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Introduetion. 

Remains of Devonian fi shes were first eneountered in  Spitsbergen 
by MALMGREN and A. E.  NORDENSKIOLD at Liefde  Bay in 1 868. 

In 1 870 NATHORST and WILANDER found fragments of Devonian fishes 
on  the westeoast of Klaas Bil len Bay, and in  1 882 N ATHORST discovered 
that Devonian fishes were abundant both in  the strata at the inner parts 
of Diekson Bay and in  eertain st ra ta in  Mimer Valley , and b rought 
together rieh eollections from both these local it ies . During the Swedish 
Arctic Expedit ions of 1 898 remains o f  aPteraspis (WOODWARD 1 900, 
p. 3) were eolleeted at Grey H oek and finally in 1 899 TSCHERNYCHEW 

and DE GEER reeorded the occurrenee of Devonian fish-remains at 
Horn Sound (cf. NATHORST 1 9 1 0, p. 3 1 5) . 

The colleetions of Devonian fishes brought together from Spits
bergen by the Swedish Expedit ions up to 1 882 were briefly treated by 
LANKESTER i n  1 884, but is  was not unti l  1 89 1  that a more detailed 
deseript ion of them was published by WOODWARD ( 1 89 1  b) . The forms 
d istinguished at that t ime by the latter writer were as  follows : Pteraspis 
nathorsti LAN KESTER,  Psamosteus arenatus AGASSIZ, Acanthaspis 
decipiens A. S. WOODWARD, Acanthaspis minor A. S. WOODWARD,  
Lophostracon spitsbergense (LANKESTER), Asterolepis scabra (A. S .  
WOODWARD),1 Porolepis posnaniensis (KADE) and Onychodus arcticus, 
A. S. WOODW ARD .  

In  addition to these there were a lso mentioned severai undeter
minable remains of Crossopterygians and a fragment of a Cephalaspis. 
This Cephalaspis-fragment  was from Diekson Bay and had been found 
by N ATHORST in  1 882. 

No further eontribut ions to the knowledge of the Old Red fish 
fauna of  Spitsbergen were obtained unti l  in  1 906, when the Norwegian 
explorations of North Spitsbergen began .  I n  that year a new fish 
locality was found by A. STAXRUD in  Mt. Pteraspis between Red Bay 
and Liefde Bay (H OEL 1 909, p . 7; NATHORST, 1 9 1 0, p . 309) . I n  the 
following year a seeond fish loeality was d iscovered by H OEL in  the 

1 Named Asteroplax scabra by  WOODWARD i n  189 1 ,  bu t  accord ing to the  new 
material col lected by me  in  19 1 6  and 1 9 1 7  we are undoubtedly concerned here 
with a b ig Antiarch, most probably an Asterolepis (cf. STENSlO 1 � 1 8  a, p . 69). 
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Old Red Sandstone at the inner end of  Wood Bay ( HOEL 1 909, p . 8 ;  
NATHORST 1 9 1 0, p. 309), and this latter local ity is  the one referred to 
in  the present work as west side of  Wood Bay, N. of Hoffnung Glacier. 
During the subsequent Norwegian expeditions in  the sum mers 1 909-
1 9 1 2  a num ber of other new fish l ocalities were found in northern 
Spitsbergen, e .  g. at Red Bay, at the Reindeer Peninsula ,  at  d ifferent 
places around Wood Bay, at Bock Bay, at Grey H oek and along the 
west coast of  Wijde Bay. The enormous col lections brought together 
from al l  these localit ies consist of  remains of  Pteraspids, Cephalaspids ,  
Arthrodires (particularly Acanthaspis-forms), Elasmobranchs and Crosso
pterygians (KlÆR in the paper by HOEL in  1 909, pp. 7, 8 ,  and in  1 9 1 4 ;  
and in N ATHORST 1 9 1 0  p .  309; KlÆR 1 9 1 6) .  

The Norwegian Spitsbergen expedit ions in 1 9 1 7- 1 920 devoted 
much attention to the Devonian deposits between H orn Sound and 
South Cape and brought together a fa irly considerable collection of 
fish -remains from the southern part of Spitsbergen .  These fish-remains 
appear to consist on ly of  Arthrodires Acanthaspis-species, Coccosteus
species or other Coccosteids and Crossopterygians (Porolepis-like scales) . 

During the Norwegian expedit ion of  1 924. a collection of  Devonian 
fishes from Mt. Lyktan and from the region between Dickson Bay and 
Wijde  Bay (West Fjord) was brought together. 

Finally, i n  1 925 a Norwegian expedition visited certain of the Old 
Red fish localities on the north-coast o f  Spitsbergen as  well as the old 
l ocalities at the Icefj ord.  The material b rought home by this expedit ion 
was in  many respects very valuable (VOGT 1 926) . Detai Is o f  the 
Norwegian expeditions, 1 906- 1 925, wil l  be found in  the tables on 
pp. VI I I -IX .  

On the  basis of  the  observations made by HOLTEDAHL and h imself 
in  the field ,  and the prelim inary determinations o f  the fossils which 
had been made by professor j. KlÆR of Oslo, H OEL was in 1 9 1 2  
(HOEL 1 9 1 3, p .  1 06) able to subdivide the Old Red deposits i n  northern 
Spitsbergen into four series, which have s ince been terrned the Wijde Bay 
series, the Grey Hoek series, the Wood Bay series and the Red Bay 
series respectively. Of  these the Wijde  Bay series was the youngest, 
the Red Bay series the oldest. Further contributions to our knowledge 
of  the stratigraphy of  the Old Red deposits of northern Spitsbergen 
have since been published by HOEL in  1 9 1 4  (pp.  1 5- 1 6) ,  by HOLTEDAHL 

in  1 9 1 3  (pp. 707-7 1 2) ,  1 9 1 4  (pp. 4 1 5-424), and 1 926 (pp. 23-28) , by 
KlÆR in 1 9 1 6, and QUENSTEDT in 1 926, but i t  has not yet been possible 
to make a more detai led subdivision of these deposits than that proposed 
by H OEL i n  1 9 1 2. According to what is  so far known concerning the age 
of the four series of which the Old Red deposits of  Northern Spitsbergen 
i s  made up, the Wijde  Bay series would be at least partly equivalent 
to the younger Devonian of  the Mimer Val ley, whi le of the other series 
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the Grey H oek series would be m iddle Devonian 1, the Wood Bay 
series lower Devonian ,  and the Red Bay series Downton ian .  

From m y  observations on the fish-remains from H orn sound it  
seems most probably that the Devonian deposits in the vicinity of  
tha t  fiord are yonger than the Red Bay series and the Wood Bay series 
and probably equivalent to the Grey H oek series and perhaps in part 
also to the Wijde Bay series. 

Besides by the Norwegian expedit ions, collections of Devonian 
fishes have in  more recent t ime been made by Swedish expedit ions in 
the lee Fjord area, viz .  by H OCBOM in  Mimer Va lley during the sum mers 
of 1 9 1 0  and 1 9 1 1 ,  by the writer in  Mimer Valley during the summers 
of 1 9 1 6  and 1 9 1 7  and by Dr. E. WIREN and Cand.  A. STENSlO at Mt. Lyktan 
during the summer of 1 920. 

The eol lections brought home by B. HOCBOM and by myself have 
been partly determined and described (STENSlO 1 9 1 8  a ,  pp .  68-73 ; 
1 9 1 8  b, pp . 1 1 5- 1 22 ;  1 923, pp .  1 24 1 - 1 249), and the forms which were 
thus added to those previously known from Mimer Val ley are : Onehus 
sp . ,  Dictyonosteus arcticus (Crossopterygian) and Rhadinichthys sp .  
Of  these Dictyonosteus and Rhadinichthys are from the strata considered 
by WOODWARD to belong to the upper Devonian .  In these stra ta I have 
i n  addition found numerous remains Arthrodiran j aws. The Onchus
speeies ,  associated with numerous remains of Pteraspis, Arthrodires and 
Porolepis, occur m ostly in  strata which have hitherto been held to be 
of a lower Devonian age (STENSlO 1 9 1 8  a ,  p . 68) . 

The material of  Cephalaspids on whieh this monograph i s  based , 
with the exeeption of a fragmentary piece found by NATHORST 1 882, 
has been collected entirely by Norwegian expeditions ,  chiefly by those 
in 1 909- 1 9 1 2  and by the one in 1 925, and ,  as will appear from my 
aceount, i t  is  beyond question one of the m ost important discoveries 
o f  fossil vertebrates ever made.  

The tables below give the particulars concerning the N orwegian 
expeditions, and the col leeting of the material described in  this monograph.  

The earlier Swedish colleetions belong to the Royal State Museum 
of Natural H i story of Stockholm .  The eollections b rought together by 
B. HOCBOM, by myself and by Dr. WIREN and Cand.  A. STENSlO are 
i n  the Museum of the palaeontological i nstitution o f  Uppsala , while 
the N orwegian collections belong to the Palaeontological Museum 
of  Oslo. 

Aeeording to the geological i nvestigations and the examination of 
the fossiIs, the sequense o f  the Downtonian and Devonian strata of 
NW Spitsbergen i s  as shown by the table on p .  X. 

1 According to QUENSTEDT 1926 it is not quite excluded that this series might be 

somewhat older and perhaps belong to the uppermost part of the lower Devonian. 
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Tab l e of the C o Il e c t ing of Do w n to n i a n and De von i a n fos s i l s 

by The Norwegian Spitsbergen ExpeditiollS. 

Year 

1906 

1907 

1909 

1910 

1911 

1912 

1917 

1918 

1919 

1920 

1924 

1925 

Leader 

The expeditions fitted 
out by PRINCE 
ALBERT [ OF Mo
NACO and led by 
G. [SACHSEN 

G. ISACHSEN 

G. [SACHSEN 

ADOLF HOEL and 
ARVE STAXRUD 

ADOLF HOEL and 
ARVE STAXRUD 

ADOLF HOEL and 
SVERRE RØVIG 

ADOLF HOEL and 
SVERRE RØVIG 

ADOLF HOEL 

ADOLF HOEL 

ADOLF HOEL 

TH. VOGT 

Geologists 
and Collectors 

ARVE STAXRUD 

ADOLF HOEL 

ADOLF HOEL 
OLAF HOLTEDAHL 

ADOLF HOEL 

OLAF HOLTEDAHL 
G. WATNELIE 

OLAF HOLTEDAHL 

ADOLF HOEL and 
OLAF HOLTEDAHL 

I ADOLF HOEL 

ADOLF HOEL 

ADOLF HOEL 

ADOLF HOEL 

ADOLF HOEL 

O. HØEG 

TH. VOGT and 
ANATOL HEINTZ 

Localities 

Mt. Pteraspis, between the points 
760 and 825. 

West side of Wood Bay, N. of 
Hoffnung Glacier. 

Ben Nevis; Frankel Ridge. 
The inland E. of Kings Bay(Mt.Exile, 

Mt. Diademe, Three Crowns); 
Reindeer Peninsula (the ridge 
between Arla and Serla Glaciers, 
M. Hogkulla). 

Around Bock Bay; the inIand be
tween Bock Bay and Monaco 
Glacier; around Liefde Bay; 
FrankeI Ridge. 

East side of Wood Bay. 
Ben Nevis, the CIiff; west side 

of Wood Bay, N. of Hoffnung 
GIacier. 

The inIand between Wood Bay and 
Ekman Bay. 

Frankel Ridge; Mt. Lyktan and the 
region between Dickson Bay and 
Wijde Bay (East Fjord). 

Reindeer PeninsuIa; Mt. Pteraspis; 
around Liefde Bay; around Bock 
Bay; around Mt. Halvdan; west 
side of Wood Bay; N. of Hoff
nung Glacier; west side of 
Wijde Bay. 

Around Horn Sound. 

Around Horn Sound. 

The inIand between Horn Sound 
and South Cape. 

The inIand between Horn Sound 
and South Cape. 

The inland between Dickson Bay 
and Wijde Bay (West Fjord); 
Mt. Lyktan. 

The Land between Klaas Billen Bay 
and Dickson BaYi Mt. Lyktan. 
FrankeI Ridgei Ben Nevis; west 
side of Wijde Bay. 



I X  

I n  conclusion some in formation is given regard ing the stratigraphic 
position o f  the localities mentioned in  this publ ication.  

As before stated the Red Bay series is  the oldest subdivis ion. The 
localit ies best examined are ment ioned below. 

In Frankel Ridge are found the oldest layers in the series . The 
d ip i s  towards the west so the oldest layers are found h igh up in  the 
mountainside and the younger lower down . 

T h e  C o l l e c t i n g  o f  t h e  M a t e r i a l  d e s c ri b e d  i n  t h i s  M o n o g r a p h . 

Number aj specimens of Cephalaspids collected from 1909 to 1925. 

Collectors 

HOEL . 
HOLTEDAH L  
WATN ELIE 
HØEG . 
HEIN TZ 

Total 

Expedit ions . . . 

I 1 909 1 9 1 0  1 9 1 2  I 1 924 I 1 925 

68 I 1 6 
4 

7 
2 

1 4  

72 8 6 2 1 4  
80 

. I ISAC HSEN I HOEL and l HOEL I VOGT I STAXRUD 

A .  G. NATHORST 1 882 . I 
Collector unknown . . .  2 

Total . . . . . . . . . . . .  3+ 1 02= lOS speeimens 

T otal 

75 
4 
7 
2 

1 4  

102 

The lowermost l ayers o f  the Red Bay series are also found in  
the lower part  of  Mt. Pteraspis on the north s ide of Liefde Bay .  

The subsequent strata are then found in  the lowermost beds of  
Ben Nevis, a mountain between Red Bay and Liefde Bay, 9 1 3  m.  
h igh .  I n  this mountain there has been traced a continuous section in  
which collections have been made from 22 horizons, at altitudes from  
60  t o  900 m .  above sea leve! . The  lowest altitudes are denoted by  
letters from A (60 m . )  t o  I (I70 m . ) .  Then comes The Cliff with two 
altitudes at 260 and 290 m., respectively, and then the altitudes from J 
(500 m . )  to U (900 m .). The lower and probably the middle part of 
Ben Nevis correspond to the h igher parts of Mt. Pteraspis .  The strata 
in  the above mentioned m ountains form a syncl ine ,  the layers in  Ben 
N evis being in  the middle of the trough .  

Collections o f  the Wood Bay series have been m ade a t  the fol lowing 
places : 

At the left s ide of  Hoffnung Glaeier, from Mt. Sigurd to the fjord .  
The fossiIs have been found immediately above the boundary towards 
the Red Bay series, further  at  a level of 400 m. above this boundary, 
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T h e  D o w n t o n i a n  a n d  D e v o n i a n  s t r a t a  of  N W  S p i t s b e r g e n . 

Series I 

ff) Q) .;: Q) 
(/) 
>Ol CO 

't:I o o 
� 

Age 

Probably Up
per Devonian, 
but older than 
the Upp. Dev. 
Ursa sand
stone (Bear Is-

land) .  

Uppermost 
Lower Devo
n ian or lower
most Middle 

Devonian .  

Nature of  Rocks 

Grey sandstones, grey and 
black shales .  

Dark grey, flne-grained 
shales with subord inate 
layers of  sandstone (at the 
base 200 m. transi t ion 
layers) . 

Lower Devo- Micaceous sandstones and 
n ian.  shales ,  mostly red , a lso 

brown and green ,  rather 
regularly laminated, very 
frequently with ripple
marks (widely d i stri buted 
i n  NW Spitsbergen as far 
south as Ice  Fjord ; as far 
west as Kings Bay) . 

Uppermost 
S i lurian 

(Downtonianl. 

Mostly green ,  but also red, 
sandston es and shales 
with l imy lent ic les (flshesl. 

Red and grey sandstones, i n  
severai l ayers contain ing  
ostracoderms. 

Yellow-white, non-foss i l i -
ferous, coarse-grained,  
moderately cross-bedded 
sandstones .  

Red, s l ightly bedded, conglo
merates with rather small 
well-rounded pebbles of 
quartz and l imestone .  
Breccias w i th  sharp-edged 
blocks (not comminuted 
weathering debris of the 
Hec1a Hoek mountain). 

"'..I<: ff) Partly Ordovi- Metamorphe sediments Cj tU.� Q) o .... c ian (Bear Is- (Caledonian folding). 
l: l: � land). 

FossiIs I Thickness 

Fishes, la- About 2000 m .  
mel l ibranchs, 

ostracodes. 

Mol luscs, land About 2000 m. 
plants , few flsh 

remains .  

F ishes ,  About  3000 m .  
ostracoderms 

(abundant) ,  
ostracodes, 

plants. 

Ostracoderms 
(abundant) ,  

flshes (rare), 
lamel l i 

branchs,ostra
codes (Ben 
Nevis  and 

upper part of  
Mt. Pteraspis) .  

Ostracoderms 
(abundant\ 

flshes (rare), 
(Frankel 

Ridge,  and 
lower part of 
Mt.  Pteraspis) .  

E 
o o Ol 
::l o .o 
<t: 

o o 

§ 
I 

o o li) 

E 
18 li) 

Remarks 

Conformity 

Marine trans
gress ion .  

Apparent  con
formity. 

Fauna  ende
mic .  

Conformi ty .  

Transgression 
(un

conformity) . 

Denudation of 
the Caledo

n ian fold ing. 



XI 

f 

I 
, . I Hf. Pleraspls 



XI I 

and at another level 1 300 m .  above it .  The latter place has been 
described as the west side of Wood Bay, N. of Hojfnung Glaeier, the 
two others as W. of the Hojfnung Glaeier. 

On the Reindeer Peninsula the stratigraphic boundary between the 
Red Bay series and the Wood Bay series i s  not exposed , but i t  is 
probable that the layers in  which HOLTEDAHL made col lections in  1 909 
in the ridge between the Arla and Serla Glaeiers and at Mt. Hogkulla 
belong to the  lower part of this series . The level at which HOEL made 
col lections in  1 9 1 0  has a somewhat higher alt itude .  

The col lections from the vicinity of Mt. Halvdan belong to the 
middle part of the Wood Bay series. 

As the d ip of the st ra ta of the Wood Bay series everywhere is 
towards the east ,  we find the youngest layers o f  this series on the east 
s ide of Wood Bay. 

As to the stratigraphicsll posi t ion of  the Wood Bay layers in 
Mt. Lyktan,  east of Dickson Bay, and in the in land east of Kings Bay 
nothing is known from the geological in vestigat ions .  

For the great privi lege of  studying the extraordinarily valuable 
mater ia l  of  Cephalaspid s  described in  th is  monograph l am high ly 
indebted to Professor j. KlÆR of Oslo, who in the most  obl iging way 
placed i t  at my d isposal .  And further  I wish to express here my deep 
gratitude to Professor KlÆR for the great l i berty he  gave me concern ing 
the choice o f  methods for the researches I wished to carry out .  F inal ly ,  
I desire to thank Professor KlÆR most c0rdial ly for very great  courtesy 
in other respects during my work with the Cephalaspid material and 
for a col laboration that has been very pleasent in  al l  respects. 

I t  is also a pleasure to me to acknowledge h e re my debt o f  
gratitude to  Professor O .  HOLTEDAHL of  Oslo,  who  during a v is i t  to 
U ppsa la in 1 92 1  made me interes ted in the Old Red fishes from 
N orthern Spitsbergen and who origina l ly arranged tha t  the scient ific 
treatment o f  certa in o f  them was en trusted to me. 

I n  this connection I should a lso l ike to offer  my m ost sincere 
thanks to Docent ADOLF HOEL of Oslo for the great help I have 
received from him in  writ ing the remarks given above on the geology 
of the Old Red Deposits of Northern Spitsbergen .  ( I n  fact the strati
graphical remarks on pp. V I I I-X have been written by Docent H OEL). 

And I a lso wish to say my best thanks to Docent HOEL for the great 
interest he  has taken otherwise in this work. 

The drawings for this work have been made by Mr. G .  LILJEW ALL, 

Mr. S. EKBLOM, Mrs. AINA  STENSlO and Miss A. STARUP. 



HISTO RICAL 

To the fami ly Cephalaspidae in its modem conception are, as is  
wel l  known,  re ferred the genera Cephalaspis AGASSIZ, Thyestes 
ErcHwALD (or A uchenaspis EGERToN ) ,  Eukeraspis LAN KESTER,  

A teleaspis KIAER and Micraspis KIAER. General ly the genus Didymaspis 
LANKESTER too is i ncluded in the fam ily .  

The genus Cephalaspis was· establ ished .,by AGASSIZ i n  1 835 (Tome 
I l ,  Part l ,  p .  1 35- 1 52) on the basis of  m aterial col lected by MURCH ISON 

and other British geologists during the geological researches of the l ower 
Palaeozoic formations that were undertaken at that t ime in Engl and ,  
Wales and Scotland.  AGASSIZ referred to the  genus four species, 
C. lyelli, C. rostratus, C. lewisii and C. lloydii, the th ree latter of 
which as we 'now know do  not pertain to it but to the genus Pteraspis. 
That C. lewisii and C. lloydii were very d ifferent from his C. lyelli, 
however, was quite clear to h im,  and he even emphasized that these 
two species would probably have to be referred to a new genus when 
they became  known m ore i n  detail . On  the other hand he had no 
idea of  that h is  C. rostratus too also went with them and not with 
C. lyelli . 

In h is  monograph of  the fishes of the Old Red Sandstone published 
in  1 844 (p .  3 1 )  AGASSIZ sti l l  reta ined the four above-mentioned species 
in  the genus Cephalaspis and this was also done by MURCHISON ( 1 839, 
Part I l  pp. 587-596) , PICTET ( 1 845 , p. 249 ; 1 854,  p. 220) and GIEBEL 
( 1 848, pp. XI,  259, 268-269) .  

The first to real ly perceive the  great difference between C.  lyelli 
on the one hand and C. lewisii and C. lloydii on the other was 
KNER in 1 847. For the last mentioned two species he estab l i shed the 
new genus Pteraspis and, contrary to AGASSIZ, he was of  the opin ion 

. 
that these two species could not  be fishes ,  but pertained to Cephalopods 
at l ied to Sepia. 

In an excellent paper publ ished in 1 858 ( 1 858 a)  H UXLEY made 
i t  s t i l l  more clear that  the skeleton of C. lyelli was in  certain respects 
very d ifferent from that in C. lewisii and C. lloydii and he adopted 
for the latter two species the generic name Pteraspis i ntroduced by 
KNER .  On the other hand he strongly objected to KNER'S view con-
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cerning the systematie posit ion of Pteraspis. "No one can ,  I th ink ,  
hesitate" , he sa id ,  (p .  277)  " in  placing Pteraspis among fishes .  So far 
from its structure having 'no paral le i  among fis hes' it has absolutely 
no parallei in any other divis ion of the an ima l  kingdom .  I have 
never seen any Molluscan or Crustacean structure with which i t  could 
be for a moment  confounded.  I ts relat ions with Cephalaspis ,  on the 
contrary, are very close. " But though the d ifference between Cephal
aspis and Pteraspis had thus been m ade out to a certain extent, the two 
genera were sti l l  for a long t ime considered to be closely al l ied to 
each other. 

Shortly after the publ ication of  the paper just cited H U XLEY in  
a notice ( 1 858 b ,  pp .  82-83) showed that  the speeies Cephalaspis 
rostrat

,
us AGASSIZ also m ust be referred to Pteraspis. And accordingly 

the genus Cephalaspis at that t ime was deli berated from other forms 
and received its modern definition .  

New species have been added to Cephalaspis by EGERTON ( 1 857, 
pp. 283-286), LANKESTER ( 1 870), WHITEAVES ( 1 88 1  p . 98 ; 1 889 p . 92) 
and TRAQUAIR ( 1 890 a ,  pp. 1 6 , 2 1 ; 1 893 a, 1 893 b ;  1 893 c pp. 1 1 3 - 1 1 5 ;  
1 894 a ;  1 899 a) 1. And a thorough revision of the species described 
up to 1 89 1  was m ade by WOODWARD in  Part II of his Catalogue of 
Fossil F ishes in  the Bri t ish Museum . A suggestion by LANKESTER in  
1 870 (p .  43)  to divide Cephalaspis in to three subgenera has not  be en 
adopted by subsequent writers, as  i t  has been d ifficult to get  an idea 
of  the l ines of variations i n  the genus. Final ly i t  deserves here to 
be pointed out that, s ince the descriptions by AGASSIZ and H UXLEY, 
valuable contributions to the morphology of  the genus Cephalaspis 
have been given especially by LAN KESTER ( 1 870) , PATTEN ( 1 903 c ,  
pp. 827-859 ; 1 9 1 2) ,  J AEKEL ( 1 903) ,  KEMNA ( 1 903, 1 904) and WOOD
WARD ( 1 906, pp. 267-270 ; 1 920, pp. 3 1 -33) .  

The genus Thyestes was establ ished in 1 854 by EICHW ALD. H is 
definit ion , however, was very incomplete. More detai led descriptions 
of  the type species Th. verrucosus were la ter g iven by PANDER 
( 1 856, p .  47) ,  EICHWALD ( 1 860, p .  1 532) , SCHMIDT ( 1 866) ,  ROHON ( 1 892 
pp. 1 2-37 ; 80-87 ; 1 895 ; 1 896 a ;  1 896 b) and JAEKEL ( 1 9 1 1 ,  fig. 20, 
p .  35 ; 1 92 1 ,  fig.  9, p .  229) .  In 1 894 SCHMIDT referred to Thyestes ; 
the speeies previously known under the name of Cephalaspis schrenki 
PANDER ; and further speeies of  the' genus Thyestes have been described 
by ROHON in 1 892. 

Three years after the genus Thyestes had been establ ished the 
new generic name A uchenaspis was in troduced by EGERTON ( 1 857 ,  
p . 286). As i t  became known m ore completely, however, A uchenaspis 
appeared to be c10sely al l ied to Thyestes, so closely indeed that by 

1 Cf. a lso the works of HAR L EY ( 1 859) and SAL TER ( 1 868, p .  240) etc. 
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m ost palaeoichthyologists it has been considered to be identical with 
the latter. According to the current rules of nomenclature, therefore, 
the generic name Thyestes should have to be used for it ,  but on account 
of  the deficient definit ion original ly given to i t  by EICHW ALD this 
generic name has not been generally adopted (cf .  WOODW ARD 1 89 1  a , 
p .  1 95 ;  1 898, p .  1 1  ; GOODRICH 1 909, p .  203 ; SCHMIDT 1 894, pp .  204-205 ; 
ROHON 1 892, pp. 80, 8 1 ,  85, 86; 1 894, p . 203) .  We shall have the 
opportunity to return to th is  subject below in another place in  this 
mem oir. 

The genus Eukeraspis was founded by LAN KESTER  in 1 870 for a 
species which i n  most respects is closely al l ied to Cephalaspis. Only 
the type species is  known so far .  

The genus A teleaspis was establ ished by TRAQUAIR  in 1 899 ( 1 899 c, 
pp.  834-837) .  On account of the fragmentary state of  preservation 
of the m ateria l ,  TRAQuAIR was at fi rst incl ined to th ink that A teleaspis 
was rather d ifferent from the other  Cephalaspids known, but when 
new, more complete specimens were found he soon perceived that 
this was not the case (TRAQUAIR 1 904, pp .  883-886) . 

The two genera Aceraspis and Micraspis were constituted by KIAER 
in  1 9 1 1 ,  and further contributions to the knowledge o f  them were given 
in 1 924 (KIAER 1 924, p .  1 7, figs. 8, l O) .  So far, however, no  complete 
description of them has been published . Aceraspis is  said to be 
without cornua and to be intermediate in its characters between A teleaspis 
and Cephalaspis. Micraspis is also said to lack cornua but in other 
respects to resem ble Cephalaspis most closely.  

Final ly the genus Didymaspis was founded by LANKESTER in 1 867 
(p .  1 52) .  LANKESTER recognized its a ffinities with Thyestes (A uchenaspis) 
and Cephalaspis, and placed it with these genera in the fami ly  Cephal
aspidae (cf. also LAN KESTER 1 870, pp.  59-60) . H is view in this respect 
has been accepted by m ost palaeoichthyologists such as WOODWARD 
( 1 89 1  a ,  p .  1 99) , ZITTEL ( 1 887, p .  1 50) ,  KOKEN ( 1 9 1 1 ,  p .  34) , SCHLOSSER 
( 1 9 1 8, p. 34 ; 1 923, p .  35) ,  ABEL ( 1 9 1 9, p. 78), GOODRICH ( 1 909, p. 204) 
etc. Another view - that Didymaspis, on the contrary, is to be referred 
to the fami ly Tremataspidae - was advanced by ROHON ( 1 894, pp.  204, 
221-222; 1 896 a, pp.  1 5 , 29) and adopted by ZITTEL in 1 895 (p .  554) .  
N ow i f  . it real ly  was so that Didymaspis, as i s  generally mainta ined , 
lacks cornua i t  would undoubted1y be very s imi lar to Tremataspis and 
ROHON'S v iew shou1d perhaps be accepted .  But since, as I have found 
(text. fig. 80) , it has distinct, though short cornua i t  seems in  th is respect 
to occupy an intermediate position between the famil ies Cephalaspidae 
and Tremataspidae. 

I n  this connection it deserves also to be mentioned that the genus 
Tremataspis SCHMIDT was for a long time  associated with the Cephal
aspidae to which it is beyond question closely rel ated. As it d iffers 
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i n  certain  respects, however, from the genera referred to the Cephal
aspidae WOODW ARD establ ished for it in 1 89 1  an independent fami ly ,  
Tremataspidae, and this procedure of  WOODWARD'S has s ince been 
adopted by subsequent writers a lmost without exception .  It i s  also to 
be  added here that Tremataspis, owing to a generally good state of 
p reservation ,  has been more studied and that  up t i l l  now i t  has also 
been better known in  detai l  than any of the genera of the fami ly 
Cephalaspidae. The m ost important contributions to the knowledge 
of i t  have been publ ished by SCHMIDT ( 1 866, pp. 1 9-32) , ROHON 
( 1 892, pp .  37-82), PATTEN  ( 1 903 a ;  1 9 1 2  e tc . ) ,  WIMAN ( 1 9 1 8, pp. 86-95) 
and JAEKEL ( 1 92 1 ,  pp.  235-239) . 

As one of  the  oldest known groups of  vertebrated the Cephal
aspids have ev er s ince their discovery attracted m uch interest. Despite 
this ,  however, our knowledge of their anatomy remained for a long 
t ime very sl ight s ince the state o f  preservation i n  which their repre
sentatives were found was generally very imperfect. The features on 
which m ost of  the previous palaeoichthyologists had to base their 
opinions concerning the relationships and system atie posit ion of the 
Cephalaspids Were therefore very l im ited and at least for a lang t ime 
at first not l ikely to lead to a true apprehension .  When this fact i s  
realised, i t  w i l l  not be surprising tha t  the op in ions  advanced concern ing 
the relat ionships of  the  Cephalaspids are both numeraus and widely 
d ifferent. 

The fragmentary speeimens of  Cephalaspids first discovered were 
for some time  considered to be remains of  tri lobites .  LONSDALE,  
however, soon arrived at the conclusion that they pertained to fishes 
(MURCHISON 1 839, Part I l ,  p.  587) ; and as AGASSIZ at that tim e  was 
working on h is  "Recherches" , they were submitted to h im for a closer 
investigation , probab ly i n  1 834. 

Already in 1 835 AGASSIZ published h is  description of them 
(AGASSIZ, 1835 Recherches sur les poissons fossi les, Tame I l ,  Part l, 
pp.  135- 1 52) .  I n  that he declared that they must be fishes and ,  as 
al ready pointed out above, he establ ished for them the genus Cephal
aspis which he  placed in  h i s  fam ily Lepidoides,l accordingly among the 
ganoids. In 1 844 he associated Cephalaspis with Pterichthys, Pam
phractus,2 Polyphractus,3 Coccosteus and Chelonichthys4 i n  .a family 

I This fami ly comprised, bes ides  Cephalaspis, genera as among others: Co ecos te us, 
Chelonichthys, Cheirolepis, Cheiracanthus, Diplacanthus, Acanthodes, Dipterus, 
Osteolepis, Palaeoniscus, Catopterus, Coccolepis, Eurynotus, Platysomus, Gyrol

epis, Plectrolepis, Dapedius, Tetragonolepis and Amblyurus. It was thus a very 
heterogenous fami ly. 

2 Synonym of Bothrio lepis (cf. WOOD W A RD 1 891 a, p . 231). 
3 Synonym of  Dipterus (cf. WOODWARD 1 891 a, pp. 235- 236). 
4 Synonym in part of Asterolepis, in part of Heterosteus (�f. WOODWARD 1 89 1  a, 

pp. 203, 308). 
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which he named Cephalaspides (AGASSIZ 1 844, Recherches sur les 
poissons fossiles, T .  I , p .  XXXI I I ,  tableau general ; 1 844 m onograph 
poissons vieux gres rouge, pp.  1 -5,  1 57) .  Concerning the relationships 
o f  that family he  expressed h imself as fol lows (Monograph poissons 
vieux gres rouge p.  4) : "S i  nous recherch ons maintenant les affini tes 
naturelles que presente cette fam il ie , nous trouverons qu'el le se rapproche,  
d 'un cote, des Esturgeon,  de  l 'autre, des Goniodontes et des Si luroides 
cui rasses. Cependant les a ffinites avec les Loricaires se bornent aux 
plaques osseuses et emai l lees ; le  squelette et la disposi t ion meme des 
plaques sont fort d ifferents. L'analogie est bien plus frappant avec les 
Esturgeons, a raison de la  persistance de la corde dorsale, du  developpe
ment  retarde de tout le systeme osseux, qui n 'entre pas en relation avec 
la peau, et de la formation de plaques cutanees, couvertes d 'emai l .  
Mais d 'un autre cote, la structure et l a  posi t ion de  la  bouche, et le 
developpement des nageoires paires et i mpaires, sont s i  d ifferents dans 
ces deux famil les ,  que tout en reconnaissant leur affini te, i l  sera toujours 
i mpossible de les reun ir ."  

"La famil le des  Cephalaspides constitue par consequent un type 
a part dans la  regne an imal ,  comme dans l ' h istoire du developpement 
des poissons, puisque d 'un cote ses caracteres zoologiques sont nette
ment  tranches, et que de l ' autre sa presence est restreinte au seul 
terrain du vieux gres rouge . "  

PIeTET in  1 845 (pp. 248-25 1 )  adopted the fami ly Cephalaspides 
with the conception given to it by AGASSIZ and referred it - together 
with the famil ies Lepidoides, Acanthodes, Dipteriens, Sauroides, 
Coelacanthes, Pycnodontes, Sclerodermes, Gymnodontes, Lopho
branches and A cipenserides - to th e  ganoids .  He also considered at 
that t ime l ike AGASSIZ the true affinities of the fami ly  to be with the 
sturgeons and with the armoured Si luroids .  

About a decade later ( 1 854) , h owever, PIeTET had m odified his 
views from 1 845 to some extent .  He was not able to mainta in any 
longer that  the Cephalaspids had affin ities to the Si luroids but was 
now sti l l  more convinced of the ir  c lose relationships with the sturgeons 
and Polyodontids. He  associated them with these i n  an order which 
he named Ganoides cuirrasses. I t  deserves further to be mentioned 
here that in  1 854 he  added to the Cephalaspids the genus Menaspis 
which had been constituted by EWA LD in 1 848 and which was supposed 
by this writer to be related to the Cephalaspids. GLEBEL in  1 848 
(pp.  259-280) , l ike PIeTET,  accepted the fami ly Cephalaspides of  
AGASSIZ'S definit ion,  and ,  l ike  PIeTET and AGASSIZ too, he referred i t  
to the  Ganoids .  Among these he associated i t  w i th  the fam il ies 
A cipenserini and Holopthychii in  his order Chondrostei. 

M'Coy, on the contrary, i n  a paper publ ished in  1 848 restricted the 
fam i ly Cephalaspides so as to comprise on ly the genus Cephalaspis. 
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For the other genera referred by AGASSIZ to the famly Cephalspides 
he eonstituted a new fam i l y  whieh he named Placodermi. M'Coy thus 
was the first to pereeive the very heterogenous eharaeter of the fam ily 
Cephalspides in  i ts original  eoneeption and to undertake a revision of i t .  

QUENSTEDT in the fi rst edition of h is  well-known " H andbueh " in 
1 852 (pp. 23 1 -232) had proba bly overlooked the paper by M'Coy 
referred to j ust above, as he d id not mention it and as in  addit ion he 
referred to the fam ily Cephalaspides the same genera as AGASSIZ . 
The  fami ly Cephalaspides was deseribed in  eonneetion with the CoeIa
eanths the Seleroderms, the Gymnodonts, the Lophobranchs and the 
Acipenserids i n  an  "Anhang zu den Ganoiden" ,  and he  eal led attention 
to the faet that al l  these fishes were very d ifferent from true ganoids 
with regard to the dermal skeleton (p .  228) . 

PANDER in  1 856 (pp .  46-47) aeeepted the Cephalaspids with the 
eoneepti on proposed by M'Coy. In the fol lowing year he  published 
his monograph on  the Plaeoderms of  the Devonian system ( 1 857) , whieh 
eertainly helped greatly towards a better understanding of the d ifferenee 
between the various forms included by AGASSIZ among h is  Cephalaspides 
and aeeordingly forrned a support for the elassifieation proposed by 
M'Coy. 

H UXLEY in 1 858 ( 1 858 a) in eonneetioll with his reserehes on the  
mieroseopic strueture of  the shields of Cephalaspis and Pteraspis also 
entered upon the question of the zoologieal posit ion of  the Cephalaspids ,  
to whieh, if I understand him right ,  he referred not only the two genera 
just mentioned but also Pterichthys and Coccosieus. He  eom pared the 
Cephalaspids to Siluroids and Acipenserids, but did not eons ider that  
he  could plaee them with these. The on ly eonclusion he be l ieved he 
eould arrive at was that Pteraspis and Cephalaspis must be e i t he r  
Ganoids or  Teleosts ; "but", he added ,  "to which  of  t hese orders they 
belong, there is  no evidenee to show" (p. 279). 

A few years later HUXLEY wrote concern ing Pteraspis as fol lows 
( 1 86 1  a, p .  1 66) : " I t  i s  not easy to find an exaet paralleI for sueh a 
eephalie eovering as this among existing fishes .  Loricaria , Tetrodon 
naritus, Acipenser and Spatularia seem to present the nearest ana
logies, - the two former being mueh m ore remote than the two latter .  
In faet i f  the bony eephal ic shield of  the Acipenseroid fish es were 
ossified in one piece, i t  would very elosely resemble that of  both 
Cephalaspis and Pteraspis, and would hardly d iffer  more from eith er 
than the two from one another." 

In his "Essay on the systematie arrangement of the fishes of the 
Devonian epoch" ,  publ ished in 1 86 1  ( 1 86 1  b), H uXLEY referred to the 
Cephalaspid fam ily for wieh he now proposed the name Cephalaspidae 
the genera Cephalaspis, Pteraspis,  A uchenaspis and Menaspis. Thyestes, 
on the eontrary, he d id  not mention , although it had been pl aeed among 
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the Cephalaspids both by EICHWALD in  1 854 (p. 1 09) and PANDER  in 
1 856 (pp .  44-47) .  Coccosteus and Pterichthys and the ir  a l l ies  he  
removed entirely from the Cephalaspidae. Coneerning the systematie 
position of the Cephalaspidae he had at this t ime advaneed to a more 
decided opinion than earl ier ,  sinee he now plaeed them provisional ly 
among the Chondrostei (p . 38) . 

EGERTON in 1 860 (p .  1 27) aeeepted M'Coy's subdivision of the 
Agassizian famlly  of Cephalaspids into Placodermi and Cephalaspides 
proper and eonsidered the l atter to con sist of the genera Cephalaspis, 
Pteraspis and A uchenaspis. The same view was also advanced later 
by SCHMIDT in 1 866 (pp. 29-32) ,  who referred to the fami ly Cephal
aspidae the genera Cephalaspis, Tremataspis, A uchqnaspis, Thyestes 
and Pteraspis. Pteraspis, however, he said, was rather d ifferent 
from the oth ers. Seven years later ( 1 873, p .  1 38) he sti l l  more 
emphasized that d ifferenee and expressed the opinion that Pteraspis 
eould not pertai n to the fami ly Cephalaspidae. BRANDT in  1 866 
(pp. 43-48) in faet also aeeepted M'Coy'S subdivision of the armoured 
palaeozoie "fish" forms,  although he proposed, instead of Placodermi, 
the name Arthrothoraces and, instead of  Cephalaspidae, the name 
Aspidocephali. To the l atter, however, he referred not only Cephal
aspis, but also Menaspis. Like H uXLEY in 1 86 1  he was of the 
opinion that the Arthrothoraces and Aspidocephali were al l ied to 
sturgeons. 

QUENSTEDT in  the seeond edit ion of his " Handbueh" published 
in  1 867, despite M 'Coy's and H UXLEY'S revisions o f  the Cephalaspids 
and the progress in the knowledge o f  the fossi l  fishes sinee the 
appearanee of the fi rst edi t ion ,  st i l l  retained the Cephalaspids with the 
old coneeption given by AGASSIZ, although he adopted the genera 
Pteraspis and Thyestes and added Menaspis. His Cephalaspids were 
now placed among his heteroeereal ganoids toge ther with Palaeoniscus, 
A mblypterus, Pygopterus, Platysomus Megalichthys, "the Dipterini of 
the Old  Red" ,  the genus Holopthychius, the Sclerodermi, the Gymnodonti, 
the Lophobranchii, the  Acipenserids and eertain other  forms. It may 
also be pointed out here th at  QUENSTEDT now dealt with the Coelolepid  
seales and the Conodonts i n  eonnection with the  Cephalaspids .  

A new and sti l l  more thorough revis ion of  the fami ly Cephalaspidae 
than those by M'Coy and  H uXLEY was made in 1 868- 1 870 by 
LANKESTER in  his exeel lent monograph of  the Fishes of the Old Red 
Sandstone. LANKESTER in that work, after removing Menaspis as a 
genus o f  uneertain position, divided the fami ly in to two divis ions ,  
the Heterostraci and the Osteostraci. To the Heterostraci he referred 
Pteraspis and its a l l ies ,  to the Osteostraci, the genera Cephalaspis, 
Eukeraspis, A uchenaspis, Thyestes and Didymaspis. The faet that 
Tremataspis was not mentioned seems  to be due to the circumstanee 
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that he  probably did not know SCHMIDT'S p aper on that genus ,  
publ ished four  years earl ier .  

Whi le in  the beginn ing of  h is  monograph ( 1 867 , p .  1 3) he d id not 
seem to doubt that the Heterostraci and Osteostraci, despite the struc
tural d ifferences between them were closely a l l ied to each other, he 
had obviously greatly changed his view on this subject in the remarks 
he added a fter the description of  Didymaspis ( 1 870, p .  62) .  "The 
H eterostraci " ,  he there said , "are associ ated at present with the 
Osteostraci because they are found in  the same beds, because they 
have, l ike Cephalaspis, a large head-shie ld ,  and because there is 
nothing else with which to associate them . There is  at present no 
evidence that the body and fins o f  Pteraspis and its a l l ies were l ike 
those of  Cephalaspis, and the shields are not so c losely s imi lar  in  
plan ,  much less  in  h istological structure, as to warrant any in ference 
of s imilarity in  other parts . "  He th us suspected very strongly that 
the Heterostraci and Osteostraci really were not very closely related , 
and their association in one fami ly was obviously meant to be only 
provis ional .  

With regard to the systematic pos i t ion o f  the Heterostraci and 
Osteostraci LANKESTER in  1 868 (p .  1 3) accepted the views advanced 
by H UXLEY in  1 86 1  and accord ingly placed them provisional ly among 
the Chondrostei. I n  1 870 (pp. 6 1 -62) , on  the contrary, he was very 
much in  doubt as  to which forms among amphirhine fishes he should 
relate them. That they could be a l l ied to lampreys he was not at a l l  
incl ined to bel ieve. 

LOTKEN in 1 873 (pp. 4 1 -43) dealt with the Cephalaspids together 
wi th the other armoured Palaeozoic fishes under the common term of  
" Panzer Ganoiden "  or  "Placoderms" ,  thus us ing  the  latter term in  a 
meaning very d ifferent from the original one .  In h is  opin ion ,  the 
researches up  to that t ime had fai led to determine the relationships 
of the " Placoderms" with other fishes .  He  therefore considered that 
he could not give them any defin ite posit ion in  the system,  but c lass ified 
them as Incertae saedis. 

TRAQu A IR  in 1 877 (p .  9) a l so held a s imi lar  view concerning the 
systematic posit ion of  the Cephalaspidae and Placodermi, both of which 
were given by h im i n  the original conception proposed by M'Coy. 

QU ENSTEDT in 1 882, in  the 3rd edition of his " H andbuch " ,  sti l l  
referred to the Cephalaspids the same forms as in  1 867, adding, how
ever the genus Tremataspis. His  wiew concerning the relat ionsships 
of  the Cephalaspids was also the same a s  in 1 867. 

As has been pointed out, LANKESTER in 1870 and SCHMIDT in 1 873 had 
strongly emphasized the d ifference between the Heterostraci and Osteo
straci ; and the latter scientist h ad even expressed the opinion that the 
Heterostraci and Osteostraci cou ld not pertain to one fami ly .  To ZITTEL 
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in  1 887 (p .  1 47) the d ifference between th ese two groups also seerned 
of  much taxono mic importance ,  and he therefore gave them the rank 
o f  orders. For the two orders thus establ ished he d id not ,  however, 
accept the names introduced bv LANKESTER ,  but proposed ,  instead of  
Heterostraci, the name Pteraspidae and ,  instead o f  Osteostraci, the name 
Cephalaspidae. To the latter he referred the genera Cephalaspis, 
A uchenaspis, Eukeraspis, Thyestes, Didymaspis and Tremataspis in  
the order here enumerated without grouping them into familes .  Menaspis 
was excluded from them as a form the relationships of which could 
not be establ ished.  Both tht order Heterostraci and the order 
Osteostraci were placed with the ganoids, but concern ing the l atter, the 
Placodermi and the Acanthodi he said (p .  1 44) that they occupied 
"eine zweife lhafte Mittelstellung zwischen Selachiern , Chondrostei und 
Knochenfischen ."  

COPE in  1 889 (pp.  852 -853) associated the  Pteraspids ,  Cephalaspids 
and Pterichthy ids  (A ntiarchi) in  a unit  which he cal led Ostracodermi. 
The Ostracodermi  thus defined he placed with the Cyclostomes in a 
class of Craniates, for wh ich he proposed the name Agnatha. And as 
the most important  characteristics of that class, which was considered 
equivalent to Pisces, Batrachia, etc. he emph asized the absenee of 
the lower j aw, the absenee of the pectoral arch and the absenee of an 
ossified intern a l  skeieton .  COPE thus introduced an entirely new opinion 
concerning the affinites o f  the Ostracoderms .  

WOODWARD in 1 89 1  ( 1 89 1  a ,  pp .  XVI I-XV I I I )  adopted the term 
Ostracodermi introduced by COPE as a common name for the Hetero
straci, Osteostraci and A ntiarchi, which a l l  were given the rank of  
orders. Among the Osteostraci he establ ished two famil ies - one ,  
Tremataspidae, for Tremataspis, the other,  Cephalaspidae, for al l  the 
other Cephalaspids. The Ostracodermi he placed as  a sub-class of  
fishes ,  objecting to both COPE 'S  and PATTEN 'S views, and sumarizing 
h is  views as  fol lows (p .  XVI I I ) :  " I n  short ,  a l l  positive characters are 
rather in  favour of  an a l l iance with the class . Pisces than otherwise ; 
and a1though these organisms cannot be defined with scientific precision , 
it seems advisable at present to regard them as a pr imi tive Piscine 
su b-class o f  uncertain affin itie s . "  

ROHON in 1 892 (pp .  82-88) accepted the  names Heterostraci and  
Osteostraci. Contrary to  WOODWARD, he divided the  Osteostraci into 
th ree fami l ies : Thyestidae, with Thyestes ; Tremataspidae, with Tremat
aspis ; and Cephalaspidae, with Cephalaspis, A uchenaspis, Didymaspis, 
and Eukeraspis. That at that t ime he placed Thyestes and A uchenaspis 
in d ifferent fami l ies was due to the fact th at he had not perceived the 
dose relationships between them .  The Heterostraci and Osteostraci 
he associated in a sub-class of fis hes,  to wh ich he gave the name 
Protocephali. Two years la ter ( 1 894, pp .  203, 204, 22 1 -222) he removed 
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Didymaspis from the Cephalaspidae and referred i t  to the Tremataspidae. 
I n  1 896 ( 1 896 a) he proposed for the Heterostraci the new name 
Aspidorhini, whereas the Osteostraci were terrned Aspidocephali. The 
subdivision of  the latter in to the same three fam il ies as in  1 892 was 
reta ined ,  but to the Tremataspidae he now added the doubtfu l l  Oonaspis, 
described by JAHN  in 1 894 (p. 38 1 ) . 

The names Pteraspidae and Cephalaspidae used by ZITTEL in 
1 887 for the orders H eterostraci and Osteostraci had in 1 887 been 
objected to by COPE ( 1 887 , p .  1 0 1 5) because of  their fami ly endings, 
and ZITTEL therefore in  1 895 readopted H eterostraci, whereas instead 
of Cephalaspidae he chose for the Osteostraci the name Aspidocephali. 
Aspidocephali had ,  however, been in troduced by BRANDT in 1 866 for 
both Pteraspis and Cephalaspis . and the ir  a l l ies ,  thus for both the 
Heterostraci and Osteostraci known up to that time ,  and accordingly 
i t  was not as propriate as Osteostraci, which in  addit ion had the 
priority. The reason why ZITTEL preferred Aspidocephali to Osteostraci 
seems therefore in fact d ifflcul t  to understand . Like WOODW ARD in 
1 89 1 , he subdivided the Aspidocephali into two fami l ies : Cephalaspidae 
- in whieh he plaeed the genera Cephalaspis, Eukeraspis, Thyestes 
(A uchenaspis) - and Tremataspidae, to whieh he referred the genera 
Tremataspis and Didymaspis. The Heterostraci, Aspidocephali, A ntiarchi 
and Arthrodira he  now, l ike LUTKEN in 1 873, associated in  a group 
whieh he eal led Placodermi, thus using that name with a eoneeption 
very d ifferent from the original one of  M 'COY .  The Placodermi thus 
denned he  gave the rank of a sub-elass among the Pisces, a sub-dass 
equivalent to the sub-dasses Selachii, Dipnoi, Ganoidei and Teleostei. 
But he emphasized the faet that this was a provis ional  arrangement, sinee 
the systematie posit ion of  the " Placoderms" in  real ity was uncerta in .  
Fina l ly ,  i t  may be pointed out here tha t  in  1 89 1  an important pa per  
had been publ ished by J AEKEL on Menaspis, and tha t  i t  was  sh own in 
that paper that Menaspis had no relations  whatever to the Osteostraci 
but that i t  mostly resem bled certa i n  Elasmobranehs .  

DEAN i n  1 895 (p .  8) associated the lampreys the hags, Palaespon
dylus and the Ostracoderms - which l ast he gave the same conception 
as COPE and WOODWARD - into a separate dass of vertebrates whieh he 
eal led Marsipobranchi. Thus ,  l ike COPE, DEAN eonsidered the that Ostra
eoderms occupied a very Iow posit ion among  the vertebrates and that 
they must be entirely separated from the true nshes .  

WOODWARD in 1 897 (p. 379) had also aeeepted COPE 'S  v iews 
eoneerning the afflnities of the Ostracoderms and in his exeellent " Out
l ines of Vertebrate Palaeontology" ,  publ ished in  1 898, he gave (p .  1 )  
the fol lowing classineation in  aceordanee with that point of view : 
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Class : Agnatha. 
Sub-c1ass l Cyclostomi. 
Sub-c1ass 2 Ostracodermi. 

Order a H eterostraci. 
" b Osteostraci. 
" c Antiarchi. 

I l  

LANKESTER in  1 897 (pp .  45-47) strongly objected to the 
opinions that the Ostracoderms were related to Cyc1ostomes and 
'also in  other points he reta ined the same opinions as in  1 870. Thus 
he  la id much stress upon the d ifference between Cephalaspis and  
Pteraspis, and he a l so  denied every relat ionship between either o f  
these and  Pterichtys. "There is absolutely" ,  he sa i d ,  "no reason for 
regarding Cephalaspis as a l l ied to Pteraspis beyond that the two genera 
occur in the same rocks and sti l l  less for conc1uding that either has 
any connection wi th Pterichthys. "  The H eterostraci, Osteostraci and 
A ntiarchi might in  his op in ion be considered , as a group of prim it ive 
fish-l ike forms "concerning the c10ser relationships o f  which j udgement 
must be suspended . "  

TRAQUAIR in  1 899 ( 1 899 c )  establ ished for the new genus A teleaspis 
a new fami ly A teleaspidae, which was considered to d iffer in certain 
i mportant respects from the other fami l ies among the Osteostraci. Five 
years later ( 1 904) ,  when new and more complete materia l  of  A teleaspis 
had been found,  however, TRAQUAIR perceived that this genus was in  
fact so c10sely al l ied to Cephalaspis tha t  he  saw no  necessity to retain 
any longer a separate fami ly for i t . 

TRAQUAIR 'S  works in  1 899 ( 1 899 a ;  b ;  c) and 1 904 were of especia l  
i mportance for the knowledge and understand ing of  the Ostracoderms. 
In those works he described not only such an interesting Cephalaspid 
as A teleaspis but also many new important forms of  Heterostraci and 
new forms which perta ined to a quite new order of  Ostracoderms, an 
order which was named A naspida. The observations made on this 
new material led TRAQUAIR to con sider the Heterostraci and Osteostraci 

as related to each other, and thus in this point he arrived at an opinion 
quite opp osi te to that advanced by LANKESTER. As wi l l  be shown in  the 
present work ,  there are now additional reasons to believe that he was 
r ight  in  that .  Be ing struck by the pecul iar Elasmobranch-Iike strukture 
of  the derrnal skeleton in  certain of the H eterostraci he believed ( 1 899 b, 
p. 602 ; 1 899 c ,  p ,  855) the Ostracoderms to have evolved from the 
Elasmobranchian stem or  from com mon ancestors with the pr imitive 
Elasmobranchs.  

DEAN i n  1 900 (p .  22) gave the fol lowing c1assification in which he 
separated the groups comprising the Ostracoderms, the Arthrodires 
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and the Cycliae (Palaeospondylus) from those com pr is ing other fossil 
and recent forms :  

Chordata . 

Class Ostracophari COPE 1 89 1  ( = O�tracoderm i ,  COPE ( 889) . 
Sub-class Osteostraci . 
Sub-class H eterostraci. 
Sub-class A ntiarcha. 

Cl ass Artrognathi DEAN 1 899 . 
Sub-class A narthrodira DEAN 1 899 . 
Sub-cl ass A rthrodira . 

Class Cycliae (Palaeospondylus) GILL 1 896. 
Class Protochordata BALFouR 1 882. 
Class Marsipobranchii. 
Cl ass Pisces. 

DOLLO in 1 903 (pp .  700-70 l )  considered it m ost probable that 
the Ostracoderms were agnathous vertebrates .  

KEMNA in 1 903 and 1 904 gave a crit ical review of the works 
publ ished up  to that time  espec ia l ly by TRAQUAIR .  He cal led attention 
to the faet that despite TRAQU A IR'S  statements to the contrary there 
nevertheless existed severai po ints o f  agreement between the Ostra
coderms and the Cyclostomes , the former of  which he aceepted with 
the conception of  COPE and WOODWARD .  Like COPE and WOODWARD 
he also associated the Ostracoderms and Cyclostomes in a class Agnatha 
( 1 903 , p. 347) .  

BRIDGE in 1 904 (pp .  522-532) excluded the A ntiarchi from the 
Ostracoderms ,  the relat ionships of whieh he  considered i t  i mpossible 
to settle on the facts known up to that time .  

REGAN in  1 904 ( pp .  340-346) associated, under  t he  name of  
Placodermi, the  Osteosraci, the  Antiarchi and the  A rthrodira, whereas 
the Heterostraci were eons idered to pertain to the " Chondropterygii" .  
Concerning the relationships between the Osteostraci ,  A ntiarchi and 
the A rthrodires he sa id  : " In fact the evidence that the Coccosteidae 
are Teleostomi ,  that the Asterolepidae are a l l ied to the Coccosteidae 
and that the  Cephalaspidae have been deri ved - th rough the Tre
mataspidae - from the Asterolepidae ,  is  so c lear ,  that I am compel led 
to regard the Atelaspid structure as a modification of  that o f  the 
Cephalaspid . "  l t deserves further to be added here that coneern ing 
h is  Placodermi he expressed the opinion that they "may probab ly be 
regarded as prim itive Crossopterygii ."  

GOODRICH in  1 909 (pp.  1 95-209) introdueed , instead of  Heferostraci, 
the name Pteraspidomorphi, instead ofOsteostraci, the name Cephalaspido
morphi, and , instead of A ntarehi ,  the name Pterichthymorphi. H is classi
fication, so fa r as the Ostracoderms are concerned ,  was as fo l lows : 
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Vertebrata. 
Braneh I Cyclostomata. 
Braneh I I Gnathostomata. 
Grade I Pisces. 

Sub-grade 1 Chondrichthyes (Elasmobranehs etc . ) .  
Sub-grade 2 Ostracodermi. 

Order 1 Pteraspidomorphi. 

1 3  

Famil ies : Coelolepidae, Drepanaspidae, Psammosteidae, 
Pteraspidae. 

Order 2 Cephalaspidomorphi. 
Famil ies : Ateleaspidae, Cephalaspidae, Tremataspidae. 

Order 3 Anaspida. 
Order 4 Pterichthyomorphi. 

Sub-grade 3 Osteichthyes. 

GOODRICH was of the opinion that the Ostracodermi, with the general 
eoneeption as given by him, eould be considered only as a provisional 
group. He was mostly inel ined to aeeept the opinions advaneed by 
TRAQUAIR  of  eertain affinities between the Pteraspidomorphi and the 
Elasmobranchii, but on the other hand he  a lso found cert� in resemblances 
between the Cephalaspidomorphi and the forms he grouped under the 
name of Osteichtyes. 

KOKEN in 1 9 1 1 (pp. 24-27) adopted the subd ivis ion of the 
Osteosteraci into two fami lies : Cephalaspidae and Tremataspidae. He  
grouped under t h e  n ame  o f  Placodermi t h e  orders A naspida, Hetero
straci, Osteostraci and A ntiarchi, thus using Placodermi in a third 
conception d ifferent from both M'Coy's and the one proposed by 
LOTKEN and ZITTEL. I n  h is  opin ion there were no  charaeters whieh 
definitely pointed towards an affin ity between the Cyclostomes and the 
Placodermi i n  his conception and therefore, l ike ZITTEL i n  1 895, he  plaeed 
the latter as a sub-class of  the class Pisces. 

J AEKEL in 1 9 1 1 in h i s  work " Die Wirbeltiere" gave the f.ol lowing 
c1assifieation :  

" Starnm" Pisces . 
Class A Malacostoma. 

Sub-class l Paloeostraci. 
Order a H eterostraci. 

Suborder l Paleaspidi. 
Suborder 2 Pteraspidi. 

Order b Goniaspidi. 
Suborder l Tremataspidi. 
Suborder 2 Cepalaspidi. 
Su border 3 Drepanaspidi. 
Suborder 4 Thelodonti (Thelodus, Lanarkia) . 
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Order c A naspidi. 
Order d Pterichthyi (cal led "N ebenordnung" on p. 37) . 

Sub-class 2 Cyclostomata. 
Sub- class 3 Leptocardia. 

Cl ass B Hypostomata . 

Sub-class l Placodermata (Arthrodires) .  
Sub-class 2 Chondrostei. 
Sub-class 3 Placodea (Elasmobranchs) 

Class C Teleostornata. 

He thus associated the Ostracoderm i and Cyclostomata i n  a large 
group Malacostoma and poi nted out that he did th l s  because of a 
number of primi tive features which they were said to have in common .  
Basing h i s  account on h is  well -known theory that t he  fishes were 
derived from terrestrial vertebrates, and thus secondari ly adapted 
for swimm ing, he  was of  course forced to the conclusion that the 
absence of paired fins in h is Malacostoma was a secondary phenomenon .  
To h im,  moreover, from this point o f  v iew it was a quite natura l  fact 
that the fossi l  representatives of h is  Malacostoma - his Palaeostraci -
should  have a well developed hard skeIeton . As wil l  be clear from 
the present work there are severaI facts which seem to show that 
J AEKEL was right inasmuch as the Ostracoderms and Cyclostomes real ly 
were c losely al l ied to each other and the ancestors o f  the Cyclostomes 
thus real ly  had a hard skeIeton .  

STROMER  i n  1 9 1 2  (pp .  36-39) considered i t  st i l l  impossible to  
relate the  Ostracodermi to other forms known. H e  subdivided the 
Ostracodermi in to three suborders : the Heterostraci (with the Pteraspidae), 
the Osteostraci (with the Cephalaspidae and Tremataspidae) and the 
Antiarchi. 

SCHLOSSER in  1 9 1 8  (pp .  26-38) adopted the same classification 
and the same termino logy as KOKEN i n  1 9 1 1 ,  thus associating under 
the name of  Placodermi the orders A naspida, Heterostraci, Osteostraci 
and A ntiarchi. H e  was, however, (p .  26) incl ined to th ink that, instead of  
Placodermi, the name Ostracodermi in troduced by COPE and  W OODW ARD 
would  be the most propriate one for a l l  extensively armoured forms -
"die eigentl ichen Panserfische" ,  as he expressed it .  H e  added also 
other remarks on  the Placodermi, the fol lowing of  wich may be of 
interest : " Es sol l  n icht verschwiegen werden, dan i n  dieser Un ter
klasse (Placodermi) sehr heterogene  Formen vereinigt sind , denn in  
den Anaspiden und Pterolepiden haben wir moglicherweise d ie  Ahnen  
der Ganoiden und  in den  Coelolepiden und Gemiindeniden Vorlaufer  
von Elasmobranch iern vor uns .  Wenn die Unterklasse der Placodermi 
h ier trotzdem beibehalten wurde, so gesch ah  es nur  deshalb ,  wei 
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e in so eingeblirgerter N ame nicht durch einen neuen N amen ersetzt 
werden sol lte, soferne dadurch nicht eine wesentIiche Verbesserung 
erreicht wird . "  I nasmuch as this refers to the reta ining of the name 
Placodermi i t  i s  rather strange, since as i s  obvious from what  has been 
pointed out above that name was used by him in  a sense qu ite 
d ifferent from its original one.  In accordance with j AEKEL in 1 9 1 1 ,  he 
considered it probable that his Placodermi had a suctorial mouth and  
otherwise he emphasized the  lack of  paired fins as a very important 
character for them . In  1 923 he stil l adhered to the same classification 
and the same opinions as in  1 9 1 8. 

ABEL in 1 9 1 9  united the H eterostraci and Osteostraci i n  a single 
unit ,  which he named Osteostrq.,ei. The Osteostraci, as thus defined ,  and 
the Anaspida he gave the rank of  a sub-classes and referred both of 
them to the class Pisces. 

WOODW ARD in 1 920 (pp. 25-33) made severai important remarks 
on the Osteostraci and retained the conception of the Ostracoderms 
given by COPE. 

JORDAN in 1 923 (pp. 8 1 -87) gave the following classification of 
the lower vertebrates. 

Cl ass A Leptocardii. 
Class B Marsipobranchii. 
Class C Ostracophori. 

Order l Heterostraci. 
Order 2 Osteostraci. 

Fami l ies : Cephalaspidae, A teleaspidae, Thyestidae ( Thyestes, 
Didymaspis, Eukeraspis,Menaspis) Odontodontidae, ( Tremat. 
aspis) , Euphaneropidae (Euphanerops) . 

Order 3 A ntiarcha. 
Order 4 A naspida. 
Order 5 Cycliae (Palaeaspondylus) .  

Class D A rthrodira. 
Class E Elasmobranchii. 
Class F Pisces ( = Teleostomi ,  Osteichthyes). 

JORDAN (p .  84) , however, felt very uncertain  as  to the a ffin it ies 
of  h is  class Ostracophori and i s  not even convinced that the fi ve 
orders he  referred to it really perta in  there. " I t  may be , "  he said 
"that the A ntiarcha are · sharks or else A rthrodires, that the group 
itsel f is  a mailed variant o f  the Lampreys, that i t  i s  ancestrai to the 
sharks, that i t  is deri ved from primitive sharks or that it i s  a variant 
o f  primitive crustaceans . "  

KIAER i n  h is  excel lent paper of  the  Norwegian  Anaspida i n  1 924 
sh owed the very interesting faet that there are severai agreements 
between the Anaspida and the Osteostraci and that probably they are 



1 6  ER IK  A : SON STENSlO 

closely related to each other .  I n  addi t ion he was able to show that 
the Anaspida and Osteostraci had st i l l  more features in  common with 
the Cyclostomes than had been known previously,  and that they 
therefore undoubtedly  must be considered as al l ied to each other. 
He laid especial stress on their monorhiny ,  which led him to the con
clusion that they could not have any relationships with the probably 
amphirhinal Heterostraci, which, with TRAQUAIR ,  he considered to be 
a primitive group related to Elasm obranchs.  As probably being amphir
h in al, the Arthrodires too were considered to have nothing i n  common 
with the Anaspida, Osteostraci and Cyclostomata. His  classification is 
as fol lows : 

Branch I .  Monorhina H AECKEL.  
Class  A naspida. 
Class 2 Cephalaspidomorphi. 
Class 3 Cyclostomata. 

While the scientists dealt with above all have regarded the Ostra
coderms as true vertebrates, GASKELL and PATTEN ,  on the contra ry , 
have tried to reIa te them more or  less int imatelly with Arthropods .  
GASKELL ( 1 889 a ;  1 889 b ;  1 890 ; 1 898- 1 906 ; 1 908) believed the verte
brates to have evolved from a group of Arthropods inc1uding Trilobites, 
scorpions and Limul ids ,  a group wich he called Palaeostraca ( 1 908) , 
and the Cephalaspids were held to be the connecting forms between 
the Palaeostraca and the Cyclostomes.  He supposed that the larval 
Cephalaspid was an Eurypterid ( 1 900, p .  577 ) ,  and that the Ammo
coetes was a Cephalaspid, ( 1 900, p .  586) . PATTEN  ( for  the l i terature see 
PATTEN 1 9 1 2 , pp. XX-XX I )  considered the vertebrates to have descended 
from the arachnid divis ion of the Arthropodes, i n  which he  included 
the typical Arachnids ,  the Tri lobites and the Merostornes.  He too held 
the Ostracoderms to be a sort of transit ional forms between Arth ropods 
and true vertebrates, but he la id m uch m ore stress on  this opin ion 
than GASKELL,  a condition which eau sed h im to create for the Ostra
coderms an independent class Peltocephalata, which he placed between 
the arachnids and the vertebrates. Concerning the Cyclostomes he ex
pressed in 1 9 1 2  (p. 383 ; c f. also d iagram p. 382) the highly in teresting 
view that these represented one of  the earliest offshoots of  the 
Ostracoderms. 
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N o  representatives o f  the Cephalaspidae have yet been found 
with ful l  certainty in  deposits older than the upper S i lurian .  S ince, 
according to the knowledge we now posses of  them from the Spits
bergen forms described below, the Cephalaspidae attained their greatest 
degree of flourish ing a l ready in  the upper Si lur ian ,  however ,  i t  is 
beyond question that they must h ave a risen much earlier, probably 
even in the O rdovic ian .  Towards the middle of  the Devonian they 
rapidly decreased in  abundance and during the later ha l f  of  tha t  epoch 
they were rare. They probably became extinct before the beginning of 
the Carboniferous period . 

As far as is known, the Cephalaspidae are in their geographical 
d istri bution a lmos t  exclusively l im ited to deposits of  Europe and eastern 
Canada, only a single doubtfu l l  speeimen having been recorded from 
Austra l ia  (CHAPMAN 1 906, pp.  93- 1 00) . I n  Europe representatives of  
them have been found on the  I s l and of  Oesel ,  Esthonia ,  (upper 
S i lurian ) ; in  Scania ,  in  the south o f  Sweden (upper S i lurian) 1 ;  in  the 
Oslo (Kristian ia)  a rea,  in  N orway (up per Sil u rian) ; in  Scotland (upper 
Si lurian ,  lower Devonian, middle Devonian ) ;  in  England (upper S i lurian , 
lower Devonian)  and in the north o f  Franee (lower Devonian ; LERICHE 
1 906, pp. 37-39) . To these European local it ies Spitsbergen is now to 
be added ·as the most important one, the number of  species found there 
amount ing to not less than a t  least 24, 1 4  of  which are from the upper 
Si lur ian ,  1 0  from the lower Devon ian .  I n  eastern Canada Cephalaspid s  
have been found at Gaspe (Iower Devonian ) ,  at Campbel lton ( Iower 
De von i a n ) and a t  Sca u m e n a c  Bay (uppe r Devon i a n . See T R AQ U A I R  

1 890 a ,  pp .  1 6 , 2 1  and PAT T E N  1 9 1 2 , fig .  237 on p . 357) .  

l D iscovered b y  t h e  author i n  1 924 . .  

2 
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D ES C R I P T I O N  O F  TH E S P ITS B E R G E N  F O R MS 

Material and methods.  

The material of Cephalspids now avai lable from the Red Bay series 
(Downtonian ) and Wood Bay series ( lower Devonian) of  Spitsbergen 
consists , as a rule , merely of  cephal ic sh ields or detached fragments of 
such shields .  No  remains of the fins  are known , and parts o f  the 
squamation of the trunk h ave been found associated with the cephal ic 
shield on ly i n  one  case ( i n  Cephalaspis staxrudi) . The state of  preserv
at ion thus indicates that a complete decomposit ion of the soft t issues 
must generally have taken place before the speeimens became embedded 
i n  the rock. 

The rocks contain ing the Cephalaspids con sist both in  the Wood 
Bay series and i n  the Red Bay series of  more or  less  coarse sandstones 
and conglomerates. But while these sandstones and conglomerates 
usu a l l  y are red or reddish and only rarely grey i n  the Wood Bay series, 
they are, on the con trary, generally green or  grey-green i n  the Red Bay 
series ,  though i n  certain  places - as for instance, at  the Frankel Ridge and 
the uppermost parts of Mt .  Pteraspis - they m ay even in the lat ter series 
have a gre y or red colour. The skeletal parts which occur i n  the red 
or grey rocks are generally whit ish ,  p ink or reddish in colour, often 
with a tone of blue i n  i t  when they have been exposed to weathering. 
On  the other hand, the skeietal parts which are embedded i n  the green 
or grey-green rocks are in  an  unweathered condition dark-brown or black 
owing to infiltration by bi tumen . When exposed to weathering ,  they of ten 
Ioose the bitumen and change their colour in to reddish-blue, l ight blue 
or  alm ost white. 

The cephal ic shields from the Wood Bay series usu all y have the 
internal parts more or less destroyed and crushed or  are in  most cases 
so bad ly preserved that few detai Is can be observed .  The cephal ic 
shields from the Red bay seri es, especially severaI of those of  small 
speeies ,  on the contrary, o f  ten have their internal parts i n  an excel lent 
state of  preservation ; and as i n  addit ion their bone,  by its dark colour,  
strongly contrasts with the comparatively l ight rock, they are very well  
suited for a detailed study of the in ternal anatomy. 

In order to get an idea as  comprehensive as possible of  the i ntern a l  
structures certain of  the shie lds from the Red bay series were prepared 
by hand so tha t  the d ifferent can als etc. became exposed, wh i le  other 
speeimens from this series were used for serial sect ions.  
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Since the detaiIs to be prepared by hand were i n  most cases 
extremely del icate the preparations had to be made by very fine needIes 
under a binocular loupe of  a modern construction ,  as manufactured by 
Zeiss .  The magnification generally used for this purpose was about 
30-50 times. I n  order to e l iminate the refractions caused by the rather 
.coarse gra ins of  the rock - that is  to say i n  order to in tensi fy the 
contrast in colours between the often extraordinarly th in and not very 
d istinct bone laminae and the rock � most of these preparations had to 
be carried out in  alcohol or di luted Canada balsam. As the rock was 
usual ly very hard the preparations required a considerable t ime.  It may 
be mentioned , for instance, that the preparation of the specimen shown 
in pls. 49 and 50 took about two months .  

The seria l  sections were made by grinding,  according to the method 
i nvented by SOLLAS ( 1 904 b). As the material which could be used for 
this purpose, however, was very l imited and as i n  addition it was i n  
the  first place necessary to  establ ish the course and relations of  severaI 
of  the very fine canals the sections in  some of  the series, as for i nstance 
i n  the transverse series B and the sagittal series C, have not been taken 
with quite regular  intervals. Each section was drawn by a Zeiss drawing 
camera. And i n  order to make the detaiIs as dist inct as possible for 
the drawing the ground surface was covered with th in  canada balsam ,  
glycerine or eugenol .  Or  else i n  certain cases i t  appeared for the  same 
purpose more favorable to submerge the entire piece of rock with the 
fossi l  in to one of  the said fluids .  The section ser ies A ,  B ,  D ,  and F 
figured i n  pls .  74- 1 1 4  are so complete that they could be used for 
making models i n  wax of the fossi Is and the restorations given i n  
text-figs. 1 4-27, 33-35, and  39-4 1 a re  reproductions of  certa in of  
the models  thus made .  

Anatomy. 

General characters. 

S h a p e  a n d  m o d e  o f  l i v i n g . - As has been pointed out al ready 
by severaI previous writers, the Cephalaspids ,  with regard to their general 
shape, rather elosely resemble  certa in  recent Loricario id Teleosts, a state 
of  things wh ich , as i s  now well known, i s  due to convergence . Their 
head is  always broad and more or  less depressed in a dorsi-ventral 
d i rection with the eyes situated elose together on the dorsal side and 
the mouth and the branchical openings on the ventraI s ide .  

From their  general  shape i t  is  easi ly understood that the Cephal
aspids were benthonic forms. And since, as we shall see from the 
description given below, they had no j aws their mode of feeding must 
have been rather passive. Probably , therefore , their food  consisted e i ther 
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of smal l  invertebrates l iv ing on and i n  the mud or of  these together 
with putrefied organic substanees. 

T h e  e e p h a l i e  s h i e l d ,  i t s  s u b d i v i s i o n  a n d  e e r t a i n  o f  i t s  
e x t e r n a l  e h a r a e t e r s .  - The head and an adjaeent more or  less 
long part of  the trunk are p rovided with a eontinuous shield whieh, in 
the fossil state , consists on ly of  bone. This sh ield has usually been ealled 
the eephalie shie ld ,  a term whieh wil l be adopted for it th roughout 
th is  work too.  The part o f  the eephalie shield as thus defined that 
belongs to the head, and whieh wil l be terrned the eephal ie d ivision 
proper, is  from the outside not d istinetly bounded off  from the other 
part whieh fal ls i n  the most anterior part  of the trunk and whieh wil l  
be referred to as the trunk or abdominal  division. The approximate 
extension of  these· two d ivis ions is shown in text-fig .  1 .  

The eephal ie d iv is ion proper eompletely oeeupies the parts of  the 
head visible from the dorsal side. On the ventrai side of the head, on 
the contrary, it i s  restrieted to a marginal zone along the rostrai and 
lateral borders and to a posterior zone whieh eonneets the posterior 
part of  the marginal zone of one side with the .posterior part of  the 
marginal zone on the other side (text- fig. 1 B) 1 .  Aeeord ingly it forms 
on the ventrai s ide a more or  less d istinetly r ing- l ike zone whieh 
posteriorly is  eont inuous with the trunk divis ion of  the shie ld .  This 
zone wil l in  its entirety be referred to as the ventrai rim , and this . 
term i s  thus used here in  a wider sense than in  the earl ier works, 
and as proposed by LAN KESTER ( 1 870) and WOODWARD ( 1 89 1  a ) .  

Owing to  the  faet that i t  thus  does  not oeeupy anything l ike  the 
whole of  the median parts of  the ventrai s ide of  the head ,  the eephal ie 
divis ion proper has i n  the fossi l state of  preservation a big opening 
ventrally, an opening whieh is  bounded anteriorly and lateral ly and 
posteriorly by the medial  margin o f  the ventra i  rim .  This  opening lea ds 
upwards into a large spaee whieh lodged the p harynx, the gi l l-saes and 
the mouth , and whieh may therefore be  properly ea l led the oralo
branehial ehamber (text-figs. 2, 4). The opening itself, whieh has an 
oval or more or less e ireular shape (text-fig .  1 B ,  4 ,  8 B) , may be term ed 
the oralo-branehial  fenestra. 

The oralo-branehial fenestra was in  the l iv ing specimens closed by 
soft tissue whieh was perforated by the mouth open ing anteriorly and 
by the external openings of  the gill- saes along eaeh l ateral s ide j ust 
as i n  Tremataspis ( PATTEN 1 903 a ,  Pl .  2) .  This soft tissue eerta inly 
eontained one or  severai skeietal e lements of  eartilage ; and ,  at least in  
severai forms, the external (ventrai) s ide  of  i t  was  proteeted by an 
armour consisting of  numerous smal l ,  elosely set  sea les  or  plates of  

l I n  certa in of  t he  Engl ish forms - as for i nstance Hemicyclaspis murchisoni -

the posterior zone as well  as the ventrai part of the trunk  d iv is ion are represented 
merely by scales.  
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Text-fig. 1 .  Sketch' of the cephal ic shield of a Cephalaspis. The approximate boun
daries between the d ifferent div is ions denoted by broken l i nes. 

2 1  

various  shape and size. This wa3 the case, for ins tance ,  i n  Hemicyclaspis 
m urchisoni (WOODW ARD I S9 I a, p. I S9,  pl .  X ,  fig. 2) and in Cephalaspis 
straxrudi, the l atter of which is from the Spitsbergen Downtonian 1 .  I n  
this connect ion i t  deserves also t o  b e  pointed out that the corresponding 
part of the ventraI . s ide of  the head in  Tremataspis was provided with 
a number of  plates of  a s im i lar kind ( PATTEN 1 903 a ,  pp. 7� 1 2 , pl. 2), 
although these plates were larger and fewer than those known so far 
among Cephalaspids .  

As i s  seen from text-figs. 2, 3,  5 the cephalic divis ion proper i s  low 
both anteriorly and along the lateral borders. The rostraI margin is  in  
dorsal and ventraI aspcects in  certa in forms rather rounded o ff  (text
figs.  6 1 ,  63 , 76 ; p l .  3, fig. 2 ,  pls .  6-S, 42 ; pl .  43, fig. I ) , whereas i n  
others i t  is  provided with a more or less pronounced angle - the rostraI 
angle (text-figs. I ,  53, 65, 66 etc. ; pl . l ,  fig. l ;  pl .  5 ,  fig. I ;  pl. 23, fig .  l ;  
pl .  32 ,  fig .  I ;  pl .  36, fig. 2 etc . ) .  I n  certa in  forms ,  as Cephalaspis camp
beltonensis (WOODWARD I S9 1  a, p. 1 9 1 . pl .  9, fig. 5 ;  TRAQUAIR 1 893 a ,  
pp .  1 4 6- 1 47), Boreaspis rostrata (text-figs. 7S ; pl .  1 3 , fig .  4 ;  pls . 1 4 , 1 5) 
and Hoelaspis angulata (text- fig.  77 ; Pls .  44, 45) ,  i t  may even be produced 
in to a m ore or less long rostraI proeess. 

On the dorsal s ide o f  the cephal ic division proper we find the 
following . structures : the orbital openings, the unpaired nasal opening,  
the unpaired pineal  opening and an  unpaired and a paired field which , 
owing  to their supposed function, wil l be referred to as the electric fields .  

The orbital openings, which in  most forms are rather large, are as 
a rule oval in  shape, with their l ongest axes approximately paral le I  to 
the longitudihal axis of the head , or  sl ightly con verging forwards or 

l I n  Hemicyclaspis murchisoni these plates or sca les  were cont inued backwards 
by the scales of  the ventrai side o f  the trunk .  



22 ER IK A :  SON STENSlO 

backwards .  They face not only dorsally but also lateral ly ,  more laterally, 
however, in  those forms which have a h igh cephalic shield than in  those 
which have a low cephal ic shield (text-figs. 3,  5-8, 53-79 ; severai plates) . 
I n  most forms they are surrounded external ly by a somewhat raised, 
thickened border which has been called the orbital ring by LANKESTER 
( 1 870, p .  37) and the orbita l  r im by WOODWARD ( 1 89 1  a ,  p .  1 78) . 

The nasal opening, which - as already pointed -- out is un paired, 
l ies in  the median l ine close in  front of  the pineal opening with a posterior 
part generally reaching somewhat backwards between the orbital openings. 
It is extended in the longitudinal d irection of  the head so that i t  is 
much longer than broad . At least in  all forms known at al l  ful ly it 
consists of three divis ions, an anterior one (nal) and a posterior one 
(na2 ) ,  which are rather circular or oval ,  and a midd le  narrow one ,  which 
is more or less slit-l ike and connects the two other ones (text-figs. I ,  

3, 7,  8, 1 5 , 20, 23, 27 ; p l .  6, fig. 2 ;  pls .  8, 1 7 ;  p l .  32, fig. 2 ;  pl .  35, 
figs. l ,  2 ;  pl .  36, fig.  I ;  pls .  39, 4 1 ; pl .  43, figs . 2 ,  4 ;  pl .  46, fig. 2).  As far 
as  is known, it is always situated in  a distinet depressio n  (f en , text
fig.  3 ;  pl. 1 7 ;  pl. 32, fig. 2) which was called by LANKESTER ( 1 870, p.  37) 
the antorbital fossae (cf. also WOODWARD 1 89 1  a, p .  1 78) , but which 
more conveniently may be term ed the fossa c ircumnasal is ,  a name which 
wil l  be employed for i t  throughout this paper. In Thyestes verrueosus 
(PATTEN 1 903 C, fig. 9, p. 846 ; J AEKEL 1 9 1 1 ,  text-fig.  20) ,  and perhaps 
i n  other forms too, the nasal opening seems to be si tuated at the very 
bottom o f  the fossa circumnasal is .  In m ost of the Spitsbergen forms 
(C. hoeli and others) , on the contrary, the nassal opening l ies on a 
s l ight though distinet longitud ina l  elevation which rises from the bottom 
o f  the fossa circumnasal is (text-fig. 3 ;  pl .  1 7 ;  pl .  32, fig. 2). The functions 
of  the d ifferent parts of  the nasal opening wil l  be dealt with in  con nec
tion with the description of  the cranial cavity. 

The pine al foramen (pin, text-figs. 1 A,  3 ,  7 , 8 A,  1 5 , 20, 23 , 27, 53-79 ; 
pl .  6, fig. 2 ;  p l .  8 ;  pl .  1 3 , figs. 2-4 ; pl .  1 7 ;  pl .  35,  figs. l ,  2 ;  pl .  36, figs. 1 , 2 ; 
p l .  38, fig. l ;  pls .  39-4 1 ; pl .  43 , fig. 1 ; pl . 46, fig. 2) l ies between the orbital 
openings - as a rule between the m iddle parts of  these - and i s  some
times broader than it is long, somet imes sl ightly longer than i t  is  broad 
and finaJly sometimes a lmost eireular .  The material which I have studied 
however, does not give any certa in evidence as to whether its shape i s  
constant to each species or wheter i t  varies so much tha t  i t  may have a 
d ifferent shape in d ifferent specimens of the same speeies .  I n  certain 
forms e .  g .  Ateleaspis (text- fig. 6 ;  TRAQUAIR ,  1 905, fig. 3 ,  on p. 884) ,  
Hemieyelaspis (Cephalaspis) murehisoni (WOODWARD 1 89 1  a ,  pl . X ,  fig .  l ;  
PATTEN 1 903 c ,  p l .  1 ,  figs. 1 -4) and a few others (pl . 43, fig. 4) the 
pineal foramen was probably situated in  an independent narrow trans
versal plate of bone which extended between the two orbital openings 
in  the manner shown in text-fig. 6.  
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Text-fig. 2. Two schematic 
sections through the head 
of a Cephalaspid. A, median 
sagittal sect ion.  B, trans
verse section through the 
poste ri or  part o f  the otic 
region.  The exoskeletal 
bone  with thick l ines  and 
the perichondral bone. layers 
with fine l ines ; cart i l age 
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dotted. 

a. eff. com, space for the 
arteria branchial is efferens  
communis ;  aort, aorta canal ;  
aort, gr. aortal groove, a.  

marg, can al for the marginal 
artery; ch, notochord; c. sem. 
post, divis ion of  the laby
r inth cavity for the canal is  
semicircularis posterior ; cv, 

B., 
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cran ial cavity ; dpr, area which bounded the mouth cavity on the dorsal side ;  des, canal 
for the e lectric nerve to the dorsal electric field ; dsf, dorsal electric fie ld ; Isj; lateral 
e lectric field ; m, mouth opening ; na, + na2, nasal opening + the opening of the hypo
physeal sac ; obr. ch,  oralo-branchia l  chamber ; oes + tr, opening for the oesophagus and 
the truncus arteriosus in  the postbranchial  wal l ; p. brw, post-branchial wall ; pin, 
pineal foramen ; pr. au, otical promipence ; r. aort, aortal ridge ; sel, one of the n erve
canais to the lateral electric field ; v. cl, canal for the vena capitis lateral is  ; v. marg, canal 

for the marginal ve in ; vest, vestibular division of the labyrinth cavity. 

The structures referred to above as electric fields are depressed 
d istinctly bounded areas which in  certain well-preserved specimens 
of  Cephalaspis,  Hemicyclaspis murchisoni, A ceraspis and Tremataspis 
are covered by numerous smal l  polygon al plates (WOODW ARD 1 89 1  a ,  
p l .  X ,  fig .  2 ;  1 906, fig .  2 ;  1 920 fig. 4, p .  32 ; PATTEN 1 903 c ,  text-figs. 5, 
6, 9, pl. 1 .  fig. 3 ;  1 9 1 2 , figs. 232 , 238 ; GOODRICH 1 909, fig. 1 73 ;  J AEKEL 
1 9 1 1 ,  figs .  20,  2 1 ; STROMER 1 9 1 2, fig .  50 ; KIAER 1 924, text-fig.  1 0) .  In 
the  Spitsbergen forms ,  however, nothings is  preserved of  such p lates. 
The unpaired electric field l ies immediately beh ind the pineal opening, 
extending from that more or  less far backwards. This field wi l l  be 
called here the dorsal electric field (dsj, text-figs. 2 A ,  3, 53, 56, 57, 
64, 65, 67, 74, 76-79 ; pl .  1 ,  figs.  2,  3 ;  pl .  3 ,  figs. 2 ,  3 ;  pl . 1 3 , fig. 4 ;  
p l .  1 7 ;  pl .  1 9, fig. 2 ;  pl .  32, figs. I ,  2 ;  pl .  38, fig. l ; pl .  39 ; pl . 46, fig.  2) .  
The paired e lectric field ,  wh ich is  situated ra ther close to the la teral 
margin of each side, is always rather long ; and in  those species which 
have broad cornua it extends regularly backwards on these, i n  certa in 
species even alm ost to their distal ends .  Throughout this work the 
paired e lectric Reid wi l l  be referred to as the lateral electric field Usf, 
text-figs. 2 B, 3 , 5 , 53, 56, 57, 58, 6 1 , 64, 6.5 , 67, 68, 7 1 , 74 , 75-79 ;  pls .  1 -3 ;  
p l .  4 ,  figs. 1 , 2 ; p l .  8 ; pls .  1 1 , 1 4, 20-22 ; pl .  23, fig. 2 ;  pls. 28-30 ; pl .  3 1 ,  
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fig. 3; p l .  32, figs. l ,  2 ;  p l .  38, fig. l ,  pls .  45,  49, 50 ; pl .  54, fig .  I ) . While 
in  most Cephalaspids the lateral e lectr ic field throughout its length 
general ly i s  a continuous organ ,  there is known a form,  Euker
aspis, in which ,  according to the accounts by LANKESTER ( I  870, 
text-ng.  3 1 ,  p. 58) and WOODWARD ( 1 89 1  a, text-fig.  27, p. 1 93) i t  i s  
subdivided in to  s ix d ifferent divis ions .  I n  th i s  connection i t  i s  also 
worthy of  notice that the l ateral electric field in  Tremataspis i s  sub
divided too though the d ivis ions are only two, an anterior and a poste
rior one,  which l i e  far apart ( PATTEN 1 903 a, pp. 23 -26, pl. 2 ,  fig. 9 ;  
1 9 1 2 , figs .  236, 238 ; J AEKEL 1 903 , pp.  86-8\1, fig .  I ;  1 9 1 1 ,  p .  34 ,  fig.  1 9 ;  
WIMAN 1 9 1 8) .  The minute structure , innervation and function o f  the 
electric fie lds wi l l  be dealt with in  a specia l  chapter below. 

The trunk divis ion of  the cephal ic sh ield is  composed of  one 
median unpaired part and a pa ired lateral part (text- fig. l ) , the l atter of  
wh ich inc ludes a l so  the cornu of  i t s  s ide .  The pelvic fin articulated 
against this latter part which thus corresponds to a shoulder girdie, and 
on account of that i t  is  referred to in  the present work as the zonal 
part (text -fig .  I ) . The unpaired part wh ich protected the portion of  the trunk 
situated medial ly and posterior to the lOnal part of each side wil l  be 
ca l led the interzonal part (text-fig. I ) . 

The interzonal part, as thus defined , i s  continuous with the ceph a l i c  
division proper anteriorly and wi th the zonal part at each antero-lateral 
corner (text-fig. I ) . .I n  most forms i t  exhib its no  or  on ly very ind istinct 
traces of segmentation .  On the otter hand i n  a few forms such as 
Hemicyclaspis murchisoni (WOODWARD 1 89 1 a ,  pl . X ,  fig. l ; j AEKEL 1 9 1 1 ,  
fig .  2 1 ) , Cephalaspis lyelli (GOODRICH 1 909, text-fig. 1 73 ;  STROMER 1 9 1 2, 
fig. 50), Thyestes verrucosus (ROHON 1 896 a, text-fig .  4 ; PATTEN 1 903 c ,  
text-fig. 9 ;  j AEKEL 1 9 1 1 ,  fig. 20) and Kiaeraspis auchenaspidoides 
(text-fig. 3- 5 ,  79 ; pl .  52 ; pl .  53,  fig .  l ;  pl . 54 ,  fi g .  2, pl .  55)  there a re 
to be seen on the posterior parts of  its lateral surface severaI dorsi
ventral ly running grooves separated by ridges, which have approximately 
the same breadth as the high flank  scales of  the trunk and obviously must 
represent such flank scales which thus have been incorporated in  the 
cephal ic  sh ield .  I n  Kiaeraspis there are in addi t ion on  the ventraI sur
face (pl .  53, fig .  2) mo�t posteriorly quite d ist inct traces of small more 
or less quadrangular scales, so that it i s  there ful ly obvious that the 
ventrai portion of  the in terzonal part has arisen by fusion of  smal l  
independent ventrai scales .  Under the supposition that on the trunk 
the high fl ank-scales corresponded in  num ber to the myomeres there 
would thus be a possibi l ity to ascertain the num ber o f  segments forming 
the interzonal  part  of  the cepha l ic  shie ld .  S ince ,  however, the boundaries 
between the original ly independent scales in the anterior portion of  the 
in terzonal part are either very ind isti n ct ( Thyestes verrucosus) or have 
en tirely disapeared, only an approx imate esti mation of the num ber o f  
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Text. fig. 3. Kiaeraspis auchenaspidoides. Restoration of cepnal i c shie ld .  Dorsal view. 4,5It . 
c, corn u ; dsj, dorsal el�ctric field ; d. sp, dorsal spine ; f en, fossa circumnasal i s ; Isj, 
lateral e lectric fie ld ; na" opening o f  the hypophyseal sac. ; na2, nasal opening proper ; 

orb, orbital opening ; ps, pectoral s inus ; pin, pineal foramen.  

segments can be made. Such an estamation gives as a resul t  that the 
num ber of segments would be in  the Cephalaspis-species general ly  
2�3, in  Thyestes verrucosus 4 or 5 and in Kiaeraspis auchen(lspidoides 
9- 1 0. At least in severai Cephalaspis species (C. hoeli and others) and 
in  Kiaeraspis auchenaspidoides, i t  i s  fully obvious that  the interzonal 
part is  one segment shorter ventral ly than laterally and dorsally (text
figs. 3�S, 79 ; pl. 53, fig. 2). As is  thus seen from what has been seth 
fo rth here, the interzonal part varies rather much i n  extension back
wards according to the num ber of segments of  which i t  consits . 

The dorsal side of the interzonal part is  i n  severai forms some
what extended backwards, forming a more or less pronounced angle, 
which is  here terrned t�e posterior angle of  the cephal ic shield (text
fig. l ) . I n  certain forms,  as Cephalaspis lyelli (LANKESTER 1 870, text 
fig. 1 6) ,  Cephalaspis isachseni ( text-fig. 57 ; p l .  3) ,  Cephalaspis hoeli 
(text-fig .  64 ; pl. 1 9 , fig. 3) , Kiaeraspis (!uchenaspidoides (text-fig.  3, 5 ,  
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79 ; pl .  54, fig. I ;  pl .  56, fig. 2) and others ,  this angle is e levated and 
developed into a dorsal  spine,  wh ich as has been suggested by K IAER 
( 1 9 1 1 ,  p. 1 6) probably forms the last  vestige of the reduced anter ior dorsal 
fi n .  In severai forms a more or less sharp median longitud inal  ridge 
or keel , the crista l ongitud inal is dorsa l is ,  extends from the posterior 
angle or  the dorsal spine forwards to the posterior end o f  the dorsal 
electric field. In other forms such a ridge or keel is  indisti nctly devel
oped or absent .  The angle between the posterior and lateral borders 
of the interzonal part was cal led by LANKESTER ( 1 870, p .  38) the posterior 
angle of the sh ield ; but as ,  save in a few exceptional  cases (Benneviaspis 
holtedahli, text-fig. 76 ; pl .  43, fig. I ) , it actua l ly  does not reach as far 
back as the angle terrned here the posterior angle ,  it wi l l  be cal led 
instead the postero-Iateral angle (text- fig. I ) . 

Turning now to the zon al part ,  we find (text-fig .  I )  that th is ,  with
out any boundaries, is cont in uous anteriorly with the cephal ic div is ion 
proper of the sh ie ld .  As wi l l  be shown later i t  has a posterior wa l l  
'perforated by severaI canals ,  a nd  against  this wal l  t h e  pectoral fin  
a rticulated (text-figs. 34 ,  35 ,  52 ; pl .  54, fig .  I ) . Concerning th i s  fin  i t  i s  
further to be mentioned tha t  i t  was  situated with i ts anterior portion 
in the sinus, which ,  as a rule, is forrned by the posterior margin of  the 
zonal part. This sinus, which therefore wi l l  be cal led the pectoral sinus 
(text-fig. 1 ;  ps, text- figs. 3,  4 ,  5 and most o f  the p lates) ,  i s  bounded 
laterally by the cornu of  its s ide and media l ly by the interzonal part 
o f  the shie ld .  I n  certa in forms the cornu has on its media l  s ide an obtuse 
angle, which ind icates how far the pectoral sinus reaches backwards on 
the l ateral s ide. This angle wil l be referred to as  the medial angle of  
the cornu (text-fig. I ;  pl .  2 ,  fig. 3 ;  pl .  2,  figs .  3 ,  4 ;  pl .  4 ,  fig.  1 ;  p l .  1 1 ) .  

The  pectoral s inus, as here defined,  is  generally  we11 developed 
and d ist in ctly bounded in  the Cephalaspis-species and further  it is  also 
wel l developed in  Eukeraspis. In Hemicyclaspis murchisoni  and in 
Hoelaspis i t  is broad and not d istinctly bounded ; and probably th is 
was the case in  Aceraspis and Micraspis too (KIAER 1 9 1 1 ,  pp.  1 6- 1 7 ;  
1 924, text-fig. 1 0) .  I n  Thyestes, Boreaspis and Kiaeraspis i t  i s  rather 
small which probably indicates that the pectoral fin was somewaht  reduced 
in these genera . In Didymaspis I have found i t  too,  though i t  i s  very 
smal l  (text-fig. 80 ; cf. WOODWARD 1 89 1  a ,  p l .  IX ,  figs .  7 ,  8) . I n  Tremat
aspis, on the contrary, no traces of  i t  can be  detected .  I ts gradual 
disappearance in  Thyestes - Boreaspis - Kiaeraspis - Didymaspis, 
however, seems to ind icate that its absence in Tremataspis is due to 
reduction .  A fu rther support for such a view is formed ,  as we sha 1 1  
see ,  by the fact that  a lso o ther  groups among the Ostracoderms than 
the Cephalaspids have traces of  pectoral fin s .  

I n  Ateleaspis t he  postero-I ateral " lappet-l ike expansions "  o f  t he  
cepha l i c  shie ld were considered b y  TRAQUAIR ( 1 899 C,  p .  858 ; 1 904, 
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Text-fig. 4. Kiaeraspis auchenaspidoides. Restorat ion of cephalic shield in ventrai v i ew.  6/ 1 . 
a. car, carotid canal ; a. ejf" - a. ejf., grooves for the two most anterior efferen t  branchia l  
arteries ; a. ejf. - a. ejf9, can als for the efferent branchia l  arter ies 4-9 ; aort. gr, groove 
for the aorta ; a. rostr, groove for the rostrai artery (the premandibu lar efferent branch ial 
artery) ; c, cornu ; dpr, excavated or depressed area, which formed the roof of the mouth i 
d. sp, dorsal spine i f  sn, subnasal fossa ; fy, canal probably for a ventrai longitud inal super
fi cial  ve in ; ibrs i n terbranchial  ridge 3; ibs" ibs9 i n terbranchial  septa l and 9 ;  kl -klo, 
branchial  fossae i oes, open ing  through the postbranch ial wall for the oesophagus ;  arb. at. gr, 
orbito-oti cal groove ; p. ni, pronephros lamel la ; pr. a u, otic prominenee ; pr. orb, orbital 
prominenee ; ps, pectoral s inus ; r. ao/ t, aortal ridge ; r. el!. com, ridge that lodged the 
arteria branchial is  efferens communis ; r. pm, prebranchial  ridge ; tr, foramin through 
the post-branchial  wall for the truncus arteriosus ; V, - V, O  canals for vent rai transversal 
superfical ve ins ; va, can al probably for a branch  of  the truncus arteriosus that posteri
orly anastomozed with the marginal  artery and margi nal ve in ; vs. r, rostrai ve in  s inus ; 
r '" canal for the n .  profundus i V2 , canal for the n. trigeminus  proper ;  VII, canal for 
t h e  n .  facia l is ; IX a, canal for the n .  gl'Ossopharyngeu s ;  Xb",  can al for the first branch 
of  the n .  vagus ; Xbr2 -Xbrs, can als for the other branchial barnehes of the vagus nerve . 
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· pp.  885-886) to be homologous with the "flap-l ike structures in Chephal
aspis" , i. e with the srructures called in this work the pectora l fins .  I t  
seems not improbable ,  however, th at the " lappet- l ike expansions" in 

· A teleaspis (text-Jig. 6) - if they really were as in the restoration given by 
TRAQUAIR  - instead represent the cornua and perhaps certain proximal 
parts of the pectoral fins ,  and that both are in  a much reduced state. 
Another possibHity , which also is to be taken into account , is  that th e 
" lappet-l ike . expansious" are only the cornua and that the pectoral fins 
were in a much reduced state and devoid of  scales so that  noth ing  
therefore could be left of them in the fossiIs .  I n  any  case, from what 
has bee'n said .above concern ing the presenee of  pectoral fins in Cephal
aspids and other Ostracoderms i t  seems h ighly probable that the 
pec�l iar. appearance of the postero-Iateral parts of  the cephalic sh ield 
in  Ateleaspis are due to reductions and transformations of  conditions 
rather  l ike th ose in  Cephalaspis. This  is  the more probable s ince 
Ateleaspi$ in most other  respects obviously i s  a typical Cephalaspid .  

Final ly als o the cornu
'
a ought to be taken into consideration in  

this connection .  These structures always form parts of the cephal ic 
shield ,  and ,  as has been pointed out, they a re probably s imply the 
enlarged and produced postero-l ate ral corners of  the zonal part of  the 

· trunk division of  the cephal ic shie ld . I n  other words : they thus presum
ably belong to the shoulder-gird le ,  constituting lateral parts of  th at. In 
HlJelaspis they point a lm ost straight laterally, in other forms general ly 
more or  less postero-Iateral ly  or  posteriorly .  With regard to their 
shape they may be ei ther broad and rather flat  in  a dorsi -ventral 
d i rection (text-figs. 54-56, 58, 60, 6 1 ; pls . 1 .  2. I l ) or else narrow and 
more or less circular in  transverse section (text-figs. 57 ,  70, 7 1 ; pl .  3). 
Their medial  border is  in certain species provided with dentic1es .  The 
cornua are general ly weU developed in the Cephalaspis-spec ies as weU 
as in Benneviaspis and Hoelaspis ( text-figs.  76 ; 77 ;  pls .  42-47) .  In 
Kiaeraspis , Boreaspis and Thyestes they are smal ler but nevertheless 
very d istinct . In Hemicyclaspis murchisoni, A teleaspis, A ceraspis, Micr
aspi� they are very sl ight ly developed . I n  Didymaspis they are even 
so small  that they h�ve hi therto generally been overlooked and finaUy 
in Tremataspis they a re ,  as is  well known ,  entirely absent. 

T h e  d e r m a l  a n d p r i m o r d i a l  c o m p o n e n t s o f t h e c e p h a l i c  
s h i  e l d .  - The  cephal ic shield consists both of a dermal  component, 
which wil l  be re ferred to as the exoskeleton ,  and of a primordial  com
ponent for which the term en�oskeleton ,  wi l l  be employed . The endo
skeleton has '  h i therto been overlooked owing to the c i rcum stance that 
detail ed investigations of the inter ior parts of the cephal ic  sh ield can 
be carried out only in  exceptional cases. 

The exoskeleton has a superficial position as usual ,  but i t  was 
certainly very cl osely connected with the endoskeleton in those places 
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Text- fig. 5. Kiaeraspis a uchenaspidaides. Restarati o n  of cephal ic  s h i e l d .  4,5/ i . 
a. br, foramen for the arteria brach ia l is ; c, cornu ; d. sp, d o rsal splne ; Isj, lateral e lectric 

fi e l d ; arb, orbital  openi n g ;  v. br, foramen for the vena brachial  is.  

at wh ich th is  was present basally to i t. It a lone forms the ventraI and 
latera l  wal ls  and to a considerable extent also the dorsal wa ll bf the 
in te rzonal  part of  the cephal ic shie ld ,  whereas otherwise it was developed 
in relation to the endoskeleton .  I t  is  generally thick and strong, but 
may.  in  certa in forms - as Ateleaspis and also i n  severaI Cephalaspis
species from the Spitsbergen Devonian - be rather th in .  Further details 
o f  its structure will be given below in the account on the minute struc-
ture of  the bone of  the cephalic shie ld .  

_ 

The  endoskeleton is situated on the i n side of the exoskeleton and 
extends as far antero-ventrally and latero-ventrally as that .  On  the 
con trary, . i t  reaches less far backwards, as is  seen from text-figs. 7 ,  8 ,  
9- 1 2 , (cf. also pl .  23, fig. 3) ,  so that the  interzonal . part ,  as h"as been · 
pointed out ,  is ch iefly forrned by the exoskeleton alone .  As is also shown . 
by the text-figures q uoted, the endoskeleton is th ro.ughout its extension 
a continuous structure .  Since in  its dorso-median part i t  lodged the  bra in ,  
the auditory organs ,  the eyes ,  the  olfactory organ and tlie cephal ic  portion 
of the notochord (text-fig. 2 ;  pl. 49) i t  is quite clear that i t  compris�d 
the whole primordial  neurocranium or ,  as it wil l  be terrned here, the 
endocran ium.  Moreover, as wi th i t s  anterior ,  lateral and posterior- parts, i t  
extends downwards to the external branchial openings (text-figs. 2 ,  8 B, 
C ,  37, 79 ; pls .  1 5 , 5 1 ) , and, as we shal l  see, i t  has oil  the s ide exposed in 
the  oralo-branchial cha

'
mber very d istinct impress ions which were n!lated 

to the branchial apparatus, there can be no doubt that i t  also includes 
homologues of  the  dorsal parts of the viseeraI arches and thus at least 
partly the viseeraI endoskeleton .  Further as wi th i ts most poster ior part 
i t  reaches backwards into the cornua and to the pec!oral s inus ,  forming 
there the articulation surface for the pectoral fin it  obviously comprises 
the endoskeletal shoulder-girdle too (text-figs. 7 ,  8; p. sh, . text.:ngs. '9- 1 2, 
52 ; pl .  1 0 ;  p l .  54 ,  fig. 2) . Final ly there is found in it a part wh ich  prob
ab ly  forrned a protection for the  pronephros (p.nl ,  text-fig�. 9, 1 0 , 34, 35) .  
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Text- fig. 6. A teleåspis tesselata. Diagrammatie restored outl ine  
after TRAQUA IR  1 904 . 

I t  is thus seen that the  endoskeleton of the cephal ic shie ld is a very 
complex structure. 

I n  Boreaspis rostrata from the very lowest Devon ian of  Spitsbergen 
the endoskeleton is  a lmost  throughout weII ossified , consisting o f  can
ceI Ious bone, wh ich on the surfaces, which are freely exposed i n  the 
fossi l ,  as weII as i n  a l l  cavities and canals is  l ined with thin layers o f  
perichondra l  bone which are continuous  with t h e  basal layer o f  the 
exoskeleton and pass over into that .  The cancel lous in terior, when seen 
in  section ,  appears as  a network (pls .  1 4 , 1 5) and is somewhat suggestive 
o f  the m iddle layer o f  the shield in the Pteraspids .  

I n  a l l  the Si lur ian (Downtonian) forms which I have had the 
opportunity o f  studying the  endoskeleton was completely ossified only 
in the  posterior parts o f  the cornua .  Otherwise i t  must have consisted 
of an uncalc ified sol id t issue, which can not have been anything else but 
a sort of  carti lage, perhaps ,  as we shal l  see, a cartilage nearest com pa
rable to the mucous cart i lage found in the larvae of the Petrom yzontid s .  
This  carti lage was ,  as a ru le ,  l ined with perichondral  bone-Iayers on the 
surfaces not covered by the exoskeleton and on  the surfaces of  a l l  
ca vi  t ies  a n d  c a n a l s .  T h ese perich ondral  bone-I a y e rs a r e  conti n u o u s  b o t h  

with each other and with the exoskeleton .  
The  d ifferent l ayers of  perich ond ral bone which a re found in  the 

Si l u rian forms - at l east i n  those from the  Spi tsbergen Downtonian -
are as fol lows : I )  the  in ternal layer ,  2) the l abyrinth l ayer, 3 ) the 
o rbital layer ,  4) the external  l ayer and 5) the canal layers .  More closely 
defined these l ayers h ave the foI Iowing extensions  and relat ions . ! 

I )  T h e  i n  t e r  n a l I a y e r forms a continuous covering o f  the entire 
cavum cerebrale cran i i .  

2) T h e  I a b y r  i n  t h I a y e  r forms a continuous l in ing o f  the  entire 
l abyrinth cavity (cavit ies for the semicircula r  canals included) .  By means 
of  cana l  l ayers i t  is cont inuous wi th the external and internal layers, 
with the orbital layer and with the exoskeleton . 

1 Al l  these layers are, of course, a lso present  in Boreaspis rostrata. 
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3) T h e  o r  b i t  a l l a y e r form s a continuous l in ing o f  the orbit . 
It is  continuous directly with the internal layer and with the exoskeleton. 
In addit ion certain canal l ayers connect i t  with the external and internal 
layers as weU as with the labyrinth l ayer.  

4) T h e  e x  t e r  n a I I a y e r is  found on the external surfaces of  the 
endoskeleton , which are not covered by the exoskeleton . Thus i t  l ines 
the oralo-branch ial  chamber, the posterior surface of the wal l  - the 
postbranch ia l  wal l  - which bounds this chamber posteriorly (p.  brw, 
text-figs. 2 A, 4) and the ventrai s ide of those parts of the endocranium 

. that ,  as  we shal l  see, proj ect backwards beyond the postbranchia l  wal l .  
FinaUy i t  i s  a lso present on the posterior surface of  each zonal part of  the 
sh ie ld ,  where i t  forms the articulation-surface for the pectoral fin .  I t  thus 
forms a l ining membrane also on the posterior surface of the endoskeletal 
shoulder-gird le .  It i s  continuous directly with the exoskeleton , and by 
m eans of  canal layers, with the i n ternal and externa l  perichondral  bone
layers. A lateral portion of  this bone-I ayer has been observed by 
HUXLEY ( 1 858 a ,  p .  27 1 ;  pl. 1 4 , fig. 4) and LANKESTER ( 1 870, p .  36, 
text-fig. 1 3) .  

5) The canal-Iayers l ine the  can  a ls  for vessel s  and nerves that 
traverse the endoskeleton ,  and they are generaUy present even in very 
narrow canals .  As has a lready been emphasized in  deal ing with the 
other perichondra l  layers, these, even when they do  not pass d irectly 
over in to each other, are nevertheless continuous with each other by a 
num ber of canal-Iayers. The cana l  l ayers which l ine canals  to the 
exoskeleton are a t  the dista l  en ds of these canals cont inuous there with 
that, more exactly with the basal layer of it .  

As is evident from the facts now brought forward , the various 
perichondral bone-Iayers form ,  by means of  their connections with 
each other, a l arge continuous bone which in its turn is  continuous with 
the exoskeleton. The cephalic shield of  the Silurian Cephalaspids i s  thus 
a single large bone which was cartilaginous in  the i nterior of  its endo
skeietal component .  

Finally in  the Devonian Cephalaspids, with the exception of  Bore
asp is rostrata al ready treated, the conditions whith regard to the degree 
of  ossification of  the endoskeleton seem to be chiefly as in  the Si lurian 
ones (pls .  7- 1 0) .  I t  is  noticeable ,  however, that in  them the perichon
dral bone-Iayers may of ten be entirely absent, and that  even i n  weU 
preserved specimens such as  - for instance the spec imen of Cephalaspis 
isachseni figured in pl .  3 - they are much less complete than in  
the Si lurian forms.  These condit ions cannot , in  my opinion ,  have 
been caused merely by unfavorable condit ions during the process of 
fossil izat ion, but must in  addition be owing to some other cause .  And 
as far as I can understand at  present, tha t  cause is probably to be  
sought for in  a less  strong development of  the perichondral bone-Iayers 
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Text-flg,  7 ,  Cepl;alaspis hoeli. Sketch showing the  approximate 
extension of  the pr imordial  component of the cephal ic shie ld .  

The  primord ia l  component shaded, 

themselves. To put the matter in  another way, the perichondral bone
l ayers i n  most Devon ian forms were conceivab ly i n  a more or  less 
reduced state so that general ly  they could not be wel l  preserved . 

From what h as been set fo�th here, it thus seems as i f  the peri
chondraL l ayers were better developed in the forms from the Sil u rian  and 
the very lowest Devonian than in  the  forms fro m  the somewhat younger 
deposits o f  the lower Devon ian .  And, as  will be shown in the account  
below, the  exoskeleton seems a l so  to be thicker  and stronger i n  the  
majori ty of the Downton iim forms than in  the forms fro m  the lower 
Devonian . There are t,hus  ,certa in  facts which seem to point  to the view 
that the Cephalaspids ,  l ike the Arthrodires (STENSIO ,  1 925 b ) ,  the Dipnoi 
(STENSIO,  1 925 b, p. 1 62) , the Coelacanthidae (STENSIO 1 932 ; 1 923) and  
the majori ty of  Chondrostei (STEN SIO ,  1 92 1 ; 1 925 a ;  W ATSON 1 925) ,  
represent a degenerating series with 'regard to their  degree of  ossification .  

M i n u t e  s t r u c t u r e  o f  t h e  b o n e  o f  t h e c e p h a l i c  s h i e l d . 
Contra ry to what -might be expected from i ts m acroscopic appearance ,  
the bone t issue of  the cephal ic .sh ie ld is ,  as a ru le ,  in a l l  Spitsbergen 
forms bad ly  preserved with regard to the microscopic structure .  Hence 
my  researches in to its finer . detai ls could not be carried out with the 
com pleteness which would have been desirable, and accord ingly the 
account  given here can by no  means cla im to be  exhaust ive .  
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Text-fig. 8. Kiaeraspis auchenaspidoides. Sketch to show the approximate extension of 
the primordial component of the cephalic shield. The primordial component shaded. 

A in dorsal, B i n  ventrai and C i n  lateral v iew.  

We begin with the exoskeleton . But befare dealing with the m inute 
structure o f  that, we must fi rst consider certa in o f  its macroscopic 
features. 

The exoskeleton is  generally th ickest in  those parts wh ich cover 
the ventrai rim , the cornua--ffnd the anterior and latera l  margins of the 
endoskeleton (pl .  63 ; pl .  66 ,  fig. 2 ;  pl .  67, fig. 2) .  Further i t  i s  rather 
thick around the orbit .  I t  i s  th innest on the dorsal s ide of  the endo
skeleton in  front of the nasal opening and dorso-medial ly to each lateral 
electric field, between that on the one hand and the orbita l  opening 
and the dorsal electric field on the other (pls . 8, 9 ,  1 0) .  

The external surface of  the  exoskeleton is in  mos t  forms sub
divided by gro oves - the interareal grooves (iag, pl. 64, fig. 2 ;  pl. 7 1 ,  
fig. I )  - into the well-known polygonal areas (p l .  8 ;  pl .  1 6, fig .  2 ;  
p l .  43, fig. 4 ;  pl .  7 1 ,  fig. 1 )  or tesserae . The fact may ,  however,  be 
emphasized here that in  severai o f  the smal l  forms - such as Cephal
aspis hoeli, Cephalaspis vogt i, Benneviaspis, Hoelaspis and Kiaer
aspis - I have not been able to observe any subdivision into polygonal 
areas. On the inner (basal) surface of  the exoskeleton there are m ostly 
no  distinct traces of  these areas, but in  certain forms with very th in 
exoskeleton the interareal grooves g ive r ise to ridges on the inner 
surface of  the exoskeleton by their depressed bottoms.  We thus have 
in  these forms the polygona l  subdivision of the outer parts of  the ex 0-

3 
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skeleton reflected on the inner s ide ,  although the interareal grooves 
are there represented by ridges and the polygonal areas by depres
sions (pl . 8). 

Beneath the exoskeleton, and partly enclosed in the most basal 
part o f  the basal layer of  i t  there are on the outside of the endo
skeleton a great num ber of  superficial vascular canals , which branch 
abundantly ,  forming with the ir  branches a fine network or  plexus, the 
subaponeurotic vascular plexus, which wil l  be described in  detai l  in  
another p lace  below. This plexus i s  we l l  shown from above and below 
in p lates 25 ,  39, 45 ,  49, 50, and in  section (dplx) i n  p l .  64,  fig .  2 ;  
p l .  65 ; p l .  66, fig. 2. I t  i s  not impossible that ,  at l east so far as the Spits
bergen material  is concerned,  th is plexus in certa in of the Downton ian 
forms is  more completely enclosed i n  the exoskeleton than i t  i s  in the 
Devonian forms.  If  i t  could be shown that this d ifference is  not  due 
to an occas ion ,  and in  addit ion that i t  was not a mere exception in  a 
few forms,  it would of course mean that the basal layer of the exo
skeleton was less developed basal ly in  the Devonian forms than i n  the 
Downtonian ones ,  or  to  put it i n  another  way : these condit ions would 
indicate that the deepest part of  the exoskeleton of  the Devonian forms 
often had become  reduced to a certain extent, as compared with that 
of  the Devonian ones. 

From the subaponeurotic vascular plexus numerous fine branches 
are gi ven off to the exoskeleton . These branches (c.asc, pl .  63 ; p l .  64, 
fig .  2; pl .  65, fig.  2; p l .  67, fig.  I ;  pls .  69, 70) , which wil l  here be cal led the 
ascendant vascular canals ,  general ly occur in groups, each group corre
spond ing to a polygonal area. The num ber of ascendant canals in each 
such group may be only one or a few, but mostly i t  seems to be rather 
great. When there are only one or a few of them, these cana ls  pass rather 
perpendicularly upwards through the central part of  the ir  polygonal 
area. When they are numerous, on the other hand,  they enter the basal 
parts of the exoskeleton rather i rregularly seattered beneath their pol y
gonal area. In the latter case, however, they converge rapid ly ,  so that 
during their further course in  a superficial d i rection they soon reach 
a rather central position in  relat ion to their polygonal area (pls .  69, 70) . 
The further branch ing and relation o f  the vascular canals within the 
exoskeleton wil l  be dealt with below. 

I n  accordance with H UXLEY ( 1 858) and LAN KESTER ( 1 868� 1 870) , 
we may in  the exoskeleton distinguish th ree layers, which are as 
fol lows : the basal layer,  the m idd le  l ayer and the superficia l  layer.  

The basal layer (bl , pls .  63�67) is  th ickest along the anterior and 
lateral  borders o f  the shie ld and on the cornua.  Further i t  varies some
what in relative thickness in d ifferent species, and so far as at least 
the Spitsbergen material is  con cern ed i t  may perhaps as a whole 
be thinner i n  the Devonian forms than in the Downtonian ones .  As 
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described by H UXLEY and LANKESTER, i t  consists of thin fibrous laminae 
and has numerous cell spaces which always l ie  between the lam inae 
and which, as a rule ,  are somewhat flattened .  The fibres in  each lamina 
are arranged in such a way that  they are nearly at right angles to those 
in the laminae next above and below. The basal layer i s  thus composed 
of true laminated bone. 

From what has been pointed out above concerning the subapo
neurotic vascular plexus, it i s  quite obvious that this ,  when it i s  enc10sed 
in  the exoskeleton ,  must l ie within ,  or within and j ust beneath , the basal 
parts of  the b asal layer. Moreover from the facts given above concern
ing the branches from that plexus i t  is  quite c1ear that the basal layer 
i s  traversed by the ascendant vascular canals .  These canals seem in 
most places to branch very sparesely with in the basal layer, so that 
th is ,  as a rule, was comparatively poor in  vessels in  its interior. N ei ther 
in  the basal nor in  the m iddle layer I have been able to find any 
certain evidence of  the can als which , according to LANKESTER ( 1 868 
- 1 870, p l .  1 4 , fig, 7 ) ,  would encirc1e the polygonal areas rather deep 
down with in the exoskeleton. The basal layer, as we shal l  see ,  i s  
continuous wi th  and passes d irectly over  into the  perichondral bone
layers. 

On reaching the m iddle layer of  the exoskeleton the ascendant 
vascular  canals of each polygonal area at once begin to branch frequently 
(pls .  63-67) .  The fi rst branches which can be distinguished are sent 
off in a plane more or  less paralleI with the external surface of  the 
exoskeleton (rad. c, pls .  64 -67, 69, 70) and radiate from the central part 
of their poylgonal area beneath the interareal groovos to the central parts 
of the four  to six neighbouring polygonal  areas. When the outer parts 
of the exoskeleton are split off or removed as deep as to these canals ,  
which wil l  be terrned the radiat ing canals ,  we get figures l ike those 
shown in  pl .  70, fig. 2 .  Since the radiat ing canals are most numerous 
in  the peripheral parts of  the polygonal areas and beneath the i nter
areal grooves, these parts a re much weakened so that they are easi ly 
exposed both to weathering ( in which case the condit ions appear as  
seen in  pl . 70 ,  fig. I ) , and to breaking, in  which case the polygonal a reas 
wil l  appear as m ore or less independant osseous plates. The radiating 
canals are in communication with each other by numerous short branches ; 
and from the radiating can als there also issue a great num ber of  other 
branches outwards,  the external branches (ebc, pls .  64-67, pl . 72, fig. 3) ,  
which form a more or less complex network with eath other, a network 
which i s  situated outside the radiating canals and which will be terrned 
the subepidermal vascular plexus. Certa in of  the external  branches may 
perhaps open into the interareal grooves ,  which,  according to what has 
been said here ,  reach into the exoskeleton only as deep as into the 
middle layer (iag, pl .  64, fig. 2). 
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As is  obvious from the facts g iven here ,  the middle layer o f  the 
exoskeleton (ml) is characterized in  the fi rst place by the abundant bran
ching of  the vascular cana ls .  It thus appears in  section only as  an 
i rregular mass of trabecles separated by a great num ber of vacuit ies . 
In addit ion, i t  d iffers from the basal layer by its more indis t inct l a
m ination and by the circumstance that  i t  has few or  no  cell-spaces. ( I  
have,  however, seen sections in  which t h e  cell-spaces a r e  numerous in  
the midd le  layer too) . A long  the lateral and anterior margins o f  the 
shie ld i t  gra du a l l  y passes over basaUy into the basal layer whi le  in 
most other places its transi t ion in to that  layer takes place rather sud
denly (pls. 63-67) .  F inal ly ,  attent ion should here also be called to the 
fact that in  severai of  the forms from the Spitsbergen Devonian i t  m ay 
perhaps have been in a reduced state. 

The superficial layer (sl) forms a continuous whole only in  those 
forms in  which there are no  interareal grooves, or  a t  least in  which no 
such grooves are visible from the outside, and , as  far as I can j udge, it 
has in these a lways a smooth shining external surface wh ich is  perforated 
by numerous fine c ircular pores (pl , 3 1 ,  fig .  I ;  pl. 68, figs. 1 -3 ;  pl . 70, 
fig. 2) . As far as I can see, these pores are the exte rnal openings of 
certain of  the external b ranches from the radiating can als , that is to say 
branches from the subepidermal vascular plexus. In those cases where the 
interareal grooves are dist inct ly developed , the superficial layer may be  
found rather d ifferently developed in  d ifferent speeies .  Thus i t  may i n  
severai speeies be  a continuous covering on each polygon a l  a rea, a 
covering which ,  j ust as in  the forms without interareal grooves, is  
smooth and sh in ing external ly and perforated by numerous pores (pl . 7 1 ,  
fig .  I ) . I n  other speeies i t  may be continuous too, but th ickened in  
places, so as  to form tubereles. A l so  in  th i s  case i t  is perforated by  
numerous pores, but the tubereles exhibit  fewer pores than the  i n ter
vals between them (p l .  40, fig. I ) . Final ly ,  in a great many speeies the 
superficia l  layer is absent between the tubercles ,  so that the midd le 
l ayer i s  vis ib le in  the i ntervals .  In this case a lso the tubereles are 
perforated by rather wide external  branches from the subepidermal 
vascular plexus (de, pl .  72, fig.  3) .  Further in  the species pertain ing 
to the last category the m iddle layer of ten seems  to be very th in .  
Especia l ly when the tubercles a re sparse, the middle  layer seems  to be 
represented alm ost solely by the radiat ing canals ,  the external branches 
from the radiat ing canals being few and short and the subepidermal 
vascu lar plexus thus a lm ost en tirely a bsent (pl . 66,  fig. I ;  p l .  67, fig.  I ) . 

The superficial layer consists of  dent ine : o rtho-dent ine and osteo
dentine (pl . 64, fig. I ;  pl. 67, fig. 2 ;  pl . 72, fig. 3) 1 ,  which ,  as  the dent ine-

1 The osteo-dentine is especial ly to be found in the large tubercles,  which oceur 
on the ventrai r im, along the margins  and on the eornua.  
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can als d iminish in  d iameter distia l ly aequi res an enamel- l ikc appearanee. 
And in  faet i t  seems to me  ful ly eorreet to con sider the most superneial 
parts of  i t  as enamel ,  at least i n  the eases when the externa l  surface is  
d istinetly shining .  This  enamel ,  whieh is  perforated by the most peripheral 
very narrow branehes of  the dentine-eanals ,  agrees in  its strueture very 
wel l  with the enamel  oeeuring in  nshes (TOMES 1 923). The enamel  i s  of  
eourse a l so  perforated by the eomparatively mueh wider  externa l  bran
ehes from the radiat ing vaseu lar canals .  

The boundary between the superncia l  and middle layers i s  of  ten 
very d i ffieult to observe in  the Spitsbergen materia l ,  a faet whieh is  
fu l ly  evident from the m ierophotographs reprodueed in  pls .  64-67. In 
eerta in  eases ,  however, pulp- l ike eavit ies are to be seen below the super
ne ia l  layer (pl .  67, ng. 2 ;  p l .  72, ng .  3 . )  j ust as  deseribed by H UXLEY .  
From these pulp-l ike eavit ies, whieh are merely somewhat widened parts 
of the external branehes from the radiat ing canals ,  the dentine canals 
issue.  

I n  Cephalaspis hoeli , and other speeies in  whieh the superneia l  
layer forms a more or  less eont inuous whole ,  the externa l  branehes 
from the radiat ing can a ls  that perforate i t  may on the ventrai r im and 
on  the ventra i  s ides of the eornua (pl . 68 ,  figs. 1 -3) be arranged in  
longitudinal  rows. When th is  is  the case, a seet ion transversal to the 
longitud inal  rows wi l l , as  shown in p l .  67, fig. 2 ,  exhibit a strueture 
whieh i s  very suggestive of  Pteraspis. And in  faet, as I am going to 
point out in another plaee in this work, the d ifferenee between the 
Cephalaspids and  Pteraspids with regard to the mieroseopic strueture 
of the exoskeleton seems not to be  of  any deep nature. 

From its minute structure it is easy to conclude that the exo
skeleton - except the most superjicial part oj the superjicial layer, which 
was jormed by the epidermis - must have arisen in the corium. And 
in addition it is also easy to see that it must have occupied the co
rium in its entire thickness. 

Before lea ving the typieal Cephalaspids the eondit ions in Thyestes 
verrucosus deserve a closer attention. I n  that species the superficial 
layer i s  restricted merely to the tubereles whieh ,  as i s  well known , are 
rather sparse (cf. pl . 48, ng. 1 in  the present work) . On  aeeount of th is  
the m iddle layer forms a eomparatively great part o f  the exposed ex
ternal surface. There are no  traees of  in terareal grooves, a faet whieh 
seems to me  to ind ieate that the external  parts o f  the m iddle layer 
had beeome redueed , so that  the structures whieh , as  we shal l  see ,  were 
lodged in  the in terareal grooves probably - if  they had not been redueed 
too - must have been situated en tirely in soft t issue. In ful l  aeeordanee 
with th is view i s  the faet that the middle layer i s  rather thin (cf. ROHON 
1 896 b ,  pp .  229-232) .  As pointed out above (p. 36) condit ions m ore 
or less s imi lar  to those now described in Thyestes verrucosus with 



38 ERIK A :  SON STENSlO 

regard to the external parts of  the exoskeleton occur a lso in  certain 
other Cephalaspids in  which the superficial layer i s  restricted merely 
to tubereles which occur at  great intervals from each other. - In certain 
of  the forms from the Devonian of  Spitsbergen the external l ayer 
may perhaps be  sti l l  more reduced than in Thyestes or perhaps even 
entirely absent . 

For the sake of comparison we shal l now turn to Tremataspis. 
In this form the exoskeleton may,  as in  the typical Cephalaspids ,  be 
considered to consist of three layers : a basal one ,  a middle one and a 
superficial one (P l .  72, figs. 1 , 2 ;  cf. PATTEN 1 9 1 2 , pp. 290-292 ; figs. 
1 93- 1 95) l .  

The basal layer, which consists o f  l aminated bone, always rich i n  
cell-spaces, is  very thick a n d  d ist inguished from that in  Cephalaspids 
i n  general by the presenee o f  numerous big cavities (ms) i n  i ts interior. 
From each such cavity there leads a can a l  basal ly to the basal side of 
the exoskeleton and a canal (se, pl .  72, figs. l , 2) superficia l ly into the 
m iddle layer. As far as can be seen, the basal layer was a lm ost smooth 
on the basal side, i .  e .  i t  exhibits no traces of having enclosed any 
subaponeurotic vascular plexus. 

The middle layer i s  considerably thinner than the basal one .  Like 
that ,  i t  consists of  laminated bone and contains numerous can a ls  which 
branch abundantly. As has been pointed out by PATTEN ( 1 9 1 2  loc .cit) 
these canals are of two d ifferent categories, vascular on es and ones which 
probably were mucous or had some sort of sensoria l  function .  

The former of  these can als (rad.c, pl .  72 ,  figs .  I ,  2)  are a l l  rather 
narrow and run almost paral leI with the external surface just beneath 
the superficial l ayer, forming a thin plexus there (very well d isplayed in  
surface view in  p l .  72 ,  fig. 2 ,  right lower corner) with the ir  anastomoses. 
Three, four  or sometimes sti l l  more of  them unite basal ly into wider 
can als ,  which penetrate in  a basal d i rection ,  forming the canals (se) which 
issue from the  superficial s ide of  the big cavit ies in the basal layer. 
As is  seen from their course and arrangement therefore, there can be no 
doubt that  the canals of  the m iddle layer j ust described real ly  are vascu lar 
canals and that the big cavities in  the  basal layer lodged vessels too.  
The plexus forrn ed by the vase ul ar  canals beneath th e superficial  layer 
evident ly corresponds to the subepidermal vascular plexus of  the typical 
Cephalaspids .  

The other can als of  the midd le layer of Tremataspis, which for the 
sake of  brevity wil l  be referred to as the mucous canals (mc, pl .  72, 
figs. I ,  2) , are si tuated sl ightby deeper than the subepidermal  vascular 

l The descriptions of  the  exoskeleton o f  Tremataspis g iven  by  R O H O N  are  i n  
severaI important respects i ncorrect and  owing t o  that they have not been 
d iseussed here .  
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plexus, forming, however, with each other  a plexus toa (wel l  shown i n  pl .  
72, fig.2) . They are considerably wider than the vascular can als and open 
outwards with wide, short branches ,  which perforate the superficial layer.  
Each such branch ,  wh ich leads to the external surface o f  the bone, seems 
to be situated about in  the centre of a mesh of the subepidermal vascular 
plexus (pl .  72, fig .  2) .  In certain places I have seen branches fro m  the 
vascular system opening in to the mucous can als on the basal s ide ,  a 
state of things which shows that the mucous canals received vessels and 
nerves through the vascular can al system .  As ' emphasized by PATTEN ,  
however, t he  communications between the two categories of  canals are 
rather sparse . Everything that i s  known of them so far is  thus 
apparently in  favour of the view advanced here that the canals described 
as mucous on es cannot have been vascular can als but m ust have had 
some other function .  Whether this was s imply a mucous one or  some 
sort of  sen soria l one must remain undecided at present. 

Before proceeding further in  our description o f  the conditions in 
Tremataspis i t  wi l l  be of  importance to observe a l i ttle more i n  detail 
certain relations of  the mucous canals exposed in pl. 72, fig .  2 .  At the 
place denoted by e we see a rather small quadrangular area encirc1ed 
by thick and strong mucous can als .  At a we find s imi lar areas but 
with the d ifference that these areas are bounded by thick mucous can als 
only on two sides, the other two sides being bounded by narrow mucous 
canals ,  which appear to have developed secondari ly .  In fact we find 
at a, four equal ly small  areas, which obviously form parts of a single 
large area, bounded entirely by thick mucous canals ; and accordingly 
we have here an area which seems to be secondari ly subdivided . At 
b and d we find ind ications of  similar large areas secondari ly subdivided 
into smaller ones.  Since now in each such large area there ascend 
from below four ,  five or s ix or perhaps even m ore vascular can als 
( branches from the canals se) arranged in  a somewhat regular way 
around the centre , and these vascular canals penetrate in a superficial 
d i rect ion, branching, and forming a subepidermal vascular plexus i t 
s e e m s  t o  m e  v e r y  c o n c e i v a b l e  t h a t  t h e  l a r g e  a r e a s s u r
r o u n d e d  b y  t h i c k m u c o u s  c a n a l s  i n  f a c t  c o r r e s p o n d  t o  t h e  
p o l y g o n  a l  a r e a s  o f  t h e  t y p i c a l  C e p h a l a s p i d s, a n d  t h a t  c o n
s e  q u e n t I  y t h e  m u c o u s c a n a l s o f  Tremafaspis a r e  r e p  r e s  e n t e  d 
i n  t h e C e p h a l a s p i d s b Y t h e  i n t e r  a r e  a l g r o  o v e s .  

FinallY the  superficial layer of the exoske leton of Tremataspis 
forms,  as we know, a continuous covering on the m iddle layer. I t  is  
l imited basally by the subepidermal vascular plexus ,  from which nume
ro us fine canaliculi issue i n  a superficial d irection into it , penetrating as 
far as to the external surface on which they open with fine pores (pores 
of  this sort seen as fine black dots in  the right lower corner of  fig. 2, 
pl . 72) . These canaliculi frequently anastomoze with each other by fine 
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branches and are in  severaI  places somewhat expanded, so that spaces 
are formed, which a re very s imi lar in  size and shape to the cell-spaces 
in  the two other l ayers, and which perhaps lodged cells (cf. PATTEN 
1 9 1 2 , fig.  1 95 ,  p .  292) .  I f  th is  rea l ly  was so ,  i f  these smal l  spaces 
rea l ly were cel l-spaces , we should be concerned here with a very pecu
l i ar  sort of  tissue, since its character otherwise is  chiefly dentine-l ike. 
We sh ould in  fact have a tissue occupying com plete intermediary con
dit ions between true bone and dentine.  The most superficial part of 
the superficial l ayer, which forms the smooth , shining externa l  su rface 
of the cephal ic sh ie ld ,  probably consisted of  enamel  or of  a tissue closely 
resem bl ing that . 

F r o m  w h a t  h a s  b e e n  n o w s e t  f o r t h ,  t h e r e f o r e ,  i t  s e e m s  
a s  i f  t b e  s u b d i v i s i o n  o f  t h e  e x t e r n a l  p a r t s  o f  t h e e x o 
s k e l e t o n  o f  t h e  C e p h a l a s p i d s  i n t o  p o l y g o n a l  a r e a s  i s  n o t  
d u e  t o a c o a l e s  c e n  c e o f s m a I I  p o I y g o n a I b o n  e p I a t e  s, a s h a s 
h i t  h e r  t o o f t e  n b e  e n s u p p o s e  d .  T h e  i n  t e r  a r e a l g r o  o v e s o f 
t h e  C e p h a I a s p i d s w o u l d o n I y b e t h e m a r k  i n g  s o r i m p r e s
s i o n s o f s t r u  c t u r  e s c o r r e s  p o n d  i n g  t o  t h e  s o-c a I l  e d m u c o u s 
c a n a l s o f  Tremafaspis. T h e  s e m u c o u s c a n a l s w o  u l d t h u s  i n  
t h e  C e p h a l a s p i d s  t o  a c o n s i d e r a b l e  e x t e n t  h a v e  b e e n  
s i t u a t e d  i n  s o f t t i s s u e. I n  s u c h  f o r m s  a s  Thyestes verrucosus , 
w i t h  t h e  m i d d l e a n d  s u p e r f i c i a l l a y e r s  m u c h  r e d u c e d , t h e y  
s e e m  e v e n  t o  h a v e l a i n  e n t i r e l y  i n  s o f t t i s s u e ,  s o  t h a t  
t h e r e  a r e  n o  i m p r e s s i o n s  o f  t h e m  o n  t h e  e x o s k e l e t o n .  

After this description o f  the exoskeleton we turn next to the endo
skeIeton . In Boreaspis rostrata, in  which ,  as we have seen ,  the endo
skeleton is ossified th roughout, I have not  studied the minute struc ture 
of i t, since the avai lable material of this species is too l imited to be used 
for microscopic sections .  In the other forms, in which ,  as described 
above (p. 30) , the endoskeleton was carti laginous but provided with 
perichondral  bone - layers ,  I have had severai opportunities of studying 
the finer structure o f  these perichondral bone-layers ,  and I have found 
that they a l l  con sist o f  l aminated bone o f  the sam e  type as  the basal 
layer of the exoskeleton. Most of  the perichondra l  layers, however, are 
very th in and composed on ly of  a few laminae .  

I t  has a l  ready been mentioned that  the perichondra l  bone layers 
are continuous with the exoskeleton .  M ore closely defined,  they are 
continuous with and pass over only into the the basal part of  the basal 
layer of the exoskeleton , with which as we have found,  they agree 
completely in structure. T h e s e  c o n d i t i o n s  s e e m  t o  m e , a t  l e a s t 
t o  a c e r t a i r;  e x t e n t , t o  l e a d  t o t h e  s u s p i c i o n  t h a t t h e  b a s a l  
l a y e r  o f  t h e  e x o s k e l e t o n  m o s t  b a s a l l y  m a y  i n c l u d e  c e r t a i n  
l a m i n a e  f o r rn e d  b y  t h e  p e r i c h o n d r i u m  o r  t h e  u n d e r l y i n g  
e n d o s k e l e t o n  a n d  t h a t  a c c o r d i n g l y  t h e  m o s t  b a s a l  p a r t o f  
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t h e  b a s a l  l a y e r  o f  t h e  e x o s k e l e t o n  i n  r a c t  m a y  b e  o f  a n  
e n d  o s k e i  e t a  I o r i g i n . This  suspicion i s  further supported by the 
fact that as set forth above the subaponeurotic vascular plexus is of ten 
found included in the basal parts of  the basal layer .  

There are thus certa in facts which seem to ind icate that what has 
been terrned exoskeleton in  the Cephalaspids in  i ts most basal part 
perhaps may not be of a purely derrnal origin. A ful ly posit ive decision 
i n  this question wil l  hardly be possible ,  however ,  since we cannot study 
the ontogeny of the exoskeleton .  

The oralo-branchial chamber and the postbranchial wall. 

On the lower s ide of the cephal ic divis ion proper of the cephal ic 
shie ld we find ,  as already descri bed above, the large oralo-branchial 
fenestra (text-figs. l B, 4 ,  8 B) ,  which , as has a lso been mentioned was 
ciosed, except for the mouth opening and the branchia l  openings, by soft 
t issue ,  which may have contained one or more cartilages and which was 
strengthened externally with sca Jes or a num ber of  scale-l ike plates 
(cf. pp. 20-2 1 above ; cf. also the chapter on the visceral skeleton below). 
As has also been pointed out, th i s  fenestra leads upwards in to the 
extensive oralo-branchial chamber, a space in  which in the mouth cavity, 
the pharynx and the gil l-sacs were si tuated . I shal l  here give a brief 
account of  that chamber and its boundaries. 

The oralo-branchial chamber (obr. ch , text-figs. 2 ,  4 ,  9- 1 3 ;  pls .  I S , 
44, 5 1 ,  52) i s  situated entirely within the endoskeletal component of  
the cephal ic sh ie ld ,  i ts dorsal boundary beeing forrned by the endocranial  
part o f  the endoskeletal component, its anterior, lateral  and posterior 
boundaries , on the contrary , by the visceral part o f  the same component. 
I ts  ventrai boundary was, as is  easi ly understood,  the soft tissue that closed 
the oralo-branchia l  fenestra ; and, with the exception of  the ventrai side, 
i t  was l ined th roughout by the external perichondral bone-Iayer. It is  
widest  and longest m ost ventral ly ,  immediately above the oralo-branchial 
fenestra, d iminishing rapidly upwards both in  longitudinal  and trans
versal extensions. I ts maximum breadth , i s  situated beneath the eth
m oida l ,  orbitotemporal and otic regions of  the endocran ium.  

The posterior boundary of  the oralo-branchial chamber - that  is  to  
say, the posterior portion of  the visceral part of  the endoskeleton - is a 
wall which des cen ds from the ventrai s ide of  the endocrania l  pa rt of the 
endoskeleton in a postero-ven tral d irection ; and,  as this wall reaches so 
far downwards and posteriorly as the inside of the exoskeleton fO'l low
ing behind the oralo-branchial fenestra i t  forms a complete septurn 
between the oralo-branch ial chamber and the trunk (p .  brw, text-ngs. 2 A ,  
4 ,  9- 1 2, 1 3 , 33--35 ; p l s .  8- 1 0, 1 4, I S , 20, 22, 23 , 42 ; pl .  46 ng.  I ; p l .  47  
ng.  I ;  pls .  49-58) . More exactly ,  i t  descends from the neurocranium 
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Text-fig. 9. Cephalaspis 'weli. Cephalic sh ie ld  i n  dorsal aspect but  with the  most 
dorsal parts removed by grind ing. Bone l ayers appearing as black lines. The 

parts o f  endoskeleton which consisted of  cartilage denoted by dotting. 
Magnification about 3/ 1 . 

a. eff. com, canal for the arter ia branchial is efferens  communis ,  a vessel formed by the 
confluence of  the efferent branchial arteries 4 - 6 ;  a.  subcl, canal for the arte ria subclavia ; 
c, cornu ; dpr, area which bounded the mouth cavity on the dorsal side ; iz, lateral wall o f  
the i nterzonal part o f  the t runk d iv is ion  of  the  cephal ic sh ie ld .  ( i t  i s  c learly seen here 
that i t  consists solely of  dermal bone) ; ibr" ibr5 ,  i nterbranchial ridges 4 and 5 ;  
obr. ch, oralo-branchial chamber ;  p .  bnv, postbranchial  wal l ; p .  ni, th i n  lamina from the 
postbranchial wal l  for the protection of the pronephros on the lateral s ide ; p .nm, sagittal 
lamella d iv id ing the pronephros space i nto right and left halves ; ps, pectoral s inus ; 
p. sh, endoskeleral shoulder girdle ; r. aort, ridge for the most anterior part of the aorta ; 
se1o-se/6 , can als for the nerves 2-6 to the lateral e lectric field ; v. br, canal prob-

ably for the v .  brachial i s ; vs. marg, marginal  vein s inus. 

about at the transit ion between the otic and occipital regions, the latter 
region thus fal l ing behind the oralo-branchial  chamber. It has already been 
observed by severaI of  the scientists who have preveously dealt with 
Cephalaspids and with Tremataspis (EGERTON 1 857 ; LANKESTE R  1 868 
- 1 870 ; WOODWARD 1 89 1  a ;  ROHON 1 896 b ; J AEKEL 1 903, 1 92 1 ;  WIMAN 
1 9 1 8  etc. ) , though i ts true nature has not before been understood.  Since 
i t  must be frequently referred to in  this work, it wi l l  for practica1 reasons 
be  necessary to in troduee a special term for it ; and as has a lready been 
mentioned above (p. 3 1 ) , I have called i t  the postbranchia1 wa l l .  
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p.nl a.eff, iz v .br  ib r, 
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Text-fig. JO. Cephalaspis hoeli. Cephal ic shield i n  dorsal aspect. Certain dorsal 
parts removed by grinding ; and somewhat more has been removed than in text-fig. 9. 
Bone-layers in section appearing as black l ines . The parts of the endoskeleton which 

consisted of carti lage denoted by dotting. Magnification about 3/t . 

a. fe, can al for an artery arisen by the confluenee of the efferent branchial arteries 8 
and 9 ; a. ejf. com, canal for the arteria branchial is efferens communis ,  a vessel formed 
by the confluenee of the efferent branchial arteries 4 - 6 ; a.  ejf5, a .  ejf7' canals for the 
arteriae branchiales efferentes 5 and 7 j a.  pm, can al for a small branch from the arteria 
branchial is efferens communis to the pronephros space ; a.  subel, canal for the arteria 
subclavia ; dpr, area which bounded the rriouth cavity on the dorsal side ; iz, lateral 
wall of the interzonal part of the trunk div is ion of the cephalic shield (it is c learly 
seen here that i t consists solely of derrnal bone) j ibr4 ,  ibr5 ,  i nterbranchial ridges 4 and 
5 ;  obr. eh, oralo-branch ial chamber j p.brw, postbranchial wall j p. ni, thin lamina from 
the postbranchial  wall for the protection of the pronephros o n  the lateral s ide ; p. 11m, 
sagittal lamella d ividing the pronephros space i nto right and le ft halves j p.  sh, endo
skeIetal shoulder girdle ; r. aort, r idge for the most anterior part of the aorta j r. subel, 
subclavian ridge ; selg-seI6, canals for the nerves 3-6 to the lateral electric field ; 

v. br, canal probably for the v. brachial i s ; vs. marg, marginal vein sinus. 

The postbranchia l  wall , as  thus defined,  was in Boreaspis rostrata 
ossified throughout. In the other Spitsbergen forms it consisted of 
carti lage which was l ined, both on the anterior and on the posterior sides, 
by the external perichondral bone-Iayer. As seen from text-figs. 9- 1 2  
and pls .  23, 53, 56, i t  is thickest in the lateral and dorso-media l  parts. I n  
Kiaeraspis, Bareaspis rastrata, and perhaps i n  other forms too , i t  is  
perforated by a big median unpaired foramen for the oesophagus (aes, 
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p . s h  r . s ube l  iz  a . su bcl k, a . e ff, k, a .eff, k, 

Text-fig. 1 1 . Cephalaspis hoeli. Cephal ic  shield in dorsal llspect. Same specimen 
as i n  text-figs. 9 and 10 but stil l more of the dorsal parts removed. Bone layers in 
sect ion appearing as black l ines . The spaces occupied by carti lage dot!ed .  Magn ification 

about 3/ 1 . 

a. ejfa p, canal for a vessel, probably an artery from the posterior, half of the sixth branchial 
fossa to the can al for the a . subclavia ; a. ejf, -a. ejf9, grooves for the efferent branchial 
arteries 7--9 ; a.  subcl, canal for the a. subclavia ; c, cornu ; dpr, area which bounded 
the mouth cavity on the dorsal s ide ; ibs" in terbranchial septurn 4; iz, lateral wall of 
the interzonal part of the trunk d iv is ion of the cephal ic  shield ; k, - k10,  branchial 
fos,ae  4 - 1 0 ;  obr. ch, oralo-bran chia l  chamber ; Des, foramen for the oesophagus ;  p .sh , 
end oske letal shoulder girdle ; r. aort, ridge for the most anterior part of the aorta ( imper
fectly preserved) ; r. subcl, subclavian ridge ; sel.-se/a, canals for the electric nerves 
4-6 to the lateral electric field ; v. br, canal for the brach ial ve in ; v. marg, canal for 

the marginal vein ; vs. marg, marginal ve in s inus . 

text-fig. 4 ;  p ls .  1 5 , 52 ,  53, 58) and below that by a somewhat smal ler 
foramen (tr) , which is  unpaired toa and which transmitted the truncus 
arteriosus .  This l atter foramen aiways l ies very low.  In the Cephal
aspis-species in which they could be studied these two forarn ina  are ,  
on the contrary, incompletely separated from each other ,  forming there 
a single big fora men subdivided into a dorsal wide divis ion for the 
oesophagus and a 

'
ventral m ore narrow divis ion for the truncus arteriosus 

(oes, tr, text-figs. 2 ,  I l , 1 2  - in I l  and 1 2  only the oesophageal d iv is ion 
seen in sections - 33, 34, pIs .  9, 1 0 ;  p l .  23 ,  fig.  I ) . In a l l  forms the 
postbranchia l  wall is perforated not only by the forarnina now described 
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Text-fig. 1 2. Cephalaspis hoeli. Cephal ic  shield i n  dorsa! aspect. Same specimen 
as i n  text-figs. 9- 1 1 , but stil l more of the dorsal parts removed by grind ing. Bone
layers i n  section appearing as black l ines. The spaces occupied by cartilage dotted. 

Magn ification about 3/1 . 

a. br, canal for the arteria brachial is ; a. c, canal for the arteria cornual is ; a. ejJ6 p, canal 
for a vessel, probably an artery, from the posterior half of the s ixth branchial fossa to 
the canal for the a .  subclavia ; a.  ejJ7-a. ejJ9, grooves for the efferent branchial arteries 
7-9 ; a. marg ,  can al for the arteria marginal is ; a.  subcl, can al for the a. subclav ia ; dpr, 
area which bounded the mouth cavity on the dorsal side ; ibsg , ibs,. i nterbranchial 
septa 3, 4 ;  kg-k,o,  branchial fossae 3- 1 0 ;  nz" canal for a ve in from and perhaps 
also for a nerve to the pectoral fin ; obr. ch, oralo-branchial chamber ; oes, foramen for 
the oesophagus ;  ps, pectoral s inus ; p. sh, endoskeletal shoulder gird Ie ; r. aort, ridge 
for the most anterior part of the aorta ( imperfectly preserved) ; r. subcl, subclavian ridge ; 
se[4-sel., canals for the electric -ue • ..lleS 4-6 for the lateral electric field ; v" canal 

for the fourth ventrai transversal superficial ve in ; v. marg, canal for the marginal ve in ; 
vs. marg, marginal ve in s i nus. 

but also by severai much finer ones for nerves and vessels, that wil l 
be dealt with below i n  another connection .  

I n  the roof o f  the oralo-branchial  chamber the Cephalaspids have a 
broad median rostro-caudal ly running ridge (r. aort. text-figs. 4 , 9- 1 3 , 33 ; 
pls .  1 3- 1 5 ;  1 7 , 1 8, 2 1 ,  22 ; p l .  23, fig. 3 ;  pl .  29 ; p l .  33, fig. I ;  p l .  37, 
-fig.  I ;  pl. 44 ; pl. 46, fig. I ;  pls. 5 1 ,  52, etc. ) , which from the post
branchia l  wall extends forwards unti l somewhat behind the rostrai end 
of  the oralo-branchial  chamber, more exact ly unti l the posterior  end 
of the somewhat excavated area denoted in the figures by the  l etters 
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dpr (text-figs. 4 ,  9- 1 3 , 36 ; pl .  40,  fig .  4 ;  pl . 5 1 ) . This  r idge is  grooved 
in  its longitud inal  d i rection ,  and the groove certa in ly lodged the cephal ic 
portion of  the dorsal aorta, which thus was unpaired here. According to 
their function the ridge and the gro ove may be referred to as the aortal 
ridge and the aortal groove respectively. Posteriorly the aortal groove, 
as  thus defined, leads to a canal through the most dorsal part o f  the post
branch ia l  wal l ,  a canal which will be further  dealt  with below in another 
connection .  The anterior opening of  th is canal i s  d istinct1y seen in 
text-figs. 4 and 33. 

On each side o f  the aortal r idge the roof of  the oralo-branchial  
chamber is  somewhat bulged downwards by the auditory organ and 
by the orbit , so that we find on it a paired distinct ot ical  prominence 
(pr. au, text-figs. 4 ,  1 3 , 33, 36 ; pls .  20, 23, 44, 46. 5 1 -58) and a l ikewise 
paired, a lso d istinct orbital prominence (pr. arb , figs. cit . ) .  These two 
prominences of  each side are separated by a shal low transverse groove, 
the orbitootical gro ove (arb. at . gr, text-fig.  4 ,  1 3) ;  and anteriorly to the 
orbital prominence of  each side there may sometimes be a rather pro
nounced fossa, which, according to its posit ion ventral ly and somewhat 
lateral ly to the olfactory organ ,  may be cal led the subnasal fossa (J. sn, 
text· figs. 4 ,  1 3) .  Especia l ly in  severai Cephalaspis-species this fossa is 
distinctly developed (pl .  20 ; pl .  23, fig.  3 ,  pl .  29) . 

A very striking feature of the oralo-branchial  chamber i s  that its 
lateral and posterior surfaces are provided with deep dorsi-ventrally 
extended fossae (kl-klo ,  text-figs. 4 ,  1 1 , 1 2 , 33, 36, 39, 40) separated 
by septa (ibs) ventral ly and by l ow ridges (ibr) dorsal ly. These fossae, 
which as  a rule are 1 0  in  num ber on each s ide of  the m edian l ine ,  
reach from the aortal ridge downwards a lm ost  to the ventrai margin 
of  the oralo-branchia l  chamber, and are ,  as  i s  seen , rather deep i n  their 
ventrai parts. The anterior ones o f  them always have a more or less 
transversal arrangement in  relat ion to the 10ngitudina1  axis of  the head, 
whi le the posterior ones ,  on the contra ry, may gradually change their 
posit ion i n  certain  forms,  so that they get a more rostro-caudal  d irec
tion . Since it cannot be doubted that a l l  these fossae must have been 
caused by the respiratory apparatus they may be term ed branchial  
fossae , whi le the septa and ridges separating them may be referred to 
as  i n terbranchial  septa and in terbranchia l  r idges respectively. 

Already in  th is connection i t  should be pointed out that from the 
appearance of the bran chial fossae, in terbranchial septa and interbranchia l  
ridges i t  i s  ful ly evident that the respiratory apparatus cannot have 
been l ike that in  fishes,  but instead l ike that in  Cyclostomes, i .  e .  i t  must 
have consisted of  more or less sac-l ike gi l ls .  

The somewhat excavated area dpr, (text-figs. 4 ,  9- 1 3 ;  pl .  40, fig .  4 ;  
p ls .  44, 5 1 ; section series D ,  nos .  45, 49) , wh ich has already been referred 
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to above, is  present in al l  forms and, as we shall see, i t  i s  beyond 
question that i t  forrned part of  the roof o f  the mouth . 

Further details concerning the oralo-branchial chamber and the 
d ifferent structures related to i t  will be given below in  connection with 
the descriptions of  the endocranium and the visceral endoskeleton.  

The Head. 

G e n e r a l  s h a p e  o f  t h e  h e a d . 

The head o f  the Cephalaspids i s  broad and always more or less 
depressed in  dorsi-ventral d irection (text-figs. 1 -6) . l ts ventrai side is  
sl ightly convex or a lm ost flat .  I ts dorsal s ide ,  on the contrary, i s  rather 
h igh i n  i ts poster ior median parts, but s lopes rather rapidly from there 
both forwards towards the rostrum and laterally towards the lateral 
borders, the height thus being very inconsiderable along the anterior  
and lateral borders. 

As has a lready been pointed out ,  the orbital openings are situated 
on the dorsal s ide of  the head,  rather close to each other. Between 
them l ies the pineal foramen and slightly anteriorly to that the unpaired 
nasal opening. The mouth-opening and the external openings of the 
gi l ls-sacs were situated on the ventrai side. 

E n d o c r a n i u m . 

From the general description given above we have seen that the 
cephalic sh ield consists not only of exoskeleton (derrnal bone) but also 
of  a very considerable endoskeletal component. I t  has aIso been pointed 
out that the latter component or ,  as i t  is cal led here, the endoskeleton 
i s  a very complex structure, including not on ly the endocranium but 
also considerable dorsal parts of  the visceral endoskeleton and the entire 
endoskeletal shoulder girdie, which al l  are continuous with each other. 

On account of these very peculiar  condit ions, of course, i t  would be 
most correct to treat the endoskeleton as a whole ; but for practical 
reasons I have preferred not to do so.  Instead I shal l  describe the 
d ifferent parts of i t  quite independently o f  each other,  a procedure 
which) i n  my opinion,  renders i t  more easy to com pare the Cephalaspids 
with other lower vertebrates in  which normal conditions prevai l .  

I t  i s  impossible to dec ide exactly where the boundaries may be 
drawn between the endocranium on the one hand ,  and the visceral endo
skeleton and the endoskeletal shoulder-girdle  with which it i s  con ti nous, 
on the other hand ; and owing to this we can only say that the endo
cranium with regard to i ts general shape was as a whole rather broad .  
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As we have found ,  the endocranium was either enti rely ossified 
(Boreaspis rostrata) or  consisted of cartilage l ined externally and in 
a l l  cavit ies and can als with perichondral  layers of  bone (most Cephal
aspids). That the cartilage, when i t  was presen t, perhaps was of a sort 
resembl ing the mucous cartilage of the larvae of the recent Petromy
zontids has also been mentioned (cf. p. 30 ; cf. also the comparison 
between the Cephalaspids and the Petromyzontids below). 

In  the endocranium we may d istinguish oecipital , otie, orbito
temporai and ethmoidal  regions as normally among eraniate vertebrates. 

In this connection i t  should also be mentioned that between the 
endoskeleton and the exoskeleton there is, as pointed out above, a 
vascular plexus which , owing to is posit ion just beneath the corium
aponeurosis ,  was cal led the  subaponeurotic vascular plexus. 

O c c i p i t a l  r e g i o n . - The occipital region (text-figs. 7 ,  8, 1 3, 1 4 ;  
seetion series A nos .  I -55 ; section series B ,  nos .  1 - 1 7 ; section series C ,  
nos .  1 - 1 05) i s  always rather l ong  as compared with the  other regions of  
t he  endocranium , but i t  varies a great dea l  in length in  d ifferent forms 

according to the length of the trunk-division of  the ceph alic sh ie ld .  Thus 
i t  is  much longer in Kiaeraspis (text-fig. 8 ;  p l .  54, fig. I )  - in  which as  
we have seen the trunk-division of the  cephal ic shield is  long  - than in  
Cephalaspis (text-figs . 7 ,  1 3 ;  p l .  23 ,  fig .  3) or Hoelaspis (pls . 44, 45) 
in  both of whlch the trunk-d ivision of the cephalic sh ield is short. I n  
dorsal or ventrai view i t  h a s  approximately t h e  shape o f  an isoscelous 
triangle, with the base forwards and continuous with the ot ic  region and 
the point backwards, thus being broad anteriorly and decreasing rather 
rapidly in  breadth backwards .  Most anteriorly i t  i s  continuous on the 
ventrai side with the median part of  the postbranchial  wal l  and laterally 
on each side with the endoskeletal shoulder-girdle. Owing to this con
nection with the endoskeletal shoulder-girdle ,  therefore, its l ateral borders 
become free only behind the endoskeletal shoulder-girdle. The lateral 
extension of the part of  i t  that projects freely backwards behind the 
endoskeletal shoulder-girdle i s  weIl displayed in  the specimen of Cephal
aspis hoeli figured in  p l .  23, fig. 3 (the l ine denoted by the letters olm 
ind icates the posit ion of the free lateral margin of the region) . 

Taken as a whole ,  the occipital region i s  low i n  relation to i ts 
breadth (section series A, nos. l -50) . I ts lateral parts are curved 
slightly downwards, causing its upper surface to be convex and its 
lower surface to be correspondingly concave in  a tranverse d irection .  
Since the la teral parts gradual ly d iminish in  height laterally until 
they become very thin, the free lateral borders are a lmost ec:ge-shaped. 

We fi rst turn to the ventrai surfaee. As has been pointed out 
above, th is  i s  l ined by the external periehondral  bone layer. On  i t 
there is ,  above a l l ,  to be notieed a st rong, median , longitudinal  ridge, 
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Text-fig. 1 3. Cephalaspis sp. Diagrammatic sketch of  the endocran ium i n  a ventraI 

view. The postbranchial wall and the visceral endoskeleton to a large extent removed . 

Section are as wh ite, without any shad ing. 

a.  car, canal for the carotid artery (pai red) j a. ejf, --a. ejJs , grooves for the efferent 

branchial arteries 1 -3 ;  aort.gr, aortal groove ; a .  rostr, groove for the rostraI artery 

(premandibular efferent branchial artery) ; ch, notochordal gro ove j c. post, canal for the 

posterior encephal ic  artery ; cv, cavum cerebrale cran i i  (posterior end) ;  dpr, area which 

bounded the mouth cavity on the dorsal side ; f. sn, fossa subnasal is ; ibr,-ibr., in ter
branchial  ridges 1 - 4 ;  nv" nV2, canals for the myeJonaJ arteries 1 ,  2 and in addit ion 
probably for the ventraI roots of the fi rst and second spino-occipital nerves j orb. o t. gr, 
orbito -otical groove ; p. brw, postbranchial wall ( i n  section) ; pr. au,  otical prominence j 
pr. orb, orb i tal prominence j pr. sele, ridge caused by the can al for the sixt electric 

nerve to the lateral e lectric field ; p. sh, endoskeletal shoulder-girdle ; r. aort, aortal 
ridge ; r. pm, prebranch ial r idge ; v. cl, canal for the vena capitis lateral is  (posterior 
opening) ;  V" canal for the n .  profundus j V., canal for the n . trigeminus proper ; VI V, 
canal for the visceral branch of the n .  trigeminus proper ; V I I , canal for the n. fac ial is ; 
V I I  v, canal for the visceral branch of the n. fac ia l is  j IX, branch of the vagus canal 

through which the n. glossopharyngeus had its exit behind the postbranchial wall ; 

IX a, canal for the n. glossopharyngeus through the otic region to the oralo-branchial 
chamber ; IXp, posterior canal for n. glossopharyngeus through the otic region ; l X v, 
canal for the v isceral branch of the n. glossophcryngeus ; X br" canal for the first 
branchial branch of the n .  vagus j X, vagus branch of the vagus canal for the branch ial 

branches and for the n .  l inae lat. and the r. intest inal is .  

4 
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which l odges the occipital divis ion of  the cavum cerebrale crani i  and 
which may therefore be cal led the neural ridge (text-fig. 1 3 ;  cf. a lso 
p l .  23, fig. 3 and pls .  49,  53-57 ; and section series A, nos .  1 -55) .  This 
r idge extends from the transition between the occipital and otic regions 
rather far backwards on the latter region,  but never as far as the 
posterior  end of  it .  Almost throughout its length it i s  o f  a rather 
uniform width , only its most anterior parts being wider than the others. 
I ts  poster ior  end reaches in  the fossi ls considerably farther backwards 
with its most dorsal parts than with its ventrai ones .  Consequently the 
posterior opening of  the cavum cerebrale crani i ,  the foramen magnum,  
as found in  the fossi ls ,  occupies a very obl ique position ,  so tha t  i t  faces 
very much downwards (text-fig. 1 3) .  Since in  the l iv ing forms,  at least as 
far as can be  judged from the condit ions in  a specimen of Cephalaspis 
hoel i (section series A, nos .  8- 1 6) ,  the neural ridge most postero
ventrally  had certain enti rely cartilaginous parts beneath the ones l ined 
by perichondral bone,  the foramen magnum probably lav in  these 
somewhat more posteriorly than i t  does in  the fossiIs at the same 
time as i t  probably faced straighter backwards. Despite the probabi l i ty 
that the foramen magnum thus in  the l iv ing forms may have been 
situated somewhat d ifferently than i n  the fossils vet i t  is  quite obvious 
that there must have been a rather gradual transit ion between the neural 
ridge and the vertebral column .  The most posterior  part o f  the occipital 
region behind the neural ridge exhib its on its lower side no  traces ol 
having been related to the spinal can al (section  series A ,  nos .  1 -8) ; 
and it seems therefore l ikely that it projected freely backwards as a 
process close above the vertebral column .  

On the ventrai s ide  of  the neural ridge there i s  a very d istinct groove 
for the notochord (ch, text-fig. 1 3 ;  section series A, nos. 1 -55, section  
series B, nos .  1 -7) ,  a groove which cotinues forwards on to the  otic region  
Th i s  gro ove  is  most posteriorly, where i t  fi rst appears, rather wide but 
shallow in  p roportion to its width , so that i t  probably cannot have lodged 
more than approximately the dorsal half of  the notochord (section series 
A ,  nos. 1 7-20) . Further forward in the region i t  gradual ly d im in ishes 
in  width , most anteriorly at the transit ion to the otic region ,  getting very 
narrow (section series A, nos. 2 1 -55) .  S imultaneously as i t  d imin ishes 
in  width forwards, however, i t  grows deeper in  proportion to the width 
and gets such a shape that there can be no  doubt that the notochord 
except for a narrow ventro-median strip , was entirely enclosed i n  i t .  
In the posterior  parts of  the region i t  i s  imperfectly bounded from the 
cavum cerebrale cran i i  i n  the present state of  preservation ; but in  the 
l iving forms this was not the case for i n  these the dural connective 
tissue - the endorhachis - must of course have l ined the entire 
cavum cerebrale crani i  and have forrned alone the floor of  that cavity 
in those places in  which there was no cartilage or  bone ventrally to 
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it .  The fact that the notochordal gro ove most posteriorly was so 
sha l low that i t  l odged on l y  a dorsal  part o f  the notochord ind icates 
that the posterior parts of the neura l  ridge is  composed only of homo
l ogeus to the dorsal vertebral a rches. Further forward , on the other 
hand , where the notochord is  a lmost completely enclosed in  the base 
o f  the neural r idge,  the homologues of' the ventrai vertebral arches toa 
seem to form part o f  that ridge. 

On the anterior half o f  the ventrai surface of  the region a 
pronounced , unpaired ,  broad groove is always to be seen (a ort. gr, 
text-fig. 1 3 ;  section series A, n os .  2 1 -55 ; section series B, nos .  1 - 1 2 ;  
scction series D ,  nos .  I - I l ;  p l .  23 , fig .  3 ;  pls .  44, 45 ; pl . 53, fig .  l ;  
p l .  54,  fig. l ;  p l .  55 ; pl .  56, fig .  I ) .  With its posterior parts this groove 
is  situated close to ,  but entirely on  the right s ide o f, the neural ridge 
and thus asymmetrically .  Forwards i t  gradual ly approaches the median 
l ine ,  thus changing its posi t ion in  relat ion to the neural  r idge ,  so that 
i t  final ly becomes situated on the ventraI s ide of  that r idge .  On 
reaching the postbranchia l  wall i t  is  bridged over  ventral ly and trans
forrned in to a canal (aort, text-fig. 2 A ,  section series B ,  nos .  1 -5 ;  
section series C ,  nos .  1 7-52) , which pierces the postbranchia l  wall .  I n  
front of  that wal l  i t  i s  continued b y  the unpaired median gro ove i n  
the roof o f  the oralo-branchial chamber, the gro ove which was described 
above (p. 46) as  the aortal groove. Hence we find that the dorsal 
aorta behind the postbranchia l  wal l  d id  not run i n  the median l ine in  
a haemal groove beneath the notochord as i t  usually does ,  but that  i t  
had an  a symmetrical posit ion on  the right s ide  o f  the notoch ord and  
the medul la  spinal is .  I n  th i s  connection i t  i s  o f  interest to ca l l  attention 
to the fact that an  asymmetric disposit ion of  the ductus cuvieri and the 
big veins lea d ing to this occurs in  recent Cyclostomes (CO R I ,  1 906, 
p. 53 ; HATTA 1 922, p. 1 74 ,  etc. ; for further  detai ls see the chapter 
on  the Cyclostomes in  the present work). 

On the most l ateral part o f  the ventrai surface of the region close 
to the endoskeletal shoulder-girdle, a rather narrow but d istinct ridge , 
caused by the canal  for  the m ost posterior nerve to the l ateral electric 
fie ld ,  goes from the otic region l aterally and somewhat backwards to 
the endoskeletal shoulder-girdle (pr. sels , text-fig. 1 3 ;  sels , pl. 23 , fig .  3 ;  
pls .  27, 29, 30) . 

Final ly on the dorsal surface of  the region we find the posterior 
part o f  the dorsal electric fie ld (ds!, pl .  1 7) ,  which , a s  i s  seen from the 
series of  transverse sections of  C. hoeli, general ly reached far backwards 
(sect ion series A, nos. I l -55 ; section  series B ,  nos .  1 - 1 7) .  

The condit ions of  the waUs enclosing the occipital d ivision of  the 
cavum cerebrale a t  d ifferent places i s  so weU displayed by the section 
sec ti on series (section series A, nos. I -55 ; B, nos. 1 - 1 7 ; C,  nos. 1 - 1 05 ;  
D ,  nos .  1 -42) that n o  special description i s  necessary. 
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The occipital d ivis ion of  the cavum cerebrale crani i  (cv, text-figs . 2, 
1 3 ;  med text-fig. 1 5 � 1 7 , 20�28 ; section series A,  nos .  1 -- 55 ; B, 
nos . l � 1 7 ;  C, nos . 1 �40 ; D, nos. 1 �29 ; pl. 1 8 ;  pl. 1 9 ;  fig. 1 ; pl. 23, 
fig.  3 ;  pls. 25,  26, 44, 45, 48, 49 ; pl. 53, fig. l ;  pl. 54 ; fig. l ; pls. 55 , 57) 
is, i n  its posterior ha l f, hardly more than a comparatively fi ne  tube or 
cana l ,  which i s  somewhat higher than i t  is  broad, but forwards i t  increases 
in  both he ight and breadth � especia l ly ,  however, i n  bredth. It atta ins  
i ts greatest d imensions at the vagus exit , i .  e .  about  at the  transit ion 
to the otie region .  Contra ry to what i s  the case further back i t  i s  there 
broader than i t  i s  high . 

From the oceipital divis ion of the cavum cerebrale there issue 
severaI canals for nerves and vessels ;  and among these canals we shal l  
first consider the vagus eanal .  

The vagus canal  o f  the r ight s ide was probably situated s l ight ly 
further forwards than the one of  the left s ide .  Otherwise i t  i s  notice
ab le that the vagus canal seems to vary somewhat with regard to 
certai n  of its deta i ls  not only in d ifferent speeies but also i n  d ifferent 
speeimens of  the same speeies. It i s  even somewhat d ifferent on  both 
sides in  the same speeimen , a condit ion which, as it i s  caused by the 
asymmetrical position  of  the aortal groove, probably is  rather constant. 
Unfortunately i t  could be thoroughly studied only i n  three specimens 
of  Cephalaspis hoeli and in  one specimen of  Kiaeraspis which were a l l  
used for seetions ; but as  i n  al l  these four speeimens i t  was imperfectly 
preserved in  certa in respects, our knowledge of i t  still remains rather 
l im ited. 

In  Cephalaspis hoeli (text- figs. 1 5- 1 7 , 24, 26 ; section series A,  
nos.  44�55 ; section ser ies B ,  nos .  1 � 1 7 ; section ser ies C , nos .  32� 70 ; 
section series E ,  nos .  4� 1 2) ; it i s  ( IX  + X + X vcp) at the origin from 
the cavum cerebrale rather h igh but narrow in a rostra-caudal  d irection 
and situated sa that the dorsal part lies somewhat more caudaI ly tha n  
the ventrai ane ,  i .  e .  i ts axis of  height i s  somewhat incl ined backwards. 
I t  goes for same distance latero-ventral ly and sl ightly posteriorly without 
giving off any branches, then sudden ly d ividing i nto two main branches, 
a dorsal one and a ventrai ane, the l atter of which in  its turn m ay soon 
divide more or less d istinctly into two branehes, a dorsal ane and a 
ventrai ane.  We thus find  that the vagus can al of  the  species in  
questi on  consists of  a proximal  undivided , h igh but narrow d ivis ion 
and a distal divisi on ,  which general ly breaks up into three branehes. 

The most dorsal o f  these th ree branches (X vcp) , which i s  a lways 
rather l a rge, i s  given off from the dorsal -- or  more correctly 
from the postero-dorsal � part of the proximal  d ivis ion of  the vagus 
can al. It goes l atero-dorsal ly a nd  somewhat backwards, opening i n to 
the ven tro-medial  corner of th e  big occipital vein sinus (vs. oc) to be  
described below. And from i t s  relat ion to  tha t  ve in  s inus  i t  i s  ful ly 
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obvious that it transmitted a vein from the posterior parts of  the cavum 
cerebrale .  Th is  vein , which thus traversed the dorsal part of  the 
proximal divis ion ,  of  the vagus canal seems to have corresponded exactly 
to the s imi l a rly  runn ing vena cerebral is posterior (v. encephal ica 
posterior) of  fishes and Petromyzontids (cf. STENSlO 1 922, p .  1 72 ;  
1 925 a ,  p . 2 1 ; 1 925 b ,  p. 1 02 ;  GROSSER 1 907, fig. 4 ;  O 'DONOGHUE  
1 9 1 4 , p . 442 ; POLLARD 1 892, p l .  29, fig .  23 ; ALLEN 1 905, p. 87- 89 ; 
REX 1 89 1 ,  pls .  1 5 , 1 6 ;  CORI 1 906, pp.  50- 5 1 ;  H ATTA 1 922, pp.  1 80-
1 82 and the chapter on the Petromyzontids below in the presen t  work) . 

The branch ( IX )  from the vagus canal ,  fol lowing next ventrally to the 
one just described for the vena cerebral is posterior ,  is ,  in  the specimen used 
for section series B ,  very well separated from the most ventrai branch , whi le ,  
on  the contrary, i n  the specimen used for section series A i t  is  less distinctly 
bounded off from that branch .  It goes laterally and somewhat ventrally, 
opening with i ts external orifice on the posterior surface of the otie 
region dorsally to but beh ind the postbranchial wall , and thus behind 
the oralo-branchial cham ber (text-figs. 1 3 , 1 4) .  From its external or ifice 
a groove leads ,  at least  in  certain specimens (text-fig. 1 4) ,  for a certain 
d istance lateral ly ,  and perhaps even sl ightly dorsal ly ,  on the posterior 
surface on the otic region,  final ly deepening and passing over in to a 
can al , I X  p,  (text- figs. 1 3 , 1 4) which penetrates i n  a n  antero-Iateral 
d i rection to the labyrinth cavity ( IX  p, text-figs. 1 8  A ,  C,  E ;  24, 26 ; cf. 
pl .  25) or ,  more exactly, to the vestibular divis ion (vest) of that cavity. 
Since ,  as we shal l  see, the glossopharyngeus roots had no independent 
canal for their passage from the cavum cerebrale cran i i ,  they must 
obviously have left th is cavity associated with the vagus roots. And 
when this is  the case, we are led to the conc1usion that i s  was the 
glossopharyngeus roots that emerged through the second branch from 
above ( I X) - the one here i n  question - of the vagus canal . Hence 
this branch may be called the glossopharyngeus branch of  the \lagus canal . 

The glossopharyngeus roots probably fi rst became gangl ionic after 
their exit from the glossopharyngeus canal ; and the glossopharyngeus 
ganglionic complex thus lav extracranial ly ,  posteriorly to the otie region 
and the oralo-branch ial chamber. The n .  glossopharyngeus, which a rose 
fro m  the gangl ionic complex , passed fi rst lateral ly through a gro ove on 
the posterior surface of  the otie region  and then antero-lateral ly to the 
vestibular div is ion o f  the labyrinth cavity through the canal IX p. 

I t  may here be noticed that the glossopharyngeus branch of the 
vagus canal , i n  addit ion to the root or  the roots of the n. glossopha
ryngeus, perhaps gave passage also to the post-otie lateralis nerve
fibres. 

Finally the most ventraI branch (X) of the vagus canal of  C. hoeli 
always takes a course more ventrally than the former branch and 
opens therefore often somewhat medial ly and ventrally to that ,  posteriorly 
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to the most dorsal part o f  the postbranchial  wal l  and on the r ight s ide 
c lose lateral ly to the aortal groove (text-figs. 1 3, 1 4) ,  which , even as far 
forward as this ,  sti l l  does not l ie  exactly i n  the median l ine .  I t is  
qui te obvious that this branch transmitted the roots of  the n .  vagus 
proper and perhaps in addition the m ost posterior postotic l ateralis 
root or roots ; and on account of  this i t  may be referred to as the 
vagus branch proper of  the vagus canal .  

The external orifice of  the vagus branch proper of  the vagus canal 
leads at least in  certa in  specimens to a rather pronounced fossa Xgn 
(text-fig. 1 4) on the posterior surface o f  the postbranchia l  wall .  And 
i t  may be especially mentioned that in  same cases this fossa was 
entire1y open backwards (text-fig. 1 4) , whi le i n  other cases i t  seems to 
h ave been more or  less bridged over by bone on the posterior s ide ,  
sa that i t  was thus transforrned into an imperfectly closed chamber 
(text-fig. 34). 

From the fossa Xgn more or  less close to the d i stal openirig of 
the vagus branch proper of  the vagus canal a rather fine canal Xbr1 , 
i ssues forwards into the basal part of the otic region (text-fig. 1 3 , 28, 33, 
34 ; section series A.  nos .  62-68 ; section series C ,  nos . 79-86 ;  section 
series E, nos . 7- 1 2 ;  section series F ,  nos .  1 -3 ;  cf. pls .  28, 52) with in  
which i s  continues forwards, finally opening anteriorly to the  postbranch ia l  
wal l  in  the roof of  the oralo-branchia1  chamber. As we shal l  see fro m  
t h e  account given below of  t h e  otic region and t h e  visceral endoskeleton 
we are here, i n  the canal Xbru concerned with the canal for the first 
branchial branch of the n .  vagus, which thus, at least in  certa in speci
mens of  C. hoeli, arose a lready very close to or  within the distal of 
the vagus branch proper (X) of the vagus canal .  

As the fi rst branch ia l  branch of  the n .  vagus thus, at least i n  certain 
cases , arose already i n  the external  parts of  the vagus can al proper, i t  
i s  h ighly probably that the roots of  the n .  vagus began to become 
gangl ionic even before 1eaving that canal .  The chief part o f  their 
gangl ionic complex, however, must have been situated in  the fossa 
Xgn , or at a corresponding place on the posterior surface of  the 
postbranchial  wall if the said fossa was not present in  a l l  specimens .  

After i ts  origin from the gangl ionic complex, the n .  vagus must 
have passed downwards and postero-Iaterally behind the postbranchia l  
wall for a short d istance. Probably a l ready when leaving the gangl ionic 
complex i t  d ivided into two or  three trunks, which soon diverged slightly 
from each other and perforated the upper media1  part o f  the post
branchial wall independently of each other and entered the postero
dorso-medial  part of the oralo-branchial  chamber behind the auditory 
prominence of their side. The can als for the branchial trunks in 
question of  the n. vagus are those which in the figures are denoted 
by the letters Xbr or Xbr2-Xbr6 (text-figs .  1 4 , 33, 34, 39, 40 ; and section 
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Text-fi .  1 4. Cephalaspis hoeli. 
Restoration showing the condi

t ions at the glossopharyngeus and 

vagus exits of the right s ide .  The 

chief posterior part of the occipital 

region rcmoved. The restoration 

was made after section series B. 
Section surfaces dotted. The dot

t ing also denoting the extension of 

the carti lage in the i nterior of the 

endocran ium at the section plane.  

Magn ification approximately Bh . 
a. eff com, canal for the arteria 

branchial is  efferens communis ,  a 

vessel forrned by the con fluence 
of  the efferent branchial arteries 

4-6 ; aort, canal for the aorta ; 

v 

/ 
a. eff.com c .post 

55 

ch, groove for the notochord ; c. post canal for the posterior encephalic artery ; dsj, dorsal 

electric field ; med, div is ion of the cavum cerebrale cran i i  for the med ulla oblongata ; 
n. 19, gro ove perhaps for the n .  l ineae lateral i s ; v. cl, canal for the vena capitis l ateral i s  

(posterior open ing) ; v .  ct, canal probably for a par'ietal -vein which  was  i n  communication 

with the occip ital vein s inus ; v. dsv, can al for the otical vein (from the dorsal e lectric 
field and the labyrinth. The ductus endolymphaticus may perhaps also have reached 

backwards through this canal) ; vs. oc, occipital vein s inus ; IX ,  branch of the vagus 

canal for the roots of the n. glossopharyngeus ; IXp, canal for the n. glossopharyngeus 
through the posterior part of the otic region ; X, branch of the vagus canal for the vagus 

roots ; Xbrz-Xbr6, can als through the postbranchial  wall for branchial  branches of the 
n .  vagus ; Xgn, pit  probably for the vagus gangl ionic com pl ex ; Xvcp, branch of the 

vagus canal for the v. cerebral is  posterior. 
' 

series B, nos.  8- 1 4 ;  section series C ,  nos .  77-80 ; section series E,  
nos. 7- 1 0 ;  section series F ,  nos .  1 - 1 9) .  

. 

A gro ove (n. lg , text-fig. 1 4, 34 ; section series B ,  nos .  1 4- 1 8 ;  section 
series F ,  nos .  1 -5) ,  which, at least in  certain specimens ,  begins laterally 
to the ventraI end of  the fossa Xgn, and which leads laterally on the 
upper part o f  the posterior surface of the postbranch ial  wal l ,  i mme
d iately ventral ly to the o tic  region, was perhaps caused by the n .  I ineae 
l ateral is ,  which m ust have passed out to the l ateral l ine of its side in 
å rather straight l ateral d irection .  

Final ly, attention should here be called to the fact that ,  in  the specimen 
of  C. hoeli used for section series B (nos .  1 4- 1 8) ,  two fine canals ( IX l ,  
X l) issue from the vagus canal to the vestibular division of the labyrinth 
cavity. More exactly, one of  these fine canals (IX l) passes off from the 
glossopharyngeus branch , while the other (X l) goes out from the vagus 
branch of  the vagus canal ; and both the fine canals in  question un ite 
with each other before they reach the vesti bular division of  labyrinth 
cavity. What functions the two canals may have had cannot be possi
tively ascertained ; but · it seems rather l ikely that they might have been 
traversed by general cutaneous branches from the n. glossopharyngeus 
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and the n .  vagus to the dorsal side of  the eephal ie  shie ld above and 
just posteriorly to the ot ie  region .  I t  i s  a lso not excluded that eertain 
of  the lateral is  fibres to the lateral l i ne  organs above and behind the 
otie region may have aeeompanied the possib le general eutaneous fibres 
this way to their respeetive parts of the lateral l ine  system on the 
dorsal side of  the eephal ie shield .  

I n  the specimen of  Kiaeraspis i n  whieh the vagus eanal was studied 
( text-figs. 4 ,  20-22, 27, 28, 36 ; seetion series O ,  nos. 1 -20) , i ts glosso
pharyngeal braneh and its vagus braneh proper are not separated from 
eaeh other but form in  their ent ire extent a single wide braneh , and in 
addition no  groove seems to lead from the external open ing of  that 
eom mon glossopharyngeus-vagus braneh to the plaee at whieh the n .  
glossopharyngeus entered i t s  forward-running eanal , IX  p, i n  the otie 
region . Otherwise the eondit ions seem to agree with those i n  C. hoeli, 
and it may be especia l ly mentioned that there is an independent eanal 
(Xbr1 ,  pl . 52) for the fi rst branehial  braneh of  the n .  vagus. The d ifferent 
parts of the vagus eanal of  the speeimen in  question of  Kiaeraspis are 
well shown in the figures quoted. 

In severaI of  the Cephalaspids figured in  the plates (pl .  23, fig. 3 ;  
pls .  25, 26, 28, 44, 45, 49, 52, 54 and 55) various parts o f  the vagus 
eanal and its branehes are to be seen , but none of  these Cephalaspids 
displays i t  completely. 

Close media l ly to the internal opening of  the vagus canal there 
issue from the cavum cerebrale crani i  i n  al l  forms investigated two 
comparatively fine canals ,  one of  wh ich (c. post, text-figs. 1 6 , 2 1 ,  24, 
28 ; section series A, nos .  5 1 -54 ; Ser. B ,  nos.  1 1 - 1 4 ;  Ser. C, nos. I l , 
1 2 , 1 3 , 36-45, Ser. O ,  4-9 ; p l .  23, fig. 3 ;  pl .  44 ) goes downwards 
through the f]oor, and the other (dx, text-figs. 1 5 , 1 7, 1 8-20, 22, 23 , 26 ; 
section series A,  49-53 ; series B, 1 7 , 1 8 ;  ser .  C ,  1 -5 ,  27-3 1 ; Ser.  D ,  
1 3- 24) goes upwards through the  roof. The  former of  these canals ,  
which is  very short, cont inues (c. post) down to the aortal gro ove or ,  more 
correetly, to the aortal canal ,  since the aortal groove j ust at th is  place 
is  bridged over ventral ly by the post-branchia l  wall . As the aortal canal 
here sti l l l ies somewhat asymmetrically on the right s ide o f  the median 
l ine the right canal is  shorter than the left one. In addit ion to this the 
r ight eanal  - which , as a rule ,  seems to l ie  more forward than the left 
one - is of  ten considerab ly wider than that. From its course and its 
asymmetrical developm ent i t  seems to be beyond question that this canal 
transmi tted a dorsal branch from the pars cephal ica aortae , that i s  to 
say, an arterial branch which entered the occipital region of  the neuro
cran ium,  and which may therefore be cal led the occipital encephal ic 
artery. This  artery probably corresponded to the 4th " GefiWbindegl ied" 
found by HATTA ( 1 922, pp .  1 36- 1 48) in  the larvae of  Petromyzon and 
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thus probably to the fourth parietal artery counted from in front (cf. the 
chapter on  the Cyclostomes in  this work) .  

The other canal (dx) , which i s  somewhat longer than the one j ust 
described ,  issues a lmost  opposite - or at least not much anteriorly o r  
posteriorly to t ha t  - and  at least in  severai cases, i t  is  on  the right 
s ide situated more forwards than on the left s ide .  I t  goes antero-dorso
lateral ly to a big vein canal (v. dsv) , which wil l  be described more in  
deta i l  be low.  What function i t  had i s  not  easy to decide wi th ful l  
certainty ; but  from  wh at we shal l  find  below it may have transmitted 
a dorsal branch from  the occipital encephal ic a rtery and a nerve branch 
from the glossopharyngeus-vagus complex to the dorsal electric fie ld 
or  e i ther o f  these structures. I ts function wi l l  be furthe r  d iscussed in  
another connection below. 

Somewhat behind the vagus can a l  two pai red can als (nd1 , and nvu 
text-figs. 1 5- 1 7 , 20-28 ; section series A, nos .  1 4-33 ; section  series C 
nos .  1 -8 ;  section series D ,  nos .  20, 26-33 ; p l .  1 8 ;  p l .  1 9 , fig.  l ;  pl .  23, 
fig .  3 ;  pl . 44 ; p l .  53, fig.  I )  issue from the occipital d ivision of  the cavum 
cerebrale. More closely defined , these canals leave the occipita l  d ivision of  
the cavum cerebrale j ust at or  c lose behind the transit ion between its 
an ter ior widened and its posterior  narrow tube-l ike parts, and those of 
the right side are found somewhat in  front of  those of  the left s ide .  

One of  these canals ,  lettered nV1 in  the figures ,  goes out on the 
lateral s ide more o r  less near the bottom of the cavum cerebrale .  This 
canal , which mostly i s  very fine and d i fficult to observe, perforates the 
latera l l  wal l  o f  the cavum cerebrale in  an outward and slightly postero
ventrai d irection ; and since the lateral cran ia l  wall at this place - we 
are here concerned with the neural  ridge - is thin it i s  rather  short .  
There cannot be the sl ightest doubt that i t  transmitted the fi rst spino
occipital nerve or a t  least the ventrai root o f  this spino-occipital nerve. 
And in add ition it is  very probable that i t  was traversed by a myelonal 
a rtery (STERZI 1 907, pp .  4 1 -43 ; ALLEN 1 905, p . 74) .  

The other  of  the two canals ,  l ettered nd1 in the figures,  is  wider 
than the one j ust described ; and i t  always issues from the cavum cere
brale dorsal ly to and somewhat behind the other one. It goes postero
latero-dorsal ly in  the l ateral thin but broad portion of the occipital 
region that is  situated la terally to the neural ridge. H aving passed for 
a rather considerable d istance postero- Iatero-dorsal ly it may either jo in  
(Kiaeraspis) or,  by means of  a short wide branch , anastomoze wi th the 
postero-do rso-medial corner of the  occipital ve in  s inus (vs. De) to be 
described below. From that corner of  the occipital vein sinus a short wide 
branch (dl ' text-fig. 23) goes upward and somewhat medial ly, opening in 
the very lateral border of  (cf. section series A ,  nos. 23-27 and pl .  32 ,  
fig. 2) or  - as in  Thyestes verrueDSUS - sl ightly postero-Iateral ly to the 
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dorsal electric field .  I n  the specimen of  Cephalaspis hoeU used for 
section series A it is clearly seen that the canal ndl , after having j oined 
or anastomozed with the posterior  end of  the occipital vein sinus, con
t inues postero- la teral ly for a certa in d istance ; but how far i t  really went 
in  that d i rection and how i t  might have been i n  its very posterior  part 
cannot be ascertai ned there. Close antero-laterally to it there i s  i n  the 
same specimen of C. 'weU a rather narrow can a l  (ndl l) ,  which leaves 
the posterior  end of  the medial corner of  the occipital vein s inus and 
goes lateral ly and somewhet backward unt i l  i t  reaches and opens into 
the canal (v. ol) for the lateral occipital vein .  The canal ndl l ,  therefore, 
was probably a vein canal .  

In the specimen o f  Hoelaspis figured in  pl .  44 the canal which is  
seen issuing from the occipital d iv is ion of  the cavum cerebrale next 
behind the vagus canal has such a posit ion and course that p robably i t  
is  identical with the canal ndl • This is  al l  the more probable s ince ,  as far 
as I. could see, there is no other canal with such a high position between 
i t  and the vagus ca nal. I t  is  very remarkable that this canal in  Hoelaspis 
opens on the lower s ide of the occipital region not far dorso-laterally 
to the neural  ridge, and that i t  seems to have no communication with 
the occipital vein sinus. The latter condition may, however, only be 
apparent and due to the state of  preservat ion .  

The canal ndl m ust obviously have given passage to the fi rst 
myelonal vein (vertebro-medul lary vein ,  STERZI 1 907 , pp. 4 1 -43 ; 
ALLEN 1 905 , pp.  88) . But since the myelonal veins - at least of ten in  
lower vertebrates - accompany the dorsal roots of the  spinal nerves, i t  
seems very l ikely that the canal  ndl was traversed not only by the fi rst 
myelonal vein but also by the dorsal root of  the fi rst spino-occipital nerve. 
And i f  this i s  true, the canal nVl transmitted of  course on ly the ventrai 
root of  this spino-occipital nerve. Now since the two canals nd1 and 
nVl diverge m uch from each other during their course outwards, the 
dorsal and ventrai roots of the fi rst spino-occipital nerve could not have 
un ited with each other as normally i n  vertebra tes but must have be en 
ent irely separated from each other, as in  A mphioxus and the Petromy
zontids. 

J f, on the contra ry, i t  would appear that the canal nd1 i s  merely 
a canal for myelonal vein, the canal nVl must, of  course, have trans
mitted the entire fi rst spino-occipital nerve whether · that nerve was 
represented only by the ventrai root or  had both its roots ; but i t  seems 
hardly l ikely tha t  i t  was  so. 

A rather short d istance behind the two canals ndl and nVl two 
addit ional ,  pa ired canals - lettered in  the figures nd2 and nV2 respectively 
and situated in  rel ation to each other in  a corresponding way as ndl and 
nVl - issue from the cavum cerebrale cranii (text-figs. 1 5- 1 7 , 23-26 ; 
section series A ,  nos. 2-20 ; section series C, nos. 9- 1 5 , 20-46 ; 
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Text-fig. 1 5. Cephalaspis hoeli. east of 

the cavum cerebra l i  cran i i  i n  dorsal 

view. A fter a model in wax made after 
section series A. Magn ification approxi-

mate ly 1 7/1 . 

a. dsm, can al for the arteria superficial is  

postorbita l is ; a. fac, cana l for the arte r ia 

facial  i s ; a.  fn, canal for a branch from 

the facial artery to the external open ing 

of  the hypophyseal sac ; die, division of 
the cavum cerebrale for the d iencephalon ; 

dx, canal for an artery or a nerve to the 

posterior part of the dorsal e lectric field 
or for both an artery and a nerve ; f. apt, 
optic fenestra ; hab. T, bulge for the habe
nular gangl ia.  Note the asymmetri c posi

t ion,  ind icating that the right gangl ion was 

more strongly developed than the left 
·one ; mec, d ivision of the cavum cerebrale 

for the mesencephalon ; med, division of 

the cavum cerebrale cran i i  for the medulla 
oblongata ; met, div is ion of the cavum 

cerebrale cran i i  for the metencephalon ; 

na" external opening of the hypophysial 
sac ; na2, nasal opening proper ; nd" canal 

for the first myelonal vein and probably 

als o for the dorsal root of the first spino

occipital nerve 1 ;  nd2, canal for the mye

lonal vein 2 and probably also for the 
dorsal root of  spino-occipital nerve 2 ;  
nVI , can a l  for the myelonal artery l and IX 
probably for the ventraI root of the spino
occipital nerve l ;  nV2 , canal for the mye

lonal artery 2 and probably for the ventraI 
root of spino-occ i pita l  nerve 2; olf. c, 
oIfactory capsule : pin , p ineal opening ; 
tel, divis ion of the cavum cerebrale 
cran i i  for the te lencephalon ; t, u, can als 
probably for vessels ; II I, canal for the 
n. oculomotorius ; I V, can al for the n. 
trochlearis ;  Va, Vb, canals for the roots 
of the n .  profundus ; VII + VIII a, canal 
for the n .  facial is ,  for the prootic lateral is  
fibres, for the electric fibres and for the 
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anterior branch of  the n .  acusticus ; VIIIp, canal for the posterior branch of the n .  
acusticus ; I X,  branch o f  the vagus canal  for the glossopharyngeus roots ; X, branch of  
the vagus canal for the  vagus roots ; Xvcp, branch of the  vagus cana l  for the vena 

cerebra l is  posterior. 
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pls .  23 , fig. 3 ;  spi, p l .  53, fig .  I ) . These two canals of  the right s ide always 
leave the cavum cerebrale somewhat anteriorly to their fel lows o f  the 
left s ide,  so that i t  is  clearly seen here that the canals of  both sides 
alternated with each other ; and in  th is connection attention may be 
called to the fact that the canals nd1 and nVl of  the right s ide also 
went out from the cavum cerebrale cran i i  i n  front of  their  fel lows of 
the left s ide, though less far than the can als nd2 and nv2 • 

The canal nV2 sometimes leaves the cavum cerebrale cran i i  a t  
about the same leve l  as the cana l  nvj , sometimes a l ittle h igher up 
than that .  In addi t ion i t  i s  often wider than that .  I t  goes in  a postero
lateral d irection through the cranial wal l  (the lateral wall of the neural 
ridge) , opening with an external opening which sometimes may be 
somewhat widened . S ince  in  the  Cephalaspis-species and in  the other 
forms with a short occipital region it i s  situated just at the transit ion to 
the most postero-ventral part of  the occipital region,  that was not l ined 
with perichondral  bone and thus entirely carti lagenous i t  is often badly or 
imperfectly preserved and ind istinct in  the fossi ls .  I t  must obviously 
have had a similar function as the canal nV1 and accordingly i t  transmitted 
besides the second myelonal artery either the entire second spino
occipital  nerve or  the ventrai root of  that nerve. 

The canal nd2 could be studied i n  detail on ly in  the speeimen o f  
C. hoeli used for the section series A .  Proximal  parts of  it ,  h owever, are 
seen in  a second speeimen of that species (pl .  23, fig .  3) , so  that there 
can be no  doubt that i t  i s  a constant structure. It issues from  the 
cavum cerebrale far dorsal ly to nV2 and takes a postero-dorso-lateral 
course , soon arriving up close beneath the exoskeleton , immediately 
lateral ly  to the h indmost part of the dorsal electric fieId , to wh ich it 
gives off a fine branch (d2 , text-figs . 23, 25 ; section  series A ,  no. 1 4 ;  
section series C, nos .  26-30) . Posteriorly to that branch i t  d ivides 
into a medial and a l ateral branch .  The medial o f  these branches is 
in  communication with its fel low o f  the opposite s ide above the cavum 
cerebrale crani i  and the lateral one with the canal for the  lateral occipital 
vein (v. lo) , to be  described below. 

From its course and its m ode of branching it is  quite c1ear that 
the canal nd2 i n  severaI respects agrees with the canal nd1 ; and, there
fore, i t  cannot be doubted that i t  i s  a serial homologue of  that. In fact, 
i f  the canal nd1 transmitted not only the myelonal vein 1 but also the  
dorsal root  of  the spino-occipital nerve 1 ,  the canal nd2 must have given 
passage not only to the myelonal vein 2 but also to the dorsal root of 
the spino-occipital nerve 2.  

I n  the Cephalaspis-species, and in  other forms with an occipital 
region of  a short or  average length , there was perhaps a th ird spino
occipital nerve in  the most posterior cartilaginous part of the occipital 
region .  In forms with a long occipital region (Kieaeraspis) the spino-
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occipital nerves were certainly rather numerous perhaps, even as many 
as 9 or  l O . 

The study of the nerve canals which occur in the occipital region 
has  tIms given the fol lowing results : 

1 .  The roots of the n .  glossopharyngeus left the cavum cerebrale cran i i  
th rough the  vagus canal ,  together with the  vagus roots. And both 
the glossopharyngeus and vagus roots emerged from the vagus canal 
posteriorly to the postbranchial  wall and had at least the chief 
parts of  their gangl ion ic  complexes situated extracranial lY posteriorly 
to the postbranchial  wal l .  The n. vagus had to pierce the post
branchial  wal l  in order to reach the gi l ls in the oralo-branchial 
chamber. 

2 .  The vena cerebral is posterior traversed the most dorsal part of 
the vagus can a l  and emptied into the occipital vein sinus. 

3 .  In the Cephalaspis-species, and in  other Cephalaspids with a short 
occipital region there are at least, two but not more than three, spino
occipita l  nerves. In Kiaeraspis the spino-occipital nerves were prob
ably sti l l  more numerous. 

4 .  The nerves of both sides of  the occipital region ,  both the n .  vagus 
and the spino-occipital nerves of  both sides, were not situated 
opposite each other but alternated with each other, as the spinal 
nerves do in  A mphioxus and recent Cyclostomes. 

5 .  There are certa in facts which ind icate that the dorsal and ventraI 
roots of the spino-occipital nerves probably d id not un ite, but went 
separate , as  the spinal nerves do in  A mphioxus and Petromyzontids. 

N ow when we are able to establ ish that the nerves of  the occipital 
region both alternated with each other on both sides and in addition that 
probably the dorsal and ventraI roots of  each spino-occipital nerve did 
not unite with each other, we are justified in  concluding that s imi lar 
conditions prevai led,  also so far as the spinal nerves are concerned, 
and thus that these alternated with each other and had their ventraI 
and dorsal roots entirely separate. 

After this description of  the nerve-canals we turn to the vein canals 
o f  the region .  

I n  the most anterior part of the region and in  the  h indmost part of 
the otic region ,  immediately beh ind the poster ior semicircular canal ,  we 
find a big paired vein sinus, the occipital vein sinus, which has already 
been referred to above.  This vein s inus (vs. oe ,  text-figs. 1 4 , 23-28 ; section 
series A,  nos .  27-46 ; section  ser ies B ,  nos. 2- 1 6 ;  section series C ,  nos .  
49-73 ; section series D ,  nos .  1 -40 ; pl .  1 9, fig. I ;  pls .  25, 26, 29, 49,  54, 
55) i s  more or less d istinctly tetraedral in shape,  and has always its 
postero-dorso-medial corner produced backwards and ,  at least in  Cephal
aspis hoeli, anastomosing with the canal nd1 • From the dorsal s ide of that 
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produced corner there issues, as a lready mentioned,  the short rather 
wide cana l  dl (text-fig. 23 ; section series A ,  nos .  23-27 ; p l .  32 ,  fig. 2) 
in  a dorsal d i rection .  And while in  the Cephalaspis-species and other 
forms with a long dorsal electric field the said canal dl leads to ,  and 
opens on , the very lateral border of  the dorsal electric field i t  ascends ,  
on the contra ry ,  i n  Thyestes verrucosus, and probably also in  other 
forms with a short dorsal electric field ,  up to the dorsal surface of  the 
exoskeleton sl ightl y postero- Iaterall y to the dorsal electric field .  And 
attention may be called to the fact that  in Tremataspis too the canal 
has its dorsal or iflce postero-Iaterally to the dorsal electric field, as in 
Thyestes verrucosus. 

I f  we knew the canal dl only in the Cephalaspis-species it would 
of  course be  considered s imply as a vein canal ,  which transmitted a 
tributary to the  occipital vein sinus.  The condit ions in  Thyestes verru
cosus, however, seem to ind icate that this cannot have been the case, 
for we cannot imagine that in these forms such a big vein as it would be 
the question of  here arose and passed so superficial ly as to enter and 
traverse the canal dl . As we shal l  see from the account given below 
of  the otic region and the labyrinth cavity, it i s  possible that the ductus 
endolymphaticus might have persisted and reached up to the epidermis  
through the  sa  id  canal . But  in  the  Cephalaspis-species i t  seems no t  
in conceivable tha t  in  addit ion a vein from the  dorsal electric fie ld  went 
down to the occipital ve in  sinus this way. 

Besides the canal dl ! there were severaI other canals which opened 
into the occipital vein s inus ,  and which quite certa inly were travers ed 
by tributaries to that s inus .  The m ost important ones of these can als 
are as follows : the can al for the v. cerebral is  posterior, a canal from 
the otic region ,  a num ber of dorsal and lateral cana ls ,  usually rather 
narrow, from the subaponeurotic v ascula r  plexus, and final ly ,  at  least 
i n  certain  Cephalaspis-species, a can al from the postero-Iateral parts o f  
t he  occipital region . 

The fi rst-m entioned one of these can als, the canal for the v .  cerebral is 
posterior  (Xvcp, text-figs. 1 5- 1 7, 20-24, 26-28 ; section series A,  nos .  
44-48 ; section ser ies B,  nos .  2- 1 4 ;  section series C ,  no .  4 1 -55 ; section 
series D, nos. 8-20 ; pls. 25, 26, 44 , 45 , 49, 55) forms,  as we have seen , the 
most dorsal branch of the d istal part o f  the vagus canal ,  and consequently 
the v. cerebral is  posterior ,  though i t  was strikingly wide. had a quite 
normal course. From the posterior s ide of the canal for the v. cere
braI is posterior  there issues a short rather wide canal lettered in the 
figures v. et (text-figs. 1 4 , 24, 26 ; section  series A, nos .  40-43 ; section 
series B ,  nos .  2-7 ; section series D, nos .  1 5-24 ; pl .  26) , which goes 
backwards and opens on the lower side of  the occipital region some
what postero-dorso-medial ly to the neural branch or  neural branches 
of  the vagus canal and rather close to the neural  ridge. I t  i s  worthy o f  
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Text-fig. 1 6. Cephalaspis hoeli. east 
of the cavum cerebrale cran i i  from 
the ventrai s ide. After a model i n  wax 
made from section series A. Magnifica-

t i  on approximately 1 7/1 . 
a. car, canal for the carotid artery ; 
a. dsm, canal for the postorbital super
ficial artery ; a.  ja c, canal for the arteria 
facial i s ; · a. jn, canal for a branch from 
the facial artery to the external opening 
of hypophysial sac ; c. post, can al for the 
posterior encephal i c  artery ; dx, canal 
for an artery or a nerve to the poste-
ri or part of the dorsal electric field, or 
for both an artery and a nerve ; f. opt, 
optic fenestra ; js. hyp, fossa hypo
physeos ; hy. s ,  d ivision of the eth
moidal cavity for the hypophysial sac ; 
nd" canal for the first myelonal ve in  
and probably also for the  dorsal root 
of the first spino-occipital nerve ; nv" 
canal for the myelonal artery l and 
probably also for the ventral root of 
spiflo-occipital nerve l ;  nV2, canal for 
the myelonal artery 2 and probably 
also for the ventrai root of spino
occipital nerve 2 ;  f, canal probably for 
a vessel ; v. pt, canal probably for the 
pituitary vein ; I l l , canal for the n .  
occulomotorius ; IV ,  canal for the n .  
trochlearis ; Va, canal probably for the 
viscero-motor root of the n .  profundus ; IX 
Vb, canaI for the general cutaneous 
root of the n. profundus ; Ve, Vd, canals 
for the roots of the n .  trigeminus proper ; 
V c, for the general cutaneous root ; 
Vd, probably for the viscero·motor root 
and the n. abducens ; V xa, can al per
haps for the n .  abducens j V I I + V I I I  a, 
canal for the n .  facial is , for the electric 
nerve fibres, for the prootic lateral is 
fibres, and for the anterior branch of 
the n .  acusticus ; V I I I  p, canal for the 
posterior branch of  the n .  acusticus j 
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IX ,  branch of the vagus canal for the gJ.ossopllilryngeus, roots ; X, branch of the 
vagus canal for the vagus roots ; Xvcp, branch of the vagus canal for the vena cere-

braI is posterior. 
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notice, however, that the external opening of  th is  canal  o f  the right 
side, since it is  situated l ateral ly to the aorta l groove, l ies somewhat 
farther from the n eural r idge than the one o f  the corresponding can al 
o f  the left s ide .  In Kiaeraspis the canal v. ct, of  each s ide is  connected by 
means of  a dorsal rather fin  branch (v. ct! section series D ,  nos .  20-28) , 
with the dorso-medial corner of the occipital ve in sinus.  Accord ing to 
their course and posit ion the canals v. ct and v. ct! seem to have been 
traversed by branches of  one of the anterior parietal veins (cf. HA TT A 
1 922, pp .  1 82- 1 85 ;  cf. a lso text-fig. 99 in the present work) . 

The canal (v. dsv, text-figs. 1 4, 1 8, 1 9 , 23, 26, 27 ; section series A ,  
nos .  47-49 ; section series B ,  nos .  6- 1 8 ;  section series C .  nos .  3 1 -53 ; 
section series D ,  nos .  24-40 ; pl .  1 3 , fig.  3) which from th e otic region 
leads to the occipital  vein sinus i s  general ly very wide. I t  issues ,  as 
wil l  be described in detai l  below in  connection with the account of the 
labyrinth cavity , from the dorso-medial parts o f  the labyrinth cavity or 
from a can al which from this cavity goes to the dorsal electric field ; 
and it passes o ff  in a postero-Iateral d i rection to the antero-dorso-m edial 
part o f  the occipital vein sinus. It seems to have transm itted a vein ,  
which ,  as far as can be j udged , d rained a middle part o f  the dorsal 
electric field and at least certain dorsal parts o f  the labyrinth , and on 
account of th is ,  i t  may be terrned the canal for the o tical ve in .  Besides 
the otical vein this can al may possibly a lso ,  as we shal l  see, have lodged 
the ductus endolymphaticus. 

The fi n e  can als which , fro m  the subaponeurotic vascular  plexus 
pass to the occipital vein sinus are well shown in  the text- figs. 23-27, 
as  well as in severaI of the section series (section series A, nos .  35-46 ; 
section series B, nos .  I � 1 6 ;  series C ,  nos .  53-57 ; section series D ,  
nos .  20--43) . As is  clearly seen from t he  figures quoted , they open 
mostly on the dorsal and lateral sides of  the occipital vein sinus. At 
least in  C. hoeli the biggest of them are distinct ly paired. 

Final ly, the canal (v. ol, text-figs. 23 -26 ; sect ion series A ,  nos .  
2-33 ; section ser ies C ,  nos .  63-68) ,  which from  the poster ior lateral 
parts of  the occipital region goes forward to the occ ip i ta l  vein s inus is  
wel l  known only on one side in  a specimen of Cephalaspis hoeli, the 
specimen used for section series A .  Except most posteriorly i t  is  si tuated 
in the lateral portions of the thin lateral parts of the region .  In to it 
open severaI canals both on the lateral and on the media l  s ide ,  the latter 
being b ranches of, or else b ranches which ind irectly communicate , with 
the canals nd! and nd2 • I t  lodged a vein which must have drained the 
postero-Iateral and most posterior  parts of the occipital region of the 
endocran ium as wel l  as the exoskeleton above these parts. According 
to its posi t ion ,  this vein may be cal led the la teral occipital vein and the 
can al for i t  the  l ateral occipital vein can al .  
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In Kiaeraspis no  canal could be observed corresponding to that 
o f  Cephalaspis hoeli described here as the canal for the lateral 
occipital vein .  But since the conditions in  Kiaeraspis are other
wise very s imi lar to those in  C. hoeli, i t  seem s  rather strange i f  the 
lateral  occipital vein should not have existed in  i t  too .  And at present, 
therefore, I am inclined to think that the absence of the canal i n  question 
i n  Kiaeraspis i s  only apparent and due to an  un favorable state of 
preservation in  the single specimen used for sections (section series D). 

As i s  evident from the description now given of  its tributaries the 
occipital vein sinus received alm ost the entire quantity of venous blood 
of  the occipital region and in addi tion a considerable quantity of venous 
blood from the otic region . With its ventro-lateral m ore or less extended 
and narrow corner i t  opens into the very posterior part of  the canal 
for the ven a capitis lateral is .  And i t  i s  thus quite c1ear that i t  emptied 
its blood into the vena capit is lateral is .  (Cf. further the otic region and 
the chapter on the vascular system) .  

Besides the cana ls  now described , we find in  the occipital region 
two further canals which perhaps are not constant but which nevertheless 
deserve to be taken into consideration .  One of  these canals (vy, text
fig. 27 ; section series D, nos .  24-35) is found in the specimen used 
for sections of Kiaeraspis. It issues from the left s ide o f  the cavum 
cerebrale cran i i  sl ightly postero -dorsally to the vagus canal and goes 
postero-dorso-Iateral ly, med ial ly to the left occipital vein sinus. As it 
is  very fine i t  was d i fficult to trace on the sections,  nor was it 
possible to observe h ow i t  ended dorsal ly ,  whether  i t  opened in  to 
the occipital vein sinus or whether it had no  relations to that .  What  
i t s  function m ight  have been cannot be decided with certainty, bu t  
i t  seems  not im probable that  i t  transmitted a ve in .  The other canal 
to be described here has been found on ly in  the specimen of C. hoeli 
used for section  series B. It (section series B, no .  1 0) is a fine  one 
which l ies in  the angle between the branch of the vagus can a l  for 
the v .  cerebralis posterior and the branch of the same canal for the 
glossopharyngeus roots. As i t  could not  be  traced e i ther to i ts origin 
or  to i ts termination ,  i t  is  so far impossible to decide what its function 
m ight have been.  

Otic region .  - The otic region (text-figs. 2 ,  3 ,  4 ,  5 ,  7 ,  8 ,  1 3 , 1 4) 
is not well bounded externally either from the ad jacen t regions or 
fro m  the parts of  the visceral endoskeleton wi th which i t  i s  continuous 
laterally. Probably owing to the posit ion o f  the orbits far dorso-m edial ly 
its dorso-Iateral parts hardly extend so far forwards as  its ventro-media l  
ones .  In addi t ion attention must here be  ca l led to the fact that certain  
o f  the  trigeminus roots l eft  the  cavum cerebrale cran i i  very far behind 
the others ,  in  reality in the ot ic  region, and that on account of  th is  i t  

5 
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often may be very diffieult  to de cide exaetly at what plaee the transit ion 
between that region and the orbitotemporal region takes plaee.  

The otie region , whieh always i s  shorter than the oeeipital  region 
and approximately o f  the same length as the orhitotemperal region , 
is very broad, its breadth usuall y  being about three t imes as great as  
the length . I ts height ,  whieh is greater than that  of  the oeeipital region , 
is probab ly subj eet to a eertain variation ,  but seerns, as a rule ,  to be  
a lmost one th ird of the breadth and thus  not so very mueh less  that 
the length . Being eontinuous latera l ly with the viseeraI endoskeleton 
the region has of eourse no free lateral borders. Like the c ccipital 
region i t  presents a dorsal and a ventrai surfaee but has in  addit ion a l so 
anterior (orbital ) and posterior surfaees, the latter two of  whieh are paired .  

The dorsal surfaee as a whole is  eonvex (text-figs. 2 B ;  3 ,  5 ;  seetion 
series A ,  nos .  44-99 ; seetion series B ,  nos .  1 -38) with a wide median 
fossa, whieh is oceupied by the dorsal eleetric fie ld .  

The ventra i surfaee (text-figs, 2 ,  3 ,  4, 1 3 , 33 ,  36 ,  4 1 ; p ls .  52, 54 ,  56) 
whieh is  l ined by the external periehondral bone-Iayer and whieh forms 
part  of  the upper surfaee of  the oralo-branehia l  eham ber, is  s l ight ly  
eoneave in  transversal d i re etion .  I t  is  bounded anteriorly by the trans
verse orbito-otieal groove (arb. at. gr, text-figs. 4 ,  1 3) and posteriori y by 
the postbranehial  wa l l  (p .  brw) . While that wal l  most medial ly deseends 
from  the endoeran ium approx im ately at the transition to the oeeipital 
region we find it ,  on the contrary, more latera l ly descending instead from 
the posterior parts o f  the  bottom of  the otie capsules. And owing to this 
the posterior  surfac�  of  the otie capsule of  each side ,  which is here eal led 
the poster ior surfaee of  the region ,  i s  freely exposed behind the post
b ranehial wal l .  On the ven traI surface we find ,  as we have already had 
occasion to point out (p. 45 above) , the median ,  l ongitudinal aortal r idge 
(r .  aort) with the aortal groove (aort. gr) , the latter of whieh in its posterio r  
part, belonging to the  region ,  is  bridged over on the  ventrai side and 
thus transformed in to a eanal .  As we have also found ,  there is  on  eaeh 
lateral side of  the aortal r idge a distinet bulge ,  the ot ical  prominenee 
(pr. au) , eaused by the auditory organ. In  eerta in forms .  sueh as Hoel
aspis (p l .  44) and Kiaeraspis (ibr4 ,  text-figs. 4 ,  36 ; pls .  5 1 ,  52) ,  the 
fourth interbranehial r idge always eontinues aeross the anterior part of 
the ot ieal prominenee e10se behind the orbito-otieal groove as far dorso
medial ly as to the aortal ridge. 

The anterior surfaee, whieh is  paired and rather small ,  forms part 
of  the boundary of  the o rbit  and i s  l ined by the orbital periehondral  
bone-Iayer. I n  aeeordanee with the shape of  th e orbit  i t  is  somewhat 
eoneave in  both dorsi-ventral and transversal d i rceti ons and i t  passes 
over into the ventrai and medial  surfaces of the orbit .  

Final ly ,  as was mentioned above, the posterior  surface, whieh , l ike 
the anterior one,  is  smal l  and paired, l ies entirely behind the post-
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branchial wall (text-figs. 1 3 , 1 4) .  I t  faces postero-ventrally and some
t imes also sJigh tly  laterally and is often as a whole s l ightly  concave 
in  both transversal and dorsi-ventral directions.  Medially and dorsal ly 
i t  is  continuous with the lower surface o f  the occipital region and ven
tra l ly  i t  passes over into the posterior surface of the postbranchial wall .  

The division of  the cavu m cerebrale cranii fal l ing with in the region in 
quest ion (text-figs. 2, 1 5- 1 7 , 20-28 ; section series A ,  nos .  56-99 ; section 
series B ,  nos. 1 -38 ; section series C ,  1 -40 ; section series D, nos. 2-33 ; 
pl .  1 3 , fig .  3, pls . 1 4 , 1 8 ;  pl .  1 9, fig .  I ;  pls .  26, 45,  48, 49, 55, 59) l ies with 
the m iddle and posterior parts of  its botto rn somewhat lower than the 
d ivision encJosed in the occipital region . Most posteriori y i t  is in  certain 
forms somewhat narrower and perhaps even sligh tly  lower than the m ost 
anterior part of the last-mentioned d ivision .  But i f  we proceed forwards, 
we find that i t  very soon begins to get h igher and that it already 
behind th e m iddle of  the region is  a lmost twice as high as m ost 
posteriorly, whereas its breadth has increased rather sl ightly or remains 
rather uncharged. More anteriorly in  the anterior  half of  the region i t  
gets lower again and at the same time  a l so  somewhat narrower. Later
ally i t  is bounded by a thick wall from the labyrinth cavity of  each 
side, a wall which is perforated solely by the canals for vessels and 
nerves ,  that pass out from the cavum cerebrale . 

For the further descript ion we may consider the otic region to be 
composed of  a ventraI wall , a dorsal wal l  and a paired latera l '  wal l .  

The  first-mentioned of  these wal ls ,  the ventraI wall (text-figs. 
2 ,  4, 33, 36, 4 1 ; section series A,  B, C,  D, F ;  pls .  1 4 , 1 5 , 44 ,  45, 
48, 49, 50, 52, 55) ,  forms anteriorly on its dorsal s ide a rather high 
pronounced dorsum sellae (d. seil, section series A ,  no .  99 ; section series 
C ,  nos .  1 -30 ; section series D ,  nos .  1 --7) and i s  there throughout i ts 
breadth rather th ick . More posteriorly, on  the contrary, i ts median part 
which separates the cavum cerebrale from the aortal groove is rather  
thin . Posteriorly and lateral ly i t  is continuous with the  viseeraI endo
skeIeton .  More exactly, i t  passes over  posteriorl y  i nto the postbranchia l  
wal l  and lateral ly into the lateral part  of  i ts s ide of the viseeraI endo
skeIeton .  I t  is pierced i n  the  median part above the aortal gro ove by 
a fine canal (ch) ,  which forms the d irect anterior continuation of the 
notochordal groove of  the occipital region and which therefore must 
have l odged the notochord .  As is  seen particularly from section series 
A (nos. 56-99), this canal ,  which is  I ined by a perichondral bone-layer 
of  i ts own , is very fine .  Most caudal ly where at least in  the specim ens 
used for section series A (nos .  56-60) and B (nos. 8- 1 8) i t  is  h igher 
than it is  broad ,  i t  l ies approximately in the middle of  the height (thickness) 
of  the ventraI wall . Further forwards i t  soon descends to the ventraI 
surface of the ventraI wal l ,  decreas ing in  d iameter and getting fi rst  a 
rather  circular ,  then a dorso-ventral ly flattened shape (section series A ,  
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nos .  6 1 -95 ; section series B ,  nos .  1 9-29) .  I t  should also be m entioned 
that during th is part of its course i t  l ies a lmost in  the very dorsal 
surface of the aortal groove, and that its ventrai boundary i s  forrned 
only by a very thin layer of  perichondral bone.  It retains th is ventrai 
posit ion until as far forward as beneath the dorsum sel lae, then most 
anteriorly i t  curves upwards into the dorsum sel lae, ending into th e 
most antero-dorsal part of  that (section series A, nos .  97-99 ; section 
series B ,  nos .  30, 3 1 ) . We are thus able to establ ish that the notochord 
extended forward through the entire occipital and otic regions ,  though 
i t  was very del icate .  The notochordal canal is  to be seen not  only in 
the  speeimens quoted but also in that used for section series C (nos .  
1 8-20) and in  severai others (pl . 23, ng .  3 ;  p l .  46, ng. I ;  pls .  49,  52, 55 .  

The postero-lateral part  of  the ventrai wal l  i s  constantly pierced 
by a paired canal, Xbr1 , for the most anterior branchial branch of the 
n. vagus. This can al, which as we have seen issues from the fossa 
Xgn goes antero-Iaterally and sligh tly ventral ly beneath the labyrinth 
ca vit y to the oralo-branchial chamber,  opening there either as in most 
Cephalaspis-species c10se posteriorly to the otic prominenee or ,  as in  
certain Cephalaspis-species and K iaeraspis, somewhat postero-latera l ly 
to that prominence.  The can al in question i s  more or less well shown 
in certain of the text- ngures and plates (text-ngs. 4 ,  1 3 , 33, 34 ; section 
series A, nos. 62 -68 ; section series C, nos. 79-86 ; section series E, 
nos . 7-- 1 2 ;  section series F, nos .  1 -3 ;  pls . 28, 52) . 

I n  the well preserved speeimen of Kiaeraspis ngured in  p l .  52 the 
cana l  Xbr1 j ust described gives off a rather strong branch lettered Xbr1 v .  
This branch, which takes a postero-latero-ventral course through the 
ventrai wal l  of the region, goes to the oralo-branchial  chamber, opening 
into that cham ber somewhat postero-dorso-m edial ly to the canal X b1 r •  
Since , as we shal l  see, a correspondingly situated branch i ssues from 
each one of  the can als for branchia l  nerves in  front, tha t  i s  to say from 
each one of the canals for the n .  glossopharyngeus, n .  fac ia l i s  etc. , and 
s ince th is branch evidently must have been traversed by a viseeraI nerve 
branch to the pharynx, i t  is  very l ikely that the branch here under 
consideration in  Kiaeraspis also had a s imi lar function ,  i .  e . ,  that i t  
gave passage to the viseerai ramus from the nrst branchia l  branch o f  
the n .  vagus .  

In the m ost postero-lateral part of the ventrai wall of  the region 
there is ,  i n  the specimen of Cephalaspis arctic us ngured in  p l .  28, an 
addit ional canal , which must be dealt  with here .  This canal ,  which i s  
l ettered vz, is  short and rather wide and connects the cana l  for the  
nrs t  branch ia l  branch of  the n .  vagus (Xbr1) with the canal for the a .  sub
c1avia (a. subcl) i n  the postbranchial wal l .  S ince it i s  present both on 
the right and on the left s ides,  i t  seems to be no  occasional  structure . 
I t  probably transmitted an artery ; but whether this artery was an efferent 
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branchia l  artery or merely a nutrition artery to the posterior parts o f  
the oralo-branchial  cham ber must remain undecided so far. 

The dorsal wall of the region , if we next pass to that ,  is as a whole 
th icker than the ventraI one.  I n  i ts  dorso-medial  part  there is always the 
complex system of  canals ,  that forms the dorsal electric field (dsj, section  
series A ,  nos. 56-99 ; section series B ,  nos. 1 -38 ; section series C ,  
nos .  1 -30 ; p l s .  1 7 . 39) . I t  is pierced by severaI other canals which 
wil l  more conviniently be described in  anathor connect ion below. 

Final ly, each lateral wall is  th ick and strong as a whole ,  a con
d it ion which is  due to the fact that i t  lodged the strongly developed 
labyrinth cavity (section series A ,  nos .  44-9 1 ; section series B, nos. 
1 -38 ; section series C, nos .  23-99 ; section series D ,  nos .  1 -47 ; 
section series E ,  nos.  4- 1 5 ;  section ser ies F ,  nos.  1 -5 ;  etc . ) .  I t  gets 
considerably lower, however ,  most latera l ly on the lateral side of  the 
labyrinth cavi ty, where i t  is continuous with and passes over in to the 
visceral endoskeleton .  On it we find both the anterior and poster ior 
surfaces of  the region .  

From the description of  the occipital region (pp.  52-56, 6 I )  we 
have learned that the roots of  the n .  glossopharyngeus, on !eaving the 
cavum cerebrale cran i i ,  entered the vagus canal together  with the vagus 
roots and the vena cerebral is posterior. And from the same description 
we have also seen that in  certa in cases they accompanied the vagus 
roots to the distal opening of the glossopharyngeus-vagus branch o f  the 
vagus canal , while in  other cases they had their exit from the vagus 
canal through a branch of  their own. After having thus emerged from 
the  neurocranium posteriorly t o  t he  poste ri or surface of  t he  otic region 
and posteriorly also to the postbranchial wall and the oralo-branchia l  
chamber (text-figs. 1 3 , 1 4), they became gangl ionic ; and accordingly their  
gangl ionic complex lay posteriorly to the otic region and posteriorly to 
both the postbranch ial  wal l  and the oralo-branchial cham ber. After its 
origin from the gangl ionic complex the n. glossopharyngeus went fi rst 
for a certain distance laterall y  along the posterior surface of the region ,  
after which it turned anterior ly and penetrated into the lateral wal l  o f  
the  region through the canal I X p  (text-figs . 1 3 , 1 4 , 1 8, 1 9, 26, 28 ; section 
ser ies A ,  nos. 52-56 ; section series B, nos .  1 0- 1 8 ;  section series D ,  
nos. 3-7 ; p l .  25 ) ,  which goes forwards in  an antero-Iateral d i rection 
to the labyrinth cavity. And at !east in  certain forms,  as for instance 
C. hoeli, i t  was situated in  a distinet groove during its passage along 
the posterior su rface of  the region to the canal IX p .  Well within the 
labyrinth cavity i t  m ust have traversed the postero-Iateral part  o f  that , 
leaving i t  by a canal (IX a) which, as we shal l  see, perforates the most 
lateral part of the lateral wall and an adjacent part of  the viseerar endo
skeleton and goes to the oralo-branch ial cham ber m ore or  less far 
antero-Iaterally to the orbital prominence. 
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As is  thus seen from the account given of  its course, the n .  glosso
pharyngeus traversed the labyrinth cavity , as it does in  severai recent 
fi shes with a well developed labyrinth . 

The most posteriorly situated canal which regularly issues from 
the  cavum cerebrale cran i i  in  the region is the one lettered in  the 
figures VI I Ip (text-figs. 1 5�22, 24, 28 ; section series A ,  nos .  57-59 ; 
section series B ,  nos .  1 2� 1 7 , 1 9 ;  section series C, nos .  50�52 ; section 
series D,  nos. 4�9 ; pls .  25, 26, 49, 50) . This canal , which i s  always 
situated c10se in  front of the vagus canal ,  i s  short and has a rather narrow 
lumen .  It Jeaves the cavum cerebrale rather  c10se to the bottom and pierces 
the l ateral wall of the region in a lateral and sligh tly posterior direction ,  
opening into the postero-ventro-medial part of the labyrinth cavity (text
figs. 1 8, 1 9) cJose antero-ventrally to the bulge for the ampulla posterior 
(am . post) . From i ts relation to the labyrinth ca vit y i t  seems h igh ly 
probable that  i t  transmitted a posterior  branch of  the n .  acusticus to 
the ampul la  posterior and perhaps to certain  other posterior parts of  the 
labyrinth, accordingly a branch which seems to have corresponded to the 
r .  saccularis acustici of the recent Myxinoids .  (RETZIUS 1 88 J , pp .  1 0, 24 ;  
WORTHIN GTON 1 905, p .  1 72 ;  AYERS & WORTHINGTON 1 908, pp .  1 O� 1 1 ) . 
A posterior branch of the n .  acusticus is ,  as i s  wel l  known , found also 
in fishes. 

In  the specimen of  C. hoeli , used for section series A ,  as well as 
in one specimen of  Kiaeraspis, there is  on both sides cJose above the 
canal for the posterior branch of the n .  acusticus j ust described a sti l l  finer 
cana l  ( t ,  text-figs .  1 5� 1 7 ;  section series A, nos.  56 ,  59 ; p l .  55) which also 
p ierces the lateral wall and goes to the labyrinth ca vit y ,  opening into 
that  ca vit y cJose above the former and thus not far in  front of the bulge 
for the posterior  ampuJ la Whether this canal too transmitted a branch 
fro m  the n .  acusticus or  whether i t  was traversed by a vessel cannot  be 
asc �rtained with ful l  certainty ; but since i t  perhaps i s  an  occasional struc
ture ,  the l atter alternative seems to be the most pro bable one .  

Rather cJose anteriorly to the canal for the posterior branch of the 
n .  acusticus th ere follows a very wide but fai rly short canal  (V I I  + V I l la ,  
text-figs. 1 5� 1 7 ;  1 8  B ,  D ,  E ;  19 A, B,  D ,  E ;  20-22, 24, 28 ; sect ion 
series A ,  nos .  63� 7 1 ; section series B ,  nos .  1 9-25 ; section series C, 
nos .  4 1  �5 1 ; section series D, nos .  2- 1 9 ;  pls .  1 4 , 1 8 ;  p l .  1 9 ;  fig.  I ;  
pl .  23, fig. 3 ;  p l s .  25, 26, 45, 48, -1-9, 50, 55) , which issues from the cavum 
cerebrale cran i i  immediately above the floor and goes straight lateral ly 
th rough the lateral wal l  of  the region to the basal part of  the labyrinth 
cavity. Whereas in Kiaeraspis this canal is  considerably h igher than i t  i s  
broad , in  Cephalaspis hoeli i t  is  a lm os t  c ircular. From i t s  course and 
position i t  is  c lear  tha t  i t  must have transmitted the anterior branch of 
the n .  acusticus, but in  addition to that ,  as we shal l  see, i t  certa in Jy 
gave passage also to the n .  facial is proper ,  to the proot ic l atera l is  fi bres 
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and to the nerve fibres for the electric fields ,  which latter probably a l l  
pertained to the n .  facia l is .  Accordingly the term acustico-facial is canal 
may be a propriate name for it .  

The n. facial is ,  the prootic lateral is fibres and the electric nerve 
fibres thus all entered the la byrinth cavity . Their  course through this 
cavity and the canals th rough which they left i t  wi l l  for practical reasons 
not be dealt with unti l  later on in  the descriptions of the labyrinth cavity 
and the visceral endoskeleton .  

Rather far above the acustico-facial is can al  there i s  in  at least 
severai specimens of Cephalaspis hoeli a paired, fine, short can a l  (u ,  
text-figs. I S , 1 7 , 1 8 ;  section series A ,  nos .  66,  67 ; section series C ,  nos .  
32-36) which goes in  a l ateral d irection from  the cavum cerebrale 
cranii th rough the lateral wall of the region to the labyrinth cavity, 
reach ing this cavity a short d istance posteriorly to the bulge for the 
ampulla anterior .  I n  the specimen of  Kiaeraspis used for section series 
D no correspondingly running canaI cou ld be detected. As the canal 
in  question of  C. hoeli issues very high up from the part of the cavum 
cerebrale that, as we shal l  see, l odged the cerebel lum,  it seems not very 
probable that i t  could have transmitted any nerve but that i t  instead 
gave passage to a vessel .  

Sl ightly anteriorly to, but h igh above the acustico - facial is canal ,  a rather  
wide,  paired canal lettered in  the  figures a.  dsrn (text- figs. 1 5- 1 7 , 20- 23, 
25-27 ; section series A, nos .  68-9 1 ; section series B, nos .  30-40 ; section 
series C ,  nos .  3 1 -57 ; section series D, nos .  27-50 ; p ls .  29 ,  30 ,  55)  
ascends i n  the Cephalaspids studied from the most dorso-Iateral pa rts 
of  the cavum cerebrale into the dorsal wall of the region and goes in 
an antero-latero-dorsal d iredion to the dorsal surface of the region as 
well as to a posterior part o f  the dorsal surface of  the orbitotemporal 
region, branehing frequen tly peripherieal ly .  At least in severai eases i t  
seems to break up into three main branches ,  which in their turn sub
d ivide i n to fine ram i .  One of  these three main branches (a .  dsrns) passes 
off postero -dorso-lateral ly to the superficial parts of  the region dorsal ly  
and laterally to  the anterior semicircular cana l .  This  one wi l l  be cal led 
the posterior  branch .  The branch following next forwards (a. dsrn2 ) ,  
which i s  a lways short and often wide, takes a dorso-medial  course and 
goes to the dorsal electric field ,  c lose to the lateral border of  th is .  I t  
wi l l  be referred to as the midd le  branch . F ina l ly the third branch 
a .  dsrnl i s  sent out in  an antero-dorsal di rection to the superficial parts 
of  the region laterally to th e dorsal e lectric field and medial ly to the 
posterior half o f  the orbital open ing .  This branch wil l be term ed the 
anterior  branch .  Either the m idd le or  the anterior one of  these three 
branches is  usually in  communication with the posterior part of  a canal 
lettered v. dl i n  the figures (text-figs. 23, 25, 27 ; section series A, 
nos .  79-9 1 ; section series B .  nos .  32-39 ; section series C ,  nos .  45-49 ; 
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section series D, nos. 35-45) ,  which goes forward to the postero-dorso
lateral part of the orbit. ( I n  the specimen of Kiaeraspis used for section 
series D ,  this canal of the left side does not anastomoze with any o f  
t he  branches of t he  canal a. dsm). From the  canal v .  d l  severaI branches 
issue in dorsal ,  lateral and medial directions .  

The fact tha t  the canal a. dsm issues so high up ,  from a par t  of  
the cavum cerebrale cranii (met, text-figs. 1 5- 1 7 ;  20-23 , 27 )  which , 
as we shal l  see, lodged the cerebellum , makes it very unl ikely that i t  
could have been traversed by any nerve.  And sirce its m ode of sub
division and terminat ion are not in accordance with the opinion that 
i t  was a nerve-canal i t  must obviously have been traversed by a 
vessel . I t  seem s  at fi rst not easy to conclude whether this vessel 
was an artery or a vein. The presence of severaI quite certain vein 
can als anteriorly, posteriorly and laterally to the branches of  the canal 
a. dsm, the need of  an artery to supply the medial part of the upper 
s ide of  the otic region and the adj acent posterior part of the upper 
side of  the orbitotemporal region as well as the most anterior parts or 
the dorsal electric field , and moreover also the fact that ,  except the cana l  
a. dsm, there is no other can al  leading to the sa id parts of the dorsal s ide 
of the endocranium that can be an arterial canal ,  a l l  these conditions  
render it ,  however, fully evident that  i t  was an artery. As i t s  area  of  
supply l ay chiefly posteriorly to the orbital entranee I have named 
this artery the a .  superficial is postorbital is .  As the a .  superficial is post
orbitalis , as thus defined ,  came from  the cavum cerebrale crani i ,  i t  must 
certainly have arisen from the encephal ic system of arteries . .  And as 
wi l l  be further pointed out below in another connection ,  i t  i s  h ighly 
pro bable that i t  i s  s imply a dorsal part of one of  the most anterior 
parietal arteries (cf. the chapter on the Petromyzontids below) . 

The canal v. dl must, according to its origin and course, have t rans
mi tted a vein which drained certain anterior and m iddle parts of the 
dorsal electric field and certain adj acent parts of the crania l  roof. As  
we sha l l  see  from the  account given below, th i s  vein emptied in to  the 
v e n a  cap itis lateral is  just befo re th is  vein  l e ft t h e  o r b i t  (cf. the descri p

t ion of the orbitotemporal region and the chapter on  the vascu lar  
system) .  

I n  a l l  Cephalaspids investigated by me  the lateral wa l l  of the region 
is  p ierced at least by certain of  the canals (V, V c, V d, text-figs. 1 6, 1 7 , 2 1 ,  
22, 24, 28 ; section series A ,  nos .  70-99 ; section series B ,  nos .  1 9-38 ; 
section series C ,  nos .  1 -9, 24-48 ; section  series D ,  nos .  4- 1 4 ;  pls .  1 4, 
1 8 ;  pl .  1 9 , fig. l ;  pls .  26, 45,  49, 55) for the trigeminus roots. For 
practical reasons ,  however, I shal l  not deal with these car/als here but 
postpone their treatment to the description of the orbitotem poral region .  

, Also a second canal ,  the one lettered v. pt in  the figures, despite the fact 
that it is given off from the bottom of the cavum cerebrale cran i i  above 
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the posterior pa rts of  the dorsum sel lae and passes lateral ly through 
the la teral wal l ,  wi l l  for practical reasons not be described unti l  later 
on in connection with the o rbitotemporal reg ion .  

The dorso-Iateral part o f  the region is, c lose dorso-Iaterally to the 
labyrinth cavity of each s ide ,  perforated in  a long i tudinal d irection by a 
wide canal ,  v. cl (text-figs. 23-28 ; section series A ,  nos .  39-84 ; section 
series B ,  nos. 1 -38 ; section series C ,  nos. 65·-8 1 ;  section series D ,  nos .  
1 -33 ; sect ion series E ,  nos .  1 - 1 4 ;  pls .  1 8, 2 1 , 23-27, 29, 44, 45, 47, 49, 
50, 53, 54, 55) , which goes from the postero-Iateral part of the orbi t  to the 
posterior surface of  the region ,  opening there rather c lose dorso-Iateral ly 
to the posterior opening of  the canal IX  p,  th rough which the n .  glosso
pharyngeus reached the labyrinth cavity (text-figs. 1 3 , 1 4) .  This canal 
v. cl , which throughout a lmost i ts entire length l ies on or very close to 
the dorsal side of  the vestibular d ivis ion of  the l abyrinth cavity, laterally 
to the other div is ions of that cavi ty (the anterior  and posterior sem i
c ircular d ivis ions  and the commissural d iv is ions) ,  i s  ben t more or  less 
in accordance with the arching of  the vesti bular d ivis ion and in  addit ion 
so that i ts m iddle parts l i e  nearer to the median l ine than the anterior 
and posterior ones .  I nto i t  open severaI canals ,  which as i s  obvious 
from their d istal branch ing  (pls. 25, 29) , must h ave transmitted vessels. 
From this fact and from its position and course i t  i s  not d i fficult to 
conclude that i t  must have been traversed by a vein corresponding to 
the vena capit is lateral is of  Petromyzon and young larva I stages o f  
fishes (cf. COR I  1 906, pp .  48-52 ; HATTA 1 922, pp .  1 80 - 1 82 ;  DE BEER 
1 924 ; 1 926) . And we are thus ab le  to establish that the v .  capit is lateral is 
persisted and played a very important part in  the adult Cephalaspids . 

After having now described the canal for the v. capit is latera l i s ,  we 
shall next pass to the eanals whieh jo ined th at eanal and whieh aceord
i ngly gave passage to tri butaries to the v .  capitis lateral is .  

The  most poster ior one of  the canals which jo ined the eanal  for 
the v. eapit is l a teral is is the  occipital vein s inus .  As has been pointed 
out a lready above in the descript ion of the oecipita l  region ,  th is  s inus 
(vs. oc ,  text-figs .  23-28 ; section  series A ,  nos .  25-46 ; sect ion ser ies B,  
nos .  1 - 1 5 ;  seetion ser ies C,  nos .  48-73 ; sect ion ser ies D, nos .  1 -42 ; 
pl . 23, fig .  I ;  pls .  25, 26, 29, 49 ; pl . 54 ,  fig .  l ;  pl . 55)  is situated in  the 
la teral wal l  of  the endocran ium at the transit ion between the oecipital and 
otie regions .  The eommunieation between i t  and the canal for the v .  
eapit is l ateral is always takes plaee on the media l  or  dorso-media l  s ide of 
the l ast mentioned canal ,  a t  'Or close i n  front of  the posterior end of  this .  

I nto the occipital vein sinus opens on the anter ior s ide the wide 
eanal v. dsv (text-figs. 23 ,  26 ,  27 ; section ser ies A ,  nos .  47-49 ; seetion 
series B,  nos. 7- 1 8 ;  section series C ,  nos. 3 1 -5 1 ; section series D, 
nos. 24-38 ; pl .  1 3 , fig. 3) which ,  as we have seen , comes from the 
l abyrinth cavity and a c:mal issuing in  a dorsal d i rect ion from that eavity 
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and which goes in a postero-Iateral d irection through the lateral wa11 
of  the region .  As for the understanding o f  the function of th is canal 
i t  is necessary to enter upon certain detai ls of the labyrinth cavity a 
detailed descript ion of it can only be given in  connect ion w i th  the account 
of  that cavity. 

The dorsal (external) su rface of the parts of the v iseeraI endo
skeleton situated laterally to the otic and orbitotem poral regions is ,  as 
we shal l  see further from  the account below, drained by four segmental ly 
disposed veins, terrned the dorso-Iateral superficial veins 3-6, which 
a l l  went dorso-media1 1y and emptied their blood i n to the v .  capitis 
lateral is .  In the s implest cases these veins were certainly i ndependent  
o f  each o ther  th roughout the ir  extent and ac::ordingiy they als o emptied 
into the v .  capitis lateral is independent ly of  each other .  In the forms 
known in deta i l ,  however, wc do not find so simp le  condit ions any 
more ,  but certa in  of  the four veins in quest ion had most dorso-media l ly 
in  the vicinnity of the v. capi t is  lateral is jo ined each other .  

After these general remarks we can now turn to a more detai led account 
of  the canals for the four dorso-Iateral superficial veins i n  question .  These 
canals , which accord ing to their posit ion from in  front  backwards are 
lettered in  the figures v. lsg , V.  Is4 , V. Is" , and v. ISa respec t ively ,  are of  ten 
distinctly preserved (text-figs, 46-5 1 ; pls. 1 7 , 1 8, 20, 24-30, 39, 45, 47, 
49, 50, 54, 55, 57). The most posterior one of  them (v. ISa ) always j oins 
the canal for the  v .  capi t is  latera l i s  somewhat in  front of  the occipital ve in 
sinus above the posterior part of the labyr inth cavity . On the other hand ,  
the most anterior one (v. lSg ) goes, in  certain forms such as Kiaeraspis 
and Hoelaspis, also to the canal for the v. capitis latera l i s ,  opening into 
that canal close beh ind  the orbit ,  whi le i n  other forms,  such as the Cephal
aspis speeies, i t  always passes to the m ost postero-ventro-Iateral corner  
of the orbit . As  i t  is clear, however, th at in  the  latter case the vein which 
traversed the canal v. Iss m ust have emptied into the v .  c 1pi t is la teral i s  
i n  the very posterior part of the  orbit ,  it i s  obvious tha t  the  con
dit ions in  this respect in the Cephalaspis-species were not essential ly 
different  fro m  t h ose i n  Kiaeraspis a n d  Hoelaspis. A n d  we a re thus  

able to establ ish that both the  dorso-l ateral-superficial ve in transmitted 
by the can al v .  ISa and that which had i ts passage th rough the cana1 
v. Iss always emptied d irectly into the v .  cap i t i s  lateral is .  In Hoelaspis 
(p l . 45) the canal v. Is, also reaches as far dorsal ly as to un ite d i rect 
with the canal for the v .  capitis latera l is ,  whi le in a l I  other forms the two 
canals v. ls4 and v. lso never open d irectly i nto the last-mentioned canal but 
un ite in  various ways with v. Iss and v . ls, or with one or another of these. 
Thus in  Cephalaspis heintzi (text-fig. 46, pls. 29, 30) , v. ls4 and v. Iso 
jo in  v. lss ' while in C. vogti (text- figs. 47 , 48 ; pls .  25 ,  27) ,  on the con
trary, they join instead v. ISa . I n  other forms,  as Kiaeraspis (text-fig. 
28 ; pl .  55) and C. spitsbergensis (text-fig. 49 ; pl .  39) , the c:mal 'i-' . ls4 
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unites with v. ISg and v. Iso with v. IS6 . In C. hoeli the condi t ions with 
regard to the canals v. ls( and v. Is" are in  certa in specimens as in 
C. vogti (pl . 24, fig. l ) , i n  other specimens ,  on the contrary, as  in  Kiaer
aspis and C. spitsbergensis. Final ly in Hoelaspis the canal v. ls5 unites 
with v. Iss , whi le ,  as  already pointed out , v. ls( goes independently to the 
canal for the v .  capit is lateral is .  

In those cases where the canal v. ls( alone or  both v. IS4 and v. Is" 
j o in  th e canal v. ISg the proximal part of the latter is in the text-figures 
and plates mostly denoted by the letters v. la. On the other hand 
in  those cases where the canal  v. Is" alone or  both v. Is" and v. IS4 j oin  
the canal v. IS6 ' the proximal  part  o f  the latter i s  in  the text-figures and 
plates lettered v. lp (cf. text-figs . 23-28 ; 46-5 1 ) . 

Besides the tributaries already dealt with , the vena capitis lateral is 
received during its passage through the canal v. cl also certa in others 
from the superficial parts o f  the region above and between the anterior 
and posterior semicircular canals and from the underlying vestibular 
div is ion o f  the labyrinth cavity. 

The former of  these tributaries ,  which traversed the canals v. ds, v .  dS1 
and v. dS2 (text-figs. 23 , 25, 26, 27 ; section series A. nos .  56, 59, 67, 70 ; 
section series B ,  nos .  2 1 ; section series D ,  nos .  34-47 ; section series 
E ,  no .  1 0 ;  pls .  29, 30), obviously col lected the blood which was d istri
buted by the m ost peripheral ramul i  of the posterior branch of the 
arteria superficial is postorbital is ,  that is  to say the artery issuing from the 
cavum cerebrale th rough the canal a.  dsm . These tributaries opened into 
the vena capitis lateralis on the dorso-medial  or dorsal side and were as a 
rule only two in num ber. The tributaries from the vestibular divis ion of  
the labyrinth cavity which had the i r  passage through a number o f  fine 
canals lettered v. lab, or  v. lab! > v. lab2 , etc. (text-figs. 1 8 , 1 9 ;  section 
series A ,  n os.  57-67 ; section  series B, nos .  1 8 , 24, 25 , 27-29 ; section  
series C ,  nos .  65-70 ; section series D,  nos. 1 2- 1 4 ;  1 9, 20, 26 ; section 
series E ,  no .  7 ;  pl .  26) , were m ostly very fine. Their num ber varied 
from 2 to 4 or 5 and they always reached the vena capit is lateralis 
on the ven traI or ventro-media l  s ide .  In this connection i t  ought to be 
special lY emphasized that in  one specimen o f  Cephalaspis hoeli the 
canal for the v .  capites lateralis (v. cl) for a certain stretch was in  open 
communication with the underlying vestibular d ivision of the labyrinth 
cavity (text-fig. 1 8  D ;  section series A ,  nos. 58-67) . Concern ing the 
canals v. lab, v. lab1 , v. lab2 , etc. i t  i s  to be added here that , in  addit ion 
to smal l  veins ,  they may also perhaps have been traversed by fine nerve 
branches from the n. glossopharyngeus and the n. facial is and the l ate
ral is fibres accompanying these nerve , fine nerve branches wh ich may 
have suppl ied the upper surface of the region and certa in parts of  
the lateral sensory canals situated on  the exoskeleton that  covers 
the region. 
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In the m ost anterior and lateral parts o f  the region anteriorly and 
laterally to the labyrinth cavity there are ,  besides the venous can als 
described , severai other canals for arteries and nerves. Since these 
canals al l  issue from the labyrinth cavity they must be described in 
deta i l  in  the account given below of the  cavity. 

L a b y r  i n t h  c a v i t y .  - As i s  shown by text-figs. 1 8, 1 9, 23-28 and 
severai of the plates (pl .  1 8 ;  pl .  1 9, fig.  l ;  pls .  2 1 ,  25,  26, 28, 44, 
49, 50, 55) the labyrinth cavity i s  of  a considerable s ize .  I t  i s  well 
separated from the cavum cerebrale cranii ,  being in  com munication with 
th is  only by the can als for nerves and vessels leading to it .  As has already 
been pointed out above (p. 30) , it is I ined by a perichondral bone-laver of  
i t s  own ,  the labyrinth bone-laver, wh ich  by means of canal layers i s  
continuous wi th the internal perichondral bone-Iayer, with the external 
perichondral bone-Iayer and with the basal layer o f  the exoskeleton . 
I ts  position within the lateral wall o f  the otic region i s  well displayed 
by the section series, especially by the series A ,  B ,  C and D. 

The labyrinth cavity consist of  four  distinet divisions : the vestibular 
divis ion,  the com missural division ,  the anter ior semicircular division 
and the posterior semicircular division. 

The vestibular divis ion (vest, text-figs. 1 8 , 1 9, 23-28 ; section series 
A ,  nos .  54-9 l ;  section series B, nos .  1 -37 ; section series C ,  nos. 
4 1 -97 ; section series D ,  nos .  1 -27 ; pl .  1 3 , figs. 2 ,  3 ;  pls .  1 4 , 1 8 ;  
pl .  1 9, fig. l ;  pl .  2 1 ; pl .  23, fig. 3 ;  pls .  24, 25, 26, 28, 44, 45 ; pl .  46, 
fig. l ; pl. 47 , fig. l ;  pls .  49 , 50, 52, 55) ,  if we first turn to that , forms 
the basa l  and lateral part of  the labyrinth cavity. I t  i s  always big, 
sometimes even so big that i t  may considerably exceed i n  volurne the 
other three divis ions together. In Boreaspis rostrata (pl .  1 3 , figs. 2 ,  
3 ;  pl .  1 4) i t  seems to have been alm os t  circular i n  outl ine, when seen 
from above or  below. In the majori ty of forms in  which i t  i s  known 
so far, as, for instance, the Cephalaspis-species, Hoelaspis and Kiaer
aspis, on the contrary, it i s  always m ore extended in  the transversal 
than in  the rostro-caudal d irection,  i .  e .  i t  i s  i n  these forms broader 
than it is  l ong. I ts m a x i m u m  height, which was approx i m ately equal  

to the maximum length (measured in  rostro-caudal d irection ) ,  was, at 
least i n  Kiaeraspis and Cephalaspis hoeli, si tuated somewhat lateraUy 

to the middle .  
The commissural d ivis ioI l  (com, text-figs. 1 8 , 1 9, 23, 25-27 ; section 

ser ies A, nos .  52-66 ; section series B ,  nos .  1 6-29 ; section series C,  
nos .  4 1 -59 ; section series D ,  nos .  1 5--45 ; pl .  1 3, fig. 3 ;  pls .  1 7 , 29 ,  39) , 
which is known in  detail only i n  Kiaeraspis and in  Cephalaspis 
hoeli, issues from the middle and dorsal parts of the medial  s ide of  
the vestibular division in  a dorsal or somewhat latero-dorsal d i rection .  
As i s  weU shown by text-figs. 18  and 1 9, i t  i s  relatively h igher  and 
narrower in  Kiaeraspis than i n  Cephalaspis hoeli, but i n  both these 
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Text-fig. 1 8. Cephalaspis hoeli. east of  the labyrinth cavity. Wax model made a fter 
section series A 1 5/ 1 . A i n  posterior, B i n  anterior ,  C i n  lateral, D i n  dorsal and 

E i n  med ial views. 1 5f t . 
a. la, common canal for the two anterior dorso- Iateral superficial arteries ; a. slem, 
canal for the two posterior dorso-Iateral superficial  arteries ; am. ant, swel l ing  for the 

ampulla anterior ; am. post, swel l ing  for the ampull a posterior ; at, bt, canals for the 

n. facial i s  and for the two anterior dorso. lateral superficial arteries ; c. sem. ant, d i v i s ion 
o f  the labyrinth cavity for  the candl is  semicircularis anterior ; c. sem.  post, d ivis ion of 

the labyrinth cavity for the canal is  semicircularis poster ior ; com, commissural d iv is ion 
of the labyrinth cavity ; ct, canal  for a branch from the n .  facial is or for a branch from 
one of  the anterior dorso- Iateral superncial arteries ; des , cana l  for  the  e lectric n erves 
to the dorsal  e lectric field and i n  addit ion at least for a ve in from that  field ; dSl', 
gro ove for the e lectric nerve to the dorsal electr ic fie ld ; dt, et, can als for the posteri or 

dorso- Iaterial superficial  arteries ; dx, canal for an artery, or for a nerve from the 

glossopharyngeus-vagus complex to the dorsal e lectric field or for both these structures ; 
l, can al for the passage of certa in  of the prootic lateral is  fibres to the orb i t ;  sei" " 
common canal for the two most anterior ne rves to the lateral e lectric fie ld ; sel3 -sela, 
canal for the third ,  fourth, fi fth and sixth nerves to the lateral e lectric fi eld ; t, u, canals 

probably for vessels ; v. cl ,  canal  for the vena capi t is  lateral is  (a m iddle part  only 

shownl ; v. ds v, canal  for the ot ical  ve in .  This  canal  probably lodged also the d uctus 

endo l y mphat icus ; vest, vestibular d iv is ion of  the labyr in th cav i ty ; v ds, canal for a 
dorsal tributary to the v. capitis latera l is  ; v. lab, carial for a venous branch from the 

vest ibular  d ivis ion o f  the labyrinth cavity to the vena capi t is  l ateral is and in  addit ion 
perhaps for nerve branches to the dorsal s ide of  the otic region ; V I I ,  canal through 

which the n .  facial is  lef! the vestibular d iv is ion of  the labyr int  cavity ; V I I ,- V I I I  a, 
can al for the n .  facial is ,  t h e  electric nerve fi bres, the prootic lateral is  fi bres and i n  

addi t ion at least for t h e  anterior branch of  t h e  n .  accusticus (the r. saccularis accusticus 
or  a part o f  that) ; V I I  I p, canal for the posterior branch of  the n .  accusticus ; IX a, canal 

through which the n. glossopharyngeus le fth the labyrinth cavi ty ; IX p, canal through 
which the n .  glossopharyngeus entered the labyrinth cavity .  

forms the height is, however, always its greatest d imension.  I ts breadth 
(d iameter in  transverse direction) is  most dorsally rather small but gets 
somewhat larger downwards .  I ts extension in a rostro-caudal d irection 
is ,  in Cephalaspis hoeli, also somewhat larger ventral ly than dorsally, 
while in  Kiaeraspis i t  remains approximately the same th roughout 
the height.  

Finally the anterior and posterior semicircular divis ions (c. sem. ant, 
and c. sem. post, text-figs. 1 8, 1 9 , 23-28 ; section series A, nos .  44-54, 
66-87 ; section series B, nos. 1 -- 1 8, 2 1 -38 ; section series C ,  nos .  
52-69 ; section series D, nos. 2-47; pls .  1 3 , 1 7- 1 9, 24, 29, 39, 44, 45, 
47 , 49) , though d isplayed in  many specimens ,  could ,  however, be studied in 
detail only in  the specimens of  Kiaeraspis and Cephalaspis hoeli used for 
serial sections .  They are both very d istinct and well bounded and both 
issue from the medial end of the vestibular d ivision, the anterior one (c .  
sem. ant) just anteroventral ly ,  and the posterior one (c. sem. post) just 
postero-ventrally to the commissural division . At their origin ,  however, 
both are in comm unication also with the commissural d iv ision . Just after 
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their or ig in from the vestibular d ivision each of them has a l  arge swell irrg 
(am. ant, and am. post) evidently for its ampul la .  With their  upper end 
they j oin the dorsal end of  the commissural d iv is ion .  Concerning their 
posit ion i t  i s  noteworthy that they stand so that they form with each other 
an angle which is somewhat less than a r ight angle .  The anterio r  one is  
otherwise inc1 ined somewhat postero-Iataral ly ,  the posterior one ,  on  the 
contrary, somewhat antero-laterally and both therefore occupy a posit ion 
as i f  they have been somewhat pressed downwards towards each other 
and towards the vestibular division .  Especial ly in  Cephalaspis hoeli 
th i s  condit ion is well seen. But both in that species and in Kiaeraspis 
the two semicircular divisions are,  however, very independent in relation 
to the vestibular division . 

The dorsal end of the commissural division and the dorsal parts 
of the semicircular divisions are situated very c10se beneath the exo
skeleton and in places they may even be in  contact with that . At these 
places their l ining perichondral  bone-layer seems to be fused with the 
basal  laminated layer o f  the exoskeleton .  

There i s  no d ivision of the labyrinth ca vit y that could have lodged 
any cana l i s  semicircular is externus .  

From the shape and mutual  relations o f  the d ifferent divis ions of 
the labyrinth cavity now described i t  i s  not d ifficult to see that the 
mem branous labyrinth cannot  have been l ike that in  fishes or  Tetrapods 
but that i t  must have been of  a type very similar to that found in  the 
recent Petromyzontids (RETZIUS 1 88 1 ,  pp.  1 3-27 ; KRAUSE 1 923, 
pp .  775-784 ; etc.) .  The vestibular division must obviously have lodged 
a structure c10sely corresponding to the vestibulum of  the Petromyzontids ;  
but whether this structure was subdivided l ike the vestibulum of the Petro
myzontids and l ike that had a ventrai sac-l ike appendage must be left 
undecided.  Of the other  divis ion the  com misural one was certa in ly occupied 
by the homologue of the eommisure in  Petromyzontids and the s inus 
utriculi superior of  fishes ,  and the two semieireular ones by the anter ior and 
posterior  semicircular eanals .  The external semieireular eanal  was entirely 
absent . The anterior and posterior semicircular eanals had their origin 
from the vestibulum quite as the eorresponding eanals in  Petromyzontids ; 
and ,  l ike these, were provided with ampullae ,  though mueh larger than 
i n  these. If on ly the two sem ieireular can als of  the Cephalaspids had 
been pressed downwards and outwards unt i l  they had become situated 
tight to the dorsal s ide of  the vestibulum , the eonditions with regard 
to the membranous labyrinth as  a whole would in  faet have been very 
much the same as in  the Petromyzontids .  The fact, however, that the 
semci rcular canals had a much more erect position and on account of 
that were m ore independent in relation to the vestibulum than they are 
in the recent Petromyzontids cannot , be considered as a feature of  any 
great importance. And thus we may be ful ly j ustified in  concluding 
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that the membranous labyrinth of the Cephalaspids was of  the Petro
myzontid type .  

After hav ing now treated the d ifferent divis ions of the labyrinth 
cavity and their functions, we turn next to the can als for nerves and 
vessels leading to the labyrinth ca vit y . 

As already described above (p .  69) ,  the n .  glossopharyngeus entered 
the labyrinth cavity through an antero-laterally running canal ( IX  p 
text-figs. 1 3 , 1 4, 1 8, 1 9, 24, 26, 28 ; section series A, nos .  52-55 ; section 
series B, nos. 1 7 , 1 8 ;  section series D ,  nos. 3-7 ; pl .  25), which opens on 
the posterior s ide of  the vesti bular d iv is ion somewhat l aterally to (Cepha
laspis hoeli) or just beneath (Kiaeraspis) the most la teral parts of th e 
posterior semicircular divis ion. I t  th us had its normal  relat ions to the 
canal is semicircularis posterior. From the course o f  i ts canal ( I X  p) i t  
i s  seen tha t  i t  can on ly have traversed a posterio-Iateral part o f  th e 
vestibular divis ion .  H ow i t  left that divis ion wil l  be discussed below. 

The most posterior can a l  which goes directly from the cavum 
cerebra le  to the labyrinth cavity is  the one lettered dx in  the figures 
(text-figs. 1 5-23, 26) , a l  ready treated in  the description of  the occipital 
region (p. 57) .  We shall have the opportun ity of returning to that 
cana l  below in this connection .  

The  can al which leaves the cavum cerebrale next in  front of  dx 
and , l ike that, goes to the labyrinth cavi ty i s  the can al interpreted 
a bo ve (p. 7 1 )  as  the canal for the posterior braneh  of  the n .  acusticus 
(VI I I p,  text-figs. 1 5-22, 24 ,  28 ; section series A,  nos. 57-59 ; seetion 
series B ,  nos .  1 2- 1 7, 1 8 , 1 9 ;  section series C ,  nos. 50-52 ; section 
ser ies D nos .  4-9 ; pls . 25 , 26 ,  49, 50) . This can al opens into the 
vestibular divis ion low down elose antero-ventral ly to the origin of  the 
posterior sem icireular divis ion or, more exactl y ,  e 10se antero-ventrally 
to the ampuJlary sweIl ing of that divis ion , a faet, whieh as  a1ready pointed ,  
out makes it very pro bable  that  i t  gave passage to a posterior  branch 
of  the acustie nerve ,  supplying the posterior ampul la and perhaps the 
sac-I ike appendage of  the vestibulum too, i f  that appendage was present .  

The fine eanal  t (text -figs .  1 5- 1 7 , 1 8 ;  section series A nos .  56, 59 ; 
which is ,  found wi th certainty only in  Cephalaspis hoeli, and whieh 
goes from the eavum cerebrale to the labyrinth cavity sl ight ly above the 
canal for the ramus saeeularis acustiei ,  seems  most I ikely to have trans
m itted a vessel (cf. p .  7 1  above) . 

The m ost important cana l  which conneets the eavum cerebrale erani i  
with the labyrinth ca vit y is ,  as we have al ready seen (p.  7 1 ,  72, above), 
the wide acustieo-facial is eanal (VI I  + VI I I  a) .  This cana l ,  as i s  we11 
sh own by text-figs. 1 8  and 1 9  goes to the media l  end of  the vestibular 
divis ion, open ing there e10se above the  bottom rather  straight ventral ly 
to the commissural division .  Sinee i t  transmitted severaI important 
nerve-roots it i s  very wide and in  Kiaeraspis also high.  

6 
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Text-fig. 1 9 . Kiaeraspis auchenaspidoides. east of the labyrinth cavity. Photograph 

of a model in wax made ch iefly after sections series D. 

A in anterior, B in posterior, C in  latera l ,  D in dorsal, and E in medial  views. 20/ , . 

a. sml , and a. sm2, canals for the dorso-Iateral superficial arteries 2 and 3 ;  a. sp, canal 

for the dorso-Iateral superficial artery 4; am. ant, swell ing for the ampulla anterior ; 
am. post, swel l ing for the ampulla posterior i c. sem. ant, divis ion of the labyrinth cavity 

for the can alis semic ircularis anterior ; c. sem. post, d ivision of the labyrinth cavity for 

the canal is  semicircularis poste ri or ; com, commissural divis ion of the labyrinth cavity ; 

des, canal for the nerve to the dorsal e lectric field and in addition at least for a ve in  

from that field ; dsv, groove for the electric nerve to the dorsal e lectric field i dx, can al 
for an artery or for a nerve from the glossopharyngeus-vagus complex to the dorsal 

e lectric field or for both these structures ; l, canal for the passage of certa in  of the 

prootic lateral is  fibres to the orbit ; sel! ) 2 , com mon canal for the two most anterior 

electric nerves to the lateral e lectric field ; seI3--se/6, canals for the third, fourth, fi fth, 

and sixth e lectric nerves to the lateral e lectric field ; v. dsv, canal for the otical vein. 

Th i s  can al probably lodged also the ductus endolymphaticus ; v. lab] , v. lab" canals for 
venous branches from the vestibular d ivision of the labyrinth cavi ty to the vena capit is 

lateral is  and i n  addit ion probably also for nerve branches to the dorsal s ide of  the otic 

region i vest, vestibular division of the labyrinth cavitY i VII + a.  sa, the canal through 
which the n .  facial is  and the· dorso-Iateral superfic ial  artery l left the vestibular divis ion 
of the labyrinth cavity ; V I I  + V I I I  a, canal  for the n . facia l i s  ( + th e  electric fibres), the 
prootic lateral is  fibres and in  addit ion at l east for the anterior branch of the n .  accusticus ; 
V I I I  p, canal for the posterior branch of the n. acusticus i I X  a, canal through which 

the n .  glossopharyngeus left the labyrinth cavity ; I X  p, canal through which the n.  glosso-

pharyngeus entered the labyrinth cavity. 

Finally, the canal u, which has been found only in Cephalaspis hoeli, 
goes from the cavum cerebrale cran i i  to the antero-ventral part of the 
commissural d iv is ion (text-figs. 1 5 , 1 7 , 1 8  B,  D ,  E ;  section  ser ies A 
nos .  66, 67 ; section series C nos .  3 1 -36) rather close posteriorly to the 
ampullary sweIl ing (am.  ant) of the anterior  semicircular divis ion. Since, 
as has been emphasized above (p .  72) , i t  leaves the cavum cerebrale 
strik ingly high up  on the side of the part of  this that lodged the cerebel lum ,  
it seems very improbable tha t  i t  was traversed by a nerve. As far as 
can be judged ,  we would thus here be concerned with a canal  for a 
vesseL 

The canals which lead out from the labyrinth cavity a re more 
numerous than those leading to it .  And as can easi ly be understood 
from  their course and branching, certain of them were nerve-canals, 
whi le others transmitted vessels .  

From the lateral and antero-lateral parts of  the vestibular division 
of  the labyrinth cavity there issue regularly five wide canals sel1 ' 2 ' selg , 
sel4, sel5 , and selG ' (text-figs. 1 8, 1 9, 23-28 ; section series A nos .  56-92 ; 
section series B ,  nos .  2-38 ; section series C ,  nos .  68- 1 05 ;  section series 
D ,  nos. 1 -3 ;  pls .  1 4, 2 1 ,  28, 44, 45, 49, 50, 52) , which commence as 
distinct grooves (appearing as  rounded ridges in  the casts) on the floor  of  
the vestibular divis ion.  As these can  a l s  a l l  go to the l ateral electric field 
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and break up there into a great number o f  fine branches i n  the way 
shown in pls. 29 and 30, i t is  quite obvious that  they lodged the nerves 
to the lateral e lectric fie ld .  

The most anterior , sel! ' 2 ,  (text-figs. 1 8 , 1 9, 23-25 , 27, 28 ; pls .  1 4 , 
1 8 , 2 1 ,  28, 45, 49, 50) of  these nerve canals leaves the vestibular 
division on the anter ior  side rather h igh up and is ,  in Kiaeraspis, 
situated rather  far in front of the other four .  The groove on the f100r 
of the vestibular divis ion that  leads to this canal is  always more pro 
nounced than those leading to other  canals of the same kind .  And as  
the can al  in question is sent  out from the vestibular divis ion more 
proximal ly than those canals ,  the groove leading to it also begins m ore 
proximally than the grooves leading to the other ones .  The canal wh ich 
after its origin fi rst goes anteriorly to the part of the orbitotemporal 
region situated immediately l aterally to the orbit wi l l  be further  treated 
in the descriptions given below of that region and of  the ,visceral endo
skeieton .  Here i t  should only be added that whereas the can als sels 
and the other ones fol lowing behind it were a l l  traversed only by one 
nerve, the canal sel! , 2 transmitted in stead two nerves which separated 
from each other m ore or less far before their en trance into the lateral 
electric field .  As a consequence of this, the cana l  sel! , 2 bifurcates more 
0r  less soon anteriorly o r  antero-Iateral ly to the orbit dur ing i ts passage 
th rough the v isceral endoskeleton. In the d ifferent forms the condit ions 
regard ing th is  b i furcation are as fol lows : i n  the Cephalaspis-species i t  
takes place close antero-ventro-la tera l ly to the orbit (sel! and sel2 , text-figs. 
23-25, 46 ; pls .  1 7 , 1 8 , 20, 2 1 , 27, 28, 29) , in  Benneviaspis (pl .  42, fig. 2) 
approximately m idway between the orbit and the lateral e lectric field ; 
in  Boreaspis rostrata and Hoelaspis rather far antero-ventro-Iaterally 
to the orbit (sel! and sel2 , pls . 1 4 , 45) and thus rather near to the lateral 
e lectric fie ld ; and final ly in  Kiaeraspis (text-fig. 28, seIl ! and sel2 , pls. 49, 
50) fi rst close laterally to or perhaps even within the lateral e lectric 
field. Of  the other four  nerve canals leading to the l ateral e lectric field 
the three anter ior ones ,  soon after leaving the vestibular d iv is ion of  the 
labyrinth cavity, enter the visceral endoskeleton (text-figs. 28, 46, 47 ; 
pls .  1 4, 2 1 , 27 , 28, 29, 44, 45, 49, 50) . The most anterior one (selg) of  them 
goes antero-Iateral ly ,  the next one (sel .. ) sti l l  more l ateral ly  or a lmost 
straigh t lateral ly, the third one from in  front (selo) straight laterally o r  
sl ightly posteriorly. Final ly ,  t he  most posterior  one (sel6 ) takes a postero
l ateral course through the most antero- Iateral parts of the occipital 
region (text-fig. 1 3) and from that through the dorsal part of  the endo
skeietal shou lder-girdle (text-fig. 1 3) to the h indmost part of the l ateral 
electric fie ld .  

I m mediately dorsal ly to the opening of the acustico- facial is canal 
into the labyrinth cavity there begins  on the medial s ide of  the vesti 
bular division a very dist inct ,  broad and strong groove (dsv, text-figs. 1 8, 
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1 9. Since these figures are casts of the labyrinth cavity, however, the 
gro ove in  question appears in  them as a ridge ; section series A, nos .  
53-63 ; B,  nos .  1 9-23 ; D,  nos .  1 7-29 pl .  1 8 ;  pl .  1 9 , fig. 1 ) . This groove 
continues upwards on the medial s ide of the com missural divis ion , 
gradually increasing in  depth upwards and final ly at about the middle 
o f  the height o f  the commissural  d iv is ion suddenly separating fro m  that 
as a wide canal ,  which , i mmediately divides into two the canals ,  a 
dorso-medial  one ,  des, and a posterior one ,  v. dsv. 

The dorso-medial  one,  des, (text-figs. 1 8, 1 9 , 23, 26, 27 ; section 
series A ,  nos .  50-60 ; section series B ,  nos .  1 7-23 ; section ser ies C,  
nos .  l ,  23-40 ; section series D ,  nos .  30-35 ; pl .  29) of  these two canals ,  
which is  always wide, goes i n  a medial  and somewhat dorsal d i rection 
to the deepest part of the dorsal electric field ,  i n  which i t  meets and 
j oins  its fellow of the opposite side .  From the com mon trunk thus 
forrned by the union of the right and left canals des i n  question thick 
branches issue both anteriorly and posteriorly on the bottom of  the 
dorsal electric field ; and these thick branches in  their turn ramify 
frequently in  the way shown in pls .  1 7  and 39 and the section series B .  
Accord ingly t h e  canal des ha s  s imi lar relations to t h e  dorsal electric 
field as the nerve-canals to the lateral e l ectric Reid and as i n  addition 
there i s  no other canal th rough which nerves could have reached 
the dorsal electric field, we may conclude with ful l  certainty that the 
canal des transmitted the nerve to that electric field. In addit ion it 
may have been traversed also by an artery to .and a vein from that 
electric field .  

The posterior canal ,  v. dsv, (text-figs. 1 8, 1 9, 23, 26 ,  27 ; section 
series A, nos. 47-49 ; section series B ,  nos .  7- 1 8 ;  section series 
C ,  nos. 3 1 -52 ; section series D,  nos.  24-40 ; pl. 1 3 , fig.  3), arising 
from the groove dsv, always takes a postero-Iateral course and goes 
to the antero-dorso-medial  part of the occipital vein sinus, a state of 
th ings which shows that i t  must have lodged a vein. As i s  seen from text
fig. 23 and text-fig. 27, the canal has such relations to the nerve canal 
des for the dorsal electric tield that the vein i t  transmitted - which, as 
has already been pointed out above, wil l  be  called the o tical vein - may 
very weU by thought to have drained a considerable m iddle part o f  the 
dorsal electric tield. In addi tion, as i s  seen from text-figs. 1 8  E and 1 9  E, 
the canal quite clearly continues downwards in to the groove dsv, so that  
the vein lodged by  i t  must perhaps have received a tributary also from the 
labyrinth .  The venous blood from a m iddle part  of  the  dorsal e lectric 
field and certain medial  parts of  the labyrinth thus seems to have 
emptied into the occipital vein sinus from which ,  as we have seen , it 
was brought into the vena capit is lateral is .  

In th is connection a ttentioIl must also from another point of  view 
be caUed to the fact that the canal v. dsv here in  quest ion is  d istinctly 
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cont inuous downwards with the groove dsv. Above (p .  62) , when deal ing 
with the posteriorly produced corner o f  the occipital vein s inus and the 
canal dl leading from  this, i t  was pointed out that the latter canal ,  owing 
to i ts  m ode of opening on the dorsal s ide of  the exoskeleton o f  the 
cephalic shie ld i n  certaih forms, such as Thyestes verrucosus, can hardly 
have been s imply a vein-canal ,  but that there was reason to assurne that 
the ductus endolymphaticus reached up to the dorsal surface of  the head 
through it .  I t  i s  h ighly interesting to find that the canal dl by means 
of  the occipital vein sinus and the canal for the ot ical  vein (v. dsv) at 
least in  the fossil i n  fact therefore is  in  open communicat"ion with the  
dorso-medial parts of  the labyrinth cavity. We m ay therefore probably 
con sider i t  as fair ly certa in that the ductus endolymphaticus persisted 
as an important organ ,  which conceivably opened outwards on  the dorsal  
s ide of  the head and that its most dorsal part was situated in  the 
can al  dl ' 

The can al dx already referred to above (pp. 57, 8 1 )  opens in 
Kiaeraspis (text-fig. 19 B,  E) in  the groove dsv close below the canal 
v. dsv, i n  Cephaiaspis hoeii (text-fig. 1 8  A,  E) ,  on  the contrary, j ust at 
the beginning of  the canal v. dsv. As a lready described i t  issues from 
the dorsal s i de  of  the  cavum cerebrale crani i  opposite the  canal for the 
occipital artery (c. post, text-figs. 1 4- 1 7 , 20-22, 24, 28) and close medial ly 
to the internal opening of  the vagus can al ,  and, as far can be judged 
from its course and position ,  i t  may thus have given passage e i ther to 
a dorsal artery for the dorsal e lectric field - a branch from the occipital 
encephalic artery - or to a nerve branch consisting of  general cutaneous 
fibres and perhaps also of  lateral is fibres a l l  o f  which went to the 
dorsal s ide of  the head .  I t  is  o f  course not  excluded that i t  transmitted 
both an artery and a nerve branch . 

From the opening of  the acustico-facia l i s  can al i nto the labyrinth 
cavity a rather narrow but nevertheless very d istinet groove l eads for
ward on the media l surface of the vestibular d ivision (text-figs .  1 8  B, E ;  
1 9  A, E ;  section series A ,  nos .  7 1 -76 ; section series B ,  nos .  22, 23, 29 ; 
section series C ,  nos .  49-55 ; section series D ,  nos .  8, 9) .  This groove, 
wh ich i s  situated close be low the swell ing for the ampulla anterior ,  leads 
into an antero-lateral ly running canal (l, text-figs. 1 8  B, E ;  1 9  A,  E :  
24 ; sect ion series A ,  nos .  77-93 ; section series B ,  nos .  24-28, 30, 3 1  ; 
section series C ,  nos. 56-66 ; section series D ,  nos .  2-4, 1 0 ;  pl .  1 4 ;  pl .  1 9. 
fig. I ;  pl .  23, fig. 3 ;  pls .  25, 26, 49, 50, 55), which goes to the postero
ventro-media l  part of the orbit. This canal and the groove leading to it 
obviously gave passage to a structure wh ich entered the vestibu lar  
d iv is ion of the labyrinth cavity through the acustico-facial is cana l  and 
then immediately turned forwards and went to the orbit .  From i ts 
course and relations i t  seems h igh ly probable that the can al and the 
groove were traversed by a nerve which corresponded to the one which 
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i n  Petromyzon (text-ng. 38 ; cf. AHLBoRN 1 884, p .  300 : pl .  1 8 , fig. 5 ;  
HATSCHEK 1 892, fig. 1 1 ;  jOHNSToN 1 905, pp. 1 57- 1 63,  pl .  5 :  1 908 ; 
etc. ) passes from  the otic capsule to the orbit and which consists of  
the lateral is fibres which accompany the trigeminus branches. And we 
thus find that ,  as far as can be judged, the lateral is  fi bres both for the 
n .  trigeminus and for the n .  facial is accompanied the latter nerve from 
the cavum cerebrale and tha t  together with tha t  they entered the  vesti
bular d ivision of the labyrinth cavity. 

Between the nerve can als sel4 and seID for the l ateral electric ne id 
and in  severai ca ses sl ightly dorsa1 1y to these cana ls  a wide cana l ,  IX  a, 
(text-ngs. 1 8 ;  1 9 ;  23-25, 27 ,  28 ; section series A ,  nos .  65-92 ; sect ion 
series B ,  nos .  1 8-25 ; section series C,  nos. 96- 1 09 ;  pl .  20 ; pl .  24 , 
fig.  2 ;  pls .  28, 29, 30, 44, 49, 50, 5 1 ,  pl .  54,  fig.  I ,  pl .  57 ; pl .  62, fig. I )  i s  
g iven off from the l ateral s ide of the vestibular division . Immectiately 
after its origin this can al  takes an antero-ventral d irection and crosses the 
prox ima l  part of the canal sel4 on the ventrai side, continuing antero
lateral ly with in the  viseerai endoskeleton , lateral ly to the otic region .  I n  
th e Cephalaspis- species ( text-ng. 1 3) i t  i s  general ly rather  short, opening 
with i ts anterior  or ifice h igh up in  the roof of  the oralo-branchia l  cham ber .  
In Kiaeraspis, on the  contrary, (text-ngs. 4, 28, 3f, ; pls .  49, 50,  5 1 )  i t  is 
much longer and has its anterior orifice far lateral ly i n  the roof of the 
oralo-branch ia l  chamber, c lose medial ly to the third interbranchia l  septurn 
and thus in  the lateral part of the fourth branch ial  fossa. 

Sinse the canal , IX  a, now described does not branch l ike a cana l  
for a vessel and s ince it is  undoubtedly the on ly ser ia l  homologue of  
the canal wh ich  transmitted the most anterior branchia l  ram us from 
the vagus and in  add it ion fol lows next  anteriorly to that ,  i t  i s  beyond 
question that it transmitted the n .  glossopharyngeus, after this nerve 
had traversed the postero-lateral part of the vesti bular divis ion of 
the labyrinth cavity. That this is  the case i s  further ,  as we sha1 1  
find, proved by the course and posit ions of the can als for the n. facial is 
and the canals for the trigeminus branches (cf. the chapter on the 
v iseerai endoskeleton) .  

More or less  c lose dorso-media l ly or postero-dorso-media 1 1y to the 
in terspace between the canals sell and sel4 one or a few canals  always 
issue from the l ateral portion of  the vestibular d iv is ion of  the l abyrinth 
cavity . I sha1 1 first describe these cana ls  in Cephalaspis hoeli, then in  
certa in  other Cephalaspis-species and fina 1 1y  in  Kiaeraspis. 

In the speeimen of C. hoeli used for sec ti on series A (text-figs. 1 8  A, 
B, C,  O ;  23, 25 ; section series A,  nos. 64-84) a rather th ick can a l ,  at, leaves 
the vestibular div is ion of  the la byrinth cavity just dorso-media1 1y to the 
interspace between the canals selg and sel, and goes dorsa1 1y and some
what anteriorly, soon join i ng  two other canals  bt and ct, which issue 
c lose to i t  l ikewise from the vestibu lar  d ivis ion.  More exactly the 
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former, bt, of  the two last-mentioned canals ,  wh ich is  somewhat narrower 
than at, i s  given off from the vestibular divis ion postero-dorso-medial ly 
to at, while the other one,  et,  which i s  very fine ,  ascends from the 
vestibular divis ion close antero-dorso-medial ly to at. On the left side 
of  the specimen a fourth rather fine canal goes out from the vestibular 
d ivis ion close posteriorly to bt and postero-dorsal ly  to at (text-figs. 23, 
25 ) , and takes a dorso-lateral course to the most l ateral part of the 
upper surface of  the region .  And on account of  its m ode of branching 
i t  is  very l ikely that th is canal transmitted a vesse l ,  a vessel which m ust 
have been an artery, s ince,  as has been pointed out ,  a l l  the veins of  th is  
part of  the region went dorsally and emptied d irectly or  indirectly in  to 
the v .  capitis lateral is .  Bes ides this artery the canal in  question may ,  
however, have transmitted a fine dorsal branch from the n .  facial is ,  a 
braneh whieh may either have consisted of  general eutaneous or l atera l i s  
fi bres o r  of both .  The common wide eana l  arisen by the un ion of  the 
eanals at,  bt and et soon divides in  to two branches, an anterior  and 
a l atero-superfieial one .  

The former of  these branehes is  a rather wide ,  more or less distinetl y 
eircular eanal ,  l ettered in the figures V I I  ( text-fig. 23-25 ; section series A ,  
nos .  77- 1 1 0) ,  which  goes forward and  sl ightly latero-ventrally close 
beneath the dorsal surfaee of  the otie region,  erossing during its further  
eourse forward the eanal selg on the dorsal side under a very acute angle 
and being, during this part o f  its eourse, in open eommunieation with that 
eanal for a long d istance. Final ly, after having definitely arrived on the 
dorso-medial  s ide of  the canal selg i t  beeomes again independent of  that 
and eontinues its further eourse a eerta in d istanee into the interspaee 
between that and the eanal sel! , 2 '  at last turning deeper down and opening 
with i ts d istal opening into the ora lo-braneh ial eham ber. The canal V I I ,  
which thus from  the vest ibular d ivis ion o f  the labyrinth eavity passes 
a!1tero-latero-ventral ly th rough the viseerai endoskeleton , i s ,  as we shal l  
see ,  seria l ly homologous with the canal  IX a and the eanal Xbr! ; and as i t  
fol lows immediately anteriorly to IX  a i t  must evidently have been traversed 
by the n .  facial is ; and it wil l therefore be terrned the facial is eanal .  

The latero-superficial braneh , a. la (section series A ,  nos. 74-85) , 
soon arrives at the upper surfaee of  the otie region ,  where it turns laterally 
and somewhat anteriorly  and leaving the region eontinues on the dorsal 
(external) surfaee of  the viseeraI endoskeleton .  It branch es in  sueh a way 
that there ean be no  doubt that i t  must have transmitted a superficial vessel . 
Sinee the dorsolateral superficial veins from th e l ateral portions of  the otie 
region and the adj acent portions of the viseeraI endoskeleton , as we have 
seen , al l  went up to and emptied into the vena eapit is lateral is ,  the canal 
a. la now described must obviously have lodged a strong latero-super
ficial ly running artery. The branehes o f  the eanal a. la eould not  be 
traced in  detai l in the spee imen.  On  the other hand.  as is shown by 
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text-figs. 1 9, 23 and 25, i t  is  ful ly clear that i t  communicated for a 
certain distance with the canal v. ls� , i .  e. with a vein canal . 

I n  the specimen of  C. hoeli from which section series B was made 
the condit ions seem,  as a whole to have been a lm ost s imi lar to those 
j ust described, but they are not as completely known as those (section 
series B ,  nos. 20-25) .  

If next we turn to the speeimen of  C. hoeli from  which section 
series C was made, there is  i n  that only one canal lea ving the vestibular 
div is ion of  the l abyrinth cavity media l ly to the interspace between the 
canals sel3 and sel4 • Since this can a l  cannot be compared exactly with 
the th ree which were found at the corresponding place in the specimen 
used  for section  series A I have  lettered i t  i n  the figures a. sa  + V I I .  
I t  divides rather soon into a facial is canal (VI I ,  section series C ,  
nos .  87- 1 05) and a canal (a. sa) which m ust have transmitted a dorso
l ateral superficial arterial trunk. And of these a t  least the facia l is 
canal (VI I )  went exactly as i n  the other specimens,  but it i s ,  however, 
easier to see here how it  opened into the oralo branchial chamber .  

I n  the specimen of Cephalaspis vogti figured i n  p l s .  25 ,  26  and 
text-figs. 47 ,  48  the facia l is  canal ( V I I )  can be traced backwards to its 
very or igin from  the vesti bular d ivision ; and i t  is  quite clearly seen that 
i t  l eaves th is division anteriorly to ,  and wholly independently of, the 
canal a. la for the dorso-lateral superficial arteria l  trunk. Both the 
facial is canal and the canal for the dorso-Iateral superficial arterial 
trunk thus issue from the vestibular division of  the labyrinth cavity 
independently of  each other, and accord ingly the conditions are in  this 
respect very d ifferent from those in  C. hoeli . Moreover in the speci
men in question of  C. vogti i t  i s  very well shown that the canal a. la 
i s  a vascular cana l ,  which can only have transmitted an artery . Finally , 
we also see in  th is specimen that the canal a. la l atera l ly on the visceral 
endosketeton must have divided into two chief branches,' lettered a. sa 
and a.  sml ' and that accordingly the dorso-Iateral superficial arterial 
trunk lodged in  i t  broke up into two dorso-Iateral superficial arteries. 
From the mode o f  origin n ow d escribed o f  the facial is  canal and the 
can al a. la fro m  the labyrinth ca vit y in C. vogti t here seems to be reason 
to believe that in the  specimen o f  Cephalaspis hoeli used for section 
series A the canal  l ettered bt had given passage to a dorso-lateral 
superficial arterial trunk which continued laterally th rough the canal  
a. la, while the can a l  ai would have transmitted the n .  facia l is .  

One specimen probably referable to Cephalaspis heintzi exhibits 
qui te distinctly certa in distal parts of  the facial is canal (VI I ,  p l .  29), 
which give off a rather considerable branch on the posterior s ide ,  a 
branch probably for a cutaneous nerve. 

Final ly i n  Kiaeraspis (text-figs. 1 9  A, B ,  C ,  D ;  27 ; section series 
D ,  nos. 9- 1 8 ;  pls . 49, 50, 55) we find a fa ir ly thick canal (VI I + a . sa) 
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issuing from the vest ibular divis ion of  the I abyrinth cavity rather  h igh  
dorsal ly to the interspace between the  canals selg and sel4 • This canaI 
Ieads antero-Ia tero-ventral ly to the viseeraI endoskeleton crossing the 
canal sela on the dorsal s ide but , as far as can be seen , without anasto
mosing with that. When just above the canal selg - at least in  the 
speeimen sh own in p l .  55 - it g ives off a b ranch on the poster ior side ,  
a branch , a .  sa ,  which probably lodged a dorso-Iateral superficial artery. 
Distal ly  to that branch the cana l  (VI ! ) ,  which now seems to have been 
traversed only by the n. facia l is ,  continues in  the same d irection as before, 
unti l  i t  final ly turns downwards and opens into the oralo-branch i a l  
chamber close dorso-media l ly to  the interbranch ia l  septurn 2 ,  tha t  i s ,  
the  interbranchia l  septurn si tuated between the  sec  ond  and  th i rd branchiaI 
fossae (text-figs . 4 ,  36, pl .  5 1 ) . As severaI fine branches are sent out 
from the d istal parts of  the canal ,  the  n .  faciaI is obviously,  during that 
part o f  its course, suppIied the portions of  the viseeraI part o f  the sh ie ld 
i n  i ts surround ings. 

In the specimen of  Kiaeraspis from which section series D ,  was 
made there issues from the vestibular divis ion of the labyrinth cavity 
close poste ro-dorsal l y  to the canal just described a second but much 
th inner canal (a. sml ' text-figs. 1 9  A-D, 27; section series D ,  nos .  1 5- 1 8) ,  
which goes antero-Iatera l ly t o  the upper surface of  the otic region and 
the adj acent par t  o f  the upper  (latera l )  surface of  the viseeraI endo
skeIeton .  This can al could not be traced to its end ,  nor  could i t  be 
estabI ished whether i t  i s  a constant structure or  not. As far as can be 
j udged from what is  known of  it ,  i t  seems probable that i t  transmitted 
a smal l  dorso-Iateral superficial artery. 

From what has been set forth concerning the n .  faciaI is du ring and 
somewhat after its exit  from the labyrinth cavity i t  is  evident th at ,  on 
leaving the labyrinth eavity and a eertain distanee distal ly to that ,  i t  
was more or  l ess c lose ly accompanied by an arteriaI trunk for the 
superfieal parts o f  the antero-Iateral port ions o f  the otie region and for 
the ad j aeent part of the external s ide of the v iseerai endoskeleton .  We 
shali turn to th is  a rtery and its branehes again be low, after having dea l t  
wi th the other arteries which issued from the  labyrinth cavity. But 
before proeeeding to that we shal l  eonsider a I i tt le more closely the 
nerves related to the labyrinth cavity. 

It has already been pointed out a boye (pp.  86, 87) that the la teraI is 
fibres which accompanied the n .  trigemius and probably also the n .  pro
fundus en tered the labyrinth cavity together with the roots of  the n. facia I is ,  
qui te as they do  in the recent Petromyzon. And we thus find that a l l  the 
lateraI is fibres which associated with the prootic nerves went th rough the 
labyrinth cavity. The l abyrinth cavity was ,  however, traversed not only 
by the lateral is fibres and by the n .  facial is and the  n .  glossopharyngeus, 
but also by a l l  or  at least the  majorit iy of the nerve fibres to the l ateral 
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Text-fig. 20.  Kiaeraspis auehenaspidaides. east 

of the cavum cerebrale cran i i  in dorsal v iew.  
After a model  i n  wax made after sect ion ser ies D.  

Magni ficat ion about 20/ 1 . 

a. dsm, canal for the postorbital superficial artery ; 
a. fae, canal for the arteria facial is ; a.ee, canal 

for a branch from the a. facial is to the cavum 

cerebrale cran i i ; a.n" and a .n2,  canals for bran
ches from the ' a.  fac ial is  to the ethmoidal  cavity. 

aXI , aX2 canals probably for arteries ; die, div is ion 
of  the cavum cerebrale for the d iencephalon ; dx, 

canal for an artery or a nerve to the posterior 

part of  the dorsal e lectric field or  for both an 
artery and a nerve ; f. apt, optic fenestra ; hab, bulge 
for the  habenu lar gangl ia ; mee, divis ion of the 

cavum cerebrale for the mesencephalon ; med, 

d iv is ion of the cavum cerebrale cran i i  for the 

med ulla oblongata ; met, d ivis ion of  the cavum 

cerebrale cran i i  for the metencephalon ; na" exter

nal open ing of the hypophysial sac ; na2, nasal 
opening proper ; nd" canal for the myelonal vein 1 
and probably also for the dorsal root of the spino

occip i ta l  nerve I ;  nd2,  canal for the myelonal 

vein 2 and pro babl y also for the dorsal root of 

the spino-occip ital nerve 2; nv" canal for the 
myelonal artery l ,  and probably for the ventrai 

root of  the spino-occipi tal nerve I ;  ulf. c, part of  

the ethmoidal  cavity for the o lfactory organ ; pin, 
pineal opening ; tel, divis ion of the cavum cere
brale cran i i  for the telencephalon ; vy, can al occuring 
only on the left side, probably for a ve in ; I l l , canal 

for the n . oculomotorius ; I V, canal for the n .  trochle

aris ; V, canal for the roots of the trigeminus and 
profundus gangl ion ic  complex ; V I I  + V I I I  a, can al for 

the n. fac ial is ,  for the e lectric fibres to the electric 
fie lds, for the prootic lateral is  fibres and for the 

9 1  

anterior branch o f  the n .  acusticus ; V I I I  p ,  canal for the poster ior branch of the n .  

acusticus ; I X +  X ,  glossopharyngeus-vagus branch of the  vagus canal ; X�'cp, branch of 
the vagus canal for the vena c e re b ral is  posterior .  

and dorsal electric fields. It i s  not quite exc1uded,  o f  course, tha t  a few o f  
t h e  s e  nerve fi bres for t h e  m ost posterio r  part o f  t h e  lateral e lectric fie ld 
may have accompanied the n .  glossopharyngeus to the labyrinth cavity 
and have had their exit from that through the canals seln and sel6 , and that 
in  addit ion certa in nerve-fibres of the same kind, by means of the canal 
dx, may h"åve gone up to the dorsal electric fie ld .  But there i s  no 
proof that i t  was so. And therefore i t  may also very well  be possible 
that none of these fibres took these ways but that a l l  passed through 
the acustico-facial is ' canal . In any case, however, i t  is qu ite clear that 
by far the greater part of  them undoubtedly entered the labyrin th  cavity 
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th rough that canal which thus gave passage to the n .  fac ia l is  proper 
(viscero-motor fibres, general cutaneous fibres and communis fibres) , to 
a l l  the proot ic lateral is  fi bres, to a l l  or  at least to the vast maj ority o f  
the nerve-fibres t o  the electric fields ,  and fina l ly a t  least t o  the anterior 
branch o f  the n .  acusticus. 

The n .  facial is and the lateral is fi bres, which probably accompanied 
that nerve from the labyrinth cavi ty ,  seem to have had the ir  gangl ia on 
or  rather c lose to the bottom of  the vesti bular divis ion o f  the labyrinth 
cavity j ust as in  Petromyzon . I f  the nerve fibres to the electric fields 
had any gangl ionic formations these gangl ion ic formations were undoub
tedly also situated in  and c lose to the bottom of  the vestibular div is ion 
o f  the labyrinth cavity .  And thus i t  is  not improbable that the ventro
medial part o f  that divison of the labyrinth cavity was to a rather 
considerable extent occupied by gangl ionic forrnations .  

Immediate ly after their entrance into the labyrinth cavity ,  the lateral is 
fibres for the trigeminus and profundus nerves turned antero-Iatera l ly and 
went to the orbit  th rough the canal l. A httle further latera l ly (Cephal
aspis hoeli) or approximately at the same place (Kiaeraspis) the  electric 
fibres for the dorsal electric field separated from  those for t he  lateral 
electric fie ld and first took a dorsal course in  the groove dsv, and then 
a dorso-media l  course through the canal des. Somewhat further l ateral ly 
the fibres for the lateral electric ReId were soon d istributed into thick 
trunks ,  which were situated in  the grooves on the bottom of  the lateral 
and antero-Iateral parts of  the vestibular division of the !abyrinth 
cavity, unti l  they left the l abyrinth cavity th rough the can als sel) ' 2 '  selg , 
sel4, sel5 , selG . The n .  facial is during its passage th rough the la byrinth 
cavity was, at least in  the l ateral part of  the vesti bular divis ion ,  situated 
dorsal ly to the nerves for the lateral electric field ; and just when leaving 
the labyrinth cavity i t  must have turned rather stra ight  dorsal ly .  The 
n. glossopharyngeus obviously traversed on ly the postero- Iateral part of 
the vesti bular division of  the labyrinth cavity and seerns, a t  least most 
posteriorly , to have gone dorsal ly to the nerves for the la teral electric 
field . When leaving the labyrinth cavity, i t  took a more ventraI d i rec
t ion ,  and just latera l ly to that cavity it crossed the  canal sel4 on the 
ventraI s ide .  

There are sti l l  a couple of canals issuing from the labyrinth cavity 
that have not  yet been dealt with . For the study of  these can als we 
sha l l ,  as in  the case of  the facial is canal  and the arterial canal or  
can  a l s  related to th i s ,  fi rst turn to the specimen o f  C.  hoeli used for 
section series A .  

I n  that specimen there issue two canals ,  lettered in t he  figures di 
and et, from the postero-dorso-l ateral part of  the vestibular d ivis ion o f  
the labyrinth cavity (text-figs. 1 8  A-D ; 23 , 25 ,  26 ; section series A ,  
nos .  57-70) . More exactly the anterior one o f  these two cana l ,  dt, 
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leaves the vestibular divis ion above the most proximal  part o f  the can al 
sel" and takes a postero-lateral eourse, whereas the other one ,  et, goes 
out from the same divis ion of  the labyrinth eavity above the posterio r  
part o f  the  eanal sels and  turns lateral ly, meeting and  j oining the anterior 
one . i n  a common rather wide eanal a.  slem, whieh runs lateral ly and 
sl ightly posteriorly fi rst dorsal ly to the can al  sels ' soon,  however, ar iving 
at the dorsal surface of  the viseeraI endoskeleton between that can al  
and sel" . 

I n  the specimen of  C. hoel i used fo r seetion series B (nos .  6- 1 0) , 
as well as in the specimen o f  the same speeies figured in pls .  1 7  and 
1 8, the can a ls  dt and et are present and appear to h ave united distal ly ,  
exaetly as in  the speeimen used for seetion series A .  S imi lar  o r  sub
stantia l ly s imi lar  condit ions oeeur a lso in  the speeimens known in deta i l  
o f  C .  vogti (text-figs. 47,  48 ,  p l .  25) , C .  heintzi (text-fig. 46 ,  p l s .  29, 30) 
and C. spitsbergensis (text-fig. 49 ; p l .  39) ; and in these speeies it is  a lso 
easy to fol low the eommon eanal  a. slem distaJ ly on the dorsal (external )  
s ide of  the viseeraI en doskeleton and to observe that  i t  divides into 
two ma in  branehes a. sm2 and a. sp, and that i t  must be a vaseular 
eanal .  Moreover i t  i s  a lso seen in  those speeimens ,  as ,  for instanee, in 
that  of C. vogti (text-fig.  48, p l .  25) ,  that the vessel  transm itted by the 
eanal  a. slem and i ts branehes a.  sm2 and a.  sp must have been an 
arterial t runk whieh distal ly d iv ided in to two ch ief  branehes_ And 
thus we find that th is  anterial  trunk, l ike the anterior one or  the two 
anterior ones whieh went  more or  less  elosely associated wi th the 
n .  fae ia l is ,  was a dorso- lateral superficial arterial trun k.  Whether this 
superficia l  a rterial trunk a rose by the confluenee of  two arteries one 
of  whieh traversed the eanal dt and the other et i t i s  impossible to 
decide with ful l  eerta inty from  the condit ions now considered, but i t  
seems very l ikely that i t  was so.  

In the specimen of  C. hoeli from whieh seetion-series C was made 
the condit ions with regard to the canals from the postero-dorso-Iateral 
part of  the l abyrinth eavity a re rather d ifferent from those whieh have j ust 
been deseribed .  In that speeimen also there are two can a ls  whieh Jeave 
the postero-dorso-lateral part o f  the vestibular division of  the labyrinth 
eavity (seetion series C ,  nos. 8 1 - 1 1 0) ;  but these two eanals do not un ite 
with eaeh other and aeeordingly they eontinue indepently of eaeh other 
to the dorsal  (external )  surfaee of  the viseeraI endoskeleton .  The anterior  
one of  these eanals - whieh is l ettered in  the figures a. sm (seetion 
series C ,  nos .  95-- 1 08) - has its o rigin from the vestibular divis ion 
dorsal ly to the eanal  seln and goes antero- la teraJ ly ,  whi le the posterior 
one of them , whieh i s  denoted in  the figures by the l etters a. sp 
(seetion-series C ,  nos .  8 1 - 1 07) ,  goes out from the  same  divis ion of  the 
l abyrinth eavity postero-media l ly to the eanal s-el6 , taking a more straight 
l ateral eourse. Both of  them were undoubtedly a rterial eanals and the 
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artery transmitted by the posterior one of them was certa in ly homolo
gous with the artery transmitted through the canal et o f  the other 
specimens dealt with of  C.  hoeli. On the other hand ,  the artery which 
was l odged i n  the anter ior one must probably have had a partial 
homologue in  the other specimens o f  C. hoeli dealt  with in  an  artery 
wh ich  was lodged in  the canal dt ; and thus we see that there i s  much 
reason to bel ieve that th is  canal was an arterial canal too. 

Final ly ,  i n  the specimen of  Kiaeraspis from which sect ion series 
D was made there are two can als a.  sm2 and a. sp , (text-fig. 1 9, 27 ; 
section series D ,  nos .  1 - 1 0) ,  which leave the vestibular div is ion of  the 
labyrinth cavity and pass off to the dorsal (external )  surface of  the 
viseeraI endoskeleton a lm ost exact ly as the can a ls a. sm and a. sp in 
the specimen of  C. hoeli used for sect ion series C .  In Kiaeraspis , 
therefore,  the posterior dorso-lateral arterial tru nks must evidently have 
been developed much in  the same way as i n  the spec imen just quoted 
of C. hoeli. 

The description given of the canals issuing from the labyrinth 
cavity has thus shown that  severaI  dorso-lateral superficia l  arteria l  
trunks  passed off from the labyrinth cavity to the dorsal ( lateral) surface 
of  the part of  the visceral endoskeleton situated la teral ly to the ot ic 
region .  As  we shal l  see from the account given below, these dorso
lateral superficial arteries were not less than four ,  which , accord ing to 
their posit ion from in  fron t  backwards, may be cal led the dorso-Iateral 
superficial arteries 1 -4. U sual ly ,  as we shall see, these arteries have 
proximal ly at o r  j ust a fter their exit from the labyrinth cavity j o ined 
i nto two or  th ree trunks. Thus i n  certa in cases the dorso- lateral super
ficial  artery 3 has un ited with the  dorso-lateral superficial artery 4 ,  and 
the dorso- lateral su perficial  artery 2 with the dorso-lateral superficial 
artery 1 . In other  eases, on  the contrary, the dorso-lateral superfieial 
arteries 2 and 3 j o ined each other. And fina l ly  in  certa in eases e i ther 
the dorso- Ia teral superficial arteries I and 2 or  the dorso-lateral super
fieia l  arteries 3 and 4. eould h ave jo ined ,  whi le  the other two remained 
independent .  If  we take these variations into aecount ,  it i s ,  as we shal l  
find ,  not d i fficul t  to understand the d ifferent conditions descr ibed here in  
the  canals th rough wh ieh  the arteries in  question left the  labyrinth cavity. 

Below in  the chapter on the blood vascular system ,  and in  the 
chapter  on the Cyclostomes ,  the homologues of  the dorso-Iateral super
fieia l  arteries wi l l  be d iscussed . 

O r b i t o t e m p o r a l  r e g i o n .  Like the otic region the orbi totemporal 
region ,  is  ind ist inctly bounded external ly both from the adjacent regions 
and from the visceral endoskeleton, with which i t  is  cont inuous lateral ly 
(text-figs . 3-5, 7 ,  8, 1 3 ;  section series A nos.  78- 1 4 1 ; section series B, 
nos .  26-56 ; section series C ,  nos .  I 10 l ;  section series D ;  pls .  1 3 , 1 4, 
1 7 , 1 9, 2 1 , 23 ; p l .  24,  fig .  2 ;  pls .  28, 29, 44 ,  45, 48, 49, 50, 52- 58). Since 
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Tezt-fig. 2 1 .  Kiaeraspis auchenaspidoides. 
east of the cavum cerebrale crani i  in  ventraI view. 
From a model i n  wax made after section series D.  

Magn i fication 20/ 1 . 

a. car, can al for the carotid arterY i a. dsm, canal 
for the postorb i tal superficial arterY i a .  fac, canal 
for the arteria fac ial is  i a.n" a.  1l2, canals for bran
ches from the a. fac ial is to the ethmoidal cavity ; 
c. post, canal for the occipital e ncephalic artery i 
fs. hyp, hypophysial  fossa, which most ventral ly 
probably lodged also the posterior parts of  the 
hypophysial sac ; f. apt, optic fenestra ; hy. s, divi
s ion of  the ethmoidal cavity for the .hypophysial 
sac ; Ild., canal for the first myelonal vein and 
probably also for the dorsal root of the first spino
occipi tal nerve ; nv. , canal for the myelonal artery I 
and probably also for the ventraI root of spino
occipital nerve I i v.  pf, canal probably for the 
pituitary vein i vy, canal occurring only on  the left 
s ide,  probably for a vein ; I l l ,  canal for the n .  
occulomotor ius ; IV ,  can  al for t he  n .  trochlearis i  
V, canal for the roots of  the trigem inus and pro
fundus nerve s ;  V I I  + V l I l  a, can al for the n .  fac ial is,  
for the electric fi bres to the e lectric fields,  for 
the prootic laterali s  fibres and for the anterior 
branch of the n. acusticus ; V I I I  p, canal for the 
posterior branch o f  the n .  acusticus i IX + X, glos
sopharyngeus-vagus branch o f  the vagus canal. 
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the trigeminus roots pierced the crania l  wal l  rather far back behind 
the dorsum sel lae and thus above the parachordal part of  the neuro
eran ium,  the region evidently extended farther back with its dorso
media l  than with its ventro-medial  parts. Forwards, on the other hand ,  
i t  seems to have reaehed less far wi th its dorso -media l  than wi th i ts  
ventro-medial  parts. 

Roughly speaking, the Jength of the region may be considered to 
be equal to the length of  the orbits ,  and, as is  seen fro m  the figures, 
the length is a lways mueh less than the breadth , being as a rule on ly 
about a th i rd o r  less as large. I ts height ,  exeept perhaps in  the most 
media l  parts ,  is regularly somewhat less than that of  the ot ie region .  

The orbits ,  whieh fal l  within the region ,  as usual ly, are bounded on  
the medial ,  ventraI and partly a l so  on the lateral s ide  by the  region .  
Sinee they have a complete posterior  wal l  whieh , as we have seen ,  is  
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constituted by the ot ic  region and an anterior  wal l  forrned by the 
ethmoidal  region we may be j ust ified in  considering that there i s  here 
a complete optic capsule .  As far as can be judged, th is pecul iar condit ion 
seerns,  at least to a certa in degree,  to be  a secondary character caused 
by the sh ifting of the o rbits from an original ly lateral posi t ion ,  about 
as in Pteraspids, to the present posit ion elose to each other on the dorsal  
side of  the head.  

Apart from the orbital surfaces the region has only two externa l  
surfaces, a dorsal one and a ventrai one both o f  which are continuous 
with the corresponding surfaces of the adj acent regions and also with 
the correspondingly situated surfaces o f  the v isceral endoskeleton .  

The dorsal surface (text-figs. 2,  7 ,  8 ;  section series A, nos .  78-
1 4 1 ; section series B, nos. 26-56 ; section series C, nos. 1 - 1 0 1 ; pls. 1 7 , 
1 8 , 29, 39) , l ike that of  the otic region, is as a whole m ore or  less 
strongly convex, with the median interorbital part flattened. On these 
fl attened median part opens the pineal canal (pin , text-figs. 3, 1 5 , 1 7 , 
20, 22, 23, 25, 27 ; and in  a great number  of the plates) . I mmediately 
behind that l ies the most anterior part o f  the dorsal electric field (dsj) , 
which thus reaches rather  far forward on the region .  Somewhat la ter
al ly to the pineal opening, and to the anterior part of  the dorsal electric 
fie ld ,  we find the orbital opening which , as i t  l ies on the l ateral l y  
sl oping part of  the  dorsol surface ,  always faces not on ly  dorsal ly bu t  also 
lateral ly. In addi tion the orbital opening may rather of ten be d irected 
so that i t  also faces sl ightly anteriorly. For other details concerning the 
shape etc .  o f  the orbi tal opening the reader ' is referred to p .  2 1  above .  

The ventrai su rface (text-figs. 4 , 1 3 ;  section series A nos .  78- 1 4 1 ; 
section series B ,  nos .  26-56 ; section series C ,  nos .  1 - 1 0  I ;  pls .  1 4 , 
20 ; pl .  26 ; pl .  33, figs. I ;  p l .  44 ; p l .  46, fig. I ;  pls .  5 1 -58 is l ined 
by the externa l  perichondral bone layer and forms part of the upper 
surface o f  the oralo-branchia l  chamber. I t  is I im i ted  posteriori y by 
the orbito-otical groove (arb. ai. gr) , anteriorly by the bottom of  the 
subnasal fossa (f. sn. ) .  On its media l  part we fi n d  the more or less 
h igh aortal ridge (r. aart) with i ts goove - the aortal groove (aari. gr) .  
A n d  o n  each s ide of that ridge t h e  orbita l  prom inence (pr. arb) , a bulge 
caused by the orbit ,  is d ist inct ly seen .  At  least in certain  forms,  such 
as Haelaspis (pl .  44 ; pl .  46, fig. I )  and Kiaeraspis , there i�  on the 
anterior part o f  each orbital prominence a del icate transverse ridge 
which goes to the aortal ridge, and which, at least in the vic in ity of 
that ,  i s  grooved in its longitudina l  d i rection . This ridge (a. ef!s) i s  the 
dorsal part of  the interbranchia l  ridge 3 ,  and its groove must certa inly 
have been developed for an efferent gi l l  artery, which, as we shal l  see, 
was the th ird one ,  counted from in  front .  From the aortal groove a 
paired canal (a . car) leads upwards into the region elose behind the 
transit ion to the eth moida l  region .  That th i s  canal lodged an artery 



DOWNTONIAN AND DEVONIAN VERTEBRATES. I 97 

is easy to conclude, and,  as we shall see , that artery was the carotid 
artery. 

The part of the region situ ated between the orbits - the inter
orbital wall , as it wil l  be term ed in the subsequent account - is  thick 
and strong (text-figs. 23-28 ; section series A ,  nos .  78- 1 4 1 ; section 
series B ,  nos. 26-56 ; section series C, nos. 1 - 1 0  l ;  section series D ;  
pls .  1 4 , 1 5 ;  p l .  1 9 , fig. I ;  pls . 2 1 ,  28, 45 ; pl .  47. fig. I ;  pls .  48 ,  49, 55) ; 
and the cavum cerebrale cranii extends forwards through i t  in its entire 
length . 

The o rbit of  each side (arb. text-figs. 23-28 ; section series A ,  
nos .  78- 1 4 1 ; section series B, nos .  26-56 ; section series C ,  nos .  4 1  
-89 ; section series D ;  pls .  1 4, 1 5 , 1 8 ;  pl .  1 9, fig . l ;  pls .  2 1 ,  28, 45, 48, 
49, 50) i s  a l arge spac:e, which i s  a lways longer than i t  is  broad and 
at least  i n  certain forms a lm ost as deep as i t  is  lorig. As has a l  ready 
been pointed out ,  i t  is l ined throughout by a perichondra l  bone-Iayer 
of  its · own - the orbital bone-Iayer - which is d i rectly continuous 
with the inner bone-Iayer and with the exoskeleton and by means of 
canal-Iayers with the external bone-Iayer.  In addit ion i t  is  also by 
means of  canal-Iayers continuous with both the internal bone-Iayer and 
the exoskeleton .  

I n  the fossi l  state there is  a very wide fenestra between the orbit 
and the part o f  the cavum cerebrale situated in the interorbita l  wal l .  
This  fenestra (J. apt, text-figs. 1 5- 1 7 , 20-24, 27, 28 ; section series A ,  
nos .  1 00- 1 23 ;  section series B ,  nos .  39-46 ; section series C ,  nos .  37 
-48 ; section series D,  nos .  2-25) , through which, as we sha l l  see ,  the 
n. opticus had its exit and which may therefore be cal led the optic fenestra, 
is known in  detail only in  Cephalaspis hoeli and in  Kiaeraspis. As is 
seen from the figures cited it is relatively bigger iry the former than 
i n  the l atter. In both i t  has a triangular  shape, with the angles rounded 
off, but while i n  C. hoeli the anterior  angle is  usual ly the most acute 
one we find instead in Kiaeraspis that the posterio r  angle

' 
is  more 

acute than the others. In the Cephalaspids when al ive ,  the optic fenestra 
was certa inly closed by a more or less thick mem brane,  a mern brane 
forrned at l east part ly by the dural  connective tissue. 

At its postero-ventro-medial  part, close to the bottom , the orbit is  
continuous with a wide canal (my, text-figs. 23, 24, 27, 28 ; section series 
A ,  nos .  86-98 ; section series B ,  nos. 29-38 ; section series C, nos .  
1 -60 ; section series D ,  nos .  4-20 ; p ls .  8 ,  1 4 ;  p l .  1 9, fig .  I ; pl .  23 ,  fig .  I ; 
pls .  25, 26, 45, 48, 49, 55) ,  which penetrates medial ly and ,  at least in  
certa in cases, somewhat  posteriorly in to the ventrai wal l  o f  the neuro
cranium sl ightly behind the dorsum sel lae and thus in the paraehordal 
d ivision of the endocran ium.  In al l  forms this canal d imin ishes in  d iameter 
medial ly ,  and mostly i t  seems to end bl indly in  the vicini ty of the 
median line close to its fel l ow of the oposite s ide .  Bur in  certa in cases -

7 
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as for instance in  the specimen of  Cephalaspis hoeli sh own in  sect ion 
series B (nos. 37, 38) l - i t  was connected with and opened in to that of 
the opposite side, so that i n  th is  specimen the orbits were in  communica
tion with each other poster iorly in the postero-ventral part of the otic 
region .  As i s  weU shown , the two can als of the spec imen just referred 
to meet and jo in  each

· 
other close above the notochord ,  which so far 

forward as this began to turn upwards from its superficial posit ion on 
the ventrai s ide of  the ventrai crania l  waU and to penetrate into the 
dorsum sellae .  I n  a second specimen of  C. hoeli - that from which 
section series C was made - they certain ly came very close to each 
other with their medial  ends ,  but whether they communicated with each 
other or not could not be be ascerta ined ,  since the orbital bone-layer 
which l ines them was not  weU preserved most medially. As in  a third 
specimen of C. hoeli - the one used for section series A - they end 
bl indly rather far from  each other ,  i t  is  obvious that their medial extension 
is  subject to rather great variations even in  d ifferent specimens of  the 
same speeies. 

From the relatively very considerable size of  the orbit we are of 
course j usti fied in  concluding that the eye was large and well developed. 
And under these condit ions i t  i s  evident that its recti muscles must 
have been strong and l arge too,  so that at least certain of  them required 
an enlarged area of  origin and that owing to this the canal  my described 
j ust above was formed by their most postero-dorsal ly extending parts . 
Accord ingly, if I am right, this canal would represent a myodome. 

The canal my which therefore i n  the account below wi l l  be referred 
to as the myodome, is, when i t  meets and communicates with its fel low 
of the opposite side in  the median l ine, evidently equivalent to an 
anterior portion of  the prootic part of  the myodon of  A mia (cf. ALLIS 
1 897, pp. 492-506, 5 1 6-5 1 9 ; 1 903 b,  pp .  93-95 ; 1 9 1 4 , pp .  246-248 ; 
1 9 1 8  a ,  pp .  24 1 -246 ; 1 9 1 9, pp. 264-27 1 ;  STENSlO 1 925 a , pp .  55-57) ,  
to a l i t t le  more than the prootic par t  of the myodome of  Birgeria 
(STENSlO 1 92 1 ,  pp .  1 62- 1 75 ;  1 77 - 1 80 ;  1 925 a, pp .  62-64 ; ALLIS 
1 922 a ) ,  approximately to the myodome of Saurichthys (STENSlO 1 925 a ,  
pp .  52-73) and to an anterior portion of the proot ic part of  the dorsal 
compartment of  the normal Teleostean myodome (cf. SAGEMEHL 1 885, 
pp. 85-87 ; 1 89 1 , pp.  574-576 ; ALLIS 1 903 b ,  pp. 9 1 -95 ; 1 909 a ,  
pp.  44-45, 1 45 ,  1 83-208 ; 1 9 1 4, pp.  225-25 1 ;  1 9 1 8  a ,  pp.  24 1 -246 ; 
1 9 1 9, pp.  207-264) .  I t  is h ighly pro bable that it has arisen in  the 
Cephalaspids after these had differentiated as a separate group of  Ostra
coderms. I n  this connect ion i t  may also be worthy of  notice that the 
myodome of fishes must have arisen independent ly in d ifferent groups 
(cf. STENSlO, 1 925 a) . 

1 cf. also pl .  1 9, fig.  1 and pl .  1 4 . 
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Text- fig .  22. Kiaeraspis auchenaspidaides. east of the cavum cerebrale cran i i  in  
lateral view. Madel  made in  wax after sect ion ser ies  D .  Magnificat ion 20/ 1 . 

a. car, canal for t h e  carotid artery ; a. dsm, canal for the postorb i tal superfical  a rtery ; 
a .fuc, canal for the arteria fac ia l is ; a. n" a. n2, canals for fi n e  arterial branches to the 
hypophysial sac ; ax" aX2, fine  canals probably for arteries ; die, d iv is ion of the cavu m 
cerebrale for the d iencephalon ; dx, canal for an artery or a nerve to the posterior part 
of the dorsal e lectric fi e ld or fo r both an artery and a nerve ; f. opt, optic fenestra ; 
fs. hyp, hypophysial fossa, which most ventraly probably lodged a lso the posterior parts 
of the hypophysial sac ; hab, fa int bulge for the habenular gangl ia ; hy. s, d ivis ion of the 
'ethmoidal cavity for the hypophyseal sac ; mec, d ivis ion of  the cavum cerebrale cran i i  
for the mesencephalon ; med, d ivis ion of  the  cavum cerebrale for the medul la oblongata ; 
met, divis ion of the cavum cerebrale for the cerebel lu m ;  naJ, external open ing of the 
hypohpyseal sac ; na2,  nasal ope n i ng proper ; ndJ,  can al for the myelonal ve in  1 and 
probably also for the dorsal root o f  the spino-occi pital nerve l ;  nVl, canal for the 
myelonal artery 1 and probably also for the ventrai root o f  spino-occipi tal n erve I ;  o lf. c, 
part of the eth moidal cavity for the o lfactory organ ; pin, canal for the pineal  organ ; 
t�l, d ivis ion of the cavum cerebrale cran i i  for the te lencephalon ; v. pt, canal probably 
for the pituitary ' ve in ; I l l , canal for the n .  occu lomotorius ; IV, can al for the n .  tro
ch learis ; V,  canal for the roots of the n. trigeminus  and the n .  profundus ; V I I  + V I I I  a, 
canal for the  n .  facia l is ,  for the e lectric fi bres to the e lec tric fie lds ,  for the prootic 
lateral is fibres and for the ante ri or bran ch of the n .  acusticus ; V I I I  p, canal for the 
posterior branch of the n. acusticus ; IX + X, glossopharyngeus- vagus branch of the 

vagus canal ; Xvcp, branch of the vagus canal for the vena cerebral is  posterior .  

O n  accoun t  o f  its relatio n  to the roots of  the trige m i nus ga ngl i o n i c  
com plex the myodome o f  the Cephalaspids ,  besides the d i v is ion a l  rea d y  

descri bed , a lso ,  a s  we sha l l  see ,  has  a smal l  d o rso·  postero-Iateral d i v i s i o n ,  

which  correspo n d s  to a s m a l l  port i o n  o f  the trige m i n us p a rt o f  trige

m i n o- facial is c h a m ber o f  fishes .  

The d i vis ion of  the cavum cerebrale crani i  fal l ing  withi n  the region 

(text-figs . 2 ,  1 5- 1 7 , 20 -28 ; section ser ies  A ,  n os .  78- 1 3 1 ; sectio n  series 

B, nos.  27-48 ; section series C ,  nos .  1 -38 ; section series D, n o s .  

1 -34 ; p l s .  1 3 , 1 4 ;  p l .  1 9, fig .  1 ,  p l s .  2 1 ,  28, 45 ; p l .  4 7 ,  fig.  l ;  pls . 48, 

49, 55) is most  posterio rly rath e r  h igh but comparat ively na rrow. 

I m mediately anteriorly to the d o rsum sellae,  h owever,  i t  su ddenly 

becomes sti l l  h igher  and o f  ten also broader than posteriorly,  atta in ing  

i ts  greatest d im ensions approxim ately between the  posterior p arts o f  
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the m iddle ha lves o f  the orbi ts .  H ere, i n  fact, we have a lways the 
h ighest and in certain forms,  as for instance Kiaeraspis, the widest part 
too o f  the whole cavum cerebrale cranii .  The ventrai port ion of  the 
anterior  wide and high part o f  the division forms a long and broad 
fossa hypophyseos (js .  hyp) . 

For the fu rther descript ion we may con sider the region to be 
composed of  a ven trai and a dorsal wal l  both o f  which are unpaired , and 
a l ateral wal l  which is  paired (section series A ,  nos .  78- 1 4 1 ; section  
series B ,  nos .  26-56; section series C ,  nos .  1 - 1 0 1 ; section series D) .  
The ventrai wa l l  wh ich anteriorly ,  j ust a t  the anterior end of  the fossa 
hypophyseos passes over into the ventrai wal l  o f  the ethm oida l  region , 
reaches backwards on ly  to the dorsum sellae .  As a whole it i s  broad 
and thin ; and on each side lateral ly to the in terorbital wal l  i t  forms the 
floor and i n  addi t ion most latera l ly ,  where i t  i s  somewh at  th ickened,  a 
low l ateral boundary for the orbit .  Somewhat l ateral ly to the orbit i t  
merges into the viseerai endoskeleton . The dorsa l  wal l ,  which extends  
further backwards but not  quite as far forwards as the  ventrai one ,  i s  
thicker bu t  much  narrower than  that .  Latera l ly i t  overhangs the  orbit 
o f  each s ide so that i n  fact it forms also a roof for this .  011 the upper 
side of  i ts posterior  parts we flnd the m ost anterior portion  of  the dorsal  
e lectric fle ld .  F ina l ly ,  the la teral wal l  of  each side forms the septum 
between the orbit and the part of the cavum cerebrale fal l ing within the 
region .  Posteriorly this wal l  extends further backwards with i ts dorsal 
than with its ven tra i parts, whi le an teriorly, on  the contrary, i t  exhibits 
reverse condit ions ,  i .  e .  i t  there reaches farther forwards with its ventrai 
than with its dorsal parts. 

After this description of the general features of  the region we shal l  
turn to its canals beginning with those which issue from  the cavum 
cerebrale crani i .  These have been studied in  detail i n  Cephalaspis hoeli 

and in Kiaeraspis. 
In Cephalaspis hoeli we flnd regularly a rather wide cana l ,  V d, 

(text-flgs. 1 6, 1 7 , 24 ; section series A ,  nos. 70-83 ; section series B ,  
nos .  1 9-29 ; section  series C ,  nos .  1 -9 ;  33-4 1 ; p l .  1 8 ;  p l .  1 9, flg .  I ;  
pl .  23, flg. 3 )  which leaves the bottom of  the cavum cerebra le cran i i  
c lose media l ly or immediately . antero-media l ly to the acustico-facia l is 
canal and which goes forwards and s l ight ly lateral ly to the postero
l ateral part o f  the myodome, opening into that with an of  ten some
what widened anterior opening. As is seen from  the section flgures, 
th is canal begins most posteriorly as a shal low groove on  the bottom 
o f  the cavum cerebrale dose antero-med ia l ly to the acustico-facia l is  
canal ,  a groove which rapidly deepens forwards and soon becomes 
transforrned in to a cana l .  Most posteriorly the canal  l ies dose 
beneath , further forwards dose ventro- Iatera l ly  to the cavum cere
brale cran i i .  It is  evidcntly throughout i lS ent ire length situated with in  
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the paraehordal divis ion o f  the skul l ; and thus i t  perta ins real ly to the 
otie region ,  but, as we shall see, i t  was for praetieal reasons neeessa ry  to 
deseri be i t  in  this eonneetion. Rather close anteriorly to i ts posterior 
opening a fine eanal (V x , text-fig.  1 7 ;  seetion series A, nos .  74-77 ; 
seetion series B ,  nos .  23, 24) leads ventro-latera l ly to i t  from the eavum 
eerebrale eran i i ,  and towards i ts anterior end i t  is  by a seeond fine 
eanal (V xa , text-fig. 1 6 ;  seetion  series A ,  nos .  8 1 -87 ; seetion series B, 
nos .  24-27 ; seetion series C ,  nos. 27-29) a lso in  eomm unieation with 
the eavum eerebrale erani i .  

Sl ightly dorsal ly to the middle of  the eana l  V d j ust deseribed a 
seeond somewhat finer eanal , Vc (text-figs. 1 6- 1 7 ;  seet ion series A,  
nos .  80-83 ; seetion series B, nos .  28 ,  29 ; seetion ser ies C ,  nos .  36-48), 
issues in  C. hoeli from the eavum eerebrale forwards, downwards and 
sl ightly latera l ly through the lateral wal l  of  the ot ie region and perhaps 
a lso through the most posterior part of  the  lateral wal l  of  the orbito
temporaI region .  This eanal goes to the m yodome too ,  opening in to 
that immediately dorsal ly to or even partly together with V d. Behind 
i ts  o rigin from the eavum eerebrale i t  is eontinued by a d istinet groove 
(text-fig. 1 7 ;  seetion series A ,  nos. 73-80) whieh leads baekwards in  a 
d ireetion towards the dorsal part of  the in ternal opening of the aeustieo
faeia l is eana!. From the eourse of this groove we are j ustified in 
eonclud ing that the strueture whieh had its exit through the eanal V c 
must have had a rather long intra-erania l  eourse and have arisen from 
the  brain somewhere in  the  vicinity of  the  dorsal part o f  the  aeustieo
faeia l is  eanal .  Final ly i t  is  also noteworthy that the eanal V c, after its 
opening into the myodome,  is  eontinued on the posterior side of  that 
for a eertain d istanee lateral ly by a dist inet groove whieh i n  plaees is 
bridged over anteriorly and whieh thus in plaees is  transforrned in to a 
eompletely closed eanal (seetion series C ,  nos .  43-49) . Owing to this 
it is  easy to see that the strueture whieh traversed i t  went out  to the 
postero-ventro-medial  part o f  the orbit .  

Somewhat dorsal ly  and sl ightly anteriorly to the eana! Ve a th i rd 
eana! (text-figs. 1 5- 1 7 , 23 ; seetion series A, nos .  80-92 ; seetion series 
B ,  nos .  30-38) goes, in  C. hoeli, out from  the eavum eerebrale eranii 
in an  anterior and sl ightly lateral d ireetion . In faet this eanal - whieh, 
as may be seen from the figures, is situated rather h igh - perforated 
the most postero-!ateral part of  the la teral wal l  of  the region .  Very soon 
after its origin i t  divides into a dorsal and a ventrai b raneh .  The former 
of  these two branehes, IV ,  whieh usual ly is the narrower o f  the two ,  
takes an antero-latero-dorsal eourse to the postero-dorso-medial part o f  
the  orbit . The ventrai braneh ,  whieh is  lettered Vb in  the figures, on 
the eontrary, turns ventral ly and somewhat antero-Iatera l ly and goes to 
the myodome into whieh it opens on the dorsal side c lose media l ly 
to or  just  at the transit ion to the orbi t .  
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Not far antero-ventro-medial ly from the point at which the two 
branches IV and Vb separate we find ,  in C. hoeli, a fourth can a l  issuing 
from the cavum cerebrale crani i .  That canal , Va (text-figs. 1 6- 1 7 ;  section 
series A ,  nos .  90-92 ; section series B ,  nos. 33, 34), which seems to 
be rather fine, may either go ventrally and slightly antero-lateral ly 
through the l ateral wall of  the region to the medial part o f  the myo
dome half  o f  its s ide ,  opening independently into that from  the dorsal 
s ide or  else i t  may take a more straight l ateral course, opening in to 
the myodome together with the can al Vb. 

Ventrally or sl ightly anteriorly to the canal Vb there is ,  i n  C. hoeli, 
a short and rather fine canal ,  v.  pt (text-figs. 1 6 , 1 7 , 24 ; section series 
A, nos. 88-94 ; sect ion series B ,  nos .  36-38) , which on each s ide leads 
from the bottom of the cavum cerebrale cran i i  ventro-Iateral l y  th rough 
the ventrai wall of the otic region somewhat beh ind the dorsum sellae 
to the medial part of  the myodome half of  its side. In the specimen 
from which section  ser ies C was made only fa in t  traces of  th i s  canal 
could be observed , a condit ion which ,  however ,  may be due to the 
imperfect state of preservation in  which the media l  parts of the myo
dome were found there .  

The can al which , in  C. hoeli, leaves the cavum cerebrale cran i i  
nex t  in  front of v.  pt i s  a rather fine one ,  I I I  (text-figs . 1 5- 1 7 , 23 ; 
section series A ,  nos .  96- 1 00 ;  section series C ,  nos .  3 1 -35) ,  which 
l ies high er than v. pt ,  immediately behind the optic fenestra and ,  as i s  
seen from the  figures, a lmost straight above the  dorsum sel lae .  l t s  
i n ternal opening is  situated rather h igh above the bottom of  the eavum 
eerebrale .  The eanal pierces the la teral wall o f  the region in a lateral 
and somewhat antero-ventral d i reetion ,  opening i nto the orbit  either in  
the very posterior margin of  the fenestra optiea, as in the speeimen used 
for section series C (nos. 3 1 -35) , or  very close behind that. Accordingly 
i t  reaehed the orbit rather far antero-ventrally to the canal IV .  

From i ts course and  posit ion as here described i t  is  very easy 
to conclude that the eanal I I I  must have been traversed by the n .  
occulomotorius (cf. AHLBoRN 1 883, p l .  1 3 , fig. 2 ;  1 884, p l .  1 8 , fig. 6 ;  
jOHNSTON 1 902, p l .  1 ,  fig. l ;  H ERRICK & O BENCHAIN 1 9 1 3 , fig. 2 ;  etc . )  
and tha t  th is nerve went  exactly as in  recent Petromyzontids (cf. text
figs. 29, 30, 32) . 

Of  the other eanals treated here in  C. hoeli the one lettered v. pt 
might, o f  course,  owing to the faet at i t  goes out from the very 
bottom of the cavum cerebrale, be thought to have transmitted the 
n .  abducens. But if we take into account its transverse d ireetion in 
relation to the longitudinal  axis of  the cavum eerebrale i t  seems  hardly  
probable tha t  i t  gave passage to tha t  nerve, whieh ,  as we sha l l  see, i f  
i t  was present, instead probably aecompanied one of the  trigeminus roots 
through the cranial wal l .  On the eontrary, I am inclined to bel ieve that  
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i t  was traversed by a smal l  vein which drained certa in parts of the  
cavum cerebrale j ust at and posteriorly to the dorsum sel lae and perhaps 
in addit ion also certa in ventrai parts of the mesencephalon and dien
cephalon .  As far as can be j udged , th is ve in  seems thus with regard to 
its posit ion with in the cranial basis ,  with regard to i ts relations  to the 
myodome and with regard to i ts  function to h ave been at least  partly 
homologous to the pituitary vein of fishes (cf. GEGENBAUR 1 872, pp. 75 
-79 ; SAGEMEHL ,  1 884, pp.  2 1 5-2 1 7 ;  1 885 , pp .  85-87 ; 1 89 1 , pp. 574 
-575 ; ALLIS  1 897 , pp .  492-497, 1 903 b ,  pp.  9 1 -95 ; 1 909 a ,  pp. 43-5 1 ,  
1 83-208 ; 1 9 1 4 , pp .  225-253 ; 1 9 1 9 ;  1 922 a ;  1 922 b ,  pp. 225-226 ; 
ALLEN 1 905, p. 8 1 ,  p l .  2 ,  fig.  1 5 ;  O' DoNOGHUE 1 9 1 4 , pp. 440-44 1 ;  
LEHN , 1 9 1 8, p .  364 ; STENSIO ,  1 92 1 ,  pp. 62, 95, 1 64- 1 65, 1 77- 1 80 ;  
1 922, pp .  1 78- 1 79 ;  1 923 , p .  1 244 ; 1 925 a ,  p .  54 ; DE BEER 1 924 ; 
1 926, etc . ) .  And accordingly i t  seems as i f  the  myodome of the 
Cephalaspids ,  l ike that in  fishes ,  had arisen by the invading o f  certa in 
of  the recti museles o f  the eye in to the canal  for the pituitary vein .  

I n  t h e  descri ption of  t h e  otic region  (pp.  7 1 ,  72 ,  86, 87  above) it was 
pointed out that certain of  the lateral is  fibres ,  which accompanied the 
n .  facial is to the labyrin th  cavity, i mmediately after the  y had reached the 
vestibular div is ion of  that cavity must have turned anteriorly and sl ightly 
lateral ly and have gone to the orbit .  As was also mentioned they reached 
the orb i t  through the can al  l . This  canal  opens into the postero-ventro
media l  part of  the orbit close to the bottom and sl ightly l ateral ly to 
the orbital opening of  the myodome (text-figs. 24, 28 ; pl .  1 8 ;  pl .  1 9, 
fig. I ;  pl .  23 , fig. 3) ; and on the bottom of  the orbit it is continued 
fo r some distance antero-laterally by a gro ove (section ser ies A,  
nos .  72-93 ; sectton ser ies B, nos .  2 1 -3 1 ; section ser ies C, nos .  
49-68) . Under the assum ption that i t  real ly had the function I have 
ascribed to it ,  and thus that the condit ions with regard to the latera l i s  
fi bres which went forward to the orbit to associate with the trigeminus 
branches were a lm ost exactly as in  the recent Petromyzon (text-fig. 38 ; 
cf. a lso AHLBORN 1 884, p. 300 ; jOHNSTON 1 905, pp .  1 57- 1 63) , it i s  
h ighly pro bable that these fi bres, l ikewise just as in  Petromyzon, did 
not become gangl ionic unt i l  after their entranee into the orbit .  
Accord ingly the ganglion of  these latera l is  fi bres would, i f  I am right, 
have been situated on the bottom of the orbit close lateral ly to the 
orbital opening of  the myodome .  

The canals Vb, Ve and V d of C. hoeli unquestionably transmitted 
the n. trigeminus and the n. profundus. Since, however, they leave the 
cavum cerebrale not only at very d ifferent he ights but also on very 
d ifferent transversal planes ,  i t  is ful ly clear that they cannot have given 
passage to the large trigeminus trunks and the n .  profundus as such 
but instead to the roots of  these nerves. And in fact, as we shall find 
from the account of  the cavum cerebrale cranii given be low,  they show 
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a .dSIll .1 
c. sem.post 

c sem.post 

v.de nd� 

Text- fig. 23 A .  Ceplzalaspis Izoeli. The cavum cerebrale, the labyrinth cavity the 
orbits and the canals related to these cavit ies .  Dorsal aspect. The figures i s  d rawn 

after a mode l  in wax made after section series A. l oi l . 

a. ds , can al for a small dorso-lateral superficial  flrtery ; a. dSTn ,  canal  for the arteria 
superfic ia l is  postorb ital is ; a. dSTn" a.  dSTn2, a .  dSTn3 ,  branches of the canal  a .  dsm ; a .fa, 

anterior branch of  the canal for the facial  artery ; a .  fac, canal for the fac ial artery ; 
a. fil , can al for a branch of the fac ial artery to the hypophysial sac ; a. fp, canal for a 
posterior branch of the faciaI  arterY i a. la, can al for a dorso-lateraI superficial arterial 
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(Text-fig. 23 A. Continued . )  

trunk  ar isen by the confluence of  the two anteri or dorso-lateral superficia l  arteries ; 
a. slem, canal for a dorso-lateral superficial arterial  trunk  arisen by the un ion of the 
two most posterior dorso-lateral superficial arteries ; am. ant, swel l ing for the ampuJ la  
anterior ; am.  post, swel l ing for the  ampulla posterior ; at, bt, et, canals for the  n .  faciaJ is  
and for dorso-lateral superfic ial  arteries ; com, commissural d iv is ion of the labyrinth 
cavity ; c. sem. ant, d iv is ion of the labyrinth cavity for the canal is  semic ircularis anterior ; 
c. sem. post, divis ion of the labyrinth cavity for the canal i s  semicircularis posterior ; 
dl . canal probably for the ductus end9lymphat icus and i n  many cases also for a ve i n  
from t h e  dorsal e lectric field ; d2, short canal probably for a v e i n  from t h e  dorsal 
e lectric field ; des, canal for the electric nerve to the dorsal e lectri c fi e ld .  The 
canal probably transmitted also a ve i n  from that e lectric fie ld ; die, divis ion of the 
cavum cerebrale for the d iencephalon ; dt,  canal for an artery ; dx, canal for a ne rve 
or for an artery or for both ; et, canal for an artery ; f apt, optic fenestra ; hab. r, bulge 
i ndicat ing the position of  the gangl ion habenulæ.  N ote the asymmetrical developmeni, 
ind icating that the right ganglion habenulae was bigger and s ituated more posteriorly 
than the left one ; mec, d iv is ion of the cavum cere brale for the mesencephalon ; med, 
div is ion of the cav um cerebrale for the meduJla oblongata ; met, div is ion o f  the cavum 
cerebl'ale cran i i  for the metencephalon ; my, myodome ; nab opening of  the hypophysial 
sac ; na2, nasal open ing ; nd" c:anal fo r the myelonal vein 1 and proba bly a lso for the 
dorsal root o f  the spino-occi pital nerve 1 ;  nd, l, canal probably for a ve in ; nd2, can al for 
the myelonal ve in  2 and probably also for the spino-occipi tal  nerve 2 ;  nd, m, media l  
branch of  the canal  nd"  a branch which probab ly  transmitted the dorsal root  o f  the first 
sp ino -occipital nerve ; nv" canal for the ventraI root o f  spino-occi  pital nerve 1 .  I n  add i t ion 
this  cana l  transmitted the myelonal artery I ;  nV2 ,  canal  for the ventraI r(')ot  of  the sp ino
occ ip i tal nerve 2. The can.al  gave also passage to the myelonal  artery 2;  alf c ,  space 
which lodged the o l factory organ ; arb, arb i t  ; pin , pineal canal ; seI3--se/s, canals for the 
e lectric nerves to the lateral e lectric fie ld ; sei" 2 ,  com mon canal for the first and second 
e lectric nerves to the lateral e lectric fie ld ; tel, d iv is ion of  the cavum cerebrale for the 
telen cephalon . v. cl,  canal for the vena capit is lateral i s  ; v. c/" canal for the preorbital 
port ion of  the ven a capit is latera l i s ; v. db vein can al l ead ing to the orb i t ; v. ds" v.  ds2, 
can als for ve ins  from the dorsal parts of  the otic region ; v. dsv, canal for the otical 
ve in .  The ductus endolymphaticus probably reached backwards through th is  and d, to 
the up  per surface o f  the neurocran ium ; vest, vestibu lar d iv is ion of the labyrinth cavitn 
v. la, v. lp, can als for latera l tributaries to the vena capit is lateraJ i s ; v. lss, can al for the 
dorso·lateral superfic ial vein 3. v. lS4 + a.  la, common canal for the dorso- lateral super
fi c ial vein 4 and the anterior dorsa- lateral superfic ia l  arterial  trunk  ari sen by the u n ion 
of  the the anterior dorso-lateral superficia l  arte ri es ; v. ol, canal  for the lateral occ ip ital 
ve in ; vS. oe, occipi tal vein s inus ; v. sa, canal for a vein from the dorsal side of the 
i nterorbital wall and the anterior part of  the dorsal e lectric fie ld ; vv. sup, canals for 
superfic ia l  ve ins lead ing  to the occipi tal ve in s inus ; l Y ,  canal for the 11 . trochlearis ; 
Y b, canal for the general  cutaneous root of the n .  profundus (trigemin i ) ; Yb can al 
for the n .  profundus ; Y2, can al  for the n .  trigeminus proper ;  Y l I ,  canal for the n .  facia l is  
from the labyrinth cavity ; IX a, canal  for the n .  glossopharyngeus from the labyrin th cavity .  
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by their ongtns from the cavu m cerebrale rather d istinctly how the 
trigeminus and produndus roots issued from the medu l la  oblongata . 
We are thus able to establ ish here that the trigeminus-profundus gang
l ionic complex was situated external ly to the canals Vb, Ve, and V d. 
And this having been the case ,  i t  is  evident that i t  must have la in with 
a smal l  part j ust dista l ly to the openings of the canals Vb, V c, and V d 
with in  the  postero-lateral part of the myodome,  but that the chief part 
of  it was situated immediately  antero-Iatera l ly to the myodome i n  the 
postero-ven tro-media l  part the orbit .  With regard to its posit ion i t  
should further be added here tha t  i t  certa in ly  lay media l ly and mor
phological ly  anteriorly to the gangl ion of the latera l is  fibres ,  which 
ente red the orbit th rough the canal  l . 

With the guidanee of  t he  knowledge we possess concerning the 
roots of the trigeminus-profundus gangl ionic complex in  recent fishes 
( K I N GSBURY 1 897 ; jOHNSTON 1 898, fig .  1 2 ; 1 90 1 ,  p .  65, p l .  1 3 ;  H ERR ICK 
1 899, p ls .  1 5 , 1 6 ;  1 900, pp 269-270, 272, pl .  2 1 ; 1 90 1 ,  pp. 1 8 1 - 1 86, 
p ls .  1 4 ,  1 5 ;  ALLIS 1 897 , pp.  593-623, pl .  30, figs .  38, 39 ; 1 90 1 , pp. 
1 44- 1 50 ;  1 903 b ,  pp .  245-272 ; 1 909 a ,  pp. 80-83 ; 1 922 b ,  pp. 27 1 -283 ; 
VE IT , 1 9 1 1 ,  p l .  D,  fig. 1 0 ;  N ORRIS & H UGHE 1 920, pp. 320 -355) and 
in  recen t  Cyclostomes (AHLBORN 1 883 , p l .  1 3 , fig. 2;  1 884, p .  300 ; 
H ATscHEK  1 892, fig. 1 1 ;  V. KUPFER  1 895 ; 1 906 ; KOLTZOFF , 1 90 1 ,  pp .  
333-38 1 ;  j OHNSTON 1 902 , pp.  49-5 1 ;  1 905, pp.  1 5 1 - 1 63 ; 1 908 ; 
WORHI N GTON 1 905, pp .  1 64 - 1 72 ; N EYMAYER 1 906 ; AYERS & WORTH
I NGTON 1 908 ; H ERRICK & OBENCHA IN  1 9 1 3 , fig .  2 ;  H OLMGREN 1 9 1 9) 
we are able to conclude with a great degree of  probabi l i ty wh ich of 
the roots of  the trigeminus gangl ion ic  complex that emerged through 
each of  the can als Vb, Ve, and Vd described in  C. hoeli. 

We first turn to V d. On account  of  its origin from the cavum 
cerebrale cran i i  very low and far back , c lose media l ly to the acustico
facial is canal, i t  must have given passage either to the viscero-m otor 
root V alone or  to that root together with a bundle of  communis fibres 
to certai n  of the trigeminus b ranches (cf. text-figs. 38, 42) .  Since, 
however, C. hoeli otherwise i n  many anatomical features appears to 
agree very well with the Cyclostomes , i t  seems probable that with 
regard to its trigeminus nerve too i t  was much more suggestive of  the 
Cyclostomes than of  fishes in  general and that the communis fi b res of  
that nerve therefore during the passage to the trigeminus gangl ionic 
complex were closely associated with the  general cutaneous fi bres 
(AYERS & WORTHI N GTON 1 9 1 1 ) . Accordingly, if I am right in this 
supposi t ion ,  the ca na l  V d would have transmitted on ly the viscero-motor 
root V. To j udge from the width of  the canal V d that root would have 
been th ick and strong j ust as it is i n  the Cyclostomes (cf. AHLBORN 1 884, 
pl . 1 8, fig. 5 ;  j O H N STON 1 905 . p l .  5 ;  WORTH INGTON 1 905 ,  pl .  1 1 ;  H OLM
GREN 1 9 1 9, text-fig .  27 ; cf. a l so  text-ngs .  38 a n d  42 i n  the presen t  wo rk) . 
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Text-fig. 23 B. Cephalaspis hoeli. The cavum cerebrale ,  the  labyrinth cavity, the orbits 
and the canals related to these cavit ies .  Dorsal aspect. The figure is  drawn a fter the 

same model i n  wax as text-fig. 23 A.  
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On account of  its posit ion and course i n  relation to the cavum 
cerebrale crani i  and to the can a ls V d and Vb, the canal V c m ust be 
considered to have given passage to the generai cutaneous root forming 
the gangl ion gasseri and thus to the general cutaneous root of  the 
trigeminus proper .  As has been pointed out above ,  th i s  root was probably 
accompanied by certa in communis  fib res ,  which were int imately associ
ated with it . 

Finally, the canal Vb must have been traversed by fi bres which 
left the antero-dorsal corner of  the med ul la ; and it is therefore very 
easy to conc lude that  these fi bres m ust have been general  cutaneous 
ones and tha t  they constituted the root wh ich forrned the profundus 
gangl ion .  Since t he  cana l  Vb is com paratively wide there can be no 
doubt  that  the root  wh ich traversed i t  was th ick too .  With regard to 
i ts  place o f  origin from  the brain ,  with regard to i ts course and posit ion 
and with regard to its considerable th i ckness that root must have 
resembled very closely the corresponding root in Cyclostom es .  Probably,  
l ike that ,  i t  had com m unis fibres int imate ly associated with i tse lf. 

The canal IV ,  which , as we have found ,  issues from the cavum 
cerebra le together with the cana l  for the profundus root, must  eviden t ly  
h ave been traversed by the n .  troch learis .  As is  eas i ly  understood from i t s  
d irection when it separates from the profundus cana l ,  the  n .  troch learis  
m ust , very soon after its entrance into the cran ia l  wa l l ,  h ave crossed 
the  profundus root on the dorsal s ide .  And  it deserves to be empha
sized here that  j ust  at the crossing it was s i tuated c10sely upon the 
profundus root .  I t  reached the orbi t  strikingly far back, a fact which 
perhaps may suggest that  the musculus ob l iquus  superior had  i ts or ig in 
somewhere from the poster ior wall o f  the orbi t ,  as in Petromyzon . H ence 
we find here qu i te c learly that the n. troch learis went al most exactly as 
i n  Petromyzon (cf. AHLBoRN 1 883, pl . 1 3 , fig .  2 ;  1 884,  p p .  297-299 ; 
CORNING 1 900, p. 1 3 1 ; J OHNSTON 1 902, p l .  I ,  fig .  I ;  pl . 8 ,  fig .  30 ; 
1 905, pp. 1 77- 1 78 ;  KRAUSE 1 923 , fig .  430, p . 803) .  

As regards the canal Va i t  is  not so easy to arrive at any definite 
opinion of  its function as in  the case of  the can als Vb, Ve, V d ,  and I V . 
As al l  the  usual roots o f  the trigeminus and profundus nerves seem to 
have had their ex its th rough the canals Vb, Ve, and Vd, the assum ption 
readi ly suggests i tself, of  course, th at th e canal Va may have been 
traversed by a vessel . But there is a lso another possibi l i ty to be taken 
into account .  

From what  wi l l  be set  forth below, we shal l  see that  the profundus 
branch of  the n .  trigem inus in the Cephalaspids was a very well 
developed independent nerve which suppl ied the part of the head 
situated in fron t of  the prespiracular gi l l-sac. As is genera l ly mainta ined ,  
therefore, it was certa in ly the nerve o f  the  prem andibular  segment .  And 
since, as we shal l  see ,  th is  segment was better developed than in  m ost 
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other forms and in  addit ion must have had visceral musculature, It IS  
very l ikely that  its nerve, the n .  profundus ,  in  addi t ion to the com
ponents of  which i t  i s  composed in  recent fishes and Cyclostomes 
j ust as the other branchial  nerves behind it had a lso a viscero-motor 
component .  That component ,  i f  i t  really existed ,  probably left the 
bra in as an independent nerve-root and had its exit from the cavum 
cerebrale crani i  through the cana l  Va.  The can al Va would thus have 
transm itted the supposed viscero-motor root of  the n. profundus .  

For the n .  abducens there is  no  independent cana l  through the 
crania l  wal l .  I t  seems  not  im probable ,  however, that  i t  entered the 
cana l  Vd through either or both of  the two fine cana ls  Vx and Vxa and 
that i t  thus emerged together with the viscero-motor root of  the trige
m inus proper. The abducens of  fi shes may also sometimes accompany 
the trigeminus th rough the cran ia l  wal l .  And at lea st according to 
jOHNSTON ( 1 905, pp.  1 78- 1 79) , i t  would probably in  the Petromyzontids 
regularly be very intimately joined with the roots of  the trigem inus 
proper. 

The n. opticus m ust have entered the orbit th rough the optic 
fenestra, probably rather far forward , as there i s  no canal be h ind that 
fenestra through which i t  could have emerged . We thus see that this 
fenestra real ly deserves its name. 

From the account given here of  the nerve cana l s  of the orbito
temporaI region of  C. hoeli we have, if we summarize it ,  found the 
fol lowing : 

1 .  The so-cal led r. profundus trigemin i  was an independent and more 
complete nerve than i n  any other form known.  I t  consisted not 
only of general cutaneous and communis fi bres but in  addi t ion 
probably also o f  viscero-motor fibres. O n  account of  these facts 
it will be re ferred to as the n. profundus ,  while the remaining part 
of what is usu  all y called the n. trigeminus wil l  be terrned the n .  
trigeminus proper. 

2� The cana l s  Vb transmitted the general cutaneous root of the n .  
profundus,  whi le t h e  canal Va probably was traversed by the 
supposed viscero-motor root  of  the same nerve . The com munis  
fibres for the n .  profundus were probably int imately associated 
with the general cutaneous root . 

3.  The can als Ve and V d gave passage to the roots o f  the n .  trigeminus 
proper, Ve to the general cutaneous root  and V d to the viseero
motor root. The commun is  fibres for the n. trigeminus proper 
probably accompanied the general cutaneous root. 

4. The lateral is  fibres for the n. profundus and the n .  trigeminus prope r ,  
as well as the other prootic l ateralis fibres, had their exi t  from the 
cavum cerebrale crani i  together with the roots o f  the n .  facial is and 
arrived wi th these roots in  the vest ibular d iv is ion of  the labyri n th 
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cavity. Well  within th is  cavity the latera l i s  nbres for the n .  pro
fundus and for the n .  trigem inus  proper separated immediately 
from the other prootic la tera l i s  nbres ,  turned forwards and went 
through the canal l to the orbit .  

5 .  The trigeminus-profundus gangl ionic comp lex was situated with a 
smal l  portion in th e  l a tero-dorsa l part of the  myodome,  but with 
its chief part i t  lav j ust latera l ly  to the myodome in  the orbit .  
The profundus  gangl ion  lav most antero-dorsal ly of the gangl ia .  
Behind and somewhat  ventral ly to that  fol lowed the gangl ion 
gasseri . The l atera J i s  gangl ion was situated ven tro-lateral ly  and 
morphologica l ly posteriorly to the gangl ion gasseri j ust i n  front o f  
the  anter ior opening of  the  cana l  l .  

6. The  n .  abd ucens had no  cana l  of i t s  own , bu t ,  i f  i t  was  present, i t  
probably acco m panied t he  viscero-motor root o f  t he  trigeminus 
proper to the m yodome .  

7.  The n .  troch learis crossed on its way to the orb i t  the general 
cutaneous root of  the n. profundus on the dorsal s ide and was 
situated on  the dorsal surface of  that root a t  the crossing.  I t  
reached the orbit strik ingly far back. 

8. The n .  occulom otorius left the cavum cerebrale elose behind the 
optic fenestra stra ight above the  dorsum sel lae and far in  front  
of  the trigeminus roots . 

9.  Concern ing its nerves the region must have presented very great 
agreements with the corresponding region in  the recent Petromy
zontids . 
Condit ions s imi lar ,  o r  at least s imi lar  in  the ma in ,  to those now 

described in  C. hoeli with regard to the nerves of  the region seem to 
occur in  Cephalaspis vogti (pls .  25, 26) and probably in  Hoelaspis (pl . 45) ,  
Thyestes verrucosus (p l .  48, ng. l ) , Boreaspis rostrata (pl .  1 4) and in 
the so-cal led Thyestes schrenki (pl . 48, ng. 2) .  

I n  the specimen of  Kiaeraspis from which sec t i  on ser ies D was 
made (tex t-ngs. 20-22, 28 ; section series D, nos .  1 -44) we nnd, on 
the contra ry, certain interesting d ilferences. The canal for the n .  oculo
motoris ( I l l )  l ies a Httle further back than in the forms just treated ; 
and  this seems to be a constant feature for it could be exposed in  a 
s imi lar posit ion also in two other specimens (pls .  49, 55) .  The canal  for 
the pi tuitary vein (v. pt) was, as is well seen , rather  wide. The can a l  
for the n .  troch lear is left the cavum cerebrale high up,  as in  C. hoeli, but 
somewhat more forward than i n  that  species and must therefore have 
crossed the general cutaneous root of  the n .  profu n dus a lready before 
i t  entered its cana l  ( lV) through the l ateral cran ia l  wal ! .  Both the roots 
of the n. profundus and the roots of  the n .  trigem inus proper left the 
cavum cerebrale through a com mon wide canal (V) which issues from 
the la tero-ven tral par t  of  the cavum cerebrale rather sHghtly postero-
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l atero-dorsal ly to the canal  for the pituitary vein .  I n  other specimens 
of  the speeies under consideration ,  however ,  the trigeminus  canal m ay 
very well have been subdivided more or  less com pletely into d ivis ions 
corresponding to the independent canals o f  the trigeminus roots in  
C.hoeli. At least  i n  the two speeimens figured i n  plates 49 and 55 there 
a re indications of  such a subdiv is ion ,  the most ventrai part o f  the canal 
corresponding to the  canal  V d of C. hoeli bei ng rather well separated 
from  the other parts. 

In Kiaeraspis and in  certa in  specimens of  Cephalaspis hoeli (section 
series B,  nos .  36-38) we find one or a couple o f  very fine  can als 
(ax1 , ax2 ) which issue from the  cav u m  cerebrale in the vicin i ty of 
the canal  for the n .  trochlearis or  from the proxim al port ion of  that 
canal .  These can a ls are known in  detai l  on ly in the specimen  of 
Kiaeraspis used for section  series D (nos .  26 - 43) and, as is seen from 
text-figs. 20, 22 ,  27 , they seem in  that  spee imen to be rather d ifferently 
developed on either side of the cavum cerebrale .  On the l e ft side there 
is probably only one canal (ax2 ) which goes to the dorsal part of the 
orbit e lose behind the canal v. S04 ; on the righ t s ide ,  on the contrary, 
there a re two canals, one si tuated anteriorly (ax1 ) and one posteriorly 
(ax2 ) to the trochlearis canal . The former o f  these canals goes antero
dorsal ly ,  probably to the superficial parts of the in terorbital wal l ; the 
latter one could be traced on ly a short distance upwards . It see ms 
beyond question that these canals were vascular can als ; and from the 
general disposit ion of  the vessels o f  the region i t  must be assumed tha t  
they  transmittet arteries. I n  th i s  connection ,  however, attent ion m ust, 
be called to the raet that i n  severaI fishes we find  an anterior cerebral 
vein which may lea ve the cavum cerebrale som ewhere i n  the vic in i ty 
of the n. troch learis (cf. STENS IO ,  1 925 a, pp. 38-39) , but it is , of course, 
qu ite excluded that the canals here in  question could h ave transm itted 
veins from  the cavu m  cerebrale .  

The anterior part of  the  dorsal wal l  o f  the cavum  cerebrale i s  
always pierced by the wide p inea l  canal  (pin, text-figs. 1 5 , 1 7 , 20, 22 ,  
23 ,  25-27; section series A, nos .  1 04- 1 1 0 ;  section series C,  nos. 1 - 1 7; 
section series D, nos .  35-42 ; p l .  1 3 , figs. 1 -4 ;  pls .  1 7 , 35 , 36, 39, 43, 46 ; 
p l .  47 ,  fig.  1 ) . The external opening of  th is canal (seen in  many of  the 
plates) - which , as has been pointed out  above (p .  22) ,  varies in shape 
in  d ifferent forms - always l ies  elose or immediately anteriorly to the  
anterior end of  the  dorsal electric fie ld  and not very far beh ind  the  
posterior division (na2 )  o f  the nasal opening. 

The very anterior part o f  the ventrai wal l  o f  the region  is pierced 
by a paired rather wide canal (a. car, text-figs. 1 6, 1 7 , 2 1 ,  22, 24,  28, 36 ; 
sect ion series A ,  nos .  1 20- 1 30 ;  section series B ,  nos .  43-45 ; section  
series C ,  nos .  24-48 ; p l s .  1 8-20, 22 , 23 ; p l .  23 , pls . 28, 29 ,  44 ,  45 ,  5 1 ,  52 ; 
pl . 54 ,  fig. 1 ;  p l .  55) ,  which from the  aortal groove ascends in  a postero-
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dorso-lateral d i rection to the cavum cerebrale crani i .  More exactly this 
canal opens with its dorsal opening into the antero-lateral part of  the 
fossa hypophyseos somewhat ventro-latero-medial ly to the anter ior angle 
of the optic fenestra . It i s  easy to conc1ude that we are concerned here 
with the can al  for the carotid artery. 

In Cephalaspis hoeli, as wel l as in the Cephalaspis-species in 
general and in  Hoelaspis, a distinct groove goes from the dorsal open
ing of  the carotid canal antero-dorso-Iateral ly on the lateral surface of 
the cavum cerebrale cran i i .  This groove then leads into a rather wide 
canal , a. jac, ( text-flgs. 1 5� 1 7 , 20�25 ; section series A,  nos. 1 27� 1 35 ;  
section series B ,  nos .  45�50 ; section series C ,  nos .  26�35 ; pls .  2 1 ,  28, 
29, 45) which passes antero-latero-dorsally within the ethmoidal region .  
This canal and the gro ove lead ing to it obviously transmitted an 
arterial trunk ,  a trunk which was a branch from the ca rotid artery, 
a nd  which , as we shal l  see, must have been homologous to the arteria 
facial is of Petromyzon. H ence the canal a.  fac will be terrned here 
the canal for the arteria facial is .  

In Kiaeraspis the canal  for the arteria facial is goes as an  inde
pendent canal down to the carotid canal whol ly wi th in the lateral 
cranial wall ,  and accordingly the facial artery passed there entire ly 
external ly to the cavum cerebrale (text-flgs. 20�22 ; 27, 28 ; sectio n  
series D ,  nos .  1 �29 ; pls .  49, 5 1 ,  55) ,  whi le in  C. hoeli and  i n  Hoel
aspis, on the contrary, it evidently traversed a short ante ro-ventro
lateral part of the cavum cerebrale before i t  reached its cana ! .  

As i s  obv ious  from the description given here of  the  ca rotid cana l ,  
the carotid artery was given off from the cephal ic  d ivision o f  the dorsal 
aorta, which was sti l l unpaired as far forwards as this . Already with in  
the  dorsal par t  o f  the carotid canal it m ust evidently have d iv ided into 
the in ternal carotid proper, which went to the cavum cerebrale ,  and an 
antero-dorso-lateral branch , the facial artery, which entered the canal 
a. fac in the ethmoidal  region .  Whi le in the Cephalaspis-species ,  and 
perhaps also in certai n  other forms,  the facial artery traversed a short 
anterior part o f  the cranial  cavity before it entered its canal in  the ethmoidal  
region ,  in  Kiaeraspis i t  went ent irely outs ide that cavity, with i n  the 
lateral crania l  wal! .  Very soon a fter its entrance into the cavum cere
brale the i nternal carotid proper must have divided i nto severaI branches 
one of  which , the ophthalmic artery, went out  to the orbit th rough the 
membrane which closed the fenestra optica . The groove wh ich from 
the i nternal opening of  the carotid canal cont inues postero-laterally 
towards the antero-ventral part o f  the optic fenestra may per ha ps have 
lodged the ophtalmic artery. 

From the facts j ust given i t  i s  c1ea r that the condit ions with 
regard to the arterial supply of the cavum cerebrale and the ethmoidal  
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region were as in  Petromyzon (cf. Co RI 1 906, pp. 34-37 , pl .  I ;  H ATTA 
1 922, pp. 1 42- J 50, pl .  22) . 

Above we have found that the trigeminus gangl ionic complex was 
situated chiefly in the orbit ,  but that a smal l  part of  it also extended 
postero-dorso-medial ly into the myodome half  of  its s ide .  Of  the trunks 
which arose fro m  that gangl ionic complex the one representing the 
truncus-maxil lo-mandibularis - or as i t  wil l  here be called the n. trige
m inus proper - certainly immed iately after i ts origin took an antero
lateral course close to the bottom of the orbit. It must have left the 
orbit th rough the canal V2 (text-flgs. 4 ,  1 3 , 23-25, 27, 28, 36 ; section 
series A,  nos .  1 1 2- 1 43 ;  section series B ,  nos .  4 1 -57 ; section  series C, 
nos .  8 1 -9 1 ; section series D ,  nos. 1 - 1 4 ;  pl .  1 4 ;  p l .  1 9, flg. I ;  pls . 20, 
2 1 ; pl. 23, flg. 3 ;  pls . 28, 29, 45, 49, 50, 5 1 ,  54, 55, 57, 58) , which goes out 
antero-laterally and ventral ly through the part of  the viseerai endoskeleton 
situated antero·-latera1 1y to the orbit ,  flnal ly opening into the oralo
branchia l  chamber ; for by its posit ion and course this canal (V2 ) is  
dist inetly shown to be serial ly  homologous to the canals V I I ,  I X  a, etc . ; 
and as i n  addi t ion there is no  other canal from the orbit trough which 
the trigeminus proper could have emerged ,  there can be no  doubt 
that i t  gave passage to that nerve. Below, i n  the chapter on  the 
viseerai endoskeleton we sha1 1  have a further  opportunity to deal with 
i t ,  especially with its d istal part. 

Owing to the considerable size of the canal in C. hoeli which 
transmitted the profundus root ,  i t  i s  clear that the n .  profundus must 
have been a strong trunk .  The n. profundus certa in ly traversed the 
orbit in  the normal way close to the lateral surface o f  the in terorbital 
wall and dorsally to the n. opticus, which must have entered the o rbit 
very low. In the anterior parts of  the orbit  i t  must have turned latera11y 
and somewhat ventrally and have entered the can al Vl (text-flgs. 4 ,  1 3 , 
23-25, 27, 28, 36 ; section  series A ,  nos .  1 20- 1 55 ;  section series B ,  nos .  
43-57 ; section series C, nos .  74-88 ; section ser ies D ,  nos .  1 -20 ; 
p l .  1 3, flg.  3 ;  pls .  1 4 , 1 5 , 1 7, 1 8 ;  pl .  1 9, flg .  I ;  pls . 20, 2 1 ,  27 , 28, 29, 39, 
44, 45, 49, 50, 5 1 ; pl . 54, fig. I ;  pls. 55, 57, 5R) , which issues from the 
antero-ventral part of  the orbit  and pierces the ethmoidal region and 
the adjacent most anterior parts o f  the viseerai endoskeleton .  The 
canal Vl opens in  the oralo-branchia l  chamber, as a rule, very far for
wards anteriorly to the fi rst interbranchia l  ridge, but postero-laterally 
to the area dpr (text- figs. 4 ,  36) . From its course and position i t  is  
thus easy to understand that the canal Vl must be seria1 1y homologous 
to the canals V2 , V I I ,  IX a,  etc. 

We shal l  return to the n. profundus below in the description of  
the  viseerai endoskeleton and i n  the  special chapter on the  nerves of  
the cephalic sh ie ld .  Here I sha1 1  merely ca 1 1  atten ti on to the fact that ,  

8 
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accord ing to HATSCHEK ( 1 892, p .  1 52) , the n .  profundus of  Petromyzon, 
has a deep branch which goes d own to the mouth . 

There is no canal which could have given passage to any nerve 
corresponding to the r .  ophtalm icus superfleial is trigemin i  o f  flshes ,  
and hence i t  seems certain that this branch did not exist  as an  inde
pendent branch . 

After the account  now given of  the n .  trigeminus proper and the n .  pro
fundus we shall turn to the nerves which arose from the lateral is gangl ion 
which , as has been poin ted out ,  mus t  have been situated within  the postero
ventro-medial part of th e orbit postero-lateral ly to the gangl ion gasseri 
and which , l ike that gangl ion ,  forrned part of  the trigeminus-profundus 
gangl ionic complex. As we know now how the ch ief  anterior portions 
of  the sensory canal system were arranged , and as in  addit ion in  recent  
flshes and Cyclostomes we find that the lateralis nerves always fol low 
more or less exactly the course of the sensory canals innervated by 
them, i t  is rater easy to conclude how the lateral is  nerves in  q uestion  
in  the  Cephalaspids must have passed .  The  ch ie f  one of  these nerves 
must evidently, immediately after its origin ,  h ave gone antero-lateral ly 
i n  the lateral part o f  the orbit and have associated more or less soon 
with the n .  trigeminus proper ,  together with  which i t  left the orbit  
through the canal V2 • I t  probably accompanied the n .  trigeminus proper 
throughout the canal V2 , g iving o f  branches to its lateral l ine  portion .  
Probably a lready in  the posterior  part o f  the  orbit ,  however, i t  m ust 
have given off  branches also in  a lateral d irection through the latera l 
wall o f  the orbi t ,  branches which m ust have traversed at least certa in  
o f  the poster ior on es o f  the narrow cana ls  denoted in the figures by 
the  letters bu, bul-bus (text-figs. 24, 28 ; section series A ,  nos .  1 05 ,  
1 09, 1 1 5 ;  section series B ,  nos .  29, 3 1 -33, 37, 38, 43 ,  46, 49-52 ; section 
series C, nos .  85-90 ; section series D ,  nos.  1 -3, 1 4- 1 9 ;  pls .  28, 45 ,  
49,  50) . From its course and position i t  i s  thus obvious that  the lateral is 
nerve now dealt with m ust have been homologous with the n. buccal is 
lateral is o f  fishes and Cyclostom es (cf. ALLIS 1 889, pp.  5 1 4-5 1 5, pl . 42 ; 
1 897, pp .  603-605, pls .  23-26 ; 1 900 ; 1 90 1 ,  pp .  1 63- 1 70 ;  1 903 b ,  
pp .  254-258 ; 1 905 ; 1 909 a;  1 922 b ,  pp .  275, 276, p l .  1 5 ;  1 923 a ,  p .  2 1 1 ;  
HERRICK 1 899, pp.  332-350 ; 1 900, pp .  279-28 1 ;  1 90 1 ,  pp .  1 99-20 1 ; 
NORR I S  & H UGHE 1 920, p .  348 ; H ATSCHEK 1 892, fig. 1 1 ;  J OHNSTON 
1 905 ; WORTHINGTON ,  1 905, pp. 1 70- 1 7 1 ,  p l .  1 1 ;  etc . ) . 

A second ,  though certainly fi ner, lateral is  nerve which also arose 
from the lateralis gangl ion in  the orbi t  m ust evidently have taken an 
antero-dorso-medial d irection and have associated with the n .  profundus ,  
but  whether i t  left this already rather soon and ascended to the roof o f  
the  h ead for the supplying o f  a lateral sensory gro  ove  situated close 
be hind the p ineal opening (pc, text-figs. 76, 77 ) , o r  whether i t  on ly  gave 
off a dorsal branch for that groove and continued forwards to the  
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eth moidal region c10sely associated with the n .  profundus it is impossible 
to decide positively ,  since it has not been ascertained so far whether 
any lateral sensory organs were present i n  front  of the nasal opening. 
In any case i t  is  obvious that i t  corresponded,  at least in  part, to the n .  
ophthalmicus lateral is of  fishes and  Cyc1ostomes (cf. ALLIS 1 889, pp.  
5 1 3-5 1 4, pl .  42 ; 1 897, pp.  598-603 ; pl .  30,  ng. 38 ; 1 903 b ,  pp .  249-25 1 ; 
1 909 a ;  1 922 b, pp. 273-276 ; 1 923 a ,  pp. 2 1 0-2 1 1 ;  H ERRICK 1 899, 
pp. 35 1 -357 ; 1 900, pp. 274-276 ; 1 90 1 , pp. 20 1 -202 ; NORRIS & H uGH E 

1 920, pp.  347-348 ; jOHNSTON 1 905 ; WORTHINGTON 1 905, pp.  1 70-
1 7 1  ; etc. ) . 

The nne  canals bu, bUl-bua already referred to probably vary 
somewhat i n  num ber even on both sides in  the same speeimen but 
the variations could not be  stud ied in  deta i l .  Generally the num ber of 
the canals in question seems to be about 3 or 4 ,  but in  certa in cases 
i t  may perhaps be sti l l greater. The majority of  the canals are very 
short, as they lead on ly to the  canal for the two most anterior e lectric 
nerves to the l ateral electric neid ,  thus the canal  l ettered seil , 2 ; but 
one or perhaps two of  the most anterior ones may som etimes be 
longer and instead pass off anteriorly and dorsal ly  to that nerve-can al 
to the up per surface of  the region somewhat antero-lateral ly to the 
orbital opening. Since I was una ble to nnd any fine branches issuing 
dorsally or dorso-lateral ly from the canal selu 2 this cond it ion would 
perhaps be thought to be an evidence aga inst the opinion advanced 
here concerning the course of the branches from  the n .  buccalis lateral is . 
But i f  we real ize that these branches, probably soon after their entranee 
in to the can al  sell . 2 ,  must have broken up into their very fine terminal 
branches ,  i t  is  obvious that the openings and canals for these terminal 
branches when they left the canal sell ' 2  must have have been extremely 
del icate - so del icate even that they probably, as a rule , m ight have been 
destroyed during the proeess of foss i l isation .  It is  even possible that 
these very fine branches, owing to their very m inute calibre, were entirely 
devoid of a l ining of perichondral bone, so that on account of this 
nothing of them could be preserved in  the fossi Is .  And accordingly 
the absenee in the fossi ls of fine canals leading from the can a l  seil ' 2 
to the dorsal surface of  the region c10se lateral ly to the orbi tal entranee 
does not with necessity imply that such can als d id not exist in the 
Cephalaspids when a l ive .  

Concerning the cana ls  bu, bu1-bu5 i t  must be emphasized that  
they must have given passage not only to l ateral is nerves but als o to the 
general cutaneous branches from the n .  trigeminus proper and in  addit ion 
they may perhaps have given passage also to smal l  arteries and to veins 
which went to the orbit .  

Whether in  the Cephalaspids there was, as in  Petromyzon (jOHN

STON 1 905, pl . 5) ,  an anastomosis between the la teralis part of the 
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Text-fig. 24  A .  Cephalaspis hoeli east of  the  cranial  cav i ty ,  the  labyr inth cavity, the 
orbits and the canals related to these cavit ies in  ve n trai v iew. The figure has been 

drawn after a model i n  wax made after section series A .  1 0/ 1 . 
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(Text-fig. 24 A eontinued. )  

a .  car, eanal For the earotid artery ; a . ja, anterior  braneh oF  the eanal for the fae ial  
artery ; a. fac, eanal for the facial artery ; a. fn, eanal for a braneh of  the facial  artery 
to the hypophysial sae ; a. fp, eanal for a dorso-posterior braneh of  the facial  arte t y ; 
a. slcm, eanal for a dorso- lateral superfieial arte ria l trunk arb en by the un ion of the 
twa m ost posterior dorso-lateral superfieial arteries ; bUi-bu. canals for branehes from 
the n. buecal i s  lateral is ,  for general cutaneous branehes and perhaps also for arter ies and 
ve ins ; c. post, canal for the posterior eneephal ie artery ; c. sem. post, div is ion of the 
labyrinth cavity for  the canal is  semic ircularis posterior ; fs. hyp, fossa hypophyseos ; 
hy. s, divis ion of the ethmoidal eavity for the hypophyseal sac ; l, canal for the latera l i s  
fibres to the trigeminus-profundus gangl ion ic  complex ; my, myodome ;  ndl , eanal for  the 
myelonal vein 1 and probably also for the dorsal root of  the spino-oecipital  n erve 1 ;  ndi .  l,  
eanal probably for a ve in ; nd2, eanal for the myelonal vein 2 and probably also for the 
dorsal root o f  spino-oeeipital nerve 2 ;  ndi m, postero-media l  braneh o f  the eanal ndi a 
braneh whieh probably transmi tted the dorsal root of the first spino-oeeipital nerve ; nv! ,  
can al for t he  ventraI root of or for t he  entire sp ino  oecipital n erve l .  I n  add it ion th i s  eanal 
transmittet the myelonal artery 1 ;  nV2,  canal for the ventraI root of  the spino-oceipital  
nerve 2, or for the entire spino-occipital nerve 2. I n  addit ion i t  transmitted the mye lonal 
artery 2 ;  arb, orb i t ;  selb 2 ,  common can al for the twa most anterior nerves to the lateral 
electric fie ld ;  sela-sela, canals for the nerves 3-6 to the lateral electric field ; v. cl, 
eanal for the vena eapitis latera l is  ; v. cl! , canal for the preorbi tal port ion of the vena 
capit is lateral is  ; v. ct, eanal for a ve in  apening in to the v .  eerebral i s  posterior at the 
transit ion to the oceipital vein s inus ; vest, vestibular d iv is ion of the labyrinth eavity ; 
v. la, v. lp, canals for lateral tributaries  to the vena eapitis latera l is  ; v. lss , can al for 
th e  dorso-lateral superficial ve in  3 ;  v. lS4 + a.  la, eommon eanal for the dorso-lateral 
superfieial  vein 4 and the anterior dorso lateral-superfieial arterial trunk arisen by the 
un ion  of  the anterior dorso-lateral superficial arteries ; v. ol. canal for the lateral occipi tal  
ve in ; v. pt, canal probably for the pituitary ve in ; vs. oc, oecipital  ve in  s inus ; V d, canal 
probably for the viscero motor root of then trigeminus prope r ;  V xa, canal perhaps for a 
rart of the n. abducens ; V! , canal for the 11 .  profundus ; V. ,  eanal for the 11. tr imiginus 
proper ; V I I ,  canal for the n .  fac ia l is ; V I I  -t V I I I  a ,  aeustieo- facia l is  can a! .  This  eanal 
transmi tted the roots of  the n .  faeia l is ,  al l  the prootic lateral i s  fibres, the electric nerve fibres  
to  the electric fie lds  and  at l east the  anterior braneh of the  n .  acusticus ; V I I I  P eanal 
for the posterior braneh of  the n. acusticus ; IX, the glossopharyngeus branch of the 
vagus canal ; I X a ,  canal for the n .  glossopharyngeus after this nerve had traversed the 
labyrinth eavity ; IX p, canal for the 11 .  glossopharyngeus to the labyrinth cavity ; X, 
branch of  the vagus canal for vagus ro ats ; Xvcp branch of  the vagus canal for the 

vena cere bral is  posterior. 
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trigeminus gangl ionic complex and the lateral is part o f  the vagus 
gangl ionic complex cannot be ascerta ined.  lf such an anastomosis was 
present i t  m ust have been situated , together with the vena capit is lateral is ,  
i n  the eanal v. cl , for besides this there is no canal which could have 
lodged it .  I t  deserves to be added that i t  may very well be thought to 
have had such a position .  

The canal seIL ' 2 '  which has a l  ready been dea I t  with to some extent, 
enters the region from the antero-Iateral part of  the otic region ,  passing 
forwards close lateral ly (ventral ly) to the orbit (text-flgs .  23-25, 27-28 ; 

section series A, nos .  86- 1 55 ;  section series B ,  nos.  24-57 ; seetion 
series C, nos. 68-94 ; section series D, nos. 1 -20 ; pls .  1 4 , 1 5 , 1 7 , 1 8 , 

2 1 ,  28, 29, 45,  49, 50, 54 ,  55 ) . I n  the Cephalaspis-spec ies it d iv ides 
into its two branches seIL and sel2 j ust antero-Iateral ly to the orbit .  On 
the contrary in  Hoelaspis, Boreaspis and Kiaeraspis ,  as  has a lready 
been pointed out, i t  remains as a single wide canal sti l l fa rther antero
lateral ly - in Kiaeraspis even as far as its very en trance into the 
l ateral electric fleld .  

I n  the anter ior and l ateral parts o f  the region we flnd,  as wi I I  be 
descri bed in  detail be low in the account of the ethmoidal  region ,  severaI 
branches of  the can al  for the arteria facial is .  The d isposition of  these 
branches i s  wel l  seen in  text- flgs. 44, 46, 47,  49, 5 1  and in  pls .  27,  28, 
29, 30, and 39. At least in  Cephalaspis hoeli the postero-dorsal parts 
of  the  interorbital wall received their a rterial blood through an anterior 
branch (a. dsml , text-flgs .  23 , 25 ; section series A, nos. 78-9 1 ; sect ion 
series B ,  nos .  34-39) of  the postorbital superflcial a rtery, which issued 
from the cavum cerebrale in the roof of the  otic region th rough the 
canal  a.  dsm . 

The superflcial parts of the ethmoidal region and the adj acent 
parts of  the visceral endoskeleton in  front o f  that region were, as  \Ve 
shall see, drained by a large vein which entered the orbit at th e 
anterior end through the canal v. cll , sl ightly dorso-medial ly to the 
canal  for the n .  profundus. As we shal l  flnd ,  th is  vein corresponded 
exactly to the anterior portion of the v.  capit is latera l is  of  Petromyzon 
(cf. Co RI 1 906, pp. 48-52 ; H ATTA 1 922, pp.  1 80- 1 85) ,  and the term 
v. capitis l atera lis wil l  therefore be employed for i t  in the subsequent 
account. Well with in the o rbit i t  went dorsally to the n .  profundus,  
which i t  probably accompanied more or less closely as far backwards 
as to the profundus gangl ion .  Beyond that ganglion i t  probably turned 
more laterally and upwards along the poste ri or wall of the orbit and 
during this part of  its course it probably received the presumed pituitary 
vein .  Final ly it left the orbit  through the canal v. cl. 

In the speeimen of Kiaeraspis used for section series D (text
flg. 27 ; section series D ,  nos .  35-50) the re are severals canal s v. SOl
v. sO! ' which from the dorsal parts of  the infraorbital wa l l  go down-
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Text- fig. 24 B. Cephalaspis hoeli. east of the cran ial cavity, the labyrinth cavity, 
the orbits arod the canals related to these cavit ies in ventral v iew. The figure 

has been drawn after the same model in  wax as text-figs. 23 and 24 A. 
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wards to the orbit .  These canals ,  most o f  which branch abundantly 
in  their d istal parts ,  open into the dorsal and an tero-dorsal parts of  
the orbit and are  four in  num ber  on the l e ft s ide  and five on the right  
side. As far as can be  j udged , these canals transmitted ve ins  which 
drained the parts of  the interorbital wal l  that received their arterial 
blooa by posterior branches from the arte ria facia l is (cf. p .  1 1 2 a bo ve 
and the chapter on the ethmoidal  region below), by branches from 
the  postorbital superficial artery (cf. p .  73 above), and by the smal l  
supposed arteries ,  which traversed the can als aXl and ax2 • The veins 
lodged in  the canals v. sal-v. SO� certa inly, after their entrance into 
;·he  orbit ,  emptied into the vena capit is lateral is .  Besides to veins 
certain of  the can als v. sal-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 latera l is  nerve 
to the short trasversal lateral l ine groove (pc, text-figs. 76, 77) situated 
close behind the pineal opening. 

The superficial part of  the region lateral ly to the posterior part 
of the orbit was drained by tributaries to the dorso-lateral superficial 
vein 3, which was lodged in  the canal  v. lss (text-figs. 23 - 25 ;  27, 28, 

section series A ,  nos .  89- 1 1 3 ;  section series C ,  nos .  80- 1 07 ;  section series 
D ,  nos. 2-8 ; pls .  20, 2 1 , 25, 27-3 1 , 39, 45, 49, 50, 55) .  While ,  as has been 
pointed out, this cana l ,  v. lsa , in  the Cephalaspis-species goes to the postero
l atero-ventral part of the orbit ,  in Kiaeraspis and Hoelaspis it goes 
instead to the most anterior part of  the canal v. cl. Accordingly in  the 
Cephalaspis-species the dorso-lateral superficial vein 3 em ptied into the 
v.  capit is lateral is with in the very posterior part of the orbit ,  whereas, . 
on the contrary, i n  Kiaeraspis it d id not jo in  the same vein until close 
posteriorly to the orbit i n  the most anterior part of the otic region .  
Since , as has been ca l led attent ion to a l ready i n  the description of  the  
otic region ,  in  many ca ses  not  only the dorso-Iateral superficial ve in  4 ,  

but sometimes a lso the dorso-Iateral superficial vein 5 had j o ined the 
dorso-Iateral supe.rficial  ve in 3 ,  the proximal  part  of  this was a rather 
wide trunk .  In such cases when one or  both of  the dorso-Iateral 
superficial veins 4 and 5 had j o ined 3 the canal which transmitted the 
proxima l  part o f  th is  has in  the figures and plates generally been 
denoted by the letters v.  la. 

Final ly i t  may be mentioned here that in  the specimen of Kiaer
aspis from which sect ion series D was made a very fine  canal  went 
out from the right orbit  in to the ethmoidal  region somewhat dorso
medial ly to the canal v. cll . As this fine canal (ex, text-fig. 27 ; section 
ser ies D ,  nos .  1 5-2 1 )  probably is  not constantly present in  the Cephal
a spids it seems most probable th at i t  transmitted a vesse l ,  conceivab ly  
a vein . We sha l l  return to tha t  cana l  below in the description of  the 
ethmoidal region .  
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E t  h m  o i d a I r e g i o n .  - Since, as we shal l  see, the rostrai parts 
of the shield (cf. the chapter on the Heterostraci below), probably as far 
back as to the nasal opening, have been formed by th e exessively deve
loped up per l ip and thus are of a viseerai origi n ,  the anterior boundary 
of  the ethmoidal  region may be considered to be at the anter ior end 
of the nasa l  aperture . The ethmoida l  region (text-figs . 4 ,  7 ,  8, 1 3) is  thus 
continuous with and passes over in to the viseerai endoskeleton not only 
l aterally but a lso rostral ly .  ! ts lateral boundary may for practical reasons 
be considered to be  along a longitudinal l ine passing forwards para l le I  
wi th the longitudinal  axis of the cephal ic  shield from a point somewhat 
laterally to the antero-ventral corner of the orbit . Finally poster ior ly 

. i t  reaches with its lateral part of each side to the orbi t ,  forming the 
anterior boundary of this ,  whi le ,  on the contrary , with its median. part 
i t  extends somewhat further backwards between the orbits, so that in 
fact i t  forms at least the most antero-dorsal part of the interorbital wal l .  

With regard to dimensions the ethmoidal  region ,  as thus defined ,  
is  always short and broad ,  i ts length constituting only about one th i rd 
of the breadth . While, as a whole ,  it decreases in height forwards it 
is ,  however ,  th roughout its length considerably high er  in  its median 
than in  i ts lateral parts. 

In accordance with the general configuration of the cephal ic shie ld,  
the region occupies such a position that i t  s lopes more or less for
wards and i n  add it ion it is always somewhat arched in transversal 
direction with the convexity upwards and the concavity downwards. 
It presents a dorsal and a ventrai surface and in  addit ion a paired 
posterior surface. 

The dorsal surface (sect ion series A, nos .  1 1 8- 1 55 ;  section series B, 
nos .  5 1 -57 ; section  series C ,  nos. 1 -95 ; sect ion series D,  nos .  1 -35 ; 
p l .  39) which is continuous posteriorly  with the dorsal surface of the 
orbitotemporal region and lateral ly with the upper (outer) surface of the 
viseerai endoskeleton faces more or less antero-dorsal ly .  On its most 
posterior part we find the unpaired external nasal opening, which , as 
we have seen (p .  22 above), consists of art anterior and a posterior 
divis ion which are more or l ess circular or oval, and which are con
nected with each other by a third narrow, sl i t-l ike d ivis ion (text-figs. 3 ,  
7 ,  8 ,  23 ,  27) .  Around the nasal opening there must h ave been an 
impression of the circumnasal fossa s ince  th i s  fossa had pressed the  
dermal  bone beneath i t  rather  much downwards into the endoskeleton . .  

The ventrai surface (text-figs. 2 A, 4 ,  1 3 , 36 ; section series A ,  nos .  
1 29- 1 55 ;  section  series B ,  nos .  5 1 -57 ; section series C, nos .  1 -95 ; 
section series D ,  nos .  1 - 1 2 ; pls .  1 4, 1 5 , 2 1 , 22 ;  p ls .  44, 5 1 ,  52 ; p l .  54,  fig. l ; 
p l .  56, fig. l ;  pl .  57 ; p l .  62, fig. l ) , which is continuous posteriorly with the 
ventrai surface of the orbitotemporal region and laterally and anteriorly 
with the ventrai ( inner) surface of  the viseerai endoskeleton , forms part of 
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Text-fig. 25. Cephalaspis hoe li. east of the cran ial cavity, the labyrinth cavity, the 
orbit and the canals related to these cavities in  lateral view. The figure drawn after 

a model i n  wax made after section ser ies A. Magni fication about 1 6/t . 

a. ds, canal for a fine artery for the dorso- Iateral part of the otic region : a. dsm" a. dsm., 
a .  dsms, canals for branches of  the postorbi tal superfic ial  artery ; a. fa, ante ri or branch 
of  the canal for the fac ia l  artery ; a .  fa e, canal for the facial artery ; a. fn, canal for 
a branch of the fac ial  artery to the external opening of the hypophysial  sac ; a. fp, 

canal for a dorso-posterior branch of the facial  artery ; a .  slem, canal for a posterior 
dorso-Iateral superfic ia l  arterial trunk ; a t, bt, canals for the n .  fac ial is  and for the 
anterior dorso-Iateral superfic ia l  arterial trunks ; eom, commissural division of the laby
rinth cavity ; e. sem. ant, div is ion of the labyrinth cavity for the can alis semic i rcularis 
anterior ; e. sem. post, division of  the labyrinth cavity for the canal i s  semicircularis 
posteri o r ;  d" canal for a ve in  from the dorsal electric field and in addi t ion probably 
for the most dorsal part of the ductus endolymphaticus ; d., canal for a vein from the 
dorsal e lectric field ; dt, canal for an a rterial branch ; med, div is ion o f  the cranial 
cavity for the medulla oblongata ; nal, opening of the hypophysial sac ; na. ,  nasal 
opening proper ; nd" canal  for the myelona l  ve in  I a n d  probably also for the dorsal 
root o f  the spino-occip ital nerve 1 ; nd, l, canal protably for a vein ; nd, m, postero
medial branch of the canal nd" a branch which probably transmitted the dorsal root 
o f  the first spino-occipital nerve ; nd2• canal for the myelonal vein 2 and probably also 
for the spino-occipital nerve 2 ;  nv" can al for the ventrai root of or for the ent ire spino
occipital nerve 1 and i n  add it ion also for the myelonal artery 1 ;  nv.,  canal for the 
ventrai root of  the spino-occipital nerve 2,  or for the ent i re spino-occipital nerve 2. 

The canal gave also passage to the myelonal artery 2 ;  olfe, part of  the ethmoidal 
cavity, that lodged the ol factory organ ; arb, orbit ; pin, pineal canal ; sel" . ,  common 
canal for the first and second nerves to the lateral electr ic field ; sel,-seI6, canals 
for the electric nerves to the lateral electric field ; t ' .  cl ,  canal for the vena  capit is 
lateral i s  ; v. el" canal for the preorb i tal  port ion of  the vena capit is lateral i s  ; vd" vein 
can al lead ing to the orbit ; v. de,  cavity for a vein s inus ; v. ds" v. ds., canals for 
ve ins  from the dorsal part of the otic region ; vest, vestibu lar divis ion of the labyrinth 
cavity ; v. la, v. Ip, canals for lateral tributaries to the vena capit is lateral is ,  lateral 
tributaries forrned by the confluence of the posterior four dorso-Iateral superficial 
ve ins ; v. Iss , F. ls4, canals for the dorso-Iateral superficial  ve ins 3 and 4 ;  F. Is. + a .  la, 
common canal for the dorso-Iateral superficial vein 4 and the anterior dorso- Iateral
superficial arterial trunk arisen by the un ion of the anterior dorso-Iateral superficial 
arteries ; FS. oe, occipital vein s inus ; F. sa., canal for a vein from the dorsal s ide of the 
interorbital  wall and the anterior parts of the dorsal e lectric field ; FF. sup, canals for 
superficial ve ins  lead ing to the occipital ve in s inus ; V" canal for the n .  profundus ; 
V. ,  canal for the n. trigeminus proper ; V I I ,  canal for the n. facia l is  from the labyrinth 
cavity ; IX a, can al which transmitted the n .  glossopharyngeus from the labyrinth cavity. 

the up per surface of the oralo-branchial chamber and is  l ined th roughout 
by the external perichondral bone-layer. I ts median part i s  occupied by 
an anterior portion of  the aortal ridge (r. aort) with its groove - the aortal 
gro ove - and on each side of that portion of the aortal ridge there 
is  the of  ten rather  deep subnasal fossa (J. sn ) .  In addition we nnd ,  
i n  certain forms such as Kiaeraspis and Hoelaspis, regu larly on the 
surface in  question the m ost dorsal part of the interbranchial ridge 2 
(ibr2 , text-ngs. 4, 1 3 , 36 ; p l .  44 ; p l .  46, ng .  l ;  pls .  5 1 ,  52) ; and it i s  parti
cularly worthy of  notice that  the in terbranch ial ridge 2 of the sa id 
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forms extends to the aortal r idge and is  grooved in  its longitudinal  
d i rection in  the vic ini ty of that r idge .  As the groove leads to the 
aortal groove, i t  is  not d ifficult to conclude that i t  m ust have been 
caused by an efferent branchial artery - in fact, as we shal l  find , the 
second one counted from in  front. 

The posterior surface, which , as has been pointed out ,  i s  pa ired , 
forms the anterior surface of the orbit o f  its s ide and is somewhat 
concave both in  dorsi-ventral and latero-medial d irections .  

Within the m edian h igh part of  the region that i s  situated above 
the aortal ridge there is  a cavity which forms the d irect anterior 
continuation of the cavum cerebrale cranj i  and which , l ike that ,  i s  l ined 
by the inner perichondral bone-Iayer. Since this cavity leads to and 
opens anteriorly by m eans of the nasa l  opening i t  is at once quite 
clear that at least partly i t  m ust have lodged the olfactory organ and 
th a t  therefore, at lea st within the chief part ,  it cannot have been occupied 
by the brain. For the sake of brevity it will be referred to in  the 
sequel as the eth m oidal cavity. 

The eth moidal  cavity, as thus defined (text-figs. 1 5- 1 7 , 20-25 ; 
27 , 28 ; section series A, nos .  1 1 8- 1 55 ;  section series B, nos .  5 1 -57 ; 
section series C ,  nos .  1 - 45 ; section series D,  nos. 1 -35 ; pl .  1 3 , figs. 2 , 3 ;  
p l .  1 4 ;  p l .  1 9 , fig .  I ;  p ls .  2 1 , 28, 45 ,  49 ; pl . 54 ,  fig .  I ; pls . 55-58) , reaches 
forwards exactly as far as the nasal opening; backwards, on the contrary, 
i t  reaches somewhat further than that . Most posteriorJy it is  h igh -- even 
as high as the cranial cavity - but decreases rapidly in height forwards 
so that at the anterior end i t  is usually rather low. As a whole, i t  is 
narrow, but i t  widens, however, somewhat posteriorly a t  the transition 
into the crania l  cavity. 

Corresponding to the th ree divis ions of the nasal aperture there 
m ay be d i stinguished in  the eth moidal cavi ty th ree d ivisions - an antero
ven trai one, a m iddle one ,  and a postero-dorsal one .  

The first m entioned of these d iv is ions ,  which is  the longest one 
of the three , stretches from the anterior oval or circular anterior 
division (nal ) of the nasal aperture downwards and poster iorly to the 
hypophyseal fossa,  thus consti tut ing the anterior and ventrai part of 
the ethmoidal  cavity (hy. s ,  text-figs. 1 5- 1 7 , 20-25 , 27, 28) .  Until rather  
close anteriorly to  the fossa hypophyseos it retains approximately the  
d iameter of the  anterior division of  the  n asal aperture and as ,  on account 
of that ,  i t  is  considerably th icker than the middle divis ion,  i t  appears as 
a tube which leads from the anter ior d ivision of the nasal aperture to the 
fossa hypophyseos, a tube which , however, is  not closed towards the 
m iddle division (p l .  1 9 , fig .  I ;  pls . 20-23, 45, 49, 55-58) . 

The middle divis ion (text-figs. 1 5 , 1 7 , 20, 22, 23-25, 27, 28) l ies 
next dorsal ly to the antero-ventral divis ion and beneath the m iddle 
sl i t-l ike division of the nasal opening .  Ordinari ly i t  is  m uch narrower 
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than the other two divis ions ,  but becomes, however, somewhat wider 
towards these and posteriorly .  

Final ly the postero-dorsal divis ion (olje, text-figs. 1 5 , 1 7 , 20 ,  22 ,  
23-25, 27, 28 ; pl .  1 3 , fig. 3 ;  pl .  47, fig.  I )  goes from the postero-dorsa l 
c ircular or oval d iv is ion of the nasal aperture (na2) postero-ventrally or  
ventra l ly  to the m ost an tero-dorsal part of the orbitotemporal d ivision 
of the  cran ia i  cavity and, l ike the antero-ventral one ,  is  tube-shaped . 
I t  is open on the ventrai side towards the midd le division .  

As we sha l l  see  from the  description of  the  crania l  cavity below, 
the telencephalon was situated in the antero-dorsal part of the orbito
temporai divis ion of the  cran ia l  cavity and thus defin itely beh ind the 
eth moida l  cavity. Since now the  postero-dorsal d iv is ion of  the  eth moidal  
cavity leads to that very part of the cranial cavi ty i t  m ust obviously 
have lodged the ch ief  dorsa l  part of the olfactory organ ,  whi le  a ventrai 
part of that organ probably occupied the midd le  d ivision of the same 
cavity (text-fig. 32) .  The antero-ventral d iv is ion of the ethmoidal  cavity, 
on the contrary , cannot have had anything to do with the o l factory organ ,  
but must have lodged an h ypophyseal (pituitary) sac  homologous to  tha t  
of recent Cyclostomes .  Since the fIoor of  the  fossa hypophyseos is  
not perforated by any cana l ,  except by the carotid cana l ,  i t  i s  ful ly  obvious 
that the hypophyseal sac here (text-fig. 32) m ust have ended b l ind ly 
i n  the fossa hypophyseos and hence i t  was shorter even than i n  the adult 
Petromyzon ( PARKER & HASWELL 1 9 1 0, fig. 798 ; GOODRICH 1 909, fig. 34. 
KRAUSE 1 923, fig. 4 1 8) .  We thus find that the postero-dorsal and 
midd le  divisions of the ethmoida l  cavity may alone be considered to 
have constituted the nasa l  cavity proper ;  and as a consequence of  this 
the opening which has been ca l led above the n asal aperture was in fact 
a naso-pitui tary aperture, quite l ike that in the recent Cyclostomes 
(cf. BR IDGE 1 904, pp. 390-393) .  

In the Cephalaspids ,  when they were a l ive ,  the cavum cerebra le 
and the ethmoida l  cavity were certa in ly separated from each other by 
a mem brane of th ick dural connective tissue .  This membrane was, of 
course, pierced in its dorsal parts by the o lfactory nerves, which went 
to the postero-dorsal division of the eth moida l  cavity (cf. text-fig.  32) .  

As is  well shown by the section figures (seetion series A ,  nos. 
1 29 - 1 55 ;  seetion series B ,  nos. 5 1 -57 ; section  series C ,  nos. 1 -45) 
th e ventrai  wa l l  and the ventrai parts of the lateral wa l l s  of  the eth
m oidal cavity are a lways rather th in ; and ,  as is also evident from the 
seetion figures, it is  the ethmoida l  eavity whieh by its height eau ses the 
aortal ridge on the posterior part of the region to be situated alm ost 
in the same leve! as i n  the anterior part of the orbitotemporal region .  

As we have a l  ready found ,  the n .  profundus left the orbitotemporal 
region at the antero-ventral part of the orbit ,  and eonsequently so far 
lateral ly that it perforated the latera l ,  th in part of the ethmoidal  region .  
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Text-fig. 26. Cephalaspis hoeli. east of the cran ial  cavity, the labyrinth cavities  and 
the canals related to these caviti es .  Posterior v iew. After a model i n  wax made after 

section series A .  Magni fication 20/1 . 

a. dsm, a. dsm2, a. dsm3, canal for the postorbital superficial artery and for two of its 
branches ; a. slem, canal for a dorso-Iateral -superfic ia l  arterial tru n k  arisen by the union 
uf the two most posterior dorso-Iateral superficial arteries ; com,  commissural d iv is ion 
of the labyrinth cavity ; ' c .  post , canal  for  the posterior encephal ic  artery ; c. sem.  ant, 
divis ion of the labyrinth cavity for the canal i s  semic ircularis anterior ; c. sem. post, 

d ivision of the labyrinth cavity for the canalis semic ircularis poste ri or ; dl, short canal 
for a vein from the dorsal electric field, and in  addit ion probably for the dorsal part 
o f  the ductus endolymphaticus ; des, canal for the nerve to the dorsal e lectric field ; 
dx, canal for a nerve or for an artery or for both ; et, canal for an artery ; med, div is ion 
of  the cavum cerebrale cran i i  for the med ul la oblongata ; met, d iv is ion of the cavum 
cerebrale cran i i  for the metencephalon ; nd! > canal for the myelonal vein 1 and probably 
also for the dorsal root of the spino-occip i tal nerve 1 ;  ndl l, canal probably for a ve in ; 
ndl m, postero-medial  branch of the canal nd! ,  a branch which pro babl y transmitted t)le 
dorsal root of the first spino-occipital  nerve ; nd" canal for the myelonal ve in  2 and probably 
also for the spino-occipital nerve 2; nv! , canal for the ventrai root of or for the ent i re 
spino-occipital nerve 1 and i n  add it ion for the myelonal artery 1 ;  nV2, canal probably 
for the ventral root of the spino-occipital nerve 2 and in addit ion also for the myelonal 
artery 2 ;  pin, pineal can al ; sel.-seI6 ,  canals for the three posterior nerves to the 
lateral e lectric field ; v. cl, canal for the vena capit is lateral is  ; �'.  et, canal probably 
for a vein opening i nto the v .  cerebral is  posterior at the transit ion to the occipi tal  
ve in  s inus ; v. de, cavity for a ve in  s inus ; v. ds" V. ds2,  canals for ve ins from the 
dorsal parts o f  the otic region ; v. dsv, can al for the otical vein and in add it ion 
probably for the ductus endolymphaticus ; vest, vestibular division of the labyrinth cavity ; 
v. lp, canal for a lateral tributary to the vena capi t is  late ral is ; l'. Is, + a . la, common 
can al for the dorso- Iateral superfic ial  ve in 4 and the anter ior dorso-Iateral -superficial 
arterial trunk  arisen by the union of the anterior dorso lateral superficial arteries ; v. ol ,  

canal for the lateral occipital ve in ; vS. oe, occipital ve in  s inus ; vv. sup, can als for 
superficial ve ins l eading to the occipi tal vein s inus ; IX ,  d iv is ion of the vagus canal 
for the n .  glossopharyngeus ; IX p, canal for the passage of the n. glossopharyngeus to 
the labyrinth cavity ; X, branch of  the vagus canal for the vagus roots : X vep, b ranch 

o f  the vagus canal for the vena cerebral is  posterior. 

I ts canal Vl through this region, which i s  well displayed in severaI speci
m ens (text-figs. 23-25, 27 , 28 ; section series, A, nos. 1 22- 1 55 ;  section 
series B , nos .  43-57 ; section series C,  nos .  72-88 ; section serie,s D, nos.  
I -20 ; pl .  1 3 , fig .  3 ;  pls .  1 4, 1 5 , 1 7 , 1 8 ;  p l .  1 9, fig. I ;  pls .  20, 2 1 ,  27, 28, 29, 
45, 48, 49, 50, 54-58) , is  a lways rather wide and goes anteriorly and 
somewhat laterally to the rostraI part of the viseeraI endoskeleton , opening 
far forwards into the oralo-branchia l  chamber. In the spee imen of Hoel
aspis shown in pl. 45 a short branch was given off from this canal some
what anteriorly to the orbit ,  a branch (ViV) which went ventro-medial ly 
and opened into the oralo-branchial chamber not far laterally to the 
deapest part of  the subnasal fossa (f. sn. ) .  As we shall see in  the chapter 
on the viseeraI endoskeleton below, this branch has such a posit ion that 
i t  seems to  have transmitted a viseeraI ramus from the n .  profundus ; and 
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thus in  th is  respect the n .  profundus would have been developed qui te 
as those branchia l  nerves beh ind i t  which also had  a viseeraI ram us .  

A short postero la teral part of  the region may in many cases 
(pls. 1 7, 1 8 , 28, 45, etc . )  be traversed by the canal sell ' 2 (Kiaeraspis, 
Hoelaspis) or,  when th is  canal branches a l ready close to the orbit ,  by 
its fi rst branch - the cana l  sell (Cephalaspis) . Not rarely we find a lso 
in the postero-Iateral part o f  the region the m ost anterior one or  the 
most anterior  ones of  the canals bUl-bun ' a l ready deal t  with above.  

The canal for the arteria fac ia l is  (a . jac) ,  a s  h a s  been set  forth above 
( p . 1 1 2) , has i ts origin ei ther from the  dorsal  part o f  the  carotid canal 
( Kiaeraspis, text- figs. 2 1 ,  22, 28 ; sect ion series O, nos .  1 -29 ; pls .  49, 
55)  before this opens into the cran ia l  cav i ty o r  from the  m ost antero
ve n traI part of the crania l  cavi ty somewhat antero-dorsal ly to the open
ing  of the carot id canal i n  to that cavi ty (Cephalaspis, text-figs. 1 6, 1 7 , 
24 ; sect ion series A, nos .  1 27- 1 55 ;  section series B ,  nos .  45-57 ; section 
series C ,  nos .  27-82 ; p l .  1 9, fig. I ;  pls .  2 1 ,  28, 29 ; Hoelaspis, pl .  45) .  
I n the lat ter case ,  however, i t  i s  cont inued downwards to the internal 
opening of the carotid canal by a gro::Jve on the latera l  surface of  the 
crania l  cavity. From its or ig in i t  goes first dorsal ly and sl igh tly antero
lateral ly within the part of the eth moida l  region Iying between the 
e thmoida l  cavity and the orb i t  (text-figs. 23 -25, 27 ,  28, 44 ,  46 ,  47, 49, 
5 1 ;  section series A,  nos .  1 27- 1 55 ;  section series B,  nos. 45-57 ; 
section series C ,  nos .  27-82 ; section series D ,  nos .  1 -29 ; pls .  2 1 , 27 , 
28, 45, 49, 55) .  Most ventral ly it is there situated close to the ethmoida l  
cavity, gradual ly withdrawing from that cavity upwards. During i t s  cou rse 
upwards severai fine branches issue from  i t  to the eth mo ida l  cavity and ,  
in  certa in  cases, a l so  to the anterior  end of  the  orbitotemporal  d ivis ion 
o f  the  crania l  cavity. Hav ing arrived somewhat beneath the dorsal 
surface of the region ,  i t  suddenly cu rves latera l ly and at or  close to th is  
point i t  g ives off  two rather wide branches ,  one forwards ,  the  other 
backwards. 

The former of  th ese branches (a. fa, text-figs. 23, 24, 25, 27, 28, 44 ,  
46, 47, 49 ; section series A, nos .  1 36- 1 55 ;  section series B ,  nos .  54-57 ; 
section series D ,  nos .  1 3-23 ; p l s ,  27 , 28 ; pl .  40, fig.  5 ;  p ls .  45, 49, 55) 
goes forwards somewhat lateral ly to the nasal aperture, soon reach ing the 
dorsal su rface o f  the region and com mencing to branch frequent ly .  I t  
c ou l d  be  d is t inctly traced un t i l  s omewhat i n  front o f  the apterior d i vis ion 
o f  the nasal  aperture ,  then break ing up  into very numerous and fine 
twigs which form par t  of the  subaponeurotic vascular plexus on the  
rostraI part o f  the viseerai endoskeleton . The posterior branch (a .  fp, 
text-figs . 23, 24, 25, 27, 28, 44, 46, 49 ; section series A, nos .  1 27- 1 35 ;  
section series B ,  nos.  5 1 - 54 ;  section  series D ,  nos .  20-26 ; p l .  39 ; 
p l .  40, fig.  5) im med iately takes a postero-dorsal course and goes to 
the fossa circumnasal is and the upper surface of the prepineal part o f  
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the interorbital wall .  I ts mode of branehing in the fossa e ireumnasal is 
is  well d isplayd by the speeimen figured in  pl .  39. 

At 1east i n  severaI eases one or  a few addit ional branehes are sent 
off from the eanal for the arteria facial is at the point where its eanal 
turns lateral ly (pl .  27). In  the specimen of Cephalaspis hoeli from 
whieh seetion series A was made one of  these addi tional branehes whieh is  
paired (a .  fn, text-figs. 1 5- 1 7, 23 , 24, 25 ; seetion ser ies A ,  nos .  1 32- 1 46) 
goes to the upper part of the division of the ethmoidal  eavity that lodged 
the hypophyseal sae, open ing into that rather far back close to the transit ion 
to the midd le  divis ion of  the same eavity. I t  is  quite eoneeivable that 
the arterial braneh transmitted by i t  earried blood not only to the hypo
physeal sae but also to the adjaeent anterior part of the olfaetory organ .  

D ista l ly to the branehes deseribed, the eana l  for the arteria facial is -
whieh there, as has a lready been mentioned ,  has a l ateral eourse -- soon 
ascends to the dorsal surface of  the region ,  on which it eontinues lateral ly 
or in  severai eases lateral ly and somewhat posteriorly, giving off branehes 
espeeial ly forwards (text-figs. 44, 46, 47 ; pls .  29, 30, 39 ; pl .  40, fig. 5 ;  pl .  55) -

branehes whieh al l  pass over into the subaponeurotie vaseular plexus. 
In eertain  forms i t  com es during this part of  its eourse rather close to 
the orbital entranee (Kiaeraspis, pl. 55 ; Cephalaspis heinizi, pl. 30) . 
Somewh at antero - Iaterally to the orbital entranee it generally breaks up 
into three main branehes a l l  of whieh a lso break up into fine  rami  
whieh form part  of the subaponeurotie vaseu lar  plexus. One of these 
three ma in branehes (a. iom , text-figs. 44, 46, 47, 49, 5 1 ; pls .  25 , 27, 30, 39 ; 
pl .  40, fig. 5 ;  pls .  49. 50, 55) , immed iately a fter its origin ,  turns posteriorly 
to the orbitotemporal region ,  eontinuing baekwards on that region on 
the dorsal side of the eanal sell ' � and thus close latera l ly (ventrally) 
to the orbital entranee, and sending out one or  twa rather wide bran
ehes on the lateral side to the dorsal  (external )  surface of the adj aeent 
part of the viseeraI endoskeleton .  It seems not to have reaehed baek
wards beyond the orbital entranee, and , as is  shown by the figures 
ci ted i ts l ateral branehes are situated on the part of the viseerai endo
skeleton that fal ls  between the can als for the n .  trigeminus proper and 
the n .  faeia l is .  I n  virtue of i t s  posit ion in  relation to  the orbit ,  this 
branch is  eal led here the media l  infraorbital braneh .  

The  braneh (a. iol, text-figs. 44, 46, 47, 49, 5 1 ; pls .  27 ,  29, 3Q, 39 , 55) 
fol lowing next anteriorly to the medial infraorbital braneh has its origin 
from the eanal for the arteria fae ia l is  either together with the former 
braneh or together with the most anterior one.  I t  seems general ly to 
be the widest ane of the  three and goes postero-Iateral ly to the antero
ventrai portion  of the part of  the viseeraI endoskeleton situated between 
the canals for the n .  trigeminus proper and the n. facial is ; but i t  also 
sends branehes to the lateral e lectric field. We shal l  refer to it in  the 
subsequent account as the lateral infraorbital braneh .  

9 
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a . fac I 

Text-fig. 27 A. Kiaeraspis auchenaspidoides. east of the eran ial  eavity, the labyrinth 
eavit ies the orb i ts  and the eanals related to these eavi t ies  from the dorsal s ide .  

After a model i n  wax made after  seetion ser ies  D .  Magn ifieation 1 8/ 1 . 

a. dsm, eanal for the postorbital superfieial  artery ; a. dsmJ , a. dsm2, a. dsma, bra nehes 
from the eanal  a.  dsm ; a .  fa, anterior braneh of the eanal  for the facial  artery ; a .  fac, 
eanal for the facial  artery ; a.  fp, eanal for a dorso-posterior braneh of the facial  artery ; 
am. ant, swel l ing for the ampulla anterior ; am. post, swel l ing for the ampull  a poster ior 
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(Text-fig. 27 A cont inued. )  

a.  sa, canal  for the first (anterior) dorsa-lateral superficial  artery ; a. sm" canal  for a 
dorso-lateral superfic ial  artery, perhaps the dorso-lateral superficial  artery 2 ;  a. sm2, 

canal for the dorso- lateral superficial artery 3 ;  ax" aX2, canals to the dorsal parts of 
the dorsal wall of the endocran ium,  pro babl y for arteries ; bUl, bu2, canals for branches 
from the n .  buccalis lateral i s  and perhaps also for general cutaneous branches ; com, com
missural  d iv is ion o f  the labyrinth cavity ; c: sem. ant, division of the labyrinth cavity for 
the canal is semic ircularis anteriol' ; c. sem. post, divis ion of the l abyrinth cavity for the 
canal is semic ircularis posterior ; d" opening lead ing to the very lateral marg in  o f  the 
dorsal e lectric field, probably for the ductus endolymphaticus and i n  add it ion for a ve i n ; 
des, canal for the nerve to the dorsal e lectric field ; die, div is ion of the cavum cere
brale for the diencephalon ; ds!, portion of the dorsal electric fie ld (deepest port ion in 
wh ich the two can als des u nite) ; ex, small canal perhaps for a vessel ; f. opt, optic 
fenestra ; mee, divis ion of the cavum cerebrale for the mesencephalon ; med, div is ion 
of the cavum cerebrale  for the medul la oblongata ; met, div is ion of  the cavum cerebrale 
cran i i  for the metencephalon ; my, myodom e ;  nal , opening of the hypophyseal sac ; na2, 
nasal open ing proper ; nd" canal for the myelonal vein l and probably als o for the dorsal 
root of the spino-occipi tal n erve 1 ;  nd2, can al for the myelonal ve in  2 and probably 
also for the spino-occipital n e rve 2 ;  nv" canal for the ventrai root o f  spino-occipital 
nerve 1 and in addition also for the myelonal artery 1 ;  olje, postero-dorsal part o f  the 
ethmoidal cavity occupied by the o l factory organ ; arb, orbit ; pin, pineal can al ; sel" 2, 

common can al for the first and second nerves to the lateral e lectri c field ; sels, canal 
for the third n erve to the lateral electric field ; tel, div is ion of the cavum cerebrale for 
the telencephalon ; v. cl, canal for the vena capit is latera l is ; v.  cl" canal for the pre
orbital portion o f  the vena capitis lateral is  ; vd" vein canal leading to the orbit ; v. ds, 
canal for ve ins  from the dorsal parts of  the otic region ; v. ds v, canal for the otical 
vein and i n  addition probably for the ductus endolymphaticus ; vest, vestibu lar div is ion 
o f  the labyrinth cavity ; v. la , canal  for a lateral tributary to the vena capit is lateral i s  
forrned by the  confluence of  the  dorso-lateral superflcial ve ins  3 and 4 ;  v.  lp, canal for 
a lateral tr ibutary to the vena capit is latera l i s  forrned by the con fluence of  the dorso
lateral superfl cial  veins 5 and 6 ;  v. lab, can al for a vein or a nerve from the vestibular 
division of  the labyrinth cavity or for both ; v. Is" V. Is2 , V. Is5, v. lss, canals for the dorso
lateral superficial  veins I ,  2, 5 ,  and 6 respectively ; v. sa, -v. S04, canals for ve ins  from 
the surroundings of the nasal opening and the dorsal s ide of the i nterorb ital wal l ; vS. oe, 
occip ital vein s inus ; vv. sup, canals for superficial veins to the occipital  vein s inus ; 
vy, canal for a vessel ; I l l ,  canal for the n .  oculomotories ; IV ,  can al for the n .  trochle
aris ; V" can al for the n .  profundus ; V2 , canal for the n.  trigeminus  prope r ;  VII + a.  sa,  
can al for the n .  facial is  and for a dorso-lateral superficial arterial trunk, certa in ly the 
first dorso-lateral superficial artery ; Xvep, branch from the vagus canal for the vena 

cerebralis poste ri  or .  
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Final ly ,  the  th i rd branch goes always an tero-laterally on the 
part  o f  the viseeraI endoskeleton situated between the canals for the 
n .  profundus and the n .  t r igeminus proper (a .  a m ,  text-figs . 44, 46 ,  47, 49 ; 
pls .  27, 29, 30, 39 ; p l .  40, fig .  5 ;  p l .  55) .  With i ts d istal part it entered 
the lateral electric field. I t  wi l l  be called the mandi bular branch .  

From the posit ion and mode of  branching of i ts cana l ,  therefore ,  
we find that the  arteria facial is arose from the carotid artery and that i t  
carried blood to the subaponeurotic vascular plexus of the  upper sur
face and the interior of the part of the cephal ic shield situated i n  front  
of the facial is nerves of  both s ides ,  save the dorsal parts of  the inter
orbital wall beh ind the  p ineal can al .  I t  is also evident that th is  artery 
gave off branches with a certain metameric disposition .  As we thus 
see it was in  al l  im portant features so s imi lar  to the arteria facial is of 
Petromyzon that i t  undoubtedly must have been homologous with that  
(cf. CORI ,  1 906, pp .  33-34, pls .  X I ,  X I I ; H ATTA 1 922, pp.  1 42- 1 50) . 

The vein canals of the region sti l l  remain to be considered. And 
among them we shal l  fi rst turn to the  cana l  v. clu which as has a lready 
been pointed out above, lodged the preorbital portion of the vena capit is 
lateral is .  Th is canal arises by the confluenee of severaI fine branches 
from the subaponeurotic vascular plexus of the anterior parts of  the 
region medial ly to the can al for the n. profundus and from the same 
vascular plexus of the rostraI part of the viseeraI endoskeleton (text
figs. 23-25, 27, 28, 46, 47,  49-5 1 ; pls .  2 1 ,  27, 28, 29 ; pl .  40, fig. 5 ;  p l .  45 ; 
p l .  47, fig .  l :  pls .  49, 50, 55) . I t  then goes backwards on the dorsal surface 
of the region medial ly or dorso-media l ly to the canal for the n. pro
fundus (Vl ) ,  final ly penetrating into the interior of the region and, as 
we have seen , opening in to the orbit somewhat dorso-medially to the 
can al for the  n .  profundus .  Only i n  C. vogti - in the speeimen figured 
in p l .  27 - i t  makes during i ts course backwards a bend latera l ly ,  so 
that for a certain stretch it becomes situated laterally to the  canal for 
the n .  profundus (Vl ) ,  posteriorly to that stretch , however, occupying 
again its normal posit ion i n  relat ion to the said nerve cana l .  Accord
ingly in  the specimen of C. vogti j ust referred to i t  crosses the profundus 
canal  at two points ,  at the anterior  one of which i t  i s  coalesced with 
that canal (text-fig. 47) . 

I nto the posterior part of the canal v. cll there open severaI both 
lateral and medial branches. The most important o f  the  lateral b ranches 
is  the one lettered v .  sl2 in  the  figures ( text-figs. 46, 47, 49, 50, 5 1 ;  
pls .  27, 28-30, 39, 45 ; p l s .  49, 50. 55) , wh ich ,  with its m ost distal 
branches ,  arises from the lateral electric field from which i t  passes 
postero-medial ly on the dorsal (external) surface of  the visceral endo
skeIeton ,  more exactly o n  the portion of  th is  situated between the  
canals for the  n .  profundus and the n .  trigeminus proper, receiving severaI 
twigs from its surround ings. Cont inuing postero-dorsally i t  finally enters 
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Text-fig. 27 B. Kiaeraspis auchenaspidoides. Cast of the cranial  cavity, the labyrinth 
cavity, the orbits and the canals related to these cavities from the dorsal side. After a 

model i n  wax made after section series D. Magn ification 23/ 1 . 

, 
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the ethmoidal  region and opens into the canal v.  cll , sometimes rather 
far anteriorly (Kiaeraspis, Hoelaspis, certa in Cephalaspis-speeies) , some
t imes,  on the contrary, far back close in front of th e orbit (Cephalaspis 
heintzi) . I n  the speeimen of C. vogti figured in pl . 27 it opens into 
the part of the canal  v. cll that i s  situated laterally to the canal for the 
n .  profundus .  Moreover i n  this specimen i t  i s  considerably thicker and 
stronger than the part  of  the canal  v .  cll situated in  front of i t ,  forming 
in  fact the straight anterior continuation of the part of  that  canal situated 
behind it .  From its course and posit ion i t  i s  easy to see that i t  must 
be a serial homologue of  the canals v. lSg-v. lS6 further back and that 
i t  accordingly lodged a dorso-lateral superfieial vein. Since the anterior 
part or  at least one o f  the lateral branches of  the anterior part of the 
canal v. cll may represent the fi rst latero-superfieial  vein canal the one 
here in  question (v. ls2 ) seems to be the second one counted from in  front .  

The media l  branches which open into the posterior  part o f  the 
canal  v. cll come from the parts of  the region lateral ly to the nasal  
aperture and from the posterior portions of  the rostraI part of  the 
visceral endoskeleton (text-figs. 46 ,  47 ,  49 ,  50, 5 1 ;  p l .  39, 4 1 , 45 ; p l .  47, 
ng. I ;  pls .  49, 50) . The venous blood from the most postero-dorso
medial parts of the region ,  the posterior part o f  the c ircumnasal  fossa 
and its surroundings ,  however, went to the orbit through the anterior 
supraorbital vein canals (v. SO, v. SOl-V. S04 ; text-figs. 27, 49 ; section 
series D, nos .  35-49 ; pl .  39) . 

The posterior part o f  the canal  v. cll may in certa in  cases (pl .  28) 
be very wide and be  provided with a dist inct swel l ing close in  front of 
the orbit. Concerning the posterior part o f  this canal i s  further to be 
noticed that in severai speeimens of Cephalaspis hoeli and in  the spe
eimens studied in  deta i l  of C. vogti and Kiaeraspis there i s  a com
munication between i t  and the profundus canal (VI ) .  In C. hoeli (text

figs. 23-25 ; section series A, nos .  1 30- 1 52 ;  section series B ,  nos .  56, 57; 
the specimen figured in  pl .  2 1  seerns, however, to have the two canals 
qu i te without anastomosis) and i n  C. vogti this commun ication takes place 
in the way that the two canals for a certa in  d istance are un i ted with 
each other whi le ,  on the contrary, i n  Kiaeraspis it ar ises in  the way 
that they are connected by a more or  less long cross-commissural cana l ,  
which at  least  in  certain  specimens continued even on the m edial  s ide of  
the  cana l  v. cll ! opening into the  d orsal part of the oralo-branchia l  chamber 
(ViV '  text-fig. 28 ; pls . 49, 50 ; section series D ,  nos .  1 2- 1 4, 1 8-2 1 ) . 
From these condit ions it seems very l ikely that a media l  branch was given 
off from the n .  profundus to the canal v. cll . But while th is branch in  
most cases probably consisted only of  general cutaneous fibres for the 
dorso-media l  part of  the up  per surface of the ethmoidal  region and the 
adj acent parts o f  the upper surface of the visceral endoskeleton i t  may 
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perhaps in Kiaeraspis in  addit ion have been composed of communis 
fibres ,  which , th rough the branch lettered V1 I ,  could have entered the 
oralo-branchial  chamber. These supposed communis fibres would ,  of 
course, have forrned a visceral ram us of the n .  profundus ; and we thus 
find that besides in  Hoelaspis there are also in  other forms certa in 
facts which seems to point to that the n .  profundus too had a visceral 
ramus. It does not seem i mprobable that the canal lettered Vp of the 
Kiaeraspis-specimen j ust under consideration in addit ion to the supposed 
visceral nerve branch m ay very well be imagined to have been traversed 
by a small vein, forming a tributary to the preorbital portion of the 
v .  capit is lateral is .  And i t  is  also possible ,  of course, that the said canal 
was traversed solely by such a vein. To decide posit ively what is 
correct in  such a question as this is  not possible .  

Besides the canals described in  the region there i s  in  the specimen of 
Kiaeraspis used for sect ion series D yet another one which has  been found 
so far only on the right s ide .  This canal (ex, text-fig. 27, section series D, 
nos .  1 5-2 1 ) , which is  very fine ,  leaves the r ight orbit medial ly to the 
can al  v. cll and goes antero-dorso-medial ly .  I t  could not be fol lowed to 
its termination, but i t  seems not improbably that i t  lodged a vessel .  

C a v u m  c e r e b r a l e  c r a n i i  a n d  b r a i n . - The cavum cerebrale 
cranii (text- figs. 1 5- 1 7 , 20-28 ; section series A ;  section series B ;  
section series C,  nos .  1 -40 ; section series D ,  nos .  1 -34 ; p l .  1 3, fig. 3 ;  
p l .  1 4 ;  p l .  1 9, fig .  3 ;  pls .  2 1 ,  28, 45 ; pl .  47, fig .  1 ;  pls .  48, 49, 55) is  
wel l  developed, and in  al l  forms in  which i t  i s  known so far it has a 
rather  complicated shape .  I n  severaI of  the forms, particularly in the 
Si lur ian ones it was l ined by a perichondral bone-laver, the internal 
perich ondral bone-Iayer as i t  i s  cal led in  this work (cf. pp .  30-3 1 above) .  

I n  i t s  present state of preservation the cavum cerebrale crani i  i s ,  
as we h ave found (pp .  1 24- 1 25 above) , continuous anteriorly wi th  the 
ethmoidal  cavity which lodged the olfactory organ and the anterior part 
of the hypophyseal sac ; but in the l iving forms it was certa inly separated 
from the dorsal parts of that cavity by  a thick membrane of connective 
tissue. How l im agine th is  mem brane to have been situated i s  shown 
in text-fig.  32 (mbr) . Attention should here also be cal Ied to the fact that 
the ethmoidal  cavity i s  I ined by the internal perichondral bone-Iayer, 
when this is  present .  

Among the Spitsbergen material now avai lable the cavum cerebrale 
crani i  has · been studied in  detail in  Cephalaspis hoeli and in  Kiaer
aspis, and where nothing is stated to the contra ry the account given 
of  i t  below is  based entirely on these two forms.  It deserves to be 
added,  however, that the cavum cerebrale, from what is  known of i t  in  
a num ber of other  forms,  must h ave been very s imilarly shaped as a 
whole in a l I  Cephalaspids .  
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Text-fig. 28. Kiaeraspis auehenaspidoides. east of the cranial cavity, the orbits, the 
labyrinth cavit ies and certa in  canals. Ventrai aspec!. Restored after the specimens 

figured i n  pls .  49, 50,  51  and 55. \ 2/ 1 . 

a. am, mandibular branch of the facial artery ; a. car, canal for the carotid artery ; a. ja, 
anterior branch of the can al for the' facial  artery ; a. j'..1e, canal for the fac ial  artery ; 
a. jp, can al for a dorso-posterior b ranch of the facial  artery ; a. iol, lateral i n fraorbital 
branch of  the canal for the facia l  artery ; a. iom, medial in fraorb ital branch of  the canal for 
the facial artery ; am. post, swel l ing for the ampulla posteriur ; bUl -bus, canals probably 
for branches from the n. buccal i s  lateral is  and perhaps also for vessels ;  e. post, canal for 
the poste ri or encephal ic artery ; e. sem. post, divis ion of  the labyrinth cavity for the canal i s  
semicircularis posterior; js. hyp, fossa hypophyseos ; hy. s, div is ion of the  cranial cavity 
for the hypophysial  sac ; l, canal for the lateral is  fibres to the trigem inus-profundus gang· 
l ion ic  complex ; Isj, lateral e lectric field ; my, myodome ; ndl, canal for the myelonal 
vein 1 and in addit ion pro babl y for the dorsal root of the first spino-occipital nerve ; 
nvJ , canal for the ventrai root of the spino-occip ital nerve 1 and i n  addition for the 
myelonal artery I ;  orb, orbit ;  Sell , 2 ,  common canal for the two most anterior nerves 
to the lateral e lectric fie ld ; seil -sel6, canals for the nerves to the lateral e lectric 
field ; v. cl, canal for the vena capitis lateral is  ; v. cl! , canal for the preorbital portion of 
he  vena capitis lateral i s  ; vest, ve sti bul  ar divison of the labyrinth cavity ; v. la, canal 
for a lateral tributary to the ven a capit is lateral is  formed by the con fl uence of the dorso
lateral superficial veins 3 and 4; v. rm v. rs, canals for rostrai ve ins ; v. lsl -v. lSG , canals 
for the dorso-lateral-superficail vei ns  1 -6 ;  vS. oe, occipital ve in s inus ; I l l ,  canal for 
the n .  occulomotorius ; V, canal for the trigeminus roots (here only the d iv is ion for 
the viscero-motor root seen) .  VI , can al for the n. profundus ; V2, canal for the n. tri 
geminus  proper ;  VI v, canal perhaps for the supposed visceral branch of the n .  pro
fundus ; V I I ,  canal for the passage of the n. fac ia l is  from the orbit to the oralo-branchia l  
chamber ; VII  + V I I I  a ;  acustico-facia l is  can al ; V I I I  p, can al for a poster ior branch of the 
n .  acusticus ; I X a, can al for the exit o f  the n .  glossopharyngeus from the labyrinth cavity ; 
I X p, canal for the entrance of the n. glossopharyngeus i nto the labyrinth cav ity ; I X -i- X ,  
glossopharyngeus-vagus b ranch of  the vagus canal ; Xbq, canal  for the first  branc h ia l  

branch of the n .  vagus ; Xvep, branch of the vagus canal for the vena 
cerebral i s  posterior. 

For the detailed description we may consider the cavum cerebra le 
cran i i  to con s is t  of three divisions, which for the sake of brevity wil l  be 
referred to s imply as the posterior, middle and anterior divis ions respectively. 

The posterior one of these d ivisions (med, text-figs . 1 5- 1 7 , 20-28 ; 
seetion series A,  nos .  1 2-63 ; seetion series C,  nos .  1 -40 ; seetion 
series D, nos. 2-29 ; pls .  1 4, 1 8 ;  p l .  1 9, fig .  l ;  pl .  23 , fig. 3 ;  pls .  25, 
26, 44, 45, 48, 49, 53, 54,  55, 57) eonstitutes the part of the cavum 
eerebrale that i s  situated in  the  occipi ta l  region and i n  a very short 
posterior part of the ot ie region posteriorly to the aeustico-faeia l is canal 
(V I  I + V I I I  a) ,  being in  the l atter region very weU marked off from the 
middle division by its smaUer height .  I t  may vary rather  much in  length 
accord ing to the length of the occipital region .  Posteriorly i t  is  hardly 
more than a rather fine tube wh ich is  somewhat high er than broad 
(section series A ,  nos. 1 2-39 ; section series D, nos. 1 3-25 ; pls .  23, fig.  3) ; 
and ,  as far as can be  j udged , it thus has th ere approximately the same 
diameter as the sp ina l  cana l .  Forwards,  so m ewh a t beh ind  the vagus 
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canal ,  i t  rapidly com mences to increase both in  height and width , parti
cularly, however, in width , soon atta in ing a width which is  between two 
and three times as great as that at the posterior end.  Final ly most 
anteriorly at the transit ion to the middle divis ion i t  becomes sl ightly 
lower and narrower again .  On account of  the asymmetric position of 
the aortal groove the bottom of the divis ion may of ten be somewhat 
asymmetrical (text-figs. 1 6, 2 1 ,  24, 26 ; section series A ,  nos .  1 3-63 ; 
section series B ,  nos. 1 - 1 8 ;  section series D ,  nos .  1 -9). From the 
div is ion issue : in  the posterior narrow part the canals for the roots of the 
spino-occipital nerves (ndl , nvl , nd� , nv2 ) ,  which , as  we have seen ,  
alternate with each other on both sides and wh ich  vary in num ber  in  
d ifferent forms according to the length of  the occipita l  region ; i n  the  
anterior wide  part the very high vagus canal ( IX  + X + Xvcp) , the  canal 
for the posterior branch of  the n .  acusticus (VI I Ip) , the canal  dx, the 
can al for the occipital encephal ic artery (c. post) and sometimes (C. hoeli) 
an addit ional fine  can al (t) above the one for the posterior branch of  
the  n .  acusticus. These nerve can a l s  show quite clearly tha t  the d ivis ion 
must have lodged the chief part of the medulla oblongata but that the 
anterior part of that had i ts position with in the divis ion in  front .  

The middle divis ion may be considered to stretch from the posterior 
border of the acustico-facia l is can al  (V I I  + VI l la) forwards to the dorsum 
sel lae ,  that i s  to say, to the posterior end of the fossa hypophyseos 
(met, med, mec, text- figs. 1 5- 1 7, 20-28, section series A ,  nos .  63-99 ; 
section series B ,  nos .  1 9-38 ; section series C ,  nos_ 1 -38 ; section series 
D ,  nos .  2-33 ; p l .  1 3 , figs. 2 ,  3 ;  p l .  1 4 ;  pl .  1 9, fig. 1 ;  pls. 26, 45 ; pl ,  47; 
fig. I ;  pls . 48, 49, 55) .  I t  is somewhat lower anteriorly than in  its m iddle 
and posterior parts, but its height is  nevertheless throughout much 
greater than that of the posterior d iv is ion .  With regard to width i t  
equals i n  the posterior part the posterior divis ion, forwards, however, 
getting somewhat narrower than that .  I t  is  composed of th ree sub-divis ions .  

One of these sub-divis ions constituted the postero-ventral part of 
the d ivision in  question ,  forming the d irect anterior cont inuat ion of the 
posterior div is ion .  I ts height ,  which somewhat exceeds one half  o f  the 
total  height of  the divis ion at th is place is  con side ra bly less than  the 
width and the length . From this sub-d ivis ion there issue most postero
ventro-Iaterally the acustico-facial is can al  (VI I + VI l la) and in  the antero
lateral or antero-ventro-Iateral part either the canal for al l  the trigeminus
profundus roots, as i n  Kiaeraspis, or the two can als (V c, V d) for the 
roots of  the trigeminus proper, as in  Cephalaspis, and most other 
forms. And hence i t  is  obvious that i t  must have lodged the anterior 
part of  the med ul la oblongata . 

The sub-division to be dealt with next is the one lettered met i n  
the figures. With regard to i t s  proportions it is  noticeable tha t  th is 
subdiv is ion is  rather short, shorter than the other two. On the contrary 
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Text-fig. 29. Brains  of two petromyzontids .  A and B of Petromyzon jluvialtilis i n  dorsal 
and lateral views.  After A H L B o R N  1 884. C of Petromyzon wilderi from J O HNSTON 1 902. 

die, diencephal on ; ep, epiphysis ;  f. rh, fossa rhomboidal is ; hab. l, left gangl ion habenulae ; 
ha b. r, right gangl ion habenulae ; lr, root of the lateral is  nerves accompanying the prootic 
n erve s ;  mee, mesencephalon ; med, med ulla oblongata ; met, cerebeI Ium ; ndlo dorsal root 
of the first sp ino-occi pital nerve ; /lVI > ventrai root o f  the first sp ino-occipital nerve ; tel, 

telencephalon ;  I, o l factory nerve ; I l ,  optic nerve ; I l  I, n. occulomotorius ; I V, n. troch
learis ; V + V, C ,  general cutaneous root of the n. profundus and the n .  trigeminus ; Ve, 
general cutaneous root of the n .  trigeminus ; Vm, viscero-motor root of the n .  trigemi 
nus ; V, C ,  general cutaneous root  of the  n .  profundus ; V I ?  n .  abducens ? ;  V I I  + V I I I , 
acustico-facial is roots ; IX ,  roots of the glossopharyngeus ;  I X +  X, roots of the n .  glosso-

pharyngeus and the n .  vagus ; X, roots of the n. vagus .  
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i t  i s  somewhat broader than these ; and owing to th is fact i t  appears 
very d istinctly marked off from them .  Dorsally i t  is  distinctly b i lobated . 
From its antero-dorso-lateral corner the canal a. dsm,  which we have 
found to be an arterial canal (p .  73) and to have lodged the post
orbital superficial artery, goes out to the dorsal surface of the neuro
cranium . The sub-d ivision in question certainly lodged the cerebel lum , 
which must have been rather well developed and probably bi lobated in the 
dorsal parts. F ina l ly  the th ird sub-division - lettered mec, in the figures 
which fol lows anteriorly to the sub-d ivision j ust described constitutes the 
enti re anterior part of  the d ivision .  I t  is somewhat narrower than the 
two other sub-divisions and in  add it ion also somewhat lower than these 
two together. Generally i t  is  marked off from the cerebel lar  sub-d ivison 
(met) by a narrowing, which , however, sometimes may be rather in
distinet. At the m iddle o f  the length , or  somewhat behind that ,  i t  is  
a lways somewhat wider than anteriorly and posteriorly. and at the same  
time  it h a s  at  this place also a more or less dist inet dorsal  bulge . 
I ts maximum width is a lmost equal to the length and both the maximum 
width and the length are som ewhat less than the  maximum height .  
The maximum height is  situated at  the transition to the posterior two 
sub-d ivisions, d im inishing forwards by the gradual  raising of the bottom .  
From the  sUD- division in  question there issue regularly the  cana l  for 
the n. trochlearis ( lY ) ,  the canal for the n. oculomotorius ( I l l )  and the 
canal for the supposed pituitary vein (v. pt) and in  addition - in many 
ca ses ,  as in  Cephalaspis hoeli and certa in other forms - also the two 
can als (Va, Vb) for the roots of the n. profundus.  The canal  for the 
n .  trochlearis l eaves the subdivision high up more or  less elose in front 
of the transit ion to the sub-division for the cerebeI Ium (met) , in  Cephal
aspis hoeli together with the canal (Yb) for the general cutaneous root 
of the n. profundus. The  canal for the n. oculomotorius goes out from 
the lower h al f  of  the most anterior part of th e sub-division ei ther straight 
above or  a t  a transversal plane not  very far behind the dorsum seI lae ,  
whi le the canal for the supposed pituitary vein (v. pt) takes its origin 
from the bottom of the sub-division either at or behind the m iddle and 
thus rather far back . Final ly in  Cephalaspis hoeli the remain ing one 
(Va) of the two canals for the roots of the n .  profundus - the canal 
for the supposed viscero-motor root of the n .  profundus - leaves the 
sub-d ivision in  the l ower half  approximately at the middle of  the length 
and somewhat antero-ventral ly to the canal  for the general cutaneous 
root of the same nerve. It deserves a lso to be mentioned in  th is con
nection that certain fine cana ls  (ax1 , ax2 ) ,  which probably transmitted 
arteries, issue from the dorso-lateral parts of the region more or  less 
elose to the trochlearis cana l .  As is  seen from its position and from 
the nerve can als issuing from it ,  the sub-division in  question must have 
lodged the mesencepha lon ,  which thus  was weI I  developed and rather long. 
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Text-fig. 30. Ichthyomyzon coneolor. 

Anterior parts of b ra in in lateral v iew, 
from H ER I C K  & O B E N C H A I N  1 9 1 3. 

e. mam, corpus mammil lare ; die, dience
phalon ; ep, epiphys is ; hab, right habe
nular gangl ion ; hyp, hypophysis ; mec, 

mesencephalon ; med, medully oblongata 
(anterior part) ; met, cerebel lum ; sac, v ,  

saeeus vaseulosus ; tel, telencephalon ; 
I l , n .  opticus ; I l l , n .  oculomotorius ; 

I V, n. trochleari s ;  V, roots of the 
n .  trigeminus proper and of 

the n .  profundus.  

1 4 1  

The anterior  divis ion (tel, die, text-figs. 1 5- 1 7 , 20-25, 27 , 28 ; 
section series A ,  nos .  1 00- 1 34 ;  section series B, nos .  39-48 ; section series 
C, nos.  1 -40; section series D,  nos .  1 -34; pl .  1 3 ;  

'
figs. 2 ,  3 ;  pls .  1 4 , 2 1 , 

28 , 45 ; p l .  47 ; fig. I ;  pls . 48, 49, 55) of the cavum cerebrale stretches . 
from the dorsum sel lae forwards to the ethmoidal cavity and i s  regu
larly shorter than the other divisions, but on the other hand higher and 
in certain cases also broader than these. I t  is  well marked off both 
p osteriorly towards the middle divis ion and forwards towards the eth
m oidal cavity. The height i s  generally its greatest, the length its smallest 
d imension.  The maximum width is  situated in  its antero-ventral part , 
I ts ventraI part, which forms a wide and long fossa hypophyseos (fs. hyp) , 
l ies much lower than the dorsum sel lae ,  being with its f100r approxi
m ately in  a level with the orbital f100r (section series B, nos .  39-44) . 
I n  the fossi Is the divis ion i s  in  open communication with the orbit  o f  
each side, by  the wide optic  fenestra (f.  opt) bu t  in  t he  l iving forms,  
as  has been pointed out above,the optic fenestra was certainly closed by 
a membrane of connective tissue. The roof of  the division is  pierced by 
the wide pineal  canal (pin), which , as we have seen, opens outwards on 
the dorsal s ide o f  the neurocrani um rather c lose behind the nasa l  aper
ture. Anteriorly to that canal the divis ion may, as in the spee imen of  
Cephalaspis hoeli used for section ser ies  A (text-figs. 1 5 , 1 7 ;  section 
series A,  nos. 1 1 3- 1 1 6) be imperfectly divided dorsally into a right and 
a left ha lf  by a sagittal ly running median ridge of  the roof. On  the 
posterior s ide of the pineal canal and in  connection with i t  we find in 
addi t ion ,  in  the specimen of C. hoeli j ust referred to, a d i stinet bulge (hab, 
hab. r, text-figs. 1 5 , 1 7 , 23 ; section series A, nos. 99- 1 0 1 )  on the dorsal 
s ide of  the division ,  a bulge which i s  somewhat asy m metric, being situated 
somewhat more to the right than to th e left side. This  bulge evidently 
lodged the ha  ben ul ar ganglia ,  which m ust have been large and asym
metrically developed, in  the same way as in  the recent Petromyzon 
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Text-fig. 3 1 .  Petromyzon. Diagram of  a larval 
stage ,  showing the extens ion and shape or  the 
olfactory and hypophyseal sacs. From PARKER 

& HASWELL  1 9 1 0  (altered from DOHRN ) .  

br, brain ; in!, i n fundibulum ; l .  lp, lower l i p ; 
nch, notochord ; olf. s, o l factory sac ; pn, epi 
physi s ; pty.  s, hypophyseal sac ; stdm, stomo-

daeu m ;  u.  lp, upper l ip .  

(cf. text-figs. 29,  30) . In certain 'forms such as Boreaspis rostrata 
(pl .  1 3 , figs. 2, 3) and Hoelaspis (pl .  47, fig. l )  there is a d istinet ridge l 
on the roof of  the d ivision which has the shape of a V with the point 
forwards cJose anteriorly to the pineal canal and the opening backwards ; 
and ,  as far as I can j udge, this ridge markes the boundaries between 
the dorsal parts of the diencephalon and telencephalon ,  both of  which 
thus dorsally had a s imi lar exten t and shape as in  the Petromyzontids 
(cf. text-figs. 29, 30) . The n _ opticus emerged in to the orbit through the 
fenestra optica and thus ,  i n  the l iving forms,  after h aving pierced the mem
brane which cJosed that fenestra, whi le  the n .  o l factorius, which certain ly 
\Vas paired , pierced the dorsal ha lf  of the membrane that separated the 
division from the eth moidal cavity. The carot id artery, which,  as we 
h ave seen , was paired, entered the fossa hypophyseos rather far an tero
lateral ly cJose medial ly to the anterior part of the fenestra optica_ From 
everyth ing known so far i t  i s  easy to see that the divis ion lodged the 
diencephalon and the telencephalon and that the latter certainly only 
occupied the antero-dorsal part of i t .  Since, as we h ave found,  (cf. pp. 
1 24- 1 25 above) the  antero-ventral divis ion of the nasal aperture leads to 
the  fossa h ypophyseos i t  i s  evident ,  as has already been pointed out, that 
the hypophyseal sac extended backwards in to that fossa and was situated 
there beneath the hypophysis .  And , as we have also seen ,  the hypo
physeal sac must have ended bl indly in  the fossa hypophyseos. It was 
thus even less long than in  the adult  Petromyzon and may probably 
have been approximately as in  the larval stage of Petromyzon shown 
in text-fig. 3 1 .  

As . may easely be  understood from the  figures and from the state
ments given , the cavum cerebrale crani i  cannot have been very much 
wider than the brain and i t  i s  therefore obvious that i t  reflects at l east 
the main features of th is _  We are thus able to concJude that the oblongata 
was broad and strongly developed ,  that probably there was a b ilobated 

I In the figures quoted this ridge is  on ly represented by an impression and there
fore i t  appeares as a groove. 
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Text.fig. 32 A. Attempted restoration of the brain of Kiaer
aspis in lateral v iew.  Outl ines  of the cavum cerebrale 

with a thick continuous l i n e .  

die, d iencephalon ; ep, epiphysis ; jr. h, fossa rhomboidal is ; 
hab, habenular gangl ia ; hab. l, left gangl ion  habenulae ; 
hab. r, right gangl ion  habenulae ; hy. s, hypophysial sac ; 
lat, root or roots of the prootic lateral is nerve s ;  mee, 
mesencephalon ; med, med ulla oblongata ; mbr, membrane 
of  connective t i ssue separating the cavum cerebra le  from 
the olfactory sac ; met, cerebel lum ; olfe, cavity for the 
o lfactory organ ; spil d, dorsal root of the first spino·  
occipital nerve ; spil v, ventrai root of  the fi rst spino
occipita l  nerve ; spi2 d, spi2 F,  dorsal and ventraI roots 
of the spino-occipital nerves 2 ;  tel telencephalon ; I ,  01-
factory nerve ; I l ,  optic n erve ; I I I ,  n. oculomotorius ; 
IV ,  n .  trochlearis ;  VI g, general cutaneous root of the 
n .  profundus ; VI m,  supposed viscero-motor root of the 
n .  profundus ;' V2 g, general cutaneous root of  the n .  trige
minus  proper ;  V2 m, viscero-motor root of  the n. trige
minus  proper ; V I I ,  facial i s  roots ; V I I  e, root or roots of 
the nerves to the e lectric fields ; V I I I  a, anterior branch 
of the n .  acusticus ; V l l l p, posterior branch of the n .  
acusticus ; I X + X, roots of  the n .  glossopharyngeus and 

the n .  vagus .  

Text-fig. 32 B.  Attempted restorat ion of the bra in  of Kiaer
aspis i n  dorsal vi ew. For the explanation of the index 

letters see the text-fig. 32 A.  
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rather large cerebel lum,  a rather long mesencephalon, somewhat wider 
posteriorly than anteriorly, a very h igh and strongly developed dien
cephalon ,  and, flnal ly ,  a smal l  paired telencephalon , which latter chiefly  
consisted of  the olfactory centres and which was situated rather  high 
up i n  the cavum cerebr&le .  From the facts known it is  also easy to 
see that the brain must have been very l ike that i n  the Petromyzon
t ids (text-flgs. 29 ,  30 ,  32) . I n  these ,  however, the cerebel lum i s  very 
sl ightly developed ; and in this respect, therefore, the Cephalaspids agree 
with Myxine, which has a rather large bi lobated cerebel lum (cf. text
flg .  42 i n  this work and HOLMGREN 1 9 1 9 , pp .  83-87) . H ow l imagine 
the bra in  of the Cephalaspids to have be en is  shown by the attempted 
restoration given in text-flg.  32. 

V i s c e r a l  e n d o s k e l e t o n . 

After the account given of the endocranium we shal l  next pass to 
the visceral endoskeleton .  

The visceral endoskeleton consisted of two d ifferent divis ions : 
a dorsal one ,  which as already pointed out , is continuous with the 
endocranium and forms part of the cephal ic shie ld ,  and a ventraI  one 
which was situated in  the soft tissue that  closed the oralo-branchial  
fenestra and which was quite independent of  the dorsal divis ion and 
the cephal ic shie ld .  Whereas the dorsal divis ion l ies dorsal ly to the 
branchial  openings and a lways i s  more or  less completely ossifled ,  
the ventrai division on the contrary had i ts  posit ion ventrally to the 
external branchial openings on the ventraI s ide of  the head and seems 
to have been entirely cartilaginous,  a condit ion which had the result 
that i t  could not be preserved i n  the fossi l s .  On account of  the fact 
that the external branchia l  openings were rather  small , o f  about a 
corresponding size relatively as in  Cyclostomes, it i s quite obvious that 
the dorsal and ventrai d ivisions of the visceral endoskeleton ,  as here 
deflned ,  represented approximately the dorsal and ventraI halves re
spectively of the v isceral . endoskeleton .  And we thus flnd  that with 
regard to the relations between the s ize of the branchial open ings and 
the length of the divisions of  the visceral endoskeleton situated dorsal ly  
and ventral ly to these openings ,  the condit ions were not as in  flshes 
but as in  Petromyzontids .  

Owing to its posit ion in  the ventrai wal l  o f  the oralo-branchial 
chamber,  that certa in ly was i ntensely moved and played an important 
part  for the respiration ,  the ventrai d ivision must e i ther have been a 
single thin big plate of  some flexible sort of  cartilage or have consisted 
of  a number of smal l  independent cartilaginous plates. That i t  could 
not have consisted of  independent visceral arches is, as we shall flnd ,  
åeflnitely shown by the conditions of the  dorsal divis ion.  
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N o  further detaiIs can be ascertained concerning the ventrai divis ion ; 
and as i n  the sequel we have no occasion to de al with that divis ion 
any more but  the entire account that follows is  based sole ly on  the 
dorsal division ,  this wi l l  for the sake of  brevity be referred to s imply 
as the visceral endoskeleton. 

The visceral endoskeleton in  this restrieted sense (the dorsal d iv i
s ion of the viseerai endoskeleton) constitutes a eonsiderable part of the 
endoskeletal component of  the cephalic shie ld (text-figs. 2 ,  4 ,  8 , 9- 1 3 , 
33, 34, 36) , forming not on ly the rostrai but also the lateral and to a 
great extent also the postero-ventral port ions of that component .  And 
as has a lready been notieed ,  i t  bounds the oralo-branchial chamber 
anteriorly, lateral ly and posteriorly. Concerning its posit ion special 
attention should be called to the faet that, as  we shal l  find ,  i t  was situated 
b e t w e e n  t h e  s u b a p o n e u r o t i e  v a s e u l a r  p l e x u s  o n  t h e  o u t 
s i d e  a n d  t h e  v i s e e r a I  m u s e u l a t u r e  o n  t h e  i n s i d e . Final ly ,  
i t  i s  also very notieeab le ,  that ,  as i s  weU displayed by certain  of  the 
figures (text-figs. 4 ,  1 3 , 33, 34, 36 ; p ls .  1 4 , 1 5 , 22, 44, 5 1 ,  52 ) ,  i t  does 
not  con sist of  independent skeietal bars but forms a eontinuous skeietal 
mass throughout its extension .  

For the detailed d iseription we may con sider the visceral endo
skeleton to be eom posed of  an unpaired rostraI part ,  a paired lateral 
part and an unpaired posterior part, whieh has already been referred 
to as the postbraneh ial  wal l .  

The rostrai part forms the mos t  anterior portion of  the endo
skeietal component of  the eephalie shield ,  projeeting i n  an antero-ventral 
d ireetion from the anterior part of  the ethmoidal region ,  with whieh i t  i s  
eontinuous (tex t-figs .  2, 4 , 7- 1 3 , 36 ; sect ion series C ;  p l s .  1 3- 1 5, 27 - 29, 
39, 44,  45, 46, 49-58) . Though thieker in the median and antero-ventral 
portions than in  i ts other ones ,  nevertheless, as a whole i t  is  ather th in .  
According to the general configuration of  th e cephal ie sh ie ld ,  i t  i s  eurved 
so that in a d irection transverse to the longitudinal  axis of  the head i t  
i s  convex external ly and eoneave towards the  oralo-branehial chamber. 
And i n  those forms i n  whieh there was a rostral proeess i t  was prob
ably produced so as to form the interior of  that proeess , which other
wise eonsisted of  exoskeletal bone .  I t  presents two surfaees, an external  
and an internal one ,  the former of  which is eovered by the exoskeleton ,  
whi le the latter i s  I ined by the external periehondral bone-layer and 
forms the anterior surfaee of  the oralo-branchial  ehamber. The externa l  
surface eonsists of  two dist inctly separated fie lds ,  an antero-dorsal one 
which for the sake of  brevity wil l  be referred to s imply as the dorsal 
field, and a ventrai one which eonstitutes the rostrai part o f  the ventrai 
r im of  the endoskeleton .  The internal surfaee has a rather eompl ieated 
rel ief, to the deta i ls  of whieh we shall return below. 

10  
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The lateral part of the visceral �ndoskeleton of  each s ide ,  i f  we 
next pass to that (text-figs. 2 , 7- 1 3 ;  33, 34, 36 ; section series B ,  nos .  1 , 6 ; 
section series C, nos. 99- 1 30 ;  pls .  1 4 , 1 5 , 22, 44, 45, 49 -58) ,  l ies ventro
laterally to and passes over dorso-medially in to the lateral parts of  the 
ethmoidal ,  orbitotemporal and ot ic  regions of  the endocran ium .  Posteri
orly i t  i s  continuous not only with the postbranchial  wal l but also with 
the endoskeletal shoulder-girdle .  It is  considerably thicker ventrally than 
dorsally, and as a whole i t  gets thicker backwards .  L ike  the rostrai part ,  
i t  has an external and an internal surface, the former of which is  covered 
by the exoskeleton, whi le the latter, which forms the lateral surface of 
the oralo-branchial chamber, is  provided with a portion of  the external 
perichondral  bone-Iayer. The external surface i s  also - quite l ike that 
of  the rostrai part, with which i t  i s  continuous - composed of two fields, 
a latero-dorsal one ,  which will be called s imply the dorsal one, and a 
ventrai one ,  which represents the lateral part of  the ventrai r im of  the 
endoskeleton .  On the dorsal field o f  this surface we find the ch ief  
anterior part  of  the lateral electric field (lsj, text-fig.  2 ,  3, 9- 1 2 ;  section 
series A ,  nos .  1 56- 1 67 ;  section series B ,  nos .  l ,  6 ;  section series C,  
nos .  1 00- 1 30) . The detaiIs of the in ternal surface wil l b e  described 
below in another connection .  

F ina l ly  the posterior part of the visceral endoskeleton - the post
branchial wal l ,  as i t  has been called above, and as i t  will be term ed in 
this memoir  ( p. brw, text-figs. 2 A,  4 ,  9- 1 4, 33-35 ; section series A, 
nos. 1 57- 1 58 ;  section series C, nos. 1 - 1 1 2 ;  section series E, nos. 1 - 1 2 ;  
section series F, nos. 1 -65 ; pls .  8- 1 0, 1 4 , 1 5 , 20, 22 ; pl .  23, figs .  l ,  3 ;  
pls .  28, 33, 42 ; p l .  46, fig. l ;  pl .  47, fig .  1 ; pls .  5 1 -53 ; p l .  54,  fig. l ;  pl .  56, 
fig. I ;  pls. 57, 58 ; pl. 62, fig. 1 )  - descends ,  as we have already seen ,  from 
the lower side of  the endocranium in  a postero-ventral d i rection and reaches 
as far downwards as to the part of  the exoskeleton that i s  situated on 
the ventrai side of  the eephal ie shie ld ,  j ust behind the oralo-branehial 
fenestra , in  th is  way forming a eomplete septurn between the oralo
branehial ehamber and the abdominal  region . More exaetJy ,  i t  issues 
from the lower side o f  the endoskeleton with its medial part a t  the 
transit ion between the occipital and otie regions and with eaeh one of 
i ts lateral parts somewhat more anteriorly from the otie region below 
the vestibular division o f  the labyrinth eavity. I t  i s  thus situated further 
forwards with eaeh one of  its lateral parts than with its medial one 
and aeeordingly it i s  curved from one lateral s ide to the other ,  so that  
i t  has the  eoneavity forwards and the eonvexity baekwards .  Lateral ly ,  on 
eaeh side of  the median l ine ,  i t  is  eontinuous both with the l ateral part 
of  the viseerai endoskeleton and with the endoskeletal shoulder-girdle .  
I n  i t s  dorso-medial and ventro-Iateral parts i t  i s  fa irly thiek, but other
wise and as a whole it is rather th in .  On  i t  may be dist inguished an 
anterior surfaee, wh ieh faces antero-ventral ly and eonstitutes the posterior 
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Text-fig. 33. Cephalaspis hoeli. Posterior half of the cephali c  shield i n  ventrai view. 
Restoration made after the section series F. 6/1 . 

a. c, canals for branches of the cornual artery ; a. ejJ.-a. ejJ9, can als for the efferent 
branchial  arter ies 4 - 9 ; a. ejJ6 p, canal probably for a posterior port ion (Jf the efferent 
branchial artery 6;  c, cornu ; fy, canal probably for a ventrai longitud inal superfic ia l  
ve i n ; ibsl -ibss, ibsg, i n terbranchial septa 1 ,  2, 3, 9 i  iz, i n terzonal part  of the cephal ic  
shie ld ; kl -klO, branchial fossae ; nz, canal probably for a nerve  to the pectoral fiu i 
oes, oesophageal d iv is ion of the foramen for the oesophagus and the truncus arteriosus ; 
p. n l, bone lameIla, which protected the pronephros from the lateral s ide ; pr. au ,  otical 
prominenee ; pr. orb, orbital prominenee ; ps, pectoral s inus ; r. ejJ. com, ridge which 
lodged the arteria branchia l is  efferens communis ; fr ,  division  for the truncus arterLos.us 
of the common foramen for the oesophagus and the truncus arteriosus ;  VS-VIO, canals 
for the ventraI transversal superficial veins 3- 1 0 ;  Xbn, canal for the first branchial  
branch of the n .  vagus ; Xbr2-Xbr6, canals for the remain ing  posterior branchial  branches 

of the n .  vagus . 
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surface of  the oralo-branchial  chamber, and a posterior surface , which 
faces postero-dorsal ly towards the interior of  the interzonal part o f  the 
cephalic shield and which dorsal ly i s  continuous with the posterior  
surface of  the otic region and the  ventrai surface of the occipital region .  
Both  i t s  surfaces are l ined  wi th  the external perichondral bone layer.  

As has been pointed out already in  the general description  given 
of  the oralo-branchial  chamber, the postbranchia l  wal l  was perforated 
in  the medial part by the oesophagus and the truncus arteriosus. And 
as has also a lready been pointed out , the openings for these two struc
tures (oes, tr) are in  certain forms (Boreaspis, Kiaeraspis) well separated 
from each other, while in  other forms (Benneviaspis, Hoelaspis, Cephal
aspis) they have fused into a single big foramen,  consisting of a dorsal 
wide divis ion for the oesophagus (oes) and a ventrai smal ler division 
(tr) for the truncus arteriosus. With its most dorso-medial part the 
postbranchial  wal l  bridges over the aortal groove on the ventrai  s ide ,  so 
that this groove for a certain stretch i s  transforrned into a canal ,  the aorta
canal (aort or aort. gr, text-figs. 2, 1 4 ;  section series B, nos. 1 - 4 ;  section 
series C ,  n os .  1 7-53 ; p l .  42 ; p l .  46 ,  fig .  I ,  pl .  47 ,  fig .  I ,  pls .  5 1 ,  52 ,  53, 58) . 

The anterior surface of the postbranch ial  wal l  presents a rel ief o f  
much interest ; but for practical reasons a description of  this rel ief  wil l  
not be given unti l  later . I nstead we shal l  now turn to the posterior 
surface of  the said wal l .  This surface (text-figs. 9- 1 2, 1 4 , 34 ,  35 ; section 
series B,  C ,  E ,  F;  pls . 9 ,  ! O, 1 4 , I S ;  p l .  46,  fig .  I ;  pl .  47, fig .  I ;  pl .  52 ; 
p l .  53, figs. 2, 3 ;  p l .  58) is bounded on each lateral side from  a big 
cavity (vs. marg) by a ridge (r .  sabel), which , for reasons to be given 
bolow, wil l  be cal led the subclavian ridge and which goes from above 
downwards and sl ightly laterally to the ventro -medial  part of  the endo
skeietal shoulder-gi rdle (p. sh) .  Most dorso-medial ly the posterior  sur
face under consideration has on each side of  the posterior  opening o f  
t h e  aorta-canal ,  a s  above del1ned,  a more or less closed p i t  (Xgn) for 
the vagus gangl ionic complex and lateral ly to that j ust beneath the otic 
region a laterally running groove (n. 19) , probably for the n. l ineae late
ral is .  More ventral ly on  the surface, immediately lateral ly and dorso
laterally to the oesophagus foramen or its homologue when this foramen 
has fused with the truncus arteriosus foramen ,  there is  a th in paired 
lamel la (p .  nl) which projects backwards and which , together with its 
fel low of  the opposite side, forms a ch iefly supraoesophageal space , open 
backwards and probably also dorsal ly .  More exactly this lamel la i ssues 
from the surface along a line running dorso-ventro-lateral ly in  such a way 
that with its dorsal pa rts i t  is  somewhat incl ined towards its fel lows of  the 
opposite s ide and so that the supraoesophageal space is  narrower dorsal ly 
than ventra l ly .  Moreover this lamella is  curved sl ightly towards the median 
l ine with i ts  posterior part and has on i ts media l  surface a number of  
chiefly transversal grooves which are  somewhat i rregular .  The supra-
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oesophageal space i s, at least in those eases in whieh it is known in 
detail ,  imperfeetly subdivided into a righ t and a left part by means O f  
a shor t  unpaired lamel la (p. nm) , which issues in  a backward direet ion 
from the postbranehia l  wall dorsally to the oesophagus foramen or its 
homologue. As the last-mentioned lamel la  is  not  situated qui te i n  the 
median l ine ,  but l ies nea rer to the right than to the left s ide o f  the 
supraoesophageal spaee, the right part of that space is  less than the left 
one .  Concerning this space it must also be added here that i t  is  situated 
dose ventral ly to the occipital region and the aortal groove . From i ts 
position and its features, as we sha1 1  see (cf. the chapter on the prone
phros below) , it is  ful ly certain that i t  must have lodged the pronephros ,  
and  on aceount of  this i t  wil l in  the sequel be referred to as  the 
pronephros spaee,  whi le the paired lame1 1a  that bounds i t  l atera 1 1y wil l  
be terrned the pronephros lamel la . In Cephalaspis hoeli (text-flgs. 34, 35 ; 
section series F ,  nos .  1 3-29) and in  eertai n  other forms too there is ,  
on the posterior surface of the postbranehia l  wa1 1  dose laterally to eaeh 
pronephros lamel la ,  a distinet angular groove (a. fe, a. su bel) which arises 
owing to the faet that certain  of  the eanals - those lettered in  the figures 
a.fe and a.  subel , whieh pierce the postbranehia l  wal l - had their posterior 
wa1 1  imperfectly ossified at this place. In Kiaeraspis (pl .  53, figs. 2 ,  3) 
and Hoelaspis (pl . 47, fig .  1 ) , on the eontrary, a eorrespondingly situated 
groove seems to be entirely laeking, the posterior wa11 of the eanals 
a.  fe and a. subel probably having i n  them been completely ossified .  
Moreover we finrf  on the posterior surfaee of the postbranehia l  wal I  
two shal low less developed gro oves, lettered in  the figures a. pbrw and 
a. pbrw1 , and i n  add it ion the openings of  numerous canals .  

After this aceount of the general features of the d ifferent parts of  
the viseerai endoskeleton and after hav ing dealt i n  detai l  with the  
posterior surface of the postbranchia l  wa l l ,  we sha l l  now turn to the  
internal surfaces of the  rostraI and lateral parts and the anterior surface 
of  the postbranchial  walI ,  that  is  to say the surfaces which bound the 
oralo-branchial  ehamber anteriorly lateral Iy and posteriorly .  

The in tern al  surface of  the rostra I part  (text-figs. 4 , 9- 1 3, 36 ; section 
series C ;  section  series F ,  nos. 33, 39, 42, 45 , 49 ; pls. 22, 44 ; p l .  46, fig .  1 ; 
pls .  5 1 , 52 ;  pl .  62, fig. l )  is i n  its dorso-media l - or ,  more correct ly, postero
dorso-medial - part occupied by the most anterior port ion of the aortal 
ridge (r. aort) with the l ikewise most anterior portion of the aortal gro ove 
(aort. gr) . From the anterior end of the aortal ridge, a paired rather low 
but broad ridge, lettered in the figures r. pm (text· figs. 4 ,  36 ; pls . 44, 5 1 ) , 
goes in  an antero-latero-ventral d irection to the ventraI margin of the oralo
branchia l  chamber. On this ridge, for which the term prebranchia l  ridge 
wil l  be employed there is  i n  Kiaeraspis a rather fine but nevertheless 
very distinet groove (a .  rostr) which leads backwards to the anterior end 
o f  the aortal groove and which,  on account of that ,  must have been caused 



1 50 ER IK A :  SON STENSlO 

by an artery, which wil l  be cal led the rostraI artery . Owing to the fact that 
the prebranchia l  r idge o f  one side antero-ventrally diverges from its fel low 
of  the other s ide ,  a triangular area (dpr, text-figs. 4 ,  9- 1 3 , 36 ; section  
series F ,  nos .  45 ,  49 ; p l .  40, fig .  4 ;  p l s .  44 ,  5 1 ; p l .  62, fig .  I ) , which is  
somewhat depressed or  excavated , i s  forrned between the two prebranchial  
ridges. And i t  is  high ly interesting to find that in Thyestes verrucosus 
th is area is  equi pped with numerous smal l  tubercles, which , as far as 
can be j udged, consist of dentine and which certa in ly must be teeth . 
H ere, therefore, we have a condit ion which enables us to conclude that 
the triangular area under consideration forrned at least a part o f  the 
roof of  the mouth cavi ty ,  and accordingly that the mouth cavi ty was 
situated far forwards beneath the rostraI part o f  the cephal ic shield .  
In addit ion to the structure dealt with we find on the i nternal surface of 
the rostraI part of the visceral endoskeleton also the most dorso-medial 
portion of  the fi rst interbranchia l  ridge (ihrl , text-figs. 4 ,  1 3, 36 ; p l .  44 ; 
pl .  46, fig .  1 ;  pls .  5 1 ,  52) , which reaches as far dorso-medial ly as the an
terior end of  the aortal ridge and which i s  provided with a d istinet gro o ve 
(a. effl ) i n  its longitudinal d i rection .  As this gro ove goes to the aortal 
gro ove and fal ls  i n  the gil l-bearing part of  the head,  i t  must beyond 
quest ion have been caused by an efferent branchial artery - in fact, as  
wi l l  be further establ ished below, by the first efferent branchial artery. 
Final ly there are also on the internal surface in  question the openings 
of  severaI canals for nerves and vessels (Vl ,  va, vs. r, text-figs . 4 ,  1 3 , 36). 

Behind the prebranchial  ridge there fol low on the internal surface 
of  each lateral part of the visceral endoskeleton and on the adj acent 
half o f  the anterior  surface of  the · postbranchia l  wall the branchial  
fossae, which have a lready been part ly dealt with above (p .  46) in  the 
general description of the oralo-branchia l  chamber. These fossae (kl-klo ,  
text-figs. 4 ,  9- 1 3 , 33 ,  36 ,  39 ,  40 ; section series C ,  nos .  85- 1 23 ;  
section series F ,  nos .  1 0-6 1 ; pls . 1 4 , 1 5 , 22, 39, 44 ; pl .  46, fig.  l ;  pl .  5 1 )  
could be studied completely only in  Cephalaspis hoeli and i n  Kiaer
aspis, in both of which they are found to be 1 0  in number. I n  the 
speeimen of  Boreaspis rostrata shown in  pls .  1 4  and I S  there are 
also 1 0  to bee seen, but the most posterior one of  these is situated so  
far lateral ly to  the  foramen (tr) for the truncus arteriosus tha t  i t  may 
very well be imagined tha t  in  this form there were s t i l l  one or  two 
behind the 1 0th. It is  certa in ,  however, that, a t  least in the ma j ority 
of  Cephalaspids ,  they were exactly 1 0  and that in  no  Cephalaspid they 
can have exceeded 1 1  or 1 2 . 

The shape of the branchial fossae seems to vary somewhat in  
d ifferent forms (cf. pls .  1 5 , 22, 5 1 ) ;  but ,  as far as i s  known, they 
agree i n  al l  forms in being more wide and shal low in  their dorsal 
and middle th irds than in  their ventrai th ird .  Moreover they h ave also 
in  common in a l l  forms that in the most ventraI  part of  their ventraI 
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third they rapidly become shal low again and that m ost ventrally they 
a lmost disappear,  so that at the ventrai border of  the oralo-branchial  
chamber, thus at the medial  margin o f  the ventral  r im , they are hardly 
discern ible any more (cf. text-fig. 33) . Final ly i t  is  a lso to be noticed 
that al l  of them ,  or  at least the 5-6 anterior ones, are curved so that 
the ir  ventrai third to a rather great extent  l ies in  a transversal plane 
posteriorly to that of the middle and dorsal  thirds (text-figs .  4 ,  33, 
36, 39 ; p ls .  1 5 , 22, 44, 5 1 ) , and that on account of  this the interbranchial  
septa ( ibs1-ibsg) too always l ie  in  planes behind those of  their corre
sponding interbranchial ridges ( ibr1-ibr 9) . 

The most anterior one - or, as it wil l be termed here, the first 
(kv text-figs. 4 ,  1 3 , 33, 36 ; section series C ,  nos. 1 08- 1 1 6 ;  section series F, 
nos. 39, 42, 45 ; pls .  1 5, 44,  5 1 )  - of the branchial fossae follows i mme
diately behind the prebranchial ridge and may be considered to be 
bounded by that anteriorly and by the interbranchial septum and inter
branchial ridge 1 posteriorly. The interbranchial septum 1 (ibs1) i s ,  as 
a rule ,  broad but rather short . The interbranchial r idge 1 (ibT1) con t i
nues, as  we have found,  so  far medial ly as to unite with the anterior  
end of the aortal ridge. The branchial fossa following next backwards, 
i .  e . the branchial fossa 2 (k2 ,  text-figs. 4 ,  1 3, 33, 36 ; section series C,  
nos .  1 09- 1 24 ;  section series F,  nos .  39 ,  42, 45, 49 ; pls .  1 5 , 22, 44, 5 1 ) , 
which l ies between the interbranchial septum and interbranchial r idge 1 
anteriorly and the interbranch ial septum and interbranchial ridge 2 
posteriorly, is bigger than the first one, particulary i n  the ventrai third .  
The interbranchial septum 2 is  also, as a rule ,  thick, though never quite 
as thick as the first one ,  but on the contrary higher than that . Con
cern ing the interbranchial r idge 2 i t  should be mentioned that th is ,  as  
we have seen ,  reaches so far dorso-medial ly as to meet  the aortal 
ridge either about m idway between the fi rst in terbranchia l  ridge and 
the carotid can a l  (text-fig. 36, p l .  5 1 )  or  somewhat more backwards 
(pl .  44) and thus nearer to the carotid canal. The th ird branchial fossa 
(ks , text-figs. 4 ,  1 2 , 1 3 , 33, 36, 39 ; section series C, nos. 1 1 1 - 1 24 ;  
section series F ,  nos .  33, 36-5 1 ; pls .  1 5 , 22, 44, 5 1 ) , which i s  bounded 
anteriorly by the interbranchial r idge and interbranchial septum 2 and 
posteriorly by the interbranchial  r idge and interbranchia l  septum 3,  i s  st i l l  
bigger than the second one .  The interbranchial septum 3 (ibss) i s  h igher 
but narrower than the one next in  front . And concerning the inter
branchia l  ridge 3 (ibrs) i t  should he noticed that its media l  part - which , 
as  has already been pointed out , continuous to the aortal r idge dorso
medial ly - is situated on the anterior  portion of  the orbital prominence, 
close beh ind the subnasal fossa (f. sn) . The fourth branchial fossa 
(k4 , text-figs. 4 ,  1 1 - 1 3, 33, 36, 39, section  series C ,  nos. 93- 1 20 ;  sect ion 
series F,  nos .  1 5-57 ; pls .  1 5 , 22, 5 1 ) , which i s  situated between the 
in terbranch ial septum and interbranchial r idge 3 anteriorly and the inter-
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Text-fig. 34. Cephalaspis hoeli. Restorat ion of a posterior part of the cephal ic shie ld 
i n  dorsal view. The most dorsal parts are miss ing .  After a model i n  wax made from 

section series F. 61t . 
a. ejj'. com, space which lodged the arteria branchial is  efferens  communis ; a. fe, gro ove 
for an artery arisen by the confluence of the two most posterior efferent branchial  
arteries ; a. ejj'7-a. ejj'9, canals for the efferent branchial  arteries 7-9 ; a. pbrw, a. pbrw" 
canals for arteries to the posterior surface of the postbranchial wall ; a. subcl, can al for 
the arteria subclav ia ; here not closed for a certain  stretch ; c, cornu ; fy, canal brobably 
for a ventrai superfic ial longitudinal vein ; fz, fine canal probably for a vessel ; iz, i n ter
zonal part of the sh ield ; n. lg, canal probably for the n .  l i neae lateral is  ; nz, nz" canals 
probably for nerves to the pectoral fin ; the canal nz, probably transmitted also a vei n ; 
oes, oesophageal d iv is ion of the foramen for the oesophagus and the truncus arteriosus ; 
p. ni, lamella of bone which protected the pronephros on the lateral s ide ; p. nm, lamella 
of bone divid ing the anterior part of the space for the pronephros ; p. brw, postbranch ial 
wall ; p. sh, endoskeletal shoulder-girdle ; pr. nephr, space for the pronephros ; ps, pectoral 
s inus ; r. subcl. subclavian ridge ; sela -sels, canals for the four posterior nerves to the 

. lateral electric field ; tr, division for the truncus arteriosus of the common foramen for 
the oesophagus and the truncus arteriosus ; v. br, canal probably for the  vena  brachial is ; 
vest, vestibular d iv is ion of the labyrinth cavi ty ; v. marg, canal for the marginal ve in ; 
vs. marg, marginal  ve in  s inus ; Vs - V, o ,  can als for the ventrai transversal superfic ial 
ve ins  5- 1 0 ;  Xhn , canal for the fi rst branchial  branch of the n. vagus ; Xbr2-Xbrs, two 

canals for the remain ing posterior branch ial branches of the n. vagus .  

branchial  septum and interbranchia l  ridge 4 posteriorly,  i s  either of  a 
s imi lar  size as the one i n  front  or slightly smal ler than that .  The in ter
branchial septum 4 ( ibs4) is a lways narrower than the in terbranchia l  
septum 3, but approximately of a s imi lar he ight as that .  The dorsal , 
or  more correctly the dorso-medial, part of the interbranchia l  ridge 4 
(ibr4) crossed the anterior portion of the otical prominenee and con
t inues,  as we have found ,  to the aortal ridge. Whereas each one 
of  the three anterior interbranchia l  ridges ( ibrl-ibrg) as already men
tioned, i n  certa in  forms appears to be provided with a groove i n  i ts 
longitudina l  d irection (a. ef!l-a. ef!s) , a groove which leads to the 
anter ior part o f  the aortal groove and which certa in ly was caused by 
an efferent branchial artery, the fourth as well as a l l  the other in ter
branchial ridges fol lowing behind the fourth one never exhibit any 
gro oves of  this sort .  The branchial fossae (ku-klo, text-figs. 4, 9- 1 3, 
33, 36, 39, 40 ; section series C ,  nos .  85- 1 1 4 ;  section series F, nos. 1 3-6 1 ; 
pls .  1 5 , 22, 5 1 ) fol lowing behind the fourth one ,  as well as the in ter
branchial septa (ibsD -ibs9) and  interbranchia l  ridges (ibrD -ibr9) sepa
rating them, d imin ish fair ly gradually i n  size backwards so that the 
1 0th branchial fossa is  always very smal l .  Moreover these poster ior 
branchial  fossae also change their shape somewhat backwards, so that  
the relative d ifference i n  width between their dorsal and middle th irds 
on  the one hand and their ventrai th ird on the other becomes less 
conspicuous and so that ,  as a whole ,  they appear narrower than the 
on es in  front .  In addit ion in  certain forms,  such as C. hoeli, they are 
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as a whole relat ively deeper than the four anterior ones.  And final ly 
i t  should be noticed th at , i n  accordance with the curvature and forward 
i ncl inat ion of the postbranchia l  wal l ,  they may in severai forms,  such 
as C. hoeli (text-figs. 33, 39, 40) , ehange their posit ion from a transversal 
one to a more oblique one or to one a lmost paral lei with the median 
longitud inal  plane through the  head. The four anterior on es ,  on  the 
contrary, a lways occupy a posit ion a lmost straigh t  transversal i n  relation 
to the longitudinal  axis of  the an imals .  The interbranchia l  septa ( ibs5-
ibs9) situated between the five posterior branchial fossae are a l l  rather 
thin and dierease in  height baekwards. Of  the posterior in terbranchia l  
r idges the fi fth (ibr5) continues dorso-media l ly across the most posterior  
part o f  the otical prominenee and thus on the ventrai surface o f  the 
endocranium , wh i le the on es behind that (ibrs-ibr9) al l  pass dorso
media l ly wholly on the postbranchial  wal l ,  on which the sixth (ibr6) 
seventh (ibr7 ) and eight (ibr8)  ones may be traced as far dorso-media l ly 
as to the strong r idge r. eff. com, while the n inth (ibr9) never reaches 
as  far as that, but unites with the eighth a lready a eonsiderable d istance 
l atero-ventnll ly to the ridge r. eff. com. 

Of the b ranchia l  fossae the six anterior ones are situated on the 
in terna l  surface of the la teral part of  the viseerai endoskeleton ,  whi le the 
remaining ones fol lowing behind the s ixth one may be considered to l i e  on 
the an terior surface of the postbranchial wa l l .  On th is  surface of  the post
branchial wal l we fi nd otherwise most dorso -medial ly ,  above the foramen 
for the oesophagus or the oesophagus division of the eommon oesophagus
truncus arteriosus foramen ,  the strong r idge r. eff. com, which has a l  ready 
been referred to .  This ridge (text-figs. 4 ,  9, 1 0 , 33, 36, 39 40 ; section series 
F ,  nos .  1 -2� ; pl .  46, fig. 1 ; p l .  47, fig. l ; pls .  5 1 ,  52, 58) l ies in the straight 
posterior eontinuation of the aortal ridge beneath the aortal can al  through the 
postbranchial wall .  As it lodged in its interior a chamber that opens antero
dorsal ly into the most anterior part o f  the aortal canal - a chamber which , 
as we shal l  see, was occupied by an artery forrned by the confluenee of 
eertain  of the posterior efferent branchia l  arteries - it wil l  be referred to 
as the ridge for the arteria braneh ia l is  efferens communis .  In add ition 
to this ridge we find ,  at least i n  C. hoeli, also on the anterior surface 
of the postbranchia l  wall a more or less distinet fossa close laterally to 
the ventrai part of the truneus arteriosus foramen or its homologue and 
thus  media l ly to  the  ventrai part of the branchia l  fossa 10  (text-figs. 33, 39) . 
I t  seems not quite im possible that this fossa may be a vestigal 1 1  th 
branchial fossa ; but it i s  ful ly clear that ,  i f  th is  is the case, it must have 
lost its gi l l ,  so that i t  had no respiratory function any more. 

Final ly attention should be cal led to the faet  that , both on the in ter
na l  surface of the lateral part o f  the viseerai endoskeleton and on the 
anterior surfaee of the postbranch ial wal l ,  we find the openings of 
numerous can als .  
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Text-fig. 35. Cephaiaspis hoeli. The r ight cornu,  the r ight endoskeletal shoulder-girdle 
and a right part of  the postbranchial wall i n  posterior view. Restorat ion made after 

section series F. 7/, . 

a. br, canal for the brachial artery ; a. fc, gro ove for an artery arise'n by the confluence 
of the two most postel' ior efferen t  branchial arter ies ; a. pm, can al probably for a small 
arterial branch (o the pronephros ; a. pbrw, a .  pbrw" can als for arteries to the posterior 
surface of the postbranchial  wall ; a. subcl, can al for the arteria su bclavia, here not 
closed for a certai n  stretch ; c, cornu ; jy, canal for a ventrai superfic ial longitud inal 
ve in ; jz, fine  canal probably for a vesse l ;  iz, i n terzonal part of the shield ; isj, emargi
nat ion ind icating the posit ion of the lateral electric field ; n. ig, foramen perhaps for 
the n .  l ineae lateral is  ; nz, nz" canals probably for n erves to the pectoral fi n ; the last
mentioned one probably transmitted also a vei n ; oes, oesophageal d iv is ion of the fora men 
for the oesophagus and truncus arteriosus ; p. brw, postbranchial wal l ; p. ni, lamella of 
bone which protected the pronephros from the lateral s ide ; p. nm, lamella of  bone dividing 
the ante ri or part o f  the space for the pronephros ; pr.  nephr, space for the pronephros ; 
r. s ubcl, subclavian ridge ; tr, divis ion for the truncus arteriosus of the common for
amen for the oesophagus and truncus arteriosus ; v. br, canal probably for the vena 
brach ial i s ; vs.  marg, marginal ve in  s inus ; V7-VI O,  canals for the ventrai transversal 

. superficial veins 7- 10 ;  Xbr, groove and foramen for the most posterior branchial trunk 
of the n .  vagus. 

As has al  ready been pointed out, the n. profundus ,  a fter i t  had per
forated the ethmoidal region ,  entered the visceral endoskeleton in  front ,  
i .  e the rostral part of the visceral endoskeleton .  More exactly, i t  p ierced 
the lateral portion of that part of the viseeraI endoskeleton , within which its 
cana l ,  Vl , could be well exposed in  severai specimens (text-figs. 4 ,  1 3 , 23-25, 
27, 28, 36 ; section series C, nos. 72-88 ; section series D, nos. 1 -20 ; pl. 1 3  
fig. 3 ;  pls .  1 4 , 1 5 , 1 7 , 1 8 ; p l .  1 9, fig. 1 ; pls .  20, 2 1 , 27, 28, 29, 39, 44, 45, 49, 50 ; 
p l .  54, fig. l ;  pls . 55 ,  57 ,  58) . As is clearJy seen ,  its canal is there always rather 
wide .  And i t  is  particularly in teresting to find that a t  least i n  m ost forms 
- such as Kiaeraspis, Boreaspis, Hoelaspis, and many Cephalaspis-species 
( C. hoeli, C. heintzi, C. spitsbergensis, C. arcticus) - i t  does not open 
until very far forwards in  the most an tero-ventral part o f  the oralo
branch i a l  chamber, more exactly, c lose behind the antero-ventral part of 
the prebranchial ridge and, thus close to the anterior border of the fi rst 
branchial  fossa. During its passage through the rostra! part of the 
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visceral endoskeleton it gives off severaI branches particularly in the  
most anterior part. The maj ority of  (hese branches term inate in  the 
exoskeleton and must therefore certainly have transmitted general 
cutaneous nerve branches ; but, as is  seen from text-ngo 36 and pl .  5 1 ,  
i t  i s  also obvious that one  of its most d istal branches went to the dorsal 
side of the mouth . H ence th is  last-mentioned branch may perhaps, 
at least partly ,  have been composed of communis nbres. The most 
distal part of the profundus canal sti l l reta in ing a rather considerable 
width ,  i t  i s  obvious that the part of the n.  profundus that reached the 
fi rst branchial  fossa sti l l was a strong nerve. Since, as we shal l  see,  
there is  much reason to believe that i n  the anterior part of  the n rst 
branchial fossa there was visceral musculature and since no  other nerve 
than the n .  profundus,  seems to have reached as far forwards, i t  is  very I ikely 
that the n .  profundus besides its other components, a lso was composed 
of a viscero-motor component for the innervation of  the said musculature . 

The canal for the n .  trigeminus proper (V2, text-ngs. 4, 1 3 , 23-25, 27, 
28, 36 ; section series C ,  nos. 8 1 -9 1  ; p l .  1 4 ;  p l .  1 9, ng.  l ; pl .  2 1 ;  pl .  23, ng. 3 ;  
p l s .  28, 29, 45, 49-5 1 ;  p l .  54 ,  ng.  l ;  pls .  55 ,  57, 58) , after i t  had left the orbito
temporaI region, continued antero-Iatero -ventrally through the anterior 
portion of the lateral part of the visceral endoskeleton to the oralo
branchial cham ber. In Kiaeraspis (text-ngs. 4 ,  28, 36 ; pls .  49, 50, 5 1 , 55 , 57) ,  
Hoelaspis (pls . 44,  45) , Boreaspis (pls .  1 4 , 1 5) and certain  Cephalaspis
species ,  as C. arcticus (pl .  28) , it is very lang and reaches the oralo
branch ial chamber very far ventro-Iatera l ly ,  while in other forms, such 
as Cephalaspi:; hoeli (section-series C, nos. 8 1 -9 1 ; pl. 2 1 ;  pl. 23 , ng.  3) ,  
i t  i s  considerably shorter, opening in to  the  oralo-branchial cham ber rather 
far dorso-medial ly .  Among the forms belonging to the former of these 
two categories, i t  has at least i n  Kiaeraspis ( text-ngs. 4 ,  36 ; pl . 5 1 ) , its 
open ing in to the oralo-branchial chamber in  the lateral part o f  the 
branchial fossa 2, close dorso-medial ly to the in terbranchia l  septurn 1 .  
Among the forms perta in ing to the other category , for instance in  
C.  hoeli (pl .  23 ,  ng .  3 ) ,  i ts ori nce in to  the  oralo -branchial chamber seems  
t o  have been situated approximately between t h e  middle  th irds of the 
second and third branchial  fossae, but it is continued there in  an  antero
latero-ventral d i rection by a rather deep groove. As this grooye in  the 
l iv ing specimens certa in ly was bridged over by the periost l in ing the 
oralo-branch ial chamber, the n .  trigeminus proper obviously must have 
passed antero-ventrally a certain stretch between this periost and the 
visceral endoskeleton before i t  pierced the periost and dennitely emerged 
into the oralo - branchial chamber. Accord ingly the n. trigeminus proper 
probably entered the oralo-branch ial chamber far laterally in the branch ial  
fossa 2 also in  those forms in  which its c:=mal  through the viscaral endo
skeleton i s  short. 
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During its passage through the visceral endoskeleton the canal for 
the trigeminus proper gives off branches which go outwards to the exo
skeleton and which certainly lodged general cutaneous nerve branches 
and partly also lateralis nerves, as we shall understand from the account 
of the sensory canal system given below. In addit ion , i n  certain well
preserved specimens ,  such as that ()f C. hoeli shown in  pl .  23, fig. 3 and 
that  of C. arcticus shown in  pl .  28 ,  i t  is  c1early seen that  mther soon 
after its entrance into the visceral endoskelelon there issues from the canal 
for the trigeminus proper a rather strong branch in  an antero-ventral and 
slightly media l  d irection ,  a branch which leads to the dorso-m edia l  part 
of  the oralo-branch ial  chamber.  This branch , which i s  letered V2 V in the 
figures, has such a course and position that i t  can hardly be imagined 
to have transmitted any pretrematic ramus of the n .  trigeminus proper, 
but instead a branch of this nerve for the innervaton o f  certa in i nternal 
medial parts of the soft tissues o f  the , o ralo-branchial  chamber. And 
accordingly · there i s  much reason to bel ieve that this nerve-branch 
consisted of communis  fibres and was a serial homologue to the visceral 
branches of the glossopharyngeus and vagus in  Petromyzon (cf. text-fig. 3� 
and J OHNSTON 1 905, pl. 5). S ince, as we shal l  find ,  a serial homologue 
to the canal branch V2V in the Cephalaspids i s  given off also from the 
can a ls for the n. facial is ,  the n. glossopharyngeus and the fi rst branchial 
branch of the n .  vagus the opinion advanced here concerning the function 
of the canal-branch V2V gains of course very much in  probali l i ty. 

In Kiaeraspis (text-fig. 36 ; p l .  S I )  i t  i s  highly in teresti n g  to find  
that the canal for t he  n .  trigeminus proper within t he  oralo-branchia l  
chamber is  continued by a groove which a lmost immediately bifurcates 
into an antero-ventral and a postero-ventral branch . The former of 
these branches goes in a d irection towards the transit ion between the 
first i nterbranchial  septurn and the fi rst in terbranchial ridge, whi le the 
latter, which is the widest one ,  passes off towards the deepest part of 
the lateral th ird of the second branch ia l  fossa , dividing into three terminal  
branches .  From these conditions, of course , i t  is  easy to conclude that 
the n .  trigeminus proper, at its entranee into the branchia l  fossa 2, gave 
off an antero-ventral branch towards the anterior border of the  inter
branchial septurn I ,  but that the ma in  part of i t  went downwards along 
the medial s ide and posterior border of the same interbranchia l  septurn .  
As the  antero-ventral branch, as far as can  be judged , cannot h ave 
crossed the fi rst branchial fossa to reach the anterior s ide o f  that ,  and 
as in  add i t ion i t  probably was a serial homo:ogue of the correspo:1dingly 
passing fibres o f  the nn. glossopharyngeus and facial is ,  i t  cannot have been 
a p retrematic branch,  but seems to have consisted only o F viscero-motor 
fibres. And everyth ing thus seems to show that the n. trigeminus proper 
had no  pretrematic branches. I t  is  also, as we shal l ,  find quite evident 
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Text-flg. 36 .  Kiaeraspis auchenaspidoides. 
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Text-fig. 36. Kiaeraspis auehenaspidoides. east of the oralo-branchial chamber with 
certain poste ri or  and lateral parts of the shield and certa in  canals. Dorsal viev. 8/1 . 

a. br, canal for the brachial  artery ; a. e, eanal for the eornual artery ; a. car, canal 
for the carotid artery ; a. ejJl-a. ejJ2, grooves for the first and second efferent branchia l  
arteries ; a. ejJ7-a. ejJIO '  canals for the efferent branchial  arteries 7- 1 0 ;  a. ejJ. com, 

eanal  for the arteria branchial is  efferens communis ; a.  fe, groove for an artery arisen 
by the confluenee of the two most poste rior efferent branchia l  arteries ; a. marg, can al 
for the marginal artery ; aort. gr, aortal groove ; a .  pm, eanal for an arterial braneh to the 
pronephros ; a. rostr, groove for the rostraI artery (the premand ibular efferent branehial  
artery) ; a. subel, canal  for the arteria subclavia ; ch, eanal for the notoehord ; dpr, area 
wh ich formed the dorsal boundary of the mouth eavity ; fy, eanal for a ventraI super
fieial  longitudinal ve in ; ibrl - ibrg,  i n terbranehial  ridges ; ibsl-ibsg, in terbranehial  septa ; 
kl-klo, branehial fossae 1 - 1 0 ;  iz, ventraI port ion of the interzonal part of the cephalie 
shie ld ; oes, opening for the oesophagus ; pr. au, impression of the otie prominenee ; 
pr. orb, impression of the orbital prominenee ; r. pm, prebranchial  ridge ; tr, opening 
for the truncus arteriosus ; VI -VIO ,  eanals for the ventraI transversal superfie ial ve ins ; 
va, canal probably for an arterial braneh from the truneus arteriosus ; v. marg, eanal 
for the marginal vei n ; v. nn, eanal for the median rostraI ve i n ; vs. r, rostrai vein s inus ; 
vs. marg, marginal  ve in  s inus ; vv. rs, eanals for the lateral rostraI veins ; Vb canal 
for the n . profundus ; V., canal for the trigeminus prope r ;  V I I ,  eanal for the n. faeia l is ; 
IX a, can al for the n .  glossopharyngeus from the labyrinth eavity to the oralo-branchial  
ehamber ; Xbr, Xbrp, can als for the branchiaI  branches of the n .  vagus (behind the first  one) .  

that the n. trigeminus proper in  its mode of branching was only sl ightly 
more special ized than the branchial nerves situated behind i t .  And 
accordingly we find  here conditions which to  a certai n  degree remind  
us of those i n  Petromyzon, but  which, however ,  a re  sti l l more primi tive 
than these. (Cf. J OHNSTON 1 905) . 

The canal for the n .  facial is (VI I ,  text-figs. 4, 1 3 , 23-25, 27, 28, 36 ; 
section series, C ,  nos. 87- 1 05 ;  pls .  1 7 , 1 8, 20, 2 1  ; pl .  23, fig .  3 ;  pl .  24, fig .  I ;  
pls .  25-29, pls .  44, 45, 49-5 1 ,  54 ,  55, 57) , which , as has al ready been 
expla ined,  issues from the antero-dorso-Iateral part of the vestibular divi
sion of the labyrinth cavity soon leaves the otic region, entering the lateral 
part of the viseeraI endoskeleton of i ts side. For a detailed study of i t  
dur ing its passage through the viseeraI endoskeleton we shal l  fi rst turn to 
Kiaeraspis. In that form (text-figs. 4, 27, 28, 36 ; pls . 49-5 1 , 54, 55, 57) it is 
very long, only opening into the oralo-branchial  chamber i n  the lateral 
part of the branchial fossa 3 close dorso-medial ly to the interbranchial 
septum 2 .  I t seems very l ikely that a lready soon after its en trance 
in to the viseeraI endoskeleton i t  gave off a rather strong branch to the 
dorso-medial  part o f  the oralo-branchia l  chamber, a branch which would 
have been a serial homologue to the branch V2V and ViV of the trige
minus and profundus can a ls and which , like this, would have given 
passage to a viseeraI nerve-branch. No quite certa in decision i s  pos
sible in this case, however, since the Kiaeraspis-specimens at disposal 
a l l  are somewhat defective so far as the proximal part of the facial is 
canal is  concerned . During its passage within the viseeraI endo-
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skeleton the fac ia l is  canal further gives off branehes to the external 
parts o f  the cephalic shield ,  branches which eertainly were traversed 
by fine nerve-branehes composed of general cutaneous fibres and 
la teral is  fibres .  Close to the d istal end the facia l is canal d iv ides in  to 
an  anterior braneh whieh goes antero-Iatero-ventra l ly towards the anterior 
border of the interbranchial septum 2 ,  and a posterior braneh whieh 
turns postero-ventrally towards the posterior border of the same inter
branchial septum .  The l atter branch soon breaks up into a num ber of 
fine ramul i ,  severaI of which rather soon take a superficial d i rection to 
the outer parts of  the skeleton of the shield, a faet whieh shows that 
they must have transmitted general cutaneous nerve branches and which 
in addition seems to ind icate that the entire big branch of  the n .  facial is 
that had its exit through the posterior branch of the facia l is canal was 
eomposed solely of general cutaneous fibres. And as this seems to 
be so, i t  fol lows that the nerve-branch of the n. facial is that emerged 
through the anterior  braneh of the canal must ,  o f  eourse, have consisted 
of  the viscero-motor fibres for the visceral musculature, and accordingly 
it cannot have been a pretrematic braneh ,  sinee the pretrematic b ranehes, 
as a rule, are eomposed on ly of communis fibres. In Hoelaspis (pls .  44,  
45) the facia l is eana l  (VI I )  has a s imi lar length as  in  Kiaeraspis. But I 
cannot find that it b i furcates in  its most d istal part as i n  that form . 
On the other hand,  it is ful ly obvious that in Hoelaspis it had a braneh 
(VI L) for a viseeral nerve-branch. Final ly in  the Cephalaspis- speeies 
(section series C ,  nos. 87- 1 05 ;  pls .  1 7 , 1 8, 20, 2 1 ;  p l .  23, fig. 3, p ls .  24-29) 
the facia l is eanal (VI I )  i s  general ly eonsiderably shorter than in  Kiaer
asp is and Hoelaspis, its opening into the oralo-branchial ehamber being 
situated much more dorso-medial ly than in  these. But as i t  is  eontinued 
antero-ventro-Iateral ly by a deep gro ove, whieh certainly - at least most 
proximal lY - was bridged over by the periost, it is  very pro bable that 
the n. facia l is quite as the n. trigeminus proper in  them arrived into the 
ora lo · branehial chamber only a eertain  distanee antero-latero-ventra l ly 
to the opening of  i ts  eanal ,  and thus that  the condit ions with regard to 
this nerve were not essentia l ly d ifferent from those i n  Kiaeraspis and 
Hoelaspis. In the speeimen of Cephalaspis hoeli figured i n  pl .  23 , fi g. 3, 
i t  is  dist inetly seen that a rather thiek b raneh (VI Iv) is given off from 
the facia l is canal to the dorso-medial  part o f  the oralo-branchia l  chamber ; 
and from its eourse and position it is easy to eonc1ude that this branch 
must be a serial homologue of the branches Vl v and V 2 V  of the canals 
for the n .  profundus and the n .  trigeminus proper respectively, and that ,  
therefore, i t  probably transmitted the r. viseeral is  o f  the n .  faci a l is .  I n  
the specimen o f  C. heintzi shown in  pl .  29 the faeial is eanal has a rather 
st rong posterior braneh which quite distinetly leads to the exoskeleton 
and whieh gave passage either to a nerve-braneh of general cutaneous 
fibres or  of  l atera l is  fi bres or of both these sorts of  fibres .  
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Fr,om this aeeount o f  the faeial is eanal we are thus able to eonelude 
that the n .  facial is eonsisted not only of eommunis ,  viseero-motor and 
latera l i s  fibres ,  but  that probably, qu i te  as in  the Petromyzontids, i t  a lso 
had a general eutaneous eomponent (cf. text-figs.  38, 42 in  the present 
work ; cf. a lso jOHNSTON 1 905, p .  1 98 ;  HOLMGREN 1 9 1 9, text-fig. 27,  
p .  88) . In addition i t  i s  also very remarkable that i t  seems to h ave 
been without a pretrematie braneh .  

The n .  glossopharyngeus ,  after traversing the postero-dorso-Iateral 
part of  the vestibular divis ion o f  the labyrinth eavity, entered , as we 
have seen, the eanal lettered IX a in the figures (text-figs. 4 ,  ! 3,  23-25, 
28, 36 ; seetion  series C, nos .  97- 1 09 ;  pls .  20, 28-30, 44 ,  49-5 1 ,  54 ,  57 ; 
p l .  62, fig. I ) . This canal , as has also been pointed out, soon leaves the otie 
region ,  eontinuing through the lateral part of the viseerai endoskeleton of  its 
side in an antero-ventro-Iateral d ireetion to the oralo-branehial  eham ber. 
In Kiaeraspis i t  i s  very long, opening into the l ateral part of the  
branehial fossa 4 ,  close dorso-medial ly to the in terbranehia l  septurn 3 
(text-figs. 4, 28, 36 ; p ls .  49-5 1 ,  54, 57) .  And it i s  als o very notieeable 
that in  this form it b ifureates, j ust before it reaehes the branehial fossa 
4 ,  into an  antero-ventro-Iateral and a postero-ventro-Iateral braneh ,  both 
of  whieh are rather short. More exaetly, the former of  these branehes 
goes towards the ante r i  or border of the in terbranehia l  septurn 3 ,  whi le 
the latter takes i ls  eourse towards the posterior border o f  the same 
interbranehia l  septurn and breaks up into a num ber o f  fine branehes,  
most of whieh enter the external parts of  the eephal ie shield ,  a faet 
whieh shows that they must have l odged general eutaneous nerve
branches. Aeeordingly we find  that in  Kiaeraspis the n. glossopharyngeus 
j ust at its en trance into the oralo-branehia l  ehamber branehed exaetly 
as  the n. facial is into an anterior braneh , whieh must have eonsisted of 
viseero-motor fibres and have passed downwards along the anterior 
border of  the interbranehia l  septurn 3 ,  and into a posterior braneh , 
whieh was eomposed of  general eutaneous fi bres and whieh went down
wards along the posterior border of the interbranehia l  septurn 3. Whether 
the canal IX a i n  Kiaeraspis had a braneh for a viseeral nerve-braneh 
cannot be decided with eertainty. I n  Hoelaspis (pl .  44) and in  the Cephal
aspis-speeies known so far in detai l (text-figs. 23-25, 46 ; section series C, 
nos. 97- 1 09 ;  pls. 20, 28-30 ; pl. 62, fig. ! ) the eanal IX a i s  mueh shorter 
than in  Kiaeraspis, opening into the oralo-branehia l  ehamber mueh farther 
postero-dorso-medial ly than in  that form.  But at least in  the Cephalaspis� 

speeies it is eontinued by a groove rather far i n  an  antero-ventro-lateral 
d i rection ,  so that the n. glossopharyngeus, q uite like the n. facia l is  and 
the n .  trigeminus proper, i n  them probably i n  real i ty emerged into the 
oralo-branehia l  chamber a lmost at  a eorresponding p laee as i n  Kiaeraspis. 
Not  infrequently the can al IX a in the Cephalaspis-species is strikingly 
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wide (text-figs. 23-25, 46 ; pls .  28-30 ; pl . 62, fig. 1 ) ;  and i n  the only case 
in which i t  could be studied i n  detail from the ventraI side - in  a specimen 
of  C. arcticus (p l .  28) - it was found to give off  a rather wide branch ( IX av) 
to the dorso-medial part of the oralo-branchial chamber, a branch which , 
as comparisons with recent forms suggest, can have been traversed on ly 
by a nerve-branch consisting of  communis fi bres - that i s  to say a 
nerve-branch homologous with the r. visceral is  of  the corresponding 
nerve i n  Petromyzon (cf. text-fig. 38) . 

From the condit ions of  its canal we are evidently j ustified i n  con
clud ing  that the n. glossopharyngeus consisted of  communis fibres, general 
cutaneous fi bres and viscero-motor fibres. As we shall find from the 
d isposit ion o f  the sensory canal system ,  i t  i s  very I ikely that ,  i n  addition 
to the components enumerated , i t  a lso had a lateral is component. 

The canal for the first branchial branch o f  the n .  vagus (Xbr! , 
text- figs. 4, 1 3 , 28, 33, 34, 36 ; section series A, nos .  62-65 ; section 
ser ies C ,  nos .  79-86 ; section ser ies E ,  nos .  7- 1 1 ; section  ser ies F,  
nos .  2-3 ; pls .  28, 52, 57) l ies ,  as we have seen, entirely in  the ventraI 
wall of the otic region ,  and never extends into the visceral endoskeleton .  
I n  Kiaeraspis, as has a l so been ment ioned above (p.  68) , i t  is  clearly 
seen that i t  gives off a rather  strong branch (Xbr!V , pl . 52) in  a postero
ventraI d irection ,  a branch which l eads to the oralo-branchial  cham ber, 
and which, on account o f  its posit ion, seems to be a serial homologue to 
the branches VIV' V2 v ,  V I Iv ,  I Xav, from the canals for branchia l  nerves 
in  front .  And there is  thus strong reason to believe that this branch gave 
passage to the visceral ramus of the first branchial nerve of the n. vagus. 
It i s  h ighly pro bable that the first branchial nerve of the n. vagus, after 
its entrance into the oralo-branchial  cham ber, passed ventral ly i n  a 
s imi lar  way as the branchial nerves i n  front ,  and that i ts branches went 
close medial ly to or i n  the vicinity of  the media l parts o f  the fourth 
interbranchia l  septurn.  

The canals for the 5 posterior  branchial nerves o f  the  n .  vagus 
(Xbr2-Xbr6 '  Xbrp, Xbr, text-figs. 4 ,  1 3 , 1 4 , 33, 34-36, 39, 40 ; section 
series B ,  nos .  8- 1 3 ;  sect ion ser ies C ,  nos .  77-80 ; section series E ,  nos .  
7- 1 0 ;  section  series F ,  nos .  2-6 ; pl .  5 1 )  a l l  p ierce the dorso-medial  
part o f  the postbranchia l  wal l ,  and are usual ly rather  short, leading 
only to the postero-dorso-media l  part of  the oralo-branchia l  chamber. 
Their num ber seems to vary somewhat, but is  probably generally 2 or 
3 .  As far as can be j udged from  their canals, the posterior  5 branchial  
nerves of  the n .  vagus were associated with each other into two or 
three tru nks when they perforated the postbranchial wal l .  Wel l  with in  
the � "'alo-branchia l  chamber, they must dur ing the ir  passage downwards 
soon have separated from each other. And though in the fossiIs there 
are no  grooves for them i n  the oralo-branchia l  cham ber, there is no  
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reason to su speet that, with regard to their relations to the branchial 
fossae, in terbranchial  septa and interbranchial r idges,  they were essen
tially d ifferent from the branchial nerves in  front. 

• 

Concerning the n .  vagus, we have thus been able to establ ish that 
its roots emerged from the endocranium and had its gangl ionic complex 
postero-dorsal ly to the postbranchial wal l ,  and that its five posterior 
branchial nerves, obviously more or  less c10sely associated with each 
other to a truncus epibranchial is, als o for a short d istance had their 
course postero-dorsally to the postbranchial wal l .  Further i t  should be 
noticed that there is  eve ry reason to bel ieve that the n .  vagus was 
composed not only of  communis and viscero-motor fi bres, but that i t  
also had general  cutaneous and lateralis components. 

According to the knowledge we now possess of  their canals ,  we 
are thus able to conclude the fol lowing concerning the branchia l  nerves. 
1 )  The n. profundus was presurnably developed exactly as the typical 
branch ial nerves, and, l ike them , had a viscero-motor component .  I t  
thus seems to have retained more primitive condit ions than in  any 
other craniate vertebrate known so far .  2)  With regard to its mode 
o f  branching the n .  trigem inus proper was evidently less special ized 
and more l ike the branchia l  nerves behind i t  than in  any craniate 
vertebrate in which it is known otherwise .  But it is worthy of notice 
that, as a whole, it seems to have been more in accord with the 
corresponding nerve of  the Petromyzontids than with that of any other 
form.  3) The n. facial is obviously had a general cutaneous component 
a condition which otherwise, as far as i s  known , i s  the case only i n  
Petromyzontids (cf. JOHNSTON 1 905, pp .  1 85 ,  1 98) . 4 )  The  n .  glosso
pharyngeus and the n. vagus both had general cutaneous components, 
and both of  them passed a certain stretch postero-dorsally to the post
branchial wall before they reached the oralo-branchial  chamber.  6) Al l  
the branchia l  n erves were without pretrematie branches ,  but had in  
addit ion a strong viseeraI branch . And we thus  find tha t  in  these respects 
they were exactly like those in Petromyzontids (cf. J OHNSTON 1 905, 
pp. 1 69- 1 76) . 7) A l l  the branchial nerves went down to the ventro
lateral parts of  the branchial fossae and ,  except the n. profundus,  ;they 
continued from  .there farther  ventrally along the medial  side of, or at 
least ch iefly medial ly to, the interbranchial septa - in any case , however, 
medial ly to the viseeraI endoskeleton . The n .  profundus, on  the other 
hand ,  pass ed downwards in  the anterior  part of  the fi rst branchial fossa, 
sl ightly posteriorly to the antero-ventral part of  the prebranchial  ridge, 
but i t  too had its course in ternally to the viseerai endoskeleton .  

While ,  as i s  we l l  known, the branchial  nerves i n  fishes  pass down
wards along the postero-lateral side of  the branchial arches, entirely out
side the branchial skeIeton ,  they enter in the Petromyzontids rather  soon 
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dur ing their eourse downwards the branehial basket, eontinuing with in 
this downwards ehiefly medial ly to the branehial bars (ef. SEWERTZOV, 
1 9 1 6, pp. 1 2-79 ; 1 9 1 7 , pp .  495-5 1 0 ;  GOETTE 1 90 1 ,  pp.  535-548, 
562-574, MOROFF 1 902 ; JACOBSHAGEN 1 920, pp.  1 1 1 --;- 1 1 6) .  N ow it is 
not diffieult to see that, with regard to the relations between the branehial 
nerves and the viseeraI endoskeleton ,  the Cephalaspids were not in  aeeord 
with the fishes but that in  this respeet they very distinetly perta ined 
to the Petromyzon-type . And as in  addit ion the braneh ial nerves 
of the Cephalaspids passed alm ost exaetly in  sueh a way in  relation 
to the interbranehial septa and ridges as the branehial nerves of  the 
Petromyzontids do in  relation to the branehial arehes, i t  i s  beyond 
question that the posterior interbranehial  septa and ridges of the Cephal
aspids ,  eorrespond to and are exaet homologues of approximately the 
dorsal halves of  the branehia l  arehes of  the Petromyzontids. More 
exaetly, it i s  the seven most posterior in terbranehial septa and ridges of  
the Cephalaspids - that  is  to say, the interbranchial  septa and ridges 3-9 
- that, sinee they were .related to the glossopharyngeus and vagus nerves, 
eorrespond to the dorsal h alves of  the seven branehial arehes in  the 
Petromyzontids. On the other hand, i t  is not easy to find any exaet 
homologues in the adult Petromyzontids to the in terbranehial septa and 
ridges 1 and 2 of the Cephalaspids ; but as we shal l  find from the aeeount 
given below of the Petromyzontids, sueh homologues are nevertheless 
present, though they are distinctly seen only in  the larvae. The inter
branehial septa and ridges 1 and 2 of  the Cephalaspids ,  as being the 
undoubted seria l  homologeus to the interbranehia l  septa and ridges 
behind and thus also to the branehial arehes of  the Petromyzontids, 
must, however, on aeeount o f  their relat ions to the nerves, quite eer
tainly re�sent the dorsal halves of the mandibular and hyoid arehes 
respeetively. In this eonneetion attention should also be ealled to the 
faet that i n  the Cephalaspids the prebraneh ia l  r idge, on aeeount of  its 
relation to the n. profundus and its posit ion in  front  of  the first branehial 
fossa, seems so be a serial homologue of  the i nterbranehial r idges and 
septa .  And i f  this is  true ,  i t  must of  eourse represent the dorsal ha lf  
o f  the premandibular areh , an  opinion whieh , as we shal l  find,  is  sup
ported by what will be set forth below regard ing the efferent branehial  
arteries .  

From what has now been advaneed eoneern ing the homologues of  
the interbranehial  septa and ridges as wel l as of  the  prebranehia l  ridge, 
i t  fol lows that o f  the three first branehial  fossae the fi rst one oeeupied 
a prespiraeular ,  the seeond one a spiraeular and the third one a hyoidean 
position .  And we thus find that the  Cephalaspids had funetional gi l ls  
farther forwards than other eraniate vertebrates in whieh the eondit ions 
with regard to the respiratory apparatus are known in  deta i l .  In the 
Cephalaspids i n  faet, there were two anterior gi l ls  and two anterior 
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external branchial openings more than in  the Petromyzontids and one 
anterior g i l l  and one anterior external branchia l  opening m ore than i n  
those fishes i n  which there is  a spiracular gi l l .  Accord ingly we find i n  
the  Cephalaspids with regard both to  the  degree of  development of  the 
visceral endoskeleton and to the presence of anterior gi l ls more primi tive 
condit ions than i n  fishes and recent Cyclostomes.  And from these 
conditions i t  i s  at once obvious t h a t  t h e  C e p h a l a s p i d s  c a n n o t  
h a v e  h a d  t h e  a n t e r i o r  p a r t s  o f  t h e  v i s c e r a l  s k e l e t o n  t r a n s 
f o r m e d  i n to i a w s b u  t m u s  t h a v e b e  e n a g n a t h o u s fo r m s a n d ,  
w h a t  i s  s t i l l  m o r e  i m p o r t a n t , e v e n  p r i m i t i v e l y  a g n a t h o u s  
f o r m s . 

I n  the general description given of the oralo-branchial chamber 
(p .  46 above) i t  was pointed out that the g i l l s  of  the Ceph alaspids could 
not have been l ike ordinary flsh-gi l ls  but m ust have been more or less 
sac-l ike as i n  Cyclostomes. And from what has been brought forward 
here concerning the branchial fossae and interbranchia l  septa and ridges, 
i t  now is  sti l l  more obvious that this real ly was the case. In the sub
sequent account, therefore, the gi l ls wi l l  be referred to as gill-sacs. And 
accordingly there was one prespiracular gi l i-sac, one spiracular gi l l -sac, 
one hyoid gi l l -sac, one glossopharyngeal gi l l-sac and s ix gill- sacs that 
were supplied by the n .  vagus (text-fig. 37 A) .  Since the branchial nerves 
al l seem to h ave been without a pretrematie branch each one of  them 
went posterior to its gi l l-sac exactly as i n  the Petromyzontids .  

If a velum was present in  the Cephalaspids i t  must have been a 
medial ly produced part of the wall o f  soft tissue that from the inter
branchia l  septurn and ridge 1 projected into the oralo-branchia l  chamber 
be tween the prespiracular and spiracular gil l sacs (text-fig. 37 A) .  In 
any case it i s  thus obvious that the prespiracular gi I l-sa c was situated 
e i ther  in  front  of the velum itsel f or of a portion of tissue that could 
have given rise to a velum.  And i t  is  thus qu ite certain that i t  must 
have corresponded to the invaginat ion of  the Petromyzon-larva that 
always oceurs on each lateral side of  the mouth cavity j ust i n  front of  
the velum (p. sk, text- fig. 97 B ,  C) ,  although this i nvagination never 
develops into a gi l l-sac and never opens outwards .  As now in the 
Petromyzon-larva the stomodaeum invagination reaches as far back as 
the velum and has such on extension that  the anterior surface of  
the ve lum as we l l  as the entire mouth cavity is  l i ned  by  ectoderm 
(text-figs.  89, 96) , the invagination on the lateral s ide of  the mouth cavity 
j ust in front of  the velum is evidently aiso l ined by the ectoderm. And 
as this is  the case ,  there is much reason to bel ieve that the pre
spiracular gill-sac of  the Cephalaspids too was forrned by the ectoderm 
of  the stomodaeum invagination .  On account of  their posit ion behind 
the velum or  the homologue of that and ,  as we shal l  find ,  also on  account 
of  their posit ion deep inwards the spiracular gill-sac, as well as al l the 
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Text-fig. 39. Cephalaspis hoeli. east of the poste ri or half of the oralo-branch ial chamber 
with the canals in the postbranchial wall and the postero-lateral parts o f  the shield . 
The most dorsal parts have been removed down to the level of the can al for the arteria 

branchia l is  efferens  communis .  Restoration made after section series F. 7: 1 . 

a. br, canal for the · arteria brachial i s ; a. I', can al for the arteria cornual i s ;  a. ejf. com, 
canal for the arte ria branchial i s  efferens communis ; a. ('jf7-a.  ejf9, canals for the three 
most posterior efferent branchial  arteries ; a .  fe, canal for an artery arisen by the con
fluence o f  the two most posterior efferent branchial arteries ; a. marg, car;al for the 
arteria marginal is  ; a. pbrw, a .pbrwl , canals for arteries to tbe posterior surface of the 
postbranchial  wal l ; a. pm, canal for an artery to the pronephros ; a.  subcl, canal for 
the arteria subclavia ; fy, canal probably for a ventraI superfic ia l  longitud inal  vein ; 
fz, fine  canal probably for a vessel ; ibra-ibr4 ,  i nterbranchial  ridges 3 and 4 ;  here 
represented only by grooves ;  ibss - ibs4 , i n terbranchial septa 3 and 4 (represented by 
grooves) ; ks-klo ,  branchial fossae 3- 1 0 ;  n.  19, canal and groove probably for the 
n .  l ineae lateral is  ; Des, foramen for the oesophagus ; v. marg, canal for the marginal 
ve in ; vest, vesti bular division of the labyrinth cavity ; vs. marg, marginal vein s inus ; 
VS -'- V4, 1 '7 - VI O ,  canals for the ventraI transversal superficial  ve ins 3, 4, 7- 1 0 ;  v. br, 

canal probably for the vena brach ial i s ; Xbr ,  canal for the most posterior branch ial 
branches of  the n .  vagus.  

gil l-sacs posteriorly to that, i n  the Cephalaspids may very well be 
imagined to be of  an entodermal origin .  And i f  th is  is  true ,  as i t  seem s 
to be ,  the Cephalaspids would evidently aIso in this respect have been 
l ike the Cyclostomes, i n  wh ich the post-velar gills, as well as the hyoid 
invaginat ion ,  a l l  are said to arise ontogenetically from the entoderm 
(cf. SEWERTZOV 1 9 1 7 , pp .  532-545 ; GOETTE 1 90 l ,  pp. 535-548 ; MOROFF 
1 902 ; J AKOBSHAGEN 1 920, pp. 1 1 1 - 1 1 6) .  In fishes ,  on the contrary, 
a l l  the gi l ls ,  as is  well known , develop quite certa inly from the 
ectoderm . 

Above we have been able to establ ish that the interbranchial  septa 
and ridges of  the Cephalaspids are homologous to the dorsal halves o f  
viseeraI arches of  t h e  Petromyzontids. And  moreover i t  h a s  been shown 
above that the interbranchial septum and ridges of the Cephalaspids 
had similar relat ions to the branchia l  nerves as the viseeraI arches of 
the  Petromyzontids .  To j udge from  these condit ions, i t  seems very l ikely 
that the gi l l-sacs o f  the Cephalaspids had also similar posit ions in 
rel at ion to the interbranch ia l  septa and ridges as the gi l l-sacs of  the 
Petromyzontids to the branchia l  arches .  And i f  this conclusion is  true ,  
the gi l l-saes of  the Cephalaspids would obviously have been situated 
medial ly to the interbraneh ia l  septa and ridges in  the dorsal and m iddle 
th irds of  the branehial  fossae ,  whereas the ventraI th irds of these fossae 
would have been oeeup ied solely by the external branehia l  duets, which 
thus probably were rather long and di reeted rather obl iquely postero
medio-ventrally. Besides their parts fal l ing in  the branehial fossae, how
ever, the gi l l-saes o f  the Cephalaspids must have had an addit ional 
ventraI part which was curved mueh in a m edia l  d i reetion and whieh 
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was situated in  the dorsal ( internal) parts o f  the soft t issue that closed 
the oralo-branchia l  fenestra and thus entirely ventro-medial ly to the 
branch ial  fossae. As far can be j udged ,  the gil l  sacs o f  the Cephalaspids 
thus had a fairly considerable dorso-ventral extension and they were 
therefore certainly not spheroid-shaped as in  Myxin oids ,  but probably ,  
on the whole ,  as in  the Petromyzon-larva (cf. text-fig. 37 A) .  I t  should 
a lso be added here that there i s  no  reason to bel ieve that there was 
a subeosophageal tube ,  as in  the adult  Petromyzontids ,  but tha t  the gi l l 
sacs probably opened inwards d irectly into the pharynx. 

How I imagine the gil l  sacs of the Cephalaspids to have been 
situated i s  elucidated by text-fig. 37 A. The interbranchial  r idges and 
septa formed, as we see from this text- figure, the most external parts 
of the walls between the d ifferent gil l-sacs. Further inwards in  each 
such wal l ,  which we may call interbranchial wall ,  there fol lowed t he  
branchial n erve with i t s  d ifferent branches and  medial ly to tha t  t he  
visceral musculature. Concern ing the  viseerai musculature i t  i s  worthy 
o f  remark that th is certa inly was very sl ightly specialized and that it 
was situated entirely medially to the visceral endoskeleton .  In front of 
the prespiracular gil l-sac i t  was probably situated ch iefly close postero
medial ly to the prebranchial  ridge, but a certa in  portion of  i t  most for
wards may perhaps have changed its function and been transforrned 
into an oral  museulature . 

As far as can be j udged from its branchia l  fossae ,  the prespiracular 
gi l l -sac was fa irly big. And that - in  connection with the circumstance 
that in the rostraI artery, as we shall find, we presurnably were con
cerned with the persisting rather well developed premandibular efferent  
branchia l  artery - renders i t  very l ikely that i t  was complete, i .  e .  that  
i t  was gil l-bearing a lso on i ts  anterior  s ide .  The tenth gil l-sac, on the 
contrary, as i t  was very small  and as i t ,  as we shal l  find ,  had n o  efferent 
branchial artery from i ts posterior ha l f, was probably gil l-bearing only 
i n  its anterior  half. 

Like the gi l l -sacs ,  the external branch ial  open ings were certainly 
general ly lO in  num ber. They were situated postero-ventro-I atera l ly 
to their respective gi l l-sacs on the ventrai s ide of the head , more exactly 
close to and along the medial border of  the ventrai r im .  Their  approxi
mate posit ion is shown by the restorations given in  text-figs. 37 B 
and 79 B .  

From the account given o f  the gi l l -sacs i t  i s  fu l ly obvious tha t  the 
mouth must have been mther smal l  and l im ited only to the most antero
medial portion o f  the oralo-branch ia l  chamber situated anteriorly to the pre
branch ia l  ridge beneath the area dpr. The mouth-opening must therefore 
have had  its position somewhat in the way shown in text-figs. 37 B and 79 B .  

The  circumstance that t h e  gil l-sacs were a l l  situated beneath the 
endocran ium and were present as far forwards as immediately behind 
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the mouth-opening seems to indicate with a high degree o f  probabi l ity 
that there was no rasping tongue like that of  the adult Petromyzontids 
and Myxinoids ,  but that the condit ions in  this respect probably were as 
in  the Petromyzon-Iarva. 

Final ly attent ion should be  called here to the fact that the con
d it ions i n  the Cephalaspids with regard to the posit ion of the external 
branchial openings and the mouth must h ave been exactly as in  Tre
mataspis (text-fig. 83) . 

From what has been set forth concerning their visceral endoskeleton, 
their branchial nerves and their gill-sacs i t  i s  easely se en that the 
Cephalaspids, though in  certain  respects much more pr imitive than 
other craniate vertebrates known so far in  deta i l ,  on the whole show 
very striking agreements with the Cyclostomes,  particularly with the 
Petromyzontids. 

After having briefly dealt with the homologues of  the d ifferent 
parts of  the visceral endoskeleton we shal l  again turn to its can als , 
beginning with those for the nerves to the lateral e lectric field .  

As we have seen, five canals (selg-sels , and seIl ' 2 )  for nerves to 
the lateral  electric fie ld leave the l ateral and antero-Iateral parts of  the 
vestibular div is ion of  the labyrinth cavity. The four posterior  ones of 
these canals -- those which are lettered sels-sels i n  the figures (text
figs. 9- 1 2, 1 8, 1 9, 23-28, 34 ; section series A ,  nos .  50- 1 09 ;  section 
series C, nos. 76- 1 24 ;  pls .  1 4 , 1 5 ;  pls .  1 7, 1 8 , 20-22, 24-3 1 ,  42, 
44, 45 ; pl . 47, fig.  I ;  pls .  49, 50 ; pl . 54, fig.  l ;  pls .  55 ,  57, 58) - go 
in all forms,  independently of  and slightly d iverging from each other, 
fro m  the vestibular divis ion o f  the labyrinth cavity to the lateral electric 
fie ld .  At their o rigin from the vestibular divis ion they are a l l  four  of 
them situated rather deep in  the otic region,  but distally they gradual ly 
rise to the  external  surface o f  the visceral endoskeleton ,  so that fina l ly 
they become situated immediately below the exoskeleton .  At or j ust 
before entering the lateral electric field ,  they begin to branch ; and within 
that fie ld ,  at the bottom of  which they final ly arive, their branching i s  
very abundant (p l .  29 ; pl .  30 ; p l .  3 1 ,  fig .  3 ;  p l s .  49 ,  50) . . The most posterior 
one,  selG ' which is  genera l ly  the thickest one o f  them , always has a 
somewhat backward course. The second one from behind ,  seID ' usually 
goes, somewhat backwards to o, though less than the former ; but in 
certain cases i t  may pass a lmost straight lateral ly .  T h e  next one for
wards, sel4 , may go either on ly very s l ightly backwards or straight 
laterally or else sl ightly forwards, while the fourth one from  behind ,  
selg , always turns off  rather much forwards. 

The m ost anterior one of  the nerve-canals to the lateral electric 
fie ld that leaves the vestibular divis ion of the labyrinth cavity is, as  we 
have seen, the one lettered sel! ) 2 in the figures. This cana l ,  which is  
very th ick ,  goes ,  as we a lso have found, in  al l  forms forwards laterally 
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(ventro-Iaterally) to the orbi t .  In the Cephalaspis-species i t  regularly 
divides, as has al ready been mentioned (pp. 83-84) , j ust anteoriorly or  
antero-Iaterall y  to the  orbit ,  i n to  two ma in  branches sell and sel2 which , 
d iverging slightly from each other, pass in  an antero-Iatero-ventral 
d i rection to the anterior parts of the lateral electric Reid. Both these 
branches ,  which are thick and strong, are obviously serial ly homologous 
to the canals selg-sel6 , and, l ike these, they are d istal ly  situated very 
superRcial ly and branch very abundantly on  the bottom of the lateral 
electric Reid. Accordingly i t  i s  quite clear that the canal sell , 2 of the 
Cephalaspis-species lodged the two most anterior  nerves to the lateral 
electric Reid, and that the total num ber of  nerves to this Reid o f  the 
Cephalaspis-species was s ix (pls .  1 7 , 1 8, 20, 2 1 ,  24-30 etc. ) .  

While the true Cephalaspis-species are thus characterized by the 
branching o f  the canal selv 2 close i n  front o f  or just antero-ventro
laterally to the orbit ,  we Rnd  in Benneviaspis (p l .  42, Rg. 2) that this cana l 
continued unbranched much farther forwards ,  and that i t ,  anteriorly to the 
orbit ,  must have curved rather much lateral ly .  In Benneviaspis, in  fact, i t  
does not d iv ide in to its two main branches - the cana ls  sell and sel2 - 

unti l  approximately m idway between the orbital entranee and the lateral 
electric field .  In Hoelaspis (pl .  45) the condit ions with regard to the canal 
sell ' 2 are very s imi lar to those i n  Benneviaspis ; but the two main branches 
sell and sel2 there appear as independent can als perhaps sti l l  somewhat 
more d istal ly ,  that is  to say perhaps somewhat nea rer to the lateral electric 
Reid than to the  orbit .  Final ly in Kiaeraspis (text-Rg. 28 ; pls .  49, 50, 55, 
57 ,  58) and Boreaspis (pls .  1 4 , 1 5) the branching of the canal sell , 2 into 
the main branches seIl and sel2 takes place only so c lose to the la teral 
e lectric Reid that, i f  we d id not known the intermediary condit ions i n  
Benneviaspis and  Hoelaspis, we  should have been l e d  t o  suspect that 
one of  the s ix nerve-canals of the  Cephalaspis-species - more exactly 
defined the second one from in  front - had become reduced .  

From the description now given of  their canals we thus Rnd  that 
the l ateral electric field of  the Cephalaspids was supplied by s ix thick 
nerves, the anterior  two of  which went closely associated with each 
other in  the same canal until j ust in front of the orbital entrance, or ,  
i n  severai forms, s t i l l  further, even as far as unt i l  immediately before 
their en trance into the lateral electric Reid .  

The canals for the nerves to the lateral electric field on the whole 
al l  run more superficially than the canals for the branchial  nerves . Of 
these the canal for the n .  profundus (Vl ) always goes somewhat i n  front  
of  and a lm os t  parallei with the  cana l  sell (Cephalaspis, text-figs. 23-25, 
46, 47 ; section series A, nos. 1 22- 1 55 ;  section series C, nos. 72-94 ; 
pls . 1 7 , 1 8 , 20, 2 1 ; p l .  23, Rg .  3 ;  pls .  27-29 ; pl . 39) , or the canal sell 
and sell , 2 in those cases when the l atter canal does not div ide into the 
canals sell and sel2 immediately anteriorly to the orbit  (Benneviaspis, 
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p l .  42 ; Hoelaspis, pl .  45 ; Kiaeraspis, text-figs. 27, 28 ; pls . 49, 50, 55, 57, 58) . 
I n  a l l  Cephalaspids the can al for the trigeminus proper (V2 ) crosses the 
canal seIl ' 2 '  on the ventrai s ide (text-figs. 24, 28, 46, 47 ; section series 
A ,  nos .  1 1 2- 1 55 ;  section series B, nos .  4 1 -57; section series C, 
nos. 8 1 -9 1 ;  section series D, nos. 1 - 1 4 ;  pls .  2 1 ,  28, 45,  49) . In the 
Cephalaspis-species i t  then passes latteral ly i n  the i nterspace of  the 
lateral part of  the visceral endoskeleton fal l ing between the cana ls  seIl 
and sel2 (text-figs. 23, 24, 46, 47 ; pls . 28, 29) . I n  Boreaspis, Hoelaspis and 
Kiaeraspis i t  would of  course be expected to be situated beneath the 
p reorbital part o f  the canal seIl ' 2 '  which , as we have found ,  was traversed 
by both the fi rst and second nerves to the lateral electric field , but 
instead of  that i t  goes in  these forms always behind the said part o f  the 
canal seIl > 2 and the canal sel2 (text-fig. 28 ; pls . 1 4 , 44, 49, 50, 55, 57) -
a fact which, i f  we assume the ' condit ions in  the Cephalaspis-species to 
be the prim itive ones, indicates that the canal sel2 has m oved forwards 
and fused with the canal seIl ' which has retained i ts original posit ion .  
Cond it ions s imi lar  to those i n  Boreaspis, Hoelaspis and Kiaeraspis 
probably prevailed also in Benneviaspis. Final ly it deserves to be 
mentioned that the canal for the trigeminus proper, when laterally 
to the orbit i t  crosses the canal seIl '  2 on the lower side, for a rather 
long d istance m ay be in open com munication with that canal (section 
series A ,  nos. 1 1 9- 1 55 ;  section series B, nos. 43-45, 53-56). The 
facial is canal (VI I ) ,  though i t  leaves the vestibular division o f  the labyrinth 
cavity postero-dorsally to the canal selg for the  third nerve to the la teral 
electric field (text-figs. 1 8 , 1 9 ;  section series A,  nos .  72- 1 1 0 ;  section 
series C ,  nos .  87- 1 05) ,  has such a course that  is  soon arrives on  the 
an terior s ide of  th is  canal ,  which i t  fol lows rather close unt i l  i t  opens 
into the oralo-branchia l  chamber (text-figs . 28, 46, 47 ; section series A, 
nos .  72- 1 1 0 ;  section series B, nos .  28, 29, 34-5 1 ;  section series C, 
nos .  87- 1 05 ;  p l .  20 ; pl .  23, fig .  3 ;  pls .  25-29, 44, 45, 49, 50, 57) . Some
what antero-ventro-Iaterally to the labyrinth cavity i t  may of ten be fused 
with the canal selg for a certa in distance (section series A ,  nos. 85- 1 07 ;  
section series B ,  nos. 28, 29, 39-4 1 ; section  series C, nos .  97- 1 0  1 ; 
section series E ,  no .  2 1 ) . The glossopharyngeus canal ( IX  a) issues from 
the  vesti bular division o f  the  labyrinth cavity either between the  canals sel4 
and sel5 or j ust dorsally to the canal sel5 (text-figs . 1 8 , 1 9 , 23--25,  27, 28 ; 
section series A ,  nos .  65-97) .  During its way antero-laterally it cross es 
the canal sel4 on the ventrai side, then continuing anteriorly to this and 
thus in the interspace between the canals selg and sel4 unti l  i t  opens 
into the oralo-branchial chamber (text-figs. 4 ,  1 3 , 28, 36, 46, 47; pls .  
28-30, 44, 49, 50, 57) .  The canal for the fi rst branchia l  branch 
of  the n .  vagus, Xbrl , · seerns ,  at least i n  certain  forms as Kiaeraspis 
(text-fig. 28 ; p l .  52) ,  to have gone so that its distal end was situated 
alm ost beneath the proximal  part of the can a l  sel5 ; and the nerve trans-
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mi tted by i t  must evidently have passed antero-ventro-Iateral ly between 
the can als sel4 and sel5 though not within but ventrally to the visceral 
endoskeleton .  The second branchia l  branch of  the n. vagus had ,  as we 
have seen, no  canal  of  its own, but entered the oralo-branchial  cham ber 
associated wi th  one or  two of the branch ial b ranches beh ind i t .  But  
as ,  l ike the other  branchia l  nerves i n  front ,  i t  must have gone downwards 
a long the media l  s ide o f  the in terbranchia l  septurn 5 ,  i t  certa in ly had i ts 
course between the canals sel5 and sel6 , though, l ike the fi rst branch ia l  
branch of  the same nerve, i t  went  medially to the visceral endoskeleton .  

We  thus  see  tha t  each one of the six nerves to the  lateral electric 
fie ld during its passage through the visceral endoskeleton went more or 
less close posteriorly to a branchial nerve. And we a re thus able to 
establish that the nerves to the l ateral e lectric field alternated in a regular 
way with the branch ia l  nerves, and that therefore,  l ike these ,  they had 
a distinct metameric d isposit ion. I n  this connection i t  should be empha
sized that i n  Boreaspis, Hoelaspis, and Kiaeraspis the position o f  the 
second electric nerve for the l ateral electric field in  front of the n .  tri
geminus proper presurnably was a secondary character .  

Since the aortal groove,  as we have seen,  stretches forwards with 
its most anterior portion on the in ternal  surface of the rostrai part of 
the visceral endoskeleton as far as the point at which the prebranchia l  
r idge meets and uni tes with its fel low of the other s ide ,  i t  i s  ful ly c lear 
that the aorta reached forward to that point and that i t  was a single 
trunk throughout its cephal ic divis ion . 

Each of the interbranchial r idges I and 2 of Kiaeraspis (text-figs. 
4 ,  36 ; p l .  5 1 )  and each of the interbranchial r idges 1 -3 of H oelaspis 
(pl .  44 ; p l .  46, fig.  I )  has a groove in its longitudinal  d irection for an efferent 
branchia l  artery, a groove which stretches from the oartal groove more 
or l ess far l ateral ly .  The anterior interbranchial ridges of  the other Cephal
aspids a re very imperfectly known with regard to detai ls and thus we 
cannot know whether, as a rule, they had s imi lar  grooves for the ante
rior efferent branchia l  a rteries or not. Accordingly it i s  so far impossible 
to decide whether these grooves d id general ly occur among the Cephal
aspids or whether their presenee in  Kiaeraspis and Hoelaspis 

'
was quite 

an exception l .  
The groove for the fi rst efferent branchia l  artery (a. ef!l) i s  in  Kiaer

aspis (pl .  5 1 )  rather short, being l im ited only to about the dorso-medial  
fourth of the interbranchia l  r idge l .  In Hoelaspis (pl .  44 ; pl . 46, fig. l )  i t  i s  

1 I n  text-flg. 1 3, which i s  a d iagrammatie sketch of  a Cephalaspis-species, grooves 
for efferent bran chial  arter ies have been drawn on the i nterb ranchial  r idges l �3 .  
I t  must, however, be noticed that t h i s  is  arbitrary and that these grooves have 
not been observed i n  any Cephalaspis-species known so far. I t  should also be  
pointed ou t  that t he  groove for t he  rostrai artery (a.  rostr) i n  t he  same  flgure has 
also not been observed i n  Cephalaspis-species .  
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somewhat langer, occupyi ng a lmost the entire dorso-medial third of the 
corresponding interbranchial r idge .  80th in  Kiaeraspis and in Hoelaspis 
its most medial part which leads into the aortal groove (aort . gr) is curved 
rather m uch backwards, so that i t  does not meet the aortal groove at 
r ight angle ,  but somewhat obl iquely .  The groove for the second efferent 
branchial artery (a. ef!2) is i n  Kiaeraspis very short, being distinctly 
developed only in  the vicinity of the aortal groove. In Hoelaspis, on 
the contrary, it i s  much langer ,  extending approximately along the entire 
dorso-medial  half  of the interbranchial ridge 2. Both in Kiaeraspis and 
in Hoelaspis i t s  m ost medial  part  which joins the aortal groove curves 
backward like that of the first one. Otherwise it i s  noticeable that in 
Hoelaspis i t  i s  rather wide. The groove for the third efferent branchia l  
artery (a. ef!3 ) ' which,  as has a lready been stated , has been found so far 
only in Hoelaspis ,  occupies i n  the specimen figured in pl .  44 i n  which 
it : is best known approximately the dorso-medial third of the inter
branchial ridge 3 ,  and i t  is thus shorter than the second one. On the 
other hand,  i t  i s  wider than that and does not  curve as much backwards. 
I t  jo ins the aortal groove somewhat behind the place at which the carotid 
can a ls issue, and on the whole i t  is situated on the anterior part of 
the orbital prominence (pr. orb) and thus on the lower surface the 
endocranium . 

From the description now given of their grooves and from the 
figures i t  is easy to see that  the three most  anterior efferent branchial  
arteries must have passed between the fi rst and second ,  the second 
and third and the third and fourth gil I-sacs respectively. Accordingly 
each of these three arteries seerns, as far as can be  j udged ,  to have 
arisen from the adj acent halves of two neighbouring gil I-sacs, quite 
as the efferent branchial arteries in Petromyzon (GOODRICH 1 909, 
text-fig. 32 ; CORI 1 906, pp. 29-30 ; HATTA 1 922, pp. 1 35- 1 50) . I n  
Myxine, o n  the contrary, each efferent branchial artery has its origin 
only from one gi ll-sac. It i s  further of importance to notice here that 
in  Hoelaspis the rather considerable lateral extension of the grooves 
for the three efferent branch iaJ arteries in question seems to indicate 
that the gil l-sacs there did not s tretch so very far m edial ly ,  but that 
the pharynx probably was rather wide. 

Before we proceed further  in  our account of the efferent branchial 
arteries we shall consider the unpaired median ridge denoted r. ef!. com i n  
the  figures, a ridge which has a l ready been referred to above. Th is  ridge 
(text-figs. 4 ,  33 ; section series F,  nos. 1 -28) i s, as has already been pointed 
out, situated on the anterior sur face of the postbranchia l  wall ,  d orsally 
to the oesophagus ,  and belongs to the portion of the  postbranchial wall ,  
that bridges over the aorta l groove ventrally, transforming this in the 
aortal canal .  In its interior it contains a longitudinal canal (a. eff. com, 
text-figs. 9, 1 0, 36, 39, 40, 45 ; section series F, nos. 1 -28 ; pl .  28 ; p l .  46, 
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fig. I ; p l .  47 ,  fig .  I ;  pls .  5 1 ,  52 ; p l .  53, figs .  2 ,  3 ;  p l .  58) . a canal  wh ich thus 
i s  situated below the aorta l  groove and wh ich anteriorly opens into that 
groove approximately as far fo:"ward as  between the middle parts of the 
otic prominences (pr. au) . Posteriody ,  i t  seems  to have ended somewhat 
above the dorsal border of the o�sophagus foramen ,  j ust an teriorly to the 
pronephros space ; and the wal l  wh ich separated i t  from that space was 
probably very th in .  According to the inel ined posit ion which the ridge 
r. eff. com occupies, the posterior end of  the can a l  a. eff. com l ies considerably 
l ower than the anterior one.  As wil l  be evident from the facts given 
below, that canal  l odged an artery which arose by the confluence of 
certa in o f  the posterior efferent branch ia l  arteries and which may therefore 
be called the arteria branchial is efferens com munis .  This artery (text
fig. 45) thus ascended to and opened from the ventraI side in to the cephal ic 
divis ion of the dorsal aorta. 

To the canal j ust described for the arteria branchial is efferens 
communis there l ead , a t  least in  Cephalaspis hoeli , from each l ateral side 
three forarnina or very short canals (a. eff4-a. effe , text- fig. 33 ; section 
ser ies F, nos .  7-25) .  The most anterior one of  these forarn ina  or short 
can a ls  (a. eff4) perforates the ridge (r. eff. com) near the anterior end ,  
opposite the  in terbranchia l  ridge 4 .  The  one ,  a. eff.'\ , of them foI Iowing 
next posteriorly l ies behind the middle of the l ength of the ridge r. eff. 
com, opposite the interbranchia l  ridge 5 ,  whereas the third and most 
posterior one ,  a. effs , pierces the ridge r. eff. com rather elose behind the 
second one ,  opposite the interbranchial  ridge 6. From their position and 
relat ions i t  i s  no t  d i fficuIt to understand tha t  these  three forarnina  or short 
can a ls transmitted the efferent branch ia l  a rteries 4-6, and that these three 
efferent branch ia l  arteries therefore must have gone along but somewhat 
ventral ly to the interbrancihal  r idges 4-6 (text .  fig. 4 1 ) , so that ,  a s  a ru le ,  
there arose no grooves for them on those ridge. And we thus  find  that 
the efferent branch ial arteries 4-6 had their passage between and arose 
from two neigh bouring gi I I-sacs, exactly l ike the three ones in  front .  

From the posterior part of the canal  for the arteria b ranch ia l i s  
e fferens  communis a paired wide cana l  (a .  subel, text-figs. 36 ,  39 ,  40 ; 
sect io:1 series C, nos .  60- 1 23 ;  section series F ,  nos.  1 1 · --48 ; p ls .  20, 22 ; 
p l .  24, fig .  2 ;  p l .  28 ; p l .  46, fig .  l ;  pl .  47, fig. 1 ;  p ls .  5 1 ,  52 ; pl . 53, 
figs. 2 ,  3 ;  pl .  58) issues i n  a la teral and postero-ventral d irection through 
the postbranchia l  wal l .  More elosely defined , th is  cana l  goes first a lm03t 
straigh t l atera l ly just behind the interbranchia l  r idge 6, then curving 
more downwards and lateral ly ,  so that a lmost during the rest of the 
way to the  ventraI part o f  the postbranchia l  wal l  i t  passes behind the 
in terbranch ia l  septurn 6. On the posterior surface of the ventrai part 
o f  the postbranchia l  wal l  it causes the formation of  a considerable r idge 
which is designated in  the figures by the letters r. subel, thus the 
ridge that has be en referred to a J ready above under the term of the 
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Text. fig. 40. Cepha laspis hoeli. east of the ventrai half  of the poste ri or part of the 
oralo-branchial chamber with certain of the canals of  the postbranch ial wall, of the 
endoskeletal shoulder-girdle and of the cornua. Restoration made after section series F .  

Magn ification about 4/ 1 . 

Q. br, canal for the arteria brach ial i s ; Q. c, canal for the arte ria cornual i s ; a. eff9, canal 
for the efferent branc hial artery 9; Q. eff. com, canal for the artera branchia l is  efferens 
communis ; a . fe, groove for an artery arisen by the confluenee of  the two most posterior 
efferent branchial  arteri es ; a. pm, canal for an artery to the pronephros space ; 
Q. pbrw-Q. pbrwJ , canals for the arter ies to the posterior s ide of the postbranch ial 
wal l ; Q. subcl, canal for the arteria subclavia ; a. vs, canal for a ventrai superficial 
artery to the ventrai s ide of the sh ield immediately i n  front  of  the pectoral s inus ; fy, 
can al probably for a ventrai superficial longitud inal ve i n ; k.-k10, branchial fossa 
4 - 1 0 ;  n. lg, canal probably for the n .  l ineae lateral is ; oes, divis ion of  the oesophagus
truncus-arteriosus foramen for the oesophagus ; v. br, canal probably for the ·vena 
brachial is  ; v s .  marg, marginal ve in  s inus (dorsal parts imperfect) ; V7 --V10, canals for 
the ventrai transversal superficial ve ins  7- 1 0 ;  Xbr, canal for the most posterior branch ial 

branches of  the n .  vagus. 

subclavian ridge. From the ventraI part of the postbranch ial  wall the 
paired canal i n  question cont inues in fo  the basal  parts o f  the endo
skeIetal shoulder-gird le ,  where s oon after its entrance its gives off a 
th ick branch posterio�ly or p03tero-lateral ly to the m edia l  part of the 
pectoral s inus,  a branch (a. br, text-figs. 35, 36,  39, 40 ; section series 
C ,  nos .  1 1 7- 1 1 9 ;  sect ion series F,  nos .  34-44 ; pl .  52 ; p l .  54 ; 
fig .  2 ) which undoubtedly went to the pectoral fin .  Lateral ly _ to this 
branch i t  takes a mOle stra ight  lateral d i rection through the endoskeletal 
shoulder-gi rdl e  unti l  i t  en ters the cornu ,  with in the most antero-medial 
part of which i t  b i furcates in to two main branches ,  a posterior one (a. c, 
text-figs. 35 ,  36, 39, 40 ; section series C ,  nos. 1 24- 1 30 ;  section series F, 
nos. 49-59) which curves backwards into the ventro-medial  part of the 
cornu of  i ts s ide ,  with in wh ich i t  can be traced very far backwards, and an 
an terior one (a. marg, text-figs. 36, 39 ; sect ion series C ,  nos. 1 24- 1 27 
section series F, nos .  49-66 ; pls .  20, 22, 44, 5 1 )  which takes an anterior 
d i rection a long the very lateral margin o f  the sh ie ld ,  where ,  at least in  
Kiaeraspis, i t  goes forwards unt i l  s I ight ly in  front of  the  branchia l fossa 
2 ,  j o in ing there the canal denoted by the let ters v. marg. Somewhat 
before Hs entrance into the cornu its gives off a branch (a. vs, text
fig. 40 ; section series F ,  n03, 43-60) which goes down to the ventt;al 

1 2  
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side of the shield in  front of  the pectoral s inus.  And as is  well shown 
by text-fig. 39, both the branch (a. c) to the cornu ,  which will be cal led 
the cornual branch , and the anterior branch along the margin of the 
shield (a. marg) , which wil l be termed the :narginal branch , send out 
numerous fine rami .  The latter branch is  in  communication medially by 
smal l  rami wi th the cana l  v. marg. 

The canal a. subel, as thus described,  must obviously have been 
traverved by an artery, an  artery which was in  communication dorso
medial ly with the arteria branchia l is  efferens communis and which supplied 
the pectoral fin, the shoulder-gird le ,  the cornu and by far the larger part of 
the lateral margin of  the sh ield latero-ventral ly to the la teral electric field .  
According to i ts origi n ,  course and area of supply this artery may very 
well have been homologous with the arteria subclavia of fishes (DANIEL 
1 922, pp .  1 73- 1 74 ;  1 97- 1 99 ;  ALLEN 1 905, pp .  46 ,  49- 5 1 ,  63-65, 
1 1 5 ;  LUCAS 1 905 , pp .  1 04- 1 05 ;  etc.) ; and it wi l l  therefore be referred 
to as the subclavian artery and its canal as the subclavian can al . Of 
the branches of  the subclavian canal the one (a. br) to the pectoral fin  
evidently transmi tted an artery which , at least with regard to funt ion,  
seems to have corresponded to the brachia l  artery of  fishes (DANIEL ,  
I oc. cit ; ALLEN ,  I oc .  c i t ; etc. ) ,  wh i le  the  branch to the lower s ide  of  the  
sh ie ld  (a .  vs) was traversed by an artery which  may have be en the  
equivalent of  one of  the superficial branches which are given off from 
the artery in  recent fishes that i s  cal led by ALLEN ( 1 905, pp.  49-5 1 )  
the ventraI artery and by DANIEL ( 1 922, pp .  1 67- 1 69) the coracoid 
ar tery. Since i t  perforated the endoskeletal shoulder-girdle  in  a ventraI 
d irection  and supplied the ventraI superficial parts of  the shield, I suggest 
here for i t  the name of  ramus superficial is ventral is of the a .  subclav ia .  
The  marginal branch (a .  marg) of the subclavian canal lodged an artery 
which i s  to a certa i n  extent  suggestive of  the artery of  fishes described 
by DANIEL ( 1 922, Ioc. c i t . )  as the coracoid artery [thus the most anterior 
part of  the ventrai artery of  ALLEN ' s  description ( 1 905 loe. c i t . )  of  the  
Loricati] , but  which , on  account of  i ts posit ion dorsal ly to the  externa l  
branchia l  openings ,  cannot have been homologous with that .  According 
to i ts posi t ion in  the cephal ic sh ield i t  wi l l  here be termed the arteria 
margina l i s .  Final ly the cornual  branch (a .  c) of the subclavian cana l  gave 
passage to an  artery which may perhaps be thought to have been 
s imply an enlarged superficial branch of the arteria subclavia or of  the 
arteria coraco idea of  fishes. In the subsequent account we shall cal l  
th is  artery of the Cephalaspids the arteria cornual is .  Accordingly we 
find that  the arteri a subclavia of  the Cephalaspids gave off an  arteria 
brachia l is  and a ramus superficialis ventralis and that i t  then div ided 
into two chief branches : the arte ria margina l i s  and the arteria cornual is .  
And accordingly i t  was i n  many important features very much l ike the 
a .  subclavia of  fishes .  
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I n  Cephalaspis hoeli (text-figs. 33, 4 1 ; section series F , nos. 26-44) 
each of the interbranchial septa 7-9 has ,  on the dorsal half  o f  its 
posterior surface elose to the medial edge, a distinct gro ove which leads 
upwards to the opening of a can al situated in  the post-branchial  wal l .  
The most anterior  one of  these grooves i s  thus situated on the anterior 
side of the branchial fossa 8, the second  on  the anterior s ide of  the 
branchial fossa 9,  and the most posterior  one on the anterior s ide of 
the branchial fossa 1 0. The canal ,  a. eff7 ' i nto which the most anterior 
one leads, has its ventral opening at the very dorsal end of the branchial 
fossa 8, elose be h ind the upper end of  the in terbranchial septurn 
7 and thus approxim ately at the point at which this septurn passes over 
into the  interbranchia l  r idge 7 .  The ventrai openings of  the can als ,  
a. effs , a. ff9 ' in to which the remaining two grooves lead ,  have a quite 
corresponding position in relation to the branchial fossae 9 and 1 0  and 
to the interbranchial  septa 8 and 9 respectively.  Since,  however, the 
branch ial fossa 8 is  sl ightly h igher th an the interbranchial fossa 9 ,  and 
th is las t  than the in terbranchia l  fossa 1 0, the ventraI opening of  the most 
anterior one of  the th ree can als lies of  course slightly h igher than that 
of  the second and  that of  the second in its turn slightly higher than 
that o f  the m ost posterior one .  

The most posterior  one o f  these cana ls  (a .  eff9 text-figs. 33 ,  34, 36, 39. 
40, 4 1  ; section series F ,  nos. 24-34) goes from the oralo-branchial cham
ber  upwards through the  postbranchial wall elose antero-laterally to the  
l ine of  origin of  the pronephros lamella (p.  nI) of its side. Rather  soon 
during its passage upwards it meets and j oins with the canal a.  effs , 
which also ascends within the postbranchial wal l .  The com mon canal  
forrned by the union of  the canals a. effs and a. eff9 ' which is l ettered 
a.  fe i n  the flgures (text-figs. 33-36, 39, 40 ; section series F, nos .  
1 6-24) ,  continues upwards, curving slightly media l ly and opening into 
the dorso-medial part of the canal for the arteria subelavia ,  thus rather  
elose to the canal for the arteria branchial is efferens communis .  Final ly 
the canal a. eff.7 (text-figs. 33, 36,  39,  40,  4 1 ; section series F, nos .  1 9-26) 
goes a lmost straight upwards th rough the postbranchial  waI l ,  opening 
from the ventrai s ide into the cana1 for the arteria subelavia e lose 
ventro-Iaterally to the can al a .  fe. The dorsal part of  the canal a.  eff9 ' 
the entire canal a. fe and a m ore or  less long part o f  the can al for the 
arteria subclavia, ventro-lateral ly to the canal a. fe are ,  as has a lready 
been pointed out (pp. 1 48- 1 49) , i n  C. hoeli without bony covering on 
the posterior s ide .  I n  that  form when a l ive ,  however, the sa id  cana ls  were 
bridged over at these places by the periost. 

From their position and course it i s  easy to conclude that the 
canals a. ejJ; , a.  effs and a. eff9 now described, and the grooves lead ing 
to these canals from below, must have lodged the three most posterior  
efferent branchial  arteries - that is the efferent branchial  arte ri es 7 ,  8 
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and 9. And we tims find here that these arteries emptied into the arteria 
subclavia ,  as we have defined that artery above. It deserves to be  spe
cially pointed out ,  however, that the proximal  part of the last-mentioned 
artery, medially to the point a t  which the arteria branchial is efferens 
7 opened i nto it ,  probably had arisen by the union of the  dorsal ends 
of the arteriae branchia l i s  efferentes 7-9, and consequently that this 
part would strietly not be ascribed to it .  Concerning the arteria sub
clavia i t  is  i n  this connection also o f  in terest to notice that, a t  least in  
certa in  fishes, e .  g .  the  Selachians (DAN IEL 1 922, p .  1 97) ,  i t  i s  given off 
from the  dorsal aorta between the posterior efferent branchia l  a rteries, 
and that i t  thus also in  fishes may h ave s imi lar relations to the efferent 
branch ia l  arteries as in  the Cephalaspids. 

Since the gro oves for the efferent branch ia l  arteries 7 ,  8 and 9 ven
tral ly to the canals with in the postbranch ia l  wall reach down to the 
medial margins of their respect ive interbranchial  septa, i t  i s  very conceiv
able that the  three efferent branchia l  arteries 7-9, l ike the six ones 
in  front ,  arose by the confluenee of  branches from two adj acent gil l-sacs, 
and thus that the conditions with regard to al l  the efferent branchial 
a rteries were as in  the Petromyzontids. H ow I imagine the three most 
posterior efferent branchial  arteries to h ave gone in reIa ti on to the 
interbranchial  septa is shown by text-fig. 4 1 .  

At least in  Cephalaspis hoeli there is  a rather fine canal lettered 
a. ef!6P in the  figures (text-figs. 1 1 , 1 2 , 33, 4 1 ; section series F, nos .  30-35) ,  
wh ich , from the  branchia l  fossa 7 ,  ascends upwards through t h e  in ter
branchia l  septurn 6 to the canal for the a. subclavia .  This can al a. ef!6P 
seerns, as far as can be j udged from i ts posit ion and course, to have 
given passage to an artery , which carried b lood from the anterior ha l f  
of  the gi ll-sac 7 in to  the a .  subclavia. And accordingly i t  seems as i f  
the  efferent branchia l  artery 6 had brought b lood  chiefly on ly  from the  
posterior ha l f  of the  gil l-sac 6. 

Final ly atten tion should be cal led to the fact that in other Cepha l 
aspids ,  such as Hoelaspis (p l .  47, fig .  1 )  and Kiaeraspis (p l .  58) , the  canals 
for the efferent branch ial  arteries 7-9 probably were alm ost exactly as in  
C. hoeli, though their posterior wa l l s  probably were entirely ossified .  

After the efferent branchia l  a rteries proper h ave thus been dealt with 
a few remarks must be made on the rostraI a rtery , thus the artery lodged 
in the groove on the prebranchia l  ridge (a. rostr, text-figs. 4 , 36 ; pl. 5 1 ) . 
As has a lready been pointed out ,  it i s  quite evident that  th is  artery was 
in  communication with the anterior end of the dorsal aorta posteriorly. 
And as i t  seems to have been serially homologous with the efferent 
branchial arteries beh ind ,  and as i t  went in the anterior wal l  of the 
fi rst gil l-sac, i t  is  very l ikely Ihat  i t  recieved the blood from the anterior 
ha l f  of that gil l-sac and thus was the premandibular efferent b ranchial 
artery. 



DOWNTONIAN AND  DEVONIAN VERTEBRATES. I 1 8 1  

Text. fig. 4 1 .  Cephalaspis !weU. Sketch showing how the three most posterior elferent 
branchial  arteries probably arose from two ne ighbouring branch ial fossae. 

Magn ification  about 8/1 . 
a. ejf4 - a. ejf9, elferent  branchial  arteries 4-9 ; a. eiJ com, canal for the arteria bran

chial is  elferens  communis .  For the lettering in general see text-fig. 33. 

The dorsal field of  the external surface of  the viseerai endoskeleton 
was, in  the rostrai part , supplied with arterial blood by branches from 
the a .  facial is ,  more exactly by the  anterior  branches, by the  mandibular 
branch and by the lateral i n fraorbital branch from that artery. And as 
the canals of these branches have al  ready been dealt with above in  the 
description of  the ethmoidal region ,  on ly a few remarks remain here to be 
added concerning them .  As is  well shown by text-figs. 28, 44, 46, 47 and 
certain of  the plates (pls .  27 ,  28 ,  45, 49, 55) the canal or canals for the first 
one or  the first ones of  these branches passed on the portion of the rostrai 
part o f  the viseerai endoskeleton situated anteriorly or antero-medial ly to 
the canal for the n .  profundus (Vl ) .  And as i s  also obvious from the figures 
and plates cited (cf. a lso pls .  29, 30) the can al for the mandibu Jar  branch 
(a. am) had its course on  the portion of  the viseerai endoskeleton between 
the canal for the n .  profundus (Vl) and that  for the n .  trigem inus proper 
(V2 ) ,  whi le the canal for the lateral infraorbital branch (a. iol) went on the 
portion o f  the viseerai endoskeleton fal l ing between the canals for the n .  
trigeminus proper (V2 )  and that for the n .  facial is (VI I ) .  Accordingly w e  ti n d  
that the branches o f  the a .  facial is t o  the dorsal field of  the external surface 
of  the viseerai endoskeleton had a rather distinet metameric disposition . 
Final ly ,  i t  should be  pointed out  that ,  as i s  well seen from their canals ,  
the  mandibular and l ateral i n fraorbital branches of the a .  facial is went 
down to and supplied the anterior parts of  the lateral electric field .  

The dorsal field of  the outside of  the viseerai endoskeleton behind 
the orbi t  received its arterial b lood generally from four superficial arteries, 

.. 
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the dorso- Iateral superficial arteries 1 -4. The canals for these arteries 
(a. sa, a. sml ! a. sm2 and a. sp) are often very distinctly displayed in 
the specimens (text-figs. 28, 44, 46-48, 49 ; pls .  20, 23, 25, 27, 29, 30, 39 44,  
47 ,  49 ,  50 ,  55) ,  and it is  eas i ly ascertained that the fi rst one (a .  sa) l ies 
above the interspace between the canals for the n .  facial is (VI I )  and the 
n .  glossopharyngeus ( IX a), that the second (a. sml) and th ird (a. sm2 ) ones 
have their posit ion above the interspace between the canals for the n . glosso
pharyngeus and the fi rst branchia l  branch of the n. vagus (XbrJ ,  while the 
remain ing one (a. sp) presubably goes above the interspace between the  fi rst 
and second branchial  branches o f  the n .  vagus .  I t  is  also clearly seen that 
the can als for the dorso-Iateral superficial  arteries alternated in  a rather 
regular way with the can als (sell-sel6) for the nerves to the lateral 
electric field. And there can be no  doubt, therefore, that the dorso-Iateral 
superficial arteries 1 -4, l ike the anterior and lateral branches of  the 
a. facia l is, had a metameric arrangement. W e  a r e t h u s  a b l e  t o 
e s t a b l i s h  t h e  v e r y i n t e r e s t i n g  f a c t  t h a t  a l l  t h e  c h i e f  d o r s a l  
s u p e r f i c i a l  a r t e r i e s  h a d  a m e t a m e r i c  a r r a n g e m e n t. I t  should 
further be mentioned here that ,  as their canals  reached down to the 
lateral electric fie ld ,  the four dorso-Iateral superficial a rteries carried 
b lood inter al ia also to the lateral e lectric Ile ld .  

As we have found,  the cana ls  for the dorso-lateral superficial arte
ries issue from the dorso-lateral part of the vestibular d ivis ion of the 
labyrinth cavity (text-figs. 1 8, 1 9, 23 , 25 , 26 ; section series A ,  nos .  54-92 ; 
section  series B ,  nos .  1 -38 ; section series C ,  nos .  8 1 - 1 07 ;  section series 
D, nos .  1 - 1 0 ;  pls .  1 7 , 1 8 , 23-25, 44) .  But whi le in  certain  cases they 
are rather independent o f  each other throughout their extent, they may 
i n  other cases unite with each other and with neighbouring canals in  
the vicinity o f  the labyrinth cavity. And owing to this the number of  
canals for dorsalateraI superficial ve ins  issuing from the labyrinth cavity 
is, as we already have seen (pp. 87-90 above) , subjected to considerable 
variations .  

Before we leave the canals for the dorso-Iateral superficial a rteries ,  
i t  deserves to  be  mentioned tha t  either from the  proximal  part o f  the  
fourth one (a .  sp) or from the  common canal (a. slem) arisen by the 
fusion on the fourtb with the th ird one o f  these canals ,  there issues a 
rather considerable branch in a postero-Iateral d irection (text- fig .  48 ; 
p l .  25), a branch which , i n  its turn , soon divides into severaI finer 
branches. I t  seems very l ikely that the dorso-Iateral superficial arterial 
branch transmitted by i t  represented either a fi fth dorso-lateral superficial 
artery or  a num ber of  posterior  vestigal dorso-Iateral superllcial a rteries. 

In many of  the speeimens i t  is  d istinctly seen that a l l  the canals 
for superficial branches from the a. facial is ,  the can als for the dorso
lateral superficial arteries , the canals for superficial branches from the 
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marginal and eornual arteries, the eanals for the ventrai superficial 
braneh of the a .  subc1avia as well as the eanals for the arteries to the 
dorsal s ide of the endocran ium on the external surfaee of the endo
skeleton - that i s  to say between the exo- and endoskeleton - break 
up into a very gre at num ber of fine branehes which anastomose with 
eaeh other, forming a plexus of  can als , a plexus of  canals that lodged 
the subaponeurotie vaseular plexus p ls .  25 ,  39 ; pl .  40 ,  fig .  5 ;  pl .  45)  
a lready referred to above (pp .  34, 35) . And we thus find that the su ba
poneurotic vascular plexus reeeived blood from the superfieial branehes of 
the a .  faeial is , from the dorso-lateral superfieial arteries ,  from the postor
bital superficial artery and other superficia l  arteries on the dorsal side of 
the endocran ium,  and in  addit ion from the marginal and eornual arteries 
and the r. superfieial is ventralis of the a .  subc1avia .  

On  the  posterior surfaee o f  t he  postbranchial wall we find the 
openings of eertain fine canals which issue from the the canal for the 
arteria subc1avia ,  the eanal for the efferent branchia l  artery 9 and the 
canal for the arteria branehial is efferens eommunis .  These line eanals ,  
the two most important of  whieh are denoted i n  the figures (text
figs. 34-35 ; 39, 40), by the letters a. pbrw and a. pbrw1 , evidently 
transmitted arteries to the postbranchial wall , particularly to the posterior  
s ide  of that. The postbranchial  wall thus �eceived i t s  arterial blood from 
the a .  subc1avia ,  from the  most posterior efferent branchial arteries, and  
from the arteria branchial is efferens communis . 

Between the subc1avian ridge (r. subcl) antero-medial ly and the 
endoskeletal shoulder-girdle postero-laterally there, is  i n  al l  Cephalaspids, 
a paired rather wide opening (pls. 9, 1 4, I S ;  pl .  47, fig. 1 ,  p l .  52 ; p l .  53, 
figs. 2, 3) which leads antero-Iaterally into a big paired cavity lettered 
vs. marg in the figures. This cavity (text-figs. 9- 1 2, 34-36, 39, 40 ; 
seetion series A ,  nos .  1 56, 1 65- 1 67 ;  seetion series C, nos .  1 08- 1 22 ;  
seetion series F ,  nos .  24-55 ; pls .  1 5 , 22 ; p l .  23 , fig.  3 ;  pls .  5 1 , 52, 58) i s  
bounded postero-laterally by the endoskeletal shoulder-girdle ,  medial ly by 
the lateral part o f  the  postbranchial wa l l  and the most posterior portion 
of the la teral part of the viseerai endoskeleton ,  and i s  situated above the 
d istal part of  the canal for the arteria subclavia, very close laterally to 
the branehial fossae 5 and 6.  Both in  Cephalaspis hoeli (text-figs . 9- 1 2, 
34 ,  39 ; section series F, nos .  29-4 1 ;  pls .  20, 22) and in  Kiaeraspis 
(text-fig. 36, p l .  5 1 ,  52) it opens anteriorly by means o f  a rather narrow 
foramen into a wide can a l  v. marg, whereas in certain other forms such 
as Boreaspis rostrata (pl .  1 5) i t  seems to pass over rather gradual ly 
i nto that canal .  I nto the antero-ventro-medial  part o f  i t  open two short 
canals Vb and Vs (text-fig. 34 ; section series C ,  nos. 1 1 1 - 1 1 5 ;  seetion 
series F, nos. 38-53 ; pls. 1 0, 20, 22) , which ascend from  the most 
basal parts of  the branch ia l  fossae 5 and 6 ;  and to i ts postero-dorsal 
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part th ere leads a short canal (v. br ,  text-figs. 9- 1 L 34, 35 ,  39, 40 ; 
section series C ,  nos .  1 1 9- 1 22 ;  section series F, nos .  28-33 ; pl .  1 0) 
from the dorsal part of the pectoral s inus .  

The can al  v. marg (text-figs. 1 1  J 1 2 , 36, 39 ; section series A nos 
1 57- 1 58 ; section series B ,  nos .  1 , 6 ;  section series C,  nos .  1 1 7- 1 26 ;  
section series F ,  nos .  29-62 ; pls . 1 5 , 20, 22, 44, 5 1 ,  52, 58) ,  i f  for a detai led 
examination we next turn to that , i s  situated in the most ventraI port ion of  
the lateral part  o f  the viseeraI endoskeleton of each s ide ,  c10se la teral ly to 
the lowest part of  the oralo-branchial chamber, and reaches from the cavity 
vs. marg forwards unti I  just opposite the basal part o f  the branch ia l  fossa 1 .  
As a whole ,  i t  narrows rather much forwards, t hough not gradually ,  as  
a ru le ,  the parts o f  i t  situated just opposite the i n terbranchia l  septa 
1 -3 being in  most cases considerably widened in  proporti on  to the 
parts of  i t  which l i e  j ust opposite the basal parts o f  the branch ial fossae 
2-4. Expressed i n  another way, i t  has a swel l ing situated lateral ly to 
each of  the in terbranchial septa 1 -3 (text-figs. 36,  39 ; p l .  5 1 ) , th ough 
i t  gets as a whole a smal ler d iameter forwards. I t  is in communicat ion 
by means of  the short canals V1 -V4 (text-figs. 4, 36 ; section series C, nos .  
1 1 2- 1 2 1 ;  section series F ,  nos .  38-49 ; p ls .  22 ,  5 1 )  wi th the most ventraI 
parts of  the branchia l  fossae 1 -4 and by means of severai fine  branches 
with the canal for the m arginal artery (a .  marg) which l ies c lose l atera l ly 
to i ts  three posterior  fourths and opens into i t  with the anterior end 
just opposite the anterior basal part o f  the branchial fossa 2 .  

Behind the cavity vs. marg, we find the basa l  par ts  of  the post
branchial wal l ,  on each side of the median l ine ,  perforated by four, 
short fine canals 1', -1'10 . More c10sely defined, these short can a ls ascend 
from the most basal parts of  the branchial fossae 7- 1 0  in  a dorso
postero-Iateral d irection to the ventrai part o f  the posterior  surface o f  
t h e  postbranchia l  wall  (text-figs . 4 ,  33, 34,  3 5 ,  36, 39, 40, 4 1  ; section series 
C,  nos .  85- 1 1 0 ;  section series F,  nos .  39-58 ; pls . 9, 1 0, 20, 22, 5 1 ;  p l .  53, 
fig .  3 ;  pl . 58) .  In view o f  both their course and their posit ion ,  they must 
beyond question be serial ly homologous with the canals 1'1 -V6 ' i n  front ,  
which apen into the can a l  1'. marg and the cavity 1's . marg. In severaI 
cases two neighbouring ones among the posterior four  o f  these canals 
have been found to un ite with each other during their course to t he  
posterior  surface of t he  postbranchial  wal l ,  so t ha t  not  rarely they may  
open on  th i s  surface on ly  with two or  three openings (see text-figs. 39, 
40 and pl . 1 0) .  

Somewhat l ateral ly t o  the most  ventraI part o f  the foramen for 
the truncus arteriosus (tr) or the homologoue of that ,  i f  there i s  a single 
big oesophagus-truncus-arteriosus foramen,  a paired canal , lettered fy in 
the figures (text-figs. 4 ,  33, 34, 35, 36, 39, 40 ; section series F,  nos. 54-58 ;  
pls .  9, 1 0, 20) , p ierces the most  ventraI part o f  the postbranchial  wall 
from  the posterior to th e anterior surface. The opening of  that canal  
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on the last-mentioned surface l ies slightly lower than that on t :1e  other 
and , as is well shown by text-fig. 33, i n  addition somewhat medial ly to 
the ventraI part of  the branchial fossa 1 0. At least i n  the species of 
Cephalaspis hoeli used for section series F (nos. 54-57) there was c lose 
antero-medial ly to the canal fy a second,  though much finer ,  canal (fz), 
which also perfo.rated the postbranchia l  wall from  the posterior to the 
anterior surface . 

Owing to its posit ion just medial ly to the can al for the marginal artery 
and to its width and shape otherwise, we can hardly be in  doubt that 
the canal v. marg and the cavity vs. marg lodged a big vein ,  which was 
widened between the branchia l  fossae. This vein which , on account of 
its position  in  the cephal ic shield , may be term ed the marginal vein ,  
certain ly cont inued for some d istance postero-medial ly behind the ventraI 
part of the postbranchial wall above the canals V7 -V1 0 of its side ; and 
i t  seems beyond question that  the vessels which were lodged in  these 
can als ,  as well as  those which traversed the canals Vi-V6 , opened in to 
it .  The canals Vi-V1 0 were thus ,  as far as  we can j udge, traversed by 
transversal ly running veins ,  which came from the superficial parts of 
the ventraI s ide of  the branchial region .  These veins may be cal led 
the V Y .  superficiales transversales ventra les .  

On account o f  their position ,  d istribution and connections with each 
other ,  i t  i s  not  d ifficult to see that the v .  margina l i s  and the ventraI 
superficial transversal veins correspond respectively to the v .  longitudinal is  
dorsal is and the ma in  parts of  the system of  transversal superficial ve ins 
of  the Petromyzontids (text-fig. 99 ; cf. CORl 1 906, pp .  56-63 ; p l .  I l , 
pl .  1 2, fig.  3 ;  HATTA 1 922, pp .  1 95-202) . The canal fy already described 
was probably traversed by a veln which m ay have corresponded to the 
ven a seperficia l i s  longitudinal is  ventralis  o f  the Petromyzont ids ,  and  i t  
wi l l  therefore be referred to as the  cana l  for the  vena  superficia l is 
longitud inal is ventral is .  The ventraI  transversal superficial veins probably 
were in communication ventrally with the ven a superficial is longitud ina l i s  
ventralis . The m arginal  ve in received severaI smal l  superficial tributaries 
from the lateral margin of  the shield and from  the ventraI rim ,  and 
both i t  and the vena superficia l is ventra l i s  may in  their turn have un ited 
and emptied into the vena j ugularis ventra l i s .  How I imagine the marginal 
vein ,  the ventraI transversal superficial veins ,  and the ventraI l ongitudina l  
superficial vein to have been situated i s  further e lucidated by the 
restoration given i n  text-fig. 50. And as we flnd ,  i t  is not d ifficult to 
see that the Cephalaspids had a superficial  vein system which was very 
suggestive of  that in  Petromyzontids. 

The anterior fourth of  the canal v. marg was conceivably traversed 
not only by the marginal vein but also by the most rostraI part o f  the 
marginal artery, for, as we have seen, the canal for that artery j oins 
with and opens into the canal v. marg anteriorly opposite the branchia l  
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fossa 2. Anteriorly to the eanal v. marg, as above defined,  the rostrai 
artery may probably have eontinued forwards through the eanal va , 
(text-figs. 4 ,  36 ; seetion  series F, nos .  45 ,  49 ; p l .  5 1 ) , and it is not improbable 
that ,  m ost anteriorly within that eanal  i t  was eontinuous with and passed 
over into a fine anterior braneh of  the truneus arteriosus. The eanal 
va, would thus i f  the opin ion now advaneed is  true have been an 
arterial eana l .  But the possibi l ity is  not to be ent irely denied ,  however, 
that instead i t  may have transmitted a vein, and sinee i t  opens into the 
oralo-branehial ehamber with i ts anterior end i t  wou ld i n  sueh a case 
with this end be serial ly homologous to the canals V1 -Vl O and would 
al lude to that there perhaps primari ly had been stil l one branehial fossa 
anteriorly to the premandibular one which is  now the most anterior 
one found .  

The ve nous blood from the most antero-medial  portion of  the dorsal 
field of  the external surface of  the viseerai endoskeleton was usual ly 
to a great extent eolleeted in to superficial  veins ,  whieh went forwards 
towards the rostral end of  the region ,  un it ing during their eourse 
forwards into wider veins. The canals of  this vein-system ,  whieh will 
be ealled the rostrai vein-system,  vary mueh i n  num ber, extent and 
eourse in  d ifferent forms. They go a l l  forwards unti l  somewhat posteri
orly to the rostral margin ,  where they eurve downwards and penetrate 
in to the interior of  th e region ,  opening there into a thiek cana l ,  the 
rostrai vein s inus (vs. r ,  text-figs. 36 ,  50 ; section series C,  i n  severai 
of  the figures between the numbers 2- 1 00 ;  section series F ,  nos. 39, 
42,  49 ; pls. 44, 45, 5 1 ) , which runs eoneentrical ly with th e anterior  
margin of the eephalic shie ld .  Th i s  ve in  s inus ,  i nto whieh there also 
open several canals from the rostrai margin ,  reaehes on  eaeh s ide of  
the median l ine  as far postero- Iateral ly as somewhat behind the pre
b ranchial ridge, there turning backwards and opening into the oralo
branehial cam ber very c!ose above the oralo-branchial fenestra and 
sl ightly in  front of the anterior or ifiee of  the eanal  va. 

For the detai led study of the eanals for the rostrai vein-systern we 
fi rst turn to Kiaeraspis and  Hoelaspis, and a fter these to the Cephal
aspis-species. 

In Kiaeraspis (text-figs. 28, '36, 50 ; pls .  49, 5 1 )  the medial  eanals 
of  the rostrai vein-system arise from the subaponeurotie plexus far 
back on the rostral part of the viseerai endoskeleton ,  i n  faet c!ose in  
front  of  the  nasal aperture. During their eourse forwards these m edial 
eanals jo in  eaeh other, form ing in  this way a rather th iek median rostrai 
vein eanal (v. rm) which goes forwards to the rostrai vein s inus .  The 
lateral eanals (vv. rs) ,  on the con trary, ar ise mueh less forwards and do  
not j o i n  very much with eaeh other, bu t  general ly they go as inde
pendent eanals  to the rostrai vein s inus .  Owing to the faet that the 
median superficial portions of the rostrai part o f  the viseerai endo-
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skeleton thus were chiefly drained by the rostrai vein- system ,  the 
tributary branches to the can a l  for the vena capit is latera l is  have, as 
we shai l  find,  only a rather  sl ight extension in  these port ions.  

Hoelaspis seems in  m ost respects to resemble Kiaeraspis very 
much with regard to the system of  rostrai vein  canals (pls .  44, 45) , but 
the median canals ,  however, do  not j oin  each other unt i l  c lose behind 
the rostrai vein s inus .  

In the genus Cephalaspis the system of rostrai vein canals seems 
to exhibi t  rather great variat ions in  d ifferent species .  As a rule ,  however ,  
it seems to be less developed here and to extend less far backwards 
with its media l  can a ls than in  the two genera a lready dealt with .  N ot 
rarely it may be asymmetrical in arrangement .  I n  C. vogti, i n  wh ich i t  
is  best known (text-fig. 47 ; p l .  27) ,  its canals on  each side of  the median 
l i ne uni te with each other, but whi le in  this way there is  forrned on 
the left s ide a chiefly l ongitudinal  trunk (v. rl) there arises instead on 
the r ight s ide a trunk (v .  rh) concentrical ly with the anterior edge of 
the shie ld .  U nl ike i n  C. vogti the rostrai vein canals of C. spitsbergensis 
seem to have gone forwards rather independent of each other (text
fig. 49 ; pl. 39) . Un fortunately ,  however, they are very imperfectly 
known in that species .  Final ly in a Cephalaspis- specimen,  probably 
perta in ing to C. arcticus (text-fig. 5 1 ; p l .  40, fig. 5) ,  the system of  rostrai 
veins must have been restricted on ly  to a very narrow zone along the 
rostal margin of the region ,  for, as is  distinctly seen , the vein cana ls  on  
the antero-media l  parts of  the  upper s ide  of  the  region al l  go  back
wards ,  j o in ing the canal for the right ven a capitis lateral is ,  which in this 
way is  very much extended forwards and much more strongly developed 
than its fel low of  the left s ide .  The veins on the upper side of the 
region of this specimen are thus very asymmetrical in  their a rrangement .  

The usual ly big vein which was lodged in  the rostral vein s inus 
was postero-ventral ly  probably cont inued by a semicircu lar vein which 
was situated within the soft t issue latera l ly and posteriorly to the mouth 
opening ; and there is thus much reason to bel ieve that there was an 
annular vein sinus around the mouth , as in  Cyclostomes. This annular 
vein sinus was perhaps in  communication with the ventral l ongitudina l  
superficial vein of each s ide (text-fig. 50) . 

The  part of the subaponeurotic vascular plexus of the dorsal s ide 
of  the visceral endoskeleton behind the one from which the rostrai vein 
system arose was drained by six veins,  the dorso-lateral superficial 
veins, which a l l  ascended to and emptied into the v .  capitis lateral is .  
The canals for these veins - the four posterior ones of  which have 
a lready been dealt with rather much i n  detai l  above (pp. 75-76) - are 
those which are lettered v. lSl-v. lS6 in the figures (text-figs. 23-28, 
46-5 1 ;  section series C ,  nos. 66- 1 1 3 ;  pls .  1 7 , 1 8 , 20, 24-30, 39, 40, 
4 1 , 45 ; pl. 47, fig. I ;  pls . 49, 50, 53 , 55) .  
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The most anterior one ,  v . lsl '  of these canals is always situated on  
the  dorsal part o f  the viseeraI endoskeleton sl ightly medial ly to the  
canal for the n .  profundus (VJ . As a rule, i t  is  rather short and narrow ; 
but in certain  forms in which the rostraI veins ,  particularly the l ateral 
ones,  have on ly a rather sl ight extension backwards, i t  is  developed 
more in  length forwards, so that in  these forms the vein l odged by it  
drained a much larger area of  the subaponeurotic vascular plexus than 
was otherwise the case .  And in the speeimen of  C. arcticus figured in 
text-fig .  5 1 ,  and pl .  40,  fig. 5 in  which, as has been pointed out, the 
rostraI veins are very short ,  extending only sl ightly behind the rostrai 
vein s inus ,  the right canal  for the first dorso-Iateral superficial ve in ,  
as has also been remarked , has increased very much in  length and i s  in  
communicat ion with can  a l s  for the  rostrai veins - conditions which 
evidently suggest that the dorso-Iateral superficial vein I of the right s ide 
was very strong and drained by far the greater portion o f  the sub
aponeurotic vascular  plexus on the rostraI part of  the viseerai endo
skeIeton . The canal for the dorso-lateral superficial vein l always opens 
into the canal v. cll for the preorbital divis ion of  the v.  capitis latera l is .  

The dorso-Iateral superficial vein canal  fol lowing next backwards, 
that is the one lettered v. ls2, reaches with i ts most ventro-Iateral branches 
into the la teral electric fie ld .  As a rure , i t  passes fi rst dorso-medial ly and 
slightly posteriorly on the portion of  the viseeraI endoskeleton between 
the canals for the n .  profundus and the n. trigeminus proper, then 
curving more medial ly or  antero-medial ly and uni ting with the canal 
v. cll  for the preorbital d ivis ion of the v .  capi t is l ateral is ,  more or  less 
far behind the canal  v . lsl . In most cases i t  has to cross the canal for 
the n .  profundus in  order to reach the canal v. cll ! and its dorso-medial 
port ion therefore partly fal ls on the rostraI part of  the vicseraI endo
skeieton .  

The canals for the dorso-lateral superficial ve ins  3-6, l ike the  
second one just described,  can al l  be traced down in to  the la teral electric 
field . Of them the th ird one from in front ,  v. Iss , passes above the 
in terspace that was l im ited by the n. trigeminus proper and the n .  
facia l i s ,  t h e  fourth one, v. ls.t , above t he  interspace that  was l im ited by the 
n .  facial is and the n .  glossopharyngeus, the fi fth one,  v. Iso , above the in ter
space that was I im ited by the n .  glossopharyngeus and the fi rst branchial 
branch of the n .  vagus, and final ly the sixth one,  v. sis , be hind the l ast
ment ioned space. And it i s  thus clear that these four canals for dorso
lateral superficial veins a lso alternated with the nerves and had  a 
metameric arrangement. Accordingly we find that the dorso-lateral super
ficial veins in fact represented the dorsal port ion of a system of meta
merically  arranged transversal veins ,  the ventraI portion of which was 
constituted by the ventraI transversal superficia l  veins. I t  i s  very l ikely 
that the dorso-Iateral superficial veins ,  by means of very fine branches, 
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reached even ventro-Iateral ly to the l ateral electric field  and were in  
communication with the  marginal vein .  

H ow the canals for the four posterior dorso-Iateral superficial veins 
went in  their m ost dorso-medial portions and how with these portions 
they jo ined each other in  d ifferent ways in  d ifferent forms has a lready 
been ful ly de alt with above on pp. 75 -76, to which the reader is  referred 
for further detaiIs concerning them .  

From the accounts given o f  the vascular canals o f  the visceral endo
skeleton we have be en able to establ ish that the Cephalaspids had in 
the head a system of superficial arteries and veins  with a very distinct 
metameric arrangement. And as this metameric arrangement also i s  in 
accord with the metameric arrangement of the branchial nerves and 
branch ia l  sacs, we find that  branch iomery, neuromery, Jnd vasomery in  
the head  were a l l  in  complete agreement  with each other. 

Before we leave the visceral endo-skeleton i t  should be noticed that 
i n  one specimen of Kiaeraspis the upper surface of  the oralo-branchial 
chamber, on the orbital prominence and somewhat anteriorly to this ,  
has two paired series of short obl iquely transversal ly arranged grooves. 
The detail ed appearence of these series of grooves is  well shown in 
text-fig. 36 and in pl. 5 1 .  What their function m igh t have been I have 
so far not been able to ascertain .  

C r a n i a l  n e r v e s . 

As i n  the account given above the d ifferent nerves of the head have 
been dealt with in  connection with the description of their canals ,  and thus 
not at a l l  coherently, i t  may be of  importance to give here a summary 
of  what can be  concluded concerning their com ponents and course . 

Spino-occipital nerves must have been present in a l l  Cephalaspidae .  
In the Cephalaspis-species and i n  the  Cephalaspids with a short occipital 
region they were at least two (text-figs. 32, 43) , but never more than 
three. In Kiaeraspis and i n  other forms with a long occipital region ,  
on the o ther  hand, they probably always exceeded tha t  num ber .  As i s  
ful ly  evident from the posit ion of  the i r  cana l s  (nv1 , nv2 , nd1 , ndz ' etc. , 
text-figs. 1 5- 1 7, 20-27, 28 ; pls .  1 8, 1 9 ;  p l .  23, fig.  3 ;  p l .  44 ; spi, pl . 53, 
fig.  I )  th rough the l ateral wall o f  the occipital region they al ternated with 
each other i n  such a way that each one of those on the right side left 
the cavum cerebrale crani i  sl ightly in  front  of the corresponding one of  
those on the left s ide .  In  this respect therefore they vere l ike the spi nal 
nerves of A mphioxus and  the recent Cyclostomes (text-fig. 38) . I n  addition ,  
i t  seems as i f  they al l  had dorsal and ventraI roots, and as i f  these roots 
had not un ited but passed off separately, without uniting into a spinal 
gangl ion ,  quite l ike the dorsal and ventraI roots of the spinal nerves 
o f  A mphioxus and Petromyzon. 
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Like the spino-occipital nerves, the spinal nerves of the right and 
left s ides certa in ly a lso alternated wi th each other ,  and their dorsal roots 
probably also did not unite with their ventrai ones. And as far as can 
be judged therefore the Cephalaspids, with regard both to the spino
occipital and spinal nerves, presented cond itions which otherwise are 
found only among the Cephalochordata and Cyclostomata. 

The roots of the n. glossopharyngeus and  of the n .  vagus as well 
as the roots o f  the metaotic lateral is  nerves al l  left the cavum cerebra le 
crani i  through a com mon canal , the vagus cana ! .  I n  severai ca ses they 
remained probably during their ent ire passage through this canal closely 
or rather closely associated with each other ( I X  + X, textfigs. 20-22, 28) , 
i n  other ca ses the glossopharyngenus-roots diverged more or  less from 
the vagus roots and emerged from the crania l  wa i l  by a branch ( IX ,  
text-figs. 1 5- 1 7, 23 , 24 ,  26) o f  their own  o f  t he  vagus cana l ,  a branch 
which is  terrned the glossopharyngeal branch . 

The vagus roots became ganglionic probably a l ready with in  the 
distal part of the vagus canal ,  but the main part of their ganglionic 
complex seems to have be en situated j ust externai ly to the crania l  wai l ,  
posteriorly to the postbranchial wal ! .  More exactly ,  the  chief part o f  
thei r gangl ionic complex probably occupied a rather d istinct p i t  on the 
upper part of  the posterior surface of  the postbranchia l  wai l  (text-fig. 1 4) ,  
a pit ,  which perhaps i n  many cases may have been imperfectly bridged 
over posteriorly by bone. 

O f  the branchia l  branches of the n .  vagus the fi rst one arose from 
the gangl ionic com plex close externa i ly to the  vagus cana! . I mmediately 
after its origin i t  turned antero-ventro-Iaterai ly and went in to the cana l  
X br1 (text-fig. 4 ,  1 3, 28, 33, 34, 39 ; sect ion series A,  nos .  62-65 ; section 
ser ies C ,  nos .  79-- 86 ;  section series E,  nos .  7- 1 2 ;  section series F ,  nos .  
2 ,  3 ;  pls .  28, 52,  57) th rough the ventraI  wal l  of the ot ie region below the 
vesti bular division of the labyrinth eavity to the oralo-branchia l  ehamber ,  
whieh it reached rather far dorso-media l ly i n  the braneh ia l  fossa 5 ,  more 
or l ess close l aterai ly or  postero-Iateral ly to the otie prom inence . Already 
during i ts passage th rough the ventraI wail o f  the  otic region i t  gave 
off a rather strong  braneh ventra i ly to the dorso-media l  part o f  oralo
branchial cham ber, a branch which traversed a eanal of  its own (Xbr!", 
pl .  52) and which certa in ly must have supplied the pharynx and which 
therefore, as far as can be j udged, consisted o f  communis fibres. According 
to its course and position ,  this braneh seems to have been homologous 
with the visceral branch of the corresponding branchial branch of  the 
n. vagus in  Petromyzontids (cf. text-fig. 38 ; j OH N STON 1 905, pp .  1 87- 1 89) . 
During its further course ventra l ly the fi rst branchial branch o f  the n .  vagus 
probably passed chiefl y  medial ly to the interbranchia l  septurn 4 .  The other  
branchial branches of  the  n .  vagus certa in ly always took the i r  origin from 
the gangl ionic complex more dista i ly to the  v�gus cana ! .  Associated in to  two 
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o r  three trunks , they passed downwards and slightly posteriorly, and ,  atter 
having pierced the upper medial part of  the postbranchial wall by two 
or three short canal s (Xbr2 -Xbrs , Xbrp , Xbr ,  text-figs. 1 4, 33, 34, 36, 39, 40) , 
they entered the postero-dorso-medial part of the oralo-branchial cham ber 
posteriorly to the otkal prominence. In that chamber they must rather 
soon have separated from each other and have passed down to the 
medial  sides of  their respective interbranch i a l  septa ,  that i s  to say the 
interbranchial septa 5-9. I t  is a lso presurnable that ,  l ike the branchial  
nerves in  front ,  a l l  of them had a v isceral branch (text-fig. 43) . 

The ramus intestinal is vagi ,  i f  it was present, must have been given 
off from the vagus gangl ionic complex rather straight backwards. The 
n .  l ineae lateral is  probably rather soon laterally to the vagus can a l  took 
a postero-lateral d irection across the most dorsal portion of the posterior 
surface of  the postbranchial wall in order to reach the main lateral l ine. 

From what is  known so far concerning the n .  vagus i t  i s  evident 
that i t  was not exclusively composed of communis and viscero-motor 
fibres,  but that i t  also had general cutaneous and lateral is components. 

Probably the glossopharyngeus roots d id not become ganglionic unti l  
after their exit from the vagus canal ; and since they left the cranial wall 
close dorsally to the vagus roots , their ganglia may presumeably have 
been situated slightly dorsally to the pit in  which the chief part of  the 
vagus gangl ionic com plex had its posit ion. Accordingly we find  that the 
glossopharyngeus roots toa emerged and probably had their ganglia 
posteriorly to the postbranchial wal l .  After its origin from the gangli a  
the n .  glossopharyngeus went  first for a shor t  distance laterally along 
the posterior surface of the ot ic region, then i t  turned forwards and ,  after 
having p ierced the posterior wall of the otic capsule through the canal  
I Xp (text-figs. 1 8, 1 9, 26, 28 ; section ser ies D ,  nos. 3-7; pl .  25) ,  i t  traversed 
the postero-lateral corner of  the vestibular divis ion of the labyrinth cavity . 
From there i t  continued antero-latero-ventrally through the can a l  IX  a 
(text-figs . 4 ,  1 8 , 1 9, 23, 24,  25 ,  27,  28, 36, 43, 46, 47 ; section series A,  
nos .  65-97; section series B ,  nos.  1 8-25 ; section series C, nos .  95- 1 09 ;  
pls .  20, 28-30, 44, 49- 5 1 ,  p l .  54,  fig. l ;  p l .  62, fig. l ;  p l .  57) t o  the 
oral o-branchia l  chamber,  which i t  reached antero-lateral ly to the orbital 
prominenee in  the branchia l  fossa 3 ,  pro bab l  y always rather close 
dorso-medial ly to the interbranchia l  septurn 3 .  In Kiaeraspis (text
fig. 36, p l .  5 1 )  the condit ions of  the canal  I X  a show clearly that the 
n .  glossopharyngeus close, before its en trance into the oralo-branchia l  
chamber ,  divided into two chief branches ,  one of  which went antero
ventral ly, probably along the anterior border of the in terbranch ia l  
septurn 3,  whereas the other  took a postero-ventral course conceivably 
along the posterior border o f  the same interbranchia l  septurn.  As the 
last-mentioned one of these branches sent fine rami to the ex 0-
skeleton external ly to it ,  i t  must evidently have consisted of general 
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cutaneous fibres. And as this is  the case, i t  fol lows of  course that 
the antero-ventra l ly running branch must have consisted of  viseero
motor fibres for the innervation of the viseerai museulature situated in 
the in terbranchial  wa l l  between the gi l l-sacs 3 and 4 .  In any case it is 
hardly pro bable that the antero-ventral ly runn ing branch could h ave 
been a pretrematie branch , but that th i s  branch was absent .  

In certain  forms (pl .  28) a rather wide branch ( IXav) could be 
observed leaving the canal IX a on the ventrai  s ide,  rather close l ateral ly 
to the vestibular d ivis ion o f  the labyrinth cavity. As this branch went 
to the dorso-m edial part o f  the oralo-branch ia l  cham ber, the nerve
branch transmitted by it certa in ly was the serial homologoue of  the 
s im ilarly situated one of  the first branchia l  branch of  the n .  vagus ,  and,  
l ike that ,  i t  probably suppl ied the pharynx. Th is nerve branch seems 
thus to have consisted of  communis fibres and would obviously have 
been the r .  v isceral is of  the n .  glossopharyngeus. As far as can be j udged ,  
therefore, the n .  glossopharyngeus of  a l l  the Cephalaspids had a vi seerai 
branch , though , owing to the state o f  preservation of most forms it is  
usual ly impossible to prove i ts occurence. 

The n .  glossopharyngeus must have consisted of communis fi bres, 
viscero-motor fibres, general cutaneous fibres and probably also of 
l atera l is  fibres. 

With in the cavum cerebrale cran i i  the glossopharyngeus-vagus roots 
might perhaps be thought to have been accompanied by special electric 
fibres for the lateral and do,sal electric fields, and i f  i t  was so certa in 
of  these fi bres - those for the dorsal electric fie ld - would have left 
the cavum cerebrale crani i  through the canal dx, (text-figs. I S , 1 7-20, 
22, 23 , 26 ; section series A,  nos .  49-52) ,  whereas the  others -- those 
for the lateral electric field - would have passed to the labyrinth cavity 
associated with the n .  glossopharyngenus. I t  seems more probable, however ,  
that  no specia l  electric fibres for the electric fields had their exit from 
the cavum cerebrale more or less c lose in  relation to the glossopha
ryngeus-vagus roots, but that the can a l  dx instead gave passage e i ther 
to a nerve of  general cutaneous fi bres from the glossopharyngeus or 
vagus or to a l atera l is  b ranch from one of  the metaot ic lateral is nerves. 
It may also be thought that this canal ,  in addition to a nerve consisting 
of  general cutaneous or lateral is fi bres or  of  both, transmitted also an 
artery. Finally i t  is  a lso possible that the canal dx was a mere a rterial 
canal and had nothing at al l to do with dorsal nerve branches from 
the n . glossopharyngeus or  the n .  vagus. Which of  a l l  these al ternatives 
was true i t  is  i mpossible to say at  present. 

The n. acusticus probably d ivided a lready within the cavum cere
brale crani i  in to two branches, a ramus posterior and a ramus anterior. 
The r. posterior left the cavum cerebrale throught the can a l  V I I Ip (text
figs. 1 5- 1 7 , 1 8 , 1 9, 20-22, 24, 28, 32, 43 ; section series A, nos.  57-59 ; 
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aeust, aeustieum ; b. alf; bulbus olfaetorius ; jase. com, fascieulus eommunis ; g. proj, 
profundus gangl ion ; g. V, ganglion gasseri ; g. sac, gangl ion saeeulare ; g. utr, gangl ion 
utrieulare ; gen. cut, general eutaneous traet ; hab, habenular gangl ion ; hem, hemi
spheres ; ,kh, eerebel lum ; lat. ant, n . lateral is anterior ; med, medulla oblongata ; mh, 
meseneephalon ; n. ophth. cut, n .  ophthalmicus eutaneous ; n. pro!, n. profundus ; V. mot, 
viseero-motor root of the n. trigeminus proper ;  V. sens, sensorial part of the n. trige
minus proper ; V I I ,  n. facial is ; V I I Is ,  V I l lu ,  ramus saeeularis and ramus utrieularis 

respeetively of the n .  aeustieus ; IX, n .  glossopharyngeus ; X, n .  vagus. 

section series D, nos. 4-9 ; pIs. 25, 26, 49, 50) and entered the postero
ventro-medial  corner of the vestibular d ivision of the labyrinth cavity dose 
antero-ventralIy to the ampulIa posterior. From its mode of  entranee 
into the laby rinth cavity we may be justified therefore in conduding 
that i t  suppl ied the ampulla posterior and certa in parts of the vesti
buIum, j ust as the corresponding branch of the recent Cydostomes. The 
r .  anterior, which probably was thicker than the r. posterior ,  had its 
exit from the cavum cerebrale cran i i  through the canal V I I  + VI I I  a 
(text-figs. 1 5-22, 24, 28 ; section series A ,  nos.  63-70 ; section series 
B, nos.  1 9-25 ; section series C, nos. 4 1 -52 ; section series D, nos. 
2 - 1 9 ;  pls .  1 4 , 1 8 ;  pl .  1 9 , fig .  l ;  pl .  23, fig. 3 ;  pls .  24-26, 45, 47,  49, 
50, 55) together with the roots of the n. facial is , the prootic lateral i s  
roots and the roots of  the special nerves to the electric fie lds ,  and entered 
the vesti bular division of  the l abyrinth cavity dose to the bottom and 
somewhat ventrally to the ampull a anterior .  According to  ist course 
and mode of entrance into the labyrinth cavity, i t  must evidently have 
innervated the ampulla anterior, the anterior parts of  the vestibulum 
and the commisure. 

As was pointed out just above, the roots of the n .  faciaI is ,  the roots 
of the prootic lateral is nerves and the roots of all , o r  at least of the 

1 3  
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majority of, the nerves to the electric fields traversed , on their way out
wards from the cavum cerebrale cran i i ,  the canal V I I  + V I I I  a together 
with the n .  acusticus. Al l  of them thus entered the vestibular div is ion 
of the labyrinth cavity ; and those of the n .  facial is seem to have become 
gangl ionic im mediately after the ir  entrance there. More exactly, the ir  
gangl ia  may have been situated e10se to, or  on the bottom of, the 
proximal  part of the vestibular d ivis ion of the labyrinth cavity. The n .  
facial is proper, after its origin from its ganglion ,  traversed the basal parts 
of the vestibular division of the labyrinth cavity and , leaving i t  between 
the canals sels and se14 (text-figs. 4 , 1 3, 1 8, 1 9 , 23, 24, 25, 27, 28, 36, 46-48 ; 
section series A, nos.  72- 1 1 2 ;  section series D ,  nos .  9- 1 4 ;  pls .  23-29, 
44, 45, 49, 50, 5 1 ,  54, 55, 57), continued through the canal V I I  to the ora lo
branchial  chamber, which it reached more or less far laterally in  the 
branchial  fossa 3. Since the canal V I I  has a branch (VI Iv ,  p l .  23 , fig.  3 ;  
pl .  44) which seems to b e  serial ly homologous with the branch o f  the 
canal IX  a, which was considered to have transmi tted the visceral branch 
of the n .  glossopharyngeus, i t  i s  very I ikely that the n .  facial is too had a 
visceral branch. From the condit ions of the canal V I I  i n  Cephalaspis 
heintzi (pl .  29) and in Kiaeraspis (text-fig. 36 ; pls .  5 1 ,  55 ,  57) it i s  
obvious tha t  the n .  facia l is gave off branches to the superficial parts o f  
the  cephalic shield and  that most dista l ly ,  just before or at i t s  entrance 
into the oralo-branch ia l  chamber exactly as the n. glossopharyngeus, i t  
broke up in to two main  branches which went a long the interbranchial 
septurn 3. J ust as in  the case of the n .  glossopharyngeus, the anterior 
one of these branches must have consisted of viscero-motor fibres, while 
the posterior one was composed of  general cutaneous fibres .  A pretre
matic branch was, as far as can be j udged, ent irely absent .  From what 
i s  known so far of its canal therefore it is  easy to conelude that the 
n.  facial is was not exclusively composed of  viscero-motor and communis 
fibres but that i t  also had a component of  general cutaneous fibres and 
perhaps also one of lateral is fi bres. That a general cutaneous component 
was present in this nerve is  a very i nteresting feature, since such a 
component otherwise is known with certa inty in  i t  only among the 
Petromyzontids (cf. JOHNSTON,  1 905, pp .  1 85 ,  1 98) .  

The lateral is roots which entered the labyrinth ca vit y together with 
the facial is roots were probably two i n  num ber (text-figs. 32, 43) . I t  
seems l ikely that one o f  them became gangl ionic already shortly after 
reaching the labyrinth ca vit y ,  and that the nerve which arose from the 
gangl ion thus forrned traversed the vestibular  divis ion of that cavity 
accompanying the n .  facial is at least for some di�hmce distal ly in  order 
to reach certa in  sensory organs of  the l ateral 1 1 . ' <:: system lateral ly to 
the otic region .  The other root, on the contrary, immediately a fter its 
entrance into the labyrinth cavity, turned antero-laterally and reached 
the orbit after traversing the can al  l (text-figs. 1 8, 1 9, 24,  28, 43 ; 
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section series A,  nos .  7 1 -93 ; section series B ,  nos .  22-3 1 ;  section series 
C, nos. 49-66 ; section series D, nos .  1 -3, 8- 1 0 ;  pls .  1 4, 1 8 ;  pl .  1 9 , 
fig. l ;  pl .  23, fig .  3 ;  p ls . 25, 26, 49, 50, 55). I t  probably became gangl ionic 
j ust after its entrance into the orbi t .  And as far as can be understood ,  
i ts gangl ion was ,  therefore, s ituated on the bottom of  the orbi t ,  c lose 
lateral ly to the myodome and postero-Iaterally to the gangl ion gasser i .  
Of  the two chief nerves which arose fro m  this gangl ion one went for
wards ,  probably at l east for a certain  posterior stretch accompanying the 
n .  profundus, while the other associated with the n .  trigeminus proper 
must have passed fi rst along the lateral part of  the bottom of the orbit 
and then further antero-ventro-Iaterally in  the canal V2 • During its 
course within the orbit the latter nerve probably gave off severai bran
ches l aterally through certain or  a l l  of the canals bu and bu1-bu4 
(text-figs. 24, 28 ; section series A, nos.  1 05 ,  1 09, 1 1 5 ;  section series B, 
nos .  29, 3 1 -33, 37, 38, 43 , 46, 49 ; section series C ,  nos .  85 -89 ; 
section series D ,  nos .  1 -3,  1 4- 1 9 ;  pls. 28, 45, 49, 50) ; and ,  as far as  
can be judged from i t s  course and mode of branching, i t  thus  seems 
to h ave corresponded to the n .  buccalis l ateral is of fishes .  

With regard to their relations to the labyrinth cavity ,  the n .  facial is 
and the prootic l ateral is fibres must obviously have been alm ost exactly 
as  in the recent Petromyzontids (AHLBoRN 1 883, pp.  259-272 ; jOHN
STON 1 905, pp .  1 57- 1 63 ;  1 908) . 

The roots of the nerves for the electric fields were probably very 
strong and certa in ly occupied a conciderable part of the canal V I I  + V I l l a  
during their passage to the l abyrinth cavity. I f  they had any gangl ionic 
forrnations, which cannot be positively decided, these formations m ust 
have been situated in  the medial  portion of the vestibular d ivis ion o f  
the labyrinth ca vit y ,  probably o n  or  close t o  the bottom .  Be this a s  
i t  may ,  however ,  i t  i s  quite certa in that their fibres rather soon after 
the ir  en trance i nto the l abyrinth cavity,  divided into two groups, a lateral 
one which fol lowed the floor of the vestibular d ivis ion of  the labyrinth 
cavity laterally ,  and a dorsal one which went upwards into the dorso
medial  parts of  the labyrinth cavity. 

The lateral one of  these two groups in  its turn soon b roke up 
in to six thick nerves which a l l  traversed the vestibular division o f  the 
labyrinth cavity and had their exits from this through the canals seI1 ' 2 '  
sels ' sel4 , sel5 a n d  sels (text-figs. 1 8, 1 9, 23-28, 34, 43, 46-48 ; section 
series A-F ;  many of the plates especial ly, however, pls .  2 1 ,  27, 29, 30 , 
44, 45, 49, 50) , i n  which they continued to the l ateral e lectric fie ld .  
These nerves, which , i n  v iew of the ir  function wi l l  be referred to as the 
lateral electric nerves thus ,  after they had left the endocranium , perfo 
rated a considerable par t  of the visceral endoskeleton . Most of them 
did not  branch until - or rather dose be fore - the ir  entrance into 
the l ateral electric field .  The most posterior one, which was l odged in 
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the canal sel6 always had a postero-Iateral course. Most latera l ly i t  
perforated the dorsal part  ot th ;: endoskeletal shoulder-girdle (text-figs. 
1 3 , 34) . The next one forwards, that is  to say the Olle wh ich was 
transmitted by the canal seln ' l eft the vestibular d ivision of the laby
rinth cavity j ust behind or j ust postero-ventra l ly to the n. glossopharyn
geus and went rather straight lateral ly to the lateral electric field . The 
third one from behind,  i .  e .  the one which passed through the canal 
sel4 , always had a lateral and somewhat anterior d irection and crossed 
the n. glossopharyngeus on the dorsal side somewhat lateral ly to the 
anterior half  of the labyrinth cavity .  The fourth one ,  sti l l  counted from 
behind,  accord ingly the  one  which had i ts passage through the  canal 
sel� , went antero-Iaterally unti l i t  reached the lateral electric field .  I t  
crossed the  n .  facial is on  the ventrai s ide  rather elose antero-Iaterally to 
the labyrinth cavity. Final ly ,  the two most anterior ones both turned for
wards with in the vestibular divis ion of the labyrinth cavity and entered 
and traversed the canal Sel1 ' 2  elosely asso�iated with each other. Thus 
they passed first forwards elose laterally to the orbit and crossed the n .  
trigeminus o n  the dorsal s ide.  I n  the Cephalaspis-species the canal 
seIl ' 2 '  as we have seen, reaches on ly as far forwards as just anteriorly 
or antero-Iateral ly to the orbit , d ividing there into the branches sell and 
sel2 which diverge from each other and go antero-laterally to the anterior 
parts of the lateral electric field. And in  view of  these cond it ions it is  
obvious that the two most anterior  lateral electric nerves in  the Cephal
aspis-species most anteriorly or antero-Iatera l ly  to the orbit turned more 
lateral ly, dive rged from each other and went separately during the rest 
of their course to their area of supply. In Hoelaspis (pl. 45) , Boreaspis 
(p l .  1 4) ,  and Kiaeraspis (pls .  49, 50) , on the contra ry , as is obvioJS 
from the extension of the canal  seIl ' 2 '  the two nerves in question went 
associated with each other stil l further than in the Cephalaspis-species, 

i n  Boreaspis and Kiaeraspis even to or a lmost to their entrance into 
the lateral electric field. H ow al l  the six la teral electric nerves branched 
within the lateral electric Re id i s  well shown by text-fig. 28 and by pls .  
2 1 ,  30, 50 and by pl .  3 1 ,  fig. 3 ;  and we shal l  have the opportuni ty of  
returning to th is matter below in the special description of  the electric fields. 

Before we leave the lateral group o f  electric nerves the fact deserves 
to be emphasized that these nerves alternated in  a certa in regular  way 
with the ordinary branchial nerves and that accordingly they had a 
metameric arrangement (text-figs.  43 , 46, 47) .  

The  dorsal group of  electric nerve fibres .  im mediately after separating 
from the lateral group, went upward s and sl ightly postero-medial ly in 
the groove dsv on the medial side of the labyrinth cavity (text-figs. 1 8, 
1 9 ;  section series A ,  nos .  50-60 ; sect ion series B, nos .  1 8-23 ; section 
series C ,  nos. 1 ,  23-40 ; section series D, n os .  1 7-36) . I n  the upper 
part of th is groove - that is to say in the upper part of the com missural 
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division of the labyrinth cavity - they rather suddenly turned dorso
medial ly, or in certa in  cases dorso-medial ly and slightly posteriorly ,  and 
entered the wide canal des (text-figs. 1 8, 1 9, 23, 26, 27 ; section series 
A,  nos. 50-60 ; section series B,  n03. 1 8-23 ; section series C ,  n os. l ,  
23-40 ; section series D, nos. 1 7-36) . After having traversed this 
canal they reached the dorsal electric field ,  within which they branched 
very frequently and anastomozed with those of the opposite side. H ow the 
branching to ok place is  well displayed by the specimens figured in 
pls .  1 7 , 29 and 39. 

From their course in relation to the n .  facial is and i ts roots it seems 
not improbably that the electric nerves described here for the chief parts 
of the electric fields were in  reality a special ized part of the n. facial is .  
In this respect, therefore, the Cephalaspids would have been somewhat 
suggestive of Torpedo, in wh ich the first electric nerve is a part of  the 
n .  facial is (cf. DANIEL 1 922, p. 553) .  

Concerning the n .  abducens very little can be ascertained. Al l  that 
can be said of  it is  that - if it existed as an independent nerve - it 
may probably have emerged into the myodome together with the viscero
motor root of the n. trigeminus proper. 

The n. trigeminus proper and the n. profundus were very inde
pendent of each other ; and for that and other reasons to be given 
below , they wil l here be treated separately. 

In Cephalaspis hoeli and at  least in  severai other Cephalaspis
species too, the n. trigeminus proper arose from two roots - a ventrai 
one which consisted of viscero-motor fibres, and a dorsal one which 
was chiefly made up of general cutaneous fi bres but which in add ition 
probably also had communis fibres intimately asso:::iated with it . The ventrai 
root, which on  its way out from the cavum cerebrale crani i  traversed 
the canal V d (text-figs. 1 6, 1 7, 24, 43 ; sec ti on series A, nos. 70-86 ; 
section series B, nos. 1 9-29 ; section series C, nos. 1 -9, 35-4 1 ;  pl .  1 8 ;  
p l .  1 9, fig. I ;  pl .  2 1 ;  p l .  23, fig.  3 ;  pls .  25, 26) must have left the med ulla 
oblongata very low and cIose antero-ven tral ly to the acustico-facial is 
roots , approx imately as  the viscero·motor root of Myxine (text-fig. 42 ; 

cf. HOLMGREN 1 9 1 9) .  I t  emerged into the external part of the myodome. 
The dorsal root ,  which was transmitted from the cavum cerebrale crani i  
by the canal V c (text- figs. 1 6, 1 7 , 24, 43 ; sect ion series A ,  nos. ; 79-84 ; 
section series B, nos. 28, 29 ; section series C, nos. 33-48) , obviously 
l e ft the med ul la oblongata somewhat antero-dorsally to the ventrai root. 
Like that, it went to the external part of the myodome ,  which,  however, 
it ,  entered more dorsally and of ten a lso more lateral ly than that . 

Conditions very similar to those now described in Cephalaspis 
hoeli and other Cephalaspis-species with regard to the trigeminus roots 
proper and their exits probably occurred also in  Hoelaspis (p l .  45) in 
Boreaspis (pl. 1 4) and in Thyestes verrucosus (p l .  48, fig. I ) . 
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In Kiaeraspis also the n .  trigeminus proper probably arose from 
the medulla oblongata by two s im i lar  roots as in  the other forms, but 
the two roots , a t  least i n  severai cases, d id  not perforate the crania l  wall 
separately but th rough a com mon canal (V, text-figs . 20-22, 28 ; section 
series D, nos. 2- 1 4 ;  pls .  49, 50, 55) ; a canal which in addition trans
mi tted the roots of the n. profundus too. With regard to the place of 
entrance of the trigeminus roots in to the myodome Kiaeraspis seems in 
all essential points to have been quite like the other Cephalaspids. 

In al l  Cephalaspids the dorsal trigeminus root had at least a big 
ganglion gasseri forrned by the general cutaneous fibres, and possibly 
there was also a communis gangl ion .  The l atter, i f  i t  existed , however, 
was probably more or less int imately united with the former. For the 
sake of brevity, however, we shal l  here refer to the possibly somewhat 
compound ganglionic structure of  the dorsal trigeminus root only as  the 
gangl ion gasseri . From the course of the dorsal trigeminus root i t  i s  
quite c 1ear  that the ganglion gasseri , i n  that  somewhat wide sense, 
was chiefly situated i n  the postero-ventro-medial  part of the orbit ,  but 
that i n  addition with a small medial part i t  reached media l ly in to the 
external ( lateral) part of the myodome. In relat ion to the lateral is 
gangl ion forrned by the fibres wh ich entered the orbit through the canal 
l i t  lay at least chiefly antero-dorso -medial ly .  

In al l  Cephalaspids the trigeminus proper, after its origin from the 
ganglion gasseri went antero-laterally c lose to the floor of the orbit and 
was,  as has a lready been pointed out above (p .  1 95 ) ,  during this part 
of i ts course as wel l  as farther dista l ly for a considerable stretch accom
panied by a lateral is  nerve, which must h ave corresponded to the n .  
buccal is lateral is o f  fishes a n d  Petromyzontids .  I t  left t h e  orbit rather far 
anteriorly through the canal V2 (text-figs. 4, 1 3 , 24, 25, 28, 36 ; section 
series A, nos. 1 22- 1 55 ;  section series B ,  nos. 4 1 -55 ; se ti on series C, 
nos. 8 1 -9 1 ;  pl. 1 4 ;  pl. 1 9, fig.  l ;  pl. 2 1 ;  pl. 23, fig.  3 ;  pls. 28, 29, 45 ; 
49, 50, 5 1 ;  p l .  54; fig.  1 ;  p ls .  55, 57 , 58) and,  a fter traversing this canal -
whithin which probably branches issued from it to the superficial parts of 
the cephal ic sh ield - it definitely arrived into the oralo-branchial  chamber 
in  the l ateral (ventro-lateral) part of the branchia l  fossa 2, close dorso
medial ly to the interbranchia l  septurn 1 .  Like the n .  glossopharyngeus 
and the n. facial is ,  i t  gave off a ventrai branch to the dorso-media l  part 
of  the oralo-branchial chamber, a branch which seems to have gone to 
the anterior portion of the pharynx and which therefore, as far as  can 
be j udged, was a visceral branch. The can al  for this visceral branch is 
the one denoted V2V in the plates (pl. 23, fig. 3 ;  pl. 28) . Rather far 
d istally to its supposed r. visceral is ,  and at or close before its exit 
into the oralo-branch ial chamber, the canal for n .  trigeminus proper ,  
at leas t  i n  Kiaeraspis (text-fig. 36 ; p l .  5 1 ) , gave off an antero-ventral 
branch towards the anterior border of the upper end of the interbral1-
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chial septum 1 ,  whi le the chief part of it went postero-ventrally and 
divided into severai rami ,  which continued downwards on the medial  
side and along the posterior border of the same interbranch ia l  septum.  
And we thus  find that i t s  m ode o f  branching at the  dorsal end o f  i t s  
interbranchia l  septum was  on the  whole very much l ike  that of the  other 
branchial nerves nearest behind, and i t  i s  therefore very l ikely that the 
anterior branch , as in these nerves , was composed of v iscero-motor fibres 
and that this branch accordingly could not have been a pretrematic branch . 
A further support for this opinion is the fact that it does not seem very 
probably that the anterior branch could have crossed the entire branchia l  
fossa 1 .  With regard to the remaining portion of  the n .  trigeminus proper 
that passed to the medial  side and the posterior border of the inter
branchial septum 1 ,  i t  is of course probable that this , like the corre
sponding portion of  the n. facial is and the n. glossopharyngeus ,  consisted 
only of general cutaneous fibres ; but owing to its considerable size, 
however - combined with the fact that the visceral musculature within 
the interbranchia l  wall I ,  since this wall corresponded to the velum , 
probably was stronger than in the other interbranchial wal ls - it is  
rather l ikely that ,  i n  addition to these fibres, i t  a lso inc luded a com
ponent of  v iscero-motor fibres .  The presence of  a special velum nerve 
could  not be establ ished. 

As i s  shown by its m ode of branching, i t  i s  thus quite clear that 
the n .  trigeminus proper was composed of com munis fibres ,  v iscero
motor fibres and general cutaneous fibres ; but besides these i t  was also, 
for a considerable stretch , accompanied by a nerve of latera l is  fibres. 
Moreover the n. trigeminus proper was certainly in m ost essentia l points 
of a similar simple type as  the branchia l  nerves behind i t ,  but i n  its 
mode of branch ing distal ly, however, i t  seems to have been somewhat 
m ore special ized than these. Finally attention should be called to the fact 
that ,  i f, as I suppose, its posterior portion had a viscero-motor component, 
i t  would with regard to its branching have been rather suggestive of the 
corresponding nerve in the Petromyzontids (cf. text-fig.  38 ; jOHNSToN 
1 905, p l .  5) .  

The n. profundus certa in ly had in  a l l  Cephalaspids a rather th ick 
root which consisted ch iefly of general cutaneous fibres, but which in  
add ition had i ntimately j oined with it a num ber  of  communis fibres. 
This root, which for the sake of brevity will be referred to as the  
general cutaneous root, always wen t to  the  most  dorso-Iateral part of 
the myodome,  sl ightly antero-dorsal ly to the dorsa l  (general cutaneous
communis) root of the trigeminus proper. I n  Cephalaspis hoeji (text
figs. 1 5- 1 7 ;  section series A ,  nos .  78-93 ; section series B ,  nos .  30 
-37 ; section series C, nos. 29-42) , and probably also in severaI other 
species, i t  travers ed during its passage to the myodome the crania l  wall 
through a canal of its own (Vb) . In Kiaeraspis, on the contrary, i t  
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Text· fig. 43. Restoration of the bra in and 
cran ial nerves of a Cephalaspi d .  Dorsal 
view. On the left s ide the ord inary 
cranial  nerves, on the right s ide the the 

e lectric nerves. 

de, electric nerve to the dorsal electric 
field ; dic, diencephalon ; ep, epiphysis ; 
g. gass, gangl ion gasseri ; g. ls, lateral i s  
gangl ion s i tuated i n  t he  orbit ; g. proj, pro
fundus gangl ion ; hab. l, left habenular 
gangl ion ; hab. r, right habenular gangl ion ; 
lei -lea, electri c nerves to the lateral 
electric field ; mec, mesencephalon ; med, 
med ulla oblongata ; met, cerebellum ; 
n. buc, nervus buccal i s  lateral is  ; n. lh, 
lateral is  nerve which perhaps accompanied 
the n .  facial is ; n.  li ,  n .  l ineae lateral i s  ; 
n. ophth. lat, n .  ophthalmicus lateral i s  ; 
r. int, r. in testinalis vagi ; r. viscI-·r. ViSCIO, 
supposed visceral branches of the bran
chial nerves ; spil d-spi. d ,  dor-sal roots 
of the first and second spino-occipital 
nerves respectively ; spil v, spi. v, ve ntrai 
roots of the first and second spino-occiptal 
nerves respectively ; tel, telencephalon ; 
I, n .  olfactorius ; I l ,  n .  opticus ; I I I , n .  
oculomotorius ; I V ,  n .  trochlearis ; Vi> n .  
profundus ; V I  g ,  general cutaneou s (  + com
munis) root of  the n .  profundus ; Vim, 
viscero-motor root of the n .  profundus ; 
V2, n .  trigeminus proper ; V. g , general 
cutaneous ( +  commun is) root of the trige
minus proper ;  V.m , viscero-motor root of 
the n .  trigeminus proper ; VI I ,  n .  fac ial is ; 
V l le ,  electric roots or root of the n .  
fac ial i s ; V l I Ia, anterior branch o f  the 
n .  acusticus ; V I I Ip, posterior branch of 
the n. acusticu s ;  IX ,  n .  glossopharyngeus ; 
X, n .  vagus ; Xbn-Xbra, branchial  bran-

ches of  the n. vagus .  
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perforatedat least in  certain  cases the crania l  wal l  through the  same 
canal  (V, text-figs. 20-22 ; section ser ies D ,  nos. 4- 1 4) as the roots 
of the trigeminus proper. 

Besides the root j ust described , the n .  profundus presumably had 
a second rather fine root consisting of  viscero-motor fibres. This  root 
must have issued from the medulla oblongata somewhat antero-ventra l ly 
to the other root. I n  Cephalaspis hoeli i t  left the cavum cerebrale 
crani i  through an independent canal ,  the canal Va (text-figs. 1 5- 1 7 ;  section 
series A ,  nos. 89-93 ; section series B ,  nos .  33-34), whereas in  
Kiaeraspis i t  may at  least in  certa in cases have accompanied the root 
of the trigeminus proper and the general cutaneous root of the n. pro
fundus through the canal V (text-figs. 2 1 -22, section series D, nos .  
4- 1 4) .  I t  went to the myodome, which i t  reached somewhat medial ly lo 
the other root of the same nerve. The n .  profundus thus seems not to 
have consisted exclusively of general cutaneous and communis fi bres 
but would appear in  addition - contrary to what is  the case in recent 
Cyclostomes and fishes - to have had a viscero-motor component .  
Accordingly i t  would in  the Cephalaspids have been more complete 
than in other forms known so far ,  a condition which certa inly must be 
considered as prim itive. 

The ganglion of the general cutaneous root of the n . profundus, 
which is  referred to th roughout this work as the profundus gangl ion ,  
certa inly lay antero-dorso-medial ly to the ganglion gasseri and probably, 
l ike that ,  i t  was situated chiefly withi n  the orbit, close to the myodome,  
though a media l  part of  i t  may have extended medial ly in to the most 
dorso-latero-medial portion o f  the myodome. 

After its origin from its gangl ion the n .  profundus passed forwards 
through the medial  parts of the orbit not very high above the floor, 
but nevertheless certa inly ,  in  the usuall way, dorsal ly to the n. opt icus .  
Close to the most anterior part of the orbit , thus after having traversed 
the orbit a lmost throughout i ts length ,  the n. profundus entered the canal 
Vl , (text-figs . 4 ,  1 3 , 23, 24, 25 , 27, 28, 36 ; section series A,  nos .  1 20- 1 55 ;  
section series B ,  nos. 43-55 ; section series C, nos .  72-8R ; section series 
D, nos. 1 -20 ; pls .  1 3- 1 5 , 1 7-2 1 , 27-29, 39, 44, 45, 48-5 1 ; p l .  54,  fig .  l ;  

pls .  55 ,  57,  58) , from which it emerged into the antero-ventro-media l  part of 
the  oralo-branchial chamber ,  more �xactly s l ight ly hehind the ventraI  part 
of the prebranch ia l  ridge in the anterior part of the fi rst branchial  fossa .  
At least  i n  certain forms such as Hoelaspis (pl .  45)  and Kiaeraspis (text
fig. 28 ; pls .  49, 50) , i t  seems to have given off a branch to the dorso-media l  
parts of the oralo-branchial  chamber, a branch which may have been 
nearest comparable to a r. visceral is ,  s ince the canal (VlV) which trans
mitted it probably was a serial homologue to the  canals through which 
the supposed viseeraI branches of the nn. glossopharyngeus, facial is and 
trigeminus proper went to the oralo-branch ial chamber. If  this conclusion 
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is true, the n. profundus would thus also in this respect have been 
more complete and more in agreement with the ordinary branchia l  
nerves than the corresponding nerves in  the recent Cyclostomes and 
fishes. 

Distally to the supposed visceral branch the n. profundus sent 
severai branches to the neigh bouring superficial parts of the shield ; and ,  
som ewhat before i t  reached the oralo-branchial cham ber ,  i t  broke up 
into an anterior branch ,  which took an antero-ventro-medial  course to
wards the mouth , and one or more posterior branches, which probably 
went to the superficial parts of the shie ld ,  to the anterior ha l f  of the 
first branchial fossa and to the parts of the oralo-branchia l  cham ber 
medial ly and anteriorly to· that branchial fossa. 

From its mode of branching at or  j ust before its arrival into the 
oralo-branchial  chamber,  therefore, i t  is  not d ifficult to conclude that the 
n .  profundus probably supplied the mouth and the soft tissue in  front 
of the fi rst gi l l-sac, and since the re probably was no  well-developed 
velum i t  i s  very conceivable that i t  also innervated the most anterior 
visceral muscles. I ts peripheral distribution thus forms a good support 
for the view advanced above that besides its other usual components 
- the general cutaneous and communis components - it also very 
well may be though to have had a viscero-motor component. Final ly 
i t  should be added that probably, at least for a short distan ce within 
the orbit ,  i t  was aeeompanied by a fine nerve of lateral is fibres. 

As far as we can j udge, therefore, the n .  profundus o f  the Cephalaspids 
was an  independent branehial nerve, whieh had retained very prim itive 
eharaeters not found in the recent Cyclostomes and fi shes. Expressed 
in  another way : the n .  profundus of  the Cephalaspids had, more ful ly 
than that of other vertebrates ,  retained i ts  primitive eharaeters of  an 
independent and eomplete branehial nerve. 

The n. trochlearis issued from the brain i n  the ordinary way and 
went antero-laterally through the eavum eerebrale .  I t  traversed the 
eranial  wall i n  an  antero-dorso-lateral d i reetion through the eanal I V  
(text-figs. 1 5- 1 7, 20-23, 27 ; seetion series A, nos .  79-93 ; .  section 
series B,  nos. 3 1 -38 ; section series C, nos. 29-48; seetion series D,  
nos .  23-39) and  emerged into the orbi t ,  more c losely determined generally 
rather far postero· dorso-medial ly ,  a faet which perhaps suggests that 
the museulus obliquus superior was situated as in  Petromyzon and not 
as in  fishes .  In Cephalaspis hoeli (text-figs. 1 5- 1 7 ;  seetion series A, 
nos. 79-93 ; seetion series C, nos. 29-48) and probably in  a l l  Cephal
aspis-species and most other Cephalaspids too, the n .  troehlearis , just 
when i t  entered its eanal through the eranial wall on its way out from 
the eavum eerebrale eran i i ,  crossed the general eutaneous root of the 
n .  profundus on the dorsal s ide .  And special ly worthy of notiee i s  that j ust 
at the crossing i t  was situated on the general eutaneous root of the n .  



204 ER IK A :  SON STENSlO 

profundus. I ts course and position in  these forms were thus exactly as in  
the Petromyzontids (cf. AHLBoRN 1 883 , p l .  1 3 , fig. 2 ;  1 884, pp. 298-299 ; 
CORN ING 1 900, p. 1 3 1 ; jOHNSTON 1 902, pl .  I ,  fig. l ;  pl .  8, fig. 30 ; 
1 905, pp. 1 77- 1 78 ;  KRAUSE 1 923 , fig. 430, p .  803) . I n  Kiaeraspis 
(text-figs. 20-22, 27 ; section series D, nos. 23-39) ,  on the other hand , 
it was, throughout its passage through the crania l  wall to the orbit, s i tuated 
rather far dorsa l ly to the general cutaneous root of the n .  profundus,  
but i ts relat ions to that root were pro babl y nevertheless not d ifferent 
from what they were in  the ma jority of forms ,  for it may very well 
be possible that i t  passed close above and crossed the said nerve root 
on the dorsa l  s ide ' a lready somewhat before its entranee into the 
crania l  wa l l .  

. 

The n .  oculomotorius always perforated the crania l  wal l  rather close 
above the floor of the cavum cerebrale, s l ightly behind the dorsum 
sel lae and  the fenestra optica. I t  general ly reached the  orbit sl ightly 
behind the fenestra optica, or even at  the very posterior border of that ,  
rather far antero-ventra l ly  to the n .  trochlearis and somewhat anteriorly 
to the myodome ; but in  Thyestes verrucosus i t  seems to have emerged 
instead into the most antero-latero-medial  part of the myodome. I ts 
canal  th rough the crania l  wal l  is wel l  seen in severai specimens ( I l I ,  text
figs. 1 5- 1 7 , 20-22, 28 ; sec ti on series A, nos. 96- 1 00 ;  section series 
C, nos. 3 1 -36 ; section series D ,  nos. 1 0, 1 1 , 1 3 , 1 4; pl. 48, fig.  I ;  
pls. 4Y, 55) . 

The n .  opticus had its way out to the orbit through the big fenestra 
optica or ,  more correctly ,  through the dural mem brane of connective 
tissue that closed that fenestra .  As far as can be j udged , i t  must have 
reached the orbit close above the bottom . 

The n .  o lfactorius ,  which probably was paired , must have been very 
short . It certainly left the brain rather high above the floor of the 
cavum cerebra le crani i  (text-fig. 32)  and went straight forwards to the 
nasa l  capsule ,  after perforating the septurn of connective tissue that 
separated this from the cavum cerebrale .  As far as can be judged ,  i t 
must in  a l l  respects have been as in the recent  Cyclostomes (cf. text
figs. 32, 43) . 

Before we leave this chapter, it should be pointed out that the 
account given here of the crania l  nerves is  further elucidated by the 
restorations given in  text-figs. 32 and 43 . 

C r a n i a l  v e s s e l s . 

The heart was certa in ly situated close behind the basal part of the 
postbranchia l  wal l .  And in  order to reach the oralo-branchia l  chamber, 
therefore, the truncus arteriosus had to pierce the postbranchia l  wal l  
through the foramen tr (text-figs. 4 ,  36 ; pls .  1 5, 5 1 ,  52 ; p l .  53, figs. 2 ,  3 ;  
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p l .  58), or through the equivalent of this foramen in those eases when 
this was fused with the oesophagus foramen (text-figs. 33-35 ; seetion 
series C, nos. 1 2-69 ; seetion series F, nos. 25-59 ; pls . 9 ,  1 0 ;  pl. 23 , 
fig.  I ;  p l .  42 ; p l .  46, fig. 1 ;  p l .  47, fig.  1 ) . Well with in  the oralo-branehial 
ehamber i t  went forwards ,  giving off a fferent branehial arteries to the 
gi l l-saes. And i t  is  particularly noteworthy that anteriorly to the post
branehial wal l  i t passed internally to the viseerai endoskeleton and that 
this was the case also with al l  the afferent branehial arteries. Aeeord
ingly we find that the truneus arteriosus and the afferent b raneh ial  
arteries i n  this respeet were as i n  Petromyzontid s .  

After pass ing the g i l ls  the arterial b lood was brought to the dorsal 
aorta through n ine efferen t braneh ia l  arteries and anteriorly to the 
fi rst one of these, presurnably th rough an artery which I have named 
the rostrai artery (a. rostz, text -fig .  44) ,  but which in faet was the efferent 
braneh ia l  artery of the prem andibular viseerai areh . Exeept the rostrai 
artery , wh ieh earried the b lood from the presumed anterior ha lf  of  the 
prespiraeular gi l l-sae, a l l  the efferent branehial  arteries arose from the 
adjacent halves of two neighbouring gil l-saes , quite as those i n  the 
Petromyzontids .  And as in  the Petromyzontids the rostrai artery, as 
well as a l l  the other efferent branchial  arteries, passed in ternal ly to the  
viseerai endoskeleton .  I n  fishes, on the contrary , the efferent branchia l  
arteries ,  as i s  wel l  known , go enti rely outs ide the branchial  a rches .  

Passing over to deta i Is  concerning the rostrai artery and the efferent 
branch ia l  arteries, we find the fol lowing. 

The rostrai artery (a. rostr) went in a postero-dorso-medial  d irect ion 
to the anterior end of  the aorta and was throughout i ts extent situated 
enti rely beneath the prebranchia l  r idge, which,  at least in  certa in forms, 
i s  provided with a d ist inet groove for i t  (text-figs. 4 ,  36 ; p l .  5 1 ) . To 
judge from its posi t ion ,  i t  seems very eonceivable that i t  sent fine 
branches into the mueous mem brane in  the roof of  the mouth . The 
three most anterior efferent branch ia l  arteries (a. eifl-a. eifa , text-fig. 44) ,  
which had their passage close beneath the in terbranch ia l  r idges 1 -3 
respectively, and whieh in certa in forms caused the formations of m ore or  
l e s s  distinet grooves on the dorso-media l  parts of these ridges (text-figs. 
4 ,  1 3 , 36 ; pl .  44 ; p l .  46, f ig .  l ;  pl .  5 1 ) , also emptied d i rectly into the aorta . 
The first of  them arose from the adj acent ha lves of the prespiraeular 
and sp iracular gi l l-sacs, the second one from the adjacent ha lves of the 
spi racu lar and glossopharyngeal gi l l -sacs and the th ird one from the 
adj acent  halves of the glossopharyngeal and first vagal  gi l l-sacs. 

The three efferent branch ia l  arteries fol lowing next baekwards -
that i s  the efferent bran ch ia l  arteries 4-6 (a. eif.-a. eifs , text-fig. 44) -
took their origin from the  g i l l - sacs i n  a corresponding way as the three 
in  front and ,  l ike those they also passed dorso-media l ly beneath the in ter
branehial ridges corresponding to them (text-figs. 4 ,  33, 36). But whi le ,  as 
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has been mentioned ,  the three i n  front al l  went d i reetly to the aorta 
those under eonsideration here al l  opened into an unpaired short trunk ,  
t he  arteria branehial is efferens eommunis (a. eff. com, text-figs. 39-4 1 ,  
44, 45 ; seetion  series F ,  nos .  7-26 ; p l .  46, f ig .  1 ;  pl .  47, fig. 1 ;  pls . 5 1 ,  
53, 58) , wh ieh was situated with in the m ost antero-dorso-media1  part o f  
t he  postbranehia l  wal l ,  dorsal ly t o  t he  oesophagus foramen,  and whieh 
opened anteriorly from the ventrai s ide into the aorta. I n  th is eonneetion 
atten ti on should be ' eal led to the faet that, a t  least in  eertain forms ,  a 
rather thiek braneh from  the anterior ha lf  o f  the branehial  sae 7 piereed 
the postbranehial  wall and passed up to the a .  subclavia. And i t  is  thus 
h igh ly pro bable that at  least  a rather eonsiderable part o f  the a rterial 
blood from the anterio r  half of the branehial sae 7 through this braneh 
a rrived in  the a .  subclavia and not  i n  the efferent b ranehial  artery 6. 

Finally the most posterior efferent branehial a rteries, the efferent 
branehial arteries 7-9 (a. eff7-a. eff9 ' text-figs. 4 ,  36, 39-4 1 ,  44 ; p l .  5 1 ) , 
forrned a group o f  their own . as none of the blood brought by  them from  
t he  gill-saes reached t h e  aorta. The most anterio r  one  of  them that i s  to 
say the seventh one, - arose from the adjaeent halves of the seventh 
and eigh t gill-saes. Already after a rather short course with in  the oralo
branehial ehamber, i t  left this and entered the postbranehia l  wall , in 
which i t  went antero-dorso-medial ly, emptying into the a .  subclavia .  The 
eighth one which earried blood from the adj aeent ha lves of the eighth and 
ninth gi l l-saes, and the n inth one, whieh , as has already been mentioned , 
drained the adj aeen t ha lves of the ninth and tenth gill-saes, a lso both 
entered the postbranehia l  wal l ,  within which they went antero-dorso
medially and soon j oined eaeh other.  The eommon arterial trunk a. fe 
(text-figs . 36, 39, 40, 44) , arisen by their j unetion ,  eontinued farther  in  an 
antero-dorso-medial  d irection  and opened i n  to the a .  subclavia somewhat 
dorso-medially to the seventh efferent b ranehial a rtery. 

The eephalie division of  the dorsal aorta, that aeeording to what has  
j ust been set forth , reeeived i t s  blood from  the  rostrai a rtery, the efferent 
branehial arteries 1 -3 and from the a .  b ranehia l is  efferens eommunis ,  
was a wide unpaired vessel (aort, text-figs. 44-46) which extented for
wards even in front of  the ethmoidal  region ,  in  faet even as far as a eerta in  
d istanee on to the internal surfaee o f  the rostrai part o f  the viseerai endo
skeieton .  And aeeordingly i t s  extension forwards was mueh greater than in  
any other  eraniate vertebrate known in  detail wi th  regard to the a rterial 
system,  a eondition which of  eourse to a certain extent was due to the 
presenee of  the prespiraeular  and spiraeular gi l l-saes but wh ieh , how
ever, must be chiefly explained as a result of the peeul iar development 
o f  the rostrai viseerai parts of  the head .  Or  expressed in  another w ,  : 
its unique forward extension , as being eau sed ehiefly by the special 
development of  the rostrai viseerai part o f  the head, was eerta in ly a 
seeondary feature. J ust at its anterior end the cephal ie d ivis ion of the 
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Text-fig. 44.  Kiaeraspis. Restoration of  the chief arterial trunks with the exception of 
he truncus arteriosus, the afferent branchial arteries and other branches from the 

truncus arteriosus. The course of the branchial  n erves shown in  broken l ines .  7/ 1 . 
a. am, mandibular branch of the a. facial is ; a. br, brachial artery ; a. c, cornual artery ; 
a. car, carotid artery ; a. cp, occipital encephal i c  artery ; a. cv, possible artery connect ing 
the i nternal carotid and the posterior encephal i c  arteries ; called i n  the description the 
arteria encephalica communicans ; a. dsm, arteria superficial i s  postorbi ta l is ; a. ejJ, -a. ejJ9, 

arteriae branchiales efferentes 1 -9 ;  a. fa, anterior branch from the a. facial i s ; a. fae, 

arteria facial i s ;  a. fe, trunk arisen by the confJuence of the efferent branchial  arteries 
8 and 9; a. fp, posterior branch from the a. facial i s ; a. iol ,  lateral i n fraorb ital branch  
of  the  a .  facial i s ; a. iom, medial in fraorbital branch  of the  a. fac ialis ; a. la, common 
trunk  for the two anterior dorso-lateral superficial arteries ; a. marg, arteria marginal is  ; 
a. par, first and second parietal arteries ; aort, cephalic d ivision of the aorta ; a. pbrw, 

artery to the postbranchial  wall ; a. rostr, rostrai artery ; a. subel, arteria subclavia ; a.  sa, 

a.  sm" a.  sm" a. sp, dorso-lateral superficial arteries 1 -4 ;  a.  slem, com mon trunk for 
the two posterior dorso-lateral superfic ia l  arter ies .  

aorta received the rostrai artery and ,  close behind that ,  the fi rst efferent 
branchial artery. I t  passed straight backwards along the roof of  the 
oralo-branchial chamber, leaving that chamber by perforating the most 
dorso-medial part of the post branchial wall .  During its passage through 
that wall i t  was thus enc losed in  a short canal . Anteriorly and poste
riorly to the postbranchial wal l ,  on the contrary, it was situated only i n  
a deep gro ove  on  the  lower s i de  of  the  endocran ium,  a groove (aort. gr) 
which is very d istinetly seen in a num ber of speeimens (text-figs. 2, 4 ,  
1 3, 1 4, 36 ; section series A ;  section series B ;  section series D ,  nos .  1 - 1 0 ;  
pl . 23, fig. 3 ;  pls .  28, 44 ; pl .  46, fig. 1 ;  p l .  47; fig. I ;  p l . 48, fig. 2 ;  pls . 
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5 1 -53 ; pl .  54 ,  fig. l ;  pl .  56, fig. l ;  pls . 57 ,  58) . While anteriorly to the 
poster ior parts of the otic reg ion it had a m edian position ,  i t  gradually 
left th is during its passage through the postbranchial wall and turned 
to the right, so that finally, in  the occipital region ,  i t  became situated 
entirely on the right side of  the notochord and the neural ridge. 

As far as can be judged from the condit ions in  the fossi Is ,  the 
branches given off from the cephal ic division of  the dorsal aorta were 
as  fol lows : the carotid artery, the occipi tal encephalic artery and the 
parietal arteries. Among these we first deal with the carotid artery. 

The carotid artery (a. car, text-fig. 44, 46 ; pls. 1 8-20, 22, 23, 28, 
29, 42, 44, 45 ; pl .  46, f ig .  l ;  pls .  5 1 ,  52 ; pl .  54, fig. I ;  pl .  55, 57) was a 
paired vessel , which issued from the dorsal s ide of  the cephal ic d ivision 
o f  the aorta somewhat in  front of the efferent b ranchial artery 3 and 
beneath the transit ional part between the ethm oidal  and orbitotemporal 
regions. D iverging from its fel low of the opposite side it passed postero
dorso-Iateral ly and penetrated into the ventrai wall of the endocran iu m .  
I n  the Cephalaspis-species i t  went t o  the an tero- Ja tera1 part o f  the fossa
hypophyseos, where i t  d ivided into two branches, a medial one which was 
the internal carotid proper, and a lateral on which quite certa in Jy  was 
homologous with the a .  facial is of  the Petromyzontids (cf. text-fig. 99 ; 
cf. CORI  1 906, pp. 33-34, pls. 5, 1 1 , 1 2 ;  H ATTA 1 922, pp.  1 42- 1 50 ;  
p l .  22) ,  and which therefore i s  here called the a .  fac ia l is .  I n  Kiaeraspis 
the carotid artery was apparently shorter than in the Cephalaspis-species, 
as  i t  probably divided into the internal carotid proper and the a .  facial is 
a lready during its passage through the ventrai crania l  wal l .  

Of  the two chief branches of  the carotid artery we sha l l  first turn 
to the a .  facial is .  I mmediately after its origin this artery a.  jac, text-figs . 
44 ,  46, 47, 49, 5 1 )  took fi rst a dorsal and slightly antero-Iateral d i rection .  
I n  those forms in  which it left the carotid artery already before that artery 
had entered the cavum cerebraJe crani i  (Kiaeraspis) i t went during this firs t  
part of  i ts  course ent irely with in the skeietal tissue s ituated antero-laterally 
to the cavum cerebra Je ,  laterally to the ethmoidal  cavity and medial ly to 
t h e  anterior parts of  the orbit .  In those forms ,  on the contrary, in  which 
i t  issued from the carotid artery j ust a fter that artery had entered the cavum 
cerebrale cran i i  (Cephalaspis) , i t  had during the corresponding part of 
i ts course fi rst to traverse a smal l  antero-Iatero-ventral part o f  the cavum 
cerebrale before i t  could reach and perforate the skeietal t issue in  front 
of  that cavum,  laterally to the ethmoidal ca vit y and medial ly to the anterior 
parts of  the orbit .  During the ascendent part of  its course now in 
question i t  gave off severai fine branches to the anterior  part  of the 
cavum cerebrale cran i i  and to the ethmoidal cavity. After arriving rather 
close beneath the dorsal surface of  the ethm oidal region ,  i n  the angle 
between the orbit and the ethmoidal cavity ,  i t  suddenly turned laterally 
or  latero-posteriorly, and just at the point at which i t  thus changed its 
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Text- fig.  45. Sketch showing the posit ion and rela- a9rt 
tions of  the arteria branchial is  efferens communis  --�-, 

in a Cephalaspid.  aort, cephalic d ivis ion of the 
aorta ; a. ejJs- a.  ejfø, arteriae branchiales efferentes 
3 -6 ;  a. ejf. com. arteria branchial i s  efferens com
mun is ; a.  pm, arterial branch to the pronephros 

space ; a .  subel, arteria subclavia. 

a.eff, 
a.eff.com : 'r-- ' a. subel a .�fL a . c  t"  

course i t  regularly gave off two rather strong branches, an anterior 
and a posterior one.  

The anterior  one (a. fa, text-figs. 28,44,  46,  47 , 5 1  pls .  27, 28, 49, 55) 
of these two branches passed forwards somewhat laterally to the nasal 
aperture, gradual ly ascending to the dorsal surface of  the ethmoidal region ,  
on which i t  soon broke up into very numerous branches. H ow far for
wards it rea lly d id  reach it is d i fficult to dec ide exactly ; but there can be 
no doubt that certa in of its branches went at least as far as unti l  some
what antero-Iateral ly to the nasal aperture and accordingly so far forwards 
that they carried blood to the dorsal field of  the external surface o f  the 
rostraI part of the viseeraI endoskeleton .  The posterior branch (a. fp,  
text-figs. 28 ,  44, 46 ,  47 ,  49) , on the other hand ,  went  to the bottom of  the 
fossa circumnasal is and the upper surface of the prepineal part  of  the 
in terorbital wa l l .  Like the anterior one, i t  branched abundantly (cf. pl .  39) . 

At least in  certain cases, other branches with a finer  ca l ibre issued 
from the a rteria facia l i s  at the point were i t  changed i ls course from 
a chiefly dorsal to a chiefly lateral one - branches which went  to the 
division o f  the ethmoidal cavity for the hypophyseal sac and to the 
upper surface of  the ethmoidal  region .  

After having turned laterally and after having g iven off the bran
ches described , the arteria facial is soon a rrived at the dorsal surface of 
the ethmoidal region ,  on which it then passed laterally - or in  severaI 
forms, postero- l ateral ly - more or less elose in  front of the an terior 
end of  the orbital open ing. During this part of  its course i t  gave off  a 
rather  strong superficial branch in an anterior d irection (text-fig. 44) ,  a 
branch which was s i tuated antero-medial ly to the n .  profundus, and w h ich 
therefore wi l l  be called the premandibu l a r  branch (a .  am,  text-fig. 46) . 

Somewhat antero- latera l ly  to the orbital opening and distaJ ly to the 
premandibular branch the a rteria facial is general ly d ivided into th ree 
main superficial branches. The most posteri o r  one of these th ree bran
ches, the m edial  i n fraorbita l  branch (a. iom , text-figs .  28, 44, 46-49, 5 1 ;  
pls .  27, 29, 30, 39) ,  went posteriorly more or less elose to the ventraI 
(external) margin of the orbital opening, sen d ing out numerous branches,  
especia l ly on i ts lateral s ide. I t  seems to have reached as far backwards 
as the poster ior end of  the orbital open ing .  The branch next i n  front of 
the one just described went postero-Iatero-ventral ly to the dorsal field of 
the externa l  surface of the lateral part o f  the viseeraI endoskeleton ,  on 
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Text- fig. 46. Cephalaspis heintzi. Restoration of the cephal ic d iv is ion o f  th e aorta and 
the chief superficial vesseIs o f  the dorsal s ide of  the cephalic shield (save the rostrai 
and marginal on es) .  Certain o f  the nerves also drawn. Arteries red , veins blue, electric 
nerves green,  ordinary nerves yellow. The restoration  i s  based ch ie fly on  the specimen 

figured i n  p l s .  29  and 30. 

a. am, premandibular branch of the a .  facial is (mandibular branch not lettered) ; a.  car, 

carotid artery ; a. cp, occipital encephal ic artery ; a. cv, possible artery connecting the 
carotid and the posterior encephalic arteries called i n  the description  the arteria encephalica 
communicans ; a. dsm, arteria superficial is postorbital is ; a. ja, anterior branch from the 
a. fac ialis ;  a . jac, ar(eria facial is ; a. jp, posterior branch from the a. facial is ; a.  iol ,  lateral 
i n fraorbital branch of the a. facial is ; a. iom, medial i n fraorbital branch of the a .  facia l is ; 
a. la, arterial trunk which divided into the two anterior dorso-Iateral superfic ial arteries ; 
a. 

'
par" a. par2, parietal arteries l and 2 ;  aort, cephal ic d iv is ion of the aorta ; a .  sa, 

a .  sml, a. sm2, a. sp, dorso-Iateral superficial arteries 1 - 4 ;  a. slem, com mon trun k  for 
the two posterior dorso-Iateral superficial arteries ; Isj, lateral electric field ; sell - sela, 

nerves for the lateral e lectric field ; v.  cl, vena capitis lateral is ; v. cl! , preorbital part of 
the v .  capitis late ral is  ; v. cp, v .  cerebral i s  posteri or ; v. dSjl -- V.  dSj4 ' veins from the 
dorsal e lectric field ; v. dsv, otical vein ; v. ls';-- v. lS6, dorso- Iateral superficial veins 1 -6 ;  
v. ol, lateral occipital ve in ; vs. oe, occi pital vein s inus ; v.so, supraorb ital ve ins ; v. spil , 

V. spi2, myelonal veins l , 2 ;  VI , n. profundus ; VI v, viseerai ramus of the n .  profundus ; 
V2, n. trigeminus  proper ; Vif, n. facial is ; IX, n. glossopharyngeus .  
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Text-fig. 47. Cephalaspis vogti. The c
'
h ie f  superfic ia l  v�ssels of the dorsal s ide of the 

cephal ic shield.  The electric nerves for the lateral electric fi eld green .  The cran ial 
nerves yellow. Arteries red, veins blue. Ch ie fly after the spec imen figured in pl .  27. 

Magn i fication about 3/ 1 . 

a. am, mandibular branch of the a. fac ia l is ; a . fa,  anterior b ranch from the a fac ia l is ; 
a. fae, arteria fac ial i s ; a. iol. lateral infraorbi tal branch of the a. fac ial i s ; a. iom, medial  
i n fraorbi tal branch of  the a .  fac ia l i s ; a. sa,  a. sm" a.  sm2 , a.  sp, dorso·lateral superftcia l  
arteries 1 -4 ;  a. slem, common trunk for the two poster ior dorso-Iate ral superftcia l  
arter ies ; sei, -se/a, nerves for the lateral electric fteld ; v. cl ,  vena capi t is  lateral i s  ; 
v. cl" preorbital portion of the vena capit is latera l i s  ; v. lp, ve nous trunk arise n by the 
confIllenee of the three posterior dorso-Iateral superfic ial ve ins ; v. rh, v. ri, rostrai ve ins ,  
asymmetrically developed ; v. ls, -v. lsa, dorso-Iateral s llperftcial  ve i n s  1-6 ; V" n .  pro-

fllndlls ; V., n .  trigeminus proper ; V I I , n. fac ia l i s .  

which i t  continued with its term inal  -ram ifications down into the lateral 
e lectric field. More exactl y determined this branch , which wil l  be termed 
the lateral in fraorbital branch (a. iol, text-figs. 28, 44, 46. 47, 49, 5 1 ;  p ls . 27, 
29, 30, 39) . passed on  the port ion of  the visceral endoskeleton situated 
between the n. facial is and the n .  trigeminus proper, and on  account of  
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th is  fact i t  could a l so  be properly cal led the hyoid branch . Final ly the th ird 
and most anterior of  the three branches in question (a. am, text- figs. 28, 
44, 46 ( in this figure i t  i s  not denoted by any letters) , 47, 49 ; pls .  27 ,  29, 
30, 39) always passed off antero-latero-ventrally on the upper surface of 
the portion of the lateral part of  the v isceral endoskeleton situated between 
the n .  trigeminus proper and the n .  profundus.  Like the l ateral infra
orbital b ranch , it supplied most distal ly a portion of the lateral e lectric 
field. On account of its position it will be called the mandibular branch . 

From what has been said, therefore, we find that the arteria-facial is 
supplied certa in anterior parts of the cavum cerebrale ,  the ethmoidal 
cavity, the fossa circumnasal is and the posterior superli.cial  parts of  the 
ethmoidal region in genera l ,  further certain anterior and an tero-I ateral 
superficial parts of  the orbitotemporal region and final ly certain anterior 
and lateral superficial parts of the visceral endoskeleton . 

The internal carotid proper, i f  we now turn to that ,  soon broke 
up i n to severaI branches within the cavum cerebrale cran i i .  One of 
these branches was the arteria ophthalmica magna,  which, probably 
more or less closely associated with the n .  opticus, emerged into the 
orbit after perforating the membrane of connective t issue which closed 
the fenestra optica . Other branches of the in ternal carotid a rtery proper 
supplied the bra in ,  and final ly one branch of  that artery probably 
passed backwards along the floor of the cavum cerebrale and j oined 
a branch from the occipital encephal ic artery. Accordingly, i f  I am 
right , there would thus have been a communication between the carotid 
artery and the occipital encepha l ic  a rtery, a communication (a. cv, text
figs. 44, 46) which at least partly might have corresponded to the vessel in  
Petromyzon called by CO-RI ( 1 906 , pp .  35-36) the ramus posterior of the 
carotis and by HATTA ( 1 922, pp .  1 45 - 1 46) the posterior cerebral artery. 
We shall here employ for i t  the term of a .  encephal ica commun icans. 

Opposite the m ost anter ior ventraI part of  the medulla ob longata 
the a .  encephal ica communicans probably gave off a rather strong branch 
(a. dsm, text-figs. 1 5 , 1 7 , 20, 22, 23 , 27 ,  44, 46, 49) , which, after traversing 
the cavum cerebrale in  a dorsal d i rection ,  entered the dorsal wall of the 
endocranium j ust antero-dorsally to the cerebel lum.  More closely defined ,  
this branch a fter i t  had left the cavum cerebrale cran i i  perforated the 
portion of the dorsal wal l  of the endocranium situated between the 
cavum cerebrale cran i i  media l ly ,  the orbit  antero-laterally and the can a l is  
semicircularis  anterior postero- Iateral ly .  I n  v irtue of its position ,  there
fore , i t  may properly be called the a .  superficia l is  postorbita l is .  Somewhat 
beneath the dorsal surface of the endocranium i t  d ivided into severai 
branches which diverged from each other and carried blood to the 
postero-dorso-medial part of  the upper surface of  the orbitotemporal 
region , to the anterior and m iddle parts of the upper surface of  the 
otic region ,  and to the anterior half of the dorsal electric field .  
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The occipital en cephal ic artery (a. cp, text-figs. 1 6, 2 1 , 24, 44, 46) issued 
from the cephal ic division of  the dorsal aorta elose before or  just a fter 
th is had perforated the post-branchial wal l .  Immediately after its orig in ,  
which was on the dorsa l  s ide of  the cephal ic division of  the dorsal aorta , 
it took a dorsal or slightly dorso-Iateral d irection ,  perforated the ventrai 
wal l  of the n eurocranium and entered the cavum cerebrale crani i  some
what media l ly - or,  in  certain  cases, perhaps sl ightly antero- medial ly -
to the internal opening of  the vagus canal .  Well with in the cavum cere
brale crani i  it probably soon broke up into severai branches ,  one of  which ,  
as has a l ready been pointed out ,  probably may have jo ined a posterior 
branch from the carot id artery in order to form with this the presumed 
arteria encephal ica commun icans, while others supplied the posterior  pa rts 
of the brain and the posterior parts of the cavum cerebrale cran i i .  Atten
tion should also be called here to the fact that the occipital encephal ic  
artery of  the r ight side usual ly was situated somewhat in front of  that 
of the left s ide (not wel l  shown by  text-figs. 45 and 46) . 

From one o f  the arteries in  the cavum cerebra le ,  probably the 
a .  encephal ica com municans, a rather strong branch must have issued 
in  a l ateral d irection to the vestibular divis ion of  the labyrin th cavity .  
H ow this branch ,  which we may cal l  the otico-superficial  artery, reached 
the said d iv is ion of  the labyrinth cavity, and how i t  went with in th at 
division ,  ca nnot  be made out with certa inty .  What i s  seen of i t  in 
text-figs. 44,  46 and 49 is therefore only to be considered as an at
tempted restorat ion ,  with the chief object of giving an approximate idea 
of its general relations .  During its passage through the vestibular d ivi
sion of the l abyrinth cavity the otico-superficial artery probably supplied 
certain parts of the membranous labyrinth and adjacent portions of the 
walls of  the labyrinth cavity, after which i t  general ly broke up i nto four 
chief la tera l  branches, which al l  penetrated into the lateral wal l of  the l aby
rinth cavity. From that wal l ,  and thus from the most lateral portion of the 
otic region , these branches, which wi l l  be terrned the dorso- Ia teral  superficial  
a rteries (a. sa, a. sml ' a. sm2 , a. sp, text-figs .  44, 46-49 ; in severa i o f  the 
p l ates 1 7-30,  and pls .  39, 49 , 50 and 55) ,  arrived to the dorsal Re id of  the 
externa l  surface of the lateral part  of the vi sceral endoskeleton ,  on which 
they branched very abundant ly .  With the ir  m ost distal ram i  they reached 
down to and  suppl ied the posterior parts of  the lateral electric fiel d .  

The dorso-lateral superficial arteries were either i ndependent  of 
each other throughout the ir  extent, and thus a l ready from their or ig in 
in  the vestibular d iv is ion o f  the l abyrinth cavity, or  else they uni ted 
with each o ther in d ifferent ways for a short d istance just latera l ly to 
the labyrinth cavity and thus in the most lateral part of  the otic region . 
I n  most ca ses we find (text-figs. 44, 46-49) that th is union took place 
in such a way th at of  the arteries in  question the second one (a. smJ had 
moved somewhat forwards and fused for a short stretch with the fi rst one 
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(a. sa) into a common trunk  (a. la) ,  and that, in  a s imi lar way, the third 
one (a. sm2) had shifted backwards and for a short stretch joi ned the 
fourth one (a. sp) and forrned a l ikewise short com mon trunk (a. slem) . 
I n  other cases it is clearly seen that the two posterior of  these 
arteries were qui te independent throughout their ex tent, whereas the 
two anterior ones had fused with each other for a short stretch later
ally to the la byrinth cavity. The m ost anterior dorso-Iateral superficial  
artery or ,  in those cases when this was un ited with the one next beh ind ,  
the short  trunk arisen by the union of  these two arteries left the vest
ibular divis ion of th e labyrinth cavity close behind the n .  facial is and 
sometimes even through the sam e  cana l  as th at nerve, though it always 
rather soon entered a can al  of its own . Al l  the arteries in question 
emerged from the vestibular division of the labyrinth cavity dorsal ly to 
the electric nerves for the latera l electric field ,  the two most anterior on es 
approximately above the fourth and fifth of these nerves, the two poste
rior ones approximately above the interspace between the fifth and sixth 
or above ånd slightly posteriori y to the sixth of the same  electric nerves. 
Concern ing their posit ion l ateral ly to the otic region it should further 
be noticed here that  of the dorso-lateral superficial arteries the fi rst one 
(a .  sa) passed above the portion of the visceral endoskeleton between 
the n. facia l is and the n. glossopharyngeus, that the second and th ird 
ones (a. sml > a. sm2 ) went on the portion of the visceral endoskeleton 
fal l ing between the n .  glossopharyngeus and the first branchia l  branch 
of the n .  vagus, and that the fourth and most posterior one (a. sp) had 
its passage on the porti on of the visceral endoskeleton behind the first 
branchial branch of the n .  vagus. And we are thus able to establ ish the 
fact that they altern ated i n  a certa in regular way with the branchial nerves,  
a fact which indicates that , l ike the superficial branches of the a .  facia l is, 
they h ad a dist inctly metameric disposition .  Accordingly the entire 
arteria l  system of the dorsal field of the external surface of the rostraI 
and lateral parts of the visceral endoskeleton was metamerical ly arranged .  

I n  th is  connection i t  should further be m entioned that a rather 
strong branch regularly issued in  a postero-lateral d i rection e i ther from 
the  proximal  part of the  dorso-I ateral superficial artery 4 or ,  i f  t h i s  was 
united with the one next i n  front, from the com m on trunk forrned by the 
un ion of these two arteries. This posterior branch, which is  well shown 
in  text-figs. 47,  48, has such a posit ion that i t  seems  to have represented 
either a seventh dorso-Iateral - superficial artery or such an artery together 
with a num ber of sti l l  more posterior though vestigal dorso- Iateral 
superficial arteries, accord ingly vestigal dorso-lateral superficial arteries 
belonging to the parts of the visceral skeleton behind the second branchia l  
branch of the n .  vagus. 

Besides the postorbital and otico-superficial arteries there arose 
also ,  from the encephal ic arteries, a couple of fine arterial branches for 
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Text-flg. 48. Cephalaspis vogti. Part o f  the system of canals particularly for superflc ial 
vessels on the dorsal s ide of the cephal i c  shie ld .  Canals for arteries red ; canals for 

veins b lue .  Same specimen as that flgured in pl. 25. Somewhat magn i fled .  

a.  iom, canal for the medial i n fraorbital branch of  the a .  facial i s ; a. la,  canal  for an 
arterial t runk arisen by the union of the canals for the dorso-Iateral superflc ia l  arte ries 
l and 2; a .  sa, canal for the dorso-Iateral superflc ia l  artery l ;  a. slem. canal for 
an arterial trunk  arisen by the un ion  of the canals for the dorso-Iateral superflc ia l  
arteries 3 and 4;  a.  sml , a. sm2, a .  sp, can als for the dorso-Iateral superflc ia l  arteries 
2 - 4 ; l, canal for tbe lateral is  flbres, that went to the orbi t ; ps, pectoral s inus ; 
sel! , 2, com mon canal for the two most anterior nerves for the lateral electric field ; 
sels-seI6, canals of the nerves 3-6 for the lateral electric fle ld ; v. cl, canal for the 
v .  capit is l ateral is  ; vest, vestibular divis ion of the labyrinth cavity ; v. lp, com mon canal 
for the posterior three dorso-Iateral superflcial veins ; v. lss-v. ls6, dorso- Iateral super
flc ia l  veins 3-6 ; vs. oe, occipital vein s inus ; V I I ,  canal for the passage of  the n. facia l i s  
to the oralo-branch ia l  chamber ; VII  + V I I I  a, acust ico-fac ia l i s  canal ; f o r  the roots of  the  
n .  facial is proper, for the e l ectric nerve flbres, for the prootic lateral is  flbres and for 
the anterior branch  of the n. acusticus ; V i l lp ,  canal for the posterior branch of the 
n .  acusticus ; I X + X, vagus cana l ,  for  the glossopharyngeus and vagus, and for the 

v .  cerebral is posterior. 

the dorsal surface of  the most anterior part of the interorbital wal l ,  
i .  e .  the antero-dorso-medial part o f  the upper surface of the orbito
temporal region .  These arteries traversed the canals aX1 and aX2 (text
figs. 20, 22, 27 ; section series B,  nos. 36-38 ; section series D, nos. 
25-43) . 

I n  this connect ion it should also be noticed that a branch from 
the encephal ic system of arteries perhaps ascended to  the  dorsal parts 

/ �  Villa 
" 

, x  
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o f  the labyrinth region th rough the canal dx (text-figs. 1 5 , 1 7 , 20, 22, 
26 ; section series A,  nos. 49-52 ; section series C ,  nos .  1 -7, 26-30 ; 
section series D ,  nos.  1 4-23) . 

Of  the branches wh ich were g iven off by the cephal ic  d ivis ion of  
the  dorsal aorta t he  pa rietal arteries sti l l  remain to be deaJ t with . T hese 
arteries were in  the  Cephalaspis-species general ly 2-3 (a .  par! , a .  par2 , 
etc. text�fig. 46) , wh i l e  in Kiaeraspis and other forms wi th a long occipital 
region they certainly were much more numerous. As in the case o f  
the  spino-occipital nerves ,  those o f  t he  righ t  and left s ides certa in ly  
alternated wi th each other i n  such  a way tha t  each  one o f  those of  the 
right s ide was a lways situ3.ted somewat i n  front o f  the  corresponding 
one of  those of  th e left s ide .  Dur ing the ir  passage upwards they cert
a in ly gave off t h e  myelonal  arteries to the most poster ior portion of 
the cavu m cerebrale cran i i  th rough the cana ls  for the ven traI raots of 
the spino-occip i ta l  nerves. 

From the arteria branchia l is e fferens communis  there i ssued , as 
has al ready been ment ioned ,  most poster ior Jy t h e  pa ired strong arteria 
subclavia (a .  subel,  text- figs .  36, 44 , 45) which was lodged i n  the cana l  
lettered a.  subel i n the figures ( text- figs. 9- 1 2 ,  34, 36 ,  39 ,  40 ,  44 ,  45 , 
52 ; section  se ries F , nos .  1 1 -48 ; pls .  20, 22, 28 ; pl . 46, fig. l ;  p l .  47, 
fig.  I ; pls . 5 1 -53 , 58) . More exactly, the arteria subcl avia passed o ff  
from t h e  a rteria branch ia l i s  efferens com mun i s  within the postbra n chia l  

wal l  a bove t h e  media l  end  o f  the in terbranchial ri dge 6 .  During i ts  further 
course i t  went fi rst for a rath er cons iderab le  stretch above the in ter
branchial r idge 6 either i n  a straigh t lateral or i n  a la teral and  s l ight ly  

ventra i d i rection and received here the e fferen t  branch ia l  arteries 7--9 
in the way descri bed above (cf. text-figs . 36, 39,  40, 44) .  Som ewhat 
lateral ly to the  poi n t  a t  w h ich t h e  e fferen t  branch ia l  a rrery 7 opened 
in to it , i t  always turned somewhat postero-ventra l l y , so that i t  entered 
and pierced the late ro-ven tral  part o f  the half of  the postbranch ia l  wal l 
of  its s ide ,  a fter wh:ch i t  reached the basal part o f  the endoskeletal 
should er-gird le .  Soon a fter i ts e n tra nee i n to the endoskeletal shoulder
gird le  it ga ve off  a very s t rong branch i n a postero-Iateral d i rection to 
the pectoral s i n us , a branch wh ich ca rried b lood to the pectoral fin and  
wh ich therefore wi l l  be ca l led the  a rteria brachia l is  (a . br, text- figs. 1 2 , 
36, 39, 40, 44 ) .  On the s tretch between this artery and the e fferent 
branch ia l  a rtery 7 or  s l ight ly d i sta l ly to that the arter ia  subclavia sent  a 
branch to the poste rio r  surface of  the postbranchial  wall (a.  pbrw, text
fig. 44) . 

Beyond the point at which the arteria brach ia l i s  issued from i t  the 
a rteria subclavia continued in  a lateral d i rection through the basal part of  th e 
endoskeletal shoul der-g ird le  and gave off a ventraI branch wh ;ch wen t  down 
to the lower  s ide  of  the  endoskele tal shoulder -g ird le  a n d  th e adjacen t  portion 
of the ven traI field o f  the lateral part of  the v iseerai endoskeleton .  This 
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branch , which was a superficial branch , will be terrned the ramus super
ficia l is  ventral is o f  the arteria subclavia . On account o f  its ventrai 
position the canal which transm itted i t  is rarely to be observed (a .  vs, 

text-fig. 40 ; section se ries F, nos. 42-(0) .  
From the basal part of  the endoskeletal  shoulder-girdle the a .  sub

clavia entered the proximal  part of the cornu of  its s ide,  within which 
i t  immediately divided into two thick branches , an a ntero-lateral one, 
and a postero-lateral one.  

The former o f  these two branches (a. marg. text-fig .  44) fi rst 
travers ed the most proximal  anterior part of the cornu in an antero
lateral d i rection .  Then it curved more forwards and , during the rest 
of its course , went forwards close along the l ateral margin of the shield 
with in the most latero-ventral part of the visceral e ndoskeleton coalesced 
with the endocran ium.  Because of  this ma rginal course i t  has be en cal led 
here the arteria marginal is .  During the greater part o f  i ts course i t  was 
lodged in a canal of its own, the one lettered a.  marg, in  the figures ( text
figs. 1 2, 36, 39 ; section series 1 56- 1 58 ;  section series F, nos. 35-65 ; 
pls .  20, 22, 44, 5 1 ) , but anteriorly to that canal  it presumably traversed the 
most anter ior portion of  the canal v. marg, from which i t  probably entered 
the canal v. a ,  (text-figs. 36 ; pl . 5 1 ) . Within the hitter can al  i t  may h ave 
passed over into an anterior  narrow branch from the truncus arteriosus, 
a branch which, i f  i t  went as l imagine,  must have entered the canal 
v. a, through the anterior opening. If th is was so - and at present 
I can find no  better explanation for the function o f  the canal v. a, than 
the one just given - it would o f  course imply that the anterio r  part 
of the marginal artery contained a mixture of  oxydized and unoxydized 
blood. The marginal artery gave off numerous branches in  media l ,  
lateral , l atero-ventral and ventra i  d irections ,  a l l  o f  which ,  except, the 
medial ones, which went to the interior o f  the latera l  parts of the shie ld ,  
ended beneath and with in the exoskeleton . The majority of  these branches 
were thus superficial on es and the a .  marginal is was consequently, i n  the 
main ,  a superficial vessel . 

The other branch arisen by the subdivision of the arteria subclavia 
(a. c, text-figs. 39, 44) went postero-lateral ly within the cornu a nd  on 
account of  this i t  wil l be cal led the a rteria cornualis . I t  b ranched 
abundantly and at least the majority of  its branches were superficial 
ones. In the forms with a small cornu i t  was rathe r  smal l ,  whereas 
i n  the forms with a wel l  developed cornu i t  atta ined a considerable 
size. The can al for i t  is  partly shown in  a few specimens (text-figs. 
1 2 , 33, 36, 39, 40, 52 section series A,  nos .  1 59- 1 62,  section series F, 
nos .  34-55 ; pl .  39) . 

As we ond  from the facts now given concerning it ,  th e a .  subclavia 
and its branches carried blood to the postbranchial  wal l ,  to the pectoral 
fin, and the shoulder-girdle, to the cornu and to the most latero-ventral 
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parts of the shie ld a lmost as far forwards as the rostrum .  Of  i ts 
branches the margin al artery, the cornual artery and the ramus super
fieial is ventral is  were chiefly or  entirely superfieia l .  

Because of  the fact that  the arteriae branchiales efferentes 7-9 
opened in to the a .  subclavia ,  i t  i s  h igh ly pro bable that  the par t  o f  th i s  
artery situated media l ly to the efferent branch ia l  artery 7 had arisen 
by the union of the three h indmost efferent branchial  arteries . I n  
reality, therefore, th is  part should perhaps not  b e  inc luded in  the 
a .  subclav ia ,  but fo r the sake of  s impl ieity th is has, however, been 
done here. In a l l  the figures it has also been denoted as belonging 
to the a .  subclavia .  

From what has been set forth here concern ing it we find that the 
arteria subclavia arose in relation to the posterior efferent branchia l  
arteries, and that both in  this and in  other respects i t  p resented such con
siderable agreements with the s imi larly named artery of  fishes that ,  as 
far as can be j udged ,  i t  m ust have been homologous with that (cf. AYERS 
1 889, figs. I ,  1 0 ;  DANIEL ,  1 922, pp. 1 73- 1 74 ,  1 97- 1 99, figs. 1 48 ,  1 53 ,  
1 57, 1 58, 1 62 ,  1 69 ;  PARKER, T. J,  1 887 , pp.  696-697, pl .  34 ,  figs .  1 ,  
2 ;  pl .  35,  fig. 6 ;  ALLEN ,  1 905 , pp. 46, 63 , 64, 1 1 5) .  The marg ina l  
artery was in certa in  respeets suggestive o f  the artery of  fishes described 
by DANIEL ( 1 922, p. 1 68) and others (PARKER ,  T. J, 1 887, etc.) as the 
coraeo id artery and by ALLEN ( 1 905 , pp. 49- 50, 1 1 5 ,  etc. ) as the 
hypobranchia l  artery, but  as  i t  went dorsal ly to the branehial openings, 
i t  cannot of  course have been hom ologous with that artery. 

The superfieial arteries - thus the faeia !  artery, the postorbital super
fieial artery, the dorso-lateral superficial arteries ,  the marginal artery, the 
eornual ar tery and the ramus superfieial is ventra l is  o f  the subclavian 
artery - after having arrived at the respective external surfaces of  the 
endoskeleton , broke up  into numerous branches, which in  their turn 
d ivided abundantly in to very fine twigs which anastomozed with each other 
so that a vascu lar plexus was formed between the exoskeleton and the 
endoskeleton .  This plexus which - beause of  th is  pos i t ion wi l l  be 
re ferred to throughout th i s  work as the subaponeurotic vascular  plexus 
- is ,  as we have a lready found (cf. pp. 34, 35 above) ,  i n  faet situated 
in part on the external surfaces of  the endoskeleton ,  in part with i n  the 
most basa l  portion of  the basa l  laver of  the exoskeleton .  S inee ,  however, 
we have reason to bel ieve that the most basal portion of the basal laver of 
the exoskeletal bone is not  o f  dermal origin ,  but instead presumably re
presents the perichondral - respectively the periostal (bone) layer of 
the endoskeleton (cf. pp. 40-4 1 above) , the subaponeurotic vascular 
plexus would thus in  reality h ave been situated j ust beneath the exo
skeIeton .  The canals of the subaponeurotic vascular plexus are in part 
well displayed in  surface view in pls .  25 and 39 and in  seetion  in  p l .  64, 
fig. 2,  pls. 65, 66 (dplx) .  
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Text· fig. 49. Cephalaspis spitsbergensis. Restorat ion of the ch ief  superfic ia l  vessels o f  
the  dorsal s i de  of  the endoskeletal component of  the cephal ic sh ie ld .  The restorat ion 
made ch ie fly a fte r the spee imen  figu red i n  p l .  39. Arter ies red, veins blue .  Magn i fied .  

a .  am, mandi bular branch of the a. facia l i s ; a. dsm,  arteria superfie ia l is  postorbital i s ; 
a. fa, anter ior  branch from the a. fac ial i s ; a. fae, arteria fac ia l i s ; a. fp, posterior 
branch fro m  the a. fac ia l  i s ; a. iol ,  lateral i n fraorbital braneh of the a .  facial i s ; a .  iom

, 
media l  i n fraorb ital braneh of the a. fac ial i s ; a. la, com mon trunk for the dorso- Iateral
superfic ial  arter ies l and 2; a. sa, a .  sm., a .  sm2, a. sp, dorso-Iateral superfic ia l  arte ri es  
1 -4 ;  a .  slem, com mon  trunk for  the dorso-I ateral superfic ial  arteries 3 and 4 ;  dsj, 

dorsal electr ic field ; Isf, lateral electric fi eld ; arb, orb i t ; v. cl, vena capit is lateral is ; 
v. cl! ) preorbital part of the v .  capit is latera l is  ; v. ds, dorsal ve in  from the part of the 
cranial roof above and between the semie i rcular canals ; v. la, common trunk for the 
dorso-Iateral superfieial  ve ins 3 and 4 ;  v. Ip, com mon trunk for the dorso- Iateral super
fieial  ve ins  5 and 6 ;  v. lsj -v. lS6, dorso-Iateral superfieial  ve ins  1 - 6 ;  vv. rs, rostraI 
superfieial ve ins ; v.  sa, supraorb ital ve ins ; vS. oe, oeeipi tal  ve in  s inus  (only the part of 

i t  whieh opened i nto v .  eapitis latera l i s  to be seen .  
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The subaponeurotic vascular plexus gave off branches in an  external  
d irection ,  branches which traversed the ascending canals  (c .  asc ,  pl .  64 ,  
fig. 2;  pl .  65, fig. 2;  pl . 66 ; p l .  67, fig. I )  th rough the basa l  layer o f  the 
exoskeleton and penetrated into the m iddle layer of  that ,  in  which they 
branched very abundantly and formed a vascu lar  plexus. This vascular 
p lexus ,  which was thus situated within the middle byer of  the exo
skeieton ,  has a l ready been described above (pp. 35, 36) as the sub
epidermal vascular plexus .  I n  the basal parts this plexus consisted of  
vessels, wh ich ,  as we have found , rad iated from the  centre or the  central 
parts o f  each polygon a l  area and passed over into the radiat ing vesse ls 
o f  the adjacent polygon al areas .  The canals (rad. c)  which lodged these 
radiating vessel s  are c lear ly shown in  p ls . 64 - 67 ,  and 69 and 70. On 
the  external s ide the radiat ing vessels gave off severai fine  twigs ou t
wards, which in their turn b ranched and anastom ozed wi th each o ther .  
The cana l s  for these external twigs (ehc) , which are d ifficult to study 
with regard to d eta i ls ,  a re shown in  section in  p ls .  64, 65 ; p l .  66,  fig .  1 
and pl .  67. 

From the su bepidermal  vascular  plexus a great number of  m inu te 
veins arose, veins which un ited with each other and formed thicke r 
veins .  Al l  these veins were situated between the exoskeleton and the 
endoskeleton and thus t hey were a l l  superficial veins .  As i s  shown 
by text-figs. 46 - 49 t hey were not - with the exception of  the finest 
ones - situated quite as superficia l ly as the superficial arteries, but 
sl ightly beneath these. On the dorsal and la teral sides of  the endo
skeleton ( the upper s ide o f  the cephal ic shie ld) they may, according to 
their d isposit ion and mode of  em ptying into the deeper veins ,  be divided 
into four  groups wh ich were as fol lows : a rostrai group ,  a ven tro
lateral group,  a dorso-lateral group and a dorso-media l  group .  A l l ,  these 
groups, except the rost rai one ,  were pa ired .  

The rostrai group ,  i f  we first cons ider that ,  dra ined a more or  less 
considerable an ter ior  part o f  the  dorsal  (externa l )  surf�ce of the rostrai 
part of the viseerai  endoskeleton , and i t  always e m ptied into a rather  
wide  transversa l s i nus  i n  t he  rostra i m a rgin of the sh ie l d ,  a s inus  (vs. r, 
text- fig. 50) which may be termed the  rostra l ve in s inus .  As wi 1 1  be shown 
more in  detai l  below in the account of  the dorso- l a teral group i t  was 
of ten asym metr ica l l y  developed. In its si mplest origi n a l  conditions  it 
probably consisted of  numerous rather fine and short vei ns , the rostrai 
veins ,  wh ich went forwa rds and downwards to the rostra i vein s inus 
independently of  each o ther. I n  none o f  the forms known so far, how
ever, it has been found in such a condit i on ,  but a more or less great 
number of its veins had always un ited with each other to form larger 
trunks which poured out into the rostrai vein s inus .  In certa in  forms,  such 
as Kiaeraspis (text-fig. 50) , on ly a few of the media l  rostrai veins had 
un ited with each other into an unpaired rather large median rostrai vein 
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Text-fig. 50. Kiaeraspis auehenaspidoides. Attem pted restoration of the ch ie f  trunks 
of the ve nous system .  VentraI aspect .  Magn ification about 7/ 1 . 

v. ca, anterior card i n al ve i n ; v. cl, vena capit is  latera l is  ; v. cll , preorb ital portion  o f  the 

vena capit is lateral i s ;  v. cp, vena cerebral is  posterior ; v. ds, dorsal chiefly superfic ia l  
ve in branch from the dorso · lateral parts of  the ot ic region (the angle between the two 
semicircular canals . v.  dS!I ' V. dsj�, anterior midd le  and poste r ior ve ins  from the 
dorsal electric field ; v. jug. v, vena j ugulari s ventral is  ; v. la, common trunk  forrned by 
the union of the dorso-Iateral superfic ial ve i ns  v. ls3 and v. Is, ; v. Ip, common trunk 
forrned by the union of  the dorso-Iateral superficial  ve ins v .  Iss and 1'. 10'6 ; v. ISI - J'. Is" 

dorso- Iateral superfictal ve ins 1 - 7 ;  v. marg, marginal ve in ; v. al, lateral occ ip ital 
ve in ; v. rm, median rostraI ve in ,  ari sen by the union of a few med ial rostraI vei ns ; v. s, 

superficial "eins which emptied into the marginal ve in ; v. so, supraorbi tal ve ins ; vs. marg, 

poste ri or divis ion of the margina l  vei n ; vs. oe, occip i tal vein s inus ; v. sIv, vena super
fic ia l is  longitudinal i s  ventral i s  ; v. spi" v. spi" myelonal ve ins  l ,  2 ;  vs. pv, vein s inus 
which together with the rostraI ve i n s inus forrned an annular ve in s inus around the mouth 
opening ; vs. r, rostrai vein s inus ; vv. rs, rostrai superficial ve ins ; v. vest, ve in from 
the  vestibular d iv is ion  of  the  labyri nth cavity ; VI -VIO, ventraI transversal superficial veins .  
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(v. rm) ,  while the lateral rostraI veins o f  each s ide reta ined their inde
pendence. In other forms ,  such as Cephalaspis spitsbergens is ( text
fig. 49) only a few of the la teral rostraI veins met and uni ted with 
each other .  Final ly in  Cephalaspis vogti (text-fig.  47) the rostraI veins 
on each s ide of  the median l ine had a lmost a l l  j oined into a com mon 
trun k,  but  whi le this trunk on the left s ide (v. rl) was situated chiefly  
longi tudinal ly and had a rather considerable extension backwards i t  was, 
on  the contrary, on the right side (v. rh) almost transversal and drained 
an area which reached less far backwards than on the left s ide .  We 
thus find  that great variations occurred with regard to the disposi t ion 
and extension of  the rostraI group of  superficial veins not  on ly in  
d ifferent genera but a l so  in  d ifferent species o f  the  same genus .  I t  
a lso seems pro  bable that the  rostraI group of  superficial veins varied 
mueh in  d ifferent speeimens o f  the same speeies ; but the material 
available did not  enable me to  undertake any detai led stud ies o f  this . 

The ventro-lateral group of  dorsal superficial veins drained the parts 
of the viseeraI skeleton of the eephal ic shie ld situated latera l ly to and 
beneath the lateral e lectric fie ld ,  that  is ,  the dorsa l  portion o f  the most 
ventraI part o f  the visceral skeleton coalesced with the endocranium .  
I n  addit ion it probably carried blood a l so  from the  most lateral part o f  
t he  lateral  electric field . I t  consisted of  short, mostly fine veins (v. s, 
text-fig. 50) ; which al l  presurnably opened into the marginal vein (v. marg, 
text-fig .  50 cf a lso p l .  34, fig .  I ,  mv) . 

The dorso-lateral group o f  superficial veins d rained the greater part, 
or  at  least the medial (dorsal ) part, o f  the lateral electric field , the external 
portions of  the anterior and lateral parts of the visceral skeleton media l ly 
to the lateral electric fie ld ,  a lateral superficial zone o f  the occipital region 
and the upper parts o f  the shoulder-girdIe .  I t  was m ade up of  six 
d ist inct veins ,  the dorsolateral superficial veins ,  a l l  o f  which - with the 
exception of the most anterior one - had a rather  decidedly trans versa I 
d ispositi on and which a l l  (v. lSl-V. lss , text-figs. 28, 46-5 1 )  poured out in to 
the vena capitis latera l i s .  In addit ion to these six dorso- Iateral superficial 
veins there was probably at lea st a seventh or a few sti l l  m ore poster ior 
ones ; but th is  or  these were never independent but un ited with the s ixth one .  

We shal l  now con sider the six most anterior dorso· lateral super
ficial vei ns  more in  deta i l .  

The most anterior one of  these ve ins ,  the dorso-Iateral superficial 
vein I (V. lSl ' text-figs. 28, 46, 47, 49-5 1 )  arose main ly from the superficial 
part o f  the visceral skeleton situated postero-media l ly to the anterior end 
of  the lateral electric fie ld ,  anteriorly to the orbi t  and media l ly (anteriorly) 
to the  n .  profundus .  Expressed in another way : it drained a postero-Iatero
su perficial portion of  the rostraI part of  the visceral endoskeleton .  I t  
went main ly backwards a n d  opened into t h e  preorbital d iv is ion of  the 
v .  capitis latera l is .  Rather often it was asymmetrical ly developed inas
m uch as on  one side of the median l ine ,  general ly  the right side, i t  
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Text- fig. 5 1 .  Cephalaspis a rcticus ? anferior part of cephalic shie ld showing certai n 
anterior superficial vessels .  Magn i fied. 

a.  dsm, arteria superficiaUs postorbital i s ; æ .  ja, anterior branch from the a .  facial is ; a .  ja c,  

arteria fac ial is ; a.  jp, posterior branch from the a.  facial is ; a.  iol, lateral in fraorbital 
branch of  the a fac ial i s ; a .  iom,  medial  i n fraorbital branch of  the a facial is ; dsj, dorsa l 
electric field ; Isj, lateral electric field ; v. cl, vena capitis lateral is ; v. cl! ) preorbital 
divis ion of  the v.  capitis lateral is ; v. la, vein arisen by the confluence of the dorso
lateral superficial ve ins  3 and 4 ;  v.  Is1 ? ,  dorso-Iateral superficial vein 1 ;  v. lS2-V .  Is. , 

dorso-lateral superficial ve ins 2-4 ; vv. rs, rostraI ve ins .  

reached much more forwards than on  the other. And when this was 
the case the rostrai superficial veins on that s ide had always become 
much reduced.  I n  one form ( C. arcticus ?, text-fig. 5 1 ; p l .  40 ,  fig .  5) 
i t  was on the r ight side even so strongly developed that i t  reached 
a lm ost to the rostrai  margin .  

The dorso-lateral superficial ve in  fol lowing nex t  backwards, i .  e .  
the dorso-latera l  superficia l  vein 2 (v. ls2 , text-figs. 28, 46, 47, 49-5 1 ) , arose 
th rough the confluence of branches chiefly from the anterior portions of 
the l ateral e lectric fie ld and from the superficial  portion  of  the viseerai 
skeleton s i tuated between the n. profundus and the n. t rigeminus proper.  
I t  went postero-dorso-media l ly and emptied into the preorbital  divis ion of  
the v. capitis lateral is ,  somewhat behind the dorso-Iateral superfic ia l  vein l .  

The dorso-lateral superficial vein 3 (v. lSg , text-figs. 28, 46-5 1 )  drained 
a portion of  the lateral  e lectric field and the superficia l  port ion o f  the 
visceral skeleton situated between the n .  trigeminus proper and the 
n. facial is .  It was always a rather l arge vessel ,  general ly considerably 
l arger than the two dorso-Iateral superficial veins in  front ,  and i t  went 
media l ly (dorso-media l ly) and somewhat posteriorly. I n  the Cephalaspis
species it general ly entered the posterior part of the orbit ,  with in  which 
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i t  emptied in to th e v .  capitis lateral is .  In Kiaeraspis, Benneviaspis and 
Hoelaspis , on the con trary, it never entered the orbi t ,  but passed upwards 
and opened i n to the v .  capit is latera l is  s l ightly behind that . 

The dorso-Iateral superficial vein 4 (v. IS4' text-figs. 28, 46-5 1 )  was 
forrned main ly by branches from  the superficial portion o f  the visceral 
skeleton situated between the n. facial is and the n. glossopharyngeus .  
I n  addit ion, however, i t  received also tr ibutaries from the lateral electric 
field .  Usual ly i t  went medial ly (dorsaI ly)  and sl ight ly backwards. The 
dorso - Iateral su perficial vein 5 (v. Is" , text-ngs. 28 ,  46- 50) arose main ly by 
the con fluence of branches from the superficial portion of the visceral 
skeleton si tuated between the n. glossopharyngeus and the first branchial 
branch o f  the n. vagus ,  but blood was also carried to it from the lateral 
electric field . As a rule it went al most straigh t tran sversal ly  towards 
the neurocran iu m .  Final ly the dorso-Iateral superficial vein 6 (v. Iss , 
text-figs. 28, 46-50) drained a superficial portion of the visceral skeleton 
wh ich presurnably was situated between the fi rst and second branchial 
branches of  the n .  vagus ,  and in  addit ion a posterior  part of  the la teral 
electric neId . I t  general ly went medial ly (dorsa I ly) and sl ightly anteriorly ,  
and in  i t s  prox ima l  par t  there opened in to  i t  from behind one or a 
few more or less smal l  veins ,  which probably were the dorso-Iateral 
superficial vei ns o f  the most posterior parts o f  the visceral skeieton .  

The  dorso-Iateral superficial vein 6 always emptied i ts b lood into 
the v .  capi t is la teral is above the most posterior  part of the vesti bu lum 
and accordingly rather far behind the dorso-Iateral superficial vein 3 .  
The dorso-Iateral superficial vein 5 always un i ted with one of  the neigh
bouring dorso- Iateral superficial veins ,  thus with either of  the dorso-Iateral 
superficial veins 6 and 4 .  Only in  one form ,  so far as is vet known , 
did the dorso-Iateral su perficial vein 4 reach up to and open into the 
v .  capitis lateral is .  I n  most forms it toa united with the neighbouring 
dorso-Iatero-superficial veins  i .  e .  with one o r  other o f  the  dorso-Iateral 
superncial veins 3 and 5 .  Going more in to detai Is ,  we fi nd that the dorso
lateral superficial veins general ly em ptied as fol lows . In one category of 
forms the dorso- Iateral superficial vein 4 un ited with the dorso-Iateral 
superficial vein 3, whi le the dorso-Iatera l superficial vein 5 uni ted with the 
dorso-Iateral superncia l  vein 6 (text-figs. 49,  50) . In another category 
of  forms bolh the dorso-Iateral superficial veins 4 and 5 uni ted the 
dorso- I ateral superficial vein 6, while the dorso-Iateral superficial ve in 3 
carried blood to the vena capitis lateral is on ly from its own area of  
drainage (text-figs. 47 ,  43) . FinaI ly ,  i n  a third category of  forms both 
the dorso-Iateral superficial veins 4 and 5 were instead tr ibutaries to 
the dorso-Iateral superficial vein 3 ,  and this case i t was evidently the 
dorso-Iatera l  superficia l  artery 6 wh ich emptied blood only from its 
own area of  drainage in to the vena capit is lateral is (text-fig. 46) . 
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From the account given and from the figures quoted (text-figs. 28, 46 
-52) i t  i s  easy to see that the dorso-lateral superficial veins 1 -6, and 
perhaps also one or  a couple of  those fol lowing next behind the sixth , 
l ike the dorso-lateral superficial arteries and the superficial branches of  
the  a .  facia l is ,  a l ternated in  a regular manner with the  branchia l  nerves 
and thus also with the branchial fossae . We also find that they al ter
nated in  a regular  way with the electric nerves. Thus they had a 
metameric disposition. And in  this connection it i s  worthy of  notice 
both that the metameric disposition of the superficial a rteries and veins 
correspondeq to the neuromeres and branchiomeres and that the 
metameric disposit ion of the vessels, nerves and gil ls was distinct even 
in  the most anterior part of  the prootic division of the head.  

Final ly among the superficial veins of  the dorsal parts of the 
cephal ic shield we have to consider the fourth group ,  the one which 
I have called the dorso-medial group.  This gro up consisted exclusively 
of rather small veins, which al l  carried blood from the dorsal parts of 
the half o f  the neurocranium situated on their s ide of the median l ine .  
The most anterior ve in pertaining to th is  group v. cll (text-figs. 46, 47 ,  
49,  50) drained the postero-medial superficial portion o f  the rostrai part 
of  the visceral skeleton and the upper part of the ethmoidal region just 
behind and laterally to the nasal opening and passed postero-lateral ly. I t  
constituted t h e  most anterior part of  t h e  preorbital d ivision of  the v .  capitis 
lateralis ; and we shall h ave the opportunity to return to i t  below in  the 
description .of that vein. The veins o f  the group that fol lowed next 
posteriorly (vv. SD, v .  ds!u text-figs. 46, 47, 49, 50) arose from the posterior 
dorsal parts of  the ethmoidal region , including the fossa circumnasal is ,  
and further from the dorsal parts of the orbitotemporal region and the 
anterior part of  the dorsal electric field (v. dS!l) situated on this region .  
They were at least  two,  but may,  in  severai forms ,  have atta ined a 
number of four or  perhaps even more ; and al l  of them went downwards 
through the dorso-lateral part of the orbitotemporal region to the orbit ,  
within which they opened i nto the v .  capit is lateral is .  On account of 
their place of origin and course they will be called supraorbital veins. 
Proceeding further backwards ,  we find the upper parts of the otic region 
drained by smal l  veins which emptied into the m ost proximal parts of 
the dorso-lateral superficial veins 4�6,  and by one or  a few small  veins 
(v. ds, text-figs. 46, 47 , 49, 50) which poured out into the v .  capit is lateral is .  
Moreover there was probably in  the superficial part of  the ot ic region 
a rather th ick vein (v. dS!2 ' text-figs. 46, 47,  49, 50) which carried b lood 
from the m iddle part of the dorsal electric field to the otical vein ,  which 
in its turn was a tributary to the occipital vein sinus.  Final ly, the 
superficial parts of the occipital region had a great num ber of fine veins ,  
which al l brought blood either to the occipital vein s inus or  to the veins 

1 5  
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which opened into that vein sinus. Among those veins were two (v. dsfs , 
v. dsf4 ' text-figs. 46, 50) which drained the oceipital part o f  the dorsal 
electric field .  More exactly ,  the most anterior one (v. dsf�) of  the last
mentioned two veins left the dorsal e lectric field straight above or  
slightly antero-dorsally to the  cana l  nd1 for the supposed dorsal root 
o f  the first spino-oceipital nerve and went to the posterior end o f  the 
oceipital vein sinus, whi le the other (v. dsfJ passed elose above the 
canal nd2 for the supposed dorsal root of the second spino-oceipital 
nerve and poured out into a tributary to the lateral occipital vein . 

The superfieial veins o f  the lower side o f  the cephalic shie ld ,  i f  
now w e  turn t o  these, m a y  b e  considered t o  have consisted o f  two 
paired groups,  one of which comprized the superfieial veins from the 
ventraI  rim ,  from the ventraI  parts o f  the cornu ,  from the ventraI  parts 
o f  the shoulder-girdle and from the ventraI parts o f  the postbranchial 
wal l ,  whereas the other group was composed mainly of  the superficial 
veins which must have been present internally to the scaly covering of  
the soft tissue that  closed the oralo-branchial fenestra. The former of  
them consisted of  fine veins which emptied into the rost ra I  ve in  s inus 
and into the marginal vein ; the other,  on the contrary, was at least in  
part made up of  rather large ve ins ,  which ,  as far as can be j udged , went 
as fol lows. A longitudinal  paired vein ,  the vena superfieial is  longitudinal is  
ventralis (v .  slv, text-fig. 50) , passed from close behind the mouth back
wards beneath the entire oralo-branchial chamber, piercing the post
b ranchial wall th rough the canal fy (text-figs. 33-35) .  Arrived behind the 
postbranchial wall i t  probably united with the marginal vein in  the way 
shown in text-fig. 50. During its passage beneath the oralo-branchia l  
chamber i t  was probably connected with the marginal  vein by means 
of  10 rather strong transversal superfieial veins ,  th e venae superficiales 
transversales ventrales (V1-V,O ' text-fig. 50) , which passed beneath each 
branchial fossa somewhat in  front o f  each b ranchial  opening .  The 
disposition of  these veins in  the tissue which closed the oralo-branch ia l  
fenestra was evidently such that ,  as far as can be understood , they must 
have been homologous with the ventraI  parts o f  the transversal super
fieia l  veins i n  Petromyzon (cf. CORI 1 906, p l .  X I I ,  fig .  3) . 

Already severai t imes above we have had the occasion to refer  to 
the rostraI vein sinus and the marginal vein. We shall now consider 
these two vessels in  detai l . 

The rostrai vein sinus (vs. r, text-fig. 50) was a rather thick unpaired 
vessel , which was situated with in the canal vs.  r (text-fig .  36 ; section 
series F ,  nos .  39, 42, 49 ; p l .  5 1 ) . And thus ,  as has al ready been pointed 
out , i t  had a transversal posit ion with in the m ost anterior part o f  the 
endoskeleton o f  the cephalic sh ie ld and extended on each s ide of the 
median l ine a lmost as far latera l ly as the first branchial fossa. In this 
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connection is should also be noticed that i t  was situated en tirely outside 
the viseeraI museulature. Blood was carried to i t  by the rostraI group 
of  dorsal superficial veins and by the rostrai superficial veins of  the ventraI 
rim ,  and it thus chiefly arose by the confluenee of  superficial veins. At 
each lateral end it was presurnably con tinuous with another sinus (vs. pv, 
text- fig. 50) wh ich probably was present around the lateral and 
posterior borders of  the mouth , and which , together with the rostrai 
sinus, seems to have forrned an annular sinus around the mouth , an 
annular sinus that corresponded exactly to the annular lab ia l  s inus o f  
the  Petromyzontids (cf. TRETJAKoFF 1 926 , pp .  406-4 1 0) .  The ventra I ,  
or more c orrectly the post-oral ,  par t  of  tha t  annu lar  s inus was conceiv
ably in d irec t  communication with the v .  superficial is longitudinal is  
ventral is .  I n  view o f  its relations to the other veins ,  i t  cannot be doubted 
that the annular sinus as a whole belonged to the superficial system of  
veins .  The  marginal vein (v. marg, vs. marg, text-fig. 50) was by its 
anterior end probably in communication with and merged into a fine ante
rior branch from the truncus arteriosus, a branch which m ight have entered 
the viseeraI endoskeleton through the canal va (text-fig.  36 ; pl .  5 1 ) . I t  
went first backwards th rough t h e  canal v .  marg i n  t h e  most ventraI part of  
the viseeraI endoskeleton (text-figs. 1 1 , 1 2, 34, 36, 39, 40 ; section series F ,  
nos. 29-6 1 ;  p l s .  1 5 . 20, 22, 44 ,  5 1 )  medial ly to  the  marginal artery and  
lateral ly to  the  branchial fossae, after which i t went more postero-media l ly 
and entered the cavity vs.  marg (text-figs. 9- 1 2, 34-36, 39. 40 ; section 
series F, nos .  24-55 ; p l s .  1 5 , 22 ; pl .  23 ,  fig .  3 ;  p l s .  5 1 -53 , 58)  between 
the viseeraI endoskeleton and the endoskeletal shoulder-girdle. Behind 
the cavity vs. marg i t  must have reta ined its postero-media l  d irection 
and have passed cJose behind the ventrai part o f  the postbranchia l  wall . 
Final ly ,  rather far medial ly behind the postbranchia l  wal l  it probably 
united with the vena superficial longitudinal is ventral is and emptied toget her 
with this i nto the ventraI jugular vein in  the way shown in text-fig. 50. 

The margina l  vein du ring its way backwards soon became a 
rather  wide vessel and continued to widen backwards unt i l  opposite 
the interbranchia l  septum 4, where , at the entrance into the cavity 
vs. marg, i t  probably became wide again and even wider than more 
anteriorly ; but i t  soon d iminished in width aga in when i t  left this ca vit y 
and i t  is probable that from there it gradually became narrower back
wards.  In th i s  connection  i t  i s  also worthy o f  notice that with in  the canal  
v. marg i t  had d istinet di latations corresponding to each one o f  the in ter
branchial septa l ,  2 and 3. I t  received its blood from the superficial 
parts and the interior o f  the cornu , from the superficia l  parts and the 
inter ior of  the shoulder-girdle, and fina l ly  from the superficial parts 
and the interior of  the ventraI portion of  the viseeraI skeIeton . As 
we have found,  i t  was probably connected with the vena superficial is 
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longi tudinal is  ventra l is  by means of  the venae superficial is transversales 
ventrales whieh traversed the canals Vl-V10 ( text-figs. 4, 33 , 34, 36, 
39-4 1 , 50 ; pls . 20, 22, 5 1 ,  etc . ) .  

On  aeeount o f  i t s  posit ion and on  aceount  of  its relat ions to the 
superficial  system o f  ve ins  i t  seems h igh ly pro bable that  the margina l  
vein ,  l ike the rostraI ve in  s inus ,  belonged to the superficial system of  
veins, though , owing to the speeial isation of  the  eephal ie shie ld ,  i t  had  
come to  oeeupy sueh  a posit ion that i t  became very wide and sunk 
somewhat deeper in to the endoskeleton than most other superficial 
veins, except the rostrai vein sinus . . In fact i t  seems high ly proba ble 
that i t  was homologous with the vena superficial is longitudinal is dorsal is 
of Petromyzon (cf. CORI ,  1 906, p l .  X I ) .  

From what h a s  been s e t  forth here we  have found that t h e  Cephal
aspids possessed a very complicated system o f  superficial vein s ,  a system 
whieh in  severaI important points was h ighly suggestive of  that o f  the 
Petromyzontids. 

After having considered the superficial system of  veins ,  we now 
turn to the other veins o f  the cephel ic shield which were the v .  eapit is 
lateral is with its tri butaries from the endocran ium,  and further the 
v .  card inal is  anterior (v .  capit is med ial is) and the v. j ugul aris ventral is .  

The v .  eapitis latera l is ,  as we have seen , arose as a superficial 
vein from the eth moidal region and the rostraI part of  the viseeraI 
skeleton somewhat an tero-Iatera l ly to the nasal opening (v. cll text-figs. 
28, 46, 47, 49-5 1 ) , and went  first usual ly postero-Iateral ly and reeeived the 
dorso-Iateral superficial  veins I and 2 .  Behind these veins  i t  took a 
posterior or a posterior and somewhat medial d i rection and began to 
penetrate deeper in to the endoskeleton . After continuing in this d i rection  
for a more or less long distance, i t  entered the orbit at the anterior end ,  
but close anteriorly to the orb i t  i t  had in certain cases a rather d istinet 
swel l ing .  Within the orbit (v. cl , text-fig. 46-5 I )  i t  eertainly passed baek
wards and slightly la teral ly rather close to the i n terorbital wa l l ; and 
during this part of  its eourse i t  received the supraorbital veins (v. sa, 
v. dS!l ) and probably also a vein from the cavum cerebrale cran i i ,  a 
vein which traversed the eanal  v. pt (text -figs. 1 6, 1 7 , 2 1 , 22, 24 ; seetion 
series A ,  nos .  88-90, 93-94 ; seetion series C,  nos. 1 -9, 26 ; section 
series D, nos .  4-9) , and whieh perhaps may have corresponded to the 
pituatary vein of  fishes although i t  d id not l eave the eavum cerebrale 
at the fossa hypophyseos, but somewhat behind that (cf. ALLIS 1 909 a, 
pp. 1 83-208 ; 1 9 1 1 a, p . 29 1 ; 1 9 1 4 ;  1 9 1 8 a ;  1 9 1 9 ;  1 922 a ;  1 922 b ;  
ALLEN 1 905, p .  8 1 ; GEGENBAUR 1 872, pp. 75-79 ; LEHN 1 9 1 8 , p . 380 ; 
O 'DoNOGHUE  1 9 1 4 , pp.  440-44 1 ; STENSlO 1 92 1 ,  pp. 62, 1 77- 1 80 ;  
1 922, p .  1 7Y ;  1 923, pp.  1 244, 1 262- 1 268 ; 1 925 a ,  pp. 52-7 1 ; etc . ) .  
I n  the  Cephalaspis-species it had in  the hindm ost part o f  the  orbit ,  j ust 
before i t  entered the otie region , vet another tributary which ,  as we have 
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seen ,  was the dorso-lateral superficial vein 3 or a trunk forrned by the 
un ion either of the dorso-lateral superficial veins 3 ,  4 and 5 or  o f  the 
dorso-lateral superficia l  veins 3 and 4.  

After leaving the orbit at the posterior end ,  and usual ly rather 
high above the floor, the v .  capitis lateralis passed backwards with in  
the  endoskeleton of  the otic region,  dorsally to the vest ibular d ivision 
and lateral ly to the anterior  and posterior semicircular  divis ions of  
the labyrinth cavity, and during th i s  part of i t s  course i t  had a sl ight 
medial bend. In the posterior part of  the otic region it curved down
wards and emerged from the neurocran ium.  More exactly, i t  had its 
exit from the neurocranium at the posterior end o f  the otic region 
somewhat latero-dorsally to the place at which the n .  glossopharyngeus 
entered the labyrinth cavity. After it thus had defin itely left the neuro
cranium i t  must have passed downwards and somewhat media l ly behind 
the postbranchial  wal l  i n  order to jo in  there the anterior card ina l  ve in 
(v .  capitis medial is) o f  i ts s ide ,  probably approximately in  the way shown 
in  my restoration of  the venous system publ ished in  text-fig .  50. 

During its passage through the otie region the v .  capitis lateralis 
perhaps received a num ber of  small tributaries from the vestibular 
d ivision of  the labyrinth cavity ,  tributaries which traversed the canal s 
v. labl-v. lab5 (section series A, nos .  57-67 ; section series B ,  nos .  1 8, 
24, 25, 27-29 ; section series C ,  nos .  65-70 ; section series D ,  nos .  1 2- 1 4, 
1 9, 20, 26) . But it is also not impossible that these canals instead trans
mi tted nutritive arteries to the v. capitis l ateralis and to the dorso-lateral 
parts of the otie capsul and in  addition dorsal nerve b ranches from  th e 
n .  facia l is and the , n .  glossopharyngeus. Besides these possible tributaries 
the v. capitis lateral is had i n  the otic region also a num ber of  other 
more important ones al l  of  which , h owever, except the occipital vein 
sinus, have been dealt with in  detail above.  For al l  these, except the 
occipital vein s inus ,  i t  may therefore be sufficient here to refer  the 
reader to text-figs. 46-5 1 .  

The occipital vein s inus (vs. oe. text-figs. 23-28, 46, 48, 50 ; section 
series A, nos ,  27 -46 ; section series B, nos .  2- 1 6 ;  sectton series C, nos .  
49-73; section series D ,  nos .  1 -40; pls .  25,  26 ,  49 ; pl .  54, fig .  1 ;  pl .  55) was 
a wide vessel situated in the endocranium at the transit ion between the occi
pital and otic regions .  Postero-dorso-media l ly it was produced backwards 
into a long corner ,  and into this corner opened the myelonal vein 1 (v. spil ' 
text-fig. 50) and probably a lso a thick vein from the poster ior parts o f  the 
dorsal electric field (v .  dsfs ' text-fig. 50) . Just laterally to this poster iorly  
produced corner there poured out  in to  i t  a thick vein ,  the lateral occi
pital vein (v. ol, text-figs. 23-26, 46, 50) , which went forwards through the 
most lateral part of  the occipital region of  the endocranium and whieh arose 
th rough the confluence of  the most posterior  superficial veins belonging to 
the dorso-medial  group with the myelonal vein 2 (v. spi2 , text-figs. 46, 
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50) and the most posterior vein (v. dS!J ' text- figs. 46,  50) from the dorsal 
electric field .  The l ateral occipita l  vein was - at least in certa in forms, 
such as C. hoeli (v. ol, text-figs. 23, 25, 26) - in  com munication with 
its fel low of the opposite side by a transversal commissure (v. de) , which 
was si tuated i n  the h indmost part o f  the occipita l  region of  the endo
cranium above the m ost posterior part of  the cranial cavity and thus 
in fact rather superficial ly .  

Anteriorly to its postero-media l  corner the occipital vein s inus 
received on its media l  s ide near i ts bottom the rather thick v .  cerebral is 
posterior (v. cp, text-figs. 46, 50) , which arose i n  the posterior parts of 
the cavum cerebrale crani i  and ,  as usual ,  traversed the most dorsal  
d ivision of  the vagus canal .  From the ot ic region a thick vein ,  the 
otical vein (text-figs. 46 ,  50) , seems to have passed backwards through 
the dorsal part of  the otic region between the canal is semicircularis 
posterior and the cavum cerebrale to the anterior dorso-media l  part 
of the occipital vein sinus. The otical vein probably arose th rough the 
confluence of two branches, one of  which seems to have been of  a 
superficial sort and to have come from the m iddle part o f  the dorsal 
e lectric field (v. dS!2 ) , whi le the other (v. vest, text-figs. 46, 50) may 
have dra ined the labyr inth cavity or  at least  certa in dorso-medial  o r  
m edial parts of  that cavity .  Final ly ,  i t  i s  qu ite clear that a great number 
of  superficia l  veins belonging to the posterior  ones of  the dorso-medial 
group carried blood to the occipital vein sinus. 

Lateral ly ,  the occipital vein s inus opened with a rather narrow duct 
in to the v. capitis lateral is  from the media l  s ide ,  c lose anteriorly to o r  
j ust a t  t he  place a t  which t he  v .  capit is lateral is  le ft t he  otic region (text
figs. 26, 46, 48, 50) . 

On the ventrai or  ventro-poster ior side of the occipital vein s inus 
there issued certain rather fine veins i n  a more or less straight ventrai 
direction ,  veins which probably went down to and j o ined the v .  cardi
nalis anterior of  their side. This fact, together with i ts relations other
wise, shows that the occipital vein sinus probably was a structure arisen 
from col lateral branches o f  parietal veins. 

From the facts given here concerning i t  and its tributaries i t  i s  
c lear  that the v .  capitis lateral is  o f  the Cephalaspids must have been 
homologous with the s imi larly  named vein i n  Cyclostomes and in  fish 
larvae. And further it i s  easy to  see that , both with regard to its 
extension and posit ion and with regard to the fact that i t  persisted 
ful ly  unchanged in the adult ,  the v .  capit is lateral is of the Cephalaspids 
was highly suggestive of  that in  Petromyzon (cf. CORI ,  1 906 ; HATTA 
1 922 ; DE BEER 1 924 ; 1 926) . In th is connection it i s  worthy of notice 
that in  Petromyzon there i s  an occipital vein sinus (cf. DE BEER 1 924, 
p . 326, fig. 38 ; CORI 1 906, pp. 50-5 1 ,  pl . X I ,  pl .  X I I ,  fig .  2) which 
probably i s  homologous with that o f  the Cephalaspids and that thus 
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also with regard to this special tributary the v. capitis lateral is  of  the 
Cephalaspids was i n  a str i  king way i n  accord with that of Petromyzon. 

On account of its relations to the superficial veins  in the Cephal
aspids it seems not improbable that the v. capitis l ateral is origina l ly 
pertained to the superficial system of veins ; and s ince it was presen t 
and played such an important  part even among such old primitive verte
brates as the Cephalaspids, i t  seems conceivable to me that i t  was a 
very old structure , probably even as old as the v .  cardinal is  anterior 
(v. capitis media l is  ; cf. DE BEER 1 924, p .  339) . 

A paired v .  cardinal is anterior (v .  capitis medial i s) was certa in ly 
present. I f  this vein arose as far forwards as beneath the endocranium ,  
i t  would have  passed backwards along the ventrai surface of the crania l  
base .  And i n  that case it m ight have left the oralo-branch ia l  chamber 
ei ther together with the aorta or with the oesophagus. I t  is  m ore probable, 
however, that i t  d id not reach further forwards than to the posterior 
surface of the postbranch ia l  wal l ,  and that i t  thus was strikingly short. 
Close behind the postbranchial  wal l ,  and accordingly about at its presumed 
anterior end ,  i t  received the v .  capitis lateral is of i ts  side (text-fig. 50) . 
I n to it emptied further a num ber of anterior parietal veins ,  and among 
these were also those from the collateral branches of which the occipital 
vein sinus, as has be en pointed out, probably arose. 

The most m edian subbranchia l  parts of the head must have been 
drained by a system of  veins which perhaps j oined into a median 
unpaired v . j ugularis ventral is ,  as i n  the Petromyzontids .  H ow l imagine 
this vein to have been , i s  elucidated by text-fig. 50 (v .  jug. v) . 

The facts b rought forward here show quite clearly that the vascular 
system of the Cephalaspids, though special ized in  certain  respects , 
nervertheless was o f  a type which among recent forms is found on ly 
in  the Cyclostomes and among these particularly in  Petromyzon. 

Endoskeletal shoulder-girdle. 

The endoskeletal shoulder girdle i s  a continuous skeietal piece, 
which , as has already been pointed out (pp. 20-29 above) forms part of  
the endoskeletal component o f  the cephalic sh ie ld ,  constituting the postero
lateral part of that (text-figs. 5 ,  7- 1 2) .  More exactly, i t  has the fol
lowing relat ions to the other parts of  the endoskeletal component of the 
cephalic shield .  It i s  continuos with the antero-Iateral part of the occipital 
region dorso-media l ly ,  with the viseerai endoskeleton anteriorly and 
media l ly ,  and with the endoskeleton of the cornu of  its s ide lateral ly (text
figs. 5 ,  7 , 8, 9- 1 2, 33-35, 52 ; pls. 9, 1 0 ;  (sect ion series F, nos .  24-63) . 
Within the transitional part between i t  and the visceral endoskeleton 
there i s  always the big cavity vs. marg, which , as we h ave found ,  was 
occupied by a widened part of the margina l  vein. Postero-medial ly it 
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passes over into the lateral wall of the interzonal part of the cephal ic 
shield, a part wh ich is  bui l t  up  exelusively of  exoskeleton (text-figs. 9- 1 2, 
33-35, 52 ; section series A, nos. 1 59- 1 67; section series F ,  nos.  24-63),  
and owing to this the pectoral s inus is  surrounded by skeIet on not only 
anteriorly;and laterally but also medial ly (cf. text-figs. 33-35). Text-figs. 52 
and sections nos .  24-63 of  section series F elucidate more in  detai l  
what has been set forth here concern ing the position and relations of 
the endoskeletal shoulder-girdle .  

Except i n  Boreaspis rostrata, in  which probably i t  was ossified 
throughout, the endoskeletal shoulder-girdle consisted in  all the forms 
known of the same sort of cartilage as the other parts of the endo
skeIetal component of the cephalic shie ld .  I t  was always l ined with a 
th in layer of perichondral bone (respectively periostal bone when i t  
was ossified th roughout) on the posterior surface exposed in  the pectoral 
sinus, on the surface which forrned part of  the boundary of the cavity 
vs. marg and in  a l l  the canals which traversed it .  

The most dorso-medial part of  the endoskeletal shoulder-girdle i s  
pierced by a rather fine cana l ,  nz (text-figs. 33-35, 52) ,  which has  such 
a posit ion that i t  m ust have transmitted a structure that came from 
above and  medial ly in  the  most anterior part of  th e trunk and passed to  
the  antero-dorso-medial part of  the  pectoral fin .  And from th i s  i t  is  easy 
to understand that the canal  gave passage to a nerve which went to the 
antero-dorso-medial  part of  the pectoral fin .  

Somewhat medial ly to  the cana l  just described there i s  another and 
generally wider canal (nz1 text-figs. 1 2, 33-35, 52 ; sect ion series F ,  
nos .  34-44) , which, l ike  the former, perforated the postero-medial  part 
of  the endoskeletal shoulder-girdle in a d irection transversal to the 
longitudinal axis of  the fish . This canal ,  nz1 , has its internal (medial  
opening) e lose posteriorly to and below the level o f  the subclavian ridge, 
while its external opening i s  situated e10se behind (medial ly) to the 
opening o f  the canal  for the arteria brach ial is (a .  br) . What i ts  function 
may have been ,  i t  is  not possible to decide with ful l  certainty, but it 
i s  very pro bable that i t  tran smitted a vein from the lower side o f  the 
pectoral fin to the marginal vein .  In addition it may perhaps also have 
been traversed by a nerve to the lower side of �he pectoral fin .  

Within the  most dorso-Iateral part o f  the  endoskeletal shoulder
girdle there i s  always found a rather wide can al (sele , text-figs. 9- 1 2, 
1 3 , 34, 52) , which comes from the occipital region and passes postero
laterally to the posterior part of  the lateral electric field, which , as we 
have seen , general ly extends backwards on the cornu .  This  canal was 
the canal for the sixth electric nerve to the l ateral e lectric field .  

The canal  for the arteria subelavia (a. subel, text-figs. 9- 1 2, 36,  39,  
40, 44, 52 ; section series A ,  nos. 1 63- 1 67 ;  section series F ,  nos.  1 1 -48 ; 
pls . 20, 22, 28 ; p l .  46, fig. 1 ;  pl .  47, fig. l ;  pls .  5 1 -53, 58) , when i t  left 
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the postbranchia l  wal l ,  entered ,  as we have found ,  the basal part of  
the endoskeletal shoulder-girdle proper, which i t  traversed in  a l ateral 
d irection ,  after which i t  arrived in  the antero-medial  part of the cornu 
of its side. Rather soon after its entrance into the endoskeletal shoulder
girdle it gave off a wide branch (a. br, text-figs. 1 2 , 35, 36, 39, 40, 44, 52 ; 
section series A ,  nos .  1 63- 1 66 ;  section series F ,  nos .  34-45) backwards 
to the antero-media l  part of the pectoral s inus, a branch wh ich , as has 
been pointed out, must have lodged the artery that supplied the pectoral 
fin, that is  the arteria brachia l is .  With in the cornu the a .  subclavia divided 
into two branches,  one of which (a. c, text-figs .  1 2, 36, 39, 40 , 44, 52) went 
to the cornu of  i ts s ide, whi le the other (a .  marg, text-figs. 1 2, 36, 39, 40, 44, 
52 ; pls .  20, 22, 44, 5 1 )  turned forwards and traversed the most ventro-lateral 
part of  the v isceral endoskeleton latera l ly to the cana l ,  v. marg , for the 
marginal  vein .  As has be en shown above, (pp. 1 83- 1 86, 226-228) 
the former of these two branches lodged the a. cornual is ,  the latter the 
a .  marginal is .  

Final ly , there i s  st i l l  one canal th rough the endoskeletal shoulder
girdle which remains to be considered here.  This canal (v. br, text-figs. 5 ,  
9- 1 1 , 34, 35, 39, 40, 52 ; section series F ,  nos .  28-33 ; p l .  10  v. br2 ,  pl .  
54 ,  fig .  2) leads from the cavity vs .  marg to the dorso-median part of  
the pectoral sinus. As far as can be j udged ,  i t  transmitted a ve in  which 
dra ined at lea st the dorsal side o f  the pectoral fin .  

The  posterior surface of  the endoskeletal shoulder-gird le exposed 
in  the pectoral s inus (text-fig. 35) is concave in  the transversal d i rection ; 
and since, apart from this general concavity, it seems to have been rather 
smooth without any pronounced raised parts or  fossae in  or against 
which the pectoral fin could have articulated , i t  is not possible to decide 
where the articulation between it and the pectoral fin  took place, nor 
possible to d raw any conclusions concerning th e endoskeleton of  the 
pectoral fin . 

Owing to i ts posit ion far postero-Iatera l ly and to the facts that it is  
continuous with the shoulder-girdle and i s  supplied by a branch of the 
a .  subclav ia ,  i t  seems highly pro bable that the cornu does not  belong 
to the head ,  i .  e .  i s  a p ortion of the visceral skeieton , but that i t  s imply 
i s  a posteriorly ,  postero-Iatera l ly or lateral ly produced part of the 
shoulder-gird le .  Throughout this paper, therefore, i t  has been considered 
as such .  Accord ingly the end oskele ton of the shoulder-gird l e  of the 
Cephalaspids would comprise not  only what has been described here 
as the endoskeletal shoulder-gird le proper but i n  addit ion also the endo
skeleton of the cornu .  

Although the endoskeletal shou lder-girdle of  the Ceph alaspids ,  taken 
in  this wide sen se ,  d iffers in  severai respects from that i n  fishes and Tetra
pods nevertheless, from the facts known at present concern ing it, i t  i s  ful ly 
evident that both with regard to its position behind the branchia l  region 
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and to its relations to the vessels and nerves it has so man y important 
features in  common with that of fishes and Tet rapods that we are foreed 
to the conclusion that i t  i s  homologous with th is .  As far as can be j udged ,  
the Cephalaspids would thus have a true shoulder-girdle and a true 
pectoral fin .  And as we shall see from the eomparative aeeount below, 
this was probably the case with severai other groups of Ostraeoderms too. 

Certain remarks on the exoskeleton. 

The m inute strueture of the exoskeleton has been dea l t  wi th above 
in  the general  aceount of the eepha l i e  shield (pp. 32-4 1 ) . Here , how
ever, it should be partieularly emphasized that  the m ost basal part ot  
the basal  layer of the exoskeleton pro babl y is  of periehondral (or else 
periostal) origin and therefore,  strietly speaking, presurnably does not 
perta in to the exoskeleton (cf. p .  40-4 1 ) . 

I n  eonsequenee o f  its extent ,  the exoskeleton of the eephal ie sh ield 
com prises parts whieh pertain to the neuroeran ium,  to the viseerai 
skeieton ,  to the shoulder-girdle and to the most anterior part o f  the 
trunk .  

The scales whieh eovered the soft tissues that closed the oral 0-
branehial fenestra belonged to the viseerai skeieton .  

Lateral sensory canal system and electric fields. 

The lateral l ine system i s  known on ly on the eephal ie shield on 
whieh i t  consists of narrow, shallow grooves of a s imilar  type as those 
in  Trernataspis, though not so frequently in terrupted as those. Despite 
the faet that fragmentary remains of it may be seen i n  many forms, 
among others in  Hemicyclaspis (Cephalaspis) murchisoni and Cephalaspis 
salweyi, i t is nevertheless rarely found in a somewhat eomplete state 
o f  preservation .  U p till now in  faet i t  i s  known in any detail only in 
one speeimen of  eaeh of the  speeies Benneviaspis holtedahl i and 
Hoelaspis angulata from the Spitsbergen Downton ian .  It had always 
a very superfieial position ,  so that i t  eould give rise to distinet grooves 
only in  those forms whieh have the superfieial layer well developed. 
In those forms whieh have that layer i n  a redueed state, on the eon
trary, i t  was probably s ituated entirely in the soft t issue outside the 
exoskeleton .  

I t  should be notieed that I shal l  use in  th is  deseription the same 
terminology as in  my  previous works (cf. STENs r o  1 92 1 ,  p .  1 03 ;  1 922, 
p .  1 92 ;  1 923 , pp. 1 257- 1 259 ; 1 925 a, p .  1 1 4 ,  1 925

'
b ,  p .  1 46 ;  1 926) . 

I n  Benneviaspis holtedahli it i s  evident (text-fig. 76) that the lateral 
line system of the eephal ie sh ie ld ,  at least in  eertain  specimens ,  was 
somewhat d ifferently developed on the right and left sides. So far, how-



236 ER IK A :  SON STENSlO 

ever, i t  has proved im possible to decide whether this was a condition 
pecul iar  only to that species or  whether it occurred also in  other forms.  

According to our present knowledge of it ,  the lateral l ine system 
of  the cephal ic shield consists of the fol lowing grooves : a paired infra
orbital groove, a paired cephal ic. divis ion o f  the main lateral l ine ,  
two paired rather long transversal  grooves, and final ly two short 
pai red transversal grooves latera l ly  to the anterior hal f  of th e dorsal  
e lectric field .  

The infraorbital groove (ifc, text-figs.76, 77) , when typical l y  developed, 
stretches from the ventro-Iateral ly margin of  the orbital opening antero
ven tro-Iateral l y  to the media I margin of the anterior part of the l ateral 
electric field ,  and i t  seems not impossible that i t  continued even further 
antero-Iatero-ventra l ly so that  i t  ended 011 the exoskeletal plates that  
covered the anterior part o f  the lateral electric fie ld .  As far as can be 
j udged , therefore, i t  seems to be situated a lmost straight above the canal 
(V2 )  for the trigeminus proper, and so everything indicates that i t  was 
supplied by the lateral is fibres wh ich accompanied the n .  trigeminus proper, 
that is  to say by the latera l is  fibres which,  i f  I am right, were homologous 
to the n .  buccal is latera l is  o f  fishes. Before leaving it ,  attention should 
be cal led to the fact that in the specimen of  Benneviaspis holtedahli 
figured in text-fig. 76 A the infraorbital groove was represented on the 
l e ft s ide on ly  by a short proximal  part close to the orbital  opening, a 
part which was continuous with the transversal gro ove lettered cm, while 
on the right s ide,  on the contrary, i t  was developed in the typical way. 

The cephalic division of  the main lateral l ine ( le ,  text-figs, 76, 77) 
is always present and, as usual ,  it has a ch iefly longitudinal  course on 
the cephal ic shield . In  the speci men of Benneviaspis holtedahli in  which 
it could be studied (text-fig. 76) i t  consists on the right side o f  three 
somewhat i rregularly situated p ieces, while on the left side i t  is  represented 
merely by two pieces. In the speeimen of  Hoelaspis angulata in  which 
i t  was preserved (text-fig. 77) i t  consists, at least on the right s ide ,  of 
only one rather long piece. Mostly i t  seems not to reach backwards to 
the posterior margin of the cephal ic shield ,  but in  the specimen of 
Benneviaspis holtedahli here in question i t  is ,  however, c lear that 
on the right side i t  went as far back as the posterior  part of  the 
postero-lateral angle and that from this i t  continued on to the scale
covered part o f  the trunk. On account of  its position and extension 
i t  is ful ly evident th at i t  can have been innervated on ly by l ateral is 
fibres which accompanied the n .  glossopharyngeus and the n .  vagus, i .  e .  
on ly by postotic l ateral is fibres .  

For the study of the two long transversal grooves we fi rst consider 
the speeimen of  Benneviaspis holtedahli figured in  text-fig. 76 A.  I n  
that specimen both of  them (cmm! + cmm2 a n d  cm) are clearly seen . 
The anterior one (cm) of  them is somewhat d ifferently developed on 
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the right and left sides. On the right side i t  reaches from a point 
somewhat postero- Iatero-ventra l ly  to the orbit for a certa in d istance in 
an antero- Iatero-ventral d i rection , though by far not down to the l ateral 
electric field. On the left side, on the contrary, i t  seems to be continuous 
with the short in fraorbital groove - the only part present  of the left 
in fraorbital groove - and it thus reaches from a poin t  sl ightly latero
ventra l ly to the orbital opening latero-ventral ly and sl igh tly posteriorly, 
but l ike the righ t groove i t  ends already rather fa r dorso- mediai ly to the 
l ateral electric field .  As far as can be judged from its course and position , 
this groove (cm) was innervated by lateral is fibres which accompanied 
the n .  facia l is ; and i t  i s  therefore I ikely that i t  corresponds to one of 
the lateral sen sory canals of the cheek of fishes,  that i s ,  e i ther to the 
j ugal can a l  or to the preopercular canal (cf. STENSlO 1 92 1 ,  pp.  76-77, 
1 03 ;  1 923 , p .  1 258 ; 1 925 b ,  pp.  1 78- 1 79). 

The other l ong transversal gro ove in  the specimen in question of 
Benneviaspis holtedahli (text-fig. 76 A) i s  situated on the posterior  part 
of the cephal ic shie ld and consists of two parts, a dorsal one (cmmJ 
and a ventrai one (cmm2) .  The former of these parts extends from 
the posterior portion o f  the dorsal electric fie ld alm ost  stra ight latera l ly 
to the cephal ic  d iv is ion o f  the ma in  l ateral l ine ,  with which i t  i s  united .  
The latter part ,  on the contrary ,  reaches from the vicin i ty of the cephal ic 
division of  the main lateral l ine l atero-ventral ly a lmost to the medial 
margin of  the posterior part of the l ateral e lectric field and i s  as a 
whole si tuated somewhat i n  front of the dorsal part. From its position 
and relations i t  cannot be doubted that the long transversal gro ove j ust 
described was innervated by postotic latera l i s  fibres, a condit ion which 
ind icates that i t  m ust be homologous either with the supratemporal 
commissure or with the posterior  head-l ine of  pit-organs of  fishes 
(cf. ALLls 1 889, pp.  502-509, p l .  42 ; STENSlO 1 925 a ,  p .  1 44 ;  1 925 b, 
pp.  1 48- 1 49 ;  etc . ) .  And consequently in Tremataspis i t  has its equi
valent in  the gro ove that I have denoted in  text-fig. 83 by the letters 
cmm. Final ly in Palaeaspis i t  would correspond either to the second 
or to the th ird of  the transversal commissural canals foi lowing beh ind 
the suprapineal one (cf. STENSlO 1 926) . 

J f, after the descript ion of the condit ion of the long transversal 
grooves in  Benneviaspis holtedahli, we turn to the specimen of Hoel
aspis angulata figured in text-fig. 77 we find at once that th is d iffers 
rather m uch from the specimen of B. holtedahli dealt with by the total 
absenee of the anterior long transversal gro ove cm. The posterior  l ong 
transversal groove (cmm1 + cmm2) ,  on the contrary, i s  for the mot part l ike 
that in Benneviaspis holtedahli, except that the lateral  part o f  i t  i s  con ti
n uous with the cephal ic d ivision of the main lateral l ine  at its dorsal end .  

F ina l ly  the  two short  transversal grooves are to be observed both 
i n  Benneviaspis holtedahli and Hoelaspis angulata (pc, cmm, text-
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figs. 76, 77) ; and it is  characteristic for both o f  them that they are situated 
close to the anterior half of the dorsal e lectric fie ld .  More exactly ,  the 
anterior groove (pc) regularly lies close postero-dorsally or postero-dorso
medial ly to the orbita l  opening at the anterior end of the dorsal e lectric 
field and close behind the pineal opening, whi le the posterior one (cmm) 
fol lows somewhat more backwards. Their d irection may be ei ther rather  
straight or  more or l ess  obl iquely transversal .  From its position i t  i s  
easy to  conclude tha t  the  anterio'r one (pc) of them certa in ly m ust have 
been innervated by prootic lateral is fibres, perhaps by branches from the 
n .  ophtha lmicus latera l is  and therefore that it represents either a posterior 
part  o f  the supraorbital canal or the anterior head-l ine of pit-organs of 
fishes or ,  what is more probable ,  the suprapineal canal  of the Pteraspids 
and the suprapineal sensory canal organs in  Petromyzon (cf. STENSlO 1 926) . 
Attention should also be cal led here to the fact that an exactly corre
sponding short groove occurs in Tremataspis (pc, text-fig. 83) . Concerning 
the posterior short transversal groove (cmm) i t  is  d ificult to conclude 
whether it was supplied by lateral is fi bres which had their exit from 
the crania l  cavity together with the n .  facial is or  by lateral is  fi bres 
which emerged together with the n. glossopharyngeus. Most brobably is ,  
however ,  that the l atter al ternative was the true one ; and i f  it was so ,  
the groove would of  course be homologous with the midd l e  head-l ine 
of pit-organs of  fishes and the fi rst cross-com missural canal behind the 
suprapineal one in Palaeaspis (STENSlO 1 926) . I n  Tremataspis i t has 
an exact equivalent in  a short groove j ust l atera l ly to the anterior ha lf  
of the dorsa l  electric field (cma, text-fig. 83) .  

I n  none  of the  typical cephalaspids studied have I been ab le  to  
observe any distinct undoubted traces of  a supraorbital can  a l ,  but despite 
this it is not quite inconceivable that certa in parts of such a canal were 
present but in  such a reduced state that they lay very superficia l ly and  
d id no t  cause any markings on the cephaI ic sh ie ld .  I n  Didymaspis, on 
the contrary , I have found a paired sensory canal situated transversa1 l y  
in front of the  nasal opening (Brit .  Mus .  specimen P.  1 2659) , a cana l  
which corresponds exactly to the most  rostraI portion of the infraorbi ta l  
canal of  Tremataspis and which, l ike that portion , perhaps may have 
been supplied by a nerve corresponding to the n. ophtalmicus latera l is  
of fishes (cf. text-fig. 83) . In Ihis respect, therefore, Didymaspis appears 
to be more in accord with Tremataspis than with the typical Cephal
aspids. 

As is  obvious from the account j ust given of it the lateral l ine system 
of the Cephalaspids in most chief points agrees very wel l with that of 
Tremataspis. By the presenee of  a homologue of  the suprapineal groove 
and by the presence of  the long transversal grooves, however, i t  i s  also 
to a certain degree in  accord with that in the Pteraspidae and Petro
myzon (cf. STENSlO 1 926) ; and because of that there is reason to bel ieve 
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that it has been deri  ved from a Pteraspid-l ike one .  Accordingly it i s  
conceivable that i t  i s  i n  a highly specia l ized and  partly reduced state 
(cf. also the description of the Tremataspidae below in the present work) .  

The electric Relds ,  which have been frequent ly referred to above , are 
depressed areas on the dorsal s ide of  the cephal ic shield (text-ngs .  2, 3 ,  5, 
28, 46, 49, 52, 53, 56-58, 6 1 ,  62, 64, 65, 67 , 68, 7 1 ,  76-79 ; most of the 
plates) .  They reach downwards into the external  parts of the endo
skeleton and are bounded basal ly by a layer of  bone which i s  cont inuous 
with the most basal part of  the basal layer of  the exoskeleton and 
wh ich be longs to the endoskeleton . I n  severai o f  the  forms from Brita in  
and Norway they are found to be covered by sma l l  bone plates (cf. p . 23) ,  
but i n  t h e  Sp i tsbergen forms no  such pl ates have been found ,  probably 
owing to the fact that these plates had l oosened and fa l len away already 
before the spec imens  becam e  em bedded i n  the rock I .  

A s  we have seen, there are i n  a l l  Cephalaspids o n e  unpaired and 
one pa ired electr ic Reid the former of which was called the dorsal 
electric Reid ,  the latter the lateral e l ectri c Reid .  

The  dorsal electric Re id (dsj, text-Rgs .  2 ,  3 ,  49, 5 1 ,  53 ,  54 ,  57 , 6 1 , 
64, 65, 67 , 7 1 , 74 , 76-79 ; section series A, nos .  1 1 -99 ; secti on series B, 
nos .  1 -4 1 ; section series C ,  nos .  1 -29 ; pls . l ,  3,  1 3 , 1 7  and severai 
o f  the others) i s  always s i tuated above the m edian parts of  the neuro
cran ium behind the pineal  open ing .  More exactly ,  it has its anterior 
end dose behind the pineal  open ing and its poster ior end m ore or  less 
far back on  the occipital region .  I t  i s  always longer than i t  i s  broad, and 
its max imum width i s  general ly less than the d istance between the 
commissural d iv is ions of  the labyrin th  cavit ies .  The anterior  end is 
m ostly truncated ,  whereas the posterior end i s  more or less po inted 
or  rounded.  O therwise i t  may i n  d ifferent species exhib i t  rather 
considerable variat ions i n  i ts conRguration . 

The l ateral electric Reid (lsj, text-Rgs. 2, 3, 5 ,  28, 46, 49, 53, 
56-58, 6 1 , 64, 65 , 67, 68, 7 1 , 74-79 ; sectio n  series C ,  nos .  1 00- 1 30 ;  
p ls .  2 1 ,  29, 3 1 , 49 50 and severai o f  the other plates) l ies  dose to the 
lateral margin of  the cephal ic shie ld and stretches from the lateral portion  
of  the  rostrai part of  the  v isceral endoskeleton backwards to the  shoulder
girdie .  I n  those Cephalaspis-species ,  and i n  other forms which have 
long broad cornua, i t  always reaches more or less far backwards on the 
cornu of  i ts s ide ; i n  those Cephalaspis- species and other forms, on the 
contrary, i n  which the cornua are long but narrow and more or  less 
c ircular i n  transversal sec t ion ,  i t  generally ends on the very anterior  
part o f  or just anteriorly to the  cornu of  i t s  s ide .  F ina l ly  i n  those 

l Accord ing  to what is  d i st inetly shown by certa in speeimen i n  the British Museum 
these plates con sist o f  basal ,  middle and external layers,  exactly as the other 
parts of  the exoskeleton of the cephalic shield . 
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forms which have much reduced cornua ,  such as Kiaeraspis (text-figs. 3 ,  
5 ,  79) , it has i ts  posterior part produced media l ly  and situated rather far 
medial ly (dorso-media l ly)  to the anterior part o f  the corresponding cornu 
and accordingly considerably more medial ly than in the other two ca te
gories of forms.  S ince Benneviaspis (text-fig. 76 A), Hoelaspis (text
fig.  77) and Boreaspis rostrata (text-fig. 78) exhibi t  conditions wich in 
this respect seem to be in termedial ly between the condit ions in  Kiaeraspis 
and those in the two other categories of forms, it is probable that those 
in Kiaeraspis have arisen from those in  the other categories of  forms ,  
i .  e .  primari ly from Cephalaspis-I ike ones .  

Except in Eukeraspis in  which i t  is sa id to consist of  six isolated 
divisions (LANKESTER 1 870, text-fig. 3 1 ,  p. 58 ; WOODWARD 1 89 1  a ,  text
fig. 27, p .  1 93) 1 ,  the lateral el ectric field is  in  all forms known hitherto 
a cont inuous depression .  I t  is always severaI t imes as long as i t  is 
broad, and a t  least in severaI cases i ts maximum width fal l s  in its 
anterior part. The anterior end is more or  less obtusely pointed or 
rounded ; the posterior end may be rounded too, but  is  often rather 
pointed . While the l ateral (I atero-ventral ) margin as a rule, at least in 
most forms, runs concentrical ly or  chiefly concentrical ly  with the  lateral 
margin of the cephal ic shield and is without  any very conspicuous 
i rregularit ies, the medial (dorso-m edial )  one may not  rarely, particularly 
in  the anterior and posterior  parts, have sharp bends or corners in  the 
way shown in  text-figs. 53, 57, 58, 6 1 , 68, 7 1 , 76-78. 

After this general description of the position and configuration o f  
the electric fields ,  we  pass t o  an  examination of their interior. 

The dorsal e lectric field, as d isplayed by severaI o f  the section 
series (section series A,  nos .  1 1 -99 ; sertion series B, nos .  1 -4 1 ; section 
series C ,  nos.  1 -29) is rather deep. I ts deepest part is situated in  the 
otic region j ust behind the divis ion of  the cavum cerebra le crani i  that 
l odged the cerrebel lum and above the anterior part of the division of the 
same cavum that lodged the medu l l a .  To th is part o f  i t  there leads from 
the ventro-medial par t  of  the commissural division of  the labyrinth 
cavi ty o f  each side a thick canal le ttered des in  the figures (text-figs. 1 8, 1 9, 
23 , 26, 27 ; section series A ,  nos .  50-60 ; section series B, nos .  1 7-23 ; 
section series C ,  nos. I , 23-40 ; section series D, nos .  30-35), a canal 
which , as we have seen ,  transmitted a nerve and probably also a vein .  
After arriving into the  deepest part o f  the  dorsal electric field , th i s  canal  
des uni tes wi th its fel low from the other side (text-fig. 27) ; and from 
the  common trunk or space thus forrned there issue wide canals on the 
bottom of the dorsal e lectric field both forwards and backwards (pl .  39) . 

1 As far as I have been able to fi n d  on spee imens  i n  the Brit ish Museum,  
however, the lateral electric fie ld  of  Eukeraspis seems to  be subdivided on ly  i n to 
four d iv is ions .  
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These wide can als divide into a num ber of  rather fine more superficial 
ones (section series B ,  nos .  1 -4 1 ; p l .  1 7) ,  which in their turn break 
up into very numerous sti l l finer branches which l ie  superficia l ly to al l 
the others (section series B, nos. 1 -4 1 ; pl .  3 ,  flg .  3) .  

The lateral electric field i s  less deep than the dorsal one. As we have 
found, i t  is  entered from the medial (dorso-medial )  s ide by six thick 
nerve canals (sell-sel6 • text-figs. 28, 46, 47 ; many of  the plates) , which 
a l l  issue from the vestibular d ivision of the la byrinth cavity and traverse 
the visceral endoskeleton in antero-Iatera l ,  l ateral and postero-Iateral 
di rections .  The two most anterior of these nerve canals (sell , sel2 ) are 
united with each other at least as far forwards as unti l  just an tero
lateral ly to the orbit as in  the Cephalaspis-species (pls. 1 7 , 2 1 , 27-29) , 
or further forwards, even as far as close or j ust to their entrance into the 
lateral e lectric field (Benneviaspis, Hoelaspis, Boreaspis rostrata, Kiaer
aspis ;  cf. text-fig. 28 and pls .  1 4 , 42, 45, 49, 50) . H ow the six nerve canals 
i n  question went in  relation to the other nerve canals and to the canals for 
the vessels is weIl shown by the figures cited and has also been dealt with 
above on pp.  1 7 1 - 1 74 and on p.  1 82 .  Here it need only to be mentioned 
that they have a metameric d isposition and that they probably belong to the 
mandibular, the hyoid a nd  the four fi rst postotic metameres respectively. 
That the electric nerves within the field broke up into a great num ber of 
branches which anastomosed with each other is well understood from pls . 17 ,  
2 1 ,  27-30, p l .  3 1 ,  fig .  3 and  pls. 45 ,  49  and 50  which show the  mode of  
branching of the  most terminal  parts of  the  electric nerve canals. 

As i s  evident from the nerve canals leading to them ,  the electric 
fie lds were innervated by thick and strong nerves which broke up into 
an excedingly great num ber of  terminal  branches. These nerves which 
have been referred to above as the electric nerves, must, as is easi ly 
understood, have been composed of a special sort of fibres which according 
to their presumed function may be called electric fibres. Above we have 
already had the opportun it y of considering the system of these nerve 
fibres (cf. pp. 90-92 above) ; but i t  may nervetheless be appropriate to 
recapitulate here the most important of ,what was said about i t . 

I t  is not very l ikely that there were any postotic electric nerve 
fi bres, but, i f  there were, these fibres m ust have been associated with 
the glossopharyngeus and vagus roots and those of them for the dorsal 
e lectric field would  have reached this through the cana l  dx (text-figs. 1 5  

-23) and the upper part of the canal des (text-figs. 1 8, 1 9, 23, 26, 27 ; 
section series A, nos, 49-52 ; section series D ,  nos. 1 7-23) ,  whi le those 
for the lateral electric fi eld would have accompanied the n. glossopharyn
geus to the vesti bular division of the l abyrinth cavity. 

Except these possib le postotic ones all the electric nerve fibres were 
prootic and left the cavum cerebra le  crani i  close ly associated with the 
ramus anterior of the n ,  a custicus ,  the roots of the n .  facia l i s  and the 

1 6  
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prootic lateral is roots and arrived together with these in the vestibu lar  
division of  the l a byrinth cavity (text-figs. 32 ,  43) , Wel l  with in that  division 
o f  the labyrinth cavity they soon d ivided into two groups (text-fig. 43) -
a dorsal one which passed upwards and media l ly in  the groove dsv 
and through the can al des (text-figs. 1 8 , 1 9, 23 , 26, 27 ; section series 
A, nos. .s0-60 ; section series B ,  nos. 1 7-23 ; section series C, nos. 
l ,  23-40 ; section series D,  nos. 30-50) to the dorsal e lectric field, and 
a lateral one which fol lowed the  floor o f  the vesti bular d ivision o f  the 
labyrinth cavity latera l ly  and which soon broke up into six thick nerve
trunks wh ich entered and traversed the can als sel1-sel6 to the l ateral 
electric fielå. The two an terior ones o f  these nerves to the lateral e lectric 
field remained ,  however, closely associated with each other during a con
side rable stretch forwards ,  in any case at least as far forwards as 
the antero-lateral corner of  the orbit. Jf there were any postotic e lectric 
fibres, and i f  any of these had entered the vestibular d ivision of the 
labyrinth cavity together with the n .  glossopharyngeus they would have 
associated with the most posterior trunk of the lateral group o f  the prootic 
ones in  order  to reach the most posterior part o f  the lateral e lectric fie ld .  

Possible gangl ionic form ations perta in ing to the prootic e lect ric 
nerve fibres m ust obviously have been situated in  the vestibu lar  division 
of  the labyr inth cavity and, more exactly ,  in the ventrai and medial parts 
of that division . 

The dorsal e lectric field was suppl ied with arterial blood by branches 
from the postorbital superficial artery (a. dsm, text-figs. 44, 46, 47, 49, 
5 1 )  and possibly also by the chief part of the artery which pre surna b ly 
ascended from the  cavu m  cerebrale crani i  th rough the cana l  dx. The 
lateral electric field received i ts  arteria l  b lood through the most distal 
branches of  the facial artery (a. am . a. iol , text-figs. 44, 46, 47, 49) and 
through the most distal branches of the dorso-lateral superficial arteries 
(a. sa, a. sml' a. smz ' a. sp , text-figs. 44, 46-49) and perhaps also, in 
i ts lateral part, through b ranches from the m argina l  artery. The dorsal 
e lectric field was d rained by fou r  veins (v. dS!l ' V.  dS!2 ' v. ds!s , V. dS!4 ' 
text-figs. 46, 50) .  The fi rst one of these veins un ited with the posterior 
supraorbital vein and emptied in  to the orbita l  part of the v .  capitis 
lateral is .  The second one was a tributary to the supposed otical vein 
(v. dsv) ,  and its blood was thus carried to the occipital vein s inus (vs. oe) 
and from this to the v. capitis lateral is .  Of the third and fourth ones 
the former opened into the posterior corner of the occipital vein sinus 
and the latter in to the myelonal veine 2 ;  and their blood was thus a lso 
carried to

. 
the occipital vein s inus and from Ihis to the v .  capit is lateral is .  

The lateral  e lectric field was d rained by the distal branches of  the dorso
lateral superficial veins 1 -6 (v. ISl--v. [S6 ' text-figs. 46-5 1 )  and probably 
in its lateral parts a lso by branches of the marginal  vein .  The chief 
parts of i ts  b lood was th us brought to the v .  capitis lateral is ,  the rest, 
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on the contrary, probably to the v .  marginal is .  We thus find that, on account 
of  their relations to the vessels ,  the electric fields must be  considered 
to be superficial organs situated chiefiy beneath the corium . 

The possibi l i ty i s  not quite out of question of course, that the 
organs described here as electric fields might have been sensory organs 
with a special funcl ion. But since i t  is  very difficult to understand wha t  
th is  specia l  function could have been , and since the  organs in  question 
undoubtedly have certain superficial resem blanee to electric organs,  especi
al ly to those in Torpedo (cf. DANIEL ,  1 922, fig .  1 1 5 ,  p .  1 1 8 ;  FRITSCH, G .  
1 890) , I feel  incl ined t o  think that in  reality they were e lectric organs, 
and because o f  that they have been referred to as electric fields through
out this work. 

If this view i s  true, i f  the organs terrned here the electric fields rea l ly 
were electric organs ,  i t  is  obvious that  they must have had their superficial 
parts, which were situated above the nerve canals ,  occupied by a thin 
laVer o f  electric plates ,  which must have been arranged mo re or  less paral le i  
with the upper surface of the cephal ic sh ie ld .  Under the assumption that 
m y  opinion o f  their function i s  true ,  i t  i s  further clear that the electric 
fields ,  owing to their superficial position and relations lo the skeieton ,  
probably,  unl ike the electric organs o f  most fishes ,  cou ld  not have evolved 
from muscles but that they must have arisen either from th e m ost basal 
part o f  the corium  aponeurosis or from the t issue just beneath that or 
from both.  Accordingly the Cephalaspids wou ld in  this respect be nea rest 
com para ble to Malopterurus eleciricus which , as is well known , has an 
electric organ wh ich perhaps has been derived from the corium (cf. 
BALLOWITZ 1 899, pp. 67-68) . 

Certain remarks on the trunk and the fins. 

The trunk of  the Spitsbergen Cephalaspids is very imperfectly 
known, since, as  a rule ,  there is  nothing preserved of i t  except the 
m ost anterior part o f  its exoskeleton that i s  coalesced with and forms 
part of  the cephal ic shie ld .  This part  of  its exoskeleton was described 
i n  detai l above in  the general account given of the  cephalic sh ie ld .  

As is  obvious from the interzonal part of the cephal ic  shield ,  the 
most anterior part of the trunk was with regard to i t s  sh ape rather  
d ifferent in d ifferent forms. Thus in  certain  forms i t  was higher than 
broad or about as h igh as broad ,  while in others i t  was decidedly 
broader than high .  General ly i t  was in  transverse section more or less 
rounded tr iangular or pentagon al (text-fig. 79 D) ; but i n  certa in cases it 
might perhaps have been rather ova l .  

The part o f  the trunk behind tha t  j ust considered was in  the  
Spitsbergens forms covered wi th  scales which, as fa r as can be j udged , 
must have been about as in  the well preserved British Cephalaspis
species (cf. LANKESTER 1 870, text-fig.  1 6, pl .  8, fig. l ;  p l .  1 0 , fig.  l ;  p l .  I l , 
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figs .  I ,  2;  WOODWARD 1 89 1  a ,  pp.  1 77- 1 78, text-figs. 2 1 ,  24 ; p l .  1 0 ;  
1 906 text-fig. 2 ;  1 920, fig. 4 ;  PATTEN 1 903 c, text-ngs. 5 , 6, 1 0 ;  p l .  I ,  
figs. I ,  5 ;  p l .  2 ,  figs. 7-9) . 

Since, as we have seen, there is in  the cephal ic sh ie ld a part which , 
as far as can be i udged, is homologous with the shoulder-girdle of  
fishes,  i t  i s  obvious tha t  the fin-l ike a ppendage which was s i tua ted in  
the pectoral s inus and which articu lated against this shoulder-girdle-part 
of  the cephal ic shield is in  real i ty a pectoral fin .  U nfortunately n othing 
is  known of  the pectoral fin in the  Spitsbergens form s ;  but in  the form s 
from Britain i t  is i n  many cases well preserved and found to be covered 
with thin scales (cf. LAN KESTER 1 870, p .  4 1 ; pl . 8 ,  fig.  l ;  pl .  1 0, fig. I ;  
pl .  I l . figs. 1 ,  2 ;  WOODWARD, 1 89 1  a ,  pl .  1 0, fig. l ;  1 920, fig. 4 ;  PATTEN 
1 903 c ,  text- figs. 5 ,  6 ;  p l .  I ,  figs .  l ,  3 ;  pl .  2 ,  fig .  8 ;  GOODRICH 1 9 1 0, 
text-fig. 1 73 ,  very good figure ; etc.) . N othing of i ts internal skeleton is  
known . As pointed out by LANKESTER ,  it is  very remarkable that  i t  
exihibits no traces of fin-rays. 

Of  the unpaired fins nothing i s  preserved in  the Spitsbergen 
Cephalaspids. On the other hand these fins are in  certa in cases well 
preserved in  the British forms (cf. LAN KESTER 1 870, text-fig. 1 6, pl. 1 0, 
figs. 1 , 4 ; pl .  I l , figs. 1 -3 ;  WOODWARD 1 89 1  a, text - fig. 24 ; 1 906, text
fig. 2 ;  1 920, fig .  4 ;  PATTEN  1 903 c, text-ngs. 5 ,  6 ;  GOODRICH 1 909, text
fig. 1 73 ;  J AEKEL 1 9 1 1 ,  text-fig. 2 1 ; STROMER 1 9  I 2) .  These fins are a l l  
provided wi th distinet rays. 

The pronephros. 

I m m ediately dorso-lateral ly to the oesophagus foramen or i ts 
homologue ,  in those cases when the  oesophagus foramen and the truncus 
arteriosus forarn ina are un i ted into a com mon one, there issues, as we 
have seen (cf. pp.  1 48- 1 49 above ) , from the poste ri or surface of the 
postbranchia l  wal l a pa ired very th in lamel la ,  p. nl ( text-figs. 9 ,  1 0 , 
33-35 ; section series F, nos. 8-28) in a posterior direction . More 
exactly ,  th is lamel la ,  p. nl, issues from the postbranchial wal l  a long 
a dorso-ventra l ly and wmewhat la teral l y  running l ine ,  and owing to th i s  
i t  i s  somewhat incl ined towards the median  l i ne  with i ts upper  part. 
H ow far it reached dorsal l y  cannot be decided with fu l l  certa inty ,  since 
in  the materaI avai lable it is not found completely preserved .  It is ,  how
ever, very l ikely that  it d id not meet its fel l ow o f  t h e  oth er  s ide dor
sal ly .  I n  its posterior part it was, at lea st in certain cases, curved 
somewhat  towards the median l ine, as is  wel l  shown by text-fig. 9 and 
section series F ,  nos. 8-28. 

Together with its fe l low of the opposite s ide ,  the lamel la  p.  nl just 
described encloses from each lateral s ide a space le t tered p.  nephr i n  
the figures (text-figs. 9 ,  1 0, 33-35 ; section series F ,  nos .  8-28) , which 
was bounded anteriorly by t he  posterior surface o f  t h e  postbranch ial  
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wal l ,  but which on the other hand was open ventral ly ,  posteriori y and 
very l ikely aiso dorsal ly .  This space i s  in i ts  anterior part  subdivided 
into a right and a left part by means of a short sagittal lamel la (p .  nm, 
text-figs. 9 ,  1 0, 33-35 ; section series F ,  nos .  8- 20) which issues from 
the posterior surface of the postbranchia l  wall in a posterior d irection .  
But since this unpaired lamel l a ,  at least  in  the cases in wh ich it could 
be studied in deta i l ,  i s  not situated exactly in the median l ine but l ies 
somewhat on the righ t side of th is ,  the right part of the space pr.  nephr 
is  l ess broad than the left one. I nto each part opens a fine cana l  (a. pm) 
wh ich comes from in front from the cavity for the arteria branchia l is  
efferens communis (a. eff. com) .  This  fine canal  obviously transmitted 
an artery. 

What is  known otherwise of the anatomy of the Cephalaspids makes 
it quite clear that the space pr. nephr i s  situated immediately beneath 
the aorta and above the oesophagus and the pericard and that i t  thus 
had a position which alone makes i t  very pro bable that i t  l odged 
the pronephros ,  which ,  as we know, has corresponding relations to the  
aorta, the  oesophagus and the  pericard . Now since the paired lamel la  
p. nI on its medial  side has been found to have a num ber of ra ther 
fine, chiefly  vertical, gro oves separated by low ridges (section series F,  
nos .  8 - 1 7) ,  and since s imi lar grooves and r idges are present on the 
part of the posterior surface of the postbranchial  wa l l  that  forms the 
anterior boundary of the space pr. nephr, i t  seems to me quite certain 
that this space reall y  lodged the pronephros, for the said grooves and 
ridges can only have be en caused by an organ consisting of tubul i  l ike 
the pronephros. 

In view of the relative smal l  num ber of grooves and ridges i t  is 
evident that the num ber of pronephros tubul i  was rather smal l .  S ince 
the grooves and ridges do not run quite regularly in  a dorso-ventral 
d irection ,  it seems h ighly probable that the pronephros tubul i  had a 
somewhat winding course upwards from the pericard , into which they 
pro bable opened . 

As we see we are forced to the conclusion that i n  the  adult  
Cephalaspids t here st i l l  persisted a functionary pronephros consist ing 
of a few tubul i  situated exactly in the normal  way. We thus find that 
the Cephalaspids also in  th i s  respect were very lowly organized verte
brates nea rest com para ble to the Cyclostomes (cf. GOODRICH 1 909, 
pp. 43-45 , etc . ) ,  and among these especia l ly to the Petromyzontids .  

To elucidate further  h ow similar the cond it ions with regard to the 
pronephros must have been in Cephalaspids and Petromyzon-larvae I 
wish to ca l l  specia l  attention to text-fig. 99 below which is a copy after 
p l .  1 1  in CORI'S paper i n  1 906 on the vascular system of A mmocoetes,  
but wh ich in addition shows the pronephros in its position in rela
tion to the branchial basket, the heart and the main vessels .  
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D escription of genera and species. 

Genus Cephalaspis AGASSIZ. 

Syn.  Eucephalaspis, LAN KESTER ,  E .  R. ,  1 870, p .  43. 

Zenaspis, LAN KESTER, E .  R., 1 870, p .  43. 

H ow the genus Cephalaspis got i ts present definition and other 
facts with regard to its h istory have been dealt with in the  general 
h istorical review of the Cephalaspids given in  this monograph (pp.  I ,  
2 above) . 

From the upper Si lurian ( Downtonian) and the lower Devonian 
deposits of Spitsbergen there are at present known not less than 20 
Cephalaspis-species, al l  of  which seem to be new. It is ,  highly probable 
however, that the total num ber of Cephalaspis-species in these deposits 
is still greater ,  for there are severai fragmentary remains among the 
material avai lable which seem not to pertain to any of the species 
described, but which on the other hand are too imperfect to enable 
the establ ishing of new species for them . 

Among the species of  the genus now described from Spitsbergen 
I l  are from the upper Si lurian (Downton ian) and 9 from the lower 
Devon ian .  With those species that have been described from other 
localities than Spitsbergen included , the total number of Cephalaspis
species known at present thus exceeds 30. 

Since the total num ber of Cephalaspis-species d iscovered in  the 
upper Silurian is about 1 4  i t  is perfectly obvious that the genus Cephal
aspis, as now defined,  attained a great flourishing a lready in the Si lurian ,  
and that  Cephalaspis-species must occur s t i l l  lower in  the Si lurian than 
is known hitherto. 

Like LANKESTER i n  1 870 (p .  43) , I am o f  the opinion that the 
species general ly known as C. murchisoni represents a genus of its 
own , a genus for which the name Hemicyclaspis i ntroduced by LAN KESTER 
is  to be used . No  further subdivis ion of  the genus Cephalaspis i s  at 
present possible .  

The characters dist inguishing the various species are : the general 
shape and proportions of the cephalic shield, the configuration of  the 
rostrai margin ,  the shape, d irection and denticulation of  the cornua, 
the shape and size of the pectoral sinus, the shape and backward 
extension of the interzonal part, the size and posit ion of  the orbital 
openings, the shape and extension of the electric fields, and finally the 
ornamentation , which , however, in certain forms seems to show a rather 
considerable variation and therefore probably is  of  less importance than 
the other characters. 

Owing to the fact that most of the material is very imperfectly 
preserved, and in  add ition of ten to a certain degree d istorted,  the deter-
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minations as to speeies are in  many cases very d ifficul t ,  and i t  should 
therefore be pointed out here that  in  the future, when they become 
known more i n  deta i l ,  certain  among  the  new species now establ ished 
may appear to the identical with each other, whi le  others perhaps may 
reveal themselves to be too wide ly deRned.  

With the extended knowledge obtained by the investigation of  the 
Spitsbergen material the definit ion of the genus  given by WOODW ARD 
in  1 89 1  ( 1 89 1  a ,  pp.  1 77- 1 78) can now be completed in  certain respects 
and would be as foJ lows. Cephalic shield more or less d istinctly triangular 
in  outl ine .  Cornua weJl developed, d irected posteriorly or postero
lateral ly and, as a rule, not exceeding the shield in  length, but always 
projecting backwards beyond the interzona l  part. In certain speeies the 
rostrai part o f  the shield extended into a rostrai proeess. Pectoral 
sinus generally d istinet. I n terzonal  part of  varying length , but not 
exceeding the cornua i n  length. One unpai red dorsal and one paired 
lateral electric Re Id .  The common can al for the two most anterior ones 
of  the nerves to the lateral electric Reid dividing into its two chief 
branches a lready close antero-lateral ly to the orbit and the can a l  for 
n .  trigeminus proper passing in the interspace between these two bran
ches, though in  a deeper level than these. The canal for the dorso
lateral superRcial vein 3 leading to and opening into the postero-dorso
media l  corner of the orbit .  Body more or less distinctly triangular · in  
transverse section .  Flank-scales in  three series, the upper series of 
each side meeting in  the mesial l ine above,  the m iddle series deepest, 
and the lowermost forming an infero-Iateral fringe, of ten serrated ; ven trai 
scales smal l ,  arranged in  V- shaped transverse rows equal in  num ber to 
the series of flank-scales. 

1 .  Cephalaspis watneliei n .  sp. 

(Pl .  l ,  flgs .  l ,  2 ;  text-flg. 53) .  

The species is  represented merely by a single cephal ic shield 
(specimen no. 1 ) , which i s  sl ightly flattened and i n  part fractured and 
d istorted by pressure after the embedding in  the rock. 

The shield measures in length from the rostrai to the posterior 
angle 4 ,2 cm . ,  while its breadth between the posterior ends of  the 
cornua (the m aximum breadth) i s  about 6 ,2 cm. ,  and the breadth at 
the posterior angle about 6, 1 cm.  The height amounts to about 0 ,8 cm . ,  
but probably was original ly greater. The interzonal  part of the shie ld 
is  about 2 ,6 cm . broad,  and  accordingly i ts  breadth i s  contained about 
2 1/3 t imes in  the maximum breadth. As is evident from these measure
ments, the shie ld is  from an indiv idual  of rather smal l  size. 

The rostrai angle is dist inetly developed. The cornua ,  which point 
backwards and sl ightly lateral ly ,  are rather broad and flat in  dorsi-ventral 
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Text·flg. 53. Cepha laspis watneliei n. sp. 
Restoration of  the cephal i c  shie ld . l i l . 

d i rection ,  and ,  as far as  can be 
seen, they have no pectoral angle 
and no  denticles. The pectoral 
sinus i s  rather wide and strikingly 
shal low. The interzonal part is 
rather broad and very short, al
most as in  Hemicyclaspis mur
chisoni, and has a distinct posterior  
angle. Whether a dorsal spine was 
present or  not ,  i t  i s  not possible 
to decide with ful l  certa in ty ,  but 
i t  seems i mprobable that this was 
the case. The orbi ts are rather 
l arge in  relat ion to the  s ize of 
the cephal ic shield ,  and what i s  

further characteristic o f  them is that the ir  longitud inal  axes d iverge on ly  
very sl ightly from each other  forwards .  The  dorsal e lectric fie ld has i t s  
broadest places situated in the posterior half. The lateral electric field 
extends far backwards on the corn u  of its side, probably almost to the 
posterior  end of  that ,  gradual l y  decreasing in  breadth posteriorly .  SeveraI 
o f  the nerve canals to the left lateral e lectric ReId are di st inctly seem.  

No  certain traces of  tuberculat ion are  to be discovered a long the  
anterior and lateral margins .  Otherwise nothing can be sa id  concern ing 
the character of the ornamentation . The external  parts of  the exoskeleton 
are subdivided into numerous rather  smal l  polygonal areas .  

R e m  a r k  s .  - The cephal ic shie ld described here, though resem bl ing 
in  certain respects that o f  Cephalaspis lyelli, cannot be referred to that 
species, but  must represent  a new one, which I have named C. watneliei 
after G. WATN ELIE , Lectu rer, S a rpsborg Secondary School , who took part 
in the Norwegian expedit ions in 1 909- 1 9 1 2  for the explorat ion of the Old 
Red deposits in  Spi tsbergen .  The species is cha racteri zed by the general 
shape of  the  shiel d ,  the length and shape of the cornua ,  the sha l low 
pectoral s inus,  the very inconsiderable length o f  the i n terzonal  pa rt ,  the 
la rge orbi ta l  openings, and the pecul iar shape o f  the  do rsal e lectric Re id .  

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y . - Lowest part 
of  the Wood Bay series ( Iower Devonian) ,  W .  of the H offnung glacier. 
Col lected by ADOLF HOEL in  1 9 1 2 . 

2 .  Cephalaspis borealis n .  sp .  
( Pl .  1 ,  flg .  3 ,  text- flg .  54) . 

The material availab le of this species consists on  ly  of a postero
l a teral fragment of  a cephal ic shield (specimen no .  2). This fragment ,  
however, enables me  to a rrive at a quite deRn i te opin ion concern ing 
the shape of  the posterior part o f  the shie ld .  
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Textfig. 54. Cephalaspis bOl ealis . n. sp.  Shaded part present. Other parts restored .  
S l ightly larger than 2/.3 of  the nat .  s i ze .  

The l ength of the shie ld is no t  known . The breadth somewhat 
an te r ior ly  10  the posterior angle is about 1 6  cm. ,  amount ing to 1 7  cm . 
(maxi m u m  b readth ) between the pos ter i or  en ds of the cornua.  The 
he ight  in  the in terzonal part is  a bout 2 cm.  The i nterzonal  pa rt is  
about 4 ,9 cm.  broad between the lateral angles, and i ts breadth is  thus 
conta ined about 3 1 /2 t imes in  the maximum breadth of the shield .  As 
is  obvi ous from these measurements , the shield is from a large an ima l .  

The cornua ,  which issue i n  a 'posterior  and sl ightly lateral d i rection , 
are long, broad and strong and much flattened from the dorsal to the 
ventrai s ide .  They have a pectoral angle on the medial s ide ,  but 
whether they were provided with denticies or not cannot be decided 
wi th  certa inty. The pectoral s inus, which is broad and rather deep,  is  
wel l  deRned .  The in terzonal part is narrow and rather long,  and it 
was probably provided with a very pronounced posterior angle .  On i ts 
dorsal surface there is  an  obtuse median ridge running from the posterior 
angle forwards towards the posterior end of the dorsal electric Reid .  
Th i s  Re id  appears to  have  been rather narrow, with an a t  l east some
what pointed posterior end .  I ts anterior parts a re no t  preserved . The 
shape and exten t of the la teral electric Re id are ent ire ly unknown . 
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The left half  of  the postbranchial wal l  is to be seen in  the speeimen ,  
though, owing to i t s  th inness ,  i t  i s  bad ly preserved .  I n  the median par t  
i t  shows traces of a foramen ,  certa in ly the foramen for the oesophagus.  
O therwise i t  is  to badly preserved to exhibi t  any detai ls . 

The endoskeletal bone on the dorsal s ide of the shield is th in ,  a 
fact which seems to be due  to the ci rcumstance that in most places 
hardly anything more than the inner  laminated layer of the ordinary 
three is  present .  (Only in  one place I can flnd ' d ist inet remains of  the 
midd le layer ,  whi le the superflcial layer seems to be ent irely absent) . 

R e m  a r k  s .  � Though very fragmentari ly preserved , the cephaI ic 
shield described here nevertheless shows so many characteristic features 
that i t  seems beyon d question that i t  represents a new species .  I t is 
characterized especia l ly by i ts long, strong cornua ,  i ts dist inct ly deflned ,  
deep pectoral s inus and t he  narrow mther long in terzonal part .  

G e o l o g i c a l  s e r i e s  a n d  l o c a l i t y . - Wood Bay series ( Iower 
Devonian ) .  Wood Bay.  Probably col lected by G .  WATNELIE i n  J 9 1 0. 

3 .  Cephalaspis oblongus n .  sp. 

(P l .  2, fig. 2 ; text-fig. 55) . 

This species is estabI ished for the left ha l f  o f  a much fl attened 
shield (specimen no .  3) .  This shield, the outI ines of  which can be easi ly 
restored ,  measure ,  about 1 2 ,4  cm. in  lenght from the rostraI end to 
the l ine between the posterior ends of the cornua. I ts length from the 
rostra I end to the poster ior angle ,  on  the contrary, cannot be ascer
ta ined,  s ince the interzonal part is  imperfectly preserved .  The breadth 
between the posterior ends of the cornua amounts to 9,8 cm . ,  and the 
maximum breadth ,  which is  s i tuated somewhat more anteriorly, i s  about 
1 0 ,7 cm_ The in terzonal part of the shield i s  about 8,3 cm. broad , and 
i ts breadth is  thus conta ined more than three t imes in the maximum 
breadth 1 .  

As i s  shown by these  flgures, the cephaI ic sh ie ld  here i n  question 
is from a comparat ively large an imaL 

With regard to the general shape the cephaI ic shield is even in  
i t s  present ,  much t1attened condit ion distinctly longer and narrower than 
in the two speeies described above.  The rostrai  border is  imperfect 
anteriorly , and i t  is  therefore d i fflcu I t  to say how the condit ions were 
there, whether there was a rostraI angle or  not .  The cornua, which 
are d i rected a lmost straight backwards, are broad and long and much 
flattened in  a dorsi-ven tral d irect ion. They have no dist inet pectoral 

1 All  these measurements refer to the shie ld in  i ts  present very flattened condition .  
And it  i s  therefore very probable that the sh ie ld  in  i t s  original  condit ion was  sti l l  
more  narrow in  relation to i t s  breadth. 
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angle and seem also to 
be devoid of denticles .  
The pectoral s inus is wel l  
developed.  The in terzonal 
part. which i s  imperfectly 
preserved, appears to be 
narrow. Concerning i ts 
length, on the contra ry, 
on ly so much can be said 
that i t  was not as short 
as i n  C. watneliei. The 
orbits are rather small and 
oval ,  a lmost twice as long 
as they are broad . They 
are si tuated in  such a way 
that their longitudinal axes 
converge forwards .  The 
nasal aperture, with i ts nor
mal  shape,  and the pinela 
foramen are clearly dis
t inguishable .  The shape 
and extent of  the electric 

Text-flg. 55. Cephalaspis oblongus n .  sp. Restoration 
of the CephaI ic  shie ld .  The parts of '  the shie ld 

preserved denoted by shading.  2/3. 
• 

fields remain unknown, but it is very probable that the lateral electric 
field reached far b.ackwards on the cornu of i ts s ide .  

The endoskeletal bone of  the shield is  imperfectly preserved , wi th 
regard to structure, but from what there remains of i t  i t  seems  to have 
consisted chiefly of  the basal , lam inated layer, quite as  in  C. borealis. 

R e m  a r k  s. - The cephalic shield described here obviously re
sem bles in certain respects that of C. borealis, but d iffers from that 
very dist inctly in  the general shape and proportions, and in  the shape 
and d irection of  the cornua. I t  undoubtedly represents a new species ,  
a species for which I propose the name oblongus, on account of  the 
relat ively narrow appearance of the shie ld as a who le .  

G e o l o g i c a l  s F i e s  a n d  l o c a l i t y . - Wood Bay series ( Iower 
Devon ian) ,  1 50-300 m .  above the sea on the north side of  a val ley 
in  the vicinity of  Mt .  Halvdan.  Col lected by ADOLF HOEL in 1 9 1 2. 

4. Cephalaspis acuticornis n .  sp.  

(Pl .  2 ,  flg .  4 ;  text-flg. 56) .  

This species is based on a s ingle postero-Iateral part of a cephal ic 
shield which is  much weathered and abraded (speeimen no.  55) .  That 
part ,  however, makes i t  possible to ascertain with certainty the shape 
of  about as much as the posterior half  of the shield .  
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Text-fig. 56 .  Cephalaspis acuticornis n .  sp .  Restoration 
of  the cephalic shie ld .  The part o f  the shie ld present 

denoted by shading. 2/3 , 

The shie ld measures 
in  breadth at the ante
rior ends of the pectoral 
s inus 7 or  8 cm . ,  sl ightly 
anteriorly to the poste
r ior ends of  tbe cornua 
about 9- 1 0  cm . ,  and at 
at the very posterior ends 
of  the cornua probably 
sl ightly more (maximum 
breadth ) . The height in  
the  interzonal part i s ,  
as far as can be j udged, 
rather considerable ,  per
ha ps even as much as 
about 4 cm. The breadth 
of  the interzonal part , 
taken between the lateral 
angles, amounts to 3 ,5  
or  4 cm. , and i t  i s  thus 

somewhat more than a third of  the maximum breadth . 
The configuration of the anterior border of the shie ld is not known . 

The eornua, which are d irected postero-laterally, are well developed, but 
shorter than in  C. borealis and C. oblongus. They are flattened in  a 
dorsi-ventral d irection and have a very distinet pectoral angle. Behind 
this angle their media l  margin i s  rather mueh eoncavated , a eondition 
which eauses them to taper rapidly baekwards and to get rather slender 
in  the i r  d ista l parts . Their medial  margin l acks denticles. The pectoral  
s inus is  narrow, but deep and well dell ned. The interzonal part i s  
rather broad and long, i n  faet a lm os t  as long as the  cornua, and has  
on the  dorsal s ide  a very strong med ian longitudinal  ridge (text-fig . 56 ; 
p l .  2 ,  fig. 4) which most posteriori y is produced into a sma l l  dorsal spine ,  
rather strongly incl ined backwards. The dorsal  electric field i s  not pre
served, but i t  seems pro bable that it was rather pointed poster ior ly .  
The l ateral electric fie ld extends backwards on the cornu of its s ide, but 
not to the very posterior end of that ,  and it gets rapidly narrower most 
posteriorly. 

The exoskeletal bone of the cephalic shield in  th is species certa in ly 
had the normal structure,  as described by H UXLEY in  1 858 ; and the 
ornamentation probably consisted of smal l  numerous tubercles. More 
detai Is concerning the ornamentation,  however, cannot be made out. 
Concern ing the exoskeleton i t  is further worthy of nolice that i t  had ils 
outer parts subdivided into numerous, ra ther sma l l  polygona l  areas. 
(Pl .  2, fig. 4) . 
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R e m  a r k  s .  - The specimen described here is very d ist i nctly 
separated from the other Spitsbergen species and seems  also to be very 
d ifferent from all other species known . I have therefore not hesitated 
in  establ ishing for i t  a new species, a species which , because of  the 
pointed shape of  the cornua I have named acuticornis. 

G e o l o g i c a l  s e r i e s a n d  l o c a l i t y .  - Wood Bay series ( lower 
Devonian) .  Ridge between the Arla and Serla  glaciers. Col lected by 
O .  H OLTEDAHL in  1 909. 

5. Cephalaspis isachseni n. sp .  
(P l .  3 ;  text-fig. 57). 

, This species is  based on a complete ccphal ic shield (specimen no .  4) .  
Wi th hes i tation fragments o f  a second cephal ic shield (specimen no .  5) 
occurring in  the same sam ple as the type specimen are in  addition 
referred to it .  Where nothing else is  stated the description i s  based 
solely on the type (specimen no .  4) .  

The length from the rostrai margin to the posterior preserved end 
of the dorsal spine is  about 5 , 1 cm. The breadth at the posterior ends 
of the cornua amounts to about 4 ,6 cm . , and 1 cm. farther forwards to 
about 5 ,2 cm. ,  th is latter being the maximum breadth . The maximum 
breadth thus on ly slightly exceeds the length . The he ight , measured 
about 0,8 cm.  behind the pineal opening,  is not less than about 2 cm .  The 
interzonal part  is  about 2 ,3 cm .  broad (at the posterior ends of the 
pectoral sinus) , its breadth thus being a lmost exactly one ha lf  of the 
breadth between the posterior  ends of the cornua .  

As i s  obvious from the measurements g iven ,  the shield described 
here under the name of C. isachseni i s  from a rather smal l  an ima l .  

The rostrai margin has no ang le  and seems to  have been rather 
obtuse. The cornua, which issue backwards and are dist inct ly curved 
inwards ,  are rather long and very s lender .  At least in  their  d istal ha lves 
they are a lm ost c ircular in  transverse section and not dorsi -ventral ly 
flattened as in  most other species .  They seem to lack denticles .  The 
pectoral s inus i s  broad but rathe r  shal low. The in terzonal part is short 
and broad .  Concerning the interzonal part it is further  to be mentioned 
that i t  is  provided with a h igh and strong spine (dsp, text-fig . 57 ; pl .  3 ,  
fig .  3) which , however, is  imperfectly preserved posteriorly, so that  its 
breadth in  antero-caud al  d i rection ,  its shape posteriorly,  and its exact 
inc l ination backwards cannot be ascerta ined .  Anteriorly the base of  this 
spine reached to the poster ior end of the dorsal electric fie ld .  

The orbits a re rather large and are a lm ost as broad as they are long .  
Their longitud inal  axes are a lmost paral l e i ,  or in  any case they converge 
only very sl ightly forwards. The pineal opening is  d istinctly seen in  its 
normal place .  The nasal opening is inj u red ,  so that i t  does not show 
its original shape .  
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Text-flg .  57. Cepha laspis isachseni n .  sp. Cephal ic shie ld . A ,  i n  dorsal v iew ; B,  in 
l ateral view, and C ,  i n  transverse sect ion approximately 0,8 cm.  beh ind  

the p inea l  foramen .  Approximately na t o  z ise .  

The d o rsa l  e lectric fie l d  i s  a rather deep and n a rrow d e p ressi o n ,  

wh ich s e e m s  to h a v e  had i t s  broadest  part  s i tu ated b e h i n d  the  m i d d l e  
o f  i t s  l e n gt h .  A n d ,  as  fa r as  c a n  b e  seen , i t s  poste r ior  e n d  was rath e r  
poi n ted . T h e  l a t e r a l  e lectr ic  fie l d  h a s  a n  approxim ately e q u a l  b r e a d t h  

throughout i t s  length , a n d  a t h i n g  t h a t  i s  especi a l l y  characterist ic of  i t  

is  t h a t  i t  reaches backwards o n l y  a very short  d i stance on t h e  corn u o f 
i ts  s i d e ,  i n  fact n o t  m o re than about  a fou rth of the l ength  o F  the  
corn u .  S e v e r a i  b ranches of the  n e rve cana ls  l e a d i ng to t h e  l e ft l a t e r a l  
e l ectric fie ld  are  d i st inct ly preserved a n d  wel l  d i sp layed (p l .  3 ,  fi g .  2 ,  3 ) .  

O f  the  endoskeleton o n l y  certa i n  pa rts o f  the ventrai  wa l l  0 7  t h e 
cra n i a l  cavi ty a n d  of the  postbra n c h i a l  wa l l  are  to be seen , a n d  i t  i s  
obvious tha t  bo th  t h e s e  structu res w e r e  r a t h e r  t h i c k .  T h e  l a tter o f  t h e m  
is  pe rforated by a m ed i a n  u n p a i re d  l a rge fora m e n ,  w h i c h  l i e s  r a t h e r  

h i g h  a n d  wh ich therefore m ust be the oesophagus fo ra m e n .  F i n a l l y  i t  
m a y  be m e n t i o n e d  t h a t  i n  t h i s  wa l l  re m a i n s  o f  t h e  c d n a l  for t h e  arter ia  

subclav ia  can be seen . 
The exoske le ta l  bone of the  cephal ic  sh ie ld  i s  th ick a n d  wel l  

developed a n d  is  on the outs ide o rn a m e n te d  with n u m e rous rather 

stro n g  scatte red tu berc les .  I n  p l .  3 fl g .  3 these tu bereles a re seen as  s m a l l  
white ish spots i n  t h o s e  pl aces o n  which the i n n e r  a n d  m i d d  l e  l a y e rs 
of the bone have sp l i t  o ff, e .  g. la tera l l y  a n d  a n ter ior ly to the  orb i ta l  

open i n g  between th is  a n d  the l a tera l  electric fie l d .  S imi lar  tubercle s  
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also occur on the cornua.  Worthy of not ice in  this connection i s  further 
the fact that the external pa rts of the exoskeleton show no ind ications 
whatever of polygon al areas. 

R e m  a r k  s .  - This species, which in  certa in respects is somewhat 
suggestive of C. lyelli, i s  very well characterized especia l ly by the slender  
shape of i t s  cornua and the very strong and h igh dorsal sp ine .  I t  has 
been named after ma jor  G .  I SAcHsEN ,  the init iater of  the Norwegian 
exploration of Spitsbergen and  the leader  of the  expedit ions 1 906- 1 907 
and 1 909- 1 9 1 0  during which a considerable part of the material 
described in  this monograph was brought together .  The specimen 
(no .  5) referred to this species with hesitat i on i s  too imperfectly preserved 
to be determined with certain ty .  As far as i s  known , however ,  i t  seems 
to agree with the holotype. 

G e o l o g i c a l  s e r i e s  h o r i z o n  a n d  l o c a l i t y . - Lowest part 
of the Wood Bay series ( lower Devon ian) ,  W. of the Hoffnung glacier . 
Col l ected by ADOLF H OEL in  1 9 1 2 . 

6 . Cephalaspis laticornis. 

(Pl .  4 ,  fig. 1 ;  text-fig .  58). 

This  species i s  establ ished for a fragment of the right side of a 
cephal ic shield (specimen no .  6) .  

On account  o f  the fragmentary state o f  that cephal ic shield n o  
certa in measurem ents can b e  given either of its length or breadth o r  
o f  i ts height . What i s  preserved of  i t  i s  seen in  naturai s ize i n  pl .  4 ,  
fig .  I .  And ,  as i s  obvious ,  i t  is  from a l a rge animal .  

As far as can be judged , the genera l shape o f  the shie ld may have 
been ei ther about as in text-fig .  58 A or  approxim ately as in text- fig. 58 B .  
Bu t  in view of certa in conditions with regard to the  dorsal electric 
fie ld the former of  these two alternative seerns ,  however, to be the 
most probably one. The cornua are very broad and much flattened in 
dorsi-ventral d i rection ,  with the media !  margin somewhat concave in  the 
posterio r  ha l f. Concern ing their media l  margin it should fu rther be 
pointed  out that th is  has a very obtuse pectoral angle ,  and that this 
and the stretch of the med ia l  margin elose posteriorly to i t  are provided 
with a few short den t i eles .  The pectoral s inus i s  not so very broad but 
deep and wel l  defined . The orbits a re rather small in  relat ion to the 
size of the sh ie l d .  The dorsal  electric fie ld  is not preserved. The lateral 
electric fie ld ,  which i s  strik ingly narrow in  the posterior l a rger part of 
i ts length , extends rather far backwards  on the cornu of its s ide ,  but 
not as far as  to the posterior  end of that .  

Con cern ing the structure of the exoskeleton i t  deserves to be 
pointed out that the superfic ia l  and midd le  l ayers both seem to have 
been thin . At least the media l  margin and ventrai rim seem to have 



256 ER IK  A :  SON STENSI<J 

o 

Text- fig. 58. Cephalaspis laticornis n .  sp .  Possib Ie  outl ines  of the 
cepha l ic  sh ie ld .  The parts present  of  the shie ld  denoted by shad ing .  

Approximate ly  2/3 of nat .  s ize .  

had no tuberculat ions buth are smooth. Otherwise nothing is known 
with certa in ty concern ing the ornam entation .  

The external parts of the  exoskeleton are  subdiv ided in to numerous 
sma l l polygonal  areas .  

R e m  a r k  s .  - The spee ies descr ibed here is very d istinctly ch arac
terized from other spee ies by its very broad ,  pecul iarly shaped cornua ,  
and on  accoun t  o f  this I have n amed  i t  laticomis. 

G e o l o g i c a l  s e r i e s  a n d  l o c a l i t y . - Wood Bay series ( l ower 
Devon i an ) , Wood Bay.  Probab ly  col lec ted by G. WATN ELIE  in 1 9 1 0. 
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Text. fig .  59. Cephalaspis brevicorn is n .  sp .  Probable outl inec of cephalic shie ld .  Sketch 
based on speeimen no .  8. Approximately 1 /3 of the nat. s ize .  

7 .  Cephalapsis brevicornis n. sp. 
(P l .  4 ,  fig. 2 ;  p l .  5, figs. 1 , 2 ;  p l .  1 2 ; text-fig. 59) . 

As far as can be judged ,  this species i s  represented by fragments 
of  four cephaJ ic  shie lds (speeimen nos. 7 ,  8, 1 3 , 56) among which 
the most complete one (no .  8, p l ,  5,  fig.  1 )  has been chosen as a 
holotype. 

All the fragments known are from wery large ind ividuals .  The 
holotype has in its present imperfect state of preservation a length of 
about 1 5  cm . from the rostrai end to the present posterior border of 
th e in terzonal part .  The breadth between the posterior en ds  of the 
cornua pro bably amounted to about 30 cm . ,  and thus the breadth was 
pro babl y approx imately twice as great as the length . One of  the other 
specimens (no.  1 3 ;  p l .  1 2) was probably sti l l  l arger. 

The rostrai margin seems to form an angle, though this angle is 
very obtuse and ind istinct . The cornua ,  which are broad and strikingly 
short and which in  add ition are rather flat  in a dorsi-ventral d i rection , 
issue much more in  a lateral d irection than i n  the six species described 
above. They decrease continuously and rather rapid ly  i n  width dista l ly 
and seem to be  without pectoral angle and dentic1es on their media l  
border .  The  pectora l  s inus i s  shal low and broad , not  d ist inctly defined.  
The interzonal  part is  also broad , but i s  so imperfectly preserved that 
nothing can be etab l ished ei ther as to its shape otherwise or  as to i ts 
backward exten sion.  The  orbita l  openings and the dorsal e lectric fie ld 
are not  preserved .  The lateral electric fie ld ,  which extends backwards 
on the cornu of its s ide - although not so far as i n  C. watneliei - is 
rather narrow. 

The exoskeletal bone of the shie ld is  not very thick but seems 
nevertheless to be composed of the usual three layers. The ornament  

1 7  
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consists, a long th e lateral borders, of numerous very coarse, flat  tuber
eules (pl .  5 ;  fig .  2 ;  pl .  1 2) ,  otherwise of  numerous very small tubereles 
(pl . 4 ,  fig. 2) .  Whether the exoskeleton was subdivided external ly i n to 
polygon a l  areas cannot be decided with certainty. 

R e m  a r k  s .  - The four specimens described here agree with each 
other with regard to the shape of the cornua, the ornamentat ion ,  and, as 
far as can be judged, a lso with regard to the general shape of the sh ie ld .  
I therefore think that they must be long to one and the same speeies .  
This speeies is  well characterized from other speeies by its very con
s iderable size, by the general  shape of the cephal ic shield ,  by the 
ornamentation and  by the short robust cornua.  

G e o  l o g  i c a I s e r i es a n d  I o c  a l i  t i e  s. - All  the specimens referred 
to C. brevicornis are from the Wood Bay series ( Iower Devonian) .  Spee i
mens no. 7 and no .  1 3  have been found at Wood Bay. Speeimen no.  8 is 
from the in land East of K ings Bay, and speeimen no .  56 from a point near 
Mt. Lyktan ,  Dickson Bay. Specimen no. 8 was col lected by O.  H OLTEDAHL 
in  1 909 and specimen no .  56 by A.  H EINTZ in  1 925. The two remai
ning specimens have probably been col lected by G.  WATNELIE  i n  1 9 1 0. 

8. Cephalaspis lata n. sp. 

(P l .  6, fig .  1 ;  pl .  7 ;  text-fig. 60) . 

This species is based on two fragmentary cephal ic shie lds (speeimen 
no. 9 and specimen no .  1 0) ,  both o f  which are preserved in  such a way 
that they d isplay the ventrai side rather completely. 

One of  these cephalic shields (the type-specimen,  no .  9; p l .  7) is 
from a very large ind iv idual .  The l ength from the rostrai border to the 
posterior end of the preserved port ion of the in terzonal part cannot be 
ascertained with ful l  certain ty, but  may be estimated at  about  1 0- 1 2 cm . ,  
whereas t h e  breadth between the posterior ends  of  t h e  cornua was not  less 
than about 28 or 30 cm . The second cephal ic  sh ie ld (speeimen no .  1 0 ;  
p l .  6, fig .  l )  i s  much smal ler, i ts length probably beeng not  m ore than 
6-7 cm. and its breadth between the posterior  ends of  the cornua about 
1 7  cm .  As i s  obvious from these measurements, the cephal ic shield of 
th is speeies i s  especial ly characterized by its considerable breadth ,  which 
i s  a lm ost tree t imes as great as the length . 

The rostrai end of  the shield i s  rounded and very obtuse without 
traces of  a rostrai angle .  The cornua, which issue in  a postero-lateral 
d i rection ,  are long broad and flat and not straight but somewhat curved 
in  a media l  d irection .  Their media l border seems to lack both a pectoral 
angle and dentieles. The pectoral sinus is  broad and deep, but not very 
d istinetly defined.  The interzonal part was probably very narrow, but it 
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Text- fig. 60. Cephalaspis lata n. sp. 
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Restoration of the cephal i c  sh ie ld ,  from the ventrai side .  After speeimen no .  9. 1 /3. 

is imperfectly preserved , so that nothing certain can be establ ished as 
to its length. O rbits and electric fields not  known. 

The ventrai opening of  the oralo-branchial  chamber, the oralo
branchial fenestra, i s  partly shown in  both specimens .  It i s  consider
ably broader than it is long. 

In the smaller (no .  1 0) of  the two shields the exoskeletal bone 
i s  a lmost entirely weathered away. In the larger one ,  on the contrary, 
i t  i s  partly wel l  preserved and appears to be rather thick and to be 
composed of the usual three layers. The superficial one of  these layers 
forms, at least on the ventrai s ide of the shie ld ,  a continuous quite 
smooth covering on the m iddle one, and as usual ly ,  when i t  is  wel l  
developed , i t  i s  perforated by numerous pores. Otherwise i t  is  worthy 
of notice here that the exoskeleton in  its external parts i s  subdivided 
into numerous polygonal areas.  

R e m  a r k  s .  - The two cephalic shields described here agree, as 
far as they are known ,  i n  a l l  essential characters, and I feel  therefore 
rather convinced that they pertain to the same speeies. The considerable 
breadth i n  proportion to the length and the shape and d irection of  the 
cornua d ifferentiate them quite d istinctly from those of  other known 
species ,  and a new speeies has therefore been establ ished for them .  

G e o  l o g  i c a I s e r i e s a n d I o c a l i t i e  s .  - W ood  Bay  series ( lower 
Devonian) .  The largest shie ld (no. 9) is  from Mt. H 6gkulla on the Rein
deer Peninsula ; the other (no .  1 0) has been found W.  o f  the Hoffnung 
Glacier. The fi rst mentioned one was collected by O .  HOLTEDAHL in  
1 909, the  o ther  one by ADOLF H OEL in  1 9 1 2. 
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9. Cephalaspis hOegi n .  sp .  
(P Is .  8 - 1 0 ; text-figs. 6 1 - 63). 

The species C. hOegi is  based on an imperfectly preserved cephal ic 
shield ,  with considerable portions of  the cornua and the interzonal part 
m issing (specimen no .  1 1 , p l .  8). Besides that cephal ic shield two other 
imperfect ones (specimens nos.  1 2  and 1 1 5) and a fragment of  a cornu 
(no. 1 1 4) may perhaps also belong to this species. 

Al l  o f  the shields mentioned are from large or rather large an imals .  
Thus the type shield (no .  1 1 ) atta ined a length 1 of  at least 1 0- 1 2  cm . ,  
whereas its breadth a t  the proximal  parts o f  the cornua is about 1 8 ,5 cm .  
And one  of  t he  other shields (no .  1 2) i s  even somewhat larger. 

U n fortunately a l l  the shields are in such an imperfect state of 
preservation that i t  is d i fficult to compare them in detail with each other 
with reg ard to proportions and configuration . And because of that I 
have found it m ost convenient to describe each one of  them separately. 

We first deal with the type shield (no .  1 1 , text-fig. 6 1 ; p l .  8) .  As is 
evident from the measurements given, that shie ld is considerably broader 
than i t  i s  long. I ts rostrai margin is obtusely rounded without any trace 
of a rostraI angle. The cornua, which issue in  a postero-Iateral d i rection,  
are, at  least in  their proximal parts, broad and flat ,  their length and 
shape otherwise being unknown. The pectoral s inus was probably well 
developed and broad . The interzonal part, though very imperfectly 
preserved ,  seems to have been comparatively narrow, its breadth perhaps 
being contained about three t imes in the breadth o f  the shield at  the an
terior end on the pectoral s inus. The orbits are rather large and ap
pear to be l ined by a thin orbital layer of  perichondral bone. The 
extension of  the orbits postero-ven tro-medial ly shows beyond question 
that a myodome (my, pl .  8) was present, quite as in  the Downtonian 
species. The nasal opening has its normal shape and the pineal opening 
is  smal l ; and both these openings are situated strickingly far back in 
relation to the orbits . The dorsal electric field, which is imperfectly 
preserved , seems to have been rather broad even in its anterior end .  
The lateral electric field is broader anteriorly than posteriorly, where it 
i s  rather narrow, at least i n  proportion to the considerable breadth o f  the 
proximal  part of the cornu .  I ts medial margin exhibits certain  small 
convexities and concavities in  its anterior part. The can al for the most 
anterior electric nerve is  partly preserved on the right side (seil ' pl .  8) , 

Most posteriorly in  the shield ,  wich is d isplayed from the . ventrai 
side, there are to be observed certain traces o f  the postbranchial wall 
( p .  brw, pl .  8) . 

The exoskeleton consisted o f  the usual three layers, but the 
superficial and m iddle layers are th i n .  At least along the lateral 

l From the rostraI margin to the posterior end  of  the interzonal  part. 
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Text-fig. 6 1 . Cephalaspis hoegi n .  sp. Outl ines  o f  the cepha l i c  sh ie ld  of the type .  

Somewhat more than 1 /2 of the nato s ize .  

borders and on the ventraI r im the superflcial layer seems to have 
forrned a continuous covering of the I)l iddle laver and to have been 
without tuberculations, but on the dorsal s ide o f  the shield i t  is  rather 
l ikely that i t  was provided with smal l  rather numerous tubercles .  I n  
th is connection i t  deserves also t o  b e  mentioned that the external 
parts of the exoskeleton are subdivided i nto numerous, small polygonal 
areas. 

Turning to the other shields which have been assigned to the  speeies 
with some doubt, we flnd that the biggest one of these (no .  1 2) i s  of a 
certain interest from an anatomical point of view, as it i s  one of the 
few Devonian shie lds ,  that exhi bits somewhat wel l -preserved parts of 
the endoskeleton and the in ternal structures. 

U nfortunately that sh ie ld (pls. 9, 1 0) i s  very imperfectly preserved, 
i ts dorsal part being entirely abraded and both its cornua broken off 
and lost .  

Concerning the general  shape o f  this sh ie ld i t  is  on ly to be n oticed 
that , as far as i t  is  known, i t  seems to be m ost nearly l ike that of the type 
shield .  And i t  i s  also pro bable that the cornua were broad ,  as in  that. 
The exoskeleton of the dorsal s ide is  not preserved .  That on the l ower 
side is  rather thick and strong and composed of the usual three layers. 
At least on the ventraI s ide and along the lateral borders the superflcial 
one of the three layers i s  continuous and,  at lea st most anteriorly ,  provided 
with rather low tubereles.  Otherwise nothing is known concerning the 
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ornamentation .  As in  the type, the external parts of the exoskeleton are 
subdivided into polygonal areas. 

Of perichondral bone-layers we find i n  the speeimen traces of the 
external one that l ined the oralo-branchial chamber, the postbranchial  
wal l  and the endoskeletal shoulder-gird le  and in addit ion also traces 
of the one that lined the marginal  vein s inus .  And owing to the occur
rence of these traces of perichondra l  bone-layers, which l ie  in  their ori
ginal posit ion we are able, to obta in a rather good idea of the structure 
of the oralo-branehial chamber and the postbranchial  wall as well as of 
the marginal ve in s inus and the endoskeletal shoulder-gird le .  But atten
tion must be ealled to the faet that the periehondral bone-layers are al l  
very thin and that the external one l in ing the oralo-branchial chamber i s  
present only on the  most ventrai parts of the wal l s  of that ehamber .  

The oralo·branehial eham ber was i n  its ven trai parts eerta in ly broader 
than i t  was long. Most ventrally, where the external periehond ra l  bone
l ayer i s  found ,  i t  exhibits d istinet traees of the ventrai parts of  certain 
branehial  fossae and in add ition traces of certa in of the canals for the 
ven trai transversal superfieial  veins (vs-Vg , pls .  9, 1 0) .  

The postbranehial wal l  (p. brw, pls .  9, 1 0) ,  whieh ha s  t he  posterior 
side exposed for examination , is ,  as i s  asual i n  the Cephalaspis-species 
perforated by a big median fora men for the oesophagus and truneus 
arteriosus (oes, tr) . Postero-ventrally to that foramen there i s  to be 
seen the smal l  opening of the paired canal  fy for the v .  longitud inal is  
superficia l i s  ventral is ,  and st i l l  more laterall y  and somewhat dorsal ly 
certain of  the posterior openings for the posterior can als for ventrai 
transversal superficial veins .  In addit ion there are, on the posterior 
surface of the postbranchial wal l ,  certai n  grooves and openings of canals 
for branehes from the subc1avian artery. A distinet subclavian ridge 
(r. su bel) i s  also present separating the margina l  vein s inus (vs. marg) 

from the posterior surface of  the post-branchial  wall .  
The marginal vein s inus ,  whieh i s  partly exposed , i s  large and shaped 

as usua l  in  Cephalaspis-species (vs . marg, pl . 1 0) .  
T h e  endoskeletal shoulder-girdle (p .  sh, pls .  9 ,  1 0) i s  exactly as i n  

the Downtonian forms.  Of  the canals perforating i t  only the o n e  for 
the brachial  vein (v. br, pl .  1 0) i s  d istinctly seen . 

The remaining shield referred with hesitation to the speeies under 
consideration i s  shown in  text-figs. 62 and 63. And as i s  seen from 
those figures, it is rather imperfectly preserved. I n  addit ion it should 
be  added that i t  i s  much flattened.  

I ts l ength and its breadth were respectively about 9 ,5 cm .  and 1 7  cm . ,  
a n d  i t  i s  thus somewhat smal ler than the type. A s  a whole ,  i t  i s  rather 
suggestive of  that , though as is  easely seen, i t  d iffers from i t  i n  certain 
minor respects. Sinee these d ifferences, however, may wery well be 
imagined to have been caused by pressure in  the rock i t ,  seems to me 
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Text-fig. 62. Cephalaspis hoegi n. sp. Fragmentary cephal ic shie ld .  Ventrai v iew. 
Specimen no .  1 1 5. About 5/6 of  the nato s ize .  

at present  best not to separate i t  from the type either as a subspeeies 
or  as a species. The ornamentation of the dorsal side  eorrsists of 
numerous small tul;lereles and the external parts of the exoskeleton are 
subdivided into numerous small polygonal areas. 

Finally the fragment of the eornu whieh also was doubtfully 
assigned to C. hOegi agrees in  al l  respeets with the eornu of  the last
deseribed shie ld .  

R e m  a r k  S .  - So far as the general shape and ornamentation  are 
eoneerned the type shield i s  suggestive of C. lata, but it d iffers, however, 
distinetly from that especial ly i n  the greater length of the eephal i e  di
vision proper, the distanee between the peetoral s inus and the rostrai 
end being about one half of  the breadth of  the shield measured at the 
transverse plane trough the anterior end of the peetoral s inuses. In C. lata 
the distanee between the rost rai end and the peetoral s inus is mueh 
less, in faet eonstituting a lmost only a th ird o f  the breadth at the eor
responding transverse plane .  Otherwise the type seems to d iffer  from 
C. lata by the  more baekward direetion of  the eornua and by i t s  orna
m entation .  And yet further d ifferenees wil l  pro babl y be  d iseovered when 
new, more eomplete tr:Jaterial is  found .  In my opin ion ,  however, what 

. i s  a lready known , i s  sufficient to show that we are eoneerned here with 
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Text.fig. 63. Cephalaspis Megi ? n .  sp. 
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Restorat ion of the outl i nes  of the fragmentary cephal i c  shie ld show n i n  text- flg.  62. 
A l ittle more than 2/3 of the naf. z ise .  

a species which :though c10sely related to C lata, nevertheless is  a 
speeies of its own. I have named it after Dr. O .  H OEG, Curator of  
the Botanical Collect ions of the  Academy of Science, Trondhjem ,  who 
col lected the type specimen during his vis i t  to Spitsbergen i n  1 924. 

The other three spee i mens are too fragmentari ly preserved to be 
compared with the type with regard to m any detaiIs .  But s ince ,  as far 
as they are known , they are rather suggestive of  that they have with 
hesitation been referred to c haegi. 

G e o l o g i c a l  s e r i e s  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series, ( Iower Devonian) . Mt .  Lyktan on the east coast of Dickson Bay. 
Specimen no .  1 1  was collected by O .  HOEG i n  1 924,  the other three 
specimens by A .  H EINTZ i n  1 925. 

1 0. Cephalaspis hoeli n .  sp .  
(P I s .  1 7 ·-23 ; pl .  24 ,  fig. 1 ;  p l .  62, fig .  1 ; pl .  67, fig. 2 ;  pl .  68 ; text-fig. 64). 

This speeies seems to be the most com mon of all the Cephal
aspis-species in the Spitsbergen Downtonian ,  being represented by not 
less than 1 9  speeimens (nos.  1 8-35 and 39) . In addit ion 7 further spe
e imens (nos. 36-42) may be referred to i t  with hesitation .  All thees 
26 speeimens consist only of more or l ess fragmentary remains  of  the 
cephaJic shie ld .  As a hoJ otype for the species I have chosen spee imen 
no .  22 (p ls .  1 7- 1 8 ;  p l .  1 9, fig .  1 ) . 
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The largest cephal ic shields atta in a length of about 2 ,5-3 cm .  
(the dorsal spine not included) 1 and a max imum breadth of about 3-
3,4 cm.  In the smallest shields known so far the corresponding d imen
s ions are about 1 ,5 cm.  and 1 ,7 cm .  respectively. The height at the 
posterior end of  the dorsal e lectric field i s  in  the smal lest shields about 
0,4 cm . ,  i n  the largest shie lds about 0,8-0,9 cm . General ly i t  i s  d iffi
cult to get exact measurements, as most shields are e i ther imperfect in 
certain respects or  considerably flattened or  distorted by pressure. As 
is  seen from the figures given,  the species was certainly o f  a smal l  s ize .  

With regard to the general  shape of the shie ld in  the speeies i t  is  
obvious that the maximum breadth , which fal l s  rather far anteriorly to 
the posterior en ds of  the cornua is  on ly  sl ightly greater than the length 
from the rostrai end to the posterior  end of  the dorsal spine.  I n  
severai o f  the speeimens - for instance in the holotype (pls .  1 7 , 1 8) ,  -
there i s  no dist inct rostrai angle on the anterior border ; i n  others this 
angle does occur, though i t  i s  rather indistinct . The cornua,  which point 
a lmost straight backwards, are rather strong and broad and ,  as i s  usual 
in  speeies in which that is  the case,  they are much flattened i n  a dorsi
ventrai d irection .  Their length is  approximately one half of that of  the 
shie ld in  the median l ine (exc1usive of the dorsal spine) or sl ightly m ore. 
They lack pectoral angle ,  and are along their medial  margin provided 
with a series of  dentic1es, which are c10sely set and have their cusps 
d irected antero-medial ly .  The pectoral sinus i s  distinct and comparatively 
deep. The interzonal part corresponds in  breadth to about one half of 
the maximum bread th .  I t  is  provided with a rather strong dorsal spine 
(text-fig. 64 ; d. sp, pl .  1 9, figs. 2 ,  3) ,  which appears to be much inc1 ined 
backwards. The orbital open ings are large i n  proportion to the s ize of 
the shie ld .  They are somewhat longer than they are broad , and have 
their longitud ina l  axes a lmost paral leI or  only very sl ightly converging 
forwards .  fhe lateral electric field is  rather broad ,  and extends back
wards at least to the middle of the length of  the cornu of its s ide.  The 
dorsal elec tric fie ld i s  long and narrow, its maxi mum width constituting 
only about one th ird of  its length . 

The superfieial layer of the  exoskeleton was certain ly continuous 
and there are no traces of  polygon al areas. The outside o f  the super
fieial laver is imperfectly known , but, as far as can be j udged , it may 
in certain specimens (no .  30) be smooth and show on ly  the usual 
pores, whi le in  others (no.  29) i t  may be provided with smal l  tuberc1es 
at least along the rostrai and lateral borders and the ventrai rim. Final ly 
in  certa in cases (no .  29,  3 1 ; p l .  67, fig .  2 ; p l .  68,  figs. 2 ,  3) has been found 
to have on the ventrai rim and the adjacent part of the  vent ra i  s ide o f  the 
cornua an ornamentation of chiefly longitudinal  ridges, between which the 

l The l ength measured from the rostraI end of  the sh ie ld  to  the  base  of the  dorsal sp ine .  
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Text-fig. 64 . Cephalaspis hoeli n .  sp .  
Restorat ion of  the cephal ic sh ie ld .  A i n  dorsal ,  B i n  lateral v iew. 

pores l ie  in  longitudinal  rows at  the bottom of  depressions or grooves. 
In the latter case the structure o f  the exoskeleton is  both in  surface 
view and in transverse section very Pteraspis-l ike (cf. p. 37 above) .  
A s imi lar development o f  the external layer in  the corresponding 
place is also found in  another Downtonian form from Spitsbergen ,  v iz .  
C.  staxrudi. 

The internal parts of the shield are often found in  a very good state 
of preservation ,  a fact which has enabled me to study them in deta i l .  
The results o f  my studies are g iven in  ful l  i n  anatomical part  o f  th is  
monograph (pp.  47-245 above) . What there i s  to be seen o f  internal  
structures i s  weU shown in pls . 1 7-24 and p l .  62, fig .  1 .  

R e m  a r k  s .  - C. hoeli is easi ly d ist inguished from other Cephal
aspis-species by the general shape of the cephal ic shie ld ,  the shape and 
d i rection  of  the cornua and the shape and d i rection of the dorsal spine .  
I t has been named in  honour of  the present leader of  the Norwegian 
explorations o f  Spitsbergen ,  Mr. ADOLF HOEL o f  Oslo Un iversity, who 
has col lected the greater part of  the mater ia l  described in  this monograph .  

The 7 species referred to C.  hoeli wi th hesitation are imperfectly 
preserved and cannot therefore be determined with ful l  certainty ; but 
as far as they are known , they agree most closely with the holotype of 
C. hoeli. 

G e o  l o g  i c a I s e r i e s ,  h o r  i z o n s a n d I o c  a I i t i e  s .  - Red Bay 
ser ies (Downtonian) .  In hor izons 200 and 250 m. above the sea at  the 
Frankel Ridge ,  at the foot of Mt .  Pteraspis and in  the horizons A, 
G,  J ,  L ,  0 ,  and P of Ben Nevis (most  speeimens) .  The horizon a t  
Ben N evis in  which the speeies seems to be most com mon is  j .  The 
majority of  the  speeimens have been collected by ADOLF HOEL in  1 909 ; 
two - those from the Frankel Ridge (nos .  26, 42) -- have been found 
by  A.  H EINTZ in  1 925. 
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1 1 . Cephalaspis eukeraspidoides n .  sp .  
(P l .  32 ,  flg .  l ;  text-fig. 65). 
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As far can be j udged this species is  represented only by one 
cephal ic shield (specimen no .  43) , which lacks the left cornu and cer
tain other parts. 

This shield measures in length from the rostraI margin to the 
posterior  end of  the dorsal spine 3 ,7 cm. , in  breadth between the posterior 
ends of the cornua about 4,3 cm . ,  and somewhat further anteriorly about 
4 ,7 cm. The breadth thus only sl ightly exceeds the length . The he ight 
just behind the dorsal  e lectric Reid i s  about 1 cm.  As i s  obvious from 
these measurements ,  the sh ie ld  is  only sl ightly larger than the largest 
ones known of  C. hoeli. 

A d istinct rostrai angle is present .  The cornua, which issl1e back
wards, are very long,  their l ength in fact corresponding to somewhat 
more than two thirds of  the length of  the shield from the rostraI angle 
to the posterior end of  the  dorsal spine. In proportion to their length , 
however, they are comparatively broad and robust. As far as can be 
seen , they are rather much flattened in  a dorsi-ventral d i rection ,  and with 
regard to their general  sh:1pe i t  is  further  worthy of  notice, that they 
are more d istinctly arched i nwards than those i n  C. hoeli. Along their 
media l  m argin they are provided with small denticles ,  which , at  least 
most anteriorly ,  seem to be directed a lmost straight m edial ly with their 
po ints. A pectoral angle is  absent .  The pectoral s inus i s  d istinct and 
broad. The interzonal part i s  narrow, atta ining a breadt of only 1 ,4 cm. 
(measured between the postero- lateral angles) and seems  to have been 
produced into a rather short dorsal spine .  On i ts  dorsal s ide i t  has a 
distinct median longitudinal ridge, which from the posterior end o f  the  
dorsal e lectric Reid extends backwards, probably to the po in t  o f  the 
dorsa l  sp ine .  The orbits, which l ie  somewhat nearer the rostrai angle 
than the posterior end of the dorsal spine  and thus somewhat anteriorly 
to the middle of  the length of  the sh ie ld ,  are rather small and have 
an oval  shape with the longitud ina l  axes s l ightly converging forwards. 
The dorsal e lectric ReId i s  rather narrow. The lateral e lectric Reid is  
broad , and appears to have extended backwards on the cornu at  least 
to the m iddle o f  the length of that .  

The lower side of  the cornua i s  covered by a continuous smooth 
superRcia l  layer,  and ,  as far as can be judged from that ,  i t  seems high ly 
probable that the ent ire cephal ic shield had a s imi larly developed super
Rcial layer. N o traces of polygonal areas can be seen. 

R e m  a r k s .  - The species now described is  perhaps at the R rst 
glance rather suggestive C. hoeli, but on a closer study i t  appears, how
ever, to d iffer d istinctly from  that, especia l ly in the general shape of 
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Text-fig. 65 .  Cephalaspis eukeraspidoides n .  sp .  
Restoration of  cephal i c  sh ie ld .  A ,  i n  dorsal, B, in  la teral view. 

Aproximately natural  s ize .  

the cephalic shield and the greater length of the cornua. On account 
o f  i ts  long somewhat Eukerapis-Iike cornua I have named i t  C. euker
aspidoides . 

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y . - Red Bay 
series (Downtonian) .  H orizon R ,  Ben Nevis .  Col lected by A DOLF HOEL 
in  1 909. 

1 2 . Cephalaspis vogti n. sp .  
(pls .  25-27 ; p l .  3 1 ,  fig .  1 ;  text- fig. 66) . 

This speeies i s  based on an imperfect cephal ic shield (specimen 
no .  46 ,  pl .  27, text-fig. 66) . I n  add it ion I refer to it ,  though with 
hesitation,  five still more imperfect cephal ic shields (specimens nos .  47-
5 1 ; pls. 25, 26 ; pl .  3 1 ,  fig. 1 ) . 

Al l  the shields present are from rather smal l  ind ividuals .  I n  the 
holotype the d imensions of  the shield are as  fol l ows : length between 
the rostrai margin and the posterior end present o f  the in terzonal part 
probably about 3-4 cm., maximum breadth about 4 ,5-5 cm . ,  and height 
somewhat behind the orbits about 1 ,5 cm.  No more exact measure
ments than these are to be had. 

As is seen, the breadth of the cephal ic shie ld o f  the holotype thus 
on ly s l ight ly exceeds the l ength . A rather d istinet rostrai angle is  
found both in  the holotype and in  shie ld no .  46. The cornua, which 
issue in  a backward and probably somewhat medial d i rection, are only 
known in  their proximal  parts , but from what is  preserved of  them 
it is ,  however, ful ly clear that they are rather s lender and flattened in 
a dorsi-ventral d irection.  Their media l  margin is  provided with a few 
rather narrow antero-media l ly curved denticles .  N o  pectoral angle i s  
present. The pectoral s inus  is weU developed , but rather  narrow in 
transversal d i rection ,  whi le the interzonal part is  strik iilgly broad . The 
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Text-fig. 66. Cephalaspis vogti n .  sp. 
Restorat ion of  eephal ie  shield based on  spe eimen no .  46. 7/4. 

269 

detai led shape of that part is not known as its posterior portions are 
mIssmg. At least in the h olotype the orbi ta l  openings, which probably 
are situated somewhat nea rer to the rostrai  than to the post<:: r ior end 
of the shie ld ,  are i n  shape and have their longi tudinal  axes sl ightly 
converging forwards. The shape and extent of the dorsal electric field 
are unknown. The lateral electric field ends backwards a lready on the 
p roximal  part of  the cornu of its s ide .  

The superficia l  layer of the exoskeleton is  continuous and smooth . 
As usual it is perforated by numerous c10sely set pores .  The appearence 
of i t  i s  wel l  shown in  pl . 3 1 ,  fig. l, (sl; from specimen no . 47).  There 
are probably no  traces of polygonal areas. 

As i s  seen from pls .  25-27, numerous canals for vessels and nerves 
and parts of the crania l  cavity and of the ears etc .  are well preserved 
in  certain of  the speeimens referred to th is  species. 

R e m  a r k  s .  - C. vogti d iffers from o ther species known especia l ly 
by the general shape of the cephal ic shie ld and by the rath er  s lender 
postero-medial ly d irected cornua. I t has been named i n  honour of  

. Dr .  TH .  VOGT, State Geologist , o f  Os lo ,  who was  the leader of  a 
Norwegian expedit ion in  1 925 for the exploration o f  the Downtonian 
and Devonian deposits of Spitsbergen .  
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Specimens nos.  47-5 1 are toa imperfectly preserved to be deter
m ined with ful l  certainty,  but ,  as far as they are known , they agree ,  
however, most closely with C. vogti, and I have therefore provis ional ly 
referred them to that species. 

G e o l o g i c a l  s e r i e s ,  h o r i z o n s  a n d  l o c a l i t i e s .  - Red Bay 
series (Downtonian ) .  All the specimens - except no. 5 1  which is from 
the Frankel Ridge, 200 m .  above the sea - were found in the l ower . 
horizons of  Mt .  Pteraspis .  Five of  the specimens (nos .  46-50) were 
collected by ADOLF HOEL in 1 9 1 2 ;  the remaining one (no. 5 1 )  was 
collected by A .  H E INTZ in  1 925. 

1 3 . Cephalaspis heinizii n. sp .  
( Pls . 29, 30 ; pl .  3 1 ,  fig .  3 ;  p l .  35 ,  figs .  l ,  2 ;  p l .  36 ,  figs .  1 -3 ; text-fig. 67). 

Under this species name are gouped three imperfect cephal ic 
shie lds (specimens nos .  52, 53, 54) .  As a holotype I have chosen the 
most complete one of the three (specimen no .  52) . In addit ion a fourth 
imperfect shie ld (specimen no. 68) may perhaps perta in to th is species .  

The d imensions of  the shie lds are as fol lows : 

No .  52. No. 53. No. 54. No. 68. 
Length from rostraI to 

posterior angle . . . .  2 ,  I cm.  3 ,3  cm . about 4 cm.  about 6 cm.  
Max imum breadth 

(somewhat in  front 
of the poste ri or en ds 
of the cornua) . . . .  3 ,3 

Distance between the 
poste ri or ends of the 
cornua . . . . . . . . . . .  2,95 

H eight at the posterior 
end of the dorsal 
electric fie ld . . . . . .  0 ,8 

Breadth of the inter-
zonal part of the 
shield . . . . . . . . . . . .  1 ,5 

" about 5 ,5  " " 6 " " 1 0  " 

" 

" " " " I " 

" " 2 ,7 " " 4,6 " 

The four  shields have a l l  been partly affected by pressure, and 
certain of their d imensions may therefore origina l ly have been some
what d ifferent from what they are in  the '  present state of  preservation . 
I t  is quite obvious, however ,  that the bredth was considerably greater than 
the length . The rostraI angle is  developed, though obtuse. The cornua  
are rather broad and  s trong and  flaten ed in  dorsi-ventral d i rection . I n  
t h e  holotype they are d irected a lmost straight backwards and  appear 
to be sl ightly curved inwards ; in  the three other specimens (nos .  53 
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Text-fig. 67. Cephalaspis heintzi n .  sp. Restorat ion of cephali c  shield based on  
spee imen no .  52 .  A ,  i n  dorsal view, B, i n  ventrai view, C ,  i n  lateral v iew, D, in  

transversal sectio n  somewhat beh ind the  orbits. 3/2. 

54, and 68) , on the contrary, they seem to have pointed somewhat more 
laterally and to be straighter .  The holotype has the media l  margins of the 
cornua provided with small dentic1es, which are curved in  such a way that 
they point antero-medial ly ,  whereas i n  the shields no. 54 and no .  68, 
which both have a proximal  part of the left cornu preserved , there are 
no traces of dentic1es .  As the shield no .  54 is in  a rather bad state of 
preservation and appears to have been abraded ,  and as the shie ld no. 68 
also is very imperfect, it seems very probable that these two shields 
original ly had dentic1es too on their cornua but lost them before the 
embedding i n  the rock. The pectoral s inus i s  weU developed, but rather 
narrow. The interzonal part i s  rather short and ,  at least i n  the shields 
nos .  52 and 53, i t  i s  i n  addit ion broad .  In the shield no .  54 only a 
very smal l  part of it i s  left, but , as far as can be j udged ,  it seems to have 
been somewhat narrower than in  the former two shields. The orbita l  
openings ,  which are large and  oval ,  with the longitudinal axes more or 
less converging forwards, He anteriorly to the middle of the length of 
the shie ld .  The dorsal electric field is  rather broad ,  with the broadest 
place in  the anterior half. From its posterior end a low median ridge 
passes backwards to the posterior end of the posterior angle. The 
l ateral electric field i s  well developed and reaches far backwards on 
the cornu .  

The holotype exhibits a portion of the  oralo-branchial fenestra 
(text-fig. 67 B ; obr. J. , p l .  36, fig. 3) ,  which appears to be broader than 
i t  is  long.  And the shield no. 68 shows very beautifully many of the 
canals for vessels and nerves (pIs .  29, 30 ; pl .  3 1 ,  fig .  3) .  
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On account of the bad state of preservation of the external layers 
of the exoskeleton of the shields the  ornamentation i s  entirely unknown. 
The external  parts of the exoskeleton are not subdivided into poly
gonal areas .  

R e m  a r k  s .  - The sh ield no .  52 described here obviously cannot 
be referred to any known speeies ,  but must represent a new one .  For 
that new species I have proposed the name heintzi after ANATOL 
H EINTZ ,  Conservator at the Paleontological Museum ,  Oslo ,  who was 
a mem ber of Dr .  TH .  VOGT'S  Spitsbergen expedit ion in 1 925 and who 
collected severai of the Cephalaspids described in this monograph .  

The sh ie lds no .  53 and 54 resemble  the type (no. 52) , and I have 
therefore fel t  i t  necessary to refe r  them to the same species as that. 
Specimen no. 68 is  too imperfect to be  determined with ful l  certa inty 
but as a l l  its characters preserved are mostly as i n  the species here 
under consideration I have found it most convenient at present to place 
i t  here provisional ly .  

G e o  l o g i c a I s e r i  e s ,  h o r i z o n s a n d I o c  a l i  t i e  s .  - Red Bay 
series (Downtonian) .  Sh ield no.  52 is  from the Frankel Ridge, 200 m.  
above the sea ; sh ie ld  no. 53 is  from Ben N evis but there are no  exact 
data concerning the horizon ; and shields no. 54 and no. 68 were found 
in  horizons O and } respectively at Ben Nevis .  Specimens nos.  54 and 
68 have been collected by A. HOEL i n  1 909 and specimens 52 and 53 
by A. H EINTZ in  1 925. 

1 4 . Cephalaspis staxrudi n. sp. 
( PI .  34 ; pl .  36, flg. 4 ;  pl .  37, flgs. l ,  2, text-flg. 68,  69) .  

This speeies is  based on a fragmentari ly preserved cephal ic shie ld 
(no .  56, p l .  37, fig .  I ) , text-fig. 68. In addition I refe r  to i t  though with 
h esitatio n  a second larger specimen (no. 57,  pl .  34 ; p l .  36, fig .  4 ,  text- fig .  
69) , which is  represented by a considerable part of the cephal ic shie ld 
and certa in  of the scales of  the an ter ior part o f  the trunk .  

The holotype (no .  56)  i s  about 4,5 cm. ( long from the rostrai end 
to the poster ior end of  the interzonal part) and about  6 cm . broad a t  
the broadest place, which i s  situated rather far back between the m i ddle 
parts of  the cornua, whereas i ts  he ight  is on ly  0 ,8 cm . at the highest 
place in the interzonal part . The other  cephal ic shield (no.  57) i s  much 
l arger, its d imensions being : length about 1 7  cm . ,  maximal  breadth 
about 24 cm., and maximal height about 3 cm.  

For  a detai led description we fi rst turn to  the holotype (text-fig.  68 ; 
p l .  37, fig. l ) . As is obvious from the measurements given , th is i s  some
what b roader than i t  is  long and str ikingly flat .  A rostrai angle i s  present, 
though rather indistinct . The cornua ,  which issue a lmost straight back
ward s ,  are long and s lender ,  their length constituting about 3/4 of the 
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length of the sh ield from the 
rostrai angle to the hindmost 
preserved portions of the inter
zonal part. They probably lack 
denticles on the medial margin .  
The  pectoral s inus is  deep and 
broad and wery weU developed , 
and as a consequence of th is 
th e in terzonal part is  rather 
long and comparatively narrow. 
Concerning the interzonal part 
i t  should further be mentioned 
that the posterior portions of 
i t  a re m issing and that because 
of  this condition the exact con- Text-fig. 68 .  Cephalaspis staxr/ldi n .  sp. 

figuration of its poster ior margin Restoration of  cephal i c sh ie ld  after spee imen 

cannot be ascerta ined.  The orbi- no .  56 .  1 . 1 . 

tal openings - which are smal l ,  
wi th their longitud inal axes diverging forwards - are situated strikingly 
far back, in fact probably slightly behind the midd le of  the length of 
the cephal ic  sh ield measured from the rostrai angle to the posterior 
preserved portion of  the interzonal part. Moreover i t  i s  also clearly 
seen that they lie strikingly far back in relation to the pectoral s inus .  
Th� dorsal electric field is ver.y imperfec.tly preserved , so that noth ing 
ca n be ascerta ined concerning i ts  shape .  The lateral electric field i s  
broad even posteriorJy and extends only a short d istance backwards 
on the cornu of its s ide .  

The exoskeleton consists of the ordinary th ree layers .  And the 
superfieial layer was eerta in ly eontinuous. On  the lower side of the 
shield i t  i s  e :earJy se en (pl .  37, fig .  2) that that layer i s  provided with 
ridges coneentrie wilh the lateral borders of  the shield, and that the 
pores that regularly traverse i t  are situated in  rows in  shallow grooves 
between the ridges . As a whole, therefore, the external parts of the 
exoskeleton at this plaee are in fae t  suggestive of t he external parts of 
t he exoskeleton of the Pteraspids .  In Ihis conneetion i t  deserves to be 
pointed out that the lower side of  the sh ield may be developed in a 
s imi lar  way also i n  Cephalaspis hoeli (pl .  67, fig .  2 ;  p l .  68 ; cf. also 
p .  37 above) . 

The other shie ld (no.  57) referred with hesitat ion to the spe eies 
(text-fig. 69 ; pl .  34, figs. 1 -4) resembles the type rather mueh with regard 
to its general shape,  but is  more pointed anteriorly than that. U n
fortuna tely its eornua are imperfeetly preserved ,  so that i t  i s  not possible 
to say with eertainty whether these were of  the same shape as in the 
type or whether  they were shorter .  Likewise i t  i s  not possible to 

1 8  
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decide wi th certainty whether they issued i n  a s im i lar d irection as in  
the type or whether they  were as i n  the restoration given i n  text
fig. 69. The pectoral sinus and the in terzonal part agree in  essent ia ls  
with those i n  the type. The dorsal electric fie ld was certa in ly rather 
broad ,  at least  in  the anterior parts, but i s  very imperfec tly preserved 
(pl . 34,  fig .  1 ) . Ventral ly to th� oralo- branchia l  chamber, or i n  the ventraI 
part of  that, there are found a few of the smal l  more or  less i rregu lar  
oblonge scales ,  which were present on the external s ide  of  the soft 
tissue that closed th e  oralo-branchial fenestra . 

The exoskeletal bone i s  preserved only on  the lower s ide of t h e  
sh ield, thus on l y  on the ventraI  r im  and on t he  ventraI s ides of  t he  
cornua . I t  was rath er th ick ,  with t he  m iddle layer well developed . The 
superficial layer seems not to have been continuous, but represented 
only by numerous tubercles, between which the middle layer was 
discern ible .  These tubercles are al l rath er small in proportion to the size 
o f  the shie ld ,  but i t  is  clearly seen that they are relatively larger on 
the anterior parts of  the ventra I  r im than on the lower s ide of  the 
cornua, where most posteriori y they even become very smal l .  I n  
addit ion i t  i s  worthy of  notice i n  th is  connection that the tubercles are 
blunt and i rregularly lobated , on the anterior part of the ventraI rim 
(pl . 34, fig .  2) ,  whi le more backwards towards the cornua they are b lunt  
and somewhat elongated and arranged with the ir  longitudinal axis  
concentrical ly wi th the lateral border o f  the sh ield (pl . 34, figs .  3 ,  4) ; 
most posteriorly on the ventrai s ide of the cornua they are bad ly 
preserved ,  but ,  as far as can be j udged ,  they are rounded and somewhat 
pointed .  As is  thus seen , the orna mentation i s  very d ifferent from 
that in  the type .  Since, however, in  such a form as Hemicyclaspis 
(Cephalaspis) murchisoni and C. hoeli I have found that the ornamen
tat ion is  subj ec t  to considerable variat ions ,  i t  i s  very l ike ly that th is i s  
the  case a lso in  o ther  species and that i t  therefore perhaps i s  o f  much 
less importance as a species character than has been supposed h itherto .  

F inal ly ,  as has a l  ready been mentioned,  there are associated with 
the shield j ust described ( no .  57) certain of the anterior flank scales of 
the  trunk (pl . 36,  fig .  4 ) .  More exactly ,  these �ca les belong to the deep 
middle series and to the  ventro - lateral fri nge series .  They are al l  
composed of  three l ayers, l ike the exoskeleton of the  shie l d .  The super
Rcial one of these layers was perhaps cont inuous and had at least i n  
p laces tuberculat ions on its outer surface .  I n  other places i t  seems a s  
i f  t h e  ornamentation on its outside had consisted of fine  para l le i  striaae 
with a chiefl y  dorsi-ventral arrangement .  

R e m  a r k  s .  - The holotype reminds one in  its general shape some
what of  C. Salweyi, but i t  is nevertheless obvious that i t  represents a 
new species, which is charac terized by the general shape o f  the cephal ic 
shield ,  by the long slender rapid ly tapering cornua, the large pectoral 
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Text-flg, 69, Cephalaspis staxrudi? n .  sp,  Restoration  of cephal i c  sh i e l d  fafter  

spee imen no .  57) .  The exact shape,  l ength and d i rect ion o f  the cornua u ncerta i n .  
Somewhat l e s s  than ane half o f  t he  na t .  s ize .  

sinus, the rather  narrow interzonal part and the position of the sma l l  
orb its rather  far backwards .  This new species has been named a fter capta in  
A .  ST AXRUD ,  who was a mem ber ( 1 906, 1 909, 1 9 1 9, 1 920) and one of 
the leaders ( 1 9 1 1 - 1 9 1 4) of certa in of the Spitsbergen expedit ions during 
which parts of the material dealt with i n  th is monograph were col lected .  

The other  sh ie ld  described (no .  57 )  i s  beyond question rather 
suggestive of the type, but i t  d iffers .  however, somewhat from that both 
in  its general shape and in its ornamentation .  The d ifferences in  the 
general shape cannot be considered to mean very much , since they may 
very weU be imagined to be  due  to  the  rather considera b le  d istortion 
of the specimen .  The d ifference with regard to ornamentation seems 
a lso to be of s l ight importance, s ince i t  i s  now known that i n  d ifferent 
specimens of certa in  other species i t  may exhibi t  con siderable variat ions .  
U nder  these circumstances I have considered i t  best  not  to establ ish 
any new species for the shie ld i n  question ,  but to refer  i t  provisional ly 
to C.  siaxrudi. 

G e o  l o g  i c a l s e r i e s ,  h o r  i z o n s a n d I o c  a 1 i t y .  - Both the 
sh ie lds described here are from the Red Bay series (Downtonian) and 
both have been found at Ben Nevis ,  the type (no. 56)  i n  hor izon H. 
the other one (no .  57) in  a horizon 600 m. above the sea near horizon N. 
The holotype was coJlected by A. HOEL in  1 909, the other specimen  
(no .  57) by A .  H EINTZ i n  1 925 . 
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Text- flg. 70 .  Cephalaspis spitsbergensis n .  sp .  
Restorat ion made  after the  type speeimen (no .  58). 3 '5. 

1 5 . Cephalaspis spitsbergensis n. sp. 
( Pl .  33 ,  flg. l ;  pl .  35 ,  flg. 3 ;  p l .  39 ; p l . 40 ; flg. 2 ;  text- flg, . 70, 7 1 ) .  

This species i s  establ ished for a fragmentary cephalic sh ield (speci
men no. 58 ; pl .  33, fig.  1 ) . In addition I refer  provis ional ly to i t  a 
second also fragmentary cephal ic shie ld (spee imen no.  59, p l .  35, fig.  3 ,  
p l .  39 ; p l .  40, fig .  2 ) .  

The  fi rst-mentioned one  of  these two shie lds mus t  have attained 
a length of about 8 ,5-9 cm.  (measured from the rostraI angle to the 
poster ior end of  the in terzonal part) , a maximum breadth (at or  elose 
to the posterior en ds of  the cornua) of about 1 3- 1 4  cm. , and a maximum 
height of about 3 cm . The other shie ld (spee imen no .  59)  i s  consider
ably smal ler ,  i ts corresponding d imensions being about 5 cm . ,  7 ,3  cm .  
and 1 ,9 cm .  respect ively .  

In both shie lds there i s  only a sl ight indication  of a rostrai angle .  
The cornua, which issue backwards and somewhat l atera l ly ,  are long 
and s lender ,  with the d ista l parts a lmost c ircular in  transverse section . 
I t  should also be noticed here that in the type (text-fig. 70) they appear 
to be only very sl ightly curved inwards ,  whereas in  the other speeimen 
they are fairly strongly curved in  that d i rection .  At least i n  their 
present state of preservation they exhibit  no certain traces of dentieles .  
The pectoral s inus is wel l  developed and deep. And the interzonal 
part , which i s  imperfectly preserved posteriorly, i s  broad ,  constituting 
not less than about one half of  the maximum breadth . The orbital 
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Text-fig. 7 1 .  Cephalaspis spitsbergensis n .  sp. Restorat ion made after spee imen 
no .  59. A, in  dorsal, B ,  i n  ventraI v iew.  2/3. 
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openings of shie ld no .  58 are rather  smal l  and seem to have oCGupied 
such a posit ion that their Iongitudinal axes d iverged forwards, whereas 
those of  shie ld no. 59 seem to be a l ittle Iarger and are situated so 
that thei r Iongitudinal axes converge forwards. In the type there are 
no distinet remains o f  the eI�ctric fields .  I n  :shie ld no. 59 both the 
dorsal  and the lateral o f  these fields are to be  seen ,  though in  an imper
feet state of  preservation .  But as far as can be judged , their shape 
and extension were approximately as shown by text-fig. 7 1 .  

I n  both speeimens the ornamentation consists of numerous fa ir ly 
small tubereles. On the ventrai r im (pl .  35, fig. 3) these tubereles are 
rather i rregular i n  shape and are also i rregularly set ; further  backwards ,  
on the Iower s ide of the cornua ,  they may be sl ightly elongated in  the 
Iongitudinal  d irection of the cornua and may also exh i b it a more or less 
dis t inet  tendency to be arranged in  10ngitudinaI  rows. Whether the exo
skeleton was subdivided external ly into polygona l  areas cannot be decided 
with certa inty .  But at Ieast in  shield no .  59 it i s  not very l i ke ly tha t  
th i s  was  the  case . 

I n  shie ld no .  58 a dorsal part of the postbranch ia l  wal l  and certa i n  
t races of the bone-Iayer l in ing the oralo-branch ial  ch am ber  a re  to  
be seen.  

R e m a r k s .  - Though very im perfectly known , the  shie ld no .  58 
shows, however, beyond question that i t  cannot be refe rred to any of 
the other speeies described of  the genus. I ts most str iking charac ters 
are the general shape and proportions of t he  cephal ic sh ie ld and t h e  
long slender corn ua.  

As far as i t  is  known, shie ld no .  59 d iffers from the type only in 
c :rta in  characters, which appear to be of rather smal l  importance .  And 
because of this I have found i t  most convenient  to refe r  it , at  l east 
provisionaI ly ,  to this spe eies.  
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G e o  l o g  i c a I s e r i  e s , h o r  i z o n s a n d I o c  a I i t i e  s .  - Red Bay 
series (Downtonian) . Shield no .  58 i s  from horizon R of  Ben N evis ; 
shield no .  59 from an horizon 200 m .  above the sea at the Frankel Ridge. 
The type shield (no. 58) was collected by ADOLF HOEL i n  1 909, the 
other sh ield (no .  59) by A. H EINTZ in  1 925. 

1 6 . Cephalaspis kolleri n. sp .  
(P l .  3 1 ,  fig .  2 ;  p l .  32, fig. 3 ;  pl .  43 ,  fig. 2 ;  text-fig. 72) . 

The holotype for this species i s  a ventraI portion of the cephalic 
shield (specimen no. 60, pl . 32, fig .  3) with parts of  the right cornu .  
Besides the  holotype two other shields seem to  pertain to the species .  
One of  these two shields (no.  64 ,  p l .  3 1 ,  fig .  2) i s  represented by the  
right cornu and an adjacent part of the  ventraI r im of  the  right side, 
the other (no. 6 1 ,  p l .  43 , fig.  2) ,  on the contrary , by hardly more than 
the left cornu.  Final ly I refer to this species with hesitation two detached 
cornua (specimens no. 62, and no. 63) . 

The type shield was at least 1 2  or 1 3  cm. long from the rostraI 
angle to the posterior end of  the in terzona l  part, and probably about 
27 cm . broad between the posterior ends of the cornua .  I t  was thus 
from a very large individual . The parts present of shield no .  6 1  are 
from an animal of  s imi lar size as the type, whi le the parts preserved of 
shield no. 64 are from a considerably smaller one.  Both the fragments which 
have been placed with hestitation to the species are from large individuals .  

As far as can be judged. the type shield must have had a shape 
approximately as shown by text-fig. 72. I t  was thus about twice as  broad 
as it was long. It has only a very sl ight indication of  a rostraI angle .  
The cornua,  which are rather smal l  in  proportion to the size of  the sh ie ld ,  
are d irected rather much laterally, about as much as in C. brevicornis. 
In their approximal parts they are broad , but taper rapidly distally ; 
and as a whole they are therefore more slender than in  the species 
j ust mentioned . In addition they are also curved somewhat d ifferently 
from what they are in  that . They are much flattened in  a dorsi-ventral 
d i rection and their m edial margin i s  provided with small denticJes ,  which 
seem to have been rather straight or  at !east on ly  very sl ightly  curved 
forwards.  The pectoral sinus was probably broad and rather  shallow. 
The interzonal part i s  very fragmentarily preserved so that its shape 
i s  unknown. The orbital openings and the dorsal e lectric field are not 
preserved .  Parts of  the lateral electric field are present ,  but they are 
not well accessible for investigation ,  so that the shape and extension of 
that field sti l l  remain unknown . 

The exoskeleton was evidently rather thick and strong. I t  is  
ornamented throughout by numerous, rather smal l ,  c losely set tubercJes, 
wh ich on the ventraI side of the  cornua and the adj acent parts of  the 
ventraI r im may be somewhat elongated , wi th the longest axes more or 



DOWNTONIAN AN D DEVONIAN VERTEBRATES .  I 279 

/ 

Text-fig. 72. Cephalaspis kolleri n. sp. Pro bable outl ines  of cephal i c  sh ie ld .  
After spee imen no .  60 .  1 /2 . 

less d istinctly concentric with the lateral margins of the shield .  Whether 
the superficial layer was present on ly in  the tubercles or whether  i t  
als o occurred between these could not be made out. The external parts 
of  the exoskeleton are, at l east on the dorsal s ide of  the shield ,  sub
d ivided into polygonal areas. 

R e m  a r k  s .  - C. kolleri , which I have nam ed  after engineer 
A .  KOLLER of Oslo ,  who has taken part in  severai of the N orwegian 
Spitsbergen expeditions ( 1 906, 1 909- 1 9 1 4, 1 9 1 7- 1 925) ,  greatly 
resem bles C. brevicornis from the Spitsbergen Devonian with regard to the 
general shape of  the cephalic shield .  It is ,  however, easi ly d istinguished 
from that by the less pronounced rostrai angle by the larger breadth 
in  the rostrai parts, by its more slender and d ifferently curved cornua, 
and by its ornamentation .  

The specimens which I have referred to C. kolleri with hesitation 
are too imperfect to be determined with certainty ; but as far as they 
are Known, they seem to agree weU with C. kolleri. 

G e o  l o g  i c a I s e r i e s , h o r  i z o n s a n d lo c a I i t i e  s .  - Red Bay 
series (Downton ian) .  H orizons P (specimen no. 60) , L (speci men no .  62) 
and the Cl iff (specimen no. 6 1 ) , Ben N evis ; Mt Pteraspis (specimen 
no .  63) .  The specimens have probably a l l  been coUected by A .  H OEL 
i n  1 909 (Ben N evis) and 1 9 1 2  (Mt Pteraspis) .  

1 7 . Cephalaspis gracilis n .  sp. 
(Pl .  38 ,  figs. 2, 3 ;  text-fig. 73) . 

This species is based on a specimen (no .  65) which is represented 
by the left cornu and a considerable part of the ventraI rim .  As far 
as can be judged from these remains ,  the outl ines of  the cephalic shield 
were approximately as shown in  text-fig. 73. 
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The c'ephal ic sh ield seems 
to have had a length of  about 
6 cm .  (measured from the rostrai 
end to, the suppqsed posterior 
end of the interzonal part ) , 
whereas its max imum breadth 
probably amounted to about 7 
cm .  Thus the maximum breadth 
seems to have been on ly slightly 
l arger than the lenght. , 

Text-fig. 73. Cephalaspis graci/is n. sp.  

The rostrai margin is im
perfect (text-fig. 73 ; pl .  38 ,  fig. 3) , 
and i t  is therefore i mpossi ble 
to say wheter  there was any 
rostrai angle or not . The cor
una ,  which project backwards 
and slightly laterally, are long 
and slender, constituting about 

Probable out l ines of  cephal i c  shie ld .  
A fter speeimen no .  65.  3/4. 

three quarters of the length o f  the shield .  They are flattened in  a 
dorsi-ventral d irection throughout their length , and their media l  margins 
are provided with straight denticles ,  which are fa irly sparse, so that there 
are rather considerable intervals between them .  Simi lar though smaller 
denticles were probably also present on their lateral margins .  The pectoral 
s inus is comparatively broad and well developed . The in terzonal part ,  
on the contrary, seems to have been rather  narrow, but i s  so imperfect 
that i ts detailed sh3pe C3nnot be asc::rtained . The oralo-branchial fenestra 
seems to have been a lmost c ircular or only sl ightly longer than broad 
(text-fig. 73) . 

The ornamentation i s  unknown . The exoskeleton in the parts 
presen t  of the sh ield h ave no d istinct traces of polygonal areas .  

R e m  a r k  s .  - As far as C3n be j udged ,  specimen no .  65 represents 
a new species, which is characterized by the comparatively narrowness 
of the cephalic shield and the long slender dorsi-ventrally flattened 
c::>rnua .  

G e o  l o g  i c a I s e r i  e s , h o r  i z o n a n d  I o c  a I i t y .  - Red Bay 
series ( Downtonian) .  On  a loose slab found at Ben Nevis .  Collected 
by ADOLF H OEL in 1 909. 

1 8 . Cephalaspis arctic us n. sp .  
(P l .  24 , fig .  2 ;  p l .  28 ; p l .  37 ,  fig .  4 ;  pl . 38 ,  fig. 1 ;  p l .  40, fig .  5 ;  text-fig. 74). 

This species is  establ ished for a cephalic shield (specimen no .  66, 
pl. 38, fig .  l )  on which certa in anterior portions of  the in terzonal part 
and a considerable piece of the right cornu are missing .  I n  add it ion 
I refer to this species ,  with hesitation ,  two other cephal ic shields (specimen 
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no. 67 ; pl .  28 ; pl .  37, fig. 4 ;  
and specimen no . 69 ;  pl .  40, 
fig. 5 ) ,  which also are rather 
im perfectly preserved . 

In  the shield chosen 
as a holotype the length 
from the rostral end to the 
posterior end of the inter
lOnal part may be esti
mated at about 4,5 cm. ,  
whereas the maximum 
breadth i s  about 6 ,5 cm .  
The  corresponding d imen
sions in  another shield 
(speeimen no.  67) may be 
estimated a t  about 5 cm .  
and  8 cm . ,  respectively. 
Finally the third shield 
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Text-fig. 74. Cephalaspis arcticus n .  sp. 
Restorat ion of  cephalic shie ld .  After spee imen 

no .  66. l i t . 

, I ' I  �, 

(specimen no .  69) i s  so imperfect that no  measurements of i t  can be 
given, but i t  i s  c1ear that i t  i s  from a rather small individual . 

We first deal with the type shield (no.  66 ; pl .  38, fig. l ) . This i s  
imperfect anteriorly, but, so far as can  be  judged, i t  must have been 
approximately as  shown in  text-fig. 74. Wheter a rostraI angle was 
present cannot be decided. The cornua, which are well developed but 
rather slender and sl ightly curved inwards, i ssue in a posterior and 
somewhat lateral d irection as i n  m ost forms. They are further charac
terized by the fact that they are provided with small straight dentieles, 
not only on the medial but also on the lateral margin ,  and that the 
dentic1es on  the former margin are somewhat shorter than those on 
the latter. The pectoral sinus i s  rather deep and distinet . The in ter
zonal part i s  broad, but otherwise nothing i s  known concerning its 
shape. The orb ital openings, which are rather srr.�. ! !  with the longitudina l  
axes almost paral le i , are situated anteriorly to the m iddle of  the length 
of the sh ield and in fact strikingly far forwards. The dorsal electric 
field is  short and broad, its maximum breadth , which is situated in the 
anterior half, constituting m ore than one half of the total length . From 
the posterior end of  this electric field a median ridge goes backwards 
on the interzona l  part .  The lateral electric field i s  well developed and 
as a whole narrower in  the anterior ha lf  than in  the  posterior one .  
I t  reaches backwards on the  corn u of i ts s ide ,  though not as far as  
the middle of that .  The superficial layer of  the exoskeleton cClUld not 
be studied i n  deta i l  and i t  i s  therefore not poss ib le to say whether it 
was continuous or not .  It is  c1ear, however, that i t  had numerous 
smal l  rather blunt rounded tuberc1es both on the dorsal and on the 
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ventrai s ide o f  the shield .  The external parts of the exoskeleton show 
only very faint  traces of polygonal areas. 

The best preserved one (no. 67) of  the two shields hesitatingly 
placed under this species (pl. 24, fig.  2 ;  pl. 28) was conceivably of a s imi lar  
shape as the type and,  exactly l ike that, i t  has the orbital openings 
situated strikingly far forwards. On the other hand it is impossible to 
say whether its cornua were directed exactly as in the type and whether 
they had any denticles .  With regard to its ornamentation the shield 
in  question d iffers somewhat from the type, inasmuch as, at least on 
the ventrai r im and the ventrai s ide of the cornua, its tubercles are 
somewhat elongated with the l ongitud inal axes concentrically with the 
l ateral margin (pl .  24, fig.  2 ;  pl .  37, fig. 4) . The shield under considera
tion shows beautiful ly severai internal detaiI s of much interest (pl. 28) . 

Final ly the second shield (no.  69) hesitatingly p laced to the species 
(pl . 40, fig. 5 )  is represented merely by an antero-dorso-medial  part, 
with the orbits, the dorsal electric field and a num ber of canals. I t  
shows clearly that the rostrai margin i s  very obtuse, that t h e  orbits 
lie strikingly far forward and that the dorsal electric field is of  a rather  
s imi lar shape as  in the  type. The superficial layer i s  continuous and  
probably smooth . Accordingly this shield d iffers from the  other two 
particularly with regard to ornamentation . 

R e m  a r k  s .  - Shield no .  66 d iffers distinctly from that of a l l  
other known Cephalaspids with regard to the general shape and in th e 
position of the orbits far forward , and it therefore certainly represents 
a new species. 

Shield no. 67 agrees wel I ,  as far as i t  i s  preserved, with sh ie ld 
no. 66 with regard to the general shape,  but seems to d iffer  to  a certa in 
extent from that as regards the ornamentation , and i t  i s  therefore not 
fu lly certa in whether i t  really perta ins to C. arcticus. Shield no .  69, a lso 
has severai of  its general characters known so far in accordance with 
C. arcticus, but d iffers stil l more from that especially in its orna
mentation and may therefore perhaps belong to a speeies of  its own. 

G e o  l o g  i c a I s e r i e s ,  h o r  i z o n s a n d I o c  a I i t i e  s . - Red Bay 
series ( Downtonian ) .  The type (no.  66) is from a horizon 250 m .  above 
the sea of  the Frankel Ridge ; shield no .  67 has been collected in  horizon 
E or F of  Ben N evis and shield no .  69 in  horizon T of the same 
mountain.  The shields no .  67 and 69 have been collected  by ADOLF 
H OEL in  1 909, the shie ld no .  66 by A. H EINTZ in  1 925. 

1 9 . Cephalaspis apicalis n .  sp.  
(Pl .  37 ,  fig. 3 ;  pl .  40 ,  fig. 4). 

U nder this species name I describe two fragmentary and badly 
preserved cephal ic shields (specimens no. 75 ,  and no. 76) . As a holotype 
I chose the  one figured in  pl .  37, fig. 3 (no. 75) .  
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Both shields are from rather smal l  individuals, but on account of 
the ir  imperfect state of preservation no defini te measurements can 
be given. 

Concerning the general shape of  these shields very l ittle i s  known . 
I t  seerns, however, as i f  their breadth had been rather smal l .  The 
rostrai portion appears to be produced into a very pronounced rostrai 
angle or, in  the type, even into an obtuse rostrai proeess. The type 
has an  anterior part of  the lateral electric field preserved , whereas 
the other shield displays the orbits and an anterior part of the aortal 
ridge . 

The ornamentation is entirely unknown. The external  parts of  
the exoskeleton show no  traces of  polygon al areas. 

R e m a r k s .  - The type (specimen no. 75) , though i t  i s  very 
imperfect, nevertheless has in its somewhat produced rostrai end a 
character by which it d iffers from al l  other speeies known . I t  i s  true 
that in th i s  respect i t  i s  somewhat suggestive of  the Canadian species 
G. campbelltonensis, but i t  is ,  however, ful ly obvious that i t  cannot be 
identical whit that. 

The other sh ield (no.  76) , as it has its rostrai end less d istinctly 
produced, may perhaps, when new and more complete m aterial of it is  
found ,  reveal itsel f as a d ifferent species. Provisional ly ,  however, I have 
referred i t  to th is speeies. 

G e o l o g i c a l  s e r i e s ,  h o r i z o n s  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian) ,  horizons G (no. 75) and J (no.  76) o f  Ben N evis .  
Col lected by ADOLF HOEL i n  1 909. 

20. Cephalaspis n. sp. ? 
(P I .  62, fig. 2 ;  text-fig. 75). 

The m aterial which I describe here consists of  a fragment of  a 
large cephal ic shield (specimen no .  77 ; pl .  62, fig. 2) . 

The length and the maximum breadth of the shield may be estimated 
at at l east 1 0  cm. and 1 4  cm . respectively, but no exact figures of 
these measurements can be given . The height j ust behind the orbits 
was probably about 3 cm. and seems thus to be rather considerable . 
Accordingly the shield i s  from a rather large an imal . 

The shape of the shield cannot be ascertained with certainty, but 
i t  seems to me very l ikely that it may have been somewhat as i s  
shown in text-fig. 75. The orbital openings are strikingly smal l .  The 
lateral electric field is wel l  developed and rather broad and i t  certainly 
reached far backwards on the cornua of  its s ide .  

The superficial layer of  the exoskeleton is  continuous and smooth , 
a t  least along the lateral margin of the ventrai r im .  Othervise nothing 
i s  known of the ornamentation .  The external  parts of  the exoskeleton 
were subdivided into numerous polygonal  areas. 
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Text- fig. 75 .  Cephalaspis n .  sp. ? 
Possible outl ines  of the antero-lateral parts of 

the cephal ic  shie ld .  1 . 2. 

R e m  a r k  s .  - The sh ield now described resembles in  - certain 
respects that of C. spitsbergensis, but seems to h ave the orbital ope

'�'
i �gs 

smal ler than in  that species ; and ,  if my opinion concerning the outl ines 
of the shi ld is true, i t  further d iffers from that in the general:con
figuration .  Accordingly i t  i s  not i mprobable that i t  may . .  represent: a 
new species. 

G e o  l o g  i c a I s e r i e s h o r  i z o n a n d  I o c  a l i t y .  - Red Bay 
series ( Downtonian) ; horizon M, Ben Nevis. Col lected by ADOLF HOEL 
in  1 909. 

Cephalaspis remains indeterminable as to speeies. 

In the collection of  Spitsbergen Cephalaspids avai lable to me there 
are, both from the Wood Bay series and from the Red Bay series, a great 
num ber of remains which undoubted l y  pertain to the genus Cephalaspis , 
buth which are too imperfect ly preserved to be determined as to species. 
Most of  these remains are too inconsiderable or otherwise too poorly 
preserved to be of  any interes�. A few, however, are more complete 
or exibit certain detai ls  which may be of  value from a classificatory point 
of  view and these will be treated here.  They have the following num bers 
1 4 , I S, 1 6, 1 7, 86, 1 06, P . 550, 1 09,  83, 78, 79, 80, 87, 88 and 1 1 3 .  

S p e c i m e n  n o . 1 4  (p l .  t i ) consists o f  a part of  the right ha l f  
vf  a b ig  cephal ic shield , with the right cornu preserved in the entire 
length . The cornu which is  long and strong, seems to be devoid of 
denticles but has an obtuse pectoral angle. The pectoral sinus (ps) is  
rather d i stinct. The right lateral electric field (isf) , except for a short 
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anterior part, is shown in its ent ire length and appears to be rather 
narrow and to have extended far back on  the cornu. Owing to the 
much weathered condit ion of  the specimen nothing certain can be 
ascertained concerning the ornamentation .  

G e o  l o g  i c a I s e r i e s ,  h o ri z o n a n d  l o e  a l i  t y .  - W ood Bay 
series (lower Devonian) ,  Wood Bay. 

S p e  c i m e n  n o . 1 5 (pl .  2, fig. 3)  consists l ike the p revious speeimen ,  
of a right cornu wi th adjacents parts of the cephal ic sh ie ld .  I t  is  
from a smal ler individual than that specimen,  but seems otherwise to 
resemble that rather m uch . I ts ornamentation is  unknown. 

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series (lower Devonian) ,  S .  E .  of  the r idge between the Arla and Serla 
glaciers. Collected by A. HOEL i n  1 9 1 0. 

S p e  c im  e n n o .  1 6  (pl .  2 ,  fig .  1 )  consists of a portion of a 
l e ft cornu and is from a rather large an imal .  On the lower side ( the 
one shown in  p l .  2 ,  fig.  1 )  i t  exhibits i n  one place (denoted by an  white 
arrow in  the plate) traces of a rather fin e  tuberculation .  A s imi lar tuber
culation is shown also by speeimen no .  1 1 0 (pl .  6 1 ,  fig. 3) .  

G e o l o g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series (lower Devonian) .  West side of  Wood Bay. Collected by 
G.  WATNELIE in 1 9 1 0. 

S p e e i m e n  n o. 1 7  (pl .  6, fig , 2) i s  chiefly an impression of an 
anterior part of a large cephal ic shie ld .  It shows a very obtuse rost rai 
margin without indications of  a rostrai angle, further the orbital openings, 
which seem to have been very smal l  in proportion to the size of  the 
shield ,  and final ly the nasal  and pineal openings. The ornamentation 
i s  not known . 

G e o l o g i c a l  s e ri e s ,  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series ( lower Devonian ) ,  Wood Bay. Collected 1 909, 1 9 1 0  or 1 9 1 2. 

S p e e i m e n  n o . 8 6  (pl . 1 6, fig . 1 )  is an  imperfect impression 
of  a postero-Iateral part of a big cephal ic  sh ie ld .  I t  has  a broad rather 
ind istinctly defined pectoral s inus ,  but exhibits otherwise l ittle of interest . 
The superficial layer of the exoskeleton  i s  smooth and continuous. 
And there are no traces of  polygon a l  areas. 

G e o l o g i c a l  s e r i e s  a n d  l o c a l ijt y .  - Wood Bay series ( lower 
Devonian) ,  Mt Lyktan .  Col lected by A. H EINTZ in  1 925. 

S p e  c i m e n  n o . 1 06 (pl .  1 6, fig. 2) consists of a port ion of  the 
dorsal side of  rather large cephal ic shield ,  pr�served i n  part as in  im
pression of  the external sur face. It shows quite well the polygon a l  
areas of the external  parts of the exoskeleton and that  the outside of 
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each polygonal area is provided with numerous, rather smal l  c10sely 
and irregular set tuberc1es .  The ornamentation of this specimen is thus 
exactly as in  C. hOegi. 

G e o l o g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series ( Iower Devonian) ,  Mt  Lyktan .  Collected by A .  H EINTZ i n  1 925. 

S p e e i m e n  P.  5 5 0  (pl .  6 1 ,  fig. 2) i s  the Cephalaspis-fragment 
figured by LAN KESTER i n  1 884 (LAN KESTER 1 884, p l .  I l ,  fig .  5 ) .  I t  
consists o f  the r ight  cornu and an adj acent  part of  the  cephal ic sh ield 
preserved chiefly as impressions of the dorsal s ide. The external parts 
of  its exoskeleton a re subdivided into polygonal areas, each of  which 
i s  provided with a rather big rounded tubercle .  An ornamentation of  
th is  sor t  i s  no t  known in  any of  the Cephalaspis-species described 
above, and there i s  therefore much reason to bel ieve that we are con
cerned here with a new species . 

G e o lo g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series (Iower Devon ian) ,  Mt  Lyktan . Col lected by A .  G .  NATHORST i n  
1 882. ( I n  t h e  possess ion of  the Riksmuseum of Stockholm) .  

S p e  c i m e n  n o .  1 0 9 (p l .  6 1 ,  fig .  1 )  consists of a fragmentary 
left cornu and an adjacent posterio r  part of  the cephalic shield. As is 
seen fro m  the figure given of  it ,  i t  has a broad rather ind istinctly 
deflned pectoral sinus. The ornamentation is partly preserved and 
appears to consis t  of  tubercles. Whi le  these tubercles are ra ther  coa rse 
and comparatively sparse on the dorsal s ide of  the shie ld they seem 
to be rather fine and closely set , at least on the posterior parts of  the 
ventraI s ide o f  the cornua .  

G e o l o g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y .  - Wood Bay 
series (Iower Devonian) ,  Mt Lyktan. Col lec ted by O .  H øEG i n  1 924 .  

S p e  c i m e n  n o . 8 3  (pl .  5 ,  fig .  3) consists of  an an ter ior  part o f  
the ventraI r im ,  exh ibi t ing a tubereular ornamentation .  The  tubercles ,  
which a l l  are  somewhat elongated, are considerably larger on  the outer 
parts of the r im than towards the in tern al margi n .  Further i t  i s  worthy 
of notice that a l l  the tubereles are arranged concentrica l ly with the 
margins of the  rim .  

G e o  l o g  i c a I s e r i e s ,  h o r  i z o n a n d  I o c a l i t y .  - W ood B a  y 
series (I ower Devonian) .  Ridge between Arla and Serla Glaeiers .  Col
lec ted by O .  H OLTEDAHL i n  1 909. 

S p e  c i m e n  no .  7 8  (pl .  40, fig .  I )  consists of a smal l  port ion of  
the anterior par t  o f  a ventraI rim ,  covered by a cont inuous superfic ia l  
layer, wh ich shows the usual pores and which in  addit ion i n  the vic in ity 
of  the l ateral bord er is  thickened in places so as to form tubercles .  
More exact ly , these tubercles ,  which are somewhat e longated , with the ir  
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axes of length concentrically with the lateral border, are not i rregularly 
scattered but a rranged in  transverse series in  the very striking way 
shown in the figure cited .  Since the ornamentation o f  the ventrai 
rim is  unknown in severai of  the new Cephalaspis-species establ ished 
in this work,  i t  i s  not possible to say whether the fragment of  the r im 
deal t  wi th here pertains to any of  these species or whether it represents 
a new one .  

G e o l o g i c a l  s e r i e s , h o r i z o n s  a n d  l o c a l i t y .  - Red Bay 
series (Dovntonian) .  Lowest part  of Mt  Pteraspis .  Collected by A. H OEL 
in 1 9 1 2. 

S p e  c i m e n  n o . 7 9  (pl .  32, fig .  2) consists of a considerable part 
of a cephalich shield. But as this cephal ic  shield lacks the cornua and 
certain  anterior parts, and in addition i s  badly fractured and affected 
by pressure, i t  i s  impossible to arrive at any certain  opinion concerning 
its shape. I t  is from a rather smal l  individual , the length pro babl y not 
exceeding 4 cm. The interzonal part i s  somewhat extended backwards 
with its dorso-median portion and has a short obtuse elevation posteri
orly on the dorsal side, an  elevation which probably represented a 
vestigal smal l  dorsal spine. The orbital openings are rather large. The 
dorsal electric field (dsf) i s  long and narrow. Somewhat anteriorly to i t s  
posterior end we fjnd the opening of  a smal l  paired cana l  (dl ) '  which 
leads inwards to the big occipital ve in s inus .  This cana l  (dl) and its 
functions have been dealt w

"
ith in  detail i n  the anatomical part of  th is  

work (cf. pp .  6 1 -62, 86) . The right lateral electric fjeld (Isf) i s  well 
preserved in  parts and appears to have been broad and wel l l  developed. 
The character of  the ornamentation i s  ent irely unknown . 

Whether this specimen represents a new species or  whether i t  
pertains to one of those a lready described above i t  i s  not possible to 
decide at present .  

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian) ; Mt Pteraspis, between summits 760 and 825. 
Collected by ADOLF HOEL in 1 909 . 

S p e  c i m e n  n o .  80  (p l .  35 ,  fig .  4) is represented merely by a 
portion o f  the ven trai rim .  I t  is from an  animal of about average size 
and is ornamented with numerous , smal l ,  somewhat elongated tubercles , 
which are arranged in  l ines concentrically with the lateral border of  
the rim .  Thus the ornamentation resembles greatly that  of the r im 
figured in  p l .  5 ,  fig. 3. The latter r im however, is ,  from another geo
l ogical horizon than the one here under consideration .  

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian) ; i n  horizon J of  Ben N evis .  Col lected by ADOLF 
H OEL in 1 909. 
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S p e  c i m e n  n o .  87 consists of a part  of  a cornu and a adj acent 
small portion of a shield (pl .  43 , fig .  3). The cornu was certainly in 
its original condit ion long and slender. It i s  provibed on the lower 
side with numerous rather coarse, i rregularly scattered tubercles ,  which 
are somewhat lengthened . 

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian) ,  Ben N evis .  Col lected by A .  HOEL i n  1 909. 

S p e  c i m e n  n o .  88 (pl .  33, figs .  2, 3) consists of certain parts of  
a left ha lf  of  a rather smal l  cepha l ic  sh ie ld  wi th  a proximal  par t  of  
the left cornu. I n  general shape the sh ie ld  resem bles tha t  of C.  hoeli 
and C. gracilis and m ay perhaps perta in to either of these species .  
No thing i s  known concerning its ornamentation .  

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian ) ,  Ben Nevis .  Collected by ADOLF HOEL i n  1 909. 

S p e  c i m e n  n o . 1 l 3 (p l .  43, fig .  4) consists of a smal l  dorsal-part 
o f  a cephal ic shield , a part which shows the smal l  orbits and the nasal 
opening.  As i t  is  m uch weathered and abraded i t  has none of the 
ornamentation preserved .  On the o ther hand, it d ispl ays beautiful ly 
the subdivision of  the external parts of  the exoskeleton in to polygonal 
areas. I t  is  not quite im possible that this spec imen perta ins to the sa me 
species as the specimen no .  77 ( see pp .  283-284 above) .  

G e o l o g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y .  - Red Bay 
series (Downtonian) . H orizon F, Ben N evis .  Collected by ADOL F 
HOEL i n  1 909. 

Genus Benn eviaspis n. g. 

The  genus Benneviaspis has been establ ished for a new speci es 
from the Downtonian .  With regard to i ts  general characters the cephal ic 
sh ield of  this genus i s  rather suggestive of  that i n  Cephalaspis. I t  
d iffers, however,  from that part icularly in  the development o f  t he  
cornua ,  which do no t  reach backwards with their points beyond the  
interzona l  part, and wh ich in addit ion a l so  issue rather much in a la teral 
d i re c tion . Moreover i ts postero- l ateral angles are always somewhat 
produced , so that  they reach further backwards than the posterior angle . 
With regard to the shape of the  l a teral electric field and the i n ternal 
structures the genus appears to be closely related to Hoelaspis, Boreaspis, 
Thyestes and A uchenaspis. Among other things i t  m ay be mentioned 
that the can als for the fi rst and second electri c nerves to the lateral 
elec tric fie ld rema in  un i ted much farther antero-ventro-laterally than in  
Cephalaspis, tha t  the  cana l  for the n .  trigem inus proper does not ,  as  in 
Cephalaspis. pass between , but posteriorly to, the  can als for the  fi rst 
two electric nerves to the  lateral electric field , and that the can a l  for the 
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dorso-Ia teral superficial vein 3 goes up to and unites with the canal 
for the capit is lateral is vein behind the orbit .  In Cephalaspis the l ast
mentioned can al goes in stead . always to the postero-ventro- Iateral corner 
of  the orbit .  

During a visit to the Brit ish Museum in February 1 927 I discovered 
that a representative of  this new genus occurs also in England ,  a 
representative which belongs to a second speeies for which I propose 
the name of  B. lankesteri in  honour of S ir  R .  LANKESTER (Brit ish Mus .  
Specimens P. 46 568 and P .  46 877. Both specimens  have hi therto 
erroneously been referred to Cephalaspis lyelli) . While the Spitsbergen 
speeies, which has been named B. holtedahli, comes from the Down
ton ian ,  the Engl ish species is from the Devonian , more exactly from 
Cradley near  Malvern .  

The genus  Benneviaspis may be briefly characterized in the foll owing 
way. Shie ld broad and flat .  Cornua fa i rly well developed, issuing rather 
much in  a l ateral direction and n ever extend ing backwards beyond the 
posterior margin of the i n terzonal part .  Pectoral sinus broad and com
pa ratively shal low. I n terzona l  part broad with the postero-Iateral angles 
produced so much that they reach farther backwards than the posterior 
angle .  A paired lateral and an  unpaired dorsal electric fie ld ,  the former 
extending back on  the cornu of i ts  s ide but in addit i ion reaching with 
a postero-media l  corner somewhat towards the shoulder-girdle .  The 
com mon c,:mal for two anterior e lectric nerves to the lateral electric 
fie ld reach ing to a po int  a lmost midway between the orbital opening 
and the lateral electr ic fie ld .  The canal for the n .  trigeminus proper 
situated i n  i ts proximal part posteriorly to the com mon canal fo r the 
two anterior electric nerves to the lateral electric field ; in its d i stal part ,  
on the contrary, posteriorly to the can al for the second  one of  these 
e lec tric nerves .  The canal for the dorso- Iateral superficial vein 3 passing 
up to ,  and un it ing with the canal for the capit is lateral is vein close behind 
the orbit .  Body unknown . 

2 1 .  Benneviaspis holtedahli n .  sp .  
(P l s .  4 1 ,  42 ; pl .  4 3 ,  fig. 1 ;  text-fig. 76).  

This species is preserved by four m o re or less imperfectly pre
served cephalic shie lds (specimens no .  70-72, 74) . As a holotype I 
h ave chosen the one  figured i n  pl .  43, fig .  1 (speeimen no .  70) . 

The holotype is 3 ,4  cm .  long from the rostraI margin to the posterior 
angle, about 7 cm. broad between the poster ior en ds of the cornua ,  and 
about 0 ,5 cm. high close anteriorly to the posterior angle. I t  seerns, 
however, to be somewhat flattened by p ressure in  the rock, so that 
i t  may probably have been a l i ttle h igher than in its presen t  state of 
preservation .  The other  shields (no .  7 1 ,  n o . 72 and no . 74) are approxi
mately of a s imi lar  size as the holotype. 

1 9  
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Text-fig. 76. Benneviaspis holtedha li n .  sp. 
Restorat ion of cephalic shield. A ,  from the dorsal side chiefly after spec imen no .  70. 
The lateral l i ne  system of  grooves after specimen no.  7 1 .  B, from the ventrai s ide 

after specimen no .  72. A, about 4/3, and B ,  a l i tt le less than 3. 2 of the nal. z ise .  

cm, groove perhaps corresponding to the preopercular of jugal canals o f  fishes ; cmm, 
groove, probably corresponding to the middle head l i ne  of  pit organs  of fishes ; cmm, 
+ cmm2, groove corresponding e ither to the posterior head l ine  of  pi t  organs or  to the 
supratemporal commissure of  fishes ; dsf, dorsal electric field ; ifc, i n fraorb i tal groove ; 
le, cephal i c  d iv is ion of the main lateral l i ne ; Isj, lateral electric field ; pc, groove cor
responding to the suprapineal canal of Pteraspis and to the suprapineal lateral l i ne  

organs i n  Petromyzont ids .  

With regard to general shape the cephalic shield of the speeies in 
question is , as is evident from the measurements given , very broad ,  
i ts breadth being more than twice the length . I t  i s  further  noticeable 
that i t  is rather l ow. 

The rostraI margi n  exhibi ts hardly any traces of a rostraI angle. 
The cornua, which are broad and short and much flattened in  a dorsi
ventraI d irection ,  project much latera l ly and  do not reach backwards 
beyond the in terzonal part .  Their media l  and lateral margins  are devoid 
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of denticles. The pectoral s inus i s  shallow and broad and not very 
distinet. The interzonal part is broad and without dorsal spine and 
reaches backwards be hind the cornua. I ts postero-Iateral angles are 
produced rather much backwards and are longer than the posterior 
angle. They also reach backwards beyond the point o f  that angle .  

The posterior  margin of  the dorsal half of the interzonal part be
tween the posterior angle and each l ateral angle i s  rather deeply con
cavated. The orbits , which are oval i n  shape, with the longitudinal axes 
paralleI or converging forwards, l ie behind the m iddle of the length of 
the shield and thus rather far back. The dorsal electric field is  short 
and broad ,  its maximum breadth, which is  situated in  the anterior ha lf, 
constituting more than one ha l f  of the length . There is no median ridge 
between it and the posterior angle. The lateral electric fie ld is weU 
developed and continuous and reaches far back on the cornu of  its s ide ; 
and moreover i t  is characterized by the presence of a d istinct media l  
corner which just in  front of the cornu projects somewhat medial ly on 
the  shoulder girdIe .  The oralo-branchial fenestra is  broader than i t  i s  long.  

The superficial layer of the exoskeleton i s  continuous and entirely 
smooth but with the usual pores perforating it .  There are no traces of 
polygonal areas. 

The sensory canal system is se en in  one of the specimens (no.  7 1 )  
and is  as shown by text-fig. 76 A (cf. pp .  235-239 above) . Also 
severaI internal structures are exhibited in  certain  of  the specimens 
(pls .  4 1 ,  42) . 

R e m  a r k  s .  - This species, which I have named in  honour of 
Professor O .  HOLTEDAHL, of  Oslo, who was a member o f  severaI of  the 
Norwegian expeditions ( 1 909- 1 9 1 1 )  during which the materia l  described 
in  this memoir  was collected, i s  very easely distinguished from the 
English species (B. lankesteri) by the greater breadth of  its cephal ic 
shie ld ,  by the m ore broad and strongly developed cornua and by the 
d ifferent shape of  the electric fields .  

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y . - Red Bay 
series (Downtonian) .  Horizons j, L and the Cl iff at  Ben N evis .  Col
lected by ADOLF HOEL i n  1 909. 

Genus Hoelaspis n. g. 

With regard to the internal structures this genus appears to be 
closely al l ied to Benneviaspis, Boreaspis, Thyestes and Kiaeraspis. Thus 
it has the can a ls for the two most anterior  nerves to the l ateral electric 
fjeld united with each other at l east as far as m idway between the 
said electric fjeld and the orbit .  Moreover ,  in  i t  the can a l  for the n.  tri
geminus proper lies behind the can als for the two anterior  nerves to 
the lateral electric field, and the canal for the dorso-Iateral superficial 
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ve in passes up to and unites wi th the cana l  for the capitis lateralis ve in 
beh ind the orbit .  Final ly i t  may be added that ,  as i n  Benneviaspis 
and Boreaspis, the lateral electric field extends backwards on the cornu 
of i ts side but that i n  add ition it has in  its posterior part a short me
dia l  corner or  proeess which issues i n  a medial  d irection .  The m ost 
important  characters by which i t  is separated from other al l ied genera 
are the development and d irection of the cornua and the absence of  a 
d istinet pectoral s inus.  

A diagnosis of  the genus would be as follows. Cephal ic shield broad 
and low with a small but distinet rostrai process .  Cornua long and 
rather robust, and directed straight laterally or laterally and slightly 
anterior ly .  Pectoral s inus shallow and not distinctly defined .  I n ter
zonal part short and broad . A pai red lateral and an unpaired dorsal 
electric field, the former with a distinet postero-medial corner on the 
medial side just medial ly to the cornu of its s ide.  The canals for the 
two anterior nerves to the lateral electric field un ited at !east as far 
forwards as midway between this field and the orbit .  The canal  for the 
n. trigeminus proper situated with its proximal  part behind the common 
canal for the first and second electric nerves to the lateral electric field , 
with i ts d istal part, on the contrary, behind the canal for the second 
of these two nerves. The can al for the dorso-lateral superficial vein 3 
passing up to and emptying in to the canal for the capitis lateralis vein 
behind the orbit .  Body unknown, but, so far as can be judged , probably 
rather flattened in  a dorsi-ventral d irection.  

The genus i s  based only on a s ingle species from the Spitsbergen 
Downtonian and has been named in  honour of Docent ADOLF H OEL 
of Oslo for his great merits i n  the exploring of the geology of Spits
bergen .  

22. Hoelaspis angulata n .  sp .  
( Pis .  44-46 ; pl .  47 ,  fig .  1 ;  text-fig. 77). 

The material available of  this species consists of  n ine more or  less 
imperfect cephalic shields (specimens nos. 73, 89-95, 1 05) .  As a holo
type for the speeies I have taken a very well preserved shield (speci
men no. 89, pls. 44,  45), which lacks the d istal parts of the cornua. 

In the holotype the length , measured from the tip of  the rostrum 
to the posterior angle ,  is  1 ,45 cm. ,  while the breadth , taken between the 
posterior ends of the imperfect cornua, amounts to 2 cm.  But as the 
cornua m ust have been much longer, the total breadth between their 
d istal ends may by estimated at at least 3,6 cm. The height of  the 
holotype i s  0 ,25 cm . only. The majority of the other shields are of 
about a s im ilar size or  smal ler than the type and i t  is  thus obvibus 
that the speeies was smal l .  
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Restoration of cephal ic shield .  After speeimens no.  89, 90, 92 and 93, lateral l ine  system 
after specimen no. 73. 4/1 . 

cmm, groove perhaps corresponding to the middle head l ine  of p i t  organs  i n  fishes ; 
cm ml + cmm2 , transversal groove ( in two p ieces) corresponding to either the poste ri or 
head l ine of p i t  organs or to the the supratemporal commissure of fishes ; ifc, i n fra
orbital groove ; le, cephal i c  d iv is ion of the main lateral l ine ; pc, groove probably corre
sponding to the suprapineal  groove of  Pteraspids and the suprapineal lateral l ine organs 

of Petromyzontids .  

As is  seen from measurements given , the shield is  rather broad 
and flat. The rostraI part i s  somewhat prodused into a short and rather 
bro ad rostrai p rocess. Between the rostraI process and the cornu the 
l ateral border exhibits an obtuse but rather distinct angle. The cornua, 
which are d irected straight laterally or latera l ly and somewhat anteriorly ,  
are rather strongly developed and long, but are not  preserved in  their ful l  
length in  any of  the specimens avai lable .  Concern ing the ir  shape i t  is  
further to be noticed that  they are flattened in  a dorsi -ventral d irection .  
So far as can  be  judged, they are  ent irely devoid of denticles. The 
pectoral s inus i s  shallow and indistinctly bounded. The in terzonal part 
i s  broad and short with a pronounced posterior angle, wi thout dorsal 
spine,  and without median longitudinal  r idge. Postero-Iateral angle much 
rounded off. The orbits, which l ie  sl ightly behind the middle of the 
d istance between the tip of the rostrai process and the posterior end of  
the posterior ang le ,  are oval i n  shape and have the ir  longitud ina l  axes 
a lmost para l le I ,  or perhaps s l ightly d iverging forwards. The dorsal e lectric 
ReId i s  rather long and narrow, its breadth being contained more than twice 
in the length . And i t  should be added thåt i t  seems to be rather nar
row in  its anterior third. The lateral electric ne id is rather narrow in  
i ts larger anterior part, bu t  widens somewhat in  i t s  posterior part, which 
extends lateral ly on the cornu of its side for some distance, but certa i n ly  
not more then to  about the  m iddle .  On the posterio r  part of  the  me-
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d ial side the last  mentioned electric fie ld  has a pronounced corner or  
process, which projects towards the  shoulder- girdle. 

As is  shown by the plates (pls .  44-46 ; p l .  47, fig. 1 ) , the holotype, 
and also severaI of the other specimens display very well severaI of 
the cavities and can als of the interior of the head. It is  thus easely 
seen (pl .  45) that the first (sel1 ) and second (sel2 ) canals to the lateral 
electric field, the canal for the trigeminus proper ( V2 )  and the canal for 
the dorso-Iateral superficial vein 3 (v. lss) are as in  Benneviaspis, Bo
reaspis and Kiaeraspis, and not as in  Cephalaspis. 

The superficial layer of the exoskeleton is  continuous and smooth , 
but with the usual pores. There are no ind ications whatever of poly
gonal areas. 

G e o l o g i c a l  s e r i e s ,  h o r i z o n s  a n d  l o c a l i t y . - Red Bay 
series (Downtonian) . H orizons j ,  K, L, 0, at Ben Nevis .  Col lected by 
ADOLF HOEL in  1 909. 

Genus Boreaspis n. g. and certain remarks on Thyestes 

EICHWALD. 

This new genus i s  c learly  a l l ied to Benneviaspis, Hoelaspis, Thyestes 
and Kiaeraspis, aggreeing with these genera with regard to the type 
of  the lateral e lectric field , the relations of the two anterior nerve canals 
to that fie ld ,  and the position  of  the canal for the n .  trigeminus proper. 
In addit ion i t  deserves to be mentioned here that as regards the general 
shape of  the cephal ic shield i t  is  even specia l ly suggestive of Thyestes. 
It is characterized as a genus of its own by the presence of a very 
long rostraI process ,  by the slenderness of  the cornua and by its pecul iar 
development of  the la teral e lectric fie ld .  

A definit ion o f  the genus ,  so far as i t  i s  known up to now, would  
be as fol l ows. Cephal ic sh ie ld with a very long rostraI process. Cornua 
slender and rather weak, issuing in  a postero-Ia teral d irection and not 
reaching as far backwards as beyond the interzona l  part. Pectoral s inus 
d istinct and rather deep. I n terzonal part relat ively long and broad . 
Lateral e lectric fie ld extending only very sl ight ly backwards on the 
cornu, but with a media l  corner in its posterior part, a corner which 
is  much enlarged so that i t  extends postero-dorso-medial l y  across the 
shoulder-gird le  on to the antero-Iateral portion of  the in terzona l  part 
of  the shie ld .  The can al  for the fi rst and second electric nerves to the 
lateral electric field fused with each other a lmost as far l atero-ventra l l y  
as to  the medial  margin of  the  l ateral electric fiel d .  Cana l  for the n .  tri
gemenius proper situated behind the common cana l  for the two first  
nerves to the l ateral e lectric fie ld .  The relations of  the canal  for the 
dorso-Iateral superficial vein 3 unknown. 
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In this connection a few remarks may also be given on the genus 
Thyestes. And there is the more reason to enter upon that genus since 
its conception has hi therto not been quite definitely defined . 

The genus Thyestes was etabl ished in 1 854 by EICHWALD (pp .  1 08-
1 1 0) for a small Cephalaspid from Oesel . Although EICHW ALD'S descrip
t ion and figure are not on ly imperfect but in certa in points inaccurate 
too they are , however, certainly sufficiently good to render possible 
a recognition of  the genus. PANDER i n  1 856, in  h is  monograph on the 
fishes of the Si lurian system ,  was the next writer that dealt with Thye
stes and publ ished new and better figures o f  it . The genus was, how
ever, not considered by PAN DER to be an independent one, but the 
genotype was referred by him to Cephalaspis. Further contributions 
to the knowledge of the genotype were published by EICHWALD in 
1 860 (pp. 1 532- 1 533) , by SCHMIDT in  1 866, by ROHON in  1 892 (pp.  1 3  
-37) ,  1 895 (pp. 1 6-6 1 )  and 1 896 ( 1 896 a ,  1 896 b ,  pp .  223-234) and 
fina l ly by J AEKEL in  1 9 1 1 (p .  35, fig. 20) . 

I n  1 857 EGERTON etabl ished the genus Auchenaspis, which later 
on appeared to resem ble Thyestes so much (cf. WOODWARD,  1 89 1  a ,  pp. 
1 95 - 1 96) that it is general ly concidered by severaI recent writers to 
be identical with this .  According to current ru les of  nomenc1ature the 
name Thyestes wou ld  therefore replace A uchenaspis. Nevertheless 
especi a l ly in  the English palaeoichthyological l i terature the latter name 
has of ten been preferred .  

I mysel f am a lso of the opin ion that  there are no d ifferences of 
generic importance between the cephal ic shield s  of Thyestes verucosus 
- the genotype of Thyestes -- on the one hand ,  and A uchenaspis salteri 
and Auchenaspis egertoni ,  on the other ; and accordingly I have adopted 
the name Thyestes as the generic name for all these three species. 
Whether, on  the contrary , the species known as Cephalaspis schrencki, 
which was referred to Thyestes by SCHMIDT in 1 894, really pertains 
to Thyestes or represents a genus o f  its own is  impossible to decide 
with certainty at  present, as i t  i s  sti l l  too imperfectly known . A figure 
of a fragment of  a .  shield of this spe eies is shown in pl. 48, fig. 2. 

23. Boreaspis rostrata n. sp. 
(Pls .  1 3- 1 5 ;  text-fig. 78). 

The materia l  avai lable of  this speeies consists of two cephal ic shie lds 
(speeimens nos .  96, 97) ,  the most complete of which (speeimen no .  96, 
pls .  1 4- 1 5, text-fig. 78) has been chosen as a holotype. 

The holotype is  about 1 , 5 cm. long from the anterior end o f  the 
rostrai proeess to the posterior border of  the in terzonal part. l ts breadth 
i s  about 1 , 4 cm . between the posterior ends of cornua ,  while the heigth 
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Text-fig. 78. Boreaspis rostrata n. sp. 
Restoration of  cephal ic shield. A, in dorsal, B, i n  ventral v iew. Magn ification about 3il . 

at the posterior end o f the interzonal part probably amounts to 0,35 
or 0 ,4 cm . The second specimen (no.  97) seems to have been almost 
twice as large the holotype,  but on. account of its imperfect state of 
preservation no  exact measurem ents can be obtained . 

The general shape of the field is seen in text- fig. 78. The rostrai 
part is  produced into a long narrow rostrai process, which in  the holo
type , in which it is most complete , is a lmost as long as the shield ; but 
as even in  the holotype it is  not present in i ts enti rety it must have 
have been sti l l  somewhat longer. The cornua ,  which are di rected postero
lateral ly ,  are rather weak and slender and do not reach backwards as far 
as does the interzonal part. As far as can be seen , their media l  margin 
is  without denticles. The pectora l sinus is  d ist inct and rather deep . 
The interzonal part is broad and rather long. The orbital openings are 
fai rly smal l  with their longitudinal  axes a lmost parallei or s l ight ly con
verging forwards .  The dorsal electric field is probably rather narrow in 
relation to its length . The lateral e lectric field is  wel l  developed but  
reaches only very sl ightly backwards on the cornu of i ts s ide .  I n stead 
the medial corner of its posterior part is m uch enlarged and developed 
into a postero-medial portion of the field , a postero-medial portion which 
extends across the shoulder-girdle on to the most antero-Iateral portion 
of the in terzonal part of the shield .  

The endoskeleton of  the shield is completely ossified, consisting of a 
cancellous bone (pls .  1 4 , 1 5) , I ined by periostal bone- Iayers on the exposed 
surfaces land in  al l  cavities and canals .  In  other forms known i t  is 
much less ossified ,  i ts ossi fication consistin g  in  the main solely of thin 
bone-Iayers on i ts exposed surfaces and thin bone-Iayers l ining the cavities 
and canals, while its interior was made up of  an uncalcified rather sol id 
tissue, probably muco-carti lage. The cranial cavity , the labyrinth cavity 
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with the d ivisions for the semicircular can a ls ,  severaI ' canals for 
nerves and certain  other structures are rather well d i splayed (pls . 1 3-
1 5) .  Specia l  interest attaches to the fact that the common canal (seil ' 2 ) 
for the fi rst two electric nerves to the lateral electric field reaches un
divided down to the medial margin of the lateral electric field and that 
the canal ( V2 )  for the trigeminus proper throughout its length lies 
posteriorly to the preorbital portion of that com mon canal for the two 
anterior e lectric nerves to the lateral electric field . It should further be 
mentioned that the postbranchia l  wall (p. brw, pls .  1 4 , 1 5) is well shown 
and that, as in Kiaeraspis, the foramen for the oesophagus (aes) and that 
for the truncus arteriosus (tr) are separated from each other. Final ly a 
considerable part of the marginal ve in  s inus and the marginal vein canal  
are c1early seen (vs. marg , v .  marg, pl .  1 5) .  The oralo-branchial fenestra 
is slightly broader than long (text-fig. 78) . 

The development of the superficial layer of the exoskeleton is  
entirely unknown . There are probably no traces of  polygon a l  areas. 

G e o l o g i c a l  s e r i e s ,  h o r i z o n  a n d  l o c a l i t y . - Wood Bay 
series ( lower Devonian) ,  probably not very high above the Downtonian ,  
W. of the Hoffnung Glacier. Col Jected by G.  WATNELIE in  1 9 1 0. 

Genus K iaeraspis n .  g .  

This genus is  i n  al l its chief characters a l l ied to Benneviaspis, 
Haelaspis, Bareaspis and Thyestes, most closely, however, to Bareaspis 
and Thyestes. It is chiefly characteri zed by its very long interzonal 
part , which seems  to consists of about twice as many segments as that 
in  Bareaspis and Thyestes, and by its strickingly short, broad cornua. 
Attention deserves also to be cal led to the fact that with regard to general 
shape i t  is suggestive of Didymaspis too, which , as shown by text-fig .  80, 
has a very long interzonal  part and short vestigal cornua, and that in 
fact i t  appears to represen t  a transit ional  form between ordinary Cephal
aspids and Didymaspis- Tremataspis. 

The characters of the genus my be summarized as fol lows. Cephal ic 
shield ,  as a whole,  strik ingly long, m uch longer than broad.  Cornua 
broad and very short ,  issu ing in  a lateral and on ly sl ight ly posterior  
d i rection .  The pectoral s inus narrow, sha l low and very ind ist inct. I nter
zonal part very strongly developed ,  consist ing of about 9 segments and 
constistuting about one half of  the total l ength of the sh ie ld .  One lateral 
paired and one dorsal unpa i red electric fiel d ; the former with a strongly 
developed postero-medial  corner extending postero-dorso-media l Jy on 
the shoulder-girdle .  The com mon cana l  for the two first nerves to the 
lateral electric fjeld extend ing undiv ided to the medial  margin of the 
lateral electric field , so that in  fact there are only five nerve canals 
entering that electric fie ld .  The cana l  for the n .  trigeminus proper situated 
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behind the preorbital portion of the common canal for the two anterior 
nerves to the lateral electric field. The dorso-Iateral superficial vein 3 
passing up  to and un it ing with the canal  for the capitis lateralis vein 
j ust behind the orbit .  The anterior part of the body rounded pentagon al 
i n  shape. 

24. Kiaeraspis auchenaspidoides n. sp.  
(PIs .  49-58 ; text- flg. 79) . 

This species is represented by eigth more or less complete cephalic 
shields (specimens nos. 98- 1 04, 1 07) .  As a holotype I have chosen 
shield no .  98, which is  fai rly complete (pl .  53 ; pl .  54 ,  fig. 2 ;  pl . 55) .  

A l l  the shie lds are smal l ,  their d imensions being as fol l ows : length 
from the rostraI angle to the posterior angle : 1 ,4-2, 1 cm . ;  maximum 
breadth ( between the tips o f  the cornua) 1 ,2- 1 ,8 cm . ;  a nd  height i n  the 
poste ri or  port ion of the in terzona l  part (anteriorly to the dorsal spine) 
0,8- 1 ,4 cm. 

The shield (text-fig . 79) is considerably longer than i t  is  broad .  
Anteriorly i t  has  a rather dist i nct rostraI angle .  The  cornua ,  which issue 
in  a l ateral and sl ightly posterior  d i rection ,  are broad and very short . 
The pectoral s inus is shal low and ind istinctly bounded, i nd icating that 
the pectoral fin was rather smal l .  The in terzonal part is characterized 
by both a great width and a great length, the length being even 
so considerable that i s  constitutes about one half of the enti re length 
of  the shie ld .  It is provided with a low dorsal spine ,  from which a 
d i stinct med ian dorsal r idge continues forwards for some d i stance, 
probably to the poster ior end of  the dorsal electric fie ld . It is  further 
of much i n terest that the in terzonal part shows ind ications of fi ve, 
and in  c;;rta in  exc;;pt ional cases of  s ix segments in  its posterior ha l f  
(text-fig. 79) .  And under the assumption tha t  the segments in  the 
anterior ha l f  were of a s imi lar  breadth i t  wou l d  obviously be composed 
of  a l east 9 segments. The  most posterior  segment is  a lways imperfect 
ventral ly as the scales belonging to it there have not  coalesced with 
the shie ld but reta in  their independence. Accordingly the interzonal 
part is  one segment shorter ventra l ly than i t  is  dorsa l ly .  Concern ing  the 
i n terzonal part it deserves further to be mentioned that its ventraI wall 
on the outs ide st i l l  shows d i st inct traces of the small scales by the 
fusion of  which i t  was formed . The orbita l  open ings are oval ,  with the 
longitud inal axes paralleI or slightly diverging forwards. The dorsal 
electric field is  imperfectly preserved in  a l l  the shields avai lable ,  and 
its exact shape is  therefore not known. As far as can be made out, 
however ,  it seems to have been rather long (text-fig. 79) . The lateral 
electric field is  well developed , but  does not reach backwards on the 
cornu .  I n stead i t  has l ike in  Boreaspis the part corresponding to the 
medial corner of  Benneviaspis and Hoelaspis rather much en larged and 
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Text-fig. 79. Kiaeraspis auchenaspidoides n. sp. 
Restoration of cephalic shie ld .  A, in dorsal view, B, i n  ventrai v iew, C, i n  lateral view, 
and D, i n  transverse section (near the posterior end  o f  the in te rzonal part). Ch ie fly 

after the holotype (speeimen no. 98). 3/1 . 
, 

extended postero-dorso-medial ly on the shoulder-girdle .  The oralo-
branchial fenestra i s  of a rather circular shape. 

As is  wel l shown by the pla tes (pls .  49-58) the cephal ic shield 
of this species i s  very well preserved with regard to i nterna l  skeieton , 
cavities and cana ls  etc . Al l  of these internal structures have been ful ly 
deal t  wi th in  the anatomical part of  this monograph.  Here however, atten
tion should be cal led to the fact that the com mon canal (seil ' 2 )  for the 
two most an terior nerves to the lateral electric fie ld  does not divide 
into two unti l  at or very close to the very en trance into the said e lectric 
field ,  and that therefore in fact only five can als for nerves pass down to 
that fie ld .  The can a l  for the n. trigeminus proper ( V2 )  and the canal  
for the dorso-Iateral superficial vein 3 were exactly as in  Benneviaspis, 
Hoelaspis and Boreaspis. 

The development of the superficial l ayer of the exoskeleton is  unknown. 
The anterior and l ateral borders of the shield from the vicinity of the 
rostrai angle to the point of the cornua a re provided with a series of 
smal l  tubercles, which on the l ateral margins  of the cornua are some-
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what enlarged , forming there smal l  posteriorly curves denticles . Other
wise nothing is known with certa inty of  the ornamentat i o il .  There are 
no  traces whatever of polygonal areas . 

Immediately beh ind the postbrancial wal l ,  and thus i n  the an terior 
end of  the interzonal part , the trunk was broader than i t  was high.  Farther 
backwards its width gradua l ly decreases, so that at the posterior  end of 
the in terzonal part i t  was roundedly pentagonal  or a lmost circular (text
fig. 79 D) .  As far as can be j udged from the posterior portions of the 
interzonal part ,  the divis ion of  the body fol lowing behind  the cephalic 
shield was covered by high narrow scales on the lateral  s ides and by 
small more and less lozenge-shaped scales on the ventrai side. 

G e o l o g i c a l  s e r i e s , h o r i z o n  a n d  l o c a l i t y . - Red Bay 
series (Downton ian) .  Horizons J and L, Ben Nevis .  Collected by 
ADOLF HOEL in  1 909. 
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R E M A R KS ON CERTA I N  OTH E R  FOR MS 

The detailed knowledge now gained of the Cephalaspidae by the 
study of the wonderfully preserved Spitsbergen material helps in  severai 
respects to throw l ight on  the organization of  the Tremataspidae, the 
Anaspida, the Heterostraci, the Cyclostomata and Palaeospondylus ; and 
I have therefore found i t  suitable to give here a brief account of  al l  
these forms and to com pare them with and discuss their affin ities to 
the Cephalaspidae. In addit ion I have found i t  appropriate to add here 
a few remarks on the Arthrodira and A ntiarchi. 

Family Tremataspidae. 

The family Tremataspidae, as pointed out above (pp. 9- 1 5) ,  was 
establ ished by WOODWARD ( 1 89 1  a,  p .  20 1 )  for the genus Tremataspis, 
which until now has been the by far best known genus among the 
Osteostraci (cf. ROHON 1 892, pp. 37-88 ; 1 894 ; PATTEN 1 903 a ;  1 9 1 2, 
pp. 290-292, 359-363 ; JAEKEL 1 903, pp.  84-93 ; 1 9 1 1 ,  p . 34 ; 1 9 1 9, 
pp. 235-239 ; WIMAN 1 9 1 8, pp.  84�95) . ROHON ( 1 896 a, pp. 1 5 , 29) and 
ZITTEL ( 1 895, p .  554) placed (cf. p .  3 above) Didymaspis too in  the 
fam ily Tremataspidae, but this procedure has not been followed by 
other palaeoichthyologists. 

Tremataspis is ,  as we know, provided with a cephal ic shield which 
in  most respects i s  very similar to at in  the Cephalaspidae, but which, 
however, d iffers from that by the presence of a longer in terzonal part , by 
the absence of  cornua and pectoral s inus and by a somewhat d ifferent 
min ute structure .  I t  shou1d be noticed here,  however, that among the 
Cephalaspidae there are such forms as Kiaeraspis which,  both with 
regard to the length of the interzonal part and with regard to the sl ight 
development of the cornua and pectoral sinus, show a decided tendency 
to an evolution in  the d i rection towards Tremataspis. And since in  
addit ion such a form as Didymaspis has been found,  which has the 
interzonal part approximately as long as in  Tremataspis and which has 
only faint  traces of cornua and pectoral s inus (text-fig. 80 ; cf. also 
p .  28 above) , i t  i s  quite clear that with regard to the backward extension 
of the interzonal part and the reduction of  the cornua and pectoral 
sinus there are alm ost al l transit ional stages between the typical Cephal
aspidae and Tremataspis. 
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The absenee of  cornua and pectoral s inus indicates that Tremat
aspis had no  homologues of the pectoral fins of  the Cephalaspidae. 
As we shal l  see, i t  is evident that severaI groups of the Ostracoderms 
had pectoral fins or  structures deri ved from these. And i t  seems not  
improbable therefore tha t  pectoral fins  or structures homologous with 
these original ly were present in all Ostracoderms or at  least i n  the 
majority o f  them .  Since this is the case,  and since the cephalic shield o f  
Tremataspis obviously includes a shoulder- girdle part homologus with 
that in the Cephalaspidae, the re is in  my opinion strong reason to 
bel ieve that the absenee o f  cornua ,  pectoral s inus and pectoral fins in  
Tremataspis i s  a secondary condit ion arisen from a Cephalaspis-l ike one 
and not  the reverse , as one perhaps would have been incl ined to think.  
Or  expressed in another way : there seems to be much evidence in  

favour of  the view that  the cornua ,  the pectoral s inus 
and the pectoral fins have been entirely reduced in _ - c  

" ,  ps 

Text- fig. 80. 
Didymaspis grind

rodi. Schematie 
sketch, showing the 
approximate appea
rence of  the cephal ic  
sh ield i n  dorsal v iew .  
c, cornu ; ps ,  pectoral 

s inus .  

Tremataspis. 
The d ifference in minute structure between the 

exoskeleton of  Tremataspis and that o f  the Cephal
aspidae has already been dealt with to a certain extent 
above (pp .  38-40) , and ,  as was especial ly pointed out, 
it appears on a detailed analysis to be much less 
than at the fi rst glance. In fact, i t  i s  so  insignificant 
that we must imagine the exoskeleton of  Tremataspis 
and that of the Cephalaspidae to have arisen from 
a com mon type of  structure ; bu t  whether th i s  com
mon type of  structure was more as in Tremataspis 
than as in the Cephalaspidae or the reverse it i s  
d ifficul t  to say at present. In  th is  connection i t  

deserves to be pointed out that  the m inute structure o f  the exoskeleton 
of Didymaspis i s  unknown so far. 

As was evident already from the paper published by WIMAN in  
1 9 1 8  (pp .  84-95) ,  the cephalic sh ie ld  of  Tremataspis has ,  l ike  tha t  in  
the  Cephalaspidae , an extensive endoskeletal component .  The exten
sion of  this component when seen from above was about as shown in 
text-fig. 8 1 ,  and we thus find that i t  had a lang occipital region and 
that  it greatly resembled that in the Cephalaspidae, particularly  that i n  
Kiaeraspis. I t  was made  up of cartilage, which was provided with thin 
perichondral  layers of  bone on al l  exposed surfaces and within  al l  
cavities and canals (cf. pl .  47, fig. 2 ;  pls .  59, 60) and accordingly i t  was in  
th i s  respect too as in most Cephalaspidae. J ust as in  these to o ,  i t  was 
composed o f  endocranial, viseeraI and shoulder-gi rdle components ,  the 
last o f  which has a lready been referred to above. Of these components 
we will fi rst consider the endocranial one ,  or  as we shal l  cal l  i t  here 
simply, the endocranium .  
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The endocranium is badly preserved in the specimens in which 
I h ave had the opportunity of  studying i t  (pl .  47 ,  fig.  2 ;  pls .  59, 60) ; 
and I am therefore not  in position · to enter upon more of i t  than the 
cavum cerebrale crani i ,  the labyrinth cavity,  the orbit and certain  canals .  

The cavum cerebrale cran i i  i s  best shown in  the specimen figured 
in  pl .  59 (which i s  the specimen described by WIM�N in 1 9 1 8) ;  but 
certain parts of  i t  are also seen both i n  the specimen shown in  pl .  47, 
fig. 2 and in that reproduced in pl. 60. As is ful ly c1ear from these 
specimens, i t  i s  i n  the fossi l  condit ion, just  as in  the Cephalaspidae, in 
open communication anteriorly with an  ethmoidal  cavity which opens 
anteriorly by means of the nasal aperture, which, 
as we know, i s  typically Cephalaspid-l ike in  
shape. Further i t  is  easy to see  that with 
regard to both general shape and subd ivis ions 
i t  d iffers from that in  the Cephalaspidae on ly in 
certain detai Is o f  minor importance, such as 
greater length of the division for the med ul la 
(med) and cerebel lum (met) respectively. The 
shape of its d iv is ions in  deta i l  i s  elucidated by 
the plates quoted and by text-fig. 82 .  

I n  this connection attention should be called 
to the circumstance that the interpretation given 
by WIMAN in  1 9 1 9  of  the cavum cerebrale and 
its divisions is  incorrect in  many respects . That 
this is  the case, however, is  easily understood 
if we realize that at that time nothing was 

Text-fig.  8 1 .  Tremataspis 
schmidti. Sketch showing 
the approximate shape and 
extent of the endoske letal 

known concern ing the places of exit of the component (shaded) o f  the  
cephal ic sh ie ld  i ndors�l crania l  nerves and that consequently there was 

view. 
no reliable basis for a judgement as to the 
posi t ion o f  the d ifferent divisions of  the bra in within the d iv is ions of  
the cavum cerebrale crani i .  I sha l l  not enter here upon all the mistakes 
made by WIMAN ,  but I should l ike to point out that what he eonsidered 
to be the divis ion for the meseneepha lon is i n  faet the divis ion for the 
cerebellum , that the divis ion which he thought to have lodged the 
dieneephalon appears to be the division for the meseneephalon, and 
that there is no  evidence whatever that the d iv is ion for the medul la 
was as broad as in  h is  restoration but instead that i t  was as in  the 
Cephalaspidae (text-fig. 82) . 

As pointed out by WIMAN ,  the cavum cerebrale cranl l  IS I n  the 
fossil condit ion by means of  a wide fenestra optica in  cummun ication 
with the orbit o f  each side.  In the speeimen figured in  pl .  60 there is  
seen a rather fine canal ,  whieh goes from the antero-dorsal part o f  the 
divis ion for the eerebel lum to the postero-medial part of  the orbit . 
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Text-fig. 82 .  Tremataspis sehmidti. Outl i nes  of a east of the  eavum 
eerebraIe eran i i  i n  dorsal aspeet. Restoration based on  the spee i -

mens  figured i n  pl .  4 7 ,  fig. 2 and  p l s .  S9  and  60. 

die, divis ion for the d i eneephalon j mee, divis ion for the mesenee
phalon ; med, divis ion for the med ul la  oblongata j met, div is ion for 
the eerebel lum j nal , na2, anterior and posterior d iv is ions of  nasal 
aperture (the anterior one for the hypophysial sae) ; arb, orbit ; 
pin, pineal opening and eanal ; tel, divis ion for the teleneephalon .  

This canal (a. dsm) may have transmitted either the 
n .  trochlearis or ,  more probably, a branch of  the post
orbital superficial artery. 

The labyrinth cavity is  l ike the cavum cerebrale 
crani i  imperfectly preserved i n  the specimens avai labJ e 
(pl .  47 ,  fig .  2 ;  pls .  59, 60) , its most dorsal and  lateral 
parts having in these specimens been destroyed either 
by weathering or by unfavorable condit ions before and 

after the proeess of  fossi l ization .  What is found preserved of i t  i s  a 
part of a big vestibular divis ion (vest) and a part of a commissural 
divis ion ,  which are both very suggestive of  the corresponding ones in 
the Cephalaspidae and which both ind icate that the labyrinth ca vit y 
as a whole probably must have been very much as i n  these . 

From the dorso-medial part of the l abyrinth cavity there issues, as 
in  the Cephalaspidae, a wide canal (des, pl .  47, fig. 2 ;  p l .  59) for the 
electric nerve to the dorsal electric field ,  a canal which in  a l l  respects 
seems to be exactly as in the Cephalaspidae. Thus i t  passes off dorso
medial ly ,  dorsally to the most anterior part of the divis ion of  the cavum 
cerebrale cran i i  for the med ulla and close behind the division o f  the 
same cavity for the cerebel lum. Further it is  d istinctly seen (pl .  47, 
fig. 2) that  i t  meets and un ites with i ts fel low of  the opposite s ide 
within the most basal  part o f  the dorsal electric field .  From the 
posterior  s ide of  the canal in question a second  canal (v. dsv, pl .  47, 
fig. 2) is  given off backwards. This l atter canal which is given oft  wack
wards evidently corresponds to the one i n  the Cephalaspidae that trans
mi tted the supposed otical vein. As in  the Cephalaspids ,  i t  certa in ly led 
backwards to the occipita l  vein s inus .  And by means of  that i t  seems to 
have com munica ted with the canal d. end (text-fig. 83 ; p l .  47, fig .  2) ,  which 
opens on the dorsal s ide of  the shield somewhat postero-Iatera l ly to the 
dorsal electric field and which quite certa in ly corresponds to the canal 
dl of the Cephalaspids .  Since the canal d. end in  this case cannot have 
been a ve in canal , the opinion advanced by most earl ier writers (ROHON 
1 892, p. 69 ; 1 894, p . 208 ; 1 896 a ,  fig. 7 ,  on p .  28 etc . ; JAEKEL 1 9 1 1 ,  
fig. 1 9 ;  WIMAN 1 9 1 9 , p . 90 ; etc. etc . )  that i t  would have l odged the 
ductus endolymphaticus seems very l ikely .  Accord ingly there seems to 
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be much reason to believe that the ductus endolymphaticus was of a 
considerable size and that it extended from the labyrinth cavity through 
the canal v. dsv for the supposed otical vein ,  and further through the 
occipital vein s inus and the canal  d. end up to the dorsal  surface of 
the shield .  From the ventro- lateral part of the vest ibular division of 
the labyrinth cavity severai canals for electric nerves to the l ateral 
electric fields issue in a l atero-ventral d irection .  These canals ,  a few of 
which are shown in  p l .  60  (sela, seim, seip) , are  arranged in two groups,  
an anterior group which su ppl ied the anterior l ateral e lectric fie ld and 
wh ich consisted of two or three cana ls ,  and a posterior group which 
supplied the posterior lateral e lectric field and wh ich consisted also of 
two or  perhaps three canals .  The total number of  canals to the lateral 
electric fields was thus at least four and can not have exceeded six. 
To gi ve their num ber more exactly than that is not possible ,  but i t  is 
nevertheless ful ly evident that the conditions with regard to the nerves 
to the lateral e lectric fields were not very d ifferent from those in  the 
Cephalaspidae. 

A part of the canal for the vena capitis latera!is (v. cl, pl .  60) , 
stretching from the orbit and backwards for some d istance, is preserved 
in  one of the specimens studied by me .  

Concerning the  orbits ! i ttle can  be sa id  here  because of the  fact 
that in the material avai lable to me they are very imperfectly preserved . 
I t  should therefore only be pointed out here that in a l l  respects they 
seem to have been devel oped in much the same way as in  the Cephal
aspidae. 

The visceral part of the endoskeletal component of the cephal ic  
shield - or, as i t  wi l l  s imply be termed here ,  the visceral endoskeleton -
is developed i n  a s imi lar way as in the Cepha laspids, and ,  as in  them,  
it bounds ,  together wi th the endocranium , a very extensive oralo-branchial  
chamber. The transverse septurn (p.  brw) which has been observed by 
severai writers behind the ot ic region ,  and which is  partly shown in 
hori zontal section " in p l .  59, i s  nothing else but the postbranchia l  wal l ,  
t ha t  i s  to  say, the  part of the  visceral endoskeleton t ha t  bounds the 
oralo-branchial chamber posteriorly. 

On  the lateral and posterior surface of the oralo-branchial cham ber 
there are found d ist inet traces of  branchia l  fossae (k ,  k1-k4 , pls .  59, 
60) of a s imi lar type to those in the Cephalaspidae, and in addit ion there 
seem also to have been can a ls for ventrai transversal superficial veins 
as  in  the Cephalaspidae (v, pl .  60) .  H ow many the branchial  fossae 
were cannot be ascertained on the material avai lable to me, but as  far 
as can be j udged from the num ber of  external branchial  openings 
observed by PATTEN ( 1 903 a ,  pl . 2 ,  fig. 8) , they would seems to have 
been 1 0  (text-fig. 83) as in at least the majority of the Cephalaspidae. 
And if PATTEN 'S  restoration is rel iable in this respect as seems to be 

20 
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the case, the branchial fossae would also with regard to mutual s ize 
and position have been very mush as in  the Cephalaspidae. 

The lateral line system of the dorsal side of the cephal ic shie ld 
was accurately described by PATTEN  in ( 1 903 a ,  pp. 20 - 22) , but 
PATTEN did not  discuss either its mode of  innervation or its homologues ; 
nor has this been done later on either by himself or by anybody else .  
On account of  this it may here be of  interest to deal with it i n  deta i l .  
As is weU known, it consist of  shaUow, narrow gro oves which are situated 
in the superficial layer and consequently in  such a way that they have 
a very superficial position .  The grooves are mostly not cont inuous 
throughout their extent but subdivided in a fairly regular  way into 
rather short pieces (text-fig. 83) . Or expressed in another way : the 
grooves appear mostly to be composed of a num ber of pieces usually 
separated by somewhat equal interspaees .  

Among the grooves we wi l l  consider fi rst the one l ettered ifc in  
text-fig. 83 . This groove extends from a point  somewhat postero-Iatero
ventrally to the orbital opening forwards as far as the prenasal part of  the 
cephal ic shie ld .  On account of  its posit ion it is obvious that this groove 
in its posterior and infraorbital parts must have been innervated by 
lateral is fibres which as in  the Cephalaspids accom panied the n. tri
geminus proper and accordingly by the la teral is fibres which forrned the 
homologue of  the n .  buccal is lateralis of fishes and Petromyzontids ,  
whi le in  i ts most rostraI preorbital part  it seems rather l ikely that it 
was supplied by lateral is fibres, that were associated with the n .  pro
rundes, and thus possibly by lateralis fi bres which perhaps forrned the 
equavalent of  the n .  ophtha lmicus l atcral is of fishes and Petromyzontids. 
In virtue of its mode of innervation , therefore, the groove corresponds 
in  the main to the infraorbital gro ove of the Cephalaspids (cf. text-figs. 76, 
77 and pp.  235-239 above) and the infraorbital canal of  fishes ,  but i t has  
in addition a preorbital part which perhaps is homologous with an 
anterior part of the supraorbita l  sensory cana l  of fishes .  I n  the Cepahal
aspids in  which the sensory canal system is k nown So far, th at anterior 
part is  entirely absent (cf. text-figs. 76, 77) .  Despite the possibi l ity that 
the groove of  Tremataspis under consideration thus perhaps has a 
supraorbital component, it wi l l  for the sake of s impl icity be referred to 
merely as the infraorbital groove. 

Posteriorly to the infraorbital gro ove there fol lows another longi
tudinal gro ove lettered le i n  text-fig. 83 . This l atter groove wh ich meets 
the infraorbital one at  a more or l ess pronounced angle ,  open 
towards the lateral side, passes off in a posterior direction dorso
medial ly to the lateral electric field and probably continued on to the 
lateral surface of the trunk beyond the cephal ic shie ld .  It was certainly 
innervated by postotic lateral is branches which accompanied the n .  
glossopharyngeus and the n .  vagus during their exit from the cavum 
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Text-fig. 83. Tremataspids schmidti. Cephalic shield .  A in ventraI and B in dorsal 
view. A fter PATTEN 1 903, ( 1 903 a) . 

c, transversal commissure between the ante ri or ends of the dorsal lateral l ines  of both 
s ides ; cma, transversal groove probably corresponding to the middle head- l ine  of pil 
organs of fi shes ; cmm, transverse groove corresponding either to the posterior head- l ine  
of p i t  organs or to - the  supratemporal commissure o f  fishes (not  present i n  al l  speeimens) ; 
dc, dorsal later.al l ine ; d. end, opening for the ductus endolymphaticus ; dsf, dorsal 
e lectric fi eld ; ebr. cJ, ebr. clo, external branchial open ings ; f cn, c i rcumnasal fossa ; 
ifc, i n fraorbital gro ove ; Ic, main lateral l i ne ; Isj; , Isf2, anterior and poste ri or lateral 
electr ic fields ; m, mouth ' opening ; nal, na2, anterior and posterior devisions respectively 
of the nasal opening (the anterior one really forrned the open ing of  the hypophysial sac) ; 

arb, orbital opening ; pin, p ineal foramen ; pc, suprapineal groove. 

cerebrale crani i ,  and because of  this and of  its posit ion i t  is certainly 
the main lateral l ine .  

On the posterior part  of  the cephal ic  shield there is ,  rather dose 
to the median l ine ,  a paired rather short l ongitudinal groove lettered 
de in text-fig. 83, a groove, which can only be an anterior part of the 
dorsal lateral line of  fishes, Petromyzontids (cf. STENSlO 1 926, text
fig .  7) and Pteraspids (STENSlO 1 926) . I n  the Cepha laspids no  corre
sponding groove has be en found (cf. text-fig. 76, 77) . 

Besides the grooves now desctibed , which are al l longitud ina l  or  
at  least chiefly longitud inal , there are  four transversal ones, the  three 
m ost anterior  ones of  which (pc, ema, emm) correspond in  a l l  respects 
to the three transversal grooves pc, cmm and emm1 + emm2 respectively 
of  the Cephalaspids (text-figs. 76, 77). Attention should ,  however ,  be 
cal led here to the fact that the th ird of  these grooves (emm) counted 
from i n  front often seems to be absent. F inal ly the fourth and most 
posterior transversal gro ove (c) forms a commissure between the anterior 
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ends of the anterior portions of  the dorsal lateral l ine of  both s ides 
and has no homologue in  Cephalaspids .  

Whether  any lateral l ine grooves were present on the lower side 
of the cephal ic shield and on the plates which closed the oralo-branchia l  
fenestra I have not had the opportunity to investigate myself. Accord ing 
to the restorations publ ished by PATTEN ,  however, this was not the case. 

As is  evident from the account just given of  it ,  the sensory canal 
system of Tremataspis i s  in  most respects very s imi lar to that in 
Cephalaspids , and there can be no  doubt that both have been deri ved 
from a common ancestrai type . As with regard to the transversal 
commissures it is nearest comparable to that in Palaeaspis (cf. STENSlO 
1 926) , i t  seems very l ikely that i t  has been deri ved from a somewhat 
Palaeaspis- l ike one and that i t  is  to be considered as highly specia l ized .  
In this connection i t  should perhaps a lso be pointed out that ,  in the 
development and posit ion of  the in fraorbital groove, i t  shows a certa in 
resem blance to the Antiarchi. This resemblance to the A ntiarchi ,  
however ,  is  certa inly a paral lel ism caused by the shifting of  the orbits 
towards each other on  the dorsal s ide of the h ead .  

The electric fields of  Tremataspis have a lready been referred to 
severai t imes. As is  seen from text-fig. 83 , they are much less developed 
than in  the Cephalaspidae and, contrary to wh at is  the case in  these, 
th e lateral one is  a lways subdivided into two separate fields ,  an anterior 
({S!l) and a posterior  one (lS!2 ) .  Otherwise they appear in  a l l  respect 
to have been as in  the Cephalaspidae. Now since in  the Cephalaspidae 
we know their structure rather well it is ful ly evident that both in these 
and in Tremataspis they must h ave been either electric organs ,  as 
supposed by me in th is  work, o r  else sensory organs of  a special 
k ind ,  as suggested by WIMAN ( 1 9 1 9 , pp.  89-94) . 

The facts now brought forward concerning its organization show 
quite d istinctly that Tremataspis i s  very closely al l ied to the Cephal
aspidae and that it probably has evolved from  a Cephalaspid- l ike ancestor .  
I t  d iffers from the Cephalaspidae in  the absence o f  cornua ,  pectoral 
sinus and pectoral fins ,  in the subdivis ion of  the lateral electric fie ld 
into two, an  anterior and a posterior  one ,  and in a somewhat d ifferent 
structure of its exoskeleton . And because of  these d ifferences it must 
be referred - as has been done by all recent palaeoichthyologists -
to a fami ly of its own . 

After this account on Tremataspis a few remarks should also be 
given on Didymaspis. I t  has a l ready been pointed out above that 
Didymaspis agrees with Tremataspis with regard to the extent of 
the interzonal part ,  whi le on the other hand in  the presence of  smal l  
though distinct cornua i t  approaches the Cephalaspids .  Moreover I have 
been able to observe that with regard to the infraorbital groove i t  shows 
rather intermediate condit ions between Tremataspis and the Cephal-
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spids, and that the external  surface of its exoskeleton is ornamented 
with numerous small tubercles exactly as  in  many Cephalaspids, while 
Tremataspis, as  we know, has the superficial layer of  the exoskeleton 
quite smooth . The development of  its electric fields and the m inute 
structure of its exoskeleton are both unknown so far, but it seems not 
im probable that they wi l l  help greatly i n  elucidating the closer affin ities 
of  Didymaspis. With our present knowledge of i t  we can on ly  say that 
Didymaspis i n  many characters is  a transit ional form between the two 
famil ies Cephalaspidae and Tremataspidae, and that at  present it cannot 
be decided with certainty to which of  these two fam il ies i t  real ly is to 
be referred . 

Now since the fami l ies Cephalaspidae and Tremataspidae undoubt
edly are very closely al l ied, and s ince i n  addit ion, as we shal l  see , they 
d iffer in many respects from other Ostracoderms,  i t  i s  quite j ustified 
to unite them i nto one group for wh ich I retain the name Osteosfraci 
proposed by LANKESTER .  

Anaspida. 

Through the excel lent m onograph publ ished by KIAER in 1 924 on 
the Anaspida from Norway the range of  our knowledge of  the group 
A naspida as a whole has become greatly extended. In faet we have 
through the said monograph by KIAER obtained a good idea o f  the 
exoskeleton and general plan of  organisation of  the group. 

From the aceount given by KIAER i t  i s  easi ly seen that the orbital 
entranees, the nasal aperture and the pineal foramen with regard to 
their mutual posit ions were very mueh as in  the Cephalaspidae (cf. 
text-fig. 84) - a eondit ion to whieh a ttention was ealled by  KIAER h imself. 
And on account of this the conclusion readi ly suggest itself that the anterior 
parts of  the head with regard to general features were of a s imi lar type 
as in  the Cephalaspidae. In this connection i t  should further be pointed 
out that , as i s  d istinctly seen in severaI o f  the text-figs. given by KIAER 
(cf. text-fig. 84 in the present work), the unpaired nasal aperture of  the 
Norwegian forms consists of  a wide anterior divis ion and a smal l  
posterior  divis ion ,  the l atter of  which forms a notch in  the posterior 
margin of  the former. The nasal aperture in  the Norwegian forms is 
tllUS very suggestive of that in  the Cephalaspidae with regard not 
on ly  to the posit ion but also to the shape. And ex analogia me may  
therefore conclude that the  anterior wide division was  the  external 
opening of the hypophysial sae, while the posterior small d ivision 
constituted the nasal opening proper. Accordingly the A naspida, l ike 
the Cephalaspidae, Tremataspidae and Cyclostomata, had a hypophysial 
sac but on aeeount of the considerable width of its rost rai opening 
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just described i t  seems very probable that this hypophyseal sac was 
more strongly developed and wider at least than that in  the Cephal
aspidae and Tremataspidae. 

As has a l ready been pointed out by KIEAR ,  the labyrinth cavity 
must have been situated in  the normal way close behind the orbit .  
And there is  no  reason to doubt that the  ot ic region was wel l  developed .  
Concern ing the occipital region ,  on the other hand ,  KIAER arrives at  
the conclusion that  probably this  was entirely lacking, the endocranium, 
as he expresses it (p .  84) , probably having been only a "palaeocranium " .  
The reason advanced by KIEAR for th is  view is  tha t  the exoskeleton 
of the posterior parts of  the dorsal side of the head exhibits a certain 
metameric d isposition ,  which seems to indicate that myomeres were 
present a lmost as far forwards as the orbits ,  and accord ingly that th e 
vertebral e lements corresponding to these had retained their inde
pendence and not fused with each other and with the endocranium 
into an occipital region .  And it must be admitted that this reason ,  at 
least at fi rst, appears to the very plausible .  But i f  we take i nte considera
tion the fact that the head , as KIAER h imself  called attention to, at least 
with regard to the d isposition of the exoskeleton, is  d istinctly bounded 
from the trunk even dorsal ly ,  this seems not to be in ful l  harmony 
with KIAER 'S  opinion . And further i f  we take into consideration the 
fact that the ot ic region,  even i f  i t  was very strongly developed ,  cannot 
have reached as far back as to the boundary between the head and the 
trunk, th ere are ,  i n  my opinion, also facts which point to an opinion 
exactly the reverse of that advanced by KIAER. Expressed in another way 
the reasons brought forward by KIAER for his opinion that the occipitel 
region was absent are far from decis ive ,  but i t  is  even possible that 
there was an occipital region .  The d ifference between the A naspida and 
the Osteostraci with regard to the backward extension o f  the endo
cranium may therefore perhaps not be so considerable ; and i t  is  even 
not quite imposib le that the Anaspida might have had an occipital region 
with a s imi lar  backward extension as those forms among the Cephal
aspidae wh ich have the in terzonal part of the cephal ic shie ld short. 
Perhaps i t  deserves also to be emphasized here that the num ber of 
segments composing the occip i tal region among the vertebrates is  sub
j ected to rather considerable variations (cf. GAUPP 1 906, pp.  593-609) 
and that on account of th is ,  from a morphological point of view, less 
stress should be laid on the degree of development of the occipital 
region than has in fact real ly  been done. We shal l  have the opportun i t  y 
of d iscussing this question more in  detai l below in  the account given 
of the Cyclostomes.  

Since the common external opening of  the hypophysial sac and 
the o lfactory organ l ies exactly as i n  the Cephalaspidae, i t  is easy to 
conclude that ,  as in  these and in the Petromyzontids ,  the preolfactory 
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A. 

B. 

Text . -fig .  84 .  H eads of Pterolepis and Rhyncholepis i n  dorsal and lateral views. Ch ie fly 
after K I E A R  in 1 924, but s l ightly modified in the most rostrai parts. A, B, Pterolepis ; 

C, D, Rhyncholepis. 

part of the head must be formed by the upper l ip ,  and hence that i t  
is  o f  a viseerai origi n (cf. pp .  1 2 1 - 1 35 above and the accounts of  the 
Heterostraei and Cyclostomata below) . 

That the A naspida and the Osteostraei have much in  common with 
reg ard to the shape and position of the external branchial openings was 
strongly emphazised by KIAER ; and with our present knowledge of the 
Osteostraei i t  i s  sti l l  easier for us to see that this was the case .  KIAER 
also correctly pointed out that the A naspida had lost the homologues 
of the anterior branchia l  apenings of the Dsteostraei and that on account 
of  th is they were more special i zed than the Dsteostraei. 

The mouth of the A naspida in its fossil state of preservation i s  
probably terminal ,  as was pointed out  by KIAER ; but  i t  does  not  appear 
to be quite a matter of course that i t  was so also i n  the l iving animals. 
In order to elucidate this question we shall turn to certa in of  the figures 
given by KIAER, especial ly to those reproduced in text-fig. 84 in the 
present work. As we find in  those two of these figures (A .  C.) which 
exhibi t  the exoskeleton of the dorsal s ide of the h ead , the most anterior 
bones which constitute the rostrai area ,  or more correctly the covering 
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of the rostraI part of the visceral endoskeleton ,  do not form a smooth 
rostraI margin ,  but certain of them project forwards beyond the others etc. 
In fact the anterior border l ine of th e rostraI area of bones is  such that 
we are forced to the conclusion that i t  d id not form the rostraI border 

. 

in the l iv ing animals but that anteriorly to it there was uncalici ned 
tissue which was not covered by the exoskeleton . This uncalcin.ed t issue 
thils formed the real rostrum in  the l iving Anaspid s ;  but i t  i s  imposible 
to decide at present how i t  was shaped and how far forward i t  extended,  
whether i t  formed only a very narrow zone in  front of  the rostraI area 
or whether i t  was longer. But i t  may be important to ca l l  attent ion to 
the circumstance that  i t  need not  have been very long to have caused 
the mouth to get a decided ventraI position , very much as shown in 
text- ngo 84 B and D.  

The uncalcified rostraI part of the head j ust considered evidently 
form ed at least the dorsal boundary of  the mouth . Since as has been 
pointed out ,  we know nothing either of the shape or of the extent of 
th is part ,  i t  i s  very d i fficult to decide whether the mouth ,  as supposed 
by KIAER ,  m ight have been to a certain extent transforrned into a 
gnathostome d irection or whether it was a suctorial mouth . 

The anterior part of  the visceral endoskeleton that had no gi l ls  was 
probably rather d ifferent from the corresponding part in the Osteostraci 
and certainly ,  as has been pointed out by KIAER ,  i t  was more special ized 
than that ; but how i t  was is  d ifficult to say. That there was a sort of 
palatoquadrate in  a very prim itive stage of development as ma inta ined 
by KIAER i s  not quite impossible .  But i f  we pay attention to the fact that 
the mouth l ies strikingly far in front o f  the branch ial openings, exactly 
as it does in  the Cyclostomes,  i t  appears, at least to me, more probable 
that the anterior part of the  viseerai endoskeleton in stead was more or 
less Cyclostome-l ike and that the mouth on account  o f  th i s  was a 

suctorial m outh . S ince ,  however, we lack the necessary supposit ions for 
a dennite judgement of these questions ,  I t h i nk  we had better leave them 
un decided for the present. 

Concern ing the posterior part of the viseeraI endoskeleton - or, more 
exactly, the part of the viseerai endoskeleton that s t i l l  had functional 
gi l ls - already KIAER ful ly real ised (pp .  88, 90) that i t  could not  have 
consisted of  ordinary arches. And that KIAER at that time was able to 
perceive th is  i s  really wonderfu l .  For us it is  now easy to conclude 
that i t  probably forrned a continuous p iece of  cartilage which was incl ined 
forwards and which corresponded in  the main to the postbranchial wal l  
of  the Cephalaspidae. I n  addit ion it i s  very conceivable that i t  was 
continuous with the enåocranium antero-dorsal ly and that the n .  vagus 
left the cavum cerebrale postero -dorsal ly to i ts most an tero-dorsal part .  

A l l  facts known hitherto defin itely ind icate that Lasanius, with 
regard to the visceral endoskeleton ,  must have been l ike the other An-
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aspids. And accord ingly ,  so far as I can see, everyth ing suggests that 
KIAER i s  right when in  Lasanius he locates the branchial region in 
front  of the bars which earl ier  had been interpreted as branchial bars 
and considers these bars as homologues of  derm al shoulder girdle-plates 
of the other Anaspids .  The attempt recently made by STROMER to 
maintai n the old interpretation of these bars as branch ia l  bars can thus 
certain ly be ignored (cf. STROMER 1 926, pp.  93-95 ; cf. also KEM N A  
1 903. p .  38 1 ) . 

The forward incl ination o f  the posterior part of the viseerai endo
skeleton shows that the posterior part o f  the branchia l  region was situated 
beneath the endocranium ,  as i n  the Cephalaspidae. In addition the 
external branch ial openings of each side l ie  in  a series which is  in
cl ined forwards and thus in  much the same way as the posterior 
branchia l  openings of the Cephalaspidae would do if in the la tter the 
head became  reduced in  b readth and got a more normal shape. Accord
ingly there is  reason to believe that the A naspida might have ev ol ved 
from benthonic forms with a somewhat Cephalaspid-l ike shape and 
thus that they are secondari ly adapted to a nectonic mode of  l iv ing.  
I n  harmony with this is  also the circu mstance that the mouth ,  as has 
been pointed out above,  perhaps had a ventraI posit ion.  I thus arive at 
an opin ion which i s  widely d ifferent from that which seems to be current  
and according to which the Anaspida would  be pr im itive necton ic forms ,  
(WOODWARD, 1 920, pp .  27 ; KIAER 1 924, p .  1 24) . 

While in the Cephalaspidae the exoskeleton of the dorsal and 
lateral s ides o f  the head form s a continuous piece of bone ,  the exo
skeleton of the  correspond ing  pl aces in the A naspida is, as we know, 
composed of a great num ber of smal l  m ore or less scale-l ike plates. 
At  present I Rnd it impossible to decide whether in  this respect the 
Cephalaspidae are more prim i t ive than the Anaspida or the reverse.  
With regard to the exoskeleton on the  ventrai s ide of the head and 
with regard to the exoskeleton of the trunk ,  on the contrary, the An
aspida and the Cephalaspidae, exhib i t  severai striking agreements - a 
fact wh ich was pointed out a l ready by K JAER .  

Since Lasanius has typically Anaspid dorsal spines and in  addi tion 
i t  seems to have fain t  traces of a dermal skeleton (cf. KIAER 1 924, 
p .  68) , and since i t  otherwise seems to be rather closely related to the 
other Anaspids with regard to its general organization , I cannot agree 
with KIAER when he maintains that the slight development of the exo
skeleton in  this form i s  primit ive .  But, l ike  TRAQuAIR ,  I take i t  to be 
secondary, ar isen by reduction (cf. TRAQUAIR  1 899 c, p. 858 ; KEMNA 
1 903 , p .  379) . I t  may further be no ted that a hard exoskeleton i s  found 
not on ly in  the Anaspida but a lso in al l  other groups of Ostracoderm s,  
and i t  seems there fore certain that  a hard exoskeleton occurred already in  
the ancestors of the Anaspida. Thus  we have in th i s  an additional  support 
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for the opinIOn that the exoskeleton of Lasanius i s  not in  a pr im itive 
stage but that i t  must be in a rather advanced stage of reduction .  

O n  the other hand I ful ly  agree with KIAER in  h i s  interpretation 
of the spine-bearing plates and the spines wh ich occur in the Anaspids 
behind the branchia l  region. I too consider that these p lates cannot be 
anyth ing else but exoskeletal plates developed in relation to an endo
skeleton shoulder-gi rdle and that the spines on these plates may be 
either remains of the pectoral fin  itsel f - and th is seems most probable -
or homologous of the cornua of the Cephalaspidae. 

It is  of great importance that among the A naspida also we thus 
have traces of pectoral fins .  And since,  as we shal l  see ,  not  only the 
A naspida and the Osteostraci but a lso at least  certain of the Heterostraci 
have s imi lar traces of pectoral fins ,  we may conc\ude that the pectoral 
fins or homologues of these , unless they had arisen independently in 
d ifferent groups - which seems very un l ike ly - must be very o ld 
structures wbich were present a lready in  the ancestors o f  the Osteostraci, 
Anaspida and Heterostrad. 

That the A naspida might be al l ied to the Cephalaspidae was al ready 
strongly suspected by TRAQUAIR ( 1 899 c, pp .  837 , 858-859) , and that 
this real ly is  the case was eonfirmed by  KIAER.  The  researches earried 
out by  me on the Cephalaspidae show that, despite the d ifferences 
between them , the A naspida and the Osteostraci are in  faet so e losely 
related to each other  that i t  is  evident that they must have evolved 
from common ancestors. 

From the account given below we shall find that th e A naspida are 
not anything so c\osely a l l ied to other Ostracoderms as they are to 
the Osteostraci, and that ,  on account of  th is ,  they must be assigned to the 
same d ivision of  the Ostraeoderms as tbese. 

Heterostraci. 

The Heterostraci are now a days genera l ly subdivided in to the fam i l ies 
Coelolepidae, Drepanaspidae, and Pteraspidae. I n  addit i on  by eerta in 
writers Astraspis and Psammosteus have both been separated from the  
Drepanaspidae and made types o f  separate fam il ies ,  the  Astraspidae 
( EASTMAN 1 9 1 7 , pp.  237-239 : SCHLOSSER 1 923 , pp. 3 1 -32) and the 
Psammosteidae (GOODRICH 1 909, p .  1 98 ;  and others) respectively.  Final ly 
the fami ly  Gemiindinidae, which was establ ished by TRAQUAIR ( 1 903 . 
p. 734-736) for the very doubtful l  vertebrate Gemiindina, was recently 
placed to the Heterostraci by SCH LOSSER (SCHLOSSER 1 923 , p .  30). I t  
may b e  worthy of  remark here, however, that  a t  present there are n o  
facts known which justi fy the establ ishment o f  new fami l ies either 
for Psammosteus or for Astraspis, but both th .ese genera may very 



DOWNTONIAN AND  DEVONIAN VERTEBRATES. 3 1 5  

A. 8. 
R 

c. 

, 

v e b r . e  G 
Text-fig. 85. A, Cyathaspis ba nksii, dorsal shie ld .  After LANKESTER 1 868. B, Pteraspis 
gosseletti, dorsal sh ie ld .  After L E R I C H E  1 906. C, Pteraspis rostra ta carapace and 
ante ri or part of  trunk in  lateral v iew.  After WOODWARD 1 89 1  ( 1 89 1  al, s l ightly altered. 
B, branchia l  plate ; C, cornual plate ; D, dorsal median plate ; L, dorso-Iateral plate ; 
O, orbital plate ; R, rostraI plate ; V, ventraI shield ; d.sp, dorsal spine ; ebr. c. external 

branchial apen ing ; m, mouth ; na, nasal apen ing; arb, orbital apen ing. 

well be assigned to the fami ly  Drepanaspidae. And as to the family 
Gemilndinidae, it i s  so imperfectly known that i t  cannot be decided 
whether it real ly has anything to do with the Heterostraci or not .  

U nder such condit ions I can confine myself here to dea l  on ly with 
the fami l ies Coelolepidae, Drepanaspidae and Pteraspidae ; and a among 
these we shal l  fi rst con sider the Pteraspidae, which are the best  known , 
then the Drepanaspidae and l astly the Coelolepidae. 

Family Pteraspidae. 

The representatives of  th is  fami ly  have, as we know, the head and 
an adj acent  an terior  part o f  the trunk provided with a strong carapace. 
This carapace consists of a dorsal sh ie ld and a ven traI shiel d ,  the former 
o f  which a lways proj ects forwards beyond the latter and is  so developed 
anteriorl y  that with its anterior part i t  surrounds the rostrum not only 
dorsal ly and lateral ly but a lso ventra l ly .  Between the ventrai portion 
of the rostraI part of  the dorsal shie ld and the anterior edge of  the 
ventraI shie ld there is  always in the fossi l state o f  preservation a 
considerable gap, a gap which ,  as \Ve know, must have been to a great 
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extent occupied by the mouth, which thus had a ventraI position ,  as  
in the Cephalaspidae. 

The ventraI shie ld i s ,  as far as known , a lways a single piece. The 
dorsa l shie ld may be a single p iese too,  as in Palaeaspis and perhaps 
also in  Tolypaspis, but often i t  is  composed o f  a severaI plates .  Thus 
in Cyathaspis (text-fig. 85 A) i t  seems,  at least in certain cases , to consist 
o f  two unpaired median plates - the rostraI plate (R) and the dorsal 
median plate (D) - and one paired plate along each side - the so-called 
cornutal plate ,  or ,  as i t  \Vi l l  be cal led here ,  the dorso-lateral plate (L) .  
And in the Devonian Pteraspis-species (text-fig. R 5  B ,  C ;  86) i t  is  always 
made up of  a s imi lar num ber o f  unpaired plates and at least of  one 
more paired plate, the dorso-lateral pl ate having in them divided into 
an orbital plate (O) surrounding the orbital en trance, and a poster ior 
pl ate (B, C) , wh ich we may cal 1  the branchio-cornual  p late .  Accord ing 
to observations made by mysel f the branchio-cornual plate , as thus 
defined , seep1s at least in  certain o f  the Devonian Pteraspis-species 
(text-fig. 85 C) to be subdivided in  its turn i n to an anterior plate, which 
we shal l  ca l l  the branchial p late (B) , and a posterior plate , to which 
the term of  cornual  plate (C) wil l  be appl ied . 

Palaeaspis, Tolypaspis, and Cyathaspis al l  being mainly or entirely 
Si lurian forms,  we find from what has been set forth that the dorsal 
sh ie ld o f  the earl iest known Pteraspids was less subdivided into plates 
than i n  the Devonian Pteraspis, a fact which is  of  much interest and 
which we shal l  discuss further in another connection below. 

As we know, there are in Palaeaspis and Cyathaspis on the lower 
side of  the dorsal sh ie ld im pressions of  severaI internal structures 
(text-fig. 87) .  And now since we know well the organization of the 
Osteostraci, this enables us to understand better than before by which 
organs these im pressions were caused . Thus there can be no longer be 
doubted that the pai red > -shaped groove (c. sem. ant, c. sem. post, text
fig. 87) is real ly  what it has  long been suspected to be ,  viz .  an impres
sion of the anterior and posterior semici rcula r  canals .  I t  is  also evident 
that the pit (pin, text-fig .  87) which has  been interpreted as the pineal  
pit real ly l odged the pineal organ .  Further i t  is  not d ifficult to see that 
th e markings which have been considered ei ther as impressions o f  gi l l 
arches or of  Cyclostome l ike gil l -sacs (k, text-fig. 87 ; both the lateral 
angular and the medial  straight markings) must in fact have been caused 
by gills of  a s im ilar type as in  the Cephalaspidae. Moreover, as has been 
earl ier pointed out by mysel f (STENSlO 1 926, p. 1 0) ,  there is in  certain 
Si lurian forms a median longitud ina l  groove-l ike impression (cv, text
fig. 87) ,  which from a point somewhat beh ind the pineal pit exten ds  
rather far backward. And , as I have a l so  pointed out ,  th i s  longitudinal 
groove-l ike impression must probably have been caused by the brain or 
more correctly by the most posterior  part of the  endocranium enc10sing 
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the medul la and not ,  as recently maintained by JAEKEL ( 1 926, pp. 1 77- 1 79) , 

by a gland or an organ regulating the temperature of the bra in .  Final ly 
the paired shal low but rather wide fossa (olf, text- fig. 87) i n  Cyathaspis 
integer, that J AEKEL ( 1 926, p. 1 78) assumes to have formed part of the 
roof of the olfactory organ , must certain ly  have been caused by that 
organ ,  since this m ust have been situated far forwards just anteriorly 
to the mouth and so that i t  had its external opening on the ventrai 
side of  the rostrum .  

I n  this connection it should a l s  o be pointed ou t  that t he  openings 
in  Pteraspis which have been held to be 
orbital openings, rea l ly must be so. And i t  
is  a l so  clear tha t  the correspondingly situated 
notch (orb, text-fig. 87) in  the ventrai margin 
of the dorsal shie ld o f  Palaeaspis and Cyath
aspis must have formed the dorsal boundary 
o f  the orbital opening. 

Whi le thus in Palaeaspis and Cyath
aspis the lower side of the dorsal shie ld has 
severai more or less d istinct impressions of 
internal organs we find in  the Devonian 
Pteraspis-species hard ly anything m ore o f  
such impression than  the  pineal pit ,  which , 
however, as a rule ,  i s  very distinct. That 
this i s  the case is  highly interesting ,  s ince 
i t  seems to suggest that the carapace in  the 
oldest appearing Pteraspidae reached deeper 
inwards than i n  the later ones. Or ,  ex
pressed in  another way, the facts known so 
far seem to indicato that the carapace of the 
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Text-fig. 86. Pteraspis crouchi. 
Dorsal shie ld .  A fter L E R I C H E  
1 924. For explanation of letters 

see text-fig. 85. 

Si lurian Pteraspidae was relatively thicker than that of the Devonian 
Pteraspidae, and that this condition was due to the fact that in  the 
former i t  was more strongly developed basally than in  the latter .  There 
would thus be certa in . facts which would indicate that the Pteraspidae 

from their appearence in the Si lurian unti l  they became  extinct towards 
the midd le or end of  the Devonian degenerated with reg ard to the 
hard skeieton ; and in  ful l  harmony with this is also the fact to which 
attention has a lready be en cal led above, that the dorsal shie ld of  the 
Si lurian Pteraspidae is less subdivided into plates than that in the 
majority of Devonian Pteraspidae. 

As was pointed out long ago by H UXLEY ( 1 858 a pp. 274-278 ; cf. a lso 
LANKESTER 1 868, pp. 1 1 - 1 2 ;  ROHON 1 893, pp. 78, 79, 83�88, 9 1 -92 ; 
LIN DSTR6M 1 895, pp.  6-9 ; DREVERMANN 1 904, pp.  285-288 ; PATTEN 
1 9 1 2, pp. 293-295 ; etc . )  the carapace of the Pteraspidae may be con
sidered to be composed of  four layers, which we shal l  here call the 
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basal layer, the cancel lous I �yer, the  reticular  layer and the super
ficial layer. 

The basal layer (text-fig. 88) varies rather  much i n  thickness in 
d ifferent forms and at d ifferent places of the carapace. I t  consists of 
thin laminae which are of  ten very distinet . Like H UXLEY and GEBHARDT 

( 1 907) I h ave tr ied to study these lamel lae in  detai l ,  but s ince the 
materia l  o f  Pteraspids at  my disposal  was very badly preserved wi th  
regard to minute structure i t  has been impossible to make out any new 
detai Is  o f  importance.  I n  one case ,  h owever, I was ab le  to see  a delicate 
striation ,  showing that the lamel lae must quite certa inly have conta ined 
numerous fibres. But whether the fibres in  two neighbouring laminae had 
such a disposit ion that they crossed each other a lm ost at r ight  angles , 
as they do  in  the Tremataspidae, or wheter they had another d isposition  
cannot be ascerta ined . I n  th is  connection it deserves to be ment ioned 
that  a lready H UXLEY observed the fibrous structure of the l amel lae 
( 1 858, p . 275 ; cf. also GEBHARDT 1 907 , pp .  74-75) .  In the material  
studied by me  there was no  evidence of  any cel l -spaces ,  and despite 
the statements to the con trary by DREVERMANN ( 1 904, p . 286) , GEB
HARDT ( 1 907, pp. 74-75) and PATTEN ( 1 9 1 2, pp. 293-294) , I am in
cl ined to bel ieve that al l Pteraspids lacked cell-spaces .  In any case 
the  figures given by both DREVERMANN and PATTEN cannot convince 
me that the structures referred to by these two writers as cell-spaces 
really are so. 

The basal layer is perforated by a num ber of  ra ther fine can als 
which not rarely have a wind ing  course. These canals, which traverse 
the basal layer m ore or less prependicularly and go to the cancellous 
layer, eviden tly transmitted vessels and nerves. 

The cancellous layer is  so well described by earl ier writers that I 
have noth ing to add here concerning it except that  the walls of the  
cancel Iae are formed by a laminated tissue which lacks cellspaces and  
which much resembles the t issue in  the hasal layer. The cancelIae  
certa in ly lodged vascular s inus which were in  com mun ication wi th each 
other by means of  fine anastomoses wh ich perforated the walls of  the 
cancel lae .  From the vascular s inus of each cancel Ia there usual ly issued 
a few vessels  outwards to the reticular layer.  

The reticular layer is sometimes rather t.h i n  and may i n  certain 
forms 1 even be alm ost laeking ,  having been replaced by the cancellous 
layer. It i s  characterized by its canals ,  wh ich anastomose with each 
other abundantly and which basal ly, towards the cancellous layer ,  are 
wider than more superficiall y  and in  addition often rather  paral le i  with 

l Tolypaspis and probably i n  Palaeaspis. 
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Text-fig. 87. Cyathaspis integer 

K U N T H .  I nternal surface of the 
dorsal shield. After JAEKEL 1 926. 

c. sem. ant, c. sem. post, impres
sions of the anterior and posterior 
semicircular canals respectively; 
cv, impression of the part of 
the endocran ium that lodged the 
medul la ; k, impress ion of the 
gil! apparatus ;  alf, impression of 
the olfactory organs ;  arb, orbital 
notch ; pin, impression of the 

pineal organ . 

the surface of the  shields .  
The  hard t issue of th is  layer 
is  more or less d istinctly 
l aminated and without cell
spaees. 

The canals of the reti
cular layer chiefly lodged 
vessels , which , as has been 
pointed out, ascended from 
the vascular s inus situated 

k-
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i n  the cancel lous layer. The reticular layer thus lodged a more or less 
complicated vascular plexus which was s i tuated exactly as the sub
epidermal vascular plexus of the Cephalaspidae. But compar ison with 
the Drepanaspidae - in which , as we know (cf. KIAER 1 9 1 5 , pp. 2 1 -38) , 
the reticular layer is very thick and reaches down to the basal layer -
show that the vascular s inus of the cancel lous layer also pertained 
to the subepidermal vascular plexus and must be  regarded as a 
special ized basal part of i t .  The subepidermal vascular plexus of  the 
Pteraspidae thus consisted of a deep portion of relatively big vascular 
s inus which anastomosed with each other ,  and of a superficial portion 
o f rather fine abundantly branch ing vessels. And to a certa in  extent 
we had thus here a paral le i  to the cond it ions in  Tremataspis (cf. pp. 
38-40 above) . 

Weare thus led to the  conclusion that the cancellous layer and the 
reticular layer together correspond to the middle layer of the Cephal
aspidae. And,  th is  being the case , i t  i s  obvious tha t  the basal layer too 
is homologous in the Pteraspidae and the Cephalaspidae. Accordingly 
the canals which traverse the basal layer of the Pteraspidae must 
correspond to the ascend ing canals of the basal layer of the exoskeleton 
in the Cephalaspidae, and the subaponeurotic vascular plexus of  the 
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Pteraspidae, i f  there was one ,  must thus evidently have been situated 
basally to the basal layer. 1 

Final ly the superficial layer of the carapace of the Pteraspidae i s  
very we l l  known through the  description by earl ier writers. Here ,  
therefore, I have on ly to emphasise the faet that i t  is  very suggest ive 
of that in certa i n  Cephalaspids .  That this is  the case can easily be  seen 
from the speeimen o f  Cephalaspis hoeli figured in pl .  67 , fig. 2 i n  the 
present work. 

From this review we thus find that the Pteraspidae with regard to 
the m inute structu re of their shie lds d iffer  from the Cephalaspidae 
chiefly only in two respects : in a somewhat d ifferent development o f  
the midd le  layer and  in  the absenee of cel l -spaces in  the midd le and  
basal layers. 

As we have found,  the strange development of the middle layer in 
the Pteraspidae is probably to be considered as a special ization a risen 
from conditions rather s im ilar to those in the Cephalaspidae ; and i t  
thus fol lows that presurnably the d ifference in  this respect between the 
Pteraspidae and the  Cephalaspidae is of a rather sI ight imponance 
from a morphological point of v iew. 

The question wheter the absenee of  cel l-spaces in the shields of 
the Pteraspidae is a primitive or a secondary feature has not been 
diseussed in  a satisfactory way be earl ier writers ; and we shal l  therefore 
have to deal with i t  here. As we have seen , the basal layer and the 
m iddle layer (m iddle layer = cance l lous + reticu lar layers of  H UXLEY 's  
description ) are d istinctly laminated ,  and ,  as we have a l so seen ,  a fibrous 
structu re can be traeed at l east i n  the basal layer. These facts com bined 
with the c i rcumstance that the exoskeleton beyond question was situated 
in  and occupied the en tire thickness of the corium show that the midd le 
and basa l  layers s imply represent  the cor ium aponeurosis i n  a rather  
unchanged cond it ion . And as th is  is so ,  we are  forced to  the  con
clusion that the basal and middle layers arose o ntogenetica l ly in the 
same way as the corium aponeurosis of recent craniate vertebrates, and 
that  because o f  this they m ust dur ing the ontogenesis have conta ined 
cel ls between t he  various lamel lae .  

Since most palaeontologists are probably unaware how a corium 
aponeurosis of  the type here in  question deve lops ontogenetically, i t  wil l  
be use ful to give a brief accou n t  o f  th is  h e re ,  and in doing sa I shal l  

l The opinion at which l have arrived here concern ing the funetion of the eancellae 
and the d ifferent eanals i n  the shields o f  the Pteraspidae i s  thus very d ifferent 
from that advaneed by GEBARDT ( 1 907 , pp. 72�79). I t  may be added here 
that my opinion in this ease is based not only on my observations in the Cephal
aspidae but also on the eondit ions in the reeent Cyclostomes in  which both a 
subaponeurotic and a subepidermal vascular plexus are present (cf. the aeeount 
on the Cyelostomes be low). 
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chiefly fol low E .  HOLMGREN ( ( 920, pp.  1 52- 1 53� . The development 
begins in  the way that certain connective tissue cells, which are term ed 
fibroblasts, arrange themselves in  to a single almosLepithel ium-like stratum 
im mediately beneath the basal surface of  the epidermis and give rise 
to a layer with collagene fibres between themselves and the epidermis .  
The collagene fibres in this stratum are paral leI with each other and 
with the basal surface of  the overlying epidermis .  I n  Amphioxus this 
stage remains as  a definite one. In 

'
the cran ite vertebrates, on the 

other hand, a new stratum of  'fibroblasts 
is  soon formed beneath the first, and this 
second stratum of fi broblasts produces be
Iween itse l f  and the first stratum of fibro
blasts a second layer of col l agene fibres . 
These fibres are also paral leI with each other 
and with the basal surface of  the epidermis ,  
but they 'cross- t-he fibres in the  layer above 
that was fi rst forrned fl Imost at right angles. 
To the second layer with collagene fibres 
are soon added sti l l  more layers in a s imi lar  
way as in the case of  the first and second 
ones, and the aponeurosis thus grow in an 
inward d i rection by the apposition of new 
layers basa l ly .  Since the col lagene fi bres 
in two neighbouring l ayers a re a lways ar
ranged in such d irections that they cross 
each other a lmost at right angles the whole 
aponeurosis gets a dist inctly laminated 
appearance. Most important for us here 
is  to notice that each of the fibroblast 
strata l ies j ust beneath the layer or lamel la 
of  col lagene fibres forrned by i t  and that 

Text-fig. 8 8 .  Basal layer of the 
exoskeleton of two Pteraspids, 

showing the laminat ion . 
A, of Palaeaspis ? ;  B, o f  Pter-

aspis. 

thus the fibroblasts are enclosed into the aponeurosis forrned by them.  
The cond it ions in recent craniate vertebrates thus show that a 

corium aponeurosis l ike that in the basal and midd le  l ayers of  the 
carapace of the Pteraspidae cannot be imagined to have developed 
ontogentically without cel ls becoming enclosed in  i t  between its various 
lamellae.  And we are thus forced to assu rne that cel ls original ly m ust 
have forrned the basal and midd l e  layers of the carapace of  the Pter
aspidae and have been enclosed between the lameHae of these layers, 
though they became reduced already in  very young larvae. Accordingly 
everything seems to indicate that the absenee of ce l l-spaces in the shields 
of the adult Pteraspidae i s  a secondary feature, and thus that the Pter
aspidae in this respect are more special ized than the Osteostraci. 
Further it is clear that, if the  ontogenetical devel opment of i t  was as 

2 1  

bl 

- --bl 
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I home assumed here ,  the hard tissue that constitutes the m iddle and 
basal layers of the ca ra pace of  the Pteraspidae i s  i n  fact true bone.  

Summarizing the resuIts of this breaf analysis ,  we find that  both 
the chief characters in  which the Pteraspidae d iffer from the Cephal
aspidae with regard to the m icroscopic structure of the exoskeleton 
are secondary, arisen by special ization .  It is  therefore fu lly evident that 
both these characters are of sl ight importance from a morphological 
point of  view. And as far as can be judged at present, there is even 
reason to believe that the Pteraspidae arose from forms \vhich, so far 
as the minute structure of the exoskeleton is concerned, were rather 
suggestive of the prim itive Cephalaspidae. 

Before leaving the microscopic structure of the carapace of the 
Pteraspidae we should do  wel l  to notice that the basal layer, j ust as in 
the Cephalaspidae, may have consisted at Ieast most basal ly of lamellae 
forrned by the perichondrium of  the endoskeleton and accord ingly that 
i t  probably was not of a pure derrnal origin .  A strong support for this 
opinion i s  furnished by the presence of the impressions of in ternal 
structures on the lower side of the dorsal shie ld .  SeveraI of these im
pressions would be d i fficult to explain unless the dorsal shie ld had 
been very int imately connected with the endoskeleton beneath i t .  

No traces of structures corresponding to the mucous canals of  the 
Tremataspidae or of  the interareal grooves of the Cephalaspidae are 
known i n  the Pteraspidae unless these structures are represented by 
the longitudinal  grooves or canals which always occur between the ridges 
of the superficial layer of the Pteraspidae. 

Turning next to the endoskeleton of the Pteraspidae that was en
closed i n  the carapace, it i s  quite obvious that this as a whole must 
have consisted of an uncalci fied rather so l id tissue, certain l y  some sort 
of  cartilage. S ince i t  i s  d ifficult to imagine that ossification of  the endo
skeleton took place quite i ndependently i n  the Ostracoderms on the 
one hand and i n  the other cran iate vertebrates on the other ,  it seems  at 
present most l ikely that a more or less ossified endoskeleton was present 
al ready in  the common ancestors o f  Ostracoderms and other craniate 
vertebrates. And  under such circumstances it seems most probable that 
the absence of bone in  the endoskeleton of  the Pteraspidae i s  a secondary 
character due to reduction .  

The development  of the carapace of the Pteraspids and the know
ledge which we now posess of the endoskeleton of the Osteostraci 
makes i t  i mpossible to imagine that the endoskeleton of the Pteraspids 
that was surrounded by the carapace could have been subdivided into 
numerous i ndependent elements, as i n  fishes and h igher vertebrates, but 
that as a whole i t  must have been mainly a continuous structure some
what as in  the Osteostraci. From facts to be advanced below i t  is  
obvious that ,  exactly as  in  the Osteostraci, i t  consisted not on ly of the 
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endocranium and the visceral endoskeleton but also of the endoskeletal 
shoulder-girdle .  

As far as can be judged from the impressions of the internal struc
tures on the lower side of the dorsal shield and from the position of  the 
olfactory organ ,  the endocranium must have been long and - contrary 
to what is the case in the Cephalaspidae - strikingly broad anteriorly. 
Since there can have been on ly very slight mobi l ity in the most anterior 
part of the trunk enelosed in the carapace i t  seems a lready from this 
highly probable that the most anterior vertebral elements had fused 
with each other and with the endocranium and formed a long occipital 
region ; and when, as we have seen, we flnd an impression of a postotic 
endocranial part far back on the ventrai side of the dorsal shield (text
flg. 87), it cannot be doubted that the re was an occipital region and that 
this was long, probably even longer than in most of  the Cephalaspidae 
with a long interzonal part in the eephalic shield .  The otic region was 
probably rather short and not so very mueh wider than the occipital 
region .  I t  enclosed a well developed labyrinth which certainly in its 
chief eharacters recalled that in the Cephalaspidae. The orbitotemporal 
region was probably broad ,  but short i n  proportion to its breadth,  
a eondition whieh was due the position of the orbits far apart from 
eaeh other on the lateral sides of the head .  The eyes were eertainly 
small .  The ethmoidal region was also broad and was so situated that 
it formed the rostrum,  while in  the Cephalaspidae, as we have seen,  
the rostrum was formed by an anterior part of the visceral skeieton .  
We thus  have here an important difference between the Pteraspidae and 
the Cephalaspidae, and it is h ighly interesting to flnd  that in this respect 
the Pteraspidae agree with Myxine, whereas the Cephalaspidae are like 
Petromyzon. The olfactory organ of the Pteraspids,  which, as has 
already been pointed out, was situated so that it opened outwards on 
the ventrai side of  the rostrum close in  front of the mouth , also obviously 
had a position similar to that wh ieh it has in Myxine, while that of 
the Cephalaspidae l ies as in Petromyzon. Now since the olfactory organ 
as well as the hypophyseal sae, in Petromyzon arises ontogentieally on 

the ventrai side of the head close i n  front of the m outh and 
aecordingly in  early embryonie stages has a s imi lar posit ion as  in 
the Pteraspidae and Myxine, it seems eertain that in  the Osteostraci 
and A naspida also it must have arisen on the ventrai side of the 
head close in front of the mouth opening. Aeeordingly we flnd that the 
Pteraspidae with regard to the posit ion of the nasal aperture probably 
l ike the Myxinoids had retained more primitive conditions than the 
Petromyzontidae, the Osteostraci and the Anaspida. Attention may 
further be ealled to the faet that  the ol faetory organ o f  the Pteraspidae 
probably was more disti netly paired than that of the recent Cyclostomata 
and that of the Osteostraci and that of the Anaspida, and that it per-
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haps opened outwards with a paired opening. On the other hand ,  at 
least as far as can be judged from the condit ions in  Cyathaspis integer 
(text-flg. 87) ,  it is h ighly probable that its two halves were situated 
very elose to  each other and to the median l ine ,  so elose even that it 
may give rise to the question whether they were not partly fused into 
a single space. 

In order to eluctidate more in  detail what has just been set forth 
concern ing the d ifferences in the rostrai parts of the head in the Pter
aspidae and Myxinoidea, on the one hand ,  and in the Osteostraei, Ana
spida, and Petromyzontidae, on the other, the reader is referred to text
fig. 89, which shows four stages in the development of the anterior 
portions of  the head in  Petromyzon. As we see in  text-fig .  89 A the 
anterior part of the head in  young larvae is  very much curved downwards 
and on the ven trai s ide of it we flnd most anteriorly the o lfactory organ 
(n) and the hypophysial sac (h) opening outwards into a common pit . 
Close behind this pi t  and separated from it by the upper l ip (u) fol lows 
the stomodaeum.  The olfactory organ thus has in th is stage a s imi lar 
posit ion as in  the Pteraspidae, and it is  ev ident that  the anterior end 
of  the head is  formed,  l ike that of the Pteraspidae, by the post
nasal part of the ethmoidal  region and  thus by the endocranium itse l f. 
I n  the fol lowing stage (text-flg. 89 B) the downward cu rvature of  the 
anterior part of the head is  less than in the flrst one and the com mon 
external opening of  the o lfactory organ and hypophysial sac oceupies a 
m ore an ter ior d irection .  The upper l ip  is considerably larger than in  
the former stage. I n  the th i rd  stage (text-flg.  89 C) the  downward eurv
ature of the anterior part of the head is  only very slightly pronounced . 
The common opening of the olfactary organ and the hypophysial sac 
faces antero-dorsally  and the upper l ip ,  whieh is  still larger than in the 
preeeding stage , now forms the tip of the head , so that in faet we have 
here i n  th i s  respeet eonditions  approaching those i n  the Osteostraci 
and A naspida. Final ly in the fourth stage (text-fig .  89 D) we fi nd the 
eommon opening of  the o l faetory organ and hypophysia l  sae si tuated 
exactly as in the Osteostraei and A naspida, and i t  is  also qu ite elear 
that the upper l ip ,  now highly enlarged , must correspond to the pre
nasal part of the head of the Osteostraei and A naspida and that the 
skeietal parts forming the rostrum in these two groups therefore must 
be  of a visceral origi n ,  while that is  not the case in  the Pteraspidae 
and Myxine 1 .  We thus flnd  here that with regard to the origin and 
homologues of the rostrum the Pteraspidae and the Myxinoids, on the 
one hand ,  and the Osteostraei, the A naspida and the Pteromyzontids 
on the other hand ,  agree with each other. It is also obvious that in the 

l I n certain fishes, such as Elasmobranchs and sturgeons, the  t i p  of the  rostrum is 
a Iso formed by the ethmoidaI region. 
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Text-fig. S9.  Petromyzon. Four stages in  the development of  the anterior part of the 
head. Four median longitudinal sections from GOODRICH 1 909, after DOHRN .  A, the 

youngest, D, the oldest stage . 

b, brain ;  ec, ectoderm ; en, entoderm ; f, stomodaeum ; h, hypophyseal sac ; i, i n fundi
bulum ; l, l ower l ip ; n, olfactory organ ; nt, notocbord ; 0, com mon external opening 
of the olfactory organ and hypopbyseal sac ; p, pineal organ ; u, upper l ip ; vel, velum. 

case of the rostrum and the position of the  nostril the Pteraspidae and 
Myxine must be  more prim itive than the Osteostraci, the A naspida 
and the Petromyzontidae. 

As far as can be j udged from the impressions on the ventrai s ide 
of the dorsal shie ld ,  the visceral endoskeleton was ,  at least in  its g i l l
bearing part, much as i n  the Osteostraci. The  gil ls were certa in ly of  
entodermal origin, as in  the the Osteostraci and Cyclostomes,  and i t  i s  
a l so  clear that they must have been more or less  sac · l ike, and on ac
count of this we shal l  refer  to them as gil l-sacs. The num ber of gi l l 
sacs which have left im pressions after them in the fossils is  about 7, 
but the total num ber of gi l l-sacs was probably sti l l  greater, since we 
must assurne that probably the smal lest ones most anteriorly and post
eriorly did not  cause any impressions on the  dorsal shield because 
of the fact that they must have been situated too deeply below this. 
The most anterior gil l-sac which has caused an impression was situated 
below or slightly in front of  the orbit . 
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Sinee ,  as was pointed out by J AEKEL ( 1 9 1 1 ,  p. 3 1 ,  fig. 1 8) and other 
writers after him, i t  i s  probable that the mouth of  the Pteraspidae was 
a suetorial m outh ,  i t  seems  very I ikely that eertain of the most anterior  
parts of  the viseeraI endoskeletal had been more or  less  modified in a 
Cyelostome-I ike way. 

The gi l l-saes did not open outwards independently of  eaeh other 
but the duets lead ing outwards from them united backwards in to a 
com mon external aperture about in  the same way as in Myxine. Des
pi te the statements to the eontrary by certain writers (ABEL 1 9 1 9 , p .  84) 
th i s  aperture must have been situated on the lateral s ide of  the eara
pace and not behind th is .  In Palaeaspis and Cyathaspis i t  has not, 
as fa r as I know, been observed but it is  h ighly probable that in them 
i t  lay in the soft t issue between the  posterior parts of the dorsal and 
ventraI sh ie lds .  In  Pteraspis, on the eon trary, it is often distinctly seen 
and, as is  well known , i t  l ies in the posterior part of the  branch io
eornual p la te  or ,  when that  is subdivided between ,  the branchial plate 
and the eornual plate. We thus find here that with rega rd to the mode 
of  opening ou twards of  the gil l-saes the Pteraspidae presented a stri k
ing agreement  to Myxine 1 .  As rega rds the position of the gil l-saes, 
on the other hand, i t  i s  quite evident that the Pteraspidae d iffered 
from Myxine and other Myxinoids for in  the Pteraspidae the first gi l l
sac lay a l ready c10se behind the mouth whi le in the Myxinoids the first 
funetional gi l l-sae is a lways situated strikingly far beh ind the mouth .  Since ,  
however, there are eerta in facts whieh indicate that the gil l-saes in the 
Myxinoids original ly occupied a more anterior position but sh i fted back
wards in con neetion with the strong deve Jopment of the rasp i ng  tongue , 
it seems  not impossib le that at Jeast the anterior gi l l - sacs of the 
Myxinoids corresponded to the poste r ior gi l l -sacs in the Pteraspidae 
and in the Osteostraci. 

From  the facts known so far concern i n g  the extension o f the gi l l
region baekwards i t  i s  easy to understand that the most postero-l ateraJ 
portion o f  the part of the trunk in the Pteraspidae that is su rrounded by 
the earapace corresponds  to the endoskeletal shoulder-gi rd l e  of  the Osteo
straci and A naspida. It is th erefore of mueh interest to notice that in 
one of the Downtonian Pteraspid forms from Spitsbe o gen  - a form which 
was kindly sent to me by KIAER and which will be later on deseribed 
by h im - the cornual plate was developed in!o a very strong lateral ly 
and somewhat posteriorly  projeeting spine ,  whieh obviously eorresponds 
to the cornu of the Cephalaspidae. A s imi larly situated , though mueh 
less strongly developed, spine oceurs also in Pteraspis crouchi (text-fig. 

l It must be remembered , however, in th i s  connection that i n  Bdellostoma the 
gill�sacs opened d i rectly outward independently of each other as in Pteromyzon, 

and that with regard to the mode of opening o f  the gi l ! sacs outwards Para
myxine represents an i ntermediary stage between Bdellostoma and Myxine. 
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86 ; cf. LERICHE 1 924). The presence of  this spine is  of much interest, 
as i t  seems to ind icate that primari ly there m ight have been a pectoral 
fin behind it .  And since, as  we have seen , a more or  less complete 
pectoraJ fin  occurs in the Osteostraci and probably also in  the A naspida, 
i t  seems very l ikely that such a fin is a very old structure which was 
present al ready in the  primitive ancestors of the Ostracoderms al1d that 
from them it was inherited by the Osteostraci and A naspida as well as 
by the Pteraspidae and their a l  l ies .  

The sensory canal system consists of c losed canals i n  the carapace 
and,  as has been shown by the present author in a previous work 
(STENSlO 1 926) , i t  d iffers much in i ts d isposition from that i n  fishes ,  
whereas i n  this respect i t  presents str i  king agreements to that in  Petro
myzon. And as was pointed out in the work j ust quoted these agreem ents 
with Petromyzon are even so important that they by themselves enable 
us to conclude that the Pteraspidae among recent forms must be nearest 
akin to the Cyclostomes. It is  also obvious that the sensory canal system 
of the Pteraspidae agrees' i n  certa in l respects with that of the Oste 0-
straci, but that as a whole, at least with regard to its d isposition , it m ust 
be more primitive than the latter ,  which certainly has been much mod i
fied by the d ispl acement of  the eyes i n  a dorso- media l  d irection and 
by the development of the electric fields .  

From the brief review now given of their organization i t  i s  evident 
that the Pteraspidae cannot be a l l ied to the Elasmobrachii, as maint
ained by TRAQUAIR ( 1 899 C, pp. 856-857) and KIAER ( 1 924, pp .  1 22 
- 1 23, 1 2Y) , but that they must be in  a s imi larly low stage of organ
ization as the Osteostraci, A naspida and Cyclostomata and that they 
m ust be assigned to the same branch of  the vertebrate stem as these. 
I n  a few characters - as, for instance , the m icroscopic structure of  their 
exoskeleton and the usually complete reduction of the pectoral fins - they 
are more special ized than the Osteostraci. I n  other cha racters, on the 
contra ry - such as the construction of  the rostrum,  the position of  the 
eyes and nasal aperture , the paired appearance of  the ol factory organ and 
the d isposit ion of the sensory canals - they are more primitive than 
the Osteostraci. And accord ingly as they d iffer from the Osteostraci 
in so many i mportan t  features they cannot be assigned lo the same 
group of  the Ostracoderms as these, but they must be  placed in  a group 
of their own , a group for wh ich the term Heterostraci in troduced by 
LANKESTER  in  1 870 may be retained. 

Family Drepanaspidae. 

We first deal with the best known representative of this fami ly 
Drepanaspis gemiindenensis. 

As we know, Drepanaspis gemiindenensis is a benthonic form which 
has the head and an adj acent considerable part of the body broad and 
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Text-fig. 90 .  Drepanaspis gemiindenensis. Dorsal aspect. 
After WOODWA R D  1 920. 

B, branchial plate ; C, cornual plate ; D, median dorsal 
plate ; O, orbital plates ; R, rostrai plate ; ebr. c, external 

branchial open ing j orb, orbital opening. 

much depressed in  a dorso-ventral d irection .  
The microscopic structure of  i ts exoskeleton, 
as is shown by KIAER ( 1 9 1 5 , pp. 29-38) , is  
as in  the Pteraspidae - with the exception , 
however, that the basal part of the midd le  
layer has  no  such big vascular s inus .  As has 
be en pointed out by DEAN ( 1 904, p .  64), K IAER 

( 1 9 1 9 , pp .  29-38) and WOODWARD ( 1 920, 
p .  3 1 ) , TRAQUAIR ,  who first gave a detai led 
description of  the animal ( 1 899 c, pp. 844-
847 ; 1 904, pp .  725-73 1 ) , reversed the dorsal 

and ventrai sides ; and it was therefore at first d ifficult to com pare the 
arrangement of the p l ates on the anterior widened part with the plates 
forming the carapace in  the Pteraspidae. N ow, however, i t  is  easi ly seen 
that the larger plates (text-fig. 90) are to a certain  extent com para ble 
to the plates of  the carapace especia l ly in  the Devonian Pteraspis
speeies. We thus have plates which at least in the main correspond to the 
rostrai and median dorsal plates, to the ventrai shield and to the orbita l ,  
branchia l  and cornual plates o f  the Devonian Pteraspis -species . The 
orbital p la te ,  however ,  i s  subdivided in to three smal ler ones .  And the 
orbital , branchia l  and cornual plates do not meet e i ther the ventrai 
plate or the rostrai and median dorsal plates, but are separated from 
these by po1ygonal  smal l  plates. Simi lar smal l  pl ates seem also to be 
present most rostral ly a long the rostraI margin of  the  rostraI plate and 
i n  front of the ventrai plate. H ow the majority of these d ifferent plates 
are situated is shown more in  detai l  by text-fig.  90. 

Drepanaspis is thus provided with a carapace which in  severai 
respects resem bles that in the Pteraspidae, but which consists of  a 
much greater num ber of plates than that .  Since Drepanaspis i s  from 
the lower Devonian it seems hardly probable that the strong subdivi
sion of its carapace is  prim itive, but i t  is instead more l ikely that i t  is  
secondary, arisen from more typica l ly Pteraspis-like condit ions.  

Since we now know with certa inty which is the ven trai and which is  
the dorsal side o f  Drepanaspis, i t  is easy to understand that , contrary to 
TRAQuAIR ' S  statements ( 1 904, p .  727) , the mouth was not terminal  but 
ventra i ,  as in the Pteraspidae and that the nasal aperture or apertures 
must also have had a s imi lar position as in the Pteraspidae. I t  i s  also 
evident that the small openings (arb, text-fig. 90) wh ich TRAQUAIR ( 1 904, 
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Text-fig. 9 1 .  Phyllolepis concentrica. Dorsal aspect . /R 
After WOODWARD 1 920. 

C, cornual plate, developed as a cornu ; D, median 
dorsal plate ; R, rostrai plate ; V, ventrai plate (perhaps 

pairedL 

pp. 729-730) considered to have been devel
oped for a sensory organ of  some sort must 
be the orbita l  openings and that the eyes thus 
were very smal l .  Final ly, as  pointed out by 
WOODW ARD ( 1 920, p .  30) there i s  found an 
opening (ebr. c, text-fig. 90) between the bran
chial  and the cornual p lates ,  i f  we use the 
terms for these plates introduced above by 
me .  As far as can be judged, this opening, 
as suggested by WOODWARD,  m ust be the external branch ial  opening. 
And thus there was also a single external branchial opening on each 
side j ust as in  the Pteraspidae. 

The endoskeleton of Drepanaspis i s  not known , and i t  is  therefore 
l ikely that i t  was at least in the main unossified .  To judge from the 
position of the orbits and the mouth, the endocranium was very s imi lar  
in  shape to that  of the Pteraspidae, and the rostraI end of the head 
was, just  as in  these ,  forrned by the ethmoidal  region.  The branchial 
endoskeleton, the gil l-sacs and their mode of opening outwards were 
also quite certa inly of a Pteraspid-type. 

The cloacal opening has n ot been observed but i t  is very l ikely 
that i t  was situated just behind the ventrai p l ate and thus approxim ately 
in  the same transversal plane as the external branchial  open ings.  I n  
any case i t  i s  obvious that i t  cannot have been situated much fa rther 
backwards ,  and we thus see that the carapace o f  Drepanaspis in  i ts 
posterior-median part must enclose the ent ire body, except the caudal 
region .  I t  is  out of  quest ion that the branch ia l  region  reached to or 
a lmost to the posterior end of  the carapace for in such a case there 
would have been no  space left for the viseera. S ince even in  the earl iest 
appearing Pteraspidae only a comparatively short part o f  the trunk 
was surrounded by the carapace, we a re lead to the conclusion that the 
conditions in Drepanaspis with regard to the strong backward develop
ment of the carapace and the position of the v iscera in that are secondary. 

The posit ion of the external branchial opening suggests that 
the part o f  the trunk homologous to the shoulder-gi rd le was situated 
postero-medial ly to the postero-lateral corner o f  the carapace and that 
th is part was covered dorsal ly by the cornual plate (C, text-fig. 90) . 
Pectoral fins are entirely laeking and ,  as fa r as can be gathered , they 
must have become reduced . 

-c 

I 
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W h a t  h a s  n o w b e e n  s e t  f o r t h  c o n c e r n i n g  t h e p o s i t i o n  
o f  t h e  s h o u l d e r - g i r d l e  r e n d e r s i t  a t  o n c e  o b v i o u s  t h a t  t h e  
l a t e r a l  m u c h  f l a t t e n e d  p a r t s  o f  t h e  c a r a p a c e  c a n n o t  b e  
c o n s i d e r e d  e i t h e r  a s  p e c t o r a l  f i n s  o r  a s  h o m o l o g u e s  o f  
t h e  c o r n u a o f  t h e  Cephalaspidae a n d  Pteraspidae (cf. TRAQUAIR 
1 899 c ,  p .  846-847 ; H OWES 1 900, p . 309 ; KEMNA 1 903, pp .  373 -375) . 

The caudal fin was probably slightly hypocerca l ,  with fulcra but 
without real lepidotrichia ,  i ts  s ides being co vered by ordinary scales .  

From the observations reported we thus find that Drepanaspis, 
though it is much special ized in severaI respects , is nevertheless very 
closely al l ied to the Pteraspidae. 

Recently WOODW ARD ( 1 920, pp. 30-3 1 ) has re ferred the u pper 
Devonian form Phyllolepis to the Drepanaspidae. And as can be seen 
from text-fig. 9 1 , there are certain ly characters which perhaps may suggest 
a relati onship between this form and Drepanaspis. Thus the head and 
a considerable anterior part  o f  the trunk are broad an  depressed and 
provided with a carapace on the dorsal side o f  which we can d istin
gu ish severaI plates which somewhat resem ble the dorsal plates of 
Drepanaspis. 

On the other hand the carapace of Phyllolepis d ilfers rather much 
from that in  Drepanaspis for we flnd  that the cornual plates (C) are 
developed as strong spines and  that the dorsal median plate and the 
ventraI plate p roject far backwards beyond the cornual plates. 

The caudal region  was probably without  scales but had a partly 
ossified axial skeIeton . 

Wh ere the  eyes were situated and how the gi l ls opened outwards 
is so far unknown . Likewise n othing seems to be known of the m icro
scopic structure of the exoskeleton .  

Since Phyllolepis both i s  imperfectly known and obviously d iffers 
in  important features from Drepanaspis, i t  may be very much doubted 
whether i t  rea l ly  perta ins  to the Heterostraci at all . In fact with the 
sl ight knowledge we have of  it at  present I flnd i t  very d ifficuIt to 
understand where i t  may have i ts nearest a l l ies .  

Apart from Phyllolepis, the relat ionsh ips of  which st i l l  remain very 
uncerta in , we thus flnd that the Drepanaspidae in  a l l  respects are closely 
al l ied to the Pteraspidae, so closely even that they must have been 
deri ved either from com mon ancestors with these or from the o ldest 
p rim itive forms among them .  

Family Coel olepidae. 

With regard to t.he ir  general shape the Coelolepidae were ray-I ike and 
they were certa in ly adapted to a benthonic mode of  l iving (text-fig.  92) . 

Their exoskeleton consistes, as is well known, exclusively of placoid 
scales, very much resembl ing the placoid scales of the Elasmobranchs .  
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Text-fig. 92. Thelodus pagei. Dorsal 
aspect. After TRAQUAIR ( 1 899 b) 4( 1 .  

ibT, interbranchial ridge ; ocr, occipital 
region ; oes, opening for the oeso

phagus ; orb ? possible orbit .  

The eyes 'Yere small and 
s i tuated exaetly as in  the Pter
aspidae and Drepanaspidae. 
And the mouth and the ex ter
nal opening of the o l faetory 
organ had eertainly also s imi lar 
posit ions as in  these. 

The endoskeleton must 
have eonsisted of a rather solid 
tissue, sinee in one specimen 
of Thelodus pagei there are 
d istinet impressions of  the 
endoeranium and viseeraI end 0-
skeIeton .  As far as ean be 
judged this tissue must have 
been eartilage, perhaps strength
ened in plaees by very th in 
periehondral bone- Iayers. 

Text-fig. 92 is a eopy of 
the figure given by TRAQUAIR 
( t 899, b ;  p l .  39)  of  the very 
remarkable speeimen of  Thel

33 1 

odas pagei j ust referred to ,  whieh shows impressions of the endo
eranium and viseeraI endoskeleton .  As we see in  th is  figure, i t  is  at 
onee obvious that the endoeran ium and viseeraI endoskeleton must 
have been eontinuous with eaeh other as in  the Cephalaspids, and 
that the viseerai endoskeleton ,  as in them , was not  subdivided into 
branehial arehes but formed a eontinous skeIetal mass .  

The longitudinal r idge whieh is  denoted by the letters ocr in 
text-fig. 92, might  perhaps at the fi rst glanee be taken for a east of a 
gro ove eorresponding to the aortal groove o f  the Cephalaspidae ; but 
sueh an opinion is not i n  harmony with the faet that the ridge in question 
is  so wide and in  addition gets so rapidly narrower baekwards. In faet, 
therefore, this ridge must be interpreted as the oecipital region of  the 
endoeranium ; and thus the Coelolepidae had a very long oceipital region ,  
l ike the  Pteraspidae. The o t i e  region is  not shown , bu t  i t  is  presumable 
that it to,o was of  the Pteraspidean type ; and i t  is  quite c1ear that th is 
is  the  ease with the orbitotemporal and eth moidal regions too. 
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The visceral endoskelon evidently consisted of  an antero-lateral 
part and a posterior  part , of  which the latter corresponded to the post
branchial wall of the  Cephal aspidae  and ,  l ike that ,  was perforated by a 
big foramen (oes, text-fig. 92) for the oesophagus. There are d istinet 
traces of interbranchia l  ridges (ibr, text-fig.  92) , and everything ind icates 
that the gills were mesodermal ones of  the sa me type as in  the 
Osteostraci, A naspida and Pteraspidae, i .  e .  that they were more or  
less sac-I ike. They num bered at  least 7 and  were probably a few more. 
How they opened outwards is unknown so far ,  since no ind ications of 
external  branch ia l  openings have been found  with certa inty hi therto . 
But this much is certa in ,  that ,  i f  there was a com mon external opening 
for them, this must have been situated approximately as in Drepanaspis. 
I f  on the other hand ,  they opened outwards independently of each other 
it seems I ikely that their external openings lay on the ventral s ide ,  
as in the Cephalaspidae. If the former alternative were true, the 
so-cal led "pectoral fin-fIaps" would obviously be homologoues mainly 
to the postero-Iateral corners o f  the ca ra pace of  the Drepanaspidae 
and would  therefore only with their postero-media l  parts correspond 
to the shoulder-girdle ; and there would of cou rse be no traces of  pectoral 
fins. H, on the other hand ,  the second al ternative were true the so-cal led 
"pectoral fin -fIa  ps" would correspond both to the shoulder-gird le with 
the cornu and to the pectoral fins of  the Cephalaspidae, and POWRIE 

( 1 869, p. 299) and TRAQUAIR ( 1 899 b ,  p . 599) would be righ t in  their 
suggestions as to this question .  

According to WOODWARD ( 1 920, p .  29) , there are in Thelodus also 
undoubted indications o f  stout haemal spines in  the vertebral column .  

From what we  know at present concern ing them we  cannot be  in  
doub t  any l onger tha t  the Coelolepidae are a t  the  same stage of  organi
sation  as the Pteraspidae and Drepanaspidae and that they agree with 
these in  most of the ir  ch ief characters known h itherto. They d iffer, 
however, d isti nctly from the Pteraspidae and Drepanaspidae in  one 
chief cha raeter : the development of  the exoskeleton .  

TRAQUAIR i n  h i s  prel iminary report in  1 898 ( 1 898, p . 74) on the 
fine Coelolepidae, just d iscovered at that time in  Scotland , advanced 
the opinion that the Coelolepidae were al together primit ive , and this 
opinion he probably held also in  h is  paper on Thelodus pagei ( 1 899 b) .  
Somewh at l ater, however, he had entirely changed his mind in this 
respect (TRAQUAIR 1 899 c ,  pp.  843-844), as he  then maintained that 
the  Coelolepidae were highly specia l ized _ forms. But despite th is  he 
sti l l  considered them to be prim it ive with regard to the degree of 
development of the exoskeleton and so he d id also in 1 900 (pp. 772-
774). This opinion - that the exoskeleton of  the Coelolepidae i s  in 
primi tive stage o f  development - has later on been adopted by KEMN A 
( 1 903 , pp. 363-364) ,  GOODRICH ( 1 909, pp. 1 95- 1 96) and most other 
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writers. In reality this opinion has hi therto, under the influence of the 
current theory of  the origin o f  the exoskeleton from fused placoid scales ,  
been taken alm ost as a matter o f  course, and the reasons for and aga inst 
i t  have hardly been subjected to a serious discussion.  

To me,  on the contra ry i t  seems very I ikely that  the exoskeleton 
of  the Coelolepidae i s  the result o f  a regressive proeess of  development ,  
i .  e .  that i t  is  i n  a very reduced state and that i t  original ly consisted 
of bone of a s imi lar type as  in  the al l ied forms - the Pteraspidae 
and the Drepanaspidae. The reasons which may be al leged for my  
opinion in  this case are as fol lows. 

I .  A tendency to subdivision and degeneration of  the exoskeleton 
s imi lar  to that wich seems to have occurred among the Pteraspidae 
may probably have occurred also in other a l l ied groups of forms -
for instance in the Coelolepidae. And it is very conceivable that 
this tendency was stronger in  certain  of the groups than in  others ,  
and that the progress of reduction therefore very well may be th ought 
to have proceeded at d ifferent rates in  two groups such as the 
Pteraspidae and Coelolepidae. 

2.  The absenee of cel l - spaces in the exoskeleton of the Pteraspidae 
and Drepanaspidae i s ,  as I have pointed out, with a h igh degree of  
probabi l i ty ,  a secondary charaeter. The ancestors o f  the Pteraspidae 
and  Drepanaspidae must therefore, as far as can be judged , have 
had an exoskeleton which contained bone cel ls .  N ow since exo
skeietal p lates, which lack cell-spaces and which in most features 
are Drepanaspis- l ike are found in  deposits as old as the Middle 
Ordovician (Astraspis) , i t  i s  evident that the Pteraspidae and 
Drepanaspidae with the typical  m icroscopic structure of  their 
exoskeleton - that is  without cell-spaces - range very far back and 
that their supposed ancestors with an ordinary cell-bearing exoskeleton 
must have I ived in  a st i l l  more remote time. Expressed in  another 
way : there are strong indicat ions that the ancestors o f  the Pter
aspidae and Drepanaspidae had cel ls in their exoskeletal bone and 
tha t  these ancestors I ived at a t ime very much before the time  in  
which the  Coelolepidae appeared, probably in  the  lower Ordovician 
or perhaps even in  the U pper Cambrian. 

Under these circumstances, when an exoskeleton of  bone must 
be assumed to have been present a l  ready so early among the 
prim itive ancestors of  their nearest al l ies ,  i t  would obviously be 
very strange i f  the Coelolepidae themselves had not a lso original ly 
been provided with a bony exoskeleton or  at least had not descended 
from ancestors with such a skeleton .  Further i t  i s  evident that the 
Coelolepidae, despite the fact th at they are S ilurian and l ower 
Devonian forms, are not among the oldest Ostracoderms and that 
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therefore the ir  geological appearence cannot a lone be held  as an  
important  fact for deciding whether certa i n  o f  their ch aracters are 
pr imitive or  not .  

3 .  The fact that the visceral endoskeleton and the endocranium in 
the Coelolepidae were continuous with each other and developed 
as i n  the Pteraspidae, Drepanaspidae and Osteostraci would 
be very d i fficult to expla in unless we assurne that the Coelolepidae 
origina l ly had a carapace l i ke the one in the ir  nearest a l l ies the 
Pteraspidae and Drepanaspidae. 

4. I f  we assu rne that the endoskeleton of the Coelolepidae is in  a 
prim i tive stage o f  development, we are forced to the  conclusion 
that bone t issue arose independently i n  the exoskeleton o f  the 
Osteostraci and Heterostraci. But since, as has been pointed out, 
the supposed ancestors of  the Heterostraci which I ived during the 
the Cam brian or  lower Ordovidium al ready had a bony exoskeleton 
there is  much reason to bel ieve that such a skeleton was present 
al ready in  the common ancestors of the Heterostraci and Osteostraci 
and thus also in the ancestors of the Coelolepidae. 

I f  now the Elasmobranch ian-I ike character of the exoskeleton , as 
i t  seems and as I have mainta ined,  a re not  pr imitive but the result of a 
process of reduction or  degenerat ion ,  i t  i s  evident that the Coelolepidae 
must be very c10sely related to the Pteraspidae and Drepanaspidae. 
In any case the relationsh ips between the Coelolepidae, on the one 
hand ,  and the Pteraspidae and Drepanaspidae, on the other ,  ind icate 
clearly that the Coelolepidae must undoubtedly be referred to the 
H eterostraci. 

* * 
* 

From the brief account given of  the d ifferent forms general l y  
referred to  them we  ti nd that , so far as  we  can  j udge, t he  Heterostraci 
constitute a natural unit .  It is also clear from this account that  the 
Heterostraci are agnathous and that they are a l l ied to the Osteostraci 
and Anaspida and perta in  to the  same l arge category of lowly organized 
cran iate vertebrates as these. On  the other hand , we have been able 
to show above that i n  certa in  respects they are more prim itive than the 
forms just mentioned, as for instance, with regard to the posit ion o f  the 
ol factory organ ,  the m ore paired appearance of that organ ,  the position 
of the eyes, the construction of  the rostrum and of  the anterior part o f  the 
endocranium and tinal ly also with regard to the d isposit ion of  the sensory 
canaI system.  Since with regard to the exoskeleton they have atta ined 
a rather high degree of  special ization ,  however, they cannot have given 
rise to the Osteostraci and A naspida, but i t  is  ful ly evident that they 
must have evolved from a common ancestrai form with these. 
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Text- fig. 93. Diagram showing the interrelat ion
ships of  the ch ie f  groups o f  the foss i l  

Ostracoderms. 

A n <1spidu 
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Osteo_traei H eterostro.ei 

From the account given here of 
Heterostraci i t  is  further evident that  
these must belong to one branch of the 
Ostracoderms,  while the Osteostraci and Primitive O.traco�erm. 
Anaspida pertain  to another characteri zed 
especial ly by the excessive development of the upper lip and the second
ary replacement of the naso-hypophysial opening to the dorsal s ide of 
the head. As far as ca n be j udged at present ,  the interrelationships of 
the d ifferent groups of Ostracoderms wot.dd therefore be as is shown 
by the diagram in text-fig. 93. 

Final ly i t  has also to a certain extent been shown that the A naspida 
and the Osteostraci among recent forms have their nearest relatives 
in  the Ptetromyzontidae, while the Heterostraci among recent  forms 
seem to be most akin to the Myxinoids. Whe shal l  have the opportunity 
to d iscuss this more in  deta i l  in the following chapter, which deals with 
the Cyclostomata. 

These researches have thus led me to an opinion as to the systematic 
position and affin ities o f  the H eterostraci that is entirely d ifferent from 
the one main tained by TRAQUA IR  ( 1 899 c, pp.  853-858) and KIAER  
( 1 924, pp .  1 22- 1 23,  1 29) .  

Cycl osto m ata. 

Among the Cyclostomata we shal l  first deal with the the Petromy
zontids ,  wh ich in  severai respects - particularly ,  however, with regard 
to their ontogeny -- are more completely known than the Myxinoids .  

Petromyzontia. 

Before I enter upon the Petromyzontids I should mention here 
that I have received much valuable in formation concerning their anatomy 
from Professor N. HOLMGREN of  Stockho lm ,  who is  just preparing a 
work on their skeieton .  I n  addit ion it should also be stated here that 
I have had the great privi lege of going through in  detai l  severaI of  
Professor HOLMGREN 'S  section series through Petromyzon and Petro
myzon-larvae . And for his great courtesy in in forming m e  thus of h is  
unpublished results and for h i s  kindness in placing at my  disposal h is  
material I wish here to express to  Professor H OLMGREN my deepest 
gratitude .  I a lso wish to thank Professor HOLMGREN borh for the 
opportun ities he has given me to discuse with him many of the problems 
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which have ar isen during the course of  my researches in to the Cephal
aspidae and for the great interest he has taken in my  work. 

In the Petromyzon-larva , as has l ong been known ,  there occurs 
a sort of  carti lage, general ly term ed muco-cartilage or mucous carti lage 
or in German Schle imknorpel (cf. SCHAFFER 1 896, pp .  632- 644 ; 
GASKELL 1 900, pp .  565--577 ; 1 908, pp.  33 1 -339 ; SCHALK 1 9 1 3) .  As 
this cart i lage is  of particular  interest to us in this connection ,  i t  wi l l  be 
necessary to deal with it in  deta i l ; and i t  is a l l  the more necessary to do 
so because its importance from a morphological point of  view has hitherto 
not been real ized,  except to a certa in  extent by GASKELL ( Ioc. eit) . 

Accord ingly to GASKELL, the muco-cartilage of a Petromyzon-larva 
in  a som ewhat advanced stage of  development has the d istri buti on  
shown i n  text-fig. 94 of  the present work. I t  wou ld  thus  form a p la te 
in the rostro-dorsal part of the head ,  which m ay be referred to as the 
rostro-dorsal plate , and a plate situated between the ventraI ends of 
the 5 anterior branchial  arches and extending from th ere upwards 0 ;1 

each side in  front of the branchial basket , a plate which may be termed 
the ventro-lateral plate. These two plates are said to be d irectly continous 
wi th each other at each antero-latero-dorsal end of the ventro- lateral plate, 
which in  add it ion i s  fi rmly attached to the branchial  basket. Below 
the place at  which the two plates are connected with each other there 
i s  a gap between them in the restorat ion given by GASKELL (text-fig. 94 
in  the present work) .  But SCHAFFER ,  on the contrary, i f  I understand 
h im correctly ( 1 896, p l .  27 , figs. 2-4) , has found this gap fil led out  by 
muco-cartilage too. And according to information given me by HOLM
GREN and as fa r as  I can see mysel f, this is  really the case. Thus the 
restoration publ ished by GASKELL is  certa in ly incorrect i n  this re speet. 

GASKELL ( 1 908, p .  334) bel ieved that he had found certain facts 
which appeared to h im to ind icate that the entire branchia l  basket 
behind the ventro-lateral p late in  young larvae was covered on the 
outs ide by a l ayer of  muco-cartilage ; and  that this is  real ly the case 
has now been confirmed by HOLMGREN .  But H OLMGREN has also 
found that th is muco-carti l age, which for the sake of  brevity we may 
cal l  the branchia l  plate, d i sappears rather early, so that ,  except at certa in  
spots i n  relation to the epitrematic and hypotrematic com missures, i t  i s  
never found in  l arvae i n  m ore advanced stages o f  development .  

The branchial  plate of  muco-cartil age is  continuous anteriorly and 
ventrally with the ventro-l atera l p late ,  and  consequently the muco-cartilage 
of the larvae at this stage forms a continuous skeietal mass th roughout 
the head and branchial region .  

In addit ion i t  should be pointed out here that in  special ly stained 
section series i n  the possession of  HOLMGREN the rostro-dorsal plate 
of  muco-cartilage i s  seen to extend much farther backwards i n  the 
median parts of the head than was mainta ined by GASKELL. 
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. C  

Text-fig. 94. Endoskeleton of the head and branehial region of a Petramyzan-Iarva . The 
d ifferent kinds af eartilage shown in  eolours . Mucous eartilage red ; soft earti lage blue ; 
hard eartilage purple. After GAS K E L L  1 908. Aeeording to N. H O L M G R E N  the mueous 
eartilage in  the upper l i p  and in  the ante ri or and ventraI sides o f  the branehial region 

form a continuous mass so that the gap between them does not exist. 
au, otie eapsule ; ch, notoehord ; er, brain eapsu le ; ebr. c, external branehial open ing ;  

na ,  nasal aperture ; n. cart, nasal eartilage ; arb, orbit ; pin, pineal organ. 

22 
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We rhus see that muco-cartilage plays a very important  part in  
the  skeleton of  the  Petromyzon-Iarva and tha t  i t  forms a continuous 
mass throughout the head and branchia l  region .  

After th is general orientation concern ing its d istribution  we now 
proceed to a more detai led study of  the muco-cartilage. The m icroscopic 
structure of this cartilage, which has been dealt with in a satisfactory way 
a l  ready by SCHAFFER and GASKELL, is not necessary to enter upon here. 

The muco ·cartilage i s  in places rather thick - as for instance most 
rostral ly anGI around the ol factory organ ,  which is to a large extent 
surrounded by i t  - while i n  other p laces i t  is  present  only as a very 
thin layer. It l ies on the whole elose beneath the corium,  with the 
basal layer of which i t  is  i n  contact (text-fig .  95) , extend ing from that 
inwards  as far as the visceral musculature , which to a great extent 
invades its media l  parts , so that these become more or less completely 
reduced especial ly most rostral ly .  Or to put i t  i n  another way : i t  fiI ls 
the space between th e corium and the v i sceral museulature , which 
invades and mostly destroys its medial parts. The segmenta l  (somatic) 
museulature of  the head and branch ia l  region ,  on the con tra ry, is ,  as has 
been pointed out to me  by HOLMGREN ,  situated within the muco-cartilage, 
so that in  fact there i s  a layer of this both on  the outside of i t  beneath 
the cori um and on the inside of i t .  How these relations  are between the 
muco-carti l age, on the one hand ,  and the visceral and segmenta l  museu
lature, on the other, I have tried to elucidate in the somewhat diagram
matic text-fig. 95. Now since - from what we know there i s  every reason 
to believe that the anterior segmenta l  museles of the Petromyzontids 
did not  origina l ly have the ir present extension forwards i n  the head 
but must have m igrated forwards from a more poste ri or  position 
(cf. KOLTZOFF 1 90 1 , pls. 6, 7 ;  jOHNSTON 1 905 , pl .  5 ;  cf. also text-fig. 38 
in the present work which shows the an terior extension of  the most 
anter ior spinal  motor nerve roots ; cf. a ls o GASKELL 1 908 ; p .  337 ; 
DOHRN 1 884- 1 89 1 ; H ATSCHECK 1 892 ; etc . )  it i s  very conceivable 
that they origina I ly were situated enti rely behind the muco-cartilage. 
And we shall find that there are certain  addit ional facts wh ich point in 
the same d i rection . 

As H OLMGREN has found , there is i n  the Petromyzontids a sub
epidermal and a subaponeurotic vascular plexus, just as in  the Osteo
straci ; and it is now very interesting to fi n d  that the mucous cartilage 
l ies just beneath the last mentioned one of these two plexus or so 
that this plexus faI ls within its most superficial part. It i s  a lso of 
importance to caIl attention to the fact that i n  its relat ions to the cranial  
nerves and vessels the mucous carti lage i s  exactly as certain  parts of 
the endoskeleton of  the Osteostraci. Thus, for instance ,  the rostro-dorsal 
plate is perforated by the profundus nerve, by the arteria facial is and 
by severaI veins. 
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F r o m  i t s  p o s i t i o n  a n d  r e l a t i o n s  t o  t h e  s o f t s t r u c t u r e s  
i t i s t h u s  b e y o n d  q u e s t i  o n t h a t t h e m u c o-c a r t i l a g e  o f t h e  
p e t r o  m y z o n-I a r v a e w a s h o  m o l o g  o u s w i t h a c o n s i  d e r  a b l e  
p a r t  o f  t h e  e n d o c r a n i u m  a n d  v i s c e r a l  e n d o s k e l e t o n  o f  t h e  
O s t  e o s  t r a c i a n d  t h e  o t h e  r O s t r a c o d e  r m s. A n d  i t i s  r e
m a r k a b l e  t o  f i n d  t h a t  i n  i t s  c o n f i g u r a t i o n  a s, a w h o l e , i t  
s t i l l  r e t a i n s  t h e  g e n e r a l o u t l i n e s o f  t h e  c o n t i n u o u s  O s t r a
c o d e r m  e n d o s k e l e t o n  a n d  t h a t, l i k e  t h i s , i s  h a s  i t s  v i s c e r a l  
p a r t c o n t i n u o u s w i t h t h e  e n d  o c r a n  i a l p a r t. I t i s  also worthy 
of  notice here that i t  surrounds the mouth-opening and that there are no 
independent cartilages around this and that i t  thus also in  this respect 
is very suggestive of the endoskeleton in the shield of the Osteostraci. 
Final ly i t  deserves to be mentioned here that there are no  independent 
l ingual carti lages, their place being occu pied by the ventrai median part 
of the ventro-Iateral plate of muco-carti lage. 

Besides the plates of  muco-cartilage just described the endoskeleton 
of the Petromyzon-larva is ,  as is  well known , made up of  other parts 
consisting of other sorts of carti lage. Thus there is a skeietal piece 
which earlier writers have considered to be the trabecula + the parachordal 
(text-fig. 94), but which SEWERTSOV ( 1 9 1 6, 1 9 1 7) rather recently has tried 
to interpret only as a parachordal ,  and an otic capsule, which both 
consist of hard carti lage. In addition there are branchial arches and a 
nasal cartilage (na. cart) which consist o f  soft cartilage. The branchial 
arches arise as independent elements, but become continuous with each 
other and with the neurocran ium already i n  the larva. And it i s  further 
noteworthy that in  those early larval stages in  which the branchial  plate 
of muco-cartilage i s  found they are situated cIose medially to this plate or 
perhaps even i n  such a way that  they belong to i t  - a condit ion which 
m akes i t  very probable, that they are of the same origin as this and that 
they are to be homologuized with the interbranchia l  septa and inter
branchial ridges of the Osteostraci and other Ostracoderms .  The nasal 
cartilage is  to a great extent situated within the rostro-dorsal plate of muco
cartilage (cf. inter al ia SCHALK, 1 9 1 3 , text-fig .  8) ; and the paraehordalia of 
SEWERTSOV'S  description reach so far forwards that most anteriorly 
they are at least partly surrounded by the said plate of muco-cartilage. 
Finally the otic capsule has hardly any d irect connections with the 
muco-cartilage , but i t  seems not impossible that this may be a secondary 
phenomenon. I n  any case it can hardly be doubted that the skeietal 
parts now dealt with a l l  have exact homologues in  the endoskeleton of  

,. the Osteostraci and the other Ostracoderms, and tha t  the skeleton of  
the  Petromyzon-larva thus  has retained other hom ologues of  the endo
skeiet on of the Ostracoderms than the muco-cartilage . 

I n  the Petromyzon-larva there is n o  cartilage in  the posterior wall 
o f  the perichard, and the heart is  therefore not enclosed in  the branchial 
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basket as in  the adul t  but l ies behind th is ,  as it d id  in the Ostracoderms. 
Further, at least in  the older stages o f  the Petromyzon-larva, the most 
posterior branch ial  arches are so long that they reach down to and 
meet the ir  fel lows of  the opposite s ide in  the median l ine on the ven traI 
side of the branch ia l  basket, whereas the anterior, ones on the contrary, 
becom e  shorter in their ventraI parts forwards,  so that they gradual ly  
withdraw their ventraI ends  from the ven traI en ds of  thei r fel lows on the 
opposite s ide forwards. Because of  th is there arises between the ventraI 
ends of  the anterior branchial a rches of  both sides a gap wh ich widens 
forwards, a gap wh ich is  en tirely occupied by the ventraI part of  the 
ven tro-lateral muco-cartilage plate. This gap obviously corresponds ,  at 
lea st in part , to the oralo -branchia l  fenestra o f  the Osteostraci, whereas 
the posterior branchial arches, wh ich reach downwards and meet in  the 
median l ine ,  occupy a s imi lar  posit ion as the postbranchia l  wall of the 
Osteostraci and other OstracoJerms.  I t  should also be pointed out 
here that in the Petromyzon-Iarva the external branch ia l  open ings of 
each side l ie in a l ine which descends backward towards the ventraI 
s ide of the an imal ,  a condit ion which is  welJ shown i n  certa in o f  the 
figures given by PARKER ( 1 883, pl . 8, figs. l ,  4) .  Accordingly with regard 
to the disposit ion of the external branchia l  openings the Petromyzon
larva is very suggestive of the A naspida (cf. text-fig. 84 in the present 
work). 

The characters of  the branch ia l  basket of the Petromyzon- l arva 
just dealt with , together  with the disposit ion of the external  branch ia l  
openings, would al ready in  themselves sugge st that  the Petromyzontids 
had been derived from forms with a rath er  sh ort branchial region o f  a 
s imi lar type as in the Osteostraci, or  perhaps sti l l  more as in the 
Anaspida. But that th is real ly must be the case i s  fu l ly confirmed by 
the mode of  development of  the branch ia l  basket and by the relations 
of  the nerves. Thus KOLTZOFF  ( 1 90 1 , pp .  432-435) has shown that 
the branch ial basket during the ontogeny real ly  grows backwards, 
while J OHNSTON ( 1 905, pp .  1 95- 1 96) has been able to establ ish that 
the relations between the truncus epibranch ial is vagi and the somatic 
motor nerve roots are such that they can hardly be explained un less 
the branch ia l  basket has secondari ly been lengthened in  a backward 
direction .  JOHNSTON even arrives at the conclusion that the branchial 
basket original ly d id not reach further backwards than to the 1 0th 
somite .  Accord ingly we find that the Petromyzontids also with regard 
to the branch ial  basket original ly must have been very much l ike the 
Osteostraci and Anaspida. 

Before we proceed furth er in our account o f  the skeleton o f  the 
head and branchial region of  the Petromyzon- larva, we have to consider 
the ontogenetic development of  the o l factory organ and the hypophysis , 
a development wh ich throws l ight on  the n ature of  the an terior part 



DOWNTONIAN AND  DEVONIAN VERTEBRATES. I 

Text-fig, 95. Horizontal section through the an
ter ior part of a Petromyzon larva. The figure 
shows the posi t ion of the mucous cartilage i n  
relation t o  the  viseerai and  segmental (somat i c) 
museles and to the corium, Mucous carti lage red , 

Chie fly after GASKELL ,  

cor, corium ; sm,  somatic muscles ; vm,  viseerai 
museles, 

vm . .  ---

V-- ----,I I1-ffff-lJ 

of the skeleton of  the head.  Above v m- ----- -I . • I+ltttl-.. f��,I_J" 
(pp.  323-325) we have a l  ready had the 
opportunity of deal ing with this to a v m-

5m 
certain degree,  but we shal l  now go 
a l i ttle m ore i nto detai ls .  
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t r  
i n {  

I n  larvae of 3 m m  length (text- 5�m .::::. 
fig. 96) the head with the brain is much - br, 

bent downwards with its prechordal 
sm - - . --

parts, so that the lamina terminal is faces vm - - - - - -iit·\ \·\ ·\ -If - - brJ 

almost straight downwards (v. KUPFER 
1 905, p .  43) . And i t  i s  special ly noteworthy that the rostraI t ip o f  the 
head in this stage is forrned by the ethmoidal  region ,  that is by the cran ium 
itsel f. I mmediately external ly and ventrally to the lamina terminal is  l ies  
in  this stage the epidermis ,  which there consists o f  special ly h igh cel ls  
and which presents two pi ts .  The anterior  one of these p i ts  (n)  i s  the 
o l factory pit ,  the posterior one (h) , on the contrary, is the hypophysial 
pit ,  which later develops in to the hypophysial sac. Both p its are involved 
in  a common i nvagination and they are also both o f  them situated on 
the ventraI side of  the head,  behind the rostrum and close in  front of 
the mouth or ' more correctly the stomodaeum (f) . I n  fact the hypo
physial pit  is separated from the stomodaeum only by a smal l  fol d  (u) 
- the upper lip (cf. V. KUPFER 1 905, pp. 42-43 ; PETER 1 90 1 ,  pp. 8-
1 3 ;  GOODRICH 1 909, pp. 39-40 ; etc. ) .  In the stages fol lowing next 
to ' the one just described (text-fig. 89) the olfactory and hypophysial 
pits are developed into the o l factory organ and the hypophysial sac 
respectively, and the invagination in  which both o f  them were involved 
d iminishes in  diameter and i t  transforrned into a space in to which both 
open . The exter'nal opening of  this space in  its turn forms the common 
external opening of the o l factory 9rgan and the hypophysial sac, on  account 
o f  which i t  may be ca1led the naso-hypophysial opening. The olfactory 
organ and hypophysial sac both reta in ,  on the whole ,  their earl ier relations 
to, the anterior end of the brain , but since' the longitudinal axis of this 
as wel l  as of  the heåd straigh tens out anteriorly by an upward swing 
of  the prechordal part of  the head as a whole, they gradually sh i ft sa 
'lhat they bec0!TIe situated fi rst in  the rostraI end of  the head and then 
m ore dorsal ly. And as a consequence of this shifting, their com mon 
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external opening, the naso-h ypophysial opening, wi l l  face fi rst antero
ventrally, then anteriorly and final ly antero-dorsally. During the progress 
of straighten ing of the head the upper lip increases rapidly in size and 
swings forwards and upwards with its anterior end so that i t  projects 
in front of the naso-hypophyseal opening and forms the rostrum. 
Whereas the rostrum i n  ear l ier larval stages, as has been pointed out ,  is  
formed by the neurocranium � or  more exactly by the ethmoidal region 
of this � i t  becomes thus in  later stages instead formed by a structure of  
viseerai origin. I n  sti l l  older stages the  upper l ip  continues to increase in  
s ize ,  the preolfactory part of  the head formed by i t  thus atta in ing a consi
derable length. The o l factory organ and hypophysial  sac retain a lso 
during these o ldest  stages on the whole their or ig ina l  c lose relat ions to 
the anterior end of  the brain unchanged ,  but the naso -hypophysial 
opening gets final ly such a posit ion that i t  faces a lmost straight 
dorsal ly .  

The facts now advanced concerning the ontogeny indicate : ( I )  that 
the ol factory organ and the hypophyseal sac of  the remote ancestors 
of the Petromyzontid s  lay so that they opened on the ventrai side of 
the head, close in  front of the mouth and behind the rostru m as in Myxine 
and the Heterostraci ; (2) that the preolfacto ry  part of the head in  the 
Petromyzontids can not be homologuous with the rostrum and pre
olfactory part of the head in  the Myxinoids and Heterostraci since these, 
as far as can be judged , are formed by the ethmoidal region (cf. PETER 
1 90 1 , pp.  1 1 � 1 3 ;  v .  KUPFER 1 905, pp.  23�58) ; and final ly (3)  that  the 
muco-cartilage in  the preolfactory part  of the head , as far as to close 
in front of the o l factory organ,  does not form part of  the endocranium 
but that ,  since i t  i s  formed in the upper l ip ,  i t  must perta in to the 
v iseerai endoskeleton . 

As it has thus been establ ished that by the excessive development 
of the upper l ip  and the  d i splacement of  the naso-hypophysial opening 
the anterior  part of  the head o f  the Petromyzon- Iarva undergoes such 
considerable transformations ,  i t  is not astonishing to find that i t  i s  
d i fficult to recogn ize in  i t  the homologous of  the trabecles of  other 
vertebrates (SEWERTZOV 1 9 1 6, pp .  1 2-78) . But that th is  condition 
would be prim itive , as ma intained by SEWERTZOV ( 1 9 1 6, 1 9 1 7) ,  i s  enti rely 
excluded . 

Accord ing to what we have found from the above facts given the 
Petromyzontids are obviously unique among recent craniate vertebrates 
with regard to the position of the naso-hypophysial opening and the 
homologues of  the preol factory part of  the head. On the other hand ,  
i t  i s  easi ly seen that  in  these respects they agree very wel l  wi th the 
Osfeostraci and Anaspida. As has been shown, these had an unpaired 
olfatcory organ situated close in front of  the brain and a hypophysial 
sac which did not communicate with the pharynx but ended bl indly 
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Text-fig. 96. Petromyzon-larva, 3 mm long. Median 
sagittal section. A fter v.  K U P F E R  1 905. 

A, brain ; D, al imentary canal ; e, epiphysis ; f, stomo
daeum ; h, hypophysial pit ; i ,  i n fundibulum ; l, lower l i p ;  
It, lamina term inal is ; n ,  olfactory pit ; nt, notochord ; 
pn.  processus neuroporicus ; u, upper l ip ; vel, velum. 

beneath the infundibulum, exactly as in  th e  
Petromyzon-Iarva. I n  addition t h e  o l factory 
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organ and the hypophysial sac in these forms opened outwards th rough 
a common opening situated on the dorsal side of the head far behind 
the rostrum ,  just as in  the Petromyzontids . And we are therefore able 
to conclude that the  preolfactory part of the head in the Osteostraci 
and A naspida must be homologous with that i n  the Petromyzontids 
and that, l ike that , i t  must have been forrned by the upper I ip .  

Agreements of so special a kind as these between the Petromyzon
tids ,  on the one hand, and the Osteostraci and Anaspida, on the other ,  
cannot possibly be considered to have arisen independently .  Or to put i t  
in another way : they cannot be paral lel isms ,  but must ind icate that  the 
said forms are al l  very closely related to each other ,  i n  fact even so 
c10sely that they must pertain to a com mon branch of  the Ostracoderms .  
And i t  should also be stated here that everyth ing e lse that is  known 
of the anatomy of the Osteostraci and Anaspida very d istinctly points 
i n  the same  di rection .  

Much has been written about the viseeraI skeleton of  the Petro
myzon-Iarva ,  but no  very thorough analysis of it has ,  been publ ished 
until rather resent ly by SEWERTZOV ( 1 9 1 6, 1 9 1 7) .  In the fol lowing brief 
account  of i t  I shal l  chiefly  fol low SEWERTZOV, but since he has to a 
great extent overlooked the m uco-cartilage I have ,  so far as that is  
concerned ,  to base my  statement on GASKELL'S ,  SCHAFFER'S and HOLM
GREN 'S  observations .  Moreover i t  should be mentioned that ,  for certain  
reasons to be given below, I cannot  adopt  SEWERTSOV'S term inology 
with regard to the anterior viseeraI arches, but I shal l employ the 
ordinary one.  

After leaving the cranial cavity the typical branch ial nerves, that i s  
to say ,  the n .  glossopharyngeus and the branchial nerves from the truncus 
epibranchial is vagi - pass first dorsally and entirely external ly to the 
branchial basket. Well with in  the branch ial basket each one o f  them 
continues downwards on the antero-media l  s ide of  an arch , behind the  
gi l I -sac corresponding t o  i t .  And  i t  is  very remarkable that each one  o f  
t hem has  no  pretrematie branch , but, on  the contrary, a viseeraI branch 
which takes a ventro-medial  course innervating a sense organs  on the wall 
of  the pharynx medial ly to its a rch . The most anterior branch ial a rch related 
to a gil l-sac is  the one innervated by the n. glossopharyngeus. Anteriorly 
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to that areh and its gi l l -sae - the fi rst g i l l-sae - and thus anterior ly to 
the braneh ia l  basket there i s  in the elder l arval stages, as we have seen , 
the lateral part of  the ventro-lateral mueo-earti lage plate (text-fig. 94) . 
This part o f  the ventro-lateral mueo-earti lage p late is i n  its dorsal ha l f  
divided by a fenestra ,  the  suboeular  fenestra, i nto two proeesses a 
posterior  one ,  wh ieh aseends to the part of  the paraehorda l  situated 
ventro-media l ly to the otie eapsule of  its s ide,  and an  anterior one ,  
whieh i s  eontinuous with the rostro-dorsal plate o f  mueo-earti lage. 

The former of these proeesses, whieh is rather narrow, has on its 
medial side two ridges i n  its longitud ina l  d ireetion - one along the 
posterior  and one along the anterior border (text-figs. 95, 97) - and both 
these ridges eontinue a eerta in  distanee ventral ly beyond the proeessus 
on the media l  s ide of  the ventraI ha l f  of  the l ateral part of  the ventro
l ateral mueo· earti lage plate .  Both the ridges a re, at least in  eertain parts ,  
very h igh and keel-l ike .  And whi le the anter ior one (md) l ies i n  the 
velum and thus anteriorly to the spiraeula r  or  hyoid invagina tion (sh) , 
the posterior one (hb) is situated beh ind  this invagination , i n  the anterior 
wal l  of the first funetionary gl l l-sae ,  but has similar relat ions to the 
viseeraI museulature as  the braneh ia l  a rehes proper, as ,  for instanee, 
the first braneh ia l  a reh (br! ) .  The so-ea l led r .  mand ibularis trigemin i  
passes downward on the media l  s ide of  the former (md) , whereas the 
n.  facia l is ,  a t  least aeeording to SEWERTZOV, runs downwards main ly on 
the media l  side of the l atter .  

From their positions and relat ions to the branehia l  i nvaginat ions 
and to the nerves and other soft struetures SEWERTZOV a rrives at  the 
conclus ion that the two ridges, together  with the eorresponding parts o f  
the  proeess 0:1 wh ieh they a re situated , i n  faet a re  serial homologues 
to the branehia l  a rehes o f  the braryeh ia l  basket and that the posterior 
one of them,  t06ether with the correspond ing part of the proeess, is  
equiva lent to the hyoid a reh ,  whi le the anterior one  with the eorres
ponding part of the proeess represents the mandibular a reh . And i t  
seems beyond  question that SEWERTZOV i s  righ t ,  at  least  i n  as mueh as 
that the ho:nologues o f  the hyoid and mand ibu lar  arches h ave been 
moved toward s eaeh o ther, so that they form together the poster ior 
proeess of the dorsal half of  the l ateral part o f  the ventro-Iateral mueo
carti lage plate .  And this eondit ion has  perhaps given rise to the reduc
t i O rl  of the gil l-sac of the spi raeular i nvagination .  In the aeeount below 
we shal l refer to the ridges just described as the mandibular  and hyoid 
ridges respeetively. 

The an terior  pro:;ess of the dorsal  half o f  the ventro- lateral plate 
of m uco-cart i l age is ineorreet in the restoration by GASKELL reproJuced 
in text-fig. 94 i n  the present work. In real ity it is  eontinuous a long its 
enti re anterior side with the rostro-dorsal plate o f  mueo-carti lage . ! CIose 

1 This faet has not been observed by SEWERTZOV e i ther. 



DOWNTONIAN AND DEVONIAN VERTEBRATES. 345 

anteriorly to the subocular fenestra by means of  wh ich i t  i s  separated 
from the posterior proeess of the same muco-carti lage-plate i t  has on 
its medial side a rather th ick ridge, pmd, ( text-fig. 97) which passes 
from above downwards and slightly posteriorly.  This ridge l ies medial ly 
to the so-cal led r .  maxi I laris trigemin i  (V2 mx) and ventral ly to the 
profundus nerve (Vl) and in  addit ion in  such a may that there is  a very 
d istinet invaginat ion, the presp iracular or premandibular invagination (psh) ,  
between i t  and  the  velum .  Anteriorly to  i t  fol lows the  most rostro-dorsal 
part of the head forrned by the rostro-dorsal part of the upper l ip ; 
thus the part of the upper l ip that  bounds the ora l  open ing anterio:-Iy 
and laterally. The viseeraI museulature, which so far an teriorly has 
strongly invaded the medial parts of the rostro-dorsal muco-carti lage (text
fig. 97) ,  l ies to a great extent lateral ly to the ridge with i n  the rostro -dorsal 
plate ; but i t  can hardly be doubted that this i s  a secondary cond ition ,  
and that  the  most rostraI viseerai museulature originally lay media l ly  
to it . Despite the fact that th is  ridge, as we find ,  has not at a l l  the 
typical relations of  a branchial arch , SEWERTZOV nevertheless in terpretes 
it as the homologue of a premandibular arch . It wi l l  be referred to 
here as the premand ibular ridge. 

This ridge is  the on ly  possible evidence of  premandibular viseerai 
arches wh ich can be found in  the Petromyzon-larva . 

I f  we now pass to comparisons with the Ostracoderms ,  i t  i s  easely 
seen that the ridges of the Petromyzon-larva which have been described 
above as hyoid ,  mandibular and premandibular ridges are very sug
gestive of  the in terbranch ial septa and in terbranchial  ridges, as. for in
stance, i n  the Osteostraci and Coelolepidae and that, on account o f  their 
relat ions to the skeleton otherwise and to the soft structures, they must 
be homologous with the correspondingly situated interbranch ial septa + 
in terbranchial ridges in  the Osteostraci. Thus the hyoid ridge must be 
homo!ogous with the second interbranch ial septurn + the second  inter
branchial ridge, and the mandibular ridge with the first interbranchial  
septurn + the fi rst i nterbranchial r idge, whi le the premandibular ridge 
presurnably i s  equivalent to the prebranch ial ridge (cf. text-figs ,  4 ,  1 3. 
36, 37) . 

I n  the Petromyzon-larva there fol lows, anteriorly to the premandibu
lar ridge, a part of  the upper l ip which forms the anterior and lateral 
boundary of an  anterior part of the oral cavity and the anterior and 
la terial boundaries of  the mou th-opening .  This  par t  of  the upper l i p  
which is  well seen in  text-fig. 97  B anteriorly t o  t he  ridge p. md, occu
pies in  most respects a s imi lar position as the part o f  the upper lip of 
the Osteostraci that forms the boundary for the area dpr (text-figs. 4, 
9- 1 3, 36, 37) ; and ,  as far as can be judged, it i s  homologous with 
that part, though it is  much more strongly developed . And accord ing ly 
we find  that  the up per l ip  of  the Petromyzon- l arva no t  m erely as a 
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wh01e but a1so with regard to details presents very striking agreements 
with the the most rostra1 part of the eephalie shie1d o f  the Osteostraci. 

The most anterior branehia1 invagination that is provided with a 
gil l-sae i n  the Petromyzon-Iarva is the one which i s  situated between 
the hyoid ridge and the first branehial  areh . Anteriorly to this i nvagi
nation there are, as has already been po inted out, two other branehial 
invaginations without gi l l -saes , one of which , the spiraeular or hyoid 
invagination (sh, text-fig. 97) ,  l ies between the hyoid and mandibular 
ridges, behind the  velum,  whi le the other one, the prespiraeular  or 
mand ibular i nvagination (psh, text-fig. 97) ,  l ies between the premandi 
bular and mandibular ridges, anteriorly to the velum .  Now i t  is  highly 
i nteresting that i n  the Osteostraci there are ,  as we have found,  spiraeular  
and prespiraeular branehial fossae whieh both had gil l-saes. And eontra ry 
to what i s  the ease i n  the Petromyzon - Iarva the Osteostraci thus had 
both spiraeular and prespi raeular gil l-saes. As far as  ean be judged 
from  this, the Petromyzontids probably also orginal ly had gills developed 
i n  their spi raeular and prespiraeular branehia l  invaginations. In this 
eonneetion it deserves also to be mentioned that probably the gi l l - saes 
of  the Osteostraci were more in aeeordanee with those of  the Petro
myzon-Iarva than with those in the adult Petromyzon. 

A special eharaeter of the gil l-saes of the Cyelostomes i s  that 
they are developed ontogenetieally from the entoderm , while those of  
fis hes ,  on  the eomrary, are of  eetodermal origin (GC>TTE 1 90 1 ; MOROFF 
1 902, 1 904 ; SEWERTZOV 1 9 1 7 , pp. 532-545, ete. ) . O n  aeeount o f  the ir  
position medial ly to the endoskeleton i t  is  evident that we must assurne 
tha t  the gil l-saes of the Osteostraci and other Ostraeoderms too al l 
arose from the entoderm , save the first one, whieh evidently l ies so 
far forward that i t  must have been forrned by the eetoderm of the 
stomodaeum invagination exaetly l ike that of the Petromyzon- Iarva . 

SEWERTZOV has ealled special attention to the cireumstanee that 
i n  the Petromyzon-Iarva the branehial nerves and vessels as a rule 
pass on the medial s ide of  the viseeraI skeIeton ,  whi le in  fishes they 
have their course instead on the outside of  the viseeraI skeIeton .  1 11  
the Osteostraci, a s  weU a s  in  the Ostraeoderms i n  general , they had 
s imi lar relations ,  i n  the main,  to the branch ial skeleton as in  the Petro
myzon-l arva . 

The very un ique and primit ive features which oecur in  the viseeraI 
skeieton ,  partieularly in the Petromyzon-larva but also in the adult 
Petromyzontids,  led SEWERTZOV rather recently ( 1 9 1 7 , pp. 547-567) 
to the conc!usion that the Petromyzontids, as well as  the Myxinoids, 
m ust be primarily agnathous forms, as maintained by severai writers. 
And that SEWERTZOV i s  right in this conc!usion i s  now eonfirmed by 
the O stracoderms which , as we have found ,  with ful l  eertainty have 
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revealed themselves as agnathous craniate vertebrates. We are thus 
enabled to establ ish the fact that the Cyclostomes and Ostracoderms ,  as 
supposed by COPE so long ago as 1 889 (pp. 852-853) , pertai n  to a 
common branch of the craniate vertebrates which was i n  such a low 
degree of  organization that its representatives had not acquired any j aws, 
a branch to which the term Agnathi, proposed by COPE, has to be appl ied .  

The arrangement  of  the viseerai museulature in  the Petromyzon
larva and the Ostracoderms, particularly the Osteostraci and A naspida, 
must have had 'many features i n  common ; and in  any case it seems 
high ly probable that the Petromyzon-Iarva in  this re speet must be nearer 
to the Osteostraci and Anaspida than are the adult Petromyzontids. 

While i n  the adult Petromyzontids the pronephros i s  reduced 
completely ,  or a lm ost completely ,  it plays, on the contrary, an i mportant 
part in  the larva (FELIX 1 904, pp.  1 56- 1 66) ; and accord ingly the larva 
is  also in  this re speet much more in  accord with the Osteostraci, which , 
as we have seen ,  throughout l i fe had a persistent pronephros, than are 
the adult Petromyzontids. 

Final ly before we turn to the metamorphosis of the Petromyzon
l arva attention should be called to the fact that in the young stages of this 
larva the caudal fin is  very distinetly hypocercal (text-fig. 98) , i .  e .  shaped 
so that the body axis ,  contrary to what is  the case in  the ordinary hetero
eereal caudal fin, i s  curved downwards. A hypocercal caudal fin also 
occurs in older stages of  the Petromyzon- larva , although in them i t  is 
less distinet. It is very remarkable to find this type of caudal fin i n  
t he  Petromyzon - larva since a s imi lar caudal fi n  among lower vertebrates 
is  know only among the Ostracoderms, in the Anaspida, and perhaps 
also i n  the Drepanaspidae. And i t  seems  not improbable that this point 
of agreement between the Petromyzon-Iarva and the Anaspida may 
mean that the Petromyzontids a re very closely related to the A naspida, 

more closely than to the better known Osteostraci. 
During the metamorphosis ,  as  i s  well known , the Petromyzon

larva undergoes considerable changes not only with regard to the outer 
appearance but also with regard to the pronephros, the museles, the 
vascular system,  the skeleton etc . ,  and in addit ion the rasping tongue 
and horny teeth arise. As has been mentioned a lready above, the 
pronephros d isappears enti rely, or a lm ost entirely, whi le  the museulature 
becomes more special ized. The vascular system is  also subjected 
to rather considerable changes bUt as this changes wil l be dealt with 
separately below i t  is  not necessary to enter upon them in  this 
connection .  Final ly the skeleton i s  very much transformed too, and 
we shall nov pass to a brief account of the  changes which take place i n  i t .  

What i s  first of  in terest to notice i s  that the muco-cartilage d isap
pears entirely, being in part reduced , in part, on the con trary, trans
formed into most o f  the new carti lages which arise. H ow this procedure 
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B. 

Text-fig. 98.  Two Petromyzon-Iarvae, showing distinctly the hypocercal 
caudal fin. A.  12 mm. long. B. 10 mm. long. 

elo, cloacal opening ; h, heart ; pm, proneph ros. 
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takes place i n  detai l ,  however ,  i s  st i l l  very imperfectly known . Accord
'
ing 

to BOJOR ( 1 89 1 , pp .  1 9-27) and SCHAFFER ( 1 896, p .  645) the following 
of  the  new cartilages wh ich arise would be forrned from or with in  the 
muco-cartilage : the hyoideum (extrahyal , PARKER . 1 883) ,  the carti lago 
mandibularis (cpihyal + ceratohyal ,  PARKER) ,  the subocular arch (ptery
goid + eth mo-palat ine,  PARKER) ,  the  carti lago rhomboidea (upper labia l  
I l l ,  PARKER) ,  the cartilago dorsal is posterior (cornua trabeculae, PARKER) ,  
the cartilago dorsal is anterior (up per lab ia l  I l ,  PARKER ; semi lunaris, 
FORBRINGER 1 875) ,  the cartilago annularis (annular ,  PARKER) ,  the carti 
lago-lateral is (up per labia l  I ,  PARKER), the cartilago styl i formis (lateral 
distal mandibular, PARKER) ,  the cartilago copularis (median distal mandi
bular ,  PARKER ) ,  the cartilago glossa (basihyal PARKER)  and perhaps also 
the cartilago apical is (anterior basihyal , PARKER) 1 .  Accordingly al l  the 
rcrstral and viseerai ' cartilages anterior to the  gil l-bearing viseerai arches 
would arise in  o r  from the muco-carti lage. 

SEWERTZOV ( 1 9 1 6, pp.  63-78) has advanced the opinion that the 
anterior part of the' subocular arch - the eth mo-palat ine of  PARKE R 'S 
descript ion in  1 883 - o f  the adult Petromyzon arises from the 
premandibular ridge o f  the l arva and that as a consequence o f  th is  
that part of the subocular arch represents the premandibular arch . 
N ow since the cartilago rhomboidea and the carti lago lateral is o f  the 
adult Petromyzontids are m ore or less bar-l ike i n  shape and occupy 
a chiefly dorso-ventral position ,  and thus in  their general shape and 
position are somewhat suggestive of  the. anterior part o f  the subocular  
arch , SEWERTZOV concludes tha t  they represent  two additiona l  preman- . 
dibular arches, so that altogether there would be in  the adult Petro-

1 I have here adopted to some extent the terminology proposed by S E W ERTZOV 
( 1 9 1 6) , but ch iefly the terminology recently proposed by T R ETJAKOFF ( 1 926 a, 

pp. 270-276). 
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myzontids not less than three premandibular visceral arches. The 
reasons brought forward by SEWERTZOV for this opin ion may perhaps 
at the first glance be rather  plausible ,  but i f  we take them into m ore serious 
consideration they appear anything but con vincing. Thus i t  is  very remark
able that in the larval stages there are no certain  traces of more than 
one premandibular arch , and that in  addition i n  the early larva only 
the three ord inary som ites - the hyoid somite, the mandibular somite 
and the premandib 1 l lar somite - can be found (cf. KOL TZOFF 1 90 I ) . More
over, as H OLMGRiN has recently found ,  i t  is real ly the case that the preman
d ibular ridge of the Petromyzon- Iarva does not g ive rise to the anterior 
part of the subocular  arch but to the cartilago lateral is ,  that is  to a cartilage 
situated immed iately beh ind the cartilago annularis and the mouth . And 
accord ingly H OLMGREN ' S  observation shows beyond question that  there 
cannot be more than one premandibular arch i n  the Petromyzont ids .  
In this respect too,  therefore the Petromyzontids agree i n  real i ty very 
well with the Osteostraci, i n  which though they are more pr imitive with 
regard to the viscera l skeiet on than the Petromyzontids, there a re ,  as 
we have seen , homologues only of one premandibular visceral arch and 
of one premandibular segment .  

Besides the cartilages now dealt with , which a l l  arise from muco
carti lage, there are also others which appear during the metamor
phosis and which are derived directly from connective tissue. Of this 
l atter category of cartilages we shal l  consider here only one, the one 
which arises in  the posterior wall of the perichard, the  perichard carti lage. 

The perichard cartilage un ites anteriorly with the branch ia l  basket 
so that, as has been pointed out above (pp.  339-340) , the hear t in fact 
becomes situated inside the branch ial basket. A homologue to this cartilage 
seems at fi rst not easy to flnd in the Ostracoderm s s ince these, as we 
have found , l ike the Petromyzon-Iarva,  are without any correspondingly 
situated skeietal e lement and in  addit ion have the heart situated behind . 
the branchial basket. I f, however, we undertake a l i ttle m ore detai led 
analysis of the condit ions i n  the Cephalaspids ,  and in  addit ion take into 
consideration the fact that the branch ia l  region in the Petromyzontids 
has secondari ly i ncreased i n  length by a backward growth , i t  does not 
look quite impossible to explain the origin of the cartilage in  question 
of the adult Petromyzontids and the reeson why the heart became 
enclosed by i t  i n  the branch ial basket. 

In the Cephalaspids the heart was, as we have seen, situated beh ind 
the ventro-median part of the postbranch ial  wal l ; and since at this p lace 
there is  a rather pronounced pit, i t  was probably situated with its anterior 
parts i n  that very pit .  N ow i f  we imagine that i n  the Cephalaspids, 
when al ive ,  the respiratory apparatus had begun to increase in length 
by a backward growth , the postbranchial wall would of course have had 
to push the heart backwards. And hence it is  probable that  the median 



DOWNTONIAN AND DEVONIAN VERTEBRATES. I 35 1 

part of the postbranchia l  waH, owing to the resistance offered by the 
heart, would have grown backwards more slowly than the lateral parts 
and that because of  this the heart would have been completely sur
rounded on the lateral and poste ri or sides by the lateral parts of  the  
postbranchia l  wal l .  I f  from such a presumed stage we  imagine that the 
lateral parts of the postbranch ial wall had coalesced with each other 
behind the hea rt and that the part of  the same wall anteriorly to the 
heart had become reduced , the heart would evidently have been situated 
anteriorly to the branchia l  skeleton exactly as in  the " Petromyzontids. 
Accordingly we flnd that there is  much reason to bel ive that i n  the 

' adult Petromyzontids the pecul i ar  position of the heart in  relation to 
the branch ial skeleton is a secondary character caused by the secon
dary extension of  the branch ia l  basket backwards. 

It should further be mentioned here that during the metamorphosis 
of the Petromyzon-Iarva also the anterior branchial arches approach 
each other and unite with the ir  ventrai en ds in the ventra i median l ine 
just l ike the posterior ones ,  and that  because of th is  the branch ial  basket 
loses much of its Cepha laspid-l ike character. 

From what has been set forth here concerning its ontogenetical 
development i t  seems certa in  that the skeleton of the adult  Petromy
zontids in most respects i s  much more special ized than that of the larva.  
And in com paring the skeleton of  the Petromyzontids with that of  the 
Ostracoderms, therefore, we must not take that of  the adult Petromy
zontids into consideration but instead that of the Petromyzon-Iarva. 
Nevertheless it i s ,  however, of much in terest that even the adult Petromy
zontids have retained certa in  primitive features i n  their skeieton.  Thus 
the ir  branchial basket, though be ing much perforated and made up on ly 
of bars of cartilage, i s  sti l l  a continuous structure, which in  its turn is  
cont inuous wi th the endocran ium.  I n  addit ion they h ave in the subo
cular arch one more part of  the v iseerai endoskeleton that has also 
reta ined its connection with the endocran ium.  

After th i s  account of the skeieton, the branch ial invaginations and 
the gil l-sacs etc . ,  we sha11 now pass  to  the brain and the nerves. 

In the description of  the Osteostraci above (cf. pp. 1 35- 1 44, 303 ; 
textflgs. 1 5- 1 7 , 20-32 ; 82) we have al ready had occasion to compare 
the Petromyzontids and the Osteostraci with regard to the brain, and 
we have seen that there m ust have been many extraordinarily striking 
agreements between them i n  this respect. Thus we have been able to 
establish the facts that the Osteostraci had the hem ispheres with the 01-
factory lobes, the diencephalon , the mesencephalon and the myelencephalon 
shaped alm ost exactly as i n  the Petromyzontids. And moreover we have 
found that the hypophysis of the Osteostraci, exactly l ike that of  the 
Petromyzontids ,  forrned a hypophysia l  sac which had an external opening 
in com mon with the olfactory organ but was without communication 
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with the pharynx. Final ly ,  i t  may also be special ly mentioned here that 
we are able to concl ude that the right ganglion habenulae of the Cephal
aspids was considerably bigger than the left one and in addit ion situated 
partly behind this - a character which occurs also in  the Petromyzontids 
and the Myxinoids (c F. HOLMGREN 1 9 1 9, pp. 55-65). But whereas the 
Osteostraci evident ly must have had a big bi lobate cerebel lum the 
Petromyzontids, as i s  wel l  known, have on ly a very sl ightly developed 
cerebe J l um . In the Myxinoids (text-fig. 42 ; cf. H OLMGREN 1 9 1 9, pp.  83-
87) , on the contrary i s  a wel l  developed bi lobate cerebel lum and as 
this is the case, there is in  my opinion much reason to bel ieve 
that the Petromyzontids original ly also had a better developed cere
bel lum and that they also in th is  respect origina l ly were very l ike the 
Osteostraci. H OLMGREN ,  with whom I have d iseussed th is question and 
who has been occupied with deta i l  ed studies of  the Cyclostome bra in  
( 1 9 1 9) has informed me that he toa considers i t  very proba b le  tha t  the 
Petromyzontids origina J ly had a well developed cerebel lum . 

Also with regard to the spinal and crania l  nerves there must ev i
dently have been many very striking features in com mon between the 
Petromyzontids and the Osteostraci. Since above in  the description of 
the Cephalaspids i t  was necessary to enter in  detai l  upon these com mon 
features (cf. pp.  48-204 and and text-ngs. 4 ,  1 3-30, 32,  36,  37 A ,  38, 42, 
43) , i t  wil l  be sufficient merely to enumerate them here .  They are as 
fol lows : l )  the alternation o f  the spinal and spino-occipital nerves of  
the  right and l eft  sides ; 2) the permanent separation of  the dorsal and 
ventrai roots of the  spinal and spino-occipital nerves o f  each segment ; 
3) the presenee of general cutaneous fi bres in a l l  the crania l  nerves ; 
4) the presenee of  viseeraI branches of  the branchial nerves for the 
supply of  specia l  sense organs ; 5) the absenee of  pretrematie branches 
in  the branch ia l  nerves ; 6) the position  of  the branchia l  nerves in 
relation to the viseeraI endoskeleton ; 7) the mode of  exit of  the n .  
glossopharyngeus and  of  t he  n .  vagus from the  endocraniu m and i n  
relation to the viseerai endoskeleton ,  and  further t he  course o f  the 
t runcus epibranchial is vagi i n  relat ion to the viseerai endoskeleton ; 8) 
the mode of exit of  the n .  acusticus and n. facial is from the cavum 
cerebra le  crani i  and the mode o f  passage of  the n .  facia 1 is  through the 
otic capsule ; 9) the m ode of  ex i t  of  the  prootic lateral is fibres from 
the  cavum cerebrale cran i i  i n  a ssociat ion with the n. facial is and the 
passage of these l ateral is fibres to the otic capsule ; l O) the course of the 
lateral is fibres for the trigeminus-profundus gangl ionic com plex forwards 
th rough the otic capsule and the position of  the gangl ion of  these fibres 
in  the postero-ventro-medial  part of  the orbit immediate ly  in  front of  the 
otic capsule ; 1 1 ) the great independence of the profundes nerve ; 1 2) the 
m ode of  exit of  the n. trochlearis and the n. oculomotorius from the 

23 
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cavum cerebrale cran i i  and the course o f  these nerves to the orbit ; 
and ( 1 3) the position o f  the olfactory nerves very close to each other 
and the very inconsiderable length of  these nerves. 

There were also, however, certain d ifferences between the Petro
myzontids and the Osteostraci with regard to the crania l  nerves. I )  
Thus viscero-motor fibres are enti rely absent i n  the profundus nerve 
of  the Petromyzontids, whi le such fibres seem to have been present 
i n  the profundus nerve o f  the Osteostraci. 2) Moreover the trigeminus 
proper of the Petromyzontids breaks up into the so-called mandibular 
and maxi l lary branches a lready close distally to the trigeminus gangl ion 
whi le the corresponding nerve in  the Osteosiraci, i f  we except the 
visceral branch, d id not begin to subdivide into branches unti l very far 
distally and a lm ost in the same way as the branchial nerves behind it . 
The n. trigeminus proper of the Osteostraci was therefore much more 
l ike the branchial nerves behind i t  than it is i n  the Petromyzontids. 
3) Further in  the Petromyzontids the n. glossopharyngeus passes entirely 
posteriorly to the otic capsule, whereas in  the Osieostraci i t  traversed 
a postero-lateral part of the vestibular divis ion of  the labyrinth cavity. 
4) Finally the Petromyzontids have no  electric nerves while such were 
present in the Osteostraci. 

It i s  not d i fficult, however, to conclude that, so far as the viscero
motor component of the n. profundus is concerned, the Osteostraci were 
more primitive than the Petromyzontids ,  for if the n. profundus,  as 
i t  seems to be, is the premandibular branchial nerve, i t  must of course, 
l ike the serially homologous branchial nerves behind i t ,  original ly have had 
a viscero-motor com ponent. Further i t  is  also pro bable that the Osteos
traci, with regard to the mode of branching of the n .  trigeminus proper, 
represent  a more primitive stage than do the Petromyzontids,  for it 
must of  course be assumed that the n. trigeminus proper primari ly 
branched in  a s imi larly s imple way as the other branchial nerves behind 
i t  and not  as it does i n  the Petromyzontids. The d ifferent course of 
the n .  glossopharyngeus in relation  to the otic capsule in  the Osieostraci 
and Petromyzontids, must certa in ly have been caused by a secondary 
i ncrease i n  size o f  the auditory o rgan i n  the  Osteostraci ; and ,  as we 
know, a paral leI to th is is found in many fishes with a wel l  developed 
auditory organ .  Final ly the presence o f  electric nerves in  the Osieostraci 
must certa in ly be a special ization arisen within the group since electric 
organs are not known otherwise am ong the Ostracoderms. And we thus 
see that a l l  the chief features by l)1eans of  wh ich the Osteosiraci differed 
from the Petromyzontids with regard to the cranial  nerves were either 
primitive and such that they might easily be thought capable of evolving 
i n  a Petromyzon-l ike di rection or  secondary and such that they may 
be considered to have arisen from  more Petromyzon- l ike ones. Accord
ingly everyth ing with regard to the brain and crania l  and spinal nerves 
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indicates that the Petromyzontids and the Osteostraci must be very 
closely all ied to each other. 

Above in  this chapter on the Petromyzontids i t  has al ready been 
emphasized that an o lfactory organ of the Petromyzon-type,  and with 
an external opening situated exactly as i n  Petromyzon, occurred in  the 
Osteostraci. And above I have also called atten ti on to the very great 
morphological importance of this fact. 

The Petromyzontids have, as we know, a membranous labyrinth 
of a strange type characterized among others by the absence of  an 
external semicircular canal .  I n  the Osteostraci we have now, as has 
been pointed out (pp. 77-94 above) , found a group in which the mem
brant ous labyrinth was  without an external semicircular canal  and i n  
which the membraneous labyrinth in other respects was  extraordinarly 
s imi lar to that in  the Petromyzontids. 

The sensory canal system of the Petromyzontids (cf. STENSlO 1 926, 
fig.  7 ;  J OHNSTON 1 905, pl. 5 and also text-fig. 38 in  the present work ; 
GASKELL 1 908, text-fig. 84 ; etc . )  d iffers with regard to its disposit ion 
on the head and branchial region rather much from that in  the Osteostraci 
(cf. pp. 235-239, 306-308 above and text-figs. 76, 77 and 83) ; but on 
the other hand , as has been pointed out by the presen t  writer (STENS 10 
1 926) , i t  accords in  this respect rather weU with that of the Pteraspids. 
N ow since ,  as we have found (pp. 238-239, 308) , that of  the Osteostraci 
seems to have been derived from a Pteraspid-l ike one, and thus evidently 
is  more-special ized than that of Petromyzontids ,  i t  is ful ly evident that 
the Petromyzontids, though very nearly al l ied to the Osteostraci cannot 
have evolved from these, but from forms with a Pteraspid-Iike sensory 
canal  system .  Which these forms were - whether they were the com
mon ancestors of the Osteostraci and A naspida or the A naspida i t  is 
so far impossible to decide. 

I t  may also be noticed here that the presenee of  a sensory canal 
system of  a Pteraspid-I ike type in the Petromyzontids and their nearest 
al l ies among the Ostracoderms seems to show that the Petromyzontids, 
the Osteostraci and A naspida have evolved from prim it ive forms among 
the Heterostraci. 

Finally we have to consider the b lood vascu lar  system ,  and con
cern ing this we shal l  give a brief account fi rst of  the conditions in  the 
Petromyzon-Iarva, then of  those in  the adult  Petromyzontids, after this 
passing to a comparison with the Osteostraci. But since the b lood
vascu lar  system of the Osteostraci is known only in  the head and in the 
adjacent most anterior part of the trunk,  i t  is  for the sake of comparison 
necessary to enter only upon the corresponding parts of the blood
vascular system of the Petromyzon-Iarva and the adult Petromyzon. 

The blood vascular system of  the Petromyzon- larva has been dealt 
with in deta i l  mainly only by CORI in 1 906 and by HA TT A in  1 922 
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(cf. also FAVARO 1 908) . And since the observations of  these writers 
d iffer in  many important  points, i t  is  not easy to give here a sum mary 
of  their aeeounts and to j udge of  what is  eorreet or not. I t  may ,  
however, be pointed out that  CORI  based h is  researehes on l arvae of  
Petromyzon jluviatilis , whi le HATTA instead studied the j apanese form 
Lampetra mitsukurii, and that perhaps at least eertain minor points of 
d ifferenee in their aeeounts may be due to this .  

The heart o f  the Petromyzon-I arva ,  as has a lready been mentioned , 
is situated behind the branehial basket , whi le the truneus a rteriosus, 
the afferent and efferent branehia l  arteries a l l  pass on the media I side 
of  the viseerai endoskeleton and thus inside the braneh i a l  basket . The 
truneus arteriosus (tr. a ,  text-fig. 99) goes fo rwards in  the median l ine 
as far anteriorly HS the posterior end of  the thyreoidea ,  b i fureating 
there in to a right and a left trun k ,  eaeh o f  whieh eontinues forwards 
dorsal ly  to the thyreoidea and somewhat laterally to the median l ine .  
From the truneus arteriosus issue on eaeh s ide eight afferent branehia l  
a rteries, the most anterior  one of  whieh aseends in front o f  the fi rst 
gi l l-sae media l ly to the hyoid ridge of the l ateral part o f  the ventro
lateral p la te of  mueo-earti lage, whereas eaeh of  the 7 poster ior ones 
passes media l ly  to  a branchial areh . The most anterior one is thus 
the afferent branehial  a rtery o f  the hyo id areh . Aeeording to H ATTA, 
however, there is ,  in very young larval stages also a st i l l  more anteri
orly situated vessel whieh,  passing through the velum ,  eonneets the 
truneus a rteriosus and the dorsa l  aorta with eaeh o ther, a vessel whieh 
seems to be the ser ia l  homologue of  the transversal vessels o f  the 
braneh ia l  region whieh during the eorresponding stages eonneet the d orsal 
aorta and the truneus a rteriosus, and whieh l ater give rise both to the 
afferent and efferent braneh ia l  a rteries. Th is  vessel th rough the velum 
may therefore be referred to as the mand ibular vaseular areh, and i t  is 
of interest sinee i t  indieates that in  the Petromyzontids there primarely 
must have existed a spiraeular gil l - sae. The mandibular vaseular areh, 
however, is  soon transforrned into the mandibular vein (v. md, text
fig. 99) . F ina l ly it should be mentioned here that H ATTA bel ieves that 
he has found traees also of  a premandibu lar vaseular  areh .  

Aeeording to CORI the eond i tions o f  the afferent and efferent arte
ri es of the mandibu lar  and premandibular segments are very d ifferent 
from what they a re found to be by HATTA but as  the thorough researehes 
earried out by HA TT A seem to warrant the belief that CORI is  wrong 
in  this re speet, I sha11 not review his aecount here. 

The aorta of the Petromyzon-larva (av, text-fig. 99) may be consi
dered to be composed of  caudal ,  abdominal , branch ia l  and cephal ic divisions, 
o f  which we sha11 deal  here only with the last mentioned twa. The 
braneh ia l  divis ion may be defined s imply as the ane into wh ich the 
efferent branchial arteries empty. And as is seen from text-fig. 99, i t  
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thus reaches from a transverse plane through the anterior ends o f  the 
ot ic capsules backwards as far as does the branchial  basket .  I t  is  UD

paired and l ies throughout i ts extent in  the branchia l  basket, straight 
beneath the notochord, and into i t  open the 8 efferent branchia l  arteries, 
the first one at the transit ion to the cephal ic division . While the first 
efferent branchia l  artery ascends to the aorta media l ly to the hyoid 
r idge of  the l ateral part  of  the ventro-lateral muco-cartilage plate ,  each 
one of  the seven efferent branchia l  arteries posteriorly to i t  goes up
wards to the aorta media l ly to a branchia l  arch . 

I f  I have understood HATTA correctly, there arises by the con
fluenee of ventraI branches from the efferent branchia l  arteries 2--4 a 
pa ired smal l  ventraI artery, the hypobranchial artery (a. hypbr, text
fig. 99) which goes forwards media l ly to the truncus arteriosus of  its 
side rather dose to the median l ine ,  sl ightly in  front of  the truncus 
arteriosus. The hypobranchia l  artery thus forrned gives off an antero
dorsal branch i nto the velum ,  the vela r  artery (a. ve!) , beyond this 
point continuing forwards as the l ingual artery (a. ling) . This artery . 
when it arrives dose behind the mouth, anastomoses with its fel low of 
the opposite s ide and breacks up into branches, the maxil lary arteries, 
wh ich continue antero-dorso-laterally and anteriorly as far as the lateral 
parts o f  the upper l ip. One of  these maxi l lary arteries, the ramus labia l is  
com municans o f  CORI 'S descript ion, goes laterally to the mouth-opening 
with in the margin of  the upper l i  p ,  according to Co R I  com municating 
most anteriorly with a branch of the rostro-dorsal system of  arteries. 
And in this way the mouth opening i s  a lmost completely surrounded 
by an arterial ring. I t  is  specia l ly worthy of notice here that the maxi l 
lary arteries j ust described are ,  at least  to a great extent ,  superficial 
vessels - i. e .  they subdivide to a great extent into their terminal branches 
medially to the corium but l ateral ly to the muco-carti lage. This fact is  
of  great importance since i t  ind icates beyond question that the maxi l
lary arteries cannot be transforrned parts o f  the prespiracular (preman
dibular) afferent branchia l  artery, as supposed by CORL 

The branches g iven off from the branchial divis ion of the aorta 
are the parieta l arteries, which ascend chiefly dorsal ly with in  the 
m yosepta and which may anastomose with each other by collateral 
branches on a level with both the dorsal and the ventraI borders of 
the medul lary canal . 

The cephal ic divis ion o f  the aorta - which , unl ike the branchia l  
d iv is ion .  is  paired - is generally known as the dorsal carotid artery or 
as the internal carotid artery, terms which , as be ing misleading, wi l l  
here be replaced by prootic aorta. The prootic aorta, as thus defined ,  
goes forwards ventrally to the ventraI cranial  wal l  somehwat apart from 
i t s  fel low of  the  opposite s ide  and l atera l ly to the  notochord. I t  rather 
soon arrives on the medial side of  the skeIetal element of  its side which 
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has been considered by previous writers as the trabecula ,  but which , 
as already mentioned above, rather recently has been interpreted by 
SEWERTZOV as an anterior part of the paraehordal .  

I n  young larval stages HATTA finds that the artery here cal led the 
prootic artery gives off 3 parietal branches in  a dorsal d i rection and 
that a fourth parietal a rtery i s  found issuing from it j ust at the point 
at which i t  merges into the branchia l  division. These four  parietal 
arteries are said to ascend elose to the bra in ,  the fi rst one media l ly to 
the profundus gangl ion ,  the second one media l ly to the ganglion of the 
n .  trigem inus proper, the thi rd one m edial ly to the roots o f  the n .  facial is 
and the fourth one m edial ly to the glossopharyngeus gangl ion .  And 
according to this position they seem to belong to the premandibular, 
mandibular, hyoid and glossopharyngeal segments respectively and thus 
to have a strictly segmental d isposition .  Unfortunately H ATTA gives only 
very imperfect data concerning the topograph ical relations of a l l  these 
vessels ;  nor is it possib le from his  figures to conelude exactly how 
they wen t in  deta i l  - for instance, in  relation to the ot ic  capsule etc. 
Like the parietal arteries in the branchial and abdominal regions ,  they 
give off dorsal and ventraI col lateral branches, which meet and join into 
a dorsal and a ventraI longitud inal  artery, the first of  which l ies dorsal ly 
to the ganglia of the cranial  nerves, whereas the l atter i s  situated in the 
angle between the brain and the notochord and develops later in to the 
a .  cerebral is posterior. 

In l ater larval stages the fi rst or  premandibular one of the four  
parietal arteries jus t  described retains i t s  connection with the prootic 
artery of its side, and forms the cerebral artery proper, or, as  i t  will be 
here cal led ,  the internal carotid artery, while the th ree poster ior ones 
obl i terate in  their ventraI portions, those port ions which l ie  between the 
prootic artery and the posterior cerebral a rtery of their s ide.  On the 
other hand the dorsal portions of the said posterior three arteries are 
reta ined as vertica l lY ascending branches of the posterior cerebral artery, 
forming, if we take them in  a rostro-cauda l d i rection ,  in  the main only 
the arteria p l ica encephal i ,  the cerebellar  artery and the occipital arteries 
respectively. 

H, as i t  seerns, H ATTA is  right as regards the ontogeny o f  the 
c erebral arteries we should evidently have in  the Petromyzontids very 
primitive condit ions with regard to the blood supply of  the brain ,  
and under  the same supposition we  should of course a l so  be j ustified 
in  expecting their ancestors to have been sti l l  more simply organized 
in  this respect. 

The internal carotid artery (the cerebral artery of  H ATTA'S description) , 
which thus seems to develop from the fi rst o r  premandibular parietal 
artery, which incorporates parts of  the three parietal arteries behind i t ,  
scends in  older l arval stages through the bottom o f  the  cranial capsule  
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to the fossa hypophyseos. Almost immediately after its origin from the 
prootic artery i t  b i furcates into an anterior branch and a posterior branch , 
the latter of which i s  the a .  cerebral is posterior. 

Close l ateral ly to the point at which the internal earotid artery i s  
given off from i t ,  the  prootic artery turns laterally as the  arteria facialis 
(a. jac, text-fig. 99) , erossing the paraehordal of SEWERTZOV'S deseription 
(the trabeeula of other writers) on the ventrai s ide, then turning antero
lateral ly and slightly dorsall y  and supplying the dorsal and dorso-lateral 
parst of the upper lip with arterial blood. 

N either Co R I  nor H ATTA have eonsidered the relations o f  the 
a .  facia l is to the rostro-dorsal plate of  the mueo-eartilage. In my 
seet ions series ,  however, I have been able to see that the a .  facial i s ,  
rather soon after i t s  separation from the intern a l  earotid artery, en ters 
the said plate of  muco-eartilage, and that i t  in its further eourse passes 
within this unti l i t  breaks up into its terminal branehes whieh l ie 
immediately beneath the eorium,  between this and the mueo-cartilage, 
forming a strong plexus there - a plexus which was briefly mentioned 
by MOZEJKO i n  1 9 1 2  (pp. 506-507) and which was ealled by him the 
plexus subeutan�ous.  We shal l  return to this plexus below. 

Finally i t  should be mentioned that HATTA eonsiders the facial 
artery to eorrespond ,  at least in  part, to the premandibular vaseular areh , 
a view which wil l  be diseussed below in  the eomparison with the 
Cephalaspids. 

Aeeording to HATT A ,  a posterior braneh issues from the a .  facia l is 
c lose to the internal ea rotid artery, a braneh whieh goes along the out
side of the paraehordal ,  beneath the eye and the trigeminus gangl ia .  
This braneh has a lso been observed by CORI ,  but CORI in  additon 
believes that he  eould traee i t  further peripheral ly and that i t  passed 
downwards into the medial part of  the velum ,  on aeeount of  which he 
eal led i t  the v .  spiraeu l i .  Whether Co R I  or H ATTA i s  right I am unable 
to decide ; and i t  i s  a lso of  no im portanee in  this eonneetion how i t  is 
with this braneh. 

As was mentioned above, there i s  a vaseular plexus beneath the 
eorium ,  a plexus whieh i s  not restricted on ly to the head but wh ieh 
oeeurs baekwards on the entire body. But this plexus, whieh as has 
already been pointed out ,  i s  known as the subeutaneous plexus, seems ,  
at l east in  the larval stages ,  to be best  developed i n  those plaees where 
there is  mueo-earti lage. And attention must be eal led to the faet that i t  
always in  sueh p laees l ies between the mueo-eartilage and the eorium.  
CORI and HATT A do not  dea l  with i t ,  but at least th is  mueh may,  
however,  be gathered from their  aeeounts that  in  the upper l i p  i t  i s  
supplied with arterial blood from the arteria faeia l is and the anterior 
branehes of the l ingual artery. On the other hand the problem how 
the arteria l  blood arrives in the plexus i n  question farther baek has 
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not been stud ied, but i t  may be strongly suspected that ,  for instance , 
on th e dorsal side of th e head above t he  brain and the ears i t  is by 
superficial branches from the brain arteries, fo r, as is seen from text
fig. 99, there are o therwise no  arteries by which i t  could be brough t there. 

HOLMGREN ,  who has recent ly studied the subcutaneous plexus more 
in detai l  than previous writers ,  has i n formed me that from it fine branches 
issue straight outwards to the outer parts of the corium,  close beneath 
t he  epidermis ,  branches wh ich anastomose there with each other by 
means o f  fine rami disposed concentria l ly with the strati ficat ion of  the 
corium.  A vascular plexus is  thus forrned superficia l ly to the subcutaneous 
one, and close beneath the corium ,  a plexus for which the term sub
epidermal  plexus wi l l  be employed . 

Turning to the veins , we sha l l  first eonsider the  anterior eardinal 
vein or, as i t  also is often eal led ,  the v .  eapit is m edia l is .  This  vein (v. ca, 
text-fig. 99) is a pa ired vessel whieh from beneath the otie eapsule passes 
baekwards to the duetus euvieri of its side. Throughout its exteni i t  
goes close lateral ly to th e aorta but sl ightly high er  than th is  -- in  faet 
on a l evel with the l owest parts of the notoehord. And whi le  an teriorly 
to the fi rst branehial areh - that is  the glossopharyngeus areh - it is  
situated within the branehia l  basket  i t  l ies beh ind this areh instead 
dorsal ly to the branehia l  basket. I ts relat ions to the mueo-eartil age of 
the  branehia l  basket, on the other hand ,  are not vet known. 

The v.  cardina l is  anterior reeeives severai  tr ibuta ries, sueh as the 
v .  eapit is latera l is  and a num ber of  parieta l veins .  Further i t  is  in 
conneetion anteriorly with the mandibular vein , and  at least  accord ing 
to HATTA ,  by means of  a braneh wi th the ven a faeia l is .  F ina l ly, i t  is  
a lso in eonneetion with the superficial vein - system o f  the  branch ia l  region 
by means of  transversal branehes .  

The vena eapit is l atera l i s  (v. cl ,  text- fig .  99) seems to beg in  a n tero
la tera l ly and posteriorly to the o l faetory organ ,  and it seems h igh ly 
probable that  i t  dra ins at least parts o f  th at  organ and the adj aeent 
superficial parts of the upper side o f  the  upper l ip . I t goes baekwards 
to the orbit  along the dorsal side o f  the n. profundus ,  reeeiving branehes 
from the eavum eerebra le .  With in the orbit  i t  has its eou rse dorsa l ly 
to the eve and dorsa l ly to the pro fundus and  trigeminus gangl i a ,  behind 
the orbit eontinu ing dorsa l ly to the ot ic eapsule .  Just before lea ving the 
orbit ,  it i s  by mean s o f  a vertical ly deseending eanal ( lettered v. la,  i n  
text-fig. 99) in eommunieation with

' 
the  facial ve in .  Just posteriorly to the  

o t i e  eapsule a rather eonsiderable tributary, the vena eerebra l is  posterior 
(v. cbrp, text-fig. 99) ,  which earries the blood from the posterior parts 
of the bra in ,  opens into it, and behind th i s  point it eurves downwards 
and opens from the dorsal side in to the v.  eardinalis anterior close 
behind the fi rst branehial areh . Besides the tributaries dealt with i t  
eertainly reeeives severaI fine veins whieh deseend to i t  from the sub-
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eutaneous vaseu lar  plexus o f  the do rso-median and  dorso-I ateral parts 
of the head . Fina l ly ,  it should be mentioned here that the v. eapit is 
l a teral is is  considered to h ave arisen from anterior parietal ve ins .  

Posteriorly to the v. capit is la teral is a great nu mber of  parieta l 
veins deseend to and open into the v. eard ina I i s  anterior o f  their s ide .  
And eoneerning these veins i t  may be espee ia l ly pointed out that anterior ly 
they are eonneeted by collateral branehes with the v .  eerebral is posterior .  

The mandibu lar  vein (v. md, text-fig.  99) is  a thiek vein whieh 
deseends from the v .  eardinal is  anterior to the  vena j ugularis impar on the 
ventrai s ide o f  the braneh ia l  region .  I t l ies deep below the epidermis ,  in  
faet probably media l ly ( internal ly)  to the  posterior proeess of the ventro
lateral mueo-eart i Iage plate. And eoneerning its position i t  i s  further to be 
added that i t  is  situated approxim ately opposite the spiraeular branehia l  
i nvagina tion .  As  pointed out above , i t  has been shown by H ATTA that  
i t  arises from the mandibular vaseular a reh, and in  eonneetion with the 
d isappearanee of  the spiraeular gil l-sac i t  has thus ,  from having primari ly 
been an  arterial vessel been tra nsforrned in to a ve in ,  whieh secondari ly 
has  gained eonneetion with the ventrai vein system ventral ly and with 
the v .  eard inal is  anterior dorsal ly .  

The conneetions between the v . eardinaI is  anterior and the super
fieia l  system of veins of the branehia l  region  wil l  be dealt with below. 

The an tero-dorsal and antero-lateral superfieial parts of the upper 
l ip  are dra ined by a vein o f  cons i derable size, the v. facial is (v. jac, text
fig. 99) ,  which i n  its anterior parts is eh iefly superfieial ,  i. e. it brings 
the blood from the subcutaneous vascular ·plexus. I t  goes backwards and 
s l ightly dorsa l ly ,  fi rst superficial ly, then further postero-dorsal ly deeper 
media l ly owing to the faet that the segmented musc1es wh ieh have extended 
forwards have pressed i t  inwards in this part .  To a great extent ,  a t  least ,  
it l ies  in  the outer parts of  or traverses m ueo-carti lage. Beneath the 
posterior  part of the orbit i t  reeeives the v. vel i  dorsal i  o f  CORI 'S  
description (v .  vel. d, text-fig.  99) from the velum,  and immediately a fter 
that i t  makes a rather sharp bend in  a ventrai d ireetion .  J ust at the 
bend a dorsally ascending fine branch v. la, which traverses the most 
posterior part of the orbit, puts it in communicat ion with the v .  eapit is 
latera l i s  o f  its side. And,  as we shal l  see, i t  i s  of  importance that 
H ATTA has found t h a t  t h e  f a e i a l  v e i n , a s  w e l 1  a s  t h e  v e n  a v e l i  
d o r  s a l i s ,  a r i s  e s f r o m t h i s  b r a  n c h d u r  i n g  t h e o n  t o g  e n y, a n d  
t h a t CORI h a s  b e  e n a b l e  t o e s t a  b I i s h t h a t  d u r  i n g  t h e  e a r l i  e r 
l a r v a l  s t a g e s  t h e  b l o o d  f r o m  t h e v. fa e i a l i s  a n d  t h e  v .  v e l i  
d o r s a l i s  em p t i e s  b y t h i s  b ra n c h  i n t o t h e v. e a p i t i s  l a t e r a l i s , 
w h i l e  i n  o l d e r  l a r v a l  s t a g e s  i t  i s  n o t c o n s t a n t l y  c a r r i e d  
t h a t  w a y. Aceording to H ATTA the  faeial vein un ites i n  Lampetra 
mitzukurii with the mandibular vein shortly beh ind  the braneh v. la ; but 
in  Petromyzon jluviatilis on the contrary, according to Co RI and DE BEER 
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( 1 924, text-fig. 38) , i t  has  no such connection with the mand ibular 
vein ,  but i s  instead cont inuous with the dorsal longitudinal  one o f  the 
superficial veins of  the branchial  region .  Concerning the v .  veli dorsa l is  
i t  must be added here that CORI and HATTA have pa id no  attention 
to its course in  relat ion to the muco-ca rti lage. I too h ave been una ble 
to establ ish anyth ing with certainty in  this respect, but s ince this vein , as 
has  been pointed out, develops ontogenetical ly from the same primordium 
as the v .  fac ia l is ,  i t  can hardly be doubted that ,  l ike this ,  i t  must belong 
to the category of  superficia l  veins ,  and that ,  at  least primari ly proba bly, 
i t  had a superficial position ,  though la ter  on by th e forward-growing 
segmental muscles it has  been forced to occupy a deeper positi on .  

The  ventrai s ide  o f  the  head  and branchia l  region o f  the Petromyzon
l arva is drained by the unpaired I ingual vein (v. ling, text-fig.  99) and 
by the I ikewise unpaired v .  jugularis impar which in real i ty forms the  
straight backward continuation of  the  former. The l i ngral vein , i f  we 
fi rst con sider that a l i ttle m ore in  deta i l ,  is a rather fine vessel , which 
begins  close beh ind  the mouth-opening, and wh ich seems to carry the 
b l ood from those parts o f  the ventrai  a nd  lateral s ides of the head that  
a re supplied by the l ingual arteries and  th e ir  m axi l i a ry branches .  I t  
go�s backwards media l ly to the ventrai part of  the ventro-lateral plate 
o f  muco-carti lage un ti l close in front of the branch ia l  basket, where it 
communicates with the v .  mand ibu laris .  Behind this point i t  is  cal led 
the v .  j ugularis impar .  

The v .  j ugularis impar  runs backwards i n  the ventra i part o f  the 
b ranchia l  region medial ly to the branch ia l  skeieton ,  behind the branch ia l  
basket continuing beneath the heart and final ly opening into the si nus 
venosus. Whi le ,  according to CORI ,  i t  has  i n  Petromyzon jluviatilis no 
c )nnections with the  transversal superficia l  veins o f  the  branch i a l  region ,  
i t  is said by HATTA to be in Lampetra mitsukurii in commun ication 
with severai of  these veins .  And in addit ion, whi le i n  Petromyzon 
jluviatilis Co RI has  found that a lso one of the l ongitud ina l  superfici a l  
ve ins  of the  branchia l  region opens  in to  the v .  j ugu lar is impar  close 
behind the branchial basket , th is  is ,  if H ATTA i s  right, not the case in  
Lampetra mitsukurii. 

The superficia l  system of veins of the branchia l  region ,  that has 
a l ready been referred to, l ies superficia l ly to the branch ia l  a rches and 
segmental m uscles c lose beneath the corium ,  and ,  as  is shown by its 
position ,  i t  obviously drains the subcutaneous vascula r  plexus o f  th is region .  
I t  con sist of  longitudina l  and transversa l  veins .  I n  Petromyzon jluviatilis 
(text-fig. 99) there a re ,  accord ing to CORI , 3 longitudinal  veins and  8 
transversal veins ,  whereas i n  Lampetra mitsukurii HA TT A describes 
only two longitudina l  veins but 8 transversal veins. Both in Petromyzon 
jluviatilis and in Lampetra mitsukurii the most dorsal longitudina l  
vein (v .  s. l. d, text-fig. 99) runs rather far dorsal ly to the ser ies of 
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external branchial openings and is by segmentally disposed smal l  trans
versal veins in communication with the v .  cardinal is  anterior of its s ide.  
The longitudinal  vein following next ventral ly (v. s. l. m, text-fig.  99) 
passes, both in Petromyzon jluviatilis and in Lampetra mitsukurii, i n  
a s imi lar way but  somewhat ventrally to the series of  external branchial  
openings.  I n  Petromyzon jluviatilis it i s  cal led by Co RI  the v. superficia l is  
longitudinal is media .  The th ird one, which i s  present in Petromyzon 
jluviatilis but not in Lampetra mitsukurii, has its course approximately 
along or  sl ightly above the level of the dorsal (dorso-lateral) margin o f  
the com missures between the  ventra i  ends  of t he  branchial arches of  
i t s  s ide  and i s  thus a ventrai vessel .  In  virtue of i t s  posit ion i t  was 
called by Co R I  the v.  superficial i s  longitud inal is ventral is (v. s . l. v . ) ,  
and i t  was sa id by CORI to be in  connection with the mandibular vein 
anteriorly to the branchial  basket and with the v .  jugularis impar 
posteriorly to the branehia l  basket. Final ly the transversal superfieial 
veins (v. s .  tr, text-fig. 99) which eonnect the longitudinal superficia l  
veins run dorso-ventrally and thus transversal ly .  With two exceptions -
the most anterior one ,  whieh passes i n  front  of the glossopharyngeal 
branehial arch , and the m ost posterior one, which passes behind the 
most posterior branchial areh - the transversal veins have their course 
between two adj acent branchial a rches and accordingly they have a 
d istinctly segmental d isposit ion. White in  Petromyzon jluviatilis a l l  of  
them end ventral ly in  the  ventrai superficial vein ,  in  Lampetra mitsukurii 
m ost of them reach down to and open into the v .  j ugularis impar .  

In deal ing with the superficial veins o f  the branchial region i t  should 
be mentioned that also in  the trunk there is ,  at least in  the adult Petro
myzontids, a system of transversal metamerical ly  d isposed superficial 
veins and in  addit ion i n  p laces also longitudinal  superficial veins (cf. 
MOZEjKO 1 9 1 2) .  

Final ly concern ing the vein system o f  the Petromyzon-larva attention 
should be cal led to the faet that in  early larval stages the ductus cuvieri 
of both side i s  o f  equal size, but that in  later l arval  stages the left one 
gradually decreases in  s ize ,  final ly ent ire ly obliterating.  And as a con
sequence o f  this the vein-system in the vicinity of  the heart becomes 
asymmetrical developed . 

After this brief account of the blood-vascular system of the Petro
myzon- I arva certa in remarks may be added concerning the blood-vascular 
system of  the adult Petromyzontids. 

The blood-vascular system of  the adult Petromyzontids d iffers 
from that in the larva particularly by the presenee of  numerous big vein 
sinus (MOZEjKO 1 9 1 2 ;  T RETJAKOFF 1 926 b) .  H ere, however, we shal l 
deal only with a few of  these vein sinus which are situated in  the head. 

Most anteriorly in  the head of the adult Petromyzon there i s  a big 
sinus surrounding the mouth-opening. This sinus (sas, sal, sai, text-
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fig. 1 00) , wh ich is ca l led by TRETJAKOFF the s inus annu laris  lab ia l i s ,  
l ies externa l ly to the musculus annu l a ris of FORBR INGER 'S  ( 1 875) 
description and close beneath the cori um . It is in connection with the 
subcutaneous vascu lar  plexus, and m ust evident ly be cons idered as  a 
specia l ized part of tha t  p lexus .  

The mouth is  surrounded not on ly  by the s inus annu laris l ab ia l i s  
but a lso by another ve in s inus wi th a m uch less  ca l i bre. This ve in  
s inus ,  which i s  connected wi th the former, is described by TRETJAKOFF 
as the s inus interannularis .  I t  l ies between the m uscu lus annularis and 
the carti l ago annular is ,  and it thus has a deeper position than the s inus 
annularis lab ia l is .  

From the s inus annu laris lab ia l is  arises the v .  facial is (v. fac) as is  
wel l  shown by text-fig .  1 00 .  

Among the numerous other ve in s inus which occur in  the  adu l t  
Petromyzont ids may here be mentioned the nasa l  s inus ,  which is  in 
com munication with the v. facia l is ,  and the in fracapsular (sif) and basi l a r  
(sb) s inus ,  the  l a tter two of wh ich are  s i tuated as shown by text-fig.  1 00.  
As is a lso seen from this text-figure, the v .  capit is lateral is though, per
sisting, is in  the adu l t  evidently comparatively much less developed than 
in the l a rva .  

Having g iven a brief account of the b l ood vascular system i n  the 
Petromyzontids , we can now turn to the blood-vascul a r  system of  the 
Osteostraci, particu larly that of the Cephalaspids ,  com paring this with 
that of the Petromyzontids. 

The heart of the Osteostraci was evidently situated s imi lar ly in  
relat ion to the visceral endoskeleton as  that of  the Petromyzon-l a rva 
in relation to the branch ia l  basket. And m oreover the truncus a rteriosus 
o f  the Osteostraci certa in ly  passed forwards medial ly to the  endoskeletal 
e lement or elem ents wh ich perhaps were situated in  the soft tissue 
tha t  closed the o ra lo-branch ia l  fenestra, and accordingly i t  probably 
had simi lar relat ions to the visceral endoskeleton as  that i n  the Petro
myzont ids .  Fina l ly i t  is a lso evident that the  afferent and efferent 
branchia l  a rteries of the Osteostraci al l  went medial ly to the v isceral 
endoskeleton, exactly as  the corresponding ones in  the Petromyzontids .  
But whi le in the Petromyzontids the afferent and efferent branchial 
arteries in front of those perta in ing to the hyoid arch do not persist 
as such, but are either transform ed or have vanished , there in was the 
Osteostraci, as we have found ,  certa in ly mand ibu lar  (spiracular) a fferent 
and efferent branchial arteries and in  addit ion i n  the rostrai a rtery at  
leas t  a ve stige o f  the premandibu lar  (prespiracu lar) efferent b ranchial 
artery. And the Osteostraci were thus in this respect m uch more 
primi tive than the Petromyzontids . 

Concern ing the efferent branch ia l  a rteries o f  the Osteostraci i t  i s  
h ighly in teresting to find that they a rose from the adj acent halves o f  
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Text- fig. 1 00. Petromyzon.  Head and anterior part of branehial 
region showing the position of eertain of the vein s inus . 

After TRETJAKOFF ( 1 926 bl .  

A ,  eye ; B, branehial saes 1 and 2; N, naso-hypophyseal open ing ; 
O, otie eapsule ; sai, sal, sas, s inus annularis Iabial is ; sb, s inus 
basilaris ;  sim,  s inus intermuseu laris j si!, s inus in fraeapsulari s ;  
v .  ca, vena eard inal is anterior (v. eapiti s medial is) ; v .  cl, v. eapitis 

lateral is j v. fac, v. faci al i s ; v. jv, v. j ugularis impar. 

two neighbouring gi l l -sacs, exactly as the corresponding vessels 
the Petromyzontids .  In the Myxinoids ,  on the contrary,_ each 
is drained by i ts own effe ren t  branch ial  artery. 

365 

do in 
gil l-sac 

Before lea ving the efferent branchial arteries at tent ion should also 
be called to the fact that the efferent premandibu lar  artery of the 
Cephalaspidae - the a .  rostra l i s  - has exactly sim i l a r  relations to the 
visceral endoskeleton as the efferent b ranchial arteries beh ind i t ,  i .  e .  
i t  l ies media l ly to the  visceral endoskeleton .  N ow as i n  addition ,  as  
we know from the account of them , the Cephalaspidae had an arteria facia l is 
which was homblogous with the s imi Jarly named ar tery of  the Petro
myzontids ,  i t  is clear  that th is a rtery of the Petromyzontids cannot  be 
a transformed part af the premandibu l.ar  vascula r  arch, as m ainta ined 
by HATTA. 

Contrary to what is the case i n  the  Petromyzont ids ,  the aorta of  
the Cephalaspidae was an unpaired vessel th roughout i t s  extent .  The 
branches given off from i t  were, as we have seen, the parietal a rteries 
proper, the posterior encephalic artery (a. cp. text-figs. 44, 46) , and  
the  carotid artery . Concerning the parietal arteries proper we are 
able to conclude that they must have a l ternated with each other on the 
right and left s ides,  as in the Cyclostomes. And i t  is  noteworthy that 
the posterior encephalic artery i n  this respect a lso was l ike a parietal 
artery and that i n  fact everything indicates that i t  was a transfo rmed 
parietal artery. As we have seen ,  i t  entered the cavum cerebrale cran i i  
from the ventrai  s ide  medial ly to  the place of ex i t  of  the glossopha
ryngeus and vagus roots ; and on  account  of this fact i t  i s  very l ike ly 
that i t  corresponded to the fourth parieta l  a rtery of  the young Petromyzon-
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larva, that is  to the parietal artery o f  the young Petromyzon-larva, which , 
according to H ATTA , gives rise to the occipita l encephalic artery or 
arteries. The dorso-lateral superfkial arteries, or at least  the posterior 
ones of these arteries ,  may perhaps have been dorsal superficial branches 
of  the occipital encephal ic artery and thus of the supposed fourth 
parietal arte ry. 

U nder the assumption that the occipital encephal ic artery of the 
Cephalaspidae real l y  is the transforrned fourth parietal artery, the third 
and second parietal arteries of the Cephalaspidae must obviously have 
l ost their connections with the aorta . The postorbital superficial artery 
(a. dsm , text-ngs. 44, 46, 49) was probably a dorsal superficial branch 
of the third parietal artery, while in the arterial branches which traversed 
the can als ax and aX2 (textfigs . 20, 22, 27) we probably must have 
been concerned with branches of the second parietal artery. 

The carotid artery (a. car, text-figs. 44, 46, 49) of the Cephalaspidae 
was probably the transforrned nrst parietal artery. As is obvious from 
the  description and  the  figures I have given of i t ,  i t  seems to have 
been a rather wide vessel wh ich arose from the aorta and thus had its 
connection with this reta ined.  Rather soon i t  divided into a l ateral and 
a media l  branch , the former of wh ich was the a .  facial is (a. jac, text
figs. 44, 46, 47, 49) , which perforated the preorbita l  parts o f  the endo
skeleton and suppl ied the subaponeurotic vascular plexus in  the anterior 
and antero- la teral parts of the cephal ic sh ie ld ,  whi le the latter was the 
a .  carotis in terna proper. Both these branches were evidently in  al l 
important respects so much in  accord with the correspondingly terrned 
vessel s  in  the Petromyzontids that i t  cannot be doubted that they real ly 
were homologous with these .  And we thus find that with regard to the 
blood supply o f  the anterior  superficial parts of the head the Cephalaspidae 
presented very great agreements with the Petromyzontids .  

The subaponeurotic vascular plexus o f  the Cephalaspidae had a posi
t ion exactly s imi lar to that of the subcutaneous vascular plexus of  the 
Petromyzontids .  And since in add it ion i t  was supplied by s imi lar ly 
passing and homologous arteries as the last mentioned plexus i t  was 
certa inly homologous with this .  I n  addit ion the Cephalaspidae had a lso ,  
l i ke the Petromyzontids and the Myxinoids ,  a subepidermal vascular  
plexus. 

The Cephalaspidae certainly had a paired , short anterior card inal  vein 
(v. capitis media l is ; v. ca, text-fig. 50) which probably d id not reach further  
forwards than to the  postbranchial wa l l  where i t  received the  v. capitis 
lateral is of  its side close postero-ventra l ly to the labyrinth . Accordingly 
these two veins joined each other external ly to the branchia l  skeleton 
and elose behind the labyrinth, exactly as in  the Petromyzontids .  The 
v. cardinal is  anterior o f  the Cephalaspidae further rece i ved certa in anterior 
parietal veins, a few anterior on es of which had their col l ateral branches 
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transforrned into the oceipital vein sinus and thus by means of this 
were in  connecti on with the v. cerebra l i s  posterior. Similar connections 
- though not s inus-shaped but on ly  very narrow ones - between the 
posterior parietal vein s  and the v. cerebral is posterior  have been found 
by HA TT A in larvae of Petromyzontids ( H ATTA 1 922, pl .  22) . 

The v. capitis lateral is  (v. cl, text-figs. 46--5 1 )  of the Cephalaspidae 
was, with regard both to its considerable size and to its course and position ,  
very s imi lar to the corresponding vein in  the Petromyzon-larva.  Thus ,  
as we have seen ,  i t  a rose from the subaponeurotic vascular plexus 
lateral ly and in  front of the naso-hypophysial opening and passed back
wards to the orbit, as a rule, chiefly dorso-media l ly to the n .  profundus. 
The reader may further be reminded of the fact that , well within  the orbit ,  
i t  went rather high above the floor ; further that behind the orbit i t  had 
its course dorsal ly or more correctly dorso-Iateral ly to the labyrinth 
cavity ; and ,  final ly ,  that immediately behind the labyrinth ca vit y i t  left 
the neurocranium and curved downwards to unite with the v. cardinal is  
anter ior .  Like the corresponding vein in  the Petromyzontids i t  d rained 
the brain and the cavum cerebrale crani i ; and in  this connection i t  i s  
especial ly worth whi le to ca l l  atten ti on to the fact that  there was a 
posterior cerebral vein (v. cp, text-figs. 46, 50) , situated as in the Petro
myzontids, that carried blood to i t .  M oreover ,  like the corresponding 
vein in the Petromyzontids, i t  received severaI smal l  veins from above 
from the subaponeurotic vascular plexus of the dorsal side of  the head .  
Final ly ,  i t  had a lso lateral tributaries of  considerable s ize ,  tributaries 
which are of  much interest to  us in  this connection but which we shal l  
not  discuss unti l  l a ter. I n  this connection i t  should only be added that 
these lateral tri butaries, as we have seen ,  were the dorso-Iateral super
Reial veins .  

As far as can be j udged from i ts superReial position and its trib
utaries i t  is  probable, as has a lready been mentioned above (p .  362) , 
that the v. capitis lateralis of the Cephalaspidae pertained to the super
Reial system o f  veins. And i f  this was the case in  the Osteostraci, i t  
must obviously be the case in  the Petromyzontids too .  I t  should further 
be noticed here that  the eircumstance that  i t  i s  wel l  developed a l ready 
i n  the Osteostraci indicates that the v. capitis l atera l is  must be a very 
old vessel . I n  ful l  harmony with th is i s  the fact that in  the larvae of 
the Petromyzont ids i t  appears stri kingly early in  the l arva and i s  one 
of the chief veins of  the head , whi le i n  the adult Petromyzontids it 
plays a much less important  part (cf. DE  BEER 1 924, pp.  324, 327, text
Rgs. 36, 38) . But i t  i s  d i fficult to judge from these conditions whether 
the v .  capit is lateralis or the v. cardinal is anterior (v. capitis medial is) i s  
the primitive head vein of the craniate vertebrates since ,  as we have found,  
the latter vein was present toa a l  ready in  the Osteostraci (cf. DE  BEER,  
1 924, p .  339) . 
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Besides the  v .  capi t is  latera l i s  the system of  superficial veins of 
the Cephalaspidae consisted ,  as  we have seen, of two longitud ina l  vein s ,  

o f  a num ber o f  transversa l  superficia l  veins ,  and  o f  an annular  lab ia l  
ve in s inus .  

Of  the two longitudina l  superficial ve ins o f  the Cephalaspidae the 
most dorsal one was the margina l  ve in (v .  marg, text-fig. 50) , wi th i ts  
posterior continuation the margina l  vei n sinus (vs .  marg) . As th is  l ongi
tud ina l  superficial vein was situated dorsa l ly to the branch ia l  openings, 
i t  must have been homologous with the v .  superficia l is  l ongitudinal is  
do rsal is o f  the Petromyzontid s .  The seeond longitud ina l  superficia l  
vein of  the Cephalaspidae was the  ventral l ongitud ina l  ve in  (v .  slv, text
fig .  50) , a n d  that vein must evidently have corresponded  e i l her  to the 
v .  supe rficia I i s  l ongitud ina l i s  media l i s  or  the v .  superficia l i s  l o ngi tud ina l i s  
ventral is  of the Petromyzontids .  Whereas in  the  Petromyzontids  the 
venae superficiales l ongitud ina les (text-fig.  99) do not  reaeh further for
wards than approx imately to a transverse plane through the anterio r  
part o f  the  otie capsules ,  in the  Osteostraci, as we have  seen ,  they 
extended a lmost to the t ip of the head, a condit ion which probably is 
a primitive one ,  s ince the Osteostraci a re not only very old forms but 
in  add ition forms which in general have reta ined mueh more prim itive 
features in  the viseerai parts of  the head than the Petrom yzontids. 

The transversal superficial veins  of  the Cephalaspidae consisted o f  the 
dorso-la teral  superficia l  veins (v. lSl -V. lS6 ' text- figs. 46-5 1 )  and  the 
ventra i  superficia l  transversal vein s  (V1---VlO ' text-fig .  50) , a l l  o f  which , as  
we have been able to establ i sh ,  had a stric t ly segmental d isposi t ion .  
A n d  i t  i s  n o t  d ifficul t t o  conclude that th ese veins toget her were com
parable to and probab ly homologous- with the transversal system of 
superficia l  veins o f  the  Petromyzont ids .  More exactly, the dorso- I ateral  
superficiaI veins probably corresponded to the parts of the transversal  
superfic ia I  veins of the Petromyzon tids  that are s i tuated d orsa l ly to the 
v .  superficial is longitud ina l i s  dorsa ! i s ,  whi le the ventrai  t ransversal super

fic ia l  veins were equivalents eith er of the midd le  d ivis ions ,  or  of these 
and the ventra I d ivi s ions  togeth er ,  o f  the transversal superficial veins of 
t he  Petromyzont ids .  

Whi le in the Petromyzont ids the m ost an terior trans versal  super
fic ia l  veins seem to be long to the gl03sopharyngeus segment there were 
in the Cephalaspidae, as we have fOClnd three veins  o f  th is  k i nd  i n  front  
o f  the one belonging to the gl ossopharyngeus segment - three veins 
corresponding to the hyoid ,  mand ibular and prem andibu l ar  segments 
respectively. As the head , aecord ing to the current view, is a structu re 
a risen by the fus ion and  transformat ion of metameres, m ore or less 
l ike the abdomina l  metameres, we m ust of  course assume  that i ts vas
cular system primari ly had a metameric disposit ion  too. Now when in 
such l owly organized forms as  the Cephalaspidae we find tha t  the tran s-
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versal superficial veins had a strictly metameric disposition, even in the 
most anterio r  parts o f  the head , this must of  course be regarded as a 
primitive character. And everyth ing thus indicates that the Osteostraci 
with regard to the presence of t ransversal superficial veins i n  the an
terior part of the head were more pr imi tive than the Petromyzontids. 

In the Petromyzontids ,  as has been pointed out  (cf. text-fig. 99), the 
dorsal d ivisions of the transversal superficial veins are a l l  in  connection 
with the v .  card ina l is  an terior (v. capitis medial is) of  their side, whiIe i n  the 
Cephalaspidae, on the contrary, they all emptied into the v .  capitis latera l i s .  
At first th is d ifferens seems perhaps to be ra ther important ;  but i f  we 
take in to considerat ion the fact that the branch ial region of  the Petro
m yzontids has secondari ly grown backwards and become much length
ened,  i t  seems very probably that the dorsal ends of  the transversal 
superficial veins have moved backwards toa and have been secondari Iy 
connected with the v .  cardinal is anterior, since there was no  other vessel 
into which they could empty. 

F ina l !y  i t  deserves to be pointed out here that ,  whereas the  most 
dorsal parts of  the transversal superficia l  veins o f  the Petromyzontids 
are i n  d irect communication with the v .  superficialis l ongitud ina l is  dor
sa l is, their supposed homologues in  the Cephalaspidae, the dorso-Iateral 
superficial veins, were connected with the marginal vein probably solely 
by means o f  capi l laries. I t  seems very probable, however, that these 
condit ions in the Osteostraci had been caused by the l ateral electric 
fie ld and accordingly that they were secondary ones. In this respect, 
therefore, as far as can be judged , the Cephalaspids  were more special ized 
than the Petromyzont ids .  

The an nular l abia l  vein s inus o f  the Cephalaspidae l ay  external ly to 
the v i sceral musculature, l ike the  annular labial s inus of  the adult Petro
myzontids, and, l ike that ,  i t  was also i n  d irect connection  wi th the sub
aponeurotic vascu lar  plexus. Moreover it l ay  chiefly on the outside o f  
the endoskeleton ,  and  t hus  i t  occupied a posit ion almost exactly s imi lar  
to that of  the annular labia l  s inus of the adult Petromyzontids in rel at ion 
to the annular carti lage. I t  is true that these facts seem to ind icate that 
the  vein s inus i n  quest ion of the Cephalaspids was homologous with the 
s imi larly terrned and s imi larly si tuated vein s inus of  the adult Petro my
zontids ; but s ince in  the l a rval stages of  the Petromyzontids there i s  
no  annular l ab ia l  s inus  I do not, however, bel ieve tha t  th i s  is  the case. 
To me i t  seems  instead more l ikely that in the annular  labial vein 
sinus of the Cephalaspids and Petromyzontids we are concerned on ly 
wi th analogous structures. But i t  i s  eviden t that  such a vein s inus 
could ar ise independently onl y i n  forms with a s imi larly developed 
subaponeu rotic vascular plexus. In this connection i t  may also be added 
that ,  wh iIe the annular labia l  vein s inus of  the Cephalaspids probably was 
drained by the ven traI longitudinal superficial vein ,  the blood from the 

24 



370 ER IK  A :  SON STENSlO 

annular lab ia l  vein sinus o f  the Petromyzontids i s  earr ied away by the 
v .  faeia l is .  

The antero-lateral superfieia l  parts of the head of  the Cephalaspids 
from whieh the venous blood was eol leeted by the dorso-lateral super
fieial veins 1 -3 are in  the Petromyzontids ,  as we have found ,  drained 
by the v .  faeial is and the v .  vel i  dorsal is .  N ow sinee at least the 
v .  faeial is of  the Petromyzontids i s  a superfieia l  vein ,  and sinee in  the 
Petromyzontids neither the transversal metamerical ly arranged super
fieia l  veins nor the longitudinal  superfieial veins extend so far forwards 
as this ,  there i s  evident ly mueh reason to bel ieve that the v .  faeia l is 
and the v .  vel i dorsal is of the Petromyzontids represent together 
the mueh transforrned three anterior dorso-lateral superficia l  ve ins  of  
the Cephalaspid s .  More exaetly ,  i t  seems as i f  the v .  faeia l i s  arose from 
the dorso-lateral superfieial ve ins l and 2 whieh i n  that case would 
have l ost their connection dorsal ly with the v .  capit is latera l i s  and in
stead ,  by means o f  commissures ,  j o ined with each other and with the 
third dorso- lateral superfieia l  vein.  The latter dorso-lateral superficial 
vein would have been transforrned into the v. vel i  dorsalis and into the 
commissure which I have lettered v. la in  text-fig. 99, and would thus 
have retained its connection with the v .  capit is lateral is .  And i f  we 
further take into account the facts that the com missure v. la i n  a l l  respects 
corresponds exactly to the proxima l  part of the dorso-lateral superficial 
vein 3 of the Cephalaspids ,  that; the v .  facial is and the v. vel i  dorsal i s  
ontogenetical ly develop  from th i s  commissure and that  the b lood from 
these two ve ins  in  young l a rval stages i s  regularly carried to the  
v .  capit is latera l i s  through the  sa id commissure (cf. p .  36 1 above) , i t  
seems beyond question that  the v .  facia l is and the commissure v. la i n  
question must  represent at least the ch ie f  parts of the th ree most anter
dorso - lateral superficial veins of the Cephalaspids and thus be vessels arisen 
by transformations of  the dorsal parts of the three most anterior trans
versal superfieial veins .  And that changes of the drainage of the super
ficia l  parts of  the head can very easi ly take place i s  wel l  sh own i n  
t h e  Cephalaspids ,  in  which ,  a s  we  have seen , t h e  posterior  dorso-lateral 
superficial veins may jo in  each other in  severai ways. Further evidence 
of this is  a lso found in  the rostrai  parts of the head o f  the Cephalaspids ,  
for in  certa in cases ,  as we have been able to establ ish, the venous 
b lood of the rostrai  parts of the head of the Cephalaspids went a lmost 
entirely to the rostrai  vein sinus and through this to the ventrai  super
ficia l  veins ,  whi le  in other cases i t  was in stead to a considerab le extent 
brought backwards to the v .  capitis lateralis by tributaries to the antero
dorso-lateral superfieial vein . 

The deeply situated ventrai veins of the Cephalaspidae were probably, 
as in  the Petromyzontids , an unpaired l ingual and a l ikewise unpaired v .  j ugu
l aris impar ,  wh ich forrned the d irect posterior continuation of the former.  
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Final ly it may be pointed out that the vein-system of the  Cephal
aspidae as a whole,  l ike that of the adult  Petromyzont ids ,  was character
ized by its big sinus formations .  

As we find ,  the blood vascular system of  the Osteostraci was o f  
the same  type as tha t  o f  t he  Petromyzontids ,  and in  addition i t  was in  
many respects very much in  accord with that .  And l ike  the  other systems  
of organs ,  therefore, i t  shows t ha t  t he  Osteostraci must be closely a l l ied 
to the Petromyzontids .  Though it was in  many points more pr imitive 
than that of the Petromyzontids yet i t  had in a few respects atta ined 
a h igh er  degree of special icat ion than that ; and i n  this we h a  ve an 
addit ional  evidence that the  Petro myzontids cannot  have been derived 
fro m  the Osteostraci. 

We have thus in  this account been able to establ ish that the Petro
m yzontids a re very closely al l ied to the Osteostraci and A naspida 
among the Ostracoderl11s .  Owing to the fact that the Osteostraci i n  
certain detai Is had atta ined a h igh degree of  specia l izat ion,  however ,  we  
cannot il11agine  the  Petromyzontids to  have descended d i rectly from 
them. The A naspida are too imperfectly known to be compared in 
detai l  wi th the Petrol11yzontids ,  but since they had a hypocercal caudal 
fin ,  and since we have found quite d istinct traces o f  a s imi l ar  cauda l 
fin in the la rvae of the Petromyzontids there seel11 S to be some reason 
to believe that they perhaps m ight have given rise to the Petromyzon
tids. lf this should not be the case the Petrol11yzontids must have 
envoI ved from the common ancestors of the Osteostraci and Anaspida, 
for in any case i t  is  quite certain that they perta in  to the same branch 
of  the Ostracoderms as  the Osteostraci and A naspida. 

The very greatly extended knowledge we now posess concerning 
their ancestry m akes i t  i s  obvious that the Petromyzontids with 
rega rd to the skeleton must be highly special ized and degenerated 
forms .  Further  it is  also clear that the absence of  pectoral fins in 
them must be secondary, arisen by reduction .  Final ly i t  seems also no t  
improbabel t ha t  th e absence of  an occipi ta l  region in  them is a second
ary feature too,  a secondary feature which may very well be thought  
to be a consequence of  the degeneration o f  the skeleton in  general .  
In any case the condit ions in  the Osteostraci, A naspida Petromyzon
tids and Heterostraci suggest that the presence or  absenee of  an 
occipital region cannot in  i tself be sufficient  to prove anything with 
regard to the stage of organizat ion o f  a group. 

Setti ng aside the features just considered and certain others of 
m inor  importan ce, however, the Petromyzontids have on the whole 
been found to remain in  a pr imari ly low stage of  organisation and to 
be pr imari ly agnathous forms ,  as first assumed by COPE.  
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Myxinoidea; 

As the Myxinoids on the whole belong to the same special type of 
organ isat ion as the Petromyzontids ,  i t  i s  beyond question that they are 
closely al l ied to the Ostracoderms. But whi le ,  as we have seen , the Petro
myzontids, the Anaspida and the Osteostraci have the naso-hypophysial 
opening situated far back on the dorsal side of  the head and the rostraI 
parts of the head formed by the excessiv ely enlarged upper  lip, the 
Myxinoids, on  the con trary, are characterized by the position o f  the naso
hypophysial opening decidedly ventral ly and no t  w far in front  of the 
mouth and by the fact that the eth moida l  region protrudes forwards as the 
rostrum (cf. PETER 1 90 1 ,  pp.  8� 1 3 ;  V.  KUPFER 1 905, pp .  24�58 ; cf. also 
pp.  323�325, 340�343 above i n  the present work). Since in add it ion 
their upper l ip does not increase in  s ize ,  the Myxinoids ,  so fa r as the 
anterior part of  the head i s  concerned a re m uch less specia l ized than the 
Petromyzontids, the Anaspida and the Osteostraci ; and i t  is  therefore 
easy to understand that they cannot have been deri ved from any of  these 
groups. I nstead of  that, in  the respects here in  quest ion they approach 
the H eterostraci ; and i t  seems therefo re rather l ikely tha t  they may be 
m ore or less d i rect descendants from these. In th is  connection attention 
may also be cal led to the circumstance that in  certain o f  the Myxinoids ,  
e .  g .  Myxine, the mode of  open ing outwards of the g i l l-sacs is  exactly 
as i t  must have been in the Heterostraci (cf. pp. 326, 329, 332 above) .  

U n fortunately the  H eterostraci are sti l l  so imperfectly known that 
no deta i led comparisons can be made between them and the Myxinoids .  

The ontogeny of  the  Myxino ids i s  very imperfectly known , but i t  
i s  nevertheless possible to see that i t  p resents many points of  interest 
(cf. DEAN 1 899) .  First of all , i t  i s  very noteworthy that the embryos 
(text-fig. 1 0  l )  are m uch flattened i n  a dorsi-ventral d i rection  and have 
a rather short branch ia l  region.  Further i t  is  clearly seen that the bran
chial region secondari ly grows backwards and that the gi l l-sacs second
ar i ly come to o ccupy their pecul iar posit ion very far back behind the 
head. And final ly i t  i s  h ighly interesting to find that in certa in stages 
(text-fig. 1 0 1  C)  the general appearence of  the embryo in  a lateral view 
was very suggestive of a P teraspid .  

What  is  known so far of  the ontogeny thus seems to ind icate that 
the ancestors of the Myxinoids were benthonic ,  dorsi-ventral ly flattened 
forms with a rather short branchial region ,  forms which , on the whole ,  
must have had a shape s imi lar to that of the Pteraspids a m ong the 
H eterostraci. 

* 
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, C . 

• 

Text- fig. 1 0 1 . Bdellostoma. Head and branchial region o f three embryos. After DEAN 1 899. 

A dorsal view of an embryo with about 8 gill slits ; B ,  lateral v iew of  an embryo with 
about 13 gi l l  slits ; C, lateral view of an older embryo. 

au"d, auditory -organ ; bl'; bra-Achial sHts ; mp", mucous poueh ; m l ;  region of tfle- møuth ; 
nI.  region o f  the nasal opening ; op, eye. 

From what has been set forth here i t  i s  evident that the Cyclo
sto rnes are very closely related to the Ostracoderms, so closely even 
that they must be included among the latter. Moreover i t  has been 
shown above that the Petromyzontids must perta in to the same large 
branch of the Ostracoderms as the Osteostraci and A naspida and be 
derived ei ther from the A naspida or from the com mon ancestors of  
these and  the  Osteostraci. And final ly from the  account given above we 
have  a l so  found that the  Myxinoids must be nearest al l ied to the branch 
of  the Ostracoderms that comprises the Heterostraci and that they 
perhaps may be  descendants of the Heterostraci. 

Thus the Ostracoderms had al ready very early separated into two 
main branches, one of  which includes the Osteostraci, Anaspida and 
Petromyzontia, whi le the other consists o f  the Heterostraci and Myxi
noidea. To make it easy to refer to these two branches it wi l l  of course 
be necessary to name them and I therefore propose for the first men
t ioned branch the term Cephalaspidomorphi and for other the term 
Pteraspidomorphi .  

The know legde which we now possess " concern ing their phylogeny 
and relationships shows that the Petromyzontia and Myxinoidea have 
degenerated in  certa in respects , as ,  for instance, with regard to the degree 
of development of  the skeleton and the absenee at least o f  pectoral 
fins and shoulder-girdle ,  but that otherwise on the whole they remain 
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i n  a very lowly organ ized stage o f  evolution and that  they are primari ly 
agnathous forms (cf. SEWERTZOV 1 9 1 7 , pp. 547-557) .  

Final ly it shou ld  be po inted out here that  since a wel l  developed 
bony skeleton was present a l ready in  th e primitive agnathous craniate 
vertebrates, as in the Ostracoderms,  such a skeleton must have arisen 
very early among the craniate vertebrates. And as th is i s  the case, i t  
i s  of  course very l ikely that th e ancestors of  the gnathostomes had a 
bon y skeleton too, and accordingly that a bon y skeleton was not inde
pendently acquired by th e d ifferent groups of lower Gnathostomes, as 
seems to have been generaJ ly  assumed .  Since in addit ion I have been 
able to show (STENSlO 1 925 b, pp.  1 60- 1 64, 1 87- 1 89) that probably 
a bony skeleton was primari ly present a lso i n  the Elasmobranchs,  
everyth ing seems thus to ind icate that such a skeleton reaJ ly was 
inherited i n  the Gnathostomes fro m the agnothous  craniate vertebrates. 

Palaeospondylus.  

On account of i t s  general Cyclostome-l ike appearance Palaeospon
dylus gunni has ever since its d iscovery attracted a very great in terest 
and numerous  papers have be en publ ished on i t  (TRAQuAIR 1 890 b, 
1 893 d ;  1 894 b ,  c, d ;  1 897 ; GILL 1 896 a ,  b ;  DEAN 1 896 a , b ;  1 898 ; 1 900 ; 
KERR 1 900 ; SOLLAS 1 904 a ;  etc . ) .  But as it was a very sma l l  an imal  
and as moreover the remains o f  i t  are a lways m uch affected by pressure 
in the rock our knowl edge of  i t  st i l l  remains very imperfec t  in  many 
important respects, and i t  is therefore poss ib le to enter here on ly upon 
certa in of  i ts characters. 

The skeleton of Palaespondylus consists, i n  its present state o f  
preservation ,  of  a coal-l ike substance without dist inet m icroscopic struc
ture. S ince the fishes ,  such as Coccosteus decipiens, which are found 
in  the same rock with Palaeospondylus have their skeleton preserved 
as a s imi lar  coa l- l ike substance, i t  seems probable that what remains 
of  the skele ton i n  th e fossil o f  Palaeospondylus a1so consisted o f  bone 
(cf. SOLLAS 1 904, pp.  270-273) . 

The endocranium ( text-fig.  1 02) is o f  a rath er pecul iar type and ,  
l ike that  o f  the Petromyzontids and Myxino ids ,  i t  has no occipital region 
but ends posteriorly with the ot ic  region (ot, text-fig .  1 02) . 

The o tic region ,  wh ich is the broadest one  of the regions o f  the 
head,  encloses, according to SOLLAS, a pa ired labyrinth cavity which in 
the fossi l  state communicates with the  cavum cerebrale crani i  by means 
of a rather wide opening.  The o rbitotemporal region is  short and is  
characterized by a paired la tero-dorsa l ly open fossa (orb, text-fig.  1 02) , 
which must be the orbit .  I t  i s  very noteworthy that th is fossa, which 
wil l be referred to as  the orbit, is provided with a floor which passes 
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Text-flg. 1 02.  Paiaeospondyius gunni T R A Q U A I R .  The skeleton of the head i n  ventrai 
(A) and dorsal (8) v i ew. Photograph of a copy of a model presented by Professor 

SOLLAS to  the palaeontological i nstitut ion of  the Un iversity of  U psala. 

d. seil, dorsum sellae ; f. opt, fenestra optica ; fs. hyp, fossa hypophyseos ; orb, orb i t ; ot, 
ot ic  capsule ; p. ni, pronephros lamella ; r. c, space occupied by the  olfactory organ and 

the hypophysial sac. 

over anteriorly into the ventro-Iateral parts of the ethmoidal region .  
This last-mentioned region i s  more than twice as long as the orbito 
temporaI reg ion and  is  therefore much longer t han  bo th  the  other regions 
of  the endocran ium together .  Posteriorly on each side i t  has a broad 
lateral preo rbital portion strengthened by two o r  three obl iquely transversal 
ridges on the dorsal side, a portion which SOLLAS was incl ined to inter
prete as a nasal caps ule .  Anteriorly  the region forms the rostraI end 
of  the head, which ,  as is wel l known , ' i s  provided with short skeIetal 
proeesses ,  cal led rostral ia by SOLLAS. And i t  i s  noteworthy that these 
rostraI pro:::esses seem to be  arranged in such a way that they surround 
an antero-v�ntral ly d i rected unpaired opening, which i s  situated in the 
rostraI end of  the head,  (TRAQUAIR 1 894 d ,  p l .  IX, ngs. I ,  2) and which 
leads in to a big cavity (r. c, text-ngo 1 02) wh ich we sha l l  cal l  provisional ly 
the rostraI cavity . 

• 
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The cavum cerebrale cran i i  (text-fig. 1 02) is  long and narrow and 
cont inuos anteriorly with the rostraI cavity, as thus defined.  Just a t  the 
transversal plane through the anterio r ends o f  the otic capsules its floor 
suddenly descends to a l ower level than posteriori y ,  so that there arises 
a fossa hypophyseos  (fs. hyp, text-fig. 1 02) bounded posteriorly by a 
d istinct dorsum sel lae (d. seil) . As far as can be understood ,  the fossa 
hypophyseos has a very considerable forward extension . 

CIose i n  front o f  the dorsum sellae the lateral crania l  wall is per
forated by a big foramen (J. opt, text-fig. 1 02) ,  which leads lateral ly to 
the orbit. Since this foramen lies j ust lateral ly to the posterior parts 
of  the fossa hypophyseos, i t  has  an  exactly similar posit ion as the 
fenestra optica o f  the Cephalaspids and must, as pointed out by SOLLAS, 
have been traversed at least by the n .  opticus. 

From the position of  the dorsum sellae and the fossa hypophyseos 
i t  i s  evident that the fore-brain cannot have been so long as to occupy 
the entire anterior part of the cavum cerebrale , sti l l  less the rostraI 
cavity, but that the condit ions must have been simply such that the 
o lfactory organ was situated in  the anterior part  o f  the cavum cerebrale 
and that the rostraI cavi ty was the duct which led outwards from the 
olfactory organ to th e opening i n  the rostraI end of the head surrounded 
by the rostraI processes. To put i t  i n  another way : the fact that the 
cavum cerebrale anteriorly is  cont inuos with the rostraI cavity ind icates 
that the olfactory orga n was si tuated as in  the Petromyzontids and 
Myxinoids, and opened outward with an  unpaired duct  i n the rostraI 
end of  the head decided ly  on the ventraI s ide exactly as in  Myxinoids .  
Since moreover the rostraI  end of  the head must be forrned by the 
ethmoidal region , th ere is strong reason to believe that Palaeospondylus 
i s  a form belonging to the same branch of the Ostracoderms as the 
Heterostraci and Myxinoids ,  though i t  seems to  be more cIosely related 
to the latter than to the former. 

The long paired strange skeIetal piece (p. nl, text-fig. 1 02) which 
i n  Palaeospondylus i s  continuous with the otic region ,  and which l ies 
i n  a level somewhat beneath the vertebral column ,  is ,  as is evident 
from severaI o f  the models made by SOLLAS, curved somewhat med ial ly 
with the posterior end s imultaneously as the media l  side displays severaI 
i rregularities and often is  as a whole somewhat excavated . As there 
can be no doubt that this skeIetal piece belongs to the endoskeleton ,  i t  
seems in a l l  respects to agree so wel l  with the pronephros- Iamel la  (p. ni, 
text-figs. 33-35, section series F ,  nos .  8-28) of the Cephalaspids that 
I feel sure of  that i t  must be such a lamel la ; and i t  wi l l  th = refore be 
referred to as pronephros lamel la .  It is, however, considerably longer 
and stronger than that i n  the Cephalaspids, a c i rcumstance wh :ch ind i
cates that the pronephros also must have been better developed and 
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have played a much more important part than in the Cephalaspids. 
And we thus also find i n  this a Myxinoid-l ike character. 

That the paired skeietal e lement of Palaeospondylus in terpreted 
here as a pronephros lamel la  would have been a support for a pectoral 
fin and thus a shoulder-gird le ,  as has be en mai nta ined by certain writers , 
or that ,  as imagined by other writers, it would represent a vestigal part 
of  a dorsal shield, is  of  course from what is  known of i t  now quite 
excluded. I t  i s  a lso c1ear that the pronephros lamel la  cannot have 
formed a support  for the branchia l  basket either, but that the branchial  
basket must have been short and have reached only sl ightly backwards 
beyond the posterior end of the otic region .  Everything thus seems 
to ind icate that the gi l ls were situated in  the main ventral ly to the 
endocranium,  as in  the A naspida and the Osteostraci, or as i n  the 
Myxinoid embryos (c f. text-fig. 1 0 1 ) . 

Accord ing to SOLLAS, there were severai i ndependent visceral ele
ments ventrally to the endocran ium.  The figures given by SOLLAS, how
ever, do not  convince m e  that this rea l ly is the case. And unti l  further 
evidence is put forward to the contrary, I feel inc l ined to see at lea st 
in  certain of  the structures interpreted by SOLLAS as visceral elements 
s imply ridges on  the the ventrai side of the neurocran ium,  ridges cor
responding to the interbranchia l  ridges o f  the Cephalaspids. And i f  this 
i s  true, we should have in this an addit ional support for the opin ion 
that Palaeospondylus i s  c10sely a l l ied to the Ostracoderms. 

F ina l ly i t  deserves to be pointed out i n  this connection that the 
orbital floor and certain  la teral parts of  the ethmoidal region  perhaps 
are o f  a v isceral or ig in and thus are comparable to the subocular arch 
in the Petromyzontids and Myxinoids .  

As far as can be j udged with our present knowledge of  it ,  i t  seems 
fa irly certa in  that Palaeospondylus i s  c losely al l ied to the Ostracoderms 
and pertains to the same branch of  these as the Heterostraci and thus 
to the branch that I have ca l led above the Pteraspidomorphi. And since 
in certain respects it seems to be suggestive of  the Myxinoid embryo, 
it i s  not inconceivable that i t  maY reveal i tse l f  as a d irect ancestor of 
the recent Myxinoids,  or  at least as an  offshoot of the primitive 
Myxinoids I .  

l The eel -shaped Hypospondylus hohemicus descriced by JAEKEL ( 1 9 1 1 )  from the 
)ower Carboniferous of Bohemia is  too imperfectly known to be compared to the 
Ostracoderms, and its affini t ies with these cannot therefore at present be ascer
tained. 
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Arthrodira and Antiarchi.  

From the account g iven above of the Ostracoderms i t  i s  ful ly 
ev ident  that  these cannot have had anything to do wi th the Arthrodires, 
wh ich I have been able to show (STENSIO,  1 925 b) are true fishes 
al l ied to the Elasmobranchs. 

As the A ntiarchi, accord ing to studies carried out by the present 
writer on a l arger material o f  Bothriolepis canadensis, are true gnath
ostomes all ied to the Arthrodires, i t  i s  clear that they cannot any longer 
be referred to the Ostracoderms as has of  ten been done h itherto. 

Summary and Conclusions. 

After having above dealt  with the Cephalaspidae in  deta i l ,  and 
after having compared them with the Tremataspidae, the Anaspida, the 
H eterostraci, the Cyclostomata and the Arthrodira and Antiarchi, I 
sha l l  now briefly summarize here the most important results gained . 
These are as fol lows : 

1 .  The Ostracodermi constitute a group of pr imarly  agnathous craniate 
vertebrates, of  an on the whole rather uniform organization ,  and 
have nothing to do either with the Arthrodira or  the A ntiarchi, 
which are true fishes related to Elasmobranchs.  

2 .  The Ostracodermi com prise the Osteostraci, the A naspida, the 
Heterostraci, Palaeospondylus and in  addit ion - and this is  very 
noteworthy - the recent Petromyzontia and Myxinoidea. 

3. The Ostracodermi with this defini tion appear to con sist of two 
d ifferen t groups, one of which com prises the Osteostraci, the A n
aspida and the Petromyzontia, whi le the other i s  made up o f  the 
Heterostraci, PalaeospoTldylus and the Myxinoidea. 

4 .  And we thus  find  that the Petromyzontia and Myxinoidea are not  
merely related to the Ostracodermi but must be referred to these 
and perta in  to d ifferent groups o f  these. Further i t  is  c lear that 
th � Petromyzontia must h ave evolved e i ther from the A naspida 
or from the com mon  ancestors of these and the Osteostraci, 
whereas the Myxinoidea are descendants eith er from Palaeospon
dylus or from primitive Heterostraci. 

5 .  The interrelationships of  the Ostracodermi would ,  accord ing to our 
present knowledge, be as shown in the accompanying diagra m .  

For t h e  group com prising t h e  Osteostraci, A llaspida a n d  Petro
myzontia I have chosen the name Cephalaspidomorphi, for the 
other group,  consisting of the Heterostraci, Palaeospondyloidea 
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(Palaeospondylus) and the Myxinoidea on the other hand ,  the term 
Pteraspidomorphi has been suggested .  

6 .  I f  we would try to express what i s  known so far of the i nter
relationships of the Ostracodermi in a classifieation it would be 
as follows : 

VERTEBRATA CRANIATA 

Braneh I Agnathi 

Class OSTRACODERMI (Cyclostomata) 1 

Subclass A Pteraspidomorphi 

Order l .  H eterostraci 

Order 2. Palaeospondyloidea 

Order 3. Myxinoidea 

Subelass B Cephalaspidomorphi 

Order 1 .  Osteostraci 

Order 2. Anaspida 

Order 3. Petromyzontia 

Braneh I l  Gnathostomi 

In th e su bel ass Pteraspidomorphi the rostrai part of the  head 
is  formed by the  eth mo idal  region of the eran ium , and the naso
hypophysial opening l ies on the ventrai s ide of the head ,  more or 
less c lose in  front o f  the mouth . In the subclass Cephalaspido-

1 As hav ing the priority the name Cyclostomata should, if we wish to be correct, 
replace Ostracodermi. 
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morphi, on the contrary, the rostraI part  of  the head i s  formed 
lJy the exeessively developed upper l ip and i s  thus of  a viseeral 
o rigin ; and moreover as a eonsequenee of  the strong development 
o f  the upper l ip  the naso-hypophysial opening l ies i n  them on  the 
dorsal side of  the head , far behind the rostraI end of  that. 

7 .  The presenee of  bone both in the exoskeleton and in the endo
skeleton o f  the earl iest appearing Ostracodermi i s  a h ighly i nter
esting faet whieh shows that bone is a tissue whieh must have 
arisen very early ,  even in  the most primi tive agnathous verte
brates and eerta in ly a lready in the aneestors of the Ostraeoderms. 
And as th is  i s  the case, there is strong reason to bel ieve that 
bone was present also i n  the aneestors of  a l l  the Gnathostomes and 
that the Gnathostomes a l l  primari ly had a more or  less bony ske
leton .  Aeeordingly we have here an add it ional support for the 
opin ion advaneed by the present author i n  an earl ier work (STEN
SlO 1 925 b ,  pp.  1 60- 1 64, 1 87- 1 89) tha t  the Elasmobranehs prima
ri ly had a bon y skeIeton .  

8 .  Sinee a wel l  developed bon  y endoskeleton is  found in  so pr im itive 
forms as the Oste ostrac i it seems not improbable that the exo
skeleton did not  gi ve rise to the endoskeleton ,  as has been general ly  
maintained, but  tha t  both were s imultaneous formations. Th is  i s  also 
in  aeeordanee with the faet that a well developed bony endoskeleton 
is  found in  most early fossi l  groups of  fishes. And it i s  also more 
easy to understand that the eonneetive tissue as whole aequaired 
the power of  ossifieation than that it primari ly had this power on ly 
i n  eerta in l im ited externa l  parts. 

9. In m ost of  the fossi l  Ostraeoderms there was a shoulder-girdle  
and more or  less  well developed peetoral fins .  

1 0. The Petromyzontia and Myxinoidea, as be ing  persistent represen
tatives of  the Ostracodermi, must be primitively l owly organized 
agnathous eraniate vertebrates and not  degenerated fishes.  But it 
is  quite clear that with regard to the skeleton they have undergone 
a regressive development and th at the absenee of  pa ired fins ,  a t  
least  so far as the peetoral fins are eoneerned ,  is seeondary i n  them . 

1 1 . Final ly ,  it i s  e lear now that the Ostracodermi , though very lowly 
organized ,  are true eraniate vertebrates whieh have noth ing what
ever to do either with the Arthropoda or with the Annelida. 
The investigations earried out  i n  this work have thus thrown l ight 

not  only on the organization of the Cephalaspidae but a lso on the 
Ostracodermi as a whole ; and we have even been able to establ ish 
that the Ostraeoderms sti l l  persist i n  the reeent Petromyzontia and 
Myxinoidea, though they play a mueh less important part than during 
the early palaeozoie time .  
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