
this species) . 

D i a g n  o s i s . - A Cephalaspis species of medium size with 
narrow or rather bro ad cephalic shield ; maximum breadth of shield 
always greater than length of shield in median line . Shield more or less 
narrowing anteriorly. Rostrai margin fairly broad, rather convex, 
without rostrai angle. Lateral margins more or less strongly curved. 
Cornua rather long and slender, projecting in posterior direction. curved 
somewhat in median direction, and reaching behind posterior end of 
shield ; length of cornua contained about two and a half times (or some
what more) in distance of their tips from rostrai end of shield. Inner 
margins of cornua with rather small , curved denticles . Pectoral sinus 
rather deep and narrow. Inter-zonal part broad, its breadth generally 
half as great as maximum breadth of shield ; postero-dorso-median 
portion protracted backwards ; posterior end obtuse and rounded ; 
dorsally with low, broad median ridge. Dorsal sensory field situated 
at some distance behind pine al plate, small, at most twice as long as 
broad, anterior and posterior margins truncated . Orbital openings 
situated before middle of length of shield. Independent pineal plate 
present. Separate openings for nasal and hypophyseal ducts . Outer 
face of exoskeleton in the main smooth ; superficial layer continuous . 
Mucous canal system enclosed in exoskeleton, differentiated into 
circum-areal and intra-areal canals . First nerve canal to lateral sensory 
field runn ing undivided to lateral field . 

H o l o t  Y P e. - Cephalic shield (no . A30062) in the Palaeonto
logical Museum, Oslo . 
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Fig. 40 .  - Cephalaspis excellens 

n. sp . Restoration of the cephalic 

shield, dorsal view; after Pal. Mus. 
Oslo no. A30063 .  X l Y:z .  
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M a t e r i a l. - The material of this species consists of seventeen 
speeimens, Pal. Mus. Oslo nos. A30062 (pls . 1 1 :2 ;  1 3- 1 4 ;  1 5 : 1 -2 ;  
1 6 : 1 ) ,  A30063 (pls . 1 2 : 2 ;  40 :4-5) ,  A30064, and ENS nos. 5 1 5  (pIs . 
1 2 : 1 ;  1 6 : 2 ;  1 7) , 5 1 6-5 1 7 , 5 1 8  (pl. 1 1 5 :2) , 5 1 9 (pl. 1 1 5 : 3) , 520-5 2 1 ,  
5 22 (pl. 1 5 : 3 -4) , 523  (pl. 1 1 : 1 ) ,  5 24-526 ,  527 (pl. 65 : 3) and 5 2 8 .  
A n  additional speeimen (ENS no. 529) i s  placed here with some 
hesitation. All the speeimens consist of cephalic shieIds , some of them 
(nos . A30062-A3006 3 ,  5 1 5-5 1 9) are almost complete and of ten 
remarkably well preserved ; the other shields are more or less frag
mentary. 

D e s  c r i p t i o n. -The dimensions of some of the shieids (in 
mm) are given in the table below (figures in brackets are approximate) : 

Nos. I A30062 I A30063 I A 30064 I 5 1 5  I 5 1 6  I 5 1 7  I 5 1 8  I 5 1 9  

n line Length in media 

Maximum bread 

Breadth of inte 
th . . . 
r-zonal 
ostero-
. . . . . .  

part between p 
lateral angles 

Height of in te r-zonal 
part . . . . . . .  . . . . . . .  

of cor-Distance of tips 
nua from rostr 
of shield . . . 

al end 
. . . . . .  
al 
rostrai 

Distance of pine 
groove from 
end of shield . . . . . .  

(35) 35 .6  35  
47  42  (44) 

(24) 23 (23) 

( 1 0) 8 .5  7 .5 

45.5 45 44 

1 6. 5  16  1 6.5  

38  (37) 35 .8  34 (38) 
43 50.5 (39 ) (4 1 ) 43 

22.5 27 1 8  22.5 (2 1 )  

9 - 1 1 .5  10  1 2  

47 - 45.9 (42) (48) 

- ( 1 8) 1 6.7 1 5 .6 ( 1 7) 

As is seen from the measurements given above and also from the 
restorations in fig .  4 1  there is a considerable variation in the shape of 
the cephalic shields. Thus, the breadth of the shield is rather different 
in the various speeimens, even if due regard is paid to possible dis-
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tortions of the shields arisen from pressure of the rocks .  The diffe
rences between the narrowest and the broadest forms are so great that, 
at first glance, they might be supposed to represent different species . 
All the specimens here considered can indeed, with reg ard to the breadth 
of their shields, be divided into two indistinctly differentiated groups, 
one with comparatively narrow, and one with comparatively broad 
shields . As the re are no other differences between the two groups, they 
must, however, be regarded as belonging to one and the same species. 
The material of complete shields is toa scanty to aUow an analysis if the 
speeies reaUy appeared in two different forms (the differences perhaps 
reflecting a sexual dimorphism) as is the case in the Poraspis speeies 
(see Kiær & Heintz 1 93 5 ,  p. 5 3) .  

Taken a s  a whole , the shield i s  o f  medium size, rather flattened 
and moderately broad with the maximum breadth, which generally lies 
near the bases of the cornua, always greater than the length in the 
median line (or, more positively, from slightly exceeding the length to 
about one and a third as gre at as the length) . 

The shield is more or less narrowing anteriorly, and the rostrai 
margin is of a varying breadth but always weU rounded and without any 
rostrai angle . The rostrai margin merges into the distinctly curved 
lateral margins without any boundary. The cornua are well developed 
and fairly long with a length that is contained two and a half times to 
three times in the distance of their tips from the rostrai end of the 
shield. They project in a posterior direction and reach rather far behind 
the posterior end of the inter-zonal part. The cornua are slender and 
flattened dorso-ventrally, and distinctly but not very much curved 
inwards ; their inner margins are provided with small, antero-mediaUy 
directed, somewhat curved, pointed dentic1es . The pectoral sinus are 
weU defined, generally rather deep and narrow, but somewhat varying 
in breadth ; the re is in some specimens an indication of an antero-median 
corner, but in general the sinus are uniformly concave. The inter-zonal 
part is fairly short but with a posteriorly protracted dorso-median 
portion ; the posterior angle is obtuse and rounded ; the posterior margin 
between the posterior angle and each postero-lateral angle is only very 
slightly concave . The inter-zonal part is comparatively broad ; its 
breadth is varying in accordance with the breadth of the shield, and is 
on the ave rage about half as great as the maximum breadth of the shield. 
DorsaUy the inter-zonal part is provided with a broad, blunt-edged, 
slightly pronounced median ridge ; it begins at some distance behind 
the dorsal sensory field and becomes gradually more distinct posteriorly. 
The sensory fields are fairly well developed ; the dorsal field is rather 
small in proportion to the size of the shield ; compared with that in 
other Cephalaspis species it is much shortened anteriorly as well as 
posteriorly. Its anterior margin lies rather far behind the pineal gro ove 



- 3 1 1  

A B 

c D 
� � - �I 

ii//oc . 

� O 

E 

� o O 
O 

Fig. 4 1 .  - Cephalaspis ex cellens n. sp . Restorations of same cephalic shields, showing 
the variation in shape; A, after ENS no. 5 17 ,  B, after Pal. Mus. Oslo no. A30063 ,  
C,  after ENS no .  5 1 9 ,  D, after ENS no .  5 1 8 ,  E, after the holotype, Pal. Mus. Oslo 

no. A30062, F, after ENS no. 5 1 6 . Nat. size . 

and generally also somewhat behind the level of the posterior margin of 
the orbits . Posteriorly the field extends almost as far as to the openings 
for the ductus endolymphatici, which He just behind the postero-lateral 
corners of the field. The distance of the posterior margin of the field 
from the posterior end of the shield is one and a half times or twice as 
great as the length of the field. The field is short, at most twice as long 
as broad, and almost rectangular in shape with rounded corners and 
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very faintly eonvex margins ; in nos . 5 1 7 and 527 ,  however, the anterior 
margin is more distinetly rounded. On the lateral sides of the field as 
also, to a eertain extent, anteriorly to it, there is a broad, somewhat fl at
tened, rather indistinetly defined wall, which is more faintly pronouneed 
posteriorly and gradually passes over into the median ridge of the inter
zonal part. The lateral sensory fields extend baekwards over the 
proximal third or quarter of the eornua. The distanee between their 
antero-median eorners is about three times as great as the inter-orbital 
breadth . The orbital openings are plaeed in front of the middle of the 
length of the shield in the median line ; they are roundedly oval in shape 
and bordered by a rather ineonspieuous eireum-orbital ridge . The inter
orbital distanee is only somewhat greater than the transverse diameter 
of an orbital opening. The antorbital prominenee is rather small, 
notieeable mainly by the eoarse tubereulation . The presenee in the 
living animal of an independent pineal plate is indieated by the pineal 
groove (and fissure) . The nasal opening is eompletely separated from 
the opening for the hypophyseal duet by the obliteration of the middle 
division of the naso-hypophyseal opening. The eireum-nasal fossa forms 
a narrow triangle and is rather shallow ; the nasal opening lies on an 
elevation in the posterior division, and the opening for the hypophyseal 
duet in the anterior, somewhat deeper division of the fossa. 

The exoskeleton is rather strongly developed and well preserved ; 
its strueture in the dorsal portion of the shield can thus be fairly cIose1y 
studied . The superfieial layer is eontinuous and in the main parts of the 
shield smooth without any ornamentation . It is piereed by the c10sely 
set pores of the mueous eanal system ; in some plaees the pore canals 
widen in their outer part, and the pores are thus enlarged in sueh a way 
that the superfieial layer is restrieted to and forms narrow sharp-edged 
ridges between the pores . In some plaees, however, the superfieial layer 
is provided with an of ten feebly developed ornamentation. On the 
borders of the dorsal sensory field, on the median ridge of the inter
zonal part, along the anterior margin of the eireum-nasal fossa and on 
the eireum-orbital ridge, the ornamentation consists of very c10sely set, 
flattened tuberc1es of somewhat varying size and shape, of ten with 
lobate margins , separated from eaeh other by rather narrow grooves 
in whieh open eomparatively large pores of the mueous system. On the 
antorbital prominence the tuberculation is rather coarse (pl . 40 :4) .  The 
thickened lateral borders of the shield are also tuberculated ; on the 
cornua the lengthened tubercIes of the dorsal face are more delicate 
than those on the lateral margin (pl . 1 1 :  1 ) .  At the transition between 
the lateral margins and the rostrai margin there is a section with more 
pronounced tubereulation ; antero-medially to this section, on the rostrai 
margin, the rounded tuberc1es are gradually replaced by elongated ones 
and these, in their turn , by comparatively thick ridges, runn ing 
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parallelly to the margin (pl. 40 :5 ) .  The margins of the ridges are 
crenulated, or there are small transverse walls bridging over the grooves 
between the ridges ; in the spaces between these transverse walls open 
the rather wide pores of the mucous system. On each side near the 
rostrai end of the shield, the ridges are interrupted by a batch of 
tuberc1es ; between these, however, the ornamentation of the extreme 
rostrai end of the shield consists of ridges (cf. A ceraspis robusta, Heintz 
1 93 9 ,  p. 1 2 ;  figs . 1-2 ;  pl. 2 : 6-8) .  There are thus on the anterior part 
of the marginal rim of the shield two pairs of batches of tuberc1es 
separated by parallei ridges . The middle layer of the exoskeleton is 
weU developed ; the upper division which enc10ses the mucous canal 
system is rather thick . This system consists of comparatively wide 
circum-areal canals and an intra-areal mucous canal plexus (pl . 1 1 :  1 ) .  
In  some places one or  two rows o f  narrow intra-areal can als have be  en 
observed (pl .  1 1  :2) running concentrically and c10se to the circum
areal canals . The circum-areal and the intra-areal canals open outwards 
by c10sely set pores ; in some places in the inter-zonal part of the shield 
the pores of the circum-areal can als have apparently partly fused with 
each other, forming slitlike openings to the canal, or, in other words, 
the canals are here represented by more or less open grooves (cf. 
Hemicyclaspis murchisoni, Stensio 1 932 ,  pl. 9). Anteriorly on the 
shield, the circum-areal canals are narrow and irregularly disposed, 
and are entirely lacking at the rostrai and lateral margins as als o on the 
cornua. In the lower division of the middle layer the radiating vascular 
canals, which are of a rather fine calibre, are disposed rather uniformly, 
forming regular vascular areas . A very large vascular area is form ed 
with the opening for the hypophyseal duct as its center from which the 
canals radiate (pl . 65 : 3) .  In other places on the shield the horizontal 
(submucous) vascular canals are disposed in rows or bundles, running 
in different directions , e .  g .  at an oblique angle to the rostral margin, 
parallelly to the lateral margins and around the orbital opening, and in 
a transverse direction on the dorsal side of the cornua.  The size of the 
polygonal areas , forrned by the circum-areal mucous canals and cor
responding to the vascular areas, is somewhat varying, in the holotype 
the average diameter of a polygonal area is 0 .9  mm. (Cf. als o fig . 7 .) 

The sensory line system seems to have been lodged in very delicate 
grooves in the exoskeleton, and only a few of them have been observed, 
viz . an anterior portion of the supraorbital groove (in the circum-nasal 
fossa, pl .  1 5 :2),  an anterior groove for the infraorbital line (pl. 14), 
and a small anterior part of the groove for the main lateral line . 

The endoskeleton of the cephalic shield was lined with well 
developed perichondrial bone-Iayers and in such a way well ossified. 
Many of the internal anatomical structures are excellently displayed 
(see the general anatomical part) . The canal sel l divides just medially 
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to the lateral sensory field in giving off a strong anterior branch to the 
foremost part of the field. The canal V 3 does not enter the dorsal face 
of the endoskeleton, it pierces the roof of the oralo-branchial chamber 
just antero-ventrally to the canal seil . The vein canal vls:� opens either 
in the postero-dorso-Iateral corner of the orbit or into the canal vel 
at the transition to the orbit ; in the holotype we find the first condition 
on the left side and the second condition on the right side of the shield 
(the same is met with in no. 5 1 5 ) .  The canals vls4-vlso most of ten 
join into a rather long common trunk which opens into the canal vel 
(as seen in nos . A30062, A30064, 5 1 5  and (probably) 5 26) .  In no. 
522 ,  however, the canals vls4 and vis:) join into a common canal which 
opens into the canal vls3 ' and the common trunk thus forrned opens 
into the postero-dorso-Iateral corner of the orbit. 

R e m  a r k  s .  - C. excellens is characterized by the shape of its 
shield with a somewhat varying breadth, by the short dorsal sensory 
field, the separate openings for the nasal and hypophyseal ducts and by 
the undivided canal seil . In external appearance it resembles rather much 
C. fletti (Stensio 1 9 32 ,  p . 1 27) and C. hyperboreus (p . 305)  but differs i .  a. 
in the separate openings for the nasal and hypophyseal ducts , the short 
dorsal field and the shape of the cornua.  It reminds also of C. jarviki (see 
this speeies , p. 378) .  C. excellens is, however, much more similar to, and 
certainly very c10sely related to, C. vo gti (the following species) . It differs 
from this species as far as known by the slightly smaller size, the more 
broadly rounded rostrai margin and the stouter and shorter cornua .  

The specimen Pal .  Mus .  Oslo no .  49,  hesitatingly placed in C .  vogti 
by Stensio ( 1 927,  p. 268 ; pls. 25-26) belongs to C. excellens; it comes 
from the lowest slope of Mt Pteraspis .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Anglaspis horizon. 

L o c a l i t y .  - Spitsbergen. E. side of Red Bay :  Fraenkel 
Ridge [S. side] , in the Anglaspis horizon. 

The speeimens nos . A30062-A 3 0064 were collected by Th. 
Vogt's expedition in  1 92 8 ,  nos . 5 1 5-529 by ENS expedition in 
1 9 39 .  

1 9 . Cephalaspis vogti Stensio. 

(Fig. 42 ; pls . 1 2 : 5 ; 1 8 : 1 .) 

1 927 .  Cephalaspis vogti, Stensi6, p. 268 ; fig. 66 ;  p l .  27 ; ? pl.  3 1 : 1  (not pls .  25-26). 

D i a g n  o s i s . - A Cephalaspis species of medium size, with 
maximum breadth of cephalic shield somewhat greater than length of 
shield in median line. Shield roundly narrowing towards rostrai end. 
Rostrai margin narrow and sharply curved, without rostrai angle . 
Cornua long and slender, projecting in posterior direction, somewhat 
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Fig. 42. - Cephalaspis vogti Stensio. Partial 

restoration of the cephalic shield, dorsal view. 
After the holotype (Pal. Mus. Oslo no. 46) 
and Pal. Mus.  Oslo no. A30065 .  Nat. size. 

medially curved ; length of cornua contained about two and a half 
times in distance of their tips from rostraI end of shield ; inner margins 
of cornua with curved denticles .  Pectoral sinus deep and narrow. Inter
lOnal part broad. Lateral sensory fields reaching bachwards to basal 
halves of cornua. Orbital openings situated in front of middle of length 
of shield. Independent pineal plate . Superficial layer of exoskeleton 
generally without ornamentation ; continuous. Mucous ·.canal system with 
circum-areal canals and grooves and intra-areal canals . First nerve 
canal to lateral sensory field undivided. 

H o l o t  y p  e .  - Imperfect cephalic shield (no . 46) in the Palæ
ontological Museum, Oslo (Stensio 1 927,  p. 268) .  

M a t e r i a l .  - In the new material at hand I refer only one speci
men (Pal . Mus . Oslo no. A30065) to this species . It consists of a portion 
of the right half of a cephalic shield, including the whole cornu. 

R e m  a r k  s. - The diagnosis given above is based on the holo
type (Pal . Mus. Oslo no. 46) and the new specimen (no . A30065) ,  now 
at hand. Some remarks and additions to the original description by 
Stensio ( 1 927,  pp . 26 8-269) will be given here. 

The rostraI margin is very sharply rounded but there is no distinct 
rostraI angle . The cornua, which are now known in their entire length ,  
are long and slender, at  their bases somewhat flattened dorso-ventrally 
but towards their ' tips more rounded in cross-section. Their length is 
about exactly the same as that, tentatively given in Stensio's restora
tion ; they are, however, somewhat more curved in median direction than 
in his figure. The cornua are thus longer and much slenderer than in 
the related C. excellens. The inter-lOnal part is still very imperfectly 
known. The orbital openings are oval in shape. The pine al fissure 
indicates the presence of an independent pineal plate in the living 
animal. The exoskeleton is well developed ; its outer face is smooth as 
far as can be observed ; only on the lateral margins of the cornua there 
are small, low, flattened tubercles, which are not very well separated 
from each other. The superficial layer forms a continuous covering to 
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the middle layer. This layer has well developed radiating eanals . On 
the zonal part of the shield, just in front of the peetoral sinus , some 
traees of ringsinus are observed in the basal layer . The mueous eanal 
system is developed in about the same way as in C. excellens, there are 
thus intra-areal plexus of fine eanals, furthermore there are observed 
rather narrow eireum-areal eanals , whieh in some plaees are replaeed 
by open grooves. The polygonal areas forrned by the cireum-areal 
eanals or grooves, and in the middle layer represented by the vaseular 
areas , are rather small, their average diameter in no. A30065 is 1 .2 mm. 

With regard to the disposition of the nerve eanals in the endo
skeleton it is important to note that the eanal seI l  is developed as in 
C .  excellens, it thus runs undivided to just medially to the lateral sensory 
field, and is thus not splitting into two equal branehes antero-Iaterally 
to the orbit as in most Cephalaspis species.  This faet is observed both 
in the new speeimen and in the holotype ; the eanal "seI l "  in Stensio's 
plate (Stensio 1 927,  pl. 27) is thus non-existent : although the disposition 
of the eanals in this part of the shield is rather obseure , it is, however, 
evident that the linings of the said "eanal" belong to different vase ul ar 
eanals. The eanal V 3 is disposed as in C.  excellens. In no. A30065 the 
vaseular eanals of the zonal part are well exposed (p . 1 73) .  The eanals 
vls4-vls7  join into a eommon trunk whieh opens into the eanal vel. 

As far as is known, C. vogti is eharaeterized by the general shape 
of its shield with the maximum breadth lying aeross the bases of the 
eornua, the narrow rostral margin, the eurved lateral margins, and by 
the long and slender eornua. It is apparently c10sely allied to C. ex
cellens (p . 308) and with this species has in eommon the undivided 
eanal seI l and the disposition of the eanal V � ;  it must, however, be 
noted that the development of the naso-hypophyseal opening and the 
shape of the dorsal sensory fieId, whieh are so eharaeteristie for 
C .  excellens, are as yet unknown in C .  vogti . C .  vogti differs from 
C .  excellens mainly by the anteriorly more narrowing shieId, the narrow 
rostrai margin, and by the slenderer eornua. 

In Stensio's material, five spee imens were hestitatingly plaeed in 
C. vogti (StensiO 1 927 ,  p .  268 ,  nos. 47-5 1 ) ;  of these I think that 
no. 48 really belongs to this species, nos . 47 and 5 0  are too imperfeetly 
preserved as to be definitely determined but may belong here, no . 47 is, 
however, somewhat suggestive of C. sinuata; no. 5 1  is not this species 
but may belong to C. verruculosa; no . 49 is C. excellens. 

G e o  l o g  i e a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the Anglaspis horizon.  

L o e a l i t y .  - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Anglaspis horizon. 

The single new specimen was eolleeted by Th. Vogt's expedition 
in 1 92 8 .  
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Fig. 4 3 .  - Cephalaspis powriei Lank. var. polaris n .  var. Restoration of the cephalic 
shield in dorsal view (after ENS no. 5 3 0). Nat. size . 

20.  Cephalaspis powriei Lank. var. polaris n. var. 

(Fig. 43 ; pl. 1 9 :2 . )  

D i a g n  o s i s . - A variety o f  Cephalaspis powriei with cornua 
of cephalic shield broad and fairly long; their length being contained 
about three times in distance of their tips from rostral end of shield. 
Inter-zonal part rather narrow. Orbital openings of normal size, situated 
at about middle of length of shield. Dorsal sensory field broad 
anteriorly. Exoskeleton with delicate ornamentation ; superficial layer 
in most places continuous . Mucous canal system generally enclosed 
in exoskeleton . 

H o l o t  y P e (for the variety) . - Cephalic shield (ENS no. 5 3 0) .  
M a t  e r i a L  - To the species C.  powriei I refer as a new variety 

one specimen (ENS no. 5 3 0) ,  which consists of an imperfectly preserved 
cephalic shield , partly in counterpart, lacking most of the left cornu and 
the inter-zonal part. 

D e s  c r i p t i o n. - The maximum breadth of the cephalic 
shield cannot be directly measured but is estimated at maximally 95 mm ; 
the distance of the tip of the right cornu from the rostral end of the 
shield is 95 mm, and the distance of the pine al fissure from the rostral 
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end of the shield is 3 8  mm. The speeies thus attained about the same 
size as the Scottish speeimens of C .  powriei. 

In the general shape of its shield this speeimen most c10sely 
resembles the var .  asper of C .  powriei. The maximum breadth of the 
shield, which lies between the middle parts of the cornua, must have 
been considerably greater than the length of the shield in the median 
line, and is about equal to the distance of the tip of the cornu from 
the rostrai end of the shield. The shield narrows rather rapidly towards 
its anterior end, the rostrai part is narrow, and the rostrai margin is 
curved without any rostrai angle . The cornua are projecting in a 
posterior and slightly lateral direction, and of about the same general 
shape as in the var. asper but differ in being broader basally ; their 
length constitutes about one-third of the distance of their tips from 
the rostrai end of the shield. The middle part of the inner margin of 
the cornua is provided with small "dentic1es" , which, just as in the 
other forms of C. powriei, are not comparable with the real cornual 
dentic1es in other Cephalaspis speeies, but are merely tuberc1es of the 
same kind as those constituting the general ornamentation of the 
exoskeleton. The shape of the inter-lOnal part is unknown but it 
seems rather certain that this part was fairly narrow and thus more 
resembling that of the var. asper than of the var. brevicornis and of the 
typical form of C. powriei. The dorsal sensory field is preserved only 
in its anterior part, where it is mther broad and has the anterior margin 
truncated, thus more resembling the dorsal field of the var. brevicornis 
than of the var. asper. The lateral sensory fields reach backwards to 
about the middle of the cornua, being thus longer in this speeimen than 
in the typical form and in the var. brevicornis; their exact shape in 
the var. asper is not apparent but they seem to be somewhat longer 
than in the other forms (cf. Stensio 1 932 ,  pl. 30: 1 ) .  The orbital 
openings ,  which are moderately small and oval in shape, seem to be 
situated as in the var. asper and thus probably at about the middle 
of the length of the shield, and at any rate not so far anteriorly as in 
the typical form or in the var. brevicornis. The circum-orbital ridge 
is rather narrow. The inter-orbital space is somewhat damaged, and 
the shape of the naso-hypophyseal opening and of the circum-nasal 
fossa could not be ascertained. The naso-hypophyseal opening seerns, 
however, to have be en rather small and, in relation to the orbits, 
lies not so far forwards as is the case in the var. asper. The pine al 
plate is not preserved but it  must have forrned a very thin bar be
tween the orbital openings, immediately in front of the dorsal sen
sory field. 

The exoskeleton is not easily accessible to investigation and its 
outer parts have been observed only in a few places . The ornamentation 
is of a varying development in different parts of the shield . Along the 
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anterior and lateral margins, on the circum-orbital ridge and in some 
places in the middle and posterior parts of the shield it consists of 
numerous, very small, irregularly placed, obtuse or pointed tubercles ; 
along the middle parts of the median margins of the cornua the tubercles 
are somewhat larger than in the other parts of the shield, but otherwise 
of the same shape. In some places in the middle part of the shield and 
on the dorsal side of the posterior half of the cornu the exoskeleton is 
quite smooth without any ornament. The superficial layer of the exo
skeleton seems to be unequally developed, forming in some places a 
continuous covering to the middle layer, while elsewhere apparently 
altogether absent in the inter-tubercular spaees, and thus only present 
on the summits of the tubercles . The radiating vascular canals are 
extremely fine. No ringsinus have been observed in the basal layer. 
In some places, e. g .  on the dorsal side of the cornu, the mucous canal 
system is situated entirely within the exoskeleton, in other places it 
seems to have been only partly enclosed in the exoskeleton or situated 
entirely outside of it. In one place in the middle part of the shield some 
rather narrow grooves have been observed ; they correspond apparently 
to the circum-areal gro oves or canals in other speeies, but he re they 
are irregularly developed and of ten form no closed loops but only 
parts of a circum-areal groove. In other places the mucous canal 
system seems to have been developed as a uniform network of fine 
canals or grooves, where no distinetion can be made between a circum
areal canal or an intra-areal plexus.  

Of the endoskeleton only the superficial canal layers have been 
observed ; the internal bone-layers are not ossified or have not been 
preserved in the fossil . The canal seil is disposed as normally in the 
genus, thus lying closely to the lateral margin of the orbit and bifurcating 
just antero-Iaterally to the orbit . According to Stensio ( 1 932 ,  pp . 40, 
44, 1 0 8 ,  1 1 0, 1 1 4- 1 1 5) the course of this canal in the Scottish forms 
of the speeies is different from that in other species, the canal is said to 
run rather laterally and thus not closely to the orbit and to bifurcate 
rather far from the antero-lateral corner of the orbit. This statement is ,  
however, not confirmed by any of the published figures of the speci
mens of this species but one, viz . pl. 26 :  l ,  representing a specimen, 
hesitatingly placed to the var. asper (p . 1 1 3 )  or said to belong "to 
either C. powriei var. asper or C.  watsoni" (explanation to pl. 26 : 1 ) .  
I t  i s  thus impossible to  get an  opinion o f  the real and normal conditions 
in the Scottish forms of the speeies with reg ard to this nerve canal . 
The canals vlsH and vls4 join just at the postero-dorso-Iateral corner 
of the orbit and the canals vlsfi and v/s6 unite into a rather long common 
trunk before opening into the canal vel. 

R e m  a r k  s .  - As appears from the description, given above, 
this form, although represented only by an imperfect cephalic shield, 
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evidently belongs to the speeies C.  powriei and most closely resembles 
its var. asper; it differs , however, from this variety in some respects 
(the broad cornua, the shape of the dorsal sensory field, and the orna
mentation and the structure of the exoskeleton) , and it seems most 
appropriate to regard it as a distinet variety, var. polaris, of C. powriei. 
Jf the var. asper is to be considered an independent speeies, as it was 
originally by Lankester ( 1 870a, p. 5 0) ,  the var. polaris must be placed 
as a variety of this speeies . 

The Scottish species C.  powriei is thus, by a new variety, represen
ted also in the Old Red fauna of Spitsbergen, a remarkable fact, in so 
far as the known common Devonian forms of the faunal areas of Great 
Britain and of Spitsbergen are very few ; the on ly other case is that of 
C. cradleyensis (cf. p. 5 80) . 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the Anglaspis horizon. 

L o c a l i t y . - Spitsbergen . E .  side of Red Bay :  W. of the 
Andree Glacier, in the Anglaspis horizon. 

The single specimen was collected by the ENS expedition in 1 93 9 .  

2 1 .  Cephalaspis eurynotus n.  sp . 

(Fig. 44 ; pls . 1 8 : 2 ;  2 1 : 2 . )  

D i a g n  o s i s . - A Cephalaspis speeies o f  medium size with 
maximum breadth of cephalic shield about as great as length of shield 
in median line . Shield slightly narrowing anteriorly . RostraI margin 
broad, obtusely rounded. Cornua short and slender, projecting in 
posterior direction, reaching only slightly behind posterior end of inter
zonal part ; their length constituting about one quarter of distance 
of their tips from rostrai end of shield . Inner margins of cornua without 
denticles .  Pectoral sinus deep and narrow. Inter-zonal part fairly short, 
rather high, broad ; its breadth somewhat more than half of maximum 
breadth of shield. Dorsal sensory field elongate, rather narrow. Lateral 
sensory fields narrow, extending backwards only over proximal parts 
of cornua.  Orbital openings rather small, situated somewhat in front 
of middle of length of shield in median line. Independent pineal plate 
present . Separate openings for nasal and for hypophyseal ducts . Super
ficial layer of exoskeleton continuous and smooth, without ornamenta
tion. Middle layer with irregularly disposed radiating canals . Mucous 
canal system enclosed in exoskeleton, forming a very fine-meshed 
network. 

H o l o t  Y P e. - Cephalic shield (ENS no. 5 3 1 ) .  
M a t  e r i a 1 .  - In the available material , this speeies l S  re

presented by two speeimens (ENS no. 5 3 1 ,  Pal. Mus . Oslo no. A30066) .  
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Fig. 44. - Cephalaspis eurynotus 

n. sp . Restoration of the cephalic 
shield, dorsal view. Mainly after the 
holotype (ENS no. 53 1 ) . Nat. size. 

The holotype (no . 5 3 1 ,  pL 1 8  : 2) consists of a fairly complete cephalic 
shield in counterpart, lacking the left comu and a considerable portion 
of the inter-zonal part. The other specimen (no . A30066,  pL 2 1 : 2) 
consists of a cephalic shield, partly in counterpart, lacking the tip of 
the left comu and rather much of the inter-zonal part ; it is furthermore 
much distorted by pressure in the rock. In addition to these specimens, 
one specimen (ENS no. 5 32) is hesitatingly referred to this species ; it 
consists of a very incomplete cephalic shield, lacking most of its central 
and posterior parts . 

D e s  c r i p t i o n. - The holotype has the following dimensions . 
The length in the median line from the rostraI end to the level of the 
posterior end of the preserved portion of the inter-zonal part is 57 . 5  mm, 
and the real length of the shield in the median line very probably was 
only slightly greater than this distance. The maximum breadth, which is 
situated between the posterior parts of the comua, is estimated at 
59 mm. The breadth of the inter-zonal part between the postero-Iateral 
angles is 35 mm. The distance of the tip of the right comu from the 
rostral end of the shield is 66 .2  mm and the distance of the pineal 
fissure from the rostraI end of the shield is 29 mm. The maximum 
height very probably lay as usual in the posterior portion of the inter
zonal part but as this part is incomplete it could not be measured ; the 
height of the shield near the posterior end of the dorsal sensory field 
is 1 8 . 5  mm. The second shie1d and the shield hesitatingly placed here 
are of about the same size as the holotype shield . As seen from the 
measurements, the species attained only a medium size . 

In its general shape the cephalic shield is narrow and rather high, 
its maximum breadth being about equal to its length in the median 
line . The shield narrows only slightly towards its anterior margin. The 
rostraI margin is bro ad and broadly rounded, without any trace of a 

2 1  
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rostrai angle and there are no angles at the transition of the rostraI 
to the lateral margins . These latter are very slightly curved and continue 
backwards without any interruption into the margins of the cornua. 
The cornua project in a posterior direction and reach only for a short 
distance behind the posterior end of the inter-zonal part ; they are very 
short in proportion to the size of the shield, and their length is contained 
about four times in the distance of their tips from the rostrai end of the 
shield. The cornua are somewhat flattened dorso-ventrally in their 
proximal part but are almost cylindric distally ; their inner borders are 
devoid of dentic1es . The pectoral sinus are deep and narrow and in the 
holotype provided with indistinct antero-median corners . The inter
zonal part is rather short and broad ; its breadth between the postero
lateral angles constitutes about three-fifths of the maximum breadth . 
The postero-dorso-median portion of the inter-zonal part is missing in 
both specimens ; to judge from the lines of fracture it does not seem 
improbable that the inter-zonal part was provided with a strongly 
developed dorsal spine , which, however, together with the adjacent parts 
of the shield had become detached before the fossilization . It is in any 
case evident that the inter-zonal part (the possible dorsal spine not 
inc1uded) was rather high and that its posterior end reached backwards 
only slightly behind the postero-Iateral angles . The most posterior parts 
of the sensory field are not preserved, but with regard to the shape of 
the field it can be said that it is elongate and rather narrow, and was 
probably only slightly more than twice as long as broad, and that the 
distance of its posterior margin from the posterior end of the inter-zonal 
part was probably slightly greater than the length of the field. The 
lateral margins of the field are alm ost parallei and the anterior margin 
which lies immediately behind the pineal groove is rather broad and 
truncated. The lateral sensory fields are narrow and slightly increasing 
in breadth backwards, their posterior ends lie in the proximal third of 
the cornua.  The distance between the antero-median ends of the two 
lateral fields is about twice as great as the inter-orbital breadth . The 
orbital openings , which are roundedly oval in shape and small in 
proportion to the size of the shield, are situated somewhat nearer to the 
rostrai than to the posterior end of the shield, and at the same distance 
from the pectoral sinus as from the rostrai end of the shield . The 
antorbital prominence is not very conspicuous . The pineal fissure is 
rather large and extends between the middle parts of the orbital 
openings . With reg ard to the circum-nasal fossa it is to be noticed 
that it lodges the separate openings for the nasal and for the hypo
physeal ducts , and that it is narrow and rather deep, especially in its 
anterior parts . 

The exoskeleton is rather imperfectly preserved. The superficial 
layer is continuous and apparently quite smooth without any orna-
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mentation ; the middle layer contains no quite regularly disposed 
radiating canals (pl .  2 1 :2). The basal layer contains no ringsinus. The 
mucous canal system is enc10sed in the exoskeleton and forms a very 
fine-meshed network without any differentiation into circum-areal and 
intra-areal canals. 

The endoskeleton seems to be rather imperfectly developed, and 
of the intern al structures only some of the superficial canals are in
distinetly seen. It is, however, evident that the nerve canals to the 
lateral sensory fields behave as normally in the genus. 

R e m  a r k  s .  - C. eurynotus, which is characterized by the 
narrowness of its shield, the bro ad and high inter-zonal part and the 
short cornua and the seperate openings for the nasal and hypophyseal 
ducts is suggestive of C. lornensis from the Lower Old Red Sandstone of 
Scotland (Traquair 1 899a;  Stensio 1 932 ,  p. 1 1 8) and is probably rather 
c10sely related to this species . It differs from C. lornensis by a some
what narrower shield, straighter lateral margins , broader rostrai margin, 
longer and slenderer cornua and by the rather considerable height of 
the shield. It reminds furthermore remotely of C. sollasi (Stensio 1 932 ,  
p .  1 3 9) which i s ,  however, larger than C.  eurynotus and has a narrower 
rostrai part of the shield and the cornua of different shape. 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) :  
Red Bay series , the Anglaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  W. of the 
Andree Glacier, in the Anglaspis horizon (no. 5 3 1 ) ,  the shore profile, 
in talus (no. A30066).  No. 532 ,  hesitatingly placed here, i s  found on 
the Andree Glacier, N.  half, W. part, in the moraine . 

No. A30066 was collected during Th. Vogt's expedition in 1 92 8 ,  
the two other specimens (nos. 5 3 1 -5 32) by the ENS expedition i n  1 93 9 .  

2 2 .  Cephalaspis recticornis n. sp . 

(Fig . 45 ; pls . 20 ; 2 1 : 1 ,  3 ;  1 1 4 : 3 .) 

D i a g n  o s i s . - A Cephalaspis species of large size with 
maximum breadth of cephalic shield about one and a third times as 
great as length of shield in median line. Shield slightly narrowing 
anteriorly ; rostrai margin curved ; antero-Iateral margins strongly 
convex ; lateral margins straight. Cornua very long and straight, pro
jecting in posterior and slightly lateral direction, reaching far behind 
posterior end of inter-zonal part ; length of cornua contained about twice 
in distance of their tips from rostrai end of shield ; median margins of 
cornua without dentic1es .  Pectorai sinus deep. Inter-zonal part rather 
long ; its breadth posteriorly constituting about two-fifths of maxi.mum 
breadth of shield ; dorsally with a low median ridge . Posterior end of 
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inter-zonal part not or very slightly protracted behind postero-Iateral 
angles . Dorsal sensory field about two and a half times as long as 
broad, slightly increasing in breadth towards posterior end, posterior 
margin of field truncated. Lateral sensory fields not reaching back
wards over middle of length of cornua .  Orbital openings small , situated 
in middle of length of shield in median line. No independent pineal 
plate present . Exoskeleton ornamented with tuberc1es of variable size 
and shape.  Superficial layer continuous at least anteriorly on shield . 
Mucous canal system at least partly enc10sed in exoskeleton,  consisting 
of a fine-meshed network. 

H o l o t  Y P e. - Cephalic shield (ENS no. 5 3 3) .  
M a t  e r i a l .  - In this species I place only three specimens 

(ENS nos . 5 3 3-5 3 5 ) .  The holotype (no. 5 3 3 ,  pls . 20 ; 1 1 4 : 3 ) is a 
rather complete cephalic shield in counterpart, lacking parts of the 
antero-Iateral margin and a dorso-posterior portion inc1uding the orbital 
openings ; no . 5 3 4  (pl .  2 1 : 1 ) is an incomplete cephalic shield in counter
part, somewhat crushed and slightly distorted, wanting a great portion 
of its left half ; no. 5 3 5  (pl. 2 1  : 3 )  is an incomplete cephalic shield in 
counterpart, lacking most of the left half, a postero-median portion, 
and the distal part of the right cornu. 

D e s  c r i p t i o n. - The dimensions (in mm) of the shields are 
shown in the following table (figures in brackets are approximate) : 

Nos. I 533  I 534 I 535 

Length of shield in median line . . . . . . . . . . . . . . . . . . . . . . . . .  . ( I l )  1 3 . 3  

Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ( 1 4.5) ( 1 9) 

Breadth of inter-zonal part, posteriorly . . . . . . . . . . . . . . . . . . .  . 6.5 (7) (6.5 ) 
Distance of tip of cornu from rostraI end of shield . . . . . . .  . 1 7 .3  (20.5) 
Distance of pine al foramen from rostraI end of shield . . . . .  . 7 . 1  5 .9 
Distance of postero-Iateral angle of inter-zonal part from rostraI 

end of shield o • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  1 1 . 1  1 2 .9  1 1 .6 

The shields have thus belonged to a large-sized species . 
The maximum breadth of the shield lies most posteriorly between 

the tips of the cornua and is about one and a third times as great as 
the length of the shield in median line. The shield narrows slightly in 
anterior direction and the rostrai margin is rather strongly convex but 
there is no trace of a rostrai angle .  The antero-Iateral margins, at the 
transition between the rostrai and the lateral margins, are strongly 
curved, but the lateral margins are almost straight, and thus form a 
very acute angle with the longitudinal axis of the shield . The cornua, 
which are straight and very long, project in a posterior and slightly 
lateral direction, their outer margins forming straight continuations of 
the lateral margins of the main shield. The cornua are flattened dorso
ventrally in their entire length. They reach very far behind the level 
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of the posterior margin of the inter-zonal part ; their length constitutes 
about half of the distance of their tips from the rostrai end of the shield . 
There are no dentic1es along the inner margins of the cornua.  The 
pectoral sinus are deep and fairly narrow. The inter-zonal part is rather 
long and high ; its breadth decreases rapidly towards the postero-Iateral 
angles, and is here contained about two and a half times in the maximum 
breadth of the shield and about twice in the median length of the 
shield. Dorsally the inter-zonal part is provided with a very low and 
inconspicuous median ridge. In no. 5 3 4  the dorso-median end of the 
inter-zonal part shows a distinet emargination. The posterior end lies 
at about the same leve1 as or only very slightly behind the postero
lateral angles . The dorsal sensory field is about three times as long as 
broad with its greatest breadth at or near the posterior end ; the anterior 
end of the field is rounded and the posterior margin truncated. The 
distance of the posterior margin of the field from the posterior end of 
the inter-zonal part is about equal to the length of field. The lateral 
sensory fields are fairly narrow but widen somewhat on the basal part 
of the cornua a short distance before their posterior end. They reach 
rather far backwards on the cornua and end just before the middle of 
the length of the cornua. The distance between the antero-median 
corners of the two fields is about three times as great as the inter-orbital 
breadth. The orbital openings are small in proportion to the size of 
the shield, are roundedly oval in shape and situated about midway 
between the rostrai and the posterior ends of the main shield. The inter-
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orbital distance is about one and a half times as gre at as the transverse 
diameter of an orbital opening. The circum-orbital ridge seems to be 
rather narrow and inconspicuous ; the antorbital prominence is com
paratively small but well defined. No pine al plate is (or was) present. 
The naso-hypophyseal opening is normally developed and rather small ; 
the fossa circum-nasalis is short and broad, rather shallow but fairly 
weU defined. 

In the holotype the exoskeleton is ornamented with tuberc1es, 
which on the anterior portion of the shield lie scattered and are rather 
wide, low, flattened, and not weU defined ; on the posterior portion of 
the shie1d they are more numerous, small, blunt and well defined . In 
no. 5 3 4  they are somewhat higher and some of them are pointed. In 
the holotype there is no apparent ornamentation on the ventrai rim, 
the surface being only slightly rugose owing to the uneven rims around 
the openings of the mucous canals . In the holotype the superficial 
layer forms a continuous covering to the middle layer, in no . 5 3 4  the 
same conditions seem to prevail in the anterior parts of the shield while 
posteriorly the superficial layer in some places in the inter-tubercu lar 
spaces is entirely absent . The radiating canals in no. 5 3 4  are well deve
loped and disposed in distinct bundles, six bundles originating from one 
batch of ascending canals , there are, in other words, six fascic1es in each 
vascular area ;  the diameter of a vascular area is on the average 3 mm 
in the anterior part and 2 . 6  mm in the posterior part of the shield. In 
no. 5 3 5  (pl . 2 1  : 3 )  the vascular canals are more irregularly disposed, of 
varying calibres and of ten much branching, and thus somewhat re
minding of those in C. eurynotus. There are no ringsinus in the basal 
layer, which is rather thin. At least in the holotype and probably 
anteriorly on the shield no. 5 3 4  the mucous canal system is enc10sed 
in the exoske1eton ; it is developed as a fine-meshed network of very 
fine-calibrated canals ,  and there is no distinction between circum-areal 
and intra-areal cana]s .  

The endoskeleton is apparently very incompletely preserved, and 
besides many of the superficial canals only the orbital layer and traces 
of the linings of the postbranchial wall are observed in the holotype. 
The canals for the nerves of the lateral sensory fields are rather narrow 
and seem to be disposed as normally in the genus . 

R e m  a r k  s .  - C.  recticornis is very well characterized by the 
shape of its cephalic shield with the long straight cornua, and it cannot 
be confused with any of the other species of the genus . It seems not to 
be c10sely re1ated to any of the known species of Cephalaspis. In the 
general shape of its shield, and disregarding the different shape of the 
cornua, C.  recticornis i s ,  however, somewhat remi nis cent of C.  eurynotus. 

G e o  l o g  i c a l h o r  i z o n. Lower Eodevonian (Dittonian) : 
Red Bay series , the Anglaspis horizon. 
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L o c a 1 i t i e  s .  - Spitsbergen. W. side of Liefde Bay :  Mt Pter
aspis (nos. 5 3 3-5 3 4) .  E. side of Red Bay :  Fraenkel Ridge, in the 
Anglaspis horizon (no . 5 3 5) .  

All the three specimens were collected during the ENS expedition 
in 1 9 3 9 .  

2 3 .  Cephalaspis platycephalus n.  sp . 

(Fig. 46 ; pl. 22 . )  

1 927 . Cephalaspis h eintzii in part, Stensio, p .  2 7 0 ;  p l .  3 5 : 1 -2 ;  (?) p l .  3 6 : 1 .  

D i a g n  o s i s . - A Cephalaspis species of medium size with 
maximum breadth of cephalie shield slightly less than twice as great 
as length of shield in median line. Shield strongly narrowing forwards . 
Rostrai margin rounded, without rostrai angle. Cornua rather slender 
and long, eurved, projeeting proximally in postero-lateral, distally in 
posterior direetion ; their length being eontained somewhat more than 
twice in distanee of their tips from rostrai end of shield. ·  luner border 
of eornua without dentic1es . Peetoral sinus shallow and very wide. 
Inter-zonal part low, short and rather narrow, its breadth posteriorly 
about one-third of maximum breadth of shield ; dorsally with very low 
median ridge . Postero-dorsal margin of inter-zonal part rounded, 
extending backwards somewhat behind postero-lateral angles. Dorsal 
sensory field eomparatively small, about twice as long as bro ad. Lateral 
sensory fields reaehing baekwards over proximal parts of eornua. 
Orbital openings roundedly oval, situated in middle of length of shield 
in median line. No pineal plate. Exoskeleton with eontinuous super
ficial layer and probably without any tubereular ornamentations . 
Mueous eanal system enc10sed in exoskeleton and (probably) forming 
a fine-meshed plexus. 

H o l o t  y P e. - Cephalie shield (no. A30067) in the Palaeonto
logieal Museum, Oslo . 

M a t  e r i a 1. - This speeies is represented by four spee imens 
(Pal. Mus . Oslo nos. A30067-A30068 and ENS nos . 5 3 6-5 37) .  The 
holotype (no . A30067 , pl. 22) and no. 5 3 6  consist of fairly eomplete 
eephalie shields in eounterpart, nos . 5 3 7  and A30068 of fragmentary 
shields only. In addition to these specimens I plaee here with slight 
hesitation a specimen (ENS no. 5 3 8) consisting of an imperfeetly 
preserved eephalie shield . 

D e s  c r i p t i o n. - The shield has the following dimensions : 
The length from the rostrai end to the posterior angle of the inter-zonal 
parts is 4 1  mm in the holotype and about 37 mm in no. 5 36 .  and 
estimated at about 40 mm in no. A30068 .  The maximum breadth, 
which in the holotype lies aeross the middle parts of the eornua, is here 
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72 .5  mm and in no. 5 3 6,  where it lies ne ar to the tips of the cornua, 
66 mm. The inter-zonal part is 25 mm broad in the holotype, 2 1  mm 
in no. 5 3 6  and about 26  mm in no . A3006 8 .  The maximum height is 
estimated at not more than 1 0  mm in the holotype. The specimen (no. 
5 3 8) hesitatingly placed here is considerably smaller than the other 
specimens, the length of its shield is estimated at about 30 mm 
and the maximum breadth at about 5 3  mm. - The species was thus of 
moderate size. 

The cephalic shield as a whole is very broad and flat and much 
narrowing forwards . The rostrai margin of the shield is obtuse, fairly 
bro ad and convex without any trace of a rostrai angle . The lateral 
margins are rather well curved . The cornua are long and rather slender, 
they are flattened dorso-ventrally and are curved in such a way that 
their basal parts projec t in a postero-Iateral direction but their distal 
parts almost straightly backwards . The length of the cornua constitutes 
somewhat less than half of the distance of their tips from the rostrai 
end of the shield . The inner margins of the cornua are devoid of 
dentic1es . The pectoral sinus are very broad and shallow ; their antero
median corners are distinct although forming a very wide angle , any 
antero-Iateral corners are on the other hand hardly discernable . The 
inter-zonal part is short and rather narrow, its breadth decreases 
rapidly backwards towards the postero-Iateral angles and is here only 
about one-third of the maximum breadth of the shie1d . The postero
dorso-medial portion of the inter-zonal part is protracted backwards to 
some distance behind the leve1 of the postero-Iateral angles , and its 
posterior angle is rather sharply rounded. Dorsally, the inter-zonal 
part has a low median ridge, extending from a point somewhat 
behind the dor sal sensory field to the posterior end. The dorsal 
sensory field is rather small, elongated, and of about uniform breadth 
with very slightly convex lateral margins , and with rounded posterior 
margin ; it is about half as broad as long. The distance of its posterior 
margin from the posterior end of the shield is about equal to the length 
of the field. The lateral sensory fields are rather broad ; their lateral 
margins show a slight sinuosity in the posterior third of their length ; 
the posterior termination of the fields on the cornua is not exposed in 
the fossils but the fields continue at least over the basal parts of the 
cornua. The orbital openings are roundedly oval and lie in the middle 
of the length of the shield in the median line . The circum-nasal fossa 
is very slightly pronounced. There was no independent pineal plate . 

The exoskeleton of the shield is in a very poor state of preserva 
tion ; it seems, however, probable that the superficial layer forms a 
continuous covering to the middle layer. Apparently the face of the 
exoskeleton in the holotype is smooth without any tubercular orna
mentation, in nos . 236 and 5 3 7  some very small ill-defined tubercular 
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elevations are observed on the lateral margins and on the cornua. 
Nothing of the mucous can als is directly seen, but they were probably 
enclosed in the exoskeleton and formed a fine-meshed network . 

The endoskeleton is very imperfectly preserved in all the speci
mens ; some of the superficial canals are seen in the holotype, and the 
nerve canals to the lateral sensory fields are disposed as normally in 
the genus.  

R e m  a r k  s .  - C. platycephalus is most similar to C.  curta 
(p . 3 82) from the Wood Bay series, and is possibly closely akin to this 
species ; it differs in the large size of its cephalic shield, in the slenderer 
cornua, the narrower inter-zonal part, the smaller dorsal sensory field , 
etc . The species resembles furthermore to a certain degree C.  menoides 
(p . 402) and C. semicircularis (p . 3 99) , but differs i. a. by the relatively 
greater length of its cephalic shield, which also is more narrowing 
anteriorly and has fairly slightly rounded lateral margins, and further
more by the development of the lateral sensory fields . In the general 
shape of its shield, C. platycephalus is also somewhat reminiscent of 
C .  moy-thomasi (p . 396) .  On the whole C. platycephalus reminds more 
of some of the species from the Wood Bay series than of any of the 
species from the Red Bay series . 

The specimen (no . 5 3 8) ,  hestitatingly placed in C.  platycephalus, 
is badly preserved, but as far as can be seen agrees weU with the other 
speeimens of this species , except in its minor size . 

C. platycephalus was originally included in C.  heintzi by Stensio 
( 1 927 ,  p. 270) but it is now evident that it has nothing to do with 
this species . Of the original material of C .  heintzi, no. 5 4  and very 
probably also no. 5 3  belong here . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ctenaspis and Benneviaspis horizons. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 
Nevis, without indication of more exact locality (no . A3006 8 ,  and 
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no. 5 3 8 ,  hesitatingly plaeed here) , W. Plateau, in the Ctenaspis hori
zon (no. A30067) ; the Andree Glaeier, S. half, W. part, in the mor ai ne 
(nos. 5 3 6-5 3 7) .  

The specimens nos . A30067-A30068 were eoUeeted by  Th. Vogt's 
expedition in 1 92 8 ,  nos. 5 3 6-5 3 8  by the ENS expedition in 1 9 3 9 .  

2 4 .  Cephalaspis verruculosa n .  sp . 

(Fig. 47 ; pls . 2 3 : 2 ;  2 4 ;  1 1 4 : 2 .) 

1 927 .  Cephalaspis spitsber}?ensis in part, Stensio, p .  276 ;  fig. 7 1 ;  pls .  3 5 : 3 ;  3 9 ;  40 :2 .  

D i a g n  o s i s . - A Cephalaspis speeies of medium size with 
maximum breadth of eephalic shield slightly exeeeding length of shield 
in median line . Shield narrowing anteriorly, rostrai margin sharply 
rounded without any rostrai angle. Lateral margins slightly eurved. 
Cornua long and slender, projeeting in posterior direetion, reaehing 
slightly behind posterior end of inter-zonal part (dorsal spine excluded) , 
more or less slightly eurved inwards ; their length contained about two 
and two-thirds times in distanee of their tips from rostrai end of shield. 
Inner margins of eornua without denticles .  Peetoral sinus moderately 
narrow and deep. Inter-zonal part broad, rather long and moderately 
high ; its breadth contained about twiee in maximum breadth of shield ; 
dorsally with a rather high, aeuminated, triangular median spine ; poste
rior angle (at basis of dorsal spine) protraeted baekwards behind postero
lateral angles .  Dorsal sensory field rather small, about twice as long 
as broad. Lateral sensory fields extending baekwards to basal parts of 
eornua. Orbital openings situated in front of middle of length of shield 
in median line ; cireum-orbital rim weU developed. Independent pineal 
plate present. Exoskeleton ornamented with numerous blunt tubercles 
of varying sizes . Superficial layer of exoskeleton only present in tops 
of tubercles .  Mueous eanal system not enclosed in exoskeleton.  

H o l o t  y P e .  - Cephalie shield (no . A30069) in the Palaeonto
logieal Museum, Oslo . 

M a t  e r i a l .  - The material referable to this species with a fair 
degree of eertainty consists of six spee imens (ENS nos . 5 3 9-540 ; Pal. 
Mus. Oslo nos. A3 0069-A30072) .  Five spee imens (ENS nos . 5 4 1-
542 ; Pal. Mus. Oslo nos . A3007 3-A30075) are plaeed he re with a 
slight hesitation and three speeimens (ENS nos . 5 43-5 44 ; Pal. Mus . 
Oslo no. A30076) are too fragmentary to allow of a definite speeific 
determination and are thus only doubtfully assigned to this speeies .  The 
preservation of the material is as foUows .  No. 5 39 ,  rather eomplete 
shield in eounterpart, laeking a small part of the left side with the eornu 
(pls . 24 : 2 ;  1 1 4 : 2) .  No. 540 ,  rather eomplete shield in counterpart, 
without the left eornu (pl . 24 :  1 ) .  No. A30069 (the holotype) fairly com-
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plete shield wanting parts of the left side inc1uding the cornu (pl. 23 :2) .  
No. A30070, incomplete shield in counterpart, laeking a large portion 
of the median and the right parts . No. A3 007 1 ,  crushed and distorted 
shie1d in counterpart, laeking a portion of the left side. No. A30072,  
part of  the left side of  the shield in counterpart. Nos . 5 4 1-5 42, 
A30073-A3007 5 ,  fragmentery shields. Nos . 543-544, A30076,  
shield fragments . 

D e s  c r i  P t i o n. - The dimensjons (in mm) of some of the 
shields are given in the table below (figures in brackets are only 
approximate) : 

Nos. I 539  I 540 I A30069 I A30070 I A3007 1 I A30072 

Length in median line (from rostrai 

end of shield to posterior end of 

inter-zonal part, at basis of dorsa! 

spine) . . . . . . . . . . . . . . . . . . . . . .  . 

Maximum breadth . . . . . . . . . . . . .  . 

Breadth of inter-zonal part between 

5 1 . 5 

(59) 

57.6 

(59) 

57 

(65) 

postero-Iateral angles . . . . . . . . . .  (26) 28.4 (3 1 .8) 

Height of inter-zonal part (dorsa! 
spine not inc1uded) . . . . . . . . . . . .  ( 1 8) 1 7  (20) 

Distance of tip of cornu from rostrai 
end of shield . . . . . . . . . . . . . . . .  67.8 67.5 67 62.7 

Distance of pine al groove from 
rostrai end of shield . . . . . . . . . .  23 24.3 22.3 

53 .5  

(57) 

I 

60 

(23)  

The species was thus of medium size . The cephalic shield is rather 
slenderly built and its maximum breadth, which lies between the poste
rior halves of the cornua, is somewhat greater than the 1ength of the 
shield in the median line . The shield decreases somewhat in breadth 
anteriorly and its rostrai part is comparatively narrow. The rostrai 
margin is sharply rounded but without any vestige of a rostrai angle . 
The lateral margins are slightly curved and are inclined at a rather acute 
angle to the main axis of the shie1d. The cornua are long, slender and 
narrow, somewhat flattened at the bases but more or less circular in 
cross-section towards the apices. They project almost straightly back
wards and generally reach slightly behind the leve1 of the posterior angle 
of the shield ; in no. 5 3 9  they extend somewhat farther backwards than 
in the holotype but in no. A30072 they are plainly shorter and stouter 
than in the other speeimens . The cornua are generally only slightly 
curved but in nos . 5 3 9  and 540 they are bent distinetly inwards, in the 
former specimen, however, only near the apex. The length of the corrtua 
constitutes about % of the distance between their tips and the rostrai 
end of the shield, in no. A30072 about one third of that distance . The 
median margins of the cornua are devoid of dentic1es (the tuberc1es 
present along the margins must not be confused with real dentic1es) . 
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The pectoraI sinus are comparatively narrow and deep ; in no. 5 3 9  they 
are, however, distinctly shallower than in the others ; they are on the 
whole broader and shallower in this species than in C. sinuata. The 
sinus are uniform ly concave without any angles . The inter-zonal part 
is rather broad and long ; its breadth between the postero-Iateral angles 
is about half as great as the maximum breadth of the shield ; it is 
moderately high and its height to the basis of the dorsal spine seems 
on the ave rage to be about one-third of its breadth between the postero
lateral angles. The dorsal part is provided with a rather high median 
spine, which is shaped as an almost right-angled tri angle with the 
acuminated apex slightly protracted backwards. The posterior angle of 
the inter-zonal part (at the basis of the dorsal spine) is very acute and 
protracted far behind the postero-Iateral angles ; the latter are obtuse 
when viewed from above . The dorsal sensory field is comparatively 
small, it is about twice as long as broad with the anterior and posterior 
margins truncated and the lateral margins slightly curved ; the anterior 
margin lies immediately behind the pineal groove. The lateral sensory 
filds are rather narrow and continue backwards only over the basis 
of the cornua. The distance between the antero-median ends of the two 
fields is rather considerable in the holotype being about three times as 
great as the inter-orbital breadth but much less in nos . 5 3 9  and 5 40 ,  
being here only about twice as  great as  this distance. The orbital 
openings are rather small , oblong, and situated in front of the midd le 
of the length of the shield in the median line ; the distance of the pine al 
groove (which is situated between the midd le parts of the orbital 
openings) from the posterior end of the shield is about one and a half 
times as great as its distance from the rostraI end. The circum-orbital 
ridge is well developed as is als o the antorbital prominence. The inter
orbital breadth is about one and a half times as great as the transverse 
diameter of an orbital opening. The pineal foramen was lodged in an 
(not preserved) independent pineal plate . The anterior portion of the 
naso-hypophyseal opening is situated at the bottom of a small but well 
defined circum-nasal fossa. 

The exoskeleton is ornamented with numerous, rather blunt, ver
ruca-like tubercles of varying sizes . Generally one large tubercle is 
situated dorsally to each group of ascending vascular canals and thus 
in the centre of a vascular or polygonal area but there are also tubercles 
of all sizes scattered between these central tubercles ; the large central 
tubercle can occasionally be substituted by two or three small tubercles. 
The superficial layer is present only in the tubercles ; in the inter-tuber
cular spaces only the lower part of the middle layer with the radiating 
vascular can als is found. The basal layer of the exoskeleton is well 
developed ; no ringsinus have been observed . The vascular areas in the 
exoskeleton are rather varying in size and in the posterior parts of the 
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Fig. 47 .  - Cephalaspis verru

C/tlosa n.  sp. Restoration of the 

cephalic shield, A,  in dorsal, B, in 

lateral view. After the holotype 

(Pal. Mus. Oslo no. A30069). 
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shield seem to be about 1 mm in diameter (after measurements on the 
holotype and no. A30072). The mucous canal system was not enclosed 
in the exoskeleton and nothing can be said about its development. 

The endoskeleton is on the whole poorly preserved ; many of the 
superficial canal layers are, however, fairly well preserved. The can als 
for the nerves of the lateral sensory fields are disposed as normally in 
the genus, the first canal branches just antero-laterally to the orbit ; the 
canals of the dorso-lateral superficial veins show some variation in their 
disposition ; in no. 5 3 9 , they are probably disposed as in no. 5 9  figured 
by Stensio ( 1 927 ,  fig .  49 ; pl. 3 9) ,  the canals vIss and vls4 joining into 
a short common canal before opening into the canal vel just at the 
postero-lateral corner of the orbit ; the canal vls6 receives a tributary 
from behind (vis 7 ) before joining the canal vls5 and forming a common 
trunk, which opens into the canal vel well behind the first common 
trunk. In the holotype the canals vlsu  and vls6 join into a common 
trunk and this and the canals vls4 and vls7  converge towards a point 
just laterally to the canal vel and it is possible that they all joined into a 
short common trunk which opened into this canal ; the canal viss opens 
directly into the dorso-lateral part of the orbit. 

R e m  a r k  s. - The species C. verruculosa is characterized by the 
general shape and proportions of its shield, by the slender cornua, the 
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shape of the inter-zonal part with its dorsal spine , and by the orna
mentation of the exoskeleton. It is somewhat suggestive of C. sinuata 
a species of about the same size, which, however, differs by its broader 
shield, shorter and stouter cornua,  very narrow pectoral sinus and 
a differently shaped inter-zonal part. From C. spitsbergensis (StensiO 
1 927 ,  p. 276) and C. tenuicornis (p . 3 3 8) ,  which it resembles in the 
general shape of the shield , it is distinguished first of all by its much 
smaller size ; the shield of C. spitsbergensis, which is rather imper
fectly known, is broader and has much longer and slenderer cornua 
than in C.  verruculosa; C .  tenuicornis differs by the broader and shal
lover pectoral sinus and the narrower inter-zonal part, the lateral sensory 
fields are, in addition, more strongly developed than in C. verruculosa . 
This species shows some remote likeness to C.  gracilis (Stensio 1 927 ,  
p .  279),  but in this species the cornua are much longer and straighter 
and provided with denticles on their inner margins . According to our 
present knowledge the species mentioned above seem to be the closest 
relatives to C. verruculosa among the Cephalaspis species known. 

In C. verruculosa I place the speeimen no. 59  in the Palaeonto
logical Museum, Oslo ; it was provisionally referred to C. spitsbergensis 
by Stensio ( 1 927 ,  p. 276) .  

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian : Red Bay 
series, the Primaeva horizon, (?) the Anglaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Fraenkel 
Ridge, in the Primaeva horizon (nos . 5 3 9-540, 543-544, A30069-
A30076) ; W.  of the AndnSe Glaeier, in the Anglaspis horizon (no . 542) ; 
the Andree Glaeier, N .  half, W. part, in the moraine (no. 5 4 1 ;  obs. the 
two last-mentioned specimens are placed with some doubt in this speeies) . 

The specimens nos . A30069-A30076 were collected by Th. Vogfs 
expedition in 1 928 ; the others by the ENS Spitsbergen expedition in 
1 939 .  

25 . Cephalaspis sinuata n .  sp . 

(Fig . 48 ; pls . 23 : 1 ;  25 :2-3 .)  

D i a g n  o s i s . - A Cephalaspis species of medium size with 
maximum breadth of cephalic shield somewhat greater than length of 
shield in median line ; shield rather broad anteriorly ; rostrai margin 
obtusely rounded. Cornua rather long and stout, projecting in posterior 
direction, reaching behind level of posterior end of inter-zonal part ; 
their length contained about three times in distance of their tips from 
rostrai end of shield ; inner margin of cornua without denticles .  Pectoral 
sinus deep and very narrow. Inter-zonal part very broad ; its breadth 
constituting about two-thirds of maximum breadth of shield ; rather high 
with a median, rather low, backwardly inclined, acuminated dorsal 
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Fig. 48 .  - Cephalaspis sinuata n. sp . 

Restoration of the cephalic shield, dorsal 

view; below: dorsal spine in profile . 

After ENS nos. 545-546 and Pal. Mus. 

Oslo no. A30077 .  N at. size . 

spine ; posterior angle protracted backwards weU behind postero-lateral 
angles. Dorsal sensory field small, about twice as long as broad ; posterior 
margin truncated. Lateral sensory fields extending backwards to basal 
parts of cornua .  Orbital openings situated in front of middle of length 
of shield in median line. Independent pineal plate present. Exoskeleton 
smooth, without ornamentation (or in places with small blunt tuberc1es) . 
Superficial layer apparently continuous . Mucous canal system forming 
a fine-meshed network, wholly (or partly) enc10sed in exoskeleton. 

H o l o t  y P e .  - Cephalic shield (ENS no. 546) .  
M a t  e r i a l .  - To this species I reter seven specimens (ENS nos. 

5 45-548 ,  Pal. Mus . Oslo nos . A30077-A30079).  They all consist of 
imperfectly preserved cephalic shields ; the holotype (no. 546 ;  pl. 25 :2-3)  
is rather complete, lacking an antero-lateral portion of the shield , 
no. 548  also is fairly complete, nos . 545 (pl .  2 3 :  1 ) ,  A30077-A3007 8 
are devoid of most of the right half of the shield, no. 547 lacks a major 
part of the left side and is furthermore somewhat affected by pressure 
of the rock ; no. A30079 is more fragmentary still . With some hesitation 
I place here three fragmentary spee imens (ENS no. 5 49 ; Pal. Mus . Oslo 
nos . A30080-A3008 l ) .  Twa specimens (ENS no. 5 5 0 ;  Pal. Mus. Oslo 
no. A30082) are represented by fragments which do not perrnit a de fin i te 
specific identification and are placed here with much doubt. 

D e s  c r i p t i o n .  - The specimens are not particularly weU pre
served and only a few direct measurements can be taken. The length 
of the cephalic shield (from the rostrai end to the tip of the dorsal spine) 
in the holotype is estimated at about 50 mm ; its maximum breadth which 
lies across the basal parts of the cornua, is 55 mm ; the breadth of the 
inter-zonal part between its postero-lateral angles is 34 . 5  mm, its height 
to the basis of the dorsal spine is roughly estimated at 1 1  mm. The 
distance of the pineal groove from the tip of the dorsal spine is 30 mm. 
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In no. 545 the maximum breadth of the shie1d is estimated at about 
57 mm, the breadth of the inter-zonal part at about 3 8  mm, and the 
distance of the pine al groove from the tip of the dorsal spine is 3 1  mm. 
The other specimens seem to be of about the same size but are toa 
imperfectly preserved as to allow of exact measurements or any positive 
estimations to be taken. No. 548 ,  which is rather well preserved, is 
of somewhat larger size, as is seen from the following measurements : 
length of shield in median line about 6 1  mm, maximum breadth 69 mm, 
breadth of inter-zonal part 32 mm, distance of tip of cornu from rostrai 
end of shield 79 mm, distance of pineal groove from rostrai end of 
shie1d 29 mm, and from posterior end of shield (dorsal spine not 
inc1uded) about 3 1  mm. - The species was thus of a medium size . 

The maximum breadth of the shield lies between the basal parts 
of the cornua and is somewhat greater than the median length of the 
shield. The rostrai margin is obtusely rounded without any rostrai 
angle , and passes without interruption into the lateral margins , which 
are also curved. The cornua are fairly long and stout, they are flattened 
dorso-ventrally in their entire length and not, as in C. verruculosa, 
rounded in cross-section towards their tips. In the holotype and in 
no . 545 the outer margins of the cornua are somewhat curved whi1e 
the inner margins are rather straight. The cornua project in a posterior 
direction and reach quite a distance behind the posterior end of the 
inter-zonal part. The length of the cornua constitutes about one-third 
of the distance of their tips from the rostrai end of the shield . The inner 
margins of the cornua are devoid of dentic1es .  The pectoral sinus are 
very characteristically shaped ; they are deep and comparatively very 
narrow ; the bottom of the sinus is of ten slightly asymmetrical with the 
greatest depth near the median side. The inter-zonal part is moderately 
long, rather high, and very broad ; its breadth between the postero
lateral angles is contained almost one and a half times in the maximum 
breadth of the shield . The dorso-median portion is provided with a 
rather low, somewhat backwardly protracted, triangularly acuminated, 
dorsal spine . The posterior angle of the inter-zonal part (at the basis 
of the dorsal spine) is obtuse and protracted backwards well behind the 
postero-Iateral angles ; in no. 548 ,  however, the posterior angle lies only 
slightly posteriorly to the postero-Iateral angles ; this condition is possibly 
explained by the fact that the posterior parts of this shield are some
what compressed and distorted. The dorsal sensory fie1d is rather small 
and about twice as long as broad ; the anterior and posterior margins 
are truncated, the posterior one is somewhat rounded ; the lateral margins 
are slightly convex ; the anterior margin lies immediately behind the 
pine al groove . The lateral sensory fields are of normal breadth and 
reach backwards on to the proximal part of the cornua ; the distance 
between their antero-median corners is somewhat variable , in the holo-
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type about twice as great as the inter-orbital breadth, in no. 545 about 
three times as great as this distance. The orbital openings are rather 
small , rounded or roundedly oval in shape, and situated slightly (nos . 
5 47-548)  or definitely (nos. 545-546) in front of the middle of the 
length of the shield. A narrow but distinet circum-orbital ridge is 
present (well displayed in nos . 545 , A3008 1 ) ;  the antorbital prominences 
are rather inconspicuous .  The inter-orbital space is about one and a 
half times as broad as the transverse diameter of an orbital opening. 
The pine al foramen was in the living animal situated in an independent 
pineal plate. The naso-hypophyseal opening is rather oblong,  the circum
nasal fossa is long and shallow, even in its anterior division. 

The exoskeleton is very difficult to examine, at least with regard 
to its outer parts . There seems to be no ornamentation or a very feeble 
one on its outer face ; in the holotype a few very small tubercles are 
observed near the orbital openings,  in no. 545 ,  however, as far as 
observed, the surface of the exoskeleton is smooth. The superficial 
layer of the exoskeleton is apparently very delicate and thin ; in no. 545 , 
at least, it forms a continuous covering to the middle layer, and this is 
probably the case also in the holotype. The middle and the basal layers 
are well developed. The radiating canals are well displayed in the 
holotype and in no. 545 , where they are forming rather incompletely 
separated vascular areas , one or two of the canals in a vascular area 
being of a much coarser calibre than the others. The diameter of a 
vascular area in the holotype is in general 1 .4 mm. The mucous canal 
system is enclosed in the exoskeleton, at least in no. 545 ; it forms a 
fine-meshed network without any differentiation between circum-areal 
and intra-areal canals . 

Of the endoskeleton only the canals of superficial vessels and nerves 
have been observed ; in no. 545  also a dorsal part of the orbital layer 
is seen ; as to the rest the endoskeleton seems to be very slightly or not 
at all preserved. The canals vls4 and vls5 join into a rather long com
mon trunk which opens into the canal vel, as observed in no. 546 ;  the 
canal vls3 and the canals for the nerves of the lateral sensory fields 
are normally developed. 

R e m  a r k  s .  - C. sinuata is characterized particularly by the 
peculiarly shaped pectoral sinus, to a lesser degree by the general shape 
of the shield, the broad inter-zonal part, and the low dorsal spine . It is 
fairly well separated from all other known Cephalaspis species but seems 
to be more closely related to C. verruculosa (p . 3 30) ,  C. tenuicornis, 
and perhaps C. spitsbergensis (Stensio 1 927 ,  p. 276) .  In the genera] 
shape of its shield it somewhat resembles C. verruculosa but this speeies 
has an anteriorly narrower shield, slenderer cornua, \>roader pectoral 
sinus, narrower inter-zonal part, etc . C. tenuicornis is a much larger 
speeies than C. sinuata and has a more triangular shield with much 
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narrower rostrai part, and the cornua and the pectorai sinus are diffe
rently shaped, etc . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Primaeva and Anglaspis horilOns . 

L o c a l i t i e  s .  - Spitsbergen. W. side of Liefde Bay :  Mt Pter
aspis (nos . 546-547) . E. side of Red Bay: Fraenkel Ridge, in the 
Primaeva horizon (nos . 545 , 549-5 50 ,  A30077-A30082) ; W. of the 
Andree Glacier, in the Anglaspis horizon (no . 548) .  

The specimens nos . A30077-A30082 were collected by Th .  Vogt's 
expedition in 1 928 ,  the others by the ENS expedition in 1 93 9 .  

26 .  Cephalaspis tenuicornis n. sp . 

(Fig. 49 ; pl . 26 : 1 . ) 

D i a g n  o s i s . - A large Cephalaspis species with maximum 
breadth of cephalic shield about one and a third times as great as length 
of shield in median line . Rostrai part of shield narrow ; rostrai margin 
sharply rounded without rostrai angle . Cornua long and very slender. 
distally almost cylindrical, projecting in posterior direction, reaching 
behind posterior end of inter-lOnal part, curved slightly inwards . 
Length of cornua contained almost three times in distance of their  tips 
from rostrai end of shield . Inner margins of cornua without dentic1es . 
Pectoral sinus broad and rather deep . Inter-lOnal part moderately long 
and broad ; its breadth constituting about two-fifths of maximum breadth 
of shield . Dorsal sensory field about twice as long as broad, posterior 
margin truncated. Lateral sensory fields extending on to proximal part 
of cornua, anteriorly narrow behind a widened foremost part, rather 
broad in posterior half. Orbital apenings small, situated distinctly in  
front of  middle of  length of  shield in median line . Anterior division 
of circum-areal fossa very deep . No independent pineal plate . Orna
mentation of exoskeleton consisting of numerous rather small tuberc1es. 
Mucous canal system situated superficially to exaskeletan in circum
tubercular grooves . Polygonal areas very small in proportion to size 
of shield . 

H o l o t  Y P e. - Cephalic shield (ENS no. 5 5 2) .  
M a t  e r i a l .  - This species is represented with certainty by foul'  

speeimens (ENS nos . 5 5 1-552  and Pal. Mus .  Oslo nos . A2 1 500,  
A3008 3) .  The holotype (no. 552,  pl .  26 :  1 )  consists of a rather complete 
cephalic shield, partly in counterpart, laeking a considerable portion of 
its postero-median parts ; nos . 55 1 ,  A30083 also con sist of imperfect 
shields, laeking most of the inter-lOnal parts ; no. A2 1 500 consists of 
a shield, laeking its left and its anterior parts . In addition to the se 
speeimens I place he re with some hesitation two speeimens (ENS nos . 
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Fig. 49 .  - Cephalaspis tenuicornis n. sp . Restoration of the cephalic shield ; dorsal 
view. After the holotype (ENS no. 552) .  l!2 . 

5 5 3-5 54) ;  the first (no . 5 5 3) consists only of a single cornu with 
adjacent parts , the sec ond (no. 5 5 4) of a part of the left side of a 
cephalic shield. 

D e s  c r i p t i o n .  - The dimensions of the holotype shield are 
as follows . The real length could not be measured as the postero-dorso
median portion of the inter-zonal part is missing ; the length from the 
rostraI end to the level of the postero-Iateral angles of the inter-zonal 
part (in the median line) is, however, 1 2 . 9  cm, and it seems probable 
that this distance corresponds approximately to the original length of 
the shield in the median line. The maximum breadth which lies between 
the middle parts of the cornua amounts to 1 7  cm. The height of the 
shield, measured at the posterior part of the dorsal sensory field, is 
about 5 . 3  cm, but the maximum height was with certainty slightly 
greater and lay farther backwards . The breadth of the inter-zonal part 
between the postero-lateral angles is about 7 . 1 cm. The distance of the 
rostral end of the shield from the tip of the left cornu measures 1 8 . 5  cm, 
and from the pine al foramen 6.7 cm. No exact measurements can be 
taken on the other shields ; they seem, however, to be of almost the 
same size as the holotype ; in no. A2 1 500 the height of the inter-zonal 
part at its posterior end is about 4 . 3  cm. 

In general shape the cephalic shield is moderately broad ; its maxi
mum breadth is somewhat greater than the length of the shield in the 
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median line, or about one and a third times exceeding that length. The 
shield is rather rapidly decreasing in breadth anteriorly, its rostraI parts 
being thus comparatively narrow ; the rostraI margin is convex and 
uniformly curved without any rostraI angle. The lateral margins of the 
main shield are slightly convex and there are no angles at their transition 
into the rostraI margin nor are there any concavities (or very slight 
ones) or angles at the bases of the cornua but the margins pass without 
interruption into those of the cornua.  In no. A30083  the lateral 
margins of the main shield are almost straight in their middle parts . 
The cornua, which are long and very slender, project in a posterior 
direction and reach probably rather far behind the posterior end of the 
inter-zonal part ; their length constitutes somewhat more than one-third 
of the distance of their tips from the rostrai end of the shie1d, and 
probably about half the length of the shield in the median line. The 
cornua are somewhat flattened dorso-ventrally in their proximal parts 
but almost cylindrical in their distal halves. Their posterior parts are 
slightly curved in median direction . The inner margins of the cornua 
are not provided with any dentic1es . The pectoral sinus are rather broad 
and deep, and are almost uniformly concave. The inter-zonal part is 
moderately long and broad, and somewhat decreasing in breadth back
wards ; its breadth between the postero-Iateral angles is somewhat less 
than half the maximum breadth of the shield. The height of the inter
zonal part seems to be rather considerable. The configuration of the 
dorsal portion of the inter-zonal part and the shape of its posterior 
margin are unknown in most of the specimens , inc1uding the holotype. 
In no. A2 1 5 00,  however, the inter-zonal part is fairly complete, its 
posterior end seems to lie at about the same transverse leve1 as the 
postero-lateral angles, and it is provided with a probably rather low and 
indistinctly marked dorsal median ridge. The dorsal sensory field is 
about one and a half times as long as broad, with the lateral margins 
slightly bent ; the transverse, truncated or slightly concave anterior mar
gin lies c10sely behind the pineal foramen ; the posterior margin is 
truncated. The distance of the posterior margin of the field from the 
posterior end of the shield could not be measured but it is evidently 
considerably greater than the length of the field . The lateral sensory 
fields are narrow in their anterior halves ; most anteriorly they are , how
ever, somewhat widened at the branching point of the first nerve canal 
for these fields . At the middle of their length the fields increase rather 
suddenly in breadth as a result of their lateral margins approaching 
the margins of the shield ; their maximum breadth lies just anteriorly 
to the pectoral sinus and here the median margins of the fields some
times form a very obtuse and indistinct postero-median angle pointing 
towards the shoulder-girdle . The fields reach backwards only over the 
basal parts of the cornua. The distance of the antero-median ends of 
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the two fields is about equal to the distance between the centres of the 
two orbital openings .  The orbital openings, which are remarkably small 
in proportion to the size of the shield, are almost circular or roundedly 
oval in shape and situated before the middle of the length of the shield 
in the median line ; the distance of an orbital opening from the rostrai 
end of the shield is about equal to its distance from the pectoral sinus 
of its side. The orbital openings are surrounded by very strongly 
developed and thick circum-orbital ridges ; the antorbital prominences 
are rather well defined. The pineal foramen is situated between the 
middle parts of the orbital openings ; it was not lodged in a pineal plate . 
The posterior division of the naso-hypophyseal opening is placed on 
a narrow, rather prominent elevation ; the anterior division, on the 
contrary, in the very deep anterior part of the circum-nasal fossa .  

The exoskeleton is ornamented with numerous rather small, flat
tened tuberc1es . The superficial and the outer division of the middle 
layer are discontinuous and present in the tuberc1es only. The lower 
division of the middle layer has well developed radiating canals of fine 
calibres, disposed in rather regular, small, vascular areas ; each group 
of ascending canals is situated beneath a tuberc1e, which thus indicates 
the centre of a vascular area. The basal layer is comparatively thin and 
its lower face is provided with rather wide grooves forming polygonal 
figures and evidently corresponding to the ringsinus in other species .  
The mucous canal system was not enc10sed in the exoskeleton but lay 
outside of it and very probably in the inter-tubercular grooves ; nothing 
more can, however, be said of its development. The polygonal areas 
forrned by the inter-tubercular grooves and the ring sinus-like gro oves 
and which correspond to the vascular areas are very small in proportion 
to the size of the shield, their average size being 1 .9 mm in diameter . 

The endoskeleton seems to be very imperfectly developed in the 
holotype and no. 5 5 1 ,  in which only traces of the perichondrial bone
layers lining the canals in the lateral sensory fields are seen. In no. 
A300 8 3  the endoskeleton is rather well ossified and parts of the intern al 
and orbital layers as weU as parts of the external layer lining the oralo
branchial chamber and the posterior face of the pectoral area are 
observed. The bone-Iayers of the superficial canals are, however, imper
fectly preserved and nothing can be said with any certainty of the proxi
mal courses of the canals for the dorso-Iateral superficial veins ; the 
canals for the nerves to the lateral sensory fields are disposed as normally 
in the genus.  

R e m  a r k  s .  - C. tenuicornis is characterized by the size and 
proportions of its shield and the long and slender, slightly curved cornua 
in conjunction with the very small polygonal areas in the exoskeleton. 
Shields displaying these features are fairly easily distinguished from 
their congeners . The species seems to be most c10sely related to C. verru-
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eulosa (p . 3 3 0) ,  C .  sinuata (p . 3 3 4) ,  and possibly to C .  spitsbergensis 
(Stensio 1 927 ,  p. 276) and C. erofti (p . 3 44) . It is much greater than 
these species, and differs furthermore from C. verrueulosa and C. sinuata 
by the configuration of the inter-zonal part, the shape of the sensory 
fields, the very small orbital openings, the absence of a pineal plate , 
etc . ,  and from C.  erofti by the narrower ante ri or part of the shield, the 
lateral margins of the shield not being concave at the basis of the cornua, 
and by the shallower pectoral sinus .  The shape of the cornua is some
what s imilar in C. tenuieornis and in Tegaspis kolleri (p . 438)  and shield 
fragments with cornua of the two species may be mixed up, but in the 
latter species the cornua are broader than in the former and the lateral 
sensory fields do not enter the cornua ;  the polygonal areas are further
more much larger in T. kolleri than in C. tenuieornis. 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the upper parts (the Ben Nevis division) . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay : the Andree 
Glacier, in the moraine (no. A2 1 5 00) ; the Andree Glacier, S. half, 
W. part, in the moraine (nos . 5 5 1-5 5 2) ;  Mt Ben Nevis , the Sec ond 
Glacier, in the moraine ("the Cephalaspis moraine" ; no. A3008 3) .  The 
specimens , somewhat doubtfully referred to this species were found -
no. 5 5 3  on Mt Ben Nevis, no . 5 5 4  on the Andree Glacier, S. half, 
W. part, in the moraine . 

The specimens nos . A2 1 500 and A300 8 3  were collected during 
Th. Vogt's expedition in 1 928 ,  nos 5 5 1-5 5 4  during the ENS expe
dition in 1 93 9 .  

27 .  Cephalaspis aretieus Stensia. 

(Pl .  25 : 1 . )  

1 927 .  Cephall1spis arcticlIs, Stensio, p .  280 ;  fig .  74 ;  p l .  3 8 : 1 (not p l s .  24: 2 ;  2 8 ;  3 7 : 4 ;  40 :5 ) .  

D i a g n  o s i s . - A Cephalaspis species of medium size, with 
maximum breadth of cephalic shield (probably) about one and a half 
times as great as length of shield in median line . Shield rather strongly 
narrowing anteriorly . Rostrai margin narrow, convex, without rostrai 
angle . Cornua long and slender, curved, projecting, the basal parts in 
postero-Iateral , the distal parts in posterior direction . Length of cornua 
(probably) contained slightly more than twice in distance of their tips 
from rostrai end of shield . Inter-zonal part broad ; its breadth about 
one-half as great as maximum breadth of shield . Dorsal sensory field 
small, about one and a half times as long as broad, with greatest breadth 
in anterior half of its length . Lateral sensory field ending posteriorly 
on basal half of cornu . No pineal plate . Exoskeleton ornamented with 
small rather high , bl unt or pointed tubercles . 
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H o l o t  y P e .  - Cephalic shield (no . 66) in the Palaeontological 
Museum, Oslo (Stensio 1 927 ,  p. 2 80) . 

M a t  e r i a 1. - In this speeies I place one speeimen (ENS no. 5 5 5 ) ;  
it consists of a n  imperfectly preserved cephalic shield, the median 
parts of which are much worn and abraded ; the distal parts of the cornua 
are laeking. 

R e m  a r k  s .  - As far as the state of preservation of the present 
speeimen allows a comparison it agrees with the holotype in the size and 
proportions of the shield, and in the development of the ornamentation 
of the exoskeleton, and I thus place it with a fair degree of certainty 
in the speeies C. arcticus. 

The length in the median line of the shield from the rostrai end to 
the level of the preserved postero-Iateral portion of the inter-zonal part 
is 40 mm ; the maximum breadth of the shield is estimated at 60 mm; the 
shield is thus slightly smaller than the holotype. Since the new speeimen 
is very imperfectly preserved it contributes but little to the knowledge 
of the speeies . Thus it is se en that the rostrai margin is rather sharply 
rounded and without any rostrai angle, the rostrai margin being some
what more protracted anteriorly and more rounded than in the restora
tion given by Stensio ( 1 927 ,  fig . 74) . On the rostrai and lateral margins 
of the shield the exoskeleton is ornamented with numerous small but 
comparatively high tuberc1es, some of them being rather bluntly rounded. 
while others are more pointed ; the "small straight dentic1es" observed 
in the holotype on the median and lateral margins of the cornua (Stensio 
1 927 ,  p. 28 1 )  are of the same kind as the tuberc1es on the rostrai and 
lateral margins of the shield, and form a continuation of this tubercula
tion backwards on to the cornua.  The inner margins of the cornua are 
thus devoid of real dentic1es.  The minute structure of the exoskeleton 
is rather obscure but it seems likely that the superficial layer is discon
tinuous and only present in the tuberc1es .  Nothing has been observed 
of the mucous canal system, and it seems probable that it was situated 
entirely outside the exoskeleton. 

In the general outlines of its shield C.  arcticus is somewhat sugges
tive of C. watsoni (Stensio 1 9 32 ,  p .  l 3 6) ,  C. crofti (p . 344) , C. heintzi 
(p. 2 8 1 )  and C. verruculosa (p . 3 30) ; the differences between C. arctic us 
and C. watsoni are pointed out by Stensi6 ( 1 932 ,  p. 1 3 8 ) ;  from C. crofti 
the present speeies differs by the narrower rostraI margin, by the lateral 
margins not being concave at the bases of the cornua, the broader 
cornua, and by the smaller size of the shield ; from C. heintzi it differs 
i. a. by the greater size, the smaller orbital openings, and the slenderer 
cornua, devoid of dentic1es . From C. verruculosa it differs by the 
shorter and broader shield, the shape of the cornua and the dorsal 
sensory field and by the ornamentation of the exoskeleton. 

The two speeimens (nos . 67, 69), hesitatingly placed in this speeies 
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by Stensio ( 1 927 ,  p .  2 80) ,  do not belong here ; no. 67  is a Cephalaspis, 
no. 69 a Benneviaspis, both indeterminable as to speeies. 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series ,  the Polaris horizon. 

L o c a l i t y. - Spitsbergen. E. side of Red Bay :  Fraenkel Ridge , 
in the Polaris horizon . (The holotype was found on the Fraenkel Ridge, 
in a horizon 250  m above sea-Ievel, see Stensio 1 927 ,  p .  282 ; this horizon 
corresponds to the Polaris horizon, cf. Kiær & Heintz 1 93 5 ,  p. 1 3 . )  

The single speeimen was collected by the ENS expedition in 1 9 39 .  

2 8 .  Cephalaspis crofti n .  sp . 

(Fig . 5 0 ;  pl. 26 :2 .) 

D i a g n  o s i s . - A Cephalaspis speeies of fairly large size with 
maximum breadth of cephalic shield about one and a half times as 
great as length of shield in median line . Lateral margins of shield 
slightly concave at bases of cornua.  Rostrai margin broad, obtusely 
rounded without rostrai angle. Cornua long and slender, projecting in 
proximal parts in postero-Iateral, in distal parts in posterior direction, 
rather strongly curved ; length of cornua contained slightly more than 
twice in distance of their tips from rostrai end of shield . Pectorai sinus 
weU defined, rather broad and deep. Inter-zonal part rather long and 
high, moderate ly broad ; its breadth constituting about two-fifths of 
maximum breadth of shield. Exoskeleton ornamented with compara
tively small tuberc1es along rostrai and lateral margins and on ventrai 
side of shield . 

H o l o t  Y P e. - Cephalic shield (no . A30084) in the Palaeonto
logical Museum, Oslo. 

M a t  e r  i a l .  - The material, which can be referred with cer
tainty to this speeies consists of the holotype (Pal. Mus . Oslo no. A30084) 
only. In addition to this speeimen, I place here with some hesitation 
another speeimen (ENS no. 5 5 6) .  The holotype (pl . 26 :2) consists of a 
fairly complete cephalic shield (laeking a considerable portion of the 
middle and posterior parts of the shield) but is much weathered and 
abraded ; no. 5 5 6  is a very imperfectly preserved but otherwise rather 
complete shield, which only lacks the cornua. 

D e s  c r i p t i o n .  - The holotype has the following dimensions: 
The length of the cephalic shield in the median line could not be directly 
measured as the dorso-median portion of the inter-zonal part is missing, 
but it can be estimated at about 85 mm. The maximum breadth of the 
shield, which lies between the middle parts of the cornua, is 1 2 6  mm, 
and the breadth of the inter-zonal part between the postero-lateral angles 
amounts to 49 mm. The distance of the pineal foramen from the rostrai 
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Fig. 50.  - Cephalaspis crofti n. sp. Partial restoration of the cephalic shield, dorsal 

view (the sensory fields, the naso-hypophyseal and the pineal openings omitted). After 
the holotype (Pal. Mus. Oslo no. A30084). % .  

end o f  the shield i s  estimated at 43 mm. The height o f  the shield a t  a 
point somewhat posterior to the orbits is 2 6  mm. In no. 5 5 6  the length 
of the shield in the median line is 77 mm, and the breadth of the inter
zonal part 4 1  mm; the distance of the pineal foramen from the rostrai 
end of the shield is estimated at 43 mm. The maximum height at the 
posterior end of the inter-zonal part is about 25 mm. This shield is 
thus somewhat smaller than that of the holotype. 

The following description refers to the holotype only. On the 
whole, the cephalic shield is rather broad with the maximum breadth 
about one and a half times as great as the length of the shield in the 
median line . The breadth decreases rather rapidly anteriorly. The rostrai 
margin is, however, broad, being about as broad as the inter-zonal part, 
and is in addition rather obtusely rounded without any trace of a 

rostrai angle. The lateral margins of the main shie1d are alm ost straight 
but somewhat concave before the bases of the cornua. The cornua are 
rather strongly curved, their basal parts project from the main shield in 
a postero-Iateral direction, their distal parts are directed more straightly 
posteriorly and their tips are slightly curved medially. The cornua are 
long and slender and reach far behind the inter-zonal part ; their length 
is slightly less than half of the distance of their tips from the rostrai 
end of the shield . As they are much abraded it is impossible to say 
whether their inner margins were provided with dentic1es or not. The 
pectoral sinus are rather broad and deep, they are uniformly concave 
without any corners . The inter-zonal part is comparatively long and 
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high, its breadth is but moderate and contained about two and a half 
times in the maximum breadth of the shield. As the dorso-median 
portion is lacking in the holotype it  cannot be stated whether there was 
a dorsal median spine or not. N othing is  preserved of the sensory fields ; 
the dorsal field, however, seems to have been rather narrow. The orbital 
openings, which are oblong in shape, are s ituated somewhat nearer to 
the rostrai than to the posterior end of the shield, and the distance of 
the openings from the pectoral sinus is about the same as that from 
the rostrai end. 

The exoskeleton is very imperfectly preserved and it is impossible 
to say whether the superficial layer is continuous or not ; the ornamen
tation along the rostrai and lateral margins and on the ventrai side of 
the shield consists of small, blunt or somewhat pointed tuberc1es . In 
the middle layer there are normally developed radiating canals . The 
development of the mucous canal system is unknown. 

The endoskeleton was rather slightly ossified. Traces of the can als 
of the first and sec ond nerves for the lateral sensory fields are observed 
on the left half of the shield ; they behave as normally in Cephalaspis . 
The anterior and the right parts of the shield are much abraded and 
severai of the intern al structures in the visceral endoskeleton are thus 
exposed. 

The specimen (no . 5 5 6) ,  doubtfully referred to this species has a 
shield of about the same general shape as the holotype, but as the cornua 
are not preserved, their shape could not be ascertained. It can be 
observed that the orbital openings lie rather far backwards, in fact 
slightly nearer to the posterior than to the rostrai end of the shield . In 
this specimen the shape of the inter-zonal part of the shield is displayed : 
the posterior angle reaches backwards only for some distance behind 
the postero-Iateral angles ; dorsally the inter-zonal part is provided with 
a very short and indistinct median ridge just before the posterior end. 
The dorsal sensory field is about twice as long as broad but its exact 
shape cannot be determined. The ornamentation of the exoskeleton 
(as far as observed) consists of tuberc1es of varying size and shape, some 
broad and flattened . The outer parts of the exoskeleton are subdivided 
into small polygonal areas with an average diameter of 1 .9 mm. 

R e m  a r k  s .  - This species is rather similar to C.  arcticus (p . 342 
and Stensi6 1 927 ,  p. 280) and C.  tenuicornis (p . 3 3 8) ,  differing from 
the former by the large size of its shield, the more markedly curved 
cornua, the broad pectoral sinus and the broad rostrai margin, from 
the latter species by the smaller size of the shield, the broad rostraI 
margin, and the slightly concave lateral margin . 

The specimen, doubtfully referred to C. cro/ti, although very imper
fectly preserved, is placed here because it exhibits certain similarities 
with that species in the shape of the shield.  It differs , however, by the 
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size of its shield and by some other details from the holotype. It is there
fore possible that in the future with an inereasing knowledge of this and 
related species , the speeimen will prove to represent a different species . 

The species C. cro/ti is named in honour of Mr. W. Croft, London, 
palaeo-botanist, who was a member of the ENS expedition to Spits
bergen in 1 93 9 .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the upper parts (the Ben Nevis division) . 

L o c a l i t i e  s .  - Spitsbergen. E . side of Red Bay :  Mt Ben Nevis, 
in talus (no. 5 5 6) ;  in the debris at the Cliff ("below the S .  plateau" ; 
no. A30084) .  

No .  A30084 (the holotype) was colleeted by  Th. Vogt's expedition 
in 1 928 ,  no. 5 5 6  by the ENS expedition in 1 939 .  

29 .  Cephalaspis signata n .  sp. 

(Fig . 5 1 ;  pls . 27 :2 ; 2 8 : 1 ;  29-3 1 ;  3 2 : 1 - 3 ; 3 3 : 3 ; 3 5 : 3 ; 1 1 4 : 1 . ) 

? 1 927 .  Cephalaspis spitsbergensis, Stensio 1 927,  p. 276 ;  pl .  3 3 : 1 .  

D i a g n  o s i s . - A Cephalaspis species of rather large size, with 
maximum breadth of cephalie shield about one and a third times as 
great as length of shield in median line . Shield moderately narrowing 
forwards, rostrai part rather broad ; rostrai margin obtusely eurved 
without rostrai angle . Lateral margins almost straight. Cornua very 
long and slender, projecting in posterior and somewhat lateral direetion, 
reaehing far behind posterior end of inter-zonal part. Length of eornua 
almost equalling half the distanee from their tips to rostrai end of shield . 
Inner margin of eornua without denticles . Peetoral sinus deep, fairly 
broad. Inter-zonal part narrow, rather long and high, dorsally with a 
strong median spine ; its posterior breadth eontained about two and a 
half times in maximum breadth of shield. Postero'-dorsal portion of 
inter-zonal part protraeted baekwards far behind level of postero-lateral 
angles . Dorsal sensory field rather short and broad, hardly twice as 
long as broad. Lateral sensory fields reaehing baekwards to basal parts 

. of eornua.  Orbital openings eomparatively small, situated rather far in 
front of middle of length of shield in median line. N arrow independent 
pineal plate present . Superficial layer of exoskeleton diseontinuous . 
Ornamentation consisting of obtuse tubereles of varying sizes. Mueous 
eanal system not enclosed in exoskeleton. 

H o l o t  Y P e .  - Cephalie shield (no . A30085)  in the Palaeonto
logieal Museum, Oslo . 

M a t e r i a 1 .  - To this species I refer with certainty only three 
spee imens (Pal. Mus. Oslo nos . A30085 ,  A30086  and A30 1 0 1 ) ;  the 
holotype (no . A3008 5 ; pls . 27 :2 ; 2 8 : 1 ;  29-3 1 ;  32 : 1 -3 ;  3 5 : 3 ;  1 1 4 : 1 )  
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consists of an incomplete cephalic shield, partly in counterpart, laeking 
the distal parts of the cornua and most of the dorsal spine ; no. A3008 6 
(pl . 3 3 :3 )  consists of a cephalic shield in a very imperfect state of preserva
tion, much weathered and worn, laeking most of the left half and most of 
the dorso-median parts , but with the right cornu preserved in its entire 
length ; the very imperfeet speeimen no. A30 l 0 l  consists of parts of the 
dorsal exoskeleton, exposed in ventrai view. Besides these speeimens 
one additional speeimen (Pal. Mus. Oslo no. A30087) ,  is placed here 
with some hesitation ; it consists of a cephalic shield laeking some of its 
left postero-Iateral parts , the distal parts of the right cornu and of the 
dorsal spine ; it is furthermore somewhat compressed laterally so that 
the exact shape of its shield is not quite clear. 

D e s  c r i p t i o n .  - The holotype shield has the following dimen
sions . The length in the median line is 1 1  cm ; the breadth at the level 
of the anterior end of the pectoral sinus is 1 2 . 5  cm. The breadth of the 
inter-zonal part between the postero-Iateral angles is about 5 . 8  cm. 
The distance of the postero-Iateral angles of the inter-zonal part from 
the rostraI end of the shield is about 9 . 3  cm, and the distance of the 
pineal groove from the rostrai end of the shield is 4 .9  cm. The height 
of the shield at the posterior end of the inter-zonal part is 5 . 1  cm. In 
no. A3008 6 the inter-zonal breadth is 5 cm and the maximum breadth 
of the shield, which lies between the tips of the cornua, is estimated at 
about 1 5  cm ; the distance of the postero-Iateral angles from the rostraI 
end of the shield is 9 . 1 cm and that of the pineal canal from the rostraI 
end of the shield is 4 .4  cm . The shield no. A30087 ,  doubtfully placed 
here , measures 1 0 .9  cm in median length, and the distance of the rostraI 
end from the postero-Iateral angles of the inter-zonal part is 9 . 1 cm and 
from the pineal gro ove 4 .9  cm ; the height of the shield is about 5 .7 cm . 
The shields thus belong to a fairly large speeies . 

Taken as a whole the cephalic shield of this speeies is moderately 
broad, with a maximum breadth about one and a third times as great 
as the length in the median line, and the breadth of the shield at the 
level of the anterior end of the pectoral sinus is about equal to the median 
length of the shield ; the maximum breadth is furthermore slightly less 
than the distance of the tip of a cornu from the rostraI end of the shield . 

The rostraI portion of the shield is rather broad and thus the shield 
decreases forwards only moderately in breadth ; the rostraI margin is 
obtusely convex without any trace of a rostraI angle . At the transition 
between the rostraI and the lateral margins the margin is rather strongly 
curved or with slight indication of a very obtuse and rounded angle . 
The lateral margins, which are very slightly curved, are inclined at an 
angle of between 20 and 25  degrees to the main axis of the shield . The 
cornua project in a posterior and slightly lateral direction, and their 
lateral margins form a direct continuation of those of the main shield . 
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Fig. 5 L - Cephalaspis signata n. sp . Restoration of the cephalic shield, dorsal view. 

After Pal. Mus. Oslo nos. A30085-A30086. (The line of short dashes on the inter-zonal 

part indicates the outline of the upper end of the preserved part of the dorsal spine in 

cross-section.) :;1J .  
elc, extra-Iateral sensory line; ifc, infraorbital sensory line; IfcI , anterior division of the 

infraorbital sensory line ; lc, main lateral line ; mp, anterior transverse sensory line ; 

scc, scapular sensory line ; stc, supratemporal sensory line. 

The cornua are very lang and rather slender and only very slightly 
curved ; they reach far behind the level of the posterior end of the inter
zonal part. The length of the cornua is contained not much more than 
twice in the distance of their tips from the rostraI end of the shield 
and about ane and a half times in the length of the shield in the median 
line. The inner borders of the cornua seem to be devoid of denticles 
although no absolute certainty can be gained on this point as the only 
cornu which is preserved in its entire length (in no. A30086) is much 
weathered and abraded. The pectoral sinus are rather deep and fairly 
broad, somewhat broa der in no. A30086  than in the holotype ; they are 
rather uniformly concave . The inter-zonal part is fairly long and narrow 
and very high ; the breadth between the postero-lateral angles constitutes 
about two-fifths of the maximum breadth of the shield. The maximum 
height of the inter-zonal part (the dorsal spine excluded) , which as usu al 
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lies at the posterior end, is only somewhat less than the breadth of the 

same part . The postero-dorso-median portion of the inter-zonal part 

is much protracted backwards and its posterior margin is narrowly 

rounded, forming an obtuse and very indistinct posterior angle ; this angle 

thus reaches backwards far behind the postero-Iateral ones . Dorsally 
the inter-zonal part was very probably provided with a strongly developed 

median spine, possibly of a similar shape as in C. corystis or in C. hastata; 
only the most basal part of the spine is, however, preserved in the holo
type : it measures at the basis about 3 1  mm in length and is about 5 mm 

broad ; its ante ri or root lies just posteriorly to the posterior border of 
the dorsal sensory field ; in no. A30 1 0 1  an antero-basal part of the spine 
is preserved. The dorsal sensory field is comparatively short, not quite 
twice as long as broad with its maximum breadth somewhat before the 
middle of its length, and with the lateral margins slightly converging 
in anterior and posterior direction from that point ; the posterior margin 
is rather obtusely rounded ; the anterior margin, which lies immediately 
behind the pine al groove is abruptly truncated. The distance of the 
posterior end of the field from the posterior angle of the inter-zonal 
part is somewhat more than one and a half times as great as the length 
of the field . The lateral fields are rather narrow in their anterior halves ; 
their most anterior portions are, however, slightly widened ; posteriorly 
they become somewhat broader ;  behind they reach to the basal parts of 
the cornua. The distance between the antero-median ends of the two 
fields is rather small , being only slightly greater than the inter-ocular 
breadth . The orbital openings , which are small in proportion to the 
size of the shield, are oval in shape and situated rather far in front of 
the middle of the length of the shield in the median line . The distance 
of the orbital openings from the rostrai end of the shield is in the holo
type and in no. A30087 about equal to that from the pectoral sinus but 
seems to be somewhat greater in no. A3008 6 .  The inter-orbital breadth 
is somewhat more than twice as great as the transverse diameter of an 
orbital opening . The orbital openings are surrounded by thick circum
orbital ridges and antero-medially to them there are strongly developed 
antorbital prominences . An independent pineal plate was present in the 
l iving animal, its shape and position is indicated by the pineal groove 
which lies between the middle parts of the orbital openings and which 
is very narrow, especially in its lateral parts near the orbits . The circum
nasal fossa is rather well defined, in the holotype its anterior division 
forms a triangle-shaped depression ; in no. A30087 this depression is 
roundedly quadrangular in shape. 

The outer face of the exoskeleton is ornamented with numerous 
rounded tuberc1es of varying sizes, which are rather obtuse in all places , 
where they have been seen in cross-section : otherwise the tuberc1es could 
only be observed from the inner side av the exoskeleton. On the basal 
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parts of the cornua are seattered, comparatively large tubercles ,  sur
rounded by numerous smaU tubercles .  The superficial layer and the 
upper division of the middle layer are discontinuous and present in the 
tubercles only. The lower division of the middle layer has weU developed 
radiating canals disposed in rather regular, smaU vascular areas, the 
average diameter of a vascular area being 1 .2 mm. The basal layer is 
rather thick in the postero-dorsal portion of the inter-zonal part ; it 
contains no regular ringsinus but in its basal parts there are irregular 
can al-like cavities .  The mucous canal system was not enclosed in the 
exoskeleton but lodged in open grooves, and we can distinguish between 
fairly wide circum-areal grooves, dividing the outer parts of the exo
skeleton into irregular polygonal areas (seen in pls . 2 8 : 1 ;  1 1 4 : 1 )  and 
intra-areal grooves, forming a coarse-meshed network within the poly
gonal areas. 

The sensory line system was situated in fairly wide open grooves ; 
these grooves . run independently of the circum-areal grooves and pass 
through the middle of the polygonal areas (pls . 2 8 :  1 ;  1 1 4 :  1 ) .  The course 
of the grooves is indicated in fig . 5 1 ;  it may only be noted here that 
there exists a lateral longitudinal groove (eIe) belonging to the extra
lateral line. 

The endoske1eton is very weU ossified in the holotype,  in 
no. A30087 it seerns, however, to be rather poorly preserved and in 
no. A3008 6 almost nothing of it is observed .  Severai of the canals of the 
superficial nerves and vessels are distinguished in the holotype ; the canals 
of the nerves for the lateral sensory fields seem to be disposed as 
normally in the genus ; the canal vls3 joins most basally the canal vls.t , 
and the common short trunk, thus formed, opens into the canal vel 
behind the orbit (pl . 3 2 : 3) ;  the canals vls r,  and vlsG join basally, and 
also the canals vls7  and vIss  unite in their turn before opening into 
the canal vel; this latter canal thus emits three basal trunks for the 
dorso-lateral superficial veins.  Moreover, in the holotype very much 
of the inner structure of the shield is displayed and this specimen has 
repeatedly been mentioned in the chapters on the general anatomy in 
this paper. 

R e m  a r k  s .  - C. signata is characterized by its moderately broad 
and rather high cephalic shield with very long and slender cornua, and 
a probably very strongly developed dorsal spine . It probably belongs 
to the same group of species as C. hastata (p . 3 5 6) ,  C. ibex (p . 3 60) , 
C. eorystis (p. 3 52) and C.  isaehseni (Stensio 1 925 ,  p. 253 ) ;  it has thus 
many features and i. a .  the minute structure of the exoskeleton in com
mon with these species. It differs from them all by the narrow cephalic 
shield, the broad, obtuse1y rounded rostrai margin and by the very long, 
almost straight cornua, reaching far behind the posterior end of the 
main shield. 
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There is a slight possibility that C .  signata is the same as C.  spits
bergensis (Stensio 1 927 ,  p. 276 ; see also this paper p. 422),  but as 
the holotype of the latter species is very badly preserved no c10ser 
comparisons can be made and it thus seems more appropriate to describe 
the specimens, here united, under a new name. In some respects the 
species also resembles C. gracilis (Stensio 1 927 ,  p. 279) but this species 
is toa imperfectly known as to allow a c10ser comparison to be made. 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series , the upper parts (the Ben Nevis division) . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay: Mt Ben 
Nevis, between the First and Second Glaciers ("Tunge" ; nos . A30085 
and A30 1 0 1 ) ;  in a loose slab on the shore (no . A30086) ; the Second 
Glacier, in the moraine ("Cephalaspis Moraine" ; no. A30087 ,  hes i
tatingly placed here) . 

All the specimens were collected during Th. Vogt's expedition 
in 1 92 8 .  

3 0 .  Cephalaspis corystis n .  sp . 

(Fig. 5 2 ;  pls . 3 3 : 2 ;  34 :2 -3 . )  

D i a g n  o s i s . - A rather large Cephalaspis species with 
maximum breadth of cephalic shield about one and a third times as 
great as length of shield in median line. Shield fairly much narrowing 
forwards, rostrai margin fairly broad, curved without rostrai angle . 
Lateral margins somewhat convex. Cornua moderately long, slender, 
slightly curved, projecting in posterior and very slightly lateral direction, 
reaching backwards about as far as posterior end of inter-zonal part. 
Length of cornua contained about three and a half times in distance of 
their tips from rostral end of shield . Inner margins of cornua without 
dentic1es . Pectoral sinus shallow, of moderate breadth . Inter-zonal part 
short, very broad, its breadth distinctly greater than half of maximum 
breadth of shield. Posterior margin with very obtuse angle between 
posterior and each of postero-lateral angles . Dorsal side of inter-zonal 
part with high, straight, vertical median spine. Dorsal sensory field 
elongate, somewhat more than twice as long as broad, with almost paral
lei lateral margins. Lateral sensory field fairly broad, reaching back
wards only to most basal part of cornua.  Orbital openings small in 
proportion to size of shield, situated in front of middle of length of 
shield in median line. No independent pine al plate present. Exoskeleton 
ornamented with numerous tuberc1es of somewhat varying sizes . Super
ficial layer discontinuous.  Mucous canal system not enc10sed in 
exoskeleton. 

H o l o t  Y P e .  - Cephalic shield (no .  A3008 8) in the Palae
ontological Museum, Oslo. 
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Fig. 5 2 .  - Cephalaspis corystis n. sp . Restoration of the cephalic shield, A, i n  dorsal , 

B ,  in lateral view. After the holotype (Pal. Mus. Oslo no. A3 0088) .  1;2 .  

M a t  e r i a l .  - Only one specimen (the holotype, Pal. Mus. Oslo 
no. A3008 8) is referable to this species ; it consists of a fairly complete 
cephalic shield, in counterpart, laeking the distal part of the dorsal 
spine and the tips of the cornua ;  it is somewhat crushed and slightly 
distorted by pressure in the rock. 

D e s  c r i p t i o n. - The dimensions of the holotype shield are 
the following : The length in median line is 1 1 . 1  cm ; the maximum 
breadth which lies between the distal parts of the cornua,  could not be 
directly measured, it may, however, be estimated at about 1 4  cm. The 
breadth of the inter-zonal part was originally probably about 8 . 8  cm, 
but it could not be directly measured in the present state of preservation 
of the shield. The distance of the tip of the left cornu from the rostrai 
end of the shield is estimated at 1 1 . 8  cm. The distance of the pineal 
foramen from the rostrai end of the shield is 4 .7  cm. The height of the 
dorsal spine in its present state is 3 . 8  cm, but to judge from the shape 
of its preserved part it seems very probable that it originally was much 
greater, and the original height is estimated at about 7 cm. 

Taken as a whole the cephalic shield is rather broad with a maxi
mum breadth that exceeds the length in the median line about one and 
a third times ; the shield is furtherrnore characterized by its very broad 
inter-zonal part, provided with a high vertical dorsal spine . 

The shield narrows fairly rapidly forwards and the rostrai margin 
of the cephalic shield is broad and somewhat rounded without any trace 
of a rostrai angle . There are no boundaries between the rostrai and the 
lateral margins and the latter are not very strongly convex. The lateral 
margins of the main shield merge into those of the cornua without 
interruption, the whole lateral margins being thus uniformly curved. The 

23 
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eornua, whieh are very slender and slightly eurved, projeet in a posterior 
and slightly lateral direetion ; they extend baekwards to about the same 
level as the posterior end of the inter-zonal part. As most of the right 
eornu and the tip of the left eornu are missing the aetual length of the 
eornua eould not be aseertained : it seerns, however, very probable that 
the real length of the eornua was only very slightly greater than the 
length of the left eornu in its present condition ; they attained thus only 
a moderate length, whieh was eontained almost three and a half times 
in the distanee of their tips from the rostraI end of the shield or about 
three times in the length of the shield in the median line . The inner 
margins of the eornua are not provided with any denticles . The peetoral 
sinus are shallow and not very broad, they seem to be uniformly concave . 
The interzonal part is short and very broad ; its postero-Iateral angles 
are only slightly protruding ; its breadth constitutes about three-fifths of 
the maximum breadth of the shield . The posterior end of the inter
zonal part extends baekwards far behind the postero-Iateral eorners and 
the posterior angle thus formed is aeute . The height of the inter-zonal 
part is rather small ; it is eontained about two and a half times in the 
breadth of that part. The posterior margin between eaeh postero-Iateral 
and the posterior angle is not uniformly bent but forms a dis tinet though 
very obtuse angle somewhat behind the middle of its length . The postero
dorsal portion of the inter-zonal part is provided with a vertieal median 
spine ; only the basal part of it is preserved but, to judge from the shape 
of this part, the spine was probably eomparatively very high and 
straight. The spine seerns, however, to be somewhat lower than that in 
C. hastata and C. ibex; it is rather long (3 8 mm) at the basis and tapers 
rapidly distally, its shape seems thus to have been somewhat similar to 
that of C. ibex but the spine is straightly ereet as in C. hastata and in 
C. doryphorus. The anterior root of the spine lies just behind the 
posterior margin of the dorsal sensory field . The sensory fields are 
rather weU developed. The dorsal field is elongate, about twiee as long 
as broad ; its lateral borders are almost paralleI, only slightly converging 
most anteriorly between the posterior parts of the orbital openings ; the 
posterior margin is broadly rounded and the anterior one has a rather 
broad median noteh or sinus , in whieh the pineal foramen is partly 
situated . The lateral sensory fields are rather broad and slightly broader 
in their posterior than in their anterior halves ; they reaeh baekwards 
only to the most proximal parts of the eornua but extend rather far 
antero-mediaUy, and the breadth of the spaee between them is here about 
as great as the inter-orbital breadth . The orbital openings are very small 
in proportion to the size of the shield, they are roundedly oval in shape 
and surrounded by thiek eireum-orbital ridges ; they are situated at about 
the same distanee from the rostraI end of the shield and from the peetoral 
sinus but mueh nearer to the rostraI than to the posterior end of the 
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shield . The inter-orbital breadth is slightly more than twice as great as 
the transverse diameter of an orbital opening. The antorbital prominenee 
is weU developed. The pineal foramen, which is not situated in an 
independent pine al plate, lies between the middle parts of the orbital 
openings . The circum-nasal fossa is rather narrow and weU defined ; its 
anterior division is much deeper than the posterior one . 

The outer face of the exoskeleton is ornamented with numerous 
tubercles of somewhat different dimensions , but all of rather small size. 
On the inner margins of the cornua the tubercles are small and low and 
somewhat elongated ; the shape of the tubercles on the main parts of the 
shield is almost eireular, and in the places where their outer shape has 
been observed they are rather low and pointed. The superficial layer 
and the upper division of the middle layer are discontinuous and only 
present in the tubercles .  The lower division of the middle layer is 
provided with radiating vascular canals of very fine calibres ; they are 
of ten somewhat irregularly disposed but on the whole form distinet 
polygonal vascular areas with an average diameter of only 1 .4 mm ; the 
ascending vase ul ar canals in the tubercles are well developed as a fine 
canal plexus .  The basal layer contains no ringsinus . The mucous canal 
system was not enclosed in the exoskeleton but lay entirely in soft tissue 
outside it and nothing can be said about its development . Severai of the 
grooves of the lateral line system are seen in the shield and the courses 
of the observed grooves are shown in fig . 52A. 

The endoskeleton is rather well ossified but only some parts , e .  g .  
the anterior portion of the roof of the oralo-branchial chamber, are well 
exposed. Nothing can thus be said about the disposition and the develop
ment of the canals for the nerves to the lateral sensory fields nor of any 
of the dorso-Iateral superficial veins . 

R e m  a r k  s .  - C. corystis is characterized by the size and propor
tions of its shield, the very bro ad inter-zonal part with its high dor sal 
spine, and by the slenderly built cornua, and thereby easily separated 
from its congeners . It very probable is akin to C. hastata, C. ibex 
(p . 3 60), C.  signata (p . 347) and possibly most closely to C.  isachseni 
(p . 3 8 2  and Stensio 1 927,  p .  253 ) ,  which all possess a strongly developed 
dorsal spine and a similar development of the exoskeleton.  C. corystis 
is the oldest Cephalaspis species, representing this peculiar morpho
logical type ; it occurs in the lowest known fossiliferous horizon of the 
Old Red layers in Spitsbergen. 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the "Psammosteus" horizon. 

L o c a l i t y . - Spitsbergen. E .  side of Red Bay :  Fraenkel Ridge, 
E. part (at the top of the ridge) , in the "Psammosteus" horizon. 

The single specimen was found during Th. Vogt's expedition in 
1 92 8 .  
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3 1 .  Cephalaspis hastata n. sp . 

(Fig . 5 3 ;  pls . 32 : 4 ;  3 3 : 1 ;  3 5 : 1 ;  3 6 :2 . )  

D i a g n  o s i s . - A Cephalaspis spe eies of  medium size with 
maximum breadth of cephalic shield about one and a half times as great 
as length of shield in median line . Shield rapidly narrowing forwards . 
RostraI margin fairly narrow, slightly convex without rostraI angle . 
Lateral margins very slightly curved. Cornua fairly short and rather 
slender, projecting in postero-Iateral direction, reaching somewhat be
hind posterior end of inter-zonal part ; their distal parts very slightly 
eurved backwards. Length of cornua contained about three times in 
distanee of their tips from rostraI end of shield . Inner margins of eornua 
without dentic1es .  Pectoral sinus deep and rather narrow. Breadth of 
inter-zonal part contained somewhat more than twiee in maximum 
breadth of shield . Inter-zonal part rather long and moderately high, 
provided with a very high vertical dorsal spine, whieh gently tapers 
towards its apex. Dorsal sensory field rather short, about one and a 
half times as long as broad, with truncated anterior and bluntly rounded 
posterior margins. Lateral sensory fields reaehing baekwards over basal 
parts of eornua. Orbital openings situated nearer to rostraI end of shield 
than to posterior end or to pectoral sinus ; of moderate size . Independent 
pineal plate present. Exoskeleton ornamented with numerous more or 
less pointed tuberc1es. Mueous canal system not enc10sed in exoskeleton. 

H o l o t  Y P e .  - Cephalie shield (ENS no. 557) .  
M a t  e r i a l .  - The material whieh can with eertainty be  placed 

in this species consists of only one specimen, the holotype (ENS no. 5 57) .  
In  addition to  this specimen, however, I plaee here with hesitation one 
specimen (Pal. Mus . Oslo no . A30089) .  The holotype (pls . 3 5 :  1 ;  3 6 : 2) 
consists of a eephalie shield in eounterpart, laeking most of its left half. 
No. A30089 (pls. 32 : 4 ;  3 3 : 1 )  consists of a very imperfeetly preserved 
shield, laeking a considerable portion of its lateral parts inc1uding the 
cornua and the distal part of the dorsal spine . 

D e s  c r i p t i o n. - The holotype has the following dimensions. 
The length of the shield in the median line is about 63 mm. The 
maximum breadth of the shield, whieh very probably lay between the 
tips of the cornua, could not be measured direetly but is estimated to 
be sIightly more than 1 05 mm. The distance of the tips of the cornua 
from the rostrai end of the shield is estimated at somewhat more than 
80 mm. The breadth of the inter-zonal part is about 50 mm and its 
height at the posterior end (the dorsal spine not inc1uded) is about 25 mm. 
The height of the dorsal spine in its present state of preservation is 
46 mm but as the very apex is missing its real height must have been 
slightly more or about 50 mm. The distanee of the pineal groove from 
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B 

Fig. 5 3 .  - Cephalaspis hastata n. sp . Restoration of the cephalic shield, A, in dorsal , 

B, in lateral view. After the holotype (ENS no. 557) .  � .  

the rostrai end of the shield is 3 0  mm. With reg ard to no. A30089 ,  
doubtfully placed here, the length of  the shield in  the median line i s  
about 67  mm and the distance of  the pine a l  foramen from the rostrai 
end of the shield is 29 mm ; this specimen seems thus to agree very weU 
in size with the holotype. On the whole the shields indicate that the 
species attained only a medium size. 

In general shape the shield is fairly low and broad with a maximum 
breadth that is about one and a half times as great as the length in the 
median line ; the most distinguishing feature of the shield is the very 
high vertical dorsal spine. 

The shield rather rapidly decreases in breadth forwards and the 
rostrai end of the shield is moderately narrow. The rostrai margin is 
obtusely and uniformly rounded without any rostrai angle. There seem 
to be very slight angles at the transition of the rostrai margin to the 
lateral margins, and the rostrai margin thus seems to be somewhat better 
defined than in c. corystis and C. ibex; as the shield is imperfectly 
preserved at that place there is, however, some uncertainty about that 
facto The lateral margins are very slightly convex. The cornua project 
in a postero-Iateral direction, and their lateral margins form a direct 
continuation, without any boundaries, of those of the main shield . The 
cornua taper rather rapidly distally and are on the whole fairly slender ; 
their distal parts are only very slightly bent in a more posterior direction 
than their proximal parts . The cornua reach somewhat behind the 
posterior end of the inter-zonal part but as their most distal parts are 
missing, their real length cannot be determined ; it se ems likely that 
they only attained a moderate length, which was contained about three 
times, or slightly less ,  in the distance of their tips from the rostrai end 
of the shield or about twice in the length of the shield in the median 
line. The inner margins of the cornua are devoid of denticles .  The 
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pectoral sinus are deep and rather narrow, with a very slight indication 
of an antero-median corner, and thus slightly asymmetrical. The inter
zonal part is rather long and broad, it narrows only slightly backwards 
towards its postero-Iateral angles, and its breadth constitutes somewhat 
less than half of the maximum breadth of the shield. The posterior 
angle of the inter-zonal part, which is very obtuse, reaches only slightly 
behind the level of the postero-Iateral angles. The height of the inter
zonal part (if the dorsal spine is not included) seems to be moderate. 
Dorsally the inter-zonal part is provided with a very high, straight, 
median spine ; unlike that of C. ibex it is  almost vertical or on ly very 
slightly inc1ined anteriorly, and its length at the basis is rather small 
(about 1 5  mm) ; it tapers gently and gradually towards its apex . It is 
probable that the spine att ai ned a height which was about equal to the 
distance from its anterior root to the rostrai end of the shield. The 
dorsal sensory field is rather small , about one and a half times as long 
as broad ; it is slightly broader in its anterior half than posteriorly, and 
provided with a bluntly rounded posterior margin ; most anteriorly the 
field narrows towards its anterior transverse margin, which lies imme
diately behind the pine al groove ; it is  thus of about the same shape as 
that of C. ibex . The posterior end of the dorsal field lies somewhat in 
front of the dorsal spine and the length of the intervening space is 
about half as great as the length of the field ; the distance of the posterior 
end of the field from the posterior end of the inter-zonal part is about 
one and a half times as great as the length of the field . The lateral 
sensory fields are moderately broad ; they reach backwards only over 
the proximal parts of the cornua and do not reach the middle of the 
cornua. The distance between the antero-median parts of the two fields 
is about twice as great as the inter-orbital breadth . The orbital openings 
are of a moderate size and oval in shape ; they are situated rather far 
forward on the shield and nearer to the rostrai end of the shield than 
to the posterior end of the inter-zonal part or to the pectoral sinus. The 
orbital openings lie rather near each other, the inter-orbital breadth 
is comparatively small and about equal to the transverse diameter of 
an orbital opening . The circum-orbital ridge as weU as the antorbital 
prominence are well developed . An independent pineal plate was pre
sent ; its shape and position are indicated by the pineal depression, which 
is narrow and lies between the middle parts of the orbital openings. The 
circum-nasal fossa is rather narrow ; its anterior semicircular division is 
deep and weU defined along its anterior border. 

The outer face of the exoskeleton is ornamented with numerous 
tuberc1es ,  which on the whole are of a rather similar size but which vary 
somewhat in shape, some of them being rather blunt while others are 
more pointed . The average distance between two tuberc1es is 1 . 2 m m .  
A� the tubercles are situated each above one vascular are:!,  th is figure 
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indicates also the average diameter of the vascular areas. The super
fieial and the outer division of the middle layer are only present in the 
tubercles but absent in the inter-tubercular spaees . The radiating canals 
are weU deve1oped. The basal layer contains no ringsinus. The mucous 
canal system was not enclosed in the exoskeleton but lay in the soft 
tissue outside it, probably in the grooves between the tubercles.  

The endoskeleton is weU ossified and severaI of the bone-layers 
lining it are displayed in the present speeimen. It may only be noted 
here, that the canals for the nerves to the lateral sensory field behave 
as normaUy in the genus, and the canals visp, and vls-i join into a very 
short common trunk, which opens into the postero-Iateral corner of 
the orbit. 

With reg ard to the speeimen (no. A30089) ,  doubtfuUy placed here, 
some remarks may be aUowed. Contrary to what is the case in the holo
type the dorsal sensory field has its greatest breadth somewhat posterior 
to the middle of its length. No independent pineal plate is present . The 
ornamentation of the outer face of the exoskeleton consists of numerous 
tubercles which in the region posterior to the orbit seem to be somewhat 
smaUer than in the holotype, and in the inter-zonal part the tubercles 
are of two different sizes, partly larger ones , situated one over the 
center of each vascular area (the distance between two such tubercles 
being about 1 . 9 mm) and partly smaUer ones which surround the larger 
tubercles . In the anterior parts of the shield (in front of the orbits) the 
tubercles form smaU narrow transverse ridges of somewhat different 
sizes, the larger ones being about l mm in tran sver se length. 

R e m  a r k  s .  - C. hastata is characterized by the very high, 
straight, alm ost vertical dorsal spine and by the general shape of the 
shield, the cornua and the inter-zonal part. It is very similar to C. ibex 
but differs from this speeies mainly by the shape of the dorsal spine , 
and furthermore by its lower shield, with broader rostrai margin, deeper 
pectoral sinus, and shorter dorso-median portion of the inter-zonal part. 
As, however, these differences seem fairly insignificant, the two speeies 
may possibly turn out to be different forms (subspecies or varieties) of 

one variable species . From the other known Cephalaspis species , charac
terized by a high dorsal spine, it is easily distinguished by the size and 
the general proportions of its shield and by the shape of the dorsal spine. 
It  is certainly most closely related to C. ibex and somewhat more 
distantly to C.  corystis (p . 352), C.  isachseni (p . 3 8 2) and C.  signata 
(p. 347) ,  but shows no closer affinities to C. doryphorus (p. 364) or 
C. websteri (Stensi6 1 932 ,  p. 1 3 3) .  

G e o  l o g  i c a l h o r  i z o n.  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Anglaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E.  side of Red Bay :  Fraenkel 
Ridge, in the Anglaspis horizon (no . 5 5 7) ;  the specimen (no. A30089) ,  
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doubtfully placed here, is found on Mt Ben Nevis , N.  W. side, between 
the First and Second Glaciers ("Tunge") . 

No. 5 5 7  was collected by the ENS expedition in 1 9 39 ,  no . A30089 
by Th.  Vogt's expedition in 1 92 8 .  

3 2 .  Cephalaspis ibex n .  sp. 

(Fig. 5 4 ;  pls . 2 8 : 2-3 ; 3 5 : 2 ;  3 6 : 1 ;  37-3 8 .) 

D i a g n  o s i s . - A Cephalaspis species of medium size with high 
cephalic shield and with maximum breadth of shield probably at least 
one and a third times as gre at as length of shield in median line . Shie1d 
rapidly narrowing forwards . Rostrai margin narrow, sharply rounded 
without rostrai angle . Lateral margins very slightly curved. Cornua 
projecting in postero-Iateral direction, fairly s1ender and (probably) 
rather short. Pectoral sinus fairly deep , of moderate breadth. Inter
zonal part broad, as high as broad, with very high, anteriorly inc1ined 
dorsal spine, which is rather long at its basis and tapers rapidly towards 
the pointed tip . Dorsal sensory field rather small, somewhat less than 
twice as long as broad, with truncated anterior and posterior margins . 
Lateral sensory fields reaching backwards over basal parts of cornua. 
Orbital openings situated nearer to rostrai end than to posterior end 
of shield . Independent pineal plate present. Exoskeleton ornamented 
with numerous small tuberc1es, very c10sely set on anterior border of 
shield. Mucous canal system not enc10sed in exoskeleton. 

H o l o t  Y P e. - Cephalic shie1d (no . A30090) in the Palaeonto
logical Museum, Oslo . 

M a t  e r i a l .  - The material referable to this species comprises 
two specimens (Pal. Mus. Oslo no. A30090 and ENS no. 5 5 8) .  The 
holotype (pls . 28 :2-3 ; 3 6 : 1 ;  37-3 8) consists of a rather completely 
preserved cephalic shield in counterpart, lacking the distal parts of the 
cornua and of the dorsal spine, and somewhat distorted by pressure in 
the rock. The second specimen (pL 3 5 :2) consists of a cephalic shield 
preserved in lateral position ; it is much compressed laterally and lacks 
the anterior and lateral parts of the shield inc1uding the cornua but 
exhibits the almost entire dorsal spine . One specimen (ENS no . 5 5 9) is 
placed here with much doubt ; it consists of a very imperfectly preserved 
shield in counterpart, lacking much of its left half and of the dorso
median portion of the shield as well as the tip of the right cornu . 

D e s  c r i p t i o n. - The holotype shield has the following dimen
sions . The length in the median line is about 8 1  mm ; the breadth at 
the leve1 of the preserved posterior parts of the cornua is estimated at 
about 92 mm, and it seems very probable that the maximum breadth 
of the shield, which probably lay between the distal parts of the cornua, 
was only slightly greater than 1 00 mm. The distance of the pineal groove 
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Fig. 54 .  - Cephalaspis ibex n. sp . Restoration of the cephalic shield, A, in dorsal , 

B ,  in lateral view. After Pal. Mus. Oslo no. A3 0090 and ENS no. 5 5 8 .  2h .  

from the rostrai end of the shield is about 35  mm. The breadth of the 
inter-zonal part between the postero-Iateral angles is 26 mm but as this 
part is much compressed laterally the real breadth must have been much 
greater and probably at least 40 mm. The maximum height of the main 
shield, which as usual lies at the posterior end of the inter-zonal part, 
is estimated at about 40 or 45 mm and is thus comparatively very great. 
The second shield (no. 5 5 8) seems to be slightly greater than the holo
type shield but no direct, comparable measurements can be taken ; the 
height of the preserved part of the dorsal spine (along its posterior 
margin) is 7 1  mm and the height of the entire spine is estimated at 
about 80 mm. 

The main distinguishing feature of the shield is the powerful dorsal 
spine, placed on a high inter-zonal part. The shield is fairly broad, its 
maximum breadth being somewhat (and probably at least one and a 
third times) greater than the length of the shield in the median line . 
The shield narrows rather rapidly forwards and its rostrai margin is 
rather narrow and sharply rounded without any rostral angle. Without 
interruption or with very indistinct and rounded antero-Iateral corners 
the rostrai margin passes into the lateral margins . These margins are 
almost straight or only slightly curved, and on a whole inclined at an 
angle of about 30 degrees to the main axis of the shield. The cornua 
are imperfectly preserved, their distal parts are missing, but to judge 
from the basal parts they project in a postero-Iateral direction, their 
lateral margins forming a direct continuation, without interruption, of 
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those of the main shield .  The cornua seem to have been moderately 
slender and short ; their length was probably constituting about two
sevenths or somewhat less of the distance of their tips from the rostraI 
end of the shield, or about one-third of the length of the shield in the 
median line. Backwards they possibly projected not at all or only slightly 
behind the leve l of the posterior end of the inter-zonal part. The inner 
borders of the cornua are devoid of dentic1es, at least in their basal 
parts . The pectoral sinus are rather deep but only moderately broad, 
uniformly concave without any corners , and somewhat shallower than 
those of C. hastata . The inter-lOnal part is  rather short, very high, and 
moderate ly broad , and slightly decreasing in breadth backwards ; its 
breadth being probably slightly less than half of the maximum breadth 
of the shield . The height of the inter-lOnal part, measured at the poste

. rior end and to the basis of the dorsal spine is rather great and about 
equal to the breadth of the inter-lOnal part ; it  i s  thus much greater than 
in C. hastata . The posterior end of the inter-lOnal part reaches backwards 
for some distance behind the postero-Iateral angles .  The inter-lOnal 
part is  provided dorsally with a very high median spine, which is inc1 ined 
forwards at an angle of about 30 degrees to the perpendicular line ; the 
spine is rather long at its base (about 30 mm in the holotype and about 
35 mm in no. 5 5 8) but tapers rapidly in its basal part and more gently 
and gradually in its apical part, thus becoming very slender distally . 
The height of the spine is considerably greater than the distance of its 
anterior root (which l ies just behind the dorsal sensory field) from the 
rostraI end of the shield but somewhat less than the length of the shield 
in the median l ine.  Both in the shape and in  the direction of the dorsal 
spine C. ibex differs from C. hastata . The dorsal sensory field is  rather 
small ,  about twice as long as broad, roughly rectangular in outline with 
somewhat convex lateral margins, which are slightly more converging 
anteriorly than posteriorly ; the greatest breadth of the field lies far 
anteriorly ; the anterior margin is slightly concave as i t  meets the pineal 
groove, the posterior one is truncated with rounded corners . The distance 
of the posterior margin of the field from the posterior end of the inter
lOnal part is nearly twice as great as the length of the field. The lateral 
sensory fields are rather narrow, very s lightly increasing in breadth 
backwards with their maximum breadth at the level of the inner end of 
the pectoral sinus ; from that point they taper towards their tips which 
reach over the basal parts of the cornua.  The distance of the antero
lateral ends of the two fields from each other is somewhat more than 
one and a half t imes as great at the inter-orbital breadth . The orbital 
openings , of a moderate size and oval in shape , are situated in front of 
the middle of the length of the shield in  the median l ine ,  and their  
distance from the rostrai end of the shield is  :lbout equal  to that from 
the pectoraI sinus . The inter-orbital breadth is about tw:ce as great as 
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the transverse diameter of an orbital opening . The clrcum-orbital ridge 
is strongly developed ; the antorbital prominenee is . weU marked but 
rather small . The pineal groove indicates the presenee of a pine al plate 
in the living animal. The circum-nasal fossa is very deep, but only its 
anterior part is weU defined and rather deep . 

The outer parts of the exoskeleton are on the who le not well 
accessible for investigation and the minute structure of these parts is 
still rather obscure . The ornamentation consists of comparatively small 
tubercles which, however, vary somewhat in size and shape, some being 
small and pointed, others large and blunt. On the anterior border of 
the shield the ornamentation consists of small blunt, very closely set 
tubercles , separated from each other by very deep and narrow grooves .  
The superficial layer as weU as probably the outer division of the middle 
layer are preserved only in the tubercles. The radiating canals are well 
developed and disposed in distinet fascicles and are of very fine calibres ; 
the average diameter of a vascular area in the middle parts of the shield 
is in the holotype 1 . 5 mm. The basal layer contains no ringsinus. The 
mucous canal system lay very probably outside the exoskeleton, in the 
soft tissue in the grooves surrounding the tubercles. 

The endoskeleton is weU ossified and severai of the perichondrial 
bone-layers lining it are exposed. Here only the disposition of some of 
the canals for the dorso-Iateral superficial veins will be mentioned : the 
canals v/s;� opens directly into the dorso-Iateral part of the orbit, the 
canals v/sr;  and v/su join into a common trunk which receives the canal 
v/s-l before opening into the canal vel. 

R e m  a r k  s .  - C. ibex resembles very much C. hastata (and they 
are perhaps two different forms of one species) , but differs by the shape 
and direction of the dorsal spine as weU as by the general shape and 
proportions of the main shield, and by the much higher inter-zonal part. 
It reminds somewhat of C. signala (p . 347) but is at once distinguished 
from this speeies by the size of its shield and the different development 
of the cornua, and possibly als o of the dorsal spine.  The species shows 
more remote affinities to the speeies C. corystis (p . 3 5 2) and C. isachseni 

(p . 3 8 2  and Stensio 1 927 ,  p. 253 ) .  
G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 

Red Bay series, the Vogti horizon. 
L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 

Nevis , Northern Part, in the Vogti horizon (no. A30090) ; the Andree 
Glacier, S. half, W. part, in the moraine (no . 5 5 8) .  No. 5 5 9 ,  doubtfuUy 
placed in this species , was found on Mt Ben Nevis, at the Cliff. 

No. A30090 was collected during Th. Vogt's expedition in 1 928 ; 
nos .  5 5 8-5 59  during the ENS expedition in 1 9 39 .  
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3 3 .  Cephalaspis doryphorus n. sp. 

(Fig. 5 5 ;  pls . 3 9 ;  40 : 1 - 3 . ) 

D i a g n  o s i s . - A Cephalaspis species of rather small size, with 
maximum breadth of cephalic shield somewhat less than twice as great 
as length of shield in median line . Shield fairly strongly narrowing for
wards . Lateral margins curved. Cornua rather long and stout, projecting 
in postero-Iateral direction, reaching backwards far behind posterior end 
of inter-zonal part ; inner borders with small dentic1es . Length of cornua 
contained about three times in distance of their tips from rostrai end of 
shield. Pectoral sinus very shallow, medially very vaguely defined. Inter
zonal part broad and very short, rather high, dorsally with a very high, 
vertical, rather slender dorsal spine, which tapers gently towards its tip . 
Postero-dorso-median portion of inter-zonal part somewhat protracted 
backwards. Dorsal sensory field about twice as long as broad, its lateral 
sides almost parallei, anterior and posterior margins truncated . Lateral 
sensory fields extending backwards to basal parts of cornua.  Inde
pendent pine al plate present. Superficial layer of exoskeleton smooth 
and continuous. Mucous canal system enc10sed in exoskeleton, forming 
uniform, fine-meshed network. 

H o l o t  Y P e. - Cephalic shield (no . A3009 1 )  in the Palaeonto
logical Museum, Oslo . 

M a t  e r i a l. - Only one specimen, the holotype (Pal. Mus. Oslo 
no. A3009 1 ) ,  can be placed in this species ; it consists of a fragmentary 
cephalic shield, laeking the rostrai parts and most of its left side as 
well as the tip of the right cornu. 

D e s  c r i p t i o n .  - As a considerable portion of the rostrai part 
of the shield is missing, the length of the shield in the median line cannot 
be directly measured ; it is ,  however, estimated at about 3 0  mm ; the 
distance of the tips of the cornua from the rostrai end of the shield is 
roughly estimated at about 45 mm. The maximum breadth of the shield, 
which lies between the distal parts of the cornua, is about 5 5  mm and 
the breadth of inter-zonal part is 28 mm. The height of the shield 
which lies between the distal parts of the cornua, is about 55 mm and 
the breadth of the inter-zonal part is 28 mm. The height of the shield 
at the posterior end of the shield (the dorsal spine not inc1uded) is 
about 14 mm. It is thus evident that the species attained only a rather 
small size . 

The configuration of the rostrai part of the shield is unknown. 
It is, however, evident that the rostrai margin was broad , and it is very 
probably that it was broadly rounded and possibly without a rostrai 
angle (as is assumed in the restoration, fig .  5 5A). The lateral margins 
of the main shield are rather convex and continue into those of the 
cornua without any interruptions. The cornua which project in a postero-
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Fig. 5 5 .  - Cephalaspis doryphorus n. sp. Restoration of the cephalic shield ; A, in dorsal , 

B ,  in lateral view. After the holotype (Pal. Mus. Oslo no. A3009 1 ) .  Nat. size . 

lateral direction, are rather long and reach backwards far beyond the 
level of the posterior end of the inter-zonal part. The exact length of 
the cornua could not be ascertained but it seems very probable that it 
was contained about three times in the distance of the tips of the cornua 
from the rostrai end of the shield and about twice in the median length 
of the shield. They are flattened dorso-ventrally, and are in their distal 
parts slightly curved so as to project in a more posterior direction ; 
their inner margins are provided with small, antero-medially directed, 
slightly curved denticles. In dorsal view the pectoral sinus are ill-defined 
and very shallow, and have very indistinct boundaries medially ; they 
remind thus somewhat of those in C. watneliei. On account of the 
oblique position of the posterior wall of the zonal part they are, however, 
slightly deeper and somewhat better defined on the ventrai side than 
on the dorsal side . The inter-zonal part is very short and indistinctly 
defined from the zonal parts , its postero-Iateral angles are very obtuse 
and rounded. The posterior portion of the inter-zonal part is protracted 
backwards for some distance behind the postero-Iateral angles, and is 
provided with a very high dorsal median spine, which is rather slender 
and gently tapering distally (as the spine is broken, its actual length and 
the shape of its distal parts are unknown) ; the length of the preserved 
portion of the dorsal spine is about 1 0  mm. The dorsal sensory field is 
elongate and about twice as long as broad, with almost paraBel lateral 
borders ; anteriorly and posteriorly the field is truncated with rounded 
corners ; the posterior margin lies c10sely in front of the basis of the 
dorsal spine . The distance of the posterior margin of the field from 
the posterior end of the shield is about equal to the length of the field. 
The lateral fields are moderately broad, gently narrowing towards their 
posterior ends which lie on the proximal halves of the cornua. The 
orbital openings are rather large and oval in shape, their distance from 
the rostrai end of the shield is probably somewhat less than from the 
posterior end of the inter-zonal part. An independent pineal plate was 
(very probably) present. 
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The superficial layer of the exoskeleton is continuous and smooth 
without any ornamentation ; the middle layer is provided with radiating 
canals , and the basal layer contains no ringsinus .  The mucous canal 
system is enc10sed in the exoskeleton and forms a uniform and fine
meshed net-work . With regard to the sensory line system it can be 
noted that two grooves, belonging to the dorsal sensory line , have been 
observed. 

The endoskeleton is weU ossified and severaI of the intern al struc
tures, displayed in the specimen, are recorded in the chapters on the 
general morphology. Here only some of the superficial can als may be 
mentioned . The nerve canals for the lateral sensory fields (as far as 
observed) are developed as normaUy in the genus . The canal vis : :  opens 
directly into the dorso-Iateral part of the orbit. Each of the other super
ficial dorso-Iateral veins opens into a plexus of rather large anastomosing 
sinus-like canals,  which lies behind the orbital openings. 

R e m  a r k  s .  - This species is weU characterized by its broad 
cephalic shield , the very short and broad inter-lOnal part and the very 
high , vertical , slender dorsal spine, and cannot be confused with any 
other Cephalaspis species as yet known. It seems to stand rather isolated 
systematicaUy and shows no c10ser connection with the other Cephal
asp is species provided with a similar high dorsal spine (e . g. C. corystis, 
C .  ibex) . 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ctenaspis-horilOn. 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay: Mt Ben Nevis. 
W. plateau, in the Ctenaspis-horilOn . 

The only specimen was collected during Th. Yogt's expedition 
in 1 92 8 .  

34 . Cephalaspis metopias n .  sp. 

(Fig. 5 6 ;  pl. 4 1 . ) 

o i a g n  o s i s . - A large Cephalaspis �pecies with maximum 
breath of cephalic shield (probably) somewhat less than twice as great as 
length of shield in median line . Shield moderate ly narrowing anteriorly . 
rostraI margin very broadly rounded without rostrai angle . Lateral 
margins slightly convex . Cornua weU developed, slender, projecting in 
postero-Iateral direction, (exact length unknown) , inner margin without 
dentic1es. Pectoral sinus broad and shaUow. Inter-lOnal part broad and 
comparatively high. Dorsal sensory field with broad truncated anterior 
margin . Lateral sensory fields reaching backwards to basal parts of 
cornua, with distinct rounded postero-median dilatation on to lOnal part 
of shield . Orbital openings very small , with well developed circum
orbitaI ridge . No pineal plate .  Exoskeleton ornamented with tubercles 
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Fig. 56 .  - Cephalaspis metopias n. sp . Restoration of the cephalic shield, dorsal view. 

After the holotype (Pal . Mus. Oslo no. A30092).  Y2 . 

of varying size. Basal layer with ringsinus . Polygonal areas small . 
Mucous canal system partly enclosed in exoskeleton, a portion of it 
lodged in large circum-areal grooves. 

H o l o t  y P e .  - Cephalic shield (no . A30092) in the Palaeonto
logical Museum, Oslo . 

M a t  e r i a l. - Besides the holotype (Pal. Mus. Oslo no. A30092,  
pl .  4 1 ) ,  which consists of  an imperfeet cephalic shield in counterpart , 
laeking a portion of the left half of the shield, the inter-zonal part and 
the distal half of the right cornu, I have placed here four specimens 
(Pal. Mus Oslo no. A3009 3 ,  ENS nos . 5 60-5 62).  They consist all 
of anterior shield fragments, the posterior parts including the cornua 
are wanting. They agree weU with the holotype in the observable charac· 
teristics but it is of course clear that their assignment to this particular 
species is not so weU founded as is the case in other species.  

Owing to the very imperfect state of preservation of all the speCl
mens only very few exact measurements can be taken. If the restoration 
of the shield in fig . 5 6  is reasonably correct, the breadth of the shield 
between the tips of the cornua would be about 20 cm, and the length 
of the shield in the median line 1 2 . 5  cm in the holotype. The distance 
of the pineal foramen from the rostral end of the shield is 6 .4  cm in 
the holotype, 6 . 1 cm in no. 5 60,  and 6 . 5  cm in no. 5 62 .  These speci
mens are thus of about the same size, and that seems als o to be the 
case with nos . 5 6 1  and A30093 although no comparable measurements 
can be taken of these shields . The height of the shield at the posterior 
half of the dorsal sensory field is about 3 . 3  cm in the holotype. The 
species was thus of large size . 
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On the whole the cephalic shield seems to be very bro ad and 
rather short, the maximum breadth, which is assumed to lie between 
the tips of the cornua,  being probably not quite twice as great as the 
median length of the shield. The shield decreases gently in breadth 
anteriorly and the rostral margin of the shield is broad, and is broadly 
and evenly curved ; there is no rostrai angle . The lateral margins are 
slightly convex. The cornua project in a postero-lateral direction ; to 
judge from their preserved parts they were rather short and slender but 
nothing can be said with certainty about their actual length and their 
shape in the distal parts . Their inner margins, as far as preserved, are 
devoid of dentic1es. The pectoral sinus are broad and seem to be very 
shallow. Very little is preserved of the inter-zonal part yet it is evident 
that it was broad and rather high ; its posterior breadth is assumed to 
have been about half as great as the maximum breadth of the shield . 
The dorsal sensory field is preserved only in its anterior half ; the lateral 
margins are slightly curved ; the anterior margin is broad and truncated 
or slightly concave ; it lies c10sely behind the pine al foramen.  The lateral 
sensory fields are peculiarly shaped ; they are comparatively narrow in 
their middle parts , somewhat broader anteriorly ; posteriorly, in front of 
the pectoral sinus , they are much broadened, provided with a roundedly 
angulate dilatation or short proeess medially on to the zonal parts , thus 
reminding somewhat of those in C. salweyi .  Posteriorly the lateral fields 
reach backwards only to the most basal parts of the cornua. The distance 
between the antero-median ends of the two lateral fields is about twice 
as great as the inter-orbital breadth. The orbital openings are very small 
in proportion to the size of the shield ; they are roundedly oval and 
situated somewhat nearer to the rostrai end of the shield than to the 
pectoral sinus. The circum-orbital ridge is very broad but probably 
not particularly high. The inter-orbital breadth is about three times as 
great as the transverse diameter of an orbital opening. There is no 
independent pine al plate . The naso-hypophyseal opening is very small ; 
the circum-nasal fossa is rather narrow, rectangular, and anteriorly 
very deep . 

The exoskeleton is imperfectly preserved, and not much can be 
said with certainty about its minute structure . The outer face of the 
exoskeleton in the holotype is ornamented with numerous tuberc1es of 
varying size, one in each polygonal area, all probably blunt and not 
very high ; it could not be definitely ascertained but seems likely that 
the superficial layer is continuous and present between the tuberc1es . 
In the other specimens the tuberc1es are of a very inconsiderable size 
or, along the lateral margins , even absent ; the superficial layer is con
tinuous . The middle layer is probably very thin, the radiating vascular 
canals are present but very delicate . The basal layer is provided with 
ringsinus . The mucous canal system was lodged in rather narrow circum-
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areal grooves and thus only partly enclosed in the exoskeleton ; of the 
intra-areal canals nothing has been observed in the holotype ; in no. 5 60 
they form a very fine-meshed network enclosed in the exoskeleton. The 
polygonal areas, forrned by circum-areal grooves in the outer parts 
of the exoskeleton and by ringsinus in the basal layer, and corresponding 
to the vascular areas, are very small in proportion to the size of the 
shield ; they are of a somewhat varying size and measure on the average 
2 . 2  mm in diameter. 

Of the endoskeleton only some faint traces of the canal-Iayers have 
been observed in the lateral sensory fields ,  otherwise it is not preserved 
or had not been ossified. 

R e m  a .r k s .  - Though rather imperfectly known, C. metopias 
seems to constitute a species by itself, distinguished from its congeners 
and characterized mainly by the large size of its shield, the broadly 
rounded rostrai margin, the peculiar shape of the lateral sensory fields, 
the small size of the orbital openings and of the polygonal areas in the 
exoskeleton. In the shape of the lateral sensory fields it is suggestive 
of C. salweyi (Stensio 1 932 ,  p. 90) from the Dittonian of England but 
otherwise the differences between the two species are evident. In the 
general shape of its shield C. metopias is somewhat similar to Tegaspis 
kolleri (p. 438 )  but differs by the configuration of its shield and by 
the development of the sensory fie1ds . In the feature just mentioned 
C. metopias is suggestive of C? pedata (p . 375 )  but the shape of the 
lateral fields is different, and the pectoral sinus are narrower and the 
inter-zonal part broader. 

C .  metopias is placed in the genus Cephalaspis although nothing 
is known of its internal characters and the shape of the lateral sensory 
fields is rather unfamiliar in the genus ; the reference of the species to 
this genus is thus (as is the case with many other species) only provisional . 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Benneviaspis horizon. 

L o c a l i t i e  s .  - Spitsbergen. E. side of Red Bay :  Mt Ben Nevis, 
W. Plateau, in the Benneviaspis horizon (nos. A3 0092-A3009 3 ) ;  the 
Sec ond Glacier, in the moraine (no. 5 62) ; the Andree Glacier, S. half, 
W. part, in the moraine (nos . 5 60-5 6 1 ) .  

The holotype (no. A30092) and no. A30093 were collected by 
Th. Vogt's expedition in 1 92 8 ; the other specimens (nos. 5 60-5 62) 
by the ENS expedition in 1 93 9 .  

24 
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3 5 .  Cephalaspis pinnifera n. sp. 

(Fig. 5 7 ;  pls . 42 ; 43 :2 ; 44 :2 .) 

1 93 2 .  "Cephalaspis-like speeies from Spitsbergen", Stensio, p .  67 (see also pp. 59 ,  88) ;  

fig. 22.  

D i a g n  o s i s . - A Cephalaspis species of large size with maxi
mum breadth of cephalic shield about one and a half times as gre at 
as length of shield in median line . Shield gently narrowing forwards. 
Rostrai margin rather broad, curved without rostral angle . Lateral 
margins somewhat convex. Cornua robust and rather long, very slightly 
curved, their length contained somewhat less than three times in distance 
of their tips from rostrai end of shie1d ; projecting in posterior and some
what lateral direction ; reaching behind posterior end of shie1d . Inner 
margins of cornua without dentic1es .  Pectoral sinus broad and fairly 
deep. Inter-zonal part short, rather high, its breadth contained some
what more than twice in maximum breadth of shield ; dorsally with Iow 
median spine . Dorsal sensory field rather short and broad, truncated 
anteriorly and posteriorly. Lateral sensory fields extending very far 
backwards, ending near tips of cornua. Exoskeleton probably without 
ornamentation ; superficial layer continuous ; basal layer with ringsinus. 
Mucous canal system differentiated into circum-areal and intra-areal 
canals . Polygonal areas small. Trunk with high dorsal crest. 

H o l o t  Y P e. - Incomplete cephalic shield with associated trunk 
(no . A30096) in the Palaeontological Museum, Oslo. 

M a t e r i a l . - Besides the holotype, I refer to this species five 
cephalic shields (Pal. Mus. Oslo nos . A30094-A3009 5 ,  A30097,  ENS 
nos . 5 63-5 64) . The holotype (no. A30096,  pIs . 42 ; 43 : 2 ;  Stensio 1 9 32 ,  
fig .  22)  consists of  an  incomplete1y preserved and somewhat distorted 
cephalic shield, laeking a rostral portion and the tips of the cornua, 
and associated with the shield, an incomplete trunk, wanting the caudal 
part inc1uding the second dorsal fin ; the pectoral fins are also laeking . 
No. A30095 (pL 44:2) consists of an imperfect cephalic shield, partly 
in counterpart, Iacking the rostrai and lateral margins ; no. A30097 
consists mainly of the dorsal exoskeleton of the incomplete left half of 
a cephalic shield exposed in ventrai view, no. A30094 likewise of the 
dorsal exoskeleton of the central and postero-median parts of the shield ; 
no. 5 6 3  consists of the central and inter-zonal parts of a cephalic shield , 
and no. 5 64 of a very fragmentary shield, partly in counterpart, wanting 
i. a. most of the left, the anterior and the posterior parts . 

D e s  c r i p t i o n .  - As the shields are incomplete in severaI 
respects only a few measurements can be taken. The breadth between 
the distal parts of the cornua in the holotype is about 1 4 . 5  cm but as 
the left side of the shield is much distorted the original breadth is 
estimated to have been about 1 7  cm ; in no. A30095 the same distance 
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Fig. 57 .  - Cephalaspis pinnijera n. sp. Restoration · of the cephalic shield and the 

anterior part of the trunk in dorsal view. Mainly after. the holotype (Pal. Mus. Oslo 
no. A30096). 'h .  

i s  1 8  cm. The distance of the pine al foramen from the posterior end 
of the shield is 6 .2  cm in the holotype, in no. A30095 7 . 2  cm, and in 
no. 5 63 it cannot be exactly measured but is probably 6 .4  cm. The 
breadth of the inter-zonal part posteriorly is 7 cm in no. A3009 5 ,  
7 . 4  c m  i n  no. 5 6 3 ,  and i s  estimated to b e  about 7 . 3  c m  i n  the holotype. 
The height of the inter-zonal part ne ar its posterior end is 5 . 3  cm in 
no. A30095 .  As seen from the size oL the shields, the species must 
have been of a . large size. 

The cephalic shield is fairly broad, its maximum breadth which lies 
ne ar the posterior ends of the cornua, is about one and a half times 
as great as the length of the shield in the median line. The shield is 
decreasing in 

·
width, but not very rapidly, towards its anterior end. 

The rostrai margin, which is fairly weU preserved only in no. A30097,  
is rather bro ad and curved ; there seems to be no rostrai angle developed 
nor are there any antero-Iateral corners at the transition between the 
rostrai and the lateral margins . The lateral margins are somewhat con
vex. The cornua are rather robust and fairly long ; their length con
stitutes somewhat more than one-third of the distance of their tips from 
the rostrai end of the shield. They project in a posterior and somewhat 
lateral direction and reach farther backwards than the posterior end of 
the inter-zonal part. The outer and the inner margins of the cornua 
are slightly curved ; the inner margins have no dentic1es. The pectoral 
sinus are bro ad and moderately deep, they are slightly asymmetrical 
but there are no antero-median corners . The inter-zonal part is short, 
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moderately narrow and fairly high ; its breadth between the postero
lateral corners is less than half of the maximum breadth of the shield . 
Dorsally the inter-zonal part has a low median spine , slightly increasing 
in height backwards ; it begins closely behind the dorsal sensory field 
and ends in meeting the anterior dorsal scute of the trunk . The dorsal 
sensory field is rather short and broad ; its breadth is somewhat more 
than half as great as the length of the field ; the lateral margins of the 
field are slightly convex and the anterior and the posterior margins 
truncated. The lateral fields are moderadely bro ad and gently tapering 
backwards . Their posterior parts lie somewhat nearer to the lateral 
margins of the shield than their anterior parts ; the fields reach very 
far backwards and nearly to the tips of the cornua. The shape of the 
lateral fields in this speeies recalls that of many of the Cephalaspis 
speeies from the Wood Bay series. The exoskeletal plates, which cover 
the sensory fields ,  are partly preserved in the holotype, they are irregu
larly polygonal in shape and in general somewhat larger than the 
polygonal areas of the shield. The orbital openings, which are com
paratively small and roundedly oval in �hape, are situated about mid
way between the rostrai and the posterior ends of the shield or 
slightly nearer to the rostrai end. The distance between the orbital 
openings is about twice as great as the transverse diameter of an orbital 
opening or (in nos . 5 6 3 ,  5 64) somewhat more . In nos . 5 64 and A30094 
there is a very narrow pineal fissure indicating the possible presenee of a 
pineal plate in the living animal ; in the other speeimens the pineal fissure 
is obliterated and there was certainly no pineal plate . The naso-hypo
physeal opening has the normal development with three divisions, the 
posterior one lying on a distinet elevation, the anterior one in a rounded, 
fairly deep, anterior depression of the circum-nasal fossa. This fossa is 
on the who le rather well defined and equilaterally triangular in shape . 

The exoskeleton, particularly its outer parts , is not easily accessible 
for observation . The outer face of the exoskeleton seems to be quite 
smooth, no kind of ornamentation has been observed. The superficial 
layer forms a continuous covering to the midd le layer, interrupted only 
by the gro oves of the mucous canal system. The radiating canals are 
of a very delicate calibre and not disposed in distinet bundles. In the 
basal layer the re are ringsinus, at least in the inter-zonal part (observed 
areal grooves and very min ute intra-areal canals which latter form a 
fine-meshed network in the intra-areal spaees . In no. A30094 the 
in no. 5 63) .  The mucous canal system consists of fairly latge circum
circum-areal grooves near the postero-Iateral angle of the inter-zonal 
part are irregular and somewhat subdivided by secondary canals . The 
polygonal are as are in general rather small ; in no. A30094 on each 
side of the naso-hypophyseal opening they are very small but there is 
a very large area of this kind enclosing the antorbital prominence ; in 
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the middle parts of the shield in no. A30095 the polygon al are as are 
on the average 2 . 5  mm in diameter, and on the inter-lOnal part in the 
holotype 2 . 3  mm. 

The gro oves of the sensory line system are developed as short 
dashes, eaeh within a polygonal area. The grooves of the main lateral 
line and of the infraorbital line are observed in no. A30094.  

The endoskeleton seems to have be en rather slightly ossified, parts 
of the intern al layer, the orbital layer and layers lining the post
branehial wall are seen ; the superficial eanal layers are very imperfeetly 
preserved. The prineipal canals seem to be disposed as in the majority 
of the Cephalaspis speeies, the eanal seIl dividing into two branehes 
just antero-laterally to the orbits and the eanal vls3 entering the orbit 
in its postero-Iateral part, but as to the rest, the eourses of the canals 
are very obseure and no further details can be observed. 

A major part of the trunk is present in situ and attaehed to the 
eephalie shield. The right half of the trunk is fairly well preserved and 
exposed, whereas the left half is mueh erushed and distorted. Anteriorly 
the trunk must have been roughly triangular in eross-seetion just like 
the posterior portion of the inter-lOnal part of the eephalie shield . The 
most eharaeteristic feature of the species is the peeuliar shape of the 
dorsal erest. The erest is, however, very poorly preserved, and its strue
ture and exaet shape cannot be fully aseertained as it is partly preserved 
as an imperfeet impression of its left side and its most antero-dorsal parts 
are laeking . It is, however, probable that the erest begins as a low 
ridge immediately behind the dorsal spine of the inter-lOnal part of 
the eephalic shield at the level of that dorso-Iateral seale-row, whieh 
eorresponds to the 1 0th lateral seale-row, and extends baekwards over 
1 9  seale-rows. At least in its middle and posterior parts it is very high 
compared with the dorsal erest, known in other Cephalaspis speeies ; 
a major part, at least, of this high division of the erest consists of a 
single seute . The posterior end of the crest is well defined, and behind 
it is a normally developed dorsal ridge scale, dorsally to the dorso
lateral scales, whieh eorrespond to the 29th row of lateral scales .  
Nothing is known of the posterior dorsal fin, but to judge from the 
irregularly disposed posterior dorso-Iateral scales, there really was a 
posterior dorsal fin developed dorsally to them (cf. the conditions in 
Hemicyclaspis) which must then have been situated rather far anteriorly 
and at only a slight distanee behind the dorsal erest. Behind the dorsal 
erest there are preserved three dorsal ridge-seales . With reg ard to the 
rest of the squamation of the trunk, we find that it is developed essen
tially as in the other few Cephalaspis species known in this re speet and 
in Hemicyclaspis. The dorso-Iateral scales are, however, subdivided 
into severaI reetangular plates , four or five, oeeasionally six in eaeh 
transverse row and this subdivision seerns, at least partly, to be a primary 
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condition and not due to fraetures arisen during fossilization. The first 
four lateral seale-rows have no distinet eorresponding rows of dorso
lateral scales . The lateral scales are disposed in 39 transverse rows, 
eaeh consisting of one high scale ; the height of the scales is deereasing 
baekwards . Of the ventro-Iateral scales there are at least 37 transverse 
rows , eaeh with one scale ; the posterior scales are of about the same 
height as the anterior ones ; in their ventrai parts the scales are bent 
somewhat ventro-medially but there is no dis tinet ventro-Iateral ridge 
and the scales extend seemingly only very slightly on to the ventrai 
face of the trunk . 

R e m  a r k  s .  - As seen from the description given above, C.  pinni
fera is in the first place distinguished by the structure of its trunk. With 
regard to the shape of its cephalic shield the species is not particularly 
well characterized. It differs from its congeners by the general shape 
of the shield, the rather stout posteriorly directed cornua,  and by the 
shape of the sensory fields .  In this latter re speet it is very suggestive 
of some of the Cephalaspis speeies from the Wood Bay series . On the 
whole it ressembles especially C .  moy-thomasi (p . 396) ,  but the shield 
is larger and broader, the cornua shorter, the inter-zonal part has 
a dorsal median spine, etc . It also reminds of C. lanternaria (p. 4 1 6) 
and C. gigas (p . 4 1 1 )  but is smaller and narrower and the rostrai part 
of the shield and the cornua are differently shaped. 

The species (or more exactly the specimen no. A30096) has been 
mentioned and figured by Stensio ( 1 9 3 2 ,  pp. 5 9 ,  67 ,  8 8 ;  fig . 22) on 
account of its dorsal crest, which Stensio interpreted as a strueture 
very different from that, otherwise known in the genus Cephalaspis. 
He thought that the species therefore eould not be plaeed in this genus 
but that a new genus must be ereeted for it (Stensio 1 932 ,  p. 8 8) .  As 
here interpreted (p . 2 3 3) the dorsal erest is, however, essentially of 
the same construetion as in the other species of Cephalaspis. C. pinni
fera does not in any (known) way differ eonsiderably from the rest of 
the Cephalaspis species, and must thus be referred to this genus .  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the upper part (the Ben Nevis division ; ? the Bennevi
aspis horizon) . 

L o c a l i t i e  s. - Spitsbergen. E .  s ide of Red Bay : Mt Ben Nevis, 
without indication of the exaet loeality (no . A30096),  between the First 
and Second Glaciers ("Tunge" ; nos. A30094-A3009 5 ,  A30097 ; the 
layers in this loeality possibly belong to the Benneviaspis horizon, see 
Kiær & Heintz 1 9 3 5 ,  p. 1 5 ) ;  the Andree Glacier, S. half, W. part, in 
the moraine (nos. 5 6 3-5 64) . 

The specimens nos . A30094-A30097 were eolleeted during Th. 
Vogt's expedition in 1 92 8  (no. A30096 by L .  Størmer) , the others 
(nos. 5 6 3-5 64) during the ENS Spitsbergen expedition in 1 93 9 .  
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Fig. 5 8 .  - Cephalaspis? pedata n.  sp . Restoration of the cephalic shield, dorsal view. 

After the holotype (Pal. Mus. Oslo no. A2 1 50 1 ). lh .  

3 6 .  Cephalaspis ? pedata n. sp . 

(Fig. 5 8 ;  pls . 45 ; 6 8 : 1 . ) 

D i a g n' o s i s . - A possible Cephalaspis species of large size 
with maximum breadth of cephalic shield (probably) about one and a 
half times as great as length of shield in median line . Shield slowly 
narrowing forwards. RostraI margin very broad. Lateral margins very 
slightly curved. Cornua projecting in posterior and somewhat lateral 
direction. Pectoral sinus rather shallow and very broad. Inter-zonal 
part fairly narrow, rather high, moderately long ; dorso-median portion 
not protracted backwards behind level of postero-Iateral angles ; dorsally 
with low median ridge. Dorsal sensory field about twice as long as 
broad. Lateral sensory fields placed rather far from lateral margin of 
shield, reaching backwards to most basal parts of cornua, with rather 
strong triangular proeess postero-medially. Orbital openings very small ; 
circum-orbital ridge broad. No pineal plate. Exoskeleton ornamented 
with low blunt tuberc1es. Superficial layer (probably) continuous.  No 
ringsinus. Mucous canal system partly enc10sed in exoskeleton, por
tions of it lodged in circum-areal grooves , these of ten subdivided so as 
to form a coarse network of grooves. 

H o l o t  Y P e .  - Cephalic shie1d (no . A2 1 5 0 1 )  in the Palaeonto
logical Museum, Oslo . 

M a t  e r i a l .  - To this species I refer the holotype (Pal. Mus. 
Oslo no. A2 1 5 0 1 )  only. It consists of an imperfectly preserved cephalic 
shield in counterpart, laeking most of its anterior and left parts and 
the distal part of the right cornu. 
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D e s  c r i p t i o n. - As the material of the species is imperfect, 
the following description must of course be very incomplete. Very few 
exact measurements can be taken. The breadth of the inter-zonal part 
between its postero-Iateral angles is 6 .2  cm, the distance of the pineal 
foramen from the posterior end of the shield is 6 .7  cm and the distance 
of the orbits from the pectorai sinus is 5 . 7 cm and 5 .9 cm, respectively ; 
the height of the inter-zonal part posteriorly is about 4 cm. On the 
assumption that the restoration of the shield given in fig . 5 8  is fairly 
correct, the maximum breadth of the shield is about I 8 cm and the 
length of the shield in the median line is about 1 1 . 5 cm. It is evident 
that the shield belonged to a large species. 

As restored, the shield would be about one and a half times as 
broad as long. The rostrai margin is unknown ; to judge from what is 
preserved of the lateral margins, these are only very slightly curved 
and converge somewhat anteriorly, and it thus seems probable that the 
rostrai margin was very broad. Only the basal part of the right cornu 
is preserved, it is flattened dorso-ventrally. On the basis of the preserved 
part the cornua have been restored as being rather rap id ly decreasing 
in breadth backwards and fairly short ; they project in a postero-Iateral 
direction. The pectorai sinus are very broad and rather shallow, some
what asymmetrical and with a distinct antero-median corner. The inter
zonal part is moderately long and rapidly decreasing in breadth back
wards, being remarkably narrow between the postero-Iateral angles . 
It is fairly high and the height at its posterior end is about two-thirds 
of its posterior breadth. Dorsally the inter-zonal part is provided with 
a low median ridge , which is slightly increasing in height towards its 
posterior end ; the anterior end of the ridge lies at some distance behind 
the dorsal sensory field . The dorso-postero-median end of the inter
zonal part does not reach backwards behind the postero-Iateral angles ; 
the posterior angle thus is about 1 80 degrees (viewed from above) . 
The dorsal sensory field is rather narrow and about twice as long as 
broad, with slightly curved lateral margins and with the anterior and 
posterior margins truncated. The distance of its posterior margin from 
the posterior end of the shield is about equal to the length of the field . 
The lateral sensory fields are placed rather far medially on the shield ; 
there is thus a broad intervening space between their lateral borders 
and the lateral margins of the shield . They are directed posteriorly 
towards the pectoral sinus , reach postero-laterally only to the most basal 
parts of the cornua, and are postero-medially provided with a distinct 
triangular extension, or, in other words, the lateral sensory fields are 
posteriorly provided with a rather long and narrow postero-Iateral and 
a somewhat shorter and broader postero-median process . The orbital 
openings are, as in C. metopias, very small in proportion to the size 
of the shield, they are roundedly oval in shape and surrounded by a 
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broad and rather high circum-orbital ridge. The inter-orbital breadth 
is almost four times as great as the transverse diameter of an orbital 
opening. There is no independent pineal plate . The naso-hypophyseal 
opening is rather small. The circum-nasal fossa is rather weU defined, 
triangular and not particularly deep anteriorly. 

The exoskeleton is rather badly preserved. It is ornamented with 
tubercles, which seem to be blunt-ended and rather low. The super
ficial layer is present in the tubercles and als o very probably in the 
inter-tubercular spaces between the grooves of the mucous canal system. 
Very little is seen of the middle layer where the radiating canals are 
very delicate. In the main parts of the shield no ringsinus are found 
but in the most posterior portion of the inter-zonal part there are some 
irregular grooves on the ventrai face of the exoskeleton, possibly corre
sponding to the real ringsinus in other species . The mucous canal system 
is partly enclosed in the exoskeleton, partly were the mucous canals lodged 
in broad anastomosing grooves, probably corresponding to the circum
areal grooves in other species,  but the areas which they are encircling 
are very varying in size and their relation to the vascular canal system 
is not clear. The grooves are in some places simple, in others sub
divided by ridges into a wide-meshed network (pl . 68 : 1 ) ,  slightly 
suggestive of that caused by the modified mucous canals in C. powriei 
(Stensi6 1 932 ,  fig . SE, F) . Between these grooves the rest of the mucous 
canal system forms a very fine-meshed plexus, enclosed in the exo
skeleton. 

Of the sensory line system grooves of the main lateral line and of 
the infraorbital line are seen ; the grooves are situated within the large 
grooves for the mucous canal system (pl . 68 : 1 ) .  

The endoskeleton seems to have been ossified to a slight degree 
only, and only some of the most superficial canals for some vessels are 
observed. Thus nothing can be said of the disposition of the first nerve 
canal for the lateral sensory field or of the canals for the dorso-Iateral 
superficial veins.  

R e m  a r k  s .  - C? pedata is mainly characterized by the shape 
and disposition of its lateral sensory fields , the very bro ad pectoral 
sinus and the fairly narrow inter-zonal part (but, as appears from the 
preceding description, many important detaiIs are unknown) . It is some
what similar to C. metopias (p . 3 66) but differs by its narrower shield , 
broader pectoral sinus, and the shape of the lateral sensory fields .  It is 
also similar in many respects to the genus Tegaspis and with regard to 
the shape of the lateral sensory fields it takes an intermediate position 
between this genus and the genus Cephalaspis. It is by no means proved 
that it really belongs to this latter genus but for the present and while 
awaiting better preserved material, which will make clear i. a. the inter
nal characteristics, I place the species provisionally in Cephalaspis. 
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G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the upper parts (the Ben Nevis division) . 

L o c a l i t y . - Spitsbergen. E .  side of Red Bay :  Mt Ben Nevis, 
N.  Plateau (300 m) . 

The single specimen was collected by Th. Vogt's expedition in 1 92 8 .  

B .  S p e  c i e s  f r o  m t h e  W o  o d B a y s e r  i e s ( s  p p .  3 7 - 4 9) .  

37 .  Cephalaspis jarviki n .  sp. 

(Fig. 5 9 ;  pl. 46 :2 .) 

D i a g n  o s i s . - A large Cephalaspis species with maximum 
breadth of cephalic shield somewhat greater than length of shield in 
median line . Rostrai margin rather narrow, convex without rostral 
angle . Lateral margins curved. Cornua rather slender, projecting in 
posterior direction and reaching somewhat behind posterior end of 
shield, slightly curved inwards ; their length constituting about one
third of distance of their tips from rostrai end of shield. Inner mar
gins of cornua without dentic1es . Pectorai sinus well defined,  of 
moderate depth and breadth. Inter-zonal part rather short ; its breadth 
contained slightly more than twice in maximum breadth of shield ; 
posterior angle protracted behind postero-Iateral angles ; dorsally with 
long, low median ridge, continuing backwards in rather long, much 
inc1ined dorsal spine . Dorsal sensory field broad and short, length only 
slightly exceeding maximum breadth, anterior and posterior margins 
truncated . Lateral sensory fields extending backwards to proximal parts 
of cornua.  Orbital openings small, lying far apart, situated somewhat 
in front of middle of length of shield in median line. No pine al plate . 
Exoskeleton ornamented with small c10sely set tuberc1es .  

H o l o t  y P e .  - Cephalic shield (ENS no. 5 65) .  
M a t  e r i a l .  - The material which can be referred to  this species 

consists of two specimens (ENS no. 5 65-5 66) .  The holotype (no . 5 6 5 ,  
pl. 46 :2) i s  represented by a n  imperfect cephalic shield, consisting 
mainly of the dorsal exoskeleton exposed in ventrai view, and lacking 
some of the anterior parts and the tips of the cornua;  it is furthermore 
somewhat crushed, flattened and distorted by pressure in the rock. 
No. 5 66 consists likewise of the dorsal exoskeleton of a fragmentary 
left half of a cephalic shield, exposed in ventrai view. 

D e s  c r i p t i o n. - Owing to the imperfect state of preservation 
of the holotype very few exact measurements can be taken. The length 
of the shield in the median line is estimated at about 1 4  cm, and the 
maximum breadth of the shield, which lies across the basal parts of the 
cornua amounts to 1 6 . 8  cm. The breadth of the inter-zonal part between 
the postero-Iateral angles is about 7 . 5  cm. The distance of the pineal 
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Fig. 5 9 .  - Cephalaspis jarviki n. sp. Restoration of the cephalic shield, dorsal view. 

Mainly after the holotype (EN S no. 565) .  Y2 .  

foramen from the posterior angle of the inter-zonal part is 7 . 3  cm. The 
second specimen (no. 5 66) assigned to this species is of about the same 
size as the type specimen ; no direct measurements can be taken except 
the distance of the tip of the cornu from the rostrai end of the shield, 
which amounts to 1 4 . 6  cm. 

Taken as a whole, the cephalic shield is quite large and of moderate 
breadth ; the maximum breadth is only somewhat or about one and one 
fourth times greater than the length of the shield in the median line 
(the dorsal spine not inc1uded) . The rostrai margin is not preserved in 
the holotype but it is evident that it was rather narrow; in the second 
specimen is seen that it is rather convex · and uniformly curved without 
any rostrai angle. The rostrai margin merges without interruption into 
the lateral margin of each side, there are thus no antero-Iateral angles .  
The lateral margins are uniformly and fairly strongly convex. The 
cornua, which issue in a straight posterior direction, extend to a point 
somewhat behind the level of the posterior end of the dorsal spine and 
are thus fairly long, their length being contained nearly three times in 
the distance of the tips of the cornua from the rostrai end of the shield . 
The cornua are furthermore rather slender, flattened dorso-ventrally, in 
their distal parts somewhat medially curved, and their inner borders 
are devoid of dentic1es. The pectoral sinus are weU developed, inode
rately broad and deep ; in the holotype they seem to be uniformly con
cave, in no. 566 ,  however, there is a distinct antero-median corner. The 
inter-zonal part of the shield is rather short ; its breadth between the 
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postero-Iateral angles constitutes slightly less than half of the maximum 
breadth of the shield. The postero-dorso-median portion of the inter
zonal part is protracted backwards and the posterior angle is rather 
acute and lies somewhat behind the postero-Iateral angles. Dorsally the 
inter-zonal part is provided with a long, 10w median ridge which begins 
somewhat behind the dorsal sensory field and which gradually rises 
posteriorly and is transforrned into an almost horizontal , and very 
slender dorsal spine, which projects behind the posterior angle of the 
main inter-zonal part. The dorsal sensory field is broad and short, with 
a length that only slightly exceeds its breadth ; the lateral margins are 
slightly curved, the posterior margin is abruptly truncated, and the 
anterior margin, which lies c10sely behind the pine al foramen is only 
very little concave ; the field ends posteriorly slightly in front of the 
openings for the ductus endolymphatici. The distance of the posterior 
margin of the field from the posterior angle of the inter-zonal part is 
about twice as gre at as the length of the field . The lateral sensory fields 
reach backwards only over the basal parts of the cornua ; they are rather 
narrow in their anterior half, distinetly broader in their posterior half, 
and the broadest part lies somewhat in front of the posterior end. In 
their anterior part the lateral fields He at some distance from the lateral 
borders of the shield but turn laterally at about the middle of the length 
of the fields and He c10se to those borders . The distance of the antero
median ends of the two fields is sHghtly greater than the inter-orbital 
breadth . The orbital openings are small in proportion to the size of the 
shield , roundedly oval in shape, and lie rather far from each other ; the 
distance of the openings from the rostrai end of the shield is distinetly 
smaller than their dist�mce from the posterior angle of the inter-zonal 
part. The circum-orbital ridge is high but rather narrow. The antorbital 
prominences which He antero-medially to the orbital openings, are weU 
developed but blunt and not very high . There is no pineal plate . Only 
the posterior and part of the middle division of the naso-hypophyseal 
opening are preserved and lie on the anterior slope of a small nasal 
elevation ; it is evident that the entire naso-hypophyseal opening was 
very small . The circum-nasal fossa is rather deep and narrow. 

The exoskeleton is imperfectly preserved. It must be noted that it 
is differently developed in the holotype and in no. 5 66 .  In the former 
the superficial layer is present only in the very small rounded and c10sely 
set tuberc1es, which constitute the ornamentation of the outer face of 
the exoskeleton. On the cornua the tuberc1es are elongate in shape. 
The radiating canals are extremely fine. The basal layer contains no 
ringsinus. The mucous canal system was not enc10sed in the exoskeleton 
but probably situated in the open grooves between the tuberc1es, and 
was in this case not differentiated into circum-areal and intra-areal 
canals . With reg ard to the second specimen nothing can be said about 
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the superficial layer and its ornamentation ; it is . however. seen tnat the 
outer parts of the exoskeleton are subdivided into small polygonal areas 
by the rather wide circum-areal grooves of the mucous canal system. 
These polygonal areas are observed in the main parts of the shield but 
not on the inter-zonal part. The average diameter of the areas in the 
central parts of the shield is 2 mm. On the lateral border, between the 
lateral sensory field and the very margin of the shieId, the polygonal 
areas are, however, much smaller and somewhat elongated, recalling 
those in C. producta . 

Almost nothing is preserved of the endoskeleton ; only fragments 
of the external layer of the inter-zonal endoskeleton are seen in the 
holotype as weU as some canal layers in the lateral sensory fields. 

R e m  a r k  s .  - C.  jarviki is characterized by its rather narrow 
shield, the shape of the rather slender cornua and of the dorsal spine 
as weU as that of the dorsal sensory fieId. The shield is of a type which 
is more common in the Red Bay series than in the Wood Bay series . 
In the general shape of its shield this species reminds somewhat of 
C. watsoni (Stensio 1 932 ,  p. 1 37) and particularly of C. excellens 
(p. 308) ; from both of them C. jarviki differs mainly by the larger size 
of its shield, by the absenee of denticles on the cornua, and the non
development of an independent pineal plate ; from C. watsoni it differs 
furthermore by the broader anterior part of the shield, the more poste
riorly directed cornua, the shallower pectorai sinus, and by the shape 
of the dorsal sensory field, and from C. excellens by the shape of the 
inter-zonal part, and by the position of the dorsal sensory field as weU 
as by the ornamentation of the exoskeleton, etc . 

The sec ond specimen (no. 5 66) placed in this species agrees very 
weU with the holotype in the general features displayed in the preserved 
parts of the shield ; it differs, however, by the development of the exo
skeleton and it might turn out in the future when the species is better 
known to be sufficiently different from the holotype SD as to represent 
a distinet variety or subspecies. 

C.  jarviki is named after my esteemed friend Dr. Erik Jarvik, Stock
holm, the well-known expert on Devonian vertebrates , who was a mem
ber of the ENS expedition to Spitsbergen and who has collected many 
of the Cephalaspids treated in this paper. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, the lower part of the C .  Kjeldsen division . 

L o c a l i t y. - Spitsbergen. W. side of Wood Bay: Mt Sigurd, 
slope towards the Hoffnung Glacier (nos. 5 65-5 66).  

lhe two specimens were coUected during the ENS expedition in 
1 9 3 9 .  
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3 8 .  Cephalaspis isachseni Stensio . 
1 927 .  Cephalaspis isachseni, Stensio, p. 253 ; fig. 5 7 ;  pl .  3 .  

D i a g n  o s i s . - A Cephalaspis speeies o f  fairly small size with 
maximum breadth of cephalic shield somewhat greater than length of 
shield in median line. Shield narrowing anteriorly, rostrai margin 
sharply rounded without rostrai angle . Lateral margins slightly curved . 
Cornua long and slender, projecting in posterior direction and reaching 
far behind posterior angle of inter-zonal part ; length of cornua contained 
about two and a half times in distance of their tips from rostrai end of 
shield. Cornua somewhat curved inwards, inner margin without den
tic1es . Pectoral sinus broad and shallow. Inter-zonal part moderately 
broad and short, provided with a high, almost vertical dorsal spine . 
Dorsal sensory field about two and a half times as lang as broad, anterior 
and posterior margins truncated . Lateral sensory fields reaching back
wards to most basal part of cornua. Orbital openings situated much 
nearer to rostrai than to posterior end of shield . Exaskeletan ornamented 
with numerous tuberc1es . 

H o l o t  y P e. - Cephalic shield (no . 4) in the Palaeontological 
Museum, Oslo (Stensio 1 927 ,  p. 2 5 3 ) .  

M a t  e r  i a l .  - A very badly preserved speeimen (ENS no. 567 )  
i s  a t  hand ; i t  consists o f  the flattened central and lateral parts o f  the 
shield inc1uding the basal portion of the dorsal spine . 

R e m  a r k  s .  - Owing to the imperfect state of preservation the 
speeimen does not contribute anything towards a better knowledge of 
the speeies and is in fact placed in this speeies with a slight hesitation . 

In the general shape of its shield, C.  isachseni shows no close 
resemblance to any of the other speeies from the Wood Bay series but 
rather to some of the speeies from the Red Bay series . It is probably 
most nearly related to C. corystis, the oldest known Cephalaspis speeies 
in Spitsbergen, and the similarities are fairly obvious, C. isachseni 
differs mainly by the smaUer size, the narrower shield , the longer cornua 
and by the shorter inter-zonal part. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, C. Kjeldsen division (lower part) . 

L o c a l i t y . - Spitsbergen. W. side of Wood Bay:  Mt Sigurd, 
slope towards the Hoffnung Glacier. 

The single speeimen was collected during the ENS expedition III 
1 93 9 .  

3 9 .  Cephalaspis curta n.  sp. 

(Fig. 60 ; pl. 47 :2-3 . )  

D i a g n  o s i s . - A Cephalaspis speeies of smaU size with maxi
mum breadth of cephalic shield somewhat less than twice as great 
as length of shield in median line. Shield rather rapidly narrowing 
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Fig. 60. - Cephalaspis curta n. sp . Restoration 

of the cephalic shield,  dorsal view. After the 

holotype (ENS no. 5 69). N at.  size . 

anteriorly, rostrai margin rather obtusely rounded, without rostrai angle ; 
lateral margins convex. Cornua projecting in posterior and slightly 
lateral direction, their length contained about two and a half times in 
distance of their tips from rostrai end of shield . Inner margins of cornua 
without denticles . Pectoral sinus broad and very shallow. Inter-zonal 
part broad and very short, dorsally with short, low median ridge ; poste
rior angle protracted somewhat behind postero-Iateral angles. Dorsal 
sensory field rather broad, not fully twice as long as broad. Lateral 
sensory fields extending backwards to middle of length of cornua. Orbital 
openings large, situated somewhat before middle of length of shield in 
median line . No pineal plate . Exoskeleton without ornamentation ; 
superficial layer continuous . Mucous canal system enclosed in exo
skeieton, consisting of fine-meshed network. 

H o l o t  Y P e .  - Cephalic shield /ENS no. 5 69) .  
M a t  e r i a 1 .  - The material of  this species com prises two speci

mens (ENS nos . 5 6 8-5 69) .  The holotype (no . 5 69 ,  pl. 47 :2-3 )  consists 
of a rather complete cephalic shield in counterpart, laeking a small 
antero-Iateral portion. No. 5 6 8  consists of an imperfeet shield in counter
part, wanting a posterior portion and the left cornu, and is furthermore 
crushed and distorted. Two specimens (ENS nos . 570-5 7 1 ) ,  consisting 
of cephalic fragments are placed here with much doubt. 

The holotype has the following dimensions . The length of the shield 
in the median line is about 25 mm ; the maximum breadth of the shield , 
lying between the middle parts of the cornua, is about 45 mm ; the 
breadth of the inter-zonal part between its postero-lateral angles is 
1 9 . 3  mm ; the height of the shield at the posterior angle of the inter-zonal 
part is 1 1 . 5 mm ; the distance of the pineal foramen from the posterior 
end of the shield is 1 4  mm. No. 5 6 8  is slightly smaller than the holo
type.  It is thus evident that the species attained only a small size . 

Taken as a whole the shield is broad and short ; its maximum 
breadth is not quite twice as great as the length of the shield in the median 
line . The shield decreases fairly rapidly in breadth towards the rostrai 
margin, but this margin is fairly broad and is rather obtusely curved ; 
there is no rostrai angle. The lateral margins are distinetly convex. 
The cornua, which issue in a posterior and only slightly lateral direction, 
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are rather short and stout, their length constitutes about % of the distance 
of their tips from the rostraI end of the shield ; they reach far behind 
the posterior end of the inter-zonal part. The cornua are only slightly 
curved, the outer margins are rather convex but the inner margins fairly 
straight. The inner borders of the cornua are devoid of denticles . The 
pectoral sinus are broad and very shallow, with an indistinct, rounded 
antero-median corner. The inter-zonal part is very short, broad and 
fairly high ; its breadth between the postero-Iateral angles is nearly half 
as great as the maximum breadth of the shield . The posterior angle 
of the inter-zonal part is very obtuse, the posterior end reaches back
wards only somewhat behind the postero-Iateral angles. Dorsally the 
inter-zonal part is provided with a very low median ridge, which begins 
somewhat behind the dorsal sensory field, reaches backwards, and COfi
stitutes the extreme posterior end of the inter-zonal part. The dorsal 
sensory field is comparatively short and broad ; its breadth constitutes 
somewhat more than half of the length of the field ; it is broadest in its 
middle part, has convex lateral margins , and truncated anterior and 
posterior ends . The length of the field is somewhat greater than the 
distance of its posterior margin from the posterior end of the shield. 
The lateral sensory fields are of fairly uniform breadth and rather long, 
reaching backwards to the middle of the length of the cornua .  The 
orbital openings are large, roundedly oval in shape, and placed some
what in front of the middle of the length of the shield in the median 
line ; the distance of an orbital opening from the rostraI end of the shield 
being about equal to that from the pectoral sinus . The inter-orbital 
breadth is about one and a half times as great as the transverse diameter 
of an orbital opening. There is no independent pineal plate . The 
circum-nasal fossa is triangular, and fairly deep anteriorly. 

All over the shield the exoskeleton seems to be without any orna
mentation. The superficial layer forms a continuous covering to the 
middle layer. The radiating can als are disposed in distinct bundles and 
form vascular areas of somewhat varying size ; they seem on the average 
to measure 0 .9  mm in diameter. No ring sinus are observed in the basal 
layer. The mucous canal system is enclosed in the exoskeleton and 
forms a network of very fine, uniform canals . 

The endoskeleton is very imperfectly preserved or was only slightly 
ossified . Only some traces of the superficial canals are to be seen ; the 
canal vis?, enters the orbit at its very postero-dorso-Iateral corner, and 
the canals VlS4 and vlsf) join in median direction into a common trunk . 

R e m  a r k  s .  - C. curta is not a very characteristic species. It 
differs from its congeners by a combination of characters , pointed out 
in the diagnosis . Among the Cephalaspids from the Wood Bay series 
it is, however, distinguished by its small slze. In the general shape of its 
shield the species takes a position about midway between C. platyce-
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phalus on one side, and C. menoides and C .  semicircularis on the other ; 
besides the fact that it is much smaller, it differs from all of them by the 
short and broad inter-zonal part, and by the shape of the dorsal sensory 
field ; it seems, however, to be most c10sely related to C .  platycephalus. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (Siegenian) : 
Wood Bay series, lower part of the C .  Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier, in a grey sandstone near the shore 
(in one piece of rock, nos. 5 6 8-5 69), in a red sandstone (no . 5 70,  
doubtfully placed here) . E .  side of Wood Bay:  StjØrdalen Valley, S. side 
(no . 5 7 1 ,  doubtfully placed in this species) . 

All the specimens were collected by the ENS expedition in 1 93 9 .  

40. Cephalaspis fracticornis n .  sp . 

(Fig. 6 1 ;  pls. 44: 1 ;  47 : 1 . ) 

D i a g n  o s i s . - A Cephalaspis speeies of large size with 
maximum breadth of cephalic shield about twice as great as length of 
shield in median line. Shield very rapidly narrowing forwards . Rostrai 
margin broad, slightly convex, without rostrai angle. Obtusely rounded 
angle present on lateral margins at transi tion between main shield and 
cornua. Cornua stout and flat, projecting in posterior direction, reaching 
backwards behind posterior end of shield. Length of cornua probably 
constituting about one-third of distance of their tips from rostrai end 
of shield . Pectoral sinus broad and shallow. Inter-zonal part very nar
row and short, its breadth being contained slightly more than three 
times in maximum breadth of shield. Dorsal sensory field small, lateral 
fields very broad posteriorly, with rounded postero-median angle on 
zonal part in front of pectoral sinus. Orbital openings comparatively 
small, situated at about middle of length of shield in median line . No 
pineal plate . Exoskeleton with smooth, continuous superficial layer. 
Mucous canal system enclosed in exoskeleton. 

H o l o t  Y P e.  - Cephalic shield (ENS no. 5 72) .  
M a t  e r i a l . - Besides the holotype (ENS no. 5 72) ,  the species is  

represented by only one specimen (ENS no. 573 ) .  The holotype (pl. 44:  1 )  
consists of a fragmentary shield, laeking most of the rostrai and the 
right parts , and also the end of the left cornu. No. 5 7 3  (pl. 47 : 1 )  is 
very imperfeet and much distorted by pressure in the rock, only parts 
of the cornua and the very lateral and rostrai borders of the shield 
being preserved. 

D e s  c r i p t i o n .  - Very few exact measurements can be taken 
on the holotype. The length of the shield in the median line can be 
estimated at about 75 or 80 mm ; the maximum breadth of the shield 

25 
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was about 1 60 mm. The breadth of the inter-zonal part was about 
50 mm and its height at the posterior end at least 23 mm. The distance 
of the pineal foramen from the posterior end of the shield is 3 8  mm. 
The other shield is toe imperfect as to allow of any measurements to 
be taken but is evidently of about the same size as the holotype shield . 
The species has thus attained a large size. 

Taken as a whole the cephalic shield is very broad in proportion 
to its length, with a maximum breadth which is about twice as great 
as the length of the shield in the median line . The shield decreases 
rapidly in breadth forwards from the bases of the cornua. The rostraI 
margin is not preserved in the holotype but was obviously very broad , 
and from the preserved parts as well as from its configuration in no. 5 7 3  
i t  can be  stated that the rostraI margin in  the species i s  obtusely rounded 
without any rostraI angle. There were no angles or very obtuse and 
rounded ones at the transition from the rostraI to the lateral margins. 
The lateral margins are very slightly convex. At the transition of the 
lateral margins of the main shield into those of the cornua is forrned 
an obtuse and rounded angle since the cornua are directed in a much 
more posterior direction than the lateral margins of the main shield . 
The cornua thus project in a straight posterior or in a posterior and 
only slightly lateral direction, and reach backwards rather far behind 
the posterior end of the inter-zonal part ; the distal ends of the cornua 
are wanting but it is evident that the cornua were fairly long with a 
length that is probably contained about three times in the distance of their 
tips from the rostraI end of the shield. The cornua are very bro ad in 
their proximal parts and flattened dorso-ventrally, their inner and outer 
margins were very probably converging in straight lines towards the tip ; 
in no. 5 7 3  the dorso-medial borders of the cornua are provided with .. 
few and very small dentic1e-like tuberc1es,  much like those in C. lati
comis. The pectora1 sinus are very broad and shallow, in the holotype 
with a very obtuse and indistinct antero-lateral corner. The inter-zonal 
part is very short and rapidly decrases in breadth backwards ; its breadth 
between the postero-Iateral angles constitutes somewhat less than one
third of the maximum breadth of the shield. The height of shield at the 
posterior end of the inter-zonal part is comparatively great, or about 
half as gre at as the breadth of the inter-zonal part. Dorsally the inter
zonal part was very probably provided with a low, broad, and indistinctly 
defined median ridge . The sensory fields are well developed but on 
account of the imperfect preservation of the shield rather little can be 
said about their shape . It is obvious that the dorsal field must have 
been very small in proportion to the size of the shield, and its probable 
shape is restored in fig . 6 1 .  The lateral sensory fields reach backwards 
over tre proximal part of the cornua ;  their shape in the anterior parts 
cannot be determined, but posteriorly, in front of the pectoral sinus they 
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Fig. 6 1 .  - Cephalaspis /racticornis n. sp . Restoration of the cephalic shield in dorsal 

view. After the holotype (ENS no. 572). 213 .  

widen rather strongly ; thus a well marked bulge is forrned o n  the median 
side of the fields, which in this re speet remind of those of C. metopias. 
The orbital openings are comparatively small, and situated about midway 
between the rostrai and the posterior end of the shield. There is no 
independent pineal plate developed.  The inter-orbital region is much 
crushed and imperfectly preserved to that nothing can be said about the 
shape of the naso-hypophyseal opening ; the circum-nasal fossa seerns, 
however, to be very broad and shallow. 

The development of the exoskeleton could not be studied in the 
holotype on account of the imperfeet preservation of its shield. In the 
sec ond specimen (no. 573 )  some details of the minute structure of the 
exoskeleton are revealed in some small spots on the periphery of the 
shield, and it is impossible to say if the same conditions were prevalent 
also on the major parts of the shield. In front of the pectoral sinus the 
superficial layer is preserved ; it forms a continuous covering to the 
middle layer and the outer face is quite smooth. Along the margins 
of the shield, the middle layer is provided with vascular canals running 
parallelly to the margin ; in one place some of these canals are seen to 
open into obliquely running larger canals,  probably issuing from the 
subcutaneous canal plexus (pl. 47 : 1 ) .  The mucous canal system is 
enc10sed in the exoskeleton at least in front of the pectoral sinus ; at 
the lateral margin, however, are observed open grooves or only partly 
c10sed canals, belonging to the mucous canal system; otherwise nothing 
can be said of its development. 
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Almost nothing is preserved of the endoskeleton, and it seems to 
have been only poorly ossified. 

R e m  a r k  s .  - Characterized by the broad cephalic shield, in 
connection with the narrow and comparatively high inter-zonal part, 
and the posteriorly directed (as if fractured) stout comua and the shape 
of the lateral sensory fields, C. fracticornis cannot be confused with 
any of the known Cephalaspis species. The general shape of the shield 
may recall that of C. lata, as restored by Stensio ( 1 927 ,  fig . 60), but, 
even if this species is very imperfectly known, it is, nevertheless, evident 
that the two species are quite distinct. It is quite unsettled where the 
nearest relatives to C. fracticornis are to be found. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian : Wood Bay 
series , the C. Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay:  Mt Sigurd, 
slope towards the Hoffnung Glacier (no . 572) ;  Mt Kronprinz, opposite 
StjØrdalen Valley (no . 5 7 3) .  

Both specimens were collected by the ENS expedition in  1 9 3 9 .  

4 1 .  Cephalaspis brevicornis Stensio ? 

(Fig. 62 ; pl. 46 :  l . ) 

1 927.  Cephalaspis brevicornis, Stensio, p. 257 ; fig. 5 9 ;  pls .  4 : 2 ;  5 : 1 -2 ;  1 2 . 

H o l o t  Y P e .  - Cephalic shield (no. 8) in the Palaeontological 
Museum, Oslo (Stensio 1 927 ,  p. 257) .  

M a t  e r i a l .  - Under this name I place hesitatingly one speci
men (ENS no. 5 74).  It consists of the dorsal exoskeleton of the left half 
of a cephalic shield, the anterior and posterior margins are imperfect 
and the distal part of the cornu is laeking ; the exoskeleton, which is 
exposed in ventrai view, is much wom and abraded. 

R e m  a r k  s .  - The original description of this speeies was based 
on four very fragmentary cephalic shields (nos. 7 ,  8 ,  1 3 ,  5 6  in the 
Palaeontological Museum, Oslo) . Our knowledge of the speeies is as 
yet very limited and it is impossible to give an adequate specific diag
nosis . It appears to me not at all certain that the four fragments belong 
to one and the same species ; I am thus fairly positive that no. 1 3  rep re
sents a different species. The holotype is in fact so poorly preserved 
that it will be very difficult to compare new and better preserved shields 
with it and thereby assign them with any certainty to this species. 
C.  brevicornis will probably in all future remain a problematic species. 
- In the new material at hand, there is one fragmentary shield (no . 5 74), 
which can to some extent be compared with C.  brevicornis, viz. with 
no. 7 placed by Stensio in this species (Stensio 1 927 ,  pl . 4 :2) .  An 
attempted restoration based on this shield is given in fig . 62 ; restored 
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Fig. 62 .  - Cephalaspis brevicornis Stensio ? Attempted restoration of the cephalic 

shield, dorsal view. The dotted lines mark the postero-lateral borders of the endo

skeieton. After ENS no. 574. % .  

in this way, it agrees fairly weU with the restoration given by Stensio 
( 1 927 ,  fig . 59) .  The shield is somewhat smaUer than the holotype but 
seems to be of the same size as Stensio's specimen no. 7 ;  it is very 
broad, probably about twice as broad as long ; the inter-zonal part too 
is broad, half or somewhat more than half as broad as the maximum 
breadth of the shield. The dorsal sensory field is apparently rather 
broad and short. The lateral sensory field lies in its anterior half some
what more distant from the lateral margin of the shield than does its 
posterior part ; posteriorly the field is somewhat widened before it tapers 
rather rapidly towards the end, which l ay just behind the preserved 
posterior end of the cornua ; thus the field probably reached to the 
middle of the length of the cornua.  The orbital openings are rounded 
in shape and probably situated about midway on the shield. The distance 
of the left orbital opening from the pectoral sinus is 7 . 2  cm. There is 
no independent pineal plate . The ornamentation of the exoskeleton is 
observed only at a few places along the lateral margin where it consists 
of flattened tubercles, suggestive of those in Stensio's speeimen no. 1 3  
(Stensio 1 927 ,  pL 1 2) .  As is seen from these short notes there are 
many obscure points in our knowledge which must be made clear before 
we can get an approximate conception of this form, no matter whether it 
belongs to the species c.  brevicornis or not. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series,  the lower part of the C .  K jeldsen divsion. 

L o c a l i t y. - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
E. slope, 0-500 m: 

The single specimen was collected by the ENS expedition in 1 93 9 .  
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42 . Cephalaspis producta n .  sp . 

(Fig. 63 ; pl. 43 : 1 . ) 

D i a g n  o s i s . - A Cephalaspis species of moderately large size, 
with maximum breadth of cephalic shield somewhat greater than length 
of shield in median line. Shield narrow, decreasing in breadth forwards ; 
rostral margin narrow; rostrai angle present. Lateral margins slightly 
convex. Cornua projecting in posterior and slightly lateral direction, 
moderately long, their length being contained somewhat less than three 
times in distance of their tips from rostrai angle. Inner margins of 
cornua without dentic1es. Pectoral sinus very shallow, with antero
median corner. Inter-zonal part very short, rather narrow, its breadth 
being contained about two and one-third times in maximum breadth 
of shield ; postero-dorsal portion with small posteriorly inclined median 
spine . Dorsal sensory field elongate, two and a half times as long as 
broad. Lateral fields tapering towards pointed posterior end. Orbital 
openings of moderate size, situated distinetly in front of middle of length 
of shield in median line. No independent pineal plate present. Mucous 
canal system in main parts of shield differentiated into circum-areal and 
intra-areal canals . Polygonal areas very small, of varying shape . 

H o l o t  y P e. - Cephalic shield (ENS no. 575) .  
M a t  e r i a l .  - The available material of  this species consists of  one 

specimen, the holotype (ENS no. 5 7 5 ,  pl. 43 : 1 ) ,  being represented by an 
almost complete but poorly preserved and somewhat distorted cephalic 
shield in counterpart . A second specimen (ENS no. 576) ,  consisting of 
a fragmentary and crushed shield, is placed here with some doubt. 

D e s  c r i p t i o n. - The holotype is somewhat distorted by pres
sure in the rock. The measurements given below refer to the shield in 
its present state . The length of the shie1d from the rostral end to the 
posterior margin of the preserved portion of the dorsal spine on the 
inter-zonal part is 93 mm, the maximum breadth, which lies between 
the middle parts of the cornua, is 1 1 5 mm. The distance of the tip of 
each COrnU from the rostrai end of the shield is 1 3 5 mm and about 
1 2 3  mm, respectively. The breadth of the inter-zonal part between the 
postero-Iateral angles is 5 0  mm. The height at the posterior end of the 
inter-zonal part is about 25 mm (the dorsal spine not inc1uded) . 

In general shape the cephalic shield is rather narrow in proportion 
to its length, the maximum breadth being only somewhat greater than 
the median length of the shield, or, more precisely, slightly less than 
one and a quarter times of this length. The shield narrows moderately 
towards the rostral margin, which is narrow and very convex. In its 
present state, the shield exhibits a dis tinet rostrai angle and also an 
obtuse and indistinct angle at the transition from the rostrai to the left 
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lateral margin ; it is , however, probable, that in the original condition 
of the shield at least the latter angle was absent. The lateral margins 
of the shield are slightly curved. The cornua, which are of a moderate 
length, project in posterior and very slightly lateral direction, and reach 
far behind the posterior end of the inter-zonal part ; their length con
stitutes somewhat more than one-third of the distance of their tips from 
the rostrai end of the shield. They are flattened dorso-ventrally, and 
taper fairly rapidly and uniformly towards their slender distal parts 
which are slightly curved in median direction ; their inner margins are 
devoid of dentic1es .  The pectoral sinus are rather broad but very shal
low, they are provided with a distinct antero-median corner, and the 
shape of the sinus is thus much as in C. hoeli. The inter-zonal part is 
very short and comparatively narrow; its breadth is somewhat more 
than half the maximum breadth of the shield. The posterior angle of 
the inter-zonal part extends backwards to a distance only slightly behind 
the postero-Iateral angles . In the most posterior portion, the irtter-zonal 
part is provided with a small dorsal spine. Only the most basal part 
of the spine is preserved but, to judge from that part, it must have been 
rather small and backwardly inclined. The dorsal sensory field is badly 
exposed in the holotype and its exact shape is here not very c1ear but 
in the second specimen (no. 576) the field is elongate in shape, rather 
narrow and about two and a half times as long as broad ; the lateral 
margins are almost straight, the posterior margin is roundly truncated, 
and the anterior margin is emarginate behind the pineal foramen . The 
distance of the posterior margin of the field from the posterior end of 
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the shield is about equal to the length of the field. The lateral sensory 
fields are of moderate breadth anteriorly ; from there they taper gently 
backwards, being thus very narrow and pointed posteriorly ; they end 
on the distal part of the cornua at surne distance before the tips of the 
cornua. The distance between the antero-median ends of the two lateral 
fields is very short, being about as gre at as the inter-orbital breadth . 
The orbital openings are of a medium size, elongately oval in shape, 
and situated nearer to the rostral end of the shield than to the posterior 
end of the inter-zonal part. There is no independent pine al plate . 
The pineal foramen lies rather far behind the naso-hypophyseal opening 
before the sinus of the anterior margin of the dor sal sensory field . The 
circum-nasal fossa is shallow and indistinctly bordered. 

The exoskeleton is very impertfectly preserved. It could not be 
established whether the superficial layer is continuous or not in the 
greater and central portions of the shield . On some places along the 
very margins of the rostrai and lateral parts it seems as if the super
ficial layer were forming a continuous covering to the middle layer. 
The middle layer has well developed radiating canals . It could not be 
ascertained if the mucous canal system is entirely enc10sed in the exo
skeleton or not ; in the greater portion of the shield it is differentiated 
into circum-areal and intra-areal canals or grooves . The circum-areal 
can als (or grooves) encirc1e very small polygon al areas, with an average 
diameter of 0 .7  mm ; in the space between the lateral sensory fields 
and the lateral margins of the shield the polygonal areas are much 
lengthened, being two or three times as long as broad. In no. 5 7 6 ,  
c10se to  the inner margin o f  the orbit, the mucous canals (or grooves) 
form a uniform rather wide-meshed network . 

The endoskeleton is in a very imperfect state of preservation, parts 
of the post-branchial wall are, however, seen in the holotype .  

R e m  a r k  s .  - C.  producta resembles the British speeies C. lanke
steri (StensiO 1 932 ,  p. 1 23)  and C. websteri (Stensio 1 932 ,  p .  1 3 3) ,  and 
to some extent C. agassizi (Stensio, p. 1 25 ) .  It differs from C. lankesteri 
mainly by the larger size of its shield and by the shape of the pectoral 
sinus and the inter-zonal part, as weU as by the development of the 
mucous canal system, from C. websteri i. a. by the shape of the cornua,  
the dorsal spine, and the lateral sensory fields ; it can also be noted 
that both these species have an independent pine al plate, contrary to 
what is the case in C.  producta . From C.  agassizi it differs i. a. by the 
shape of the inter-zonal part, the cornua, and the lateral sensory fields .  
Among the Spitsbergian Cephalaspids i t  reminds slightly of C.  acuminata 
(p . 25 8) ,  C .  eukeraspidoides (p . 302),  and C. oblonga (p . 393 )  and is 
probably c10sely related to this latter species , but differs from it by 
the longer and narrower cephalic shield, the shape of the inter-zonal 
part and of the cornua.  
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G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, lower part of the C .  Kjeldsen division. 

L o c a l i t i e  s. - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier (no . 5 75) .  E. side of Wood Bay :  
Mt  Scott Keltie, N .  part, W. slope (no . 576 ,  hesitatingly placed in this 
species) . 

The two specimens were collected by the ENS expedition in 1 9 3 9 .  

4 3 .  Cephalaspis oblonga Stensio. 

(Fig. 64 ; pl. 48 : 2- 3 . )  

1 927.  Cephalaspis oblongus, Stensio, p .  250 ;  fig. 5 5 ; p l .  2 :2 .  

D i a g n  o s i s . - A moderately large Cephalaspis species with 
maximum breadth of cephalic shield nearly one and a half times as 
great as length of shield in median line . Shield fairly rapidly narrowing 
forwards . Rostrai margin narrow, weU rounded without rostrai angle . 
Lateral margins curved. Cornua broad and long, projecting in posterior 
and somewhat lateral direction, reaching far behind posterior angle of 
inter-zonal part ; length of cornua constituting nearly half of distance 
of their tips from rostrai end of shield. Inner margin of cornua without 
denticles .  Pectoral sinus narrow. Inter-lOnal part narrow, its breadth 
contained somewhat more than three times in maximum breadth of 
shield ; posterior angle reaching backwards far behind postero-Iateral 
angles .  Dorsal sensory field elongate with parallel lateral sides . Lateral 
sensory fields narrow, tapering towards pointed ends on distal parts of 
cornua. Orbital openings situated before middle of length of shield 
in median line. No pineal plate . Outer parts of exoskeleton absent. 
Mucous canal system not enclosed in exoskeleton. 

H o l o t  Y P e .  - Imperfect cephalic shield (no. 3)  in the Palaeon
tological Museum, Oslo (Stensio 1 927 ,  p. 250) .  

M a t  e r i a l .  - To this speeies I refer ane specimen (ENS no .  5 7 7 ,  
pl. 4 8 :2) .  I t  consists o f  a n  imperfect cephalic shield, laeking most of 
its left side and the tip of the right cornu ; it is preserved in ventrai 
view. Besides this specimen I place here with some hesitation four 
specimens , ENS nos . 5 7 8 , 579  (pl. 48 : 3) ,  5 80-5 8 1 ,  consisting of very 
imperfectly preserved cephalic shields , ane (no. 5 79) being also distorted 
by pressure of the rock. - I have also h ad the opportunity to restudy 
the holotype shield, which seems to be slightly distorted. 

D e s  c r i p t i o n .  - No exact measurements can be taken of the 
new specimen. As here restored (fig. 64) the length of the shield is 
estimated at about 80 mm and the maximum breadth at about 1 1 5 mm. 
The inter-lOnal part is about 35 mm broad. The shie1d is only slightly 
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smaller than the holotype shield . On the whole the shields belonged 
to a fairly large species . 

The cephalic shield is rather broad with a maximum breadth (which 
lies between the distal parts of the cornua) that is about one and a half 
times as great as the length of the shield in the median line ; on the 
whole the shield has the form of an almost equilateral triangle, the 
distance of the tip of the cornua from the rostrai end of the shield is 
very slightly greater than the maximum breadth of the shield. The 
shield narrows rather rapidly forward with fairly curved lateral margins. 
The rostrai margin is rather narrow and convex but without any rostrai 
angle . The cornua, which are broad and long, project in a posterior 
and somewhat lateral direction and reach far behind the posterior end 
of the inter-zonal part ; they are much flattened dorso-ventrally and on 
their median margins provided with a fairly broad cornual shelf without 
dentic1es .  The 1ength of the cornua is contained somewhat more than 
twice in the distance of their tips from the rostrai end of the shield . 
The pectoral sinus are rather narrow and fairly deep ; they are some
what asymmetrically developed but there is no distinct ante ro-median 
corner. The inter-zonal part is rather short and strikingly narrow; its 
breadth between the postero-Iateral angles constitutes very slightly less 
than one-third of the maximum breadth of the shield. The postero
dorso-median portion of the inter-zonal part is protracted backwards 
as a median process ,  and the posterior angle lies thus far behind the 
postero-Iateral angles. Dorsally the inter-zonal part is provided with a 
long, very low median ridge but, as the most posterior portion of the 
inter-zonal part is missing, it cannot be ascertained whether this ridge 
continued backwards as a spine or not. The dorsal sensory field is 
elongate in shape and about two and a half times as long as broad ; 
the lateral margins are almost parallei, and the posterior margin very 
probable was convex. The distance of the posterior margin of the field 
from the posterior end of the shield cannot be measured but was 
evidently greater than the length of the field. The lateral sensory fields 
are narrow with their greatest breadth in the anterior part ; they decrease 
very gradually in breadth backwards and terminate with narrowly 
pointed ends on the distal parts of the cornua somewhat before their 
tips .  The orbital openings, which are oval in shape, lie distinctly before 
the middle of the length of the shield but their distance from the rostrai 
end of the shield is slightly greater than that from the pectoral sinus . The 
inter-orbital breadth is about twice as great as the transverse diameter 
of an orbital opening. No independent pineal plate was developed . 
The circum-nasal fossa is fairly weU defined in the holotype. 

The exoskeleton is in a very bad state of preservation. It seems , 
however, probable that both the superficial layer and the outer division 
of the middle layer were absent. The lower division of the middle layer 
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contains radiating vascular canals of an extremely fine calibre ; as obser
ved on the basis of the cornu, they are disposed in faseic1es and form 
distinet vascular areas ; the distance between the centres of two such 
areas was measured and found to be 2 . 3  mm. The niucous canal system 
lay very propably entirely outside the exoskeleton and nothing can be 
said about its development. 

Of the endoskeleton only some traces of the linings of the super
fieial canals are observed in no. 579 ,  doubtfully placed in this speeies .  
The canal seil is as usual divided into two branches just antero-laterally 
to the orbit ; the nerve canals of the lateral sensory fields are on the 
whole disposed in three groups ,  each consisting of two canals running 
c10se together ; the first group comprises the two branches of the canal 
seil > the second group the canals sel2 and sel3 ' and the third group 
the canals se14 and sel5 . 

R e m  a r k  s. - From the new and more complete material, now 
at hand, it is seen that the cephalic shield of C. oblonga has a shape 
somewhat different from that given in the restoration by Stensio 
( 1 927 ,  fig . 5 5 ) ;  a new restoration of the shie1d is given in fig . 64 ; it 
can be noted that this restoration,  which is mainly based on the new 
speeimen no. 577 ,  is also in agreement with the conditions in the 
holotype. 

It  is now seen that the shield of C.  oblonga resembles in many 
points that of C. producta (p,. 390) and C. moy-thomasi (p . 396) ;  and 
it seems probable that C. oblonga is in some way c10sely related to 
these speeies, and also, somewhat more distantly, to C. borealis, C. semi
circularis, C .  hØegi, and their allies .  C. oblonga differs from C. pro
ducta by its broader shield, more stoutly built cornua, the shape of the 
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pectoral sinus and the inter-zonal part, and from C.  moy-thomasi by 
its longer and narrower shield, the narrower pectoral sinus and the 
inter-zonal part. Fragments of the shields of C. ob/onga and C. moy
thomasi can be very difficult to distinguish, especially if they are some
what distorted. Here can also be emphasized that similarities exist 
between C. pinnifera (p . 3 70) and C. oblonga together with other Cephal
aspis speeies from the Wood Bay series, mainly in the shape of the 
lateral sensory fields . 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian : Wood Bay 
series , the C .  Kjeldsen division . 

L o c a l i t i e  s .  - Spitsbergen . E .  side of Bock Bay :  Mt Kron
prinz, W. slope (no . 577) .  - The localities for the speeimens, doubt
fully placed in this speeies, are : W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glaeier (no.  5 8 0) ,  E. slope, 0-500 m 
(nos. 5 7 8 ,  5 8 1 ) .  E. side of Wood Bay :  Mt Wachter, slope towards 
Wood Bay (no . 5 79) .  

All the speeimens were collected by the ENS expedition in 1 9 3 9 .  

4 4 .  Cephalaspis moy-thomasi n. sp . 

(Fig. 65 ; pl. 49 :2 . )  

D i a g n  o s i s . - A Cephalaspis speeies of  moderately large size 
with maximum breadth of cephalic shield about one and a half times 
as great as length of shield in median line. RostraI margin fairly broad 
and convex without rostraI angle. Lateral margins rather strongly 
curved. Cornua long and fairly stout, projecting in posterior direction, 
reaching far behind posterior end of inter-zonal part ; their length some
what less than half of distance of their tips from rostraI end of shield . 
Inner margin of cornua without denticles. Pectoral sinus broad and 
fairly shallow. Inter-zonal part narrow, its posterior breadth contained 
nearly three times in maximum breadth of shield . Posterior angle of 
inter-zonal part protracted slightly behind postero-Iateral angles. Dorsal 
sensory field elongate, about twice as long as broad, with paralleI lateral 
margins. Lateral sensory fields rather narrow, extending backwards 
to posterior parts of cornua, tapering towards posterior pointed ends . 
Orbital openings situated in front of middle of length of shield in median 
line . No pine al plate present. Mucous canal system situated in circum
areal grooves and in intra-areal canals (or grooves) . 

H o l o t  Y P e. - Distorted cephalic shield (ENS no. 5 82) .  
M a t  e r i a l. - The available material of this speeies consists of 

two spee imens (ENS nos . 5 82-5 8 3) .  The holotype (no . 5 82 ,  pl. 49 :2)  
i s  represented mainly by the complete dorsal exoskeleton (exposed in 
vent raI view) of a shield, which is rather much distorted by pressure in 



Fig. 6 5 .  - Cephalaspis moy

thomasi n. sp. Attempted resto

ration of the cephalic shield, 

dorsal view. After the holotype 

(ENS no. 582) . � .  
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the rock. The second speeimen (no . 5 8 3) consists of the dorsal exo
skeleton of a fragmentary shield also much distorted by pressure. 

D e s  c r i p t i o n .  - As the cephalic shields are much affected 
by pressure in the rock the obtainable measurements must be used with 
caution. They are, however, given here . The length in the median line 
is 67 mm (no. 5 8 2) and 73 mm (no. 5 8 3 ) ;  the maximum breadth is 
1 1 3 mm (no. 5 8 2) ,  the breadth of the inter-zonal part is 3 8  mm 
(no. 5 82),  and the distance of the pineal foramen from the rostrai end 
of the shield is 30 mm (no. 5 82) and 35 mm (no. 5 8 3) .  The shields 
have thus belonged to a species of a moderately large size. 

In general appearance the shield is mther bro ad and low, and the 
maximum breadth (which lies between the middle parts of the cornua) 
is about one and a half times as great as the length of the shield in 
the median line and about equal to the distance of the rostrai end from 
the tips of the cornua.  The shield decreases fairly rapidly in breadth 
forwards with rather strongly curved lateral margins . The rostrai margin 
is rather bro ad and obtusely rounded without any rostrai angle. There 
are no angles at the transition between the rostrai and the lateral mar
gins . The cornua, which are long and fairly stout, and dorso-ventrally 
flattened, project in a posterior direction and reach backwards far be
hind the posterior end of the inter-zonal part. The length of the cornua 
is contained somewhat more than twice in the distance of their tips from 
the rostrai end of the shield. The cornua are rather broad basally and 
taper gently and uniformly towards their tips, the distal parts being very 
slightly curved in median direction ; their inner margins are devoid of 
dentic1es . The pectoral sinus are comparatively broad and rather shal
low; they are uniformly concave . The inter-zonal part is short ; it nar
rows rapidly backwards and the posterior breadth constitutes slightly more 
than one-third of the maximum breadth of the shield. The inter-zonal 
part is · protracted slightly backwards and reaches only inconsiderably 
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behind the postero-Iateral angles ; the posterior angle is broadly rounded . 
In the holotype there is no trace of a dorsal median ridge ; in no. 5 8 3 ,  
however, there i s  a fairly distinet indication of a ridge starting from a 
point somewhat behind the posterior border of the dorsal sensory field 
and running backwards for some distance. The dorsal sensory field is 
elongate in shape, with parallei lateral margins, concave anterior and 
rounded posterior margin ; it is slightly more than twice as long as 
broad. The anterior margin lies c10sely behind the pineal opening and 
the distance of the posterior margin from the posterior end of the shield 
is about equal to the length of the field. The lateral sensory fields are 
rather narrow; they are situated near to the lateral margins of the shield 
and reach backwards to the distal parts of the cornua ; posteriorly the y 
taper gently towards their narrowly pointed ends . The distance between 
the antero-median ends of the two fields is about one and a half times 
as great as the inter-orbital breadth. The orbital openings, which are 
of a moderate size and oval in shape, are situated nearer to the rostrai 
than to the posterior end of the shield and somewhat nearer to the 
pectoral sinus than to the rostrai end. There is no independent pineal 
plate present, and the pineal foramen lies in the distinet sinus of the 
anterior margin of the dorsal sensory field . The circum-nasal fossa is 
narrowly triangular in shape, rather deep anteriorly, and shallow and 
ill-defined posteriorly. 

The exoskeleton is imperfectly preserved in both speeimens, and 
thus very little can be said about its structure . In the holotype the 
outer face of the exoskeleton seems to be without any coarse tuber
culation, and is quite smooth at least along the lateral margins. In 
no. 5 8 3 ,  however, the ornamentation consists of tuberc1es, one rather 
large tuberc1e in each polygon al area;  in the posterior parts of the 
shield there are also small tuberc1es between the large ones and in the 
posterior portion of the inter-zonal part the tuberculation is rather 
irregular. On the cornua the ornamentation consists of seattered com
paratively large tubercles and many small tubercles which here are all 
more or less elongated. In the holotype weU developed radiating 
canals are observed in the midd le layer. The basal layer contains no 
ringsinus. The mucous canal system is situated in open circum-areal 
gro oves and in intra-areal canals (or grooves) ; it could not be ascer
tained whether the latter are wholly enc10sed in the exoskeleton or 
not. The polygonal areas forrned by the circum-areal grooves are com
paratively small , the average diameter (in both the holotype and in no. 
5 8 3) being 1 . 6 mm. 

The endoskeleton is very imperfectly preserved in the holotype 
and nothing can be said of the inner anatomical details . 

R e m  a r k  s. - C .  moy-thomasi is characterized by the rather 
broad cephalic shield, the direction and the shape of the long and stout 



- 399 -

cornua, and by the narrow inter-zonal part. It can be noted that no . 
5 8 3 ,  in which the ornamentation differs from that in the holotype, may 
represent a variety or subspecies of itself ;  the material is, however, toe 
scanty as to allow a subdivision of the species ; it may be sufficient here 
only to note the difference . 

The species c10sely resembles C.  oblonga (p . 393) ,  C.  semicircu
laris and C. menoides (p . 402), and from the systematic point of 
view seems to occupy an intermediate position between the two for
mer species . It differs from C. oblonga by its broader and shorter 
shield, the slenderer cornua and by the shape of the inter-zonal part, 
and from C. semicircularis and C. menoides mainly by the longer shield 
and the shape of the cornua. It is of interest also to note that C. moy
thomasi in the general outline of its shield is extremely similar to C .  
dawsoni from the Upper Eodevonian (?) o f  Gaspe (Lankester 1 870b) 
but as the latter species is very imperfectly known no c10ser compari
son can be made ; as seen from the figure by Lankester the shield of C .  
dawsoni i s  smaller and anteriorly more narrowing than in C.  moy
thomasi. 

C. moy-thomasi is named in memory of the late J .  A. Moy
Thomas, who has contributed much to our knowledge of the Palaeozoic 
fishes ; he was a member of the ENS expedition to Spitsbergen in 1 9 3 9 .  

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian? :  Wood Bay 
series , the StjØrdalen division. 

L o c a l i t i e s .  -. Spitsbergen. E. side of Wood Bay :  Mt SØrli 
(no . 5 82) ; StjØrdalen Valley, S. side, W. part (no . 5 8 3) .  

Both specimens were collected in  1 9 3 9  by  the ENS expedition. 

45 . Cephalaspis semicircularis n. sp. 

(Fig. 6 6 ;  pL 48 : 1 . ) 

D i a g n  o s i s . - A Cephalaspis species of moderate size with 
maximum breadth of cephalic shield twice as great as length of shield 
in median line. Shie1d rapidly narrowing forwards with rather strongly 
curved lateral margins . Rostrai margin broad, obtusely rounded, without 
rostrai angle. Cornua broad and flat, uniformly tapering towards their 
tips, projecting in posterior direction and reaching behind posterior end 
of inter-zonal part. Length of cornua constituting slightly less than half 
of distance of their tips from rostrai end of shield . Inner margin of 
cornua without dentic1es. Pectoral sinus broad and shallow, with antero
median corner. Inter-zonal part very short and narrow ; its posterior 
breadth constituting about one-third of maximum breadth of shield ; 
dorsally with low median ridge. Dorsal sensory field about twice as 
long as broad with alm ost parallel lateral margins and rounded posterior 
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margin. Lateral sensory fields narrow, gently tapering towards narrowly 
pointed ends on distal parts of cornua. Orbital openings of moderate 
size, situated about halfway between rostral and posterior ends of shield. 
No pineal plate. 

R o l o t  y P e. - Cephalic shield (ENS no. 5 84) . 
M a t  e r i a l. - The material, which I place in this species, con

sists of three specimens (ENS nos . 5 84-5 8 6) .  The holotype (no . 5 84 ,  
p l .  48 : 1 )  i s  represented by a cephalic shield in  counterpart , lacking most 
of its left half ; the other specimens consist of imperfect cephalic shields, 
distorted by pressure in the rock. One specimen (ENS no. 5 8 7) ,  consisting 
of an imperfect and much distorted cephalic shield, is placed here with 
much doubt. 

D e s  c r i p t i o n .  - The length of the cephalic shield in the 
median line is about 40 mm in the holotype, sligthly less in no. 5 8 6 , 
and in no. 5 8 5  the length is estimated at 5 5  mm. The maximum breadth 
is about 78  mm in the holotype, and the distance of the tip of the cornu 
from the rostral end of the shield in the same specimen is about 65 mm. 
The breadth of the inter-zonal part (between the postero-lateral angles) 
is 23 mm in the holotype. The height is very inconsiderable in all the 
specimens ; it cannot be exactly measured, but in the holotype does not 
exceed 1 0  mm. 

Taken as a whole the cephalic shield is very broad and flattened ; 
the maximum breadth, which lies between the middle parts of the 
cornua, is about twice as great as the length of the shield in the median 
line and somewhat more than the distance of the tip of a cornu from 
the rostral end of the shield . The shield narrows rapidly forwards with 
the lateral margins rather strongly convex . The extreme rostral end is 
not preserved in the holotype, and is crushed and distorted in no. 5 8 5 ,  
but in no. 5 8 6  it is obtusely rounded without any rostral angle, and to 
judge from the shape of the preserved parts the same condition existed 
also in the holotype. The rostral margin is broad and passes without 
interruption gradually into the lateral margins . The cornua project in  
posterior direction, and reach far behind the posterior end of the inter
zonal part ; they are rather long, stout and much flattened dorso
ventrally, and dec re ase uniformly in breadth towards their tips . The 
distal parts of the lateral margins of the cornua are very slightly curved 
medially so that the maximum breadth of the shield does not lie between 
the tips of the cornua but somewhat anteriorly to them. The length of 
the cornua is contained slightly more than twice in the distance of their 
tips from the rostral end of the shield . The median margins of the 
cornua are devoid of dentic1es . The pectoral sinus are bro ad and shallow, 
and in the holotype show a fairly distinct antero-median corner. The 
inter-zonal part is very short and narrow ; its breadth between the postero
lateral angles is contained about three times in the maximum breadth 
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Fig. 66 .  - Cephalaspis semicircularis n. sp . 

Restoration of the cephalic shie1d, dorsal 

view. After the holotype (ENS no. 5 84). The 

dotted line indicates the posterior border of 

the endoske1eton. % .  

o ! O  . . . . . . . . .. .. 0 ... . .... . . . . 

of the shield . On its dorsal side the inter-zonal part is provided with a 
low but rather distinct median ridge, reaching from the posterior end 
forwards to the posterior margin of the dorsal sensory field. The distance 
between the dorsal field and the posterior end of the shield is distinctly 
less than the length of the dorsal field and thus comparatively shorter 
than in C. menoides. The dorsal sensory field is elongate, slightly more 
than twice as long as broad, and of almost uniform breadth ; the posterior 
margin of the field is rounded, and the anterior abruptly truncated or 
with a small median notch in front of which the pine al foramen is situated. 
The lateral sensory fields are not well exposed in any of the specimens ; 
they seem, however, to be rather narrow ; posteriorly they reach far 
backwards and end on the distal parts of the cornua, their posterior 
ends tapering uniformly almost to a point. The orbital openings,  which 
are of medium size, are oval in shape ; in the holotype they are situated 
at about the middle of the length of the shield in the median line and 
nearer to the pectorai sinus than to either the rostrai or the posterior 
end of the shield ; in the two other specimens,  however, they lie slightly 
nearer to the rostrai than to the posterior end of the shield. The circum
orbital ridge is well developed. An independent pineal plate is not 
present. The circum-nasal fossa is rather narrow and comparatively 
well defined. 

The exoskeleton is very imperfectly preserved. In no. 5 8 5  it is 
observed that the ornamentation between the postero-median margin of 
an orbital opening and the dorsal sensory field consists of very small 
tubercles ; in no. 5 8 6  the outer face of the exoskeleton on the antero
lateral margin of the shield is quite smooth without any ornament. The 
radiating canals are very fine-calibrated. In the posterior portion of the 
inter-zonal part in the holotype the basal layer of the exoskeleton (which 
here is not underlain by the endoskeleton) encloses somewhat irregularly 
shaped canals ; they correspond certainly to the regular ringsinus found 
in other Cephalaspids . As to the mucous canal system very little is 
revealed ; there are, however, observed traces of circum-areal canals or 
grooves ; the polygonal areas, encircled by them, are comparatively 
larger than the corresponding are as in C. menoides, the diameter being 
about 1 .4 mm. 

26 
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Of the endoskeleton practically nothing is preserved ; the extent of 
the endoskeletal component of the shield is ,  however, indicated by 
impressions on the basal layer of the inter-zonal dorsal exoskeleton (see 
fig . 66 where the posterior border of the endoskeleton is indicated by 
dotted lines) . 

R e m  a r k  s .  - C .  semicircularis is very similar to C .  menoides 
and is probably c10sely related to this species . It differs , however, 
somewhat in size, in the general shape of the shield, by the position of 
the orbits and the dorsal sensory field, and particularly by the shape of 
the cornua, which in C. semicircularis are stouter than in C. menoides 
and uniformly tapering towards their tips ; also the endoskeletal com
ponent of the inter-zonal part is extending farther backwards in the last 
mentioned species . C. semicircularis is probably also related to the 
similar C .  moy-thomasi (p . 396) but differs from this speeies mainly by 
the shorter and broader shield . 

G e o  l o g  i c  a l h o r  i z o n. - Upper Eodevonian ? :  Wood Bay 
series, the StjØrdalen division. 

L o c a l i t i e  s .  - Spitsbergen. E. side of Wood Bay :  StjØrdalen 
Valley, S. side (nos . 5 8 5-5 8 6, and no. 5 87 ,  doubtfully placed in this 
species) ,  S. side, W. part (no . 5 84) . 

All the speeimens were collected by the ENS expedition in 1 9 3 9 .  

46 .  Cephalaspis menoides n. sp . 

(Fig . 67 ; pL 49 : 1 . ) 

D i a g n  o s i s . - A moderately large Cephalaspis species with 
maximum breadth of cephalic shield about twice as great as length of 
shield in median line . Shield rapidly narrowing forwards with rather 
strongly curved lateral margins . Rostrai margin very broad. Cornua 
bro ad proximally, rather rapidly tapering towards slender, slightly 
medially curved distal parts ; projecting in posterior direction, reaching 
behind posterior end of inter-zonal part. Length of cornua contained 
about twice in distance of their tips from rostrai end of shield. Inner 
margins of cornua without denticles . Pectoral sinus broad and shallow. 
Inter-zonal part rather narrow, its posterior breadth constituting about 
one-third of maximum breadth of shield. Dorsal sensory field twice as 
long as broad, with alm ost parallei lateral margins , posterior margin 
convex . Lateral sensory fields narrow, extending backwards to distal 
parts of cornua,  narrowing towards pointed posterior end. Orbital 
openings rather large, situated far in front of middle of length of shield in 
median line . No pineal plate. Exoskeleton with continuous superficial 
layer, ornamented with minute tubercles of varying size . Mucous canal 
system enc10sed in exoskeleton, differentiated into circum-areal and 
intra-areal canals . Polygonal areas rather small . 



Fig. 67.  - Cephalaspis menoides 

n. sp. Restoration of the cephalic 

shield, dorsal view. After the 

holotype (ENS no. 5 8 8) .  The 

dotted line indicates the posterior 

border of the endoskeletal com

ponent. % .  
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H O l o t  Y P e .  - Cephalic shield (ENS no. 5 8 8) .  
M a t e r i a L - The species is represented by the holotype (ENS 

no. 5 8 8) only, which consists mainly of the dorsal exoskeleton of a 
rather complete cephalic shield, laeking the rostrai part ; it is exposed 
in ventrai view. 

D e s  c r i p t i (') n. - The holotype has the following dimensions : 
The length of the shie1d in the median line cannot be directly measured 
but is estimated at about 55 mm; the maximum breadth of the shield 
is 1 05 mm and the posterior breadth of the inter-zonal part 3 3  mm. The 
distance of the tips of the cornua from the middle of the rostrai margin 
is estimated at 98 mm. The height is apparently very insignificant. 

In general appearance the cephalic shield is very broad and flat, 
and the maximum breadth, which lies between the middle parts of the 
cornua,  is about twice as great as the length of the shield in the median 
line, and distirtctly greater than the distance of the tip of a cornu from 
the rostrai end of the shield. The · shield rapidly decreases in breadth 
towards the rostrai margin and the lateral margins are strongly convex. 
The most rostraI parts of the shield are not preserved but it is evident 
that the rostrai margin was very broad and probably was obtusely 
rounded without any rostraI angle. The cornua, which project in 
posterior direction and reach much farther backwards than the posterior 
end of the inter-zonal part, are very bro ad and flattened dorso-ventrally 
in their proximal part . They taper rather rapidly towards their distal parts 
which constitute about a quarter of the length of the cornua ;  these parts 
are gently narrowing towards . their tips · and are distinctly curved in 
median direction. The inner margins of the cornua are devoid of den
tic1es . The length of the cornua constitutes about half of the distance 
of their tips from the rostrai end of the shield; they are thus rather long . 
The pectoral sinus are very broad and shallow, and uniformly concave 
without any corners . The inter-zonal part is narrow in proportion to 
the breadth of the shield and tapers rapidly towards its postero-Iateral 
angles. The posterior breadth amounts to only about one-third of the 
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maximum breadth of the shield. Dorsally the inter-zonal part is provided 
with a low, very indistinct median ridge, situated between a point some 
distance behind the posterior margin of the dorsal sensory field and the 
posterior end of the shield. The distance between the posterior margin 
of the dorsal field and the posterior end of the inter-zonal part is rather 
great, being about equal to the length of the field and thus comparatively 
greater than in C. semicircularis. The dorsal sensory field, which lies 
c10sely behind the pine al foramen, is about twice as long as broad and 
its lateral margins are almost parallei ; the anterior margin is somewhat 
concave, and the posterior margin convex with an obtuse posterior angle. 
The openings for the ductus endolymphatici lie just outside the field 
near its postero-Iateral corners . The lateral fields are narrow, and 
situated ne ar to the lateral margins of the shield ; they reach far back
wards and taper gently towards their narrowly pointed distal ends on 
the distal half of the cornua but end somewhat more anteriorly than in 
C. semicircularis. The orbital openings,  which are moderately large and 
roundedly oval in shape, are situated much nearer to the rostrai than to 
the posterior end of the shield or to the pectoral sinus. The inter-orbital 
breadth is about one and a half times as great as the transverse diameter 
of an orbital opening. The circum-orbital ridge is rather well developed, 
but there is no antorbital prominence.  No independent pineal plate is 
developed and the pineal foramen lies in the sinus of the anterior 
margin of the dorsal sensory field. The circum-nasal fossa is rather 
narrow and shallow. 

The exoskeleton is rather badly preserved. The superficial layer 
is certainly continuous .  The ornamentation of the outer face is at 
most very slightly developed and seems to consist of numerous minute 
tuberc1es . The radiating canals are very fine-calibrated. The mucous 
canal system is enc10sed in the exoskeleton ; it is differentiated into weU 
defined circum-areal and a plexus of minute intra-areal canals . The 
polygon al areas defined by the circum-areal canals are very small , the 
average diameter of such an area being only 1 .2 mm. 

The endoskeleton is imperfectly preserved. The posterior border 
of the endoskeletal component of the shield in the inter-zonal part is 
indicated by an impression on the ventraI face of the basal layer of the 
exoskeleton (it is indicated by a dotted l ine in the restoration, fig . 67) ; 
the endoskeleton extends farther backwards than in C .  semicircularis. 

R e m  a r k  s. - C.  menoides is characterized by the general shape 
of its broad crescentic cephalic shield and by the configuration of the 
cornua. It is very suggestive of C .  semicircularis (p . 399) and resembles 
als o C. moy-thomasi (p . 396) to some extent. From C. semicircularis 
it differs by the larger size of its shield, the more strongly rounded lateral 
margins, the shape of the cornua, the more anteriorly placed orbital open
ings and dorsal sensory field, and by the greater ex tent backwards of the 
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endoskeleton in the inter-zonal part of the shield, and from the equally
sized C.  moy-thomasi by the shape of the shorter and broader cephalic 
shield and the shape of the cornua, etc . 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (?) : Wood 
Bay series ,  the Lyktan division. 

L o c a l i t y.  - Spitsbergen. W. side of Dickson Bay:  Mt Bor
gen, N. part. 

The single specimen (no. 5 8 8) was collected by the ENS expedi
tion in 1 939 .  

47 .  Cephalaspis laticornis Stensio . 

(Fig. 6 8 ;  pl. 50.) 

1 927. Cephalaspis laticornis, StensiO, p.  255 ;  fig. 58; pl. 4: 1 .  

D i a g n  o s i s . - A Cephalaspis species of large size with very 
broad, flattened cephalic shield, the maximum breadth of which is some
what more than twice as great as its length in median line. Shield 
rapidly narrowing anteriorly with curved lateral margins . RostraI mar
gin very broad and obtuse, without any rostraI angle. Cornua broad 
and flat, projecting in postero-Iateral direction, reaching slightly behind 
posterior angle of inter-zonal part ; their length being contained twice 
in distance of their tips from middle of rostraI margin. Inner border of 
cornua in middle part with few, very short dentic1es. Pectoral sinus 
broad, rather deep. Inter-zonal part rather long, narrow ; its breadth 
contained somewhat more than three times in maximum breadth of 
shield. Dorsal sensory field about twice as long as broad, abruptly 
narrowing in anterior half. Lateral sensory fields narrow, gently tapering 
towards pointed ends on distal parts of cornua. Orbital openings rather 
small, situated somewhat in front of middle of length of shield in median 
line. Outer face of exoskeleton without ornamentation. 

H o l o t  Y P e .  - Fragmentary cephalic shield (no. 6) in the 
Palaeontological Museum, Oslo (Stensio 1 927 ,  p. 255) .  

M a t e r i a l .  - In the new material a t  my disposal C.  laticornis 
is represented by three specimens (ENS nos . 5 89-5 9 1 ) .  They all consist 
of fragmentary shields ; no. 5 89 (pl . 50 :2) lacks the anterior and major 
part of the right side and is slightly distorted by pressure in the rock ; 
no. 590 (pl. 5 0 : 1 )  lacks the anterior and most of the left side while 
no. 5 9 1  consists of an imperfect cornu with adjacent parts . 

D e s  c r i p t i o n. - Although the cephalic shields are very in
complete, their study contributes nevertheless somewhat to the know
ledge of the species . 

On account of the imperfect state of preservation of the shields 
very few exact measurements can be taken. The length of the shield 
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in the median line is estimated at about 70 mm and the maximum 
breadth at about 1 5 0  mm in no. 5 89 .  In the same speeimen the breadth 
of the inter-zonal part is 40 mm, and the height of the shield is very 
small, not exceeding 1 5  mm. In no. 590 the breadth of the inter-zonal 
part is about 40 mm and the maximum breadth of the shield is estimated 
at about 1 30 mm. 

In general shape the speeies is characterized by the broad and 
flattened cephalic shield, the comparatively narrow inter-zonal part, and 
the stout cornua. The maximum breadth of the shield is very probably 
somewhat more than twice as gre at as the length of the shield in the 
median line and somewhat greater (or about one and a quarter times as 
great as) the distance of the tips of the cornua from the rostral end of 
the shield. From the basis of the cornua the shield rapidly decreases in 
breadth forwards, and the lateral margins are somewhat convex. The 
rostrai margin is very bro ad and certainly very obtusely rounded without 
any rostrai angle. There are no angles between the rostrai and the lateral 
margins, the former passing gradually into the latter. The cornua, which 
are very broad and much flattened dorso-ventrally, project in postero
lateral direction ; there is a very slightly marked lateral angle at the 
transition of the lateral margins of the main shield into those of the 
cornua. The cornua reach backwards to a point distinctly but not far 
behind the level of the posterior end of the inter-zonal part. The length 
of the cornua is contained about twice in the distance of their tips from 
the rostrai end of the shield. The inner margins of the cornua are in 
the middle of their length provided with few, very small, tri ang ul ar 
dentic1es . In the restorations of the shield by Stensio ( 1 927 ,  fig . 5 8) a 
distinet but very obtuse pectoral angle is shown on the median sides of 
the cornua.  In comparing the figure with the photograph of the shield 
(pl. 4: 1 )  it is seen that this angle is rather exaggerated in the restoration 
and in reality very insignificant ; it is the very slightly widened median 
part of the narrow limbus cornualis . The pectoral sinus are very broad 
and rather deep. The inter-zonal part is rather long, narrow and only 
slightly decreasing in breadth backwards ; its posterior breadth con
stitutes somewhat less than one-third of the maximum breadth of the 
shield . The dorsal portion of the inter-zonal part is imperfectly preserved 
posteriorly but it seems likely that there was no median ridge .or crest, 
and that the posterior angle was only slightly protracted backwards, and 
not reaching far behind the postero-Iateral angles. The dorsal sensory 
field i s  about twice as long as broad, broadest in its posterior part and 
abruptly narrowing in the anterior third of its length ; the breadth in 
the anterior part of the field is only half as great as the breadth in the 
posterior one ; the posterior margin of the field is rounded. The dor sal 
field has thus about the same shape as in C. watneliei (Stensio 1 927 ,  
pl .  1 :2) .  The lateral sensory fields are rather narrow in the posterior 
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Fig. 6 8 .  - Cephalaspis laticornis Stensio. Attempted restoration of the cephalic shield, 

dorsal view. After ENS nos. 589-590. % .  

halves of their length, somewhat widened anteriorly ; posteriorly the 
fields extend on to the distal parts of the cornua and taper slowly and 
uniformly almost to a point. The orbital openings,  which are com
paratively small, are situated somewhat in front of the middle of the 
length of the shield in the · median line. The inter-orbital region with 
the pine al and the naso-hypophyseal openings is not preserved. 

The exoskeleton is imperfectly preserved in nos . 5 8 9  and 590 but 
its structure is partly well displayed in no. 59 1 .  The superficial layer 
forms a continuous covering to the middle layer, its outer face is quite 
smooth. The radiating canals are well developed. In no. 5 9 1 it is seen 
that the radiating canals are arranged in distinct fascicles ; the spaces 
between the fascicles are filled with small irre gular canals ; the distance 
between two neighbouring groups of ascending canals is on the average 
2 .2  mm. The basal layer contains no ringsinus . Very Httle can be said 
about the development of the mucous canal system, no large circum
areal can als are, however, observed and it is thus very likely that there 
is no differentiation into circum-areal and intra-areal canals but that 
the mucous canal system was lodged in a fine-meshed canal plexus . 
It must, however, be emphasized that in the holotype the outer parts of 
the exoskeleton are subdivided into small polygonal are as (Stensio 1 927 ,  
p.  256) thus indicating a differentiation of  the mucous canal system in 
circum-areal and intra-areal canals . 

The endoskeleton is well preserved only in no. 5 9 1 ,  in which the 
superficial canals have well developed perichondrial bone-layers . 

R e m  a r k  s. - In the general shape of its cephalic shield C .  lati
cornis resembles C. semicircularis (p . 399) and C. menoides (p . 402) , 
and to a certain extent C .  fracticornis (p . 3 8 5) ,  but it cannot be con
fused with any of these species, being sufficiently well characterized by 
the shape of the cornua and of the dorsal sensory field ; it seems, however, 
to be more closely related to the two former species than to C .  fracti-
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cornis, from which it is distinguished by a quite different development 
of the lateral sensory fields .  

G e o l o g i c a l  h o r i z o n. - Upper Eodevonian: Wood Bay 
series, the C .  Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Bock Bay :  Mt Kron
prinz, W. slope (no. 5 89) ; W. side of Wood Bay :  Mt Sigurd, slope 
towards the Hoffnung Glacier (no . 590) ;  N. of Dickson Bay :  Mt Barm
fjellet (no. 59 1 ) .  

All the specimens were collected b y  the ENS expedition in 1 9 3 9 .  

48 . Cephalaspis caroli n. sp . 

(Fig. 69 ; pl. 5 1 . ) 

1 927 . Cephalaspis lata in part , StensiO, p .  258 ;  pl .  6 : 1 .  

D i a g n  o s i s . - A Cephalaspis species of large size with maxi
mum breadth of cephalic shield nearly three times as great as length 
of shield in median line . Shield rapidly narrowing forward. Rostrai 
margin comparatively narrow and rounded, without rostrai angle . 
Lateral margins moderately curved. Cornua long, flat and rather broad, 
projecting in postero-Iateral direction and reaching backwards far be
hind posterior angle of inter-zonal part . Length of cornua about half 
as great as distance of their tips from rostrai end of shield. Inner margin 
of cornua without dentic1es . Pectoral sinus broad and rather shallow. 
Inter-zonal part broad in proportion to length of shield in median line ; 
posterior breadth of inter-zonal part constituting about one-third of 
maximum breadth of shield. Dorsal sensory field (probably) short 
and broad. Lateral sensory fields narrow, reaching far backwards, 
terminating with pointed ends on distal parts of cornua.  Orbital openings 
situated in front of middle of length of shield in median line. Super
ficial layer of exoskeleton continuous and smooth . Mucous canal system 
enc10sed in exoskeleton. 

H o l o t  y P e. - Fragmentary cephalic shield (ENS no. 592) .  
M a t  e r i a l .  - The material of  this species consists of  three 

specimens , ENS nos . 5 92-593 ,  and Pal. Mus . Oslo no. 1 0  (D5 609) . 
No. 592 (pl . 5 1  :2) ,  the holotype, is represented by a fragmentary and 
somewhat crushed cephalic shield, lacking most of the left side and a 
considerable portion of the inter-zonal part as weU as parts of the central 
region. The second specimen (no . 593) consists only of the left cornu 
with adjacent parts . The third specimen (no . 1 0 ;  D5 609) is a part of 
the original material of C. lata (Stensio 1 927 ,  p. 25 8 ;  pl. 6 : 1 ) .  An 
additional specimen (ENS no. 594 ,  pl . 5 1 :  1 )  is placed here with hesi
tation ; it consists mainly of the imperfectly preserved exoskeleton of 
the dorsal side of a fragmentary shield, lacking most of the anterior 
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Fig. 69. - Cephalaspis caroli n. sp. Restoration of the cephalic shield, dorsal view. 

Mainly after the holotype (ENS no. 592) .  � .  

portion and the right side ; i t  i s  furthermore somewhat distorted by 
pressure of the rock. 

D e s  c r i p t i o n. - Owing to the imperfeet state of preservation 
of the cephalic shields no exact measurements can be taken. The speci
mens nos . 1 0, 592-593  seem to be all of the same size while no. 594 ,  
doubtfully placed here, i s  slightly larger. In  the holotype the length of 
the shield in the median line from the rostraI end to the level of the 
right postero-Iateral angle of the inter-zonal part is about 60 mm, and 
this distance probably corresponds to the real length of the shield in 
the median line, or is a trifle less than this length ; the maximum breadth 
of the shield, which lies between the posterior ends of the cornua, is 
estimated at about 1 70 mm, and the breadth of the inter-zonal part be
tween the postero-Iateral angles is probably about 55 mm ; the distance 
of the tips of the cornua from the rostraI end of the shield is estimated 
at about 1 25 mm ;  the maximum height of the shield is rather inc on si
derable and probably not exceeding 20 mm. 

Taken as a whole, the cephalic shield is very broad and short, with 
a maximum breadth that is almost three times as great as the length in 
the median line ; the distance of the tip of a cornu from the rostraI end 
of the shield is about three-fourths of the maximum breadth of the 
shield. The shield rapidly decresases in breadth anteriorly. The rostraI 
margin is rather narrow and weU rounded but without any rostraI angle . 
The rostraI margin passes without interruption of any antero-Iateral 
angles into the lateral margins, which are only moderately curved. The 
cornua project in a postero-Iateral direction and reach backwards far 
behind the posterior end of the inter-zonal part ; they are very lang with 
a length contained about twice in the distanee of their tips from the 
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rostrai end of the shield. The eornua are furthermore rather bro ad and 
flattened dorso-ventrally ; their outer margins are slightly rounded. The 
median margins are almost straight in the basal three-quarters of the 
length of the eornua, and in dorsal view ; in ventrai aspeet, on the other 
hand, the inner margins are gently eurved ; this faet is due to the devel
opment of the rather broad eornual shelf. The inner margins of the 
eornua are devoid of denticles. The peetoral sinus are shallow and 
rather broad, but of somewhat different shape in dorsal and in ventrai 
view, being somewhat broader and more uniformly eoneave in ventrai 
than in dorsal aspeet. The interzonal part is broad in proportion to the 
length of the shield in the median line, its breadth being only slightly 
less than this distanee . Compared with the maximum breadth of the 
shield the breadth of the inter-zonal part is rather small, being eontained 
about three times in it. The inter-zonal part is also very short and 
rapidly deereases in breadth baekwards, its aetual shape eould not be 
aseertained as the main parts of it are not preserved ; it seems very 
probable that the height of the inter-zonal part was rather ineonsider
able ; in no. 5 94 ,  doubtfully plaeed here, there is an indieation of a low 
and broad dorsal median ridge . The dorsal sensory field, the shape of 
which is fairly eompletely preserved only in no. 594 ,  is here rather short 
and broad, about one and a half times as long as broad and almost 
quadrangular in shape ; it seems to have about the same shape in no. 
592 and no. 5 9 3 .  The lateral sensory fields, which are narrow in pro
portion to the size of the shield, lie rather near to the lateral borders of 
the shield ; posteriorly they taper gradually and their posterior ends, 
which lie on the distal third of the eornua, are pointed. The orbital 
openings,  which are of moderate size, are situated in front of the middle 
of the length of the shield in the median line . The inter-orbital region 
of the shield is not preserved and therefore nothing is known of the 
disposition of the pine al and the naso-hypophyseal openings ; in no. 594 ,  
there i s ,  however, no pineal plate developed . 

The oralo-branehial fenestra, the shape of which is partly shown 
in the specimen figured by Stensio ( 1 927 ,  pl. 6 : 1 ) ,  is about one and a 
half times as bro ad as long. 

The exoskeleton i s  rather imperfeetly preserved, and its minute 
strueture could thus not be sufficiently weU studied. The superficial 
layer is continuous and its outer face is smooth, without any ornamenta
tion . It is pierced by the very closely set, rather large pores of the 
mucous canal system which lie in fact so closely that the superficial 
layer in dorsal view appears as narrow strips in a fine-meshed network. 
The radiating canals are weU developed. No polygonal areas and no 
circum-areal canals are to be seen, and it is thus very probable that the 
mucous canal system was not differentiated into circum-areal and intra
areal canals but formed a uniform plexus. 
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Of the sensory line system only parts of the grooves of the infra
orbital line have with certainty been observed. 

The endoskeleton seems on the whole to be only weakly ossified ; 
parts of some of the superficial canal layers are seen but as the courses 
and signification of the canals could not be established, they are not 
mentioned here. 

R e m  a r k  s. - C. caroli was earlier included in C. lata (Stensio 
1 927 ,  p. 258 )  but it se ems now evident that it cannot pertain to this 
speeies . It differs from it by the size and the general shape of the cephalic 
shield, as well as by the shape and direction of the cornua, and by 
the. comparatively bro ad inter-zonal part. It is similar to C. gigas 
but its shield is smaller and comparatively shorter with a relatively 
broader inter-zonal part. C. caroli is probably closely related to C. gigas 
and somewhat more distantly to C. høegi and C. lanternaria . The spe
eies is named in honour of Mr. Carl Andreasen, TromsØ, who was a 
member of the ENS expedition in 1 9 3 9 .  

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian: Wood Bay 
series ,  the C. Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of West Fiord, between 
Bryhn Valley and Kaalaas Valley (nos. 5 92-593 ,  in the same slab) ; 
E .  side of Bock Bay,  Mt Kronprinz) W. slope (the doubtful speeimen 
no. 594) . The speeimen no. 1 0  (D. 5 609) was found at the inner end 
of Wood Bay "W.  of the Hoffnung Glaeier" (Stensio 1 927,  p. 259) = 

Mt Sigurd, on the slope towards the Hoffnung Glaeier . 
The specimens nos . 592-594 were collected during the ENS expe

dition in 1 939 .  

49 .  Cephalaspis gigas n. sp . 

(Fig. 70 ;  pls . 52-5 3 .) 

D i a g n  o s i s . - A very large Cephalaspis speeies with maximum 
breadth of cephalic shield about twice as great as length of shield in 
median line . Shield rapidly narrowing forwards .  Rostrai margin more 
or less convex. Cornua long, rather straight, broad, flattened, projec
(ing in postero-Iateral direction and reaching far behind posterior angle 
of inter-zonal part ; their length contained about twice in distance of 
their tips from rostraI end of shield . Inner border of cornua without 
denticles. Pectoral sinus broad. Inter-zonal part narrow, rather short ; 
its posterior breadth contained about four times in maximum breadth 
of shield. Dorsal sensory field small, nearly twice as long as broad. La
teral sensory fields narrow, extending backwards to posterior parts of 
cornua. Orbital openings rather small, situated in front of middle of 
length of shield in median line. No pine al plate. Exoskeleton with 
smooth continuous superficial layer. Polygonal are as small in propor-
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tion to size of shield, especially in posterior and median parts of shield . 
Basal layer with ringsinus. 

H o l o t  y P e. - Cephalic shield (ENS no. 597) .  
M a t  e r  i a l .  - To this speeies only three speeimens (ENS nos .  595 

-597) are referred with a fair degree of certainty. In addition to these 
specimens I place here with more or less hesitation four other speci
mens (ENS nos . 598-60 1 ) .  The holotype, no . 597  (pl. 5 2) ,  consists 
of a nearly complete cephalic shield, partIy in counterpart, which lacks 
portions of the rostrai and the right lateral borders as well as the very 
tips of the cornua; it is , furthermore, asymmetrical, being distorted by 
pressure in the rock. No. 595  (pl . 5 3) consists mainly of the dorsal 
exoskeleton of a somewhat crushed and distorted shield. No. 5 9 6  con
sists of a fragmentary cephalic shield, laeking the cornua and a dorso
median portion of the inter-zonal part. The speeimens placed he re with 
hesitation are all represented by very fragmentary cephalic shields , in 
which only the anterior and portions of the central parts of the shields 
are preserved to a varying extent. 

D e s  c r i p t i o n .  - The length of the cephalic shield of the 
holotype in the median line could not be directly measured as the most 
rostrai and posterior ends of the shield are missing, but is estimated at 
1 4 .5-1 5 . 5  cm ; the breadth of the distorted shield between the preserved 
posterior parts of the cornua is 3 3  cm but the original breadth of the 
shield is estimated at about 3 1  cm ; the breadth of the inter-zonal part 
between the postero-lateral angles is 8 . 3  cm, and the distance of the 
pineal foramen from the rostrai end of the shield is estimated at 6 . 9  cm. 
The height of the shield of the holotype is roughtly estimated at about 
3 . 5  cm. The shield no. 595  is 1 3  cm long in the median line and the 
distance of the pine al foramen from the rostrai end of the shield is 
6 cm. In no. 596  the length of the shield in the median line is estimated 
at about 1 4  cm ; the breadth of the inter-zonal part between the postero
lateral angles is 9 cm, and the distance of the pineal foramen from the 
rostrai end of the shield is 6 . 7  cm. The inter-orbital breadth is 2 . 9  cm 
in the holotype. The shields referred to this speeies with hesitation 
belong all to very large individuals , but only few measurements can be 
taken, by which the shields can be compared with the preceding ones ; 
thus the distance of the pineal foramen from the rostrai end of the shield 
is 6 . 9  cm (no. 5 9 8) ,  8 . 3  cm (no. 599) ,  8 . 2  cm (no . 600) , and about 
8 . 8  cm (no. 60 1 ) .  In no. 600 the inter-orbital breadth is 2 . 6  cm. 

Taken as a whole the cephalic shield is very large and broad in 
this speeies , with a maximum breadth between the tips of the cornua 
which is about twice as great as the length in the median line, and which 
is distinetly greater tl1an the distance of the tip of a cornu from the 
rostrai end of the shield ; the shield is furthermore rather depressed, 
with a height that is rather inconsiderable in proportion to the size . 
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Fig. 70.  - Cephalaspis gigas n. sp . Restoration of the cephalic shield in dorsal view, 

A, mainly after the bolotype (ENS no. 597), B, after ENS nos. 595 .  1;3 .  

The shield is somewhat variable in shape as is seen from the restorations 
of two different specimens (fig. 70A, B) . The shield rapidly decreases 
in breadth forwards with rather straight or somewhat convex lateral 
margin. The rostrai margin is moderately broad and more or less curved 
without any rostrai angle. The rostrai margin passes imperceptibly into 
the lateral margins and there are thus no antero-Iateral angles. The 
cornua, which project from the main shield in a postero-Iateral direc
tion, are very long and reach backwards far behind the leve1 of the 
posterior end of the inter-zonal part ; their length constitutes somewhat 
more than half of the distance of their tips from the rostrai end of the 
shield. The cornua are flattened dorso-ventrally and bro ad in their 
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proximal parts ; they are rather straight and taper gradually and uni
formly towards their tips ; the median margins of the eornua are almost 
straight. The inner borders of the eornua are devoid of denticles .  The 
peetoral sinus are broad, fairly shallow, and rather uniformly eurved. 
The inter-zonal part is fairly short and eomparatively very narrow, 
narrowing rather rapidly towards the postero-Iateral angles ; its breadth 
between these angles is eontained no less than about four times in the 
maximum breadth of the shield. The dorsal portion of the inter-zonal 
part is imperfeetly preserved in the holotype and no. 596 ,  but in no. 595  
i t  i s  fairly eomplete although somewhat distorted, and in  this spe eimen 
there is seen a very indistinet, long, dorsal median ridge. The posterior 
end of the inter-zonal part is protraeted baekwards only rather slightly 
behind the postero-Iateral angles, and the posterior angle is obtusely 
rounded . The sensory fields are fairly small in proportion to the size 
of the shield . The dorsal field is nearly twice as long as broad, and reet
angular in shape with only very slightly eurved lateral margins ; the 
anterior and posterior margins are abruptly truneated. The anterior 
margin of the field lies closely behind the pine al foramen. The distance 
of the posterior margin of the dorsal field from the posterior end of the 
shield was very probably nearly one and a half times as great as the 
length of this field. The lateral sensory fields are narrow, in the posterior 
parts gently and uniformly tapering towards their ends, which lie near 
the tips of the eornua. The distanee between the antero-median ends 
of the two lateral fields is about twiee as great as the inter-orbital 
breadth . The orbital openings, whieh are rather small and oval in 
shape are situated somewhat nearer to the rostrai than to the posterior 
end of the shield but the distanee of an orbital opening from the pectorai 
sinus of its side is slightly less than its distanee from the rostrai end 
of the shield. The inter-orbital breadth is two and a half or three times 
as great as the transverse diameter of an orbital opening. The antorbital 
prominenees are very slightly indieated. The pineal foramen, which lies 
between the posterior parts of the orbital openings ,  is not loeated in 
an independent pine al plate . The shape of the naso-hypophyseal opening 
is not exaetly definable as the borders of the opening are imperfeetly 
preserved ; at least the middle division is very narrow, and the anterior 
division, displayed in no. 596 ,  is likewise narrow. The cireum-nasal 
fossa is shallow and very broad, oeeupying almost the whole inter
oeular spaee ; it is not distinetly bordered posteriorly. 

The exoskeleton is rather imperfeetly preserved . The outer face 
of the superficial layer is not weU aeeessible for investigation ; it i s ,  
however, very probable that it is  smooth and without any eoarse orna
mentation ; the superficial layer probably forms a eontinuous eovering 
to the middle layer between the cireum-areal mueous grooves . The 
middle layer eontains radiating canals of very fine ealibres . The basal 
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layer is provided with ringsinus, which in the holotype are rather wide . 
The mucous canal system is not wholly enc10sed in the exoskeleton, 
being located partly in open circum-areal grooves ,  and partly in intra
areal canals . The polygonal areas, formed by the circum-areal grooves 
and by the ringsinus ,  are of somewhat varying sizes. In the holotype 
comparatively small areas (with an average diameter of 2 . 5  mm) are 
of ten seen, each surrounded by three and four large areas , with an 
average diameter of 3 .7 mm. In no . 595  the polygonal areas near the 
orbits are very smaU, about 1 . 3  mm in diameter, while in other places 
of the shield they measure 2 mm or more in diameter. In no. 596 ,  
where the ringsinus in  the basal layer are weU displayed, the polygonal 
areas near the posterior parts of the dorsal sensory field and near the 
posterior margin of the inter-zonal part are much smaUer (about 2 mm 
in diameter) than in the other regions of the shield (here about 3 mm 
in diameter) . In no . 600, doubtfuUy placed here, it is obvious that the 
superficial layer is continuous, and very probably with a smooth outer 
face ; the mucous canal system is not differentiated into circum-areal 
and intra-areal canals but forms a fine-meshed network ; the basal layer 
is provided with distinct ringsinus, encirc1ing polygonal areas with a 

diameter of about 4 mm o'r even more. 
The endoskeleton seems to be fairly weU ossified in the holotype 

but is not weU exposed for observation ;  in no. 595  and no. 596  as weU 
as in the specimens, doubtfuUy placed here, rather little or nothing is 
preserved of the internal structures .  

R e m  a r k  s .  - C.  gigas is characterized by its very large size, 
its broad cephalic shie1d, the comparatively very narrow inter-zonal 
part, as weU as by the shape and direction of the cornua. It resembles 
rather much C. caroli (p . ' 408) but differs from that species by the 
greater size, the narrower and longer inter-zonal part, and by the some
what differently shaped cornua. 

There exists a slight possibility that C. gigas is specificaUy identical 
with the equally-sized C. lata (Stensio 1 927 ,  p. 25 8) .  With regard to 
this latter species it may be noted here that with the speeies concept 
used in this paper, C. lata inc1udes only the holotype (Fal . Mus . Oslo 
no. 1 0, Stensio 1 927 ,  p .  25 8 ,  pl. 7) ,  while the other specimen (Pal . 
Mus Oslo no. 9) referred to the species by Stensio is here placed in the 
new species C.  caroli . The holotype specimen consists of a rather imper
feet cephalic shield, exposed from the ventrai side, and probably 
distorted by pressure of the rock ; the characters occurring on the dorsal 
side of the shield are thus unknown and the real shape of the shield is 
uncertain, and on account of these facts it will probably be very difficult 
in the future to recognize the species with any certainty. In comparing 
C. gigas with C. lata we have thus only very few points of comparison 
to look for. There are, however, some details which are differently 
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developed in the two speeies and which may indicate a specific diffe
rentiation, viz. the shape of the rostrai margin, and the shape and 
direction of the cornua. C. gigas is also probably very similar to 
C. hØegi (Stensio 1 927 ,  p. 260) , but also this speeies is toa imperfectly 
known as to allow of a c10ser comparison. C .  gigas seems to differ 
from it by the larger size of the shield, by the broader shield, and 
probably by the direction of the cornua. From C. lanternaria which 
is of about the same size as C. gigas, it differs mainly by the more 
obtuse1y rounded rostrai margin, the narrow inter-zonal part, and the 
longer cornua. 

The specimens placed here with hesitation resemble the holotype 
rather c10sely in the general shape of their preserved parts but as the 
shields are very incomplete, and nothing can be said about the rea] 
shape of the complete shields, and as there are some differences i. a. 
in the structure of the exoskeleton, they may possibly pertain to c10sely 
related species , and are therefore placed here only provisionally. 

G e o  l o g  i c a l h o r  i z o n.  - Upper Eodevonian : Wood Bay 
series, the C. Kjeldsen division (? the Lyktan division) . 

L o c a l i t i e  s .  - Spitsbergen. N. of Dickson Bay: Mt Barm
fjellet (no. 597) .  E. side of Wood Bay :  Mt Wachter, slope towards 
Wood Bay (nos. 595-596) .  The locali ties for the specimens doubt
fully placed here are the following : N. of Diekson Bay:  Perehed Block 
Mtn (nos. 59 8-599) .  E. side of Dickson Bay :  Mt Rebbingen (= "the 
Mt. N. of Fiskedalen") ,  S. W. slope (no. 600) . E. side of Wood Bay:  
Mt Scott Keltie , S .  part, W. slope (no. 60 1 ) .  

All the spee imens were colleeted during the ENS expedition i n  1 9 3 9 .  

50 .  Cephalaspis lanternaria n. sp. 

(Fig. 7 1 ;  pl. 54 . )  

D i a g n  o s i s . - A very large Cephalaspis species with maxi
mum breadth of eephalic shield nearly one and three-quarter times as 
great as length of shield in median line. Shield rapidly narrowing for
ward. Rostrai margin narrow, sharply rounded, without rostrai angle . 
Lateral margins slightly eurved. Cornua rather broad and stout, pro
jeeting in postero-Iateral direction and reaching backwards somewhat 
farther than posterior angle of inter-zonal part ; their length contained 
about two and a half times in distance of their tips from rostrai end of 
shield. Outer border of cornua rather eonvex, inner border alm ost 
straight, without dentic1es. Pectorai sinus moderately broad and deep. 
Inter-zonal part rather broad and short, its breadth posteriorly contained 
about two and a half times in maximum breadth of shield . Dorsal 
sensory field rather short and broad, one and a half times as long as 
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Fig. 7 1 .  - Cephalaspis lanternaria n. sp. Restoration of the cephalic shield in dorsal 

view. After the holotype (ENS no. 602). V3 .  

broad, anterior and posterior margin truncated. Lateral sensory fields 
tapering gently backwards, extending on to distal third of cornua. 
Orbital openings small, situated slightly before middle of length o� 
shield in median line. No pineal plate. Outer face of exoskeleton 
smooth. Basal layer with ringsinus. Mucous canal system deve10ped 
as uniform plexus .  

H o l o t  Y P e. - Cephalic shield (ENS no. 602). 
M a t  e r i a 1 .  - The material referable to this species consists of 

three specimens (ENS nos. 602-604) . The holotype (no. 602, pl. 5 4) ,  
i s  represented by  an  almost complete cephalic shield in  counterpart, 
no. 603 by the right side of a cephalic shield, much compressed laterally ; 
no. 604 consists of part of the dorsal exoske1eton (exposed in ventrai 
view) of a very incomplete shield laeking i. a. the cornua and most of 
its right side, and is furthermore rather much distorted. One additional 
specimen (ENS no. 605) ,  placed here with hesitation, consists only of 
the left cornu and some adjacent parts . 

D e s  c r i p t i o n. - The holotype shield (no. 602) has the following 
dimensions. The length in the median line is about 1 8  cm, and the 
maximum breadth, which lies between the tips of the cornua, is about 
3 1  cm ; the distance of the tips of the cornua from the rostrai end of 
the shield measures between 26 and 27 cm. The breadth of the inter
zonal part between the postero-Iateral angles amounts to 1 1  cm, and 
the distance of the pineal foramen from the rostrai end of the shield to 
8 . 8  cm. The inter-orbital breadth is about 3 . 5  cm. The height of the 
shield could not be measured, it is, however, estimated at somewhat 

27 
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more than 5 cm. The other two speeimens are of about the same size as 
the holotype, but very few comparable measurements can be taken on 
them ; in no. 603 the distance of the tip of the cornu from the rostral 
end of the shield is about 24 .5  cm, and the distance of the pineal foramen 
from the rostral end is estimated at 9 cm; in no. 604 the latter distance 
is estimated at 8 . 5  cm. As is seen from the measurements , the species 
must have attained a very large size. 

In general appearance the cephalic shield is characterized by its 
large size and triangular shape, with a maximum breadth which is about 
one and three-quarter times as great as the length in the median line 
and distinctly greater than the distance of the tip of a cornu from the 
rostral end of the shield . The shield rapidly narrows anteriorly with 
slightly curved lateral margins . The rostral margin of the cephalic shield 
is narrow and rather strongly convex but without any distinet rost raI 
angle ; there are no angles at the transition between the rostral and the 
lateral margins but the former passes imperceptibly into the latter . The 
cornua, which are stout, broad and flattened dorso-ventrally but only 
moderately long, project in postero-lateral direction ; they reach back
wards for some distance behind the posterior end of the main shield . 
The length of the cornua is contained about two and a half times in 
the distance of their tips from the rostral end of the shield. The lateral 
margins of the cornua are somewhat convex, whereas their median 
margins are almost straight ; the inner borders of the cornua are devoid 
of dentic1es . The pectoral sinus are moderately broad and deep, and 
uniformly concave. The inter-zonal part is comparatively short, and 
decreasing in breadth towards its postero-Iateral angles ; the breadth 
between them is, however, rather great, constituting about two-fifths of 
the maximum breadth of the shield. The posterior angle which is very 
obtuse and rounded is protracted only slightly behind the postero-lateral 
angles . The dorsal face of the inter-zonal part is not exposed in any of 
the specimens and it is thus impossible to say anything about its con
figuration, whether there is a dorsal spine or not. The height of the 
inter-zonal part is rather considerable, being at least half as great as the 
breadth of the inter-lOnal part. The dorsal sensory field is fairly small 
compared with the large size of the shield ; it is about one and a half 
times as long as broad and its lateral margins are only slightly curved, 
the posterior and anterior margins are truncated, the latter being slightly 
concave ; it lies c10sely behind the pineal foramen. The distance of the 
posterior margin of the field from the posterior end of the shield is 
about one and a half times as great as the length of the field. The lateral 
sensory fields are rather narrow and situated near to the lateral margins 
of the shield ; behind their most anterior parts they are somewhat 
constricted. Slightly behind the level of the orbits the lateral fields nar
row slightly but rather abruptly, and from this point and backwards 
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the fields taper very gently and unifonnly, reaching backwards to the 
distal third of the cornua. The distance between the antero-median 
ends of the two lateral fields is slightly greater than the inter-orbital 
breadth. The orbital openings , which are small in proportion to the 
size of the shield, lie rather far apart and are situated somewhat nearer 
to the rostrai than to the posterior end of the shield ; they are oval in 
shape with their main axes slightly converging anteriorly, and SUf
rounded by a fairly thick circum-orbital ridge. The antorbital pro
minence is rather small. The pineal foramen is not placed in an inde
pendent pineal plate. The naso-hypophyseal opening is rather narrow 
with fairly indistinctly marked anterior and posterior divisions. The 
circum-nasal fossa is broad and shallow and indistinctly delimited . 

The exoskeleton is rather imperfectly preserved ; in the main parts 
of the shield it is very thin, only the basal layer is more strongly 
developed in the posterior parts of the shield (especially on the cornua 
and along the lateral borders of the dorsal sensory field, but also in 
the circum-orbital ridge and anteriorly to the orbits) than in the anterior 
parts of the shield . The outer face of the exoskeleton is quite smooth 
without any ornamentation. It could not be ascertained whether the 
superficial layer is present or not in the spaces between the mucous 
grooves . The middle layer is extremely thin. In some places vascular 
canals of very fine calibres have been observed, evidently corresponding 
to the radiating canals , but not c1early observed to form regular vascular 
areas . The basal layer contains rather wide ringsinus,  encerc1ing poly
gonal areas of rather variable sizes ; their average diameter is estimated 
at 3 .2 mm. The mucous system was not enc10sed in the exoskeleton ; 
it was developed as a regular, rather fine-meshed network, located in 
open grooves. 

The endoskeleton is rather poorly preserved ; only some traces are 
seen of the canal layers as well as parts of the inter-zonal endo
skeieton. 

R e m  a r k  s .  - C.  lanternaria is distinguished from its congeners 
by the general shape of its shield and by the rather broad and fairly 
high inter-zonal part together with the stout cornua.  It is probably 
c10sely akin with C. høegi (StensiO 1 927 ,  p. 2 60); C. gigas (p . 4 1 1 )  
and C .  earoli (p . 408) .  It differs from them all by the narrow rostrai 
end of its shield, and by the comparativdy broad inter-zonal part, from 
C. earoli and C. gigas furtherrnore by the rather short cornua and from 
C. earoli and C. høegi by the greater size of its shield. It is also some
what similar to C. magni/iea (Stensio 1 932 ,  p. 1 42) from the Middle 
Devonian of Scotland but this species is too imperfectly known as to 
allow a c10ser comparison to be made ; both species are of about the 
same size but C. lanternaria seems to broader, and to have differently 
shaped cornua and dorsal sensory' field. 



- 420 -

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (?) : Wood 
Bay series , the Lyktan division. 

L o c a l i t i e  s. - Spitsbergen. E. side of Dickson Bay :  Mt Lyk
tan, S. E. slope (towards the Nathorst Valley ; nos . 602-603 , on the 
same slab ; no. 604) , S. W. slope (no . 605 , doubtfully placed in this 
species) . 

All the specimens were collected by the ENS expedition in 1 9 39 .  

S p e  c i e s p r e v  i o u s l Y k n o w n f r  o m S p i t s b e r  g e n, 
b u t  n o t  f o u n d  i n  t h e  p r e s e n t  m a t e r i a l . 

The following Cephalaspis species, previously described from Spits
bergen, have not been recognized in the new material now at hand . 
I have had the opportunity of seeing all the specimens , belonging to 
them, in the Palaeontological Museum of Oslo . 

Cephalaspis watneliei Stensio. 

1 927.  Cephalaspis watneliei, Stensio, p .  247 ; fig .  5 3 ;  pl .  1 : 1 .  

H o l o t  Y P e. - Cephalic shield (no . 1 )  in the Palaeontological 
Museum, Oslo . 

R e m  a r k  s .  - Of this species only a single specimen is known. 
The speeies , which was of a medium size, is fairly easily recognized, 
especially by the distinct rostrai angle on the cephalic shield, the very 
short inter-zonal part and the shape of the dorsal sensory field. It does 
not seem to be very c10sely allied to any of the Cephalaspis speeies, 
hitherto known. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (Siegenian) : 
Wood Bay series , the lower part of the C .  Kjeldsen division. 

Cephalaspis borealis Stensio. 

1 927.  Cephalaspis borealis, Stensio ,  p .  248 ; fig.  54 ;  pl .  1 : 3 .  

H o l o t  y P e.  - Fragmentary cephalic shield (no . 2 )  i n  the 
Palaeontological Museum, Oslo . 

R e m  a r k  s .  - This species is only represented by a fragment of 
a cephalic shield, and the missing part of the shield cannot be restored 
with any accuracy. The species can possibly be recognized by the large 
size of its cephalic shield, the long, rather pointed, posteriorly directed 
cornua and the narrow dorsal sensory field. It will be noted here, that 
the lateral sensory fields ,  which are narrow, lie near to the lateral 
margins of the shield, and extend back\\< ards to a point on the distal 
parts of the cornua only somewhat before their tips. In this respect 
the species resembles severai other Cephalaspis speeies from the Wood 
Bay series ,  i .  e .  C. oblonga (p . 393) ,  C. producta (p . 390),  C. caroli 
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(p . 408) ,  C .  moy-thomasi (p. 396) ,  C.  semicircularis (p . 399), C .  me
noides (p . 402), C. laticornis (p. 405),  C .  gigas (p . 4 1 1 ) ,  and C. lanternaria 
(p . 4 1 6) ;  it is probably c10sely related to them, possibly most intimately 
to C .  moy-thomasi . 

G e o  l o g  i c a l h o r  i s o n. - Upper Eodevonian? :  Wood 
Bay series . 

Cephalaspis acuticornis Stensio. 

1 927.  Cephalaspis acuticornis, StensiO, p .  25 1 ;  fig. 56; pl. 2 :4 .  

H o l o t  y P e .  - Fragment of cephalic shield (no . 55) in the 
Palaeontological Museum, Oslo. 

R e m  a r k  s. - The species is known only from a postero-lateral 
fragment of a cephalic shield. The shape of the major part of the shield 
is unknown, and it will, in fact, be very difficult to identify the species 
again. For this reason, the shape of the inter-zonal part with a distinet 
dorsal median ridge and the rather broad, posteriorly rapidly tapering,  
lateral sensory fields,  must be inc1uded among the characteristic features .  
The peculiar shape of  the pectoral sinus in the type specimen, on the 
other hand, seems to be due to an imperfeet preservation of this region 
of the shield. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian? : Wood 
Bay series. 

Cephalaspis lata Stensio. 

1 927.  Cephalaspis lata, Stensio, p. 25 8 ;  fig. 60;  pl .  7 (not pl.  6 : 1 ) .  

H O l o t  Y P e.  - Cephalic shield (no. 9) in the PalaeontologicaJ 
Museum, Oslo. 

R e m  a r k  s. - Of the two specimens referred to this speeies in 
the original description, one is in this paper transferred to the new 
speeies C. caroli (p. 408) .  

Based on a badly preserved specimen, the species is very imper
fectly known, and can probably not be recognized. There is, however, 
some possibility that C. lata and the new species C. gigas might be con
specific (see p. 4 1 5) .  

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian? :  Wood 
Bay series. 

Cephalaspis høegi Stensio . 

1 927.  Cephalaspis hoegi, Stensio, p. 260;  fig. 6 1 ;  pl .  8 ;  ? pls.  9-1 0  (not figs . 62-63).  

H O l o t  Y P e.  - Cephalic shield (no . 1 1 ) in the Palaeontological 
Museum, Oslo . 

R e m  a r k  s .  - The species was based on a fragmentary cephalk 
shield. Two other shields were placed in the same species with some 
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doubt; one of these shields (no . 1 1 5 ;  Stensio 1 927 ,  figs .  62-63) does 
certainly not belong here, and is indeterminable. 

C. høegi is probably dosely related to C.  gigas (p. 4 1 1 )  and 
C. lanternaria (p . 4 1 6) ,  described in this paper. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian? :  Wood Bay 
series, the Lyktan division. 

Cephalaspis spitsbergensis Stensio. 

1 927. Cephalaspis spitsbergensis, Stensio, p .  276 ;  f ig .  70 ;  pl .  3 3 : 1 (not fig.  7 1 ;  pls. 3 5 : 3 ;  

3 9 ;  40:2) .  

H o l o  t Y P e. - Fragmentary cephalic shield (no . 5 8) in the 
Palaeontological Museum, Oslo.  

R e m  a r k  s .  - This species is based on a very badly preserved 
and much distorted cephalic shield. In the size , the long cornua and 
the rather long inter-zonal part it is suggestive of the new species 
C. signata (p . 347) but as we know very little about C. spitsbergensis 
we have no idea of the real shape of its shield and cannot carry out 
a doser comparison between the two speeies. C. spitsbergensis can 
probably not be recognized . 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ben N evis division. 

Cephalaspis gracilis Stensio . 

1 927.  Cephalaspis gracilis, Stensio, p. 279;  fig. 7 3 ;  pl. 3 8 : 2-3 . 

H o l  o t Y P e. - Cephalic shield (no . 65)  in the Palaeontological 
Museum, Oslo . 

R e m  a r k  s. - The species is very jmperfectly known, and nothing 
can be said about its relation to the other species of the genus. In the 
general outline of its shield, the species is somewhat reminiscent of 
C. signata (p . 347). 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ben Nevis division. 

Cephalaspis apicalis Stensio . 

1 927. Cephalaspis ap iea lis, Stensio, p. 282 ;  pl.  3 7 : 3  (not pl .  40:4).  

H o l o  t Y P e. - Cephalic shield fragment (no. 75) in the Palaeon
tological Museum, Oslo. 

R e m  a r k  s. - The species is based only on a small rostrai frag
ment of a cephalic shield. The second specimen (no. 76) provisionally 
placed in the same species , very probably does not belong here but 
represents a different species , as also suggested by Stensio . 

The species is said to be characterized by the somewhat protracted 
rostrai end of the shield. This character the species , however, shares 
with other Cephalaspis species from Spitsbergen, viz. C. acuminata 
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(p. 25 8) ,  C. eurhynchus (p . 262) ,  C.  tØyni (p . 265) ,  C.  broughi (p . 268) ,  
and C.  deltoides (p . 27 1 ) .  It cannot be the same species as  any of  these 
with the possible exception of C. deltoides, but the identity of the two 
speeies cannot be proved with any certainty whatever. C. apicalis is 
preferably put aside as a dubious species, which cannot be recognized. 

C e p h a l a s p i s s p e c i m e n  s i n d e t  e r m i n  a b l e  a s t o s p e  c i e s .  

Both from the Red Bay and the Wood Bay series there are many 
fragments, either quite indeterminable or not complete enough to be 
described adequately as new species. In the following pages only a few 
of them are treated, which belong to or are supposed to belong to the 
genus Cephalaspis, and which are of some interest from an anatomical, 
systematical or stratigraphical point of view. 

S p e c i m e n  ENS no. 606 (pl. 5 5 : 1 ) .  This specimen consists of 
a fragmentary and somewhat crushed cephalic shield. The shield is very 
large and was probably at least 26 cm broad ; the inter-orbital breadth is 
2 1 . 3  mm, and the dor sal sensory field is 3 7 . 5  mm long. The maximum 
breadth of the shield was probably at least twice as gre at as the length 
in the median line. The cornua, which are directed in a postero-Iateral 
direction, are very strongly developed and constituted a major part of 
the shield. The inner margins of the cornua are provided with a rather 
broad cornual shelf, which has some rather sparse, very small, posteriorly 
or postero-medially directed dentic1es ,  and in this respect somewhat 
recalls that of C. laticornis. The lateral sensory fields lie ne ar to the 
lateral margins of the shield. The pineal foramen is situated in a deep 
sinus in the anterior margin of the dorsal sensory field and is not lodged 
in an independent pineal plate. The exoskele,ton is subdivided into 
polygonal areas . The ornament of the outer face of the exoskeleton 
consists in each polygonal area of six or seven centrally placed rather 
small tuberc1es and, surrounding them, there is a greater number of yet 
smaller tuberc1es ; some seattered small tuberc1es are of ten seen lying in 
the grooves between the polygonal areas. This speeimen represents 
without doubt a new species, which probably is related to C. laticornis, 
C. gigas and its allies . 

L o c a l i t y . - Spitsbergen. W. side of Wood Bay :  Mt Kron
prinz, opposite the StjØrdalen Valley (Wood Bay series, upper part of 
the C. Kjeldsen division) . 

S p e  c i m e n  ENS no. 607 (pl .  5 5 :2) consists of the imperfeet 
rostral and lateral parts of a very large cephalic shield exposed in ventral 
view. The shield is somewhat distorted by pressure in the rock. The 
breadth between the tips of the cornua is estimated at about 24 cm 
and , the length of the shield from the rostral end to the level of the 
pectoral sinus is about 22 cm. The most remarkable character is found 
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in the very small cornua, their length being contained about eight times 
in the distance of their tips from the rostrai end of the shield ; they are 
thus comparatively much smaller than in C. brevieornis or C. lornensis. 
This specimen represents a new species. 

L o c a l i t y . - Spitsbergen. E .  side of Wood Bay:  Mt Scott 
Keltie , S. part, W. slope (Wood Bay series, ? the C .  Kjeldsen division) . 

S p e  c i m e n  Pal. Mus . Oslo no. A30098 (pl .  5 8 : 1 )  consists of 
a fairly complete cephalic shield , lacking parts of the cornua ; it is 
distorted by pressure in the rock . The shield is small ; its length in the 
median line is 1 9 . 7  mm and its maximum breadth is estimated at about 
2 1  mm. In the general shape of its shicld this specimen is similar to 
C. exilis but as the shield is distorted and imperfect it is difficult to 
make c10ser comparisons . The shield narrows forwards much as in 
C. exilis; the pectoral sinus have the same general shape as in C. exilis 
and its allies ; the cornua are very imperfectly preserved, their length 
seems to have been contained slightly more than three times in the 
distance of their tips from the rostrai end of the shield ; it could not be 
ascertained whether the inner margins of the cornua are provided with 
dentic1es or not. The inter-zonal part is apparently somewhat broader 
than in C. exilis but is otherwise of a shape similar to this species . 
Nothing definite is known of the shape of the sensory fields nor of the 
structure of the exoskeleton. It seems possible that the species, repre
sented by this specimen, is related to C. exilis and its allies, but on 
account of our insufficient knowledge of it nothing definite can be said 
in this matter. The specimen is noted here because it comes from the 
middle parts of the Wood Bay series and here represents a special Cephal
aspis type very rare in these layers but common in the Red Bay series . 

L o c a l i t y. - Spitsbergen . W.  side of Wijde Bay (West Fiord) : 
Mt Errol White (= "the mountain S .  of the Sneugle Valley") . Wood Bay 
series , the Lyktan division. Collected by Th. Vogt's expedition in 1 92 8 .  

S p e  c i m e n  ENS no. 609 (pl . 5 8 :2) consists only o f  the central 
part (the surroundings of the orbital openings and the anterior part of 
the dorsal sensory field) of a very large eephalic shield. The inter
orbital breadth is no less than 5 . 5  cm and if we may draw any eonc1usions 
from this measurement as to the size of the shield this must have been 
eonsiderably larger than the shields even of C. gigas, C. lanternaria 
and C. magni/iea . The orbital openings are surrounded by a broad 
cireum-orbital ridge. There is no pineal plate . An opening between 
the orbital openings in the median line on a small elevation in a wide 
cireum-nasal fossa may represent the nasal opening and if this be true 
the nasal opening was separated from the opening for the hypophyseal 
duet (which is not preserved in the specimen) , or it may represent the 
entire very small naso-hypophyseal opening. The exoskeleton is orna-
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mented with numerous groups of comparatively small tuberc1es ,  each 
group inc1uding five to eleven or more, mostly about seven, tuberc1es 
of which the central tuberc1e is of ten somewhat larger than the others .  
The spaces between the groups of  tuberc1es very probably correspond 
to the circum-areal grooves of the mucous canal system. This specimen 
certainly represents a new species . If it really pertains to Cephalaspis 
(which is not proved at all) this is the geologically youngest form of 
Cephalaspis known from Spitsbergen and along with A crotomaspis sp . 2 
the only Cephalaspid known from the Grey Hoek series . 

L o c a l i t y . - Spitsbergen. W.  side of Wijde Bay :  the Sixth 
Valley (Sjettedalen) . Grey Hoek series. 

S p e  c i m e n  ENS no. 608 (pls . 5 9 :  l ;  60) . The specimen consists 
of the left side of a cephalic shield, in counterpart ; the most median 
parts are missing. The shield must have measured somewhat more than 
74 mm (which is the length of the preserved median part of the shield) 
in median line. It is not possib1e to obtain an idea of the real shape 
of the shield ånd of the orbital openings ,  the dorsal sensory fie1d, the 
dorsal spine, if present, etc . The shield is mentioned here and in the 
general part of this paper because it exhibits rather beautifully the 
dorsal superficial canals in the vise er al and zonal endoskeleton. 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay :  Fraenkel Ridge, 
in the Anglaspis horizon (Red Bay series) . 

S p e e i  m e n  ENS no. 6 1 0  (pls . 5 6-57) consists of the central 
and posterior parts of a fairly small cephalic shield. The distance of 
the pine al foramen from the posterior end of the shield is 22 mm ; the 
breadth of the inter-zonal part is estimated at about 26 mm. The dorsal 
sensory field is rather short and broad. The inter-zonal part, which is 
fairly long, is provided dorsally with a moderately high, vertical, dorsal 
spine. A similar shape of the dorsal spine is not found in any of the 
described Cephalaspis species, with the possible exception of C. websteri, 
to which the present specimen cannot pertain, and it seems thus most 
probable that it represents a new species . The endoskeleton is weU 
ossified and the shield has been c1eaned in such a way that it i .  a .  shows 
the inner aspect of the cranial cavity .  

L o c a 1 i t y .  - Spitsbergen. E.  side of Red Bay :  Fraenkel Ridge, 
in the Anglaspis horizon, found in the same block as C. hastata (Red 
Bay series) .  

S p e  c i m e n  ENS no. 6 1 1 (pl .  5 9 :2) .  This specimen consists 
only of an imperfeet dorsal spine of which the distal part is missing . 
The endoskeleton reaches far upwards into the spine and exhibits very 
weU strongly developed superficial vein canals . 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay :  the Andree 
Glaeier, S. half, W. part, in the moraine (Red Bay series) . 
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Fig. 72 .  - Cephalaspis sp. Somewhat 

imperfeet and much abraded cephalic 

shield in dorsal view (Pal. Mus. Oslo 

no. A30099). About X 1 1h .  

bend, 
'
posterior border of the endo

skeIeton; eh, canal for the notochord; 

ne, neural canal; arb, orbit;  se/ta, 

se/tp, branches of the first , nerve 

canal for the lateral sensory field; 

selz--seh, second to fifth nerve canals 

for the lateral sensory field; vest, 

vestibulum; vls3, canal for the third 

' dorso-lateral superficial vein; V 2, ca

nal for the r. maxillaris trigemini. 

S p e  C i m e n  Pal. Mus. Oslo no. A30099 (fig . 72) . This speci
men consists of a cephalic shield, which lacks some of its lateral parts 
inc1uding most of the coniua and is furthermore very much wom and 
abraded. The shield is rather small, measuring 3 5  mm in median 
length ; the maximum breadth of the shield in its actual state of preser
vation is 3 3  mm and the original maximum breadth is estimated to 
have been only slightly greater ; the posterior breadth of the inter-zonal 
part is 22 .5  mm. The shield has thus been about as long as broad or 
only slightly broader than long. It is slightly narrowing forwards and 
the rostrai margin is , very broad and obtusely rounded. The comua 
are evidently projecting in a straight posterior direction and , they were 
very probably rather small. The pectorai sinus are fairly deep and 
very narrow. The inter-zonal part is very broad and its breadth is 
probably about , two-thirds 9f the maximum breadth of the shield. The 
lateral sensory fields extend backwards on to the comua. The nerve 
canal seIl  is disp os ed and subdivided in the same manner as in the 
typical Cephqlaspis species. The exoskeleton is preserved only in small 
patches on the shield ; its outer face is quite smooth without any 
omamentation. The middle layer has well developed radiating canals .  
The mucous canal system seems to form a uniform plexus ; the pores 
of the mucous canals in the superficial layer are very small and 
c10sely set. 

This specimen certainly represents a new species, which is charac
terized by its stout cephalic shield with broad rostral margin, broad 
inter-zonal part and probably small, posteriorly directed comua.  In the 
general shape of its shield the species rather much resembles Thyestes 
salteri (Egerton) but it is evidently a true Cephalaspis species . Among 
the Cephalaspis species it bears some resemblances to C. lornensis (Tra-
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quair 1 899a;  Stensio 1 932 ,  p .  1 1 8) ,  C.  eurynotus (p . 320) and C .  sinuata 
(p . 3 3 4) but it is much smaller and the shield does not narrow forwards 
so much as in these species . The specimen is mentioned here because 
it is one of the two Cephalaspids (the other one being C. corystis), 
which are found in the lowest fossiliferous layer (the "Psammosteus" 
horizon) in the Spitsbergen Old Red. 

L o c a l i t y. -' Spitsbergen. E. side of Red Bay :  Fraenkel Ridge, 
in the "Psammosteus" horizon (Red Bay series) . Collected in 1 928  by 
Th. Vogt's expedition. 

Genus Securiaspis Stensio .  
1 927 .  Cephalaspis i n  part, StensiO, p p .  246,  272-275 .  

1 9 3 2 .  Securiaspis, Stensi6, p . 1 59 .  

D i a g n  o s i s . - A cephalaspid genus with broad, depressed 
cephalic shield. Cornua well developed, extending backwards about as 
far or well behind posterior end of inter-zonal part. Pectoral sinus 
well defined, broad and rather deep. Inter-zonal part fairly long and 
narrow, usually with distinct dorsal median ridge and slightly protracted 
posterior angle ; postero-Iateral angles not protracted and posterior mar
gin not emarginate . Sensory fields well deve1oped, consisting of one 
unpaired dorsal and one pair of lateral fields ; lateral fields extending 
backwards on to basal parts of cornua, without any distinct postero
median angle towards zonal part proper. Orbital openings generally 
situated rather far backwards, nearer to posterior than to rostrai end 
of shield. No pine al plate. First nerve canal of lateral sensory field 
undivided until somewhat antero-Iaterally to orbit, and occasionally 
almost as far as to lateral sensory field. Canal for r. mandibularis 
trigemini very long, passing down to oralo-branchial chamber entirely 
behind first nerve canal of lateral sensory field or between its two 
branches. Canal for third dorso-Iateral superficial vein opening into 
postero-dorso-Iateral corner of orbit or directly into canal for vena 
capitis lateralis closely behind orbit. Middle layer of exoskeleton of 
cephalic shield with well-developed radiating canals . (After StensiO 
1 932 ,  p. 1 5 9 ;  somewhat modified.) 

T y P e s p e c i e s .  - S. kitchini Stensio (original designation, 
Stensio 1 932 ,  p. 1 59) .  

R e m  a r k  s .  - The diagnosis given above is taken from Stensio 
( 1 932 ,  p. 1 59) but altered in accordance with the new facts brought 
to light by the study of the new species described below and with the 
transfer of Cephalaspis staxrudi Stensio to this genus . The probability 
of this species being in reality a Securiaspis is already sugge sted by 
Stensio ( 1 932 ,  p. 1 60, see also Save-Soderbergh 1 94 1b ,  p. 239 ,  note) , 
and the new material of this species at my disposal shows clearly that 



- 428 -

this presumtion was well founded (it has recently been definitely referred 
to Securiaspis by Denison, 1 9 5 1 a, pp . 1 5 9 ,  1 9 1 ) .  

With reg ard to the diagnosis given b y  Stensio i t  may b e  convenient 
here to make some remarks. It is interesting to note that the proximal 
course of the canal vls3 is not constant in the different species.  In 
S.  kitchini (Stensio 1 932 ,  pl. 49 : 1 )  the canal in question joins the canal 
Vls4 and the common trunk thus forrned runs on to and opens into the 
canal vel somewhat behind the orbit ; in a specimen of S. staxrudi 
(pl. 62 : l ) , the common trunk possibly received an additional canal 
(vIsr)  and then runs to the most posterior part of the orbit in such a 
way that it opens with its anterior half into the orbit and with its 
posterior half into the canal vel; in S. quadrata the canal vls ;{ behaves 
in a similar way. In S. kingi (Stensio 1 932 ,  pl. 49 :2) the canal vls;{ 
seems to open into the postero-dorso-Iateral corner of the orbit ; in an 
undetermined Securiaspis specimen, described below, it opens c1early 
into the orbit (pl . 63 :2) .  It may be added that the canal vel issues from 
the most posterior part of the orbit and nms backwards, curving slightly 
medially ; it has thus a very median position . 

In this connection must als o be noted the different disposition of 
the branches of the first nerve canal for the lateral sensory field on each 
side in the holotype of S. kitchini (Stensio 1 932 ,  p. 1 6 1 ; pl. 49 : 1 ) ,  
the conditions on the right side being typical for the genus, but on the 
left side quite as in Cephalaspis. That part of the canal V 3 '  which 
enters the dorsal face of the endoskeleton, runs on the right side entirely 
behind the canal seIl ' but on the left side between the two branches 
of this canal. 

A feature, which distinguishes the genus Securiaspis from Cephal
asp is, is the long portion of the canal V 3 situated superficially in the 
visceral endoskeleton. 

Stensio ( 1 932 ,  pp. 1 5 1 - 1 5 2 ,  1 5 9) refers Securiaspis to his sub
family "Kiaeraspinae" and within this to the same group of genera as 
Benneviaspis, Hoelaspis, Boreaspis and Kiaeraspis, and he considers it 
as most akin to Benneviaspis. In the general shape of the cephalic shield 
the genus certainly reminds most c10sely of Benneviaspis among the 
genera just mentioned, but there are also severaI important differences 
between the two genera, e. g. the different shape of the inter-zonal part 
and of the lateral sensory fields, and the affinities between the two 
genera cannot be very c1ose. As is shown in the remarks on the 
family Cephalaspididae the assumed differences between the subfamily 
"Cephalaspinae" and the first genus group of "Kiaeraspinae" are of 
no real systematic value, and the separation of Securiaspis and Cephal
aspis in two different subfamilies is not justified . Securiaspis shows 
in fact a very c10se resemblance to Cephalaspis, and as seen from the 
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diagnoses of the two genera, they are not at all very c1ear-cut. As. 
however, Securiaspis inc1udes species of a distinct habitus of the cephalic 
shield and as they very probably are c10sely related to each other, they 
are, at least provisionally, separated from Cephalaspis and kept in a 
genus of their own. 

The genus Securiaspis contains at present the following species , 
viz . S. kitchini StensiO and S. kingi Stensio from the Dittonian of Eng
land, S. staxrudi (Stensio) and S. quadrata n.  sp . and (at least one) 
unnarned species (see remarks to S. staxrudi, p. 432 ;  and also p. 435 )  
from the Red Bay series of  Spitsbergen. With regard to  S. kingi it 
must be observed that this species is rather imperfectly known and that 
its place in Securiaspis is by no means c1early established. It can 
furthermore be noted that the occurrence of the genus in the Old Red 
layers of Podolia has been established by Zych, according to a specimen 
determined by him, which I have seen. 

1 .  Securiaspis staxrudi (Stensio) . 

(Fig. 7 3 ;  pls . 6 1 -62 ; 63 : 1 ;  65 :2 . )  

1 927. Cephalaspis staxrudi i n  p art, Stensio, p .  2 7 2 ;  fig. 6 8 ;  p l .  3 7 : 1 (not fig .  6 9 ;  

pls.  34 ;  3 6 :4).  

D i a g n  o s i s . - A Securiaspis species of medium size with 
maximum breadth of cephalic shield about or somewhat more than one 
and a half times as gre at as length of shield in median line. Shield 
more or less narrowing forwards . Rostrai margin broad, rather obtusely 
rounded without rostrai angle ; lateral margins curved. Cornua very 
long and slender, projecting in posterior direction, extending backwards 
far behind leve1 of posterior angle of inter-zonal part ; inner margins 
without dentic1es . Length of cornua contained about twice in distance 
of their tips from rostrai end of shield . Pectoral sinus deep . Inter-zonal 
part fairly narrow ; its posterior breadth constituting somewhat more 
than one-third af maximum breadth of shield. Dorsal sensory field 
about two and a half times as long as broad, with truncated anterior 
and convex posterior margin. Exoskeleton ornamented with small e1on
gate tuberc1es. 

H o l o  t y P e. - Cephalic shield (no. 5 6) in the Palaeontological 
Museum, Oslo (StensiO 1 927 ,  p. 272) .  

M a t  e r i a l. - The new material at my disposal comprises nine 
more or less fragmentary cephalic shields, Pal. Mus. Oslo nos . A300 1 5  
(pl . 6 1 ) ,  A300 1 6 , A300 1 7  (pl .  63 : 1 ) ,  A300 1 8-A300 1 9 ,  A30020 
(pl . 62 : 1 ) ,  A3002 1 (pl. 65 : 2) and ENS nos. 485 ,  486 (pl. 62 : 2) .  One 
very fragmentary and crushed shield (Pal. Mus . Oslo no. A30022) is 
placed with hesitation in this species . 



- 430 -

D e s  c r i p t i o n .  - The dimensions of the cephalic shields in 
mm are collected in the following table (figures in brackets are only 
approximate) : 

NOS. ! 485 ! 486 ! A300 1 5 ! A300 1 6 ! A300 1 7  I A300 1 8 I A300 1 9  I A30020 

edian Length in m 

line . . . . . . . . . 

oss b a-Breadth acr 

ses of cor 

Maximum b 

Posterior b 

of inter-z 

part . . . 

nua . .  

readth 

readth 

onal 

. . . . . . 

Distance of pine al 

from 

nd of 

foramen 

rostraI e 

shield . .  . . . . . .  

Distance of 

foramen 

posterior 

shield . .  

pineal 

from 

end of 

. . . . . . 

(48) - (44) 

- (7 1 ) -- (75) -

(25) 26 (23) 

- - -

- 23 .5  22  

44  43 .5  - - 48 

- (62) (64) (65) -- - - - -
I 

22 (22) 26 .6 - -

22.5 22.5 - 24.5  (26.5) 

2 1 .4 20 . 5  I 
- - (2 1 ) 

The height of the shield could not be measured in any of the 
specimens but in no . 4 8 6  it is estimated at 7 mm at the posterior end 
of the inter-zonal part ; the height is thus very small in proportion to 
the size of the shield . The variation in size is rather insignificant and 
on the whole the speeies attained only a medium size . 

In general shape the cephalic shield is broad and very flat, the 
variations in shape are not great, some of the specimens are a trifle 
broader and more descreasing in breadth forwards than the others 
(cf. fig. 7 3  and Stensio 1 927 ,  fig . 68) .  The maximum breadth of the 
shield, which lies across the middle parts of the cornua, is in some 
specimens somewhat more, in others somewhat less than one and a half 
times as great as the length of the shield in the median line, and equal to 
or somewhat less than the distance of the tip of the cornu from the 
rostraI end of the shield . The rostraI margin is broadly rounded without 
any rostraI angle (the rostraI angle present in the restoration of the 
shield, given by Stensio 1 927 ,  fig . 6 8 ,  is certainly attributable to the 
restoration of an imperfectly preserved specimen, cf. Stensio 1 927 ,  
pl .  3 7 : 1 ) .  The lateral margins are more or less strongly curved. The 
cornua, which project in posterior direction, are very long and slender, 
and slightly medially curved ; they reach backwards far behind the 
posterior end of the inter-zonal part ; their length constitutes about half 
of the distance of their tips from the rostraI end of the shie1d. The 
inner margins of the cornua are devoid of dentic1es . The pectoral sinus 
are well defined and deep ; their breadth is somewhat variable ; in some 



Fig. 7 3 .  - Securiaspis stax

rudi (StensiO) . Restoration of 

the cephalic shield, dorsal 

view. After the specimens 

Pal. Mus. Oslo nos. A300 1 6  

-A300 1 7  and ENS no. 486 .  
Nat. size. 

- 43 1 -

of the specimens there is a faintly pronounced antero-median corner. 
The inter-zonal part is rather long and narrow, narrowing gradually 
towards the postero-Iateral angles ; its breadth between these latter is 
contained not quite three times in the maximum breadth of the shield. 
The posterior margin forms medially a very obtuse angle which is 
protracted somewhat behind the postero-Iateral angles ; the margin be
tween each of these angles and the posterior angle being almost straight 
or very sligtly concave . Dorsally the inter-zonal part is provided with 
a low but neatly defined sharp-edged median ridge . The dorsal sensory 
field is elongate, about two and a half times as long as broad, with 
slightly curved lateral margins, the anterior margin is truncated or 
slightly concave, the posterior margin more or less obtusely rounded. 
Posteriorly the field reaches well behind the openings of the ductus 
endolymphatici. The field is laterally bordered by a low obtuse ridge, 
which begins just postero-medially to the orbital openings and becomes 
more obsolete in passing backwards and disappears at the postero
lateral eorners of the field. The distanee of the posterior margin of 
the dorsal field from the posterior end of the shield is about two-thirds 
of the length of the field. The lateral sensory fields continue baekwards 
on to the basal parts of the cornua and, as in the other species of the 
genus, lack any postero-median process extending medially unto the 
zonal part proper. The orbital openings are in general situated slightly 
nearer to the posterior than to the rostrai end of the shield, and their 
distance from the pectorai sinus is much less than that from the posterior 
or rostrai end of the shield ; they are oval in shape. The circum-orbital 
ridge is apparently very feebly marked, but just in front of each orbital 
opening there is a strongly developed antorbital prominence. There is 
no independent pineal plate. The fossa circum-nasalis is semicircular 
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in shape, and the naso-hypophyseal opening is situated on a small 
forwardly inc1ined ridge with only the foremost portion of the opening 
on the floor of the fossa. 

The exoskeleton of the shield is imperfectly preserved. Its outer 
face is ornamented with very low, of ten hardly discernible, elongated, 
of ten much lengthened tuberc1es or ridges. Near the lateral borders of 
the shield and on the cornua, these ridges run parallely to the margins 
of the shield (as is noted by Stensio 1 927 ,  p. 273) .  The superficial 
layer seems to be continuous and only subdivided by the circum-areal 
grooves. In the major part of the shield the middle layer contains well 
developed radiating vascular canals . Near the margins of the shield 
and on the cornua the radiating canals are replaced by canals disposed 
in rows running parallely to the margins of the shield and thus disposed 
conformably to the ornament of the outer face of the exoskeleton. In 
the inter-zonal part traces of ringsinus have been observed in the basal 
layer. The mucous canal system it only partly enc10sed in the exo
skeleton ; it is developed as wide circum-areal grooves and as a fine
meshed network of rather fine intra-areal canals . The circum-areal 
grooves are of ten, especially in the anterior part of the shield , sub
divided into rather narrow concentric grooves, anastomosing with each 
other by short transverse grooves ; this :mbdivision of the circum-areal 
gro oves is caused by the more or less lengthened tuberc1es or ridges 
placed in the grooves (pl .  65 :2) .  

The endoskeleton is rather well ossified in severai specimens . The 
canal sel?, is undivided to about midway between the orbit and the lateral 
sensory field ; in no. A300 1 5  the conditions are somewhat different on 
the two sides , the canal on the right side dividing somewhat nearer to 
the lateral field than on the left side (but the differences between the 
two sides are not so strongly pronounced as in S. kitchini, Stensio 1 932 ,  
pl. 49 : 1 ) .  In  nos. A300 1 5  and A30020 an  anterior branch of  the 
canal V 3 is seen between the diverging branches of the canal seIl ' 
As regards the dorso-Iateral superficial vein can als there are some 
peculiarities , noted above (p . 428) in the remarks to the genus ; the 
conditions mentioned are met with in no. A30020. 

R e m  a r k  s .  - With regard to the new material of this species 
now available and considering the rather insignificant rate of variation 
in the size and shape of the specimens it seems evident that we cannot 
retain the sec ond specimen (no. 57) ,  hesitatingly placed in this species 
by Stensio ( 1 927 ,  pp. 272-274 ; fig . 69 ; pls . 3 4 ;  3 6 : 4) ,  in the same 
species as the holotype but that is must lepresent a new species.  There 
is, however, reason to believe that this specimen als o will prove to be 
a Securiaspis .  On account of the imperfect state of preservation and 
the distortion to which its shield has been subjected, it is not possible 
to obtain a correct idea of the real shape and proportions of the shield 
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nor of severai other important characters, e .  g. the shape of the sensory 
fields .  It is therefore preferable to await more and better preserved 
material before naming and diagnosing this species . 

In the general shape of its cephalic shield S. staxrudi is most 
c10sely comparable to S. kitchini (Stensio 1 932 ,  p. 1 60) and S. quadrata. 
It differs from both species by its comparatively great size and the 
very long and slender cornua, from S. kitchini furthermore by the 
posterior direction of the cornua, from S. quadrata by the shape of 
the inter-zonal part and the dorsal sensory field. 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the upper parts : the horizon H (Stensio 1 927 ,  p .  275) ,  
Mt Ben Nevis [W.  of  the First Glacier] , in  the horizon G. 

L o c a l i t i e  s .  - Spitsbergen. E.  side of Red Bay :  Mt Ben 
Nevis, W. Plateau, in the Benneviaspis horizon (nos. A300 1 5-A3002 1 ) ;  
M t  Ben Nevis, without further indication as to locality (nos . 485-4 8 6) .  
The specimen, no .  A30022, hesitatingly placed here, was found on 
Mt Ben Nevis [W. of the First Glacier] , in the horizon G .  

The specimens nos . A300 1 5-A3002 1 were collected in  1 92 8  by 
Th. Vogt's expedition; nos. 485-486  by the ENS expedition in 1 9 3 9 .  

2 .  Securiaspis quadrata n.  sp . 

(Fig. 74 ;  pL 64.)  

D i a g n  o s i s . - A small Securiaspis species with maximum 
breadth of cephalic shield about one and a half times as great as length 
of shield in median line. Rostrai margin obtusely rounded without any 
rostrai angle ; lateral margins convex. Cornua projecting in posterior 
direction, moderately long and slender, extending slightly behind poste
rior end of inter-zonal part. Length of cornua contained slightly more 
than three times in distance of their tips from rostrai end of shield. 
Inner margins of cornua without dentic1es . Pectoral sinus fairly deep, 
with antero-median corner. Inter-zonal part comparatively short, broad, 
its breadth constituting somewhat less than half of maximum breadth 
of shield. Dorsal sensory field nearly three times as long as broad with 
maximum breadth in posterior half. Orbital openings large. Outer face 
of exoskeleton for the greatest part smooth ; superficial layer continuous .  

H o l o t  Y P e.  - Cephalic shield (ENS no. 484) .  
M a t e r i a L - The species i s  represented b y  the holotype (ENS 

no. 484) only, a cephalic shield in counter-part, wanting the posterior 
corner · of the inter-zonal part and the distal half of the right cornu. 

D e s  c r i p t i o n .  - The dimensions of the cephalic shield are 
as follows : the length in the median line is about 26 mm, the maximum 
breadth is estimated at 42 mm, and the breadth of the inter-zonal part 

28 
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at the postero-Iateral angles is 1 8  mm. The distance of the pine al 
foramen from the rostrai end of the shield is 1 4  mm. The height of 
the shield could not be measured, but is obviously very small . 

On the whole the cephalic shield is small, rather short, broad and 
flat with the maximum breadth (which lies near the tips of the cornua) 
about one and a half times as great as the length in the median line 
and distinctly greater than the distance of the tip of a cornu .from the 
rostral end of the shield . The shield is fairly rapidly decreasing in 
breadth anteriorly. The rostral margin is uniformly rounded without 
any rostral angle . At the boundary between the rostrai and the lateral 
margins there is on the right side a very obtuse and vaguely defined 
antero-Iateral angle which is almost lacking on the left side, and there 
is a still more obtuse angle at the basis of the cornu . Probably the 
irregularities are peculiar to this single specimen and are not charac
teristic of the species . The lateral margins are fairly convex . The 
cornua are comparatively short and slender; their length constitutes 
slightly less than one-third of the distance of their tips from the rostrai 
end of the shield ; they are directed posteriorly and extend backwards 
to a point slightly behind the posterior end of the inter-zonal part ; their 
outer margins are slightly curved in median direction , and their inner 
margins are devoid of denticles .  The pectoral sinus · are broad and fairly 
deep ; they have a rather distinctly marked but rounded antero-median , 
and a much more obtuse ante ro-lateral corner.  The inter-zonal part i s  
comparatively short and broad with a rather uniform breadth decreasing 
very slightly towards the postero-Iateral angles ; the breadth is contained 
somewhat less than two and a half times in the maximum breadth of 
the shield . The posterior margin evidently forms a very obtuse median 
angle, which is very little protracted backwards . The margin between 
the posterior angle and each of the postero-lateral angles is almost 
straight. The dorsal sensory field is long and rather narrow ; the length 
is almost three times as great as the maximum breadth, which lies at 
the posterior third of its length ; the field is thus elongate , and reversely 
ovate in outline, the anterior and posterior margins being rather narrow. 
The distance of the posterior margin from' the posterior end of the shield 
could not be measured but was evidently small . The lateral sensory 
fields extend backwards almost as far as to the middle of the length of 
the cornua.  The orbital openings , which are very large in proportion 
to the size of the shield, are situated somewhat nearer to the posterior 
than to the rostrai end of the shield ; they are roundedly oval in shape . 
The antorbital prominence is quite inconsiderable . The circum-orbital 
ridge is very narrow and only slightly elevated on the lateral borders 
of the orbital openings .  There is no independent pine al plate . The 
circum-nasal fossa is rather long and narrow, forming an acute-angled 
triangle. 
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Fig. 7 4 .  - Securiaspis quadrata n. sp. Restoration 

of the cephalic shield, dorsal view. After the holo

type (ENS no. 484). Nat. size. 

The exoskeleton is very imperfectly preserved. Apparently the 
superficial layer is continuous and smooth without any ornamentation 
except on the rostral and lateral margins of the shield, where the outer 
face is provided with low ridges, running parallelly to the margins as 
in. S.  staxrudi. In these places also the vascular canals are disposed in 
c10sely set rows in the same way as the superficial ridges . Elsewhere 
on the dorsal side of the shield there are regular radiating canals and 
the mucous canal system seems to form a fine-meshed network. 

Only parts of the grooves of the sensory line system could be 
observed, which are indicated in fig . 74 .  

The endoskeleton is fairly well ossified and severai of the super
ficial canals are exposed. The canal seil reaches to a point about mid
way between the orbit and the lateral field, or somewhat nearer to the 
latter, before it bifurcates . The canal vls3 opens into the canal vel 
and with a small anterior part into the postero-dorso�lateral corner of 
the orbit ; the canal vls4 opens together with the canal vls3 or slightly 
behind it into the canal vel. The canals vls5-vls7  join apparently into 
a common trunk which opens into the canal vel. 

R e m  a r k  s. - S. quadrata resembles S.  staxrudi (p. 429 and 
Stensio 1 927 , ' p .  272) and S. kitchini most c1osely, but differs from the 
first mentioned species mainly by the small size of the shield and by 
the comparatively short cornua, and from the latter, which is of about 
the same size, by a somewhat shorter shield , by the shape and direction 
of the cornua, and by the shape of the pectoral sinus, the inter-zonal 
part and the dorsal sensory field. 

G e o  l o g  i c a l h o r  i z o n . - Lower Eodevonian (Dittonian) : 
Red Bay series, the upper parts (the Ben Nevis division) . 

L o c a l i t y .  - Spitsbergen. E. side of Red Bay :  Mt Ben Nevis . 
The single specimen was collected by the ENS expedition in 1 9 3 9 .  

Securiaspis sp . 

(Pl . 6 3 : 2 .) 

The specimen (Pal . Mus . Oslo no. A3002 3) ,  described below, con
sists of a rather fragmentary cephalic shie1d, laeking parts of the rostrai 
border and portions of the lateral regions inc1uding the two cornua; as 
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it is also somewhat asymmetrically developed, it is impossible to restore 
the original shape of the shield. It is beyond doubt that we here have 
to deal with a form belonging to the genus Securiaspis but it can not 
with any certainty be referred to any of the known species of the genus, 
and possibly represents a species of its own. 

D e s  c r i p t i o n .  - The length of the shield in the median line 
amounts to about 3 1  mm and the breadth of the inter-zonal part across 
the postero-Iateral angles is 1 5  mm; the distance of the pineal foramen 
from the posterior end of the shield is 1 4 . 5  mm. In size this speci
men is comparable to S. kitchini and S. quadrata. The shield has with 
certainty been very broad. The rostrai margin is broad and rounded 
but whether there was an obtuse rostrai angle or not is impossible to 
say as the very apex of the rostrai margin is lacking. The development 
and the direction of the cornua are unknown. The pectoral sinus are 
very probably broad and rather shallow ; the preserved parts resemble 
those of S. kingi . The inter-zonal part is rather long and rapidly 
narrowing backwards ; its seems very uncertain if a dorsal median crest 
was present. The dorsal sensory field is elongate and about two and a 
half times as long as broad with truncated anterior and posterior margins. 
The lateral sensory fields are not preserved. The orbital openings are 
roundedly oval in shape ; they are situated somewhat nearer to the 
posterior than to the anterior end of the shield. There is no independent 
pine al plate. The short triangular fossa circum-nasalis is rather deep 
anteriorly. There is a distinct though rather low antorbital prominence 
as in S. staxrudi . 

The superficial and middle layers of the exoskeleton are for the 
most part completely abraded but in some places we notice that the 
superficial layer is continuous and quite smooth, pierced by the pores 
of the mucous canal system, which system thus is enc10sed in the 
exoskeleton and very probably forms a uniform, fine-meshed plexus. 
The horizontal vascular canals in the middle layer seem to have been 
developed as radiating canals and the corresponding canals along the 
lateral borders of the shield run in paraBel rows along the margins. 

Some parts of the endoskeletal canals are preserved. The canal 
seil runs undivided to about midway between the orbit and the lateral 
field. The canal vls3 opens directly into the orbit. 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series, the Ben Nevis division. 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay :  in the moraine 
of the Andree Glacier between Fraenkel Ridge and Mt Ben Nevis. 

The single specimen was collected by the expedition of Th. Vogt 
in 1 92 8 .  
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Genus Tegaspis n. gen. 

(rtyoe;, roof; 1'CO(Ue;, shield .) 

1 927.  Cephalaspis in part, StensiO, pp. 246, 278-279 .  

D i a g n  o s i s . - A cephalaspid genus with rather broad cephalic 
shield. Cornua weU developed, extending backwards at least as far as 
posterior end of inter-zonal part. Pectoral sinus broad, fairly weU 
defined. Inter-zonal part rather short ; dorsaUy with low median ridge ; 
posterior angle very slightly protracted backwards ; postero-Iateral angles 
not protracted ; posterior margin between posterior and postero-Iateral 
angles not emarginate. Sensory fields weU developed, consisting of an 
unpaired dorsal field and a pair of lateral fields ; dorsal field rather 
short, lateral fields ending posteriorly in front of pectoral sinus, not 
extending backwards on to cornua, with strong postero-median proeess .  
No independent pineal plate. First nerve canal for lateral sensory field 
branching at a point about midway between orbit and lateral field . 
Canal for r .  mandibularis trigemini running entirely behind first nerve 
canal for lateral sensory field. Common canal for united dorso-Iateral 
superficial veins 3 and 4 opening behind orbit into canal for vena 
capitis lateralis . Superficial layer of exoskeleton discontinuous ;  middle 
layer with radiating canals ; ringsinus weU developed. Mucous canal 
system not enc10sed in exoskeleton. 

T y P e s p e c i e s .  - Cephalaspis kolleri Stensio . 
R e m  a r k  s .  - This genus in erected for one species which differs 

from all other Cephalaspids in such a way that it is impossible to inc1ude 
it in any of the hitherto known genera without arbitrarily altering the 
definition of the respective genus. 

With our present knowledge the genus Tegaspis is to be considered 
as probably akin to both Benneviaspis and Cephalaspis. It resembles 
the first genus in the disposition of the canal seil  and the canal vls3 
(this latter character is perhaps, as diseussed before, p .  240, of minor 
importance) , and to same extent as regards the shape of the lateral 
sensory fields . In both genera we observe a generaUy strongly developed 
postero-median process of the lateral fieid over the shoulder-girdle, but 
in Benneviaspis the lateral fieids lie much nearer to the lateral margins 
of the shield and there is also a postero-Jateral corner or process on to 
the basal part of the cornu ; this proeess is entirely laeking in Tegaspis 
in which the lateral fields He rather remote from the margins of the 
shield. Tegaspis differs furthermore from Benneviaspis with regard to 
the shape of the inter-zonal part and in the development of the exo
skeieton: in Tegaspis the exoskeletal component of the inter-zonal part 
reaches much farther backwards than the endoskeletal component, and 
the margin between the posterior and the postero-Iateral angles is not 
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emarginate ; in its middle layer the exoskeleton contains weU developed 
radiating canals . Tegaspis also presents severa,! characters in common 
with the genus Ectinaspis but differs from that genus by the dissimilar 
shape of the lateral sensory fields and the inter-zonal part, and also 
to some extent by the structure of the exoskeleton. From Cephalaspis, 
which genus Tegaspis resembles in the inter-zonal part and the minute 
structure of its exoskeleton, it differs by the disposition of the branches 
of the canal seI l  and the canal vlsg , as weU as by the shape of the 
lateral sensory fields. The speeies C? pedata, doubtfully referred to 
Cephalaspis, is in this latter respect intermediate between Cephalaspis 
and Tegaspis. 

Tegaspis comprises as yet only the speeies T. kolleri, which (based 
on imperfectly preserved specimens) was originaUy referred to Cephal
aspis by Stensio ( 1 927 ,  p. 278) .  

The genus is only known from Spitsbergen, where i t  occurs in  the 
upper division of the Red Bay series (Dittonian) . 

Tegaspis kolleri (Stensio) . 

(Fig. 75 ; pls . 65 : 1 ;  6 6 ;  1 1 6 : 1 . ) 

1 927.  Cephalaspis kol/eri, Stensio,  p. 278 ;  fig. 72 ;  pls. 3 1 :2 ;  3 2 : 3 ;  4 3 : 2  (not pl. 40:2). 

D i a g n  o s i s . - Same as for genus (only species) . 
H o l o t  y P e. - Cephalic shield (no . 60) in the Palaeontological 

Museum, Oslo (Stensio 1 927 ,  p. 278) .  
M a t  e r i a L - The material referable to  this species consists 

of eight specimens (PaL Mus . Oslo nos .  A300 1 0-A300 1 3  and ENS 
nos . 480-48 3) .  No. 4 8 3  (pL 66) consists of an almost complete 
cephalic shield, partly in counterpart ; no. A300 1 0  (pl . 65 : 1 ) of a fairly 
weU preserved shield in counterpart, laeking most of its right side and 
the distal part of the right cornu, and no. 482  mainly of the dorsal 
exoskeleton of the right side of a shield, exposed in ventrai view and 
showing some impressions of superficial nerve and vascular canals . 
The remaining specimens consist either (nos . 480-48 1 )  of rather in
completely preserved shields or (nos . AJOO l l -A300 1 3) only of frag
ments of such shields . 

D e s  c r i p t i o n .  - The length of the shield in the median line 
is estimated at 1 5  cm in no . 483  and at 1 3 .5 cm in no. A300 1 0 .  The 
breadth of the shield between . the middle parts of the cornua is in 
no. 48 1 about 24 cm and in no. 4 8 3  2 1 . 5 cm. The posterior breadth 
of the inter-zonal part is in no. 4 8 3  7 . 4  cm and in no. A300 1 0  7 . 2  cm, 
and its height is in no . 4 8 3  about 3 . 5  cm and in no. A300 1 0  about 4 cm. 
All the shields seem to be of approximately the same dimensions and 
the species must have attained a very large size . 
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Fig. 75 .  - Tegaspis kolleri (StensiO). Restoration Of cephalic shields in dorsal view, 
A, after ENS no. 483 ,  B, after Pal. Mus. Oslo no. A300 10 .  !h .  

The cephalic shield i s  sdmewhat variable i n  shape, being somewhat 
broader and shorter in some specimens than in others (see fig . 75A, B) 
but the maximum breadth of the shield is always considerable (about 
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one and a half to one and three-quarter times) greater than the 1ength 
of the shield in the median line. The maximum breadth is slightly or 
distinetly greater than the distance of the tip of a cornu from the rostrai 
end of the shield. The shield narrows more or less rapidly forward. 
The lateral margins are somewhat more strongly curved at the bases of 
the cornua and at the transition into the rostrai margin than in their 
middle parts ; between the rostrai and the lateral margin a fairly dis tinet 
but rounded and very obtuse antero-Iateral angle is thus of ten developed. 
A more or less obtuse rostrai angle is present. The cornua which are 
rather long, project in a posterior and slightly lateral or in a more 
postero-Iateral direction and reach backwards behind the level of the 
posterior end of the inter-zonal part. The length of the cornua is con
tained probably about three times in the distance of their tips from the 
rostrai end of the shield. The cornua are flattened in their basal half 
but more rounded in cross-section distal 1y ; they are distinetly curved 
in median direction and the maximum breadth of the shield does not 
lie between the tips of the cornua but across the middle parts . The 
"dentic1es", mentioned by Stensio ( 1 927 , p. 278) ,  are only a part of 
the general ornamentation of the outer face of the exoskeleton which 
occurs also on the median side of the cornua. The pectoral sinus are 
well defined, not very deep but rather broad although the breadth is 
somewhat variable ; they have more or less distinctly defined antero
median and antero-Iateral corners . The inter-zonal part of the shield is 
rather short and fairly narrow, decreasing in breadth towards its postero
lateral angles where the width is about one-third of the maximum breadth 
of the shield. The posterior angle of the inter-zonal part is very obtuse 
and reaches backwards to a point only slightly behind the postero-Iateral 
angles. The posterior margin between the posterior and the postero
lateral angles is almost straight when viewed from above . Dorsally the 
inter-zonal part is provided with a low, broad, not very sharp-edged 
ridge which extends from a point just behind the dorsal sensory field 
on to the posterior end of the shield . The dorsal sensory field is slightly 
variable in shape, being rather short and bro ad or fairly narrow, and 
about one and a half times to about twice as long as broad ; its lateral 
margins are alm ost straight and the anterior and posterior margins are 
on the who1e truncated, the anterior one is of ten somewhat emarginate ; 
the field is thus almost rectangular in outline. The distance between 
the posterior margin of the field and the posterior end of the shield is 
somewhat greater than the length of the field. The lateral sensory fields 
gradually taper anteriorly towards their rather pointed anterior ends . 
They He here fairly near to the antero-Iateral margins of the shield but 
on running backwards diverge from the lateral margins of the shield 
and are directed towards the zonal part in front of the pectorai sinus ; 
they are here provided with a rather strongly developed postero-median 
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process which extends towards the inter-zonal part but which does not 
enter this part. Thus the fields do not extend on to the cornua, and 
they have antero-medially to the bases of the cornua no lateral process 
but an almost right-angled and strongly rounded postero-Iateral corner. 
The distance between the antero-median ends of the two fields is vari
able, being one and a half to two and a half times as great as the inter
orbital breadth. The orbital openings, which are roundedly oval in 
shape, are very small in proportion to the size of the shield ; they are 
situated at about the middle of the length of the shield in the median 
line. The circum-orbital ridge is strongly developed. The antorbital 
prominence is pronounced. The pineal foramen is not located in a sepa
rate plate. The naso-hypophyseal opening is small and narrow. The 
circum-nasal fossa is broad and shallow, not very well defined. 

The exoskeleton (cf. pl. 1 1 6 : 1 )  is rather imperfectly preserved. Its 
outer face is ornamented with tuberc1es . In front of the naso-hypo
physeal opening in no. 48 1 there are large but probably rather flattened 
tuberc1es, each of them situated in the centre of a polygonal area and 
surrounded by rather numerous small, more or less elongated tuberc1es ; 
laterally to the posterior part of the lateral sensory field in the same 
specimen there are, however, only small tuberc1es, c10sely set, but 
irregularly disposed. The superficial layer and the outer division of 
the middle layer are present only in the tuberc1es . The lower division 
of the middle layer contains radiating canals of very fine calibres . The 
basal layer contains rather wide ringsinus which divide the layer into 
distinct polygonal areas . These polygonal areas are of very varying size 
in the different parts of the shield ; in the inter-zonal part in no. 4 8 3  
they are o n  the average 4 m m  i n  diameter but laterally to the posterior 
part of the lateral sensory field in the same specimen there are poly
gonal areas measuring only about 2 mm in diameter. The mucous 
canal system was not enc10sed in the exoskeleton but was situated in 
open circum-areal grooves ; whether there also are intra-areal grooves 
or not, could not be ascertained. The ornamentation of the plates 
covering the sensory fields consists of small tuberc1es. 

The endoskeleton is imperfectly or not at all preserved. In some 
specimens (nos . 482-4 8 3) the canals for superficial nerves and vessels 
could be seen. The canal sei l  is divided into two branches at a point 
about midway between the orbit and the lateral field. The canals vls3 
and vls4 unite to form a short common trunk which opens into the 
canal vel behind the orbit ; the canal vis';)  and vls6 apparently also join 
into a common canal before opening into the canal vel. 

R e m  a r k  s. - The species T. kolleri originally was included in 
the genus Cephalaspis (Stensio 1 927,  p .  278) .  As seen from the descrip
tion of the better preserved material now at hand, it is evident that the 
species cannot pertain to this genus but must form a genus of its own. 
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In the general shape of its shield the speeies is much Cephalaspis-like, 
and fragmentary shields not showing the characteristic generic features , 
can possibly be confused with some of the larger species in this genus, 
e .  g .  C. tenuicornis (in which the cornua are rather similar to those in 
T.  kolleri) and C? pedata . If parts of the lateral sensory field are 
preserved, exhibiting either the pointed anterior end or the peculiar 
shape of the posterior part, the shields or shield-fragments of T. kolleri 
are easily recognizable . 

Of the original material of C.  kolleri, no. 6 1  (Stensio 1 927 ,  pl. 40 :3 )  
and no. 63  do not belong to  this species.  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series,  the Ben Nevis division. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay: the Andree 
Glacier, S. half, W. part, in the moraine (nos . 48 1 ,  483 ) ;  Mt Ben Nevis , 
in talus (nos . 480 ,  482) ,  in the horizon f-g (no. A300 1 2) ,  in the 
Benneviaspis horizon (no. A300 1 1 ) ,  S. , E .  slope, in the talus masses 
("Ben Nevis Uren Sø Skr ." ; no. A300 1 3) ,  the Second Glacier, in the 
moraine ("Cephalaspis moraine" ; no; A300 1 0) .  

The spee imens nos . A300 1 0-A300 1 3  were collected by  Th. Vogt's 
expedition in 1 92 8 ,  the others (nos . 480-483) by the ENS expedition 
in 1 939 .  

Genus Ectinaspis n.  gen . 

(EXTE1YE1Y, to spread out ; Ctennc;, shield. ) 

D i a g n  o s i s . - A cephalaspid genus with broad and depressed 
cephalic shield. Cornua weU developed, directed postero-Iaterally and 
extending backwards behind posterior margin of inter-zonal part. Pec
toral sinus weU developed but shallow. Inter-zonal part broad and 
rather long without dorsal ridge or spine ; posterior angle rounded, 
postero-Iateral angles slightly protracted . Sensory fields weU developed, 
consisting of an unpaired dorsal and one pair of lateral fields ; dorsal 
field broad and short, lateral fields extending only over basal parts of 
cornua, with distinet postero-medially protracted angle . Orbital openings 
situated about midway on shield . Independent pineal plate present . 
First nerve canal for lateral sensory field running undivided until some
what mediaUy to lateral field . Canal for dorso-Iateral superficial vein 
3 opening into postero-Iateral corner of orbit. Superficial layer of exo
skeleton (probably) continuous , middle layer with radiating canals . 
Mucous canal system enc10sed in exoskeleton. 

T y P e s p e c i e s .  - Ectinaspis heintzi n .  sp . 
R e m  a r k  s. - This genus is only a provisional one, based as 

it is only on one species, which furthermore is represented by a single, 
partly imperfectly preserved speeimen. In its structure ' it is connected 
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to some other weU defined · genera, but it cannot be included in any 
of them. Temporarily it seems to be most advisable to classify this 
aberrant species in a genus of its own. 

The genus Ectinaspis can be compared most c10sely with Cephal
aspis, Benneviaspis, Tegaspis and Securiaspis. In the general shape of 
the cephalic shield, Ectinaspis resembles some species of Cephalaspis 
(e . g .  C.  woodwardi and C.  deltoides) but the differences are striking if 
attention is paid to the disposition of the canal seIl ' the short dorsal 
sensory field, and the postero-median angles of the lateral sensory fields 
(this angle is, however, indicated in some Cephalaspis speeies, viz . 
C.  salweyi, C .  metopias and C? pedata) . The canal vIs:,! opens into the 
orbit as in Cephalaspis but (as mentioned before, p .  240) this character 
is probably of minor importance. With regard to the disposition of 
the canal seI l  this new genus reminds of Benneviaspis, Securiaspis and 
Tegaspis, in particular the first one, in which the canal branches rather 
far antero-lateraUy. From Tegaspis� which it resembles in the shape 
of the dorsal sensory field; Ectinaspis differs by the development of the 
lateral sensory fields, the presenee of a pineal plate, and by the general 
shape of the shieId. In this latter respect it reminds, to a certain degree, 
of some species .of Benneviaspis and Securiaspis. It differs from Bennevi
aspis by the development of the inter-zonal part and by the structure 
of the exoskeleton ; from Securiaspis it differs by the short inter-zonal 
part, by the shape of the lateral sensory field and by the short dorsal 
field, and from both genera by the possession of a pineal plate. 

Itseems as if Ectinaspis is possibly more closely related to Bennevi
aspis or Tegaspis than to Cephalaspis and Securiaspis, and this sup
position is based mainly upon the development of the canal seIl and 
the shape of the lateral sensory fieId . 

The genus Ectinaspis contains as yet only the type species , 
E. heintzi. 

Ectinaspis is only found in Spitsbergen and here in the lower 
divison of the Red Bay series (Dittonian) . 

Ectinaspis heintzi n .  sp . 

(Fig. 76 ;  pl. 67 . )  

D i a g n ·o  s i s . - Same as  for genus (only species) .  
H o l o ty p e .  - Cephalic shield (no . A300 1 4) in the Palaeonto

logical Museum, Oslo. 
M a t  e r i a 1 .  - The speeies is represented only by the · holotype 

(Pal . Mus . Oslo no. A300 1 4) ,  which consists of a fairly complete 
cephalic shield in counterpart, laeking a postero-lateral portion of its 
right side. 

D e s  c ri P t i o n .  - The length of the shield in the median line 
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is 3 1  mm, the maximum breadth, which lay between the tips of the 
cornua,  is estimated at 65 mm, the distance from the tip of the cornu 
to the rostraI end of the shield is 47 mm, and the maximum height, at 
the posterior end of the inter-zonal part, can be estimated at 7-8 mm. 
The breadth of the inter-zonal part across the postero-lateral angles is 
about 22 mm. The distance of the pine al groove from the rostraI end 
of the shield is 1 4 . 8  mm, and from the posterior end 1 5 . 5 mm. As seen 
from the measurements the cephalic shield is rather small and on a 
whole very broad and flat. 

The maximum breadth of the shield is about twice as great as the 
length of the shield in the median line and about one and a third times 
as great as the distance of the tip of a cornu from the rostraI end of 
the shield. The shield very rapidly narrows forward. The rostraI mar
gin is evenly curved without any trace of a rostraI angle , and there are 
no antero-Iateral angles between the ros1 ral and lateral margins . The 
lateral margins form an almost straight line from the rostraI margin as 
far backwards as to the middle of the length of the cornua. The cornua 
are directed postero-Iaterally ; in their distal parts they are slightly bent 
in posterior direction ; they are long and fairly strongly built and taper 
very slightly towards their tips which are bluntly rounded ; the length 
of the cornua is contained about two and a half times in the distance 
of their tips from the rostraI end of the shield. The median margins 
of the cornua are not provided with any real dentic1es ; the re are, how
ever, both on the median and the lateral margins (and probably all 
over the cornua) small blunt tuberc1es . The pectoral sinus are very 
broad and shallow, without any antero-Iateral or antero-median cor
ners . The inter-zonal part is short and very broad and somewhat nar
rowing backwards, its breadth between the postero-Iateral angles con
stituting just about one-third of the maximum breadth of the shield ; 
the postero-Iateral angles are somewhat protracted backwards, and the 
posterior margin between them and the posterior angle is slightly 
emarginate but not nearly as distinctly as in e. g. Benneviaspis . The 
posterior end of the inter-zonal part is rounded, not forming any distinct 
posterior angle, and reaches backwards about as far as the pestero
lateral angles. Most likely there is no dorsal crest or spine. The dorsal 
sensory field is fairly short and broad, about twice as long as broad. 
The rather narrow transverse anterior margin lies immediately be
hind the pineal groove ; the lateral margins are fairly distinctly convex, 
and the posterior margin is abruptly truncated. The ductus end 0-
lymphatici opened in the postero-Iateral eorners of the dorsal field . The 
distance of the posterior margin of the f ield from the posterior end of 
the shield is about one and a half times as great as the length of the 
field. The lateral sensory fields are rather narrow with somewhat 
varying breadth, and narrowest between the branches of the canals for 



Fig. 76.  - Ectinaspis heintzi n. sp . 

Restoration of the cephalic shield, 

dorsal view. After the holotype 

(Pal. Mus. Oslo no. A300 1 4). The 

posterior margin of the endo

skeleton indicated by dotted line. 

Nat. size. 
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the third and fourth nerves to the field ; posteriorly to this section they 
widen, reach postero-Iaterally on to the basal part of the cornua, and 
are postero-medially provided with a distinet angle or short proeess on 
the zonal part in front of the pectoral sinus. The distance between the 
antero-median ends of the two lateral fields is between three and four 
times as great as the inter-orbital breadth. The orbital openings, which 
are almost circular in shape, are situated at about the same distance 
from the rostrai as from the posterior end of the shield and from the 
pectoral sinus ; they are surrounded by a thin but rather high circum
orbital ridge. The inter-orbital breadth is rather small, being slightly 
greater than the transverse diameter of an orbital opening. No antorbital 
prominenee seems to have been developed. A pineal plate was developed 
(not preserved) . The anterior portion of the naso-hypophyseal opening 
is situated on the floor of a rather broad fossa circum-nasalis , while 
the middle and the posterior portion lie on a small, posteriorly more 
elevated, ridge. 

The exoskeleton is well developed but its outer parts are not easily 
accessible to examination. The superficial layer was probably con
tinuous and smooth without ornamentation,  at 1east this seems to be the 
case along the anterior margins of the shield. On the cornua, both on 
their median and lateral margins, as weU as along the posterior margin 
of the zonal part at the inner end of the pectoral sinus a few small, 
blunt tubercles are, however, observed. In the middle layer, there are 
dis tinet bundles of radiating canals of comparatively fine calibre. The 
radiating canals form rather distinet vascular areas with an average 
diameter of 1 .4 mm. In the most postero-Iateral portion of the inter
zonal part there are on the ventrai face of the exoskeleton some grooves 
(encircling polygonal areas) , which probably correspond to the ring
sinus in other Cephalaspids .  The basal layer of the exoskeleton is com
paratively thick. The mucous canal system is very probably entirely 
enclosed in the exoskeleton and, as far as could be ascertained, consists 
of a uniformly fine-meshed plexus. 

The endoskeleton is rather imperfectly preserved and the canals 
are difficult to observe. The endoskeletal component in the inter-zonal 
part is rather strongly emarginate between its posterior and postero-
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lateral ends and terminates much farther anteriorly than the exoskeletal 
component. The canal sei l  divides in two separate branches just medially 
to the lateral sensory field . The canal vls3 opens directly into the 
postero-dorso-Iateral part of the orbit; the canals vls.t and vis";) apparently 
unite into a common trunk before opening into the canal vel, whereas 
the canal vlsr. runs directly to this canal . 

R e m  a r k  s .  - Ectinaspis heintzi is named in honour of Professor 
Anatol Heintz of th� University of Oslo, the eminent expert on fossil 
fishes, who has participated in many expeditions to Spitsbergen ; he was 
i. a. one of the leaders of the ENS expedition in 1 9 39 ,  and has collected 
a large part of the material here described. 

The speeies is distinguished by the characters given in the generic 
diagnosis, and the specimens belonging to it can, when adequately 
preserved, easily be determinated. In the general shape of its shield 
the species resembles some Spitsbergen Cephalaspis speeies, C. deltoides 
and C. divaricata, and als o slightly the much smaUer Benneviaspis 
longicornis . 

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series,  the Primaeva horizon. 

L o c a l i t y . - Spitsbergen . E .  side of Red Bay: Fraenkel Ridge, 
S .  W. part, in the Primaeva horizon. 

The single speeimen was collected by Th . Vogt's expedition in 1 92 8 .  

Genus Benneviaspis StensiO.  

] 927.  Benneviaspis, Stensio, p .  288 .  

1 932 .  Benl1eviaspis, Stensio, p .  1 52 .  

D i a g n  o s i s . - A cephalaspid genus with short, broad and 
depressed cephalic shield . Anterior margin of shield obtusely rounded 
without rostral proeess . Cornua fairly well to strongly developed, 
projecting in postero-Iateral direction but never extending far behind 
posterior end of inter-zonal part. Pectoral sinus broad and usually 
shallow. Inter-zonal part closed ventrally, rather rapidly narrowing 
backwards, with protracted posterior and postero-Iateral angles and 
distinet inter-zonal sinus ; dorsally without median ridge or spine . Sen
sory fields well developed, consisting of. an unpaired dorsal field and 
one pair of lateral fields ; lateral fields extending over proximal parts of 
cornua ; provided with more or less marked postero-median angle or with 
strongly developed postero-median proeess on to inter-zonal part in 
front of postero-lateral angles. No pine al plate . First nerve canal for 
lateral sensory field extending undivided at least as far as midway be
tween orbit and lateral field . Main part of canal for r .  mandibularis 
trigemini lying behind first nerve canal for lateral sensory field . Canal 
for dorso-Iateral superficial vein 3 generally opening into canal for vena 



- 447 -

capitis later alis behind orbit. Superficial layer of exoskeleton continuous. 
No radiating canals in middle layer. Mucous canals system enc10sed in 
exoskeleton, forming fine-meshed plexus . (Modified after Stensio 1 9 32 . )  

T Y P e s p e c i e s . - Benneviaspis holtedahli Stensio ( 1 927,  by 
monotypy) . 

R e m  a r k s .  - To the characters of the genus given in the diag
nosis above the following comments and supplements may be added. 

The eanal seI l  divides in general into two separate branches distinetly 
nearer to the lateral field than to the orbit ; an exception from this rule 
presents the Benneviaspis sp . figured by Stensio 1 9 3 2  (pl .  48 : 1 ) .  The 
canal vIss or the common trunk arising from the junction of the canals 
vIss and vls4 generally opens into the canal vel behind the orbit but 
sometimes in the postero-dorso-Iateral part of the orbit ; this character 
has evidently not been firmly established in the genus'. The canal vel 
runs behind the orbit in a straightly posterior direction.  The inter
zonal sinus are distinet and the exoskeletal component extends back
wards slightly behind the endoskeleton. With regard to the shape of the 
lateral sensory fields the species of the genus can be split into two 
groups .  In the first group, which comprises B. holtedahli, B .  lankesteri, 
B .  angliea, B .  longicornis, B .  platessa, and B .  sp. 1 ,  the postero-median 
angle of the fields is only indistinctly protracted (B . longicornis) or 
forms a moderately developed proeess over the zonal part in front of 
the pectoral sinus.  The second group inc1udes B .  grandis and B .  lov
greeni, and here the postero-median proeess is very strongly deve1oped, 
extends backwards to the inter-zonal part of the shield and ends in 
front of the postero-Iateral angles ; in this re speet the fields remind of 
those in Boreaspis .  

As to the systematic postition of Benneviaspis, Stensio ( 1 927 ,  
p.  2 8 8 ;  1 9 32 ,  pp . 1 52 ,  1 5 3) has emphasized that the genus i s  most 
c10sely akin to Hoelaspis, Boreaspfs, Kiaeraspis, and Securiaspis and 
on the same argumentation ' as us ed by him the new genera Tegaspis, 
Ectinaspis, Nectaspis, and A xinaspis can also be taken into considera
tion. The genus must, , however, be considered as most closely related 
to the genera Hoelaspis ' and Boreaspis on account' of resemblances in 
the general shape of the cephalic shield, a similar development of the 
inter-zonal part, of likenes ses in the shape of the sensory fields as well 
as with regard to the similar minute structure of the exoskeleton. 

It seems not at all improbable that the ancestors of Hoelaspis are 
to be searched for in some species group in Benneviaspis, possibly 
c10sely related to B .  longicornis. 

The following named species are at present inc1uded in the genus ,  
viz . B .  lankesteri Stensio and B.  angliea Stensio from the Dittoilian ' of 
England, B .  holtedahli Stensio, B ,  longicornis Wangsjo and B .  platessa 
n. sp. from the Red Bay series in Spitsbergen, B .  grandis ri. sp . ,  
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B .  maxima n .  sp. and B .  IOvgreeni n. sp. from the Wood Bay series in 
Spitsbergen. It can be added that the genus is also represented in the Old 
Red of Podolia (according to verbal information by W. Zych and later 
confirmed by some speeimens which I have seen) . 

It may be noted here, that a fragment of a large cephalaspid 
shield from the Wood Bay series , described and figured by Stensio 1 927 
(p . 285 ; pl .  6 :2) ,  with all probability belongs to the genus Benneviaspis 
(see below, p .  465) .  An imperfeet cephalic shield, hesitatingly placed 
in Cephalaspis arcticus by Stensio ( 1 927 ,  p. 2 8 0 ;  pl. 40 :5 ) ,  als o belongs 
to Benneviaspis; the shield reminds of that of B. holtedahli but is much 
smaller, and probably represents a new species . 

With reg ard to its geological range the genus was so far known 
to oceur in the Dittonian of England, and in Spitsbergen in the Red 
Bay series, in age eorresponding to the Dittonian, but is now als o found 
with three species in the lower division of the Wood Bay series (which 
very probably is of Siegenian age) , and with one (Benneviaspis sp. 2) 
in the upper parts of the same series. 

A. S p e  c i e s f r o m t h e  R e d  B a y s e r  i e s .  

1 .  Benneviaspis longicornis Wlingsjo .  

(Fig. 77 ; pl .  6 8 : 3 . ) 

1 937 .  Benneviaspis longicornis, Wiingsjo, p. 209 ; figs. 1-2.  

D i a g n  o s i s . - A Benneviaspis species of small size with maxi
mum breadth of cephalic shield probably more than twice as great as 
length of shield in median line. Lateral margins of shield distinctly 
concave. Cornua directed laterally and slightly backwards , slender and 
very long ; inner margins without dentic1es .  Pectoral sinus very shallow. 
Inter-zonal part rapidly narrowing backwards, its posterior breadth less 
than one-third of maximum breadth of shield ; posterior angle reaching 
baekwards beyond tips of postero-Iateral angles . Dorsal sensory field 
about three times as long as broad. Lateral sensory fields extending 
backwards on basal part of cornua, with obtuse postero-median angle 
on shoulder-girdle . 

H o l o t  Y P e .  - Cephalic shield (no. A24900) in the Palaeonto
logical Museum, Oslo. 

D e s  c r i p t i o n. - For a detailed account, the reader is referred 
to the original description. Here only some corrections and addenda 
will be given, as well as a new restoration of the cephalic shield (fig . 77) .  
In the original restoration the lateral and the rostrai margins were 
thought to be evenly curved but considering the shape of the shield 
in some other Benneviaspis species (B. . lankesteri, B .  angliea, B .  grandis, 
some specimens of B .  holtedahli and especially an undetermined species 



- 449 -

Fig. 77 .  - Benneviaspis longicornis Wangsjo. New 

restoration of the cephalic shield, dorsal view. After 

the holotype (Pal. Mus. Oslo no. A24900). Nat. size. 

from Podolia) and in Hoelaspis, I now think it not improbable that an 
obtuse antero-Iateral angle was present between the lateral and the 
rostraI margins . The configuration of the rostraI margin is unknown 
and there is nothing to prove that it was shaped as in the new restora
tion but the fact that B .  longicornis is very similar in other respects 
to an undescribed species from Podolia, in which the rostraI margin is 
very obtusely rounded. The most distal portion of the cornua is very 
slightly inclined backwards , a character which is also met with in 
B .  grandis and in Hoelaspis. The breadth of the inter-zonal part be
tween the postero-Iateral angles is rather small, constituting not quite 
one-third of the maximum breadth of the shield. The dorsal sensory 
field is elongate and somewhat reversely ovate in shape, the maximum 
breadth lying a little behind the middle of the length of the field. The 
field tapers anteriorly to a point closeJy behind the pine al foramen. 
The lateral fields have no postero-medial pro cess over the zonal part 
of the shield but are somewhat widened posteriorly and provided with 
an obtuse postero-median angle . Further cleaning of the speeimen has 
made it almost certain that there is no independent pineal plate . The 
naso-hypophyseal opening is rather large in proportion to the size of 
the shield and in comparison to other species of the genus ; it is very 
clearly subdivided into three sections and has not the narrow shape 
which is characteristic for the other species of the genus. 

With regard to the endoskeletal canals it must be noted that the 
proximal courses of the dorso-Iateral superficial veins are of ten followed 
with difficulty as the canals are widened and connected with each other 
so as to form a sinus plexus . The canal visa opens on the left side into 
the postero-dorso-Iateral corner of the orbit ; on the right side it appa
rently opens into the canal vel behind the orbit. 

R e m  a r k  s. - Previously (Wangsjo 1 93 7 ,  p. 2 1 1 )  I have pointed 
out the resemblances which exist between this species and the genera 
Securiaspis and Hoelaspis. More particularly it shows a certain likeness 
to Securiaspis kingi (Stensio 1 932 ,  p. 1 62 ;  the placing of the speeies 
in this genus is, however, open to some doubt) but it differs from this 
speeies and from the genus Securiaspis in general mainly by the develop
ment of the inter-zonal part of the shield. The similarities of the 
species with the genus Hoelaspis are especially significant as the genera 
Benneviaspis and Hoelaspis are thought to be very closely akin. One 
of the most striking differences between them lies in the absenee or 
presenee of a rostraI proeess . As the single specimen known of the 

29 
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species B .  longicornis is imperfectly preserved with regard to the anterior 
part of its shield nothing definite can be said about the shape of its 
rostral margin ; if the speeies really was provided with a rostral proeess 
it cannot be maintained in the genus Benneviaspis but must probably 
be transferred to the genus Hoelaspis .  But, as said above, B .  longicornis 
is very similar in the general shape of its shield to an undescribed 
Podolian species which undoubtly belongs to Benneviaspis, and I am 
therefore pretty certain that B .  longicornis really belongs to the same 
genus . To the other speeies from Spitsbergen and England it shows 
no c10ser affinities and is easily distinguished from them by the small 
size of its shield, and the slender and almost straight cornua.  

G e o  l o g  i c a l h o r  i z o n .  - Lower Eodevonian (Dittonian) : 
Red Bay series (Ben Nevis division) , the Vogti horizon . 

L o c a l i t y. - Spitsbergen. E .  side of Red Bay :  Mt Ben Nevis ,  
North Plateau, 600 m. 

The single speeimen was collected by Th . Vogt's expedition in 1 92 8 .  

2 .  Benneviaspis holtedahli Stensio. 

(Fig. 7 8 ; pls . 69-7 1 .) 

1 927 .  Benneviaspis holtedahli, Stensio, p. 2 8 9 ;  fig� 76 ;  pls .  4 1 -42;  43 : 1 .  

D i a g n  o s i s . - A Benneviaspis species of medium size with 
maximum breadth of cephalic shield about twice as great as length of 
cephalic shield in median line . Rostrai margin more or less rounded, 
without rostrai angle . Lateral margins of shield almost . straight to 
rather convex. Cornua broad and fairly long, their length constituting 
about one third of distance from their tips to middle of rostrai margin . 
luner margin of cornua without dentic1es. Pectoral sinus very broad 
and shallow. Inter-zonal part rapidly narrowing backwards , its posterior 
width contained about three times in maximum breadth . Dorsal sensory 
field of varying form, rather broad, with narrow posterior projection 
behind openings for ductus endolymphatici .  Lateral sensory field with 
rather long postero-median projection over zonal part. Orbital openings 
situated somewhat nearer to posterior than to rostrai end of shield . 

H o l o t  y P e. - Cephalic shield (no. 70) in the Palaeontological 
Museum, Oslo (Stensio 1 927,  p. 289) .  

M a t  e r i a l .  - In the new material a t  my disposal, the speeies 
in question is represented by no less than fourteen speeimens , viz . Pal. 
Mus . Oslo nos . A243 8 1 ,  A3000 1-3 0009 , ENS nos . 477-479 ,  6 1 3 ,  of 
which six, nos . A3000 l (pl . 70 :2) ,  A30002 (pl. 7 1  : 3) ,  A30004 (pl .  7 1  :2) ,  
A30008 , 477 ,  478,  consist of rather completely preserved cephalic 
shields in counterpart and five , nos . A30003 (pl . 69) ,  A30005 (pl . 70 : 1 ) ,  
A30006 (pl. 7 1 : 1 ) ,  A30007 , A243 8 1  of  fairly weU preserved shields , 
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Fig. 78 .  - Benneviaspis holtedahli Stensio. Restorations of cephalic shields, A-D in 
dorsal, E in ventraI view; A, after ENS no. 478,  B, -after Pal. Mus Oslo no. A30008, 
C, after Pal.  Mus. Oslo no. A3000 1 ,  D, after Pal. Mus. Oslo no. A30003 , E, mainly 

after Pal. Mus. Oslo no. A30006. % .  

while the , remaining three, nos . A30009 , 479,  6 1 3 , consist of frag
mentary shields only. In addition to these specimens I place here with 
some hesitation two rather small shield fragments (nos . 6 1 4, A30 1 00), 
too imperfectly preserved as to be definitely determined .  

D e s  c r i p t i o n .  - The dimensions (in mm) of some of  the 
cephalic shields are given below (a figure in brackets indicates an 
estimated measure) . 

Nos· 1 477 I 478 I A2438 !  I A3000! I A3OOO2 1 A3OOO3 1 A3OOO4 1 A3000S I A30008 

an line Length in medi 
Maximum brea 
Breadth of inter 

dth . .  
-zonal 
dy . .  part, posterio 

Distance of 

foramen from 
raI end of sh! 

pineal 
rost-

'eld . .  
ip of 

rostraI 
Distance of t 

comu from 
end of shield . . . . 

29 ' 
62 

22 

( 1 6) 

42 

29 (32) 
6 1  66 

22.5 (24) 

( 1 5) 1 8  

4 1  I 45 

29 33  3 1  - (35) (3 1 ) 
(65) 70 - (73) - (63) 

20 23 23 - 22 23 

1 6  1 9  1 8 .5  1 9  1 9  1 8  

4 1 46 - (45) - (42) 
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The real height of the shield could be measured only in one speci
men, viz . no. A3000 3 ,  where it amounts to 8 mm at the posterior 
end of the inter-zonal part. As is seen from the measurements given 
above and also from the restorations of some of the cephalic shields 
(fig . 78A-E) the shield of this speeies is of rather variable size and 
shape. On the whole the shield is very broad and flat ; its maximum 
breadth, which lies between the posterior ends of the cornua,  is about 
(or most of ten somewhat more than) twice as great as the length in the 
median line and about one and a half times as great as the distance of 
the tip of a cornu from the rostrai end of the shield . 

In the following are noted some variations in the characters of 
the cephalic shield and some divergences from the original description 
as also some addenda to it; for the rest the reader is referred to the 
exhaustive description by Stensio ( 1 927 ,  pp. 2 8 9-29 1 ) .  

The rostrai margin of the shield i s  generally uniformly rounded, but 
exceptions occur in some specimens ; it is thus very obtuse in no. A30003 ,  
and i n  no. A30002 there i s  a faint indication of a rostrai angle ; both 
these specimens exhibit a very obtuse but rather distinet angle at the 
transition of the rostrai to the lateral margins as is the case in the 
British species B .  lankesteri and B .  angliea . The lateral margin is gene
rally convex but in some specimens (nos . A3000 1 ,  A30006, A30007) 
it is rather straight and this fact is partly connected with the shape and 
direction of the cornua.  These latter arr. mostly of a short tri ang ul ar 
shape (cf. Stensio 1 927 ,  fig, 76A) but the length is somewhat varying, 
and in some specimens the cornua can project in a more or less posterior 
direction ; they reach, however, never behind the posterior end of the 
shield. According to the direction of the cornua, the pectorai sinus are 
of a variable shape . In no. A30006 it is distinetly seen that the zonal 
part reaches farther backwards dorsally than ventrally or, in other words, 
that the transverse posterior wall of the shoulder-girdle is inclined in 
a dorso-posterior to ventro-anterior direction and that the pectoral sinus 
thus has a different shape in dorsal and in ventrai view, being shallower 
in the first case than in the second. The inter-zonal sinus are of varying 
depth but they are deep or rather deep, and never shallow. The postero
lateral angles reach backwards to about the same level as the posterior 
angle ; in some cases they are very narrow and form in reality only 
the upper margins of the lateral walls of the inter-zonal part . The 
posterior margin of the ventrai portion of the inter-zonal part is medially 
somewhat emarginate, much as in B .  grandis . The shape of the sensory 
fields varies to some extent ; the lateral fields are generally much broader 
than in the restoration given by StensiO ( 1 927 ,  fig . 76A), and their 
postero-median proeess is considerably better developed, more in con
formity with those of B . lankesteri and B .  angliea (cf. Stensio 1 9 32 ,  
figs. 55-5 6). The dorsal field i s  o f  varying breadth and length but 
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generally rather characteristically shaped ; in the posterior third of its 
length, on a level with the openings for the ductus endolymphatici, it 
narrows, of ten abruptly, in such a way that a median proeess is forrned 
posterior to the main field. In an analogous way the field is of ten, 
especially when its breadth is very great, narrowed anteriorly between 
the posterior parts of the orbits . In nos . 6 1 4  and A3 0003 the dorsal 
field is very strongly developed, reminding of the field in the Bennevi
asp is species from the Wood Bay series. No independent pine al plate 
is present. The naso-hypophyseal opening is lengthened and narrow, 
with the three divisions indistinctly differentiated. The circum-nasal fossa 
is rather shallow and narrow, forming a very acutely angled triangle . 

The exoskeleton is very imperfectly preserved in most of the speci
mens. The superficial layer is continuous and generally quite smooth, 
only along the rostrai and lateral margins there is an ornamenta ti on 
of very delicate, low ridges, running parallelly to the margins . The 
mucous canal system was very probably developed as a fine-meshed net
work without any differentiation in circum-areal and intra-areal canals . 
No radiating vascular canals in the middle layer have been observed 
in any of the specimens . There are no ringsinus in the basal layer. 

Some of the grooves of the sensory line system have been observed 
in severai specimens, it suffices to notice that a posterior part of the main 
lateral line is found on the postero-Iateral angles of the inter-zonal part. 

Severai of the intern al structures are seen in the different speci
mens. The canal vIs3 is not distinetly seen in the specimens figured by 
StensiO ( 1 927 ,  pls . 4 1-42 ; 43 : 1 ) ;  in no. A30005 of the new material 
the canal in question must have opened into the canal vel just behind 
the orbit ; in nos . A3000 1 and A30004 it joins the canal vel4 (as is the 
case in B .  lankesteri, B .  angliea, and B .  sp . ,  Stensio 1 932 ,  figs.  1 0- 1 2 ;  
pls . 47 : 2 ;  48)  and the common trunk, thus formed, opened very probably 
into the postero-dorso-Iateral corner of the orbit (and not directly into 
the canal vel behind the orbit as in the British species just mentioned) . 

R e m  a r k  s .  - B .  holtedahli resembles rather much B .  Iankesteri 
(Stensio 1 932 ,  p. 1 5 3) but is distinguished from this speeies by the 
somewhat differently shaped cornua and principally by the shape of the 
dorsal sensory field. Among the Spitsbergen species it reminds in size 
and shape much of the unnarned species 2 (p . 466) from the Wood Bay 
series but its shield is broader, the cornua shorter, and the orbits placed 
rather far backwards on the shield . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Ctenaspis and Benneviaspis horizons. 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 
Nevis, in talus (nos. 477-479,  6 1 3) ,  plateau 350 m (no. A243 8 1 ) ,  
[W. plate au,  300-400 m] , in the Ctenaspis horizon (nos . A3000 1 ,  
A30003),  [W. side, 500-600 m] , in the Benneviaspis horizon (nos. 
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A30002 , A3 0004-A30009) . - Localities of the two specimens, hesi
tatingly placed here : Mt Ben Nevis, in the Benneviaspis horizon 
(no . A30 1 00) ; S. of the Andree Glacier, fossiliferous horizon about 
50 m above sea-Ievel (no. 6 1 4) .  

The specimen no. A243 8 1  was collected by  Th .  Vogt's expedition 
in 1 925 ,  nos . A3 000 1 -A30009 , A3 0 1 00 by his expedition in 1 92 8 ,  
and nos . 47 7-479 , 6 1 3-6 1 4  by  the ENS expedition in  1 9 3 9 .  

3 .  Benneviaspis platessa n. sp . 

(Fig. 79 ; pl. 7 2 : 2 .) 

D i a g n  o s i s . - A large Benneviaspis species with maximum 
breadth of cephalic shield somewhat more than twice as gre at as length 
of shield in median line. Rostrai margin convex , (probably) without 
angles at transition to lateral margins. Cornua long and slender, 
projecting in postero-Iateral direction ; inner margins without denticles . 
Pectoral sinus very bro ad and fairly shallow. Dorsal sensory field elon
gately oval, about twice as long as broad. Lateral sensory fields broad 
with triangular postero-median process over zonal part in front of pec
toral sinus.  Orbital openings very small in proportion to size of shield, 
lying probably far behind middle of length of shield in median line. 

R o l o t  Y P e. - Fragmentary cephalic shield (no. A2490 l )  in 
the Palaeontological Museum, Oslo . 

M a t  e r i a l. - In this species I place with certainty only the 
holotype (Pal. Mus. Oslo no. A2490 1 ) ;  it consists mainly of the dorsal 
exoskeleton of a cephalic shield, exposed in ventrai view ; the shield 
is very imperfect, lacking most of its right side, the inter-zonal part and 
po.rtions of the left lateral margin and of the left cornu . In addition to 
the holotype two small shield fragments (Pal. Mus . Oslo nos . A24902 , 
A3 0000) are referred with hesitation to the same species . 

D e s  c r i p t i o n .  - On account of the poor state of preservation 
very few exact measurements could be taken ; the distance of the pineal 
foramen from the rostrai end of the shield is thus 42 mm. It is, how
ever, evident that the shield is large, more than twice as great as that 
of B .  holtedahli but distinctly smaller than that of B. grandis . The 
shield is also much flattened in its present condition, with the height 
amounting to only about 5-6 mm. 

Although the cephalic shield is very imperfect, its shape could be 
restored with a fair degree of probability (fig. 79). The shield is very 
broad with the maximum breadth at least twice as gre at as the length 
of the shield in the median line, and probably considerably broader. 
The rostrai margin is preserved, it is convex without any trace of a 
rostrai angle and very probably passing into the lateral margins without 
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Fig .  7 9 .  - Benneviaspis platessa n.  sp. Restoration of the cephalic shield, dorsal view. 

After the holotype (Pal. Mus Oslo no. A2490 1 ) .  About 1/2 • 

interruption by any antero-Iateral angles . The lateral margins are some
what curved. The cornua continue in the same direction as the lateral 
margins and project postero-lateraUy. They are long and slender, and 
their length is probably contained about two and a half times in the 
distance of their tips from the rostrai end of the shield . The inner 
margin of the preserved basal portion of the cornu is devoid of dentic1es . 
The pectoral sinus is very broad and rather shaUow ; the re is no antero
median but a faint antero-Iateral corner in the sinus . The inter-zonal 
part of the shield is not preserved but seems to be of a moderate breadth . 
The dorsal sensory field is very small in proportion to the size of the 
shield and also feebly developed in comparison with the lateral fields .  
It is elongately oval in shape with truncated anterior and posterior 
margins ; its length is twice as great as its maximum breadth ( 1 6  and 
8 mm, respectively) . The lateral fields are weU developed, the anterior 
third of the fields is somewhat widened, in the middle part they are 
rather narrow. The posterior part of the fields has a postero-Iateral 
triangular projection on to the basal part of the cornua and a somewhat 
narrower postero-median process reaching on over the zonal part in 
front of the pectoral sinus . The lateral fields are thus developed in 
the same way as those of B .  holtedahli . The orbital openings are very 
small in proportion to the size of the shield ; they are roundedly oval 
in shape and are situated far backwards, probably much behind the 
middle of the length of the shield in the median line. The circum
orbital ridge is very feebly developed. There is no independent pineal 
plate . The naso-hypophyseal opening is small and of about uniform 
breadth, its three divisions being hardly distinguishable ; the posterior 
end of the opening lies on the anterior portion of a small elevation . 
The circum-nasal fossa is divided into two independent, elongate, rather 
deep gro oves on each side of the naso-hypophyseal opening . 

The exoskeleton is very poorly preserved . The superficial layer 
is probably continuous and its outer face is probably smooth in the 
main parts of the shield but on the circum-orbital ridge there are very 
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small tubercles ; the dorsal face of the cornu is ornamented with small 
lengthened tubercles and on the lateral m argin the ornamentation con
sists of very delicate longitudinal ridges. There are no traces of any 
radiating canals to be detected in the middle layer. The mucous canal 
system was very probably developed as a very fine-meshed plexus and 
enclosed in the exoskeleton. 

Only faint traces of some of the canal layers in the endoskeleton 
can be seen. We thus find that the canal sel ,  is branching at  a point 
somewhat nearer to the lateral sensory field than to the orbit. 

R e m  a r k  s. - Although the specimen, on which this new species , 
B .  platessa, is erected, is very imperfectly preserved, it shows some 
peculiar characters which will render the species rather easily recog
nizable . It differs from most of the described species in the size of 
its shield, and from B .  grandis (p . 460) which it approaches in this 
respect, by the development of the sensory fields. Other peculiarities 
of B .  platessa are the small orbital openings, situated far backwards, 
and the dorsal field, strikingly small compared with the well developed 
lateral fields . 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
Red Bay series, the Benneviaspis layer . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben 
Nevis [W. side, 500-600 m] , the Benneviaspis horizon (no . A2490 l ;  
in the same piece of rock as B .  holtedahli, no. A30006). - The speci
mens hesitatingly placed here were found on Mt Ben Nevis , in the 
horizon J (no.  A24902) and the Benneviaspis horizon (no . A30000) . 

The specimens were all collected during Th. Vogt's expedition 
in 1 92 8 .  

Benneviaspis sp . l .  

(Fig. 8 0 ;  pl. 68 :2 . )  

The form described below and designed as  Benneviaspis sp .  1 is 
represented by a very fragmentary shield (Pal. Mus . Oslo no. A24899) ,  
which consists of the left side of a cephalic shield lacking portions of 
the inter-zonal part and the distal parts of the cornua. 

D e s  c r i p t i o n. - Because of the imperfect state of preserva
tion of the shield no exact measurements could be taken. The length 
of the shield (on the supposition that the posterior end of the shield 
reached backwards as far as the postero-Iateral angles) can be estim:tted 
at about 32 mm, the maximum breadth at about 5 5  m, the posterior 
breadth of the inter-zonal part at 2 1  mm and the distance of the pineal 
foramen from the rostrai end of the shield at 1 7  mm. In size the cephalic 
shield is thus comparable with that of B .  holtedahli, B .  lankesteri and 
B. angliea, and its general shape recalls that of B .  angliea . 
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Fig. 80 .  - Benneviaspis sp . 1 . Attempted restoration 

of the cephalic shield in dorsal view; after Pal. Mus. 

Oslo no. A24899.  % .  

The very rostral end of the shield is not preserved and it is thus 
uncertain whether there was a slight rostral angle or not. At the transition 
between the rostral and the lateral margins there is a dis tinet obtuse 
angle. The lateral margins are straight. The distal parts of the cornua 
are not preserved so that their actual length can not be ascertained ; it 
is, however, evident that the cornua are narrower and slenderer and 
more elongated than in B .  holtedahli, and they thus recall those of 
B .  angliea. The pectoral sinus are broad, but better defined than in 
B. holtedahli, and the speeimen seems in this respect to occupy an inter
mediate position between B. holtedahli and B. angliea . The sensory 
fields are very imperfectly preserved so that their real shape cannot be 
determined. The dorsal field was probably rather broad, its most anterior 
part is narrow with the very anterior margin rather deeply emarginate 
just behind the pine al foramen. The lateral fields are very broad and 
provided with a strongly developed postero-median proeess ,  reaching 
over the zonal part in front of the pectoral sinus. The orbital openings 
are rather small and oval. No independent pineal plate is present. The 
naso-hypophyseal opening is narrow and very elongated. 

The exoskeleton possesses a continuous superficial layer, and its 
outer face (as far as observed) it without any ornamentation. No radiating 
canals have been observed in the middle layer ; in the lower division of 
that layer there is ,  however, a horizontal network of irregularly anasto
mos ing vascular canals . The mucous canal system is enclosed in the 
exoskeleton and forms a fine-meshed plexus . 

Some portions of the sensory line system are observed. It may be 
sufficient here to point out that the groove mp (cf. B. holtedahli, Stensi6 
1 927 ,  fig . 76 ,  pc) is weU developed and rather long. 

R e m  a r k  s .  - As far as comparisons are possible this form is 
rather suggestive of the British species B. anglica (StensiO 1 932 ,  p. 1 5 6) 
in the general shape of its shield but differs i .  a. by the shape of the 
dorsal sensory field. It also seems to fall outside the range of variation 
of B .  holtedahli (p . 450 ;  Stensi6 1 927 ,  p. 289) .  On account of the 
imperfeet state of preservation of its shield, it does not exhibit many 
important characters, and it seems therefore most appropriate not to 
refer it to any of the known species nor to describe it as a new species 
but to place it as an undeterminable form of Benneviaspis. 

G e o  l o g  i c a l h o r  i z o n. - Lower Eodevonian (Dittonian) : 
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Red Bay series , the Ben Nevi s division (in layers very probably 
corresponding to the Benneviaspis horizon, cf. Kiær & Reintz 1 9 3 5 ,  
pp. 1 5-1 6) .  

L o c a l i t y . - Spitsbergen. E.  side of  Red Bay :  Mt Ben Nevis , 
N .  W. side, between the First and Second Glaciers ("Tunge") .  

The specimen was collected in  1 92 8  by Th . Vogt's expedition . 

B .  S p e  c i e s f r o m t h e  W o o d B a y s e r  i e s .  

4. Benneviaspis LOvgreeni n. sp . 

(Fig. 8 1 ;  pl .  75 : 1 . ) 

D i a g n  o s i s . - A Benneviaspis species of medium size with 
very broad cephalic shield . Lateral margins slightly convex with pro
nounced concavity at bases of cornua. Proximal parts of cornua directed 
laterally and slightly posteriorly. Pectoral sinus broad and shallow. 
Inter-zonal part rapidly narrowing backwards. Postero-Iateral angles 
extending backwards somewhat behind posterior angle . Dorsal sensory 
field very broad , its breadth somewhat exceeding its maximum length ; 
its most posterior part forming a small and narrow median process .  
Lateral sensory fields rather broad, extending in  postero-median direc
tion to a point somewhat in front of postero-Iateral angles of inter
zonal part. Orbital openings situated ne ar middle of length of shield 
in median line . 

R o l o t  Y P e. - Cephalic shield (ENS no. 6 1 2) .  
M a t  e r i a l .  - Only one specimen, the holotype (ENS no .  6 1 2) ,  

i s  placed here ; i t  consists mainly of the dorsal exoskeleton and parts of 
the left endoskeletal

. 
shoulder-girdle of a fragmentary cephalic shield, 

exposed in ventrai view, and lacks the rostrai end, most of the lateral 
parts on the right side, and the distal parts of the left cornu . 

D e s  c r i p t i o n .  - Owing to the imperfect state of preservation 
of the shield no accurate measurements can be given with the exception 
of the breadth of the inter-zonal part between the postero-Iateral angles 
which is 35 mm. The length of the shield in the median line can be 
estimated at 42 mm. It is evident that the species was of medium size 
but larger than B .  holtedahli . 

The rostrai margin is not preserved . The lateral margins are ante
riorly very slightly convex but provided with a distinct concavity at the 
bases of the cornua. Only the most proximal part of the left cornu is 
preserved, projecting in a lateral and slightly posterior direction and 
thus  forming an angle of about 70 degrees with the main axis of the 
shield. The pectoral sinus are broad and very shallow. The inter-zonal 
part is very broad but decreases rapidly in breadth backwards ; its 
postero-Iateral angles reach farther backwards than the posterior angle .  
The inter-zonal sinus are moderately deep and almost symmetrically 
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concave . The dorsal sensory field is very broad, with i ts  maximum 
breadth even somewhat greater than its length in the median line ; it 
reaches almost as far laterally as the lateral margins of the orbital 
openings. The field extends forwards between the orbital opening with 
two small lobes on each side of the pineal foramen ; posteriorly the field 
has a small narrow median proeess . The distance of the posterior end 
of this proeess from the posterior angle of the inter-zonal part is about 
half as great as the length of the field. The lateral sensory fields are of 
moderate breadth ; they possess a lateral proeess extending to the basis 
of the cornua but the exact shape of this proeess cannot be ascertained ; 
postero-medially the fields extend over the zonal part on to the inter
zonal part and end just in front of the postero-Iateral angles in the same 
way as in B. grandis. The orbital openings are of medium size, roundedly 
oval in shape ; they are situated about midway between the rostrai and 
the posterior end of the shield. The naso-hypophyseal opening is very 
small and narrow, its posterior portion lies on a small elevation but the 
circum-nasal fossa is rather feebly developed. 

Nothing can be sidd about the structure of the exoskeleton because 
of its poor state of preservation. 

Of the internal endoskeletal structUles some of the canals of the 
shoulder-girdle of the left side are displayed, i. a .  the large marginal 
vein sinus which is situated rather far medially . 

. 

R e m  a r k  s .  - B .  lOvgreeni is named in honour 'of Captain H. Lov
green of Norsholm (Sweden) who has given material assistance to severaI 
Swedish expeditions for the collection of vertebrate fossils . 

The species resembles B . grandis in ' the development of the lateral 
sensory fields, and in this respect is very distinetly different from the 
other described species of the genus (with the possible exception of 
B . maxima) . From B .  grandis and B .  maxima it is at once distinguished 
by the smaller size and the shape of the cornua. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, lowermost part of the C .  Kjeldsen division . 

L o c a l i t y . - Spitsbergen. W. s ide of Wood Bay :  Mt Sigurd, 
on the slope towards the Hoffnung Glaeier . 

. 

The single specimen was collected by the ENS expedition in 1 9 3 9 .  
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5 .  Benneviaspis grandis n .  sp . 

(Fig. 8 2 ;  pl. 7 3 .) 

D i a g n  o s i s . - A very large Benneviaspis speeies with maximum 
breadth of cephalic shield somewhat more than twice as great as length 
in median line . Rostrai margin very obtuse, without rostrai angle . More 
or less distinet antero-Iateral angles present between rostrai and lateral 
margins of shield ; lateral margins almost straight or slightly convex . 
Cornua rather long and slender ; their length contained about three times 
in distance of their tips from midd le of rostrai margin ; projecting in 
postero-Iateral direction ; distal parts slightly curved backwards ; inner 
margins without denticles . Pectoral sinus broad and shallow. Inter
zonal part rapidly narrowing backwards ; postero-Iateral angles reaching 
farther backwards than posterior angle . Dorsal sensory field broad, its 
maximum breadth in anterior part of field about as great as its length 
in median line ; anterior margin deeply concave ; posteriorly with narrow 
median posterior proeess. Lateral sensory fields broad, with triangular 
postero-Iateral proeess on to basal parts of cornua, and continuing in 
postero-median direction to a point slightly in front of postero-Iateral 
angles of inter-zonal part. Orbital openings far apart, situated in front 
of middle of length of shield in median line . Naso-hypophyseal opening 
between middle and posterior parts of orbital openings. 

H o l o t  Y P e .  - Cephalic shield (ENS no . 469) . 
M a t  e r i a l .  - The material placed in this species consists of 

the holotype (ENS no. 469) only it is represented mainly by the dorsal 
exoskeleton of an almost complete cephalic shield, exposed from the 
ventrai side, which is only laeking the tips of the cornua. In addition to 
this specimen I place here with much hesitation a detached right cornu 
(Pal. Mus. Oslo no. B 1 82 ,  S Il 1 08) .  

D e s  c r i p t i o n .  - The dimensions of  the cephalic shield are 
as follows : The length in the median line is 1 1  cm, the distance of the 
tips of the cornua from the middle of the rostrai margin is estimated at 
about 1 6 . 5  cm. The maximum breadth, which lies between the tips of 
the cornua,  is estimated at 24 or 25  cm. The breadth of the inter-zonal 
part between the postero-Iateral angles is 7 cm. The distance of the 
pineal foramen from the rostrai margin is 5 . 5  cm. It is thus evident that 
the speeies must have attained a very large size . 

On a whole, the shield is very bro ad and flat, and its maximum 
breadth is a little more than twice as great as the length in the median 
line and about one and a half times as gre at as the distance of the tip 
of a cornu from the middle of the rostrai margin. The rostrai margin 
is truncatedly rounded without any rostrai angle . At the transition 
between the rostrai and the lateral margins there are distinet, though 
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Fig. 8 2 .  - Benneviaspis grandis n. sp . Restoration of the cephalic shield, dorsal view, 

after the holotype (ENS no. 469). lh .  

very obtuse, antero-Iateral angles . The lateral margins are almost straight 
or very slightly curved. The cornua are rather long, and taper from a 
broad basis to a slender distal part. The length of the cornua constituted 
about, or somewhat more than, one-third of the distance of their tips 
from the middle of the rostraI margin. They project in a postero-Iateral 
direction and reached backwards about as far as the posterior end of the 
inter-zonal part ; the distal parts of the cornua are slightly bent in a 
more posterior direction. The pectoral sinus are broad and rather shal
low. The inter-zonal part is rather broad but narrows rapidly back
wards, and its posterior breadth was contained somewhat more than three 
times in the maximum breadth of the shield. The lateral margins of the 
inter-zonal part are provided with an obtuse angle somewhat in front 
of the postero-Iateral angles . These latter angles reach backwards to 
some distance behind the posterior angle . The dorsal sensory field is 
short and broad, somewhat broader in its anterior part than posteriorly ; 
its maximum breadth is about equal to the length of the field in the 
median line. The anterior margin of the field is deeply emarginate ; 
posteriorly the field has a narrow median proeess ,  recalling that in 
B . holtedahli but comparatively narrower and more pronounced than in 
this species. The distance of this proeess from the posterior end of the 
shield is about two-thirds of the length of the field in the median line. 
The lateral sensory fields are very strongly developed ; they are broad,  
and end postero-Iaterally with an acute angle on the basal parts of the 
cornua. In postero-median direction the fields extend over the shoulder
girdle on to the inter-zonal part where they reach backwards to a point 
just in front of the postero-Iateral angles . The orbital openings, which 
are of medium size and oval in shape, lie far apart, and the inter-orbital 
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breadth is about four times as great as the transverse diameter of an 
orbital opening ; they are situated in front of the middle of the length 
of the shield, and are also situated rather far in front of the anterior end 
of the dorsal sensory field . The pineal foramen, which is not situated 
in a separate plate, is placed far backwards , slightly behind the level 
of the posterior margins of the orbital openings.  The narrow naso
hypophyseal opening is very small in proportion to the size of the shield ; 
its anterior end lies distinctly behind the level of the anterior margins 
of the orbital openings ; the circum-nasal fossa is very feebly defined . 

The exoskeleton is very imperfectly preserved. The superficial layer 
is probably continuous ; on the lateral portion of the circum-orbital ridge 
it is ornamented with small tuberc1es ,  on the other parts of the shield 
the outer face could not be observed. No radiating canals have been 
observed in the middle layer . The basal layer is rather thick and does 
not contain any ringsinus . •  The mucous ranal system is enc10sed in the 
exoskeleton and very probably forms a fine-meshed plexus . 

Of the intern al endoskeletal structures only impressions of some 
canals are to be seen in the sensory fields. 

R e m  a r k  s .  - B. grandis forms together with B. lOvgreeni a 
distinct species group in the genus, differing from all other species so 
far described or known in this respect by the excessively developed 
lateral sensory fields . From B .  lOvgreeni (p . 45 8)  it is easily distinguished 
by the size and the general shape of the shield . With reg ard to the size 
of its shield, B .  grandis is comparable only with the somewhat larger 
B .  maxima; it differs from this species, in which the shape of the 
posterior portion of the lateral sensory fields is almost entirely unknown , 
mainly by the shape of the anterior part of the shield, and of the dorsal 
sensory field, and by the posterior position of the naso-hypophyseal and 
pine al openings. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, lowermost part of the C .  Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. W .  side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glader (no . 469) . Wood Bay: "at the head 
of the bay" (= same place as before ;  no . B 1 82 ,  doubtfully placed in  
this species) . 

The specimen no. 469 was collected by the ENS expedition in 1 9 3 9 .  

6 .  Benneviaspis maxima n .  sp . 

(Fig . 8 3 ;  pls. 74 ;  75 :2 .) 

D i a g n  o s i s . - A very large Benneviaspis species with maxi
mum breadth of the cephalic shield considerably more than twice as 
great as length of shield in median line . RostraI margin curved. No 
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Fig. 8 3 .  - Benneviaspis maxima n .  sp . Restoration o f  the cephalic shield, A ,  i n  dorsal 

view, combined after the holotype (ENS no. 47 1 ) and ENS no. 470; B, in ventraI view, 

after ENS no. 470. 11:3 .  

antero-Iateral corners at transition between rostrai and lateral margins.  
Lateral margins slightly convex. Cornua rather long and slender ; their 
length contained about three times in distance of their tips from rostrai 
end of shield ; projecting in postero-Iateral direction, slightly curved ; 
inner margins without denticIes .  Pectoral sinus very broad and shallow. 
Dorsal sensory field very bro ad, about one and a half times as broad 
as long ; anterior margin undulate, posterior margin with broad, short, 
posterior proeess .  Orbital openings situated behind middle of length 
of shield in median line. Anterior portion of naso-hypophyseal opening 
lying before level of anterior ends of orbital openings.  

H o l o t  Y P e .  - Fragmentary cephalic shield (ENS no. 47 1 ) .  
M a t  e r i a 1 .  - In  this speeies two specimens (ENS nos . 470-47 1 )  

are united. The holotype (no. 47 1 ,  pl. 74) i s  a very fragmentary cephalic 
shield, wanting the lateral and posterior parts ; no. 470 (pl .  75 :2) consists 
of the ventrai portion of the left side of a cephalic shield. 

D e s  c r i p t i o n. - Owing to the imperfeet state of preservation 
of the two shields few exact dimensions can be given. The distance of 
the pineal foramen from the rostrai end of the shield is 7 . 3  cm. The 
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maximum breadth is about 30 cm. The length of the shield in the 
median line is estimated to be approximately 1 2 .5  cm. In size the shield 
is to be compared with that of Cephalaspis gigas, and it has thus 
belonged to a very large species. 

In general shape the cephalic shield is very broad and its maximum 
breadth, which lies between the posterior ends of the cornua is very 
probably rather much more than twice as great as the length of the 
shield in the median line , and about one and a half times as great 
as the distance of the tip of a cornu from the rostrai end of the shield . 
The rostrai margin is well curved and, without any interruption of 
antero-Iateral angles , passes gently into the lateral margins , which are 
slightly convex. The cornua are well developed, rather long and, in 
their distal parts , fairly slender, their length constituting about one
third of the distance of their tips from the rostrai end of the shield ; they 
project in a postero-lateral direction and probably reach backwards 
to about the same level as the posterior angle of the inter-zonal part ; 
from no. 470 it is at least evident that they do not extend backwards 
behind the ventrai portion of the inter-zonal part. The cornua are some
what curved, and slightly more so in their distal parts but evidently not 
so much as in B .  grandis. The inner margins of the cornua are devoid 
of denticles . The pectoral sinus are very broad and shallow, but as the 
posterior transverse wall of the zonal part of the shield is obliquely 
placed they are much deeper ventrally than dorsally . The pectoral 
sinus ventrally have a distinct antero-median corner. Very little can be 
said about the shape of the inter-zonal part ; in the holotype alm ost 
nothing of it remains , and in no. 470 only its ventrai portion is preserved. 
The inter-zonal part rapidly narrows posteriorly, its posterior breadth 
on the ventrai side is contained about two and a half times in the 
maximum breadth of the shield ; the breadth between the postero-Iateral 
angles was very probable somewhat smaller. The posterior margin of 
the ventrai portion of the inter-zonal part has a not very broad and 
shallow median concavity, and its anterior margin a corresponding 
anterior process towards the oralo-branchial fenestra. The dorsal sen
sory field is short and extremely broad ; it is about one and a half times 
as broad as long, and reaches farther laterally than the lateral margins 
of the orbital openings. The anterior margin is undulate with sinuosities 
behind the orbital openings and the pineal foramen. Posteriorly the 
field has a short and broad median process .  The lateral sensory fields 
are weU developed, but the shape of their postero-median parts is entirely 
unknown. In postero-Iateral direction they reach backwards to the basal 
parts of the cornua, and end he re in a n  acute corner. The orbital 
openings ,  which are roundedly oval, are probably situated somewhat 
behind the middle of the length of the shield in the median line . The 
inter-orbital space is slightly more than twice as broad as the transverse 
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diameter of an orbital opening. There is no independent pineal plate, 
and the pineal foramen is situated between the posterior parts of the 
orbital openings . The naso-hypophyseal opening is rather long and its 
anterior division reaches farther forwards than the orbital openings 
while the posterior division lies between the anterior parts of the orbits . 
The circum -nasal fossa is very shallow. 

The exoskeleton is very imperfectly preserved. No ornament of 
its outer face has been observed. It seems very likely that the super
ficial layer formed a continuous covering to the middle layer on the 
whole shield. The basal layer is comparatively thick. The mucous canal 
system, after observation along the rostrai margin of the shield, is 
enclosed in the exoskeleton and forms a very fine-meshed network of 
uniform and delicate canals . 

Of the endoskeleton the linings of the superficial canals seem to 
be fairly weU ossified but the state of preservation is in general very 
bad. The canal seIl  branches at some distance medially to the lateral 
sensory field. The disposition of a fragment of the canal vls3 is such that 
the canal must have joined the canal vel behind the orbit. In the dorsal 
sensory field the nerve canals are ramifying into a great number of long 
and narrow branches . 

R e m  a r k  s .  - As said before, the species is represented only by 
two fragmentary cephalic shields, and although the two shields exhibit 
no really remarkable characters which are common to both of them, 
they agree in size and general shape, and it seems thus likely that they 
both belong to one and the same species . Combined they give an 
approximate yet in many respects imperfect ide a of the shape of 
the shield. 

B. maxima is especially characterized by its large size, the broad 
cephalic shield with its rather slender cornua, and by the shape of the 
dorsal sensory field. From B .  grandis (p . 460), which is only some
what smaller than B .  maxima, the latter species differs by the broader 
shield, by the shape of the rostrai margin and of the dorsal sensory fieId. 
Unfortunately the lateral sensory fields are so imperfectly preserved, 
that nothing can be said about the shape of their postero-median parts , 
whether they were shaped as in B .  grandis and B .  lOvgreeni or not, and 
it is thus uncertain if B .  maxima beiongs to the same species group as 
these species. 

As noted before a "Cephalaspis sp ." ,  mentioned by Stensi6 ( 1 927 , 
p. 2 8 5 ; pl. 6 :2) ,  very probably belongs to Benneviaspis; the size and 
the details of the preserved part agree so well with those of B. maxima 
that it does not seem unlikely that the fragment really belongs to the 
species B .  maxima. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, lowermost part of the C .  Kjeidsen division. 

30 



- 466 -

L o c a 1 i t y. - Spitsbergen. W.  side of Wood Bay: Mt Sigurd. 
slope towards the Hoffnung Glaeier. 

The two spee imens (nos. 470-47 1 )  were collected by the ENS 
expedition in 1 939 .  

Benneviaspis sp . 2 .  

(Fig. 8 4 ;  pl. 72 :  1 .) 

The form, described below and designed as Benneviaspis sp . 2 .  
consists o f  a very imperfectly preserved and somewhat distorted cephalic 
shield (Pal. Mus . Oslo no. D5 808) ,  which is weathered and abraded in 
such a way, that the outlines of the shield (but nothing of the most 
posterior parts) are indicated by preserved parts of the exoskeleton ; the 
position of the orbits is also faintly indicated by the orbital ridges . 

D e s  c r i p t i o n .  - The distance of the tip of the right cornil 
from the rostrai end of the shield is 44 mm and the distance of the 
anterior en ds of the orbital openings from the rostrai end of the shield 
is 1 1  mm ; no other exact measurements could be taken. The maximum 
breadth of the shield , which lies between the tips of the cornua, is 
estimated at 60 mm and the length of the shield in median line and the 
breadth of the inter-zonal part are very roughly estimated at 30 mm 
and 22 mm respectively. It is thus evident that the specimen attained 
a moderate size , and was of about the same size as B .  holtedahli . 

The rostrai margin is convex and comparatively narrow without  
any rostrai angle, and passes into the more slightly curved lateral mar
gins without any boundary. The cornua are long and slender, and 
slightly bent, they project in a postero-lateral direction and reach rather 
far backwards, probably at least as far as and possibly somewhat behind 
the posterior end of the shield ; their length constitutes somewhat more 
than one-third of the distance of their tips from the rostrai end of the 
shield. The pectoral sinus are broad but probably deep and well defined . 
The inter-zonal part is rather broad ; its breadth is probably contained 
about two and a half times in the maximum breadth of the shield ; its 
shape could not be determined but it is  evident that the posterior mar
gin between each of the postero-lateral angles and the posterior angle 
is concave (a feature characteristic of i .  a. the genus Benneviaspis) . 
Nothing can be said about the shape of the dorsal sensory field . With 
regard to the lateral fields we can see of them some indistinct impres
sions, making it rather obvious that the fields extend postero-Iaterally 
over the basal parts of the cornua; postero-medially they reach at least 
over the zonal part in front of the pectoral sinus, but it seems rather 
unlikely that they extended on to the inter-zonal part. The orbital 
openings are situated strikingly far forward, probably very much m 
front of the middle of the length of the shield in the median line . 
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Fig. 84. - Benneviaspis sp. 2. Partial restoration 
of the cephalic shield in dorsal view. After P al. 
Mus. Oslo no. D5808.  3,4 .  

R e m  a r k  s .  - This form is toa imperfectly preserved as to be 
adequately described and to be assigned a specific name, but it is almost 
certain that it can not pertain to any of the already described species ,  
and that it represents a species of its own. With a very high degree of 
probability it is referred to the genus Benneviaspis on account of the 
general shape and proportions of the shield and the inter-zonal sinus 
as weU as for the shape of the faint impressions of the lateral sensory 
fields .  In the general shape and size of its shield it is very suggestive 
of B .  holtedahli but differs from that species by the shape of the slender 
cornua and the very far anteriorly situated orbital openings . 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian? :  upper parts 
of the Wood Bay series. 1 

L o c a l i t  y .  - Spitsbergen. At the head of Widje Bay, W. side , 
the pass age (590 m) between Jaderin Valley and Zeipel Valley. 

The specimen was collected by Th . Vogt's expedition in 1 92 8 .  

Genus Hoelaspis Stensio . 

1 927. Hoelaspis, Stensi6, p. 29 1 .  

D i a g n  o s i s . - A cephalaspid genus with broad and depressed 
cephalic shield. Anterior margin of cephalic shield protracted into 
pointed rostral process . Cornua very long and slender, projecting in 
lateral and somewhat anterior direction. Pectoral sinus shallow and 
ill-defined. Inter-zonal part broad and rather short, c10sed ventrally ; 
posterior and postero-lateral angles protracted ; inter-zonal sinus deep ; 
dorsally without median ridge or spine. Sensory fields well developed, 
consisting of an unpaired dorsal and one pair of lateral fields ; lateral 
fields extending over proximal part of cornua, with distinct postero
median angle on zonal part in front of pectoral sinus.  No pineal plate . 

1 The speeies in found together with the Arthrodires A rctolepis decipiens (?), A cti

nolepis sp. ,  and Monaspis acuticornis (see Heintz 1 929b). According to FØyn & Heintz 
( 1943) the first of these species is characteristic of the Lyktan division, the genus 
A ctinolepis "is probably characteristic of the upper part of the Lyktan division", and 
the last species belongs to a group of species, which is regarded as index-fossils for the 
Stiørdalen division. The Benneviaspis sp. 2 thus comes from the upper part of the 
Wood Bay series, and is by far the youngest Benneviaspis form as yet known. 
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First nerve canal for lateral sensory fields extending undivided at least 
as far as midway between orbit and lateral sensory field. Canal for 
r .  mandibularis trigemini mainly lying behind canal of most anterior 
nerve for lateral sensory fields .  Canal of dorso-Iateral superficial vein 3 
opening into canal of vena capitis lateralis behind orbit. Superficial 
layer of exoskeleton continuous . Middle layer without radiating canals . 
Mucous canal system endosed in exoskeleton, forming fine-meshed 
network. 

T y P e s p e c i e s .  - Hoelaspis angulata Stensio ( 1 927 ,  by 
monotypy) .  

R e m  a r k  s .  - The diagnosis of  the genus, given by  Stensio 
( 1 927 ,  p. 292) must be altered in consequence of the new facts brought 
forward by studying the in some respects more perfectly preserved mate
rial of the type species now present. 

With regard to the disposition of the canal of the r .  mandibularis 
trigemini (V 3) the statement in the diagnosis applies to the middle parts 
of this canal running near the dorsal face of the endoskeleton ; most 
proximally the canal crosses the canal seIl  on its ventrai side , and 
distally it enters the oralo-branchial ch amber very far laterally and 
below the posterior branch of the first nerve canal just mentioned. 

The systematic position of the genus and its relationship to the 
other cephalaspid genera have been discussed by Stensio, who ( 1 927 ,  
pp. 29 1-292) considers it to  be dosely allied to Benneviaspis, Bore
aspis, Thyestes, and Kiaeraspis on account of the inner anatomical 
characters ; he als o points out the likeness between Hoelaspis and the 
two first mentioned genera in the development of the lateral sensory 
fields . Later ( 1 932 ,  p. 1 52) Stensio unites the genera Benneviaspis, 
Securiaspis, Hoelaspis, Boreaspis, and Kiaeraspis into a separate genus 
gro up in his sub-family "Kiaeraspinae" . 

Disregarding the shape of the lateral sensory fields ,  the dose re
semblance of Hoelaspis to Benneviaspis and Boreaspis is much more 
striking now that we have a better idea of the real shape of the cephalic 
shield in Hoelaspis, in particular with reg ard to the form of the inter
zonal part. In all these three genera the posterior margin of the inter
zonal part is strongly concave between the posterior angle and each of 
the postero-Iateral angles , and this sinus reaches so far anteriorly that 
the exoskeletal component extends only l ather inconsiderably (Bennevi
aspis, Hoe/aspis) or almost not at all (Boreaspis) behind the endoskeletal 
component of the inter-zonal part. This character rem oves the men
tioned genera from the doser affinity of Kiaeraspis (,Axinaspis and 
Nectaspis) . Hoe/aspis and Boreaspis have both a well developed rostrai 
proeess ; Boreaspis differs , however, from Hoelaspis, by other characters 
i. a. by the development of the lateral sensory fields. In the shape of 
the sensory fields Hoelaspis bears a strong likeness to Benneviaspis, 



- 469 -

in partieular to B .  platessa, B .  lankesteri, B .  angliea and B .  longicornis, 
and in the general appearanee of the shield it reminds among these 
speeies most closely of B .  longicornis. 

As is noted before (pp. 242, 447) it seems probable that Hoelaspis 
has developed from some speeies group in Benneviaspis and that it, 
in its turn, has given rise to the genus Boreaspis. 

The genus eontains at present one single species, H. angulata. It 
is eonfined to Spitsbergen, not being found elsewhere, and is here 
reeorded from the upper parts of the Red Bay series ; the genus is thus 
of Dittonian age. 

Hoelaspis angulata Stensio. 

(Fig. 8 5 ; pls. 76-77. )  

1 927. Hoelaspis angI/lata, Stensio, p .  292; fig. 77 ;  pls. 44-46; 47 : 1 .  

D i a g n  o s i s . - Same as for genus (only species) . 
H o l o t  y P e. - Cephalie shield (no. 89) in the Palaeontological 

Museum, Oslo (Stensio 1 927 ,  p. 292) .  
M a t  e r i a l .  - The new material of this species at my disposal 

consists of only four speeimens (Pal. Mus . Oslo nos . A24896-A2489 8  
and ENS no. 476) .  Two of them, nos . A24896 (pl. 7 6) and 47 6 ,  
are represented by  nearly eomplete eephalie shields in  eounter-part ; 
no. A24898  is a fragmentary shield with the ventrai portion of the 
inter-zonal part, the post-branehial wall and parts of the dorsal exo
skeleton exposed in ventrai aspeet. No. A24897 (pl . 77 :2) ,  a frag
mentary shield, laeking the rostrai proeess and most of the eornua ,  
differs from the other spee imens by  slightly greater size, but a s  it 
exhibits no struetural differenees it too is referred to this species . - I 
have als o had the opportunity to restudy the holotype shield (pl. 7 7 :  1 ) .  

D e s  c r i p t i o n .  - The dimensions (in mm) o f  the eephalie 
shields are given in the following table (figures in braekets are only 
approximate) : 

Nos. [ A24896 [ A24897 [ A24898 I 476 

Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36  
Breadth of inter-zonal part, posteriorly . . . . . . . . . . 1 1  
Length in median line . . . . . . . . . . . . . . . . . . . . . . . .  1 6.5  
Distance between basis of !"Ostrai proeess and poste-

rior end of inter-zonal part . . . . . . . . . . . . . . . . . .  1 2  

Distance o f  pine a l  foramen f!"Om posterior end o f  

shield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.2 

1 3 .5  

1 5  

(8) 

(40) (33) 
( 1 1 ) 1 0  

1 9. 5  

1 3 . 5  

(7) 

For detailed information on the speeies, the reader is referred 
to the original deseription by Stensio ( 1 927,  pp. 29 3-294) .  In the 
following only an amplifying deseription is given, leaving out of eon-
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sideration sueh eharaeters in the new material that are in agreement 
with the original deseription. 

The maximum breadth of the shield, which lies between the tips 
of the eornua,  is somewhat variable aeeording to the different length 
of the eornua, being from somewhat less to slightly more than twice 
as great as the length of the shield in the median line. 

The main shield (thus the shield exclusive of the eornua and the 
rostrai proeess) is distinetly broader than long. The rostrai margin is 
protraeted into a fairly long rostrai proeess in the form of a narrow 
sharply pointed triangle ; the length of the rostrai proeess is eontained 
about three to three and a half times in the distanee of its apex from 
the posterior end of the shield. The antero-Iateral margins of the shield 
are slightly eonvex but there is no dis tinet angle. The eornua are very 
long, they are broad in their proximal parts but as a whole very slenderly 
built ; in the most distal parts they are slightly bent baekwards so that 
the tips of the eornua point in a straightly lateral direetion ;  the eornua 
are thus very faintly sigmoidally bent. The 1ength of eaeh eornu is 
somewhat variable but is in general about equal to the breadth of the 
inter-zonal part between the postero-Iateral angles. The posterior mar
gins of the eornua are devoid of denticles . The inter-zonal part of the 
shield which rapidly narrows baekwards, has posteriorly protraeted 
postero-Iateral and posterior angles ; the posterior angle projeets some
what behind the postero-Iateral angles .  The inter-zonal sinus are deep, 
and asymmetrically developed with their deepest part situated antero
laterally, almost in front of the postero-Iateral angles. The shape of the 
inter-zonal part reminds rather mueh of that in Benneviaspis longicornis . 
The ventrai portion of the inter-zonal part is closed, forming a rather 
narrow transverse bridge, which laterally is somewhat broader than in 
the middle of its breadth ; medially its posterior margin has a rather 
small, almost semi-cireular eoneavity. The dorsal sensory field is very 
elongate and reversely ovate, about three times as long as broad with 
its maximum breadth somewhat posterior to the middle of its length ; 
anteriorly it is tapering to a narrow point lying immediately behind the 
pine al foramen ; posteriorly the field is sharply rounded. The openings 
for the duetus endolymphatici are situated near the posterior end of the 
field at its very border or immediately laterally to it. The distanee of 
the posterior end of the field from the posterior end of the inter-zonal 
part is about half as gre at as the length of the field. The lateral sensory 
fields do not extend in lateral direetion beyond the first third of the 
length of the eornua.  The orbital openings lie at about equal distanee 
from the basis of the rostraI proeess and from the posterior end of 
the shield (nos . A24896 ,  476) .  There is no pineal plate . The inter
orbital breadth is about as great as the transverse diameter of an orbital 
Qpening. The naso-hypophyseal opening is very elongated ; the cireum-
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nasal fossa is very slightly developed and only somewhat deeper around 
the anterior division of the naso-hypophyseal opening than posteriorly. 

The observed grooves of the sensory line system are indicated in 
fig . 85 (except the infraorbital line which is inserted after Stensio 
1 927 ,  fig. 77) .  

The superficial layer of the exoskeleton is in the main parts of the 
shield continuous and smooth without any ornamentation ;  on the cornua,  
however, its outer face is provided with very delicate longitudinal ridges, 
running parallelly to the margins of the cornua,  and it is very probable 
that the vascular canals in the middle layer are also disposed in rows 
corresponding to the superficial ridges . In the main cephalic shield 
there are in the lower division of the middle layer irregularly branching 
and anastomosing, horizontal canals , evidently corresponding to the 
radiating vascular canals in other Cephalaspids . The mucous canal 
system (pl. 77 :  1) is made up of a rather irregular and not very fine
meshed network of canals of somewhat varying calibre : it is thus not 
differentiated into circum-areal and intra-areal canals . 

Severai of the intern al cavities and canals are displayed in nos . 
A24896 and A24897 and in the main parts seem to correspond to those 
in the beautifully preserved specimens figured by Stensio ( 1 927,  pls . 44 
-46 ;  47 : 1 ) .  In no. A24897 (pl. 7 7 : 2) the canal seil on the left side 
runs undivided only as far as to a point about midway between the 
orbit and the lateral field. In the same specimen the canal vlsg runs in 
such a direction that it will open into the canal vel immediately postero
lateraUy to the orbit ; the canal vls4 opens directly into the canal vel 
whereas the canals vls5 and vls6 join rather lateraUy into a long com
mon trunk which also receives a weU developed canal vls7 . 

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series , the Ctenaspis and Benneviaspis horizons . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Red Bay :  Mt Ben Nevis, 
[W. Plateau, 5 00-600 m], in the Bennelliaspis horison (nos . A24896-
A24898) ;  W. side of Wood Bay: Mt Sigurd, S. W.  part, slope towards 
the Hoffnung Glacier (no. 476) .  

Nos. A2489 6-A248 9 8  were collected by Th. Vogt's expedition 
in 1 92 8 ,  no. 476 by the ENS expedition in 1 9 3 9 .  
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Genus Boreaspis Stensio . 

1 927 .  Boreaspis, Stensio, p. 294.  

D i a g n  o s i s . - A cephalaspid genus with main cephalic shield 
anteriorly provided with rostrai proeess of varying length and laterally 
with cornua of varying shape and size . Pectoral sinus more or less weU 
defined. Inter-zonal part broad and rather short, ventrally closed, 
dorsally without median ridge or spine ; posterior and postero-Iateral 
angles protracted backwards ; with inter-zonal sinus . Sensory fields well 
developed, consisting of an unpaired dorsal and one or two pairs of 
lateral fields ; lateral fields not extending on to cornua, continuing back
wards on to dorso-Iateral sides of inter-zonal part. No pineal plate . 
First nerve canal to lateral sensory field running undivided to median 
margin of lateral fie1d or, more rarely, to a point about midway be
tween orbit and lateral field. Canal for r. mandibularis trigemini 
situated immediately behind first nerve canal for lateral sensory field. 
Canal for dorso-Iateral superficial vein 3 opening into canal of ven a 
capitis lateralis behind orbit. Superficial layer of exoskeleton generally 
continuous . Middle layer without radiating canals . Mucous canal system 
generally enclosed in exoske1eton, forming a fine-meshed network . 

T y P e s p e c i e s .  - Boreaspis rostrata StensiO ( 1 927 ,  by 
monotypy) . 

R e m  a r k  s .  - With regard to its general shape the main cephalic 
shield is more or less rounded or diamond-shaped. Dorsally it is much 
depressed and only slightly raised in its postero-median parts , the height 
of the shield is thus very inconsiderable and the shield reminds in this 
respect much of that in Benneviaspis, Hoelaspis, and Ectinaspis. The 
shield is provided anteriorly with a rostrai proeess of varying length, 
in some speeies (e. g .  B .  curtirostris) very short (even shorter than in 
Hoelaspis angulata), in others (e. g. B .  batoides, B .  macrorhynchus) 
almost equalling the length of the main shield . The cornua are of 
varying length and shape ; they issue from the main shield at about the 
middle of its length, in one species (B . ceratops) however, considerably 
anterior to this point, and project in a lateral or postero-Iateral direction, 
never straight posteriorly ; they do not reach backwards far behind the 
level of the posterior corner of the inter-zonal part even in those species 
where they are best developed (e. g. B .  curtirostris, B .  gracilis, B .  cir
cinus) . The cornua are never provided with denticles on their posterior 
or lateral margins as is the case in many Cephalaspis species . The 
inter-zonal part is comparatively broad and short, and exhibits no 
apparent traces of segmentation ; the inter-zonal sinus is asymmetrically 
developed with the deepest part of the concavity lying nearer to the 
postero-Iateral than to the posterior angle ; the exoskeletal component 
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of the dorsal portion the inter-zonal part does not reach backwards (or 
only very slightly so) behind the endoskeletal component. As in Bennevi
aspis, Hoelaspis (and Ectinaspis) the inter-zonal part in Boreaspis never 
shows any sign of a median dorsal crest or ridge. The sensory fields are 
rather well developed. Contrary to what is the case in the preceding 
genera the number of lateral fields is not constant in the genus nor even 
within the species (as in B .  curtirostris) . Ordinarily there is one pair of 
lateral fields but the field on each side can be subdivided into two parts , 
separated from each other by an interval of varying breadth (B . spini
cornis, B. triangularis, B .  circinus, and in some specimens of B. curti
rostris) . The lateral fields do not reach backwards on to the cornua and 
there is not even a trace of a lateral angle or projection on to the base of 
the cornua; in this respect Boreaspis differs clearly from Benneviaspis 
and Hoelaspis. Backwards the lateral fields or the posterior pairs of the 
lateral fields continue postero-medially over the zonal part on to the 
inter-zonal part of the shield and reach backwards on its dorso-Iateral 
sides to a point just anteriorly to the postero-Iateral corners . A separate 
pine al plate is not developed in any of the species . The nasal opening 
consists of its usual three divisions of which the two anterior ones are 
of ten rather indistinctly separated from each other forming a fairly 
broad slit, whereas the posterior division is almost circular. 

With regard to the inner anatomical characters of the genus the 
following may be noted. The canal seIl continues outwards to the 
extreme median margin of the field before branching (the most anterior 
branch is by far the strongest) or, exceptionally, branches at a point 
about midway between the orbit and the field. In the species in which 
the lateral field is divided into two portions the anterior one is supplied 
with two and the posterior one with three nerve canals . The canal V 3 
crosses the first nerve canal of the lateral sensory field on its ventrai 
side just laterally to the orbit and then runs antero-Iaterally in the 
viseeraI endoskeleton behind that canal before it opens rather far 
laterally into the oralo-branchial chamber, ventrally to the posterior 
branch of the canal seIl . The canal vIs;>, has been observed in only a 
few species in which it was seen to enter the canal vel behind the orbit, 
and it is probable that this fact holds good for all the species and is 
characteristic for the genus. With regard to the viseeraI endoskeleton 
it can furthermore be observed that in relation to the endocranium and 
compared with the conditions in Cephalaspis it has shifted more or less 
forwards. No velar ridge is developed. The canal for the paired com
mon efferent artery opens directly into the aortal canal. There are 
impressions of only seven branchial pouches . It must als o be mentioned 
that in all species of Boreaspis the endoskeleton is completely ossified, 
consisting of cancellous bone lined with periosteal bone layers externally , 
and in the cavities and canals . 
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The superficial layer of the exoskeleton apparently forms a con
tinuous covering to the middle layer ; in some species (B . costata and 
some specimens of B .  robusta) it seerns, however, in some places to be 
extremely thin or even absent. The Oliter face of the exoskeleton is 
generally quite smooth without any ornamentation except on the main 
shield and on the rostral proeess in B .  costata and in some specimens 
of B .  robusta, as weU as on the distal parts of the rostrai process in 
some other species, where an ornamentation of small tuberc1es occurs , 
and on the tip of the cornua in B .  triangularis and B .  curtirostris which 
are provided with dentic1e-like tuberc1es .  The middle layer exhibits 
no traces of any regularly disposed radiating canals , only a network 
of anastomosing vascular canals in the main shield. The basal layer 
contains no ringsinus. The structure of the exoskeleton is on the whole 
very similar in the genera Boreaspis, Hoelaspis and Benneviaspis. 

The genus Boreaspis is obviously most closely related to Hoelaspis 
and Benneviaspis .  It shares with these genera the general flattened 
shape of the shield without any dorsal median crest or ridge and the 
inter-zonal part with a rather deep inter-zonal sinus . The conditions of 
the canal sell ,  and of the disposition of the canal V 3 in relation to it 
as also the development of the exoskeleton and of the mucous canal 
system are furthermore similar in all the three genera. Boreaspis agrees 
with Hoelaspis in having a distinet rostral process but differs from the 
same genus by the development of the posterior portion of the lateral 
sensory field or fields ; in this latter respect Boreaspis resembles some 
of the species of Benneviaspis (B . grandis, B .  lOvgreeni) with a strong 
postero-median process of the lateral field on to the inter-zonal part. 
It is perhaps deserving of note that a similar variation in the develop
ment of the lateral sensory fields, which occurs between the different 
species of the genus and als o within the same species (B . curtirostris), 
is known to occur als o in Kiaeraspis, a genus apparently not akin to 
Boreaspis .  The genera Hoelaspis and Boreaspis are in fact so similar 
that the former can be regarded, if not as the actual precursor to the 
latter, at least as very c10sely related to this anc es tor . 

The genus Boreaspis, which was based on a single species , 
B .  rostrata, today inc1udes no less than thirteen species. They are the 
following : 

B .  batoides n. sp . 
B .  ceratops n.  sp . 
B .  circinus n.  sp . 
B .  costata n. sp .  
B.  curtirostris n.  sp . 
B . gracilis n .  sp . 
B .  intermedia n. sp . 

B .  macrorhynchus D .  sp . 
B .  puella n.  sp. 
B. robusta n.  sp . 
B .  rostrata Stensio . 
B .  spinicomis n .  sp. 
B .  triangularis n .  sp . 
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Within the limit of the genus these species represent a variety of 
different forms ; they differ from each other to a varying degree and 
many of them can be c1assed together with their supposed allies in 
separate but not c1early defined species groups .  B. costata, B. robusta, 
and B .  puella form one group of allied species characterized by the very 
small triangularly shaped cornua and, as a consequence thereof, the 
laterally open pectoral sinus , the well developed rostrai process, and 
the generally comparatively narrow cephalic shield. The second species 
gro up inc1uding B .  spinicornis, B .  circinus, and B .  triangularis is charac
terized by the division of the lateral sensory field into two distinctly 
separated portions, and by the well developed postero-Iaterally directed 
cornua; B .  spinicornis shows, however, points of connection with 
B .  curtirostris, and B .  triangularis with B .  rostrata. A third species 
group is forrned by B .  curtirostris and B .  gracilis, which are two c10sely 
related species, differing mainly in the development of the rostrai 
process .  In B .  curtirostris the lateral sensory field is sometimes ' nar
rowed in the middle of its length and may even show a slight inter
ruption, a feature pointing to the more advanced conditions in the 
preceding group. B .  macrorhynchus is apparently more c10sely akin to 
B .  batoides than to any of the other species and both these species 
may form a fourth species group . B .  rostrata shows resemblances in the 
general configuration of its shield both with B .  macrorhynchus and 
with B .  triangu/aris. B .  intermedia is imperfectly known but seems to 
resemble both B .  robusta and allies and B .  macrorhynchus. B .  ceratops 
occupies a more isolated position and cannot be put in c10se relation 
to any of the previous groups.  

The genus Boreaspis is only known from Spitsbergen, and is here 
confined to the lower and middle parts of the Wood Bay series . It 
makes its appearance with a diversity of forms in the lowermost part 
of the C. Kjeldsen division of the Wood Bay series ; many species are 
restricted to that part, viz. B .  batoides, B .  ceratops, B .  puella, and 
B. rostrata; others are also found in the upper part of the same (but not 
in the next) division, viz . B .  intermedia and B .  macrorhynchus. In this 
upper part appear as new species B .  circinus, B .  robusta, B .  spinicornis, 
and B .  triangu/aris, and of these B .  robusta and B .  spinicornis continue 
upwards into the Lyktan division (B . spinicornis, however, only in one 
locality, Mt Lyktan) ; B .  robusta is common in this middle division of 
the Wood Bay series and is also met with in layers belonging to the 
uppermost part of the Lyktan division. B .  robusta has thus a rather 
wide stratigraphical range. As a rule, however, the Boreaspis species 
have only a restricted vertical distribution. 
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1 .  Boreaspis robusta n. sp . 

(Fig. 8 6 ;  pls . 7 8-8 1 ;  1 1 7 :2-3) .  

D i a g n  o s i s . - A Boreaspis speeies of  medium size with 
maximum breadth of cephalic shield from slightly less to somewhat 
more than 1ength of main shield (from basis of rostrai proeess to 
posterior end of inter-zonal part) . Rostrai proeess weU developed, of 
varying length, its length being from about one half to three-fourths as 
great as length of main shield in median line. Antero-Iateral margins 
of shield curved. Cornua very small, triangular, with pointed apex, 
situated at posterior third of length of main shield, projecting in postero
lateral direction . Pectoral sinus shallow and rather ill-defined. Inter
zonal part very broad, its posterior breadth more than half as gre at as 
maximum breadth of shield . Posterior angle projecting backwards 
beyond postero-Iateral angles. Dorsal sensory field elongately trape
zoidal in shape, about twice as long as broad, broadest in posterior 
third or quarter of its length. Lateral sensory fields undivided, some
what curved at basis of cornua. Orbital openings oval, situated slightly 
behind middle of length of main shield . Exoskeleton ornamented with 
very small tubercles at margins of shield and at ape x of rostrai proeess .  

H o l o t  Y P e .  - Cephalic shield (ENS no. 8 1 ) .  
M a t  e r i a l .  - The material which I refer to  this species con

sists of no less than 1 5 0 specimens, Pal .  Mus. Oslo nos . A248 7 3  and 
A24874 (pl . 7 9 : 1 ) , and ENS nos . 1 - 1 4 8 .  Three speeimens, ENS nos . 
1 49 (pl . 8 1 :2) , 1 5 0- 1 5 1 ,  are too imperfectly preserved to be definitely 
determined and are placed here with some hesitation. 

All spee imens consist of cephalic shields, of ten in a rather imper
feet state of preservation. The speeimens from the E. side of Mt Kron
prinz are sometimes weU preserved with reg ard both to their com
pleteness and to the endoskeletal details but are of ten slightly distorted, 
e. g .  nos . 1 (pl .  79 :2) ,  8 (pl. 8 1 : 1 ) , 1 2  (pl . 80 :2), 2 1 , 29, 3 1 ;  those from 
Mt Borgen, nos . 1 1 8- 1 42,  1 43 (pl . 80 : 1 ) , 1 44- 1 47 ,  are for the 
most part well preserved as far as completeness is concerned, the endo
skeleton is, however, in a poor state of preservation ; this applies also 
to most of the speeimens from Mt Lyktan and Mt Rebbingen. The 
holotype (no. 8 1 ,  pl. 7 8 :2-3)  and no. 82 (pl . 7 8 : 1 ) , are on the other 
hand, well preserved ; both come from the same locality on Mt Lyktan 
as the holotype of Nectaspis areolata (cf. p. 542).  The material from 
Mt Triplex is very poorly preserved and that from Mt SØrli is much 
distorted by pressure of the rock. 

D e s  c r i p t i o n. - In order to show the dimensions of the 
shield and their variation in speeimens from different localities the 
following table is given . The speeimens, suitable for measurements , are 
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A B c 

Flg. 86 .  - Boreaspis robusta n. sp. Restorations of three different cephalic shields in 

dorsal view, A, after ENS no. 1 ,  B, mainly after ENS nos. 1 3 3  and 1 44, C, after the 

holotype, ENS no. 8 1 .  X 2 .  

divided into nine gro ups after their localities, and the following di
mensions have been measured, viz. the length of the main shield from 
the basis of the rostrai proeess to the posterior end of the inter-zonal 
part (1 ) ,  the maximum breadth of the shield between the tips of the 
cornua (2),  the length of the rostrai proeess (3) and the breadth of the 
inter-lOnal part between its postero-Iateral angles (4) . The measurements 
are generally given as arithmetical means, and the range is expressed 
only by the extreme values (figures in brackets) . In each case the 
numbers of the measurements are stated (n) . The dimensions are in 
mm. The localities are : a, Mt Kronprinz, E. slope ; b, Mt Kronprinz, 
W. slope ; c, Mt Barmfjellet ; d, Mt Scott Keltie ; e, Mt Errol White ; 
j, Mt Lyktan ; g, Mt Rebbingen; h ,  Mt Triplex ; i, Mt Borgen. 

2 3 4 

a 7 1 ( 1 6.9) 1 8  ( 1 9 .0) 20 ( 1 5) 1 7 .4 (20) 1 1  (9 .5) 1 1 .9 ( 1 6 .5)  1 5  (9.2) 1 0.5 ( 1 1 .5) 
b 1 1 6 .2 2 ( 1 4.5) 1 4.7  ( 1 5) - - 2 (8.8) 9 .6  ( 1 0 .3)  
c - - 1 1 8  - - 1 1 0.5 

d 3 ( 1 5 .7) 1 5 .9 ( 1 6 .3 )  12  ( 1 5 .5) 1 8  (2 1 .4) 2 1 0.8  - 1 0.9 10 (9.7) 1 1  ( 1 3 .4) 

e 4 ( 1 8) 1 9 .9 (2 1 )  9 ( 1 8) 1 9 .6  (22) 1 1 1 .5  5 ( 1 1 )  1 2 .8 ( 1 4 .9) 
f 10  ( 1 5) 1 7  ( 1 9) 1 5  ( 1 4) 1 7 . 1  ( 1 9 .5) 8 (8 .3)  1 1 .9 ( 1 7) 1 3  (9.8) 1 1 .4 ( 1 3) 

g 4 ( 1 6 .8)  1 7 .9 ( 1 8 .9) 4 ( 1 8) 1 9  (20) 3 ( 1 2 .4) 1 3 .7 ( 1 4 .8) 5 ( 1 0 .7) 1 1 .6 ( 1 2 .9) 

h l 1 9 .9 7 ( 1 5) 1 7 . 1  (2 1 )  l 1 4  4 ( 10 .2) 1 1 .2 ( 1 2) 

i 1 1  ( 1 5 .5) 1 7  ( 1 9.6) 23 ( 1 5) 1 7 . 5 (2 1 )  1 4  (9) 1 2 . 1  ( 1 4 .8) 1 6  ( 1 0) 1 1 .3 ( 1 3 .5) 

As in seen from the table the shield is rather variable in size even 
in specimens from the same locality ; on the whole the differences 
between the shields from different localities are rather insignificant, 
and the proportions seem to be comparable. As there are no weU 
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marked differences in the shape of the shield or in any other character 
it seems very probable that all the specimens belang to ane species, 
which, although fairly variable and possibly not homogenous ,  cannot 
(at least at present) be split up into distinct varieties .  

The length of the cephalic shield from the apex of the rostrai 
process to the posterior end of the inter-zonal part varies from 24 .5  mm 
to 34 mm. The length of the main cephalic shie1d is seen to range 
from 1 5  mm to 2 1  mm, the mean being 1 7 . 5  mm (n = 4 1) ;  the breadth 
between the tips of the cornua ranges from 1 4  to 22 mm, with a mean 
of 1 7 . 8  mm (n = 93) ;  the breadth of the inter-zonal part between the 
postero-lateral angles varies from 8 . 8  mm to 1 4 .9  mm (mean = 1 1 .2 
mm, n = 7 1 ) .  

Compared with the other species of the genus B .  robusta must 
have attained a medium size . 

The general shape of the main shield is somewhat variable . but 
most aften it is of the shape displayed in fig . 8 6B-C, and is  thus 
rather robust and fairly rounded, more rarely of this shape in the 
specimens from the locality on the E. side of Mt Kronprinz, that is ,  in 
the geologically oldest specimens , where it is more slenderly built and 
tri ang ul ar as in fig . 8 6A .  The maximum breadth of the shield, which 
lies between the tips of the cornua,  is slightly greater than the length of 
the main shield in the median line . The rostrai process is always wel1 
devel ap ed but very variable in length ; in the holotype it is notably 
short, and attains on ly somewhat more than half of the length of the 
main shield, but in no. 89 it is about twice as lang as in the holotype ; 
in general it seems to be at most three-fourths as lang as the main 
shie1d ; the process is of about uniform breadth throughout its length 
and the tip is rounded. The antero-lateral margins of the shield are in 
most specimens weU curved, more rarely, as in no. 1 (pl. 79 : 2 ;  fig . 8 6A) 
they are only slightly convex. The cornua are very small, triangular in 
shape with narrow bases , and somewhat drawn out in to a kind of point 
and projecting in a postero-lateral direction ; they issue from the main 
shield at the beginning of the posterior third of its length . Propor
tionally the cornua are thus of the same size as in B. puella and 
B .  costata . The pectorai sinus are rather shallow and narrow but 
facing laterally and thus asymmetric in shape . The inter-zonal part is 
rather lang and very broad ; it decreases slightly in breadth backwards 
and its breadth between the postero-lateral angles is always greater than 
half of the maximum breadth of the shield, and is in same specimens 
as gre at as two-thirds of this breadth . The posterior angle is of varying 
shape and is protracted backwards to a varying degree but always 
behind the level of the postero-lateral angles and generally farther 
backwards than the ventrai region of the inter-zonal part. The inter
zonal sinus is moderately deep . The posterior margin of the ventrai 
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region of the inter-zonal part is slightly concave and this region reaches , 
on the whole, behind the postero-Iateral angles but not as far back
wards as the posterior angle. The dorsal sensory field is elongatedly 
trapezoidal in shape, that is, its greatest breadth lies in the posterior 
half, and from this point the field tapers, with · almost straight lateral 
margins, gently towards its pointed anterior end, and narrows posteriorly 
much more abruptly towards the posterior end. The posterior margin 
is thus angulated, forming a right or an acute angle. The posterior 
end of the field lies at the same, or slightly before, the leve! of the inner 
end of the inter-zonal sinus . The shape of the field is somewhat variable, 
being narrower in some specimens than in others ; its breadth is generally 
twice ,  sometimes two and a half times as gre at as its median length . 
Laterally the field is bordered on each side by an of ten rather distinct 
ridge, running from a point somewhat behind the anterior end of the 
field along the lateral margins on to the leve! of the posterior corners . 
The lateral sensory field on each side of the shield is undivided ; it is 
of a slightly varying shape but generally distinctly broader in its anterior 
part than more posteriorly . The field is more or less distinctly bent 
at the basis of the cornu, the flexure of the field lying in some speci
mens more anteriorly at the anterior part of the basis of the cornu, 
in others more posteriorly and nearer to the pectoral sinus . The 
orbital openings are of a moderate size, oval in shape, and situated 
slightly behind the middle of the length of the main shield in the 
median line . The pineal foramen lies in some specimens between 
the middle parts , in others between the posterior parts of the orbital 
openings , in some specimens at the anterior end of the dorsal sensory 
field, in others again somewhat in front of this field . The naso
hypophyseal opening is normally developed, its posterior end lies at 
about the leve! of the anterior margins of the orbital openings .  The 
circum-nasal fossa is triangular in shape but not weU defined. 

In most of the specimens the outer face of the exoskeleton is on 
the whole quite smooth, only at the margins of the shield and near the 
apex of the rostrai proeess some very small tubercles are observed. In 
no. 8 2  the whole dorsal face of the shield is , however, ornamented with 
very small, closely set tubercles . The mucous canal system, enclosed 
in the exoskeleton, forms a fine-meshed network. The thin inner division 
of the middle layer contains the vascular canals which are developed 
as a network and not as radiating canals . 

The sensory line system is observed in only a few specimens . It 

forms very delicate grooves in the exoskeleton ; the lines observed III 
no. 1 are shown in fig. 8 6A. 

The endoskeleton seems to have been weU ossified but is most 
of ten badly preserved. In the holotype the canal seIl on the right side 
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branches rather far proximally, but on the left side, and, as far as 
observed, in all other specimens it runs undivided to a point just 
medially to the lateral sensory field ; in the holotype the canals vls3 
and vls4 join into a short common trunk behind the orbit. 

R e m  a r k  s. - B. robusta together with B. costata (p . 483 )  and 
B .  puella (p. 48 1 )  forms a distinct species group in the genus, characteri
zed mainly by the feeble development of the cornua. The shield in 
B. robusta is intermediate in size between the larger B .  costata and 
the smaller B .  puella; from the first species it differs furthermore by 
the shorter inter-zonal part (or by the posterior attachment of the 
cornua) , and by the shape of the dorsal sensory field, from the second 
species by the narrower bases of the cornua,  the shape of the dorsal 
sensory field and of the inter-zonal part. 

B. robusta is the commonest species of Boreaspis, occurring mainly 
in the middle division of the Wood Bay series, and is recorded from 
a large number of localities ; it is, however, remarkable that it is 
unknown from the localities at Ekman Bay. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (?) : Wood 
Bay series, the C. Kjeldsen division (not in the lowermost part) and the 
Lyktan division. 

The specimens from the localities at Mt SØrli come from layers , 
the exact position of which is not known, but which must belong either 
to the uppermost part of the Lyktan division or to the lowermost part 
of the Stjørdalen division . 

L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay :  Mt Kron
prinz, E. side, opposite StjØrdalen Valley, in a grey sandstone (nos. 
1-40) . E .  side of Bock Bay :  Mt Kronprinz, W. slope (nos. 4 1-43) .  
E.  side of Wood Bay :  Mt Scott Keltie, S. side (nos. 46-5 7 ,  60) , 
S. part, W. slope (nos.  45 ,  5 8-5 9) ; Mt SØrli, in talus (nos . 6 1-63) ,  
Mt SØrli (= "between V. StjØrdalen and V. Verdalen"), 0-500 m 
(nos .  64-70). W. side of Wijde Bay (West Fiord) : Mt Errol White, 
N. part, E. slope, fossiliferous horizon about 1 25 m (nos. 7 1-80), 
Mt Errol White (= "the Mtn S. of V.  Sneugledal") ,  without c10ser 
indication of locality (nos. A24873-A24874) . E. side of West Fiord : 
N. of Jørgensen Valley (no. 1 48) .  E .  side of Dickson Bay: Mt Triplex, 
N. side (nos . 1 07-1 1 7 ) ;  Mt Lyktan, S .E. slope (nos. 8 1-89 , 9 8 ,  1 00) , 
S.W. slope (nos. 90-9 1 ,  99) ,  Fiskedalen Valley (nos . 92-97) ; Mt 
Rebbingen (= "the Mt. N. of Fiskedalen"), S.W. slope (nos. 1 0 1- 1 06). 
N .  of Dickson Bay :  Mt Barmfjellet (no . 44) . W. side of Dickson Bay :  
Mt Borgen, N.  part (nos.  1 1 8-1 47) .  

The specimens nos . A2487 3-A24874 were collected by Th. 
Vogt's expedition in 1 92 8 ,  all the others by the ENS expedition in 1 93 9 .  
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2.  Boreaspis puella n. sp . 

(Fig. 8 7 ;  pls . 82-8 3 ; 87 :2 .) 

D i a g n  o s i s . - A Boreaspis species of small size with maxi
mum breadth of cephalic shield as great as, or somewhat less than 
length of main shield (from basis of rostrai proeess to posterior angle 
of inter-zonal part) . Long rostrai proeess ; its length constituting from 
about one half to 3 ,1 5 of length of main shield in median line. Antero
lateral margins of shield feebly curved. Cornua very small, triangular, 
projecting laterally and slightly posteriorly, situated at posterior third 
of length of shield. Pectorial sinus shallow and ill-defined. Inter-zonal 
part broad and rather long,  rapidly narrowing backwards , posterior 
angle projecting backwards beyond postero-Iateral angles ; inter-zonal 
sinus deep. Breadth of inter-zonal part across postero-Iateral angles 
at least half as great as maximum breadth of shield . Dorsal sensory 
field oval, about three times as long as broad, reaching far backwards, 
posterior margin truncated. Lateral sensory field undivided, more or 
less distinctly inflected at basis of cornua .  Orbital openings situated 
about midway between basis of rostrai proeess and posterior angle of 
inter-zonal part. 

H o l o t  y P e. - Cephalic shield (ENS no. 1 52) .  
M a t  e r i a L - The material referable to this species consists 

of twelve specimens, ENS nos. 1 5 2  (pl . 82 : 2, 4), 1 5 3- 1 5 5 ,  1 5 6  (pl .  
82 : 1 ) ,  1 5 7  (pl .  8 2 :3 ) ,  1 5 8  (pl. 8 3 : 1 ) ,  1 5 9  (pl. 8 3 :2) ,  1 60- 1 63 ;  all 
these are represented by cephalic shields, most of them in a more or 
less imperfeet state of preservation. In addition to these specimens I 
place here with a slight hesitation one specimen, ENS no. 1 64,  and with 
still more doubt another specimen, ENS no. 1 65 .  

D e s  c r i p t i o n .  - The dimensions i n  m m  of some of the shields 
are as follows (figures in brackets are approximate) : 

Nos. I 1 52 I 1 55  I 1 56 I 1 57 I 1 58 I 1 59 I 1 60 I 1 63 

Length of main shield 
M aximum breadth . .  
Posterior breadth of 

zonal part . . . . . .  . 

. . . .  
. . . . .  
inter-

o • • • •  

Length of rostral proc ess . . 

1 2.5 
( 1 2. 5) 

7 
-

1 3 .4 -

( 1 2) 1 2.6 

(6.5) (7) 
- 6.8 

1 3 .6 - - - 1 1 .8 
1 1  1 1 . 5 1 1 .7 ( 1 0.5) ( 1 0.5) 

6.2 (6.5) (7) - 6 
8 7.5 6.7 7 6.6 

The other shields are too imperfectly preserved as to allow direct 
measurements to be taken but seem to be of approximately the same 
size as the measured shields. The two shields (nos . 1 64-1 65) ,  hesi
tatingly placed here, are also very imperfeet but seem to be slightly 
broader than the other shields . The species was thus of very small size. 

The cephalic shield has a rather characteristic, narrow triangular 

3 1  
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shape, the antero-Iateral margin forming a very acute angle with the 
main axis of the shield. The maximum breadth of the shield (between 
the tips of the cornua) does not exceed the length of the main shield 
in the median line. The length of the rostrai process is distinctly less 
than the length of the main shield in the median line, in some specimens 
apparently only slightly more than half as long but in others about 
three-fifths as long. Viewed from above it is about parallel-sided or 
only slightly and gently tapering towards the apex which is rounded . 
The antero-Iateral margins are slightly convex and pass into the cornua 
without any boundary. The cornua are very small, and shaped much 
as in B. robusta and B .  costa ta; the bases of the cornua are rather broad 
and the distal parts project in a postero-Iateral or posterior direction ; 
these latter parts are somewhat variable in length and shape . The 
cornua are situated rather far backwards at the beginning of the 
posterior third (or thereabouts) of the median length of the main shield . 
The pectoral sinus are shallow and facing postero-Iaterally . The inter
zonal part is rather long and broad but rapidly narrowing backwards , 
and its posterior breadth is as great or somewhat greater than half of 
the maximum breadth of the shield . The inter-zonal sinus are deep 
and the posterior angle reaches farther backwards than the postero
lateral corners. The dorsal sensory field is narrowly oval in shape and 
gently tapering towards the pointed anterior end but more or less 
abruptly truncated at the posterior margin with rounded postero-Iateral 
corners ; the length of the field is about three times as great as the 
breadth . The field reaches backwards distincly behind the leve1 of the 
inner end of the inter-zonal sinus. The lateral sensory fields are 
undivided and more or less strongly bent, forming an obtuse angle at, 
or somewhat anterior to, the bases of the cornua.  Posteriorly they are 
bent down on the lateral sides of the inter-zonal part. The orbital 
openings are circular or roundedly oval and situated at about the same 
distance from the basis of the rostral process as from the posterior angle 
of the inter-zonal part. 

The exoske1eton is in a rather imperfect state of preservation, and 
nothing notable has been observed about its structure . 

The endoskeleton is well ossified ; severai of the canals for the 
principal superficial nerves and vessels can be seen in most of the speci
mens ; the postbranchial wall is well displayed in nos . 1 54 ,  1 5 6 ,  1 5 8 ,  
1 59 ,  and partly in no. 1 6 1 ; parts of the shield i n  ventrai view are 
exposed in nos . 1 5 6 ,  1 5 7 ,  1 5 8-1 6 1 ; the strongly developed neural 
ridge is seen in no. 1 57 .  

R e m  a r k  s .  - B .  puella resembles B .  costa ta and B .  robusta 
(p . 476) in the feeble development of the cornua ;  it is most suggestive 
of B .  robusta (of which it appears as a dwarf-form) but it differs from 
this species by the min ute size , by the shape of the shield, the deeper 
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Fig. 87.  - Boreaspis puella n. sp . Restoration of the cephalic 

shield, dorsal view. After the holotype (ENS no. 1 52) and ENS 

no. 1 58 .  X 2 .  

inter-zonal sinus, the configuration of the sensory fields, and the slightly 
more anterior position of the orbital openings, and it seems thus most 
appropriate to regard it as a species of its own. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (Siegenian) : 
Wood Bay series, the lowermost part of the C .  Kjeldsen division. 

L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay :  Mt 
Sigurd, slope towards the Hoffnung Glacier, in red layer, about 1 30 m 
above sea-Ievel (nos. 1 52-1 63) ; the two specimens , hesitatingly 
placed here, come from the same locality (no. 1 64) and from Mt Kron
prinz, W. slope (no. 1 65 ) .  

All the specimens were collected by the ENS expedition in  1 93 9 .  

3 .  Boreaspis costata n. sp. 

(Fig. 8 8 ;  pls . 84-85 ; 8 6 : 2 ;  8 7 : 1 .) 

D i a g n  o s i s . - A Boreaspis species of comparatively large size 
with maximum breadth of cephalic shield about as great as or some
what less than length of main shield. RostraI process from about one
third to about half as long as main shield in median line, slightly 
increasing in breadth towards apex. Antero-Iateral margins rather weU 
curved. Cornua very small, triangular, situated rather far forward on 
sides of shield, projecting in postero-Iateral direction. Pectoral sinus 
sha1low, facing laterally. Inter-zonal part broad and very long ; its 
breadth between postero-Iateral angles slightly more than half as great 
as maximum breadth of shield. Dorsal sensory field oval, about three 
times as long as broad ; posterior margin truncated. Lateral sensory 
fields undivided ; gently curved at basis of cornua. Orbital openings 
situated distinetly behind middle of length of main shield in median 
line. Exoskeleton ornamented with scattered small tubercles . 

H o l o t  y P e. - Cephalic shield (ENS no. 1 68) .  
M a t  e r i a 1 .  - The material placed in  this species consists of 

five specimens (ENS nos . 1 66-1 69 and Pal. Mus . Oslo no. D5 1 65) .  
Only the holotype (no . 1 68 ,  pIs . 85 ; 8 6 : 2) consists of  a weU preserved 
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cephalic shield in counterpart ; the others are more or less fragmentary 
or distorted by pressure ; no. 1 66 (pl . 87 : 1 ) consists of the anterior part 
of a shield, exposed in ventrai view ; no. 1 67 (pl . 84 :2) of a distorted 
shield in counterpart ; no. 1 69 of an imperfeet shield, partly in counter
part, and no. D5 1 65 of the dorsal exoskeleton of a very imperfect shield, 
ventrally exposed. In addition to these speeimens I place here with 
much doubt one speeimen (ENS no. 1 70), consisting of the dorsal 
exoskeleton of a fragmentary shield, exposed in ventrai view (pl. 84 :  1 ) .  

D e s  c r i p t i o n .  - The cephalic shield o f  the holotype measures 
40 mm from the apex of the rostrai proeess to the posterior margin of 
the inter-zonal part of the ventrai side ; the rostrai proeess is 1 5  mm 
long. The maximum breadth of the shield (between the tips of the 
cornua) is about 27 mm, and the posterior breadth of the inter-zonal 
part about 1 5  mm. In no. 1 69 the length of the shield (from the rostrai 
apex to the posterior margin of the inter-zonal part on the ventrai side) 
is 34 mm and the rostrai proeess in only 9 mm long. The other speci
mens are of a similar or a slightly greater size than the holotype but 
on account of their imperfect state of preservation no exact measure
ments are obtainable . Compared with the other known speeies of the 
genus, B .  costata was thus of large size . 

The cephalic shield is flattened, and, owing to the feeble develop
ment of the cornua, rather narrow. The rostrai proeess is long and 
flattened, and rather broad, its breadth being somewhat less in the basal 
than in the distal half ; the apex is sharply rounded. The length of 
the proeess in known only in two speeimens , no. 1 68 (the holotype) 
and no. 1 69 ;  in the latter speeimen it is much shorter than in the former 
(or about 3/5  of the length in this speeimen) . In no. 1 6 8  the rostrai 
proeess is thus probably about half as long, in no. 1 69 probably about 
one-third as long as the main shield. The cornua,  which are situated 
rather far forwards , at or slightly before the level of the orbital openings , 
are small and triangular, somewhat varying in shape, and directed in 
postero-Iateral direction ; the cornua thus resemble those of B .  robusta 
and B .  puella . The pectoral sinus are shallow and facing laterally. 
Owing to the anterior position of the cornua and of the shoulder-girdle 
the inter-zonal part is very long ; it gradually narrows backwards ; the 
extreme dorsal posterior end could be observed only in no . 1 70 ,  doubt
fully placed in this speeies , but is there typically developed ; the 
posterior angle is protracted backwards for some distance but probably 
not very much behind the level of the postero-Iateral angles . On the 
ventrai side the inter-zonal part reaches farther backwards than on the 
dorsal side, and its posterior margin is somewhat emarginate medially. 
The shape of the dorsal sensory field is weU preserved only in no. 1 70,  
doubtfully placed here, and to some extent in no .  D5 1 65 ;  i t  i s  narrowly 
oval and about three times as long as broad ; it tapers gently towards 
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Fig. 8 8 .  - Boreaspis cosfafa n.  sp. Restora

tion of the cephalic shield in dorsal view. 

Mainly after the holotype (ENS no. 1 68).  X 2. 

the pointed anterior end but is abruptly truncated posteriorly. In no. 
D5 1 65 it reaches backwards behind the leve1 of the inner ends of the 
inter-zonal sinus, but ends before this leve1 in no. 1 70 .  The lateral 
sensory fields, which are undivided, pass backwards to a point some
what in front of the postero-Iateral corners of the inter-zonal part but 
do not turn over to the lateral sides of this part ; the fields are gently 
inflected at the basis of the cornua. The orbital openings, which are 
roundedly oval or circular in shape, lie rather far backwards, distinctly 
behind the middle of the length of the main shield in the median line. 
The pineal foramen lies between the anterior parts of the orbital 
openings .  The posterior division of the naso-hypophyseal opening lies 
between the foremost parts of the orbital openings or somewhat more 
anteriorly. 

The exoskeleton is very imperfectly preserved in most of the speci
mens. To judge from the conditions in the holotype the superficial 
layer is continuous, and its outer face is provided with scattered, small , 
more or less elongated, tuberc1es . No radiating canals are developed ; 
on the rostrai process the horizontal vascular canals are disposed in 
longitudinal, c10sely set, parallel lines . 

The endoskeleton is fairly well preserved in the holotype, but also 
in nos . 1 66- 1 67 and 1 69 certain structures of the endoskeleton are 
displayed. The inter-branchial ridges 1-4 are rather strongly 
developed ; the three anterior ridges lie before the leve1 of the orbits . 
The postbranchial wall is well shown in the holotype and in no. 1 67 .  
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R e m  a r k  s .  - B .  costa ta resembles B .  robusta (p . 476) and 
B .  puella (p . 48 1 )  in the shape of the very small cornua, and is probably 
c10sely related to these species . It is distinguished from them by the 
anterior position of the cornua and the consequently long inter-zonal 
part, and possibly also in the disposition of the inter-branchial ridges, 
and from these and all other species of the genus by the great size of 
its shield. 

G e o  l o g  i c a l h o r  i z o n s .  - Upper Eodevonian (?) : Wood 
Bay series , ?  the C. Kjeldsen division, the Lyktan division . 

L o c a l i t i e  s .  - Spitsbergen. E .  side of Dickson Bay :  Mt 
Rebbingen (= "the Mt. N .  of Fiskedalen"),  S. W. slope (no. 1 68 ) ;  
Mt  Lyktan, the shore profile (no . D5 1 65) .  W. side o f  Dickson Bay :  
Mt Borgen, N.  part (no . 1 69) .  E .  side of  Wood Bay: Mt Scott Keltie, 
S. side (nos . 1 66-1 67) .  W. side of Wood Bay :  Mt Sigurd, slope 
towards the Hoffnung Glacier (no. 1 70 ,  doubtfully placed in this 
species) . 

No. D5 1 65 was collected by Th . Vogt's expedition in 1 925 , the 
other speeimens by the ENS expedition in 1 93 9 .  

4 .  Boreaspis intermedia n.sp .  

(Fig . 8 9 ;  pls . 8 8 ;  89 : 1 . ) 

D i a g n  o s i s . - A Boreaspis species of fairly large size. with 
maximum breadth of cephalic shield about one and a third times as 
great as length of main shield. Rostrai process (probably) long. 
Antero-Iateral margins slightly curved. Cornua rather short, broad at 
basis, rapidly tapering towards distal part, issuing from main shield 
somewhat behind middle of its length, projecting in lateral and some
what posterior direction ; their length constituting at most one-third of 
distance of their tips from basis of rostrai process . Pectoral sinus broad 
and shallow. Inter-zonal part rather long, narrowing backwards ; its 
posterior breadth about half as great as maximum breadth of shield. 
Posterior angle of inter-zonal part extending farther backwards than 
postero-lateral angles . Dorsal sensory fieid elongate, about three and 
a half times as long as broad ; posterior margin curved. Lateral sensory 
fields undivided, rather strongly inflected at basis of cornua. Orbital 
openings comparatively large , situated distinetly behind middle of length 
of main shield. 

H o l o t  Y P e. - Cephalic shield (ENS no. 1 7 1 ) .  
M a t  e r i a 1 .  - To this species I refer with a fair degree of 

certainty eight specimens , ENS nos . 1 7 1  (pl. 8 8 : 1 -2) ,  1 72 (pl . 8 8 : 3 -4), 
1 7 3 ,  1 74 (pl. 8 8 :5 ) ,  1 75 (pl . 8 8 : 6) ,  1 7 6-1 7 8 .  In addition to these, 
I place here with hesitation one fragmentary shield, ENS no. 1 79 
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Fig. 89 .  - Boreaspis intermedia n. sp . 

Restoration of the cephalic shield, dorsal 
view. After the holotype (ENS no. 1 7 1 )  
and ENS no. 1 7 5 .  X 2. 
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(pl .  8 9 :  1 ) .  All these specimens consist of fragments of cephalic shields, 
mostly in counterpart, none of them being completely preserved. 

D e s  c r i p t i o n. - Owing to the imperfeet state of preservation 
very few direct and exact measurements can be taken. The length of 
the shield from the basis of the rostrai proeess to the posterior angle 
of the inter-zonal part is estimated at 20-22 mm, the maximum 
breadth of the shield (between the tips of the cornua) at 2 8-30 mm, 
the breadth of the inter-zonal part across the postero-Iateral angles is 
1 3- 1 5  mm. The species is thus, compared with the other speeies of 
the genus, of fairly large size. 

The rostrai proeess is preserved with its basal part only in no. 1 77 
and to a greater extent in no. 1 79 ,  hesitatingly placed here, and there
fore nothing definite can be said about its length and shape ; in the 
last-mentioned specimen the preserved part of the proeess measures 
9 mm, corresponding to the distance of its basis from the orbital 
openings.  The main cephalic shield is fairly rounded and of about equal 
length and breadth, and the maximum breadth of the shield is about 
one and a third times as great as the length in the median line of the 
main shield. The dorsal side of the shield is slightly convex, and slopes 
towards the lateral margins where it passes abruptly into the horizontal 
cornua. The antero-Iateral margins are very slightly curved, they form 
an angle of about 45 degrees with the main axis of the shield and pass 
into the cornua without any boundary. The cornua are fairly short and 
triangular, and project in a lateral and somewhat posterior direction. 
The length and shape of the cornua are somewhat varying but the basis 
is always broad, and they taper rapidly towards their distal parts . The 
cornua are situated somewhat behind the middle of the length of the 
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main shield at about the same leve1 as the anterior margins of the 
orbital openings . The pectoral sinus are broad and more or less shallow 
and facing postero-Iaterally. The inter-zonal part is long and not very 
rapidly decreasing in breadth backwards ; its breadth between the 
postero-Iateral angles being about one-half as great as the maximum 
breadth of the shield. The inter-zonal sinus are only fairly deep. The 
ventrai portion of the inter-zonal part, which is displayed in two 
specimens (nos. 1 72 ,  1 75)  only, has a deeply concave posterior margin . 
The dorsal sensory field is elongately oval, its maximum breadth lies at 
the middle, or somewhat behind the middle, of its length in the median 
line ; the posterior margin is sharply or pointedly rounded. The field 
reaches rather far backwards and ends behind the leve1 of the inner 
end of the inter-zonal sinus . The lateral sensory fields which are situated 
most laterally on the sloping part of the main shield, are undivided and 
rather strongly curved at the basis of the cornua ; posteriorly they lie 
on the dorsal side and are not bent down on to the lateral side of the 
inter-zonal part. The orbital openings are rather large, roundedly oval , 
and situated rather far backwards and thus behind the middle of the 
length of the main shield in the median line . The pineal foramen is 
situated between the middle parts of the orbital openings .  

The exoskeleton of the cephalic shield is  toa imperfectly preserved 
as to reveal anything of its minute structure. 

Of the endoskeleton very little is to be observed in the available 
materiaL 

R e m  a r k  s. - With regard to the development of the cornua, 
B .  intermedia takes a somewhat intermediate position between 
B .  costata, (p . 48 3) ,  B .  robusta, (p . 476) ,  and B .  puella, (p . 48 1 )  on the 
one side, and the other Boreaspis species, particularly B .  macrorhynchus 
(p . 49 1 ) ,  and B .  batoides (p . 489) ,  on the other side. It is furthermore 
characterized by its fairly large size, the shape of the shield, and the 
position of the cornua .  Apart from the development of the cornua, 
B. intermedia differs from B. puella by the greater size of its shield, the 
more anteriorly placed cornua, the broader shield, the shape of the 
inter-zonal part etc . ,  from B .  robusta i. a. by a somewhat larger and 
broader shield, more posteriorly placed orbital openings, narrow dor
sal field, and from B .  costata mainly by a somewhat smaller shield, 
shorter inter-zonal part, somewhat pointed posterior margin of the 
dorsal field ; from B .  macrorhynchus it is distinguished i. a. by the 
great size of its shield and the shape of the dorsal field and from 
B .  batoides, which is of about equal size , mainly by the somewhat 
narrower shield, the shape of the inter-zonal part, and the rather large 
orbital openings .  

G e o l o g i c a l  h o r i z o n. - Upper Eodevonian : Wood Bay 
series, the C .  Kjeldsen division. 
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L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier (nos . 1 77- 1 7 8 ,  and no. 1 79 ,  
hesitatingly placed here) ; E.  side of  Bock Bay :  Mt Kronprinz, W. slope 
(nos . 1 7 1-176) .  

All the specimens were collected by the ENS expedition i n  1 93 9 .  

5 .  Boreaspis batoides n.  sp . 

(Fig . 90 ;  pl. 95 : 1 . ) 

D i a g n  o s i s . - A Boreaspis species of fairly large size with 
maximum breadth of cephalic shield much greater than length of main 
shield. Rostrai process long, equalling two-thirds of length of main 
shield; anterior half of rostrai process rather rapidly tapering towards 
pointed apex. Antero-Iateral margins almost straight. Cornua well 
developed, projecting from middle of lateral sides of shield in lateral 
and somewhat posterior direction. Pectoral sinus broad and shallow. 
Inter-zonal part rather long, rapidly narrowing backwards, its posterior 
breadth slightly more than half as great as breadth of shield between 
bases of cornua. Posterior angle protracted backwards as bro ad median 
process, reaching far behind postero-lateral angles. Dorsal sensory 
field elongate, about three and a half times as long as broad, its posterior 
margin sharply curved. Lateral sensory fields undivided, strongly 
angulate at bases of cornua. Orbital openings small, situated distinctly 
behind middle of length of main shield. 

H o l o t  Y P e.  - Cephalic shield (ENS no. 1 80) .  
M a t  e r i a l .  - This species i s  based on  a single specimen (ENS 

no. 1 80), which consists of a cephalic shield with the cornua broken 
off near their bases . 

D e s  c r i p t i o n. - The dimensions of the holotype are as 
follows :  The length of the shield in the median line between the tip of 
the rostral process and the posterior end of the inter-zonal part measures 
3 1 .5 mm, the rostral proeess is 1 2 . 5  mm long, the breadth of the inter
zonal part between its postero-lateral angles is 1 0  mm, and the breadth 
of the cephalic shield between the bases of the cornua (= between the 
most lateral corners of the lateral sensory fields) is about 1 7 . 5  mm. 
Compared with the other species of this genus B. batoides thus attained 
a fairly large size . 

The shape of the main shield is roughly rhomboidal, about as 
broad as long, the antero-lateral margin of one side is almost parallel 
to the postero-lateral margin of the other side. The maximum breadth of 
the shield (which lay between the tips of the cornua) was certainly much 
greater than (more than one and a half times as great as) the length in 
the median line of the main shield. The rostral process is strongly 
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Fig. 90 .  - Boreaspis batoides 

n. sp . Restoration of the eepha

lie shield, dorsal view. After 

the holotype (ENS no. 1 80). 

X 2 . 

developed, its length constitutes about two-thirds of the length of the 
main shield . The lateral margins of the process are almost parallel in 
its basal half ; in the distal half, they taper rather rapidly towards the 
pointed apex of the process .  The antero-Iateral margins of the shield 
are straight, and form an angle of about 5 0  degrees with the main axis 
of the shield ; they pass without any boundary into those of the cornua. 
The cornua are preserved only in their basal parts, but se em to have 
been well developed and rather long, the distal portion of the preserved 
part pointing into a postero-Iateral direction. The cornua issue from 
the cephalic shield at a level distinctly anterior to that of the orbital 
openings . The pectoral sinus are very broad and shallow. The inter
zonal part is long and rather rapidly narrowing backwards ; its posterior 
breadth is thus comparatively small and slightly more than half as gre at 
as the breadth of the shield between the bases of the cornua .  The 
median portion of the inter-zonal part is strongly protracted backwards, 
and the posterior angle reaches far behind the postero-Iateral angles . 
The exact shape of the dorsal sensory field cannot be ascertained, but 
it seems to have the shape given in the restoration in fig . 90, and thus 
was elongate , about three and a half times as long as broad, with 
rounded posterior margin ; the posterior end of the field lies behind the 
leve l of the inner end of the inter-zonal sinus . The shape of the lateral 
fields too cannot be observed directly, but to judge from the branching 
of the nerve canals for the fields ,  they are undivided and very strongly 
angulated at the bases of the cornua. The orbital openings are small in 
proportion to the size of the shield, roundedly oval, and situated 
distinctly behind the middle of the distance between the basis of the 
rostrai process and the posterior end of the inter-zonal part. 

At least at the margins of the rostraI process and on the cornua the 
exoskeleton is ornamented with minute tuberc1es . The superficial layer 
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is probably continuous . Nothing has been observed which can be 
regarded as radiating canals ; along the rostrai proeess there are, how
ever, longitudinal, parallei vascular canals in the middle layer. 

The endoskeleton is weU developed and severai of the superficial 
canals for the nerves and vessels can be seen. 

R e m  a r k  s. - B .  batoides is rather suggestive of B .  macro
rhynchus but differs from this species by the large size, the general shape 
of the cephalic shield, the shape of the rostrai proeess and the form of 
the inter-zonal part. The speeies is of about the same size as B .  inter
media (p . 486) and differs from it 'by the longer cornua, the broader 
shield and the shape of the inter-zonal part. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian (Siegenian) : 
Wood Bay series, the lowermost part of the C .  Kjeldsen division. 

L o c a l i t y. - Spitsbergen. W. side of Wood Bay,  Mt Sigurd, 
slope towards the Hoffnung-Glacier. 

The single specimen was collected by the ENS expedition in 1 9 39 .  

6 .  Boreaspis macrorhynchus n.  sp . 

(Fig. 9 1 ;  pls. 92 : 1 ;  9 3 : 1 ;  94 ; 95 :2 . )  

1 927 .  ? Boreaspis rosfrafa in part, Stensio, p .  2 9 5 ;  p l .  1 3 .  

D i a g n  o s i s . - A Boreaspis species of rather small size, with 
maximum breadth of cephalic shield up to twice as great as length of 
main shield. Rostrai proeess strongly developed, its length contained 
about one and a half times in length of main shield. Antero-Iateral 
margins of cephalic shield straight or very slightly convex. Cornua 
robust, fairly long, projecting from middle of sides of shield in lateral 
and somewhat posterior direction ; their length contained about two 
and a half times in distance of their tips from basis of rostrai proeess . 
Pectoral sinus broad and rather shallow. Inter-zonal part rather long, 
somewhat narrowing backwards ; its posterior breadth somewhat less 
than one-half of maximum breadth of shield . Posterior angle reaching 
backwards behind postero-Iateral angles . Dorsal sensory field elongate, 
about three times as long as broad, abruptly truncated posteriorly. 
Lateral sehsory fields fairly strongly inflected at bases of cornua ;  
posterior part lying o n  dorso-Iateral sides of inter-zonal part. Orbital 
openings roundedly oval , situated behind middle of . length of main 
cephalic shield . 

H o l o t  Y P e. - Cephalic shield (ENS no. 1 8 3) .  
M a t e r i a 1 .  - The material, which I refer to  this species with 

a fair degree of certainty, consists of seven specimens (ENS nos. 1 8 1-
1 87) ; nos . 1 8 1  (pls .  9 3 : 1 ;  94 :2) ,  1 82 (pl. 95 : 2) ,  1 8 3  (pls . 92 : 1 ;  94 : 1 )  
representing more or less complete cephalic shields ,  nos . 1 8 1 ,  1 8 3 of 
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them are in counterparts ; nos . 1 84- 1 8 5  consist mainly of the dorsal 
exoskeleton of imperfeet shields , and nos . 1 8 6-1 87  of shields in 
counterparts , laeking the distal parts of the rostrai proeess and the 
cornua. In addition, there is one speeimen (ENS no. 1 8 8 )  which is 
placed in this species with much doubt. 

D e s  c r i p t i o n. - The length between the apex of the rostraI 
proeess and the posterior end of the shield is 22 mm in the holotype 
and 2 1. 5  mm in no. 1 82 ,  the rostrai proeess is about 8 .5 mm long in 
both speeimens ; the maximum breadth of the shield is about 22 mm 
in the holotype and about 23 mm in no. 1 8 1 ,  in no. 1 8 5 it is estimated 
at about 25 mm ; the posterior breadth of the inter-zonal part is 9 mm 
in no. 1 92 ,  about 9 mm in the holotype and 9 . 5  in no. 1 82 .  The dimen
sions of no. 1 8 8 ,  doubtfully placed in this speeies are as follows:  the 
distance between the basis of the rostrai proeess and the posterior angle 
amounts to about 1 3  mm, the maximum breadth of the cephalic shield 
is 1 8 .5 and the breadth of the inter-zonal part is 9 . 5  mm. - The species 
attained thus a rather small size. 

The main shield is slightly convex, while the cornua are hori
zontally extended. The main shield is about as long as broad but the 
maximum breadth of the shield is one and a half to twice as great as 
the length of the main shield. The rostrai process is long and rather 
stout, it tapers more (the holotype) or less (no . 1 82) towards its apex, 
and the very apex is pointed in the holotype whereas in no. 1 82 it is 
blunt. The length of the proeess amounts to about two-thirds of the 
length of the main shield. The antero-Iateral margins of the shield are 
almost straight, there are no distinet boundaries between the outer 
margins of the cornua and those of the main shield. The cornua are 
well developed ; they are situated comparatively rather far forwards, 
and issue from the middle of the sides of the main shield ; they are fairly 
robust, rather broad at their bases but rapidly narrowing towards their 
more or less pointed tips ; the length of the cornua is contained about 
two and a half times in the distance of the tips from the basis of the 
rostraI proeess ; they project in a postero-Iateral direction and are totally 
devoid of dentic1es . The pectoral sinus are rather broad and shallow. 
The inter-zonal part is long and broad, gently and not very much nar
rowing backwards ; its posterior breadth is less than one-half of the 
maximum breadth of the shield and two-thirds of the breadth of the 
main shield (between the basis of the cornua) . The posterior angle 
reaches backwards to a point somewhat behind the level of the postero
lateral angles ; the inter-zonal sinus are not very deep. The dorsal sensory 
field is narrowly elongate ; its breadth measures about one-third of its 
length ; the posterior margin is narrow and rather abruptly truncated. 
No. 1 85 differs from the other speeimens in the most posterior part of 
the field being rather abruptly narrowing in such a way that the field 
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Fig. 9 1 .  - Boreaspis macrorhynchus n. sp. Resto

ration of the cephalic shield, dorsal view. Mainly 

after the holotype (ENS no. 1 83) .  X 2 .  

ends in a small median posterior process. The lateral sensory fields are 
narrow and undivided ; they are fairly strongly inflected at the bases of 
the cornua ; posteriorly they end on the dorso-Iateral slope of the 
posterior portion of the inter-zonal part. The

' 
orbital openings are 

roundedly oval in shape and situated distinctly behind the middle of 
the length of the main shield. The pineal foramen lies between the 
middle parts of the orbits and the posterior end of the naso-hypophyseal 
opening at a leve1 with the anterior margins of the orbital openings or 
distinctly before this level. 

The exoskeleton is in most of the specimens too poorly preserved 
as to reveal anything of its minute structure ; in the nos . 1 85-1 87 it is, 
however, better preserved. The superficial layer seems to be continuous 
and its outer face to be devoid of any kind of ornamentation. Along the 
lateral margins of no. 1 85 there are seen traces of the horizontal vas
cular canals in the middle layer, which here lie in parallei rows, 
following the margin of the shield. The mucous canals are slightly 
variable in calibre, and form a network which is not especially uniform 
or fine-meshed. 

The endoskeleton is well ossified, and rather much of the intern al 
structures is seen, especially in the nos . 1 8 1  and 1 82 .  The former (pls . 
93 : 1 ,  94 :2) reveals severai of the structures of the ventrai side of the 
cephalic shield, of the visceral endoskeleton, and parts of the post
branchial wall. In the latter specimen (pl. 95 :2) there are i .  a .  exposed 
canals of the principal superficial nerves and vessels . In this specimen 
an anomaly is observed in the deve10pment of the nerve canals for the 
lateral sensory fields in so far that on the left side of the shield there 
are six independent canals of this kind , one accessory canal (se12 b) 
being intercalated between the normal sec ond and the third canal ; on 
the right side of the shield the nerve canals are apparently normally 
developed. 

R e m  a r k  s .  - B. macrorhynchus resembles rather much 
B. batoides (p . 489)  but is smaller than this species, the bases of the 
cornua are comparative]y broader, and the shape of the inter-zonal part 
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is different. It is als o somewhat suggestive of B .  circinus (p. 5 04) but 
differs from that species i. a .  by the development and the position of 
the cornua, and by the longer rostrai process .  From B .  spinicornis 
(p . 497) it differs mainly by the long rostrai process ,  by the shape of the 
shield and the form, position and direction of the cornua as weU as 
by the undivided lateral fields . It reminds furthermore somewhat of 
B .  rostrata but has a larger shield, shorter, more laterally directed and 
more anteriorly placed cornua, and the rostrai process is comparatively 
somewhat shorter than in this species . The similarity between the two 
species is also illustrated by the fact that the second specimen, placed 
by Stensio ( 1 927,  p. 295)  in B .  rostrata, (although too imperfectly 
preserved as to allow a definite specific determination to be made) 
probably seems to belong to B .  macrorhynchus. 

No. 1 8 8  doubtfully placed in B. macrorhynchus differs from the 
other specimens by the much slenderer cornua directed in a more 
postero-Iateral direction and placed more backwards on the shield as 
well as by the broader inter-lOnal part, but it cannot be decided 
whether it may form a different variety of B .  macrorhynchus or belong 
to a species of its own. 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian : Wood Bay 
series , the C .  Kjeldsen division. 

L o c a l i t i e  s. - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier (nos . 1 8 1-1 8 5 ) ;  Mt Kronprinz, E.  
slope, opposite StjØrdalen Valley (nos . 1 8 6-1 8 7) .  E .  side of  Bock Bay:  
Mt Kronprinz, W. slope (no. 1 8 8 ,  doubtfully placed here). 

All the specimens were collected by the ENS expedition in 1 939 .  

7 .  Boreaspis rostrata Stensii:i . 

(Fig. 92 ; pl. 9 1 .) 

1 927 .  Boreaspis rostrata, Stensi6, p. 295 ; fig. 7 8 ;  pIs.  1 4- 1 5  (not p l .  1 3 ) . 

D i a g n  o s i s . - A Boreaspis species of small size with 
maximum breadth of cephalic shield somewhat less than length of shield 
in median line (inc! . rostrai process) and about one and a half times as 
great as length of main shield. Rostrai process long and slender. Antero
lateral margins slightly curved, passing into those of the cornua without 
any boundary. Cornua weU developed, slender, moderately long ,  issuing 
from main shield somewhat behind middle of its length, projecting in 
postero-Iateral direction, not reaching as far backwards as posterior 
end of inter-zonal part ; their length constituting about two-fifths of 
distance of their tips from basis of rostrai process. Pectoral sinus 
rather bro ad and deep. Inter-lOnal part rather broad. Posterior angle 
(probably) reaching backwards behind postero-Iateral angles. Dorsal 
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Fig. 92.  - Boreaspis rostrata Stensio. Restoration of the cephalic shield, in dorsal  

view; after -the holotype (pal. Mus.  Oslo no. 96) and ENS no. 254;  in B the nerve can als  

of the left lateral sensory field are indicated. X 2 .  

sensory field very narrow, about four times as long as broad, with 
greatest breadth in posterior half. Lateral sensory fields undivided, 
inflected at anterior parts of bases of cornua. Orbital openings situated 
at, or somewhat behind, middle of length of main shield . 

H o l o t  y P e. - Cephalic shield (no . 96) in the Palæontological 
Museum, Oslo (Stensio 1 927 ,  p. 295) .  

M a t e r i a l .  - The material of  this speeies is very limited. I 
have had the opportunity to restudy the holotype (Pal . Mus. Oslo no. 
96). In the new material at my disposal there is one specimen (ENS 
no. 254) ,  which I refer to this species with a fair degree of certainty, and 
another one (ENS no. 255) ,  which I place here with some hesitation. 
Both specimens consist of incomplete cephalic shields, in counterparts ; 
no. 254  (pls . 9 1 ) is somewhat distorted and lacks the distal parts of the 
rostrai proeess and the cornua, no . 255  is devoid of most of the cornua 
and a posterior portion of the shield. 

D e s  c r i p t i o n. - B .  rostrata was described in detail by 
Stensio ( 1 927,  p .  295-297),  and his description was based mainly on 
a beautifully preserved speeimen, exposing many important internal 
characters . As many of the external features of the dorsal side of the 
shield were not exposed and as a ·  specimen, evidently not belonging to 
the species, was inc1uded, I shall here give a new description of the 
external characters of the species bas ed both on the holotype and on 
the new material now at hand and in comformity with the descriptions 
of the many new species erected within this genus .  A new restoration 
of the cephalic shield is also given (fig. 92) . Very few comparable 
measurements can be taken. The length of the rostrai proeess in the 
holotype from the preserved anterior end (which is broken) to the 
anterior border· of the oralo-branchial chamber is 8 mm, and in no. 2 5 5 ,  
where the proeess i s  completely preserved, i t  i s  8 . 5  mm. The breadth 
of the inter-zona1 part posteriorly is 8 mm in no. 254 .  The holotype 
and no. 254  seem to be of the same size whereas no. 255  is slightly 
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larger . The speeies thus attained only a min ute size, and is in this 
respect comparable with B .  triangularis and B .  puella . 

The rostrai proeess is long and slender, tapering very gently 
towards its apex. The very apex of the rostrai proeess is missing in the 
holotype and the actual length of the process could thus not be ascer
tained but it seems likely that it was somewhat less than the length of 
the main shield. The antero-Iateral margins of the shield are only 
slightly curved, and inc lin ed at a rather acute angle to the main axis 
of the shield, much as in B .  triangularis but the angle is more obtuse 
than in B .  puella . There is no concavity at the basis of the cornua and 
the antero-Iateral margins of the main shield pass without boundary 
into those of the cornua. The cornua are attached to the main shield 
with very broad bases and issue from it somewhat behind the middle of 
its length . The cornua are of a moderate length, which is contained 
about two and a half times in the distance of their tips from the basis 
of the rostrai process ; they are distinctly shorter than the rostrai process ; 
the cornua are almost straight and taper rapidly towards their very 
narrow, pointed apices ; they project in a postero-Iateral direction and 
do not reach backwards behind the level of the posterior end of the 
inter-zonal part. In their shape the cornua resemble somewhat those of 
B .  spinicornis but are broader basally. The pectoral sinus are rather 
broad and deep . The dorsal portion of the inter-zonal part is not 
exposed in the holotype and only partly preserved in no. 25 5 ;  in no . 254  
i t  i s  also somewhat imperfeet ; so  much, however, i s  seen that the inter
zonal part is fairly long and that its posterior angle reaches far back
wards and most probably farther backwards than the postero-Iateral 
angles. The inter-zonal sinus are rather shallow. The shape of the 
dorsal sensory field is seen in no. 254 ;  it is very elongate and about four 
times as long as broad ; it is broadest in its posterior half and somewhat 
narrowing backwards towards the sharp ly rounded posterior margin, 
and more so anteriorly towards the pointed anterior end. The posterior 
end of the field lies somewhat behind the level of the inter-zonal sinus . 
The lateral sensory fields are rather narrow and of almost uniform 
breadth ; they are not subdivided, and are fairly strongly inflected at the 
ante ri or part of the bases of the cornua. As is distinctly seen in all the 
three specimens, the lateral sensory fields do not reach postero-Iaterally 
on to the cornua and there are quite certainly no such postero-Iateral 
corners as indicated in the restoration given by Stensio ( 1 927 ,  fig . 7 8A). 
The orbital openings are oval in shape and situated at, or somewhat 
behind, the middle of the length of the main shield. The pineal foramen 
lies at the anterior end of the dorsal sensory field between the middle 
parts of the orbital openings . The posterior circular division of the 
naso-hypophyseal opening is situated at a level with the anterior mar
gins of the orbital openings. 
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The exoske1eton is not weU accessible to observation ; its outer 
face (as observed along the margins of the shield) is quite smooth with
out any omamentation. 

With regard to the endoske1eton it will here only be mentioned 
that the nerve canals for the lateral sensory fields are fairly uniformly 
radiating from the labyrinth cavity, the distance between the first and 
sec ond canals being only slightly greater than that between the second 
and third canals . 

R e m  a r k  s .  - In the general shape of the shield B .  rostrata 
• most c10sely resembles B .  spinicornis, B .  triangularis (p . 5 0 1 ) ,  and 

B .  macrorhynchus (p . 49 1 ) .  The two former species
· 

are of about the 
same size as B .  rostrata and from both of them B .  rostrata differs by the 
undivided lateral sensory fields, furthermore from B .  triangularis by the 
Rhorter and straight comua and the narrow dorsal sensory field, from 
B .  spinicornis i. a. by the long rostrai process and by the broader bases 
of the comua. From B. macrorhynchus it differs mainly by the smaller 
size of its shield, and by the longer, slenderer cornua, placed slightly 
more backwards on the shield and directed in a more posterior direction. 

The second specimen (no. 97) in Stensio's original material (Stensio 
1 927 ,  p. 295) probably belongs to the new species B. macrorhynchus, 
described above (p . 494) .  

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (Siegenian) : 
Wood Bay series, the lowermost part of the C .  Kjeldsen division. 

L o c a l i t y . - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier, in red layers about 1 30 m above 
sea-Ievel (no. 254 ; and no. 25 5 ,  hesitatingly placed here) . 

The holotype was, according to the label, found at the end of 
Wood Bay, according to StensiO 1 927,  p .  297,  "W. of the Hoffnung 
Glacier" , that is, on the slope of Mt Sigurd towards the Hoffnung 
Glacier. 

The two new specimens were both collected in 1 9 3 9  by the ENS 
expedition. 

8 .  Boreaspis spinicornis n. sp. 

(Fig. 93 ; pl. 89 :2-5 .) 

D i a g n  o s i s . - A Boreaspis species of small size, with 
maximum breadth of cephalic shield about one and a half times as 
great as length of main shield. RostraI process short. Antero-Iateral 
margins curved. Comua well developed, very slender, projecting in 
postero-Iateral direction, reaching backwards about as far as postero
lateral angles of inter-zonal part. Length of comua about one-third of 
distance of their tips from apex of rostraI proeess. Pectoral sinus fairly 
narrow and deep . Inter-zonal part rather bro ad and of moderate length, 

: 2  
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narrowing backwards ; its posterior breadth somewhat less than half 
as great as maximum breadth of shield . Posterior angle not very acute, 
reaching backwards behind postero-Iateral angles. Dorsal sensory field 
about two and a half times as long as broad, broadest in posterior part ; 
posterior margin obtusely rounded. Lateral sensory field on each side 
of shield subdivided in to two divisions .  Orbital openings situated 
slightly behind middle of length of main shield. 

H o l o t  Y P e. - Cephalic shield (ENS no. 2 1 3) .  
M a t  e r i a l .  - The material referable to this species consists 

of forty-nine specimens (ENS nos . 1 95-243) ; the following of them are • 

represented on the plates, nos . 2 1 0  (pl . 89 :4) ,  2 1 1 (pl. 8 9 :5 ) ,  2 1 3  
(pl. 8 9 : 3) ,  230  (pl. 89 :2) .  In addition to these specimens there are four 
other specimens (ENS nos . 244-247), which consist of very imperfectly 
preserved shields and which cannot be definitely determined as to 
species ; they are placed here with hesitation. Most of the specimens in 
this species come from a single locality and are embedded in a rather 
coarse, micaceous, reddish sandstone ; they consist mostly of rather 
badly preserved cephalic shields . 

D e s  c r i p t i o n .  - The dimensions of the shield are as follows : 
The length in the median line from the apex of the rostrai process to 
the posterior angle of the inter-zonal part ranges from 1 0 . 7  mm 
(no. 224) to 1 5 . 8  mm (no. 2 1 9) and the mean is ) 3 . 8  mm (in 8 speci
mens) . The maximum breadth, as directly measured in 6 specimens, 
varies from 1 3 .7 mm (no. 1 9 6) to 1 7 . 3  mm (no. 2 1 3) ,  with a mean of 
1 6 .2  mm. The breadth of the inter-zonal part between the postero
lateral angles ranges from 6 . 3  mm (no. 204) to 7 . 5  mm (nos . 2 1 2 , 22 1 ,  
229) and the mean is 7 . 1 mm (in 1 7  specimens) . The length of the 
rostrai process is about 2 . 3  mm ( 1 5  specimens) , rang ing from 1 .7 mm 
(no. 224) to 3 . 3  mm (no. 2 1 3) .  The length of the cornua varies rather 
much, or from 3 . 5  mm in no. 1 96 to 6 . 5  mm in no. 2 1 9 ;  the mean 
(of 22 measurements) is 5 .4 mm. 

As is seen from the measurements , the speeies is rather variable in 
the size and dimensions of its shield, but it is als o evident, that these 
variations keep within certain limits, and that the shields all belong to 
a speeies of minute size. 

The general shape of the main shield is fairly rounded with about 
equal length and breadth . The maximum breadth of the shield lies 
between the tips of the cornua and is about one and a half times as 
great as the length in the median line of the main shield and als o some
what more than the length of the shield inclusive of the rostral proeess ; 
it is furthermore equal to or slightly greater than the distance of the 
tip of a cornu from the apex of the rostral proeess .  The rostral proeess 
is very short, measuring only about one-fifth of the length of the main 
shield. The antero-lateral margins of the shield are more or less curved, 
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A B 

Fig. 9 3 .  - Boreaspis spinicornis n. sp. Restoration of the cephalic shield in dorsal 

view. In B the nerve canals of the lateral fields on the left side of the shield are 

indicated. After the holotype (ENS no. 2 1 3) and ENS nos. 262, 269. X 2. 

and pass into those of the eornua without any boundary, or with a very 
slight eoneavity ; in a eouple of specimens (nos . 2 1 3 , 22 1 )  this eoneavity, 
although slight, is nevertheless fairly dis tinet. The eornua are long and 
slender, they taper within their basal halves rather rapidly towards 
their distal halves whit:h are very slender and gently narrowing towards 
the more or less pointed tips. The eornua issue from the main shield 
somewhat behind the leve1 of the orbital openings and thus behind the 
middle of the length of the main shield. The eornua generally projeet 
in a postero-Iateral direetion, in some specimens more laterally , in 
others more posteriorly, and do not reaeh farther baekwards than the 
posterior end of the inter-zonal part, in most specimens only as far as to 
the level of the postero-Iateral angles. The length of the eornua is rather 
variable as seen from the figures given above ; on the whole it is eon
tained about three times in the distanee of the tip of a eornu from the 
apex of the rostrai proeess .  The eornua are generally somewhat eurved, 
in some speeimens distinetly so, but in others (e. g .  no. 2 1 9) they are 
straight and in these eases somewhat reminding of those of B .  circinus. 
The peetoral sinus are ordinarily fairly narrow and deep but they vary 
in these respeets aeeording to the direetion of the eornua. The inter
zonal part of the shield is rather broad and of moderate length and 
deereases more or less in breadth baekwards towards the postero-Iateral 
angles ; sometimes the most posterior portion of the inter-zonal part has 
almost parallel lateral margins . The posterior breadth of the inter-zonal 
part varies from two-fifths to half the maximum breadth of the shield 
but is generally somewhat less than half of this breadth. The posterior 
angle which in most specimens is a right one or slightly obtuse, reaehes 
baekwards somewhat behind the postero-Iateral angles. The inter-zonal 
sinus are rather shallow or fairly deep, with the deepest part usually 
near the latter angles. The ventrai region of the inter-zonal part consists 
only of a narrow transverse bar and the posterior margin is only very 
slightly emarginate . The dorsal sensory field is elongate and about two 
and a half times as long as broad, its greatest breadth lying in the 
posterior quarter of its length ; it is usually gently tapering towards the 
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anterior end or sometimes slightly constricted in breadth in the anterior 
third. The posterior margin of the field generally does not reach back
wards behind the leve1 of the inner end of the inter-zonal sinus.  The 
lateral sensory fields are subdivided into two parts on each side of the 
shield by a fairly narrow intervening space just inside the basis of the 
cornua. The anterior division of the fie1d lies thus along the antero
lateral margin of the shield and is somewhat longer and broader than 
the posterior division;  backwards this division reaches on to and 
terminates on the lateral portion of the inter-zonal part just in front 
of the postero-Iateral angle. The orbital openings are oval in shape 
and situated somewhat behind the middle of the length of the main 
shield . The pineal foramen lies in the anterior end of the dorsal 
sensory field and generally between the middle parts of the orbital 
openings . 

The exoskeleton is very badly preserved ; the superficial layer 
seerns, however, to be continuous and apparently without any kind of 
ornament. 

The endoskeleton is weU ossified but owing to the imperfect state 
of preservation it mostly exhibits rather little of the internal structures. 
The anterior division of the lateral sensory field is supplied with two 
nerve canals running at a rather great distance from each other ; the 
posterior division is supplied with three nerve canals lying rather closely 
to each other ; they are of course much shorter than those to the anterior 
division of the field (fig . 93B) .  The postbranchial wall is shown in many 
specimens, and stands usuaUy almost vertically . 

R e m  a r k  s .  - B .  spinicornis, together with B .  triangularis and 
B .  circinus (p . 504), forms a distinct species group within the genus 
characterized by the constant subdivision into two parts of each of the 
lateral sensory fields . The species differs from them both by the short 
rostrai process ,  from B .  triangularis furthermore by the shape of the 
shorter cornua and the somewhat more posterior position of the orbital 
openings ; some of the specimens of B. spinicornis are somewhat sug
gestive of B .  circinus but the species differs from it by the smaUer size 
of its shield, by the shape and direction of the much shorter and 
slenderer cornua, and by the narrower inter-zonal part. Apart from the 
different development of the lateral sensory fields B .  spinicornis closely 
resembles B .  rostrata (p . 494), and differs from this species mainly by 
the more robust shape of its shield with curved antero-Iateral margins, 
the short rostraI process, the shape and direction of the cornua, and the 
shape of the dorsal sensory field. It reminds furthermore of B .  curti
rostris (see this species , p. 509). 

G e o  l o g  i c a l h o r  i z o n s .  - Upper Eodevonian : Wood Bay 
series , the upper parts of the C. Kjeldsen division, and ? the Lyktan 
division. 
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L o c a l i  t i e  s. - Spitsbergen. W. side of Wood Bay :  Mt Kron
prinz, E. slope, opposite StjØrdalen Valley (nos . 200-204 ; and nos . 
244-247, hesitatingly placed in this species) . E .  side of Dickson Bay :  
Mt Lyktan, S. W. slope (nos . 1 95-199 ,  241-243) .  

All the specimens were collected by the ENS expedition in 1 939 .  

9 .  Boreaspis triangularis n.  sp . 
(Fig. 94 ; pl. 90 :3 -5 .) 

D i a g n  o s i s . - A Boreaspis species of small size with maxi
mum breadth of cephalic shield slightly more than one and a half times 
as great as length of main shield. Rostrai proeess long and slender ; its 
length constituting about three-fifths of length of main shield. Antero
lateral margins slightly curved. Cornua weU developed, long and 
slender, curved, issuing from main shield somewhat behind middle of 
its length, projecting in postero-Iateral direction, reaching backwards to 
about same level as posterior angle of inter-zonal part ; their length 
contained somewhat more than twice in distance of their tips from basis 
of rostrai proeess. Tips of cornua with some small hooked dentic1es. 
Pectoral sinus rather deep and broad. Inter-zonal part rather narrow, 
posteriorly about one-third as broad as shield. Posterior angle reaching 
backwards behind postero-Iateral angles. Dorsal sensory field about 
twice as long as broad: broadest in posterior part. Lateral sensory field 
on each side of shield consisting of two separate divisions . Orbital 
openings situated at or slightly behind middle of length of main 
shield. 

H o l o t  Y P e. - Cephalic shie1d (ENS no. 25 1 ) .  
M a t  e r i a 1 .  - The material referable with a fair degree of 

certainty to this species consists of five specimens (ENS nos . 248-252) .  
The holotype (no. 25 1 ,  pl .  90 :4) i s  represented by an almost entire but 
somewhat distorted shield in counterpart, laeking the distal part of the 
right cornu ; the four other spee imens (nos . 248 ,  pl. 90 :3 ; 249 ; 250 ,  
pl .  90 :5 ; and 252) consist of  cephalic shields, lacking parts of  the 
cornua, no. 249 als o the tip of the rostrai process .  There is further
more one specimen (ENS no. 253) ,  which because of its poor state 
of preservation, can be referred to this species only with some 
hesitation. 

D e s  c r i p t i o n .  - The length of the cephalic shield in the 
median line from the apex of the rostrai process to the posterior end of 
the inter-zonal part measures 1 6 . 8  mm in the holotype and 1 3 . 8  mm 
in no. 250,  but as the latter shield is compressed, the original length 
must have been somewhat greater than this figure indicates .  The rostrai 
process in nos . 248 , 250,  25 1 and 252 measures 5 ,  6, 5 . 5  and 6 .6  mm, 
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respectively. The distance of the tip of the left cornu from the posterior 
angle of the inter-zonal part in the holotype is 9 mm, and the maximum 
breadth of the shield is thus estimated at about 1 8  mm. The breadth 
of the inter-zonal part between its postero-lateral angles measures in 
no. 250 6 .2  mm, and in the holotype 5 . 8  mm. The length of the left 
cornu in the holotype is 6 . 3  mm. The species was thus only 
of a small size, and in this respect most c10sely comparable with 
B .  rostra/a . 

In general shape the shield forms a nearly isosceles triangle, the 
maximum breadth being only slightly less than the distance of the tip 
of a cornu from the apex of the rostral proeess . The maximum breadth 
of the shield is furthermore slightly more than one and a half times as 
great as the length of the main shield and somewhat more than the 
length of the entire cephalic shield. The rostral proeess is apparently 
completely preserved in four speeimens (nos . 248 ,  250-252) ;  it is 
fairly long although the length is somewhat varying, constituting about 
one-third or somewhat more of the length of the whole cephalic shield . 
The proeess is slender and almost parallel-sided or very slightly broad
ening to somewhat behind its apex. The antero-lateral margins of the 
shield are slightly curved, roughly as in B .  spinicornis and somewhat 
more than in B .  rostrata . There usually is a slight concavity in the lateral 
margins of the shield at the basis of the cornua, and the latter are thus 
generally well marked off from the main shield. The cornua, which are 
attached to the main shield by comparatively narrow bases, are long 
and very slender, they are slightly curved in their entire length and 
somewhat more distinetly bent towards their tips ; they project in a 
postero-lateral direction and reach backwards to about the same level 
as the posterior angle of the inter-zonal part. On the whole their shape 
is very suggestive of that of B .  gracilis. The cornua are as long as or 
slightly longer than the rostral proeess and their length constitutes some
what less than one-half of the distance of their tips from the basis of 
the rostral proeess. The very apex of the cornua is provided with a 
few small, slightly bent, hook-like dentic1es. The pectoral sinus are 
broad and rather deep, about as deep as in B .  spinicornis and c1early 
deeper than in B .  rostrata. The inter-zonal part is rather long and 
narrow, distinetly decreasing in breadth backwards , and its posterior 
breadth constitutes about one-third of the maximum breadth of the 
shield and about or somewhat more than half the length of the 
main shield. The posterior angle of the inter-zonal part reaches 
backwards somewhat behind the level of the postero-lateral angles, 
and the inter-zonal sinus are rather deep. The shape of the dorsa1 
sensory field is inversely ovoid, thus elongate with its greatest 
breadth in the posterior part ; the field narrows gently towards the 
pointed anterior end while the posterior end is obtusely rounded. The 
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Fig. 94. - Boreaspis triangularis n. sp . Restoration of 

the cephalic shieid, dorsal view. After the holotype (ENS 

no. 2 5 1 )  and ENS no. 250. X 2. 

field is about twice as long as broad and is broader than in B .  rostrata 
and shorter than in B .  spinicornis. The field does not reach backwards 
behind the level of the inner end of the inter-zonal sinus . The lateral 
sensory fields are subdivided into two weU separated parts on each side 
of the shield as is the case in B .  spinicornis and B. circinus. The anterior 
division is situated along the antero-Iateral margin of the shield and 
reaches backwards to about a point just anteriorly to the basis of the 
cornua ;  the posterior division, which is shorter than the anterior one, 
reaches from a point just posterior to the basis of the cornua along the 
margin of the pectorai sinus and ends on the dorso-Iateral slope of the 
posterior portion of the inter-zonal part. Both divisions of the field 
are rather narrow. The orbital openings , which are �omparatively large 
and roundedly oval, are situated at, or somewhat behind, the midd le of 
the length of the main shield in the median line. The pine al foramen 
which lies in the anterior end of the dorsal sensory field is situated 
between the middle parts of the orbital openings. The naso-hypophyseal 
opening is comparatively long. 

The superficial layer of the exoskeleton is continuous and smooth 
except towards the apex of the cornua where its face is somewhat 
rough, and at the very tips of the cornua which are provided with a 
few denticles, as mentioned before. The mucous canal system forms 
a network, which is rather coarse, at least in the posterior parts of 
the shield. 

The endoskeleton is weU ossified and exhibits severai of its cavities 
and principal canals , which in general all seem to be developed as 
normaUy in the genus. From the anterior division of the lateral sensory 
field run two nerve canals, and from the posterior division three short 
nerve can als to the labyrinth cavity ; they are disposed in about the 
same manner as in B .  spinicornis (cf. fig . 9 3B). 

R e m  a r k  s .  - - B. triangularis comes ne ar to B. spinicornis (p. 
497) and B. circinus (p . 5 04) in the peculiar development of the lateral 
sensory fields , and is probably closely related to these speeies . Apart 
from this charaeter, B .  triangularis very much resembles B .  gracilis 
(p . 5 1 0) in the general shape of its shield but the shield is not so broad 
as in this species , and differs furthermore by its much smaUer size. It 
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is of about the same size as B .  spinicornis and B .  rostrata; from the 
former species it differs mainly by the shape of its longer cornua, the 
long rostrai proeess and the development of the inter-zonal part ; from 
the sec ond species (p . 494) it differs by the longer and more curved 
cornua, attached with narrower bases to the main shield, furthermore 
the dorsal sensory field is much broader and the lateral fields 
are subdivided. B .  triangularis differs from B .  circinus by the devel
opment of the cornua and by not inconsiderably smaller size of the 
shield . 

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian : Wood Bay 
series, the upper part of the C. Kjeldsen division. 

L o c a l i t y.  - Spitsbergen. W. side of Wood Bay :  Mt Kron
prinz, E. slope, opposite the StjØrdalen Valley, in a grey sandstone (nos . 
248-253) .  

All the specimens were collected during the ENS expedition in 
1 9 3 9 .  

1 0 .  Boreaspis circinus n.  sp. 

(Fig. 95 ; pls . 90: 1 -2 ;  92 :2 .) 

D i a g n  o s i s . - A Boreaspis species of small size , with maxi
mum breadth of cephalic shield about twice as gre at as length of main 
shield . Rostrai proeess well developed, its length contained about twice 
in length of main shield . Antero-Iateral margins almost straight, with 
a slight concavity at bases of cornua.  Cornua very long and slender, 
issuing from main shield behind middle of its length, projecting in 
postero-Iateral direction, reaching backwards to level with posterior 
angle of inter-zonal part ; their length being contained about twice in 
distance of their tips from basis of rostral proeess .  Pectoral sinus very 
broad and fairly deep. Inter-zonal part rather broad, slightly narrowing 
backwards, its posterior breadth slightly less than one-third of maximum 
breadth of shield. Inter-zonal sinus shallow. Dorsal sensory field about 
two and a half times as long as broad with curved posterior margin. 
Lateral sensory field on each side of shield subdivided into two parts . 
Orbital openings situated distinetly behind middle of length of main 
shield. 

H o l o t  y P e. - Cephalic shield (ENS no. 1 9 1 ) .  
M a t  e r i a L - To this species I refer five specimen, ENS nos . 

1 89 ,  1 90 (pl . 90 :2) 1 9 1  (pl. 90: 1 ) ,  1 92 ,  and 1 9 3  (pL 92 :2) ;  they all 
consist of fairly complete cephalic shields in counterpart . One additional 
specimen (ENS no. 1 94) is toa imperfectly preserved as to be speci
fically determined with any certainty ; it is placed here with 
hesitation . 
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Fig. 9 5 .  - Boreaspis circinus n. sp . Resto

ration of the cephalic shield, dorsal view. 

Mainly after the holotype (ENS no. 1 9 1 ) 

and ENS no. 1 90 .  X 2. 

D e s  C r i p t i O n.  - The dimensions in mm of the shields are as 
follows (figures in brackets are approximate) : 

Nos. I 1 89 I 1 90 I 1 9 1  I 1 92 1 93 

Length of shield in median line . . . . . . . . . . . . . .  I 1 6.8  1 6.8  1 7.9  20 

Maximum breadth . . . . . . . . . . . . . . . . . . . . . . . . . .  24.5 2 1 .4 (26.5) (24) (28) 

Breadth of inter-zonal part, posteriorly . . . . . . . . 8 7 8.4 9.4 

Length of rostral proeess . . . . . . . . . . . . . . . . . . . .  5.4 5 .4 5.2 7.5 

Length of cornua . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.4 7.2 1 0  7.5 1 0  

The general shape of  the cephalic shield i s  broadly triangular. The 
maximum breadth (between the tips of the cornua) is about one and a half 
times as great as the length of the entire shield, and about twice as 
great as the length of the main shield in the median line. The rostrai 
proeess is weU developed but not very long, about half as long as the 
length of the main shie1d. The proeess is generally slender and of 
uniform breadth; in no. 1 93 ,  however, it is more heavily built and 
tapering towards its apex. The antero-lateral margins of the shield are 
almost straight with a slight or very slight concavity at the bases of the 
cornua, thus marking off the cornua from the main shield. The cornua 
are very long, slender and straight;  they issue from the main shield 
behind the middle of its length at about a leve1 with the orbital openings , 
and project in a postero-lateral direction without reaching backwards 
behind the posterior angle of the inter-zonal part ; their length constitutes 
about one-half of the distance of their tips from the basis of the rostrai 
proeess .  The pectoral sinus are broad and fairly deep. The inter-zonal 
part is rather long and broad, narrowing more or less rapidly backwards , 
and its posterior breadth is contained slightly more than three times in 
the maximum breadth and twice in the length of the shield in the median 
line. The inter-zonal sinus are distinet but not deep . The postero
dorso-median proeess of the inter-zonal part, which forms a right 
posterior angle, reaches backwards only slightly behind the postero
lateral angles. The dorsal sensory fie1d is rather broadly elongate and 
about two and a half times as long as broad ; its greatest breadth lies 
in the posterior half of the fie1d ; anteriorly the fieid is pointed while 
its posterior margin is rounded. The posterior end of the fieid reaches 
backwards to a leve1 with the inner end of the inter-zonal sinus . The 
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lateral sensory field on each side of the shield is subdivided into two 
divisions , an anterior division along the antero-Iateral margin of the 
shield, and a posterior division, which is distinetly shorter than the 
anterior one, on the median zonal and the lateral inter-zonal part of 
the shield. The orbital openings are roundedly oval and situated 
distinetly behind the middle of the length of the main shield. The 
pineal foramero. lies in the anterior end of the dorsal sensory field 
between the middle parts of the orbits . 

The exoskeleton is badly preserved and nothing definite can be 
said about its structure ; no ornamentation has been observed, and it 
seems very probable that the outer face of the superficial layer was 
entirely smooth. 

The endoskeleton is weU ossified but owing to the imperfect preser
vation very little can be seen of the internal structures. 

R e m  a r k  s .  - B. circinus resembles B. spinicornis (p . 497) and 
B. triangularis (p . 5 0 1 )  in having the lateral sensory fields subdivided 
into two portions on each side of the shield. It differs from them both 
by the long, slender, and straight cornua, and from B .  spinicornis 
furthermore by the better developed rostrai proeess. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian : Wood Bay 
series,  the upper part of the C.  Kjeldsen series. 

L o c a l i t i e  s .  - Spitsbergen. E.  side of Bock Bay:  Mt Kron
prinz, W. slope (nos. 1 92-1 93) .  W. side of Wood Bay: Mt Kronprinz, 
E. slope, opposite StjØrdalen VaUey, in a red-brown sandstone (nos. 
1 89-1 9 1 ;  and no. 1 94 ,  hesitatingly placed in this speeies) . 

All the spee imens were collected by the ENS expedition in 1 93 9 .  

1 1 . Boreaspis curtirostris n.  sp. 

(Fig. 9 6 ;  pls . 92 : 3 -5 ; 9 3 : 2 .)  

D ia g n o s  i s .  - A Boreaspis species of medium size with maxi
mum breadth of cephalic shield from about one and a third to about 
one and three-fourths times as great as length of main shield. Rostrai 
proeess very short, its length being contained about four times in length 
of main shield. Antero-Iateral margins more or less curved, without 
or with a very slight concavity at bases of cornua. Cornua long and 
very slender, somewhat curved, issuing from main shield behind middle 
of its length, projecting in postero-Iateral or posterior and somewhat 
lateral direction, reaching backwards to same leve1 as posterior end of 
inter-zonal part ; length of cornua contained somewhat more than twice 
in distance of their tips from basis of rostrai proeess . Pectoral sinus 
comparatively narrow and deep. Inter-zonal part gently narrowing 
backwards, its posterior breadth being contained about twice or two 
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Fig. 96 .  - Boreaspis curtirostris n. sp. Restoration of cephalic shields in dorsal view, 

A ,  after ENS no. 269, B, al1er the holotype (ENS no. 262) and ENS no. 27 1 (the lateral 

sensory fields), C, after ENS no. 26 1 .  X 2. 

and a half times in maximum breadth of shie1d. Posterior angle reaching 
backwards slightly behind postero-Iateral angles . Dorsal sensory field 
about three times as long as broad, narrow anteriorly. Lateral sensory 
fields rather abruptly bent inside bases of comua, and here sometimes 
constricted or (exceptionally) interrupted by a narrow gap.  Orbital 
openings situated slightly or distinctly behind middle of length of main 
shield. 

H o l o t  y P e. - Cephalic shield (ENS no. 262).  
M a t  e r i  a 1 .  - The material referable to this speeies consists 

of twenty speeimens ,  Pal. Mus. Oslo nos . A2 1 6 1 4, A24875 and ENS 
nos . 25 6-260, 261 (pl. 92 : 3) ,  262 (pl. 92 :5 ) , 263-268 ,  269 (pl . 92 :4) ,  
270-273 .  In addition to these specimens I refer to the same species , 
though with some hesitation, two specimens ,  ENS nos . 274 (pl. 93 :2) 
and 275 . The speeimens all consist of cephalic shields, those from Mt 
Triplex being badly preserved, while those from Mt Borgen, embedded 
in a rather coarse light grey sands tone, of ten weU display the general 
shape of their shields ; the inner structures, however, are very badly 
preserved in all the se specimens .  

D e s  c r i p t i o n. - The length of the cephalic shield from the 
apex of the rostrai proeess to the posterior end of the inter-zonal part 
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measures from 1 7  mm (no . 270) to 20 mm (no. 27 1 ) ,  being 1 9 . 5  mm 
in the holotype ; the length of the rostrai proeess varies from 2 . 6  mm 
(nos . 270,  272) to 4 mm (nos . 259 ,  269) and is 3 . 8  mm in the holo
type. The maximum breadth of the shield (between the posterior ends 
of the eornua) varies from 22 .5  mm (nos . 266 ,  269) to about 26 mm 
(nos. 26 1 ,  27 1 ) , being 22 .3  mm in the holotype. The breadth of the 
inter-zonal part between the postero-Iateral angles varies from 9 mm 
(the holotype and no. 270) to 1 1 . 3  mm (no. 266) .  The length of the 
eornua ranges from 7 .2 mm (no. 266) to 9 . 5  mm (no. 2 6 1 ) ;  in the 
holotype the eornua measure 8 .2 mm and 9 mm, respeetively. B .  curti
rostris is thus , eompared with the other speeies of the genus , of 
medium size. 

The main shield is roughly cireular in general shape. The maximum 
breadth is somewhat variable aeeording to the length and direetion of 
the eornua, being in some spee imens about one and a third, in others 
one and three-fourths times as great as the length of the main shield 
in the median line. The rostrai proeess is very short but of somewhat 
varying length (as seen from the figures above) , its length constituting 
only about one-fourth of the length of the main shield . The antero
lateral margins are inclined at a somewhat varying angle to the main 
axis of the shield ; they are more or less eonvex and have either a rather 
slight eoneavity at the bases of the eornua or pass without interruption 
into those of the eornua. The eornua are long and very slender, more 
or less eurved, and taper gently towards their tips ; they issue from the 
main shield behind the middle of its length. The direetion of the 
eornua is somewhat varying, they are direeted postero-laterally or in a 
posterior and somewhat lateral direetion ; owing to the flexure of the 
eornua their distal parts are direeted more posteriorly than their 
proximal parts . The eornua extend baekwards slightly behind the 
posterior end of the inter-zonal part and their length, whieh is somewhat 
variable, constitutes in general slightly less than one-half of the distanee 
of their tips from the basis of the rostrai proeess . The peetoral sinus 
are rather deep and vary aeeording to the direetion of the eornua 
from bro ad to fairly narrow. The inter-zonal part is broad and fairly 
long, narrowing baekwards , and its posterior breadth constitutes from 
about one-half to about two-fifths of the maximum breadth of the 
shield. The posterior angle is a right one or slightly aeute, and extends 
baekwards to a point slightly behind the postero-Iateral angles. The 
inter-zonal sinus are asymmetrieally developed and fairly deep . The dorsal 
sensory field is about three times as long as broad, its greatest breadth 
lies in its posterior half ; the field is rather rapidly eonstricted in its 
anterior third, and this anterior part is thus very narrow ; the posterior 
margin of the field is sharply rounded. Posteriorly the field extends 
distinetly behind the level of the inner ends of the inter-zonal sinus. 
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In most speeimens it is very difficult to form a clear idea of the shape 
of the lateral sensory fields ; in some speeimens (as in no. 269) they 
seem to be of a rather uniform breadth throughout their length, in 
others (no. 27 1 )  they are distinetly constricted at the bases of the cornua 
while in one specimen (no. 2 6 1 )  the fields are subdivided into two por
tions by a very narrow gap between two pointed ends . The fields are 
rather sharply bent at the bases of the cornua ;  backwards they or their 
posterior divisions extend to the vicinity of the postero-Iateral angles 
of the inter-zonal part and terminate on its dorso-Iateral portion. The 
orbital openings which are roundedly oval are situated slightly or 
distinetly nearer to the posterior end of the shield than to the basis of 
the rostrai proeess.  The pineal opening lies in the anterior end of the 
dorsal sensory field and between the middle parts of the orbital 
openings . 

The exoskeleton seems to be without any ornamentation except on 
the tips of the cornua where there are a few dentic1e-like tuberc1es just 
as in B. triangularis but not at all so large and conspicuous as in this 
species. The mucous canal system forms a fine-meshed network. No 
radiating canals have been observed, but along the lateral margins of 
the shield, on the rostrai proeess and along the dorsal sensory field there 
are longitudinal vascular canals, disposed in parallei rows, which form 
a part of the horizontal vascular canal system, which otherwise is 
developed as a network of anastomosing canals . 

The endoskeleton was evidently weU ossified but is in most of the 
speeimens very poorly preserved, and only some of the most conspicuous 
inner features are shown. The canals for the lateral sensory field (or 
fields) are disposed much as in B. spinicornis (e. g. in the holotype and 
in no. 271 ) .  The inner structures of no. 274, hesitatingly placed in this 
speeies, are partly very well exposed (pl. 93 :2) .  

R e m  a r k  s .  - B. curtirostris differs from the other species of 
the genus by the general shape of its shield, the long, very slender, 
somewhat curved cornua, the short rostrai proeess , and the shape of the 
dorsal sensory field. It is, particularly in the character of the short 
rostrai proeess,  suggestive of B .  spinicornis (p . 497) but is greater than 
this speeies and has longer cornua and differently developed sensory 
fields . It reminds furthermore somewhat of B .  triangularis (p . 50 l )  but 
is much larger, has a shorter rostrai proeess and a dissimilar shape of 
the sensory fields. It is, however, to B .  gracilis that B .  curtirostris is 
most similar and to which species it is probably most c10sely related. It 
differs from B. gracilis mainly by the short rostrai proeess and the more 
posteriorly directed cornua, and probably in the disposition of the 
nerve canals for the lateral sensory fields. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (?) : Wood 
Bay series, the Lyktan division. 
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L o c a l i t i e  s .  - Spitsbergen. E .  side of Dickson Bay :  Mt 
Triplex, slope towards Culm Valley (nos . 2 5 6-260 ; and no. 275 , 
hesitatingly placed in this species) ; Mt Lyktan, W. slope (no. 272 ; and 
no. 274, hesitatingly placed here) , Fiskedalen Valley (no. 273) .  W. side 
of Dickson Bay :  Mt Borgen, N. part (nos . 2 6 1 -27 1 ) .  W. side of Wijde 
Bay (West Fiord) : Mt Errol White (= "the Mtn S. of the Valley Sne
ugledal" ; nos . A2 1 6 1 4 ,  A24875) .  

Nos . A2 1 6 1 4  and A24875 were collected by Th.  Vogt's expedition 
in 1 92 8 ,  the others by the ENS expedition in 1 93 9 .  

1 2 .  Boreaspis gracilis n.  sp . 
(Fig. 97 ; pl. 8 6 : 1 .) 

D i a g n  o s i s . - A Boreaspis species of medium size with 
maximum breadth of cephalic shield about twice as great as length of 
main shield. Rostrai process long and slender ; its length contained 
about one and a half times in length of main shield . Antero-Iateral 
margins sligthly curved, with a marked concavity at basis of cornua. 
Cornua long and very slender, with pointed tips, somewhat curved, 
issuing from main shield somewhat behind midd le of its length, projec
ting in lateral and somewhat posterior direction, reaching backwards 
to about same level as postero-Iateral angles of inter-zonal part ; their 
length con sti tuting about half of distance of their tips from basis of 
rostrai process. Pectoral sinus broad. Inter-zonal part rather broad, 
its posterior breadth contained about three times in maximum breadth 
of shield ; posterior angle reaching backwards well behind postero-Iateral 
angles. Dorsal sensory field about two and a half times as long as broad, 
with greatest breadth posteriorly. Lateral sensory fields undivided, 
rather gently bent at basis of cornua, of uniform breadth. 

H o l o t  Y P e. - Cephalic shield (no . C995) in the Swedish 
Museum of Naturai History, Stockholm. 

M a t  e r i a l. - The material upon which this speeies is founded 
is rather scanty and on the whole very poorly preserved. Besides the 
holotype (Swed. Mus . N. H. Sthlm no. C995) six spee imens (ENS nos . 
276-2 8 1 )  are placed here with a reasonable degree of eertainty. One 
spe eimen (ENS no. 282) ,  represented by a very imperfeetly preserved 
shield, is doubtfully referred to this speeies . All the specimens are more 
or less distorted. The best preserved speeimens are the holotype (pl . 
8 6 :  l ) ,  which consists of a eephalic shield, lacking the tip of the rostrai 
proeess and the posterior dorsal portion of the inter-zonal part, no. 279 ,  
which consists of  a shield devoid of  the left eornu and mueh compressed 
laterally, and no. 277 ,  a eephalie shield, whieh is mueh eroded and 
distorted but whieh anyhow fairly well shows its general shape. 
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Fig. 97.  - Boreaspis graci/is n. sp.  

Restoration of the cephalic shield in 

dorsal view. Combined after the holo

type (Swed. Mus. N. H. Sthlm no C995) 

and ENS nos.  277,  279.  X 2.  

D e s  C r i p t i O n.  - The dimensions (in mm) of the shields are 
shown in the following table (figures in brackets are approximate) : 

Nos. I C995 I 276 I 277 I 278 I 279 I 280 

I 

Length of main shield in median line . . .  . - 1 5 . 5  1 6  ( 1 5) - 1 6  

Length of rostrai proeess . . . . . . . . . . . . .  . >6 9.5  >8 - 9 .5  1 0.5  

Maximum breadth . . . . . . . . . . . . . . . . . .  . 29.5 - (>25) (28) (>24) -

Breadth of inter-zonal p art, posteriorly . .  ( 10) 9 8 .6  - (9.5) 1 0. 5  

Length of  cornu a  . . . . . . . . . . . . . . . . . . .  . { 1;3 (10) (10) I l  1 0 -

The speeies thus attained a medium size, compared with the other 
members of the genus . 

The maximum breadth of the shield (between the tips of the 
cornua) is about twice as great as the length of the main shield and 
distinetly greater than the length of the whole shield. The rostral 
proeess is long and slender, and almost parallel-sided ; its length con
stitutes about two-fifths of the length of the whole shield in the median 
line or about two-thirds of the length of the main shield. The antero
lateral margins are somewhat curved, and inc1ined at a more obtuse 
angle to the main axis of the shield than in B .  curtirostris and B .  trian
gularis. The cornua deviate rather much from the direction determined 
by the antero-Iateral margins of the main shield and there is thus a marked 
concavity at their bases , much more distinet than in B .  curtirostris. 
The cornua, which are attached to the main shield with a rather narrow 
basis, are long and very slender, gently tapering towards their pointed 
tips, and somewhat curved ; they issue from the main shield somewhat 
behind the middle of its length and project in a lateral and somewhat 
posterior direction.  The cornua reach backwards about as far as to the 
level of the postero-Iateral angles of the inter-zonal part . The length of 
the cornua constitutes about one half of the distance of their tips from 
the basis of the rostral proeess and is about equal to the length of the 
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rostrai proeess .  The cornua are very similar in shape to those of 
B .  triangularis and B .  curtirostris. The pectoral sinus are weU defined, 
rather deep and very broad. The inter-zonal part of the shield narrows 
towards the postero-Iateral angles, its breadth between them constituting 
about one-third of the maximum breadth of the shield . The posterior 
angle of the inter-zonal part reaches backwards far behind the postero
lateral angles ; the inter-zonal sinus are comparatively shaUow. The 
dorsal sensory field is inversely ovoid in shape, pointed towards its 
anterior end, bluntly rounded posteriorly, and with its greatest breadth 
ne ar the posterior end ; it is about two and a half times as long as 
broad. The field reaches backwards to about the same level as the 
inner end of the inter-zonal sinus. The lateral sensory fields are undi
vided and of almost uniform breadth throughout their length, and are 
rather gently inflected at the basis of the cornua;  they reach backwards 
over the dorso-Iateral sides of the inter-zonal part. The orbital openings 
are situated in about the middle of the length of the main shield ; they 
are roundedly oval in shape. The pineal foramen lies in the anterior end 
of the dorsal sensory field and is situated between the middle parts of 
the orbital openings. 

The exoskeleton is poorly preserved in all the specimens except in 
no. 276 .  The outer face seems to be quite smooth over the whole shield 
with the exception of the very tip of the rostrai proeess where there 
are some few very small tubercles between the here rather wide pores 
of the mucous canals . 

The endoskeleton is weU ossified but only in no. 276 is it weU 
preserved. The five nerve canals for the lateral sensory field are 
disp os ed in about the same way as in B .  rostrata (cf. fig . 92B). Irrespec
tive of the direct observation as to the shape of the lateral sensory 
fields it can be inferred from the ramifications of the nerve-canals 
within the fields that these must have been continuous and not sub
divided into two parts . 

R e m  a r k  s .  - In the general shape of its shield B .  gracilis comes 
very ne ar to B .  curtirostris (p . 506) and B .  triangularis (p . 50 1 ) .  From 
the latter speeies it is distinguished i. a. by the greater size of its shield, 
and above all by the continuous lateral sensory field on each side of 
the shield and the disposition of its nerve canals . From B .  curtirostris 
it differs mainly by the longer rostrai proeess and the more lateraUy 
directed cornua. It is, however, to this speeies that B .  gracilis shows the 
greatest similarity, and it is very probably als o most closely related to 
this speeies. 

G e o  l o g  i c a l h o r  i z o n s .  - Upper Eodevonian (?) : Wood 
Bay series , the C. Kjeldsen division, the Lyktan division. 

L o c a l i t i e  s. - Spitsbergen. At Wood Bay, without indication 
as to the exact loe al it y (no. C995) .  W. side of Wood Bay :  Mt Kron-
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prinz, E .  slope, opposite StjØrdalen Valley (no. 276) ; Cape Roos, 
N.  slope of the Roos Mtn (nos. 277 , 278) .  E .  side of Wood Bay :  Mt 
Scott Keltie, S. part, W. slope (no. 279) .  E. side of Dickson Bay:  Mt 
Lyktan, S. E .  slope (no. 2 8 1 ) ;  Mt Triplex, N.  slope (no. 282 ,  doubt
fully placed here) . N. of Dickson Bay:  Mt Barmfjellet, Dickson Valley 
(no. 280) .  

The holotype was collected by engineer S. Lewin ; the other speci
mens by the ENS expedition in 1 9 3 9 .  

1 3 .  Boreaspis ceratops n. sp . 

(Fig. 98 ; pl. 96 .) 

D i a g n  o s i s . - A Boreaspis species of rather large size with 
breadth of main cephalic shield about equalling its length. Shape of 
rostraI process unknown. Cornua well developed (probably rather long) , 
issuing from main shield very far anteriorly, projecting in lateral and 
very slightly posterior direction.  Pectoral sinus very broad. Inter-zonal 
part very long, gently tapering backwards, its posterior breadth 
constituting about two-thirds of breadth of shield between bases of 
cornua. Posterior angle protracted backwards far behind postero-Iateral 
angles. Dorsal sensory field somewhat more than twice as long as broad 
with narrow anterior part and bluntly truncated posterior margin. 
Lateral sensory fields partly divided into two portions by a deep notch 
in lateral margins inside bases of cornua.  Orbital openings situated 
distinctly behind middle of length of main shield. 

H o l o t  Y P e .  - Cephalic shield (ENS no. 283) .  
M a t  e r i a l .  - This species i s  based on a unique specimen , (ENS 

no. 2 8 3 ) ;  it consists of a defective cephalic shield, lacking the whole 
rostraI process and the distal parts of the cornua. 

D e s  c r i p t i o n. - The breadth of the shield between the 
bases of the cornua is about 2 1  mm and its length from the p:Jsterior 
angle to the basis of the rostrai process is estimated at 22 mm or only 
slightly more. The breadth of the inter-zonal part between its postero
lateral angles is 1 4  mm. The shield is thus of a rather large size and 
about as large as that of B .  batoides. 

In its general shape, the main cephalic shield of B .  ceratops forms, 
roughly speaking, a regular pentagon;  the length and breadth are about 
equal, and the antero-Iateral and the postero-Iateral sides are of about 
the same length, which also is equal to the distance between the postero
lateral angles . The length and shape of the supposed rostraI process is 
entirely unknown ; its presence in the species can be inferred from the 
broken shape of the anterior part of the shield in the available specimen. 
The antero-Iateral margins are very slightly curved or almost straight, 

3 3  
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they are inc1ined at a very obtuse angle to the main axis of the shield, 
more obtuse than in B .  batoides or in any other speeies of the genus. 
A slight concavity is forrned as the antero-Iateral margins of the main 
shield pass into the anterior margins of the cornua. The cornua, which 
are preserved only in their basal parts , have apparently been well 
developed ; they issue from the main shield very far anteriorly, weU 
before the middle of the length of the main shield in the median line 
and far anteriorly to the level of the orbital openings .  The cornua 
project in a lateral and slightly posterior direction and as they decrease 
very bttle in breadth in their preserved basal parts it is presumed that 
they actuaUy were rather long, but their shape as presented in the 
restoration in fig .  9 8 ,  as weU as that of the rostrai proeess, is, of course, 
conjectural . The cornua are much more laterally directed than in any 
other speeies in the genus but are, nevertheless, in this re speet to be 
compared most c10sely with those of B .  batoides. The pectoral sinus are 
broad and shaUow. The inter-zonal part of the shield is very lengthened 
in consequence of the anteriorly situated cornua ; it narrows gently and 
not very much backwards, its posterior breadth being contained about 
one and a half times in the distance between the bases of the cornua 
or in the length of the main shield. The posterior angle of the inter
zonal part reaches backwards far behind the postero-Iateral angle, and 
the inter-zonal sinus are rather shallow. The dorsal sensory field is 
e10ngate and about two and a half times as long as broad, and consists 
of three parts : the larger middle part, which is rather long and has 
almost parallel lateral margins, is anteriorly rather abruptly decreasing 
in breadth towards the very narrow anterior part , and posteriorly, at 
about the level of the openings for the ductus endolymphatici, the field 
is likewise abruptly narrowed towards the posterior part, which forms 
a very short posterior pro cess of the field ; this latter part is only 
slightly narrower than the midd le part and much broader than the 
anterior part, and has an abruptly truncated posterior margin . The 
dorsal field does not reach far backwards and not behind the level of 
the inner end of the inter-zonal sinus. The lateral sensory fields are 
rather narrow, and partly divided into two portions by a deep notch 
in the middle of their lateral margins . The inner margins of the fields 
are evenly curved without any irregularities . The anterior portion, 
which in its greater part lies parallei to the antero-Iateral margins of the 
shield is posteriorly bent in a posterior direction and at the same time 
decreasing in breadth until it passes into the here much broader 
posterior portion . This portion is somewhat shorter than the anterior 
one, it is almost straight and lies inside the postero-Iateral margins of 
the shield on its zonal and inter-zonal parts . It is of course impossible 
to say if the conditions described represent the normal ones in the spe
eies, and if other speeimens had an undivided lateral field or if it was 
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Fig. 98 .  - Boreaspis ceratops n. sp. Attempted restoration of the cephalic shield, dor

sal view. After the holotype (ENS no. 283) .  X 2 .  

clearly divided into two parts (as in some other species of  the genus, 
e. g. in B .  spinicornis) . The orbital openings, which are roundedly 
oval, are situated behind the midd le of the length of the main shield 
in the median line. The pineal foramen, which lies slightly in front 
of the anterior point of the dorsal sensory field, is situated 'between 
the anterior parts of the orbital openings. 

The exoskeleton is not easily accessible to observation but as far 
as can be ascertained, the outer face of its superficial layer is quite 
smooth without any kind of ornamentation. 

The endoskeleton is weU ossified. Of the five nerve canals for the 
lateral sensory field two enter the anterior and three the posterior 
portion, and the interval between the first and second canals is rather 
large. 

R e m  a r k  s .  - B. ceratops is very imperfectly known but it is, 
nevertheless, weU characterized by its far anteriorly situated, laterally 
directed cornua and the peculiar shape of the lateral sensory field (if 
distinguishing for the species and not only for the single specimen) . 
Its position in the genus seems to be rather isolated and no direct and 
evident points of connection with the other species can be indicated. In 
the general shape of its shield the species resembles somewhat 
B. batoides (p . 489) ,  and in the development of the lateral sensory field 
it can be compared both with B .  curtirostris and with B .  spinicornis 
and its allies .  
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G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (Siegenian) : 
Wood Bay series, the lowermost part of the C. Kjeldsen division. 

L o c a l i t y. - Spitsbergen. W. side of Wood Bay:  Mt Sigurd, 
slope towards the Hoffnung Glacier, in red layers, about 1 30 m above 
sea-Ievel. 

The single speeimen was collected during the ENS expedition 
in 1 939 .  

Boreaspis sp . 

(Fig. 99 ; pl. 8 9 : 6 .)  

The form here described is represented by a single specimen (ENS 
no. 284) ,  consisting mainly of the dorsal exoskeleton of a complete 
cephalic shield, which is slightly distorted by pressure of the rock, 

D e s  c r i p t i o n .  - The dimensions of the shield are as follows: 
length in median line 1 5 . 5 mm, maximum breadth 2 1 . 5 mm, posterior 
breadth of inter-zonal part 7 . 8  mm, length of rostrai proeess 4 . 3  mm, 
length of cornua 7 and 8 .5 mm respectively. The specimen thus attained 
only a smaU size, being in this respect intermediate between B .  spini
cornis and B .  circinus. The shield is broad, the main shield slightly 
broader than long, and the maximum breadth is about twice as great 
as the length of the main shield in the median line. The rostrai proeess 
is weU developed but its length is distinetly less than half of the length 
of the main shield, the proeess being thus somewhat shorter than in 
B. circinus and longer than in B .  spinicornis. The antero-Iateral margins 
are slightly convex. The cornua, which issue from the main shield at 
about the leve1 of the orbital openings , are long and slender and slightly 
curved. They have a rather similar shape to those in B.  spinicornis, 
tapering rather rapidly in their proximal parts while the outer parts are 
gently and slowly narrowing ; they are, however, much longer than in 
B .  spinicornis. The cornua project in a postero-Iateral direction and 
thus more as in B. circinus than in B .  spinicornis. The inter-zonal part 
between its postero-Iateral angles is about one-third as broad as the 
shield between the tips of the cornua. The dorsal sensory field is rapidly 
decreasing in breadth in its anterior part and the anterior third of the 
field is thus very narrow ; the field is of about the same shape as in 
B .  curtirostris . It is impossible to get a c1ear idea of the shape of the 
lateral sensory fields ; it could not be definitely settled whether they are 
subdivided into two parts on each side of the shield or not ; it seerns, 
however, possible that they have the shape indicated in the restoration, 
fig . 99, and that the fields on each side of the shield were interrupted 
by a narrow gap and thus really subdivided into two parts . 

R e m  a r k  s. - The specimen described above seems to represent 
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Fig. 99. � Boreaspis sp. Restoration o f  the eepha

lie shield of ENS no. 284, dorsal view. X 2. 

a transitional form between the species B .  spinicornis (p . 497) and 
B .  circinus (p . 5 04). It is thus intermediate between these species in 
the general shape of the main shield, and in the shape of the cornua 
and the rostrai process .  It differs , however, from them both in the shape 
of the dorsal sensory field. As the form is in some respects imperfectly 
known (mainly with reg ard to the exact shape of the lateral sensory 
fields) and as it is furthermore not in any way weU characterized but 
comes near to two closely related species we cannot describe it 
adequately on the basis of a single specimen but must await more and 
better preserved material on which this can be done, and which will 
aUow an opinion to be forrned as to its systematic rank and position. 

G e o  l o g  i c a l h o r  i z o n.  - Upper Eodevonian: Wood Bay 
series, the C .  Kjeldsen division. 

L o c a l i t  y. - Spitsbergen. W. side of Wood Bay:  Mt Kron
prinz, E.  slope, opposite StjØrdalen Vallley, in a reddish sandstone. 

The specimen here described was collected in 1 939  by the ENS 
expedition. 

Genus Kiaeraspis StensiO . 
1 927 .  Kiaeraspis, StensiO, p. 297. 

D i a g n  o s i s . - A cephalaspid genus with cephalic shield 
always longer than broad. Cornua broad and very short, issuing in 
lateral or in lateral and slightly posterior direction. Pectoral sinus 
shallow and facing postero-Iaterally. Inter-zonal part strongly developed, 
measuring at least one-third of length of shield in median line ; closed 
ventrally with a very short ventrai median, anterior process .  An 
unpaired dorsal and one pair of lateral sensory fields (each of these 
latter exceptionally subdivided into two portions) ; posterior parts of 
lateral fields medially curved and continuing backwards on to inter
zonal part of shield. No pineal plate developed. One naso-hypophyseal 
opening.  First nerve canal for lateral sensory field branching just 
medially to lateral field. Canal for r .  mandibularis trigemini passing 
down to oralo-branchial chamber behind first nerve canal for lateral 
sensory field. Canal for dorso-Iateral superficial vein 3 opening into 
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canal for vena capitis later alis c10sely behind orbit. Superficial layer 
of exoskeleton continuous ; middle layer with radiating canals ; mucous 
canal system enc10sed in exoskeleton (mainly after Stensi6 1 927 ,  some
what modified) . 

T y P e s p e c i e s .  - Kiaeraspis auchenaspidoides Stensi6 ( 1 927, 
by monotypy) . 

R e m  a r k  s .  - The question as to the systematie position of the 
genus has been treated by Stensi6 ( 1 927 ,  p .  297 ; 1 932 ,  pp. 1 5 1-1 52) 
and lately by Denison ( 1 95 1 a, pp. 1 92-1 95) .  In his paper of 1 932 
Stensi6 places Kiaeraspis together with Benneviaspis, Securiaspis, Hoel
asp is and Boreaspis in a separate genus group in his sub-family 
"Kiaeraspinae" on account of internal anatomical characters , thus 
separating it from i. a.  the genera Thyestes and Didymaspis with which 
he had compared it previously ( 1 927,  p. 297).  The first group of 
Stensi6, with the addition of Cephalaspis and severai new genera, 
described in this paper, corresponds to the sub-family Cephalaspidinae 
as here defined, and it is in this sub-family of related genera we may 
look for the c10sest allies of Kiaeraspis. With regard to the shape of 
the lateral fields and their innervation Kiaeraspis is to be compared 
most c10sely with Boreaspis and Axinaspis, and to some extent with 
Nectaspis and A crotomaspis as weU as , although more remotely, with 
Benneviaspis, Hoelaspis, Tegaspis and Ectinaspis .  In Boreaspis and 
Axinaspis as weU as in Kiaeraspis the lateral fields or the posterior 
lateral fields are curved medially over the zonal part and extend back
wards on to the inter-zonal part of the shield or even over to the dorso
lateral sides of that part, and do not enter the proximal parts of the 
cornua. In Nectaspis the middle lateral field is curved in that way, and 
the posterior lateral field lies on the inter-zonal part ; in A crotomaspis 
the posterior lateral field lies on the inter-zonal part. In this connec
tion we may note the fact that each of the lateral fields is subdivided 
into two portions in some specimens of Kiaeraspis auchenaspidoides 
and Boreaspis curtirostris, and constantly so in some other species of 
Boreaspis as weU as in Axinaspis whitei, and into three portions in 
Nectaspis, and into four portions in A crotomaspis . In all other genera 
of the subfamily the fields are constantly undivided. In Boreaspis, 
(Benneviaspis and Hoelaspis) the inter-zonal part of the shield has been 
subjected to reduction in its postero-dorsal portion as compared with 
that of other genera, resulting in the development of inter-zonal sinus, 
and also with the effect that the exoskeletal component of the inter
zonal part does not reach backwards behind the endoskeletal compo
nent, or only slightly so. This feature indicates that the mentioned 
genera belong to a different line of evolution than that of Kiaeraspis. 
In the development of the inter-zonal part Kiaeraspis approaches to 
some extent Axinaspis, A crotomaspis and Nectaspis .  In Nectaspis, 
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however, the inter-zonal part is not strongly developed and its exoskele
ton is not c10sed ventrally, and as the genus is differing also in other 
respects , e. g. by the development of the rostrai parts of the shield, it is 
evident that the affinity between Kiaeraspis and Nectaspis cannot be 
very c1ose. A crotomaspis has a not very long inter-zonal part which is 
c10sed ventrally ; as it differs from Kiaeraspis in severai characters it is 
obvious that there is no direct relationship between this genus and 
Kiaeraspis, but it seems very probable that the two genera are in some 
way related, with the genus A xinaspis as an intermediary link. Among 
the genera of the sub-family Cephalaspidinae as yet known, Kiaeraspis 
seems to be most c10sely akin to A xinaspis; this genus has on the whole 
the same general shape of cephalic shield and thus also a comparatively 
long inter-zonal part. A detail in the shape of the lateral fields similarly 
developed in Kiaeraspis and A xinaspis may be noted here, viz . the most 
posterior part of the lateral field or of the posterior lateral field being 
markedly broadened in comparison with the anteriorly situated parts . 
The inter-zonal part in Kiaeraspis has a distinct anterior median process ; 
a similar process is also found in Axinaspis and A crotomaspis. The 
differences between Kiaeraspis and A xinaspis, besides the different 
length of the inter-zonal part, can in the main be ascribed to the dis
similar development of the lateral sensory fields and the ventrai portion 
of the inter-zonal part . 

Denison ( 1 95 1 a) is of the opinion that Kiaeraspis occupies an 
isolated systematic position ("family Kiaeraspidae") but that it may be 
related to "Cephalaspidae". Without entering upon his arguments 
it can be said that our views coincide in sa far as in this paper Kiaer
aspis (and allies) within the family is reg ard ed as representing an 
evolutional line of its own. 

In its geographical distribution, the genus is restricted to Spits
bergen, and stratigraphically to the upper part of the Red Bay series 
(Dittonian) . It is as yet represented by the type species only. 

Kiaeraspis auchenaspidoides StensiO. 
(Fig. 1 00 ;  pl. 9 7 : 1 -3 .) 

1 927 .  Kiaeraspis auchenaspidoides, Stensi6, p. 298 ; fig. 7 9 ,  etc . ;  pls. 49-5 8 .  

D i a g n  o s i s . - Same as for the genus (only species) . 
H o l o t  Y P e. - Cephalic shield (no. 98)  in the Palaeontological 

Museum, Oslo (Stensia 1 927 ,  p .  298) .  
M a t  e r i a l .  - In the material now present this species is 

represented by five specimens, Pal. Mus. Oslo no. A24 895 (pl. 97 : 3 ) ,  
and ENS. nos .  472 (pl. 97 : 1 ) ,  473-474 and 475 (pl. 97 :2) .  All th� 
specimens consIst of imperfectly or badly preserved cephalic shields . 
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R e m  a r k  s .  - As for the description of the species , the reader 
is referred to Stensio ( 1 927 ,  p. 29 8 ;  cf. also the anatomical part of his 
paper) ; through his researches K. auchenaspidoides appears as one of 
the best known cephalaspid species. Here reference will be made mainly 
to same points of its external morphology only, in part related to features 
imperfectly preserved or not shown in the original material . New 
restorations of the cephalic shield are also given (fig . 1 00) . 

Only the following measurements of the shields could be obtained 
with some reliability : the length in the median line is 1 6 .2 mm in 
no. 472 , and about 1 9  mm in no. 474;  the maximum breadth is 1 4 . 3  
mm in no. A24895 and about 1 1 .7  m m  i n  no. 472.  

As is  already se en from the speeimens figured in the plates by 
Stensio ( 1 927 ,  pls . 49-5 8) the shape of the cephalic shield is rather 
variable. Particularly the length of the inter-zonal part varies con sider
ably ; in the restorations (fig. 1 00) its extreme extent is indicated . The 
distance of the basis of the dorsal spine from the pineal foramen is 
about one and a half times (and at most twice) as great as the distance 
of this foramen from the rostrai end of the shield . The cornua and the 
zonal parts are in some specimens situated somewhat more anteriorly 
than in others ; and in consequence of this the lateral sensory fields 
extend backwards either over the zonal part or even as far as to the 
antero-dorso-Iateral portions of the inter-zonal part . The cornua als o 
vary slightly in shape, and project either in a lateral or in a lateral and 
somewhat posterior direction. In all speeimens in the new material the 
rostrai margin is rounded without any trace of a rostrai angle, and it 
is very likely that this is the case in the majority of the specimens (cf. 
Stensio 1 927 ,  pls . 49 ; 5 3-5 4 ;  5 8) .  The dorsal sensory field is elongate 
and inversely ovate in shape and thus with its maximum breadth ne ar 
to the posterior margin, which is obtusely rounded ; it is almost three 
times as long as broad. In its shape it is somewhat suggestive of that 
in Hoelaspis and in some Boreaspis species. Its distance from the rear 
end of the shield is equal to or at most twice as great as the length of 
the field. The lateral sensory fields are rather narrow, most anteriorly 
(corresponding to that part of the fieid which receives the branches of 
the first nerve canal) somewhat widened (cf. also Stensio 1 927 ,  pL 5 4 : 1 ) ;  
the posterior quarter of the fieid i s  also markedly widened (cf. Stensio 
1 927 ,  pls . 49 ; 5 3 : 1 ) ;  the middle parts of the field are fairly narrow. 
In one specimen (no . 475 ; pL 97 :2) the lateral fields are subdivided on 
each side of the shield into two sections by a very narrow intervening 
space, the ends of the sections of the field, facing each other, being very 
narrow and pointed ; the conditions are here very similar to those in a 
specimen of Boreaspis curtirostris (p . 5 06).  The anterior section of the 
field receives the two anterior, the posterior one the three posterior 
nerve canals . There is no pine al plate developed. 
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Fig. 1 00.  - Kiaeraspis auchenaspidoides Stensio .  A, B ,  restorations of the cephalic 

shield in dorsal view; A, after the holotype (observe that the inter-zonal part is remark

ably long in this speeimen) and ENS no. 474 (the sensory fields) , B, the lateral sensory 

fields after ENS no. 475 ;  C,  restoration of the shield in ventraI view, after the holotype 

and Pal. Mus. Oslo no. 1 00 .  X 2 .  

The superficial layer of  the exoskeleton is  apparently continuous 
and probably quite smooth, at least in the main parts of the shield . In 
the posterior portion of the shield weU developed radiating canals are 
observed in the middle layer. The mucous canal system is enclosed in 
the exoskeleton and consists very probably of a uniform fine-meshed 
network. 

The endoskeleton is weU preserved in no . A24895 ; some details 
of the lateral vascular canals are shown in pl. 97 : 3 .  

G e o  l o g  i c a l h o r  i z o n s .  - Lower Eodevonian (Dittonian) : 
Red Bay series (the Ben Nevis division) , the Ctenaspis and Bennevi
aspis horizons (cf. Stensio 1 927 ,  p. 3 00 and Kiær & Heintz 1 9 3 5 ,  
pp. 1 5- 1 6). 

L o c a l i t i e  s .  - Spitsbergen. E .side of Red Bay :  Mt Ben 
Nevis , W. plateau, in the Benneviaspis horizon (no. A24895) ,  S .  W. 
part, in talus (nos. 472-475) .  

No.  A24895 was collected by Th.  Vogt's expedition in 1 92 8 ,  the 
other specimens in 1 93 9  by the ENS expedition. 

Genus Axinaspis n. gen .  

(a;tVE, axe ; aomc;, shield) 

D i a g n  o s i s . - A cephalaspid genus with cephalic shield longer 
than broad. Rostrai margin curved. Real cornua absent, represented 
by lateral angles on cephalic shield. Pectoral sinus absent. Inter-zonal 
part very long, gradually decreasing in breadth backwards, closed 
ventrally, provided with long ventraI anterior, median proeess ; dorsally 
with low median ridge. Sensory fields consisting of an unpaired dorsal 
field and two pairs of lateral fields ; posterior part of posterior lateral 
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field situated on inter-zonal part of shield ; dorsal field elongately 
triangular in shape . No pineal plate . One naso-hypophyseal opening. 
Two nerve canals running to first lateral sensory field, three to second 
sensory field on each side of shield. Canal for r .  mandibularis trigemini 
lying in visceral endoskeleton behind first nerve canal to anterior lateral 
sensory field. Canal for dorso-Iateral superficial vein 3 opening into 
canal for vena capitis lateralis behind orbit. Exoskeleton with 
continuous superficial layer ; midd le layer with radiating canals . Mucous 
canal system enclosed in exoskeleton, forming fine-meshed network. 

T y P e s p e c i e s .  - Axinaspis whitei n. sp . 
R e m  a r k  s .  - The genus A xinaspis seems to come rather close 

systematically to Kiaeraspis. Characters in common to both genera are 
the general shape of the shield, i. e. the feeble development of the 
cornua and the long inter-zonal part, the absence of a pineal plate, the 
disposition of the nerve canals to the lateral sensory fields , of the nerve 
canal V:� and of the vein canal vls:\ , and, partly, the structure of the 
antero-ventral portion of the inter-zonal part and of the exoskeleton; 
of minor importance are the somewhat similar shape of the dorsal 
sensory field and the most posterior part of the (posterior) lateral 
sensory field . The differences between the genera lie mainly in the fact 
that in A xinaspis there are two weU separated pairs of lateral sensory 
fields while in Kiaeraspis the lateral sensory fields are undivided or, 
exceptionally, divided into two sections by a very narrow gap. Real 
cornua are present in Kiaeraspis but in comparison with these the 
"cornua" in A xinaspis are reduced merely to obtuse lateral angles on 
the shield. 

The two genera A xinaspis and Kiaeraspis are thought to belong to 
an independent evolutionary line, quite different from the one re
presented by the genera Benneviaspis, Hoelaspis and Boreaspis. Their 
relation to the other genera in the subfamily is uncertain, and the two 
genera show no obvious resemblance, indicating possible affinity, to 
any of them with the conceivable exception of the genus Nectaspis and 
A crotomaspis. In these genera real cornua are wanting, and the inter
zonal part is somewhat protracted backwards but not at all to the same 
extent as in A xinaspis and Kiaeraspis. In Nectaspis the elongated shape 
of the skield is chiefly due to the strong development of the pre-orbital 
part of the shield . The disposition of the principal nerve and vascular 
canals is in the main very similar in the three genera. A xinm'Pis 
Kiaeraspis and A crotomaspis differ from Nectaspis by the inter-zonal 
part being closed ventrally. The fact that Nectaspis has three pairs and 
A crotomaspis four pairs of lateral sensory fields is not a fundamental 
difference as the tendency towards a subdivision of the lateral fields 
appears in Kiaeraspis, and this subdivislon occurs constantly in Axin
aspis. It seems as if there were in same way an evolutionary connection 
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between A xinaspis (and Kiaeraspis) and A crotomaspis, yet the inter
relationship between these genera and N ectaspis cannot be very dose. 

The genus A xinaspis contains only the type speeies, A .  whitei. 
The genus is only found on Spitsbergen and is here strati

graphically confined to the C. K jeldsen division of the Wood Bay series , 
of which at least the lower part corresponds to the Siegenian in the 
European stratigraphy. 

A xinaspis whitei n.  sp . 

(Fig. 1 0 1 ; pls . 97 :4 ;  98- 1 00 ;  1 1 6 :2 ;  1 1 7 : 1 .) 

D i a g n  o s i s . - Same as for genus (only species) . 
H o l o t  Y P e. - Cephalic shield (ENS no. 466) .  
M a t e r i a l .  - The material of this species consists of three 

specimens (ENS nos . 466-468) .  The holotype (no. 466,  pls . 9 7 : 4 ;  
9 8 : 1 ) i s  a fairly complete cephalic shield with fragmentary counterpart, 
laeking some of its central and right parts ; no. 467 (pls . 9 8 :2-3 ; 9 9 ;  
1 00 :2-3 ; 1 1 6 : 2 ;  1 1 7 : 1 )  consists o f  the posterior part o f  a cephalic 
shield, partly in counterpart ; no. 468 (pl .  1 00 : 1 )  is a complete cephalic 
shield, rather much abraded, and distorted by pressure of the rock. 

D e s  c r i p t i o n. - The holotype has the following dimensions : 
the length in the median line is 42 . 5  mm ; the maximum breadth about 
30 mm, the posterior breadth of the inter-zonal part is 1 4 .5  mm ; the 
distance of a lateral angle from the rostrai end of the shield is 25 . 5  mm ; 
the distance of the pineal foramen from the posterior and anterior ends 
of the shield is 23 and 1 9  mm, respectively. Nos . 467 and 468 are 
somewhat larger than the holotype, but only few exact measurements 
can be taken ; in no. 467 the breadth of the inter-zonal part, posteriorly, 
is 1 7  mm ;  no. 468  is about 52  mm long. 

In the general shape of its shield, A .  whitei takes a position about 
midway between Kiaeraspis and Nectaspis. It is thus comparatively 
lang and narrow owing to the strong development of the inter-zonal 
part, and the absenee of cornua. The maximum breadth of the shield, 
which lies between its lateral angles is about three-fourths of the length 
of the shield in the median line. The rostral margin is rather strongly 
and evenly curved without any rostrai angle. The rostrai margin passes 
over into the lateral (or more exactly, the antero-Iateral) margins of the 
shield without any interruption ; the latter margins are slightly convex. 
No real cornua are developed but are represented by obtuse lateral 
angles about midway on the shield or somewhat nearer to the rostrai 
than to the posterior end of the shield. The conditions are thus re
miniscent of those in both Hemicyclaspis and Nectaspis. As the fins 
are not preserved it is of course impossible to state whether the lateral 
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angle projected laterally to the pectoral fin or not, as in Hemicyclaspis. 
As the pectoral area, which served as a base for the pectoral fin, 
extends antero-Iaterally to a point just behind the lateral angle, it seerns, 
however, probable that this angle did not reach far or not at all laterally 
to the fin but that the conditions in this respect were much as in 
Hemicyclaspis. No pectoral sinus are developed . The inter-zonal part 
is long and narrows only slightly backwards ; its width between the 
postero-Iateral corners being about one half as great as the maximum 
breadth of the shield. The inter-zonal part is c10sed ventrally and is 
here provided with an anteriorly directed, horizontal, triangular, long 
median proeess . The dorso-median and the ventro-median portions of 
the inter-zonal part are protracted backwards far behind its postero
lateral corners . The lateral wall of the inter-zonal part has posteriorly 
a deep concavity, which reaches forwards to about the middle of the 
length of the inter-zonal part. Dorsally in its posterior half the inter
zonal part has a rather weU defined low ridge, which does not ascend 
in posterior direction. The dorsal portion of the inter-zonal part shows 
posteriorly some slight traces of transverse grooves and ridges , indicating 
the incorporation of trunk-segments with the cephalic shield ; their exact 
number could, however, not be established. Of the dorsal sensory 
field only the posterior part is preserved in one specimen (no. 467) ; 
its transverse posterior margin is somewhat concave and its postero
lateral corners are rounded ; it seems very likely that the field as a 
whole was rather long and triangular in shape. The openings for the 
ductus endolymphatici lie within the field , rather near its postero-Iateral 
corners . The distance of the field from the posterior end of the shield 
is probably about twice as great as the length of the field. The anterior 
lateral field on each side of the shield is situated antero-Iaterally to 
the orbit near the margin of the shield at the transition between its 
rostrai and antero-lateral margins ; it is narrow and about three times 
as lang as broad. The posterior lateral field is much better developed 
than the anterior one but is likewise rather narrow. Its anterior end 
lies about at the same level as the anterior portion of the naso-hypo
physeal opening and it stretches from here in postero-Iateral direction 
along the antero-Iateral margin of the shield ; at about the middle of 
its length the field is bent in postero-median direction forming an obtuse 
lateral angle , and the posterior half of the field runs paraUeUy to the 
margin of the zonal and anterior inter-zonal parts of the shield . 
Posteriorly the field is sorriewhat triangularly widened, and it ends at 
about the same level as the posterior margin of the dorsal sensory 
field. The distance between the anterior and posterior lateral sensory 
fields is about equal to the length of the anterior field. The orbital 
openings, which are comparatively small and roundedly oval, He 
distinetly in front of the middle of the length of the shield and rather 
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Fig. 1 0 1 .  - A xinaspis whitei n. sp . Restoration of the cephalic shield, A and B ,  in 

dorsal  view (in B the nerve can als to the lateral sensory fields on the left side of the 

shield are indicated), C, in ventraI, D,  in lateral view. Mainly after the holotype (ENS 

no. 466) and ENS no. 467.  Nat. size. 

far apart, the inter-orbital breadth being about three times as great 
as the tran sver se diameter of an orbital opening. The antorbital 
prominenee is rather strongly developed, elongate, and bordering the 
fossa circum-nasalis laterally. This fossa is well developed, fairly deep 
but not much deeper anteriorly than in its posterior part ; it is broadly 
and roundedly triangular in shape. The naso-hypophyseal opening is 
of normal shape, with three rather indistinct divisions ; it lies on a 
small median ridge in the circum-nasal fossa. The inter-orbital space 
is not completely preserved ; i t  is, however, evident that there was no 
normal pineal plate . 

The exoskeleton is well developed (pls . 1 1 6 : 2 ;  1 1 7 :  1 ) .  Its outer 
face is ornamented with rather small, not very numerous or closely set, 
b1unt tubercles . The superficial layer is continuous and covers the 
middle layer ; it is most strongly developed in the tubercles . The 
radiating canals are well developed ; the vascular areas are, however, 
very irregular both in shape and size ; one large vascular area has its 
centre on the antorbital prominence, another much larger area lies 
just postero-laterally to the dorsal sensory field. The basal layer is weU 
developed and rather thick only in the posterior part of the shield, 
where the exoskeleton does not rest on the endoskeleton ; no ringsinus 
have been observed. The mucous canal system is enclosed in the exo
skeleton and, as far as could be ascertained, consists all over the shield 
of a uniformly fine-meshed network of rather fine canals . Nothing is 
known of the sensory line system. 
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The endoskeleton is weU ossified ; in the holotype it is ,  however, 
partly destroyed. The postbranchial waU is displayed in no. 467 and 
parts of the linings of the oralo-branchial chamber are seen in the 
holotype and no. 468 . The canals of the superficial vessels and nerves 
are either not weU preserved or else not easily observable owing to the 
strong development of the subcutaneous vascular plexus . The anterior 
lateral field is supplied with two nerve canals (sell-seI2) ' the posterior 
one with three canals (se13-seI5 ); the canal V 3 runs in the visceral 
endoskeleton behind the canal seIl  (as e. g.  in Kiaeraspis and Nect
aspis), and the canal vls3 is disposed in such a way that it must have 
opened into the canal vel behind the orbit . 

R e m  a r k  s .  - This remarkable species is named in honour of 
Dr. 1. E. White of the British Museum of Naturai History, London, the 
eminent authority on fossil fishes , who was a member and one of the 
leaders of the ENS expedition to Spitsbergen in 1 9 3 9 .  

G e o l o g i c a l  h o r i z o n. - Upper Eodevonian : Wood Bay 
series, the C .  Kjeldsen division . 

L o c a l i t i e  s .  - Spitsbergen. W. side of Wood Bay :  Mt Sigurd, 
slope towards the Hoffnung Glacier, in red layers about 1 30  m above 
sea-Ievel (nos.  466 and 467,  in the same piece of rock) . E. side of 
Bock Bay:  Mt Kronprinz, W. slope (no. 468) .  

All the thre:! specimens were coUected by the ENS expedition in 
1 939 .  

Genus Acrotomaspis n .  gen . 

(aXpOT0/..lEI\" to cut off at end ; aante; ,  shield.) 

D i a g n  o s i s . - A cephalaspid genus with cephalic shield about 
as long as broad or somewhat elongate. Anterior end of shield more 
or less abruptly truncated or emarginate. Real cornua absent, replaced 
by obtuse lateral angles . Pectoral sinus not developed. Inter-zonal 
part rather long ; lateral sides narrow ; c10sed ventraUy with anterior 
and posterior median processes ; postero-dorso-median portion not much 
protracted backwards . Sensory fields small or very small, consisting of 
one unpaired, triangularly shaped , dorsal field and four pairs of lateral 
fields, three of them situated alon� antero-Iateral margins of shield, one 
along postero-Iateral margins of shield or near postero-Iateral angle of 
inter-zonal part. No pine al plate . One naso-hypophyseal opening. 
One nerve canal entering each of the three anterior lateral fields , two 
the posterior lateral field. Canal for r. mandibularis tri gemini in its 
course through visceral endoskeleton lying behind nerve canal of first 
lateral field, entering oralo-branchial chamber just antero-IateraUy to 
its most distal part. Canal for n. facialis running behind nerve canal 
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to sec ond lateral field. Canal for dorso-Iateral superficial vein 3 
opening into canal for vena capitis lateralis behind orbit. Superficial 
layer of exoskeleton generally continuous, ornamented with tubercles . 
Middle layer with radiating vascular canals . Mucous canal system 
generally enclosed in exoskeleton, consisting of uniform plexus . 

T y P e s p e c i e s .  � A crotomaspis instabilis n.  sp. 
R e m  a r k  s. - In this very peculiar genus a further st age in the 

subdivision of the lateral sensory fields seems to have been reached, 
as compared with normal cephalaspid genera (with only one pair of 
lateral fields) , and with Axinaspis and Nectaspis. At first glance the 
genus recalls somewhat N ectaspis in the advanced subdivision of the 
lateral fields and in the non-development of the cornua, but at closer 
inspection we find that the differences between the two genera are fairly 
striking. With regard to the sensory fields the dorsal field in A crotom
aspis is seen to be triangular in shape with concave lateral and posterior 
margins, and it thus reminds somewhat of the dorsal field in Nectaspis 
areolata . The form and disposition as well as the innervation of the 
lateral fie1ds (disregarding their number) is quite dissimilar in A crotom
asp is and Nectaspis . In A crotomaspis the lateral fields are small or 
very small ; the three anterior pairs are situated along the antero-Iateral 
margins of the shield, the posterior one does not reach backwards 
behind the leve1 of the orbital openings or the lateral angles of the 
shield. The posterior pair is situated along the postero-Iateral sides of 
the shield ; the posterior field is comparative1y long in A .  instabilis but 
in A .  trinodis and in A .  sp . 2 it is very small and located near the 
postero-Iateral angle of the inter-zonal part. In the geologically younger 
forms the posterior lateral sensory field is thus much reduced compared 
with the older forms. All the lateral fields are elongate and straight, 
there is thus no field which corresponds to the angulated middle field 
situated inside the lateral angles of the shield in Nectaspis. While the 
nerve canals for the lateral sensory fields in N ectaspis are disp os ed in 
such a way that two canals run to the first field, two to the second, and 
one to the third, their disposition in A crotomaspis is such, that the 
three anterior lateral fields receive one canal each, and the posterior 
field two canals . These differences indicate that the conditions in 
A crotomaspis cannot have arisen from those in Nectaspis but that the 
subdivision of the lateral fields in the two genera has originated from 

• 
a more primitive stage along different lines, and that the two genera 
cannot stand in direct genetic relation to each other. 

In Axinaspis there are two lateral sensory fields on each side of 
the shield, the anterior one being supplied with two nerve canals , the 
posterior one, which is angularly bent inside the lateral angle of the 
shield and with a small portion of the field lying before this angle, 
receiving three nerve canals . It seems possible to regard these conditions 
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as ancestrai to those in A crotomaspis, if the anterior field in A xinaspis 
is thought to be subdivided into two parts , each with its nerve canal, 
and an anterior portion of the posterior field, anteriorly to the lateral 
angle of the shield (together with one nerve canal) , to be disconnected 
from the posterior part of the field by an interruption just inside the 
lateral angles. In such a way we may arrive at the conditions of the 
lateral fields found in A crotomaspis . 

The disposition of the nerve canal of the foremost lateral sensory 
field (seil)  and its relation to the canal V 3 in A crotomaspis is much 
the same as that of the canal seIl  in Kiaeraspis, A xinaspis and Nect
aspis as well as in Boreaspis and its allies .  The development of the 
inter-zonal part of the shield and the structure of the exoskeleton 
predude the assumption of a doser re1ationship between A crotom
asp is and the latter ; the genus belongs to quite another line of 
evolution within the subfamily than Boreaspis. 

In A crotomaspis the shield is anteriorly truncated or emarginated 
and the rostrai part of the shield is not at all lengthened (as in Nect
asp is) although the buccal cavity is fairly well developed. The extreme 
rostrai margin of the shield is somewhat bent down as a narrow, antero
ventrally directed border, while the antero-Iateral corners of the shield 
are much deeper and stand vertically (see fig . 1 02) ; when viewed from 
in front, the shie1d has thus most anteriorly a broad and low ventrai 
emargination. Possibly this indicates that the mouth was subterminal . 
In geologically younger forms of the genus (e. g. A .  trinodis) the antero
lateral corners of the shield are much protracted forwards, forming 
acutely projecting antero-Iateral angles, the rostrai margin between 
them be ing rather deeply concave with a short median process .  

The inter-zonal part of  the shield is fairly long, longer than in 
Nectaspis but shorter than in A xinaspis and Kiaeraspis .  Its lateral sides 
are very narrow, forming a pair of bars joining the ventrai portion of 
the inter-zonal part, which has the shape of an elongate plate . The 
inter-zonal part is thus dosed ventrally, contrary to what is the case 
in N ectaspis; it reminds in fact in the shape of its ventrai portion of 
that of A xinaspis, being, however, much reduced in comparison with it. 

The structure of the exoskeleton is very similar in A crotomaspis 
instabilis and A xinaspis whitei. 

We thus find it very probable that the genus A crotomaspis is in 
some way, and possibly directly, related to Axinaspis and more 
distantly to Kiaeraspis; its relationship to Nectaspis is certainly not 
very dose. 

The genus A crotomaspis contains two species , named and 
described below, viz . A .  instabilis and A .  trinodis. Besides these there 
exist two additional forms, A .  sp . 1 and A .  sp . 2, which are represented 
by very imperfectly preserved specimens and which therefore cannot 
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be adequately described ; they are left unnarned but very probably 
constitute speeies of their own. 

With our present knowledge, the genus is restricted to Spitsbergen 
where it is found in the Wood Bay and in the Grey Hoek series (in 
age ranging from upper Eodevonian, possibly Siegenian, to uppermost 
Eodevonian or lower Mesodevonian) . 

1 .  A crotomaspis instabilis n. sp . 

(Fig. 1 02 ;  pls . 1 0 1-103 ; 1 04 : 1 -2 ;  1 1 8 : 1 -2 . )  

D i a g o n s i  s .  - An A crotomaspis species of  min ute size with 
rostrai margin of cephalic shield more or less abruptly truncated, antero
lateral corners not protracted . Cornual angles situated at about same 
level as orbital openings . Inter-zonal part distinetly narrowing back
wards. Posterior lateral sensory field rather long. Distance of orbital 
openings from posterior end of shield about one and a half times as 
great as their distance from rostrai margin. Outer face of exoskeleton 
on entire cephalic shie1d with very large tuberc1es. 

H o l o t  Y P e.  - Cephalic shield (ENS no. 450) .  
M a t  e r i a 1 .  - The 'material of this species consists of sixteen 

specimens, ENS nos . 449 (pL 1 02 : 3) ,  450 (the holotype, pls . 1 0 1 ; 
1 02 :2) ,  45 1 (pl. 1 02 : 1 ) , 45 2 (pl. 1 04 : 1 -2) ,  45 3 (pl. 1 0 3 : 1 ) ,  454 (pL 
1 03 :4) , 455 (pl. 1 03 :2) , 45 6 (pL 1 03 : 3) , 45 7-464. With the exception 
of the holotype (no. 450) which is a fairly well and completely preserved 
shield the speeimens consist all of more or less fragmentary shields or 
else of shields which are distorted by pressure of the rock. 

D e s  c r i p t i o n. - Owing to the fragmentary or distorted state 
of the shields only few measurements can be taken. The holotype 
measures 1 2 .4 mm in median length and about 1 1  mm in maximum 
breadth. No. 449 is 1 4  mm, no. 45 1 1 2  mm and no. 454 1 1 . 5  mm 
long. The height of the shield is rather considerable, being 6 . 7  mm 
in no. 452 ,  and about 6 mm in no. 45 7 .  All the other speeimens 
seem to be of about the same size and it is evident that the species 
attained only a very small size ; it is, in fact, the smallest Cephalaspid 
hitherto known. 

Taken as a whole the cephalic shield seems to be only very slightly 
longer than broad. The maximum breadth of the shield (between the 
lateral angles) lies slightly or distinetly before the middle of the length 
of the shield in the median line . The rostrai margin of the shield is 
more or less abruptly truncated, the antero-lateral corners of the shield 
are obtuse and not protracted forwards . A very narrow strip of the 
rostrai margin is bent down antero-ventrally. The antero-Iateral margins 
of the shield are very slightly curved, the almost vertical antero-Iateral 

34 
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walls of the shield are fairly high but abruptly decreasing in height on 
their forward passage into the rostrai margin ; when viewed from in 
front the shield has thus a broad ventrai emargination (pl. 1 02 : 3 ) .  The 
lateral angles are placed at about the same transverse level as the 
orbital openings and evidently never far behind that level , thus situated 
before the middle of the length of the shield in the median line ; their 
distance from the posterior end of the shield being greater than that 
from the rostrai end. No pectoral sinus are developed, the postero
lateral margins of the shield being almost straight . The vertical postero
lateral walls of the shield are slightly concave or grooved anteriorly 
towards the lateral angles. The inter-zonal part is rather long but some
what varying in length in the different specimens , being thus com
paratively short in the holotype and no. 45 1 ,  but comparatively long 
in no. 449 and no. 452 ;  its posterior breadth i s  about half as great 
as the maximum breadth of the shield ; it  is distinetly narrowing back
wards . The dorso-postero-median portion is protracted somewhat 
backwards, and thus the posterior angle reaches farther backwards 
than the postero-lateral angles ; these latter angles are obtuse and of ten 
rounded and not weU defined. When seen sideways the lateral walls 
of the inter-zonal part are deeply cut out in front and from behind . 
the lateral walls being very narrow in their ventrai parts (pl. 1 04 :  1 ) . 
The ventrai portion of the inter-zonal part has the shape of an elongate 
plate with concave anterior and rounded posterior margin, the posterior 
end of the ventrai portion reaching backwards as far as (no . 452) or 
farther backwards (no . 45 7) than the posterior end of the dorsal portion 
of the inter-zonal part . The maximum height of the shield is rather 
great, being probably about half as great as the length of the shield 
in the median line. In some of the specimens (nos. 449, 452 ,  463)  the 
dorsal portion of the inter-zonal part shows posteriorly on each side 
a fairly distinet transverse groove. The inter-zonal part has most 
posteriorly a short, low, usually very indistinct dorsal median ridge , 
which, at least in no . 449 , is somewhat higher posteriorly, forming a 
very short, postero-dorsally directed spine . The dorsal sensory field is 
rather variable in shape ; it is always triangular with concave lateral 
and posterior margins , the anterior part of the field is rather or very 
narrow ; in some specimens (e. g. no. 454,  pl. 1 03 :4) the field can be 
said to be three-rayed, with one long and narrow anterior, and two 
shorter, postero-Iateral branches , often of somewhat unequal length . 
The distance of the field from the posterior end of the shield is some
what or distinetly greater than the length of the field . . On each side 
of the shield there are four lateral sensory fields, three lying along the 
antero-Iateral margin of the shield, and one along the postero-Iateral 
margin . The three anterior fields are very small and narrow. The 
most anterior field is distinetly lenger than each of the others . it is 
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somewhat variable in size, being about three or four times as long as 
broad. The following two fields are short, and of about equal length ; 
they are at most twice as long as broad ; the third field from in front 
lies somewhat before the lateral angle of the shield and never reaehes 
baekwards behind this angle. The intervals between the three anterior 
fields are rather small but always dis tinet and about as great as the 
length of the smaller fields . The posterior lateral field is rather long ; 
it ends posteriorly well before the postero-Iateral angle of the inter
zonal part ; the field is always very narrow, of greatly variable length 
but in all specimens (where it is observed) severai times as long as 
broad ; it is straight and of rather uniform width or in some specimens 
somewhat broader posteriorly. The orbital openings are roundedly 
oval in shape and situated distinetly in front of the middle of the length 
of the shield in the median line . The inter-orbital breadth is about 
twice or slightly more than twice as great as the transverse diameter 
of an orbital opening. The naso-hypophyseal opening is very large ; 
its posterior end lies generally on a level with the anterior margins of 
the orbital openings,  or. in front of this level, and from hence the 
opening reaches forwards ,  sometimes as far as to the middle of the 
distance between the rostrai end and the orbital openings .  The circum
nasal fossa is very large, triangular in shape, and weU defined in its 
anterior and middle parts . The pineal foramen in the exoskeleton, 
which is very smaU and easily overlooked, is not located in an inde
pendent pine al plate ; it is situated somewhat in front of the dorsal 
sensory field, between the middle parts of the orbital openings . 
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The outer face of the exoskeleton is ornamented with very large 
tuberc1es of varying shape, some being short and blunt, others, and 
apparently the majority, long and acuminated ; most of the latter are 
straightly erect, while others are more or less bent much as the medium
sized tuberc1es in Thyestes verrucosus; they are formed mainly by the 
middle layer of the exoskeleton. The superficial layer is in some places 
continuous, in other places it seems to be absent in the inter-tubercular 
spaces . The radiating canals in the middle layer are weU developed, 
forming weU defined vascular areas . These areas are very variable 
in size, in no. 45 1 ,  laterally to the orbits , they are about 0 .4  mm in 
diameter but in the posterior part of the shield there are some large 
vascular areas, one unpaired area ( 1 . 5 mm in diameter) with the centre 
somewhat before the posterior angle, and a pair of still larger areas 
with their centres postero-lateraUy to the dorsal sensory fie1d. In the 
middle layer of the tuberc1es we find wide sinus-like vascular canals 
(pl . 1 1 8 :2-3) .  The basal layer is weU developed in the posterior part 
of the shield where it is not underlain by the endoskeleton. The mucous 
canal system forms c10sed canals in the exoskeleton or more or less 
open grooves ; it consists of a uniformly rather fine-meshed network. 

The endoskeleton is strongly ossified. The subcutaneous vascular 
plexus is weU developed and renders the observation of the courses of 
many of the superficial canals rather difficult. The nerve canals for 
the lateral sensory fields are disposed in such a way that each of the 
three anterior fields receives one canal and the posterior field two 
canals. The canal V 3 enters the oralo-branchial chambers very far 
antero-ventro-Iaterally and, just antero-ventrally of the distal part of 
the canal seI l  and just after passing through the velar ridge. The 
canal VII runs behind the canal sel2 • The canal vIs3 is observed in 
no. 45 8 and no. 46 1 , it enters the canal vel at a point some distance 
behind the orbit. 

R e m  a r k  s .  - A .  instabilis seems to be a rather variable species 
with regard to the length of the inter-zonal part and the more or less 
anterior position of the lateral angles of the shield ; other possible 
variations in the shape of the shield are obscured by the fact that most 
of the specimens are distorted to a varying degree by pressure of the 
rock. The species is, however, distinguished by its small size, the 
truncated rostrai margin of the shield, its obtuse and not protracted 
antero-Iateral corners, the rather long posterior sensory fields and the 
large naso-hypophyseal opening. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian: Wood Bay 
series, the upper part of the C. Kjeldsen division. 

L o c a l i  t y. - Spitsbergen. W. side of Wood Bay:  Mt Kron
prinz, E. slope, opposite Stjørdalen V alley, in a grey sands tone . 

All specimens were collected here in 1 93 9  by the ENS expedition. 
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A crotomaspis sp. 1 .  

(Pl. 1 04 : 3 .) 

This form is represented by a badly preserved cephalic shield 
(ENS no. 465) .  The length of the shield is 1 4  mm and the maximum 
breadth about 1 2  mm. The rostrai margin of the shield is somewhat 
emarginated, the rounded antero-Iateral corners being somewhat 
protracted forwards but not nearly so much as in A .  trinodis. The 
lateral angles are situated about as in A . instabilis, thus before the middle 
of the length of the shield and at a level with the orbital openings . The 
inter-zonal part narrows only slightly backwards and its dorso-posterior 
end is slightly protracted backwards behind the postero-lateral angles . 
The orbital openings are situated before the middle of the length of 
the shield. The naso-hypophyseal opening is not as large as in 
A .  instabilis; the circum-nasal fossa is rather deep and well defined. 
With reg ard to the general shape of the shield and to the configuration 
of its anterior end, this form takes an intermediate position between 
A .  instabilis and A .  trinodis. Otherwise it is so imperfectly known 
that it seems best to leave it unnamed and without diagnosis in expecta
tion of better preserved material ; it seems, however, most probable that 
it represents a species of its own. 

G e o  l o g  i c a l h o r  i z o n. - Upper Eodevonian (?) : Wood 
Bay series, the Lyktan division. 

L o c a l i t y. - Spitsbergen. W. side of Dickson Bay :  Mt Borgen, 
N. part. 

The single specimen was collected by the ENS expedition in 1 9 3 9 .  

2 .  Acrotomaspis trinodis n.  sp . 

(Fig. 1 03 ;  pl. 1 05 .) 

D i a g n  o s i s . - A fairly small A crotomaspis species with 
rostrai margin of shield deeply emarginate, antero-Iateral corners much 
protracted forwards ,  appearing as acute angles (when viewed from 
above), median part of rostrai margin somewhat projecting forwards 
as short median lobe. Lateral angles of shield situated distinetly 
behind level of orbital openings .  Inter-zonal part rather slightly nar
rowing backwards. Posterior lateral sensory field small, situated 
near postero-Iateral angle of inter-zonal part. Distance of orbital 
opening from posterior end of shield about twice as great as their 
distanee from rostrai margin. At least antero-Iateral corners and 
median rostrai lobe with rather large tubercles, posterior part of shield 
with minute tubercles . 
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H o l o t  y P e .  - Cephalie shield (ENS no. 434) .  
M a t  e r i a l .  - To this species are referred eleven spee imens 

(ENS nos . 434-443 ,  6 1 6) .  The holotype (no . 434 ,  pl. 1 05 : 3 ) ,  consists 
of the dorsal exoskeleton of a eomplete eephalie shield, whieh is some
what flattened but otherwise not distorted, nos . 43 5 ,  and 4 3 6  (pl. 
1 05 :  l )  consist likewise of the dorsal exoskeleton of eomplete shields 
but are somewhat distorted ; no. 437  (pl. 1 05 :4) is an almost eomplete 
shield in eounterpart, distorted by pressure of the rock ; no . 439  (pl. 
1 05 : 2) consists of an ineomplete shield which is distorted but apparently 
not mueh flattened. The other spee imens consist of imperfeetly preserved 
or mueh distorted shields ; no. 6 1 6  shows a considerable portion of 
the lateral wall of the inter-zonal part and of the postbranehial walL 
In addition to these specimens I plaee here with hesitation four 
specimens (ENS nos . 444-447), consisting of very badly preserved 
eephalie shields . 

D e s  c r i p t i o n .  - In the holotype the length of the eephalie 
shield in the median line from the apex of the median rostrai proeess 
to the posterior end of the shield is 1 9 . 5  mm, and the maximum breadth 
of the shield is estimated at about 1 9  mm. As the other shields are 
ineomplete or else distorted by pressure in the rock no reliable measure
ments can be obtained on them, but they all seem to be of about the 
same size as the holotype or slightly larger ; the shields hesitatingly 
plaeed here (nos. 444-447) are somewhat smaller than the holotype. 
The species was thus distinetly larger than A .  instabilis. 

The eephalie shield is somewhat longer than broad with the 
maximum breadth lying near the middle of its length . The rostrai 
margin is rather deeply concave , and this rostrai emargination is 
bisinuate in eonsequenee of the very median part of the margin being 
somewhat protraeted, thus forming a short blunt median lobe. The 
extreme rostrai margin forms a narrow border whieh, together with 
the median lobe, is direeted antero-ventrally, just as in A .  instabilis The 
antero-Iateral eorners of the shield are rather aeute-angled when viewed 
from above owing to the faet that they form the anterior end of the 
antero-Iateral wall of the shield whieh stands almost vertieally ; in side
view the antero-Iateral eorners are bluntly rounded. When the shield is 
flattened the eorners are spre ad out in the horizontal plane and appear 
blunt-ended. and thus present a different appearanee from those in the 
normal shie1d. The antero-Iateral margins of the shield are somewhat 
eurved. The lateral angles are situated about midway on the lateral 
margins of the shield ; they are plaeed distinetly behind the leve1 of the 
orbital openings ; they are very obtuse and rounded. The postero-Iateral 
margins of th� shield are almost straight. The inter-zonal part, whieh 
is rather long-, narrows only slightly baekwards, and its width between 
the postero-Iateral angles is distinetly larger than half of the maximum 
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Fig. 1 03 .  - A crotomuspis trinodis n. sp . Restoration 

of the cephalic shield in dorsal view. After the holo

type (ENS no. 434) and ENS nos. 437-439 .  X 2 .  
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breadth of the shield. The postero-Iateral angles, as weU as the posterior 
angle, are obtuse and rounded ; the latter angle reaches backwards only 
slightly behind the former angles . The dorsal sensory field is varying 
in size and always triangular in shape with distinctly concave lateral 
and posterior margins . The anterior end of the field lies rather far 
behind the level of the posterior margins of the orbital openings . The 
distance of the field from the posterior end of the shield is in general 
about one and a half times as great as the length of the field. The 
lateral sensory fields are very small and narrow. The first lateral field 
is the longest and about or somewhat more than twice as long as 
broad, lying rather obliquely to the longitudinal axis of the shield 
inside the antero-Iateral corners of the shield. The second and third 
lateral fields are not much longer than broad ; the third field lies some
what in front of the lateral angle of the shield . The fourth lateral field 
lies very far behind the three anterior ones and near the postero-lateral 
angle of the inter-zonal part ; it is small and probably not larger than 
the foremost field, being thus considerably smaUer than the cor
responding field in A .  instabilis. The orbital openings are roundedly 
oval in shape and situated rather far forwards on the shield, their 
distance from the apex of the median rostral lobe being about half 
of their distance from the posterior end of the shield. The inter-orbital 
breadth is somewhat more than twice as gre at as the transverse diameter 
of an orbital opening. The naso-hypophyseal opening is somewhat 
variable in size but comparatively smaller than that in A .  instabilis; 
in most of the specimens it is rather narrow and somewhat slit-like, 
its three divisions being rather indistinct ; it lies on a small ridge in 
the circum-nasal fossa. The posterior end of the opening lies distinetly 
in front of the level of the anterior margins of the orbital openings , 
and the distance between its anterior end and the basis of the median 
rostral lobe is about as gre at as the length of the opening . The circum
nasal fossa is fairly distinet but not very deep. A pineal foramen in the 
exoskeleton is not observed. 

The exoskeleton is very imperfectly preserved, and it could not 
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be settled whether the superficial layer is continuous or not. At least 
on the median rostraI lobe and on the antero-Iateral corners of the 
shield the outer face of the exoskeleton is ornamented with fairly large 
tuberc1es which are of variable shape, some being wide and blunt, others 
narrow and pointed ; the tuberc1es are comparatively smaller than those 
in A .  instabilis . The posterior part of the shield is ornamented with 
numerous very small, of ten stelliform (that is ,  with very small radiating 
ridges or processes) tuberc1es of varying shape, some rounded, others 
more lengthened.  The middle layer is provided with well developed 
radiating canals,  forming vascular areas of different sizes. 

Very little is visible of the endoskeleton ; in no. 437 ,  however, 
some faint traces of the nerve canals to the lateral sensory fields are 
seen. In the same specimen and in no. 439  there are traces of the 
velar ridge, running from the vicinity of the anterior end of the naso
hypophyseal opening towards the antero-Iateral corners of the shield . 

R e m  a r k  s .  - This species , A .  trinodis, differs from the type 
species i. a. by the larger size of its shield , by the shape of the anterior 
part of the shield, by the small posterior lateral sensory field, and by 
the ornamentation of the outer face of the exoskeleton. 

G e o  l o g  i c a l h o r  i z o n.  - Upper Eodevonian? :  Wood 
Bay series, the upper part of the Lyktan division or the StjØrdalen 
division. 

L o c a l i t i e  s .  - Spitsbergen. E. side of Wood Bay :  Mt Sørli, 
W. slope, 0-5 00 m (= "between V.  StjØrdalen and V.  Verdalen" ; nos . 
434-442, 6 1 6) ;  Mt Scott Keltie, N. part, W. slope, ca. 500 m (no. 
443) .  The localities for the speeimens hesitatingly placed here are : 
Mt Sørli, W. slope, 0-5 00 m (nos . 444-445) ; Mt Prismefjellet, 
W. slope, in a fossiliferous horizon about 200 m above sea leve! (in 
the StjØrdalen division of the Wood Bay series ; nos . 446-447). 

All the specimens were collected by the ENS expedition in 1 9 3 9 .  

A crotomaspis sp. 2 .  

(pl. 1 04 :4 . )  

The form described here (ENS no .  448)  consists mainly of  the 
dorsal exoskeleton of a somewhat incomplete cephalic shield, exposed 
in ventraI view. The length of the shield in the median line is 1 9 . 5  mm 
and the maximum breadth is probably about as great as this length. 
The shield is very similar to that of A .  trinodis, the rostraI margin of 
the shield being shaped in the sam� way, i. e . ,  rather deeply emarginated 
with protruding antero-Iateral corners and a small but distinct median 
rostraI lobe. The lateral angles themselves are not preserved but it 
seems evident that thev were situated far back on the shield, distinctly 
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behind the middle of its length and far behind the leve1 of the orbital 
openings. The dorsal sensory field is rather small and the lateral 
sensory fields are very small, as in A .  trinodis; their third pair is not 
preserved. The orbital openings are situated very far forward, their 
distance from the posterior end of the shield is about three times as 
great as their distance from the apex of the median rostrai lobe. The 
anterior end of the narrow naso-hypophyseal opening lies very near 
the rostrai end of the shield and its distance from the apex of the 
rostral lobe is probably only half as great as the length of the opening. 

Although this specimen is similar to A .  trinodis it differs from this 
species in some respects , and very probably represents a speeies of its 
own, but owing to its imperfeet state of preservation, it cannot be ade
quately described and is therefore left unnarned. When compared with 
A .  trinodis it seems probable that the rostrai margin of the shield has 
not been subject to any great reduction (pushing the rostrai margin 
farther backwards) but that the orbital and the naso-hypophyseal 
openings have shifted somewhat forwards, and this is supported by the 
fact that the velar ridge is running from a point laterally to the posterior 
part of the naso-hypophyseal opening in antero-Iateral direction towards 
the antero-Iateral corners of the shie1d . 

This form, along with a Cephalaspis sp. (p . 424) is the geologically 
youngest Cephalaspid found in Spitsbergen. 

G e o  l o g  i c a l h o r  i z o n. - Uppermost Eodevonian or 
Lower Mesodevonian : Grey Hoek series . 

L o c a l i t y. - Spitsbergen. W. side of Wijde Bay: S. of the 
Sixth Valley (Sjettedelen) , in the coast-profile . 

The speeimen was collected in 1 9 3 9  by the ENS expedition. 

Genus Nectaspis n.  gen . 

(npcroc;, swimming ; Cto;"n C; , shield .) 

D i a g n  o s i s . - A cephalaspid genus with cephalic shield is never 
broader than long. Pre-orbital part of shield rather strongly '.'.eveloped. 
Real cornua absent, replaced by small lateral angles on shield. Pectoral 
sinus not developed. Inter-zonal part rather long dorsally, with low 
median ridge ; ventrally not c1osed. Sensory fields fairly small, consisting 
of one unpaired dorsal field and three pairs of lateral fields ; dorsal field 
more or less triangular in shape. No pineal plate . Separate openings for 
nasal and hypophyseal ducts . Two nerve canals entering first lateral 
sensory field, two running to second, and one to third field. Canal for 
r. mandibularis trigemini in its course through viseerai endoskeleton 
running between nerve canals to first lateral sensory field , entering 
oralo-branchial chamber ventrally to first canal . Canal for dorso-Iateral 
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superficial ve in 3 opening into eanal for vena eapitis lateralis behind 
orbit. Strongly developed velar ridge partly separating oral eavity 
from branehial ehamber proper. Truneus arteriosus having passed 
through ventrai noteh in postbranehial wall . Superficial layer of exo
skeleton eontinuous, middle layer with radiating eanals . Mueous canal 
system enclosed in exoskeleton, consisting of uniform plexus. 

T y P e s p e e i e  s .  - Nectaspis areolata n .  sp . 
R e m  a r k  s .  - This remarkable genus is characterized especially 

by the rather strong development of the pre-orbital part of the shield, 
the non-development of the cornua, the presenee of three pairs of lateral 
sensory fields , and the strong velar ridge . The more special disposition 
of the anterior nerve canals for the lateral sensory fie1ds and the canals 
for the n .  trigeminus together with their interrelations, and the disposi
tion of the eanal vls� , show a close conformity with the conditions 
found in Boreaspis as weU as in Kiaeraspis, Axinaspis and Acrotomaspis. 
Jf we look for the genera, most closely related to N ectaspis we can very 
probably confine ourselves to either Boreaspis (and its allies) or to 
Kiaeraspis, Axinaspis and A crotomaspis. A subdivision of the lateral 
fields is met with in some speeies of Boreaspis, and oceasionally in 
Kiaeraspis, and occurs constantly in A xinaspis and A crotomaspis .  It is 
most probable that the presenee of three pairs of lateral sensory fields 
in N ectaspis represents a secondary state, and we have only to imagine 
each of the lateral fields in Boreaspis or Kiaeraspis being subdivided 
into three portions to get the picture presented in N ectaspis . From the 
genus Boreaspis the present genus differs by the development of the 
inter-zonal part which is strongly deve10ped in comparison with that of 
Boreaspis; there are no inter-zonal sinus as in Boreaspis. As further
more the oralo-branchial chamber and the exoskeleton are differently 
developed in the two genera it is seen that the differences between them 
are rather great, and it seems thus very probable that there is  no dose 
affinity between Nectaspis and Boreaspis, and that Nectaspis does not 
belong to the same line of evolution as Boreaspis . The location of the 
third lateral sensory field on the inter-zonal part of the shield and its 
shape recall the conditions found in the posterior part of the lateral 
field in Kiaeraspis, in the posterior part of the posterior lateral field in 
Axinaspis, and in the posterior field in A crotomaspis. The shape of 
the dorsal sensory field is rather s imilar in N ectaspis and these three 
genera. In the absenee of eornua and thus in the narrow shape of the 
shield as weU as in the fairly weU developed inter-zonal part Nectaspis 
also shows resemblances to them, but in comparison with these genera 
and particularly with Kiaeraspis and Axinaspis the inter-zonal part is 
eomparatively short, and it must be noted that the ventrai portion is 
incomplete mediaUy in Nectaspis but is closed in the other genera. 
A crotomaspis has four pairs of lateral sensory fields, and the distribu-
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tion of the nerve can als to the posterior field is dissimilar in this genus 
and in Nectaspis; the subdivision of the lateral fields in the two genera 
must have proceeded along different lines . The strong development of 
the pre-orbital part of the shield and of the velar ridge as weU as the 
comparatively short inter-zonal part and particularly the feeble develop
ment of its ventrai portion in Nectaspis make it difficult genetically 
to connect the genus with A xinaspis (or Kiaeraspis and . A crototnaspis) . 
In conc1uding, we find that N ectaspis, although showing many characters , 
similar to Kiaeraspis, A xinaspis and A crotomaspis, and being possibly 
a distant relative to them, cannot be directly connected with any of 
these genera. 

In the general shape of the cephalic shield the genus is fairly 
constant but within certain limits there is shown a rather great variation 
as to some details , e. g. the shape of the sensory fields . The delimita
tion of the species is very difficult and this is partly due to the (in 
general) very poor state of preservation of the material . Provisionally 
three different species are distinguished but the diagnoses of them are 
fairly vague and the boundaries between them are rather indistinct.  With 
these reservations the genus is considered to contain the very c10sely 
related species , N. peltata, N .  areolata, and N. dellei . 

As to the geographical and stratigraphical distribution of the 
genus it will be noted that it is confined to the supposed Upper 
Eodevonian layers of Spitsbergen. It first appears with a small form 
(N. peltata) in the upper part of the C. Kjeldsen division of the Wood 
Bay series. In the Lyktan division of the same series the genus is 
represented by the common and widespread N. areolata, and in the 
Stjørdalen division this species is partly replaced by the rather large 
N. dellei. 

1 .  Nectaspis peltata n. sp . 

(Fig. 104 ;  pls . 1 1 2 :2-3 ; 1 1 3 : 1 ;  1 1 8 : 3 . ) 

D i a g n  o s i s . - A Neetaspis species with length of cephalic 
shield in median line about 1 8  mm, and maximum breadth of shield 
1 4- 1 5  mm. Rostrai part comparatively short with rostrai margin 
broad and slightly convex. Dorsal sensory fie1d narrowly triangular, 
twice, or somewhat more than twice,  as long as broad. Middle lateral 
field long. Circum-nasal fossa rather deep . Posterior median part of 
inter-zonal endoskeleton rather narrow. 

H o l o t  Y P e. - Cephalic shield (ENS no. 300) . 
M a t  e r ia 1 .  - The material referable to this species consists 

of seven cephalic shields , ENS nos . 300 (the holotype, pL . 1 1 2 : 2-3) ,  
30 1-305 , 306 (pL 1 1 3 : 1 ) ,  all of  them in a rather imperfect state of  
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preservation and also somewhat distorted by pressure in the rock. Two 
specimens (ENS nos . 307-308)  are placed here with hesitation. 

D e s  c r i p t i o n .  - Owing to the poor state of preservation 
many of the feautures of the shields could not be adequately studied. 
The length of the shield is measured in nos. 300,  303-3 04 and in 
them is 1 8  mm. The distance of the nasal opening from the rostrai end 
of the shield is in the same specimens 8 . 5 ,  8 . 1 ,  and 8 . 5  mm, respectively ; 
it is 8 . 6  mm in no. 306 .  None of the specimens is so well preserved 
as to allow the breadth of the shield being measured ; it is, however, 
estimated at about 14 mm (no. 303) or 1 4 . 5  mm (nos . 300, 306). The 
height of the shield near the posterior end of the dorsal sensory field 
is estimated at about 6 .5  mm in no. 306 .  The length of the shield lies 
weU below the average length in N. arealata, and does not come up to 
the length of the smallest shield in that species . The species thus 
attained a small size. 

In general shape the shield is oval with obtu sely rounded anterior 
end. The length of the shield is about one and a third times or one and 
a quarter times as gre at as the maximum breadth, and the shield is 
slightly narrower than in N. arealala . The rostrai portion of the shield , 
roofing the buccal cavity, is comparatively short, and the rostrai margin 
is broad ; there is no rostrai angle. An antero-Iateral angle at the 
transition of the rostrai margin into the lateral margins it not at all or 
only very faintly indicated. The lateral angles seem to be situated more 
forward than in N. arealata, and approximately at the middle of the 
length of the shield, and at a level with the posterior margins of the 
orbital openings or slightly behind this level. The inter-zonal part is 
comparatively long and of the same shape as in N. arealata; the dorsal 
ridge is but very slightly developed. The ventrai portion of the inter
zonal part is incomplete (observed in no. 306) .  The dorsal sensory 
field is twice, or somewhat more than twice,  as long as broad ; it is 
elongately triangular with the maximum breadth posteriorly ; both its 
lateral and posterior margins are straight ; it reaches backwards to the 
openings for the ductus endolymphatici. The distance of the posterior 
margin of the field from the posterior end of the shield is slightly 
greater than the length of the field . In most specimens the shape of the 
lateral sensory fields could not be determined, but it is seen rather weU 
in no. 306 .  The anterior field is fairly long, the middle field is long, 
slightly angularly bent inside the lateral angle of the shie1d, and the 
posterior leg of the field thus forrned is very short ; the posterior field 
is shorter and slightly broader than the two anterior ones , it is tri
angular with the lateral margin straight. The intervening spaces be
tween the fields are distinct but not very large. The orbital openings , 
which are almast circular, are situated about equidistantly from the 
anterior and the posterior ends of the shield . The openings br the nasal 
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Fig. 1 04. - Nectaspis peltata n. sp . Restoration of the 
cephalic shield in dorsal view. Mainly after the holotype 

(ENS no. 3 00) and ENS no. 306 (the lateral fields). The 

dotted line indicates the posterior border of the endoskeletal 

component. X 2. 

and the hypophyseal duets are separated from eaeh other. The cireum
nasal fossa is well defined anteriorly, triangular in shape and rather 
deep on both sides of the opening for the hypophyseal duet. 

The min ute strueture of the exoskeleton is observed in a fragment, 
hesitatingly placed in this species (pl. 1 1 8 : 3) ;  it agrees with that of 
N. areolata (see this species, p. 545) .  

The endoskeleton seems to be fairly well ossified but is  to imper
fectly preserved as to reveal much of its strueture. The posterior border 
of the endoskeletal component in the inter-zonal part is seen in some 
specimens, its median proeess seems to be much narrower than in 
N. areolata and ending before the posterior end of the shield. 

R e m  a r k  s. - N. peltata differs from the other species of the 
genus by the small size of its shield and the comparatively short, broad 
and anteriorly obtusely eurved rostraI part as well as by . the shape of 
the sensory fields . 

The specimens hesitatingly plaeed here (nos. 3 07-308) differ 
from the others by the somewhat greater size of their shields , the most 
complete shield (no. 307) being 2 1 . 5 mm in length. They thus approaeh 
N. areolata in size but as the shape of the sensory fields and the rostraI 
margin are more in conformity with that of N. peltata they are pro
visionally placed here. 

G e o l o g i c a l  h o r i z o n. - Upper Eodevonian: Wood Bay 
series, the upper part of the C. K jeldsen division. 

L o c a 1 i t i e  s .  - Spitsbergen . W.  side of Wood Bay:  Mt Kron
prinz, E. slope, opposite Stjørdalen Valley, in a reddish sandstone (nos . 
300-306), in a grey sandstone (no. 307 ,  doubtfully placed in this 
species) . E. side of Bock Bay:  Mt Kronprinz, W. slope (no. 308 ,  
doubtfully placed here) . 

All speeimens were colleeted in 1 939  by the ENS expedition. 
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2.  Nectaspis areolata n. sp. 
(Fig . 1 05 ;  pls . 1 06-1 1 1 ;  1 1 2 : 1 . ) 

D i a g n  o s i s . - A Neetaspis species with average length of 
cephalic shield in median line 26 mm, being slightly greater than 
maximum breadth of shield. Rostrai part of shield weU developed 
with rostrai margin sharply rounded. Dorso-median portion of inter
zonal part only slightly protracted posteriorly ; posterior angle very 
obtuse . Dorsal sensory field shortly triangular in shape, with broad 
truncated posterior margin ; lateral margins somewhat concave . Lateral 
fields variable in size, median field rather short, posterior field elongately 
triangular, slightly curved with pointed anterior end. Orbital openings 
comparatively large, lying far apart, situated slightly before middle of 
length of shield in median line . Circum-nasal fossa very broad and 
shallow. Inter-zonal endoskeleton broad posteriorly. 

H o l o t  y P e. -Cephalic shield (ENS no . 320). 
M a t  e r i a 1 .  - The material of this species comprises no less 

than one hund red and six specimens (ENS nos. 309-395 , and Pal. 
Mus. Oslo nos . A24876-A24894) ; one additional specimen (ENS no. 
396) is referred to the same species with some hesitation. All the 
specimens are represented by cephalic shields only, for the most part 
in a rather imperfect state of preservation .  Only two of them, the 
holotype (no . 3 20,  pls . 1 06- 1 09) and no. 32 1 (pls .  1 1 0 ;  1 1 2 : 1 )  are 
perfectly preserved. In many cases the shields are much distorted by 
pressure in the rock (e. g .  no. A24876 ,  pl. 1 1 1 : 3 ,  and no. A24877 ,  
pl. 1 1 1  : 4 ) ,  being tlms of  a very different appearance even on  the same 
slab owing to the position of the shields according to the direction of 
pressure . The specimens from Mt Borgen (e. g. no. 3 60, pl. 1 1 1 : 1 ;  
no. 3 6 3 ,  pl. 1 1 1  :2) and from Mt Rebbingen are fairly well preserved 
with regard to the general shape of the shield . In most of the specimens 
the endoskeleton is in a very bad state of preservation, the holotype and 
no. 3 2 1  making fine exceptions from this rule . 

D e s  c r i p t i o n. - The following description is based mainly 
on the holotype (no . 3 20) and no . 32 1 but attention is also paid to the 
peculiarities of the other shields . The dimensions of the holo
type are as follows : The length of the shield in the median line 
is 24 mm, the breadth between the lateral angles is 1 9 . 5  mm, the 
distance between the rostrai end of the shield and the lateral angles 
is 17 .2  mm, and the distance of the nasal opening from the rostral 
end of the shield 1 1  mm ; the maximum height of the shield (at the 
posterior end of the inter-zonal part) is 9 mm. The length of the shield 
in no. 3 2 1 is 2 3 . 5  mm, and its maximum breadth 1 7  mm ; the height 
is about 8 mm. The other shields are of somewhat varying size, the 
length in the median line varies from 2 1  mm in the smaUest specimens 
to 29 mm in the largest, the average length being 25 . 9  mm (n = 23 ) ;  
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Fig. 1 05 .  - Nectaspis arealata n. sp . A, B ,  C, restorations of the cephalic shield in 

dorsal view, in  B ,  the dotted line indicates the posterior border of the endoskeletal 

component, in C,  the nerve canals to the lateral sensory fields on the left side of the 

shield as weU as the horizontal branches of the nerve canal to the dorsal sensory field 

are indicated. D,  outline of the shield in ventraI view. After the holotype (ENS no. 3 20) 

and ENS no. 3 2 1 ,  D, also after Pal. Mus. Oslo nos. A24876,  A24878 and A248 9 3 .  X 2 .  

the distanee of the nasal opening from the rostrai end of the shield 
varies in fifteen of the same specimens from 9 .7  mm to 1 3 . 8  mm, and 
is on an average 1 2 .2  mm. The maximum breadth eould be measured 
in only a few of these speeimens ; it is about 1 8 .9  mm, varying from 
1 7  to 20 .5  mm. As seen from the measurements the shields represent 
a speeies of small size. 

Taken as a whole the eephalie shield is broadly oval with its length 
in the median line somewhat exeeeding the maximum breadth, being 
in five spee imens on the average ane and a third times as great as this 
breadth. The shield is only slightly deereasing in breadth forwards and 
the rostrai margin of the shield is fairly broad, being sharply eurved 
without any rostrai angle. There is a very obtuse, alma st impereeptible , 
antero-lateral angle on eaeh side of the shield at the level of the first 
lateral sensory field where the rostral margin passes over into the 
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lateral margin, and from this angle towards the lateral angle the margin 
is almost straight. The obtuse lateral angles of the shield (at the transi
tion of the cephalic shield proper and the zonal part) are situated rather 
far backwards, and the distance of an angle from the rostrai end of the 
shield is considerably greater than from the posterior end of the inter
zonal part. There are no real pectoral sinus present ; in dorsal view 
the margin between the lateral angle and the postero-Iateral angle of 
the inter-zonal part is almost straight, appearing somewhat concave in 
ventrai view. The inter-zonal part is fairly long and gently decreasing 
in breadth backwards but somewhat more rapidly than the narrowing 
of the shield forwards from the lateral angles to the rostrai margin ; 
its posterior breadth is somewhat greater than half of the maximum 
breadth of the shield. The posterior angle of the inter-zonal part projects 
backwards to some distance behind the postero-Iateral angles, the latter 
are not protracted, and the margin between each of them and the 
posterior angle is almost straight. In some specimens there are traces 
of a transverse gro ove running dose to and parallely with the posterior 
margin of the inter-zonal part. Dorsally this part is provided with a 
faintly marked broad and flattened median ridge, but in some specimens 
this ridge is more sharply accentuated at its posterior end. The ventrai 
portion of the inter-zonal part cannot be examined in the holotype, but 
from what is seen in other speeimens (e. g.  nos .  A24876 ,  A248 7 8 ,  
A24893)  i t  i s  incomplete ventrally, being represented o n  each side by 
a narrow, mediaUy pointed bridge situated ventrally to the postbranchial 
wall, the two bridges being separated by a rather narrow gap.  From 
the postero-median border of the orbital opening there extends a broad, 
rather faintly marked ridge in posterior direction on to a point just 
postero-Iaterally to the dorsal sensory field where it of ten ends in a very 
slight tubercle or prominence.  This marks the transition from the 
more horizontal dorso-median portion of the postorbital part of the 
shield to the downward sloping lateral parts . The dorsal sensory field 
is weU developed, lying in a slight depression in the dorso-median table 
of the shield ; it is triangular in shape ; the lateral margins of the field 
of ten have an obtuse antero-Iateral angle slightlY behind the ante ri or 
end. The maximum breadth of the field, which lies across its postero
lateral angles, is contained about one and a third times in the length of 
the field in the median line. The posterior margin of the field is 
transversely truncated or very slightly convex, the lateral margins are 
of ten somewhat concave. The dorsal field reaches backwards to the 
openings for the ductus endolymphatici (these being situated in the 
postero-Iateral corners of the field) , and its distance from the posterior 
end of the shield is at least one and a half times as great as the length 
of the field. The anterior lateral field is situated inside of the antero
lateral angle of the shield. The middle field, which is slightly bent 
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with median concavity, lies inside the lateral angle of the shield. The 
posterior field is very obtusely triangular with the lateral margin some
what concave and the anterior end somewhat pointed ; it lies inside the 
margin between the lateral and the postero-Iateral angles of the shield . 
The lateral fields are all very narrow ; their length as well as the inter
vals between them is subject to rather considerable variation ; the 
middle field is comparatively much shorter than in N. peltata . In the 
holotype the anterior field is about 4 mm long, the space between 
the first and second fields is about 4 . 8  mm ; the second field is 3 mm 
and is separated from the third by a gap of about l mm ; the third field 
measures about 3 . 3  mm. In no. 3 6 3  the interval between the first and 
the sec ond fields is only 2 . 7  mm and between the second and third 
about 2 .2  mm, and in no. 3 74 the second and third fields are almost 
confluent, being separated by a gap of only 0.5 mm. The orbital 
openings, which are roundedly oval in shape, are comparatively large 
and placed rather far from the median line of the shield, the inter
orbital breadth being about three times as great as the transverse dia
meter of an orbital opening ; they are situated very slightly before the 
middle of the length of the shield in the median line. The circum
orbital ridge is rather feebly pronounced. There is no pineal plate ; 
the pine al foramen lies somewhat anteriorly to the fore-end of the 
dorsal sensory field. The circum-nasal fossa is very broad and rather 
shallow, it is indistinctly defined anteriorly and posteriorly. The 
median division of the naso-hypophyseal opening is obliterated in conse
quence of the lateral margins of the exoskeleton, bordering this division, 
meeting ; the line of fusion is of ten marked by a suture : in the holo
type, however, even this suture has disappeared. The nasal opening 
is situated on a small elev at ion and the openin,,; felr the hVDophvseal 
duct, which lies rather far in front of the nasal opening, is also bcated 
on a rather faintly marked prominence. 

The exoskeleton is  well developed. The superficial layer is con
tinuous and, as far as can be seen, smooth ; it is perforated by the 
comparatively large, very closely set pores of the mucous canal system. 
This system is enclosed in the exoskeleton and developed as a fine
meshed network. Radiating vascular canals have been observed in the 
middle and posterior parts of the shield and are disposed in distinct 
separate fascicles. The vascular areas formed by them are very large 
in proportion to the size of the shield. Very long radiating canals 
emanate from a point on the slight prominence postero-Iaterally to the 
dorsal sensory field. 

Some of the gro oves of the sensory line system are observed in 
the holotype and in no. 32 1 .  The infraorbital line does not enter the 
lateral sensory fields but curves in median direct10n sli ghtly ned; ally 
to the antero-median corner of the first field. 

3 5  
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The endoskeleton is strongly ossified with weU developed peri
chondrial bone-Iayers in the holotype and in no. 3 2 1 .  The extent back
wards of the endoskeletal component in the shield is shown in fig .  
1 05B ; its median posterior proeess i s  very broad and reaches back
wards almost to the posterior end of the inter-zonal part . With regard 
to the disposition of the cranial nerve canals, it can be noted that the 
r .  mandibularis trigemini in some specimens was lodged in a canal of 
its own all the way from the antero-median part of the labyrinth cavity 
and did not traverse the orbit ; its canal (V 3) in the viseeraI endo
skeleton runs behind the canal seIl ' and somewhat postero-mediaUy to 
the anterior lateral field passes down to the oralo-branchial chamber 
ventrally to that canal . The canal VII lies in its course through the 
viseerai endoskeleton just in front of the canal sel2 . The anterior lateral 
field is supplied with two nerve canals (seIl ' seI2); the rniddle field 
likewise with two canals (seI3 ' seI4)' and the posterior field receives 
one nerve canal (seI5) ' which within the field divides into three branches. 
The two nerve canals of the dorsal sensory field join to an unpaired 
canal which almost immediately divides into one anterior and two 
posterior horizontal canals . The canal vel is seen in no. A248 8 6 ;  it 
starts from the postero-dorso-Iateral part of the orbit and runs in a 
straight posterior direction ; at some distance behind the orbit it receives 
the canal vls3 . The superficial vascular canals are very wide especially 
in the posterior part of the shield and anastomose with each other, 
making it rather difficult to determine the courses of the different main 
canals . The postbranchial wall is almost vertical in its dorsal part but 
sloping posteriorly in the ventraI parts ; the truncus arteriosus crossed 
the wall by a large ventrai notch. 

R e m  a r k  s .  - Most of the specimens referred to this species 
are very poorly preserved and have been grouped together mainly on 
account of the size, proportions and general appearance of the shields . 
When, however, details in the different shields could be examined, they 
seem to be rather similar. All the specimens in question have thus 
been considered as belonging to but one species . 

N. areolata seems to be distinguished from its congeners by the 
rather constant size and the general shape of its shield, as weU as by 
the rather sharply curved rostrai margin and the shape of the dorsal 
sensory field. 

G e o  l o g  i c a l h o r  i z o n s. - Upper Eodevonian ? :  Wood 
Bay series , the Lyktan division, the lower part of the StjØrdalen division. 

L o c a 1 i t i e  s .  - Spitsbergen. E. side of Dickson Bay:  Mt 
Lyktan, S .E.slope (towards Nathorst Valley ; nos . 3 09-323) ,  W.slope 
(no. 3 24), Fiskedalen Valley (nos . 325-3 3 1 ) ;  Mt Rebbingen ("the 
Mt. N. of Fiskedalen") , S .W. slope (nos . 3 32-3 5 1 ) ;  Mt Triplex, 
N. side, Culm Valley (nos . 3 5 2-3 5 8) .  W. side of Dickson Bay :  Mt 
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Borgen, N. part (nos . 3 5 9-3 7 1 ) .  N. of Dickson Bay :  Perched Block 
Mtn (nos. 3 92-393) .  E. side of Ekman Bay :  the Valley N. of Mt 
Garborg (nos. 3 72-3 8 6) ;  the Mountain N. of Mt Garborg, W. slope 
(no. 287) ;  the second Mountain N. of Mt Garborg, S .  part, the red 
ridge (nos. 3 8 8-3 89) ,  N.W. slope (nos. 390-39 1 ) .  W. side of Wijde 
Bay (West Fiord) : Mt Errol White (= "the Mtn S. of Sneugle Valley" ; 
nos. A24876-A248 94) ,  E .  slope, fossiliferous horizon about 1 2 5  m 
(no. 396 ,  hesitatingly placed in this species) . E .  side of Wood Bay :  
StjØrdalen Valley, S .  side (nos . 394-3 96) .  

The specimens nos . A24876-A24894 were collected b y  Th. 
Vogt's expedition in 1 928 ,  the others by the ENS expedition in 1 93 9 .  

3 .  Nectaspis dellei n.  sp . 
(Fig. 1 06 ;  pl. 1 1 3 :2-4.) 

D i a g n  o s i s . - A comparatively large Nectaspis species with 
average length of cephalic shield in median line 39 mm and with 
maximum breadth of shield distinctly less than this length. Rostrai 
margin fairly broad, sharply curved. Posterior angle obtuse but 
distinct. Dorsal sensory field small, triangular or trapezoidal (posterior 
margin angulate) . Posterior lateral field not curved. Orbital openings 
comparatively &malI, lying distinctly behind middle of length of shield 
in median line . Circum-nasal fossa well developed, rather deep 
posteriorly. 

H o l o t  y P e. - Cephalic shield (ENS no. 400) . 
M a t  e r i a l .  - In this species I place thirty-seven specimens , 

ENS nos . 397-3 99,  400 (the holotype, pl. 1 1 3 : 3 ) ;  40 1-402, 403 
(pl. 1 1 3 :4), 404-405 ,  406 (pl. 1 1 3 :2), 407-43 3 .  The specimens 
consist of imperfectly preserved cephalic shields or fragments of such 
shields, all of them being more or less distorted by pressure in the rock. 

D e s  c r i p t i o n. - Owing to the imperfect state of preserva
tion none of the specimens shows the real shape of its shield, and many 
of the structural details are obscured ; the following description must 
thus be considered as only tentative and provisional . 

The average length of the cephalic shield in the median line seems 
to be 39 mm, varying from 34 mm to about 44 mm after measurements 
on a few not very much distorted specimens . Compared with the other 
described species of the genus this species is rather large . 

Taken as a whole the shield is broadly oval with rounded anterior, 
a,nd more pointed posterior end. To judge from conditions in speci
mens relatively unaffected by pressure the · length of the shield seems 
to be distinctly greater than the maximum breadth of the shield. The 
rostra! margin is fairly broad and convex. The lateral angles are 
situated somewhat posterior to the level of the orbital openings and 
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Fig. 1 06 .  - Nectaspis del/ei n.  sp. Attempted restoration of 

the cephalic shield, dorsal view ; mainly after the holotype 

(ENS no. 400) and ENS no. 4 1 6 . Nat. size . 

thus distinetly behind the middle of the length of the shield. The 
posterior angle of the inter-zonal part is rather dis tinet but obtuse, yet 
of ten a little less so than in N. arealata . The inter-zonal part is 
incomplete ventrally as is shown in no. 406. The dorsal sensory field 
is comparatively very small and situated rather deep in an elongated 
depression bordered by rather strong ridges running in posterior 
direction from the postero-median corners of the orbital openings . The 
field is triangular or trapezoidal in shape, its breadth across the postero
lateral corners is about half as gre at as its length in the median line. 
The posterior end of the field is of ten more or less protracted back
wards and the posterior margin it thus angulate . The distance of the 
posterior end of the field from the posterior end of the inter-zonal 
part is at least one and a half times as great as the length of the field. 
The lateral fields are small and narrow ; their length is rather variable ; 
in no. 4 1 6  the anterior field is 5 . 5 ,  the middle 4,  and the posterior field 
3 mm long, the interval between the anterior and the middle fields is 
about 4 mm, and between the middle and the posterior fields only 
about 1 mm. In nos .  400 and 40 1 the middle field measures 6 mm 
and the gap between that and the posterior field is 2 mm ; in no. 404 
the middle field is 8 mm long. In general the distance between the 
middle and the posterior field is rather inconsiderable . The middle 
field is of ten distinetly angulate with about equal legs and medially 
directed concavity ; the posterior field is elongate with pointed anterior, 
and rounded posterior end. The orbital openings which are strikingly 
small in proportion to the size of the shield are situated behind the 
middle of the length of the shield in the median line ; they are circular 
or slightly oval . A suture-line from the nasal opening to that of the 
hypophyseal duct indicates the united borders of the middle division 
of the original naso-hypophyseal opening. The circum-nasal fossa 
is well-developed and rather broad, and has rather indistinct borders 
anteriorly but is weU defined and rather deep on both sides of the 
nasal opening. 

Nothing can be said of the minute structure of the exoskeleton. 
The endoskeleton seems to have been rather well ossified but in 
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most speeimens it is destroyed or imperfectly preserved ; only occa
sionally some of the intern al structures are seen. The disposition of 
the canals of the principal superficial nerves and vessels seems to be as 
in N. areolata . 

R e m  a r k  s .  - N. dellei, which reminds rather much of 
N. areolata, is distinguished principally by the size of its cephalic 
shield, the small orbital openings , and the shape of the dorsal 
sensory field. 

The species is named in honour of Dr. N. Delle, formerly at Riga, 
well-known authority on Devonian stratigraphy, member of the ENS 
expedition in 1 9 3 9 .  

G e o  l o g  i c a l h o r  i z o n .  - Upper Eodevonian ? :  Wood 
Bay series, the Stjørdalen division. 

L o c a l i t i e  s. - Spitsbergen. E.  side of Wood Bay, Mt Sørli , 
W. slope (= "between V. StjØrdalen and V. Verdalen"), 0-500 m 
(no. 397) ; StjØrdalen Valley, S. side (nos . 3 9 8-43 3) .  

All specimen were collected by the ENS expedition in 1 9 3 9 .  



Remark s on other O s teos t r aci . 

As indicated in the remarks to the family Cephalaspididae (p. 242) 
the genera allied to Hemicyclaspis are regarded as forming a subfamily 
of their own, Ateleaspidinae (cf. Heintz 1 939 ; Robertson 1 945 ; Deni
son 1 95 1 a) .  This subfamily forms a naturai group of evidently closely 
related forms, but it is not easy to give a sharp definition .  In most 
characteristics it approaches the sub-family Cephalaspidinae with which 
it agrees i. a. in the disposition of the first nerve canal for the lateral 
sensory field and the course of the infraorbital sensory line. The main 
differences lie in the absenee of cornua and the development of the 
pectoral fin in which the subfamily is said to exhibit primitive traits . 
The genus A teleaspis is considered to represent a primitive stage in the 
evolution of the pectoral fin (Heintz 1 93 9) ,  and the conditions in these 
respects in the other genera are thought to have been derived from 
this stage, showing a differentiation of the fin originating from the 
lateral fin fold. It is ,  however, surprising to find these different evolu
tional stages among geologicaUy so young forms, inasmuch as already 
in the Lower Ludlow Osteostraci forms are present which possess weU 
developed cornua and, without doubt, weU developed and differentiated 
pectoral fins . The different stages in the development of the pectoral 
fin in the Ateleaspidinae must, however, not necessarily be taken as 
representing a progressive differentiation of the fin ; they can be inter
preted as representing a regressive development, and the conditions in 
A teleaspis are then not primitive but derivative . The recorded fossils are 
as yet too few or too imperfectly known as to allow us to see clearly 
or even to surmise the different phyletic lines in the Osteostraci and to 
interpret correctly the morphological stages, shown in the fossils , or to 
understand their real significance. 

The subfamily Ateleaspidinae includes at present the foUowing 
genera : Hemicyclaspis Lankester ( l 870a ;  incl. Hemiteleaspis Westoll, 
1 945 1 ) ;  A teleaspis Traquair ( 1 899b) ; A ceraspis Kiær ( 1 9 1 1 ) ;  Hire/la 
Cossmann ( 1 920 ;  = M icraspis Kiær 1 9 1 1 ,  n. Dejean 1 8 3 5 ,  Hope 
1 840) . Witaaspis, placed here by Denison ( 1 95 1 a) ,  is considered not 
to belong to this subfamily. 

As mentioned be fore (p . 240) some of the genera (Thyestes, Didym-

1 According to verbal information from Dr. E.  I .  White H. heintzi Westol l  is  a 
Jf emicyclaspis sp . indet. 
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asp is, Sclerodus) incIuded in the family "Cephalaspidae" by Stensio, 
show severai features in the cephalic shields, which are unknown in 
the rest of the genera, and I therefore considered it best to exc1ude 
them from this family. The aberrant features referred to are connected 
especially with the disposition of the first nerve canal (seil ) for the 
lateral sensory field. In the genera mentioned this canal runs in almost 
straight direction from the labyrinth cavity towards the lateral field 
and is placed rather far backwards, considerably behind the orbit . It 
lies distinctly behind the canal for the r. mandibularis V; it is further
more said (Stensio 1 932 ,  pp. 39 ,  45 ,  1 52 ,  1 64,  1 69 ,  1 7 1 ,  1 73-1 74 ,  
1 75 ,  1 79) to  b e  situated behind the canal for the n .  facialis but the 
evidence brought forward in this matter seems not conclusive (cf. 
StensiO 1 93 2 :  the canal V 2 in pls . 5 0 : 3 ; 5 1 :2 and the canal V 2 in 
pl. 50 :4  are most probably not canals for the r. mandibularis, and the 
canal VII in pl. 5 1 :2 is possibly the canal for this nerve ; the groove V 2 
in pl. 52 :2  takes a place corresponding to that of the groove VII in 
pl. 5 3 :5 ) .  The disposition of the canal seil  is to some degree correlated 
with the extent of the lateral sensory field which generally reaches 
much less forward than in Cephalaspididae. In this connection we can 
mention the fact, already pointed out by Stensio ( 1 932 ,  pp. 75 ,  1 52) that 
the lateral fields never extend backwards on to the cornua ; in Sclerodus 
they are short and straight, in Thyestes they end posteriorly considerably 
in front of the pectoral sinus and are provided with a 'more or less 
distinct postero-median corner, in Didymaspis they end on the ante ro
lateral portion of the inter-zonal part of the shield and are provided 
with a lateral corner. Another differential character, of less importance, 
lies in the course of the canal for the postorbital division of the v. capitis 
lateralis , which in Cephalaspididae runs in almost straight posterior 
direction from the posterior corner of the or bit but in the present 
genera issues from the postero-Iateral corner of the orbit and then runs 
first for a short distance in postero-Iateral direction before it turns 
backwards, its posterior course being more or less straight (Sclerodus, 
Stensio 1 93 2 ,  pl .  5 2 :2) or sigmoidaIly bent (Thyestes, Didymaspis, 
StensiO 1 932 ,  fig . 1 3 ;  pls . 5 0 :2-3 ; 5 1 :2 ;  5 5 : 1 ) .  The course of the 
canal is thus somewhat similar to that in Tremataspis (Stensio 
1 927 .  pl. 60 ; Robertson 1 9 3 8a ,  pl. 1 : 6 ;  this paper, fig. 1 08) .  An 
additional difference is exhibited by the course of the infraorbital 
sensory line ; in Cephalaspididae the line runs from the side of the 
orbital opening in antero-lateral direction towards the anterior part 
of the lateral sensory field, which it (except in Nectaspis, as far as 
known) traverses in turning first in anterior, later in median direction ; 
i t  then leaves the field and generally meets its fellow of the opposite 
side of the shield between the anterior ends of the lateral sensory 
fields. In Thyestes, however, the infraorbital line runs in anterior or 



- 5 5 2 -

antero-median direction from the lateral side of the orbital opening 
and turns medially already somewhat in front of the circum-nasal fossa ; 
it lies thus in its entire length far medially to the lateral sensory field, 
running alm o st above the lateral and anterior margins of the endo
cranium (Roberts on 1 940b, pl. 1 :  1 ;  this paper, fig . 1 07) .  The course 
of the line is somewhat similar to that in Trernataspis, a fact which 
has already been emphasized by Robertson ( l 940b,  p .  469 ; 1 945 , pp . 
1 72,  1 82) . In Thyestes we find also an anterior marginal line (Robert
son 1 940b, p .  469 ; pl. 1 : 1 ) and an extra-lateral line (fig . 1 07 ) ;  the 
former line is also observed in Saaremaaspis (Roberts on 1 9 3 8b,  p. 492,  
fig .  2 ;  Denison 1 9 5 1 a, fig . 29C) and in Trernataspis (Robertson 
1 9 3 8a ,  p. 1 97 ,  fig .  1 )  and the sec ond one in this latter genus and in 
Cephalaspis signata, C. aarhusi and C. broughi (p . 1 8 8) .  The genus 
Didymaspis seems to be rather aberrant with regard to the course of 
the infraorbital line (Stensio 1 9 32 ,  p. 1 74,  fig . 6 1 A ;  pl. 5 5 : 3 )  but I 
have seen a specimen of Thyestes verrucosus (Pal . Mus . Oslo no. 
A003)  in which there exists a very small antero-Iateral branch of the 
infraorbital groove, and thus the conditions in this specimen seem to be 
rather intermediate between the normal type and that in Didymaspis. 
The antero-lateral branch constitutes most probably a part of the 
anterior marginal sensory line. In Sclerodus the sensory line system is 
unknown. 

Didymaspis differs from the two other genera by the very strong 
development of the trunk division of the cephalic shield, which 
resembles that of Trernataspis, Dartmuthia, and others. The nature of 
the pectoral sinus seems not to be wholly clear in so far as it has not 
been plainly shown that they really housed pectoral fins (cf. Westoll 
1 945 , p. 3 5 0 ;  Denison 1 95 1 a, p. 1 8 5 ) .  As its relationship to other 
Osteostraci is obscure, the genus is for the time being best placed in 
a family of its own (cf. Robertson 1 945) :  Didymaspididae (with the 
only genus Didymaspis Lankester, 1 8 67) .  

Sclerodus differs widely from all other Osteostraci by the extreme 
development of the cornua and by the fenestrated margin of the shield ; 
unfortunately it is imperfectly known, and it is uncertain whether it 
possessed pectoral fins or not. It is apparentliy not very closely related 
to any of the known genera of the order, and is most conveniently placed 
in a separate family (cf. Berg 1 940 ; Denison 1 95 1 a) :  Sc1erodontidae 
(single genus : Sclerodus Agassiz, 1 8 3 9) .  

The genus Witaaspis was based (Roberts on  1 9 3 9a) on  Cephalaspis 
schrenkii Pand. (a second species , W.  patten i Robertson 1 940a, is by 
Denison 1 95 1 a, p. 1 5 8 ,  synonymized with the type species) .  As far 
as known (Pander 1 85 6 ;  Schmidt 1 894 ; Rohon 1 892,  1 89 5 ,  1 896a ;  
Stensio 1 927 ,  pl . 4 8 : 2 ;  Robertson 1 9 39a,  1 945 ; cf. also Denison 1 95 1 a, 
pp . 1 8 6- 1 8 7 ,  figs. 23B,  3 0B) W.  schrenkii agrees rather well with 
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Fig. 1 07 .  - Thyestes verrucosus Eichw. Imperfect cephalic shield; parts of the dorsal 

exoskeleton and of the endoskeleton in ventrai view. Stained with alizarin. Pal. Inst. 

Uppsala no. 080 (same speeimen as in Stensi6 1 927, pl. 4 8 : 1 ) .  X 4. 

elc, extra-lateral sensory line ; ifc, infraorbital sensory line ; ifcI,  anterior division of 

the infraorbital sensory line ; lc, main lateral line on trunk division of the cephalic 

shield; lc] , cephalic division of the main lateral line ; scc, scapular sensory line ; seh, canal 

for the first nerve of the lateral sensory field; stc, supratemporal sensory line ; V 2 ,  canaI 

for the r.  maxilIaris V; Va, canal for the r.  mandibularis V. 

Thyestes in many characters. The canal seIl  is straight and runs 
behind the orbit ; the canal V 3 lies distinctly in front of the canal seI l ; 
the disposition of the canal VII is uncertain but it se ems unlikely that 
it could have passed in front of the canal seI l ; the canal for the post
orbital division of the v.  capitis lateralis issues from the postero-lateral 
corner of the orbit and is, in its posterior course, sigmoidally bent. 
(From the limited material at my disposal it is, however, evident that 
the nerve canals V 2 '  V 3 and seIl  are not disposed in such a way that 
the restoration by Denison, 1 95 1 a, fig . 23B,  could have been based 
on them) . The course of the infraorbital sensory line is on the whole as in 
Thyestes. The lateral sensory fields are better developed than in Thyestes; 
they reach rather far antero-medially, and end posteriorly on the zonal 
part of the shield immediately in front of the pectoral sinus with a 
postero-medially directed process . The inter-zonal part of the shield 
is much shorter than in Thyestes. Cornua are present but very short ; 
in their general shape, however, they remind somewhat of those in 
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Thyestes verrucosus (I can not find that the shape of the cornua or 
the pectoral sinus agree with the restorations by Denison, 1 9 5 1 a, 
figs . 23B,  30B) . I think that Witaaspis is to be regarded as allied to 
Thyestes. 

"Procephalaspis" oeselensis (Robertson 1 9 3 9b ;  cf. Denison 1 95 1 a, 
p .  1 89 ,  figs .  20,  23A, 28A,  30C ;  1 9 5 1b ,  pp. 2 1 0-2 1 1 ,  figs . 35C ,  
3 7  A)  i s  very imperfectly known. The course of  the infraorbital sensory 
line agrees with that in Thyestes and Witaaspis. The lateral sensory 
field is short, ending considerably in front of the pectoral sinus (Robert
son 1 939b,  fig . l ;  the restorations by Denison are inconsistent with this 
figure as regards the shape of the lateral field and its relation to the 
cornua and the pectoral sinus) . If the restoration of the nerves by 
Denison is correct the species is in this respect Cephalaspis-like. The 
species is provisionally and with some doubt placed systematically near 
to Thyestes and Witaaspis. 

The genus Thyestes is considered the type genus of a separate 
family, Thyestidae (cf. Rohon 1 8 96b) , in which the genera Thyestes 
Eichwald ( 1 8 5 4) and Witaaspis Robertson ( l 939a) and, hesitatingly, 
the species "Procephalaspis" oeselensis are placed . It is possibly closely 
related to the family Cephalaspididae. 

Dartmuthia (with the species D. gemmifera Patten, 1 93 1 ;  cf. 
Robertson 1 93 5 a ;  Wangsjo 1 944 ; Denison 1 95 1 a, 1 95 1b) is still very 
imperfectly known with regard to its endoskeletal characters .  From the 
branching of the nerve canals in the lateral sensory field it was inferred 
that the canals are five in number, the anterior one being disposed in 
the same way as in Thyestes in relatidn to the orbit (Wangsjo 1 944, 
p .  3 60 ;  the nerves are als o so restorted by Denison 1 95 1 a, f ig 22C). 
The infraorbital sensory line (Roberts on 1 93 5 a, p .  3 3 2 ;  fig . 2; Denison 
1 95 1 a, fig .  29D ;  and own observations) runs just as in Thyestes, 
Tremataspis and others (see also Robertson 1 940b, p. 469 ; Denison 
1 95 1  a,  figs . 29-30) and thus differently from that in the real Cephal
aspids. The structure of the exoskeleton is most remarkable as it is said 
(Denison 1 95 1 b) to be quite differently devel ap ed on the dorsal and on 
the ventrai s ide of the shield ; it is Tremataspis-like in the development 
of the basal layer and is said to be so in the whole ventrai exoskeleton ; 
otherwise it shows features distinguishing the non-tremataspid Osteo
strac i .  In the general shape of its cephalic shield Dartmuthia resembles 
Tremataspis; the shield is very long ; it lacks every ve stIge of cornua, 
cornual angles or pectoral sinus , and as there is no place for a fossa 
articularis it was devoid of pectoral fins .  The plates of the oralo
branchial fenestra are rather large as in Tremataspis (Robertson 
1 9 3 5 a, pp. 329-3 3 0 ;  fig .  1 ) ,  thus differing from those in Thyestes, 
which are small (Stensio 1 932 ,  p. 1 70) . The lateral sensory field is 
rather long. 
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Saaremaaspis (Robertson 1 9 3 8b,  p .  488) was founded as a new 
genus on Tremataspis mickwitzi (Rohon 1 892,  p. 5 6) .  Rotsikiillaspis 
obrutchevi (Robertson 1 9 3 8b ,  p. 489) is by Denison ( 1 95 1 a, p. 1 5 8) 
considered conspecific with S.  mickwitzi (I wholly agree with Denison 
that Robertson's restoration of S. mickwitzi is based on an imperfeet 
specimtm but as far as I can see the posterior margin of the holotype 
shield is mostly intact and the length of the shield is about 28 mm ; · it 
had no cornua ;  the two speeimens of the original material of 
S. mickwitzi are somewhat broader than the holotype of R .  obrutchevi, 
but the difference is possibly of no systematic importance) . The 
differences between Saaremaaspis and Dartmuthia seem to be rather 
insignificant and mainly referring to a different development of the 
minute structure of the exoskeleton. Saaremaaspis can perhaps not be 
maintained as an independent genus. 

Dartmuthia and Saaremaaspis are placed together in a family of 
their own, Dartmuthiidae (cf. Patten 1 93 1 ;  Robertson 1 939b ;  1 945 ; 
Denison 1 95 1 a) .  

The genus Oeselaspis was bas e d  (Robertson 1 9 3 5b) o n  the species 
Didymaspis pustulata (Patten 1 9 3 1 ) ;  it is still imperfectly known, 
especially with regard to its internal characters, although Denison 
( 1 95 1 a, fig. 22B) has given a restoration of cranial nerves and vessels . 
The cephalic shield forms a strongly developed carapace as in Tremat
aspis and Dartmuthiidae ; it lacks pectoral fins (and pectoral sinus) . 
The infraorbital sensory line runs as in Thyestes, Tremataspis and 
others (Denison 1 95 1 a, fig . 29B) . In the restoration of the cranial 
nerves and vessels by Denison the four nerves for the lateral sensory 
fields (of which there are two on either side of the shield, as in Tremat
aspis) are differently distributed on the left and right side, indicating 
that the conditions are variable in different specimens of the species, 
a most exceptional case ; the posterior dorso-Iateral superficial vein is 
Tremataspis-like. Awaiting more detailed descriptions of the actual 
conditions of the internal structures in the fossils , which will possibly 
give a clear exposition of the organisation of the animal and settle its 
relationship to other genera of the order, Oeselaspis is here provi
sionally placed in the Tremataspididae (following Denison 1 95 1 a ; cf. 
Berg 1 940) . 

Tremataspis is a well known genus and has been the object of 
many inquiries into its structure and its systematie affinities (see Gross 
1 9 3 5 ; Robertson 1 93 8 a, with bibliography ; Wangsj6 1 944 ; Westoll 
1 945 ; Denison 1 947 ; 1 95 1 a ; 1 95 1 b ;  B6lau 1 95 1 ) .  Although the 
external morphology of the cephalic shield · as well as the minute 
structure of the exoskeleton is well known, and also rather much of 
the endoskeleton (Stensi6 1 927 ; Robertson 1 9 3 8a ;  Denison 195 1 a) 
much remains to be done with regard to the internal anatomy of 
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Tremataspis .  As I have at my disposal some speeimens with a partly 
weU preserved endoskeleton, I can here give a few supplementary notes 
on the internal anatomy of the genus (cf. fig . 1 08 ) .  The speeimens 
belong to the speeies T. mammillata Patten . 

The canal for the postorbital division of the v. capitis l ateralis 
(vel) issues from the postero-dorso-Iateral corner of the orbit and runs 
backwards in a lateral bend peripherally to the non-ossified division 
of the endocranium for the labyrinth cavity . Somewhat behind the 
orbit it receives a canal (vis) , probably corresponding to the canal for 
the third dorso-Iateral superficial vein (vls :� ) in the Cephalaspids, and 
some distance behind this point another large vein canal (visp) opens 
into the canal. This canal visp is composed of branches from the region 
between and medially to the two lateral sensory fields (the branches 
are largely removed in the speeimen figured but they can be seen in 
Robertson 1 9 3 8a ,  pl. 1 : 6) ;  the canal visp is evidently equivalent to the 
to the dorso-Iateral superficial ve in canals behind vls :� in the Cephal
aspids. The canal adl runs from the region immediately antero-Iaterally 
to the orbit in lateral and, further distally, in a postero-Iateral direction, 
somewhat later all y to or very close to the lateral margin of the anterior 
lateral sensory field. The canal very probably is a strongly developed 
branch of the canal for the a. adorbitalis . In some speeimens it is very 
difficult to follow the course of the vascular canals owing to the fact 
that the vein canals in some places (e. g. postero-Iaterally to the orbital 
openings) are much widened so that large vein sinus are formed.  The 
anterior lateral sensory field is supplied with two nerve canals (seil ' 
seI2);  they are separated from each other at least as far medially as 
to the canal vel, and they very probably represent two independent 
nerve canals . In relation to the orbit the anterior one is disposed in 
the same way as in Thyestes and others, but its relation to the canals 
for the r .  mandibularis and the n. facialis is unknown. Also the posterior 
lateral sensory field, as reve al ed by this speeimen, is supplied with 
two nerve canals (sel:� ,  sel4)  and not one as I have stated previously 
(Wangsjo 1 944, p .  360 ;  cf. Denison 1 9 5 1 a, pp. 1 66 ,  1 8 1 ) ;  in median 
direction the canals could be followed to a point where they disappear 
under the canal vel; proximally they run very closely to each other, 
further distally the anterior canal diverges in its course from the 
posterior one, and not until just before it enters the lateral field the 
canal turns in postero-lateral direction and again approaches the 
posterior nerve canal. The disposition of these posterior nerve canals 
can possibly be explained rather by assuming that the sensory fields 
are in a state of reduction than that they are expanding (in the latter 
case we should have expected to find one nerve canal which showed 
strong distal ramification) . 

Considering what is known of the morphology of Tremataspis 
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Fig. 1 08 .  - Tremataspis mammillata Patten. Cephalic shield in dorsal view; left side 

distorted.  Endoskeleton rather weU ossified.  Exoskeleton p artly removed and shield 

somewhat dissected so that seve·ral intern al structures are exposed. Pal. Inst. Uppsala 

no. 098 .  About X 4. 

adl, canal for a lateral branch of the a .  adorbitalis ; des, common canal for the nerves 
for the dorsal sensory field; Ish, anterior lateral sensory field; med, division of the 
cranial cavity for the medulla oblongata;  met, division of the cranial cavity for the 
cerebeUum ; arb, orbit ; selj-seI2 , canals for the nerves of the anterior lateral sensory 

field; seiH-seI4, canals for the nerves of the posterior lateral sensory , field ; vel, canal 
for the v .  capitis lateralis ;  vis, canal, possibly corresponding to the can al for the dorso
lateral superficial vein 3 in the Cephalaspids ; visp, can al for , a large posterior dorso

lateral superficial vein; vmarg, can al for the v. marginalis ;  vsac, occipital vein sinus. 

(especially such characters as the long carapace, the structure of the 
exoskeleton, the presenee of two pairs of lateral sensory fields and 
their nerve supplies) it seems more probable that the genus represents 
a specialized offshoot from the main stem of the Osteostraci (cf. 
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Obruchev 1 945) than that it exhibits primitive features (cf. Westoll 
1 945 ; Denison 1 95 1 a) .  

However, Westoll ( 1 945) and Denison ( 1 95 1 a) have argued 
strongly for the proposition that the forms with a long and strongly 
developed carapace and devoid of pectorai fins represent a primitive 
stage from which the other forms with pectoral fins and cornua have 
evolved. In the oldest known Osteostraci faunas, from Saaremaa 
(Lower Ludlow) , there are known a number of forms with long 
carapace and without pectoral fins but we find there also forms with 
short cephalic shields, weU developed pectoral sinus and cornua (and 
thus certainly with weU differentiated pectoral fins) . The strong 
carapace in these early forms is a continuous structure without any 
apparent indications of having been composed of fused trunk scales . 
This is ,  however, the case in Kiaeraspis which among geologicaUy 
young forms has the longest cephalic shield . We do not know how 
much of the trunk was eneased in the shield of Kiaeraspis but in Tremat
aspis it is probable that it must have been the main part of the trunk 
and that only the caudal region, or somewhat more, of the trunk, was 
unprotected by the carapace . As has been pointed out by Damas ( 1 943 , 
pp. 264-265)  with regard to the anterior myotomic museulature in 
the Cephalaspids and the Petromyzonts it seems highly probable that 
under the cephalic shield this museulature was degenerated or had 
disappeared. Jf we assurne that the carapace, inherited from the 
ancestors , was reduced in later forms such as Cephalaspis, it seems most 
improbable that the trunk scales which arose from the desintegration 
of the carapace would have assumed a disposition which was similar 
to that of the posterior part of the trunk, reflecting, as it evidently 
does, the shape of the myomeres (cf. Lankester 1 870a, p .  4 1 ; Stensio 
1 932 ,  p. 5 9 ;  cf. also Kiær 1 9 1 1 ,  p. 1 8 ;  1 924, pp . 94-97) .  It is most 
probable that the heavy-armoured forms were specialized offshoots 
which did not give rise to forms with short cephalic shields. The 
lateral fin-fold which must have been a very ancient feature in the 
vertebrates, present in the ancestors to both the Agnatha and the 
Gnathostomata, was in such forms as Tremataspis in a more or 
less reduced state, and it certainly is not found in this genus as an 
incipient structure (cf. Denison 1 9 5 1 a, pp . 1 74-1 78) .  Whether the 
ancestors of Tremataspis had the anterior part of the fin fold dif
ferentiated into a pectoral fin or not, cannot be decided . It can further
more be noted that the forms without pectoral fins certainly must have 
had the tail developed differently from those forms provided with such 
fins (cf. p. 235 ) .  

Tremataspis is maintained in a family of  its own, Tremataspididae . 
In default of something better, the following preliminary arrange

ment of the different families in the order Osteostraci is given to convey 
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an approximate idea of the position among the Osteostraci of the 
Cephalaspids treated in this paper (subfamily Cephalaspidinae) : 

Family 
" 

" 

" 
" 

" 

Tremataspididae 
Dartmuthiidae 
Didymaspididae 
Sc1erodontidae 
Thyestidae 

Cephalaspididae 

(Tremataspis, ? Oeselaspis) 
(Dartmuthia, Saaremaaspis) 
(D idymasp is) 
(Sclerodus) 
(Thyestes, Witaaspis, 

? "Procephalaspis") 

Subfamily Ateleaspidinae (A teleaspis, A ceraspis, Hirella, 

" 

H emicyclaspis) 
Cephalaspidinae (Cephalaspis and others) 

S o m e  c o m m e n t s  u p o n  o t h e r  a g n a t h o u s  v e r t e b r a t e  

g r o u p s  i n  r e l a t i o n  t o  t h e  O s t e o s t r a c i .  

The other groups which are now generally inc1uded in the division 
Agnatha, and thus supposed to be closely or distantly re1ated to the 
Osteostraci, are the Anaspida, the Heterostraci ,  inc1uding the Thelo
donti, and the recent Cyc1ostomata as well as the newly erected order 
Euphanerida. 

A n a s p i d a. After the fundamental work by Kiær ( 1 924) on 
the Norwegian Anaspids and the structure and organization of the 
group, and the subsequent comparative morphological studies by Stensio 
( 1 927 ,  pp. 309-3 1 4 ;  1 932 ,  pp. 1 80-1 8 3 ; 1 939) on these forms it 
seems now beyond any reasonable doubt that the Anaspids and the 
Osteostraci constitute two c10sely allied groups among the Ostra
coderms (cf. also Stetson 1 927 ; White 1 93 5 a ;  Heintz 1 93 8 ;  Gross 
1 9 3 9 ;  Moy-Thomas 1 9 3 9 ;  Berg 1 940 ;  Obruchev 1 945 ; Romer 1 945 ; 
1 946 ;  etc . ) .  

The most obvious and significant resemblance between them lies 
in the presenee of a median unpaired naso-hypophyseal opening with 
the same topographical relations to the orbits and to the pineal opening, 
indicating that in both groups the rostrai part of the head was formed 
in a similar way, and not by the ethmoidal region but, as in modem 
Cyc1ostomes, by an excessive development of the prenasal viseerai 
parts (the "upper lip", the "post-hypophyseal fold") . 

Other similarities are found in the scale-covering of the trunk: 
similar overlapping and articulation of the scales, high lateral scales , 
dorsal unpaired, hollow sca1es (spines or scutes) , agreements in the 
structure of the pectoral plate (and spines behind it) in the Anaspida 
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and the ventro-Iateral scales in the Osteostraci, both belonging to the 
lateral fin-fold . 

As differential features between the two groups can be counted : the 
composition (in part?) from independent scales of the exoskeleton in 
the head of the Anaspida, which in the Osteostraci forms, dorsally and 
laterally, part of a continuous cephalic shield ; the branchial openings , 
which have in the Anaspida shifted rather far backwards compared 
with those of the Osteostraci ; the general form of the body, the shape 
of the caudal fin and the transforrned anterior part of the lateral fin
fold ; the absence in the Anaspida of sensory fields ; etc . 

Nothing is known of the endoskeleton in the Anaspida and thus 
very little of their inner structures. The external branchial openings 
(six to fifteen on each side) form a series of very c10sely lying, rounded, 
apertures far back on the sides of the head. Though nothing is known 
of the structure of the gills , it is assumed that they were sac-like as in 
modern Cyc1ostomes. It seems very probable that the efferent ducts 
from the gill-sacs were rather long (Kiær 1 924,  p. 90), and that their 
external openings were crowded together much in the same way as in 
Paramyxine (Dean 1 904, figs. 2 , 4 ;  pl. 1 : 3 -4) ; if this be so we cannot, 
from the position of the gill-openings , infer anything as to the position 
and branchiomeric significance of the gill-sacs (cf. Stensio 1 927 ,  pp . 
3 1 1-3 1 2) .  

The development in  the Anaspida of  a hypocercal caudal fin was 
evidently correlated with the non-development of real, movable, pectoral 
fins and with the shape of the fusiform body, and is regarded as an 
adaptive character without any great phylogenetic value (cf. , however, 
White 1 9 3 5a, p .  43 1 ) .  

The mode o f  living o f  the Anaspida differed widely from that of 
the Osteostraci in so far as the Anaspida certainly were nectonic forms 
and possibly plankton-feeders (Kiær 1 924,  p. 9 1 ;  Stensio 1 927 ,  p. 3 1 3 ;  
Moy-Thomas 1 939 ,  p .  24 ; Harris 1 936 ,  pp . 49 1-492 ; Robertson 
1 95 1b ,  p. 493) .  

H e t  e r o s  t r a c i .  - In the Heterostraci (Pteraspidomorphi ; 
Pteraspides) are generally placed two wholly different groups ,  i .  e .  the 
Heterostraci proper (Pteraspida) l and the Thelodonti (Coelolepida) . 
Although they are regarded by most authors as allied groups ,  they have 
very few characteristics in common, and we know in fact very Httle 
about the structure of the latter group. Their position as agnathous 

1 Including the Poraspididae, Cyathaspididae, Traquairaspididae, Amphiaspididae, 

Pteraspididae, and Drepanaspididae. Usually A straspis and Eriptychius (from the Upper 
Ordovician, Richmond, of Colorado) are also referred to this group (Stensio 1 927 , 

pp. 3 1 4-3 1 5 ;  Bryant 1 9 3 6 ;  Moy-Thomas 1 9 3 9 ,  Berg 1 940) but as very little indeed 

is known of their organization, it seems most appropriate not to assign to them any 

definite place in the system. 
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vertebrates is not proven, much less their affinities to the Heterostraci 
proper (Stetson 1 928 ; 1 93 1 ;  White 1 9 3 5 a, pp. 435-43 6 ;  Parker & 
Haswell 1 940, p .  1 3 3 ;  Romer 1 945 , p .  3 4 ;  Balabaj 1 948) ; possibly 
the group is heterogenous and polyphyletic, consisting of widely 
separated forms (Obruchev 1 945 , pp. 268-269 ; Westoll 1 945 , pp. 
345-348 ; Balabaj 1 948 ; Ørvig 1 95 1 ,  pp. 3 8 3 , 3 8 5 ,  cf. als o Gross 
1 947,  pp. 1 1 0-1 1 1 , Bystrov 1 949). For the time being the only 
proper procedure is to reg ard the Thelodonti as a group with ambiguous 
content and unsettled affinities, and place them as incertae sedis. 

The Heterostraci, after the exc1usion of the Thelodonti, seem to 
form a natural group (White 1 93 5 a, p. 436) .  Our knowledge of the 
structure of these animals is deri ved mainly from the shape and 
composition of the exoskeletal plates and scales only, and owing to the 
fact that the endoskeleton is not at all ossified or only so in its super
ficial parts (the basal parts of the basal layer in the carapace, Stensio 
1 927 ,  p. 322) the fossils do not, as the Osteostraci, reve al much of the 
internal structures .  In certain forms (particularly the Poraspids) the 
carapace reached rather far inwards so that some of the inner organs 
produced impressions on the inner side of the carapace (both the dorsal 
and ventraI shields) , and we have thus also here some c1ues towards an 
understanding of the organization of these animals . There are, however, 
still many obscure points to be made c1ear before we can wholly 
understand the structural plan of the group, its affinities to other 
groups, and its proper place in the system. 

We shall here only dwell somewhat upon the impressions in the 
carapace produced by various internal structures, and their significance 
(cf. Lankester 1 8 68 ,  pl. 2 : 1 1 ;  Kunth 1 8 72,  pl. 1 : 1 ,4-6 ;  Alth 1 8 74, 
pl. 5 : 1 -2 ;  Woodward 1 89 1 ,  pl . 9 : 4 ;  1 89 8 ,  fig . 2; pp . 4-5 ; Kemna 
1 903 ,  fig. 5 ;  pp. 3 5 5-3 5 8 ;  Leriche 1 906,  figs. 5-7 ; pl. 1 :2-5 ; pp. 22,  
25-26 ; Jaekel 1 927,  fig . 5 ;  pp.  1 7 8- 1 8 0 ;  Bryant 1 926 ,  pls . 1 : 1 ;  
3 : 1 -2 ;  pp. 262-263 ; 1 9 3 5 ,  fig. 1 ;  pls . 2 ,  5 ;  pp. 1 1 5-1 1 6 ;  Stensio 
1 927,  fig, 8 7 ;  pp. 3 1 6-3 17 ,  323-326 ; Kiær 1 930 ,  figs . 1-3 ; 1 932a, 
fig.  2; p1s . 3 : 3 ;  6 : 1 ;  Zych 1 93 1 ,  figs . 20-2 1 ,  etc . ; Kiær & Heintz 
1 93 5 ,  figs . 3 ,  1 3 , 3 6-3 8 ,  many of the plates ; White 1 935b ,  fig. 3 ;  
Wills 1 9 3 5 ,  figs . 2-3 ; pls . 1 : 3-4,6 ;  3 : 5 ;  Moy-Thomas 1 939 ,  fig . l A ;  
pp. 7-8 ;  etc . ) .  

Two generally large impressions in the foremost part of  the dorsal 
shield, just behind the rostraI margin, are interpreted as impressions 
of the paired nasal sac. There are no openings in the shield for the 
external nasal ducts , but a notch on each side of the carapace, on the 
incurved rostrai margin of the dorsal shield or the postero-ventral 
margin of the rostrai plate, is caused most probably by the nasal duct 
(Kemna 1 904, p. 20 ;  figs. 3-4, cf. Lankester 1 870a, pl. 7 : 1 1 - 1 2 ;  
Bryant 1 926,  p .  262 ; Zych 1 93 1 ,  pp. 3 6-37 ,  42-43 ; photographs 

36  
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6-9, 20 ;  Kiær & Heintz 1 9 3 5 ,  p .  69 ; pl . 26) .  An indistinct gro ove 
backwards from each nasal impression in a Poraspis specimen is by 
Kiær & Heintz ( 1 9 3 5 ,  p. 90 ;  pl. 26 :2) regarded as having lodged the 
"olfactory lobe" . In an A nglaspis specimen I have observed a distinct 
groove running from the impression of the (left) nasal sac in postero
median direction to the antero-lateral side of the pine al impression, 
and this groove I interpret as the groove for the n.  olfactorius (or the 
tractus olfactorius). In the Heterostraci the olfactory organ must then 
have been a distinctly paired structure with paired, wholly separated 
external ducts which opened independently into the anterior part of 
the mouth cavity. Its relation to the hypophysis is unknown (the 
picture of the soft tissues in the anterior part of the head given by 
Stensi6 1 932 ,  pp . 1 8 5-1 9 1 ,  is wholly fictitious ; cf. Allis 1 93 1 b , 
pp. 70-7 1 ) .  

Of  the median unpaired impressions we  may note the pineal 
impression, produced by the pine al organ or, probably, by this organ 
and the saccus dorsalis (cf. Kiær & Heintz 1 93 5 ,  pl. 30 : 3 ) .  Behind 
the pineal impression is seen the impression caused by the mesen
cephalon, and it is in some cases provided with a slight median 
prominence of ten so shaped that a pair of small pits ne ar the median 
line is forrned (cf. Zych 1 93 1 ,  photograph 3 ;  Kiær 1 932a, pl. 6 : 1 ;  Kiær 
& Heintz 1 9 3 5 ,  pl. 1 1 ;  Wills 1 9 3 5 ,  fig . 2B ; also observed by me in 
an A nglaspis specimen) . The small pits are suggested to have been 
caused by the ductus endolymphatici (Wills 1 9 3 5 ,  p. 433 )  but this 
seems highly improbable, and I think it more likely that the prominence 
and the paired pits were caused by the roof of the mesencephalon 
being membranous (leading in to the ventriculus mesencephali) or by 
ridges in the brain roof corresponding to the eminentia tecti in 
Petromyzon, or probably to both these structures (cf. Ahlborn 1 8 8 3 ,  
figs . 1 ,  5 ,  7 ;  Btitschli 1 9 1 2 ,  fig . 404 ; Saito 1 930 ,  pl. 9 ;  etc . ) .  The 
impression caused by the medulla oblongata is of ten well developed 
and sometimes provided with a low rhomboidal prominence (cf. Zych 
1 93 1 ,  photographs 1 ,  3 ;  p. 42 ; Kiær 1 932a,  pl. 6 : 1 ;  Kiær & Heintz 
1 9 3 5 ,  pl. 30 : 3 )  which agreed in position to the fossa rhomboidalis of 
the medulla oblongata (Zych 1 9 3 1 ,  p. 42). Its posterior angle cor
responded to the calamus scriptorius (which marks the boundary 
between the brain and the med ulla spinalis) . The part of the impression 
behind this point was thus caused by the spinal cord and not by the 
medulla oblongata (cf. White 1 9 3 5b,  fig . 3) .  

The V-shaped impressions produced by the anterior and posterior 
semicircular can als of the labyrinth organ are often well displayed, 
and it is to be noted that the impressions of some of the branchial 
pouches lay so closely to these former that there was no space 
left for a horizontal semicircular canal, and it is thus wholly 



- 5 63 -

evident that these animals possessed only the two vertical semicircular 
canals . 

Very narrow grooves on the inner side of the dorsal and ventral 
shields just beneath and following the course of the sensory line canals 
(Kiær & Heintz 1 9 3 5 ,  pp. 70-7 1 ,  1 3 1 ) may have been caused by the 
lateralis nerves. It can in this connection only be noted that the pine al 
canal must have been innervated by a branch of the n. lateralis anterior 
(Stensi6 1 926 ,  p. 1 0) ,  corresponding to the r. ophthalmicus in fishes . 

The transverse impressions of the branchial pouches are generally 
six to eight in number on each side of the dorsal shield, and are of ten 
present also on the inner side of the ventrai shield but are here less 
numerous than in the dorsal shield ; in the ventral shield they are 
usually larger and broader than in the dorsal shield. The branchial 
impressions in the dorsal shield are present in two series on each side 
of the median line: the branchial impressions proper and the marginal 
branchial impressions . Each of the latter does not as a rule lie on the 
same transverse leve1 as the corresponding impression on the disc but 
somewhat behind this leve1 ; they are, in some cases, forked, or sub
divided into two pits (Jaeke1 1 927,  fig . 5 ;  Kiær 1 932a,  pl. 6 : 1 ;  Kiær 
& Heintz 1 93 5 ,  pls. 1 1 ;  26 :2 ;  etc . ) .  They are said by Zych ( 1 9 3 1 ,  
p .  28 )  to join a longitudinal marginal "canal" which terminates at the 
branchial sinus in the dorsal shield. As pointed out by Kiær & Heintz 
( 1 9 3 5 ,  p. 70 ;  cf. pl. 1 1 ) the face of the branchial impressions of ten is 
not smooth but in some cases traversed by longitudinal (parallel to 
the main axis of the shield) gro oves (cf. Cephalaspis signata, p. 1 3 5 ) ;  
pls . 27 : 2 ;  29 :2) .  The branchial impressions on  the disc have long 
been interpreted as impressions, produced by the gill-sacs ; the marginal 
branchial impressions have been regarded as representing the openings 
of the gill-sacs into a common branchial duct (Bryant 1 926 ,  p .  263 ; 
cf. Moy-Thomas 1 939 ,  fig .  l A) ,  or "the ducts leading from the pouches 
into the common external branchial opening" (Wills 1 93 5 ,  p. 433 ) ,  
or into a common external duct (Zych 1 9 3 1 ,  p .  29 ) .  I t  seems, however, 
not very probable that these impressions are due to the ducts themselves 
but rather to some structures in the dorsal wall of the ducts or in the 
lateral parts of the gill-sacs proper, and we can in this connection 
remember the thymus-like organs which are present in Petromyzon, a 
pair dorsally to each external branchial duct (Schaffer 1 894 ; Castel
laneta 1 9 1 3 ;  Salkind 1 9 1 5) .  

On  the inner side of  the ventraI shield we  find in  some cases a 
pair of generally rounded pit-like impressions near the median line in 
front of the branchial impressions, and behind them a paired groove 
is seen in some speeimens . The anterior part of this gro ove lies 
transversally in front of the median half of the first branchial impres
sions, and passes rather abruptly over into the posterior longitudinal part ; 
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this part of the groove farther backwards joins its fellow of the opposite 
side and an unpaired median groove is thus formed ending posteriorly 
rather suddenly (Kiær & Heintz 1 9 3 5 ,  figs. 3 ,  1 3 ;  pls . 1 2 :2-3 ; 26 : 3 ; 
27 :2) .  The interpretation of these structures is uncertain ; the grooves 
are possibly impressions of vessels (cf. Wills 1 93 5 ,  p. 434) ,  the truncus 
arteriosus or a v. jugularis inferior, comparable to that in Petromyzon, 
but this does not seem to be a satisfactory interpretation ;  perhaps more 
likely, they are impressions of the endostyle and the postero-ventral 
parts of the peripharyngeal grooves (cf. the corresponding structures in 
the Cephalochordata :  Miiller 1 873 ; Dohrn 1 8 8 5 ; Lankester 1 8 89 ,  pp. 
3 8 6-3 8 8 ; Willey 1 894,  pp. 3 1-32,  34 ,  1 40,  1 67- 1 69 ;  Franz 1 927 ,  
pp . 54 1-547 ; Drach 1 948 ,  p .  95 1 ;  etc . ,  in Petromyzon: Schneider 
1 879 ; Dohrn 1 8 85 ; Gaskell 1 8 99 ; Reese 1 902 ; Kieckebusch 1 928 ; 
Leach 1 939 ; etc . and in Eptatretus: Stockard 1 906,  cf. Brachet 1 9 3 5 ,  
p .  48 8) .  The nature o f  the paired pits before the grooves i s  wholly 
obscure . 

We can furthermore mention that the eyes lay laterally, in a notch 
or an opening in the dorsal shield, or in an opening in a separate 
orbital plate, and that the mouth formed a subterminal, or ventrai 
transverse slit, strengthened by a mouth skeieton, consisting ventrally 
of independent exoskeletal oral plates and postoral covers, and dorsally 
of a transformed part of the dorsal shield or of the rostrai plate ("the 
maxillar brim" or "the maxillary tooth-plate", Kiær 1 928 ,  cf. Stensi6 
1 932 ,  pp. 1 8 3-1 8 5 ; Kiær & Heintz 1 93 5 ,  p. 44 ; White 1 9 35 a, 
pp. 408-4 1 2) .  

A morphologically most important characteristic in  the organiza
tion of the Heterostraci was the presence of a paired olfactory organ 
(with independent external ducts) , situated near the anterior end of 
the head, revealing that the rostraI part of the head was formed by 
the ethmoidal region (Stensi6 1 927 ,  p. 323) .  Following Kiær ( 1 924, 
p. 1 2 1 ;  cf. Save-S6derbergh 1 94 1 a, p .  5 3 7 ,  foot-note 2 ;  Balabaj 1 948) 
I regard this feature as of fundamental significance, even if i t  cannot 
be used (as by Kiær) as a primary factor for the separation of all the 
vertebrates into two distinct main groups. However, it distinguishes 
the Heterostraci from the Osteostraci and Anaspida as well as from the 
recent Cyc1ostomes (both the Petromyzonts and the Myxinids) ,  and it 
signifies that the group cannot, contrary to Stensi6 ( 1 927), be regarded 
as more c10sely allied to the Myxinids than to other agnathous groups 
(cf. Derjugin 1 928 ; Goodrich 1 93 1 ,  de Beer 1 93 1 ;  Sewertzoff 1 93 1 , 
pp . 5 8-6 1 ;  White 1 93 5 a, pp. 429-43 5 ;  Moy-Thomas 1 939 ,  pp. 
24-2 6 ;  Save-S6derbergh 1 94 1 a, p .  5 3 7 ,  foot-note 2; Obruchev 1 945 , 
p. 27 1 ;  Romer 1 945 , p. 3 3 ;  Balabaj 1 948) .  

In the ontogenetic development of  the olfactory organ the Cyc1o
stomes and the Gnathostomes represent two distinct types (cf. Peter 
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1 90 1 ; 1 9 1 1 ;  Matthes 1 934 ,  pp. 8 8 3-8 8 6 ;  Brachet 1 9 3 5 ,  pp. 449-
45 8 ;  etc . )  in so far as in the former group the organ arises from an 
unpaired median placode ("plaeode olfacto-hypophysaire" , Brachet) 
while in the latter group there is a pair of distinetly separated olfactory 
placodes without connection with any of the hypophyseal rudiments . 
The Cyc1ostome type is,  however, generally regarded to be aberrant 
and not to represent primitive conditions (cf. also Biitschli 1 92 1 ,  
p.  707) . 

The impressions of the gill-apparatus indicate that the gills were 
built essentially as in the Cyc1ostomes (cf. e. g. Kemna 1 903 ,  pp. 3 5 5-
3 5 8 ;  Stensio 1 927 ,  p .  325) .  The external ducts from each gill-sac very 
probably joined to form a common efferent duct, but the agreement in 
this respect between the Heterostraci and Myxine (Stensio 1 927,  p .  326) 
is certainly superficial and without any significance (Sewertzoff 1 93 1 ,  
p.  59 ,  foot-note ; Rauther 1 9 3 7c,  p .  224 ; Balabaj 1 948) .  Franz ( 1 927,  
pp.  628-629 ;  1 937 ,  p .  1 5) ,  however, regards the common efferent 
branchial duct in Myxine (and furthermore also the independent external 
ducts in Eptatretus and in Petromyzon) as a remnant of the peribran
chial chamber in the Cephalochordata, but this view is unique, and 
the conditions in Myxine are generally regarded as secondary (Goodrich 
1 9 3 0, pp. 493-494) . Whether the common efferent duct in the 
Heterostraci really was such a rest of the peribranchial chamber, 
inherited from their pre-vertebrate ancestors, or not, can of course not 
be decided. 

The presenee in the labyrinth organ of the Heterostraci of only 
the two vertical semicircular canals is distinetly a Cyc1ostome charac
teristic (the labyrinth of the Myxinids , with seemingly only one semi
circular canal but with two ampullae, is principally built as in the 
Petromyzonts, Budet 1 934 ,  p. 1 303) .  

Jf  the median impressions on the ventrai side of the dorsal shield 
reflect the main features of the brain, and they apparently do so, then 
we can infer that a cerebellum was not (or at most very feebly) 
developed (Kiær & Heintz 1 9 3 5 ,  p .  70), and furthermore that the 
mesencephalon was provided with a plexus chorioideus .  Now we find 
that the cerebellum in the recent Cyc1ostomes is very small (Petro
myzonts, cf. Johnston 1 902 ; Stefanelli 1 9 3 9 ;  Larsell 1 947, pp. 406-
440 ; Heier 1 948)  or absent externally (Myxinids ,  Larsell 1 947, pp. 
3 98-406), and that the plexus mesencephali ,  contrary to the conditions 
of all other vertebrates, is present in the Petromyzonts (Biitschli 1 9 1 2 ,  
pp. 566-5 67). 

From what is known or assumed with regard to the organization 
of the Heterostraci we can deduce that they must have been agnathous 
vertebrates with distinet cyc1ostomous characteristics but at the same 
time in some important traits (the formation of the rostraI part of the 
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head and the paired olfactory organ) differing markedly from the 
Cyc1ostomes (as weU as from the Osteostraci and the Anaspida) . It is 
thus most consistent to follow those authors who regard the Hetero
straci as a separate group of the Agnatha, not c10sely akin to the other 
agnathous groups (Kiær 1 932a ; Save-Soderbergh 1 94 1 a ; Obruchev 
1 945 ; Romer 1 9 3 3 ; 1 945 ; Balabaj 1 948) ; possibly the group was allied 
to the basal stock from which both the other agnathous groups and 
the Gnathostomes evolved (Romer ; Save-Soderbergh) . 

The real nature of the very enigmatic fossil Jamoytius (White 
1 946b ;  cf. Drach 1 94 8 ,  p. 1035 ; Oakley & Muir-Wood, 1 94 8 ,  fig . on 
p. 1 6) is obscure . It is by White regarded as representing a new order 
(Euphanerida) of primitive agnathous vertebrates which is thought to 
have formed the ancestral stock of all vertebrates (Agnatha as well as 
Gnathostomata) . Not very much is known of its organization (the remains 
interpreted as those of the notochord seem to be very ambiguous) . 
It can, however, be mentioned that the position of the eyes near the 
anterior end of the head indicates that the rostral part of the head was 
not formed as in the monorhinous Agnatha but rather as in the Hetero
straci and the Gnathostomata. Although the absenee of any ve stiges 
of gill-openings can possibly be explained by the state of preservation 
of the fossil (White 1 946b, p. 93) ,  it can, on the other side, reflect a 
structural characteristic of the animal in so far as there was possibly 
only one extemal opening (atrioporus?) not likely to be preserved (cf. 
also the conditions in the Thelodonti, see e .  g. Kiær 1 932b ,  p. 8 ) .  The 
possibility that Jamoytius was a larval or naked form belonging to the 
Thelodonti does not seem wholly exc1uded. 

The small, Mesodevonian, cyc1ostome-like Palaeospondylus, which 
has played such an important role in the discussions on the ancestry 
and the evolution of the Cyc1ostomes is now generally regarded as a 
Gnathostome (cf. Derjugin 1 92 8 ; Moy-Thomas 1 940 ; Parker & 
Haswell 1 940, pp . 1 69-1 7 2 ;  Romer 1 945 , pp . 5 7-5 9 ;  1 946 ,  p .  55 ) .  

With reg ard to  the relations between the Osteostraci and the 
modem C y c l o s  t o m  e s ,  it is apparent from the preceding chapters 
on the anatomy of the Osteostraci that the inner structures of these 
fossils can be explained by comparisons with the inner anatomy of the 
Cyc1ostomes (mainly Petromyzon and particularly its larval form, 
Ammocoetes) . This fact indisputably supports the view that real, 
profound and important conformities exist in the organization between 
the Osteostraci and the Cyc1ostomes . It has als o been shown that 
these resemblances are considerably greater than assumed by Stensio 
( 1 927 ,  1 9 32),  and that the organization of the Osteostraci (particularly 
with reg ard to the composition of the anterior visceral parts of the 
head) is not in any way fundamentally different from that of the 
Cyc1ostomes (cf. Damas 1 943 ,  pp. 232-2 3 3 ,  267) .  The fact that 
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the Osteostraci have more points in common with the Petromyzonts 
(Ammocoetes) than with the Myxinids cannot be taken as evidence 
that they are more c10sely related to the former than to the latter group 
but only that the Ammocoetes still possesses many primitive features 
which are lost in the adult Petromyzonts and in even higher degree 
in the Myxinids . Despite all dissimilarities it must be assumed that 
the recent cyc1ostomous groups are related and form a monophyletic 
branch of the Agnatha in which the Myxinids in many respect re
presentent a highly specialized and transformed group. 

In conc1usion we can say that the Osteostraci form an independent 
group of the monorhinous, agnathous vertebrates, on a par with the 
groups Anaspida and Cyc1ostomata, with which they thus are more 
closely akin than with the diplorhinous Heterostraci. 

The position of the Osteostraci in the vertebrate system can be 
expressed in the following arrangement (which most c10sely agrees with 
that of Kiær & Heintz 1 93 5 ; cf. also Obruchev 1 945) :  

VERTEBRATA 
A. Agnatha 

1 .  Diplorhina (Pteraspidomorphi) 
2. Monorhina (Cephalaspidomorphi) 

Osteostraci (Cephalaspida) 
Anaspida 
Cyc1ostomata 

B. Gnathostomata. 



Strati g ra p h ical rem ar k s .  

T h e  c e p h a l a s p i d - b e a r i n g  s t r a t a i n S p i t s
b e r  g e n. - The Devonian deposits in Spitsbergen are exposed in 
two different areas, viz . a small area on both sides of the Hornsund 
Bay in S .  Spitsbergen, and a much larger one in N.W. Spitsbergen. 
Only this latter area is here of interest. It extends from the North coast 
to the inner parts of Bille Bay, Dickson Bay a..'1d Ekman Bay in the 
lee Fiord, and from Wijde Bay in the east to a line running south from 
Red Bay in the west, with offshoots farther west to Kings Bay (fig . 1 ) .  
The main field i s  limited to  the east and west by  north-south running 
fault-lines, and forms a large, down-faulted area (Nathorst 1 8 94).  In 
the W. part of this complex there is a sec ond long north-south fault
line, dividing the main area into two blocks ; the W. block is tipped to 
the west and a long range of the underlying Caledonian rocks is exposed 
along the E. part of this block (Holtedahl 1 9 1 4a ;  1 9 1 4b ;  FØyn & Heintz 
1 943) .  For further information on the deposits and the distribution of 
the different subdivisions, mentioned below, the reader is referred to 
the important paper by FØyn & Heintz ( 1 943) ,  in which also the older 
literature is cited . 

The Devonian system in N.  Spitsbergen was divided into four 
series by Hoel and Holtedahl (Hoel 1 9 1 4 ;  Holtedahl 1 9 1 4a ;  1 9 1 4b) 
who based their divisions on studies in the field and on preliminary 
determinations of the fossils by Kiær (see Kiær 1 9 1 6) .  The four 
series are : 

4 .  Wijde Bay series , 
3 .  Grey Hoek series , 
2 .  Wood Bay series , 
1 .  Red Bay series . 

The layers in the four series rest conformably upon each other 
in some places , and there is apparently no break at all, or none of 
considerable magnitude, in the sedimentation of the deposits between 
the different series . 

The Wijde Bay series contains no Cephalaspids , and it is not 
further discussed here ; its age is Upper Mesodevonian (see Heintz 1 9 3 7 ;  
Nilsson 1 94 1 ; HØeg 1 942 ; FØyn & Heintz 1 943) .  

The most detailed consideration of  the stratigraphy of  the R e d  
B a y s e r  i e s is that by Heintz (in Kiær & Heintz 1 935) ,  and, as 
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indicated by him, this is only a preliminary survey, and is, in fact 
only a short enum�ration and tabulation of the different fossiliferous 
"horizons" or localities in the Fraenkel Ridge and Mt Ben Nevis on 
the E. side of Red Bay.  We cannot, however, obtain as yet a clear 
picture of the geology of these mountains ; the interrelations of the 
different layers and what is meant by the horizons discerned are of ten 
quite obscure. After Kiær ( l 932a ;  see FØyn & Heintz 1 943 ,  p. 42) 
the series can be divided into two parts , a lower one, the Fraenkel 
Ridge division, and an upper one, the Ben Nevis division. 

In the Fraenkel Ridge division, fossils have been collected in 
severai localities on the Fraenkel Ridge, and these Ioc ali ties have been 
grouped into six different horizons (Kiær & Heintz 1 93 5 ,  pp . 1 2- 1 3) ,  
viz. (from the lowest to the uppermost) : 1 .  the "Psammosteus" horizon ; 
2 . the Corvaspis horizon ; 3 .  the Plant horizon ; 4 .  the Primaeva horizon ; 
5 .  the Polaris horizon ; 6 .  the Anglaspis horizon. 

The strata of the Ben Nevis division which very probably form a 
direct continuation upwards of those in the Fraenkel Ridge division 
have been more closely studied by Hoel in 1 909-1 9 1 0, who measured 
twenty fossiliferous horizons in two different, widely separated profiles 
(see Kiær & Heintz 1 93 5 ,  pp. 1 4-1 6). New localities were discovered 
during Vogt's expeditions in 1 925 and 1 92 8 ,  and their place in the 
stratigraphical table is more or less positively indicated by Heintz (Kiær 
& Heintz 1 93 5 ,  pp. 1 4- 1 6) .  In 1 939  fossils were collected without 
attention being paid to the stratigraphical position of the localities. 
In the following the different localities in Mt Ben Nevis with specifically 
determinated Cephalaspids are arr ang ed into four groups, the relative 
stratigraphical position of which seems to be fairly certain, except that 
I am not quite convinced that the Vogti horizon is situated above the 
horizons A-I: l .  the lowermost group, comprising the horizons A-I 
of Hoel ; 2 .  the Vogti horizon ; 3 .  the Ctenaspis horizon (corresponding 
approximately to the horizons J-L of Hoel) ; 4 .  the Benneviaspis 
horizon (corresponding approximately to the horizons O-R of Hoel) . 

The stratigraphy of the W o o d B a y s e r  i e s and the G r e  y 
H o  e k s e r i e s (as weU as the Wijde Bay series) have been studied 
particularly during the ENS Spitsbergen expedition in 1 939  (FØyn & 
Heintz 1 943)  but (as pointed out by the authors) the geologicaI 
investigation was of "a more or less casual character" and the results 
"cannot be regarded as an exhaustive description of the geologicaI 
conditions" (FØyn & Heintz 1 943 , p .  9) .  

The Wood Bay series was divided in to three divisions : (from the 
oldest to the youngest) l .  the C. Kjeldsen division ("Kapp Kjeldsen 
division") ; 2. the Lyktan ("Lykta") division ; 3 .  the Stjørdalen division 
(FØyn & Heintz 1 943 ,  p. 1 3) .  The three divisjons are characterized 
by their petrological composition and by index-fossils (mainly genera 
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Table 1 .  The distribution of Cephalaspids in the different parts of 

R e d  B a y s e r i e s  

Cephalaspis 

Ectinaspis 

Cephalaspis 

corystis . . . . . . . . . . . . . . . . . .  

acuminata . . . . . . . . . . . . . . . .  

dissimulata . . . . . . . . . . . . . . . .  

cradleyensis . . . . . . . . . . . . . . . .  

pygmaea . . . . . . . . . . . . . . . . . .  

hyperborells . . . . . . . . . . . . . . . .  

heintzi . . . . . . . . . . . . . . . . . . . .  

oreas . . . . . . . . . . . . . . . . . . . .  

divaricata . . . . . . . . . . . . . . . . . .  

eurhynchus . . . . . . . . . . . . . . . .  

verruculosa o • • • • • • • • • • • • • • •  

h eintzi 

sinuata 

arcticus 

. . . . . . . . . . . . . . . . . . . .  

o • • • • • • • • • • • • • • • • • • •  

. . . . . . . . . . . . . . . . . .  

deltoides . . . . . . . . . . . . . . . . . .  

eurynotlls 

excellens 

. . . . . . . . . . . . . . . . . .  

o • • • • • • • • • • • • • • • • •  

hastata . . . . . . . . . . . . . . . . . . . . 

powriei var. . . . . . . . . . . . . . . . . 
recticornis . . . . . . . . . . . . . . . .  

vogti . . . . . . . . . . . . . . . . . . . . . .  

exilis . . . . . . . . . . . . . . . . . . . . . .  

Securiaspis staxrudi . . . . . . . . . . . . . . . . . .  

Tegaspis koileri o . ·  . . . . . . . . .  · . . . . . .  · . .  

Cephalaspis 

Benneviaspis 

Ceplzalaspis 

fØyni . . . . . . . . . . . . . . . . . . . .  

ibex o · ·  • .  · . •  · • . • • . . • • • .  · . •  

longicornis o • . . • • • • . • . . •  · . •  

doryphorus . . . . . . . . . . . . . . . .  

hoeli . . . . . . . . . . . . . . . . . . . . . .  

platycephalus . . . . . . . . . . . . . . .  

retusa . . . . . . . . . . . . . . . . . . . .  

Benneviaspis holtedahli , . . . . . . . . . . . . . . . . 

Hoelaspis angulata . . . . . . . . . . . . . . . . . . . .  

Kiaeraspis auchenaspidoides . o · ·  • . • • .  · ·  . •  

Benneviaspis 

Cephalaspis 

platessa . . . . . . . . . . . . . . . . . . 
eukeraspidoides . . . . . . . . . . . . .  
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Table 2 .  The distribution of Cephalaspids in the different parts of the 

W o o d B a y s e r  i e s in Spitsbergen. 

Bemzeviaspis grandis . . . . . . ,0 • • •  o • • • • • • • •  

lOvgreeni o o • o o o o o o o o o • •  o • •  

maxima o • • • • •  o • •  o o .  o • • • •  o 

Boreaspis batoides . . o o • •  o o o o o • o o • o o o o • o 

ceratops o • •  o • •  o .  o o .  o o o o o .  o o .  o 

rostrata o o o o o o o o • o o • • • • • • • • • •  

Cephalaspis isachseni o • • • • • • • • • • • • • • • • •  

jarviki o o • •  o • • • • • • • •  o • • • • • •  

watneliei . o • •  o • •  o • •  o o • o • •  o • 

brevicornis . . .  o • • • • • • • • • • • • •  

Boreaspis puelta o • • o • • • • •  o • • • •  o o • •  o • • • •  

Cephalaspis producta o • •  o • •  o • • •  o • • • • • • •  

curta . o • • • • • • • •  o • o o • • • • • • •  

caroli o • • • • • • • • • • • • • • • • • • • •  

fracticornis . . . . . . . . . . . . . . .  . 

laticornis . . . . . . . . . . . . . . . . .  . 

Boreaspis intermedia . . . . . . . . . . . . . . . .  o • •  

macrorhynchus o • • • • • • •  o • • • • • •  

Axinaspis whitei . . . . . . . . . . . . . . . . . . . . .  . 

Cephalaspis oblonga . . . . . . . . . . . . . . . . . .  . 

Boreaspis costata . .  o • •  o • • • • • • • • • • • •  o • • •  

A crotomaspis instabilis . . . . . . o • o • o • o • •  o o 

Nectaspis peltata . . . . . . . . . . . . . . . . . . . . .  . 

Boreaspis circinus o • • • • • • • • • • • • • • • • • • • •  

spinicornis . . . . .  o • •  o • • • • • • • • • •  

triangularis . .  o • •  o • •  o • • • • • •  o • •  

gracilis . . . . . . . . . . . . . . . . . . . . .  . 

robusta . . . . . . . . . . . . .  o • • • • • • •  

curtirostris . . . . . . . . . . . . . . . . . .  . 
Cephalaspis hØegi . . . . . . . . . . . . . . . . . . . .  . 

lanternaria . . . . .  o • • • • • • • • • • •  

menoides . . . . . . . . . . . . . . . . .  . 

A crotomaspis sp . 1 . . . . . . . . . . . . . . . . . . .  . 
Nectaspis areolata . . . . . . . . . . . . . . . . . . . .  . 

deltei . . . . . . . . . . . . . o • • • • • • • • •  

Cephalaspis moy-thomasi . . . . . . . . .  o • • • • •  

semicircularis . . . . . . . . . . . . .  . 
A crotomaspis trinodis . . . . . . . . . . . . . . . . .  . 
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of Pteraspids and Placoderms) . At least in one locality (S.W. part of 
Mt Sigurd) the C. Kjeldsen division was found resting conformably 
upon the Red Bay series . 

T h e  v e  r t i c a l d i s  t r i  b u t i o n o f t h e  C e p h a l
a s p i d s i n S p i t s b e r  g e n. - We may now consider in some 
detail the distribution of the Cephalaspids in the different strata of 
the Spitsbergen Old Red. 

Cephalaspids are known to occur from the lowermost fossiliferous 
horizon in the Red Bay series up to the Grey Hoek series , inclusive ; 
they are common in the whole Red Bay series and in the two lower 
divisions of the Wood Bay series but are much rarer in the upper 
division of this series and in the Grey Hoek series. 

From the Grey Hoek series only a fragment of a Cephalaspis? sp . 
(p . 424) and an indeterminable specimen of the genus A erotomaspis 
(p . 5 3 6) is known. 

The distribution of the Cephalaspids in the different parts of the 
Red Bay and the Wood Bay series is shown in the two tables ( l ,  2) 
above. An interrogation mark in the tables indicates that the specific 
determination of the fossil in the horizon (or the division) is uncertain . 
It must be noted, that the horizons cited in the columns for the Ben 
Nevis division do not cover the whole sequence of strata in this division ; 
there are fossiliferous horizons both below the horizon A and above the 
Benneviaspis horizon ; they are not included here since they do not 
contain any specifically determinable cephalaspid forms. 

As is seen from the tables , the distribution of the Cephalaspids in 
the different parts of the series is rather uneven . The fact that the 
StjØrdalen division is poorer in species (and individuals) than the two 
other divisions of the Wood Bay series possibly reflects the real condi
tions that the Cephalaspids become rarer higher up in the series . In 
the Red Bay series, where some of the horizons contain a few species 
only, this fact is, however, to some extent to be explained by lack of 
uniformity during investigation ; thus, in 1 939 ,  collections were made 
principally in the Primaeva and Anglaspis horizons of the lower 
division . It is, furthermore, to be noted, that the tables do not of CQurse 
register the whole cephalaspid fauna ; in almost every horizon or division 
there are found indeterminable cephalaspid fragments which, as a ru]e ,  
.cannot be further considered here . This calls for caution in the 
comparison between the faunas in different horizons . 

C.  ap iea lis, C .  lata, and C.  spitsbergensis, as being dubious species, 
are not included in the tables . 

The R e d  B a y s e r  i e s is characterized by a large num ber of 
Cephalaspis species, of ten of a distinet type, different from the general 
type of the speeies in the overlying Wood Bay series ; they have generally 
a rather narrow cephalic shield, narrow pectoral sinus, short or long 
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but never very bro ad cornua. The series contains furthermore some 
cephalaspid genera, not found in the Wood Bay series, viz. Ectinaspis, 
Securiaspis, Tegaspis, Hoelaspis, and Kiaeraspis, but none of them 
can be used as index-fossil for the who le series . Benneviaspis is also 
found here with several, apparently rather unspecialized forms which 
are quite different from those in the lowermost part of the Wood Bay 
senes. 

The different horizons of the F r a  e n k e l R i d g e d i v i s i o n 
have no cephalaspid form in com mon which can serve as a guide fossil 
for the whole division. It is distinguished by several species of Cephal
asp is (see table 1 ) ,  not occurring higher up in the series , and by the 
genus Ectinaspis (known, however, only from one locality) . Otherwise, 
in relation to the Ben Nevis division, it is negatively characterized by 
the absence of most of the genera of this division. 

It will be noted that in the lowermost fossiliferous horizon, the 
"Psammosteus" horizon, beside C.  corystis, an indeterminable Cephal
asp is specimen (p. 426) is also found. 

The cephalaspid faun as in the Corvaspis , the Plant, the Primaeva, 
and the Polaris horizons do not (with our present knowledge) seem to 
be very different from each other ; the Corvaspis horizon contains no 
species of its own, the Plant horizon and the Polaris horizon each one 
only. The Primaeva and the Anglaspis horizons, which both are rather 
weU known and rich in fossils, can better be compared. While there is a 
(probably considerable) number of species that are common to both 
horizons, there appear in the Anglaspis horizon many new species , 
characterizing this layer, and the two horizons seem thus to be weU 
separated, and may represent two different zones (or sub-zones) . 

The B e n  N e v i s d i v i s i o n is weU characterized by several 
Cephalaspis species of its own (see table 1 ) ,  some of them, as C. exilis, 
occurring in a major part of the division, and furthermore by a number 
of distinct genera, Securiaspis and Tegaspis in a large part of the 
division, Hoelaspis and Kiaeraspis in the upper part of the division, and 
finally by some Benneviaspis speeies (the genus is found in almost the 
whole division! but continues also up into the Wood Bay series) . 

No species are with certainty known to occur in both the 
Fraenkel Ridge and the Ben Nevis divisions ; a specimen, doubtfuUy 
placed in C. hastata (a species known from the Anglaspis horizon) 
is , however, found on Mt Ben Nevis and thus in the upper part 
of the series (it can furthermore be noted that C.  hastata is very 

1 It can in this connection be noted that a specimen, somewhat doubtfully assigned 

to B. holtedahli, is found in the lowermost part of the division, distinctly below the 

horizon A or the Vogti horizon (p. 454;  ENS no. 6 1 4) ,  and furthermore that an 

undetermined specimen (mentioned on p.  448) comes from the horizon T, thus from a 
layer above the Benneviaspis horizon. 
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similar, and probably very c10sely related to C .  ibex from the Vogti 
horizon) . 

The following speeies are found in localities which beyond 
doubt belong stratigraphically to the Ben Nevis division but the exact 
place of which in the series is unknown, viz. C. aarhusi, C. broughi, 
C. crofti, C. gracilis, C. hastata?,  C? pedata, C. pinnifera, C. signata, 
C. tenuicornis, Securiaspis quadrata, Securiaspis sp . ,  Benneviaspis sp . 1 .  

The different parts of the Ben Nevis division cannot be properly 
compared since only a few species are known from the lower part of 
the series as against a rather rich fauna in the upper part. We can note 
that the three speeies in the Vogti horizon are restricted to this layer 
while the three species in the group, comprising the horizons A-I, are 
also known from the upper part of the series ; more exactly, C. exilis 
is found in horizon A as well as in the Ctenaspis and the Bennevi aspis 
horizons , Securiaspis staxrudi occurs in the horizon H (a speeimen 
from horizon G is hesitatingly placed in this speeies) and in the 
Benneviaspis horizon, and Tegaspis kolleri in horizon F or G and 
in the Benneviaspis horizon. The upper parts of the division, the Cten
aspis and the Benneviaspis horizons , which can hardly be separated 
faunistically from each other, are characterized by a number of species 
of their own and especially by the genera Hoelaspis and Kiaeraspis 
which here occur for the first time (being absent from the lower parts 
of the division) . 

From the table 1 is seen that severai species from the Fraenkel 
Ridge division (the Primaeva and the Anglaspis horizons) are found 
also on Mt Pteraspis ,  and from this we can infer that the layers in Mt 
Pteraspis can be as sign ed at least partly to the upper part of the 
Fraenkel Ridge division (cf. Kiær & Heintz 1 9 3 5 ,  p. 1 5) .  An upper 
part of the strata in Mt Pteraspis has previously been correlated 
tentatively with a part of the Ben Nevis division (Kiær & Heintz 1 9 3 5 ,  
pp . 1 5- 1 6) ;  the older view that the layers i n  M t  Pteraspis constitute 
the uppermost parts of the Red Bay series (Kiær 1 9 1 6 , p. 492 ; see e. g. 
the table in Quenstedt 1 926 ,  p .  6) is undoubtedly wrong. 

Hoelaspis angulata, known from the Ctenaspis and the Bennevi
aspis horizons on Mt Ben Nevis, i s  found also in the S.W. part of Mt 
Sigurd, in the uppermost part of the Red Bay series, not far below the 
boundary towards the Wood Bay series. 

If we now turn to the distribution of the Cephalaspids in the 
W o o d B a y s e r  i e s, we find first of all a fauna, quite different 
from that of the Red Bay series . The genera Cephalaspis and Bennevi
aspis are the only genera common to the two series, no speeies being 
common to them. 

The genus Cephalaspis is represented in the Wood Bay series (see 
table 2) by many speeies but they are generally of a type different from 
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that of the species in the Red Bay series , having large, very broad and 
flattened cephalic shields, strongly developed, broad cornua, wide 
pectoral sinus and often narrow inter-zonal parts , the lateral sensory 
fields are of ten remarkably narrow, lying ne ar the lateral margins of the 
shield (C. pinnijera from the upper Red Bay series is of about the same 
type) , and there is generaUy no c10se affinity between the species 
from the two series . Also the species of Benneviaspis are partly 
morphologically different from those in the Red Bay series . The genera 
Hoelaspis, Kiaeraspis, Tegaspis, and Securiaspis do not continue 
upwards into this series . On the other hand, some new genera appear 
now for the first time, viz. Boreaspis (c1osely related to Hoelaspis) , 
A xinaspis and A crotomaspis (both related to Kiaeraspis), and Nect
asp is; none of these genera is, however, found through the whole series , 
although Nectaspis and A crotomaspis are absent only from its lower
most part. 

Of the species, mentioned in table 2, some are also found in loca
lities , the exact position of which in the series is uncertain : Boreaspis 
spinicornis known with certainty from the upper part of the C. Kjeld
sen division is also found in talus on the S. W. slope of Mt Lyktan; 
the transition between the C. Kjeldsen division and the Lyktan division 
lies probably near the base of the mountain (see FØyn & Heintz 1 943 , 
p .  3 8) .  A specimen of B .  costata is found in the shore profile below 
Mt Lyktan, and it is therefore possible that it comes from the uppermost 
fart of the C. Kjeldsen division. B .  robuste; (from the upper part of 
the C. Kjeldsen division and the Lyktan division) and Nectaspis dellei 
(from the StjØrdalen division) are found als o in localities which may 
belong to either the Lyktan or the StjØrdalen division . A crotomaspis 
trinodis is also found in similar localities ; some specimens, doubtfully 
placed in this species , come from a locality unquestionably in the Stjør
dalen division. 

The table over the distribution of the Cephalaspids in the Wood Bay 
series must be used with caution as it is of ten difficult to decide whether 
a speeies is restricted to a certain division (or part of a division) or not . 

The type specimen of C .  brevicornis comes most probably from 
the Wood Bay series ; from the same series but from an undetermined 
division are C. borealis and C. acuticornis. C. gigas comes from a not 
specified part of the C. Kjeldsen division, and some doubtfully de
terminated specimens of the same species from the Lyktan division. 
An undetermined Benneviaspis speeimen (B . sp . 2 ,  p .  466) is found in 
the upper parts of the Wood Bay series, either in the Lyktan or in 
the StjØrdalen division. 

The different divisions of the Wood Bay series, distinguished by 
Føyn & Heintz ( 1 943) ,  are each more or less weU characterized by its 
cephalaspid fauna. 
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The C.  K j e  l d s e n  d i v i s i o n contains a large number of 
species of Cephalaspis, Benneviaspis, and Boreaspis which are peculiar 
for the division, as is also the genus Axinaspis; in the upper part of 
the division the genera A crotomaspis and Nectaspis appear, but they 
are present also in the other divisions of the series.  

In table 2 the C.  Kjeldsen division has been divided into two parts , 
a lower one found in Mt Sigurd, and an upper one, and the species 
from each part are tabulated separately. From the table is seen that 
these parts are as weU characterized by peculiar cephalaspid species as 
are the other divisions of the series . FØyn & Heintz ( 1 943 ,  p. 20) have 
also suggested that the lowermost part of the C.  Kjeldsen division "may 
prove to be a separate sub-division" . We can note the presence, exc1u
sively in this part, of three Benneviaspis species , furthermore some 
Cephalaspis species (rather similar to the general Cephalaspis type in 
the Red Bay series) , and three Boreaspis species , and finally the absence 
of the genera A crotomaspis and Nectaspis. 

The upper part of the C. Kjeldsen division has a number of species 
as weU as the genus Axinaspis in common with the lower part but is, 
on the other hand, connected with the overlying divisions by the 
presence of the genera A crotomaspis and Nectaspis (which besides in 
this part occur both in the Lyktan and the StjØrdalen divisions). 
Characteristic Cephalaspids for this up per part are certain species of 
Boreaspis and Nectaspis (see table 2) .  

The L y k t a n  d i v i s i o n is distinguished by the presence of 
some characteristic species of Cephalaspis (see table 2) and one Bore
aspis species (B . curtirostris) , one (as yet unnarned) species of A crotom
aspis, and especially by the joint occurrence of the two common species, 
Nectaspis areolata and Boreaspis robusta (this latter species is, however, 
laeking in some areas , e. g. at Ekman Bay ;  B . robusta appears already 
in the upper part of the C .  Kjeldsen division, and N. areolata continues 
upwards into the Stjørdalen division) . 

The topmost division of the Wood Bay series, the S t  j Ø r  d a l e n  
d i v i s i o n, is, as far as the cephalaspid fauna is concerned, not 
very weU distinguished from the Lyktan division ; it is ne�atively 
characterized by the decrease in number of the species and individuals 
of the Cephalaspids. Two Cephalaspis species (e . moy-thomasi, 
C. semicircularis) are peculiar for this division ; Nectaspis areolata is 
still present but in company with another species of the same genus, 
N. dellei; the genus A crotomaspis is also found here . 

C o r r e i  a t i o n w i t h o t h e r  a r e  a s .  - With reg ard to 
the relative age of the different Old Red series in Spitsbergen earlier 
authors held the view that the Red Bay series is Upper Silurian 
(Downtonian) , the Wood Bay series Eodevonian, the Grey Hoek series 
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Mesodevonian, and the Wijde Bay series Neodevonian (see e. g .  Holte
dahl 1 9 1 4a) . 

Kiær's position (which was a basis for the views of Hoel, 1 9 1 4, 
and Holtedahl, 1 9 1 4a, 1 9 1 4b) as to the age of the Red Bay series is 
evident from his paper of 1 9 1 6  (Kiær 1 9 1 6) .  He regards the Red Bay 
series as of Upper Silurian, Downtonian, age, meaning here Downtonian 
in the common signification at that time, as the age of the layers which 
in England are situated between the Upper Ludlow beds and the Lower 
Old Red sandstone ; he was i. a .  of the opinion that Cephalaspids in 
the Red Bay series were most c10sely allied to the genera Didymaspis, 
Sclerodus and Thyestes. The Wood Bay series is in the same paper 
considered to be Eodevonian. 

Later the extent of the Downtonian was somewhat widened by 
King ( 1 92 1 )  to cover also a lower part of the Lower Old Red (finally, 
King 1 934 ,  p .  527 ,  with ten different stages : I .  1 - 1 0) while an over
lying part was separated under the name Dittonian (with the stages 
Il. 1-4) . King considered ( 1 934 ,  p. 5 5 3 )  both Downtonian and 
Dittonian to belong to the uppermost Silurian. Stamp ( 1 92 3 ,  p. 406) 
and King ( 1 934 ,  pp . 550, 5 5 3) referred an uppermost part of the Red 
Bay series in Spitsbergen to the Dittonian. 

In a later paper Kiær ( 1 9 3 1 ,  pp. 425-426,  430) inc1udes the Dit
tonian in the Downtonian as a part of this formation,  and refers the 
whole series to the Lower Eodevonian (Gedinnian) . In Spitsbergen the 
Red Bay series pertains here. The Wood Bay series is now regarded 
as "the upper part of the Lower Devonian in Old Red development 
corresponding to the marine Coblentzian" (Kiær 1 9 3 1 ,  p. 430) .  

Now some authors refer the whole Red Bay series to the Down
tonian without explaining their conception of the term "Downtonian", 
as Quenstedt ( 1 926,  p .  6), Hoel (in Stensio 1 927 ,  p .  X) , Frebold 
( 1 9 3 5 ,  p. 2 1 ) ,  Solle ( 1 9 3 5 ,  p .  52) ,  while Heintz (in Kiær & Heintz 
1 935 )  probably follows the opinion of Kiær of 1 9 3 1 (cf. Save-Soder
bergh 1 937 ,  p. 255 ; 1 94 1b ,  pp. 23 8-239) ,  and others (especially in 
later years) explicit1y state that a 10wer part of the Red Bay series is 
Downtonian, an upper part Dittonian (besides Stamp and King, cited 
above, Save-Soderbergh 1 9 3 7 ,  p. 255 ; 1 94 1b ,  pp. 2 39-240 ; Heintz 
1 93 7 ,  p. 2 1 ;  Vogt 1 9 3 8 ,  p. 8 8 ;  HØeg 1 942, p. 1 62 ;  FØyn & Heintz 
1 943 ,  pp. 42-45 ; White 1 950a, p. 64 ; 1 950b,  p. 8 6 ;  Gross 1 950 ,  
pp .  37-3 8) .  Some of  these authors (Heintz, HØeg, FØyn & Heintz) 
regard the Dittonian as part of the Sil urian , inasmuch as they speak 
of the (lower part of the) Wood Bay series as "Lower Lower Devonian" , 
while Save-Soderbergh draws the Silurian-Devonian boundary between 
the Downtonian and the Dittonian, and White (as earlier i. a. Stamp) 
inc1udes the Downtonian in the Devonian as its lowermost part (this 

3 7  
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latter view is at present the most commonly accepted one, see e. g .  
the handbook of  Kayser & Brinkmann 1 948 ; the Gedinnian, which 
partly corresponds to the Downtonian, has long been considered as 
Eodevonian, cf. e .  g .  Asselberghs 1 946) .  

In this connection, regarding the age of the Red Bay series, I 
shall refer briefly to the opinion of Save-Soderbergh ( 1 94 1b ,  pp. 239-
240) as being the first well documented correlation of the fauna of the 
series in question and as based mainly on the character of the cephal
aspid fauna. He emphasizes (on the basis of the stratigraphical survey 
by King of the Cephalaspids of Great Britain, in Stensio 1 932 ,  pp . 
1 99-204) i. a. the gre at resemblance in the cephalaspid fauna (with 
the genera Cephalaspis, Securiaspis and Benneviaspis) that exists be
tween the Dittonian of England and the upper part of the Red Bay 
series . He thinks furthermore that only a lower part of the Fraenkel 
Ridge division is Downtonian while its upper part (on account of the 
supposed presenee in this part of Cephalaspis species known from the 
Ben Nevis division) as well as the whole Ben Nevis division, (and the 
"Mt Pteraspis group" which erroneously is counted as a special upper
most division) is considered to be Dittonian. White ( 1 950a. p. 64 ; 
1 950b,  p .  8 6) is of about the same opinion (his conception as to the 
upper limit of the Downtonian is , however, somewhat dissentient, see 
further below) , and FØyn & Heintz ( 1 94 3 ,  p. 44) evidently reg ard the 
whole Fraenkel Ridge division as Downtonian, the Ben Newis division 
as Dittonian. 

With regard to its age the Wood Bt;ly series is commonly regarded 
as Eodevonian (without more exact statement as to which part of this 
series is meant) , so by Quenstedt ( 1 926 ,  p. 6), Hoel (in Stensia 1 927 , 
p .  X) , Solle ( 1 93 5 ,  p .  52) ,  Frebold ( 1 9 3 5 ,  p .  27) ,  Schenk ( 1 93 7 ,  p. 1 2 1 ) ,  
a s  "Lower Lower Devonian" by  Heintz ( I  929a, pp . 76 ,  78 ;  = Siege
nian, 1 9 3 7 ,  p. 1 7 ,  cf. table) , as Lower Eodevonian, possibly extending 
in to the Upper Eodevonian, by Vogt ( 1 93 8 ,  p. 8 8) .  FØyn & Heintz 
( 1 943 ,  pp. 45-48)  think that only the lower division (the C. Kjeldsen 
division) of the series can be determined stratigraphically as "Lower Lower 
Devonian" while the question as to the age of the two upper divisions 
(the Lyktan and the StjØrdalen divisions) as weU as that of the Grey 
Hoek series cannot at present be definitely settled. These divisions 
must, however, be placed between the "Lower Lower Devonian" and 
the Upper Mesodevonian which is the age of the conformably over
lying Wijde Bay series . HØeg ( 1 942,  pp. 1 6 1- 1 68)  foUows FØyn & 
Heintz but points out the remarkable fact that the fossil flora of the 
Wijde Bay series on the whole is quite distinctly of a Neodevonian type. 

The Grey Hoek series is considered (with a varying conception 
as to the extent of the series) to be Uppermost Eodevonian or Lower
most Mesodevonian (Quenstedt 1 926 ,  p. 6 ;  Hoel, in Stensia 1 927 ,  
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p.  X ;  Frebold 1 93 5 ,  p .  27) ,  possibly "Middle Lower Devonian" to 
"Lower Middle Devonian" (Heintz 1 929a, p. 78 ) ,  Mesodevonian (Solle 
1 93 5 ,  p. 5 2 ;  Schenk 1 93 7 ,  p. 1 2 1 ,  who wrongly regarded the Grey 
Hoek series as younger than the Wijde Bay series , cf. Heintz 1 937 ,  
p .  20 ,  FØyn & Heintz 1 943 , p .  35 ) .  

We shall now examine i f  our extended knowledge o f  the cephal
aspid fauna of Spitsbergen has any bearing up on the question of the 
age of the different series in the Spitsbergen Old Red. Before that we 
must, however, define some stratigraphical terms, used here. The 
meanings of these terms which are taken from the type profiles of the 
Eodevonian in England, the Ardennes and the Rhineland are evident 
from the following generalized and simplified table : 

Mesodevonian 
(Middle Devonian) 

Eodevonian 
(Lower Devonian) 

Silurian 

f Upper 

l Lower 

Couvinian (Eifelian s. 1 . ) 

j Emsian (Coblentzian ; Upper Coblentzian) 
\ Siegenian (Lower Coblentzian) { Dittonian (Upper Gedinnian) 

Downtonian (Lower Gedinnian) 

Upper Ludlow group 

As to the boundary between the Downtonian and Dittonian, I follow 
White ( l 950a ;  1 950b) who places it at the base of the zone with Pter
aspis leathensis and at the top of the lOne with Traquairaspis symondsi 
(corresponding approximately to the stages 1 .9  and 1 . 8  of King, re
spectively, cf. King 1 934 ,  p. 527) and thus somewhat lower than King. 
The base of King's Dittonian is at a leve l which in White's stratigraphical 
column belongs to the following zone, that of Pteraspis crouchi.  This 
zone is the upper one of the two lOnes recognized by White in the 
Dittonian, and the Siegenian begins with the appearance of large Pter
aspis speeies of the subgenus A rchaeoteuthis (= Rhinopteraspis), here, 
more specifically, P. (A .) dunensis . 

The R e d  B a y s e r  i e s .  As White considers the replacement 
of Traquairaspis by Pteraspis in England as a most noteworthy change 
in the fauna, it is naturai that he (White 1 950b,  p. 85 )  also places the 
Downtonian-Dittonian boundary in Spitsbergen somewhere between the 
"Psammosteus" horizon, in which Traquairaspis is found, and the 
Primaeva horizon, in which Pteraspis "primaeva" (this undescribed 
speeies is related to P. leathensis, belonging to the same subgenus, 
Simopteraspis) appears , in correlating the horizon with P. "primaeva" 
with the zone with P. leathensis. Such dose a correlation seerns, how
ever, somewhat premature in view of our defective knowledge of the 
entire vertebrate fauna of both districts . 
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Of the cephalaspid genera known from the Red Bay series, Ectin
asp is, Tegaspis, Hoelaspis and Kiaeraspis are restricted to Spitsbergen, and 
cannot, therefore, be us ed in comparing the Spitsbergen fauna with that 
of other areas ; Cephalaspis, Securiaspis and Benneviaspis have a wider 
distribution and accordingly are of importance for the correlation . 

The general aspect of the cephalaspid fauna, reflected in the 
coexistence of the genera Cephalaspis, Securiaspis and Benneviaspis 
(with disregard of the above-mentioned special Spitsbergen genera) as 
weU as the general morphological type of the Cephalaspis species makes 
it at once evident that at least the Ben Nevis division can broadly be 
correlated with the Dittonian of England, as was done by Save-Soder
bergh ( 1 94 1b ,  p. 239) and FØyn & Heintz ( 1 94 3 ,  p. 44) who all, of 
course, use the terms Downtonian and Dittonian in the sense of King. 

In the cephalaspid fauna of the Fraenkel Ridge division the 
typical Dittonian genera Benneviaspis and Securiaspis are absent ; the 
Cephalaspis species are, in general, of the same type as those from 
the Ben Nevis division and from the English Dittonian, and, as pointed 
out first by Save-Soderbergh ( l 94 1b ,  p. 239 ; see also FØyn & Heintz 
1 943 ,  p. 44), the typical Lower Downtonian cephalaspid genera are 
totaUy lacking here ; therefore the fauna of the Fraenkel Ridge division 
can at most be possibly Upper Downtonian. The cephalaspid fauna 
of the Upper Downtonian in England is poor and little known; the 
typical genus Didymaspis is lacking in Spitsbergen . 

If therefore the general type of the cephalaspid fauna in the 
Fraenkel Ridge division somewhat undecidedly points to a Dittonian age 
of the fauna, we have here fortunately two Cephalaspis species, the 
occurrence of which unambiguously indicates this age. The fact is that 
these two species, C. cradleyensis and C. powriei, are common to the 
faun as of Spitsbergen and Great Britain, having been previously 
described from the Old Red of England and Scotland, respectively . 

Yet we must remember that we know nothing of the vertical range 
of these species, which, however, in general seems to be rather limited 
for Cephalaspis. On the other side, we must not underestimate the 
occurrence of identical species in two are as with (for the rest) faun as 
of rather s imilar composition ; ordinarily, in correlating continental 
faunas , we have only to do with genera or combinations of genera of 
supposed contemporaneous occurrence. 

C. cradleyensis, known from the Dittonian of England, is found 
in the lower part of the Fraenkel Ridge division, in the Plant horizon, 
and C.  powriei, from the Lower Old Red sandstone of Scotland, occurs , 
as a distinet variety (var. polaris) in the Anglaspis horizon, and thus 
in the uppermost part of the same division. 

C. cradleyensis is recorded from the stratum IL l in King's table 
(Stensio 1 932 ,  pp . 200, 203) ,  and, although it is indicated by White 
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( l 950a, p .  52 ; 1 950b ,  fig . 1 ,  cf. p. 8 8) ,  that this "Cephalaspis sand
stone-cornstone" (11 . 1 )  is diachronic and may in places occur so far 
down in the series as to correspond to an upper part of King's 1 . 9 ,  it 
seems from a passage by King (in Stensi6 1 932 ,  p .  200) that the locality 
(Ridgeway Farm near Cradley in Herefordshire) from which C .  crad
leyensis comes, must lie considerably above the stratum 1 .9 .  C .  crad
leyensis is here, at Cradley, found in association with C. salweyi, 
C. agassizi, C .  sollasi, C .  fletti? ,  C .  langi?, Benneviaspis lankesteri and 
B. angliea, and this fauna (with Benneviaspis and Cephalaspis) places 
the locality up in the zone with Pteraspis crouchi (see White 1 950b, 
fig . 1 ) .  

The sec ond species, C.  powriei, which i s  rather polymorphic is 
found in severai localities in Forfarshire and Pertshire in Scotland ; 
these Ioc ali ties cannot be fitted in to their proper place in the type
profile (from England) of the Lower Old Red, but they are in any 
cases not older than the Dittonian (in the sense of King, see Stensi6 
1 932 ,  pp . 20 1 ,  203) .  

We can furthermore note that severai of the Cephalaspis species 
from the Fraenkel Ridge division are c10sely related to species from 
the Dittonian in England, viz . C. pygmaea which is extremely similar 
to C. heightingtonensis (from II . 3) and also resembles C. langi; C. oreas 
similar to C. whitei (from Il. 1-3), and C. hyperboreus probably 
nearly akin to C. fletti (Il . 1-2) . 

We can thus safely incorporate the major part of the Fraenkel 
Ridge division (at least as far down as to the Plant horizon, inc1usive) 
with the Dittonian . As furthermore the two Cephalaspis species , found 
in the underlying Corvaspis horizon, are identical with species in the 
upper part of the division (C. acuminata, also in the Primaeva and 
possibly in the Anglaspis horizons ; C. dissimulata, also in the Primaeva, 
the Polaris , and the Anglaspis horizons) there is every reason to con
sider also this part of the series to be Dittonian. The lowermost fos
siliferous horizon, the "Psammosteus" horizon, contains twa Cephal
aspis species (C. corystis, the other unnamed, p .  426) which differ in 
no way markedly from the speeies in the other parts of the Red Bay 
series . C. corystis is c10sely connected with C .  hastata, C .  ibex 
and probably C. signata from the upper part of the Fraenkel 
Ridge division and from the Ben Nevis division, and apparently most 
c10sely related to C. isachseni from the lowermost part of the W ood Bay 
series . Jf we take into account only the Cephalaspids for the determi
nation of the age of this horizon, we can find no reason to refer it to 
another series than the remaining part of the Red Bay deposits but 
must inc1ude it, too, into the Dittonian. 

Against such a correlation same objections may be raised if we 
take into consideration the other vertebrate fossils from these layers . 
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So has White ( l 950b, pp. 8 5-86) laid stress on the occurrence of 
Traquairaspis and Corvaspis in horizons below the Primaeva horizon 
(with Pteraspis "primaeva"; see above, p. 5 79) .  In England Traquair
aspis is confined to two zones in the upper part of the Downtonian, 
and Corvaspis to the uppermost zone in the Downtonian . There is, 
however, no specific identity between the English and the Spitsbergen 
forms of these two genera (as far as I have seen, after a cursory view 
of the material from the Spitsbergen deposits in the Palaeontological 
Museum, Oslo) . According to FØyn & Heintz ( 1 943 ,  p. 42) Corvaspis 
is in Spitsbergen known also from the lower horizons of the Ben 
Nevis division, and the genus thus occurs there in layers that are 
distinctly younger than that to which it is restricted in England ; the 
stratigraphical importance of the genus is evidently overrated (cf. Sten
siD 1 944, p. 4). Although the genus Traquairaspis is known in Great 
Britain only from Downtonian deposits , its occurrence in a certain 
horizon in Spitsbergen cannot a priori be taken as a definite proof of 
a Downtonian age of this horizon. In this question I base my opinion 
as to the age of the "Psammosteus" horizon more upon the occurrence 
of two Cephalaspis speeies , one of them being of a rather specialized 
type, than up on the presenee of the genus Traquairaspis, at least until 
the representatives of this genus in Spitsbergen have been fully described 
and compared with their congeners in Great Britain, and until the nature 
of the so-called Cephalaspis species from the Downtonian of England 
(White 1 950a, pp . 5 3 ,  5 6) has been made c1ear. 

The genus A nglaspis is known in England (see White 1 950a,  p .  5 6) 
from the uppermost zone of the Downtonian up into the zone of Pter
asp is crouchi (according to White 1 950a, fig . 1 ) ,  and Poraspis, earlier 
known from this zone, descends (als o according to White 1 950a, fig . 1 )  
in to the zone below that of Traquairaspis symondsi; these two genera 
are consequently of little stratigraphical value in this question. 

The W o o d B a y s e r  i e s .  Jf the age of the Red Bay series 
can "be determined with a fair degree of certainty, the opposite is 
the case with reg ard to the Wood Bay series" (FØyn & Heintz 1 943 , 
p .  45) .  

The rich cephalaspid fauna now known from this series i s  of  very 
little importance for the correlation with other areas . This is due to 
the fact that in W. Europe where the Upper Eodevonian and Mesode
vonian type profile is developed (see Gross 1 9 3 3a ,  p .  5 6 ;  1 9 3 3b ,  p. 7 ;  
1 937  p .  7 ;  1 950 ,  pp. 5 8-5 9 ,  6 1 ) Cephalaspids are extremely rare in the 
marine deposits , younger than the Dittonian. Cephalaspid faunas from 
other localities are either not adequately or not at all described, or the 
age of the localities is not definitely settled (e . g. the faun as from 
W. Podolia and from the Gaspe sandstone in E. Canada) . Vertebrate 
fossils from the Uppermost Eodevonian and from the Lower Meso-
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devonian are on the whole most uncommon, and this makes the dating 
of parts of the Old Red deposits in Spitsbergen very difficult. 

The question as to the age of the Wood Bay series has been 
exhaustively diseussed by FØyn & Heintz ( 1 943 ,  pp . 45-48) .  They 
refer (p . 47) the C. Kjeldsen division to the "Lower Lower Devonian" 
(= Siegenian) because it forms the lower part of an at least partly 
Eodevonian series which rests conformably upon beds of Dittonian age . 
The large Pteraspid "Gigantaspis" (not yet described) which occurs in 
the C.  Kjeldsen division is said (FØyn & Heintz 1 94 3 ,  p .  45 ; see also 
Heintz 1 937 ,  p. 1 7) to be related to Pteraspis (A rchaeoteuthis) dunensis 
and P. cornubica; these two �pecies are known from the Upper Eode
vonian. Phlyctaenaspids are abundant in the Wood Bay series but are 
represented by forms known only from Spitsbergen, and cannot be used 
as basis for a more accurate correlation. From the upper parts of the 
series are recorded finds of Placoderms, otherwise known as exclusively 
Mesodevonian forms, as Homostius; Heterostius and A ctinolepis (Føyn 
& Heintz 1 94 3 ,  pp . 1 9 ,  2 8 ,  36 ,  40, 45-47 ; see also Heintz 1 937 ,  
pp . 1 7- 1 8) .  

With regard to  the Cephalaspids we can note that the genera 
Boreaspis, Axinaspis, A crotomaspis and Nectaspis are exclusively Spits
bergen forms ; Cephalaspis and Benneviaspis are found in other areas . 
A cornu, referred to Cephalaspis diensti by Gross ( 1 9 3 3 a, pl. 3 : 8) from 
the Siegenian in the Rhineland is of the same type as that of severaI 
species from the Wood Bay series, thus very broad and with the lateral 
sensory field rather narrow and lying near to the lateral margin of the 
shield ; the fragment is in fact fairly similar to C. laticornis or C. caroli 
from the C. Kjeldsen division. 

We can furthermore note that C. moy-thomasi from the Stjør
dalen division of the Wood Bay series is, as far as can be judged, very 
similar to C. dawsoni (Lankester 1 870b) from the Gaspe sandstone. 
The age of this formation is, however, much disputed ; earlier generally 
regarded as Eodevonian, it is considered by A1cock ( 1 93 5 ,  pp . 8 ,  79) 
to be Mesodevonian, and at least partly Lower Mesodevonian, by 
Kindle ( 1 93 8 ,  p .  44) in the parts here concerned to be Upper Meso
devonian (contemporary to the Hamilton .formation of New York), and 
by Cooper ( 1 942,  p. 1 760 ; cf. pp. 1 7 3 2 ,  1 764, 1 7 80 ,  table ; with 
criticism of the interpretations of Kindle) as Upper Eodevonian (a 
sandstone facies of the Onondaga, or equivalent to the Schoharie 
deposits which are a part of the Onondaga, the latter being regarded 
as probably corresponding to the Emsian ; cf. , however, Kayser & 
Brinkmann 1 94 8 ,  table opposite p .  70) .  

I t  can furthermore be  noted that Benneviaspis species o f  the type, 
represented by B .  grandis, are found in W.  Podolia, in layers which 
are regarded (by Brotzen 1 9 3 6) as being of Lower Siegenian age . 
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In principal agreement with the views of FØyn & Heintz ( 1 943)  
I here regard at  least the lowermost part of  the C .  Kjeldsen division as  
belonging to the Siegenian. The questions as  to the upper limit of  this 
series in Spitsbergen (which may not necessarily coincide with the upper 
boundary of the lower part of the C. Kjeldsen division) and whether 
the upper part of the C. Kjeldsen division is of Siegenian or of Emsian 
age and, then, whether an upper part of the Wood Bay series can be 
regarded as belonging to the Mesodevonian or not, cannot, for the time 
being, be answered. 

The G r e  y H o e k s e r i e s .  Also the age of the Grey Hoek 
series cannot be determined at present. The two Cephalaspids recorded 
from this series are of no stratigraphical value. The series has generally 
been c1assified as Mesodevonian (see above), and it seems natural 
from its position below the Upper Mesodevonian Wijde Bay series to 
regard it as being of Lower Mesodevonian age, but a safe palaeonto
logical basis for such an assumption is lacking . 

Finally we may al�o make a few remarks on the Devonian verte
brate fauna of W. Podolia (see Alth 1 874 ; Brotzen 1 9 3 3 a ;  1 933b ;  1 93 4 ;  
1 93 6 ;  Paucå 1 94 1 ;  Stensio 1 934 ;  1 942 ; 1 944 ; 1 945 ; Zych 1 927 ; 
1 93 1 ;  1 937) in comparison with that of Spitsbergen. 

The cephalaspid fauna of W. Podolia is rich but as yet only two 
species have been described (Zych 1 9 3 7 ; Paucå 1 94 1 ,  p .  29) .  Stensio 
( 1 945 , p. 3) mentions C. woodwardi and a species akin to C. salweyi.  
I have seen some of the Cephalaspids collected there which partly have 
been preliminarily worked up by Zych. In this material, besides the 
forms just mentioned, a species (from stage I ;  see below) very ne ar to, 
if not identical with C. jacki (from the zone with Pteraspis crouchi in 
England) , a species (from stage I) near C. hoeli, one additional species 
(from stage I) similar to C. salveyi, and a species very near to C. ibex, 
can be mentioned, as well as representatives of Benneviaspis (a species 
from stage I very similar to B .  longicornis, cf. p. 449 , and two species, 
at least one of them from stage Ill, of the same type as B. grandis and 
B . lOvgreeni) and Securiaspis (a large form from stage I) . 

These Westpodolian layers (cf. Zych 1 927 ; Kozlowski 1 929 .  
pp . 1-25 ; Våscåutanu 1 93 1 ;  Brotzen 1 9 3 3b,  pp .  425-428 ;  1 93 6 ,  
pp. 2-7 ; Arabu 1 94 1 ;  Samsonowicz 1 95 1 ,  pp. 499-5 04 ; etc . ) ,  which 
form the upper western parts of a long series of deposits all the way 
from the Ordovician in E. Podolia, show the transition from the Silurian 
to the Eodevonian, and, as is generally assumed, at the same time from 
marine to continental facies . The marine deposits of W. Podolia have 
be en divided into severai stages by Kozlowski ( 1 929,  pp . 1-25) on the 
basis of the vertical distribution of the Brachiopods . The uppermost stage , 
the Czortkow sta:se , is provisionally considered as a whole to cor
respond to the Downtonian. The vertebrate fauna of this st age (see 
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e. g .  Brotzen 1 936 ,  p .  6 ;  Stensio 1 944, pp. 3-4) , however, strongly 
suggests a Dittonian age of the strata (cf. Gross 1 950 ,  pp 48-49) ; it 
can also be mentioned in this connection that already in the under
lying Borszczow stage there appear representatives for severaI 
Brachiopod genera, generally considered to be exc1usively Devonian 
(Kozlowski 1 929 ,  pp . 1 6- 1 7) .  The following continental deposits 
are divided into three stages (I-Ill) by Brotzen ( 1 936 ,  pp . 3-7) 
mainly on the basis of the vertical distribution of the Pteraspids ; the 
stages l-Il are referred to the Gedinnian by Brotzen, and the stage 
III (which is especially characterized by the presence of two species of 
the (sub)genus A rchaeoteuthis) to the Lower Siegenian. 

A c10ser comparison of the Spitsbergen vertebrate faunas with 
those of W. Podolia is precluded since they are toe imperfectly or 
unequally known. The Red Bay series seems to correspond broadly 
to the Czortkow stage and stage I .  The lower part of the C .  Kjeldsen 
division has its approximate equivalent in the stage III (it is here of 
special interest to note the occurrence in both these layers of Bennevi
aspis species of the same type, with strongly developed sensory fields) . 

In conc1usion we may say that the various cephalaspid species in 
Spitsbergen seem to have a rather restricted vertical distribution and 
to characterize many of the layers in the Old Red deposits here. 

Their occurrence cannot, however, alone form the basis for a 
stratigraphical subdivision of these strata but this can be done safely 
first after the working up of the other vertebrate fossils found. The 
whole vertebrate fauna must furthermore be taken into consideration 
for a safe correlation with other areas. The Spitsbergen Cephalaspids 
are in general of fairly little importance in this respect as the species 
apparently were not very widespread (only two foreign species , described 
from Great Britain, are refound in Spitsbergen) and as they in other 
areas with supposed contemporary deposits , except in Great Britain, 
are rare or not adequately studied. A further difficulty in the correla
tion is that we have as yet no type profile through continental deposits 
of Upper Eodevonian and Lower Mesodevonian age, based on the 
vertebrate faun as of these times . 

The cephalaspid fauna of the Red Bay series , however, suggests 
that the whole sequence of fossiliferous strata in this series (the lower
most one of the Spitsbergen Old Red) belongs to the Dittonian and 
that thus the Old Red in Spitsbergen is possibly altogether of De
vonian age. 



S ummar y. 

A rich material of Cephalaspids from the Spitsbergen Old Red is 
treated in this paper, to a large extent from a systematic point of view 
(pp. 237-5 49) . Numerous observations upon the external and intern al 
morphology are recorded (pp . 26-235 )  but no attempt is made to give 
a comprehensive description of the organization of the Osteostraci. 

The main points in the paper can be summarized as follows (nos . 
1-1 8) .  

1 .  The general form of the cephalic shield is described and i s  
found to be rather variable. Some forms laeking cornua occur (pp . 26 ,  
3 3) .  The face of  the pectoral area i s  described (pp. 34-37) in  two 
different forms, one of them with cornua and weU developed pectoral 
sinus , the other without pectoral sinus and the cornua replaced by 
lateral angles on the shield ; both forms had possessed pectoral fins (cf. 
no. 8). The number of the lateral sensory fields (no . 1 1 ) is variable 
within the family, and there are found one, two, three or four pairs of 
such fields . In certain cases some variations exist in this re speet even 
within the speeies (pp . 2 8 ,  5 09 ,  520) . In some forms the middle division 
of the naso-hypophyseal opening is obliterated, and there are separate 
openings for the nasal and the hypophyseal ducts (p . 29) .  Some species 
had an independent pine al plate ; in others (and mainly in later forms) 
such a plate was absent (p . 3 1 ) .  

2 .  The min ute structure of  the exoske1eton is reviewed in different 
forms (pp. 40-52).  In numerous species the mucous canal system 
consists of a fine-meshed network while the horizontal vascular canals 
in the lower division of the middle layer are disposed as radiating canals . 
In some genera (Benneviaspis, Hoelaspis, Boreaspis) the vascular canals 
too are disposed as a fine-meshed network . No general correlation 
exists between the disposition of the mucous and the vascular canals . 
The grooves of the sensory lines , which in the Spitsbergen Cephalaspids 
reach down into the outer division of the middle layer, are in com
munication with the grooves or canals of the mucous canal system but 
this  relation is only topographical, and from a structural point of view 
the two systems were certainly quite different (pp . 48-5 0). The ex 0-
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skeietal plates o f  the sensory fields consist o f  free plates which in 
general are not attached to each other or to the rest of the shield ; in 
their minijte structure they differ from the exoskeleton of the rest of 
the shield only in having wide cavities in the basal layer (p . 48) .  No 
general tendency towards a reduction of the exoskeleton can be observed 
in the geologic his tory of the Osteostraci. 

3 .  In the continuous endoskeleton, in which previously (Stensi6 
1 927) the endocranium, the dorsal part of the visceral endoskeleton, 
the zonal endoskeleton or the endoskeletal shoulder-girdle and the 
pronephros component have been recognized, the following additional 
divisions are distinguished, viz . the dorsal and lateral inter-zonal endo
skeleton and the inter-zonal axial endoskeleton (pp. 5 4-5 7) .  The 
lateral inter-zonal endoskeleton, which is an ossification in the lateral 
fin-fold and of the same nature as the zonal endoskeleton, is not distin
guished in the Spitsbergen Cephalaspids (but is present in the Silurian 
Dartmuthia) . The dorsal inter-zonal endoskeleton forms an ossifica
tion in the dorsal fin-fold, and is present i. a . in the dorsal spine. The 
inter-zonal axial endoskeleton passes anteriorly over into the occipital 
region of the endocranium (as does also the dorsal inter-zonal endo
skeieton) , and the boundary-line between these two divisions is arbi
trarily drawn between the vagus canal and the canals for the first 
spinal nerve (p . 5 6) .  

4 .  The canals and cavities in  the different regions of  the end 0 -
cranium are considered (pp. 5 7- 103) .  Severai new interpretations, at 
variance with those of Stensi6 ( 1 927), are put forward ; some of them 
are of great importance for a new conception of the morphology of 
the (anterior part of the) head in the Osteostraci (cf. nos . 6, 1 2) :  the 
part of the cranial cavity assumed to have lodged the telencephalon is 
thought to have contained the olfactory organ (p . 5 8 ) ;  "the canal for 
the n .  profundus" is considered to be the canal for the r .  maxillaris 
trigemini (pp . 62-63) ; some superficial can als are interpreted ten
tatively as canals for the n. profundus (p . 60) ; "the canal for the n . trige
minus proper" is the canal for the r .mandibularis trigemini (pp . 64-
66) ; the fossa interpreted as a myodome is regarded as a compartment 
which lodged the ganglia for the n. profundus, the n. trigeminus proper 
and the n. lateralis anterior, it is called the trigeminus-lateralis chamber . 
(p . 68) .  A re-interpretation of the canals in Cephalaspis, entering this 
chamber from the brain cavity is given (pp . 68-78) :  "the canal for 
the somatic sensory root of the n. trigeminus proper" is interpreted as 
the canal for the anterior lateralis· root, "the canal for the somatic 
sensory root of the n. profundus" as the canal for an anterior cerebral 
vein, "the canal for the visceral motor root of the n. profundus" as the 
canal for the sensory trigeminus (s . 1 . )  root (in some cases a small canal 
for the profundus root is present) , and "the canal for the v. pituitaria" 
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as the canal for a branch of the anterior cerebral vein. "The canal 
for the r. saccularis n. acustici" is considered to be the canal for the 
v. labyrinthi posterior (p . 8 1 ) .  A widening of the basalmost part of the 
canal for the first nerve to the lateral sensory field at the transition to 
the vestibulum and some depressions in the floor of this cavity are 
interpreted as having be en caused by the ganglia of the nerves to the 
lateral sensory field (pp. 84-85 ; cf. nos . 1 1 ,  1 2) .  The so-called 
vestibulum was filled to a large extent with these ganglionic mas ses 
and was not occupied by the membranous labyrinth organ . Canals 
for an unpaired a. spinae dorsalis (a. cristae dorsalis) with paired origin 
from the aorta on a level with the occipital region are described (pp . 
8 8-8 9).  The canals connected or associated with the vagus canal are 
described in detail in a Cephalaspis species (pp . 89-97) .  In this 
species the main canal for the n. glossopharyngeus runs behind and 
laterally to the vestibulum. Some can als are considered to be canals 
for lateralis (and general cutaneous) branches associated with the 
n. glossopharyngeus and canals for the r. lateralis vagL An offshoot 
from the aortal canal for an artery, here called the a. segmentalis 
occipitalis, divides into a branch, which gives rise to the canals for the 
(two) posterior dorso-Iateral superficial arteries , and a branch, which 
closely follows the canal for the main n. glossopharyngeus and opens 
into the groove for the third efferent branchial artery in the roof of 
the oralo-branchial chamber. This branch, called the canal for the 
a .  communicans , sends off i .  a .  the canals for the anterior dorso-Iateral 
superficial arteries, and some small can als for the aa. vestibulares . Also 
in Nectaspis the canal for the n. glossopharyngeus (and the a. com
municans) runs outside of the vestibulum, but in general the canal for 
the n. glossopharyngeus and the a. segmentalis occipitalis opens into 
the posterior part of the vestibulum, and a canal for the distal part of 
the n. glossopharyngeus and the a. communicans as well as canals 
for the anterior and posterior dorso-lateral superficial arteries issue 
from the lateral part of the vestibulum ; the large distal "canal for 
the n .  glossopharyngeus" (Stensio 1 927) had thus also lodged the 
a. communicans . 

5 .  With regard to the dorsal superficial parts of the visceral endo-
. skeleton the disposition of the artery canals (lateral branches of the 
a. adorbitalis , by Stensio regarded as the main stem of the a. facialis , 
and anterior and posterior dorso-Iateral superficial arteries) , the vein 
canals and the nerve canals are reviewed (pp. 1 1 7-1 29) .  The can als 
for the lateral sensory field (or fields) are five in number (the first one 
of ten divided into two main branches) ; they are of a rather uniform 
disposition in all the different forms of the family (pp . 1 2 8-1 29) .  

6 .  The conditions in the anterior part of the roof of the oralo
branchial chamber are described in detail in a Cephalaspis species 
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(c. signata; pp . 1 29-1 48) .  In this speeies the gill-apparatus has left 
various impressions in the roof. There are i. a. impressions of the gill
apparatus proper, of the external efferent ducts , and of structures 
supposed to have been the gl. thymus . A groove in the first branchial 
fossa is interpreted as (probably) that for the peripharyngeal ciliated 
groove. Grooves for efferent and most probably also for afferent bran
chial arteries are preserved as well as small grooves for arterioles . A 
small groove in the first branchial fossa is called the gro ove for the 
a . spiracularis (= the real first efferent artery) . The aorta was continued 
forwards by the (at first) unpaired a. rostralis , and grooves in front of 
the first branchial fossa are interpreted as gro oves for branches of this 
artery, and other grooves as those for the paired a. rostralis . In other 
speeies these latter grooves run in lateral direction to the canal for the 
a. marginalis (pp . 1 4 8 ,  1 54) . Grooves for a bucco-pharyngeal vein and 
for VY. nutritiae branchiales are described. Severai grooves for the 
r. maxillaris V, r .  mandibularis V, n. facialis , n. glossopharyngeus and 
for some of the branchial rami of the n.  vagus are described (pp. 1 44-
1 4 8 ,  1 50-1 5 2) .  The posterior portion of the oralo-branchial chamber 
is described in another Cephalaspis speeies (C . exilis, pp. 1 48-1 5 0) .  
In Cephalaspis (and others) an  unpaired canal for the a .efferens com
munis (impar) is found (as described by Stensio 1 927) but in Bore
aspis the canals for the paired a. efferens communis open directly into 
the aortal canal (p . 1 63) .  In Cephalaspis the three anterior efferent 
arteries joined the aorta dorsalis directly ; the canals for the fourth and 
following efferent arteries open into the canal for the paired a.  efferens 
communis (pp. 1 49-1 52) . The canals interpreted by Stensio as those 
for the fourth-sixth efferent arteries are he re considered to be the canals 
for dorsal nutrient branchial arteries (p . 1 5 3) .  In Nectaspis, in which 
the anterior portion of the oralo-branchial chamber is described (pp. 
1 54-1 5 8) ,  a strong ridge, here called the velar ridge (in part cor
resp ond ing to the velum in recent Cyclostomes) partly divides the 
oralo-branchial chamber into a buccal cavity and a branchial chamber 
proper. The velar ridge was pierced by the r .  maxillaris V.  In Cephal
aspis and other genera the velar ridge is slightly deve10ped, and the 
buccal area in front of it is almost smooth (when not provided with 
grooves for the marginal and rostrai veins) . Nine branchial fossae are 
generally developed. In Boreaspis no real velar ridge is developed, and 
the buccal area and the first branchial fossa form a large continuous 
surface. The oralo-branchial chamber and especially its lateral parts 
with the branchial cavities are described in this genus (pp. 1 5 8- 1 6 3 ) ;  
here traces of on  ly seven branchial fossae have been found. I t  must 
be observed that a cavity, corresponding to the presumed "first branchial 
fossa" in Kiaeraspis, by Stensio ( 1 927) said to have lodged a pre
spiracular gill-sac , is entirely absent in Cephalaspis and Boreaspis (and 
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most probably in other genera) . In Nectaspis the lateral part of the 
buccal cavity has a distinct fossa buccalis, here considered possibly 
to have been the fossa for some buccal musc1es (p . 1 5 6) .  A most 
important conc1usion from the observed facts in the ante ri or part of 
the visceral endoskeleton is that the Cephalaspids had no prespiracular 
gill-sac ; the first one present had a spiracular position (and correspon
ded to the first visceral pouch in Petromyzon) . This is als o consistent 
with the interpretation here put forward with reg ard to the canals for 
the n. trigeminus (no . 4 ;  cf. no. 1 2) .  The Cephalaspids do not occupy 
an exceptional position within the vertebrates with regard to the 
development of the anterior visceral parts of the head, but are in this 
respect in c10se agreement with the recent Cyc1ostomes (pp . 1 69-1 70) .  

7 .  In the inter-zonal endoskeleton many small canals issuing from 
the neural canal are described (pp . 1 04-1 09) .  Some of them are 
considered to be canals for anterior transformed vertebro-medullar 
veins ; such are the can als interpreted by Stensio as "canals for the 
dorsal root of occipito-spinal nerves". "The canal for the ventrai root 
of the second occipito-spinal nerve" (Stensio) is the canal for the dorsal 
root of the first spinal nerve. In a Cephalaspis species a series of canals 
in the inter-zonal part are described and considered to be those for 
dorsal segmental veins, entering the dorsal spine (p . 1 1 0) .  In C. dory
phorus there are canals for two arteries to the dorsal spine ; one of 
them issued (together with the a.  segmentalis occipitalis) from the 
cranial division, the other from the trunk division of the aorta (p . 1 1 2) .  
Two pairs o f  superficial canals are described (pp . 1 1 3-1 1 5) a s  the 
canals for the VY. inter-zonales laterali s and medialis .  In the ventrai 
face of the inter-zonal endoskeleton are some grooves for the lateralis 
nerves to the main lateral line (and the extra-Iateral line) and to the 
dorsal lateral line (pp . 1 1 5-1 1 6) .  

8 .  In the zonal endoskeleton the canals o f  its median part in 
Cephalaspis .kozlowskii (which previously were described by Zych 
1 93 7) are reviewed and re-interpreted (pp . 1 7 1 - 1 7 3) .  The correspon
ding canals and the canals for arteries and veins of the lateral zonal 
endoskeleton (= the cornu) are described in detail in C. vogti (pp .  1 7 3  
-1 76) .  The dorsal superficial arteries (here called the aa. scapulares) 
most probably arose from a segmental artery (of which a groove and 
a canal are found in C. excellens; p. 99) ; the dorsal superficial vein 
(here called the v. scapularis) arose from the post-zonal part of the 
marginal vein sinus . The vein canals of the cornu originate, that for 
the v. cornualis medialis from the canal for the v. brachialis ,  and that 
for the v. cornualis lateralis from the canal for the v. marginalis . The 
canals piercing the posterior wall of the pectoral sinus (transmitting 
vessels and nerves for the pectoral fin) are described in C. ibex (pp . 
1 7 8-1 79) and in A xinaspis (pp . 1 80-1 8 1 ) .  In the latter genus 
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there are two independent canals for brachial arteries issuing from 
the canal for the a. subc1avia .  As the canals for brachial vessels are 
well developed in Axinaspis and in Nectaspis (which both lack real 
cor�ua and pectoral sinus) pectorai fins must have been present 
in them. 

9 .  Indistinct traces of the pronephros component are described in 
A xinaspis (p . 1 84) . 

1 0 . The grooves of the sensory line system are described (pp . 
1 8 4-1 92),  and an attempt towards a homologization with those of Petro
myzon and of the Heterostraci is made (pp. 1 9 1- 1 92) .  Some lines, 
not known previously, are observed : a line near the openings for the 
nasal and the hypophyseal ducts , considered to be a supraorbital line ,  
is found in Cephalaspis excellens (p . 1 89) ; a dorsal lateral line is 
described in C. doryphorus (p . 1 89), and in severai Cephalaspis species 
a line which is thought to be the anterior portion of the extra-Iateral 
line is found (p . 1 8 8) ;  the extra-Iateral line is als o observed in Thyestes 
verrucosus (pp . 1 8 8 ,  5 52) .  

1 1 . The fields interpreted by StensiO ( 1 927) as "electric fields" 
are sensory fields of unknown function. Comparisons with conditions 
in recent fishes lead to a suggestion that they were a specialized part 
of the lateralis system (pp. 1 92-1 98) .  

12 .  A resurne of  what is known of  the cranial nerves in  the Osteo
straci and a restoration of these nerves are given (pp. 1 98-2 1 0 ;  fig 20) .  
The nerves were developed in  the main a s  in  recent Cyc1ostomes . I t  is 
most important to note that the composition of the n .  profundus and 
of the n. trigeminus proper must have been essentiallY as in this group 
(and as in other lower vertebrates) . The n .  profundus was thus not a 
branchial nerve but contained only somatic sensory fibres .  The 
n. trigeminus was divided into a mixed r. maxiIlaris and an exc1usively 
motor r. mandibularis . The n. facialis , n. glossopharyngeus and n. vagus 
were typical branchial nerves� There existed an anterior and a posterior 
n. lateralis ; the ganglion of the former lay c10sely associated with those 
of the n. trigeminus . The nerves for the sensory fields were ganglionic 
in their proximal part, and most of the ganglia was situated within 
the labyrinth cavity. 

1 3 .  The disposition of the arteries and the veins in the cephalic 
shield is reviewed after the interpretations of the canals for these 
vessels (pp . 2 1 0-230) .  The results are summarized in the restorations 
of the main arteries and veins given in figs. 2 1A, B. Some comparisons 
with vessels in the Cyc1ostomes and other lower vertebrate groups are 
made or diseussed. 

1 4 . The scale-covered trunk division is described in Cephalaspis 
pinnifera (pp . 2 3 1-235) .  This species is provided with a high fin-like 
dorsal crest, composed of unpaired scutes. 
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1 5 .  As for the systematic part, all the Spitsbergen Cephalaspids 
are considered to belong to one family : Cephalaspididae, and to the 
subfamily Cephalaspidinae. A revised diagnosis of the family is given 
(p. 237) ,  and the characters and the range of the family is discussed 
(mainly with reg ard to the concept by Stensio 1 9 3 2) .  The subfamilies 
"Cephalaspinae" and "Kiaeraspinae" of StensiO are untenable . The 
family can be divided into the subfamilies Ateleaspidinae and Cephal
aspidinae (cf. Heintz 1 939) but no further subdivisions are feasible . 
The subfamily Cephalaspidinae contains the genera Cephalaspis, Securi
asp is, Benneviaspis, Hoelaspis, Boreaspis, Kiaeraspis, Tegaspis, Ectin
asp is, Axinaspis, Acrotomaspis, and Nectaspis, which all are found in 
Spitsbergen. The last five of the named genera are described as new 
in this paper. Benneviaspis, Hoelaspis and Boreaspis are considered to 
be c10sely related ; possibly Ectinaspis is akin to them. Tegaspis and 
Securiaspis are probably c10sely related to Cephalaspis. Kiaeraspis, 
Axinaspis and A crotomaspis are considered to be allied to each other . 
Nectaspis seems to stand comparatively isolated . 

In Cephalaspis (p . 243) 5 0  species are found in the present material 
(36  from the Red Bay series and 1 4  from the Wood Bay series), 39  
are described as  new species , and one variety i s  erected . Two of  the 
Cephalaspis species (C . cradleyensis and C. powriei) were previously 
known from Great Britain. The genus Securiaspis (p . 427) contains 
two named species (one new species) . Tegaspis (p . 437)  is erected for 
a species (T. kol/eri Stensio) previously inc1uded in Cephalaspis. Ectin
aspis (p . 442) is founded on a single new species (E. heintzi) . Bennevi
aspis (p . 446) inc1udes three named species from the Red Bay 
series and three from the Wood Bay series (five species are described 
as new) . Hoelaspis (p . 467) and Kiaeraspis (p . 5 1 7) contain each the 
type species only, of which new restorations are given. In Boreaspis 
(p. 472) 1 3  species are recognized ( 1 2  are new species) .  A xinaspis 
(p . 5 2 1 )  is founded on a single, new species (A . whitei) . Acrotomaspis 
(p. 5 29) contains two named species and Nectaspis (p . 5 37) three 
species (all new species) .  

1 6 . The systematic position of the other genera in the Osteostraci 
is discussed (pp . 5 50-5 5 8) ,  and an attempt is made to assign them 
to different families. The position of the family Cephalaspididae is 
indicated in a preliminary table of the families of the group (p . 5 5 9) .  

17 .  The relations of  the Osteostraci to other groups in  the sub
phylum Agnatha is considered (pp . 5 5 9-5 67), and they are found to 
constitute a separate group, placed side by side with the Anaspida and 
the Cyc1ostomata as agnathous monorhinous vertebrates in contrast to 
the agnathous diplorhinous Heterostraci . 

1 8 .  In a chapter on the stratigraphy (p. 5 68)  two tables (pp . 5 70,  
57 1 )  are given in order to show the vertical distribution of the Cephal-
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aspids in the different divisions and horizons of the Spitsbergen Old 
Red. Comparisons with other areas, especially with Great Britain , are 
made (pp. 576-5 8 5) .  On the basis of the distribution of the Cephal
aspids the whole fossiliferous sequence of the Red Bay series can be 
referred to the Dittonian (p . 5 8 1 ) ,  and it is suggested that the Old Red 
of Spitsbergen is entirely of Devonian age . At least the lowermost part 
of the Wood Bay series (= the lower part of the C. Kjeldsen division) 
is of Siegenian age (p. 5 84) . The age of the rest of the Wood Bay 
series and of the Grey Hoek series cannot be settled with the aid of the 
Cephalaspids . 

38 a 
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A d den dum. 

The Cephalaspids, collected by the English-Norwegian Swedish Expedi
tion to Spitsbergen in 1 9 3 9 ,  and in the present paper referred to under the 
notations ENS nos. 1 -6 1 6, have now (after the paper had been set up) been 
divided between the British Museum (N. H . ) ,  London , the Palaeontological 
Museum, Oslo, and the Swedish Museum of Naturai History, Stockholm . 

The assignment of the material to these institutions is as follows : 

The British Museum (Naturai History),  Department of Geology , London : 
ENS nos . 1 2- 1 4 ,  17 ,  1 9-20, 3 1- 3 2 ,  3 9-40, 42-4 3 ,  60-8 0 ,  

1 04- 1 0 5 , 1 1 4- 1 1 6 , 1 1 8 , 1 3 3- 1 40 , 1 49- 1 5 5 , 1 67 , 1 70 , 1 74,  1 7 7-1 7 8 ,  
1 8 1 ,  1 8 4,  1 90- 1 9 1 ,  2 1 8-2 1 9 ,  2 2 1 -2 3 5 ,  244-248 , 2 5 1 ,  2 5 4 ,  2 5 7-260, 
264 ,  267 ,  274,  2 7 6 , 2 8 1 ,  305-306,  322-326 , 3 3 5-3 3 6, 3 5 2-3 5 4 ,  3 6 3 
-3 64 ,  3 7 2-3 8 2 ,  3 9 4-40 1 ,  407-4 1 0, 4 3 0-43 1 ,  4 3 4-4 3 5 ,  440-44 1 ,  
444-445 , 45 1 , 4 5 4 , 4 5 7-4 5 9 , 462 , 466-467 , 469 , 47 5 ,  4 7 7 ,  4 8 1 ,  4 8 6 , 
49 3 , 49 5 ,  5 0 3 ,  5 06 , 5 1 2-5 1 4 ,  5 1 7-5 20,  5 26 , 5 29-5 3 0 ,  5 3 3 ,  5 3 8-5 3 9 ,  
5 44-5 4 5 , 5 4 9 ,  5 5 1 ,  5 5 3-5 5 4 ,  5 72-5 7 3 ,  5 8 4-5 8 7 ,  5 8 9-59 1 ,  5 9 5-
5 9 6 , 600-606, 6 1 0 . 

The Palaeontological Museum, Oslo : 
ENS nos . 8 - 1 1 ,  1 5- 1 6 , 2 1 ,  28-3 0 ,  3 3-3 5 ,  4 1 ,  8 2- 1 0 3 ,  1 1 2-

1 1 3 ,  1 1 7 ,  1 1 9- 1 3 2 ,  1 5 8- 1 6 1 ,  1 65 ,  1 6 8 ,  1 72 ,  1 7 5 - 1 7 6 , 1 8 3 ,  1 8 5 ,  1 8 8 ,  
1 9 3- 1 94,  208-2 1 7 ,  220,  2 3 7-2 3 9 ,  2 5 2-25 3 ,  2 5 5-2 5 6 ,  265-266,  
269, 27 1 --27 3 , 2 7 7 , 2 8 0 , 2 8 3 , 3 00-3 02, 3 0 7 , 3 09-3 ] 9 , 3 2 1 , 3 2 7-3 3 0 ,  
3 3 7-3 3 8 ,  3 49-3 5 1 ,  3 5 7-3 5 8 ,  3 65-3 7 1 ,  3 8 9-39 1 ,  404-406 , 423-
429 , 43 6, 439,  442-443 , 448 , 452,  45 5-4 5 6 , 460 ,  46 3 ,  465 , 470-4 7 2 ,  
4 7 9 ,  484,  4 8 8-49 1 ,  494,  49 6-502, 5 07-5 1 0 ,  5 2 1 -5 2 3 ,  5 3 2 ,  5 3 5 ,  5 4 1 
-542, 5 4 8 ,  5 5 0,  5 5 2 ,  5 5 5-5 5 6 ,  5 5 8-5 6 5 ,  5 67-5 7 1 ,  5 7 4 ,  5 7 7-5 8 1 ,  
5 8 8 ,  5 9 2 ,  5 9 4 ,  608 ,  6 1 1 .  

The Swedish Museum of Natural History, Department of Palacozoology, 
Stockholm : 

ENS nos . 1-7, 1 8 , 22-2 7 , 3 6-3 8 , 44-5 9 , 8 1 , 1 06- 1 1 1 , 1 4 1 -
1 48 , 1 5 6- 1 5 7 , 1 62- 1 64, 1 66, 1 69 , 1 7 1 , 1 7 3 , 1 79- 1 8 0 ,  1 8 2 ,  1 8 6- 1 8 7 ,  
1 8 9 , 1 92 , 1 9 5-20 7 , 2 3 6 , 240-24 3 , 249-2 5 0 , 26 1 -2 6 3 , 2 6 8 ,  2 7 0 , 2 7 5 ,  
27 8-27 9 ,  2 8 2 ,  2 8 4 ,  3 0 3-304,  3 0 8 ,  3 2 0 ,  3 3 1 - 3 3 4 ,  3 3 9-3 4 8 ,  3 5 5-
3 5 6 , 3 5 9-3 62 ,  3 8 3-3 8 8 ,  3 92-3 9 3 ,  402-4 0 3 ,  4 1 1 -422, 4 3 2-4 3 3 ,  
4 3 7-4 3 8 ,  446-44 7 ,  449-4 5 0 ,  45 3 ,  46 1 ,  464 ,  46 8 ,  47 3-474,  4 7 6 ,  
4 7 8 , 4 8 0 , 4 8 2-4 8 3 , 4 8 5 , 48 7 , 492, 5 04-5 0 5 , 5 1 1 ,  5 1 5-5 1 6 , 5 24-5 2 5 ,  
5 27-5 2 8 , 5 3 1 ,  5 3 4 ,  5 3 6-5 3 7 ,  540,  5 4 3 ,  5 46-5 4 7 ,  5 5 7 ,  5 66 , 5 7 5-5 7 6 ,  
5 8 2-5 8 3 ,  5 9 3 ,  5 97-5 9 9 ,  60 7 ,  609 , 6 1 2-6 1 6 . 



S u p p lementar y note. 

During the long time that has passed since this paper was sent to 
the press I have had the opportunity to become acquainted with certain 
special researches on fossil lower Gnathostomes now going on in 
the Palaeozoological Department of the Swedish Museum of Natural 
History in Stockholm. These researches have necessitated a re-exami
nation of the Cephalaspids with regards to the visceral endoskeleton 
and its nerves . As a res ult hereof it has appeared that the conditions 
in the oralo-branchial chamber of Cephalaspis signala (fig. 1 4 ;  pls . 
2 7 : 2 ;  29 : 2 ;  30 : 1 ;  3 2 : 2 ;  pp . 1 29- 1 48) have to be interpreted in a 
way different from what has been done above in the anatomical part 
of the present paper (cf. pp. 1 68-1 70, 5 8 9-590). The conc1usive 
interpretations which I have now arrived at (see fig . A) are in accord 
with those previously put forward by Stensio ( 1 927 ; 1 932) .  

Thus the following is now evident concerning the nerve-supply of 
the oralo-branchial chamber in C. signata . The facial nerve ( VII, 
fig . A; cf. fig . 1 4 ;  pls . 27 :2 ; 29 :2) innervated the soft parts related 
to the second interbranchial ridge (ibr:!. , fig . A), that is to say its 
anterior and posterior hemibranchs and their musc1es , etc . The 
glossopharyngeus nerve (IX) supplied the corresponding structures of 
the third interbranchial ridge (ibrp,)  and the branchial rami of the 
vagus nerve the corresponding structures of the remaining posterior 
interbranchial ridges . 

Because of its relations to the facial nerve the second interbranchial 
ridge (ibr:!,) corresponds to the hyoid arch, which means that the first 
interbranchial ridge (ibrl )  and the prebranchial ridge (rpm; = "velar 
ridge" , p. 1 29) represent the mandibular and premandibular arches , 
respectively . The branchial fossa (k;2 )  situated between the hyoid arch 
and the mandibular arch is therefore a spiracular gill fossa, whereas 
the branchial fossa (k l )  between the mandibular and premandibular 
are hes is a prespiracular gill fossa. 

In view of what has just been set forth it is evident that the nerve 
(V 3) related to the first interbranchial ridge was the viseerai trunk 
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Fig. A. - Cephalaspis signala n. sp. east of the anterior part of the oralo·branchial 

chamber (the impressions dexta partly after a specimen of C. ihex) . Dorsal view. 

About X l Y2 . 
aajj, groove probably for a nerve and also for an afferent branchial artery ; 

aejj, gro oves for efferent branchial  arteries; ao, i mpression of aortal ridge ; aq, thick 

grooves marking the position of the spaces through which the water was let out from 

the gills ; ard, grooves for nutritive arterial branches ; aroslr, groove caused by a vessel, 

coming from the interior of the endoskeleton; dexl, recurrent portions of branchial 
fossae ; dexta, i mpressions of glandlliar organs (possibly the thymus) in the grooves for 

the external branchial dllct s ;  R, impressions of gills ; ibr
l
·ibr

2
, interbranchial ridges l 

and 2, representing the mandibular and hyoid arches, respectively; kl·k" branchial 

fossae 1-4; pbR, groove of lIncertain importance (cf. Stensio 1 927 ,  fig. 3 6 ;  pls .  5 1 ,  
52 ) ;  prorb, impression of orbital prominence ; rpm,  prebranchial ridge, representing the 

premandibular arch ; vbp, grooves probably for veins ; vmarg, groove for marginal vc:n; 

vnbr, grooves probably for veins ; vr, groove for rostrai vein;  v2,v" , openings for trans· 

versal veins; V2 , grooves and canals for the visceral trunk of the trigeminus I; this  

trunk partly corresponds to the nerve currently termed the r.maxillaris ;  the other 

trunk of the trigeminus I was the profllndus nerve ; V H ' grooves for the r .mandibularis 

V (the visceral trunk of trigeminus Il) ; VII, grooves for the n.fac ialis ; IX +acom, groo· 

ves for the n .  glossoph aryngeus and for the a .  communicans. 

of the trigeminus proper or trigeminus Il, that is to say the ramus 
mandibularis V. Hence it follows that the nerve described above (pp . 
62-63) as the r. maxillaris V ( V  2)  and which is related to the pre
branchial ridge in fact is the viseerai trunk of trigeminus I. As 
demonstrated above (p . 63)  the viseerai ramus of the trigeminus I ,  
which at  least partly corresponded to the r .  maxillaris V of  the Cyclosto
mes and fishes, passed vent rally to the optic nerve . Besides this strong 
viseerai ram us, the trigeminus I in the Cephalaspids also had a dorsal 
branch , the profundus nerve (V l '  p .  60) , which corresponded to the 
similarly termed nerve of the Cyclostomes and fishes and, like in these, 
ran dorsally to the optic nerve . 

My interpretations of the conditions of the oralo-branchial chamber 
are elucidated further in detail by fig. A .  

The reinterpretations in Cephalaspis signata necessitate correspon
ding reinterpretations in the other Cephalaspids treated in the present 
work. All these Cephalaspids agree fundamentally with C. signa ta where 
the interbranchial ridges, the prebranchial ridge, the branchial fossae 
and the viseerai rami of the nerves are considered (Cephalaspis exilis, 
p. 1 4 8 ,  pl. 27 : 1 ;  other Cephalaspis speeies, pp . 1 64-1 65 ,  fig . 1 5B ,  
pls. 26 :2 ;  3 8 : 1 ,  etc . ; Neetaspis, pp .  1 54-1 5 7 ,  fig . 1 5C,  pls . 1 06-1 09 ,  
1 1 1 ;  Boreaspis, pp .  1 5 8-1 60, fig. 1 5A, pls . 7 8 :2-3 , 85 ,  etc . ; Hoelaspis, 
p .  1 65 ;  Benneviaspis, p .  1 66 ,  pl. 7 1 :  1 ;  A xinaspis, p .  1 66 ,  pl. 1 00 :  l ;  
Kiaeraspis, p .  1 67 ;  Acrotomaspis, p .  1 68 ,  pl. 1 02 : 1 ;  Didymaspis, p .  
1 68 ) .  In these circumstances i t  i s  clear that the cavities in  Neetaspis 
(be, fb, fig .  I 5C ;  pp . 1 5 5-1 5 6) that I have described as the "buccaI 
cavity" and the "fossa buccalis" in fact are a prespiracular gill fossa. 
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" BO. The Place-Names of Svalbard. 1942. Kr. 50,00. 
" 81. LYNGE, B., Lichens "rom North East Greenland. 1940. Kr. 14,00. 

Norges Svalbard- og Ishavs-undersøkelser. Skriftel. 
" 82. NILSSON, TAGE, The Downtonian and Devonian Vertebrates of Spitsbergen. VII. Order 

.. 83 . 

.. 84 . 

.. 85 . 

.. 86 • 

" 
87. 

.. 88 . 

.. 89 • 

Antiarchi. 1941. Kr. 11,50. 
HØEG, OVE ARBO, The Downt. and Devonian Flora of Spitsbergen. 1942. Kr. 33,00. 
FREBOLD, HANS, Ober die Productiden des Brachiopodenkalkes. 1942. Kr. 6,00. 
FØYN, SVEN and ANATOL HEINTZ, The Downtonian and Devonian Vertebrates of 
Spitsbergen. VI/I. 1943. Kr. 5,00. 
The Survey of Bjørnøya (Bear Island) 1922-1931. 1944. Kr. 9,00. 
HADAC, EMIL, Die Gefiijlpjlallzen des "Sassengebietes" Vestspitsbergen. 1944. Kr. 6,00. 
Report on the Activities of Norges Svalbard- og Ishavs·undersøkelser 1936-1944. 
1945. Kr. 6,50. 
ORVIN, ANDERS K., Bibliography of Literature about the Geology, Physical Geo
graphy, Useful Minerals, and Minillg of Svalbard. 1947. Kr. 12,00. 

Norsk Polarinstitutt. Skrifter. 
" 90. HENIE, HANS, Astronomical Observations on Hopen. 1948. Kr. 3,00. 
" 91. RODAHL, KÅRE, Vitamin Sources in Arctic Regions. 1949. Kr. 6,00. 
" 92. RODAHL, KÅRE, The Toxic Effect of Polar Bear Liver. 1949. Kr. 12,50. 
" 93. HAGEN, ASBJØRN, Notes on Arctic Fungi. I. FungifromJall Mayen. Il. Fungi collected. 

by Dr. P. F. Sch ola Ilder on the Swedish-Norwegian Arctic Expedition 1931. 1950 
Kr. 2,00. . 

.. 94. FEYLlNG-HANSSEN, ROLF W. and FINN A. JØRSTAD, Quaternary Fossils. 1950. Kr. 8,25. 

.. 95. RODAHL, KÅRE, Hypervitamillosis A. 1950. Kr. 22,50. 
" 96. HENIE, HANS, Astronomical Observatiolls on Jan Mayen. 1952. Kr.3,50 . 
.. 97. WANGSJc5, GUSTAV, The Downtonian and Devonian Vertebrates of Spitsbergen. Part IX. 

Morphologic and Systematic Studies of the Spitsbergen Cephalaspids. A. Text, and 
B. Plates. 1952. Kr. 75.00. 

MAPS AND CHARTS 
The following topographical maps and charts have been published separate ly : 

Maps: 
Bjørnøya. 1:25000. 1925. Newedition 1944. Kr. 3,00. 
Bjørnøya. l: 10000. [In six sheets.] 1925. Kr. 30,00. 
Adventfjorden-Braganzavågen. l: 100000. 1941. Kr. 2,00. 
Svalbard. 1:2000000. 1937. Newedition 1944. Kr. 1,00. 
Topografisk kart over Svalbard. Blad C 13. Sørkapp. l: 100000. 1947. Kr. 3,00. 
Topografisk kart over Svalbard. Blad B 10. Van Mijenfiorden. I: 100000. 1948. Kr. 3,00. 
Topografisk kart over Svalbard. Blad C 9. Adventdalen. l: 100000. 1950. Kr. 3,00. 
Topografisk kart over Svalbard. Blad B 11. Van Keulenfjorden. l: 100 000. ' 1952. Kr. 3,00. 
Austgrønland. Eirik Raudes Land frå Sofiasund til Youngsund. l: 200000. 1932. Kr. 2,00. 

Preliminary topographical maps [l: 50 000] covering claims to land in Svalbard and a 
preliminary map of Hopen l: 100 000 may be obtained separately. 

Charts: 
No. 501. 

" 
502. 

" 
503. 

" 
504. 

" 
505. 

" 
506. 

" 
507. 

" 
508. 

" 
509. 

" 
510. 

" 
511. 

Bjørnøya. 1 :40000. 1932. Kr. 4,00. 
Bjørnøyfarvatnet. 1:350000. 1937. Kr. 4,00. 
Frå Bellsund til Forlandsrevet med Isfjorden. 1 :200000. 1932. Kr. 5,00. 
Frå Sørkapp til Bellsund. l: 200000. 1938. Kr. 5,00. 
Norge-Svalbard, nordre blad. I: 750000. 1933. Kr. 4,00. 
Norge-Svalbard, søre blad. 1 :750000. 1933. Kr. 4,00. 
Nordsvalbard. I: 600000. 1934. Kr. 4,00. 
Kongsfjorden og Krossfjorden. l: 100000. 1934. Kr. 4,00. 
Frå Storfjordrenna til Forlandsrevet med Isfjorden. 1:350000. 1946. Kr. 4,00. 
Frå Kapp Linne med Isfjorden til Sorgfjorden. l: 350 000. 1946. Kr. 4,00. 
Austgrønland, frå Liverpoolkysten til Store Koldeweyøya. I: 600000. 1937. Kr. 4,00. 

Prices above do not include sales taxes. 




