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Abstract 

Thirty-nine speeies and subspecies of trilobites of Arenig-Llanvirn age are described from 
the Valhallfonna Formation, north Ny Friesland, Spitsbergen. Of these all but seven are new; 
five of those known elsewhere are telephinids. Six new genera are defined. Seven asaphid species 
are assigned to the genera Niobe (2 speeies), Megalaspides, Presbynileus (Protopresbynileus), 

Paraptychopyge, Ptyocephalus and Gog n. gen. Ten nileid species are assigned to Nileus (3 species) 
Peraspis (2 speeies) Symphysurus (l speeies) and Poronileus n. gen. (4 species). Fourteen raphio
phorid speeies are assigned to Ampyx (4 speeies), Rhombampyx n. gen. (2 spp.), Globampyx n. gen., 
Ampyxoides, Mendolaspis, Pytine n. gen., Endymionia (2 speeies), and Falanaspis; one is generically 
undetermined. Telephinids are represented by six speeies and subspecies of Carolinites and two 
of Oopsites n. gen. 

Diversity of Raphiophoridae, Nileidae and Telephinidae is matched by no other Ordovician 
fauna, and permits some comments on the classification of these families. Endymionia and related 
genera are here considered to belong to the subfamily Endymioniinae of the Raphiophoridae. 
The Telephinidae is revised to include Carolinites and related genera. 

The genus Carolinites and some speeies of Nileidae are considered to be related in phyletic 
series; the spe eies-series of Carolinites is of stratigraphic importance. The theoretical basis of 
stratigraphic lineages is diseussed. 

Asaphidae, Nileidae and Raphiophoridae are characteristic of the Nileid Community of 
FORTEY (1975) ; Telephinidae are characteristic of the Pelagic Community. Comparison of the 
Spitsbergen speeies with their closest-related speeies indicates connections with Baltoseandia 
(Asaphid province), North Ameriea (Bathyurid province) and, to a lesser extent, South 
Ameriea (Asaphopsis province). The interprovincial mixing can be explained ecologically. 

On togene tie series of Symphysurus, Globampyx n. gen. and Carolinites are described. 



I. Introduction 

In this second part of the descriptions of the Ordovician trilobites ot Spits
bergen thirty-ninc speeies and subspecies are described, bclonging to the fami
lies Asaphidae, Nileidae, Raphiophoridae and Telephinidae. These were col
1ccted from the Valhallfonna Formation, north Ny Friesland, from rocks 
ranging in age from early Arenig to early Llanvirn. Trilobites of these families 
are an abundant and diverse element in the fauna of the Valhallfonna Forma
tion, second only to the Olenidae described in the previous part. They are 
particularly important in that they provide evidence of connections with severai 
of the faunal "provinces" of the early Ordovidan, and include a num ber of 
speeies of stratigraphic significance. Most of the species are, however, new, and 
six new genera are defined. They are characteristic of the nileid and pelagic 
trilobite communities recently described by FORTEY (1975). 

Preservation of the material is exceptionally good, and many of the species 
are known from articulated specimens. Ivfaterial is also abundant for most of 

the species described, and is known from detai1cd bed-by-bed collecting, so that 
the limits of variation of the speeies may be well understood. In addition the 
variety of speeies of the Nileidae, Raphiophoridae and Telephinidae is suffi
dent to enable some consideration of the criteria of c1assification of these 
families as a whole. The diversity of Nileidae and Raphiophoridae is without 
parallei in any other Ordovidan fauna. 

Stratigraphic terminology and locality information follows that given by 
FORTEY and BRUTON (1973). Figured material is curated in the Palaeontologisk 
Museum, Oslo (PMO) or the Sedgwick Museum, University of Cambridge 
(SMA). 
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IL Occurrence and Stratigraphy 

A. Community types and fauna! provinces 

The trilobite fauna of the Valhallfonna Formation has recently been de
scribed in terms of four major trilobite community types (FORTEY 1975) 
terrned the olenid, nildd, illaenid-cheirurid and pelagic communities respec
tively which are considered to have been widespread in early Ordovician 
times, and, with the exception of the pelagic community, adapted to different 
sea bottom conditions, controlled at least in part by a shallow to deep water 
environmental gradient. Trilobites of the pelagic community occur inde
pendently of the other community types. 

The species of A.saphidae, Nileidae and Raphiophoridae described herein are 
almost all characteristic of the nileid community, and many species are repre
sented by sufficiently abundant material, including articulated specimens, to be 
certain of their autochthonous occurrence. They occur especially in black or 
brown flat-bedded limes tones between 75 m and 1 03 m from the base of the 
Olenidsletta Member, and in the lower 80 m of the Profilbekken Member. Two 
species only, Peraspis omega n. sp. and Endymionia clavaria n. sp., have their 
maximum abundances in the upper part of the Valhallfonna Formation in 
association with many o1enids in a black, stinkstone lithology. These species 
probably occupied niches on that part of the environmental gradient inter
mediate between the broadly-defined nileid and olenid communities; the 
maximum abundance of the olenids Svalbardaspis and Bienvillia stikta (see 
FORTEY 1975) follows a similar pattern. 

The Telephinidae, as redefined in the present work to include Carolinites, 
comprise those species be1ieved to have composed the pelagic community 
(FORTEY 1975, p. 343). The extraordinary trilobite Opipeuter inconnivus, which 
has been recently described elsewhere (FORTEY 1974 a), was also characteristic 
of the pelagic community. Both Telephinidae and Opipeuter are found in equal 
abundance in rocks bearing ole nid and non-olenid trilobites, and, as might be 
expected from their inferred life habits, are independent of the enclosing 
lithology. 
I have also indicated (FORTEY 1975, p. 348) that the Valhallfonna Formation 

trilobites are a mixture at the generic level of faunal provinces, as defined for the 
10wer Ordovician by WHITTINGTON and HUGHES ( 1972). This was explained 
(FORTEY 1975, p. 349) in terms of decreasing endemicity with increasing depth, 
the deep water olenid community including genera of wide geographic distri
bution, the shallow-water illaenid-cheirurid community including genera of 
restricted (provincial) distribution, and the nil eid community with inter
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mediate proper ties regarding depth and distribution patterns. Oceanic barriers 
were considered effective only for preventing migrations of the more shallow
water species. 

Some justification of this view is obtained by considering where the dosest
related species to those of the Valhallfonna Formation occur, since such a dose 
relationship implies a common ancestor, a single population from which 
migration into Spitsbergen of derived species was possible. A table showing the 
occurrence of the dosest relatives of the speeies so far described is given in 
Table l (not induding species whose dosest relatives are to be found among 
other Spitsbergen speeies ) The provincial occurrence of these dose relatives . 

according to WHITTINGTON and HUGHES' (1972) model is also given, toget her 
with the community type in which the speeies occurs. Detailed evidence for the 
choice of the dosely-re1ated speeies is given in the discussions in the systematie 
part. 

Table 1. 

Relationships between the trilobites of the Valhallfonna Formation, so far described, and 

the early Ordovician faunal "provinces". Trilohite community types ofFORTEY (1975) on 


left: N-Nileid community; O-Olenid community; P-Pelagic community. 


Faunal province in which 
related species occur. 

Species from Spitsbergen Closest-related speeies (WHITTINGTON & HUGHES, 

N Ampyx porcus Ampyx pater HOLM - Sweden 

N Ampyx spongiosus Ampyx Msutus DALMAN Sweden 

N Ampyxoides inermis Ampyxoides semicostatus (BILLINGS) -

Newfoundland 
O Anaximander dauatus no known relative 
O Balnibarbiiruw Agalatus spp. - Kazakhstan 

O Bienvillia stikta Triarthrus angelini LINNARSSON 
Norway 

Triarthrus parehaensis H. & L. 

Argentina 
P Carolinites genacinaca C. genacinaca Ross - Nevada 

Ross N.E. U.S.S.R. 
P Carolinites killaryensis Carolinites killaryensis (STUBBLE-

(STUBBL EFlELD) FIELD) W. Eire 
P Carolinites sibiricus C. sibiricus CHUGAEVA N.E. 

CHUGAEVA U.S.S.R. 
O Endymionia clavaria Endymionia meeki (BILLINGS ) 

Newfoundland 

N FalatUlSpis extensa Falanaspis aliena TJERNVIK 
Sweden 

N Globampyx trinudeoides "Ampyx" linnarssoni SCHMmT 
Estonia 

N Gog catillus Niobe sp. N l BURSKY 1970 Pai 

Khoya 
O Hypermecaspis brevifrons Hypermecaspis inermis HARRINGTON 

& LEANZA - Argentina 

Asaphid 

Asaphid 

Bathyurid 

Bathyurid 

Asaphid 

Asaphopsis 

Bathyurid 

Bathyurid 

Bathyurid 

Bathyurid 

Asaphid 

Asaphid 

Asaphid 

Asaphopsis 
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Table l Continued 

Speeies from Spitsbergen 

o Hypermecaspis latigena 

and H. venulosa 

N lHendolaspis doidyx 

N Nileus glazialis costatus 

N Nileus orbiculatoides 

svalbardensis 

N Nileus porosus 

N Niobe occulta 

Closest-related species 

No closely similar spp. 

Mendolaspis salagastensis RUSCONI 
Argentina 

Nileus glazialis glazialis SCHRANK 

Sweden 

Nileus orbieulatoides SCHRANK 
Sweden 

Nileus? lacurwsa 'VVHITTINGTON 
Newfoundland 

Niobe (enuis/rlata CHUGAEVA 

Faunal province in which 

related speeies occur. 

(WHlTTlNGTON & HUGHES, 

1972) 

Asaphopsis 

Asaphid 

Asaphid 

Bathyurid 

Bathyurid 

P Oopsites hibemicus 

(REED) 
P Opipeuter inconnivus 


N Paraptychopyge dispula 


N Pera;pis erugata Ross 


O Plicatolina sp. 


N Poronileus spp. 


?N Ptyocephalus cf. vigilans 


O Psilocara spp. 

N Pytine graia 
N Rhombampyx rhombos 

O Svalbardites spp. 
N Symphysurus are/ieus 

O Triarthrus papulosus 

O Tropidopyge alveus 

Kazakhstan 

Oopsites hibemicus (REED) - W. 
Eire 

Opipeuter inconnivus FORTEY - \V. 
Eire, Utah 

Paraptychopyge cincta (BRØGGER) -

Norway, Estonia 


Peraspis erugata Ross - W. U.S.A. 


Plicatolina scalpta HARRINGTON & 

LEANZA Argentina 


? Nileid gen. ind. WHITTINGTON 
1965 
Ptyocephalus vigilans WHITTINGTON 

Nevada 

Peltoeare spp. - Norway, Sweden 

Undescribed Pytine sp., Sweden 
Raphiophorus ? lamosi HARRINGTON 
& LEANZA Argentina 
No obviously related spp. 
Symphysurus kujandensl:s CHUGAEV A 

Kazakhstan 
Triarthrus puneiatus (CROSFlELD & 

SKEAT) Wales 

Tropidopyge broeggeri (MOBERG & 

SEGERBERG) - Sweden, Norway, 


\Vales 


Bathyurid 

Bathyurid 

Asaphid 

Bathyurid 

Asaphopsis 

Bathyurid 

Bathyurid 

Asaphid 

Asaphid 
Asaphopsis 

Bathyurid 

Sdenopeltis 

Asaphid, Selenopeltis 

Taken as a whole, Table 1 suggests that Spitsbergen had interconnections 
with all four of the early Ordovician faunal provinces as distinguished by 
WHITTINGTON and HUGHES (1972). Tt is of greater interest to dump the 
Valhallfonna Formation species according to the trilobite community types 
of FORTEY (1975), shown on Table 2. Tt must be noted here that the trilobites 
of the upper part of the Profilbekken Member of the Valhallfonna Formation 
belonging to the illaenid-cheirurid community have not yet been described, 
although some genera are listed by FORTEY and BRUTON (1973, p. 2235); these 
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Table 2. 
Relation of community-type to faunal "province" of trilobites listed in Table 1. 

Number of closest-related speeies 
Community type (FoRTEY 1975) occurring in each early Ordovician 

Faunal province 

Nileid Asaphid 9 
Asaphopsis 2 
Bathyurid 6 

Selenopeltis - O 

Olenid 	 Asaphid 2 
Asaphopsis 2l*

2 

Bathyurid 2 
Selenopeltis - ll*

2 

Pelagic 	 Bathyurid 5 
Others O 

* Half points are given for two provinces in the cases of Bienvillia stikta and Tropidopyge 
alveus which have closely related speeies in more than one province. 

are almost all related to genera occurring in the Bathyurid province. Of the 
species of the olenid, nileid and pelagic communities so far described, the 

pelagic community have dosely related species only in the Bathyurid province. 
This is believed to be the case because pelagic tri lo bites are influenced in their 
distribution by the ambient temperature conditions, like the shallow-water 

trilobites of the illaenid-cheirurid community (FoRTEY 1975, Fig. 5). The tri
lobites of the olenid community, by contrast, have dose relatives in all four 
faunal provinces; it is dear that inter-communication between different pro
vinces, whether or not they were separated by oceans, was relatively free for 
trilobites of the olenid community. This is in accordance with the decrease in 
endemicity proposed for the deep water community (FoRTEY 1975, p. 349), 
although it should be noted that Svalbardites and Anaximar..der cannot at the 
moment be dosely compared with any tri lo bite outside Spitsbergen. Tri
lobites of the nileid community may for the most part be compared with near 
relatives in the Asaphid province, although species similar to those from the 
Bathyurid province are also important, and there is also a South American 
(Asaphopsis) province element. Intermigrations between provinces were pos
sible in the nileid community especially between Asaphid and Bathyurid pro
vinces, to a lesser extent extending to the Asaphopsis province, although not to 
the Selenopeltis province; restrictions on migration were therefore greater than 
those pertaining in the olenid community, but less than those affecting the 
pelagic and illaenid-cheirurid community. The evidence from taxonomic 

comparisons of the Spitsbergen fauna as so far described is consistent with the 
community model proposed by FORTEY (1975); further comments will be pos
sible when the rest of the Valhallfonna trilobites are described. 
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B. Stratigraphic distribution of species and correlation 

The stratigraphical distribution of the species described in this part is shown 
on Fig. l; because most of the trilobites described herein belong to the nileid 
community, most of the speeies range through the parts of the Valhallfonna 
Formation characterised by rocks yie1ding trilobites of that community, 75 m to 
103 m from the base of the Olenidsletta Member, and the lower 60 m of the 
Profil bekken Member. On the basis of associated graptolites, the 01enidsletta 
Member is of early Arenig (deJlexus-zone) to late Arenig (hirundo zone) age. The 
uppermost part of the Olenidsletta Member is of Isograptus zone age in North 
American terms (ARCHER and FORTEY 1974). The fauna from 30 m to 70 m 
from the base of the Profil bekken Member compares c10sely with Whiterock 
age faunas of Nevada, Newfoundland (FoRTEY and BRuToN 1973) and Canada 
(MCKEE, NORFORD, and Ross 1972), particularly that of the Ortlzidiella zone. 
This part of the section may be as young as the north American zone of 
Paraglossograptus etlzeridgei, and probably corre1ates with the early Llanvirn of 
the British succession. The corre1ations of trilobites ranges with star.dard zonal 
schernes as so far known, are shown also on Fig. I. 

The lower 30 m of the Profil bekken Member is characterised by a particular 
assemblage of nileid and raphiophorid trilobites, of speeies related to but dis
tinct from those of the succeeding beds with the typical Ortlzidiella zone White
rock fauna. This fauna lies above that with presumed uppermost Canadian 
fossils (zone] of RossjHINTZE); it therefore occupies a position between the high 
Canadian and earliest zone of the Whiterock st age hitherto recognised on shelly 
fossils. A characterisdc trilo bite is Peraspis erugata Ross; this species occurs in 
Nevada in the "Slabby bedded unit" at the base of the Antelope Valley Lime
stone, Ikes Canyon, Nevada (Ross 1970, Pl. 20). Ross inc1uded this part of the 
Ante10pe Valley Limestone in the Ortlzidiella zone. In the Nevada section 
Peraspis is the only common trilobite in the "Slabby bedded unit" and is suc
ceeded by a rich Orthidiella zone fauna; I believe that the Peraspis-bearing be ds 
there are the equivalent of the lower part of the Profilbekken Member in 
Spitsbergen yielding the same species, but that in Spitsbergen a richer asso
ciated fauna is present proving the existence of an earlier (pre-Orthidiella) 
Whiterock zone. Characteristic species in this part of the Spitsbergen succession 
are: Peraspis erugata Ross, Poronileus jistulosus n. gen., n. sp., Nileus orbiculatoides 
svalbardensis. n. subsp., Carolinites ekplzymosus n. sp. and Ampyx toxotis n. sp. 
Severai other speeies from this part of the section remain to be described and 
further comments on the stratigraphy are best reserved until this work is com
pleted. 

C. Stratigraphic importance of Carolinites 

It has been argued elsewhere (FoRTEY 1975) that Carolinites species were 
pelagic, and that this accounts for their wide distribution and independence of 
sediment type. For present purposes it is pertinent to consider the relevance of 
the lite habits of the genus for stratigraphy. Un like almost all of the Spitsbergen 
trilobites described in this and the previous part, many of the Carolinites spe eies 
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are well-known from other areas. l\1y identifications have been made for all 
species, except C. sibiricus CHUGAEVA, on the basis of comparisons with type and 
topotype material of described species. The species are believed to be related 
phyletically as discussed below (p. 10 l). In support of the proposed phylogeny i 5 
the fact that the same species occur in the same order in Utah and Nevada. The 
fossil record of Carolinites is, however, nowhere else as complete as it is in Spits
bergen. The combination of a phyletically related series of species (on the basis 
of precisely collected successions) with wide distributions of these species 
approaches the ideal for biostratigraphic purposes, and I attach particular 
importance to Carolinites for correlation with areas outside Spitsbergen. The 
ambiguity involved with correlations based on gross generic assemblages is that 
it is difficult to separate the time significance from that of community-type 
similarity. A fossil assemblage of nil eid community type will compare more 
closely with the same community of different age than with a contemporary 
illaenid-cheirurid or olenid community fossil assemblage. Since the occurrence 
of Carolinites is independent of these benthic communities I believe that more 
weight should be attached to correladons made on the occurrence of speeies of 
this genus, than to the overall generic composition of the tri lo bite aS8emblage. 
Thu8 the basal part of the Olenidsletta Member of the Valhallfonna Formation 
is correlated with zone H of the trilo bite zones of Ross (1951) and HINTZE 

(1953) in Utah and Nevada on the basis of the occurrence there of Carolinites 

genacinaca nevadensis HINTZE, even though this part of the succession is developed 
in the olenid community type. Similarly, the middle part of the Olenidsletta 
Member, developed mainly in the nileid community type, is correlated with 

zone J on the RossjHINTZE scherne because of the occurrence of C. genacinaca 

genacinaca. Independent evidence for the correctness of these correlations is 
provided by the occurrence of graptolites in the same rocks and by the presence 
of illaenid-cheirurid community fossil assemblages more close1y comparable 
with those of Utah and Nevada below the Olenidsletta Member in the Kirton
ryggen Formation, and above in the Profil bekken Member. The wide occur
rence of the pelagic trilobite Opipeuter inconnivus FORTEY (FORTEY 1974a) is also 
stratigraphically consistent with that of the Carolinites species. 

It should be not ed that the upper limits of the ranges of the youngest species 
of Carolinites from Spitsbergen C. killaryensis (STuBBLEFIELD) and C. sibiricus -

CHUGAEVA - are not known; one or both may range higher in the Whiterock 
than the Orthidiella zone. 

Correlations between shelly and graptolitic Ordovician successions based on 
Carolinites have been summarised by FORTEY (1976). 

Ill. Systematie Part 

A. Theoretical basis of evolutionary lineages 

EWREDGE (1972 , p. 84-5; 197 3, p. 289-290) has recently given useful dis
cussion of the methodology used by trilobite workers in the construction of 
modeh of phyletic relationships from morphologkal comparisons without 



- 13 

primary regard to stratigraphie oeeurrenee. His approaeh is based on the 
"cladistie" model advoeated by some theoreticians of phylogeny (HENNIG 
1966), dependent on the reeognition of nodal (branehing) points founded on 

the presenee of shared, derived eharaeters. The identifieation of sueh derived 
eharaeters presurnably relies on a priori knowledge, that is, knowledge which 
do es not depend in any way on stratigraphy, of what eharaeter-states may be 
regarded as primitive and what derived. 

In my previous diseussion of olenid phylogeny (subfamily Balnibarbiinae 
FORTEY 1974b), and diseussions in this paper of Carolinites and some of the 
Nileidae (Figs. 5, 13), emphasis is laid on both morphology and stratigraphy in 
the establishment of phylogenetie models. The Valhallfonna Formadon is 
unusual in its eonsistently fossiliferous nature through a great thickness of strata 
and the relatively complete reeord obtainable therefrom. Even in this favour
able eireumstanee only a relatively few groups of trilobites show morphological 

evidenee of fall ing into phyletie series, and no attempt has been made to 

"force" speeies of, for example, Ampyx into stratigraphie "series" in the face of 
morphologieal opposition. In those series of species that are interpret ed phylo

genetieally I must admit that interpretation would have been impossible with

out concomitant stratigraphie data. The problem centres on the reeognition of 
"derived" and "primitive" eharaeters. I have proposed here, for example, that 
Peraspis speeies with genal spines and furrowed pygidia were deri ved from 
Symphysurus arcticus n. sp. whieh laeks both fea tur es. Vet presurnably both genal 
spines and furrowed pygidia may be regarded as primitive for the Trilobita. 
Again, the short preglabellar field and small pygidium eharaeteristie of the 
Cloacaspis lineage among the Balnibarbiinae (FORTEY 1974b, p. 17) are prob
ably to be regarded as primitive for the Olenidae (and may be primitive for the 

Trilobita as a whole on theoretieal grounds), yet stratigraphie evidenee seems 
to demonstrate the derivation of sueh species from a Balnibarbi (more "ad
vane ed") ancestor. This seems to indieate that what is "primitive" in one sub
group of a family at one time may be "derived" in another subgroup at a dif
ferent time, but only stratigraphy can elueidate whieh in faet is the case. In 
examples where a trilobite does not fit in to part of related-species succession 
the majority of cases in both the Spitsbergen Ordovician and single horizon 
eollections elsewhere - I believe that we have no alternative but to use purely 
morphological eriteria to ass ess relationships, against which stratigraphieal 
evidenee may be us ed as a check. The more sporadie the fossil reeord the more 
the cladistic approaeh will be indispensible (it is thus of greatest lise for groups 
with no fossil reeord at all!); for example, it has be en used with su cc ess for 
spasmodieally-oeeurring groups sueh as fossil fishes. The same applies to tri
10bites sueh as Opipeuter (FORTEY 1974a, p. 118 120) which are separated by a 
morphologieal "jump" from any other trilobite - the only way to form an 
hypothesis of phyletic relationships is on the basis of adjudged shared, derived 
charaeters. 

The stratigraphieal-morphological species lineage used here for some olenids, 
nileids and telephinids is surely capable of being tested, and perhaps more 
importantly is eapable of being disproved (POPPER 1965), by every subsequent 
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occurrence of a particular species. But it must be emphasised that such hypo
theses can only be bas ed on material from continuous, conformable and fos
siliferous sections, where the time relations of each speeimen are beyond doubt 
and not themselves dependent on biostratigraphic criteria. The lineage so 
established must further fulfil the condition of repeatability of sequence in suc
cessions subsequently examined. 

The speeies lineages for the Olenidae (Balnibarbiinae FORTEY 1974b) and 
Nileidae (Symphysurus arcticus, Peraspis spp., and Poronileus n. gen. spp., see 
be10w pp. 36-39) conform weU to the patterns expected an allopatric speciation 
model (ELDREDGE 1971 ,  ELDREDGE and GOULD 1972). Both these families have 
benthic habits (FORTEY 1975, p. 3 38) and it is considered that speciation was 
promoted by isolation of populations on the shallow-deep water environmental 
gradient. The pe1agic Carolinites shows, in part at least, more tendeneies 
towards a (possibly relatively slow) "drift" of characters with time, exemplified 
by the transition from C. genacinaca nevadensis to C. genacinaca genacinaca (p. 103). 
Possibly barriers to gene flow among a true pelagie species are not suffieient to 
allow persistenee of geographically isolated populations. 

Subspecies 
Subspecies are used here when a population differs from the nominate 

spe eies in only one unequivocal charaeter, but shares with the nominate 
speeies distinctive character(s) making a dose relationship pro bable. Sueh a 
shared character is, for example, the peculiar pygidial surface sculpture of the 
Nileus glazialis group (p. 4 1  ). 

B. Terminology and techniques 

1 .  	Terminology 
Intra-palpebral ridge: This term is applied to a ridge on the fixed cheek 

adjacent to, and paraBel with palpebral lobe of Carolinites. 
Bacculae: This term is applied to inflated areas Hanking the base of the 

glabella of some Raphiophoridae and Te1ephinidae. Such structures have 
of ten be en termed "alae" in the past, by comparison with silllilarly positioned 
structures on the harpids. However, the homology of these structures between 
trilobites that are induded in different orders is unclear at best. The earliest 
definition of the term "ala" of whieh I am aware is by BATHER ( 19 10, p. 1 16) 
where it is applied specifically to Harpes, an apt (for this family) comparison 
being drawn with the alae of the human nose. WHITTARD ( 1955, p. 18-20) 
has further extended the use of the term ala to designate an area between 
glabellar and axial furrows on raphiophorids, an area which, as noted by 
WHITTINGTON ( 1959, p. 461), is part of the glabella rather than the pleural 
lobes. The situation in raphiophorids is complicated further by the presenee in 
Endymionia of "lateral lobes" adjacent to the gla beIla which are of extra
glabellar origin (sec p. 88, WHITTINGTON 1965, p. 325); these are in a position 
different from basal glabellar "alae" and it is doubtful whether the same term 
should be applied. 



A 

- 1 5

I propose that the term ala (pl. alae) should be restricted to the distinctive 
smooth, but not necessarily inflated areas Hanking the base of the glabella on 

harpids. The term bacculae (OPIK 1967, p. 53) is available for swellings adja
cent to the base of the glabella on other trilobites, and this usage is adopted 
here. The "lateral lobes" flanking the glabella of Entfymionia are described by 
the non-specific term "lateral inflated areas" . 

2. Orientation 
Although it is doubtless desirable to achieve a standard orientation for all 

trilobites for purposes of comparison and measurement, the extremes of mor
phological variation within the c1ass make this virtually impossible and I am 
reluctantly obliged to use orientation suitable for particular families. For the 
raphiophorids a suitable cranidial orientation has been defined for Trinuc1eina 

by HUG HES, INGHAM and ADDISON ( 1975, Fig. 7): for the exterior view of the 
cranidium the speeimen is orientated with the anterior fossulae in the axial 
furrows and the pits at the extremities of the border furrows in a horizontal 
plane. This is referred to here as thefossular view. Using this view the modifica
tions in the occipital region which are important in the group are not involved 
in establishing the orientation itself. For the convex nileids the palpebral view 
(BRUTON 1968, p. 2) has proved particularly useful. For asaphid and telephinid 
cranidia, and pygidia of all families, the usual dorsal view (WHITTINGTON and 
EVITT, 1954, p.l l )  is appropriate, corresponding to the orientation in life of the 
genera concerned, and giving consistency between entire dorsal shields and 
fragmentary specimens. 

3. A1easurements 
To standardise measurements made on the raphiophorid cranidium a num

ber of angles are defined to measure the expansion of the glabella and its 
anterior taper, and the degree to which it overhangs the anterior border 

(Fig. 2). O is the angle included between the axial furrows in fossular view; cp is 
the angle enc10sed between the anterior margins of the glabella in the same 
orientation. ,l, is the angle between the forward part of the glabellar outline and 
that part of the glabella beneath the frontal spine in lateral view, and w the 
angle between this latter part of the glabellar and the anterior border. 

2. Angles used in this paper to 
describe cranidia of Ampyx and other 

Raphiophoridae. 
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A num ber of closely-related speeies oecur in Spitsbergen, and it has been 
found that linear measurements of eranidial and pygidial proportions are not 
the most sensitive way to discriminate sueh speeies when other criteria are 
available. Emphasis is given in specific diagnoses here to "presenee or absence" 
characters, sueh as surface sculpture, and presenee or not of spines, and to dif
ferences in shape, unfortunately not readily quantifiabIe, sueh as the differenees 
in the border furrows of Ampyx species. Differenees in grade, sueh as the degree 
of impression of the axial furrows and pygidial border furrow in Poronileus n. 
gen., are inevitably more subjective, and phrases like "welI-impressed" or 
"shalIow" have only a general meaning exeept in eonjunetion with photo
graphs. Ring light illumination produees a standard, if rather 10w contrast for 
the photographs used here, so that the comparative terms are consistent within 
this work. Number eounts, sueh as the num ber of terrace lines on a given area, 
and angular variations, are given with the range of variation wirhin the 
population on whieh the speeies is based. Emphasis is given also to sueh varia
tion as is found within speeies in relation to stratigraphie oecurrenee i within the 
few kilometres of the Spitsbergen outerops no geographieal variation has been 
deteeted. 

C. Systematie descriptions 

SYSTE�"IATIC ORDER 

Families, subfamilies and genera are treated in alphabetical order. Speeies 
are deseribed in an order whieh facilitates brevity of description, and obviates 
repetition. Where closely related species are considered, specious deseription of 
the second species is not given, points of differenee only are diseussed; hm.vever, 
a fuller aceount is given of Poroniteus speeies, which require special care in 
discrimination. 

Family ASAPHIDAE BURMEISTER 1843 

Subfamily I SOTELINAE ANGE LIN 1854 

Genus Megalaspides BRØGGER 1886 

Type speeies. - 11.legalaspis daleearlicus HOLM 1882. 

Megalaspides striatellus n. sp. 
(Pl. 7, Figs. 1-7) 

Stratigraphie range. OlenidsIetta Member 80 m to 100 m; middle Arenig 
(probable bifidus zone). 

Material. Holotype, cranidium with free eheek attached: PMO NF 425; -

ineomplete dorsal exoskeleton: PMO NF 1675; almost eomplete dorsal exo
skeleton, PMO NF 1718; eranidium: PMONF 520; pygidia: PMOKF 1727, 
1856,509,1759; hypostoma: PMO NF 460a. 
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Diagnosis. A Megalaspides species with surface sculpture of fine-scale terrace -

lines. Anterior branches of facial sutures divergent in front of eyes; posterior 
border furrows on cranidium deep. Pygidium with ill-defined concave border 
and wide doublure. 

Description. Elliptical dorsal exoskeleton, about two-thirds as wide as long, -

and from available unflattened material apparently of low convexity, with the 
anterior and anterolateral parts of the cephalon, and the posterior margin of 
the pygidium flattened, pleurai regions gently convex, and axial regions but 
slightly devated above the rest of the exoskeleton. Glabella about two-thirds 
cephalic length, best defined in front of the palpebral lobes, front margin 
hardly rounded across mid-line; posterior part of glabeIla tapers gently to 
minimum width adjacent to palpebral lobes. Areas of muscle attachment 
visible as smooth patches on the anterior part of the dorsal surface of the 
glabella, faint depressions on internal moulds. IP depressions adjacent to the 
anterior parts of the postocular cheeks; on the holotype there is a suggestion 
of a furrow (?occipital) traversing the glabella at the levd of the l P furrows. 
2P depressions re1atively deep, placed opposite palpebral lobes at glabellar 
constriction, subcircular. 3P and 4P faint, straight, outward-backward sloping 
(4P more so than 3P) and elose together, outer end of 3P opposite anterior limit 
of palpebral lobe. Glabellar tuberele prominent, placed just be hind line con
necting the posterior limits of the palpebral lobes, at about one quarter glabeIla 
(sag.) length. Palpebral lobes slope upwards, such that their outer peripheries 
are on a levd with the highest part of the glabella; their outline is semicircular, 
length (exsag.) slightly less than one quarter that of glabella. Internal mould 
shows narrow palpebral rims. Posterior limbs of fixed cheeks of transverse 
width slightly less than width of basal part of gla beIla ; posterior border furrow 
deep, bro ad, delimiting narrow (exag.), flat posterior border. Posterior .,ec
tions of facial sutures diverge at right angles to the sagittal line behind the eyes, 
distally curving posteriorly to cut the posterior margins of the cranidium at 
90 degrees. Anterior branches diverge at an angle between 10 and 20 degrees in 
front of the eyes, anteriorly curving adaxially to meet in a point on the mid
line, these parts of the sutures enelosing an angle between 130 and 140 degrees. 

Free cheek divided into convex inner part and flat or concave border, the 
latter narrowing posteriorly and continued into pointed genal spine which 
ex ten ds back at least as far as the fourth thoracic segment. Cephalic doublure 
bro ad, occupying the bulk of the width of the cheek, and with surface sculpture 
of densely-spaced ter race lines; panderian opening near posterior margin of 
cheek just adaxial to genal spine. 

One example of a hypostoma (Pl. 7, Fig. 6 unfortunate1y partly concealed 
beneath the preglabellar field of a Niobe flabellifera cranidium) undoubtedly 
belongs with this species, being c10sely similar to those figured for Swedish 
Megalas,bides speeies (sec TJERNVIK 1956, Fig. 40, p. 250) characterised by the 
long, gently arcuate, posteriorly-incurving outline of the lateral borders, and 
the deep fork in the posterior margin. 

Cephalic surface sculpture of fine terrace lines. These have an irregular 

2 



18 

ripple-like form and run almost transversely aeross the pre-glabellar tield, 
front part of the glabella (except for median (sag.) smooth line) and adaxial, 
eonvex parts of free eheeks; near the lateral margins of the cephalon they are 
subparallel to the cephalic margin, less anastomosing. Terrace lines are sparse 
on the posterior part of the glabeIla. 

Thorax with narrow, parallel-sided axis about two-thirds width of adjacent 
pleurae. Pleural furrows deep, but narrowing adjacent to adaxial part of 
articulating facets. These latter extend to half the pleurai width, and for almost 
all that width are underlain by the doublure, the inner margin of which is 
indented where the tips of the pleural furrows cross on the dorsal surface. 
Prominent panderian openings on the anterior part of facet doublure. Pleural 
tips blunt. 

Pygidium two-thirds as long (sag., including half ring) as wide, with gently 
convex pleural fields and ill-defined, flattened border. Axis extending to 0.6 
pygidial length, anteriorly tapering gently, posteriorly subparallel sided, with 
up to ten axial rings visible, of which only the first two are defined by ring 
furrows that cross the axis, the posterior ones indicated by faint depressions on 
lateral parts of axis. Surface sculpture of very fine anastomosing terrace lines 
like those on cephalon. Doublure bro ad, with straight inner margin except 
where excavated round tip of axis. Terrace lines on doublure increasingly 
crowded towards inner margin: less than 2 per mm near posterior margin 
grading to 10 per mm at inner margin. On internal moulds up to six low 
pleurai ribs are visible, each bisected by a shallow rib furrow. 

Discussion. In the possession of a flattened border to the pygidium this -

species agrees with lvfegalaspides nericiensis WIMAN, which TJERNVIK (1956, p. 
251) proposed as type species of the subgenus Megalaspides (Lannacus), citing the 

presence of a pygidial border as ane of the defining characters of the subgenus. 
In other characters, however, lv/. striale/lus is like the species TJERN VIK assigns 
to Megalaspides (Megalaspides) (see TJERNVIK 1956, Pl. 8), for example, the 
posterior border furrow of the cranidium is relatively deep (in lv/, (L.) neri
eieT/sis it is effaced), the pygidial doublure is broad like that of M, (M.) pali

formis TJERNVIK (TJERNVIK 1956, Pl. B, Fig. 15), and the eyes are placed far 
back, such that the posterior sections of the fadal sutures cross the cephalon 
transversely behind the eyes. M. stria tellus is tIms intermediate between known 
species of Megalaspides (Megalaspides) and M. (Lannacus). I am inclined to the 
view that the differences Megalaspides (Larmaeus) nericiensis and Megalaspides 
(A1egalaspides) species are within the range of variation of a group of very 
closely related species and do not warrant subgeneric separation ; .VI. striatellus 
possesses a new combination of characters within this group. The alternative 
view, by which M. stria tellus might be made the type species of another new 
subgenus of Alegalaspides, would seem to me to introduee excessive and unneces
sary splitting, 

M. stria tellus differs from other Megalaspides speeies in having surface scuIp
ture of fine terrace lines. The wide pygidial doublure is distinctive, being 
approached in this respect on ly by M. paliformis, which, however, has the doub
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lure expanding in width posteriorly. It may also be noted that the thoracic 
axis of M. (M.) dalecarlicus and M. (L.) nericiensis has a zig-zag outline, each 
axial ring expanding in width slightly backwards; the axial furrows 01 M. 
stria tellus are straight. 

Genus Presbynileus HINTZE 1954 

Su bgenus Protopresbynileus HINTZE 1954 


Type species. - Pseudonileus willdeni HINTZE 1953. 


The new name Protopresbynileus was proposed by HINTZE (1954), because the 
name Pseudonileus, given by HINTZE (1953) for a new genus to accommodate the 
species P. willdeni, was preoccupied. Following JAANUSSON (in MOORE 1959) 
Protopresbynileus is regarded here as a subgenus of Presbynileus. 

Presbynileus (Protopresbynileus ?) glaber n. sp. 
(Pl. 9, Figs. 1-6) 

Stratigraphic range. A rare trilobite found only in one bed of the Olenid
sletta Member, 102 m from base, at or just below base of hirundo zone. 

Material. Holotype: alm ost complete cranidium PMO NF 41 . Other 
material consists of a cranidium: PMO NF 109; pygidia with thoraxes: PMO 
NF 46, 38 and pygidia: PMO NF 2, 93, 66. 

Diagnosis. - A large, smooth asaphid species of relatively low convexity 
attributed with question to Presbynileus (Protopresbynileus). Anterior margin of 
cranidium but slightly flattened; posterior limbs of fixed cheeks wide (trans.). 
Distinctive sparse cranidial surface sculpture of only five or six terrace lines 
running transversely across frontal lobe of cranidium near, but not at anterior 
margin. Pygidium wider than long, axis faindy visible on dorsal surface, 
extending to two-thirds pygidial length; dorsal surface smooth except for a few 
terrace lines ne ar posterior margin. Pygidial doublure broad, inner margin 
co nvex-forward. 

Description. A large speeies ; one fragmentary pygidium (PMO NF 2) is -

7 cm across, suggesting that complete individuals must have exceeded 12 cm in 
length. Convexity is reIative1y low, the anterior part of the cranidium is 
downward-sloping, and for a cranidium 30 mm long the depth in lateral view 
does not exceed 10 mm. The posterior part of the cranidium forms a near
horizontal plane, from which the palpebral lobes slope slightly upwards, the 
posterior limbs of the fixed cheeks but slightly downwards. No axial, pre
glabellar or border furrows may be seen. The maximum width of the cranidium 
is at the posterior margin; the length of the glabeIla is about three-quarters this 
maximum width. The cranidial width across the palpebral lobes is equal to the 
maximum transverse width across the anterior part of the cranidium at the 
anterior margin, this width being slightly less than the length of the glabella. 
Adjacent to the anterior cranidial margin the downward slope of the front part 
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of the eranidium beeomes slightly less, thus giving the eranidium a narrow, 
indistinet anterior eoneavity. On one specimen (Pl. 6, Fig. 2) a slight antero
median depression is visible. Palpebral lobes semieireular, plaeed slightly 
behind mid-Iength of eranidium, sueh that the transverse line eonneeting their 
mid-points is at 0.4 glabellar length on available material. There are bro ad, 
indistinetly defined palpebral rims. Small, median glabellar tubercIe posterior 
to transverse line connecting posterior limits of palpebral lobes. The dorsal 
surfaee of the cranidium completely lacks surface sculpture, except for a 
narrow transverse band running across the anterior, sloping part of the glabella; 
this sculpture consists of widely spaced tcrraee lines numbering four to six at 
any one point. On available material these terrace lines do not extend on to the 
anterior, slightly eoneave part of the gla beIla. Anterior branehes of facial suture 
diverge at 30-40 degrees in front of palpebral lobes, curving at first rather 
gently adaxially, anterolaterally curving sharply adaxially to run in a uniform 
are around the anterior margin to meet on mid line. Posterior sections of the 
sutures diverge at a right angle to sagittal line behind palpebral lobes, distally 
curving gently posteriorly to cut posterior margin at an acute angle (about 50 
degrees). 

Thoracic segments equal in length (sag., exsag.), axis very gently convex, 
wide, twice the transverse width of the adjacent thoracic pleurae. Axial fur
rows shallow, parallel, or tapering slightly at last two segments. Inner parts of 
pleurae horizontal, outer parts steeply down-sloping. Pleural furrows shallow
ing rapidly abaxially and adjacent to axial furrows, moderately deep only 
behind articulating fulerum. Broad triangular facets form outer, sloping part of 
pleurae. Doublure extends upwards beneath this sloping part, inner margin 
sloping abaxially posteriorly until crossed by the pleuraI furrow, behind which 
it extends adaxially to form a narrow posterior tongue on each segment. Small, 
cireular panderian opening on forward part of dou blure, at ahout its mid
transverse width. 

Pygidium of relatively low convexity, steeply downsloping only around its 
peTimeter, posterior outline smoothly parabolic such that its sag. length is 
about 0.7 maximum width at, or slightly behind ante ri or margin. Articulating 
facet similar to those of thorax, back ed by prominent half-db. Apart from this 
fea ture the dorsal surface of the pygidium is remarkably smooth. The axis is 
very faintly visible, extending to about two-thirds pygidial length, evidently 
tapering very rapidly over a short distance anteriorly to become much nar
rower than thoracic axis, posteriorly tapering gently (faint axial furrows 
enclose an angle of about 25 degrees) to rounded tip. Faint mid-axial sagittal 
ridge visible on one specimen (Pl. 6, Fig. 5). Like the thorax, the pygidium is 
almost devoid of surface sculpture. Around its posterior margin, however, there 
are a very few (no more than eight at any one point) terrace lines, which run 
slightly oblique to the posterior margin. Doublure broad, closely reflexed 
against dorsal surface, inner margin convex forward, and slightly undulating. 
Terrace lines on doublure cuesta-like and inward-facing, sparse1y spaced ne ar 
posterior margin (about l per mm), becoming 8-1 0 per mm near the anterior 
margin. 
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Discussion. Diserimination of isotelinid genera is often difficult, and with 
forms in whieh the dorsal furrows are alm ost eompletely dfaeed the difficulties 
are eompounded. Discussions eoneerning the problems of definiticn of some of 
the genera involved have be en given by SHAW (1968, p. 58) and Ross and 
SHAW (1972, p. 19-20). For present purposes it is relevant to note that the 
speeies deseribed above has been assigned provisionally to Presbynilws (Proto
presbynileus) because of its resemblanee to P. (P.) willdeni (HINTZE) frcm a 
slightly earlier horizon in the Fillmore limestone, Utah (HINTZE 1953, Pl. XV, 
Figs. 14-17). Cranidia of the two speeies are similar in respeet of their evenly 
rounded anterior outlines, low eonvexity, and eourse of the faeial sutures, 
partieularly those defining the wide (trans.) postoeular eheeks. Pygidia of 
both speeies laek borders, and possess a broad, eonvex-forward doublure. 
Speeies of the subgenus Presbynileus (Presbynileus) are more eonvex, with narrow 
(trans.), steeply downsloping postocular fixed eheeks. Presbynileus (Proto
presbynileus) glaber differs from P. (P.) willdeni in having a slight antcrior eon
eavity on the eranidium, in its distinetive surfaee seulpture, and in possessillg a 
relatively longer (sag.) pygidium with eorrespondingly broader (exsag.) 
doublure. Comparisons with the Utah speeies are hindered by the small er size 
of known material of that speeies eompared with that of P. (P.) glaber, and 
espeeially because the free eheek and hypostoma of the Spitsbergen speeies are 
not known; for these reasons the assignment of the speeies deseribed herein to 
Presbynileus (Protopresbynileus) must be tentative. 

Same resemblanee is not ed between the eranidium of P. (P. ?) glaber and that 
of Anataphrus martinensis Ross and SHAW (1973, Pl. 3, Figs. 4-16), from the 
middle Ordovieian Copenhagen Formation of Nevada, particularly with 
respeet to the wide (trans.) postoeular fixed eheeks. In this feature A. martinensis 
differs from the type speeies of Anataphrus, A. borraeus WHITTINGTON 1954, from 
the late-middle or upper Ordovieian of Baffin Island, whieh has short (trans.) 
postoeular eheeks. A. martinensis differs from the Spitsbergen speeies, whieh is 
eonsiderably earlier, in its greater eonvexity, the presenee of faint eephalie axial 
furrows, and particularly in having a narrow pygidial doublure, the inner 
margin of which is eoneave-forwards. 

Genus Ptyocephalus WHITTINGTON 1948 

Type speeies. - P. vigilans WHITTINGTON 1948. 

Ptyocephalus cf. P. vigilans WHITTINGTON 1948 

(Pl. 4, Figs. 5, 6) 

Stratigraphic range. From a single bed 103 m from the base of the Olenid
sletta Member. 

Material. Cranidium, PMO NF 1629; hypostoma, PMO NF 1619. 
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Discussion. - We have no tree cheeks or pygidia of this species, but the 
cranidium and hypostoma are so very similar to those of P. vigilans fully de
scribed and illustrated by W HITTINGTON (1948, Pls. 82, 83) that a dose relation
ship between the Spitsbergen species and that from the Pogonip Group is 
certain, and specific identity likely but unprovable until more parts of the 
exoskeleton are discovered in the Valhallfonna Formation. In particular the 
hypostoma has the deep, inverted-U shaped fork, and the rounded postero
lateral extremities of the border illustrated for P. vigilans (WHITTINGTON 1948 , 
Pl. 83, Fig. 8 ), but differing from the truncate posterior tips of the hypostoma 
of P. yersini HINTZE (1953, Pl. XIV, Fig. 8 ), and lacking the marginal rims 
characterising P. declivitus Ross (1951 ,  p. 92). On the cranidium palpebral 
lobes are larger, more strongly curved and rurther back than those of P. 

jillmorensis HINTZE 1953, P. accliva HINTZE 1953 (see HINTZE 1953) and P. 
montanensis LOCHMAN-BALK and WILSON 1967 (see Ross 195 7, Pl. 42, Figs. 5 ,  6, 
8-12). 

The occurrence of this species in Spitsbergen is of importance became 
Ptyocephalus species of vigilans type are characteristic in Utah and Nevada of 
upper Canadian be ds of zone "J" age. P. cf. vigilans is found in Spitsbergen 
with the stratigraphically youngest specimens of the typical zone "J" pelagic 
trilobite Carolinites genacinaca Ross. 

Subfamily NIOBINAE JAANUSSON 1959 

Genus Gog n. gen. 

Type speeies. - Gog catillus n. sp. 

Diagnosis. Large niobinid trilobites of low convexity. Relatively long 
glabella narrowest at about the 1evel of the eyes with characteristic crescentic 
(lang axis sag.) basal pair of furrows. Occipital ring well defined by transverse 
occipital furrow; glabellar tubercle weU in front of o ccipit al furrow. Eyes 
small, medi:tlly placed. Posterior limbs of fixed cheeks wide, of transverse 
width equal to that of the occipital ring; bacculae prominent adjacent to the 
basal part of the gIabeIla. Hypostoma with very shallow notch; middle rurrows 
backward sloping. Anterior thoracic segments blunt-tipped, posterior thoracic 
segments pointed. Pygidium much like that of Ogygiocaris, with six to eight pairs 
of gently curved pleurai ribs, and undulating inner margin to doublure. Sur
face sculpture of rai sed lines. Species included in the genus: Gog catillus n. sp., 
Gog explanatus (ANGELIN 1851), Niobe? sp. N l BURSKY 1970. 

Discussion. - This genus possesses features transitional between niobinid and 
ogygiocarinid trilobites. The pygidium is very similar to that of Ogygiocaris 
species (compare that of G. catillus with that of Ogygiocaris sarsi sarsi ANGELIN 

(HENNINGSMOEN 1960, PL 4 ,  Fig. 5) in having narrow ribs and a crenulate inner 
margin of the doublure. Similarly the transversely wide posterior fixed cheeks 
and elongate gIabeIla are also matched in Ogygiocaris species. However the 
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position of the glabellar tubercle, distinct occipital ring, presence of baccu1ae 
and gently notched hypostoma, and lack of gen al spines suggests affinities with 
Niobe species rather than those of Ogygiocaris. These features, and also in parti
cular the presenee of a panderian opening on the thoracic doublure, have indi
cated to the writer that Gog should be included within the Niobinae rather than 
the Ogygiocaridinae. 

Gog is also probab1y related to the little-known Tremadoc genus Niobina 
LAKE from Wales (LAKE 1946, p. 334), Argentina (HARRINGTON and LEANZA 
1957, p. 1 80) and Sweden (TJERNVIK 1956, p. 234) which also possesses a 
transverse occipital furrow, wide (trans.) posterior fixed cheeks, broad pygi
dium with a narrow axis and many segments, and in N. taurina HARRINGTON 
and LEANZA a surface sculpture of fine lines (HARRINGTON and LEANZA 1957, 
Fig. 9 1 ,  l a). However Niobina species have the eyes in a relatively anterior 
position compared with Gog, possess a posteriorly pointed hypostoma, and deep 
interpleurai furrows on the pygidium. The similarities between Ogygiocaris, Gog 
and Niobina suggest a derivation of the ogygiocaridids from a Gog like ancestor, -

possib1y during the early Arenig. 

Gog catillus n. sp. 
(PIs. 1 -3; Fig. 3) 

Stratigraphic range. Olenidsletta Member 75 m to 1 00 m (middle Arenig, 
probable bifidus zone). 

J.\1aterial. Ho10type, dor sal exoskeleton laeking free cheeks, melt stream E 
on Olenidsletta PMO NF 1 679. Among abundant further material are 2 
dorsal exoskeletons Iaeking free cheeks PMO NF 1 673, 531 ; cranidia: PMO NF 
42 1, 465,350, 423, 537, 2633,442,2760, SMA 84360 84365; free cheeks: 
PMO NF 439, 532-3,2626, 1 0 1 5, SMA 84366; pygidia: PMO NF 444,536, 
2659,454,466-7,451-3,445,436,438,2022 and hypostomata: PMO NF 426, 
459, 1939, 2040, 1 726. 

Diagnosis. A Gog speeies with surface scu1pture of extremely fine raised 
lines, about three times more densely spaced on dorsal surface of exoskeleton 
than terrace lines on doub1ure. Pygidium with eight pairs of p1eura1 ribs, 
broad doublure with strongly unduiating inner margin. 

Description. This is the largest of the trilobites of the Valhallfonna Forma-

tion; the holotype has a 1ength of 1 3  cm, but fragments of 1arger specimens 
indicate that some individuals may have approached 20 cm in lengd!. Cepha
lon and pygidium are equa1 in length; the thorax relatively slightly shorter. 
Much of the material of this speeies is flattened, but the convexity is low and 
flattening in this speeies does not greatly alter its proportions. In unflattened 
cranidia the glabella and palpebral lobes stand above the rest of the cranidium, 
the preg1abellar field forms a horizonta1 rim around the front of the glabella, 
while the postocular cheeks slope gently downwards. The glabeIla is fusiform 
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in outline, with a sagittal length between lA and 1.75 times the width across 
the occipital ring on available material. The glabeIla is narrowest adjacent to 
the eyes and in front of the bacculae, anteriorly with a broadly parabolie out
line. The occipital ring occupies about one-tenth total length of glabeIla ; 
occipital furrow running transversely across the glabeIla and slightly backward
bowed medially, where the occipital ring is slightly narrower pairs of 
giabellar furrows; l P crescentic (with long axis sag. and concave side of 
crescents facing outwards) and deepest posteriorly, placed about one third 
across the glabeIla with anterior limits opposite base of palpebraI lobe; 2P deep, 
transverse, opposite mid-part of palpebraI lobe; 3P sloping gently backwards
outwards, outer end opposite anterior limit of palpebral lobe; 4P shallow and 
dose to 3P, shorter, and sloping baekwards more steeply (approximately 7 0  
degrees to sag. line). Outer ends of 2P, 3P and 4P are progressively doser 

to the axial furrows, which 4P almost touehes. AxicJ furrows shallow, but 
become exaggerated by flattening and then appear deep. Minute glabellar 
tubercle on mid line between bases of l P furrows, and well in front of occipital 
furrow. 

Prominant baceulae adjaeent to the basal part of the glabelIa, exter,ding 
forwards from where the oeeipital furrow joins the axial furrows to behir:.d the 
palpebral lobes. Preglabellar field narrows medially, where it is of about the 
same width (sag.) as the oceipital ring. Palpebral lobes placed at mid-Iength of 
glabeIla, horizontal, with a semicireular outline, anterior limits almcst touehing 
the axial furrows, posterior Emits sIightly further away from glabe1l2, distanee 
from anterior to posterior limits between 0.16 0.19 length Gi glabeIla on avail
able material. Poorly defined, bro ad palpebrall im visible on some specimens. 
The wide, triangular fixed eheeks are slightly belcw the levd of the posterior 
border. Posterior border furrows meet the axial furrows posterior to the june
tion of those furrows with the oceipital furrow. Posterior border widens rapidly 
abaxial1y, and laterally is divided by a furrow parallel to the posterior border 
furrow. Anterior branehes of facial sutures di verge at between 2 1  and 28 
degrees to sagittal line in front of the eyes, anteriorly eurving adaxially to 
eonverge forwards in front of the preglabellar fidd (endesing an angle of 
about 150 degrees), passing supra-marginally to meet at the eephalie border on 
the mid line. In small eranidia the sutures are niobiform and they meet at a 
point; in larger eranidia such a distinct point is not usually visi ble aGd the faeial 
sutures may have been tangential to the eephalic margin medially. Posterior 
branehes diverge at a high angle be hind the palpebral lobes, laterally eurving 
in a uniform are posteriody to cut the posterior border at a high aeute angle. 

Free eheeks lacking genal spines and with rounded genal angle. Eye sur
rounded by low eye sode. Doublure underlies most of the free eheek and the 
paradoublural line is strongly refleeted on the dorsal surface. Inner margin of 
doublure subparallel to the eephalie border, gently undulating. Terrace lines 
strong on ventrai surfaee of doublure, more weakly refleeted on dorsal surface 
(Pl. 1 ,  Fig. 2) and number a maximum of 20 at the anterolateral part of the 
eheek. Anteriorly the doublure narrows around the hypostomal suture almost 
eoincident with the preglabellar furrcw; median suture short. The anterior 
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Fig. 3. Reconstruction of Gog. catillus n. gen., n. sp. Approx. naturaI size. 

margin of the hypostoma indicates that the hypostomal su ture was medially 
pointed. No specimen has been found which shows the panderian opening on 
the doublure of the free cheek. 

Hypostoma of maximum width (just anterior to middle furrows) about 0.8 
sagittal length, with prominent oviform middle body, tapering gently poster
iorly and particularly convex in front of the hypostomal suture, where thece is a 
subcircular, median inflated area (Pl. 2, Fig. 4). Deep middle furrows, which 
slope outwards and backwards with steep, backward-facing facets, divide the 
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middle body into a large anterior, and much smaller posterior lobe. The lateral 
border begins at about mid-length of middle body, expands rapidly in width 
and is downward arched adjacent to middle furrows, tapers posteriorly where it 
merges with the narrow (sag.) posterior border. Anterior wings almost vertical; 
if we are correct in assuming that the anterior margin of the hypostoma was 
ventrally correspondent with the preglabellar furrow then it seems probable 
that the dorsal edges of the anterior wings were adpressed against the axial 
furrows. Posterior margin of hypostoma very gently notched. 

Thorax with parallel sided axis two-thirds width of pleurae. Anterior 

pleurae with rounded tips, posteriorly progressively more pointed. Tips of 
anterior segments overlap, these segments possessing a broad, depressed facet; 
in this way the expanded lateral parts of the posterior cephalic border extend 
over the first thoradc segment. Pleural furrows deep, almost transverse, dying 
out on a line coincident with the ventrai extension of the doublure. The form of 
the doublure is similar to that described in Niobe quadricaudata (BILLINGS) by 
\VHITTINGTON (1965, P1. 24, Fig. 6) with the narrow posterior adaxial extemion 
of the doublure, except that the inner margin is deeply notched where crossed 
by the pleurai furrow. Minute panderian opening on the anterior part of the 
doublure (Pl. 3, Fig. 3). 

Pygidium has a lengthjwidth ratio (sag. length excluding half ring) varying 
between 0.54 and 0.66 on available material, gently convex pleurai fields and 
tlattened border. Axis tapers gently, the axial furrows enc10sing an angle of 
about 25 degrees. WeU preserved material retaining the exoskeleton shows nine 
axial ri ngs, but the last ring furrow is shallow and only visible medially; many 
flattened specimens only show eight rings. Ring furrows curve backwards 
medially. Axis extends to about three-quarters pygidial length but its posterior 
margin is not defined, the axial furrows becoming subparallel distally so that 
the terminal piece merges with the posterior border. The nine pairs of pleurai 
furrows do not reach the poste ri or margin of the pygidium, distally becoming 
shallow and backward-deflected; successive pairs slope backwards more steeply, 
so that the anterior pair is parallel to the last pleural furrows on the thorax, the 
ninth pair (of ten not visible on flattened specimens) almost parallel to the sagit
tal line. On a few speeimens weak interpleurai furrows are also developed. 
Paradoublural line prominent on the dorsal surface of the exoskeleton. Inner 
margin of doublure undulating; the v-shaped troughs are at the points where 
the doublure is crossed by the pleural furrows. After the sixth pleurai furrow the 
margin runs transversely towards the axial furrows, before its invagination 
around the tip of the axis. 

Surface sculpture over the greater part of the dorsal exoskeleton consists of 
fine raised lines. These are sparser over the posterior part of the glabella and do 
not pass over areas of muscIe attachment; on the pygidial axis such areas are 

finely punctate (Pl. 3, Fig. 6). True terrace lines occur on the ventral surface of 
the doublure and are more closely spaced marginally, of ten with finer terrace 
lines intercalated towards the inner margin of the doublure; their spacing is 
three or four times more sparse than that of the dorsal raised lines. 



27 

Discussion. The speeies Niobe explanata ANGELlN (1851, p. 15, PL XI, Fig. 4; 
Pl. XII, Fig. 2) from the early Ordovician of Skåne, Fågelsång, Sweden, pos
sesses the combination of characters whereby Gog is distinguished from other 
niobines, and is referred to the new genus. The lectotype cranidium (here 
selected, Ar 24085) differs from that of G. catillus in having a shorter preglabellar 
field which continues the anterior slope of the frontal lobe of the gla beIla 
(PL 4, Fig. l), paradoublural line not distinet on the dorsal surface of the 
pygidium, and the inner surface of the doublure less crenulate. Terrace lines 
are more widely spaced on the dorsal surface of cranidium and pygidium. 
Unfortunately this speeies was not precisely stratigraphically localised by 

Angelin although on the basis of the black limestone lithology in which 
G. explanatus occurs it is probable (Dr. TJERNVIK, written communication 1973) 
that the species occurs in the limbata or expansus zones at the top of the Arenig, 
i.e. younger than G. catillus. 

Pygidia closely comparable to that of Gog catillus occur in the planilimbata zone 
(early Arenig) of central Sweden; one of these, kindly lent to me by Dr. 
TOR STEN TJERNVIK, is illustrated on Pl. 4, Fig. 3. They differ from those of 
G. catillus only in being relatively longer, with a very narrow border, and 
scarcely cranulated inner margin to the doublure. A pygidium probablY of this 
type was illustrated by WIMAN (1905, Pl. 2, Fig. 13). 

The genus is alm ost certainly present in Arenig rocks in Pai-Khoya, north 
Arctic Urals. The Ogygiocaris sp. figured by BURSKY (1970, Pl. 15, Fig. l) has a 
pygidium similar to that of planilimbata zone species from Sweden, and in spite 
of distortion the deep occipital furrow typical of Gog (but unlike Ogygiocaris) is 
visible. The pygidia figured by BURSKY (Pl. 14, Figs. 6, 9) as Niobe? sp. N l are 
similar to those of Gog catillus, in dimensions and number of pleural ribs, and are 
apparently of the same age, but their preservation is too ponr to be sure of 
specific identity. 

Genus Niobe ANGELIN 1851 


Type speeies. - Asaphus frontalis DAL MAN 1827. 


Discussion . .- The type species of Niobe, N.frontalis (DAL MAN 1827), has been 
redescribed by BORLIN (1955, Pl. VI, Figs. 5-9). Two speeies attributed to the 
genus occur in Spitsbergen, and these are similar to the type species in cranidial 
features, such as the outline of the glabeIla, position of the palpebrallobes, and 
distribution of muscle areas and surface sculpture. They also possess prominent 
bacculae, a character which WHITTINGTON (1965, p. 349) suggested may be of 
importance in distinguishing Niobe species from those of Niobella (sensu 1)ERN

VIK 1956, p. 228). The pygidial pleuraI fields of the Spitsbergen species are 
cros'3ed by deep pleural furrows, but the posterior borders are not clearly 
defined as in the type species. Two other small differences may be noted: the 
glabellar tubercle on the type species is very prominent, whereas on the Spits
bergen species it is minute, and on the latter the postocular fixed cheeks are 
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wider (trans.), and laterally defined by sigmoidal sutures. The relatively small 
differences are not considered sufficient to warrant the separation of the Spits
bergen species from Niobe. 

Niobe flabellifera n. sp. 
(Pl. 5, Figs. 1-5) 

Stratigraphic range. Olenidsletta Member 80 m to 100 m Middle Arenig, -

beds underlying hirundo zone. 

Material. Holotype, incomplete dorsal exoskeleton laeking free cheeks, 
PMO NF 457; cranidia: PMO NF 460a, 424, 534; pygidia: PMO NF 535,54, 
462, 2066, 534 (same block as cranidium), 521; free cheek: PMO NF 420. 

Diagnosis. A Niobe species with relatively small eyes, preglabellar field -

about one-fifth glabellar length (sag.), postocular fixed cheeks wide (trans.). 
Pygidial doublure very broad; four pairs of pygidial pleurai furrows, the 
posterior three very 8hort; pygidial border poorly-defined. Surface sculpture of 
very fine terrace lines without interspersed pits. 

Description. Exoskeleton about two thirds as wide as long, cephalon, 
thorax and pygidium approximately equal in length. Most cephalic material is 
flattened, but from unflattened pygidia it is apparent that convexity of this 
species was 10w. Cranidium widest posteriorly, about twice the width at the 
posterior margin compared with the maximum preocular width (trans.) at 
about midlength of frontal lo be of glabella. Glabella narrowest at midlength, 
length 1.4 times width across occipital ring, front margin truncate transversely. 
Glabellar muscle impressions appear as smooth patches and faint depressions, 
anterior pair adjacent to axial furrow in front of palpebral lobe, 2P and 3P 
transverse, opposite palpebral lobes, and IP revealed by ill-defined depressions 
opposite anterior parts of bacculae. Occipital ring narrows medially, defined by 
an occipital furrow which is deep for its medial, backward-bowcd part, 
shallows greatly near the axial furrows. Minute glabellar tubercle abcut mid
way between occipital furrow and transverse line connecting posterior limits of 
palpebral lobes; on the dorsal surface this tubercle shows four symmetrically 
disposed pits (Pl. 5, Fig. 5), which are similar in arrangement to the occipital 
organ of Raymondaspis (WHITTINGTON 1965, Pl. 58, Fig. 10) and odontopleurids 
(WHITTINGTON 1956, p. 177). Bacculae prominent adjacent to the posterior, 

anteriorly-tapering part of the glabella, relatively deeply defined by the axial 
furrows on their inner sides, and merging with the fixed cheeks on their outer 
sides, suggesting that they are a structure belonging more to the genal than to 
the axial regions of the species. 

Palpebral lobes medially placed, fairly small, one-fifth glabellar length 
(exsag.). Postocular fixed cheeks wide (trans.), but slightly less than the trans
verse width of the occipital ring. Shallow posterior border furrow more or less 
bisects the postocular cheek. Pregiabellar field relatively broad for Niobe, about 
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one fifth glabellar length (sag.) on available material, widest laterally and 
medially. Anterior branches of facial suture curve outwards in front of the eye 
lobe, thence eurving uniformly adaxially to meet on the midline, and at the 
margin of the cephalon at an obtuse-angled point. Posterior branches sig
moidal, flaring out almost at right angles to the sagittal line, laterally curving 
posteriorly to become parallel to the posterior parts of the axial furrows, and 
finally curving outwards again to cut the posterior margins at an angle of about 
30 degrees. 

Free cheek with rounded genal angle, eye sode deep; the greater part of the 
cheek is underlain by bro ad doublure, and the paradoublural line is prominent 
on the dorsal surface. Terrace lines on the anterior part of the doublure con
tinuous and strong, cuesta-like, with steep slopes posterior. This is in contrast 
to the terrace lines on the dorsal exoskeleton (Pl. 5, Fig. 2) which are fainter 
and more crowded, discontinuous and anastomosing, steep slopes facing 
anteriorly. Doublure narrows medially where its inner margin ventrally cor
responds with the anterior margin of the glabella. Fine terrace lines continue on 

preglabellar field and on postocular fixed cheeks; on the glabella they are pre
sent along the sagittal line and, more scattered and weak, between muscle 
impressions exsagittally. No hypostoma can be attributed with certainty to this 
speeies. 

Thorax with gently tapering axis of transverse width less than pleurae. 
Pleurae with diagonal furrows which stop at bro ad, downward-sloping facets; 
terrace lines on adaxial part of pleurae run approximately sagittally, on facets 
transversely. Construction of thoracic doublure identical to that figured by 
WHITTINGTON (1 965, Pl. 24, Fig. 6) for N. quadraticaudata (BILLINGS 1865). 

Pygidium almost two-thirds as wide as long, with a quadratic outline, and 
posteriorly a broad, ill-defined and gently sloping border. i\xis tapers gently at 
20-25 degrees, reaching to about two-thirds pygidial length, with six axial rings 

usually visible, the posterior three but faintly defined by shallow ring furrows 
which are not impressed laterally. Of the four pairs of pleurai furrows only the 
first crosses the paradoubluralline to die out before reaching the lateral margin 
of the pygidium, the three posterior pairs slope progressivdy steeply backwards 
and are progressiveIy shorter, such that the very short, most posterior pair is 
almost paraBel to the sagittal line. Pygidial doublure broad, inn er margins 
con verging backwards at about 70 degrees to sagittal line, outline slightly 
indented where approached by pleurai furrows and excavated around tip of 
the axis. Sunace sculpture on pleurai fields of fine irregularly anastomosing 
terrace lines, running transversely and oblique to the pygidial margin; similar 
terrace lines are present especially on the mid-part of the axis. Terrace lines on 
doublure stronger, more wide1y spaced, subparallel to posterior margin. 

Discussion. The distinctive pygidium of this species, with its short pleurai 
furrows, ill-defined border and sculpture of fine, anastomosing lines at once 
distinguishes it from late Tremadoc-Llanvirn Scandinavian Niohe spedes, 
N. frontalis (DALMAN 1827), N. insignis LINNARSSON 1869, N. inærta TJERNVIK 
1 956 and N. emarginula ANGE LIN 185 1 (the last three described by TJERNVIK 
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1956). In addition the transversely wide postocular fixed cheeks of N.flabellifera 
and its relatively broad, halo-like preglabellar field separate it from these 
speeies. Similar wide fixed cheeks are present on Niobe morrisi (BILLINGS 1865) 
(WHITTINGTON 1965, Pl. 28, Figs. 1, 3,4) from the middle Table Head Forma
tion, but this species has a short preg1abellar field, different cephalic surface 
sculpture, and a pygidium with a narrow doub1ure, relatively long axis, and 
longer pleurai furrows than N. flabellifera. 

N. flabellifera is undoubtedly closely related to N. occulta n. sp., diseussed 
below. The two forms occur together and may represent sexual dimorphs of the 
same species. Detailed collecting has shown, hm.vever, that N. occulta n. sp. 
extends its range into higher beds within the Olenidsletta Member than N. 
flabellifera and it seems more probable, therefore, that it is indeed a distinet 
speCles. 

Niobe occulta n. sp. 

(Pl. 4, Fig. 4; Pl. 6, Figs. l ,  2, 4-6; Pl. 23, Fig. 8) 


Stratigraphic range. Olenidsletta Member, 90 m to 103 m, uppermost part -

of range extending into earliest beds with graptolites of D. hirundo zone. 

l'vfaterial. Holotype, incomplete dorsal exoskeleton PMO NF 106;-

cranidia: PMO NF 78, 2181, 49; hypcstoma: PMO NF 107; free cheeks: 
PMO NF 2206, 2183,10; pygidia: PMO NF 2192,2130,2111,1623,7,104, 
2718. 

Diagnosis. A Niobe species with relatively small eyes, preglabellar field -

about one-fifth glabellar length (sag.), postocular fixed cheeks wide (trans.). 
Pygidial doublure of moderate width; five pairs of pygidial pleural furrows; 
narrow, poorly-defined pygidial border. Surface sculpture of very fine terrace 
lines without interspersed pits. 

Discussion. This speeies is best considered in relation to Niobe flabellifera to-

which, as the diagnosis indicates, it is very dose. The distinetions between 
the two speeies may be summarised as follows: 

l .  In N. occulta the glabeIla is less conspicuously waisted adjacent to the 
palpebral lobes and its front margin is more uniformly rounded; terrace lines 
are completely distributed over the surface of the glabella except in muscle 
impressions. Terrace lines are also present on the palpebral lobes, which in 
N. flabellifera are smooth. 

2. The free cheek of N. occulta seems to be wider than that of N. flabellifera, 
but it should be remarked that only one specimen of the cheek of N. flabellifera 
is known, and the intraspecific variation in width is therefore not known. 

3. The pygidial axis of N. occulta shows eight axial rings (with traces of a very 
narrow ninth ring shown by a smooth area on some speeimens) compared with 
six on the axis of N. flabell[{era. 

4. Five pairs of pygidial pleural furrows are present on N. occulta, the fifth 
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pair very short, compared with four on N. flabellifira. The pleural furrows of 

N. occulta are continued, faintly, behind the paradoublural line. 
5. The pygidial doublure of N. occulta is much narrower than that of N. 

flabellifera; its inner margins converge backwards more steeply (about 40-45 
degrees to sag. line), but before meeting axis curve sharply forwards. 13-17 
terrace lines present across its widest part (exsag.). 

The pygidium of this speeies resembles that of Niobe tenuistriata CHUGAEVA 

(CHUGAEVA 1958, Pl. 4, Figs. 7-9) from the late Arenig Kopalinsky F'ormation 
of the Chu-Hi Mountains, Kazakhstan, in its general outline, length of pleurai 
furrow  and sudace sculpture. N. tenuistriata differs in having a long fifth and 
short sixth pair of pleural furrows, and possibly also in not hav ing the para
doublural line clearly visible on the dorsal surface. Comparisons of the cranidia 

of N. occulta and N. tenuistriata are hampered due to distortion of the Kazakhstan 
material, although CHUGAEVA'S species clearly shows the transversely wide 
postocular fixed cheeks found on N. occulta. Like the stratigraphically high 
specimens of N. occulta, N. tenuistriata occms with the graptolites Tristicho
graptus ensiformis and Isograptus, and a late Arenig age is possible for the Kopa
linsky Formation. It is important to note that N. tenuistriata occurs als o with a 
nileid which is certainly closely related to SJmph)'Surus arcticus n. sp. the range of 
which species overlaps that of Niobe occulta in Spitsbergen. 

The lithology of the Kopalinsky Formation (shales and limestone ncdules, 
see CHUGAEVA 1958, Fig. 2) and the occurrence therein of nileids and raphio
phorids in variety, as weU as Niobe, indicates the presence of the nileid com
munity (FORTEY 1975, Fig. 6), pcssibly of the same age as the upper part of the 
Olenidsletta Member, which for the most part yields the faunas of the olenid 
community in Spitsbergen. 

Another comparable speeies is Niobe ornata (REED 1945) from the Tour
makeady Limestone, Western Ireland. The type and only specimen of this 
speeies is an incomplete pygidium, here refigured (Pl. 6, Fig. 3), from which the 
similarity to N. occulta in the form of the pygidial pleural furrows and sculpture 
will be apparent. N. ornata is distinguished by the straight, rather than un
dulating outline of the paradoublural line, and by the density of the terrace 
lines on the doublure (22-23 compared with 13-17 on N. occulta), but further 
comparison is not possible due to the fragmentary nature of the Tourmakeady 
material. The evidence supports the assignment of Reed's species to Niobe as 
indicated by WHJTTINGTON ( 1968, p. 56) rather than to Batl!Jurdlus (REED 1945, 
p. 61). The similarity of the Valhallfonna and Tourmakeady species is of 
interest because N. occulta occun with Opipeuter inconnivus FORTEY and Oopsites 
hibernicus (REED) in the Olenidsletta Member, both of which species are present 
also in the Tourmakeady Limestone. 

Some comparison in the general form of the pygidium may also be made with 
NiobelIa cf. lignieresi (BERGERON) from the Couches du Landeyran inferieures 
(Arenig) of the Montagne Noire as figured by DEAN (1966, Pl. 15, Figs. 2, 4). 
This speeies has at least one more pair of pygidial p1eural furrows than N. 
occulta, and an hour glass-shaped glabella quite unlike that of the Spitsbergen 
species. 
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A single hypostoma (Pl. 23, Fig. 8) may be referred to N. oeculta; it is of 
typical Niobe form (cf. N. quadraticaudata see W HITTINGTO  1965,Pl. 26, Figs. 
l ,  2, 6-8), but with a relatively shallow notch in the posterior margin. 

Subfamily PTYCHOPYGINAE BALASHOVA 1964 

Discussion. The subfamily Ptychopyginae was erected by BALASHOVA 
(1964,p. 4) to include Ptychopyge,and a num ber of genera species of which were 
formerly included in Ptychopyge sensu lato, and separated from that genus by 
BALASHOVA, together with Pseudoasaphus SCHMIDT and Pseudobasilicus REED. The 
species included in the subfamily are the product of an evolutionary radiation 
during the Arenig-Llandeilo centred on Scandinavia and the Russian platform. 
One species from the early Arenig of the Valhallfonna Formation is considered 
to be doser to the ptychopygines than other asaphid subfamilies. 

Genus Paraptyehopyge BALASHOVA 1964 


Type speeies. - Ptychopyge plautini SCHMIDT 1904. 


Paraptychopyge disputa n. sp. 
(Pl. 8,Figs. 1-9) 

Stratigraphic range. One of the characteristic trilobites of the lowest part of -

the Valhallfonna Formadon, pygidia being commonly found in the basal 3m. 
The range of the speeies extends up to 8 m from the base of the Olenidsletta 
Member, where it intermingies with the early o1enid community. Early Arenig 
(fruticosus-3 zone). 

},1aterial. Holotype, cranidium preserving cutide PMO NF 2488. Free 
cheeks: PMO NF 794, 1291,2609,2520; pygidia: PMO NF 797-8,790,812, 
1766, 2596. 

Diagnosis. - A Paraptyehopyge species with a very short preglabellar field; sur
face sculpture of widely spaced terrace lines on cheeks and anterior part of 
glabeIla. Genal spines lacking. Posterior border furrow on cranidium almost 
effaced. Pygidium with gently convex border, emarginate, pleural furrows faint 
or absent. Surface sculpture of terrace lines more closely spaced than on P. 
cincla. Pygidial doublure broad. 

Deseription. Only ane example of a cranidium is known, although free 
cheeks and pygidia of this species are numerous. Width across posterior margin 
of cranidium about twice maximum width in front of the eyes on a level with 
front margin of glabeIla. The frontal part of the glabella slopes steeply down
ward; the rest of the cranidium is relatively horizontal, although the posterior 
fixigenal limbs are slightly declined. GlabeIla faintly defined by shallow axial 
furrows, narrowing forward to reach minimum width at mid-point of palpebral 
lo bes, anterior to which it expands again to same width as at posterior margin; 
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anterior margin gently rounded. Transverse convexity of glabella is also greatest 

at the anterior, downsloping part. Musc1e impressions faint; one pair, sub
elliptical in outline (exsag.) lie immediately in front of the glabellar tubercle 
adjacent to the p08terior part ot the palpebral lobes; two pairs are anterior to 
this, subadjacent to axial furrows (long axis trans.), one pair opposite the 
anterior part of the palpebral lobes, the second immediately in front of same. 
Ridges run transversely across the glabeIla immediately behind the glabellar 
tubercle, and 8hort distance in front of posterior glabellar margin: the area 
between these ridges may represent the basal ( l  P) glabellar muscle areas. 
Glabellar tubercle small, on a level with the posterior limits of the palpebral 
lobes. Preglabellar field short, and very narrow adjacent to the frontal lobe of 
the glabeIla. Palpebral lobes incompletely preserved, evidently upward
inclined, distance between anterior and posterior limits about one-quarter 
length of cranidium. Posterior limbs of fixed cheeks narrow (exsag.), and of 
transverse width slightly les> than that of glabeIla at posterior margin; posterior 
border furrow weakly-defined and narrow, outlining narrow posterior border 
which widens abaxially. Anterior branches of fadal su ture diverge at about 

30 degrees in front of palpebral lobes, anteriorly curving rather abruptly 
adaxially to meet on mid line at a point. Posterior branches diverge at right 
angles to sag. line distally curving in an even are posteriorly to cut posterior 
margin of cranidium at a high acute angle. Cuesta-like terrace lines (steep 

slope backward-fadng) are present on the anterior perimeter of the frontal 
lobe of the gla beIla, preglabellar tield and postocular cheeks, widely spaeed, 
about three per mm. The mid-line of the frontal lo be, adjacent to the pre
glabel1ar furrow, forms a smooth, slightly depressed area. Hypostoma and 
thorax unknown for this spedes. 

Free cheek convex adaxially, anteriorly sloping down into a narrow, 
flattened border, which becomes narrower backwards and indistinct before 
reaching the genal angle. The lenses are not preserved on the semi-circular eye. 
Genal angle rounded, posterior and lateral margins of cheek enclosing approxi
mately a right angle. Terrace lines on dorsal surface subparallel to outer 
margin of eye. Doublure broad, closely reflexed against dorsal surface, inner 
margin following outline of cheek, but backward-curved sharply posteriorly. 
Terrace lines on doublure twice as closely-spaced as on dorsal surface. Pan
derian opening eireular, small (Pl. 8, Fig. 5) at about mid-width of doublure 
near posterior margin. 

Pygidium with maximum transverse width between 1.75 and 1.85 sagittal 
length on available material (all unflattened), emarginate. Axis narrow, at 
anterior margin occupying one-fifth maximum pygidial width, anteriorly 
gently narrowing backwards (axial furrows enclosing an angle of 20-30 
degrees), posteriorly subparallel-sided, and extending to about three-quarters 
pygidial length. A maximum of six very faint axial rings are visible on the axis. 
Axial furrows shallow on large speeimens, more deeply incised on small er 
specimens. Pleural fields convex, downward-sloping laterally as far as flattened 
or gently convex border; this border is widest posterolaterally, narrowing 
behind axis. Some speeimens show up to four pairs of pleuraI {urrows separated 

3 
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by narrow ridges, of which only the first pair are sufficiently impressed to cross 
the paradoublural line. Posterior margin of pygidium gently upward-arched at 
median emargination. Surface sculpture of fine cuesta-like terrace lines, spaced 
as on cephalon, subparallel to posterior margin, sparse or absent on anterior 
part of axis and adjacent p1eural field. Doublure very broad and closely reflexed 
against dorsal exoskeleton; inner margin convex forwards, and slightly un
dulating. Terrace lines more c10sely spaced than on dorsal surface. 

Discussion. This speeies is assigned here to Paraptychopyge because of its 
elose resemblance to Paraptychopyge cineta (BRØGGER 1886). P. disputa particu
larly resembles P. cincta in having an exceptionally short preglabellar field 
(see BALASHOVA 1964, Pl. IV, Figs. l a, 3a), an almost unfurrowed pygidium 
with a border of identical form (see especially SCHMIDT 1904, Pl. 8, Fig. 8) and 
bro ad doublure of similar outline (SCHMIDT 1904, Pl. 8, Fig. 7). P. disputa differs 
from P. cineta principally in lacking genal spines and in having weakly devel
oped posterior border iurrows on the cranidium, and in the anterior branch of 
the facial suture curving more sharply adaxially. The pygidial axis is relatively 
wider in P. cineta, and the terrace lines on the dorsal surface are more widely 

spaced in that speeies, and run transversely (BALASHOVA 1964, Pl. IV, Fig. 4b). 
The other speeies assigned to Paraptychopyge by BALASHOVA (1964, p. 11-14) 
differ from both P. cincta and P. disputa in having strongly furrowed pygidia. 

Dr. TORSTEN TJERNVIK has shown me an undeseribed spe eies from the early 
Ordovician of Sweden which is elearly re1ated to P. disputa. 

:Family NILEIDAE ANGELIN 1854 

Discussion. Trilobites belonging to this family are a particularly abundant -

element of the Valhallfonna faunas, 10 speeies being represented in the eol1ee
tions. As with other families in which the dorsal furrows are subdued (Illaeni
dae, eertain asaphids) the identification of speeies ar:d their generic classifica
tion presents particular problems. In the account which follcws the follcwir.g 
features have been found especial1y useful: 

(i) outline of glabeIla in lateral view; this may vary from gently and uni
formly downsloping (Poronileus n. gen.) through more or less horizontal poster
iorly and steeply downsloping anteriorly (typically Peraspis) to uniformly 
steeply sloping (Nileus). 

(ii) width (sag.) of doublure connecting free cheeks. 
(iii) shape of the adult pygidium; varies from relatively wide (Nileus) to 

relative long (PoroT/ileus n. gen.). 
(iv) taper and length of the pygidial axis and the number of muscle scars 

upon it (of ten seen only on internal moulds); axis may be funnel-shaped (some 
Peraspis) to gently and uniformly tapering (Poronileus n. gen.), long, or short and 
rapidly tapering (Nileus) . 

(v) outline and width of pygidial doublure; may be narrow and concave
forward, with an anterior margin paraBel to that of the pygidial margin 
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Fig. 4. Variation in pygidia of nileids, outline of doublure on right. A. Nileus porosus. B. Nileus 
orbiculatoides svalbardensis. C. Nileus glazialis costatus. D. Poronileus jistulosus. E. Symphywrus 

arcticus. F. Peraspis erugata. 

(Symphysurus, Peraspis), almost straight sided (Poroniltus n. gen.) to eonvex 
forward (Nileus) (Fig. 4). 

(vi) shape of the posterior braneh of the facial suture; may be eonvex or 
coneave forwards, straight or sigmoidal. 

(vii) distribution of the surface sculpture on eephalon and pygidium and 
on the eephalic and pygidial doublure. Nileids may exhibit combinations of 
pitting and terraee lines but are apparently never granulate. 

Some non-nil eid genera, especially Varvia (TJERNVIK 1956), have a remark
able similarity to species of Nileus itself. Varvia resembles Nileus notably in the 
shape of the eephalie doublure and the associated hypostoma, which is c10sely 
similar to that of sueh nileids as N. exarmatus (TJERN VIK 1956, Pl. 2, Fig. 16) and 
N. affinis BILLINGS (WHITTINGTON 1965, Pl. 31, Fig. 6). The differences are 
principally the possession of a marginal rim on the cranidium in Varvia, and 
an apparent median ventrai suture. :Most nileids have a supramarginal pre
glabellar suture, with a marginal rim developed at the edge of the narrow strip 
of dorsal exoskeleton conneeting the free cheeks. It would require only the 
smallest anterior migration of the preglabellar su ture to a marginal position to 
incorporate the rim in the cranidium. BRUTON (1968) has shown in Panderia 
the ventrai sutures may become non-functional and the free cheeks united a'O a 
single piece. It is possible that the resemblance of Vm'via to the nileids may indi
eate a doser relationship than their present incorporation in different families 
suggests. 

Nileids sueh as Peraspis WHITTINGTON and Poronilws n. gen. are very asaphid
like in gross morphology, while retaining the eharaeteristic nileid ccphalic 
doublure and hypostoma. Asaphids are absent in the Profil bekken Member of 
the Valhallfonna Formation where these two genera are common, and it is 
possible that the ecological niches normally oeeupied by asaphids were oecupied 
there by similarly adapted nileids. 



- 36 

Evolution of the Nileidae in Spitsbergen (Fig. 5) 

Like that of the Olenidae (FoRTEY 1974b, p. 15 21) the fossil record of the 
Nileidae in the Spitsbergen successions is exceptionally complete, with a high 
species diversity and abundant material from those parts of the section yielding 
the remains of the nileid community. Some of these nileid species occur in 
series believed to be phyletically related, and their evolution may be described 

in detaiL 
Species of Nileus itself appear quite suddenly in the Spitsbergen sections, 

Nileus glazialis costatus at 85 m from the base of the Olenidsletta Member, N. 

orbiculatoides svalbardensis Iow in the Profilbekken Member, and they seem to 
invade the area from the Baltoscandian region, where very closely related forms 
occur, and where evolution of these related species appears to have been con
tinuous and complete (SCHRANK 1972, p. 353). This affords further evidence of 
free faunal interchange with the Scandinavian region, as indicated also by some 
of the asaphids and raphiophorids described elsewhere in this paper. 

On the other hand the species here attributed to Poronileus n. gen. and 
Peraspis appear to have a eommon origin in Symphysurus arcticus n. sp. and in so 
far as they oceur elsewhere appear to be related to species oecurring in the 
Ordovician of the north American region (and possibly also Kazakhstan, 
p. 63). They apparently cannot be matched in the Arenig-Llanvirn rocks of 
Sweden or the Russian platform. 

The earliest species, Symphysurus arcticus n. sp., from the mid-part of the 
Olenidsletta Member has relatively well-defined axial furrows, a wide pygi
dium with a funnel-shaped axis, doublure with concave outline, and surface 
sculpture of fine terrace lines. The hypostoma is subquadrate in outline, 
posterior section of fadal suture sigmoidal, and genal spines are lacking. 
Stratigraphically high populations of this species include a number of sped
mens in which the posterior border furrow of the pygidium is well defined, 
espedally posterolaterally (Pl. 21, Fig. 8). This provides the first evidence of a 
feature important in the lines leading to Peraspis and Poronileus n. gen. A nil eid 
population occurring at about 115 m above the base of the Olenidsletta 
Member, present as thin band within the upper olenid community, contains 
the earliest species of Poronileus and Peraspis. Both species retain the funnel
shaped pygidial axis, terrace lines, concave outline of pygidial doublure and 
rather rectangular glabeIla similar to Symphysurus arcticus. In other respects the 
two species have already established the characteristic features of their respec
tive genera. The convex pygidial border of Poronileus jugatus n. sp. is defined by 
deep furrows posterolaterally, the pygidium is relatively long (sag.) the eyes are 
large and the characteristic punctate surface sculpture is present on the 
glabeIla, although on a very fine scale; posterior branches of fadal mtures re
tain a sigmoidal outline. Conversely, Peraspis omega n. sp. has a flattened pygi
dial border, the pygidium is relatively wide with a narrow axis, and the con
vexity is low, less than that of S. arcticus or Poronileus jugatus; although pleuraI 
furrows are not clearly visible on the pygidial pleuraI fields, the annulations on 
the axis are distinet on material retaining the dorsal exoskeleton. The eyes are 
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rclativcly small er than those of S. arcticus, and, although genal spines are not 
present on large free cheeks, they are still present on speeimens over 0.5 cm 
long, posterior branches of facial suture slightly concave in outline. An increase 
in overall size compared to Symphysurus appears to be characteristic of both 
Peraspis and Poronileus from their inception; some pygidia of Peraspis omega n. sp. 
exceed 5 cm in transverse diameter. 

Peraspis erugata Ross succeeds P. omega near the base of the Profil bekken 
Member, and differs from that spe eies principally in retaining genal spines in 
the adult, in having faint pleurai ribs on the pygidium, and the eyes further 
baek; some evidence of the transitional nature of the change from the earlier 
speeies to the later is provided by the earliest members of P. erugata having only 
very short genal spines on the cheeks. The speeies Peraspis lineolata (RAYMOND) 
(WHITTINGTON 1965, Pls. 34, 35) takes the tendeneies se en in the transition 
P. omega to P. erugata still further, with weU defined pygidial pleurai ribs and 
stout genal spines, eyes far back, and very Iow convexity. The series omega 
erugata lineolala is also characterised by a progressive increase in the density 
of the terrace lines on the dorsal surface, and the hypostoma loses the triparti
tion of the posterior margin, which becomes pointed mediaUy. Apart from the 
sculptural changes, most of the changes occurring in this lineage are neotenous, 
for example, genal spines are probably a general feature of immature nileids, 
and in the Peraspis speeies lineage they are present at progressivcly later stages 
in ontogeny. Similarly, the flattened border characteristic of Peraspis is present 
in early ontogenetic stages of Symphysurus arcticus n. sp. (p. 62). 

The changes occurring from speeies to species on the Poronileus lineage are 
concerned with subtle alterations in surface sculpture; the three species in
volved P. fistulosus, P. isoteloides and P. vallancei succeed ane another in 
order through the Profilbekken Member. The earliest species, P. jistulosus, 
exhibits a few modifications from P. jugatus, changes which remain consistent 
with the sueceeding species. The pygidial axis beeomes uniformly tapering, 
losing the funn el-like appearance of that of P. jugatus (derived from S)!mph)'surus 
arcticus) and the inner margin of the pygidial doublure is straight; the eyes are 
slightly further back and the posterior section of the facial suture is straight, 
cutting the posterior margin of the cephalon at an acute angle. Cephalic sur
face sculpture of P. jistulosus consists of fine pits and terrace lines, and on the 
dorsal surface of the pygidium terrace lines are closely spaeed. The succeeding 
species, P. isoteloides is extremely similar to P.jistulosus, but the surface sculpture 
on the cranidium consists only of punctae, and the terrace lines on the pygidium 
are more widely spaeed. Spaeing of pygidial terraee lines also decreases during 
ontogeny, sa that small pygidia of P. isoteloides are more c10sely similar to large 
pygidia of P. jistulosus: this tendency exhibits the peculiar evolution by "re
capitulation" with reg ard to surface sculpture, such as was noted in the transi
tion from Cloacaspis ekphymosa C. senilis among the olenids (FoRTEY 1974b, 
p. 41). One transitional population between P. jistulosus and P. isoteloides is 
known; cranidia from this horizon exhibit terrace lines on the glabeIla only at 
the extreme anterior margin, the rest of the cranidium being pitted as in P. 
isoteloides (Pl. 15, Fig. 10). The youngest Poronileus speeies, P. vallancei, carries 
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the tendency towards reduction and simplification of surface sculpture further: 
on the glabella very fine pits are concentrated at the anterior margin of the 
cranidium, palpebral lobes and free cheeks, while terrace lines on the pygidium 

are sparse and present only around the posterior margin of the pygidium, the 
median part being smooth. This species in addition has a convex outline of 
the postocular facial suture. 

As with the subfamily Balnibarbiinae of the Olenidae described in the pre
vious part (FORTEY 1974b, p. 20) in the nileid phylogeny the period of duration 
of a species in the Arenig-Llanvirn of the Valhallfonna Formation is believed to 
have been relatively long compared with the period of derivation from the 
ancestrai species. Populations with recognisable transitional forms are hard to 
discover, even with the most punctilious bed-by-bed collecting; one such has 
been found between Poronileus fistulosus and P. isoteloides. Where such popula
tions occur they do so only in a single bed, and probably represented a very 
rapid change. Change from one species to another does not correspond with 
any major changes in the fauna as a whole, nor with any evidence of non
sequence. Indeed in the case of the Poronileus lineage the changes between the 
three species P. fistulosus - P. isoteloides P. vallancet is coinciden t with the 
range of the single species of raphiophorid, Globampyx trinucleoides n. gen., n. sp. 
The evolution of these nileids was evidently relatively rapid compared with 
some other trilobites in the same community type. 

The fossil record of this family in Spitsbergen thus seems to define discrete 
palaeontological species which can nonetheless be related in phyletic series. 
This pattern of evolution is consistent with the allopatric model of speciation. 
It is possible that the marginal populations in which speciation took place were 
related to the community types recently proposed by FORTEY (1975). It seems 
probable, for example, that the change from Symphysurus arcticus to Poronileus 

jugatus occurred in the "fringe" areas between the nileid and olenid com
munities - since the populations of the latter species occur interbedded with a 
typical olenid community in the upper part of the Olenidsletta Member. It 

may be proposed that marginal populations of Symphysurus arcticus became 
modified (Poronileusjugatus) in adaptation to the marginal olenid environment, 
the environmental gradient (FORTEY 1975, p. 341) inducing a barrier to gene 
flow with the populations of Symphysurus arcticus in the nileid community forma 
typica. Subsequent species of Poronileus were able to in vade the nileid community 
later when Profil bekken Member was deposited - thcir large size and gross 
morphology indicating a convergence with, and possible niche replacement of 
asaphids which they paraBel in most features. Asaphids are absent in the nileid 
community in the Profilbekken Member, although common in the nUeid com
munity of the Olenidsletta Member. The change P. isoteloides - P. vallancei is 
associated with the first appearance of elements of the Illaenid - cheirurid 
community, and may therefore represent an adaptation to relatively shallower 
water conditions. 
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Genus Nileus DALMAN 1827 


Type speeies. - Nileus armadillo DALMAN 1827. 


Diagnosis. Nileid trilobites with broad eephalon and pygidium. Cranidium 
of width between palpebral lobes equal to or exeeeding the length of the 
eranidium in dm'sal view, and sagitally eonvex. Axial furrows faint or absent on 
dorsal surfaee of eranidium, Glabellar tuberc1e visible on internal moulds 
anterior to a line eonneeting the posterior limits of the palpebral lobes. Post
oeular fixed eheeks minute. Eyes large to very large, free eheeks narrow (trans.) 
laeking genal spines in larger individuals. Cephalie doublure narrow to very 
wide. Hypostoma of width exeeeding length, with short pit-like maeulae, 
posterior border tripartite. Pygidium about twice as wide as long, with or 
without border, axis poorly defined or not visible on dorsal surfaee, on internal 
moulds more dear'ly visible, short, with foul' or five axial rings. Doublure 
broad, anterior outline eurving forward. 

Discussion, Speeies induded in this genus are: Nileus armadillo DALMAN-

1827, N. depressus (SARS and BOEK 1838), N. affinis BILLINGS 1865, N. macrops 
BILLINGS 1865, N. scrutator BILLINGS 1865, N. limbatus BRØGGER 1882, N. 
tengriensis VEBER 1948, N. exarmatus TJERNVIK 1956, N. orbiculatus TJERNVIK 
1956, N. transversus Lu 1957, N. armadilloJormis Lu 1957, N. symphysuroides Lu 
1957, N. latus PERFILYEV and LEVITSKY 1963, N. planus BALASHOVA 1966, N. 
pamiricus BALASHOV A 1966a, N. hesperaffinis Ross 1967, N. deynouxi DEsToMBEs 
1970, N. nesiotes DEAN 1971,  N. globicephalus SCHRANK 1972, N. glazialis 
SCHRANK 1973, N. platys SCHRANK 1972, N. gabata DEAN 1973b. Of these 
speeies N. latus, N. planus and N. pamiricus are insuffieiently known for eomp1ete 
eomparison with the speeies deseribed below. 

To charaeterise this confusing group of tri10bites adequate1y it is important 
to have well-preserved material showing both the internal and extemal fea
tures, indeed the internal mou1d of the cranidium and pygidium is in some 
examp1es as important in the definition of speeies as the dorsal surfaee. Three 
typieal Nileus speeies are known from the Valhallfonna Formation in Spits
bergen. SCHRANK (1972) has reeently deseribed the Baltje region Nileus species 
from material obtained from erratie boulders; I am indebted to Dr. TORSTEN 
TJERNVIK for demonstrating to me the in situ oeeurrenee of these spe eies in 
southem Sweden. 

Nileus glazialis glazialis SCHRANK 1973 

1972 Nileus exarmatus lineatus n. subsp. - SCHRANK, p. 363-4 , Pl. 3, F'ig. 1 3; 
PL 5, Figs. 3-6. 

1973 Nileus exarmatus glazialis nom. nov. - SCHRANK, p. 1 186. 

Discussion. SCHRANK (1973) proposed the new name Nileus exarmatus 
glazialis for the su bspeeies he had previously (1972) named N. exarmatus 
lineatus, as the latter name had been previously used. Dr. TORSTEN TJERNVJK 
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(personal communication 1973) has demonstrated to me that there are severai 
distinct Nileus populations in the early Ordovician of Sweden which have 

pygidia possessing a sculpture of numerous raised lines, considered diagnostic of 
the forms assigned by SCHRANK to the su bspecies glazialis of Nileus exarmatus 

TJERNVIK. These populations are of stratigraphic significance. It seems pre
ferable, therefore, to regard SCHRANK'S material as of specific rank, and to 
describe these variant.> as subspecies: one such is known from abundant 
material in the Valhallfonna Formation. 

Nileus glazialis costatus n. subsp. 
(Pl. 10; Pl. 16, Fig. 8) 

Stratigraphic range. Mid-part of the Olenidsletta Member 85 m to 100 m -

from base in beds probably to be correlated with the zone of D. bifidus (M. 
Arenig) sensu BERRY (1960). 

Material. Holotype, pygidium with exoskeleton, PMO NF l 65 l .  Abun-

dant further material includes cranidia: PMO NF 431,432, 1479,2713, 1614, 
1652, 57-8, l57l, SMA 84275, 84278; pygidia: PMO NF 1567, 1644, 1663, 
2710, SMA 84270-3; free cheeks: PMO NF 1566, SMA 84279. 

Diagnosis. A subspecies of Nileus glazialis with cranidium moderately con-

vex (sag.), lateral profile of glabella arcuate, anterior outline strongly rounded 
on mid-line, axial furrows not visible, even on internal moulds. Eyes very large. 
Cephalic doublure relatively narrow, with strong terrace lines on ventrai sur
face. Pygidium lacking border, with rounded posterior outline, surface sculp
ture of grooves, axis not visible on dorsal surface. Pygidial doublure very 
bro ad, inner margin gently undulating, with only about eight to twelve widely
spaced terrace lines. 

Description. Cranidium of maximum width between the palpebral lobes, -

which also exceeds the cranidial length, gently convex (trans.). The lateral 
profile is arcuate, steeply downwards-sloping. Anterior outline broadly rounded 
on mid-line. Palpebral lobes large, about half length of cranidium, outline 
semicircular, transverse line connecting their posterior limits at 0.2 cranidial 
length. Axial furrows not visible. Glabellar tubercle prominent. Facial sutures 
diverge at 60-70 degrees to the sagittal line in front of the palpebral lobes, at an 
equal or slightly small er angle behind the palpebral lobes to delimit a minute, 
short (exsag.), narrow (trans.), triangular postocular fixed cheek. On the 

posterior margin of internal moulds of the cranidium, opposite the posterior 
ends of the palpebral lobes (exsag.), there are deep pits, presurnably situated at 
the lateral limits of the glabella and representing the articulating sockets in the 
axial furrows. Cephalic doublure (Pl. 10, Fig. 7) narrow (sag., exsag.), gently 
convex, with very prominent terrace lines, 6 on mid line. 

Free cheeks fairly narrow (trans.), width (excluding eye) about equal to the 
length of the palpebral lobe. Genal angle obtuse, rounded. Faint lateral border 
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which does not reach the genal angle and dies out anteriorly. Eyes large, 
crescentic, elevated above the free cheeks on a narrow rim, deeper anteriorly. 

Dorsal surface of cranidium finely punctate, lacking the gro oves which are so 
conspicuous on the pygidium; internal moulds smooth. 

Pygidium about twice as wide as long, semicircular, lacking posterior border. 
Surface sculpture of distinctive, deep grooves which are reflected more faintly 
on internal moulds. Axis not defined by furrows on dorsal surface, but its 
general shape may be made out as a triangular smooth area. On internal 
moulds the axis is faintly visible, gendy tapering, reaching about t\'I'O thirds 
pygidial length, with indications of four axial rings. Anterior facet narrow 
(exsag.), steeply downturned, almost reaching (trans.) the narrow articulating 
half ring. Doublure very bro ad, inner margin convex fonvards, undulating, 
deeply excavated around tip of axis. Terrace lines widely spaced, more distinet 
towards the front margin of the doublure, numbering only 8 to 12. 

Transitory pygidium (Pl. 10, Fig. 16) of very low convexity with a narrow 
axis, very gently tapering, which almost reaches the posterior margin. There 
are at least 6 axial rings, and interpleural furrows of the anterior four segments 
are visible on the internal moulds of the broad pleurai fields. This pygidium 
differs [rom those of Symphysurus arcticus n. sp. of comparable size in lacking a 
concave border. 

Discussion. N. glazialis is distinguished from others of the genus by its 
distinctive pygidial sculpture, the bro ad pygidial doublure with unduladng 
inn er margin and sparse terrace lines. There is some cephalic similarity to 
Nileus macrops BILLI:"fGS (WHITTINGTON 1965) which also has large eyes (even 
larger than those of N. glazialis costatus n. subsp.) and the axial furrows effaced. 
Strikingly similar in general proportions is the Nileus sp. described by WHIT

TIKGTON (in NEUl>lAN 1964, p. 27, Pl. 5, Figs. Il , 12, 15, 17-19) from Ordovi
cian Tuffs, North Eastern Maine. The pygidium is similar in outline, convexity, 
and width of doublure; the size of the eyes and shape of the cranidium are 
closely similar, and the cephalic doublure, like that of N. glazialis costatus n. sp., 
is rather narrow (sag.). Further comparisons are not possible, unfortunatcly, 
because of the poor preservation of the Maine material. N. glazialis costatus 
differs from N. glazialis glazialis (SCHRAKK 1972, Pl. 5, Figs. 3-6) in lacking a 
pygidial border. TJERNVIK (written communication 1973) has in form ed me 
that a nilcid dose, or even identical to N. glazialis costatus occurs in the "Lim
bata limestone" of Sweden (also late Arenig). Only anc pygidium (PMO NF 
112, Pl. 10, Fig. 17) occurring stratigraphically above the populations of N. 

glazialis costatus at 103 m from the base of the Olenidsletta Member, shows the 
presence of a concave border, and may therefore belang to N. glazialis glazialis. 
The speeimen is, however, incomplete. 

Different sculpture on cephalon and pygidium is not uncommon among 
nileids, as shown also by Poronileus species described below, and the other 
Nileus species from Spitsbergen. This species is rather variable in the relative 
lcngth and convexity of the pygidium, some specimens (Pl. 10, Figs. Il, 13) 
noticeably langer and deeper than others (Pl. 10, Figs. 12, 14). All internal 
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moulds clearly reflect the characteristic surface sculpture, and there are all 
intermediates between the extreme examples, and it is therefore considered 
unlikely that more than one species is represented. 

Nileus orbiculatoides svalbardensis n. subsp. 
(Pl. 11, Figs. 1-13) 

Stratigraphic range. Lower 30 m of the Profilbekken Member, associated 
with Poronileus fistulosus, but not continuing upwards in to typical Orthidiella 
zone fauna. 

Material. Holotype, exfoliated cranidium, PMO NF 2412. Other material -

includes cranidia: PMO NF 2469, 345, 2409,2469, 2478; incomplete cephalon: 
PMO NF 2407; pygidia: PMO NF 342,344,358,355,2471,2349,2415; free 
cheek: PMO NF 2477; hypostoma: PMO NF 2417. 

Diagnosis. A subspedes of N. orbiculatoides SCHRANK 1972, with facial-

sutures not meeting in a point on mid-1ine, cephalic surface sculpture minutely 
punctate. Dorsal furrows effaced. 

Discussion. SCHRANK (1972, p. 261-2, Pl. 4, Figs. 1-4; Pl. 5, Figs. 1,2) has -

described Nileus exarmatus orbiculatoides from geschiebe material originating from 
Arenig rocks of the Baltic region. The species under discussion shares many 
features with SCHRANK'S material, and it is proposed here to elevate orbicula
toides to specific rank, and to describe the Spitsbergen material as a new sub
species. In particular, N. orbiculatoides orbiculatoides and N. orbiculatoides sval
bardensis may have identical pygidia with regard to convexity, outline of axis 
and number of terrace lines (compare Pl. Il , Fig. 8 with SCHRANK'S holotype, 
SCHRANK 1972, Pl. 4, Fig. l). Some of the pygidia illustrated by SCHRANK, 
however, have a distinct, slightly convex posterior border, a feature not shown 
by any of the pygidia from the Profil bekken Member, and some of the latter 
may have up to 30 terrace lines (Pl. 11, Fig. Il) exceeding in demity any speci
mens of N. orbiculatoides orbiculatoides. The most important distinguishing feature 
of the Spitsbergen subspecies is the lack of an angulate junction of the anterior 
branches of the fadal suture on the mid-line (compare SCHRANK 1972, Pl. 4, 
Figs. 3a, 4). The axial furrows of the Spitsbergen subspecies are completely 
effaced on the dorsal surface of the cranidium, but are visible on internal 
moulds, slightly bowed outwards between anterior and posterior limits of 
palpebral lobes. Small cranidia are punctate on cranidium and free cheeks, 
the latter bearing very short, posterolaterally directed genal spines. Fine
scale punctae are present also on the forward part of large cranidia. N. orbicula
toides orbiculatoides and N. orbiculatoides svalbardensis are similar with regard to 
size and position of the eye and outline of facial sutures, and width of cephalic 
doublure. The width of the free cheek, particularly that part in front (exsag.) of 
the eye, may prove to be consistently greater for the Spitsbergen species. 

Hypostoma (Pl. 11, Fig. 3) much like that of N. orbiculatoides orbiculatoides 
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(SCHRANK 1972, Pl. 4, Fig. 3 c) but with larger maculae, and apparently lacking 
convex rim around the periphery of the lateral and posterior borders. In view of 
the similarities and intergradations between SCHRANK'S spedes and the popula
tions from Spitsbergen a subspecific distinction is all that seems to be justified on 
present knowledge on the basis of the difference in the anterior junction of the 
sutures. Moreover, Dr. TJERN VIK informs me that orbiculatoides-like forms con
tinue into hirundo zone strata in Sweden, and may therefore be near con
temporaries of the Valhallfonna subspecies. Niteus exarmatus obsoletus CHANG and 
FAN 1960 (see Lu et al. 1965, p. 520, Pl. 107, Figs. 12-15) appears to have a 
pygidium externally similar to that of N. orbiculatoides svalbardensis, but the 
internal mou1d shows a pair of tubercles at the tip of the pygidial axis which 
have not been seen on any spedmen from Spitsbergen. 

The relationships between the Spitsbergen and Scandinavian forms may be 
clarified further when more details of the pygidium of the latter are known. As 
shown on internal moulds, the axis of N. orbiculatoides svalbardensis has 4-5 axial 
rings, tapers backwards posteriorly to no more than half pygidial length (axial 
furrows enclosing an angle of 25-35 degrees), posterior margin of axis trans

versely truncate. The pygidial doublure is very broad, typical of Nileus, inner 
margin broadly curved forwards, and carrying about 10 terrace lines. 

Both N. orbiculatoides svalbardensis and N. glazialis costalus appear quite sud
den ly in the Spitsbergen sections, and are unrelated to the other nileids for 
which a phylogeny has be en proposed (p. 36). They are be1ieved to have been 
derived from the Scandinavian forms to whkh they are closely allied, perhaps 
by migrations within the nileid community type between the different areas. 

Nileus porosus n. sp. 
(Pl. 12, Figs. 1 -14) 

Stratigraphic range. Upper part of Profil bekken Member, 40-100 m from-

base, with typical Whiterock (Orthidiella zone) fauna. 

Material. Ho1otype, partly exfoliated cranidium, PMO NF 1357. Other 
material includes cranidia: PMO NF 328, 1306, 1357, 1354 , 1290, SMA 84285; 
free cheeks: PMO NF 3160, SMA 84289-90; pygidia: PMO NF 333, 1302, 
1304--5, 136 1 ,  SMA 84286-9; hypostomata: PMO NF 322, 325. 

Diagnosis. A Nileus species with cepha1ic surface scu1pture of dense 
punctae, pygidium smooth, except for terrace lines around posterior margin, 
and sparsely on pleura1 Helds. Cranidium of low convexity, with small palpebral 
lobes for the genus, medially placed; posterior sections of facial sutures diverge 
at a 10w angle to sag. line behind palpebra1 10bes. Pygidium twicc as wide as 
lang, with indistinct, broad border, axis (visib1e on internal moulds) with five 
axia1 rings, first twa distinct, and very bro ad, forward-curving doublure. 
Hypostoma with ill-defined midd1e body, prominent pit-like maculae at about 
(sag.) mid-length. 
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Description. This species is less obviously related to Scandinavian Ni/eus-

species than those described above. It is associated with Poronileus isoteloides n. 
gen., n. sp. and P. vallancei n. sp. but extends higher than these species in the 
Profil bekken Member. Cranidium of low convexity, only that part anterior to 
the palpebral lobes downward-sloping, posteriorly almost horizontal. Front 
margin gently rounded about mid-line, less strongly curved than N. glazialis 
costatus or Poronileus spp. Palpebral lobes medially positioned, 0.4-0.5cranidial 
length. Axial furrows not visible on dorsal surface, on intern al moulds present 
as shallow furrows parallel to sagittal line joining anterior and posterior limits 
of palpebral lobes. Median glabellar "tubercle" prominent on intern al moulds, 
opposite posterior parts of palpebral lobes (at about 0.4 cranidial length in 
palpebral view). Facial sutures diverge at 27-35degrees to sagittal line behind 
the palpebral lobes, and at a greater angle in front of the palpebral lo bes, 
posterior section rumling straight to posterior margin of cranidium. Surface 
sculpture of fine, closely spaced punctae. Free cheeks gently convex (trans.), 
laeking lateral border, with broadly rounded gen al angle. Cephalic doublure 
upward-turned in anterior view, and broad (sag.), carrying closely-spaced 
terrace lines. 

Hypostoma almost two-thirds as long as wide (trans.). Middle body poorly 
defined, backward tapering, very gently convex (trans.), transverse width at 
anterior margin (excluding anterior wings) approximately equal to sagittal 
length of hypostoma. Maculae present as broad-based depressed pits on edge of 
middle body at about half (sag.) hypostomal length. Wide (trans.) lateral 
borders, gently concave, lateral margins almost straight and converging back
wards. Posterior margin of typical tripartite Nileus form with broadly tri
angular median proeess. Junction of lateral and posterior borders angulate, 
about 140 degrees. 

Pygidia exhibit few distinguishing characters from those of other smooth 
Nileus species. Width/length ratio varies between 1.8 and 2.1 on available 
material. Indisdnct, slightly concave border wider laterally, obsolete or faint 
be hind axis on dorsal surface, more clearly visible on internal moulds. Latter 
also show the pygidial axis, which is 8hort, reaching to slightly more than half 
pygidial length (sag.), and tapers rapidly anteriorly, faint impressions of axial 
furrows enclose an angle of about 40 degrees posteriorly. Five axial rings are 
visible, of which only the first two pass completely across the axis, separated by 
wide (sag.), shallow furrows. Posterior rings are separated by short (trans.) pits 
which do not reach midline of axis. Pygidial doublure broad, and arched for
wards (exsag.), with 12-15 terrace lines, which are wider-spaced posteriorly, 
and run subparallel to posterior margin. Behind the axis there is a shallow groove 
in the doublure, not reaching posterior margin. Terrace lines on dorsal surface 
present around posterior margin of pygidium, to which they are parallel, and 
behind articulating facet, where they are almost normal to pygidial margin. 
A few of the latter run up on to the anterolateral parts of the pleural fields, 
which are otherwise smooth. One transitory pygidium (Pl. 12, Fig. 7) shows 
two thoracic segments as yet unreleased; posterior proportions of the pygidium 
are similar to those of holaspides. 
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Discussion. This species is doser to the type spe eies, N. armadillo (DALMAN), 
from latest Arenigjearly Llanvirn of Sweden, than the other speeies of Nileus 
from Spitsbergen. N. armadillo has reeently been re-deseribed by SCHRANK 
( 1972, p. 365-7, Pl. 6, Figs. 1-3, 5, 6) from whieh the dose similarity of 
pygidia of N. armadillo and N. porosus is apparent. MOBERG (1902, Pl. 3, Fig. 2) 
illustrated a fine punetate surfaee seulpture on the eranidium of N. armadillo. 
The major differences on the cranidium are the smaUer palpebral lobes of N. 
porosus, which are further forward and therefore define a longer (exsag.) 
postoeular fixed eheek, dcfined by sutures which di verge at a smallCT angle 
behind the eyes. The hypostoma of N. armadillo as deseribed and figured by 
LINDSTROM ( 190 1, p. 62, Pl. 5, Fig. 13) possesses broadly rounded lateral 
borders with a distinet rim, and laeks the Fosterolateral angulations se en in that 
of N. porosus. N. depressus (SARS and BOEK) not only has larger eyes than N. 
porosus, but narrower free cheeks, and a longer, more convex pygidium, with 
convex border defined behind the axial region (see SCHRANK 1972, Pl. 7, 
Figs. 1,2). Of the species from the Middle Table Head Formation, Newfound
land,Nileus ? lacunosa WHITTINGTON dosely resembles the Spitsbergen speeies in 
respect of its low cranidia1 convexity and punctate surface scu1pture (\VHITTING
TON 1965, p. 362-3, Pl. 36, Figs. l-10), but has much larger eyes extending far 
back to delimit a short (exsag.) postocular cheek. Genal spines are present on 
the eheeks of the Newfoundland speeies, but as the specimens are all small it is 
possible that the se represent early growth stages, and that sueh spines are not 
present on larger individuals. Nileus aJfinis BJLLINGS (WHITTINGTON 1963, Pl. 9, 

Figs. 7,9-12; Pl. 10, Figs. 1-7, 10, 13; 1965, Pl. 30, Figs. 1,3,5,7; Pl. 3 1, 
Figs. 1-6,8, 10) shares with N. poroJus the convex cepha1ic doub1ure, and has a 
cranidium of similar convexity, but differs particularly in laeking the cephalie 
pitting, and in having a broader hypostoma, with relatively few terrace lines, 
and maculae mueh doser to the anterior margin. 

Comparison with Nileus hesperafJinis Ross (Ross 1967, p. 13-14, Pl. 4, Figs. 
18-25) from the Antelope Valley Limestone of Western United States, is 
hampered by the small size and silicified preservation of the specimens on 
which that species is based, so that scu1ptural details are obscured. The 
palpebral lobes of N. hesperaffinis are larger than those of N. porosus and extend 
further back, thereby defining narrower (exsag.) prong-like postocular fixed 
cheeks. The margins of the lateral borders of the hypostoma of N. hesperaffinis 
converge backwards more noticeably than is the case in N. porosus such that the 
transverse width of the posterior border of the hypostoma does not greatly 
exceed the width of the anterior margin. 
N. transversus Lu 1957 (Pl. 15 1, Figs. 4-6; also Lu et al. 1965, Pl. 108, Figs. 

1 1-13) has palpebral lobes of similar length to those of N. porosus but the 
anterior outline of the cranidium of N. transversus is strongly forward-bowed, and 
the pygidium possesses a concave border of equal width around its posterior 
perimeter. 
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Genus Peraspis WHITTINGTON 1965 


Type speeies. - Peraspis lineolata (RAYMOND 1925). 


Peraspis erugata Ross 1970 
(Pl. 19, Figs. 1-9, I l) 

1970. Peraspis erugata; Ross, p. 72, Pl. 1 4, Figs. 2 1 ,  22; Pl. 15, Figs. 1-5. 

Stratigraphic range. Lower part of Profilbekken Member 2-50 m from base, -

10wer part of range with graptolites of Isograptus zone (probable D. hirundo 
zone), upper part with Whiterock (Orthidiella zone) faunas. 

Material. - Includes a complete dorsal exoskeleton SMA 84304; exoskeleton, 
laeking free cheeks and hypostoma PMO NF 1827; fused pairs of free cheeks 
SMA 84306- 7; pygidia: SMA 84305,84308, PMO NF 332b, 335, 1 388. 

Description. Exoskeleton elliptica1, twice as long as wide, of very low con
vexity. Cephalon semicircular, one third the sagittal length of the exoskeleton. 
Cranidium occupying about one third the cephalic width at the posterior 
margin, its width between the palpebral lo bes 0.7 its length, sloping very 
gently downwards anteriorly. Axial furrows shallow, joining the inner ends of 
the palpebra1 lobes, and bowed outwards slightly opposite their mid-point. 
G1abellar "tubercle" situated on mid-line opposite posterior limit of the pal
pebral lobe. Palpebral lo bes large, over one third glabellar length, outline 
semicircular, transverse line connecting their posterior limits at about one 
quarter glabellar length. Facial sutures supramarginal in front of glabella, 
diverging at about 6 0  degrees to the sagittal line behind the eyes to cut the 
posterior border at a Iow acute angle (about 30 degrees), in front of the eyes 
diverging at about 45 degrees to sagittal line and curving adaxially anteriorly 
to meet on the mid line. 

Free cheeks broad, with a gently concave lateral border which becomes faint 
anteriorly. On small specimens the genal spines are narrow, pointed; on larger 

specimens broader and shorter. Strip of dor sal exoskeleton connecting free 
cheeks very narrow (sag., exsag.). Surface sculpture of numerous very fine 
terrace lines only present on the outer parts of the free cheeks. 

Ventral doublure connecting the free cheeks fairly narrow (about 0.2 
cephalic length on sagittal line), widest exsagittally, gently convex, reflexed 
sharply beneath ventrai surface of the free cheeks. 8-9 terrace lines on mid
line subparallel to the anterior border, coarser than those on the dorsal surface 
of the free cheeks. Hypostoma sub-square in outline, attached anteriorly to the 
median transverse hypostomal suture and reaching posteriorly at least as far as 
the glabellar mid-point. Middle body broadly oval (long axis sag.), very gently 
inflated, with a pair of short, deep middle furrows, which curve gently back
wards from about the mid-point of the middle body. The characteristic nileid 
tripartition of the posterior border is weakly developed on this species. Anterior 
wings 10ng, narrow, attached to the exsagittal, upturned part of the ventrai 
doublure (Pl. 19, Fig. 8). External surface with very fine terrace lines, of a com· 
parable scale to those on borders of the free cheeks. 
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Thorax with seven segments, of uniform width (trans.). Axis tapering very 
gently, each axial ring tapering to the posterior margin of the preceding one, 
so that the shallow axial furrows have a zig-zag outline. Pleurae of transverse 
width equal to that of the axis anteriorly, greater than that of the axis poster
iorly, bluntly pointed. Pleural furrows extend for two thirds the width of the 
pleurae, deeper abaxially, directed oblique1y backwards from the axial furrow. 
Articulating facet narrow (exsag.), triangular, over half the width of the pleu
rae. Doublure extending ventrally at least as far as the tip of the pleural furrow, 
with shallow transverse vincular notch. 

Pygidium of very low convexity with arcuate posterior outline, about twice 
as wide as long. Axis clearly defined on dorsal surface, occupying 0.2 pygidial 
width at anterior margin and 0.75 pygidial length, funnel shaped, tapering 
more rapidly anteriorly, axial furrows becoming parallel to the sag. line 
posteriorly, its tip rounded. There are indications of four axial rings (perhaps 
five on some speeimens) defined by shallow ring furrows which are absent over 
the median third of the axis. Pleurai fields gently convex, surrounded by a nar
row, concave border of uniform width. There are two pairs of pleural ribs, 
variably deve1oped, on most specimens rather faint. Anterior border convex, 
sloping backwards parallei to the pleural furrows, with a wide (trans.), nar
row (exsag.) facet similar to those of the thorax. The narrow doublure has a 
concave outline, parallel to the posterior margin of the pygidium except where 
excavated around the tip of the axis. Particularly in flattened material the 
paradoublural lin c is conspicuous on the dorsal surface. Dorsal sculpture of 
very fine terrace lines subparaBel to the posterior margin. 

Discussion. This species closely resembles the type material described by 
Rass ( 1970) from the "slabby bedded unit" near the base of the Antelope 
Valley limes tone, Ikes Canyon, Nevada. Dr. Rass (written communication 
1971) has kind1y confirmed the great similarity to the Nevada species. One 
minor difference is that most pygidia of type material of P. erugata have rather 
straight-sided pygidial axes (Rass 1970, Pl. 14, Figs. 21, 22), not funnel-shaped 
as in the Spitsbergen material. Others, however (Rass 1970, Pl. 15, Fig. 2), are 
so extremely similar that I see no reason to separate the Spitsbergen material 
from the Nevada species. The shape of the pygidial doublure is quite different 
from that of typical species of Ni/eus (Fig. 4). The pygidial doublure of Symphy
surus arcticus n. sp. resembles that of Peraspis erugata in being narrow, inner 
margin paraBel to the posterior border of the pygidium, but cephalic eharac
ters are quite different. The differences bctween P. erugata and P. yukonensis 
DEAN, from an early Ordovician fauna in the Yukon, have been summarised by 
DEAN ( 1973b, p. 21). The weak development of the posterior trilobation of the 
hypostoma of P. erugata appears to be characteristic of the genus, the hypostoma 
of the type speeies being similar (WHITTINGTON 1965, Pl. 35, Fig. 6), as is that of 
P.yukonensis DEAN (DEAN 1973b, Pl. IV, Fig. l ). It may be noted here that the 
hypostoma tentativeIy assigned by Rass to P. erugata does not belong \vith that 
species (see also DEAN, 1973b, p. 21). Collections of topotype material of P. 
erugata from Nevada show that the species there possesses a hypostoma identical 
to that figured from Spitsbergen material. 
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Peraspis omega n. sp. 

(Pl. 20, Figs. l-Il ) 

Stratigraphic range. Olenidsletta Member, upper part, 117-140 m from-

base, with Isograptus zone graptolites (upper Arenig, D. hirundo zone). 

Material. Holotype, cranidium, PMO NF 374; other material includcs -

cranidia: PMO NF 360, 361, 368, SMA 84312, 84316; pygidia: PMO NF 
374-5,362,366-7,1889,2256,2237,2178, SMA 84313-4; free cheeks: PMO 
NF 370, 377, 365, 3151; hypostoma: PMO NF 364. 

Diagnosis. A large Peraspis speeies with a narrow glabella defined by dis-

tinetly defined axial furrows which pass well inside the posterior limits of the 
palpebral lobes. Palpebral lobes of moderate length with a distinet, narrow 
rim. Cranidium laeking surface sculpture. Facial sutures diverge at a low angle 

behind the eyes curving abaxially near posterior border. Semi-circular pygi

dium with a very narrow, funnel-shaped axis, and ill-defined, concave border, 
with many terrace lines on dorsal surface. 

Description.- Cranidium with maximum width at posterior margin, width 
between palpebral lobes less than its length (sag.), its anterior one third down
sloping. Glabella of width at mid-point two thirds its length (sag.), gently 
convcx (trans.), defined by shallow axial furrows. These run backwards 
parallel to the sagittal line from the anterior limits of the palpebral lobes, 
passing well inside the posterior limits of the palpebral lobes. Behind the pal
pebral lo bes they are invaginated into the glabella producing a distinet con
strietion, posterior to which they diverge slightly to the posterior margin. 
Palpebral lobes of moderate length, about one third that of glabella, outline 
arcuate, a line joining their posterior limits at 0.3 glabellar length. There is a 
narrow palpebral rim, outlined by a shallow furrow, which is slightly broader 
and bettcr defined posteriorly. Postocular cheeks triangular, relatively long 
(exsag.) compared with the other nileids described herein. 

Internal moulds (Pl. 20, Fig. 3) show the impressions of a variety of structures 
developed on the ventraI surface of the exoskeleton. There is a small median 
glabellar "tubercle" which is just posterior to a line connecting the posterior 
limits of the palpebral lobes. Running forward from the "tubercle" on the 
sagittal line there is a low ridge (a groove on the ventraI surface of the exo
skeleton), which is continued near the anterior margin as an elongate pit 

(rcpresenting a short ridge on the ventraI surface). Symmetrically disposed to 
the median ridge-groove are a complex pattern of ridges and depressions 
representing grooves and thickened areas on the ventraI side of the glabella. Of 
those most prominent are a pair of grooves which run outwards and forwards 
from the median groove towards the anterior parts of the palpebral lobes. 
Immediately in front of these grooves is a thickened area of exoskeleton, itself 
subdivided by grooves. The anterior mid-part of the glabella bears a series of 
grooves apparently radially arranged, separated by thickened areas of exo

4 
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skeieton. A pair of transverse thickened areas of exoske1eton are present 
posterior to the glabellar tubercle. The thickened are as may have represented 
sites of muscle attachment. The grooves are not like!y to have been connected 
with the musculature, and their function is uncertain. Possibly they served as 
ducts for circulatory fluid or nervous tissue. 

Facial sutures diverge at a low angle (about 30 degrees) to the sagittal line in 
front of, and behind the palpebral lobes, the posterior section straight unt il 
almost at the posterior margin, where it eurves sharply abaxially to cut the 
posterior margin at a low angle. 

Hypostoma similar to that of S)'mph)'surus arcticus (p. 61), but with maeulae in 
a more posterior position, posterior margin narrower (trans.), tripartition 
hardly developed. 

Free cheeks bro ad (trans.) and gently convex, retaining short and slender 
genal spine on specimens up to 10 mm in length. Larger free cheeks, known 
from fragmentary specimens, lack sueh spines, and earry a kw terraee lines 
around lateral margin. 

Pygidium almost twiee as wide as long, semieireular, very gently convex. 
Axis very narrow, occupying 0.2 pygidial width at anterior margin, funne! 
shaped, well defined on dorsal surface, extending to 0.7 pygidial length. Four 
axial rings, of whieh the first two are more distinet, of equal length (sag.). Ring 
furrows shallow, not noticeably fainter medially. Broad pleural fields gently 
convex. An indistinet, gently convex border is present posterolaterally, dying 
out towards the mid-line. Anterior border convex, wider laterally . Doublure 
fairly broad, inner margin parallei to the posterior margin of the pygidium, 
except where excavated about the tip of the axis. External sur face with closely
spaced terrace lines which extend on to adaxial part of pleurai fields (50-60 
adjacent to the axis). 

Discussion. This species is dosest to Peraspis, but with severai features indi
cating that it is transitional between S)'mph)'surus arcticus n. sp. and Peraspis 

erugata Ross (see p. 36). The cranidium is distinguished from that of the type 
speeies P. lineolata (RAYMOND) (see WHITTINGTON 1965, Pls. 34, 35; Pl. 36, 
Figs. 11, 12), and also that of P. erugata Ross and P.)'ukonensis DEAN (1973b, 
p. 19-22, Pl. 3, Figs. 10, 11; Pl. 4, Figs. 1-10; Pl. 5, Figs. 3, 8-11), by the 
axial furrows passing inside the posterior limits of the palpebral lobes, by the 
small size of these lo bes and their forward position, and by the relatively low 
divergence of the posterior sections of the facial suture. Only P. lineolata has as 
wide a pygidium with a narrow axis, but the latter does not have a funne1
like outline as in the Spitsbergen species, and the pleurai fields of P. lineolata are 
crossed by distinet pleural furrows. On ly small (up to sag. length 10 mm) free 
cheeks of P. omega retain genal spines. Pygidial surface sculpture resembles that 
of P. erugata, P. lineolata having very dense, and P. yukonensis sparse terrace lines 
on the dorsal surface. 
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Genus Poronileus n. gen. 


Type spedes. - Poronileus fistulosus n. gen., n. sp. 

Diagnosis. - Large nileid trilobites with eranidium longer than wide, of low 
eonvexity, shallow axial furrows eonneeting inner ends of palpebral lobes. Eyes 
large. Genal angles approximately 90 degrees in large specimens. Hypostoma as 
long (sag.) as wide. Pygidium of low eonvexity, about two-thirds as long as 
wide, with relatively long, gently tapering pygidial axis defined on dorsal 
surfaee of exoskeleton. Posterior border of pygidium gendy eonvex, best 
defined laterally. Internal moulds show 7-8 pairs of muscle impressions on the 
pygidial axis. Cephalon with prominent punetae on dorsal surfaee. Pygidial 
doublure broad, inner margin straight (exeept where notehed around the tip of 
the axis). 

Included species: P. jistulosus n. sp., P. isoteloides n. sp., P. jugatus n. sp., 
P. vallancei n. sp., ?Nileid gen. ind. (WHITTINGTON 1965, p. 1 66). 

Discussion. This genus is ereeted to include four distinetive species from 
Spitsbergen: P. jistulosus n. sp., P. vallancei, P. isoteloidtS n. sp., and the less 
cIosely related P. jugatus n. sp. The relatively long eranidium, pygidium of low 
eonvexity with a straight inner margin to the doublure, the long, gently taper
ing pygidial a.xis, and eonvex posterolateral border to the pygidium, and rela
tively long (sag.) hypostoma, distinguish speeies of Poro1iilws n. gen. from those 
of Nileus. Peraspis WHITTINGTON (1965) has a wider, furrowed pygidium, and 
free eheeks with genal spines in the later growth stages. Symphysurus (Kotfy
maspis)PRANTL and PfuBYL (1949) (type species S. (K.)puer (BARRANDE 1 872) ) 
has a similar eranidium to that of Poronileus n. gen. A east of the original of 
PRANTL and PRIBYL (1949, Pl. Il, Fig. I )  is here refigured (Pl. 19, Fig. 10). 
PRANTL and PRIBYL be1ieved (op. dt.) that S. (Kotfymaspis) possesses an oecipital 
furrow an unusual feature among nileids defining a broad oecipital ring. 
It is clear from the specimen illustrated that what was interpreted as an oe
cipital ring is in faet the axis of a thoracie segment whieh has been pushed 
slightly beneath the eranidium. The gla beIla (seen on the right side) is of 
normal nileid type, faintly defined by furrows joining the inner ends of the 
palpebral lobes, and in its general proportions is similar to that of Poronileus 
jistulosus n. sp. However, Symphysurus (Kotfymaspis) apparently has broad genal 
spines, and a Symphysurus-type pygidium different from that of Poronileus n. gen. 

Poronileus jistulosus n. sp. 

(Pl. 1 3, Figs. 1-9; Pl. 1 4 ,  Figs. 1-5; Pl. 1 6, Fig. 6; Pl. 4 1 ,  Figs. 3, 6; 


Fig. 6) 


Stratigraphic range. Basal beds of the Profilbekken Member 0-30 m from the 
base of the Member, at least the lower part of its range eorresponding to the 
upper part of the hirundo zone (V. Arenig). 

Alaterial. An abundant species throughout its range with abundant 
eranidia, pygidia and free eheeks represented in the eolleetions. Holotype, 
eranidium, PMO NF 24 40; other material includes external mould of eepha
lon: SMA 84238, 84239; thorax and pygidium: PMO NF 123; eranidia: 
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PMO NF 2357,216, 382, 384-5; pygidia: PMO NF 166-7, 156, 1333,2433, 
2439, 343, 346, 208, 291, 2368, 2380, 2381; free cheeks: PMO NF 257, 296, 
2366, 2467, 2474, 352; hypostomata: PMO NF 348,217, 2499. 

Diagnosis. A Poronileus species with surface sculpture on cephalon of 
minute punctae and terrace lines, both occurring intermixed on glabeIla and 
free cheeks. Free cheeks with eonvex lateral border, dying out posteriorly. Eyes 
large, far back. Pygidium of low convexity, with lang gently tapering axis, well 
defined on dorsal surface. Pygidial surface sculpture of close terrace lines, about 
twice as many as those on P. isoteloides. 

Description. Cephalon semicircular in outline, of low convexity. Cranidium 
slopes down gently and uniformly anteriorly, of width between palpebral lobes 
0.8--0.9 its length (sag.), anterior outline gently rounded. Glabella defined by 
faint axial furrows joining the limits of the palpebral lobes, gently inflated 
posteriori y (trans.) of width about 0.6 its length. Axial furrows slightly deeper 
and wider in front of the posterior end of the paipebral lo bes, and continued 
faintly posteriorly to the posterior margin. Palpebral lo bes large, one-third 
length of the cranidium, posterior limit one-sixth cranidial length (sag.) from 
the posterior margin. Very faint and narrow palpebral rims can be seen on thi8 
specie8, defined by very shallow palpebral furrows posteriorly. The palpebral 
lo be has a characteristic outline, the anterior part of the suture bounding its 
lateral edge curving inwards at a lower angle to the sagittal1ine than the post
erior part. Facial sutures strongly divergent both behind, and in front of the 
eyes, the postocular section straight, cutting the posterior border at a Iow acute 
angle (25 degrees), preocular section sigmoidal, curving adaxially anteriorly to 
meet across the mid-line, supramarginal. Minute glabellar "tubercle" visible on 
internal moulds, but not on the dorsal surface, on the mid-line of the glabella 
near the posterior limits of the palpebral lobes. Anterior to the glabellar tubercle 
there is a median smooth line running forward on the sagittal line on to the 
front of the cranidium but not reaching the anterior margin. Three pairs of 
muscle impressions, visible as shallow depressions in the dorsal exoskeleton. l P 
consisting of a pair of closely spaced (exsag.), elongate (trans.) depressions 
opposite the posterior limit of the palpebral lobes, 2P a similar pair of depres
sions immediately behind the anterior limit of the palpebrallobes, 3P a broad 
depression immediately in front of the palpebral lobes. 

Free cheeks broad, downsloping, united as a single piece, surrounded by a 
very narrow, horizontal rim. Rounded genal angle, approximately 90 degrees. 
Gently convex lateral border, defined by a bro ad iurrow, wider anteriorly 
(exsag.) and dying out posteriorly. The anterior part of the furrow defining 
the border curves adaxially to pass in front of the eye. The large semi-circular 
eye is deeper anteriorly than posteriorly, and is raised above the level of the 
cheek on a narrow sode. The minute lenses are arranged in files (verdcally) of 
about 30 anteriorly and 24 posteriorly (total number of lenses about 2400). 

Posterior margin curves gently backwards to the genal angle. Surface sculpture 
on cephalon of densely spaced punctae arranged in irregular rows between 
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Fig. 6. Reconstruction of Poronileusfistulosus n. gen., n. sp., about twice natural size. A. dorsal 

view, B. ventrai view of cephalon showing doublure and hypostoma. C. lateral view to slightly 
smaller scale. 

terrace lines, well-developed on the cheeks and especially the front of the crani
dium, fainter over the musc1e impressions. 

Doublure about 0.25 cephalic length, broadest medially, where it is reflexed 
horizontally beneath the cranidium, laterally upturned beneath the free cheeks. 
The lower surface bears c10sely set terrace lines parallel to the anterior margin 
(about 20 on the mid line), which are absent on the area immediately anterior 
to the median hypostomal suture, this area being also slightly depressed. 
Vincular notch (Pl. 41, Fig. 6) prominent on posterolateral part of doublure, 
con sist ing of an L-shaped depression, the base of the "L" deep, transverse. 
Postero-laterally the doublure widens, its inner margin curving adaxially to 
meet the posterior margin almost at the point where it is cut by the suture. Near 
the posterior border the inner margin of the doublure is notched (Pl. 41, Fig. 6). 

Hypostoma almost as long as wide, anterior margin gently bowed forwards. 
Posterior margin tripartite, with a pointed median projection, flanked by 
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broadly rounded lobes. Oval midd le body (long axis sag.) ill defined posteriorly, 

not greatly inflated. Middle body cut laterally at two thirds its length by a pair 
of deep elongate pits ("maculae") which run transversely to about one quarter 
the (trans.) width of the middle bcdy. Relatively shallow lateral border furrows 

run anteriorly from the outer ends of the transverse pits. Lateral borders very 
steep medially, not reaching the anterior margin of the hypostoma, and very 
low posterior to the lateral pits. Broad, triangular anterior wings, the anterior 
margins of which are believed to have fitted against the exsagittal cephalic 
doublure where it becomes reflexed beneath the cheeks away from the mid 

line (see Fig. 6). External surface of the hypostoma covered with very closely 
spaced terrace lines similar to those on the cephalic doublure, which are very 

generally subparallel to the lateral and posterior margins but cut the anterior 
margin at a high angle. 

Pygidium with broadly rounded posterior outline, of length two-thirds 
width, gently convex, pleurai fields sloping downwards at a low angle laterally 
from the axis, more steeply sloping behind the axis. Narrow axis occupies about 

0.2 pygidial width at anterior margin, tapering gently (25 degrees) posteriorly 
to about two thirds pygidial length, defined quite clearly on dorsal surface by 
shallow axial furrows. Convex anterior border defined by a broad furrow which 
slopes gently backwards at an angle of about 80 degrees to the sagittal line, and 

which, near the anterolateral corner of the pygidium, curves posteriorly 
through 90 degrees to outline a flat or very slightly convex border; the border 
becomes less distinet posteriorly, so that the posterior pleural fieId slopes down 
uniformly to posterior margin. Small triangular articulating facet, fairly 
narrow (trans.), steeply downsloping . 

Surface sculpture of very c10sely set terrace lines (about 65 between the 

posterior and anterior borders adaxially) which do not continue on to the 
smooth axis. They are approximately parallel to the posterior margin, but have 
a lower radius of curvature, so that they approach the margin obliquely. On 
intern al moulds up to seven faintly impressed pairs of muscle impressions can be 
se en on tbe lateral parts of the axis. Doublure broad, sharply reflexed against 
the dorsal exoskeIeton beneath the greater part of the pleural areas of the 
pygidium, its inner margin straight, passing inwards and backwards from the 
anterior border (at an angle of 30 degrees to sag. line), except where excavated 
around the tip of the axis. Surface sculpture of some 20-30 terrace lines, more 
widely spaced than those on dorsal surface. 

Discussion. Characteristic of this speeies are the fine pit and terrace 
cephalic surface sculpture, well-defined lateral borders on the free cheeks, and 
the numerous terrace lines on the dorsal surface of the pygidium, features 
which particularly distinguish P. jistulosus from the close1y related succeeding 
speeies P. isoteloides. It should be noted that small pygidia of the latter species 
have more terrace lines on the pleurai fie1ds than larger ones, and sa resemble 
larger pygidia of P. jistulosus more close1y. It is also important to distinguish 
small cranidia of P. jistulosus from those of Nileus orbiculatoides svalbardensis n. 
subsp. (compare Pl. 13, Fig. 7 with Pl. Il , Fig. 5). Small cranidia of P. jistu-
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losus have a similar punctate surface sculpture to that of N. orbiculatoides 

svalbardensis (terrace lines on cranidia of P. jistulosus are lacking below about 
sag. length 4 mm) , but that part of the cranidium in front of the palpebral lobes 
is longer (sag.) , and on internal moulds the glabellar "tubercle" is conspicu
ously smaller . 
An intermediate population, stratigraphically and morphologically, between 

P. jistuloJUs and P. isoteloides has be en found on melt stream A on Olenidsletta 
3 1  m from the base of the Profilbekken Member. Cranidia (Pl. 1 6, Fig. 6) show 
tcrrace lines only on the anterior part of the glabdla, but the pitting is more 
similar in density to that on P. isoteloideJ forma typica. 

Poronileus isoteloides n. sp. 

(Pl. 1 4, Figs. 6- 8; Pl. 15, Figs. 1-9, I l; Pl. 1 6, Figs. 1-5, 7, 9, 10; 


PL 4 1 ,  Figs. l ,  2, 5, 7) 


Stratigraphic range. Profil bekken Member, 3 1-70 m from base; transitional -

population with P. jistulosus at 3 1  m. A typical nileid of the Whiterock (Orthi

diella zone) stage in Spitsbergen. 

Material. Ho10type, large, almost complete cranidium with exoskeleton, -

PMO NF 24. Other material includes cranidia: PMO NF 72, 1 3 65, SMA 
84247; free cheeks: SMA 84250, PMO NF 3 3 6; hypostoma: PMO NF 3 37; 
pygidia: PMO NF 3 3 8, 23 ,  SMA 84054-8. 

-Diagnosis. A Poronileus species with surface scu1pture on cranidiulll of 
coarse punctae, with a few terrace lines in addition on free cheeks. Eyes 
smaller, and further forward, than those of P. jistulosus. Pygidial axis faint on 
larger specimens, long and gently tapering. Posterolateral border of pygidium 
convex, fainter posteriorly. Pygidial surface sculpture of rather widely spaced 
terrace lines, about half as man y as P. Jistulosus at a given size. 

Description. Cranidium of length exceeding the width between the pal
pebral lobes, sloping gently and evenly downwards anteriorly, front margin 
rounded on mid line. Glabella very gently convex (trans.) defined by shallow 
furrows joining the inner ends of the palpebral lobes. These furrows are deeper 
on internal moulds. Palpebral lobes of length rather more than 0. 3 that of 
glabeIla, posterior limit at 0.25 glabellar length. No palpebral rims are visible, 
the lateral outline of the horizontal palpebral area being rather less curved 
than that of P. jistulosus. Fadal sutures diverge strongly in front of the eyes, 
curving gently adaxially anteriorly to meet on mid line, supramarginal. 
Behind the eyes on larger cranidia the suture is initially subparallel to the 
sagittal line, rapidly curving outwards and runn ing straight to the posterior 
border which it cuts at an acute angle of about 35 degrees. The narrow (exsag., 
trans.) , triangular postocular fixed cheek is indistinctly set off from the glabeIla, 
more by a change in slope than by any definite furrow. 

Free cheeks united as a single piece, sloping downwards from the eye, edged 
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by an extremely narrow, horizontal rim. Genal angle rounded on larger speci
mens, approximately 90 degrees. The crescentic eye is raised above the level of 
the cheek on a low eye socle, deeper anteriorly than posteriorly, with some 
2000 lenses on a large specimen. Doublure broad, upturned on the mid-line 
sufficiently to be visible when the free cheeks are viewed anteriody. The median 
one-third of the doublure is horizontal, corresponding to the hypostomal 
suture, laterally the horizontal part narrows gradually, the posterior part of the 
doublure being reflected upwards close against the ventrai surface of the free 
cheek. Near the posterior margin the doublure widens, its inner margin curv
ing adaxially (Pl. 41, Fig. 5). Shallow vincular furrow of similar form to that of 
P. fistulosus. 

Hypostoma (Pl. 15, Fig. 7) shows sculpture of terrace lines and pitting similar 
to free cheek. There are about half the number of terrace lines compared with 
the hypostoma of P. fistulosus, and, although the posterior margin is medially 
pointed, the margin is not tripartite like that of P. fistulosus. Macula steeply 
forward-sloping and smooth, neither terrace lines nor pitting passing on to its 
surface. 

Surface sculpture on cephalon consisting of coarse, rather closely spaced 
punctae (Pl. 41, Fig. 2), with rather widely spaced terrace lines in addition on 
the lateral parts of the free cheeks. The glabellar "tuberde" is not visible on 
the dorsal surface, but is a prominent fea ture of internal moulds, that is, it 
represents a marked thinning of the dorsal exoskeleton. It is positiomd on the 
mid-line opposite the posterior parts of the palpebral areas. Running forwards 
on the mid-line from the position of the glabellar tubercle there is a median 
smooth line where the punctae are absent. A similar line is developed on P. 
fistulosus, and it corresponds in position with the internal median groove of 
other nileids (see P. vallancei, Pl. 18, Fig. 12, Nileus porosus, Pl. 12, Fig. 5). 
Internal mould smooth, but on the free cheeks with faint genal caeca radiating 
from the eye region (Pl. 41, Fig. 7). The ventrai surface of the doublure bears 
strong terrace lines (about 20 on the mid-line) which are subparallel to the 
border, absent in front of the hypostomal su ture and on the posterolateral 
corner of the dou blure. These terrace lines are reflected faintly on the dorsal 
surface of the doublure. 

Larger (sag. length greater than l cm) pygidia resemble those of P.fistulosus 
in general form but are more convex. Axis occupies 0.3 pygidial width at 
anterior margin, tapering at about 30 degrees posteriorly to two-thirc!s or 
slightly more pygidial length, faintly defined on the dorsal surface, on some 
larger specimens (length greater than 2.5 cm) hardly visible. On internal 
moulds the axis is quite dear, except for the posterior tip, ar:d bears eight pairs 
of narrow (exsag.) musde impressions which occupY one-third the width of the 
axis, and are progressively fainter and narrower (trans.) posteriorly. Pleurai 
fields near-horizontal adaxially, sloping rather steeply dmvnwards laterally, 
posterolaterally, and especially behind the axis to the broad and shallow 
posterior border furrew. Posterior border distinct laterally, where it is gently 
convex, becoming horizontal and narrower posteriorly. Anterior border con
vex; articulating facet triangular, steeply downturned, occupying half the 
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width of the pleuraI field. Doublure broad, with a similar straight inner margin 
to that of P. jistulosus. Surface sculpture of terrace lines, quite wide1y spaced, 
with no more than 30 adaxially between the anterior and posterior margins, 
sparser on the largest specimens. Smaller pygidia (length 2 cm or less) are 
minute1y punctate also (see Pl. 14, Fig. 8 ), this punctation being finer and 
dens er than that on the cephalon. Small free cheeks are narrower (trans.) and 
bear genal spines. There is a faint lateral border comparable to that of P. 

jistulosus on the smaller free cheeks. Genal spines disappear on specimens of 
cephalic length exceeding 5 mm. The punctae, which are distributed evenly 
over the surface of even the smallest cranidia and free cheeks, do not alter in 
size through ontogeny, although smaller specimens have the punctae rather 
more densely spaced than the adults. 

Smaller pygidia are relatively wider than those described above, the width 
being almost twice the length (dimensions usual for other nileids). The narrow 
pygidial axis is similar to that of larger specimens, weU defined on dorsal sur
face, but is relatively longer, more closely approaching the posterior margin. 
The posterior border furrow is continuous around the tip of the axis, parallel to 
the posterior margin, de1imiting a gently convex posterior border, which is of 
equal width (sag., exsag.) along its length. Up to seven pairs of muscle scars 
are visible on the axis on internal moulds. One pygidium (Pl. 16, Fig. 5) shows 
the presence of one uureleased thoracic segment. The pygidium + segment 
approaches the proportions of the adult pygidium, and it might be suggested 
that later in ontogeny the segment may have been incorporated in the pygidium 
to gi ve the relatively long pygidium characteristic of the genus. It may be 
noted that the seventh segment in Symphysurus arcticus n. sp. seems to be released 
at a rather late stage in the ontogeny. 

Discussion. This species is distinct from the type species in a number of -

details, although the overall resemblance is such that they are obviously 
closely related. The cephalic sculpture of the two species is, however, quite 
different. The eyes of P. jistulojuS are larger, and P. isoteloides lacks the convex 
lateral border to the free cheeks (except on small specimens). The postocular 
suture of the type species cuts the posterior border at a lower angle than that of 
P. isoteloides. The pygidium of P. isoteloides has half the number of terrace lines 
on the dorsal surface compared with comparably sized pygidia of P. jistulosus, 
that of P. isoteloides has a broader, more marked ly tapering axis and a more 
distinct, convex posterolateral border. 

Poronileus vallancei n. sp. 
(Pl. 1 8 ,  Figs. 1-16; Pl. 41,  Fig. 4) 

Stratigraphic range. Profilbekken Member, upper part, 6 0·-90 m from base, 
associated with Wbiterock (Orthidiella zone) faunas. 

Material. Holotype, cranidium retaining cuticle, SMA 84263. Other 
material includes cranidia: SMA 84264-5, 84267, PMO NF 3148 , 3149; free 
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cheeks: SMA 84266; pygidia: SMA 84268, PMO NF 129, 1350, 1355, 1294, 

1237, 1229, 1259. 

Diagnosis. A Poronileus species with a surface sculpture on the cephalon of -

minute, seattered punctae on the palpebral 10bes, the front of the gla be lIa, and 
the free cheeks. Axial furrows hardly defined on dorsal surface of cranidium and 
pygidium. Byes very large. Postocular sutures diverge strongly behind the eyes 
curving adaxially distally to cut the posterior border at a high angle. Pygidium 
similar to that of P. isoteloides, but relatively broader, more convex, with 
shorter, more rapidly tapering axis visible on internal mould, and few terrace 
lines on ly near posterior margin. 

Description. Cranidium moderately convex, of width between palpebral 
lobes about equal to its length, anterior margin rounded on mid-line. Axia1 
furrows joining inner ends of the palpebral lobes hardly visib1e on the dorsal 
surface, glabella very gently convex (trans.). Palpebral lobes with gen tly 
arcuate outline, one third the length of the glabella. Facial sutures diverge 
strongly in front of, and behind the palpebral lobes. The posterior branch 
diverges behind the palpebral lobe at about 60-70 degrees, then curves 
posteriorly to cut the posterior border at a high acute angle on larger cranidia. 
Thus bounded by the sutures, the postocular cheeks are shaped like a quadrant 
of a circle, of width 0.2 that of the giabella at posterior margin. On internal 
moulds (Pl. 18, Fig. 13) the axial furrows are more distinet, converging very 
slightly forwards. The glabellar tuberde is prominent on internal moulds, but 
it is not visible on the dorsal surface (that is, it represents an internal thinning 
of the exoskeleton), on a levd with the posterior parts of the palpebral lobes. 
Running forward from the tubercle along the mid-line of the internal mould 
there is a narrow ridge, which corresponds to a ventrai groove in the exo
skeleton. This groove occupies the same position as the median smooth line on 
the dorsal surface of other Poronileus speeies (Pl. 41). A broad band on the mid
line forms a depressed area on the internal mould (Pl. 18, Fig. 12), symmetri c
ally disposed to the median ridge, representing a ventrai thickened band of the 
exoskeleton. Six pairs of transverse thickened bars, not reaching the axial 
furrows, branch off from this median band. The anterior pair, just in front of 
the palpebral lobes, are the longest; the three pairs behind are progressively 
shorter, the fourth pair dose to the glabellar tuberde. These thickened areas 
may represent sites of musde attachment, although their dose proximity to 
sagittal line is unusual, and it seems probable that their function was quite 
different. VVhere the axial furrows meet the posterior margin they are deepened 
into apodemes internally. 

Free cheeks narrower than those of P. isoteloides or P.jistulosus, sloping down 
steeply from the eye, the front margin surrounded by a narrow convex rim. 
Very large gently crescentic eye raised above the level of the cheek on a low 
rim, with about 1600 min ute lenses. Doublure broad, of similar form to that of 
P. isoteloides, but with the anterior part turn ed up dorsally to a greater degree 
towards the mid-line. 
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Surface sculpture on the cephalon consisting of minute, scattered punctae, on 
the cranidium only on the palpebral lo bes and the most anterior part of the 
glabeIla) evenly seattered over the free cheeks (Pl. 41) Fig. 4), which, laterally, 
also have widely spaced terrace lines. The punctae are more den se on smaller 
cranidia. Internal moulds are smooth. 

Pygidium semicircular) of width slightly exceeding its length, very similar to 
that of P. isoteloides, apart from having terrace lines absent on pleurai fields, 
sparse on posterior border. Axis occupying 0.25 pygidial width at anterior 
margin) shorter than that oi P. isoteloides, and not visible on dorsal surface, with 
up to 8 pairs of muscle impressions visible on intern al moulds. Doublure broad, 
inner margin straight or slight1y sigmoidal, with about 16 terrace lines on mid
line. 

Small cranidia are more convex than large cranidia, flexed downwards on 
a transverse line across the posterior ends of the palpebral lobes, so that in 
palpebral view they appear more similar to larger cranidia (compare Pl. 18, 

Fig. 4 with Fig. 5). The palpebral lobes are relatively longer, while the post
ocular suture runs in an almost straight line to cut the posterior border at an 
acute angle. 

No hypostoma can be undoubtedly attributed to this species. 

Discussion. This speeies most closely resembles P. isoteloides) from which it is -

distinguished by its different surface sculpture, faint axial furrows, larger, less 
curved palpebral lobes and different postocular suture, narrower free cheeks 
with larger eyes. The great similarity of the pygidia of these two species has 
been discussed above. NileuJ tengriensis VEBER (1948) has a generally similar 
cranidium) but with the glabellar tubercle further back) and a pygidium which 
is much wider) less convex, with broader axis. It is also interesting to note the 
resemblance of the cranidium of P. vallancei to that described by DEAN (1973b) 

p. 22) Pl. 5) Figs. 8-12) as "Asaphid genus and species indeterminate" from the 
Ordovician of the Keele Range, Yukon; it seems possible that this might belong 
to another) related Poronilew species. 

Poronileus jugatus n. sp. 
(Pl. 17, Figs. 1-9) 

Stratigraphic range. Upper part of the Olenidsletta Member 120 m to 135 m -

(late Arenig) hirundo zone Isograptus zone ol N. Ameriea) the only nileid 
trilobite to occur abundantly interbedded with the upper olenid-bearing beds 
with Cloacaspis and Triarthrus. 

Material. Holotype is a perfectly preserved external mould of a pygidium, 
PMO NF 2964. Other material assigned to this speeies includes cranidia: 
PMO NF 2977) 2976 (block including well-preserved cranidia of Cloacaspis 
senilis FORTEv), 2967, 2963; pygidia: PMO NF 2965, 2973, 2946, 2954, 2971, 

2945) 1837, SMA 82321-2; free cheeks: PMO NF 2967. 
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Diagnosis. A Poronileus speeies with surfaee seulpture of minute punetae 
distributed over all the surfaee of eephalon. Anterior part of eranidium slopes 
more steeply downwards than that of other Poronileus speeies. Posterior seetion 
of faeial suture sigmoidal. Pygidium with markedly eonvex border, well
defined exeept behind tip of axis; terraee lines present on border, absent or 
dying out rapidly on pleurai fields. 

Discussion. As indieated above in the diseussion of the phylogeny of the -

nileids in Spitsbergen, this speeies presents intermediate eharaeters between 
Symphysurus arcticus n. sp. and the other Poronileus speeies deseribed above, and 
it is best diseussed in relation to these speeies rather than deseribed separately. 
The pygidium of P. jugatus is distinetive, with its "rolled" posterior border 
defined by deep border furrows whieh shallow rapidly behind the pygidial 
axis, and relative laek of surfaee seulpture. Some stratigraphieally high speei
mens of Symphysurus arcticus possess a gently eonvex posterior border, but this 
does not extend as far towards the sagittal line as on Poronileus jugatus; there is a 
general proportional differenee between pygidia of the twa speeies, the width/ 
length ratio of S. arcticus (whieh do not exeeed 10 mm in length) being in the 
range 1.8 to 2.2, that of P.jugatus (most speeimens of whieh are about 15 mm in 
length) in the range 1.5 to 1.7 and eomparable to other Poronileus speeies. On 
the other hand the pygidial doublure of P. jugatus is eoneave-forwards like S. 
arcticus, but unlike later Poronileus speeies, whieh have an almost straight inner 
margin. Cranidia resemble those of S. arcticus partieularly in the shape of the 
postoeular suture, hut earry the typical Poronileus seulpture of fine pits, which 
eontinue on to the free eheeks. Three or four axial rings are visible on the dorsal 
surfaee of the pygidial axis. Peraspis omega n. sp., whieh oeeurs with P010nileus 
jugatus, may have shared Symphysurus arcticus as a eommon aneestor (see p. 38). 
It may be at onee distinguished from P.Jugatus by its different surfaee seulpture 
on cephalon and pygidium, eoncave outline of the posterior branchof the faeial 
suture, pygidium with narrower axis and less distinet, flattened border. 

Genus Symphysurus GOLDFlJSS 1843 

Type speeies. Asaphus palpebrosus DALMAN 1827, designated by BARRANDE 
1852. 

Symphysurus arcticus n. sp. 
(Pl. 21, Figs. 1-16) 

Stratigraphic range. Olenidsletta Member 70 m to 103 m, ?106 m. Range 
extending into earliest Isograptus zone (forms transitional with Peraspis omega), 
but most of the range of the speeies in bifidus (senju BERRY 1960) zone. 

Material. An abundant speeies, represented by same hundreds of speci-

mens. Holotype, dorsal exoskeleton laeking free eheeks, PMO NF 538; among 
other material are exoskeletons (mostly laeking free eheeks): PMO NF 2642, 
2035,2041,2029. 1814,2039; SMA 84292-3,84301; cranidia: PMO NF 2696, 
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407, 496a-d, 511, 63, SMA 84295-6; pygidia: PMO NF 1435, 2146, 1668, 
522,61; free cheeks and hypostoma: PMO NF 2118; hypostomata: PMO NF 
496e, SMA 84276. 

Diagnosis. A Symphysurus species with moderately large eyes, axial furrows 
quite well defined, glabella wider at posterior margin than between palpebral 
lobes, posterior branch of facial suture sigmoidaL Pygidium lacking distinct 
posterior border, axis weU defined on dorsal surface and com ing to a point 
posteriorly, 4-5 axial rings visible on internal moulds. Pygidial doublure nar
row, inner margin subparaUel with the posterior margin of pygidium, sharply 
excavated around tip of the axis. 

Descriptioll. Dorsal exoskeleton elliptical, almost two thirds as wide as long, 
of low convexity (sag., trans.). Cephalon semicircular, sagittal length about 
equal to that of the thorax and that of the pygidium. Cranidium of maximum 
width at the posterior margin, width between palpebral lobes exceeding 
sagittal length, down-sloping rather steeply in front of the palpebral lobes, 
posteriorly horizontal. Axial furrows distinct on larger cranidia, running 
backwards from the anterior ends of the palpebral lobes parallei to the sagittal 
line, becoming fainter and curving outwards to the posterior ends of the pal
pebral lobes. Immediately behind the palpebral lobes the furrows are not well 
defined, but near the posterior margin of the cranidium are quite distinct, 
converging backwards slightly, the distance (trans.) between them greater than 
that between the palpebral sections of the axial furrows. The glabeIla so defined 
is thus wider near the posterior margin than opposite the palpebral lobes, 
gently convex (trans.), \vith a small glabellar "tubercle" visible on internal 
moulds just anterior to a line connecting the posteIior limits of the palpebral 
lobes. Running forwards on the sagittal line from the glabellar tubercle there is 
a line of short transverse ridges, this being the only surface sculpture on the 
cranidium, and corresponding in position with a ventrai groove, seen as a ridge 
on some internal moulds. Palpebral lo bes semicircular, horizontal, one-third 
glabellar length, a transverse line joining their posterior ends at about one 
quarter glabellar length. Fadal sutures diverge at 30-60 degrees to the sagittal 
line in front of palpebraJ lobes, behind the palpebral lobes initially diverging at 
a similar angle, posteriorly curving adaxially, and near the posterior margin 
swinging outwards to cut it at an acute angle. The posterior branch of the facial 
suture thus has a sigmoidal outline, which is present even on degree 6 mera
spid es (Pl. 21, Fig. 16). Small postocular fixed cheeks of transverse width 
slightly less than length (exsag.). 

Hypostoma of maximum width exceeding its length (sag.), with sub
circular middle body, gently inflated, poorly defined by shallow, broad lateral 
and posterior border furrows, the former deepest and narrower anteriorly. 
Maculae developed as narrow (exsag.), short pits backwards sloping, straight, 
transverse line connecting their outer ends at hypostomal midlength. Lateral 
borders steep, anteriorly widening and flattening out posteriorly. Posterior 
border with well-developed tripartition as in Nileus, with 25-30 terrace lines 
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(sag.). Anterior wings broader (exsag.) and more rounded than those of 
Nileus alfinis (compare WHITTINGTON 1965, Pl. 3 1 ,  Figs. 2-4). 

Free cheeks about half the width of the cranidium at posterior margin, 
genal angles broadly rounded. Narrow lateral border, variably developed. 
Eyes moderate1y large, deeper and wider anteriorly. Surface sculpture laeking, 
except in genal angles which have closely spaced terrace lines. Doublure con
necting free cheeks fairly broad, about 0.2 cephalic length, with terrace lines on 
ventrai surface, about 12 on mid-line. Hypostomal suture broad, gently curved 
forwards. 

Thorax of 7 segments, axis of equal width (trans.) to pleurae, posterior three 
axial rings taper ing very slightly. Axial rings of equal width (sag.) tapering 
forwards to the posterior margin of the preceeding axial ring, so that the well
defined axial furrows have a slightly zig-zag outline. Long narrow articulating 
half rings extend beneath (sag.) one-third of the preceeding axial ring. Adaxial 
one-third of pleurae horizontal, laterally downsloping, bluntly pointed. Pleurai 
furrows fair ly shallow, sloping backwards from axial furrow and dying out half 
way across pleurae. Articulating facets broad (trans.), triangular, narrowing 
adaxial1y, wider (exsag.) on anterior segments. 

Pygidium twice as wide as long, semicircular, border laeking. Axis well
defined on dorsal surface, 0.25 pygidial width at anterior margin, gently 
tapering (at about 30 degrees) to a pointed tip at about two-thirds pygidial 
length. On internal moulds !here are four pairs of narrow (exsag.) muscle 
impressions, which do not cross the middle of the axis, defining four axial rings 
of decreasing width (trans.) posteriorly. Anterior border convex, its width 
increasing and convexity decreasing laterally . Articulating facet steeply down
turned, narrow (exsag., trans.). Doublure moderately broad, its width increas
ing posteriorly, inner margin concave, subparallel to the posterior margin of the 
pygidium, deeply excavated around the tip of the axis, with 10-13 rather 
widely spaced terrace lines parallel to the posterior margin. 

Pygidial surface sculpture on stratigraphically early specimens of re1atively 
few (8-12) terrace lines around posterior part of pygidium on ly ; stratigraphic
aUy higher speeimens have twice as many terrace lines which cover a greater 
part of the pygidium, but do not extend on to the adaxial part of the pleural 
fie1ds. Internal moulds (Pl. 2 1 ,  Fig. 5) show the impressions of caeca of two 
sizes - broader caecum confluent with ring furrow where it joins axial furrow, 
narrower caecum meeting axial furrow at about mid-length (exsag.) of axial 
rmg. 

OntQgeny. - Smallest cranidium (Pl. 21, Fig. 14) sag. length (in palpebral 
view) 1.2 mm differs from holaspid cranidia in its greater convexity, and longer 
(exsag.) palpebral lobes. Axial furrows are faint, but incised sufficiently near 
posterior margin to show narrow (trans.) glabella, occupying only about half 
the width of the cranidium, with axial furrows passing weU inside palpebral 
lobes. Pygidium of similar length to the small cranidium is (Pl. 21, Figs. 10, 12) 
of low convexity, and is surrounded by a narrow, concave posterior border. The 
axis is narrower than in larger pygidia, tapers backwards almost to posterior 
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border. The articulating facets are transversely much shorter than on large 
pygidia, so that the horizontal, adaxial part of the pleural regions is much 
extended. This would also apply to any thoracic segments at this stage of 
development. The axial narrowing on very early growth stages seems to be 

general for nileids from Spitsbergen, although small transitory pygidia of other 
species (PL 10, Fig. 16) do not possess a concave border. 

Cranidia with sag. length 2 mm (palpebral view), are not greatly different 
from those of holaspides (Pl. 2 1, Fig. 13), slightly more convex, with a more 
strongly curved anterior outline. Cranidia of about 3 mm in length are asso
ciated with degree 6 meraspides (Pl. 2 1, Fig. 16) which are similar to hola
spides in general proportions, but show evidence of the retention of the seventh 
segment in the pygidium. 

Small growth stages associated with other nileid species from Spitsbergen are 
similar to those described above, but their assignment to particular species is 
difficult because of the co-occurrence of severai species in the same beds. SmaU 
pygidia of Nileus lack the concave border seen on S. arcticus. 

Discussion. This species differs from the type species, S. palpebrosus (DAL-

MAN), as figured by ANGE LIN (185 1, Pl. XVI, Fig. 4; see also JAANUSSON in 
MOORE 1959, Fig. 267) in having shallower axial furrows, less convex 
(trans.) glabella, and in possessing a pointed, rather than bluntly rounded 
pygidial axis. The same characters distinguish S. arcticus from other Symphy
surus speeies from Norway, Sweden and the Russian platform, all of which are 
in ne ed of revision, and from other species of the genus which oceur widely 
through Europe and Asia. Only Symphysurus kujandensis CHUGAEVA ( 1958, 
p. 66-7, Fig. 14, Pl. 7, Figs. 15-19) from the late Arenig or early Llanvirn 
Kopalinsky Formation of Kazakhstan, possesses a combination of the diagnostic 
characters of S. arcticus. Comparisons are hindered by the fact that the Kazakh
stan speeies is known only from flattened material; this compares very closely 
with similarly preserved material from Spitsbergen (see also FORTEY 1975, 
Fig. 8). Two differences are considered sufficient to justify specific separation 
of S. arcticus: the postocular seetion of the facial suture of S. kujandensis appears 
to be straight or slightly concave, rather than sigmoidal as in S. arcticus; the 
facets on the pygidium have only about half the relative transverse width of the 
Spitsbergen speeies. A similar difference on the thoracic pleurae results in a 
wider, horizontal adaxial part of each pleura. As diseussed above (p. 3 1) a 
Niobe speeies closely related to N. occulta n. sp. also occurs in the Kopalinsky 
Formation. 

Stratigraphically high populations of this species show certain features, 
manifest particularly on the pygidium, indicating a transitional nature with 

Peraspis omega n. sp. and Poro1i.ileus ju.t!,atus n. gen., n. sp. These species, and hence 
other speeies of their respective genera, are believed to have been derived 
(p. 36) from such transitional populations of S. arcticus. A convex, posteTOlateral 
pygidial border (Pl. 2 1, Fig. 8) is present on such specimens, and fine terrace 
lines occur on the pygidial pleurai fields. There is, hmvever, eve ry gradation 
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between these "advanced" pygidia and S. arcticus forma lJpica, and cranidial 
features are constant, so that taxonomic distinction of these populations is not 
considered appropriate. 

Family RAPHIOPHORIDAE AKGELIN 1854 

Diagnosis. - Blind trilobites of the suborder Trinucleina with triangular or 
subcircular cephalon and pygidium. GIabeIla expanding forward, with median 
spine in some genera, or glabellar tubercle. Facial sutures run in curved course 
along the margins of the triangular fixed cheeks. Free cheeks long, narrow, 
lacking median or connective sutures, bearing long genal spines. 

Discussion. - ANGELIK'S (1854) original definition of this family induded the 
genera Raphiophorus, Amp)'x and Lonchodomas, the type species of which were re
described by WHITTINGTON (1950), who also included in the family Raymondella 
and Ampyxina. To these five genera were added Anisonotella WHITTIKGTOK 

(1952), Cnemidopyge WHITTARD (1955), Mendolaspis RUSCONI (see HARRINGTON 

and LEANzA 1957), Bulbaspis CHUGAEVA (1956). WHITTIKGTON (in MOORE 1959 
p. 0427) transferred Edmundsonia COOPER (1953) from the Dionididae to the 
Raphiophoridae. The number of genera in the family was further extended by 
the addition of Amp)'xinella KOROLEVA (1959), Ampyxella DEAN (1960), Amp)'x
oides WHITTINGTOK (1965), Miaopopsis Lu (type species M. whittardi (Yl) 
figur ed Lu et al. 1965, p. 1127, Fig. 6) and Malongullia WEBBY, MOORS and 
McLEAN (1970). Raphiophorids are abundant in the Valhallfonna Formation, 
no less than 14 species are found here, and the discovery of three new genera 
(Globamp)'x n. gen., Rhombampyx n. gen. and Pytine n. gen.) and weU preserved 
material of a fourth, little knm,vn genus (Alendolaspis RUSCOKI) permits some 
consideration of the classification of the group as a whole. 
The family Endymioniidae RAYMOND 1920 (including En4Jmionia and 

Salteria, WHITTINGTON in MOORE 1959) is here regarded as a subfamily of the 
Raphiophoridae, WHITTINGTON (1965) has illustrated the appearance of the 
lateral inflated areas of Eruf:.ymionia during ontogeny, and in the new species of 
this genus described below, these areas are poorly defined in the adult and do 
not appear until quite late growth stages. Small cranidia resemble those of 
Pytine n. gen, The presence of lateral inflated areas is not regarded as be ing of 
fundamental importance and the separation of Endymionia from the raphio
phorids seems unwarranted. The new genus Pytine is similar in some ways both 
to Endymionia and Anisonotella (see p. 91). The latter genus also resembles 
Salteria notably in having pit-like glabellar furrows, and a large pygidium with 
many segments. The genera Endymionia, Salteria, Anisonotella and P)'tine n. gen. 
thus appear to be rather closely related and together constitute the subfamily 
Endymioniinae as here defined. All are characterised by possessing 7 thoracic 
segments, lacking a frontal spine, and in having a prominent glabellar tu berde 
far back on the glabella. To these four genera may possibly be added Typhlo
korynetes SHAW (1966) regarded by the original author as belonging to a separate 
family possibly allied to the illaenids. This genus has a glabella of similar form to 
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Endymionia, faint lateral infalted areas, and a hypostoma whieh is more eon
sistent with raphiophorid than illaenid affinities. 

Other raphiophorid genera are included in the subfamily Raphiophorinae. 
Within the subfamily the morphologieal variation is eonsiderable. There is a 
group of genera with five thoraeie segments and a 8hort pygidium, whieh is 
generally strongly furrowed, including Raphiophorus, Ampyxina, Amp'yxoides, 
Raymondella, Afiaopopsis and Globampyx n. gen. Median spine may be present 
(Raphiophorus, Ampyxoides) or absent on later growth stages (Ampyxina, Ray
mondella) or throughout ontogeny (Globampyx n. gen.): baeeulae may be promi
nent (Ampyxina, Raymondella) or laeking (Ampyxoides, Globampyx n. gen.). A 
seeond group of genera have six thoraeic segments and relatively longer 
pygidium, whieh is generally smooth (exeept Cnemidopyge), including the genera 
Ampyx, Cnemidopyge, Edmundsonia, Bulbaspis, Mendolaspis. A median spine is 
usually prominent, but is laeking in Mendolaspis and Edmundsonia. Conneeting 
these two groups are Lonchodomas and Ampyxella DEAN 1960, whieh have five 
thoraeie segments, but otherwise more closely resemble trilobites of the seeond 
group. Within sueh an intergrading series of genera distinetion of further sub
families is not possible until more is known of their phylogenetic relationships. 

The genus Ampyxinella KOROLEVA (1959) (plaeed by the original aut hor in a 
separate subfamily, Ampyxinellinae) apparently has six thoraeie segments, but 
in other respeets appears to be closest to RaymondelIa. It is tentatively eonsidered 
to belong to the Raphiophorinae. 

Subfamily RAPHIOPHORINAE ANGELIN 1854 

?Ampyxininae Hup!? 1955, Ampyxinellinae KOROLEVA 1959 

Diagnosis. - Raphiophorid trilobites with five or six thoracie segments, 
glabella expanding forwards and inflated anteriorly, usually with antero
median spine, or with tubercle in eomparable forward position. Pygidium 
triangular, with minimum of three axial rings. Pleurai fields smooth to strongly 
furrowed. Included genera: Ampyx DALMAN 1827, Raphiophorus ANGELIN 1854, 
Lonchodomas ANGELIN 1854, Ampyxina ULRICH 1922, Raymondella REED 1935, 
Cnemidopyge WHITTARD 1955, Mendolaspis RUSCONI 1951, Edmundsonia COOPER 

1953, Bulbaspis CHUGAEVA 1956, Ampyxella DEAN 1960, AmpyxoideJ WHITTING

TON 1965, Globampyx n. gen., Rhombampyx n. gen., ?Ampyxinella KOROLEVA 1959, 
Miaopopsis Lu (date of authorship uneertain). 

Genus Ampyx DALMAN 1827 


Type speeies. - Ampyx nasutus DALMAN 1827. 


Discussion. - The type species of Ampyx, A. nasutus, was redeseribed by 
WHITTINGTON (1950, p. 554, Pl. 74, Figs. 3-9). For the purposes of eomparison 
with the species included in the genus from Spitsbergen. the following features 
of the type may be noted: 1. thorax and pygidium of approximately the same 

5 
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length, 2. lateral outline of thorax gently curved, 3. posterior thoracic segments 
with pleural furrows concave towards front, 4. pygidium smooth except for 
anterior pair of pleural furrows, which, like those of the thorax, are concave 
forwards, 5. glabeIla convex, elevated weU above cheeks immediately in front 
of occipital ring, 6. muscle scars on the glabeIla deeply impressed, 7 .  anterior 
border of cranidium wide (trans.), 8. free cheeks wide enough (trans.) to give 
facial sutures concave-forwards outline. Species simi1ar to the type species in 
these features, which may be regarded as belonging to Ampyx sensu stricto, 

include: Ampyx austini PORTLOCK 1843 (see WHITTARD 1940), A. laeviusculus 
BILLINGS 1865 (see WHITTINGTON 1965), A. salteri HICKS 1875 (see WHITTARD 

1955), A. americanus SAFFORD and VOGDES 1889 (see COOPER 1953), A. ? 

hastatus RUEDEMANN 190 1 ,  A. camurus RAYMOND 1925 (see COOPER 1953), 
A. priseus THoRAL 1935 (see DEAN 1966 a), A. ser[?uncovae VEBER 1948 (see also 
CHUGAEVA 1958), A. virginiensis COOPER 1953 (see also WHITTINGTON 1959), 
A. linleyensis WHITTARD 1955 , A. depressus otradinca BALASHOVA 1959 (see 
BALASHOVA 1960, Pl. l) and A. nunezi BALDIS and BLASCO 1973. 

Six Ampyx-like species occur in the Valhallfonna Formation, testifying to a 
vigorous diversification of this group of raphiophorids in the early Ordovician. 
Only one of the se, A. spongiosus n. sp., fhs most closely into the concept of 
Ampyx sensu stricto based on the type species. The other species exhibit great 
variation, particu1arly in the following features : 

a. 	 degree of forward protrusion of the glabella. 

b. 	 form of muscle impressions on glabella. 

c. 	 degree of inflation of the posterior part of the glabella, and particularly the 
extent to which the occipital ring is defined. 

d. 	 depth, completeness and curvature of the posterior border furrow, with cor
responding changes in the form of the posterior border on the cranidium. 

e. 	 relative size of the pygidium and the degree to which the pleuraI fields are 
furrowed. 

f. 	 surface sculpture, which may be almost any combination of pits, raised 
lines, and grooves. 

Two species are so different from A. nasutus that their incorporation in thc 

same genus is not possible these are assigned to the new genus Rhombampyx, 
type species R. rhombos n. sp. Other species are included for the moment in 
Ampyx sensu lato. They are tentatively included in informal "species groups" on 
the basis of probable shared derived characters. Further knowledge of Ampyx 

species from other areas in the early Ordovician is necessary before separat ing 
new genera, but I have no doubt that the sensu lato concept of Ampyx med here 
includes severai groups of on ly distantly related species. 
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A. Ampyx sensu stricto 

Ampyx spongiosus n. sp. 
(Pl. 22; Pl. 23, Figs. l, 3, 4, 5) 

Stratigraphic range. Olenidsletta Member, 80-96 m from base, middle 
Arenig, approximately equivalent to bifidus zone of BERRY (1960). 

Material. Holotype, mould of dorsal exoskeleton laeking free cheeks, PMO -

NF 2021. Among numerous other speeimens are dorsal exoskeletons laeking 
free cheeks: PMO NF 1853,2646, SMA 84137; cranidia: PMO NF 446, 2652, 
SMA 84130-9, 84141; pygidia: PMO NF 440, 2661, SMA 84140; free cheek: 
PMO NF 1847; hypostomata: PMO NF 437, 458, 406, 408. 

Diagnosis. An Ampyx species with thorax less than one third sagittal length. -

Cranidium very wide, posterior border furrows bro ad, faint adaxially. Frontal 
spine very long, exceeding length of cranidium (sag.) curving slightly down
wards. Thorax increases in width rather abruptly backwards to third thoracic 
segment, posteriorly tapering more gradually. Width of pleurae greatly exceed
ing that of axis, pleurai furrows faint. Pygidium large; long, narrow axis 
tapering to a point with up to 17 faintly defined axial rings. Pleurai fields 
laeking furrows on dorsal surface. Posterior border greatly upward arched on 
mid-line. Surface sculpture of denseIy spaced punctae. 

Description. Exoskelcton subelliptical, lcngth (sag.) approximate1y cqual 
to transverse width of cranidium. Cranidium broadly triangular, occupying 
0.4 lcngth of exoskeleton, width at posterior border about 2.5 times its sagittal 
lcngth (exeluding median spine). GlabeIla convex (trans.) expanding gently in 
width (O in range 26-30 degrees on 12 measured speeimens) and increasing in 
transverse convexity forwards, front margin tapering rapidly (rp elose to 90 
degrees). Mid-line of giabeIla almost horizontal, may be obscurely carinate on 
internal moulds, continuing anteriorly into a stout, tubular anteromedian 
spine whieh tapers rapidly at first and is directed slightly upwards, distally 
slender, and gently downward-directed. Beneath the spine the front margin of 
the glabella slopes steeply downwards such that fl is about 75 degrees, this steep 
anterior slope continuing in the preglabellar fieId (ro almost 180 degrees). 
Three pairs of muscle impressions visible as smooth patches on dorsal surface 
of exoskeleton and as slightly depressed areas on internal moulds (PL 22, Fig. 8). 
IP and 2P elose together, on sides of glabella just above axial furrows, anterior 
limit of 2P opposite mid-point (sag.) of glabella, IP elliptical (long axis sag.), 
2P subcircular. 3P is halfway between 2P and the fossula in the axial furrow, lies 
adjacent to the axial furrows, rather small and semicircular. Smooth areas 
adjacent to base of glabeIla may represent an additional pair of muscle impres
sions. Occipital ring wider medially , not forward sloping, of transverse width 
0.7 maximum width of glabeIla. Occipital furrow deepening abaxially. Visible 
on internal moulds between the lateral parts of the occipital ring and the mid
part of musele impressions IP there are elongate (sag.) very slightly inflated 
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bacculae, narrowest medially. Axial furrows fairly shallow, except where 
deepened into prominent fossulae, curving sharply abaxially posteriorly, and 
not separating posterior border from occipital ring. 

Fixed cheeks wide (trans.), triangular, forwards sloping, progressively so 
anteriorly, the very steep anterior slope continuing in front of the glabella. 
Anterior margin arching upwards considerably towards mid-line where it is 
almost confluent with the anteromedian part of glabella. The cheeks are crossed 
by a pair of genal "ridges" whieh are in faet grooves in the internal surfaces of 
the cheeks, di verging gradually from the axial furrow adjacent to furrow 3P and 
crossing the eheek towards the posterolateral corner of the eranidium. Posterior 
border furrow very wide (exsag.), not defined axially, lateralJy terminating in a 
rather small pit almost at posterolateral corner of cranidium. Posterior border 
widening lateraBy and steeply forward sloping. Facial sutures rumling along 
the length of the lateral margin of the cranidium. 

Narrow free cheeks produced into a very long genal spine which is initially 
laterally directed, distally curving posteriorly to beeome paraBel to the sagittal 
line, and exeeeding the length of the rest of the dorsal exoskeleton. The spine is 
grooved on the dorsal surfaee. 

The surfaee of the cranidium is eovered with rather eoarse punetae, which 
extend into the posterior border furrow; anterior margin of eranidium with 
gro oves interspersed with punctae. On the anterior part of the glabella the 
punctae are replaced by a honeycomb-like pattern, this being due to an ex
pansion of the punctae at the expense of the intervening exoskeleton, which 
assumes the appearance of low ridges. Around the front margin of the gla beIla, 
and extending onto the anteromedian spine, the honeycomb pattern gives way 
to parallel, closely spaced ridges (Pl. 22, Fig. 7). 

Hypostoma (Pl. 22, Figs. 3, 4) with the general characters of raphiophorid 
hypostomata listed by WHITTINGTON (1959, p. 461), but length (sag.) exceeding 
maximum width, which is posterior to anterior margin. Narrow lateral and 
anterior borders, posteriorly convex, anterolaterally steeply inward-sloping. 
Middle body smooth and oval with maximum width at about one third hypo
stomal length, middle furrows visible only as faint depressions eontricting sides 
of middle body at two-thirds length of hypostoma. 

Thorax of six segments, short and wide, occupying only a quarter of the 
sagittal length of the exoskeleton, expanding in width backwards rather 
rapidly to a maximum at the posterior margin of the sec ond thoracic segment, 
and tapering rather more gently posteriorly. The sixth thoraeic segment is 
narrower (trans.) than the first. Axis parallel sid ed; axial ri ngs of equal width 
(sag., exsag.), defined by straight ring furrows which are deepest to either side 
of the mid-part. Pleurae at least half as wide again as axis, blunt tipped, edged 
by a narrow, downturned strip of exoskeleton. Pleural furrows are only at all 
well defined on anterior two segments, those of first segment running in an 
almost straight line from the adaxial anterior margins of the pleurae to the 
posterolateral corners, those of second segment running along the middle of the 
pleurae distally. Only the outer parts of the pleural furrows of the posterior 
three segments are clearly visible, these running just posterior to the mid-line 
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of eaeh pleura, not reaehing the tip, deepened distally. Punctate surfaee 
seulpture as on fixed eheeks. 

Pygidium large, triangular, sagittal length exceeding that of thorax. Axis 
narrow, width at anterior margin 0.21 that of pygidium, tapering gently 
posteriorly, tip pointed. Axial rings visible as transverse smooth bands on 
dorsal surfaee of pygidium, on internal moulds gently eonvex, outlined by 
shallow furrows anteriorly and by muscle scars posteriorly. Up to 17 axial 
rings arc visible. Muscle impressions paired, the inner impression is in the ring 
furrow, the furrow in fact joining the inner ends of the scars, while the outer 
impression is on the axial ring immediateIy behind (Pl. 22, Fig. 9). Axial fur
rows shallow. Pleural fields laeking furrows on dorsal surfaee, exeept for trans
verse first pleuraI furrow, whieh is impressed laterally. On internal moulds the 
first pleuraI furrow is more distinet, and there are faint indications of severai 
more pairs of similar furrows. Posterior border deepest postero-Iaterally, sloping 
downwards at a steep angle, arched up greatly medially. Posteriorly it is not 
separated from the pleurai fields other than by a change in slope; antero
laterally the pleurai fields are edged by a narrow (exsag.) ridge. Surfaee 
seulpture on pygidium consisting of punctae slightly finer than those on the rest 
of the exoskeleton, posterior border with closely-set terrace lines, whieh extend 
on to the posterior part of the pleurai field. On internal moulds a small furrow 
extends from the tip of the axis to the posterior margin (Pl. 22, Fig. 10). 

Discussion. This species differs from the type species (WHITTINGTON 1950, 
p. 554, Pl. 74, Figs. 3-9; in MOORE 1959, p. 0425) in having a short (sag.) 
thorax with a strongly curved outline, pleural furrows not concave posteriorly, 
in possessing a relatively wider cranidium with a steeply upward-arched 
anterior margin, gen al ridges, and in having a relatively larger pygidium with 
a long, pointed axis with over twice as many axial rings, and a straight anterior 
pygidial pleural furrow. The same features distinguish this species from most 
other species assigned to the genus. Ampyx volborthi SCHMIDT 1894 (sensu SKJESETH 
1952, Pl. 5) from the Lower Didymograptus series of Norway, of similar age to 
that part of the Valhallfonna Formation containing A. spongiosus n. sp., is 
strikingly similar to the new species in the general proportions of the cranidium 
and pygidium. I have examined material of A. volborthi in the Paleontologisk 
Museum, Oslo, which shows that paired genal ridges are present. The pygidial 
axis has about 18 axial rings. A. volborthi may be distinguished from A. spon
giosus n. sp. by its apparently prisma tie frontal spine, well impressed muscle 
sears, and in having the posterior border of the pygidium but slightly upward 
arched on the mid-line. The surface seulpture on the pygidial pleurai fields 
(Pl. 23, Fig. 2) is distinet from that of A. spongiosus n. sp., widely spaced terrace 
lines being interspersed among the very fine punctae. PaULSEN (1965, p. 100
101) indicates, however, that SKJESETH'S material may not be identical with the 
type material of SCHMIDT. "Raphiophorus" akdJancus UsaGOR (1965) from the 
Middle Ordovician of Kazakhstan is probably also closely related to Ampyx 
spongiosus n. sp. with generally similar cranidium and pygidium, and a thorax 
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of identical outline, but differing in having deeply impressed l P furrows on the 
glabella, and in possessing a distinet rim around the posterior margin of the 
pleural fields of the pygidium. 

B. Porcus speeies group 

Definition. Ampyx speeies with posterior border furrow effaced adaxiall y; 
occipital ring and posterior part of glabella scarcely elevated above fixed 
cheeks. Glabellar muscle impressions not deeply impressed and adjacent to 
axial furrows, l P and 2P tending to form a confluent, oval depression near base 
of glabella. Facial sutures nearly marginal, outline convex-forwards. Pleurai 
furrows on posterior thoracic segments and pygidium transverse, rather than 
concave-forward as on Ampyx s.s. 

Ampyx porcus n. sp. 
(Pl. 24, Figs. 1-8) 

Stratigraphic range. Olenidsletta Member, 85-·100 m from base, a character
istic associate of Gog catillus, Niobe Jlabellifera and Ampyx sp o ngiosus, probably 
corresponding to the Middle Arenig (bif idus zone). 

Afaterial. Holotype, dorsal exoskeleton laeking free cheeks, PMO NF 502; 
other material includes cranidia: PMO NF 2691,2017, SMA 84147-8,84150; 
exoskeletons laeking free cheeks: PMO NF 2745-6, 524-5, 1758; pygidia: 
PMO NF 1659, 514, SMA 84149,84151. 

Diagnosis. An Ampyx species with an extremely low, narrow (sag.) occipital 
ring. Glabella in front of the occipital ring not elevated above fixed cheeks. 
Muscle impressions l P and 2P co nfluent , forming a long (exsag.), slightly 
depressed area along sides of glabella. Posterior border furrow not defined 
adaxially. Surface sculpture on cranidium consisting of widely spaced punctae 
on fixed cheeks (not on posterior border), and very widely spaced, loosely 
branching ridges on glabella. Triangular pygidium with Iow axis ill defined 
posteriorly, anterior pleural furrow straight, dorsal surface with lines of widely 
spaced pits representing pleural and interpleural furrows. 

Description. Cranidium broadly triangular, width twice sagittal length 
(excluding spine). Glabella immediately in front of occipital ring not elevated 
above cheeks, expanding gradually and evenly in width and convexity an
teriorly (O 25-32 degrees). In lateral view outline of top surface of glabella 
is gently and evenly arcuate, sloping downwards anteriorly. Front part of 
glabella extends beyond anterior border, 10wer surface sloping downwards 
(both rp and ,ll large obtuse angles), meeting the preglabellar field at a high 
angle (co approximately 80 degrees). Frontal spine circular in cross section, 
horizontal or slightly declined. Occipital furrow narrow, straight and rather 
shallow, dying out lateraUy. Occipital ring very low, narrow, gently convex, 



slightly wider on mid-line, nearly twice the width of that part of the glabella 

immediately in front of the occipital ring. Between the lateral parts of the occi
pital ring and muscle impressions l P on the glabeIla there are small triangular 
bacculae, gently inflated and ill defined laterally. Musde impressions l P and 2P 

fused, forming an elliptical (long axis sag.), depressed area along side of glabeIla 
adjacent to axial furrow, reaching almost to half glabellar length. 3P impres
sions are smaller, a short distance in front of 2P. Axial furrows shallow, except 
at anterolateral corners of glabeIla where they are deepened into pits. Cheeks 
triangular, gently convex. Posterior border furrow narrow and deep, only pres

ent on outer two thirds of the fixed cheek, shallowing rather abruptly adaxially, 
laterally terminating in a deep pit almost at posterolateral edge of cranidium. 
On internal moulds the posterior border furrow can be traced faintly adaxially, 
meeting the axial furrow almost at posterior margin. Posterior border increases 
in width laterally, rather narrow, gently convex. Surface sculpture very distinc
tive, consisting of widely spaced punctae on the fixed cheeks, and very widely 
spaced, loosely bifurcating ridges on the gla beIla, absent on the posterior mid

part (Pl. 24, Fig. 5). Preglabellar field narrow, sloping down to narrow (sag., 
trans.), horizon tal anterior border. 

Thorax shows six segments, length slightly less than one-third that of entire 
exoskeleton, lateral outline bowed outwards, with maximum width at third 
segment. Axis of low convexity (trans.), parallel-sided except for last segment 
which tapers to anterior width of pygidial axis. Pleurae broader than axis, of 
equal width (exsag.). Posterior pleural furrows narrow (exsag.) running trans
versely across middle of each pleura, almost to tip, and deepening laterally. 
Pleural furrow of anterior thoracic segment runs across pleura from antero
lateral margin of axial ring to posterolateral extremity of pleura. Sculpture in 
pleural furrows of scattered pits like those on fixed cheeks and pleurai fields of 
pygidium. 

Pygidium triangular, of width 2.1-2.7 sagittal length. Axis narrow, about one 
quarter pygidial width at anterior margin, tapering gently posteriorly, not 
greatly elevated above pleural fields, bluntly rounded tip reaching posterior 
border. Only the most anterior axial ring is visible on the dorsal surface, on the 
internal mould up to eight rather obscure rings can be seen. Axial furrows 
shallow on dorsal surface. Pleural fields horizontal. Anterior pleuraI furrow 
fairly deep, straight, well defined on internal moulds. Further evidence of 
pleural segmentation is obscure on intern al moulds, but on the dorsal surface 
transverse lines of widely spaced pits probably correspond with pleural and 
interpleural furrows, indicating the presence of at least four segments in the 
pleural fields. Posterior border steeply down-sloping, fairly deep, arched up 
slightly on mid-line. 

Discussion. - This species differs from the type species (and related species 
listed on p. 66) in having the posterior part of the glabeIla very low, occipital 
ring narrow and of low convexity, posterior border furrow dying out adaxially, 
musele areas l P and 2P conjoined, not deeply impressed, and the anterior 

pleural furrow on the pygidium straight, transverse. The Scandinavian species 
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Ampyx pater HOLM 1882 (see SKJESETH 19 52, TJERNVIK 19 56), A. glaber PauLsEN 
1965, and A. nasutoides REGNELL 194 0  are closest to the new species, all having 
the posteriorly 10w glabella with muscle impressions scarcely incised, and the 
straight anterior p1eural furrow on the pygidium. In none of these species is 
the occipital ring as Iow as in A. porcus n. sp., nor the posterior border furrow so 
effaced adaxially. In material I have examined of A. pater and A. glaber I have 
found no indication of similar sculptural type of A. porcus n. sp. 

It is noteworthy that A. porcus n. sp. and the species to which it has been com
pared are all of simi1ar age (mid-Arenig to top Arenig, or earliest Llanvirn for 
A. glaber). Further study may show that the severai differences that the porcus 
species-group exhibit when compared with the type and allied species may be of 
more than specific significance. 

Ampyx delicatulus n. sp . 
. (Pl. 25, Figs. 1-7) 

Stratigraphic range. Olenidsletta Member, 98 to 1 03 m from base, extending 
into earliest beds with lsograptus zone grapto1ites. 

Material. Ho10type, cranidium with three thoracic segments, PMO NF l ;  -

other material includes cranidia: PMO NF 2198, 2202, 2235, 1616, 1630, 161 8, 
1624, 2223, 221 0, 2198, 2247, 2251, 2176, 1 5 26-7; pygidia: PMO NF 1619, 
1626, 2234, 2205. 

Diagnosis. An Ampyx species cranidium of which resembles that of A.-

porcus in having a low occipital ring, adaxially effaced posterior border furrow, 
and differs from that species in having the front part of the glabella highly 
e1evated above the fixed cheeks, and in having a complex surface sculpture of 
lines and fine punctae. Pygidium with deeper posterior border than that of A. 
poreus, more upward-arched on mid-line, and lacking pitted sculpture. 

Discussion. A full description of this species is not necessary as it resembles 
A. porcus in most characters, those features by which it is most easily dis
tinguished being listed above. A. delicatulus occurs in the Olenidsletta Member 
immediately above A. porcus and it is tempting to assurne that there is an 
ancestor-descendent relationship between the two species; although there is no 
doubt that A. delicatulus is more closely related to A. porcus than any other Spits
bergen Ampyx, the differences between the two species are considered to 
embrace toa many features to make such a simple relationship likely. A. de/i

catu/us is found in beds transitiona1 between the nil eid and olenid communities, 
the former community including A. porcus and the latter lacking raphiophorids. 
It seems probable that A. delicatulus is a species ( ? with a common ancestor with 
A. poreus) specifically adapted to these transitional conditions on the environ
mental gradient (FORTEY 197 5, Fig. 5). 

The surface sculpturc on the fixed cheeks of A. delicatulus is distinctive (Pl. 25, 
Fig. 3) : incised grooves, each surrounded by a smooth area, loosely bifurcating 
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and subparallel to the anterior margin of the cranidium, the are as between the 
grooves being minutely pitted (pitting finer than any other Ampyx from Spits
bergen),pitting continuing in to the posterior border furrow. The form of the 
glabella is similar to that of A. porcus with regard to muscle impressions, forward 
expansion (O) and anterior outline (IP), but the anterior elevation is greater 
such that fl is between 90-100 degrees on measurable speeimens ; w is difficult 
to measure due to the narrowness of the anterior border, but is a large obtuse 

angle, about 150 degrees. Pygidia of A. porcus and A. delicatulus are similar, 
except that the posterior border of the latter is deeper, more upward-arehed on 

mid-line,and the dorsal surfaee is apparently without surfaee sculpture. 

Ampyx toxotis n. sp. 
(Pl. 26, Figs. l-I l )  

Stratigraphic range. Lower part o f  Profilbekken Member, oeeurring in one 
bed on shore section of Profil stranda, approximately 22 m from base of Mem
ber. 

Material. - Holotype, cranidium, PMO NF 261; other eranidia: PMO NF 
189,215,218,188,233,1321; pygidia: PMO NF 281,223. 

Diagnosis. An Ampyx species with posterior border furrows only defined 
laterally where they eurve forwards from the posterolateral eorners of the 
cranidium biseeting the posterolateral angle. GlabeIla obtuse anteriorly, not 
greatly inflated; anterior spine slender, gently declined. 

Description. - The front margin of the cranidium is curved in a gentle and 
uniform are, sueh that the transverse width at the posterior margin is about 2.8 
sagittal length. Glabella expands gently and uniformly forwards (O 18 to 21 
degrees) anteriorly tapers rapidly so that it does not protrude greatly beyond 

the anterior margin of the cranidium in standard view (IP 110-125 degrees). 
Posterior part of glabella gently convex above fixed cheeks; occipital ring of 
similar transverse elevation, narrow, indistinctly defined laterally. Muscle 
impressions on glabella weak, aligned adjacent to axial furrows: l P sub
cireular, a short distance in front of the occipital furrow, 3P a slightly deeper pit 
about the same distance behind the anterolateral corner of the glabella, 2P 
very shallow, midway between IP and 3P. In lateral view the glabeIla is not 
greatly inflated anteriorly (fl obtuse) and only just overhangs the narrow, 
vertical preglabellar field (w large obtuse angle, about 150 160 degrees). Axial 
furrows shallow; anterior fossulae small. Anterior spine slender, circular, hori
zontal or slightly declined in front of gla beIla. Front margin of cranidium 
scareely upward-arched about mid-line, of transverse width equal to maximum 
width of glabeIla. Fixed cheeks downward-sloping around anterior perimeter, 
posterolateral corners rounded. Posterior border furrow curves forward to about 
mid-width of eheek, bisecting posterolateral angle; adaxially it beeomes very 
faint, but curves again posteriorly; on no specimen can the border furrow be 
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traced as far as the junction with the occipital furrow. The posterior border so 
defined is gently convex and forward-sloping laterally. The posterior border 
furrow terminates in a pit as in all Amp'yx species. Surface sculpture of fine, 
occasionally anastomosing terrace lines, which run transversely, subparallel to 
the margins of the fixed cheeks. Similar terrace lines are present on the glabella, 
especially anteriorly, except in musde impressions. The cutide of this species is 
thin, and unlike other Amp'yx from Spitsbergen the sculpture is also weakly 
reflected on internal moulds. The slender anterior spine of this species is gently 
downward-dedined. 

Pygidium three times as wide as lang with unfurrowed pleural fields, at 
least on the internal mould. The narrow axis reaches, but does not spill on to 
the posterior border, and there are indications of at least 8 pairs of musde 
impressions. The posterior border is only slightly arched about mid-line, and 
bears fine terrace lines like those on the cranidium. 

Discussion. The peculiar, forward-arched posterior border furrow at once 
distinguishes thi8 species from other Amp'yx from Spitsbergen and elsewhere. 
While the species compares with A. porcus and A. delicatulus in the adaxial 
effacement of the border furrow, the anteriorly truncate glabella and wide 
posterior border set it apart from those species and make a dose relationship 
unlikely. However, A. toxotis se ems to be doser to the porcus speeies group than 
Ampyx sensu strieto. 

Genus Amp'yxoides \VHITTINGTON 1965 

T.Ype speeies. - Amp'yx semicostatus BILLINGS 1865. 

Ampyxoides inermis n. sp. 
(Pl. 30, Figs. 10 15) 

StTatigraphic range. Profilbekken Member, lower 12 m only, in melt streams 
A and B on Olenidsletta ; graptolites occurring in the same bed indicate 
Isograptus (probably late hirundo) zone. 

Material. Holotype, small but weU preserved cranidium, PMO NF 1825; 

other material consists of cranidia: PMO NI' 1870, 1830, 1322, 1824 (block 
including at least three examples); pygidium: PMO NF 1826. 

Diagnosis. An Ampyxoides species with frontal spine lacking, glabella less -

inflated anteriorly than other species of the genus; axial furrows with concave 
outline. Posterior part of gla beIla only slightly elevated above fixed cheeks, 
and occipital ring Iow; posterior border furrow very shallow. ru approxi
mately a right angle. 

Description. A small species, known only from internal moulds of cranidia 
and pygidium. Cranidia are of less convexity (sag., trans.) than other Ampyx

like species described here; anterior outline of cranidium semicircular in 
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fossular view. Glabella is not high ly vaulted transversely, nor greatly elevated 
above the fixed cheeks in front of the occipital ring. The shallow axial furrows 

diverge gently forwards (e 25-30 degrees on available material) to define the 

slightly concave sides of the glabella; rp acute (c. 65-80 degrees). The front part 
of the glabella is not greatly inflated, so that in lateral view the upper surface of 
the glabella is seen to slope in a uniform curve downwards (Pl. 30, Fig. 13); 
this part of the glabella is produced well beyond the front of the cranidium, 
over hang ing the narrow and steep preglabellar field (fl acute, approximately 
60 degrees, close to 90 degrees on the two specimens where it can be seen). w 

Muscle impressions on the glabella are very shallow and details are not possible 
to discern : it is probable that the l P scar lies adjacent to the posterior, sub
parallel sided part of the glabella by analogy with other early raphiophorinids. 
There is no evidence for a frontal spine in this species, although the forward
protruding form of the glabella is usually associated with such a structure in 
raphiophorids; it is possible that on the external surface a small spine was pres
ent, but this seems unlikely as on other raphiophorids from Spitsbergen and 
elsewhere the anterior spine is hollow and therefore distinguishable on internal 
moulds. Small anterior fossulae in axial furrows next to widest part of glabella. 
Occipital ring narrow and of uniform width (sag., exsag.), defined by distinct 

occipital furrow which is deeper than the posterior border furrows of the 
cranidium, transverse width exceeding that of base of glabella, but with similar 
transverse convexity. Posterior edge of occipital ring bulges backward relative 
to posterior margins of fixed cheeks. 

Fixed cheek shaped like quarter circle; posterior border furrow shallow, 
transverse, not terminating in an obvious pit, outlining narrow posterior 
border which is almost horizontal over most cranidial width, near lateral border 
flexed sharply downwards. This change in slope oceurs at the point where the 
thorax articulates with the cranidium. 

Pygidium known from a single example, short, at least three times as wide as 
long, with deep posterior border upward-arched on mid-line. Axial furrows 
taper posteriorly to enclose an angle of 40 degrees, but axis is not defined 
around its tip, which spills over on the posterior border. Four, and a faint 
fifth, rings are defined by shallow ring furrows which do not pass across middle 
of axis. Pleurai fields are smooth on the internal mould, except for faint, trans
verse anterior pleural furrow, but it remains possible that pleural furrows were 
deeper on dorsal surface. 

Minute fragments of cuticle adhering to the internal mould indicate that the 
surface sculpture of this species included fine raised ridges on the front of the 
glabella, and strong, closely spaced terrace lines on posterior border of the 

pygidium. 

Discussion. Although lacking a frontal spine, this species is considered to -

be closest to Ampyxoides, by comparison with the type species A. semicostatus 

BILLINGS, as redescribed by WHITTINGTON (1965, p. 319-321, Pl. 12, Figs. 13
20, Pl. 13, Figs. 1-8, 10, 12) from the Middle Table Head Formation, New
foundland, and A. occipitalis DEAN ( 1973b, pp. 4-6, Pl. l ,  Figs. 7-9, 13, 15, 16) 
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from beds of comparable Whiterock age in the Yukon. As stat ed by \VHITTING
TON (1965, p. 319) Ampyxoides appears to be dosest to Ampyxina, species of 
which may have the anterior spine reduced in holaspides (WHITTINGTON 1959, 

Pl. 34). The species under discussion resembles Ampyxina in this respect, but in 
other features is doser to Amp'yxoides, notably in lacking bacculae. The narrow 
(exsag.) posterior border on the cranidium, and the narrow (sag.) and back
ward-bowed occipital ring defined by a distinct occipital furrow also seem to be 
characteristic of the genus. Apart from lacking a frontal spine A. inermis differs 
from A. semicostatus and A. occipitalis in the shallowness of the posterior border 
furrow on the cranidium, and the high degree of forward protrusion of the 
glabella, such that cp is an acute angle. A. occipitalis possesses a distinctive 
posterior glabellar inflation not seen on the Spitsbergen species (compare 
DEAN 1973b, Pl. l ,  Fig. 8). The pygidium of A. inermis is dosely similar in out
line and proportions to that of A. occipatalis but the pleurai fields are un
furrowed; however the Spitsbergen specimen is an internal mould, and it is not 
known whether the dorsal surface carried such furrows. 

Genus Globampyx n. gen. 

Type speeies. Globamp'yx trinucleoides n. sp. 

Diagnosis. Small raphiophorinid trilobites having five thoracic segments, 
short, wide triangular pygidium. Bacculae laeking. Glabella flask-shaped, 
extremely inflated anteriorly, lacking frontal spine throughout ontogeny, but 
with glabellar tubercle at highest point of glabeIla. Posterior border furrow faint 
adaxially, deeper laterally, not terminating in a ph at lateral extremity. 
Cephalon covered with dense punctae. Five thoracic segments with convex 
axial rings, pleurai furrows deep, running along middle of pleurae. Pygidium 
with rather Iow axis reaching posterior border, up to six axial rings, in
distinctly defined. Pleurai and interpleural furrows faint on pygidial pleurai 
fields. Posterior border fairly deep, arched upwards marked ly medially. 
Included species: G. tTinucleoides n. sp., "Ampyx" obtusus MoBERG and SEGER
BERG 1906, "A." linnarssoni SCHMIDT 1894. 

Globampyx trinucleoides n. sp. 

(Pl. 29, Figs. 1-21; Fig. 7) 


Stratigraphic range. Olenidsletta Member 135 m (extremely rare, 
- speci
men only SMA 84154), abundant throughout lower 75 m of the Profil bekken 
Member, outnumbering all other raphiophorids in most beds. 

A1aterial. The most abundant trilobite of the Profil bekken Member.-

Holotype, dorsal exoskeleton lacking free cheeks, SMA 84152. Other figured 
material consists of cranidia: PMO NF 319, 334, 314; pygidia: PMO NF 
3157-8, 1369, Dorsal exoskeleton, badly weathered but showing genal 
spines, PMO NF 1762; fused free cheeks: PMO NF 332a, 1710 . 

• 

Diagnosis. See that of genus. -



-77-

Description. Exoskeleton subcircular, convexity of cranidium greatly 
exceeding that of the thorax and pygidium. Cranidium roughly semidrcular, 

length (sag.) 0.4 to 0.5 width at posterior margin. Glabella flask-shaped, 
extreme1y convex (sag., trans.), convexity increasing anteriorly so that the 
glabella overhangs the preglabellar field. The highest point of the gla beIla 
bears a prominent glabeIlar tubercle. Two pairs of subcircular muscle impres
sions a short distance above axial furrows, IP in the "neck" of the glabella, 2P 
a short distance in front of I P. There are indications of a third pair of muscle 
impressions on the sides of the glabella opposite the glabellar tubercle. Ocd
pi tal ring narrow (sag.) straight, of transverse width slightly less than maximum 
width of glabeIla ; occipital furrow rather shallow. Axial and preglabellar 
furrows continuous, fairly shallow and broad, deepened just anterior to the 
point of maximum width of the gla beIla into deep apodemal pits. On dorsal 
surface axial furrows notably shallower and broader adjacent to mid-part of 
glabel1a (Pl. 29, Fig. 1). Fixed cheeks broad, sloping gently forwards posteriorly, 
more steeply outwards and forwards anteriorly and laterally. Posterior border 
furrow narrow (broader on internal moulds), eurving slightly forward, faint 
or absent adaxially, deepening gradually laterally, not terminating in a pit as 

on other raphiophorids. Posterior border gently forwards-sloping, widening 
gradually laterally. Preglabellar field fairly narrow, sloping downwards to very 
narrow (sag.) anterior border. Internal moulds show a curious horizontal 
"rim" running along the lateral edge of the cranidium (see Pl. 29, Fig. 10). 
This is not seen on the edge of cranidia retaining the exoskeleton. It is believed 
to represent the external mould of the fadal suture, extending forwards as far as 
the anterior border. This su ture is not normal to the surface of the exoskeleton, 
but is a horizontal plane cutting the exoskeleton obliquely. External surface 
of cranidium densely punctate (except on posterior border), punctae small er on 

glabella. Internal moulds are also punctate (representing granules on the 

Fig. 7. Reconstruction of Globampyx trinucleoides n. gen., n. sp., X 8, lateral and dorsal views. 



78 

intern al surface of the exoskeleton), but the punetae are more seattered than on 
the dorsal surface, and it does not seem likely that the dorsal and ventrai seulp
tures are direetly related. Small smooth areas present adjaeent to the axial 
furrows and just posterior to the anterior pits, from which a smooth line passes 
laterally across the cheeks towards the posterolateral angle of the cranidium 
(Pl. 29, Fig. l ). 

Free cheeks united as a single piece by narrow (sag., exsag.) doublure, 
which is smooth anteriorly, but with slightly inflated posterior band carrying 
a few terrace lines (Pl. 29, Fig. 16). Long genal spines with subcircular cross 
section, exceeding length of dorsal exoskeleton, and parallel to sag. line. 

Thorax of five segments, increasing slightly in width to third segment, 
tapering gently to pygidium. Axis convex, of width (trans.) slightly less than 
pleurae, each axial ring tapering slightly backwards, with prominent articulat
ing half ring. Ring furrows deepening and widening laterally. Axial furrows 
fairly deep and narrow (appearing very deep on internal moulds), and deep
ened into a pit at the posterior edge of eaeh thoracic segment, this possibly 
representing a soeket articulating with a slight. projection on the anterior 
margin of the thoracic segment behind. Pleurae in contact along their length, 
tips rounded. Pleural furrows narrow and rather deep, deeper laterally, on 
external surface, on intern al moulds appearing much broader, curving back
wards from anterior adaxial limit of pleurae, rapidly becoming transverse and 
running along centre of pleurae almost to tips. 

Pygidium broadly triangular, like the cranidium rather variable in width, 
ranging between 2.4 and 3.0 times the sagittal length. Axis not as convex as 
axial rings of thorax, tapering very gently posteriorly and reaching posterior 
border, tip rounded, ill defined. Up to six axial ri ngs are visible, of which the 
anterior two are most distinct. The ring furrows defining the first two rings 
pass across the axis, posteriorly the rings are defined by faint paired muscle 
impressions. Axial furrows shallow. Pleural fields concave, sloping gently 
backwards and inwards from the posterior border, with up to four pairs of 
extremely faint pleural and interpleurai furrows, of which only the first pair of 
pleural furrows are visible on internal moulds. Posterior border steeply down
sloping, fairly deep, bulging slightly backwards behind axis, arched up con
siderably towards mid-line. Surface sculpture of closely spaced parallel terrace 
lines, which extend on to posterior part of pleural fields. 

On small cranidia (Pl. 29, Figs. 20, 21) the glabeIla is more convex (trans.), 
outline in anterior view deeply parabolic, expanding in width less markedly 
anteriorly, muscle impressions distributed more evenly alang length of glabella. 
This suggests that the expansion of the glabella later in ontogeny occurs 
anterior to 2P. Glabellar tubercle very prominent, posterior to which the re is a 
sagittal ridge. Fixed cheeks punctate, punctae of equal size to those of large 
cranidia (posterior border smooth). Transverse smooth line passes from axial 
furrow on to fixed cheek opposite anterior part of glabeIla (comparc Ent.fymionia 
clavaria n. sp. Pl. 32, Fig. 6) .Posterior border furrows deeper than on large 
cranidia, reaching axial furrows. 

Transitory pygidia (Pl. 29, Fig. 9) very wide, axis with weU defined axial 
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rings, ring furrows not reaehing axial furrows, deepened laterally into distinet 
pits. Pleural furrows deep, transverse, not reaehing posterior border. Inter
pleural furrows indieated by rows of pits parallei to the lateral parts of the 
pleural furrows. 

Discussion. Probably eongenerie are Ampyx obtusus MOBERG and SEGERBERG-

1906 (see TJERNVIK 1956, Pl. XI, Figs. 16-18) and A. linnarssoni SCHMIDT 1894. 
I have examined material of the former: species, from early Arenig beds of 
Sweden, from whieh the general resemblanee of eranidium and pygidium to 
Globampyx n. gen. is apparent. It is, however, immediately distinguishable from 
G. trinucleoides in possessing a peeuliar (sag.) ridge on the glabella, and in having 
granulate surfaee seulpture along the glabellar mid-line. A. linnarssoni SCHMIDT 
(SCHMIDT 1894, p. 83, Pl. VI, Figs. 21-23) probably oeeurs in the zone of 
Megistaspis estonica in Estonia and thus is older than Globampyx trinucleoides; it is 
closely similar, the only obvious differenees apparent from SCHMIDT'S aeeount 
being a greater anterior glabellar inflation and a relatively longer (sag.) 
pygidium in the Estonian species. The same differenees are apparent on Ge
schiebe material identified as A.linnarssoni, illustrated by NEBEN and KRUEGER 
(1971, Pl. 2, Figs. 7-9; Pl. 3, Figs. 9-10). 

As indieated above this species is rather variable in width (see Fig. 8A). 
The stratigraphically earliest specimen has fixed eheeks of eonsiderably greater 
width than those of the holotype (Pl. 29, Fig. 19) and broader axial furrows, 
This specimen oeeurs some 5 m below the next speeimens, and we have in
sufficient material from the 10wer horizon to indieate whether it represents a 
seeond species. Measurements made on the abundant material from the top of 
the Valhallfonna Formation, fail to show any relation between stratigraphic 
occurrence and relative width of eranidium (Fig. 8). 

The presenee of distinet furrows on the transitory pygidia is similar to early 
growth stages deseribed by WHITTINGTON (1959, p. 473) of Ampyx americanus 

BILLINGS. I have not seen any indieation of a frontal spine on even the smallest 
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Fig. 8. A. Relation of length CL) to width (W) of cranidia and pygidia of Globampyx trinucleoides 
n. gen., n. sp. B. Relation of width{length ratio (W IL) of cranidia of Globampyx trinucleoides to 

stratigraphic occurrence (metres above base of Profilbekken Member). 
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cranidia, Globampyx n. gen. contrasting in this respect with Ampyxina and 
Raymondella (WHITTINGTON op. cit.) which only lose such spines on larger 
cranidia. 

Genus Mendolaspis RlJSCONI 1951 


Type speeies. - Mendolaspis salagastensis RlJSCONI 1951. 


Mendolaspis doidyx n. sp. 
(Pl. 30, Figs. 1-9) 

Stratigraphic range. - Olenidsletta Member, ?75 m, 80-100 m from base. 

_Material. Holotype, dorsal exoskeleton laeking free cheeks PMO NF 1283. -

Other material includes: dorsal exoskeletons laeking free cheeks: SMA 84162, 
84168; cranidia: PMO NF 504,505, SMA 84163,84165; pygidium: PMO NF 
3152. 

Diagnosis. A A1endolaspis species with convex glabella expanding even ly -

forward and rounded in front, with minute glabellar tubercle anteriorly. 
Bacculae very small. Thorax of six segments, maximum width (trans.) at 
second or third segment. Pygidium with narrow axis indenting posterior 
border, very faint pleurai ribbing. Posterior border not arched up on mid
line. 

Description. Exoskeleton with thin cuticle, elliptical, cephalon occupying -

0.4 sagittal length. Length of cranidium 0.4 width, anterior outline arcuate. 
Glabella about one-fifth width of cranidium at occipital ring, expanding evenly 
forwards ((J 24-28 degrees) , highly convex (trans.) , in profile sloping very 
steeply downwards anteriorly, but not overhanging anterior border (w almost 
180 degrees) . Front margin of glabella obtusely rounded about mid-line (cp 
about 130 degrees) . Two pairs of muscle impressions adjacent to axial furrows, 
of which IP is deepest, semicircular, constrieting the posterior part of the 
glabella slightly, 2P a shallow furrow sloping backwards at about 45 degrees to 
the sagittal line and not reaching one third of the way across the glabella; a 
transverse line joining the outer ends of the 2P furrows is almost exactly at 
glabellar mid-point (sag.). Faint indications of 3P furrow mid-way between 2P 

and the anterior fossula. Flattening deepens and artificially exaggerates the 
furrows. Minute glabellar tubercle on mid-line anteriorly, at about the point of 
origin of the median spine on other raphiophorinids. Beneath this tubercle on 
internal moulds (Pl. 30, Fig. 8) a triangular tubereulate area may be an area of 
muscle attachment. Occipital ring sloping anteriorly, narrow medially, very 
narrow ne ar axial furrows where it continues without a break into the posterior 
border. Occipital furrow broad (sag.) , shallower medially. Axial and pre
glabellar furrows fairly broad and deep, with prominent pit immediately 
anterior to anterolateral corner of glabella. Fixed cheeks wide, triangular, 
almost horizontal adaxially, sloping downwards laterally and anteriorly. 
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Small bacculae adjacent to the posterior parts of the axial furrows. Preglabellar 
field narrow, narrowest on mid-line, gently convex, medially continuing down
ward slope of glabella. Anterior border very narrow (sag.), of width (trans.) less 
than maximum width of glabella. Posterior border furrow fairly narrow and 
shallow, widening and deepening laterally, and terminating in a pit almost at 
the posterolateral corner of the cranidium. Posterior border narrow, forward 
sloping, its lateral one-third (that part projecting beyond thorax) rather wider. 
Facial suture passing along lateral edge of cranidium, presurnably becoming 
marginal medially, and passing in front of the anterior border. Free cheeks not 
known. External surface of cephalon smooth, except that area on the cheek 
anterior to a line passing from the anterolateral corner of the glabella to the 
posterolateral corner of the cranidium which bears prominent genal caeca. 

Thorax of six segments, occupying 0.8 cranidial width at anterior margin, 
expanding in width rather rapidly to second or third segment; after the third 
segment tapering more gently to the pygidium. Axis about two thirds the width 
of the pleurae, not tapering, axial rings convex, of approximately uniform 
width (sag., exsag.) curving slightly forwards laterally. Ring furrows narrow, 
deepened laterally to form an apodeme, shallower medially. Pleurae in contact 
along their whole length, blunt tipped, turned downwards sharply distally. 
Pleural furrows shallow, running obliquely backwards from anterior adaxial 
margin of pleurae, that of the first segment runn ing backwards to the abaxial 
posterior margin of the pleura, those of segments 2-6 curving horizontally and 
running almost to the tip of the pleurae. 

Pygidium triangular, about 0.3 sagittal length of the exoskeleton, over twice 
as wide as long. Axis occupying slightly less than one quarter pygidial width at 
anterior margin, tapering gently backwards and indenting posterior border but 
not reaching posterior margin of pygidium, with 7 axial ri ngs, the first four of 
which are more distinct. Ring furrows between first four axial rings extend 
across the axis, posterior to which they are faint medially. Pleurai fields 
horizontal with about six pairs of very faint, straight, backward-sloping ribs; 
pleural furrows, except for the anterior one, are even fainter. Posterior border 
steeply downsloping, widening gradually medially, set off from the pleural 
fields by a low ridge, which follows the outline of the posterior margin. Surface 
sculpture on posterior border of closely spaced terrace lines. 

Note that on flattened material the posterior border is pushed outwards and 
so appears broader. Flattening of the glabella tends to overdeepen the glabellar 
furrows, and the basal bacculae may be obscured. 

Discussion. This species differs from the type species (HARRINGTON and-

LEANZA 1957) in having more distinct muscle impressions on the glabella, small 
bacculae, and a faintly furrowed pygidium with posterior rim. It also resembles 
Edmundsonia (see COOPER 1953) in lacking an anteromedian spine, having 
caecate fixed cheeks and 6 thoracic segments. Edmundsonia differs in having a 
much longer, distinctly furrowed pygidium, with many segments, and ap
parently different glabellar furrows. 

6 
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Genus Rkombampyx n. gen. 

Type speeies ......... Rhombampyx rhombos n. gen., n. sp. 


Diagnosis. Ampyx like trilobites with relatively smaU, furrowed pygidia. 
Glabella laeking deeply impressed muscle scars, highly convex (trans.) in 
occipital region. }'acial sutures with outline convex-forwards. Postedor border 
furrow deep and broad, reaching axial furrows, outlining wide, forward
sloping posterior border with articulating socket about halfway between axial 
furrows and posterolateral corner of cranidium. Thorax narrowing greatly 
forward, so that thorax and pygidium together have a subcircular outline, with 
six segments ; posterior pleural furrows transverse. Pygidium short (sag.) with 
distinet transverse pleural furrows. Hypostoma (known only in R. tragula n. sp.) 
with broad anterior border and prominent maculae. Included speeies : R. 
rkombos Il. sp., R. tragula n. sp., "Rapkiopkorus" lamasi HARRINGTON and LEANZA 
1957. 

Diseussion. - This genus is erected to include two distinctive species from 
Spitsbergen and a third, believed to be closely related, from south Ameriea, 
which show combinations of charaeters which place them outside Ampyx, even 
in the sensu lato concept of the genus used above. Most obvious of these dis
tinguishing features are the small pygidium with weU-marked pleurai furrows, 
and the anteriorly narrow (trans.) thorax. The glabeUa shows an unusual 
degree of occipital inflation, reaching its maximum expression in R. tragula n. 
sp., where the occipital ring is effaced and the posterior part of the glabella 
bulges backwards. The very deep posterior border furrow and steeply forward
inclined posterior border also appear to be characteristic, and on the latter the 
relatively adaxial positian of the articulating soeket can be seen, marking the 
attachment of the thorax to the cranidium (cf. Ampyx sensu strieto, see WHITTING
TON 1959, Pl. 29, Fig. 4). In addition the two Spitsbergen speeies have an 
unusual surface sculpture consisting of pits in the border and axial furrows, 
terrace lines on the anterior part of the fixed eheeks. While the glabellar fur
rows are less deeply incised than those of the type speeies of Ampyx, A. nasutus 
(WHITTINGTON 1950, Pl. 74, Fig. 3), they are little different in this respect from 
those speeies of the poreus species group included above in Ampyx senSU lato, and 
earlier species of Ampyx sensu strieto (such as A. laeviusculus BILLINGS, as figur ed by 
WHITTINGTON 1965, Pl. 12, Fig. 5). I note also that the pleurai furrows of the 
posterior tive thoracic segments and pygidium are straight and transverse, 
rather than coneave. 

Although only the speeies named above can be certainly assigned to Rhom
bampyx n. gen. some unnarned fragments show features suggestive of the new 
genus: the "Ampyx sp." pygidium described by Rass (1967, p. 22, Pl. 7, Figs. 20, 
21), and the cranidium figured by DEAN (1973a, Pl. 2, }'igs. l ,  4, 7, l l) are 
examples. 
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Rhombampyx rhombos n. sp. 
(Pl. 27, Figs. 1-10; Fig. 9) 

Stratigraphic range. Profil bekken Member 30-35 m from base, with earliest 
Orthidiella zone fauna. 

-Afaterial. Holotype, dorsal exoskeleton laeking fr cc cheeks, SMA 84143; 
cranidia: 84144, 84145, PMO NF 1378, 1112 & l l l  7 (part and counterpart 
with severai specimens); pygidia: SMA 84146, PMO NF 1192. 

-Diagnosis. A Rhombampyx species having cranidium with deep, wide, 
forward-bowed posterior border furrow, surface sculpture of closely spaced 
punctae most prominent on posterior border furrow, terrace lines on anterior 
parts of cheeks and glabeIla. IP deeply impressed, constrieting sides of glabella. 
Occipital furrow visible over mid-part of glabella. Pygidium with short axis; 
pleurai fields with at least two pairs of deep, straight pleural furrows, fainter 
interpleurai furrows. Posterior border relatively deep, arched upwards very 
slightly on mid-line. 

Description. Sagittal length of exoskeleton (excluding median spine) abou t -

equal to the width of the cranidium, convexity of cranidium greatly exceeding 
that of thorax and pygidium. Cranidium (excluding median spine) half the 
length of the exoskeleton, and of width at posterior margin twice its (sag.) 
length. Glabella high ly convex (trans.) expanding gradually (O 30 degrees) 
in width from in front of the occipital ring to its anterolateral corners, in front 
of which it tapers more rapidly (<p about 80 degrees) almost to a point at the 
base of the median spine, this anterior part of the glabella overhanging the 
anterior margin. In lateral view the dorsal outline of the glabella is gently 
arcuate, the anterior third gently downsloping, while the anterior part of the 
glabella beneath the median spine slopes downwards and backwards at a high 
angle, at 90 degrees to the anterior part of the dorsal surface, and meeting the 
preglabellar field at a high obtuse angle (ro of the order of 160 degrees). 

Fig. 9. Reconstruction of Rhombampyx rhambas n. gen., 

n. sp., X 10. 
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Median spine slender, with circular cross section, upwardly directed, of a 
length probably less than that of glabella. Occipital ring rather low, widening 
medially, of a transverse width only slightly less than the maximum width of the 
glabella. Occipital furrow fairly wide, deepening laterally. Of the muscle 
impressions only l P is clearly visible, subcircular, indenting the sides of the 
glabella at about one third glabellar length. Axial furrows broad and shallow, 
except where deepened into apodemal pits at ante ro lateral corners of glabella. 
Fixed cheeks triangular, anterior margin curved, sloping more noticeably back
wards near posterolateral angle, convexity of cheeks increasing forwards. 
Posterior border furrow deep and wide (exsag.) mid-part convex forward, 
terminating posterolaterally in a deep pit near the edge of the cranidium. The 
posterior border is widest and most convex medially, forward sloping, con
fluent with the occipital ring (Pl. 27, Fig. 10). Surface sculpture of deep, closely 
set punctae, which are concentrated along the posterior part of the cheeks, 
especially in the posterior border furrow, and terrace lines on the anterior part 
of the cheeks, which are subparallel to the anterior margin. Similar terrace 

lines are present on the anterior part of the glabella. Sculpture on the posterior 
part of the glabella not known, as all specimens are exfoliated in this region. 
Preglabellar field narrow and downsloping, not arched upwards on mid-line. 
No indication of an anterior border has been seen on this species. Internal 
moulds are punctate on a minute scale, this presumably representing minute, 
needle-like invaginations of the exoskeleton, and paired gen al "ridges" are 
visible on the fixed cheeks. "Ridge" is a misnomer for this structure, which is 
not visible on the dorsal surface, and is a ridge only on the internal mould, 
representing a groove in the ventrai surface of the exoskeleton. Free cheeks not 
known, presumably long and narrow as defined by the marginal facial sutures. 

Thorax of six segments, one third sagittal length of exoskeleton, maximum 
width at third segment, to which the thorax expands rapidly, tapering more 
gently posteriorly. Width of first thoracic segment only two thirds that of 
cranidium. Axis convex, tapering gently, transverse width less than that of 
adjacent pleurae except on the first thoracic segment. Axial rings of uniform 
width (sag., exsag.) separated by deep ring furrows, with prominent crescent 
shaped articulating half rings of almost equal width (sag.) to axial rings. First 
pair of pleurai furrows wide and deep, similar in form to the posterior border 
furrow of the cranidium. Pleural furrows of segments 2-6 commence almost at 
adaxial anterior limit of pleurae, very rapidly curving to run transversely just 
posterior to the mid-line (trans.) of the pleurae. Tips of pleurae truncate, with 
a minute vertically down turn ed edge. 

Pygidium triangular, three times as wide as long. Axis occupying about one 
quarter pygidial width at anterior margin, tapering gently, posterior margin 
not clearly defined. There are four fairly well defined axial rings of decreasing 
width (sag.) posteriorly, and faint indications of a fifth ring on the dorsal 
surface; internal mould shows up to seven rings. Pleural fields horizontal or 
slightly concave with two pairs of straight, deep pleurai furrows, the first of 
which is almost twice as long as the second, and two pairs of shallow, narrow 
interpleural furrows, posterior to which are severai more pairs of obscurely 
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defined furrows. Internal moulds also show the presence of the deep pleural 
furrows, and, like the cranidium, are minutely pitted; seven (?8) pairs of 
muscle impressions are visible on the anterolateral parts of the axial rings. 
Posterior border deep, and steeply downsloping, with sculpture of strong, sub
parallel, anastomosing terrace lines. Posterior margin slightly upward arched 
on mid-line. 

Discussion. The short, wide, strongly furrowed pygidium, and distinctive -

thoracic outline distinguish this species immediately from those attributed to 
Ampyx SeTlSU lato as understood herein. Raphiophorus ? lamasi HARRINGTON and 
LEANZA 1957, although much less well preserved than the species described 
above, is c10sely similar, having six thoracic segments of identical outline (see 
HARRINGTON and LEANZA 1957, Fig. 1 16,2, right hand side of holotype), and a 
short, wide pygidium with a relativcly broad posterior border. These two 
species are probably not related to Raphiophorus (see WHITTINGTON 1950, 
Pl. 74, Figs. 1,2; 1968, p. 95, Fig. 6), species of which have five thoracic seg
ments, quite different thoracic outline, and a 8hort pygidium with a character
istically truncate posterior outline. Both Rhombampyx rhombos n. sp. and Raphio

phorus ? lamasi are of probable Arenig age, whereas Raphiophorus species appear 
to be characteri8tic of Caradoc and later strata. 

Rhombampyx tragula n. sp. 
(Pl. 28, Figs. 1-9) 

Stratigraphic range. Profilbekken Member, lower part, on melt stream A on -

Olenidsletta, 16-24 m from base of Member. 

}J.aterial. Holotype, eranidium (internal mould) PMO NF 2476, eounter
part PMO NF 2459; other material consists of eranidia: PMO NF 2399 (3 
specimens on block) ; hypostoma: PMO NF 2427. 

Diagnosis. A Rhombampyx species with extremely convex (trans.) glabeIla, -

oecipital furrow obsolete, back part of the glabeIla inflated and protruding 
backwards. Glabellar furrows not deeply impressed. 

Discussion. This speeies is known from cranidia and hypostoma only, and -

is clearly related to R. rhombos, oeeurring stratigraphieally below that species in 
the Profil bekken Member. The differences from R. rhombos may be summarised 
as follows: 

l .  	The inflation of the posterior part of the glabella is sueh that the oeeipital 
ring is effaeed on large cranidia; even on small eranidia the occipital furrow 
does not pass over the mid-part of the glabeIla. 

2. 	 The posterior margin of the glabella pro trudes strongly backwards with an 
almost semicireular outline. 

3. Muscle impressions are not deeply impressed in the sides of the glabella; 
in pardeular I P  is not defined as a furrow. The "occipital" muscle impres
sion is small and subcircular; of preoceipital impressions l P and 2P almost 
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touch, the latter is larger than the former and slightly higher on the sides of 
the glabella. As in most raphiophorids (WHITTINGTON 1959, p. 460) 3P is a 
small subcircular depression far forward and adjacent to the axial furrow, 
just posterior to the anterior tossulae, which in this species are particularly 
deep and conspicuous (Pl. 28, Fig. 3). 

4. 	 The minutely pitted internal mould of the holotype does not show the paired 
genal ridges seen on R. rkombos. 

5. The surface sculpture of the two species is similar - large scale pitting in the 
border furrow with fine terrace lines on the forward part of the fixed cheeks. 
External surfaces of both R. rflOmbos and R. tragula are difficult to prepare but 
on comparably sizcd speeimens of both species the terrace lines of R. tragula 
are coarser and more widely spaced: how much intraspecific variation may 
be involved here is not known. 

Hypostoma (Pl. 28, Fig. 6) found in the same bed as the holotype, is suffi
ciently large to make it improbable that it belongs to any raphiophorid other 
than R. tragula. While agreeing with the general features of raphiophorid 
hypostomata as listed by WHITTINGTON (1959, p. 461--2) this hypostoma differs 
from all others aseribed to the family in having the anterior border expanded 
(sag., exsag.) to form a halo-like, gently down-sloping anterior band. This 
band runs into the narrow (trans.) baekward-converging lateral borders. 
Posterior border convex (sag.), outline gently arcuate backwards. Middle body 
transversely convex, bearing prominent maculae. 

The eonvex, baekward-protruding occipital region of this species dis
tinguishes it from other raphiopborids. In hs posterior cranidial features the 
species lies at the opposite morphologieal pole to the porcus species gro up of 
Ampyx in which the occipital ring is scareely elevated above the fixed eheeks, 
the posterior border furrow obsolete adaxially, and the posterior border 
narrow, and hardly eonvex. Why this particular region in Ampyx-like species 
should be susceptible to such extremes of variation is not known, but the faet 
that they fall i11tO groups defined on sueh eharaeters, and that such groups are 
linked by other common morphological features, seems to indicate that such 
cranidial features are of real value in the discrimination of "natural" generic 
groupings within the Ampyx complex. 

Subfamily ENDYMIONIINAE RAYMOND 1920 

? Typhlokorynetidae SHAW 1966 

Diagnosis. Raphiophorid trilobites with seven thoracic segments ; glabella -

not greatly inflated anteriorly, not overhanging anterior border. Glabellar 
tubercle at about mid-length of glabella. 

Included genera: Endymionia BILLINGS 1865, Salteria W. THOMSON 1864, 
Anisonotella WHITTINGTON 1965, ytine n. gen., ? Typhloko ynetes SHAW 1966. 
Jvfalongullia \VEBBY, MOORS and MeLE AN 1970 may also belong here, but only 
has six thoracic segments (see discussion in WEBBY 1974, p. 232). 
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Genus Endymionia BILLINGS 1865 

Type speeies. - Enqymion meeki BILLINGS 1862. 

Enqymionia clavaria n. sp. 
(Pl. 32, Figs. 5 -15) 

Horizon. Olenidsletta Member, upper part, 12 0-140 m from base, with 
graptolites indicative of early Isograptus zone (probably equivalent to the 
hirundo zone of British sch erne ). 

Material. Holotype, dor sal exoskeleton laeking free cheeks, PMO NF 1735 
(counterpart PMO NF 1741); cranidia: SMA84173 -6 , SMA84177; pygidium: 
SMA 84178 . 

Diagnosis. An Endymionia species with lateral inflated areas which are only 
faintly defined abaxially. Posterior border expands in width greatly laterally. 
Posterior border very faint or absent adaxially. External surface of cranidium 
smooth. Pygidial axis ill-defined posteriorly, with four axial rings. Two pairs 
pleural furrows on pygidium. Posterior border deep, arched upwards slightly 
on mid-line. 

Description. Width of cranidium 2.1 to 2.3 times its length (sag.), anterior 
margin arcuate. Glabella gently convex (trans.), curving evenly downwards 
anteriorly, not overhanging anterior border. Occipita1 ring tapers forwards, 
in front of which the glabeIla expands in width very slightly, then tapers equally 
gently to a point at about its mid-Iength (sag.). Anterior to this it expands in 
width sharply to reach maximum width at rounded anterolateral corners, 
0.35-0.4 width of cranidium. Anterior margin gently rounded. Median 
glabellar tubercle just posterior to glabellar mid-point (sag.). Axial and pre
glabellar furrows narrow and fair ly deep. Minute anterior pits in lateral parts 
of preglabellar furrows. Occipital ring narrow, forwards sloping. Lateral in
flated areas spind1 e-shaped, sloping outwards-forwards, extending anteriorly 
as far as anterolateral corners of glabella, maximum transverse width less than 
halt that of posterior part of glabella. Fixed cheeks broad, sloping downwards 
gently adaxially, more steeply laterally. Preglabellar fieid fairly broad, of 
uniform width (sag., exsag.), continuing downward slope of anterior part of 
glabeIla, bearing pair of tubercles. Very narrow (sag.) anterior border of 
transverse width slightly less than that of the front of glabeIla. Posterior border 
furrow very faint or scarcely visible adaxially, deepening and widening 
laterally, terminating in a deep pit almost at the rounded posterolateral angle of 
the cranidium. Border furrow curves slightly forwards on most specimens. 
Posterior border narrow adaxially, widening rather abruptly at about its mid
point (trans.), and narrowing again slightly at its lateral extremity. External 
surface of the cranidium quite smooth. Facial sutures passing along the edge of 
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the cranidium and outside the anterior border to meet on mid.line, slightly 
upwards arched anterolaterally (Pl. 32, Fig. 10). Free cheeks not known. 

Pygidium three times as wide as long, axis occupying one quarter pygidial 
width at anterior margin. Axis tapering gently posteriorly, tip ill defined, 
merging with posterior border. Fom axial rings of si mil ar width (sag.). Ring 
furrows faint laterally. Plemal fields horizontal, edged posteriorly by narrow, 
convex rim (except postaxially). Two pairs of straight pleural furrows , of 
which the second pair slope more steeply backwards. Posterior border deep, 
sloping downwards at a high angle, slightly upward arched on mid·line. 

DiJcuJsion. This species differs from others of the genus (E. meeki, E. 
raymondi, E. shucherti, see WHITTINGTO:'\l 1965) in having the lateral inflated areas 
weakly defined on their outer sides, and in the greater expansion of the posterior 
border (exsag.) laterally. It is particularly dose to E. meeki BILLINGS, which has 
a very similar pygidium, and cranidium of similar proportions, with forward 
cmving posterior border furrow. Note that one cranidium of E. clavaria n. sp. 
has the posterior border furrow laterally directed, in this respect resembling 
E. raymondi WHITTINGTON (compare Pl. 32, Fig. Il with WHITTINGTON 1965, 
Pl. 15, Fig. 25). Since this specimen agrees in other diagnostie characters with 
other specimens of E. clavaria n. sp., I believe that this difference is probably due 
to intraspecific variation. 

Small cranidia lack lateral inflated areas (Pl. 32, Figs. 6, 9) which originate 
abaxially and as they increase in size constrict the posterior part of the glabeIla. 
The inflated areas do not appear until the cranidia are quite large. One speci
men 6 mm wide still lacks lateral lobes. The same specimen (Pl. 32, Fig. 6) 
shows a faint "eye ridge" passing transversely from the anterior corner of the 
glabella on to the fixed cheek, comparable in position with the eye ridges of the 
Hapalopleuridae (HARRINGTON and LEANZA 1957), and the transverse genal 
furrows of Pytine n. gen. and Anisonotella. Small cranidia are similar to the adult 
cranidia of Pytine graia n. gen., n. sp., in having the glabeIla rather evenly 
forward expanding, of greater convexity (trans.) than larger cranidia. 

Endymionia raymondi WHITTINGTO:'\l 1965 
(Pl. 32, Figs. 1-4) 

1914, Endymionia meeki (BILLINGS) - RAYMOND, p. 526. 

1925, Endymionia meeki (BILLINGS) - RAYMOND, p. 42-44. 

1965, EmtJ'mionia raymondi WHITTINGTO:'\l, p. 326, Pl. 15, Figs. 21, 22, 25.


-

Stratigraphic range. Profilbekken Member, 42 m from base, with typical -

Whiterock assemblage. 

"Material. Cranidium, PMO NF 319. 

DiagnosiJ. An Endymionia species with narrow glabella, steeply downward· 
sloping preglabellar fidd which bears terrace lines. Horizontal cranidial border 
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narrower (trans.) than other speeies due to relatively adaxial eourse of facial 
sutures. 

Discussion. The single specimen from Spitsbergen oceurs weU above E.-

clavaria, in the Profilbekken Member. WHITTINGTON (1965,p. 326) proposed 
the name E. rqymondi for some speeimens from the Shumardia Limestone, 
Quebec, originally identified by RAYMOND (1914, p. 526) as E. meeki (BILLINGS 

1862); VVHITTINGTON demonstrated that these speeimens differed in severaI 
details from the holotype of E. meeki. The eranidium from Spitsbergen agrees 
exactly with that from the Shumardia Limestone. The glabeIla is less forward
expanded than that of E. schucherti RAYMOND and E. meeki (BILLINGS) (sec 
WHITTINGTON 1965, Pl. 15, Figs. 1--20, 23, 24) and has a relatively narrower 
anterior border. The steeply sloping preglabellar field bears terrace lines like 
those on E. raymondi, but unlike other species of the genus. There seems no 
reason to doubt the specific identity of the Spitsbergen and Quebec material. 
Paired tubercles (Pl. 32, F'ig. 4) are present on the preglabellar field of E. 
raymondi, as on other Enqymionia speeies, and the glabellar tubercle seems to be 
larger and more diffuse than that of E. schucherti and E. meeki. 

Genus Pytine n. gen. 

Type spedes. - Pytine graia n. sp. 

Diagnosis. - Endymioniinid trilobites with broad eephalon and short, wide 
pygidium. Glabella expanding forwards, rounded anteriorly, with prominent 
median tubercle. Axial furrows very wide posteriorly, opposite glabellar tubercle 
having short, transversely direeted braneh, anterior to which the axial furrows 
are narrower. Three pairs of muscle impressions of whieh l P is the deepest, 
pit-like. Prominent bacculae within the axial furrows. Surfaee seulpture of 
strong anastomosing raised ridges. Thorax of 7 segments, greatest width at 
second or third segment. PleuraI furrows broad, straight. Pygidium with axis 
extending to edge of posterior border, having at least 5 axial rings. Pleural 
Helds wide (trans.) and short (exsag.) with two pleural ridges. Posterior border 
very deep. 

Pytine graia n. sp. 

(Pl. 23,Fig. 7; Pl. 31,Figs. l-I l; Fig. 10) 


Stratigraphic range. Olenidsletta Member, 75 m to 103 m from base. 
-

Material. Holotype, weU preserved dorsal exoskeleton, PMO NF 40.-

Other material includes three almost complete, but poorly preserved speci
mens: PMO NF 1936 (2 speeimens) SMA 84170; exoskeletons laeking free 
eheeks: PMO NF 2638,1876, SMA 84171, 84172; cranidia: PMO NF 2639, 
2153, 1863, 2135, SMA 84167-9. 

Diagnosis. As for genus. -
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Description. Exoskeleton elliptical, cephalon occupying 0.4 sagittallength, 
pygidium about 0.2 sagittal length. Cephalon about 2.7 times as wide as long 
(sag.), anterior margin arcuate. GlabeIla highly convex (trans.) increasing 
gradually in width and convexity forwards (() 20 degrees), sloping steeply 
downwards anteriorly and not overhanging anterior border, front margin 
rounded. Prominent glabellar tubercle just in front of transverse mid-line of 
glabella. Three pairs of muscle impressions, of which 2P and 3P are faint, l P 
prominent, developed as a deep subcircular pit a short distance in front of the 
occipital ring. 2P and 3P are faint depressions in the sides of the glabeIla, 3P 
just anterior to the glabellar tubercle. Axial furrow deep and wide posteriorly, 
and widening backwards, with a short transverse furrow rumling into the fixed 
cheek at right angles to the sagittal line, branching from the axial furrow at a 
point opposite the glabellar tubercle. Anterior to this furrow the axial furrows 
and preglabellar furrows are narrower and not so deep, except immediately in 
front of anterolateral carners of the glabeIla where there is a deep fossula. With
in the posterior part of the axial furrows and immediately in front of the 
posterior border furrows there is a pair of prominent oval bacculae. Fixed 
cheeks gently convex adjacent to the axial furrows, laterally and anterolaterally 
steeply downsloping. Posterior border furrow fairly broad and deep adaxially, 
widening, shallowing and curving forwards for its lateral one-third, and termi
nating in a pit. Posterior border narrow immediately in front of the thorax, 
expanding considerably and inclined forward laterally. Preglabellar field 
gently convex, sloping downwards steeply. Very narrow horizontal anterior 
border, of transverse width about equal to that of glabella. 

Facial sutures run along lateral and anterolateral margins of cranidium to 
anterior border, meeting in front of the anterior border on the mid-line. Free 
cheeks long and narrow (exsag.) bearing long, slender genal spines which curve 
backwards at least as far as the front margin of the pygidium. Surface sculpture 

Fig. 10. Reconstruction of Pytine graia n. gen., 

n. sp. X 6. Surface sculpture indicated on left 

hand side. 
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on cephalon is distinctive, consisting of concentric fine ridges on the glabella 
centred about glabellar tubercle, on the anterior part of the cheeks coarse 

anastomosing ridges, and posterior to a line connecting the short transverse 
furrow with the posterolateral corner of the cranidium, a finer, somewhat 
reticulate pattern of ridges. Fine gran ul es in axial and posterior border furrows. 

Thorax of seven segments, width at anterior margin about 0.7 that of cepha
lon, with maximum width at second or third segment, tapering posteriorly. 
Convex axis of width (trans.) about 0.6 that of pleurae, hardly tapering posteri
orly. Inter-ring furrows deep and straight. Pleurae in contact along their whole 
Iength, blunt tipped, with deep, broad (exsag.), straight pleural furrows which 
reach very nearly to the tip of each pleura. Posterior margin of each pleura.is a 
narrow (exsag.) transverse ridge, anterior margin with a similar transverse 
ridge, immediate1y in front of which there is a narrow depressed area abutting 
the posterior ridge of the preceeding segment (Pl. 3 1 ,  Figs. I, 4). 

Pygidium about four times as wide as long, axis narrow, occupying 0.2 
pygidial width at anterior margin, tapering gently posteriorly (angle enclosed 
by axial furrows about 25 degrees) and extending on to the posterior border. 
Axial rings number five, before reaching posterior border, of which the first 
three are more distinet. The first two ring furrows reach the axial furrows, 
posteriorly they are represented by transverse pits. PleuraI fjelds narrow 
(exsag.), with two pairs of slightly backward-sloping interpleural ridges, of 
which the anterior pair is much longer and more. prominent. Deep, pleural 
furrows between the anterior ridge and the front of the pygidium, and between 
the two ridges, which become slightly broader laterally. Posterior border very 
bro ad (exsag.). Posterior margin not arched up on mid-line, with surface 
sculpture of closely spaced parallel terrace lines. 

Discussion. This remarkable trilobite resembles no other raphiophorid 
closely. It is most similar to Anisonotella (see WHITTINGTON 196 5, Pl. 14, Figs. 
1 -6, 8) which has a gla beIla of similar shape and possesses similar transversely 
directed furrows partly incised into the fixed cheeks from the axial furrows. 
Position of the glabellar tubercle and glabellar furrows IP are also comparable 
on Pytine n. gen. and Anisonotella. However, the muscle impressions on Aniso
notella are much deeper and isolated within the glabella and pygidia of the two 
genera are completely different, that of Pytine n. gen. being more like that of 
EI14Jmionia. Small cranidia of En4Jmionia (Pl. 32, Fig. 9) are quite similar to 
those of Pytine n. gen. and it is possible that the two genera may be more closely 
related than comparisons of adult individuals might suggest. 

Endymioniinid gen. and sp. indet. 
(Pl. 33, Figs. 4-7) 

Stratigraphic range. - Melt stream B on Olenidsletta, exact horizon not 
known, but between 80-100 m from base of Olenidsletta Member. 

Material. Two cranidia, PMO NF 1880, 2121. -

http:pleura.is
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Discussion. Although known from only two examples this speeies shows a 
number of interesting features whieh deserve some diseussion. In its general 
outline, form of the posterior border furrow and anterior border, the eranidium 
most resembles that of Endymionia clavaria of the raphiophorids deseribed here, 
although the glabella laeks the lateral lo bes charaeteristic of that genus. An 
indistinct, subcireular pair of IP glabellar furrows are present. However, as 
diseussed above, the lateral 10 bes of E. clavaria are a late feature of the ontogeny, 
and it seems possible that this speeies represents an earlier stage in the morpho
logieal history of the genus. It is interesting to note in this eonnection that the 
eranidium under discussion occurs in that part of the Olenidsletta Member 
underlying the first appearance of E. clavaria. Like that of En4Jmionia the 
glabella of this speeies is of low convexity, with a frontal lobe that slopes down 
uniformly into the preglabellar field, and with the anterior fossulae in the pre
glabellar furrow. 

There is a super-Heial resemblanee also to the eranidium of Hapalopleura 
longicornis HARRINGTON and LEANZA 1957 notably in the shape of the glabella 
and border furrow, although our eranidium laeks eye ridges and palpebral 
lobes, and the sutures are marginal. Eye ridges are, however, present on im
mature eranidia of Enc[ymionia clavaria (see Pl. 32, Fig. 6). The similarities 
suggest that future diseoveries may indieate that there is a doser relationship 
between the hapalopleurids and endymioniinids than is at present recognised. 

The eombination of eranidial features of this speeies are sufficiently different 
from that of any other raphiophorid to neeessitate its deseription under "open" 
nomendature. But I do not feel that the material at present known is sufficient 
to form the basis of a new genus. 

Subfamily UNCERTAIN 

Remarks. Although Seleneceme and Falanaspis have been induded in a-

separate family Alsataspidiae in the Treatise (WHITTINGTON in MOORE 1959, 
p. 0428), it is doubtful whether enough is known of their relationships to justify 
sueh a separat ion from either the raphiophorids or hapalopleurids. Severai 
authors (HARRINGTON and LEANZA 1957, p. 207, WHITTARD 1959, p. 118) have 
noted the resemblanee of Seleneceme to hapalopleurids (partieularly Hapalo
pleura longicornis HARRINGTON and LEANZA 1957), while the marginal facial 
sutures and laek of eyes seem to plaee the genus doser to the Raphiophoridae, 
especially the subfamily Endymioniinae. Examination of easts of the types of 
Hapalopleura longicornis laeking free eheeks (HARRINGTON and LEANZA 1957, 
Figs. 112, la, b) has shown that there is no sign of the anterior spine on such 
speeimens, whieh is evidently present on entire exoskeletons: it is tempting to 
eonclude that the anterior spine originates from the cephalic doublure as 
on Seleneceme and Falanaspis. 

A species of Falanaspis oceurs in the Spitsbergen Ordovieian; it is provision
ally plaeed in Raphiophoridae incertae sedis. 
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Genus Falanaspis TJERNVIK 1956 

7)pe species. - Falanaspis aliena TJERN VIK 1956. 

Discussion. I am doubtful whether Falanaspis is truly distinct from Selene
ceme (type species, S. propinqua CLARK 1924). WHITTARD (1958, p. 117) has 
stated that the median frontal spine of S. acuticaudata (HICKS) arises from the 
anterior cephalic doublure, rather than from the front of the cranidium 
(WHITTINGTON in MOORE 1959, p. 0428), a condition similar to that pertaining 
in Falanaspis aliena (TJERNVIK 1956, Pl. Il , Fig. 21). It is probable also that the 
diagnostic "median furrow" bisecting the frontal lobe of the glabella in 
Selenecerne is a feature due to flattening - material of Selenecerne species tends to 
be indifferently preserved in a crushed condition in graptolitic shales. An 
irre gular crack rather than a true furrow is indicated by CLARK (1924, PL 9, 
Fig. 10) for the type species, TURNER (1940, p. 516) states that on S. baken 
(TURNER) the glabella is "somewhat crushed, divided into two lateral lo bes, 

which may be quite accidental", Kindle's (1942) illustration of S. eva nsi 
(Kr}lDLE) clearly shows that the furrow is ndther straight nor median, while 
no such furrow is present at all on S. acuticaudata (HrcKs) (WHITTARD 1958, 
Pl. 16, Fig. 4). I retain Falanaspis here pending a full description of the type 
species of Seleneeerne. 

KrNDLE (1942, p. 33) and WHITTARD (1958, p. 118) note the association of 
Selenecerne with graptolitic deposits. Described species of Falanaspis and Selene
cerne occur in the ArenigjLlanvirn of Bathyudd, Asaphid and Selenopeltis 
provinces; their distribution is therefore nearly cosmopolitan. In Spitsbergen 
Falanaspis is associated with the olenid community (and with graptolites) which, 
as has been noted elsewhere (FORTEY 1975, p. 349), might be predicted to include 
more widespread geneca. It is noteworthy that Seleneeerne is characterised by a 
multiplication of thoracic segments compared with other raphiophorid like 
tri lo bites, a condition that may be associated with life in deep water, de
oxygenated conditions of the olenid environment (cf. FORTEY and OWE}lS 
1975, p. 237). 

Falanaspis extensa n. sp. 
(Pl. 33, Figs. 1-3) 

Stratigraphic range. Olenidsletta Member, 60 m to 110 m from base,-

occurring with abundant olenid trilobites . 

Holotype, incomplete cranidium, PMO NF 2255 (counterpart 
PMO NF 2260) ; one other cranidium PMO NF 850. 

Diagnosis. A Falanaspis species with wide (trans.) fixed cheeks, pre
glabellar field steeply downward-sloping to horizontal anterior border. 
Posterior border furrow present laterally, effaced ne ar glabella. 
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Description. - This species is known from only two cranidia, of which one is 

not weU preserved, but dearly represents a new species distinct enough to 
justify its formal recognition here. Cranidia are almost three times as wide as 
long, convex. The glabella has an almost pedectly circular outline, is low and 
flat, scarcely elevated above the fixed cheeks; on the poorly preserved speci
men the gla beIla can scarcely be discerned. Glabellar furrows are not visible on 
available material, but there is an obscure median tuberde towards the front of 
the glabella. 1;finute apodemal pits are present in the preglabellar furrow. Pre
glabellar {ield continues the downward slope of the front of the glabella, of 
width (sag.) about one-sixth length of glabella. Flat, narrow (sag., exsag.) 
anterior border of transverse width slightly less than that of glabeIla. Posterior 
border furrow only defined near lateral edge of cranidium, obsolete adaxially; 
posterior border so defined flat, or slightly forward-inclined. 

Discussion. This species differs from the type species F. aliena (TJERNVIK 

1956, p. 273, Pl. I l, Figs. 20, 21) in having much wider fixed cheeks, shorter 
(sag.) preglabellar field, in possessing a distinct anterior border, and in having 
the posterior border furrow obsolete adaxially. 

Family TELEPHINIDAE MAREK 1952 

Carrickiinae, DEAN 197 lb, p. 48. 

Diagnosis. - Pelagic trilobites with greatly developed eyes, occupying the 
major part of the free cheeks. GlabeIla very convex, smooth, or with two to four 
pairs of muscle impcessions, of which I P may be deepened at its inner end (in 
some speeies of Telephina) to form a furrow subparallel to sagittal line. Occipital 
furrow deep, defining wide (sag.) occipital ring. Fixed cheeks with broad 
(trans.) palpebral lobes, occupying the major part of the cranidial length. 
Anterior border archcd, with circular cross section, or moditied as a pair of 
spine-like projections. Free cheeks with prominent borders, laterally or postero
laterally bearing long tubular or blade-like genal spines. Thorax (where known) 
of 9 or 10 segments, axis extremely convex, pleurae short. Pygidium convex, 
with prominent axis having 2-4 axial rings; terminal piece may bear a long 
spine. Doublure narrow. 

Ineluded genera: Oopsites n. gen., Carolinites KOBA YASHl 1940, Goniophr;'s 
Ross 1951, Telephina (Telephina) MAREK 1952, Carrickia TRIPP 1965, TelephinG 
(Telephops) NIKOI AISEN 1963. 

Discussion. This family has hitherto induded only the genus Telephina 
MAREK 1952 (WHITTINGTON in MOORE 1959, p. 0-297) , but discovery of early 
relatives of this genus, included herein in Oopsites n. gen., demonstrates the 
dose relationship between Telephina and certain genera included in the Treatise 
in the Komaspididae. Such a relationship has already be en suggested by 
NIKOLAISEN (1963). It is proposed here to extend the T elephinidae to include 
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the genera Goniophrys Ross 1951, Carolinites KOBAyASHI 1940, and Carrickia 
TRIPP 1965. The evolutionary rclationship of these genera to the Cambrian 
komaspidids has yet to be elarified, and since the Cambrian genera differ from 
the telephinids (as here understood) eonsistently in, for example, the possession 
of transverse glabellar furrows, they are considered to represent a separate 
family. The genus Benthamaspis POULSEN 1946, formerly included in the Koma  
spididae (HENNINGSMOEN in MOORE 1959), is here exluded from the Tele  
phinidae, as it lacks both the well-defined occipital ring and broad (trans.) 
palpebral rims typical of the family. Is is probably most closely related to a 
group of Upper Canadian trilobites induding StrigigenaliJ WHITTINGTON and 
Ross 1953, "Platycolpus" sp. Ross 1951, and "new genus aff. Strigigenalis" 
BERRY 1960 (Pl. 1, Figs. I ,  3). 

Oopsites n. gen. is apparently confined to the early Ordovician, and is the 
morphological and stratigraphic intermediate between Goniophrys prima Ross 
1951 and early species of Telephina. The glabeIla of Oopsites and Goniophrys are 
very similar, and both possess a rather wide, arehed anterior border; the 
pygidium of Oopsites gladiator n. sp. with its eonvex axis with two axial rings 
and broad (trans.) pleuraI field is similar to that of Goniophrys prima Ross. The 
long palpebral rims of Goniophrys bend inward posteriorly, and it was probably 
the exaggeration of this inward bend that produeed the charaeteristic form of 
the telephinid fixed eheek. In Oopsites n. gen. the posterior border is still rela
tively wide (trans.), espeeially on smaller eranidia (see Pl. 33, Figs. 14, 18), 
which, exeept for the telephinid-like palpebral 10be, are remarkably Goniophrys
like. In Telephina itself the posterior border becomes very narrow (trans.), in 
some species redueed to a spine ( T. americana (BILLINGS ), see WHITTINGTON 1965, 
Pl. 37, Fig. 18). Corresponding with this ehange the lateral ends of the arehed 
anterior border migrate adaxially, beeoming very elose together, and modified 
in many species to form a pair of tubular spines. These ehanges allow for a 
greater extension anteriorly and posteriorly of the visual surfaee of the eye, 
ehanges no doubt eonneeted with a better adaptation to the pelagie mode of life. 
It should be emphasised that the transition between Oopsites and Telephina is 
gradational. One transitional species is T. bicuspis HADDING (material of whieh I 
have been able to examine) in which the anterior border is of Oopsites type, 
but with the lateral tips steep and rather dose to the sagittal line. 

The probable derivation of Carolinites from Goniophrys prima through Caroli
nites sp.A HINTZE 1953 has been diseussed by HINTZE (1953, p. 147, 156) and 
CHUGAEVA (in CHUGAEVA, RozMAN and IVANovA 1964). The dose similarity 
of Goniophrys to Carrickia TRIPP 1965 has been emphasised by Rass and Il'\GHAM 
(1970, p. 396), who regarded the latter genus as a junior synonym of Gonio
phrys. Cranidia of speeies attributed to Carrickia (TRIPP 1965, SHAW 1968, 
DEAN 1971 b) differ from Goniophrys prima in having wider fixed eheeks with less 
eurved palpebral lobes and I follow DEAN (1971b, p. 60) in aeeepting Carrickia 
as a valid genus. 

All genera of the Telephinidae (as here defined) can therefore be reasonably 
derived from a speeies dose to Goniophrys prima Ross 1951. Within sueh a 
naturai group the separation of Telephina in a family of its own seems to intro
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Fig. Il. Phylogeny of the Te1ephinidae as redefined in the present wm-k. The possible con
tinuation of the record of Carrickia into the Tremadoc is based upon DEAN'S (1971b, p. 50) 
assignment of "Undetermined genus and species A" of Ross (1951, Pl. 18, Figs. 21, 23, 24) to 

this genus. 

duce excessive splitting. The evolutionary relationships are shown diagrammat
ically in Fig. Il. 
DEAN (197Ib, p. 48) has introduced a su bfamily Carrickiinae of the Koma

spididae to include Carrickia and Goniophrys. If the view of the relationships of 
the genera included here in the Telephinidae is correct (Fig. Il), including 
separation from the Cam brian komaspidids, then the concept of the Carrickii
nae seems to be included within the Telephinidae in the present revision. 
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Genus Oopsites n. gen. 


Type speeies . Oopsites hibernicus (REED 1909). 


Diagnosis. Telephinid trilobites having convex glabella tapering forward -

and rounded in front. Fixed cheeks of similar form to Telephina, but wider 
(trans.) and with broad palpebral rims. Anterior border convex, arched, of 
width (trans.) about two-thirds that of occipital ring. Postocular fixed cheeks 
narrow (exsag.), with a relatively wide (trans.) convex posterior border. Free 
cheeks with large crescentic eyes, borders fairly wide, with long, downwardly 
directed, backward pointing genal spines. Thorax of more than 8 segments, 
pleurae as wide (trans.) as axis. Pygidium wider than long, with convex, gently 
tapering and posteriorly rounded axis with two axial rings and terminal piece. 
Pleural fields downsloping, with narrow, slightly concave posterior border. 
Dorsal surface tubereulate. 

OopJites hibernicus (REED 1909) 
(Pl. 33, Figs. 8-19; Pl. 34, Figs. 1-7; Figs. l2A, B) 


1909 Telephus hibernicus sp. nov.; REED, p. 149, Pl. VI, Figs. 10, Il. 

1968 Telephina hibernica (REED 1909); WHITTINGTO , p. 56. 


Stratigraphic range. Olenidsletta Member; 30 m - 75 m ?80 m from base 
(a pproximately protobifidus zone). 

Material. Includes cranidia: PMO NF 580, 587, 588a, 629, 635, 747, 749; 
SMA 84179, 84182, 84185-8; incomplete dorsal exoskeleton SMA 84180; free 
cheek: SMA 84181; pygidia: PMO NF 917, SMA 84183-4. 

Diagnosis. An Oopsites species with surface sculpture on cranidium of very -

low, seattered tubercles. Anterior border broadly arched, tran sver se width 
about two-thirds that of occipital ring. One pair of shallow elliptical muscle 
impressions visible on intern al moulds. Free cheeks with bro ad border, and 
long, gently tapering genal spine. Pygidium with convex axis with two axial 
rings, pleural fields with narrow, horizontal adaxial region, sloping down 
laterally to narrow rim; one pair pleura1 furrows. 

Description. Cranidium with maximum width between palpebral lobes, this 
being about 1.8 times the sagittal length. Glabella highly convex, maximum 
width at occipital ring equa1 to sagittal length, tapering very gently forwards 
and broadly roundcd anteriorly. Maximum convexity on mid-line, sloping 
gcntly downwards anteriorly. One pair of muscle imprcssions, visible on 
internal moulds as shallow elliptical furrows, sloping backwards at about 20 
degrccs to sagittal line, not reaching axial furrows, inner ends at about mid
length of glabella. Occipital furrow deep across middlc of glabclla and laterally, 
cxsagittally shallower and wider at sites of occipital muscle impressions. 
Occipital ring broad (sag.), about one quarter glabellar lcngth, its mid two
thirds widest and of uniform width (sag., exsag.), laterally narrowing slightly. 
Axial and preglabellar furrows continuous, deep, and rather narrow, shallowest 
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adjacent to occipital ring. Maximum lransverse width of fixed cheeks adjacent 
to forward part of glabeIla. Fixed cheeks wide (trans.), triangular, sloping 
gently downwards anteriorly. Palpebral rims broad, outlined by deep furrows 
and narrowing posteriorly. Postocular cheeks narrow (exsag.), triangular, 
steeply downsloping, posterior border furrow deep, straight, outlining highly 
convex posterior border. The adaxial part of the fixed cheek opposite and in 
front of the anterolateral part of the occipital ring is elevated in to a semi
circular facet sloping steeply down into the axial furrows, representing a large 
musde attachment area. Preglabellar field absent on mid-line, laterally a 
slightly inflated subtriangular area. Anterior border broadly arched, cross 
section circular, transverse width about two-thirds that of occipital ring. Facial 
suture running inwards at a high angle from posterior border, curving sharply 
abaxially at posterior limit of palpebral lobe to run outwards at about 30 
deg re es to sagittal line, then curving evenly adaxially around lateral extremity 
of palpebral lobe to run almost transversely along its anterior margin. Anterior 
branch curves downwards to cut the anterior border at an acute angle. 

Free cheeks fairly broad, outline approximately semicircular. Eye extremely 
large, crescentic, transverse outline strongly curved, with rather large, hexa
gonal lenses arranged in vertical files of about 20 lenses with a total of about 
45 such rows. Lateral and posterior borders with circular cross section. Lateral 
border curves rather evenly backwards, posterior border much shorter, 
running slightly forwards to obtuse genal angle. Border furrows very deep 
except at genal angle where they shallow abruptly. Genal spine sloping back
wards and downwards, extremely long, cross section elliptical proximally, 
circular distally. 'Nhen the cheek is reconstructed attached to the cranidium in 
life position it slopes downwards quite steeply, projecting below the level of the 
thorax and pygidium. 

Thorax of at least 8 segments, the first three expanding in width, the last five 
tapering, pleurae of transverse width about equal to that ofaxis. Axis convex, 
gently tapering. Axial rings of uniform width (sag., exsag.) \"ith prominent 
articulating half rings at least half the width of the axial rings. Axial furrows 
deep. Pleurae of first three segments pointed, those of last four segments blunt 
tipped. Pleurai furrows of anterior segments oblique, those of posterior seg
ments running transversely along middle of pleurae. 

Pygidium triangular, very convex, over twice as wide as long. Axis extremely 
convex anteriorly, decreasingly so posteriorly, tapering very gently, tip not well 
defined and bluntly rounded. Two axial rings, the anterior one slightly wider 
(sag.), of uniform width. Ring furrows deeper laterally. Terminal piece sub
semicircular, sloping down to posterior border, bearing a pair of slightly 
elevated nodes separated by a shallow, depressed groove on mid-line. Axial 
furrows deep anteriorly, shallowing considerably posterior to the sec ond axial 
ring. Pleurai fields with narrow (trans.) horizontal area adaxially, steeply 
dowusloping laterally. One pair of fairly shallow, transverse or slightly back
wards-sloping pleural furrows, which almost reach posterior margin. Posterior 
to the pleurai furrows the edge of the horizontal adaxial part of the pleural 
field is marked by two tuberdes, the posterior of which is very dose to the axis. 
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Fig. 12. A. Reconstruction of Oopsites hibernicus (REED) in dorsal view, X 6. B. Cranidium, 
anterior view, X 6. C. Anterior view of the cranidium of the type species of Telephina, T . .fracta 
(BARRANDE), based on casts of the type material, to show diagnostic difference in the anterior 

border from that of Oopsites. 

Posterior border narrow, slightly concave, edged by very narrow, slightly 
convex rim, more distinet posteriorly. 

Surface sculpture consisting of depressed tubercles on fixed cheeks and pal
pebral rims, and on the occipital ring, but very sparse or absent on the pre
occipital part of the glabeIla of larger cranidia. A similar sculpture is developed 
on the anterior axial rings. Other parts of the exoskeleton, including the pygi
dium, appear to be smooth. Tubercles are more prominent on small er cranidia, 
rather widely spaeed. 

Small cranidia (sag. length 3 mm or less) differ from larger cranidia in being 
generally shorter and wider 'with broader (trans.) fixed cheeks, which posteri
orly do not curve so far adaxially, not closely approaching the glabeIla at their 
posterior limits. The gla beIla tapers more noticeably forwards. Posterior border 
wide, approaching width of glabeIla. 

Discussion. REEO'S original description of O. hibernicus (REEO 1909, p. 149, -

Pl. VI, Figs. 10, Il) from the Tourmakeady Limestone, ·Western Ireland, is 
not sufficiently clear to evaluate the relationships of the Spitsbergen material. 
The best-preserved, least distorted cranidium from REEO'S original collection 
is here refigured (Pl. 33, Fig. 8), and selected as lectotype (SMA 10398). The 
similarity of the Tourmakeady cranidia and those of comparable size from the 
Olenidsletta Member is remarkable. The wide fixed cheeks, broadly arched 
anterior border and relatively long (trans.) postocular fixed cheeks, features 
characteristic of Oopsites n. gen., are similarly developed on the Irish material. 
The IP furrows are visible on the holotype as faint depressions, but as on the 
Spitsbergen material their development is variable. Perhaps most strikingly the 
scattered tubereular sculpture is of identical density on the Tourmakeady and 
Olenidsletta Member material, much sparser than on comparably-sized 
cranidia of O. squamosus. In short there seems no reason to give a separate 
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specific name to the Spitsbergen Oopsites. I have recently found a pygidium and 
free cheek for the Tourmakeady species which further support this conelusion. 
The identity is of interest because the equivalence in age of the Tourmakeady 
and the mid-part of the Olenidsletta Member is supported also by the occur
rence there of Opipeuter inconnivus (FoRTEY 1974a) and a Niobe extremely elose 
to N. occulta n. sp. (p. 31). 

Oopsites squamosus n. sp. 
(PL 35, Figs. l-I l) 

Stratigraphic range. Olenidsletta Member, beds above O. hibernicus, typically 
80-100 m from base; probably bif'idus (sensu BERRY 1960) zone. 

Material. Holotype cranidium, PMO NF 1579, other material indudes 
cranidia: PMO NF 1286,2647,2635, SMA 84189; free cheeks: PMO NF 102, 
SMA 84192; pygidium: PMO NF 1579. 

Diagnosis. An Oopsites speeies ,vith surface sculpture on cranidium of 
prominent, densely spaeed tuberdes interspersed with finer granules. Two pairs 
of smooth musde areas on glabella, and prominent occipital impressions. 
Giabella tapering forwards more rapidly than that of O. hibernicus. Free cheeks 
with narrow border, rapidly tapering gen al [pine. Pygidium similar to that of 
O. hibernicus, but transversely narrower. 

DiscuJSion. This speeies continues stratigraphically later than O. hibernicus 
which it resembles rather dosely, and from which it may have been derived. It 
differs from the type speeies nota bly in its surface sculpture, relatively broader 
based, more rapidly tapering glabelIa, and narrower border on the free cheek. 
Pygidia of the two speeies are elosely similar, but that of O. squamosus is of a 
length (sag.) approaching maximum transverse \vidth. :NIuscle impressions are 
particularly weU shown as smooth areas on the sides of the glabella, l P in a 
similar position to that of O. hibernicus, and in addition a subcircular, smaller 
impression 2P, far forward on glabella. The occipital musde impression is also 
prominent (PL 35, Fig. 8). The muscle impressions of Telephina americana 
(BILLINGS) (WHITTINGTON 1965, PL 37, Fig. 18) indude a prominent smooth 
area on the glabeIla immediately in front of the pit in the occipital ring. I 
believe that this impression is homologous to that on the occipital ring of 
Oopsites squamosus and O. hibernicus and that the Oopsites- Telephina transition was 
accompanied by its anterior migration. Note also that on T. americana the 
posterior impression on the fixed cheek adjacent to the axial furrow is broader 
and longer, not developed as a distinet facet as in Oopsites n. gen. 

Genus Carolinites KOBAYASHI 1940 

Type speeies. - Carolinites bulbosus KOBAYASHI 1940. 

Discussion. - This genus indudes the following speeies : C. minor (SUN 1931), 
C. bulbosus KOBAYASHI 1940, C. killaryensis (STUBBLEFIELD 1950), C. genacinaca 
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Ross 1951 (and subsp. nevadensis HINTZE 1953), C. sp.A (HINTZE 1953), C. 

macrophthalmus HARRINGTON and LEANZA 1957, C. popovkiensis BALAsHovA 1961, 
C. sibiricus CHUGAEVA 1964 ( C. angustagena Ross 1967 see below), C. indentus = 

Ross 1967, and C.parma OGIENKO 1972. Two new species, C. rugosus n. sp. and 
C. ekphymosus n. sp. are described here, while the identity of severai previously 
described speeies may be questioned on the basis of abundant and well
preserved material from Spitsbergen. 

Carolinites speeies are of very wide geographie distribution, this probably 
being due to a pelagic mode of life (p. 10, FORTEY 1975, p. 343). They are thus of 
outstanding stratigraphic importance. C. genacinaca Ross has been recorded 
from Utah, Nevada, East Greenland, East Siberia, Novaya Zemlya, and Arctic 
Canada, and occurs also in Spitsbergen. C. sibiricus CHUGAEVA is recorded 
from Spitsbergen herein, occurring also in Siberia, Western Ireland (see 
Pl. 40, Fig. 7) and Western U.S.A. (as C. angustagena Ross 1967). C. killaryensis, 
from the top of the Spitsbergen section, is known also from Western Ireland and 
the Basin ranges, Western U.S.A. (Ross 1967, p. D. l l). All these occurrences 
in other areas are consistent with the stratigraphic succession of species in the 
Valhallfonna Formation. 

Growth stages described below show that the species C. indentus Ross 1967 
represents a growth stage of a species of Carolinites with a "normal" anterior 
border. Since severai speeies of the genus pass through an "indentus" stage it is 
not possible to be certain of the status of Ross' species at the present time. 
C. sibiricus and C. killaryensis are coeval in the tap part of the Spitsbergen 
section. 

The probable derivation of Carolinites from Goniaphrys prima Ross 1951 by 
way of Caralinites sp.A of HINTZE (1953) has already been diseussed by HINTZE 
(1953, p. 147, 156) and CHUGAEVA (in CHUGAEVA, ROZMAN and IVANovA 
1964). As diseussed above, a species elose to Ganiaphrys prima is also believed to 
have given rise to Oopsites n. gen., and through speeies of this genus to Telephina. 
Caralinites is thus rather dose to the telephinid trilobites, and they are included 
in the same family here. 

Phylageny ofCarolinites speeies in Spitsbergen (Fig. 13). 
The Valhallfonna Formation has yielded six speeies and subspecies of Cara

linites, which is one of the most abundant genera throughout the sections, being 
present in virtually every bed examined (FoRTEY 1975, p. 336). The continuous 
stratigraphic record enables a phylogenetic model to be proposed here. Most 
features of the cranidium, free cheek and pygidium are involved, and the 
changes that occur appear to fall on a more nearly intergradational morpho
logical series than was the case either with the 01enidae (FoRTEY 1974b, p. 
19-21) or the Kileidae (p. 36). 

The earliest speeies is C. genacinaca nevadensis HINTZE 1953, occurring in the 
basa1 3 m of the Olenidsletta Member, its range there extending upwards from 
the top few metres of the Kirtonryggen Formation. Diagnostic features are its 
very small bacculae which scarcely indent the base of the glabella, fixed cheeks 
of relatively narrow (trans.) width for the genus. The free cheek has a straight 
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onglllates far back, andgenal spine, which perhaps most diagnostic of all, 

carries a distinctive inflated band parallel to the base of the eye (Pl. 38, Fig. 10; 
HINTZE 1953, Pl. 20, Fig. 4). The pygidium tapers very slightly; only two axial 
rings are clearly defined by deep ring furrows. 

The succeeding species, C. genacinaca genacinaca Ross 1951, has slightly larger 
bacculae which indent the base of the glabella more noticeably, so that on larger 
cranidia the glabeIla expands forwards. The fixed cheeks are slightly wider 
(trans.), the expansion in width occurring at the posterior margin, and marked 
by an abaxial flexure of the intra palpebral ridge. The genal spine on the free 
cheek originated rnrther forward than on C. genacinaca nevadensis, and is typically 
curved, broadly-based, and tapering distally. The inflated band characteristic 
of C. genacinaca nevadensis is absent. The pygidium tapers posteriorly; the 
pygidial axis with two prominent axial rings defined by deep ring rnrrows, but a 
third, much fainter ring is also visible. The axial rings and terminal piece carry 
small, median tubercles. This description applies to stratigraphically late 
populations of C. genacinaca genacinaca which compare exactly with Ross' (1951) 
type populations. Stratigraphically early populations (Pl. 38, Fig. l )  show 
features intermediate with C. genacinaca nevadensis: the inflated circumocular 
band is still present, although much reduced; the pygidium shows three axial 

rings like C. genacinaca genacinaca, but the median tubercles characteristic of that 
subspecies are lacking. The intergradation between the sub·species appears to 
be perfect; there is no evidence of a morphological jump between nevadensis and 
genacinaca morphology between any two successive beds. Two species are deri ved 
from C. genacinaca genacinaca: C. killaryensis (STUBBLEFlELD) and C. ekphymosus n. 
sp. 

C. killaryensis rnrther developes the tendency of C. genacinaca genacinaca towards 
wide (trans.) fixed cheeks, although the bacculae remain at about the same 
size. The free cheeks of the two species are similar in form, although the 
lenses of C. killaryensis are coarser, and comparable sized eyes therefore have 
about half the number of lenses as C. genacinaca genacinaca. The pygidium retains 
and increases the posterior taper of C. genacinaca genacinaca, but the median 
tubercles are developed into spines, and that on the terminal piece of the 
pygidial axis greatly produced posteriorly. Again it is possible that there is a 
complete intergradation between C. genacinaca and C. killaryensis; although 
associated pygidia are laeking in the u ppermost part of the Olenidsletta 
Member cranidial proportions intergrade between the two species, and the 
pygidial spines of early killaryensis are relatively delicate. 

C. ekphymosus n. sp. shows the opposite morphological developments to those 
involved in the genacinaca genacinaca killaryensis transition. The fixed cheeks 
become narrower, and the bacculae more inflated, and therefore occupy a 
greater proportion of the fixed cheeks; it is still possible, however, to see a small 
area of fixed check between the bacculae and the intra palpebral ridge. Sur  
face sculpture is granulate, with small, mound-Iike protruberances developed 
adjacent to the intra palpebral ridges. The free cheek retains the same general 
form as that of C. genacinaca genacinaca; the pygidium is also closely similar to 
that of the earlier species but lacks the median tubercles characteristic of 
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stratigraphically high C. genacinaca genacillaca, tapers less posteriorly, and has the 
three axial rings almost equally well-defined, and pleural and interpleurai fur
rows equally distinet on the horizontal pleurai fields. C. rugosus n. sp., which 
unlike the other spedes diseussed here appears rather suddenly in the Profil
bekken Member, shares almost exactly the proportions of C. ekphymosus but 
has greatly deepened dorsal furrows; in particular the occipital and axial rings 
are bisected transversely by furrows which do not reaeh the axial furrows. The 
pleural and interpleural furrows of the pygidium are deepened so that the seg
ments of the pygidium closely resemble thoraeic segments. The genal spine is 
shorter and more slender than that of C. ekphymosus and the lenses on the eye are 
larger. Surfaee seulpture consists of fine ridges whieh are present on the small, 
mound-like protruberanees on the fixed eheeks. This affords another example 
of a phyletie sculptural transition from granulate to ridged seulpture which has 
already been noted in the transition from Baillibarbi pulvurea to B. tholia among 
the Olenidae (FORTEY 1974b, p. 18). 

Carolillites sibiricus CHUGAEV A retains many of the charaeters of C. ekphymosus, 
following that species in the Profilbekken Member, but earries the tendency 
towards inflation of the baceulae and narrowing of the fixed eheeks to comple
tion, so that the baceulae abut direetly against the intrapalpebral ridge, and the 
base of the glabella may appear "waisted". The genal spine beeomes reduced on 
large free cheeks. The pygidium is closely similar to that of C. ekphymosus, with 
four axial rings, equally well-defined by transverse ring furrows, posterior 
margin transversely truncate. Again the "boundary" between C. ekphymosus 
and C. sibiricus is difficult, if not impossible, to define, speeimens 32-37 m from 
the base of the Profilbekken Member appearing to be transitionaL C. ekphymosus, 
C. rugosus and C. sibiricus share as an apomorphic charaeter a bisected terminal 
piece on the pygidial axis. 

C. killmyensis and C. sibiricus oeeur together almost to the top of the fossili
ferous part of the Profil bekken Member. Of species that oceur outside Spits
bergen of the same age or younger than these species derivation from C. 
killaryensis is more probable than from C. sibiricus. The subspedes distinguished 
by HINTZE (1953, p. 145, Pl. 20, Figs. l 0- l3) as C. killaryellsis utahensis1 retains 
a similar pygidium to C. killaryensis killaryellsis, and bacculae of similar pro
portions, but the fixed cheeks are relatively narrower. The unnarned tubercu
late species iIlustrated by WHITTINGTON (1965, PL 39, Fig. 3, 4, Il; 7, 12, 13) 
and DEAN (l 973b, PL 3, Figs. 3, 6, 7, 9, 12) all have fixed cheeks of width 
(trans.) comparable to, or exceeding that of C. killaryensis killaryensis. 

Most authors have tended to emphasise the width of the fixed cheeks as an 
obvious character to distinguish Carolinites species. The preceding diseussion 
shows that almost all exoskeletal features are involved in the spedes-lineages 
proposed here. Fig. 14 shows the relative width of the fixed cheeks of Carolinites 
species (defined on the plexus of characters us ed here) as related to strati

1 HINTzE (1953) records this subspecies from zone M (Whiterock), but YOUNG (1973, p. 98, 
Pl. 101, Figs. 18-20,23,24,28-31) identifies the subspecies as early as zone H. But note that 
the free cheek illustrated by YOUNG shows the subocular ridge charactedstic of C. gerwcinaca 

nevadensis (zone H). 
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Fig, 14. Relative width of fixed cheeks of perfectly preserved Carolinites cranidia plotted against 

stratigraphic occurrence. '"VG maximum transverse width of pre-occipital glabeIla. WC 

transverse width of fixed cheek at posterior border measured from axial furrow, For the sake 
of clarity C. rugosus, with proportions similar to those of C. ekphymosus, has been omitted. 

graphical occurrence. The intergradational nature of the changes in this dimen
sion is apparent from the graph, but the dichotomy into the killaryensis line 
with broad fixed cheeks and the ekphymosus-sibiricus line with narrow fixed 
cheeks is obvious. The front margin of the glabella of Carolinites species of ten 
shows a median depression ; this feature is highly variable and is considered of 
dubious value as a specific charaeter. 

Carolinites rugosus n. sp. 

(Pl. 34, Figs. 8-10; Pl. 36, Figs. 1-19) 


Stratigraphic range. - Profilbekken Member 30-36 m from base. 

lvlaterial. - Holotype, cranidium, SMA 84195. Other material includes 
thorax and free cheeks: PMO NF 1374, cranidia: SMA 84197, 84202-5, 

PMO NF 1190, many specimens on blocks PMO NF 1192, 1200; pygidia: 
SMA 84]98, 84200, 84208, PMO NF 1189, 1184; free cheeks: SMA 84196, 

84206, PMO NF 1209. 
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Diagnosis. - A Carolinites species with narraw fixed cheeks and large bacculae. 
Prominent median transverse Iurrows on occipital ring, axis of thoracic seg
ments, and axial rings of pygidium. Pygidium with four axial rings, inter
pleural and pleural furrows deep. External surface covered with a sculpture 
of fine to coarse anastomosing ridges, especially prominent on fixed cheeks and 
posterior part of the pygidium. 

Description. Cranidium convex, trapezoidal in outline, widest at posterior 
border, maximum length (sag.) almost two thirds maximum width. GlabeIla 
highly convex (sag., trans.), sloping steeply downwards anteriorly, almost as 
broad as long. It occupies over half cranidial width at occipital ring, and is 
narrowest in front of the occipital ring adjacent to the baeeulae, in front of 
whieh it expands rapidly to hs maximum width. Anteriorly it tapers gently to 
broadly rounded anterolateral eorners. The front margin is straight. Oecipital 
{urrow deep and straight, narrowing medially. Oecipital ring slightly below the 
level of the glabella in lateral view, widest on mid-line, with a prominent 
median (trans.) furrow whieh just fails to reach the axial furrows. Axial fur
rows shallow except adjacent to the bacculae, where they curve up the sides of 
the glabeIla. 

Surfaee seulpture on the glabella consisting of fine raised ridges running for 
the most part parallel to the axial furrows, but erossing transversely over the 
mid-line, where they break up in to minute granules. Adjaeent to the areas of 
muscle attaehment the ridges "open out" into a fine network. These muscle 
impressions are defined by conspicuous smooth ar:d sunken patches on the 
euticle and are in places deepened suffieiently to form shallow furrows. Their 
shapes are quite irregular, but they fall into four rna in areas (Pl. 34, Figs. 8, 
10): IP is a transverse linear depression eommencing near, but not toueh
ing, the axial furrow, and running up the side of the glabeIla to about one
quarter its width. Near its inner end it is deepened to form a short, shallow 
furrow. The seeond area 2P is the largest and most eomplex, developed on that 
part of the glabella opposite the baeeulae. The anterior part is a highly ir
regular oval (lang axis trans.) approximately parallel with I P, and like that 
area almost, but not quhe, reaehing the axial furrow. The part of 2P nearest 
the axial furrow, and subparallel to it, is deepened, sa that a short furrow is 
produeed parallel to the edge of the glabella. The inner end of the smooth area 
2P is eontinued backwards as a narrow, shallow, vermiform impression which is 
expanded into a disc-shape posteriorly. Around this disc shape there is a circlet 
of peeuliar small pits (PL 34, Fig. 10). 3P is ovate, long axis parallel to the 
anterior oval part of 2P, although extending a lesser distance across the 
glabella, and like 2P almost reaehing the axial furrow and very slightly 
deepened at its outer end. 4P is a circular depression at the anterolateral 
corner of the glabella, and further away from the axial furrow than either 3P 
or 2P. The outer end of the furrow running transversely across the middle of the 
o ccipital ring is also widened as a depressed smooth area (Pl. 34, Fig. 10) and it 
is considered that this represents another muscle area. These impressions are 
apparently eonstantly developed on all speeimens preserving the exoskeleton. 



- 107 


Similar impressions can be made out, though less clearly, on C. ekplrymosus. The 
anterior sloping part of the frontal lobe of the glabella has a median smooth line 
(Pl. 34, Fig. 8) which continues in line with the mid-line sculptural deflexion 
described above: the former is analogous to the median indentation of the front 
of the glabeIla of C. sibiricus (p. I l  l ), while the latter occupies the same position 
as the median internal groove (ridge on internal mould) seen in some speci
mens of C. ekplrymosus (Pl. 39, :Fig. 4), that is they are the external, surface 
expressions of an internal structure. 

The narrow fixed cheeks are widest at the posterior margin, posteriorly 
sloping downwards and outwards, anteriorly downwards and forwards. 
Bacculae large, occupying the bulk of the ,...,idth of the fixed cheek. The inner 
edge of the palpebral furrow is bounded by a prominent ridge (referred to 
hereafter as the intra-palpebral ridge), which anteriorly is almost adjacent to 
the glabella, posteriorly running outwards at about 30 degrees to the sagittal 
line before swinging outwards sharply near the posterior border to run out 
almost to the posterolateral corner of the cranidium. The palpebral rim follows 
the line of this ridge, running the whole length of the cranidium. It is of rather 
uniform width except at its extremities, and is on a level slightly below that of 
the palpebral ridge, from which it is separated by a broad and shallow pal
pebral furrow. Posterior border furrow deep and narrow behind bacculae, 
slightly broader laterally, at distal extremity separated from the palpebral 
lobe only by the intra-palpebral ridge described above. Posterior border narrow 
and low near axial furrow, curving downwards, broadening and flattening 
abaxially, laterally developing a shallow, oblique median furrow. Preglabellar 
field developed as narrow triangular areas in front of the rounded, anterolateral 
corners of the glabella, absent anterior to mid-part of glabella. Arched anterior 
border is expanded distinctly (sag.) on mid-line, with surface sculpture of 
parallel raised lines. Sculpture on fixed cheeks complex, consisting of coarse 
ridges and mounds each of which is covered with fine raised ridges similar to 
those on the glabella. The abaxial sides of the bacculae are covered by ir
regular raised ridges, while the intra-palpebral ridges be ar subparallel ana
stomosing fine raised lines. Palpebral lo bes, and axial and posterior border 
furrows, are smooth. 

Free cheek consisting of an enormous globular eye surrounded by a convex 
border. The inner margin of the eye is straight where it abuts the palpebral 
lobe. Hexagonal lenses ratber coarse (long diameter 0.025 mm) arranged in 
files of 30-34 across (trans.) the eye, the number of lenses, totalling about 1300 
in eyes of length (sag.) about 0.5 cm. Lenses hexagonal, but 5-7 sided polygons 
are not uncommon. With the eye in presumed life position some lenses are 
facing upwards, a large number laterally, while the back and front parts of the 
eye have many lenses in such a position as to command an anterior and 
posterior view. Furthermore the cheek border is directed downwards at such a 
steep angle that the lower part of the eye has lenses directed downwards with a 
ventrai field of view. Border separated from the eye by a narrow (trans.) 
depressed area widest just posterior to genal spine and narrowing rapidly 
round the anterior and posterior parts of the eye. The border itself is convex, 
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subparallel to the dorsal outline of the eye, widest immediately in front of the 
genal spine and narrowing rapidly in front of the anterior part of the eye. It 
carries the genal spine at its mid-point, which is strong and blade-like, curving 
outwards and backwards and downwardly directed. Doubiure turned up 
sharply inside the border, narrow, and continued anteriorly as a narrow strip 
which is attached at the connective suture below the anterior border of the 
cranidium. Fadal suture runs in an almost straight line from posterior to 
anterior margins of the cranidium, anteriorly turning sharply adaxially to run 
along the edge of the anterior border. 

Hypostoma (Pl. 36, Fig. 17) preserved between a pair of free cheeks on one 
speeimen that represcnts a moulted arrangement of the parts of the exoskeleton. 
The cheeks are rotated 80 that the genal spines point forwards, the hypostoma 
is both inverted and reversed so that its posterior margin now points anteriorly. 
Such an orientation is consistent with the moulting habits discussed for C. 
genacinaca genacinaca (p. 114), the inversion of the hypostoma accompanying that 
of the cranidium. The free cheeks remain in a position consistent with the view 
that the genal spines were used as levers during the shedding of the eyes. The 
hypostoma is similar to that of C. genacinaca genacinaca, described below, except 
that the middle furrows are hardly developed i anterior margin not prescrved. 
The hypostomata of both species differ from that of Telephina, as figured by 
WHITTINGTON (1965) and ULRICH (1930), in having a broader posterior 
margm. 

Thoradc segments very convex, with arched-up axis of similar outline to 
ocdpital ring, pleurae horizontal for a 8hort distance adaxially, curving down 
steeply laterally. Pleurai furrow a broad median depression dying out abaxially. 
The tip of the pleura is blunt, and continued anteriorly as a small rounded 
projection. On silicified speeimens a very 8hort (tr.) doublure can be seen. 

Pygidium wider than long, tapering gently posteriorly to almost straight 
(trans.) posterior margin, highly convex, with the axis standing weU above 
pleurai fields. Axis occupies one-third of the pygidial width at its anterior end, 
tapering gently posteriorly. Four axial rings well defined by ring furrows which 
curve forward adjacent to the axial furrows, and are bowed slightly backwards 
on mid-line. The fourth ring furrow does not quite reach the axial furrows. A 
shallow furrow runs transversely across the middle of each axial ring, dying out 
before reaching the axial furrows. The terminal piece of the axis, occupying 
less than one sixth of its length, is bisected by a longitudinal furrow, and slopcs 
down almost vertkally and without a break into the postaxial fieId. The pleural 
regions consist of a flat platform with three distinct, bluntly pointed segments 
looking very like thoracic segments but for their fusjon. Both pleural and inter
pleural furrows are strongly developed on the first three segments ; interpleural 
furrows transverse, narrow and rather deep adaxially; pleural furrows directed 
backwards at a low angle, broader than interpleural furrows, not reaching the 
border. The fourth plcural furrow is directed backwards at about 45 degrees to 
sagittal line, while the fourth pleurai tip is an elevated node, backward pointing 
and projecting slightly beyond the posterior margin. The steeply sloping 
posterior part of the pygidium and the terminal piece of the axis with which it is 
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contiguous are excavated into a distinctive arrangement of pits and ridges 
(Pl. 36, Fig. 8) rather like those on the fixed cheeks. Beneath, and adaxially to, 
the jutting out tips of the pygidial pleurae there is a smooth vertical "wall" 
which surrounds the pygidium and is itself edged by a narrow out-turned 
border. From its relative ventraI position beneath the pleuraI Helds it seems 
possible that this represents part of a modified doublure. 

Ontogeny. Smallest cranidium (0.5 mm long) probably represents an early -

meraspis (Pl. 36, Fig. 15). The glabella is twice as long as wide, almost pointed 
anteriorly. Preglabellar field bro ad, bisected by median sagittal furrow. An
terior border flat and straight. Palpebral lobes relatively short, about one third 
the cranidial length (sag.), and are quite far forward, posterior end opposite 
glabellar mid-point. Posterior border expands outwards to obtuse genal angle, 
anterior to which there is a short lateral border, i.e., the facial su ture at this size 
is proparian. 

Cranidia about I mm long have the giabeIla parallei sided posteriorly, 
anteriorly tapering to rounded front (Pl. 36, Fig. 14). The flat anterior border 
has a narrow median indentation. Fixed cheeks much wider than in adult 
cranidia, especially anteriorly, and the palpebral lobe is only about half the 
length of the cranidium. A faint eye ridge is visible, passing transversely from 
the anterior end of the palpebral lobe almost to the front of the glabeIla. The 
bacculae typical of the adult cranidia are not present. 

Cranidia about 1.5 mm long have bacculae visible as the merest swellings on 
the fixigenal side of the axial furrows (Pl. 36, Fig. 13) not indenting the glabella, 
which expands forwards only slightly to broadly rounded anterior margin. 
The lateral parts of the preglabellar fidd those parts corresponding to the 
anterolateral triangular areas on the adult become slightly inflated, these 
inflated parts separated by a median depression, in the comparable position to 
the sagittal furrow of the smallest cranidium. Anterior border with a prominent 
median indentation, not arched upwards. Palpebral lobes reach neither the 
anterior nor the posterior borders: the eyes thus continue to be smaller than in 
the adult. 

Cranidia 2-3 mm long are more similar to those of the adult, but the gIabella 
do es not expand forward so markedly and is rounded anteriorly. Bacculae are 
small, not in dent ing the sides of the giabeIla. The fixed cheeks are relatively 
wider compared with those of larger cranidia, and the palpebral lobes are 
bowed outwards slightly. Anterior border is arched and convex, but with the 
lateral extremities forward ly deflected, giving cranidia of this size a resemblance 
to Carolinites indentus Ross 1967. A narrow, downsloping preglabellar field is 
present. 

Ross (1951, p. 83) has commented on the resemblance of small er cranidia of 
Carolinites to those of Goniophrys, and postulated an extra-glabellar origin for 
the bacculae. His conclusions are confirmed by the present ontogenetic series. 
The bacculae originate on the adaxial part of the fixed cheeks on cranidia 
about 1.5 mm long and through later ontogeny increase in size to in dent the 
base of the glabella. The origin of the arched anterior border is of particular 
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interest, the first trace of the arch being a slight indentation of the anterior 
border on the mid-line, this indentation gradually increasing in transverse 
width, the border at the same time becoming bowed upwards, increasingly 
convex, and progressively closer to the glabella. The fixed cheeks become 
narrower, this change corresponding with an increase in the size of the eye. 
The usual tendency during ontogeny is for the eye to become relatively smaller, 
and it is suggested that this retention and exaggeration of a larval feature is 
perhaps further evidence of the planktonic or free swimming mode of life. 

The semicircular transitory pygidium is relatively wide compared with that 
of the adult and includes 7 weU defined segments outlined by distinet inter
pleurai furrows. Pleurai furrows visible on first two segments only. The tip of 
each pleura bears the nub characteristic of the adult thoracic segment. 

Discussion. An indented front margin of the cranidium was used by Rass 
(1967, p. Il ) as the diagnostic feature of his species C. indentus. Such a fea ture, 
as we have seen, is characterisdc of a particular ontogenetic stage (it is well 
displayed also on C. ekphymosus, Pl. 39, Fig. 9), which may weU be found on 
many speeies of Carolinites. The true identity of C. indentus must await the dis
covery of larger cranidia from the same horizon. C. indentus also possesses the 
relatively wide preglabellar field characteristic of early growth stages. C. 

rugosus is distinguished from all other Carolinites species by its distinctive surface 
sculpture, the median furrows on occipital ring, thoracic and pygidial axis, and 
the deep interpleurai furrows on the pygidium. Both this species and C. 

ekphymosus n. sp. resemble C. popovkiensis BALAsHavA (1961) rather closely. This 
species is known only from one badly preserved cranidium which does not show 
the surface sculpture, and its relationship to the Spitsbergen species must at the 
moment remain unresolved. 

Carolinites ekplrymosus n. sp. 
(Pl. 39, Figs. 1-13) 

Stratigraphic range. Characteristic of the upper part of the Olenidsletta -

Member above the last occurrence of C. genacinaca genacinaca, 105 III from base 
to top of Member, and 10wer 25 m of Profilbekken Member below earliest 
typical Orthidiella zone fauna (probable late Arenig hirundo zone). 

Material. Numerous specimens occur throughout stratigraphic range. 
Holotype, cranidium with five thoracic segments SMA 84212. Other figured 
material includes cranidia: SMA 84210-1, 84214-5, 84217; pygidia: SMA 
84218, PMO NF 1320,351; free cheek: 84213. 

Diagnosis. A Carolinites species with narrow fixed cheeks but not as narrow 
as those of C. sibiricus, and with large bacculae. Surface sculpture of fine 
granules, and with low ridges on the posterior parts of the fixed cheeks. Gently 
tapering pygidium ,,,ith four axial rings defined by transverse ring furrows with 
faint pleurai and interpleurai furrows. 
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Discussion. - This species strongly resembles C. rugosus in the gener al pro
portions of the cranidium and pygidium. It differs from that species in severai 

minor details, particularly in the form of the surface sculpture, which is 
granulate, and is lacking the transverse mid-occipital and mid-axial ring 
furrows characteristic of C. rugosus. The ridges and coarse tubercles developed 
on the fixed cheeks of C. rugosus are seen also on those of C. ekphymosus but are 
less prominent (Pl. 39, Fig. l ). The gently tapering pygidium is similar in form 
but with only faint pleurai and interpleuraI furrows. Small cranidia (Pl. 39, 
Figs. 8, 9) show well the indented anterior border of this (C. "indentus") stage in 
the ontogeny. Muscle impression preserved as smooth patches on the side of the 
glabella are of similar form to C. rugosus. Well preserved internal moulds are 
minutely pitted (Pl. 39, Fig. Il), that is the inside of the dorsal exoskeleton 
bears scattered granules. This feature has been observed on other species of 
Carolinites and may be characteristic of the genus. There is also a ventrai groove 
on the mid-line of the glabella (Pl. 39, Fig. 4), showing as a ridge on the 
internal moulds, and continuing anteriorly as a slight mid-glabellar depres
sion. The same depression is se en on C. sibiricus, and as a median smooth line on 
C. rugosw (Pl. 34, Fig. 8). The thorax is of unusual convexity, and the lateral 
aspect shows that the free cheek hung well below the level of the rest of the 
exoskeleton. 

As discussed above this species is intermediate morphologically and strati
graphically between C. genacinaca and C. rugosus, and there seems no reason to 
doubt that C. genacinaca - C. ekphymosus - C. rugosus form a phyletic series. 

Carolinites sibiricus CHUGAEVA 1964 
(Pl. 40, Figs. 1-10, 12, 13) 

1964 Carolinites sibiricus CHUGAEVA in CHUGAEVA, ROZMAN and Iv ANOV A; 
p. 45, Pl. l, Figs. 4, 5. 

1967 Carolinites angustagena Ross; p. DlO, Pl. 3, Figs. 29-39. 
1968 Carolinites sibiricus CHUGAEVA; CHUGAEVA in BALASHOV et aL, p. 110, 

Pl. 21, Figs. 6, 7. 
1974 Carolinites angustagena Ross; SHAW, p. 10, Pl. l, Figs. 29-34; Pl. 2, 

Figs. 1-4, 7, 8. 

Stratigraphic range. Profil bekken Member, 40-80 m from base, associated -

with typica1 Whiterock (Orthidiella zone) tri lo bite and brachiopod fauna. 

Material. Cranidia numerous throughout the range of the species, includ-

ing SMA 84219-21, PMO NF 1228, 1398; pygidia: PMO NF 3153, SMA 
84223. Free cheeks are abundant in some beds, but borders must be prepared 
to be sure of distinction from those of C. killaryensis: PMO NF 3153, 34, SMA 
84222. 

Diagnosis. A Carolinites species with fixed cheeks narrower than those of -

other species of the genus, almost the whole fixigenal area occupied by large 
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bacculae. Dorsal surface without surface sculpture. Free cheek with genal spine 
reduced to a stub on larger specimens. Pygidium with three axial rings, each 
equally well-defined by transverse ring furrows, gently tapering, posterior 
margin transversely truneate. 

Description. - The following remarks supplement the descriptions given by 
Ross (1967), CHUGAEVA (1964) and SHAW (1974). All parts of the exoskeleton 
are smooth externally. The front margin of the glabella is slightly indented on 
larger cranidia, and this is more apparent on internal moulds. The indenta
tion is not seen on smaller cranidia, the glabella of which is more nearly 
square. These ontogenetic and internal!external differences account for some of 
the apparent differences between the cranidia figur ed by CHUGAEVA (1964) and 
Ross (1967). The anterior border expands very slightly towards the mid-line. 

The fixed cheeks are very narrow (narrower than those of C. rugosus and 
C. ekphymosus), the bacculae are inflated and occupy almost all their width. 
The 10w intrapalpebral ridge outlining the inner side of the palpebral furrow 
runs outwards-backwards at a low angle (20 degrees to the sag. line), almost 
straight to the posterior border furrow (compare the sinuous outward swing of 
this feature in C. ekphymosus and C. rugosus). The free cheek lacks the stout genal 
spine of other Carolinites speeies, a very short and slender genal spine is present 
on stratigraphically early specimens, but on higher specimens the spine is 
reduced to a stub as on the larger free cheeks illustrated by Ross (1967, Pl. 3, 
Fig. 34). The pygidium tapers very slightly, with four axial rings, and the 
pleural and interpieural furrows very faint, external surface smooth. 

Discussion. The present material agrees very closely with that figured by 
CHUGAEVA (1964) and Ross (1967 as C. angustagena). As pointed out above the 
apparent differences between the Siberian and Basin Range material are due to 
differences in size and preservation of specimens figured, and I therefore regard 
C. angustagena as a junior subjective synonym of C. sibiricus. The differences 
between the two specimens of C. sibiricus figured by CHUGAEV A (1964) are 
greater than those between C. angustagena and the type of C. sibiricus. C. macro
phthalmus (HARRINGTON and LEANZA 1957), recorded from the Llanvirn of 
Argentina (according to the authors' list of localities, although described as 
Caradocian in the systematie descripti0n) is also closely similar to C. sibiricus 
but comparison with the flattened South American material is difficult. 

CaroliniteJ genacinaca genacinaca Ross 1951 

(Pl. 37, :Figs. 1-15; Pl. 38, f'igs. 1-3; Fig. 15) 


1951 	Carolinites genacinaca Ross; p. 84, Pl. 18, Figs. 25, 26, 28-36. 
1953 	 Carolinites genacinaca Ross: HINTZE, p, 145, Pl. XX, Figs. 7-9. 
1964 	Carolinites genacinaca Ross; CHUGAEVA in CHUGAEVA, RozMAN and 

IVANovA; p. 44, Pl. 1, Figs. 1-3. 



- 113-

1968 Carolinites genacinaca Ross; CHUGAEVA in BALAsHov et al., p. 109, Pl. 7, 
Figs.6-8. 

1973 Carolinites genacinaca Ross; CHUGAEVA in CHUGAEVA et al., p. 44-45, 
Pl. l, Figs. 6. 

Stratigraphic range. Olenidsletta Member 15 m to 102 m from base -

Material. One of the commonest fossils of the Olenidsletta Member, 
abundant material includes 8 more or less complete specimens. 

Diagnosis. A Carolinites species with fixed cheeks of transverse width only 
less than those of C. killaryensis killaryensis of species described here. Bacculae 
of moderate size, slightly indenting base of glabella. Genal spines very long, 
outward curved at base. Pygidium with two anterior axial rings defined by 
deep ring furrows, third axial ring faintly defined. Stratigraphically high 
specimens carry small mid-axial tubercles (indentical to Ross' type population) 
laeking on stratigraphically early material. 

Description. The following remarks supplement the descriptions of Ross 
(1951) and HINTZE (1953). Compared with the speeies described above the 
bacculae are small and indent the base of the glabella less noticeably, in this 
respect resembling the early growth stages of the stratigraphically younger 
species. The relatively wide fixed cheeks are characteristic of the species, and 
on some large specimens may show an indistinct sculpture of low ridges. The 
anterior border is not expanded medially. Free cheek with an enormous 
globular eye, the largest of which has a long diameter of 6 mm with some 4000 
lenses. As with other spedes the free cheek hangs below the level of the fixed 
cheeks and thorax, with the proximal, outward directed part of the genal spine 
pointing downwards. The spine in this species is quite strongly curved (con
trast C. genacinaca nevadensis), with a broad base, distally tapering. 

Hypostoma (Pl. 38, Figs. 2, 3) of length 1.2 times maximum width, greater 
part occupied by broad, oval middle body of low convexity, which is narrowest 
at the anterior margin, widest at about half hypostomal length. Middle body 
cut by a pair of shallow middle furrows at three-quarters hypostomal length 
which de limit the narrow (sag., exsag.) posterior lobe of the middle body. 
Lateral borders narrow and steep; posterior border nearly horizontal; both 
carry sculpture of raised lines parallei to perimeter. Border furrows deep 
anteriorly, shallowing abruptly behind middle furrows. Anterior margin of 
hypostoma curves forwards medially, laterally continued downwards into 
narrow (trans.), steeply downsloping anterior wings. 

Thorax of 10 segments, with an extremely convex axis wider than the 
pleurae, and which hardly tapers posteriorly. Each segment of same structure 
as that described for C. rugosus, with broad pleurai furrow dying out abaxially. 
The articulation appears to be simple boss-and-socket type near the axial 
furrow. The pygidium characteristically tapers at about 20 degrees to the 
sagittal line, and possesses only three distinet axial rings, of which the first two 

8 



- 1 14

c o E 

Fig. 15. Reconstruction of Carolinites genacinaca genacinaca in dorsal (A) and lateral (B) views, 

X 2.5. C-E. Inferred sequence of actions involved in moulting of Carolinites, based on speci

mens such as Pl. 37, Fig. 6, PI. 36, 19. Carolinites is presumed to have temporarily forsaken 

hs actively swimming mode of life, settled to the bottom, and used its long, downward

directed genal spines as levers (C) to prise off the free cheeks. This done the cephalic region was 

inverted ID) and the cranidium and hypostoma sloughed, enabling the animal to wriggle free 

of thorax and pygidium (E). 

are defined by deep ring furrows, the third by a fainter furrow which curves 
backwards medially. In dorsal view the tips of the pleurae on the pygidium do 
not completely overhang the border anteriorly. The axial rings typically bear 
small median tubercles. 

Severai dorsa1 exoskeletons are preserved in a way that suggests a moulting 
arrangement of the parts (Pl. 37, .Fig. 6), comparing with that described by 
FISCHER ( 1946) for Telephina. The cranidium is inverted, with the free cheek, 
right way up, 1ying at some small distance from it. It is possible that the down
ward pointing gena1 spines (see Fig. 15C-E) may have been used as 1evers to 
ease off the "old" eyes, this being accomplished by a backward pull, which 
would at the same time detach and reverse the hypostoma (Pl. 36, Fig. 17). 
The trilobite then crawled forwards out of the thorax and pygidium, which 
remain right way up. Finally the cranidium is shed by in vert ing the head 
region. This motion is independent of the others, and may have occurred at 
same distance away from the rest of the exoske1eton in some examples where the 
cranidium is missing. 

Small growth stages (Pl. 37, :Fig. Il ) resemble those of other Carolinites, but an 
"indentus" stage has not been found of this speeies. 

A reconstruction of the dorsal exoskeleton is given in 15. 
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Discussion. The characteristic features of the Spitsbergen material agree so -

weU with those of the type material (Ross 1951) that, although the present 
specimens are mostly considerably larger, their specific identity to C. genacinaca 
genacinaca is not in doubt. The species is recorded also outside N. America from 
Siberia (CHUGAEVA 1964), and I have examined material from East Greenland 
(Cap Weber Formation) and can confirm the identification of C. genacinaca 
given by COWIE and ADAMS (1957). Its range through the greater part of the 
Olenidsletta Member represents a considerable time span, but I do not feel 
justified in recognising further subspecies on the basis of the present material. 
Stratigraphically early material shows features transitional with C. genacinaca 
nevadensis as diseussed above (p. 1 03). In particular, pygidia lack median 
tubercles although the third ring furrow is visible (Pl. 38, Fig. 1 1). Bacculae 
increase in size upwards through the range of the species. High spee imens of 
C. genadnaca genacinaca may show relatively large bacculae and the intra
palpebral ridge may bear fine gran ul es. These late forms are transitional in 
these respects with the succeeding speeies C. ekphymosus to which C. genacinaca 
gave rise in the highest part of the Olenidsletta Member. C. genacinaca is a 
widespread speeies indicative of the early part of the Arenig (pre hirundo age, 

zone] of Ross-HINTZE, zone 6-7 of BERRY 1960) which in other localities is 
found in non-grapto1itic faunas. It is obviously an extremely important species 
for correlation. 

Carolinites min or (SUN 193 1) (see Lu et al. 1965, Pl. 64, Fig. 32) bears a doser 
resemblance to a small cranidium of C. genacinaca genacinaca than other species 
from Spitsbergen, but the material of C. minor is inadequate for unequivoca1 
specific comparisons. Dr. D. LEGG informs me that the poorly known type 
species of Carolinites, C. bulbosus KOBAyASHI 1940, from the Arenig of Tasmania, 
resembles C. genadnaca genacinaca dosely; it is important that the type species be 
redescribed to c1arify the synonymy. 

Carolinites genacinaca nevadensis HINTZE 1953 
(Pl. 38, Figs. 4-13) 

1953 Carolinites genacinaca nevadensis n. subsp.; HINTZE, p. 1 46, Pl. XX, 
Figs.3-6. 

1970 Carolinites ex. gr. genadnaca Ross; BURSKY in BONDAREV (ed.), p. 1 03, 
Pl. 6, Fig. 1 0. 

Stratigraphic range. Basal part of the 01enidsletta Member, lowest 6 m only, -

early Arenig (fruticosus zone). 

Material. Cranidia: PMO NF 793, 2 592, 786, 785, 8l l ,  814, 781; free 
cheeks: PMO NF 804,800,808; pygidium: PMO NF 785. 

Diagnosis. A Carolinites species with bacculae smaller than those of other 
species. Glabella broad1y rounded anteriorly, fixed cheeks narrow to moderate 
width intergrading with C. genacinaca genacinaca. Free cheek with strongly 
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inflated band subparallel t o  base of eye, long, almost straight genal spine which 
originates relatively posteriorly compared with other species of the genus. 
Pygidium with only two (traces of a third) axial rings deeply defined. 

Discussion. The following remarks supplement the description of HINTZE-

(1953, p. 1 46, Pl. XX, Fig. 3-6) of type material from zone H (Pogonip Group, 
Utah). Attention is drawn particularly to the following diagnostic characters: 
the glabella of this subspecies differs from that of C. genacinaca genacinaca in 
having more rounded anterolateral corners; the bacculae are small and slightly 
inflated. The width of the fixed cheeks appears to be somewhat variable; some 
specimens, like HINTZE'S type, having fixed cheeks narrower than C. genadnaca 
genacinaca, others (Pl. 38, Fig. 4) not greatly different in ihis proportion (especi
ally small er cranidia). The palpebral lobe shows a rapid contraction from maxi
mum width posteriorly. Most diagnostic of all characters of the subspecies is the 
presenee below the eye of an inflated crescentic band (Pl. 38, Fig. 1 0) which is 
not present on C. genacinaca genacinacaJorma typica (cf. Ross 1951, Pl. 1 8, Fig. 34). 
The genal spine is not strongly curved like that of C. genacinaca genacinaca, is 
less broad-based and originates {urt her back, so that the posterior border of the 
free cheek curves forwards only slightly to the base of the genal spine. Pygidia 
from Spitsbergen also agree with HINTZE'S type material: gently tapering 
posteriorly, with a low sub-pleural "wall" , axis with only two axial dngs 
distinctly defined, the third indicated on ly by incomplcte furrows on sidcs of 
posterior part ofaxis. 
It has been emphasised above that there is an intergradational series between 

this subspecies and C. genacinaca genacinaca (p. 1 03), stratigraphically early 
material of the lattcr in the Olenidsletta Member retaining a "ghost" of the 
subocular inflated band and lacking median tubercles on the pygidial axial 
dngs. Through the guidanee of Drs. HINTZE and Ross I was able to collect 
material of C. genacinaca genacinaca from zone I of the Ibex area, Utah, and this 
material a1so has the transitional characters between C. genacinaca nevadensis 
and C. genacinaca genacinaca forma typica from zone J faunules. Carolinites panna 
OGIENKO 1972 (OGIENKO in ZANINA 1970, p. 239-240, Pl. 56, Figs. 1 -3) 
resembles C. genacinaca nevadensis more closely than other Carolinites speeies 
diseussed here, but appears to have distinet IP glabellar furrows and a highly 
vaulted anterior profile. 

Carolinites killaryensis killaryensis (STUBBLEFIELD 1950) 
(Pl. 40, Figs. Il, 1 4-19) 

1950 Dimastocephalus killaryensis STUBBLEFlELD; p. 345, Pl. Il, 1-7. 
1950a Carolinites killaryensis (STUBBLEl<'IELD); STUBBLEFlELD, p. 451. 

Stratigraphic range. Throughout lower 80 m of Profilbekken Member, 
earliest part of range corresponding to Isograptus zone (probably equivalent to 
late Arenig, hirundo zone) and extending upwards into typical \Vhiterock 
assemblage. 
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Alaterial. - Numerous cranidia i n  Profil bekken Member indude PMO NF 
1 251, 528, 357 (pygidium on same bedding p1ane), 354, 237, 1329, 1 87,2372, 
SMA 84234, 84236; pygidia: PMO NF 254,357 (cranidium on same bedding 
plane), 3002, 1252, SMA 84237; free cheek: 84235. 

Diagnosz's. A Carolinites speeies with fixed cheeks wider than those ot vther 
species of the genus described here; baccu1ae of moderate size comparable with 
C. genacinaca genacinaca. Free cheek with broad, curved gena1 spine. Pygidium 
tapering, axia1 rings bearing short median spines, that on terminal piece pro
duced backwards into a lang, blade-like spine. 

Discussion. The material 01 this species lrom Spitsbergen agrees wmpletely 
with that described from Western Ireland by STUBBLEFIELD ( 1950); further 
detailed description is therefore unnecessary. Particularly characteristic of this 
species are the wide (trans.) fixed cheeks, and the tapering pygidium with lang, 
backward-curving posterior spine. This spine was derived from the small 
median tubercle of stratigraphically high C. genacinaca genacinaca. Strati
graphically early C. killaryensis have a relatively slender terminal spine, but no 
specimen has been found in which the spine is intermediate between the 
genacinaca genacinaca and killaryensis condition. vVell-preserved specimens show 
the impressions of caeca on the internal moulds of fixed cheeks and border of 
free cheek. 

The species makes its first appearance in beds low in the Profil bekken Mem
ber, late hirundo zone, and continues relatively high in the same Member into 
beds of early Llanvirn (Ortlzidiella zone, and equivalent to European bifidus 
zone) age. The species is stratigraphically important as it is very widespread, 
apart from its occurrences in Spitsbergen and Western Ireland it is reported 
from the Basin Ranges, Western U.S.A. (Ross 1967, p. Dl l), and a species 
dose and possibly identical to C. killaryensis from Meiklejohn Peak, Nevada 
(Ross 1972, Pl. I l, Figs. 1 1-14; Pl. 1 2, Figs. 1-6). 

Glossary of new names - Origin of names 

arcticus (Latin) found in northerly regions 
catillus (Latin) a small plate 
clavaria (Latin) a club, referring to club-shaped glabella of Endymionia 

clavaria 
costatus (Latin) ribbed 
delicatulus (Latin) very delicate 
disputa (Latin) subject to argument 
diot[yx (Greek) a pestle, referring to glabella of Mendolaspis diodyx 
ekphymosa (Greek) an eructation of pimples 
extensa - (Latin) wide, extended 

fistulosus (Latin) full of hoIes 
flabellifera (Latin) a fan, rekrring to the shape of the pygidium of Niobe 

flabellifera 
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glaber (Latin) smooth 
Globampyx (Greek) swollen Ampyx 
Gog Giant of English mythology, applied to Gog catillus the largest of the 

Valhallfonna trilobites. Masculine. 
graia (Greek) an old woman, referring to wrinkled appearance of cranidium -

of Pytine graia 
inermis (Latin) unarmed -

isoteloides referring to general similarity of Poronileus isoteloides to the asaphid 
genus Isotelus 

jugatus (Latin) linking, referring to the intermediate characters of Poronileus-

jugatus 
occulta (Latin) hidden -

omega greek letter, with outline similar to that of facial suture of Peraspis 
omega 

Oopsites (Greek) egg-like (+ -ites). Masculine-

porcus (Latin) a pig, referring to shape of glabella of Ampyx porcus -

Poronileus (Latin) punctate Nileus-

porosus (Latin) filled with hoIes -

Pytine (Greek) a flask covered with wattles, describing glabella of Pytine 
graia 

Rhombampyx (Greek) rhomb-shaped Ampyx-

rugosus (Latin) rough-surfaced -

spongiosus (Latin) spongy, referring to surface sculpture of Ampyx spongiosus 
squamosus (Latin) with a scaly surface 

striatellus (Latin) covered with fine lines 
-

svalbardensis from Svalbard, group name for the islands of which Spitsbergen -

is the largest 
toxotis (Latin) an archer, referring to the bowed form of the border furrows of -

Ampyx toxotis 
tragula (Latin) a javelin, referring to form of glabella of Rhombampyx tragula 
trinucleoides describing the superficially Trinucleus-like appearance of Glob-

ampyx trinucleoides 
uallancei named after G. Vallance, who shared the original discovery of the -

tri lo bites described here with the author 

Author' s address: 
British Museum (Natural History) 
Cromwell Road 
London S.W.7 
England 
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Plates 1-41 

Speeimens blackened with photographic opaque and sprayed with ammo
nium chloride sublimate before photography. Except where statcd otherwise, 
illumination is with 30 cm diameter ring light. Dorsal orientation follows the 
convention us ed in the prcvious part of this monograph (FoRTEY 1974b, p. 81). 
The derivation of palpebral and fossular views is explained on p. 15. 

Figured material is in the collections of the Paleontologisk Museum, Oslo 
(PMO NF) or the Sedgwick Museum, Cambridge (SMA). 

9 
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PLATE 1 


Fig. 1,2. 

Fig. 1. 

catillus n. gen., n. sp. 

large dorsal exoskeleton free cheeks, PlVI0 NF 

] .25. Speeimen largely exfoliated, revealing para

(p. 23) 

doublural line. Kote pathologically deformed third thoracic seg


ment on left side. Melt stream E on Olenidsletta, probably 80-90 

m from base of Olenidsletta l'v1ember. 


Fig. 2. 	 Exfoliated free cheek, PMO NF 439, X 1.5. Olenidsletta Member, 


shore section along Profilstranda, 85 m from base. 
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PLATE 2 

Fig. 1-6. Gog catil/us n. gen., n. sp ............ ... " ........ " 
 . . . . .. .. .. . . .. .. (p. 

Fig. l .  Latex east of well-preserved dorsal exoskeleton laeking free eheeks, 

X 3, PMO NF 1673. Melt stream E on Olenidsletta, from same 

beds as holotype Pl. I ,  Fig. 1. 

Fig. 2. 	 Hypostorna preserved in relief, ventral view, X 2, and lateral 

view, X 3, showing upward areh in lateral border and anterior 
wing. P:\10 NF 1726, isolated limcstonc block derived from 

Olenidsletta Membcr. 

Fig. 3-5. Latex east of internal mould of hypostoma, P.MO NF 459. 

5 dorsal view, x 2; 4 anterior view in st rong oblique 

light to emphasise anterior median inflated area, x 2; 3 
detail of maeula to show smooth exterior surfaee, x 4. OIenid

sletta :\1ember, shore seetion on Profilstranda, 86 In from base of 

Member. 

Fig. 6. 	 Mould of hypostorna and eephalic doublure, largely internal, to 

show mode of attaehrnent, X 2. P:rvIO 1'\F 426, loeality as previous 

specirnen, 92 rn from base of :rvlember. 
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Figs. 4, 5, 

(p. 

 130 --

PLATE 3 

Figs. )-1. Gog catillus n. gen., n. sp. 

Figs. 1,2. Cranidium preserved in full rdief, PMO NF 421, in dorsal and 
lateral views, I. Olenidsletta :Member, shore section on Pro
filstranda, 92 m from base. 

Fig. 3. Detail of doublure of thoradc segment, showing terrace lines and 
panderian (x 6) PMO NF 4S0. Locality as previous, 
89 m from base of Olenidsletta Mernber. 

Incomplete prcserved in relicf and showing details of 
6. 	 dorsal sUl·face. 4, dor'sal view, X 2; Fig. 5, lateral view, 

natural size; Fig. 6, detail of Idt lateral part of pygidial axis and 
adjaeent pleurai field showing musclc impressions on axial rings, 
and of raised lines. PMO NF 444, horizon and locality as 
Fig. 3. 

Fig. 7. 	 Latex east of external mould of eranidium, 'x. 2, PiVI0 NF 423. 
Olenidsletta lVlember, shore section on Profilstranda, 92 m from 
base of lVlember. 
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PLATE 4 

1,2. Gog explanatus (A GELIN 1851) 	 CP. 27). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


Fig. l .  	 Leetotype (here seleeted) eranidium ineomplete on right side, and 

Fig. 3. 	 east of incomplete pygidium, x 2, showing doublure on ldt side. 
Uppsala Palaeontological Institute no. J. 97-b. PIanilimbata 
limestone Anderson, Jamtland, Sweden. Recorded as Niobe? 
sp. by TJERNVIK (1956, p. 173). 

5. Latex east of cranidium, dorsal view, X 5, PMO NF 1629. 
Olenidsletta lVlember, shore section on Olenidsletta, 103 m from 
base of Member. 

Fig. 6. 	 Latex east of hypostorna, ventrai view, X lJ, P,MO NF 1619. Same 
bed as eranidium, Fig. 5. 

Fig. 2. 

Fig. 3. Gog n. sp. 

largely exfoliated, dorsal view l, Naturhistoriska Riksmuseet, 
Stoekholm, no. Ar 24085. Pro bable original of ANGELlN (1851, 
Pl. XII, Fig. Black limestones ot Skåne, Fagelsång, Sweden, 
probably of late Arenig age (see p. 27). 

Pygidium, dOl'sal view X I .  Original of ANGELIN (1851, Pl. I l, 
4). Horizon and locality as previous. Naturhistoriska Riks

museet, Stockholm, no. 24088. 

(p. 27) 

Fig. 4. Niobe oi'culta n. sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30) 

'Fig. 4. Detail of anterior part of glabella and preglabellar lield of erani
dium figured on Pl. 6, 6, 7. 

Figs. 5, 6. Ptyoceplwlus cf. P. uigilans \VHITTINGT001 1948 (p. 21) 
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PLATE 5 

Figs. \-5. NiobeJlabellifera n. sp. . . .. .. .. .. .. .. .. .. . . . . . . . . .. .. . . . . . . . . . . . . .. (p. 28) 

l .  Left free check, 3 ,  show ing doublurc and median suture 
anteriorly, dorsal surface and sculpturc posteriorly. PMO NF 420, 
Olenidsletta Mcmber, shore section on Protilstranda, 92 m from 
base of Member. 

Figs. 2, 5. 	 Well-preserved cranidium, slightly fJattened, Fig. 2, /< 3; Fig. 5, 

detail of minute glabellar tubercle (T) to show presenee of four, 
symmetrically disposed pits, x 30. PMO NF 460, Olenidsletta 
wlember, shore scction on Profilstranda, 86 m from base of 

':V[ember. 

Fig. 3. Holotype, well-preserved dm'sal exoskeleton laeking free cheeks, 
X 3, PMO NF 457. Olenidsletta .vlember, shore section on 
ProfiIbekken, 86 m from base of Member. 

Fig. 4. 	 Pygidiurn, slightly flattened, X 2, PMO NF 535, locality, horizon 
as holotypc, Fig. 3. 
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Figs. 1, 2, 4·6. Niobe occulta n. sp. 	 (p. 30) 

Figs. 1,4. 	 Holotypc, ineomplctc dorsal cxoskeleton, PMO NF 106. Dis
placement of the cranidium relative to the thorax, and the thorax 
relative to the pygidium has oceurred along joint planes in th  
lirnestone. Fig. I dorsal view, 2; Fig. 4, lateral view ?( l. 
Olenidsletta Mernber, shore seetion along Profilstranda, 102 rn 
from base of Member. 

Fig. 2. 	 Flattened pygidium, x 2, P�10 NF 1623. Loeality as holotype, 
103 rn frorn base of Olenidslctta I\fember. 

Fig. 5. 	 Latex east of free eheek, showing sculpture, >; 5, P:NIO NF 10. 
Horizon and loeality as holotype, Fig. I .  

Fig. 6. 	 Cranidium, anterior border incomplctely preserved, 2. Pl\10 
NF 47. Horizon and loeality as prcvious specimen and holotype, 
Fig. l. 

Fig. 3. Niobe ornata (REEll 1945) 	 (p.3 l) 

Fig. 3. 	 Holotype, fragmenta ry pygidium, X 2.5, SMA 10418a. Tourma
keady Limestone (Arenig), western Ireland. 
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PLATE 7 

Figs. 1-7. slrialelll1s n. sp. 

I. east of almost dorsal exoskeleton, naturaI size, PIvIO 

(p. 16) 

NF 1718. Olenidsletta Ivlember, shore section along Profilstranda, 
aboul 80 m from base of lVlember. 

Fig. 2. 	 Ineomplete eranidium, preserved in full relief, X 3.5, and photo
graphed in oblique light to emphasise muscle impressions, PMO 
NF 520. Olenidsletta Member, locality as exoskeleton, Fig. l, 
85 m from base of Member. 

3, 7. right free 
3, dorsal view, 

preglabellar field, 
showing surface sculpture of fine terrace lines, 

Holotype, eranidium and well-preserved but 
slightly flattened, PMO NF 425. X 2; Fig. 7, 
detail of right hand side of suture on 

8. Olenidsletta 
lVJember, shore section on Profilstranda, 92 m from base of 

Member. 

4. 	 Latex east of external mould of pygidium, ;( 2, PMO NF 1856. 
Loeality as 

Fig. 5. 

3, about 85 m from base of Ivlember. 	

Ineomplete pygidium, x 
and pygidial pleurai 

Loeality and horizon as 

2, flattened, seulpture shown on right, 
doublure ribs on Idt, PMO NF 1727. 

4. 

Fig. 6. 	 Hypostoma, left hand side concealed beneath anterior border of 
Niobe flabellifera cranidium shown on Pl. 5, 2, x 3, PlVl0 
KF 460a. Locality as holotype, Fig. 3,86 m from base of Olenid· 
sletta Member. 
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PLATE 8 

Figs. 1 9. Paraptychopyge disputa n. sp. 	 (p. 32) 

Holotype, eranidium retaining euticle, PMO NF 2488. 1, 4, 

6. 	 dorsal, right lateral views, X 2; Fig. 6, detail of anterior part of 

cranidium, showing seulpture, 8. Basal black limestone of 

Olenidsletta l\lember, melt stream C on Olenidsletta l\Ilember, in 
beds underlying those with Psilocara comma FORTEY 1974. 

Fig. 2. 	 Latex east of external mould of frec ehcek, not eomplcte, but 
show ing narmw border and fine terraee lines) >c, 4, PMO NF 778 
Low Olenidsletta l\1ember, shore scction on Pmfilstranda, 2-3 m 
above base of NIember. 

Fig. 3. Pygidium, dOt'sal exoskeIeton removed to show wide doublurc, 

x 4, PMO NF 796. Same bed as previous Fig. 2, 

Fig. 5. 	 Free cheek, showing doublure and panderian opening, >: 6, 

PMO NF 1291, loeality as free cheek, 2, 8 m from base ol 
Member. 

Fig. 7. 	 Small pygidium, 6, PMO NF 3166, same bed a s  holotype, 
Fig. l .  

8,9. Incomplete large pygidium retaining euticle; internal mould on 

right hand side als o shows faint reflexion of seulpture. Fig. 8, dorsal 
view, X 2; Fig. 9, lateral view x l.S. PMO NF 1766, basal 
Olenidsletta Member, meIt stream D on Olenidsletta. 
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PLATE 9 

Figs. 1--6. Presbynileus (Protopnsbynilcus?) glaber n. sp. 	 (p. 19) 

1,4. 	 Cranidium, holotype, eutic1e, in dorsal and lateral 
views, 2, Ptvl0 NF 41. 

Fig. 2. 	 Latex east of external mould of ineomplete cranidium, 1) '10 NF 
109 (eounterpart PNIO NF 79), x 2, showing terraee lines on 
anterior part of not cxtcnding to anterior margin. 

3. 	 Pygidium, dorsal surface rernoved to show broad doublure and 
terraee lines, 2, PNI0 NF 93. 

Fig5. 5, 6. 	 Pygidium with six thoracic segments, PMO NF 38. 5, dor sal 
view, X 1.5, note terrace lines around posterior margin of 

pygidium only; 6, detail showing thoracic doublure and 
panderian opcnings, 4. 

All speeimens from a single bed, Olenidsletta Member, 102 m 
from base, shore section on Profilstranda. 
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Holotype, pygidium retammg cuticle exeept in axial regIOn, 1Il 

Figs. 1-3. 	

Figs. 5, 8, 

6. 

!O. dorsal, lateral and posterior views, 7, PMO NF 1651. Olenid
sletta lVIemher, shore section on Profilstranda, 97 m from base of 
Membcr. 

4. 

Cranidium, largely exfoliated, palpebral view, x 5, PMO KF 
1657. Horizon and 10eality as holotype, Fig. 5. 

Fig. 7. 	 Cephalic douhlure, x 4, partly exfoliated, SMA 84283. Loeality 
as holotype, 5, about 98 m from base of Olenidsletta fember. 

Figs. 9, li, 	 Internal mould of pygidium. Il , 12 in dorsal, lateral views, 
13. 	 x 3; 9, detail of pygidial axis to show muscle impressions, 

photographed in oblique light, 7. P:\10 NF 1577, shore seetion 
on Profilstranda, 97 m from base of Olenidsletta :\lember. 

Figs. 12, 14. Pygidium, right hand side show ing doublure, in dorsal, lateral 
views, X 4, SMA 84272. Same bed as cephalic doublure, Fig. 7. 

Fig. 15. 	 Latcx east of external mould of pygidium showing distinetive 
surfaee seulpture, x 3, SMA 84270. Horizon as eephalie doublure, 
Fig. 7. 

16. 	 Exfoliated transitory pygidium, X 24, SMA 84277. Horizon and 
loeality as pygidium, Fig. 12. 

Fig. 18. 	 Rxfoliated pygidium, show ing gently undulating inner margin of 
doublnre, X 4. PMO NF 1664, from same loeality and horizon as 
holotype pygidium, Fig. 5. 

17. 	 Pygidium, the on ly possible example of that of N. glazialis 

from Spitsbergen, showing indication of posterior border on lelt, 
different outline of doublure from that of N. glazialis costatus, 5. 
PyfO NF 112, locality as other material of N. glazialis costatw, but 
103 m from base of Olenidsletta Member. 

PLATE !O 

1-16, 18. Nileus glazialis costatus n. subsp. 

Cranidium, largely exfoliated, in palpebral, anterior and lateral 
views, 	 x 5. P fO NF 432, Olenidsletta l'vfember, shore section on 
Profilstranda, 91 m from base of Member. 

Free cheek, internal mould, >< 6, PMO NF 1661, horizon and 
loeality as holotype. 5. 
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PLATE I I  

Figs. 1-13. Nileus orbiclllatoides svalbardensis n .  subsp. 

Figs. 1, 2, 	 Ineomplete small eephalon, PMO NF 2407. Figs. I, 2, speeimen 

9. 	 show ing minute genal spines, in palpebral, anterior oblique views, 

cutide miss ing from eranidium, X 10; Fig. 9, latex east of eounter

part, external mould showing punetate seulpture on eranidium. 

Lower part of Profilbekken J\1ember, melt stream A on OIenid

sletta, 23 m from base of Member. 

Fig. 3. 	 Hypostoma, ventraI view, X 6, PMO NF 2417. Lowcr part of 

Profilbekken Member, loeality as eephalon, Fig. 1, 23 m from base 

of Member. 

Figs. 4, 7. 	 Left frec eheek and eephalie do ublu re, x 5, dor sal and lateral 

views. Note laek of genal spine present on small eephalon, Fig. I. 

PMO NF 2477, horizon and loeality as eephalon, Fig. l .  

Figs. 5, 14. 	 Small eranidium retaining exoskeleton, i n  palpebral and lateral 

views, x 10, PMO NF 3155. Horizon and Ioc ali ty as eephalon, 

Fig. I. 

Fig. 6. 	 Holotype, internal mould of eranidium, palpebral view, X 10. 
PMO NF 2412. Lower part of Profilbekken Member, melt stream 

A on Olenidsletta, 23 m from base of Member, same bed as speei
mens on Figs. l, 4, 5 above. 

Fig. 8. 	 Latex east of external mould of pygidium, x 8, speeimen dose to 

SCIIRANK'S (1972) type of N. orbiculatoides orbiculatoides. PMO NF 

342, loeality as pygidium, Figs. Il, 13, near base of Profilbekken 

Member. 

Figs. 10, 12. Pygidium, dorsal surfaec removed to show doublure, in dorsal and 

posterior views, x 5, PMO NF 2460. Profilbekken Member, loeal

itY as holotype, Fig. 6, 23 m from base of Member. 

Figs. Il , 13. Pygidium, exfoliated over axis, in dorsal and right lateral views, 

x 8, PMO NF 344. Near base of Profilbekken Mcmber, south of 

melt stream A on Olenidsletta. 



- 147 

PLATE 11 



(p. 44) 

148 

PLATE 12 

Figs. 1 14. Nileus poroS1ls n. sp. 

1 3. 	 Holotypc, incomplcte cranidium cxfoliated on right in palpebral, 
lateral and antcrior views, 6. Higher part of Profilbekken 
Membcr, shore section immediatcly south of Profil bekken, esti
mated 67 m from base of Member. PMO NF 1357. 

Fig. 4. 	 Free cheek, internal mould, 6, PMO NF 3160, Ioc ali ty as 
holotype, Fig. 1, about 67 m from base of Profilbekken Member. 

5. 	 Cranidium, palpebral view of internal mould, x 4, PMO NF 328, 
47 Hl from base of Profil bekken Member, on Profil bekken. 

Fig. 6. 	 Internal mould of hypostoma PMO NF 322, x 6. Profilbekken 
Member, section on Profilbekken, 47 m from base of l'vlember. 

Fig. 7. 	 Transitory pygidium, X 6, showing presenee of two unreleased 
thoracic segments, SMA 84288. Locality as holotype, Fig. 1,80 m 
from base of Profil bekken Member. 

8,9. Large pygidium, X 3, in dor'sal and lateral views. PMO NF 1344, 
immediatcly south of Profil bekken on shore about 67 m from base 

of Profil bekken Member. 

Figs. 10, I l  . 	Pygidium retaining cutiele, incomplete on right side, in dorsal and 
posterior views, showing surfaee sculpture and indistinct, flattened 
border, 5. PMO NF 333, locality as holotype, Fig. l, 54 m from 
base of Profil bekken Member. 

Fig. 12. 	 Incomplete cephalic doublure, largcly internal mould, X 5. 
SMA 84290, 80 m from base of Profilbekken Member. 

Fig. 13. 	 Pygidium, X 4, showing internal mould of axis, dorsal sudace of 
doublure. Note post-axial furrow on doublure. PMO NF 1361, 
locality and hvrizon as hol, tYFe, Fig. I .  

14. 	 Stratigraphically high pygidium, 3. PMO NF 1304. Profil

bekken 1vlember, shore section on Profilstranda south of Profil
bekken about 100 m from base of Ivrember. 
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Figs. 1-9. Poronileu" fistulosus n. gen., n. sp. (p. 51). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Figs. 1-3. 	 Holotype, eranidium, largely exfoliated, palpebral, anterior and 
lateral views, 3. Pl\10 NF 2440, Iower part of Profilbekken 
l\lember, melt stream A on Olenidsletta, 21 m from base of 
l\1ember. 

Figs. ·1, 6. 	 Latex east of eephalon, largely external mould, 2.5, in pal-
pebral, anterior views. SMA 84238, lower part of Profilbekken 
Member, shore section on Profilstranda north of Profilbekken, 
about 20 m from base of Member. 

I·'igs. 5,9. 	 Pygidium and six thoracie segments, PMO NF 123, 3, in dorsal 
and left lateral views. Note outline of inner margin of doublure on 
left. Lower part of Profil bekken Member, immediately south of 
melt stream A on Olenid letta. 

Fig 7. 	 Internal mould of small cranidium showing median ridge and 
glabellar "tubercle" more prominent than on hulotype .. Fig. I, 

5. PMO NF 3156, locality as holotype, Fig. 1,20 m from base of 
Profil bekken l\lember. 

Fig. 8. 	 Hypostoma, latex east of largely external mould, 10, Pl\10 
NF 2420, melt stream A on Olenidsletta, 23 m from base of 
Profilbekken Member. 
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. • • . . . . . .  . . .  Figs. 1-5. Poronilellsfistul osus n. gen., n. sp.	� (p. 51) 

Figs. I, 3. 	 Large pygidium, 3, exfoliated to show gently tapering axis and 

shallow axial furrows, in dorsal, left lateral views. P1\10 NF 355. 
Low Profilbekken Member, locality just south of melt stream A on 
Olenidsletta, about 2 m from base of Member, same bed as 
pygidium, Fig. 5. 

Fig. 2. 	 Exfoliated pygidium showing doublure, X l.S. PMO :\fF 2439. 

Low Profilbekken Member, same bed as holotype, Pl. 13, Fig. 1. 

Fig. 4. 	 Small, incomplete pygidium, >< 5. PMO NF 1091, Profilbekken 

Member, lower part, melt stream A on Olenidsletta. 

Fig. 5. 	 \Vell preserved pygidium showing crowded terrace lines, X 6. 

PMO NF 343, locality immediately south of melt stream A on 
Olenidsletta, low (about 2 m from base) Profilbekken Member. 

Figs. 6-8. Poronilells isoteloides n. gen., n. sp. 	 (p. 55) . .  . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . 


Figs. 6-8. 	 Small pygidium showing dose resemblance to larger pygidia of the 

stratigraphically older P.fistulosus. Fig. 6, dorsal view, 5; Fig. 7 

leit lateral view, X 4; Fig. 8, detail showing sculpture, 15. 
PMO NF 23, higher part of Profil bekken Member, section on 
Profil bekken, 47 m from base of Member. 
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Figs. 1-9, 11. Poronileus isote/oides n. gen., n. sp. (p. 5.')) 


Fig. 3. 

Holotypc, large, almost complete cranidium in palpebral, left 

lateral and anterior views, X 2. I'MO NF 24, Profil bekken 

Member, seetion on Profilbekken, 61 m from base of Member. 

Pair of fused free cheeks of an immature specimen showing small 
genal spines, X 8. SMA &1253, locality as holotype, I, 44 m 

from base of Profilbekken Member. 

Pair of fused free eheeks in lateral, palpebral, anterior and ventrai 

views. Note partieularly absenee of median or conneetive sutures 

on ventral view, Fig. 9. SrviA 84259, Profilbekken Member of 

Profilbekken, limestone bloek derived from about 50 m from base 

of :\1ember. 

Fig. 7. 	 Hypostoma, ineomplete, but showing well the sculpture of termee 

lines with scattered punctae, X 9, PMO NF 337, 50 m from base 

of Profilbekken fvlembcr, on Profilbekken. 

Fig. Il. 	 lncomplete small eranidium, x 10.5, pa]pebra] view. Largely ex

foliated, but show ing typieal sculpture of the speeies on right. 

PMO NF 1365, locality as holotype, Fig. 1,52 m flOm base. 

Fig. 10. 	 P.fi,tulosus - P. isoteloides transient eranidium, rIattened, ,  7.5. 
PMO NF 1387. Xote mixture of terraec lines and fine punctae near 
front of antcrior border only. Profilbekken member, 30-31 m from 

base of Member on Profilbekken. 
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1-5, 7, 9, 10. Poronileus isoleloides n. gen., n. sp. 	 (p. 55) 

f'ig. 1. 	 Large pygidium, PMO NF 130, Profilbekken Member, 
higher part, 66 m from base of Member on Profil bekken. Note 
faint impression of pygidial axis on dorsal surface and contrast 
pygidium of P. vallancei, Pl. 18, Fig. 15. 

Fig. 2. 	 Pygidium, dorsal surface removed to show straight inner margin of 
doublure, 3. SMA 84260, locality as pygidium, Fig. I, 50 m 
from base of Member. 

3, 4. Small pygidium in posterior, X 3.5, and dor sal, 6, views, PlY10 
NF 339. Loeality as previous specimen, 50 m from base of Profil
bekken Member. 

Fig. 5. 	 Small pygidium showing presenee of one unrcleased thoracic seg
ment, >  10. SMA 84255. Profil bekken Member, 54 m from base 
on Profil bekken. 

Fig. 7. 	 Large lJygidium at natural size, exfoliated over a median area to 
show axis. SMA 84256, 10cality as last, 41 m from base of Profil
bekken Member. 

Fig. 9. 	 Small pygidium, X 5, partIy exfoliated to show muscle impres
sians on narrow axis, contras ting with Nileus speeies. SlYIA 84254, 
Profil bekken lYIember, 46 m from Base of Member on ProfiI
bekken. 

!O. Smallest pygidium, 24. SMA 84258, 57 m from base of Profil
bekken Member on Profilbekken. 

6. Poranileus ji,tuloSUJ n. gen., n. sp. ............. . . . . . . . . . . . . . . . . . . . . . . . (p. 

Fig. 6. 	 Flattened cranidium, preserved in a way that emphasises cephalic 

muscle impressions. PMO NF 23:)7. Profilbekken Member, upper 
part of range of speeies, 30 m from base on melt stream A on 
Olenidsletta. 

Fig. 8. Nileus glazialis costa lus n. subsp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41) 
Fig. 8. Cranidium, palpebral view, to show pitted surface sculpture, 10. 

PMO NF 1481 Olenidslctta Member, section on Profilstranda, 
98 ID from base of Member. 
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. . .	 . . . . . .Figs. l 9. Poronileus jugatus n. gen., n. sp. . • . . . . . . . . . . . . . . . . . . . . . . . . . (p. 59) 


Figs. 1,9. 	 Cranidium partly preserving eutieIe, and hardly flattened, 

palpebral view, >< 3, detail of left anterior part of cranidium 

showing fine and seattered pits, X 10. PMO.'\TF 2979, Olenid

sletta l'vlember, upper part, shore seetion on Olenidsletta, just 

south of stream A, about 130 m from base of Member. 

Fig. 2. 	 Latex east of free eheek, 3.  PMO NF 2966, horizon and loeality 

as holotype, l .  

Figs. 3, 7. 	 Imperiectly preserved eranidium preserving naturai eonvexity, in 

dorsal and lateral views, X 3. Pl'vIO .'\TF 2977, area between melt 

streams A and B on Olenidsletta on shore, about 130 m from base 

of Olenidsletta Member. 

Fig. 4. 	 Detail of oeular region on free eheek, X 10, showing arrangement 

of lenses on eye, minutely pitted suboeular "sensory zone" and 

seattered pits on dorsal surfaee of eheek. PMO NF 2967, from the 

same bed as holotype, Fig. l .  

5. 	 Internal mould of pygidium, 3, showing axis and doublure. 

PMO NF 2955. Locality and horizon as cranidium, Fig. l .  

Figs. 6,8. 	 Latex east of external mould of hola type pygidium in dorsal, 

lateral views, X 3. P1MO NF 2964, horizon and loeality as crani
dium, Fig. I. 
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Figs. 1-16. POfonileus vatlallcei n. gen., n. sp. .. .. .. .. . . . . .. . . . . .. . .  .. .. . . . .  .. . . 57) 

Figs. 1-3. 	 Holotype, cranidium largely prescrving cuticle, in palpebral 
anterior and lateral views, X 3. Outline of posterior section of 
fadal suture well displayed on left. SMA 84263, Profilbekken 
Mcmber, higher part, section on Profilbekken, 77 m from base. 

Figs. 4-6. 	 Small cranidium, in dorsal, palpebral and lateral views, X 4. 
SIvlA 84264, Profil bekken Member, locality as holotype, Fig. l, 

75 m from base. 

Fused pair of free cheeks, cuticle preserved on right side, dorsal, 
lateral and ventraI views, showing lack of median sutures, X 3. 

See also Pl. 41, Fig. 4 for sculptural detail. SMA 84266, Profil
bekken wlem ber, locality as holotype, Fig. l ,  85 m from base. 

Fig. 10. 	 Detail of right palpebral lobe of holotype, Fig. 1, X 15, showing 
minute, seattered punctac characteristic of speeies. 

Fig. 11. 	 Internal mould of pygidium, X 4, showing faint outline of axis 
with muscle impressions and paradoublural line. Locality as 
pygidium, Fig. 14, about 67 m from base of Profil bekken Member, 

PMO NF 1350. 

Figs. 12-13. Cranidium, intern al mould, Fig. 13 palpebral view, 4, Fig. 12 
mid-posterior part, X 8, showing glabellar "tubercle", median 
ridge running forwards from it, and transversely directed depres
sions (thickened bars on internal surface of cuticle) on ei ther side of 
ridgc. SMA 84267, horizon and Ioeality as small eranidium, 2. 

Figs. 14, 15. Latex east of external mould of pygidium, 2.5, right lateral and 
dorsal views, showing smooth exterior. PMO NF 1355, Profil
bekken Member, section immediately south of Profil bekken , 
about 67 m from base of Member. 

16. Pygidium with dorsal exoskeleton removed to show details of 

doublure, 2.5. 1']\;[0 NF 134.1, loeality as previous speeimen. 
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1-9, I l . Pera,pis erugata Ross 1970 	 (p. 47) 

Fig. l. 	 Almost eomplete dorsal exoskeleton, slightly erushed, x 4. SMA 

8 1304, Profil bekken Member, section on Profilbekkcn 39 m from 

base of lVlern ber. 

Fig. 2. 	 Pygidium showing dOllblure and faint pleurai ribbing, X 2. SMA 

84305. Loeality as cxoskeleton, Fig. 1,50 m [rom base of Member. 

Fig. 3. 	 Latex east of external mould of fused free cheeks, x 3. SMA 84306, 
lower part of Profil bekken :\1ember, shorc seetion on Profilstranda 

south of Profilbekken, about 20 m from base of Member. 

4, 8. FIlsed frec eheeks with hypostoma almost in plaee, part and 

eounterpart, X 6. Note relation of anterior wing of hypostoma to 

eephalic dOllblure. SMA 84307, horizon and loeality as previous 

specimcn. 

Figs. 5-7. 	 Pygidium, preserving cllticle, dorsal, lateral, postedor views, X 4·. 

SMA 84308, Profilbekken Member, 4·3 m from base of Membcr on 

Profil bekken. 

Fig. 9. Incomplete eranidium show ing faint outward-bowed axial furrows, 

X 6. SMA 84309, Profilbekken Member, horizon and locality as 

Iree chceks, Fig. 3. 

Fig. Il. 	 Pygidillm showing surfaee sellipture of fine terraee lines, 6. 

PMO F 332a, higher part ol Profilbekken Member, 54 m from 

base of lVIember on Profil bekken. 

Fig. 10. Symphysurus (Kodymaspis) puer (BARRANDE 1872). 

Fig. lO. 	 Cephalon and first thoracie segment, X 2.5. Cast of speeimen 

ilIustrated by PRANTL and PilIBYL 1949, Pl. Il, Fig. I. 
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Figs. I-Il. Peraspis omega n. sp. (p. 49) 


Fig. 2. 

Holotype, oranidium preserving outic1e, leit anterior slightly di&
torted, X 4. P.\IO NF 374. Olenidsletta l'vfember, upper part, 
section on Olenidsletta between melt streams A and B. about 115 m 
from base of .\1ember. 

Free cheek, preserving eutick showing fine terrace lines, X 4. 
PMO NF 365, from the same bed as holotype cranidium, Fig. 1. 

Figs. 3 ,  5. Internal mould of cranidium, showing "tubercle" and internal 
impressions, palpebral, 3, and lateral, X 2, views. }'MO NF 
3150, Olenidsletta Member, upner part. shore seetion on Prolil
stranda, about 130 m from ba'ie of l'vlember. 

Fig. 4. Small free cheek, whieb still retains genal spine. X 2. 1'MO NF 
3151 ,  horizon and locality as eranidium on previous fignre. 

6. Hypostoma, lO, 1'1\10 NF 364, horizon and loeality a, holo
type, 

7,8 . Pygidium, exfoliated, Ul d.orsal and lateral views, /: 2.5. S.\fA 
84313, upper part of Olenidsletta l'vfember from shore section on 
Profilstranda, about 140 m from base of Member. 

Fig. 9. Latex east of externaI mould of pygidinm, showing fine terraee 
lines, 3 .  P!vl0 NF 2978, upper part of Olcnidsletta l'vlember, 
shore seetion between melt streams A and B about 130 m from base 
of l\1ember. 

10. Exfoliated pygidium showillg outline of doublure, x 1.5. 1'MO 
NF 376, Olcnidsletta l'vle.nber, upper part, exposed on shore 
between melt streams A and B on Olenidsletta, about J 15 m from 
base of l'vlember. 

Fig. 11. Latex east of pygidium and five incomplcte thoracic segments, 

x 3.5. P.\10 NF 2969, same bed as pygidium, Fig. 9. 
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Figs. 1-16. Symphymrus arcticus n. sp. (p. 60) 


1-3. 	 Cranidium preserving cuticle, X 7, in palpebral, anterior and 
lateral vicws. PlVI0 NF 3165, Olenidsletta Member, shore section 
on Profilstranda, 86 m from base of Member. 

Fig. ,i. 	 Free cheeks preserving external mould of hypostoma in life 
pOSItIon, 5. PMO NF 2118, Olenidsletta Member, melt stream 
Bon Olenidsletta, about 96 m from base of lVIember. 

5. 	 Detail of internal mould of pygidium from internal mould of 
dorsal exoskeleton laeking free cheeks, showing caeca, X 10. 

PMO NF 2642, melt stl'eam B on Olenidsletta, about 86 m from 
base of Olenidsletta Member. 

Fig. 6. Holotype, dorsal exoskeleton laeking free cheeks, largely exfoliated, 
X 3. :-';ote how pygidium is slightly detached from thorax sug

gesting moult arrangement (compare FORTEY 1975, Fig. 8). 

PMO NF 538, Olenidsletta Member, shore section on Profil
stranda, 90 m from base of Member. 

Fig. 7. 	 Cornplete but flattened dorsal exoskeleton, X 3. PMO NF 2014, 
melt strearn E on Olenidsletta, exact horizon in Olenid letta 
lVIernber unknown. 

8. Pygidium preserving cuticle, relative length and extent of posterior 
border furrow suggests transitional form between S. arcticus and 
Poronileus jugatus n. gen., n. sp., X 3. PMO NF 1670, Olenidsletta 
Member, shore section on Profilstranda, 97 m from base of 
lVlember. 

Fig. 9. 	 Hypostoma, PMO NF 3161, X 10. Horizon and locality as 
cranidiurn, 13. 

10, 12. Pygidium, immature, in posterior (x 10) and dorsal view, X 16. 
Note well-defined posterior border. PMO NF 3164, Olenidsletta 
Mernber, shore scction on Profilstranda, 86 m from base of 
Member. 

Fig. Il . 	 Hypos to rna, immature, X 10. PMO NF 3161a, locality and 
horizon as previous two. and following two specirnens, on same 
rock fragment as the larger hypostoma, Fig. 9. 

Fig. 13. 	 Small cranidium retaining curicle, palpebral view, X 25. Note the 
retention of the charactedstic sigmoidal outline of posterior sec
tion of fadal sutllre even at this size. Olenidsletta lVlember, shore 
section on Profilstranda, with the othcr small growth st.ages 
ilI11strated herc (except .Fig. 16) from a single bed, 86 m from base 
of Member. PMO NF 3162. 

Figs. 14, 15. Smallest. cranidium showing weakly defined axial furrows, in 
palpebral and lateral 12.5. PMO NF 3163, localit.y see 
cranidium, Fig. 13. 

Fig. 16. 	 Degree 6 X 6. Like the holotype, Fig. 6, thi5 
lacks free cheeks and may represent a mOlllted exaskeIeton. 
Indications of seventh segment in anterior part of pygidium. SMA 
84293, Olenidsletta Member, locality as holotype, Fig. 6, about 
aD m from base. 



- 167 

PLATE 21 


( 
) 

7 



PLATE 22 

1-10. Ampyx sjJongiosus n. sp. 	 (p. 67) 

Figs. 1,2, 	 Incomplete cranidium, cutide, in anterior, X 4, and 

7. 	 fossular, 6, views. Note cf genal rcflected as rela
tively smooth areas on dOl'sal sur/ace. Fig. 7, detail of Idt lateral 

side of giabeIla, occipital ring uppermost. I ,  2, 3 muscle impres
sions preserved as smooth areas on exoskeleton (3 may be bi

composite), BACC baccula, PAR Paraglabellar area of fine 
pitling, possibly an additional muscle impression, FOS - allterior 

fossula. P 10 NF 4·36, Olenidslella Nlember, shore seetion on 
Profilstranda, 90 m from base of \lember. 

Fig. 3. 	 Hypostoma preserving eutiele, x 7. PMO NF 406, locality as 
cranidium Figs. I ,  2, 90 m from base of Olenidslella lember. 

Fig. 4. 	 HypoSloma, internal mould, 6. 1'MO NF 408, horizon and 
loeality as previous specimen. 

Figs. 5, 8. Internal mould cf cranidium, in lateral and fossular views, :  3. 
Declined iinterior spine, and IP and 21' muscIe impressions 
shown. SMA 84139, Olenidsletta Member, loe ali ty as previous 

85 m from base of Nlember. 

6. 	 Free cheek, x l .S. 1'MO NF 1768, isolated Iimestone block on 
Olenidsletta derived from interval 80""90 m from base of Olenid
slella lember. 

Figs. 9, 10. 	 Internal mould of pygidium preserving muscIe impressions, dorsal, 
views, x 3. Note small furrow rumling from posterior 

limit of axis to border on mid-line. SMA 84140, locality as 
cranidium, Fig-5. I ,  2, about 78 m from base of Olenidsletta 
Member. 
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Figs.1,3,4,5. Ampyx n. sp. . ....... . .. . . . .... ... . . . . ..... .. . . . (r.6 7)
. . . 

Figs. l, 3, 	 Pygidium preserving eutic1e in dorsal, posterior views, X 7. Fig.5, 

Fig. 4. 

detail of axis, X 14, showing musc1e impressions developed as 

smooth areas on axis. PMO NF 440,
 from same bed as cranidium, 

Pl. 2 2, 1,2. 

Latex east of holotype, dor sal exoskcleton free eheeks, 2. 
Details of dorsal surfaee not well preserved. PMO NF 2021, 
Olenidsletta 	 l\1ember, melt stream E on Olenidsletta, predse 

horizon not known, probably 8090 m from base of .Member. 

Fig. 2. Ampyx volborthi SCHMIDT. (p.69)• • • . . • • • • • . • . . . • . • . • • • • • • • • • • . . • • . . • • • • • • • • • 

Fig. 2. Detail of part of the pygidium figured by 1952, Pl. V, 
11, 8, for comparing surface seulpture with that of A. 

n. sp. PMO 6631. 

Fig. 7. Pytine graia n. gen., n. sp. 

Fig. 7. 	 Flattened donal exoskeleton laeking free cheeks and Iargely pre


served as an internal mould, 8. PMO NF melt stream B
26 38, 
on Olenidsletta, 86 m from base of Olenidsletta l'vlember. 

Fig.8. lviobe occulta n. sp.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30) 
Fig. 8. Ineomplete hypostoma, ventrai view, X 5. Pl\10 NF 107, shore 

section on Profilstranda, 103 m from base of Olenidsletta Membel. 
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1,2. 

3. 

Figs. 4, 5, 

Figs. 6, 7. 

70)1-8. Arntyx porC1l; n. sp. 

Holotope, dorsal exoskeleton laeking free cheeks, exfoliated over 

cranidium, X 10, anterior view X 5. Pl'vl0 NF 502, Olenidsletta 

:tYlember, shore seetion on Profilstranda, 86 m from base of 

Member. 

Latex east of (largely) external mould of exoskeleton laeking frec 

eheeks, X 6. Pwl0 NF 2745, Olenidsletta Member, melt stream 

B on Olenidsletta, about 80 m from base of wlember. 

Cranidium preserving exoskeleton except for small area on mid

part of gla beila. Fig. 4, fossular view, X 11; 5 lateral 

oblique) view, X 18, showing depress('d area on side of 

representing confluent l P and 2P glabellar furrows, surfaec 

sculpture and attitude of ant('rior spine; 8, 10, posterior 

view showing lack of inflation of glabella in P 10 
NF SIl, horizon and locality as holotypc, 

Pygidium retaining Clltide in dorsal and posterior vie\vs, ;x 10. 

PMO NF 1659, locality as holotype, 97 m from base of OIenid

sletta wlcmber. 
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Figs. 1-7. Ampyx delicatulus n. sp. 	 (p. 72) 

Fig. 1. 	 Imperfectly preserved dor'sal exoskeleton, exfoliated, x 5. 
Olenidsletta ."vIernber, upper part, shore seetion on Profilstranda, 

102 rn from base of Member, PMO NF 80. 

Figs. 2, 3. cranidium with three thoracie segments, Fig. 2, fossular 

view X 5, 3, details of left fixed eheek showing distinctive 

sculpture, X 20. PMO NF' 1, horizon and loeality as exoskeleton, 
l. 

Figs.4, 7. 	 exfoliated, in fossular, lateral views, X 8. 

allterior spine contrasting with those of A. 

spongiosus and A. porcus above. P?vl0 NF 77, locality as exo-
skeieton, l ,  103 m from base of Olenidsletta Member. 

Figs. 5, 6. 	 Latex east of illternal rnould of pygidium in dorsal and posterior 

views, X lO. P::\10 NF Olenidsletta Member, upper part, 

rnelt stream B on Olenidsletta, aboul 101 m from base of l'vlember. 
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Figs. I-Il . Ampyx toxotiJ Il. sp. 	 (p. 73) 

Figs. 1,2, 	 Holotype, exfoliated cranidium, in dorsal, right lateral and 

fossular views, X 12.5. PMO NF 261, lowcr part of Profil bekken 

Member, shore section on Profilstranda, about 20 m from base of 

Mcmbcr. 

Figs. 3,4. 	 Incomplete cranidium preserving frontal spine, fossular, lateral 

vicws, X 9. PMO NF 189, horizon and locality as holotype 

cranidium, Fig. I. 

Figs. 6, 7. 	 Pygidium, internal mould, dorsal and posterior views, X 10. 

PMO NF 281, horizon and locality as holotype cranidium, Fig. 1. 

Figs. 8, lO. 	 Cranidium preserving cuticle, Fig. lO, dorsal view, X 12; Fig. 8, 

X 24, detail of left fixed cheek showing sculpture of very fine ter

race lines. PMO NF 1330. Limestones from lower part of Profil

bekken l\1ember, isolated outcrop adjacent to Profilbekken, exact 

horizon undetermined. 

Figs. 9, Il. 	 Exfoliated cranidium, foss ul ar and anterior views, X 10. PMO 

NF 1321, locality as previous specimen. Anterior border shown by 

narrow, median horizontal part adaxial to sutures. 
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1-10. Rhombamp)'x rllOmbos n. gen., n. sp. (p. 83). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Fig. 1. 	 Holotype, dOl'sal exoskeleton lacking free cheeks, X 10. SMA 

84143, Profilbekken l\lember, 32 m from base of Member on 

Profilbekken. 

Figs. 2, 6, 	 Small exfoliated cranidium, dorsal, lateral, anterior views, 12. 

7. 	 SMA 84144, Profilbekken .Member, 30 m from base on Profil

bekken. 

Figs. 3, 4. 	 Large cranidium tetammg pateh of cuticle on hand side. 

Fig. 3, palpebral view, ./ lO; 4, lateral view, x 5. SMA 

84145, locality and horizon as 2. 

Fig. 5. 	 Large pygidium in dorsal view, cuticle on left hand side, 

muscle impressions well shown on 14, PMQ NF Il 92. 

Locality as holotype, Fig. I. 

Figs. 8, 9. 	 Small pygidium preserving cuticle, dorsal, posterior X 15, 

Sl\fA 84146. Same bed as holot ype, l. 

Fig. 10. 	 Slightly flattened cranidium, 10. PMQ NF 1378, 40 m from 

base of Profilbekken .Member on Profil bekken, 
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Figs. 1-9. Rhombampyx tragllla n. gen., n. sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (p. 85) 

Figs. 1-5. 	 Holotype, large ineomplete eranidium. Figs. 2-5, internal mould, 
fossular, anterior and lateral views, X 8. Fig. 5 side of gIabeIla 
to show muscle impressions and fine pitting, X 12. PMO NF 2476. 

Fig. 6. 

l, latex east from eountcrpart, P.MO NF 24,59, to show frontal 
spine. Lower part of Profil bekken Member, melt stream A on 
Olenidsletta, 23 m from base of Profilbekken "YIembcr. 

Hypostoma, internal mould, 
holotype, Figs. 1-5. 

12. PMO NF same bed as 

Fig. 7. Internal mould of eranidium, x lO. PMO NF 2412a. Same bed as 
holotype, 1. 

Figs. 8, 9. Incomplete internal mould of cranidium, fossular, lateral views, 
X 6. PMO NF 3154, same bed as holotype, Figs. 1--5. 
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.Figs. 1-21. Globampyx trillucleoides n. gen., n. sp. (p. 76)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Figs. 1-3. 	 Well preserved cranidium showing pitting, fossular, anterior and 
lateral views, X 15. PMO NF 33,4, Profilbekken )'1ember, 50 m 
from base of Nfember on Profil bekken. 

Figs. 4, 5, Holotype, internal mould of dorsal exoskeleton laeking free 
7, 10. cheeks, dorsal, X 6, oblique and lateral views, 5; Fig. 10 detail 

of lateral view, showing muscle impressions, minute seattered pits 
on the internal mou1d of the glahella and apparent horizontal 
"rim" around the margin of the cheek (see p. 77). SMA 84152, 
Profil bekken Member, 33 m from base on Profil bekken. 

Figs. 6, 8. 	 Internal mould of cranidium, fossular, anterior views. PlVfO NF 
314. Lower 20 m of Profil bekken lVlember, shore section on 
Profilstranda. 

Transitory pygidium, x 20, SMA 84159. Locality as holotype, 
Fig. 4, 50 m from base of Profilbekken lVlember. 

Poorly preserved complete exoskeleton, showing free cheeks, X 5. 
Isolated limestone block on Olenidsletta, originally from Profil. 
bekken Member, PMO NF 1762. 

IS. Small pygidium, dorsal, posterior views, X ID, PMO NF 3157, 
locality as holotype, Fig. 4, 40 III from base of Profilbekken 
Member. 

Figs. 13, 14. Pygidium, dorsal, posterior views, 10. PMO NF 3158, same bed 
as preeeding specimen. 

Fig. 16. 	 Latex east of fused free cheeks, X 6. Note posterior band earrying 
fine terraee lines. PMO NF 3326, Profilbekken Member, 54 m 
from base on Profil bekken. 

Figs. 17, 18. Internal mould of pygidium, dorsal, posterior views, 12. PMO 
NF 1369, locality as holotype, Fig. 4, 51 III from base of Profil
bekken Member. 

Fig. 19. 	 Stratigraphically earliest cranidium, internal mould, X 10. 
Olenidsletta Member, shore section on Profilstranda 135 III from 
base of :Vlember, SMA 84153. 

Figs. 20, 21. Immature cranidium in fossular, anterior vicws, 20. Note 
presenee of small eye ridges. SMA 84160, locality as holotype, 
Fig. 4, 53 m from base of Profilbekken Member. 
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Figs. 1-9. A1endolaspis doidyx n. sp. 80) 

Fig. 1. 	 Holotype, dor"sal exoskeleton laeking free cheeks, slightly crushed, 
4. PMO NF 1283, Olenidsletta Member, ,hore section on 

Profilstranda, about 85 m from base of Member. 

Figs. 	2, 3, Cranidium preserved in full relief, internal mould showing 
5,8. glabellar furrows, fossular, lateral and anterior views, 6; Fig. 8, 

detail of anterior part of gla beila showing minute tubercle (t) in 
position homologous to that of anterior spine in mher Raphio
phorinae, beneath which there is a triangular area of ? muscle 
sears, ;( 24. PMO NF 503, loeality as holotype, Fig. 1,86 m from 
base of Olenidsletta Member. 

Fig. 4. 	 Internal mould of eranidium and foul' incomplete thoracic seg
ments; oblique light to empbasise glabellar furrows, 10. 

PMO NF 504, locality as I, 86 m from base of 
Olenidsletta Member. 

Figs. 6, 7. 	 Internal mould of pygidium dm"sal and postel'ior 
views, PMO NF 3132, Olenidsletta Member, locality as holotype 
Fig. 1,80 m from base of Olenidsletta Member. 

Fig. 9. 	 Detail of right anterior fixed eheek ta1,en from a flattened dorsal 
exoskeleton laeking free cheeks, SMA 84162, preserving very thin 
cuticle and caeca anteriorly, 9. Locality as holotype, Fig. l ,  
about 83 m from base of  Olenidsletta Member. 

Figs. 10-15. Ampyxoides itlermis n. sp. . . . . . . . . . (p. 74). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Figs. 1O 12. 	 Holotype, small internal mould of a cranidium. in anterlor, 
fossular and oblique lateral views, x 13. Lowest bed of Profil
bekken Member on melt stream A, Olenidsletta. PMO 1\"F 1825. 

Figs. 13, 14. Cranidium, internal ll1ould, imperfectly preserved on left side, in 
lateral and fossular views, 10. P1\10 ]\"F 1870, locality and 
horizon as holotype, Figs. 1O 12. 

Fig. 15. 	 Pygidium, internalll1ould, x 10. PMO NF 1826, same bedding 
plane as preceding cranidium. 

holotype, 

1ll full relief, 
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Figs. I-I l .  Pytine graia n. gen., n. sp......................................... 
 89) 

Figs. 1--4. 	 Holotype, dor sa! exoskeleton preserved in relief but lacking free 
cheeks, P.MO NF 40, dorsa!, X 13, oblique lateral and anterior 
views, X 6.5. 4, Fosterior view of pygidium, X 20. Olenid
sletta 'Nfember, shorc section on Profilstranda, 102 m from base of 
l'vfember. 

5-7. Internal mould of cranidium in fossular, lateral and anterior views 

X 10, PMO NF 2639, onOlenidsletta Member, melt stream B 
Olenidsletta, 86 m from base of Olenidsletta l'vfember. 

Fig. 8. 	 Two incomplete dorsal exoskeletons, the upper of the two pre
serving the spine on the hand side, X 2, PMO NF 
1936, isolated limestone block derived from the Olenidsletta 

l'vlember. 

Figs. 9-11. 	 \Vell-pre erved cranidium, preserving cuticle, in fossular and 
anterior views, 10. Note narrow (trans.) anteriol' border. Fig. 
Il, detail of mid-part of glabeIla tubercle, X 40. PMO 

NF 2153, Olenidsletta Member, melt stream B on Olenidsletta, 
about 96 rn from base of 'Nlember. 
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Ho[otype, dorsal exoskelcton Iaeking free flattened, 5. 

(p. 87) 

PLATE 32 

Figs. 1-4. Enr{rmioni:l raymondi \VlIITTIC';GTON 1965 ...... . .... ................. (p. 88) 


Figs. \-4. 	 Cranidium, largely exfoliated, lateral, dorsal and anterior views, 

x 9. Fig.4, detail of anterior border, showing tubercles and nar

row band of fine terrace lines (cf. \VHITTINGTOX 1965, PL 15, Fig. 

22). 25. PYrO NF 319, Profilbekken Member, 42 m from base 

on Profilbekken. 

Figs. 5-15. Endymionia clavaria n. sp. 

Fig. 5. 

PMO NF 1735, upper part of Olenidsletta Member, area between 
melt streams A and B on Olenidsletta, estimated 130 m from base 

of Member. 

Fig.6. 	 Small exfoliated cranidium, B, showing faint ridges". 

Lateral lobes doubtfully present. SMA 84173, upper part of 

Olenidsletta Member, along shore of Profilstranda, 133 m from 

base of Member. 

7,8, Cranidium, preserving cuticle on left fossular, lateral and 

10. anterior views, 8, SMA 84174, upper part of Olenidsletta Mem

ber, shore seetion on Profilstranda, 136 m from base of Member. 

Fig. 9. 	 Smallest cranidium, x 8. SMA 84175, locality as cranidium, 
Fig. 7, 132 m from base of Olenidsletta �lember. 

Fig. 11. 	 Exfoliated eranidium, most close in the population to E. 

8. SMA 84176, horizon and loeality as cranidium, Fig. 7. 

12, 13. Cranidium preserving exoskeleton, ; ' ,  5, palpebral, anterior views. 

SMA 84177. Locality as cranidium, Fig. 7, 132 m from base of 

Olenidsletta Member. 

Figs. 14 ··16. 	Pygidium, posterior, dorsal, oblique views, X 15. SMA 84178, 

horizon and locality as previous speeimen. 
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Figs. 1- 3. FalamHj)is e\/mw sp. 	 (p.n. 

Figs. 1,2. 	 HololypC. in('rnal mould of cranidium, x 10. PMO NF 2255. 

OlenidslclLa Mcmbcr, melt strcam B on OJenidsletta, 101 m from 
base of l\l('mber. 

Fig. 3. 	 I'oorly preserved cranidiurn. :< Il. PMO NF 850. Olcnidslctta 
l\kmber, shore seetiOIl on l' rofilstranda, 60 m from base of 
l\Iclll ber. 

·1 7. Endymioniillid gen. and sp. indet. 	 (p. (Il) 

Figs.4-6. 	 Crauidiu111, ineolllplet(' on ldt side, fossular. lateral and anterior 
VIeWS, 10. l'ivl0 NF 1880. Olcnidslella Meml)('r, melt slream B 

Oil Olcnidslctta, aboul 90 rn from base of tnember. 

Fig. 7. 	 lntcrnal mould of cranidium, fossular view, '. 10.1'1\/10 NF 2121, 

Olcnidslclla l\lembel', mdt strcam B 011 Olenidsletta, about 96 rn 
from base of Mernber. 

Figs. 8-19. OOf!.,iff.\ hibfrniclI.\ (REEl) l 	 (1'. (17) 

Fig. fl. 	 Incolllpicte eranidiurn, original of REED 1909, 1'1. 6, 10, here 

sdected as 8. SMA 10398, Tourmakeady Limes(ouc 
(An·nig). 100 ,.ds. wesl of Gortbunacullin Farm, Tourmakcady 
distril'l, Eire. Note typical arched anterior border of OOji\ itt:.1 011 
s{'cond fragmclltarv spe-eimen lown right of photograph. 

Figs. 9. 10. 	 Crallidiulll of s illlilar size to leetotype, Fig. 8, dorsal, lateral views, 
8. 1'1\10 NF 773, Olenidsklta :.\lelllbeL shorc section on 

I'rofilstranda, 75 !TI from base of ,'vIe-mber. 

Figs. 11, U. Incompktc, large cranidium, showillg occipital and wcll-devd-
ored Il' rnusdc dOI'sal, anterior views, >< lO. Pl\lO 

as cranidiurn, Fig. 9. 

13, 17. Small cranidiul1l, dorsa!. antcrior views, X 6, showing antcrior 

border. 1'l\10 NF 635. Horizon and locality as cranidium, 9. 

14. 	 Small cranidiurn with furrows present, .': 6. SMA 84187. 
Olcnidsletla ,'vlember, shore sectiol1 on Profilslranda. 40 m from 
base of ,'vIember. 

15., 16, Incomplete pygidiurn, /. lO, dOI'sal. Iatnal, poslerior views. Sl\IA 
19. 84183. Same bed as cranidium, Fig. 9. 

18. 	 Smallest cranidium, 6, S,'vlA 84188, same bed as crallidiulU, 
Fig. 14. 
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Figs. 1-7. Oopsites hibemicus (REED 1909) (p. (7). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ture, 

\Vell preserved cranidium, dorsal, lateral and anterior views, X 10. 
4, detail of righthand side of glabeIla showing surface sculp
X 20. PMO NF 689, Olenidsletta Member, shore seetion on 

4,6. 

Profilstranda, 60 m from base of Member. 

Figs. 2, 5. 	 Free cheek, dorsal and lateral views, x 6, S]\;IA 84181, loeality as 

cranidium, Fig. I, 75 m from base of Olenidsletta Member. 

Fig. 7. 	 Ineomplete dorsal exoskeleton, X 10, showing presenee of eight 
thoracie segments. SMA 84180, loeality as eranidium, Fig. 1, 
about 50 m from base of Oienidsietta 1ember. 

Figs. 8-10. Carolinites rugosus n. sp. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (p. 

8·10. Seulptural details of holotype, Pl. 36, I, x 25. 8, anterior 
border and front of glabella showing anterior muscle impres
sion and medial smooth line (ML); Fig. 9, posterior mid part of 
glabella show ing break-up of raised lines sagittally; Fig. lO, lateral 
aspeet of glabdla showing complex muscle impressions, mid

oecipital depression, raised lines on intra-palpebral ridge. 
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Figs. I-Il . Oopsites squamosus n. gen., n. sp. 	 (p. 1(0) 

Figs. 1,4. 	 Holotype, cranidium, dorsal and anterior views, X lO. OIenid

sletta Member, melt stream B on Olenidsletta, about 82 m from 

base of Member. PMO NF 2879. 

Figs. 2, 3. 	 Pygidium, dorsal and lateral views, X lO. PMO NF 1576, OIenid

sletta Member, 97 m from base on Profilstranda. 

Fig. 5. 	 Free cheek, X 5, showing rapidly taper ing genal spine. SMA 

84192, Olenidsletta Member, about 95 m from base on Profil

stranda. 

Fig. 6. 	 Stratigraphically low cranidium, right free cheek slightly dis

placed, X lO. This is the earliest specimen with squamosus sculp

ture on the fixed cheeks, although in proportions resembling O. 

hibernicus more closely. PMO NF 2748, melt stream B on OIenid

sletta, about 80 m from base of Olenidsletta Member. 

Figs. 7,8. 	 Incomplete cranidium, Fig. 7, dorsal view, X 6, Fig. 8, lateral 

view showing muscle impressions, X 14. SMA 84189, Olenidsletta 

Member, 92 m from base on Profilstranda. 

Fig. 9. 	 Large cranidium, with muscle impression IP visible on internal 

mould of gIabeIla, X 5.5. PMO NF 416, Olenidsletta Member, 
90 m from base of Member on Profilstranda. 

Figs. 10, Il. Free cheek, genal spine incomplete, dorsal, lateral views, X 10. 

PMO NF 2876, Olenidsletta Member, horizon and locality as 
holotype, Fig. I. 
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Figs. 1·19. Carolinites mgosus n. sp. (p. 105) 

Figs. 1,7. 	 Free cheek, dorsal, lateral X 4. SMA 84196, Profil bekken 
Member, 36 m from base on Profilbekken. 

Figs. 2, 3, 	 Holotype, cranidium preserving Clltide, dorsal, lateral and 
5. 	 oblique anterior views, X 6. SMA 84195, Profilbekken Member, 

34 m from base on Profil bekken. 

Figs. 4, 8. 	 Pygidium, dorsal, posterior views, X 3. Same bed as free eheek, 
l. S A 84200. 

Figs. 6, Il . 	 Pygidium, dorsal, lateral views, X 4. S A 84198. Same bed as 
holotype, Fig. 2. 

Figs.9, 10. 	 Cranidium, dorsal, lateral views, X 8. SMA 84197. Horizon as 
holotype, Fig. 2. 

Figs. 12-16. 	 Small growth stages all from a thin limestone from the same 

horizon and loeality as holotype: 12, eranidium, '( 15, SMA 
84203; Fig. 13, small eranidium, "indentus" stage, X 15, SMA 
84-204; Fig. 14, very small eranidium, 40, SMA 84202; Fig. IS, 
smallest cranidium, X 30, SMA 84205; Fig. 16, ineomplete 
transitory pygidium, x 30, SMA 84208. 

Figs. 17-19. 	 Incomplete dorsal exoskeleton with the various parts in presumed 
moult arrangement. Fig. 19, dorsal X 6. Fig. 18, detail of 
left side of thorax, X 12, showing rninute anterior projections on 
pleurae (arrowed); note also middle furrows on axial rings. Fig. 17, 
latex east prepared from the eounterpart of Fig. 19, to show the 
posterior part of the hypostoma, and the doublure of the free 
eheek on left. Note that the orientation of this Fig. is reversed 
eornpared with Fig. 19. PMO NF 1374, loeality as holotype, 
Fig. 2. 



- 197 

PLATE 36 




>-

PLATE 37 

Figs. 1 15. Cam/inites genacinaca genacinaca Ross 1951 (p. 112) 

1 3. Cranidium preserving cuticle, dorsal, anterior and lateral views, 

x 8. Speeimen elose to the type of Ross 1951, Pl. 18, 29, 

36. PMO XF 1563, Olenidsletta Member, shore section on 

Profil bekken, 97 m from base of Member. 

Figs. 4, 5. 	 Pygidia orientated such that the small er of the pair and the larger 

are in dm'sal view, 8. PMO F 1578, same bed as previous 

speeimen. 

6. Incompletc dorsa! exoskcleton in presumed moult arrangement of 

parts 1.5. SMA 84229, Olenidsletta Member on Olenidsletta, 

cxact horizon uncertain but within lower 30 m and above range of 

C. genacinaca nevadensis. 

Figs. 7, 12. 	 Free check in dm'sal and lateral views, 4. Same bedding plane as 

previous speeimen, Fig, 6. 

Fig. 8. 	 Mould, largcly internal, of incomplete dorsal exoskcleton, X 1.5. 

SMA 84228, about 20 m from base of Olenidsletta Member on 

Olenidsletta. 

Fig. 9. 	 Internal mould of cranidium, narrow form, 4. PMO NF 74-3, 

Olenidsletta Member, shore section on Profilstranda, 75 m from 
base of Membcr. 

Fig. !O. 	 Free cheek, lateral view, showing lenses, X 10. PMO NF 2871, 

Olenidsletta Member, melt stream B on Olenidsletta, 82 m from 
base. 

Fig. Il. Immatme cranidium, X 25, SMA 84220, locality as cranidium, 
l, 70 m from base of Olenidslctta Mcmber. 

13. 	 Pygidium, exfoliated on right side, 

7, 

7.5. PMO NF 2759, 

Olenidsletta Member, melt strcam Bon Olenidsletta, about 80 m 

from base of Member. 

Fig. 14. 	 Stratigraphically high cranidium, 2, SMA 84227, Olenidsletta 

Member, shore section on Profilstranda, 100 m from base of 

Mcmbcr. 

15, 	 "Vell preserved cranidium, PMO NF 694. Olenidsletta 

Member, 60 m from base on Profilstranda. 
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1-3. Carolinites genacinaca genacinaca Ross 1951 ...... . . . . . . . . . . . . . . . . . . . . .. (p. 112) 

Fig. 1. 	 Stratigraphically low specimen, dissociated exoskeleton, 3. 

Pygidium lacks median tubercles characteristic of high er sped

mens. PMO NF 2801, Olenidsletta .Ylember, shore section on 

Olenidsletta, 25 m from base of J\;lember. 

Figs. 2, 3. 	 Hypostoma, ventraI and posterior views, X 10. P.MO NF 679, 

Olinedsletta .Member, shore section on Profilstranda, 60 m from 

base of Member. 

Figs. 4-13. Carolinites genacinaca nevadensis HI!\TZE 1953 	 (p. 115) 

Cranidium retaining cuticle, dorsal, anterior and lateral views, 


X 10. PMO XF 793, Olenidsletta 1ember, lowest part, 3 m from 


base on Profilstranda. Compare size of bacculae here with those of 

C. genacinaca genacinaca. 

Fig. 6. 	 Cranidium, incomplete on right hand side, comparing in pro

portions with the type of HINTZE 1953, dorsal view, X 4. PMO 

NF 2592, from basal bed of Olenidsletta .Member on melt stream C 

on Olenidsletta. 

Figs. 7, 10. 	 Free cheek in dorsal and lateral views, X lO. Note subocular 
characteristic of, and restricted to, this sub-spedes. PMO NF 804, 

from same bed as cranidium, Fig. 4. 

Figs. 9, l L 	 Pygidium, dorsal and lateral views, X lO. Two axial rings only 

completely defined across axis, third visible in lateral aspect. PMO 

NF 785, from the same bed as the cranidium, 4. 

Figs. 12, 13. Small cranidium in dorsal and anterior views, 20. Note faint 

eye ridges. PMO NF 786, same bed as cranidium, Fig. 4, pygi
dium, Fig. 9 and free cheek, Fig. 7. 
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Holotype, cranidium, partly exfoliated, with five thoracic seg

ments incomplete on lefthand side, dorsal, X 8, and lateral, 4, 

(p. 110) 

PLATE 39 

Figs. I 13. Carolinites ekplrymosus n. sp. 

Figs. 1 7. 

views. Right free cheek shows rugulose sculpture. SMA 84212, 

Olenidsletta ,Member, higher part, 140 m from base on Profil

stranda. 

2. :Free cheek, X 8, view orientated to show gen al spine shorter than 

that of C. genacinaca genacinaca. SMA 84213, locality and horizon as 
holotype, Fig. 1. 

Figs. 3, 5, 	 Well preserved, small cranidium retaining cuticIe, dorsal and 

6. lateral views, 

show ing fine granulation, 

ber, within upper 10 m of that Member on Profilbekken. 

exfoliated over 

5. SMA 84217, same bedding plane as free cheek, Fig. 2. 

Small cranidium, 15. SMA 

l .  

X 8. Fig. 6, detail of right lateral part of gIabeIla 

35. SMA 84210, Olenidsletta Mem

Fig. 4. 	 Cranidium, gIabeIla, showing median sagittal 

ridge, X 

8. 84214, locality and horizon as 

holotype, 

Fig. 9. 	 Small cranictium, < 15, at "indentus" stage of development. 

SIVIA 84215, same bedding plane as previous specimen. 

Fig. lO. 	 Stratigraphically early cranidium, >< 4, dose to narrow cheek 
form of C. genacinaca genacinaca (Pl. 37, Fig. 15). S IA 84211, 

locality as holotype, Fig. I ,  105 m [rom base of Olenidsletta 
Member. 

Fig. Il. 	 Detail of righthand side of giabeIla of holotype, Fig. l ,  show ing 

fine pitting on internal mould, X 25. 

Fig. 12. 	 Internal mould of incomplete pygidium, showing the four axial 

rings, 5. PMO NF 1320, 10west part of Profil bekken Member, on 

Profilbekken, exact horizon unknown. 

Fig. 13. 	 Incomplete pygidium, preserving exoskeleton, X 6. SMA 84218, 

locality as holotype, Fig. I ,  130 m from base of Olenidsletta 

Member. 
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Figs. 1-10,12,13. Carolinites sibiricus CHUGAEVA 1964 ... ..... ..... ........... . (p. 116). 

Figs. 1,2, 	 Cranidium retaining cuticle in dorsal, X 8,left lateral and anterior 
6. 	 views, X 5. SMA 84219, Profilbekken Member, 75 m from the 

base of the Member on Profil bekken. 

Figs. 3,4. 	 Cranidium, dorsal, left lateral views, X 5. SMA 84220, locality as 
cranidium, Fig. 1,66 m from base of Profilbekken Member. 

Fig. 5. 	 Internal mould of cranidium, X 5, speeimen comparing closely 
with the holotype of CHUGAEVA (1964). SMA 84221, loeality and 
horizon as cranidium, Fig. l .  

Fig. 7. 	 Dorsal exoskeleton laeking free cheeks, X 4.Rosroe Peninsula Co., 
Galway, western Eire, l mile northwest of boat quay, in graptolitie 
shales (eoll. J. B. ARCHER). British Museum, reg. BM It 13284. 

Figs. 8, 9. 	 Pygidium and one thoracic segment, in oblique anterior and dorsal 
views, X 11. PMO NF 3153,locality as cranidium, Fig. 1,66 m 
from base of Profilbekken Member. 

Figs. 10, 12. Free eheek, lateral view showing genal spine reduced to a stub 
(as in C. angllstagena Ross) and dorsal view, X 10. PMO NF 3159. 

Profilbekken Member, 70 m from base on Profil bekken. 

Fig. 13. Cranidium with bacculae relatively uninflated, PMO NF 1228, 
X 10,locality as previous speeimen but 68 m from base of Profil

bekken Member. 

Figs.11, 14-19. Carolinites killaryensis killaryensis (STUBBLEFlELD 1950) (p. 116) 

Figs. 11, 16. Free cheek, dorsal, lateral views, X 3. Profilbekken Member, 
upper part, 64 m from base on Profilbekken, SMA 84235. 

Fig. 15. 	 Cranidium and pygidium on same bedding plane, X 5, the former 
in oblique posterior, the latter in oblique anterior aspect. Lower 
part of the range of the speeies, low Profilbekken Member, south 
of melt stream A on Olenidsletta about 2 m from base of Member. 
PMO NF 357. 

Figs. 17, 18. Cranidium, anterior and dorsal views, X 5. PJ\10 NF 1251,local
it y as free cheek, Fig. 11,68 m from base of Profilbekken Member. 

Fig. 14. 	 Cranidium, dorsal view, X 3.5. PMO NF 528. Profilbekken 
Member, 68 m from base of Profilbekken. 

Fig.19. 	 Pygidium, showing long terminal spine in lateral view, X 6. 
PMO NF 3002,same bed as eranidium, Fig. 18. 
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Nileidae - scu1ptura1 detaiIs. 

1 ,2, 5,7. Poronilemisoteloides n. gen., Il. sp......... .. ........ .... .. .. .. .. 


Figs. I, 2. 	 Incomplete cranidium, palpebral view 1 .5 ,  and detail of mid-
part of gIabeIla, X 8, showing punctate surface sculpture, median 
smooth 

(p. 5.5) 

,/ 

smooth internal mould on right. SMA 84247, upper 

part of Profilbekken lVfember, 37 m from base on Profil bekken. 

5, 7. 	 Internal mould of free cheek, X 2, doublure on right, and detail of 
lefthand part photographed in strong, oblique light to emphasise 
the faint gen al caeca (running left-right), 1 5. SMA 84260, 
locality as preceding cranidium, 50 m from base of Profil bekken 
.\1ember. 

Figs. 3,6. Poronileusjistulosus n. gen., n. sp. 51 ) 

Fig. 3. 	 Detail of mid-anterior part ol glabeIla of incomplete cephalon, 
at same scale as sculpture of P. isoteloides, 2 ,  to show admixture 

of fine scale terrace lines and pits. SMA 84239, low Profil hekken 
.\1ember, locality and horizon as cephalon, Pl. 1 3, 4. 

6. Free cbeek, dorsal exoskeleton removed to show upper surface of 
doublure, and vincular furrow, 4. SMA 84262, locality and 

horizon as previous. 

Fig. 4. Poronileus vallancei n. gen., n. sp. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . (p. 57) 

Fig. 4. 	 Free cheek showing sculpture of seattered, fine pits and terrace 
lines , minute and crowded lenses on eye, X 20. Detail of right frec 
cheek of specimen shown on Pl. 18, Fig. 7. 
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