
THE TRILOBITE 
FAMILY OLENIDAE 

WITH DESCRIPTION OF NORWEGIAN MATERIAL 

AND REMARKS ON THE OLENID AND 

TREMADOCIAN SERIES 

BY 

GUNNAR HENNINGSMOEN 
PALEONTOLOGISK MUSEUM1 UNIVERSITETET I OSLO 

WITH 19 FIGURES IN THE TEXT AND 31 PLATES 

SKRIFTER UTGITT AV DET NoRSKE VIDENSKAPS-AKADEMI 1 OsLo 
r. MAT.· NATURV. KLASSE. I957· No. r 

OSLO 

I KOMMISJON HOS H. ASCHEHOUG & CO. (W. NYGAARD) 

1957 



Fremlagt den mat.-naturv. klasse den 3. juni 1955 av He in t z. 

TRYKT MED BIDRAG FRA 

KORGES ALME;'>;V!TENSKAPELIGE FORSKNI�GSR.\D 

A.W. BRØGGERS BOKTRYKKERI AlS 



THE TRILOBITE 
FAMILY OLENIDAE 

WITH DESCRIPTION OF NORWEGIAN MATERIAL 

AND REMARKS ON THE OLENID AND 

TREMADOCIAN SERIES 

BY 

GUNNAR HENNINGSMOEN 
PALEONTOLOGISK MUSEUM1 UNIVERSITETET I OSLO 

WITH 19 FIGURE5 IN THE TEXT AND 31 PLATES 

SKRIFTER UTGITT AV DET NoRSKE VIDENSKAPS-AKADEMI r OsLo 

1. MAT.· NATURV. KLASSE. I957· No. r 

OSLO 

I KOlV!MlSJON HOS H. ASCHEHOUG & CO. (W. NYGAARD) 

1957 





Contents 
P age 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Abbrcviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l l 

T erminoiogy 12 

Classification, affinities, and origin of o!enids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Previous classifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

Proposed classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Trilobitcs doubtfully belonging to or excluded i rom the Olenidae . . . . . . . . . . . . 13 

Doubtfu1 genera (p. 18), Genera excluded from the Olenidae (p. 19 ), Species 

excluded from or with doubt retained in the Olenidae (p. 22) 

Position of the Olenidae within the dass Trilobitae . . . . . . . . . . . . . . . . . . . . . . . . 26 

Remarks on somc possibly related trilobite families . . . . . . . . . . . . . . . . . . . . . . . . . . 26 

Andrarinidae (p. 26), Elviniidae (p. 27), Anomocaridae, Ceratopygidae, 

Asaphiclae, and Richardsonellidae (Kainellidae) (p. 28) 

O ri gin o [ the Olenidae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Geographic, stratigraphic, and lithologic occurrence of olenicls . . . . . . . . . . . . . . . . . . . . 31 

Occurrencc of olenids in :::\ orway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

The 01enid Series in )Jorway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31  

Occurrence and lithology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

Biostratigraphy of the Olcnid Series in Xorway . . . . . . . . . . . . . . . . . . . . 3-i 

The Olemts zones, 2a (p. 36), The Parabolina spinulosa zone 2b 

(p. 36), The Leptoplaslns zone, 2c (p. 36), The Peil! ra zones, 

2cla-å (p. 36), The A t:erocare zone, 2de (p.  39) 

The Ceratopyge Series in ?\ orway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Occurrence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Lithology and stratigraphy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 

Stratigraphic distribution of olenids i n  the Ceratopyge Series . . . . . . . . 41 

The zone of Dict:yonema flabellifonne, 2e (p. 41), The zone of 

Symphysurm incipiens, 3aa (p. 42), The zone of Ceratopyge for

ficula, 3a{J-y (p. 42) 

Olenicls occurring in :::\orway and their regional distribution . . . . . . . . . . . . 43 

Occurrence of �Cpper Cambrian and Tremadocian olenids in the Acado-Baltic 

province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

The Olenid Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 45 

Lithology and content of olenids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 

ScandinaYia (p. 45), Polancl (p. 46). France (p. 45), Gre<1t Britain 

(p. 4i), Canada (p. 50) 

Conclusions on the distribution of C pper Cambrian olenids in the 

Acado-Baltic prO\·ince . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sl 

rfhe T ren1adocian Series in the �o\cado-Balt i c province . . . . . . . . . . . . . . . . . . 5.2 

Occurrence, lithology, and faunas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SZ 

Distribution oi Tremadocian olenids in the Acado-Baltic prO\-ince . . . . S.i 

Tremadocian olenids with great meridional range . . . . . . . . . . . . . . . . . . . . JJ 



Distribution of Upper Cambrian and Tremadocian olenids outside the Acado-

Baltic province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

Remarks on the distribution of post-Tremadocian olenids . . . . . . . . . . . . . . . . . . 57 

Conclusions on the occurrence of olenids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jt 

Correlation of the Upper Cambrian and Tremadocian Series in the Acado-Baltic 

province with the succession of the North American province ................... . 

The Acado-Baltic province in the Upper Cambrian and Tremadocian epochs ..... . 
Remarks on the formation of alum shales ................................. . 
The Olenid Sea ......................................................... . 
The Tremadoc Sea ....................... : . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .  . 

Mode of life of the olenids ................................................... . 
Ecdysis 

Ecdysis in trilobites in general ....................................... . 
A find of shields of Acerocare ecorne in moulting position ............. . 

Mode of locomotion ..................................................... . 
Tracks of olenids? ................................................... . 
Locomotion in trilobites in general ................................... . 
Locomotion in olenids as deduced from their types of shield ........... . 

Ecology ................................................................ . 
Phylogeny and evolution of the olenids ... .................................... . 

Brief account of the phylogeny ....... .................................... . 
Items of general interest to trilobite phylogeny and classification ........... . 
Rates of evolution in olenids ............................................. . 
Evolution of olenids in relation to way of living and environment ........... . 

Remarks on the ontogeny and certain morphologic features ..................... . 

Ontogeny ....... ......................................................... . 

On certain morphologic features ......................................... . 
Cephalic sutures ..................................................... . 
Cranidial muscle marks ............................................... . 

Some other morphologic features ..................................... . 

Systematic descriptions1 . . . . • . . . . . • . . . • • . . • . . . • . • • . • . . • . . . . . • . • . • . . . • . . . • . . . • • • •  
Family Olenidae Burmeister 1843 ......................................... . 

Subfamily Oleninae Burmeister 1843 ................................. . 
Olenus (p. 96), Parabolina (p. 112), Pambolinites (p. 129), Parabolinella 

(p. 132), Bienvillia (p. 142), Triarthrus (p. 147), Porterfieldia (p. 152), 

Plicatolina (p.152), W estergårdites (p.154), Angelina (p.l 55), Leiobien

villia (p. 159), M oxomia (p. 160) 

Subfamily Leptoplastinae Angelin 1854 ............................... . 
Leptop!astus (p. 161), Eur)•care (p. 178), Ctenopyge (p. 183), Eocteno

pyge (p. 183), M esoctenopyge (p. 183), S phaerophthalm1�S (p. 211) 

Subfamily Pelturinae Corda 1847 ..................................... . 
Protopeltura (p. 220), Pel tura (p. 231), N ericiaspis (p. 241), Acero

care (p. 242), Saltaspis (p. 244), Peltocare (p. 246), Pelturina (p. 249), 

Acerocarina (p. 251), Westergårdia (p. 253), Boeckaspis (p. 257), 

Jujuyaspis (p. 261), Leptoplastides (p. 264), Belte/la (p. 268), Paene

beltella (p. 270). 

57 

61 

61 

62 

66 

70 

70 

70 

7l 

74 

74 

76 

78 

79 

82 

82 

84 

86 

87 

89 

89 

90 

90 

92 

93 

94 

94 

96 

161 

220 

Postscript . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  272 

References ......... ....... ................................................... 274 

Index of selected references to taxonomic names . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288 

Charts 1-6 .......... ........................................................ 292 

Plates and explanation of plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304 

1 The 'Species are treated in alphabetical order within each genus. except doubtful 

species, which are treated after the others. 



Abstract 

A few new terms are introduced for the description of trilobite shields 

(cf. text-figs. 1-2) . 
Earlier classifications of the family Olenidae are reviewed. In the classi

fication proposed here (p. 17), three subfamilies are recognized (Oleninae, 
Leptoplastinae, Pelturinae) , thus reviving the tripartition of the family pro
posed by Persson ( 1904) . The subfamily Triarthrinae is included in the 
Oleninae, and the Jujuyaspidinae in the Pelturinae. The subfamily Papyrias
pidinae is considered as not belonging to the Olenidae. Several genera and 
species previously assigned to the Olenidae have also been removed, and a 
number o f  doubtful members are discussed. 

The Olenidae may have developed from the Andrarinidae, which again 
may be rdated to the Elviniidae and, more remotely, to the Anomocaridae, 
Ceratopygidae, Asaphidae, and Richardsonellidae. 

The geographic, stratigraphic, and lithologic occurrence of ,the olenids 
is discussed. They are especially characteristic of the Upper Cambrian Olenid 
Series and the Lowermost Ordovician Tremadocian Series in the Acado
Baltic province, and very often occur in a black shale facies. 

Several new subfaunizones are erected for the Olenid Series in Norway, 
which is divided in1o 8 faunizones comprising 29 subfaunizones. Most of  
these are also known in Sweden, as  well as three other subfaunizones, so  that 
the total number of subfaunizones recognized in the Olenid Series in Scandi
navia amounts to 32. The 8 faunizones are proposed to be used for the whole 
of the A ca do-B.altic province, and are given the symbols I-IV, Va, Vb, V c, VI. 

Faunal lists from outside Scandinavia have sometimes suggested the 
association of Upper Cambrian olenid species which occur in separate sub
zones in Scandinavia. Re-examinations of such faunas ( e. g. the Dryton 
Brook olenid fauna from Shropshire, England) have shown that this is not 
the case, and that either fossils from different horizons have been mixed 
together, or some of the fossils have been incorrectly determined. So far 
there is thus no evidence of the Upper Cambrian olenid species not occurring 
in the same order of appearance in the � ... ·hole of the Acado-Baltic province. 
On the contrary, whenever it can be controlled, they seem to do so. Further-
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more, the alen id faunas in the various areas of the Acado-Bal tie province 
seem to be much more similar than it appeared from earlier lists of species, 
since the same species aften was given different names in the di fferent areas. 
It seems impossible to distinguish any olenid subprovinces in the Upper 
Cambrian of the Acaclo-Baltic province. 

There is a marked diffcrence between the olenid faunas in the variom 
areas of the Acaclo-Bal tie province in Tremadocian times, and it cloes not 
seem possible to establish any standard scheme of olenid zones for the Tre
madocian of the whole of the province, a\though local zones may be recog
nized. The genus Jujuyaspis, previously known only from South America, 
has been found in the Lower Tremadocian Dictyonema Shales in Norway. 

At present, Upper Cambrian and Tremadocian olenids outside the 
Acado-Bal tie province are known with certainty on! y from isolated occur
rences in North Ame rica, Siberia, Central Asia and South Korea, and pos
sibly a\so in Australia. The Tremadocian olenids in South America are re
garded as belonging to an extension of the A ca do-Bal tie province. 

0\enids are rather scarce in post-Tremadocian beds, and Triartlu·us, 

which extencls through the whole of  the Midclle Ordovician, appears to be 
the last olenid genus. 

Little new has been added to solve the problems of correlation between 
the L_Tpper Cambrian and Lowennost Orc\ovician zones in the Acaclo-Baltic 
and North American provinces. A new fossiliferous section in Norway sup
ports \Vilson's view (1954) that there is no gap between the Olenid Series 
and the Tremadocian Series, in contrast to what was suggested in many 
earlier correlation tables. However, it is still uncertain where the bounclary 
between these series Iies in correlation with the North American standard 
scheme - probably not too far from the boundary between the Franconian 
and Trempealeauian. The lovver bounclary of the Olenid Series apparently 
corresponds more or less closely to the boundary between the Crepicephalus 

and Aphelaspis zones of  the Dresbachian. 
Conditions in the Olenid Sea (where the Olenicl Series was deposited) 

often tended to be stagnant, at !east near the sea floor. Its fauna was charac
terized by the dominance of Oleniclae and the scarcity or absence of many 
groups of invertebrates, as far as can be judgcd from the fossils. Thus no 
benthonic sessile or scdentary forms are known, with the exception of a few 
brachiopods. The few non-olenid trilobites seem to be accidental invaders, 
except for same agnostids, which may be regarded as remnants of the earlicr 
Paradoxides fauna. 

Conditions in the Tremacloc Sea (where the Tremaclocian Series was 
depositecl) were at first rather like those of the Olcnid Sea, but gradually 
became much more variegatcd, as is shown by the greater variety of sedi
ments. The Tremacloc Sea transgressecl over areas apparently never coverecl 
by the Olenid Sea. f'aunal interchange with other seas became easier, and 
the olenids even spread to areas uutsicle the Acado-Baltic province. On the 
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other hand, the Acado-Baltic province was invaded by a number of  trilobite 
families and other inYertebrates. At least the greater part of this new fauna! 
element came from the west, i. e. the North Ame ri can provincc. In accordance 
with the various ecological habitats, the ne·w forms invaded the different 
areas of the Acado-Baltic province at dif ferent times. The local variations 
of the olenid faunas in Tremadocian times may perhaps have been caused 
by the olenids being restricted to the more or less isolated areas with a stag
ruant sea floor. 

A find of specimens o f  Acerocare ecorne apparently in moulting position 
is of considerable interest, both in showing how the ecdysis took place, and 
in suggesting that the olenids actually could sojourn in the stagnant bottom 
waters of the Olenicl Sea, at !east for shorter periods. 

One may distinguish between three dif ferent morphological types of  
shields in the Olenidae. Those with the Peltura type of  shield probably were 
vigorous animals and may have been good swimmers. Those with the Olenus 

type probably also swam well, although perhaps not so fast and vigorously. 
Those belonging to the Ctenop)'ge type have been more adopted to floating. 

For several reasons the clominance of the Olenidae in the Olenid Sea 
may be explained as a result of their aclaptation to stagnant waters. The -rather 
rapid decline o f  the olenids in the Tremadocian epoch probably was causecl 
by the decrease and splitting up of areas with stagnant conditions and the 
invasion of the Acado-Daltic province by other trilobites and invertebrates, 
some no doubt competing with them, and some perhaps preying upon them. 

The phylogeny of the Olenidae is discussed. Within a phylogcnetic trend 
the number of thoracic segments may increase or decrease, the size o f  the 
trilobite may increasc or decrease, and likewise the length o f  the pygidium 
in relation to the length o f  the cranidium. Features that may scem to be lost 
in a phylogenetic lineage, at )east in the adults, may reappear later in the 
lineage. Features that for a long time remain stable, may later be subject 
to great variation. The in general opisthoparian family Oknidae gaye rise 
to various proparian off-shoots. 

In the remar.ks on the ontogeny it is strcssed that there may be marked 
differences in proportions also bctween later stages. 

Glabellar muscle marks, previously not obsened in olenids, are de
scribed in . Acerocarc ecorne, and a new type of an olenid pygidium has been 
found, belonging to Ctenopwe (Mesoctenop·yge) erecta. 

Since it was unknown whether the olenids had a median suture, a pair 
o f  connective sutures, or no sutures crossing the cranidial doublure, evidence 
for this was specially sought for. It was ascertained that Parabolina spinu
losa, Parabolina lobata, and most probably Olenus attemtatus had no sutures 
crossing the cranidial doublure, i. e. their free chceks were fused. This may 
be the case of othcr olenids as well, although the long and narrow doublure 
between the frec cheeks apparently easily broke, which would explain why 
the free cheeks usually are found separated. 
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Descriptions of Norwegian olenids are induded in the Systematic 
Descriptions, which treat all known olenid genera and species, except post
Tremadocian species of Triarthrus, which only are listed. New are the genera 
Parabolinites, Peltocare, and Pelturina, the subgenera Eoctenopyge and 
M esoctenopyge, and the species and subspecies Olenus alpha, Olenusf wil

soni, Parabolina kinnekullensis, Parabolinaf quadrisulcata, Parabolinella lata, 

Bienvillia tetragonalis broegger-i, Ctenopyge (Eoctencpyge) modesta, Cteno

pyge (Mesoctenopyge) similis, CtenoP)'ge (Mesoctenopyge) tumidoides, 

Ctenopyge (Ctenopyge) affinis gracilis, Protopeltura holtedahli, Peltura 

scarabaeoides westergårdi, Pelturina punctifera, Jujuyaspis angusta, and 
Jujuyaspis keideli norvegica. 

A number of  synonyms have been detected. A· re-examination of  the 
type material of Sphaerophthalmus alatus (Boeok 1838) has most unfortu
nately shown that it is specifically distinct from the S phaeropthalmus species 
referred to Sph. alatus by most subsequent authors, but is conspecific with 
the species referred to Sph. major Lake 1913  by Scandinavian authors. The 
name Sph. humilis (Phillips 1 848) may be revtved for Sph. alatus auctorum, 
non Boeck. 
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Introduction 

The Upper Cambrian alum shales of the Oslo region with their stink
stone concretions yielding incredible numbers of trilobites early attracted my 
interest, and I eventually decided to study this so-called Olenid Series and 
its trilobite faunas. My attention was drawn more and more to the olenids, 
which constitute by far the greater number of trilobites in this series and on 
whioh a detailed biostratigraphic division could be based. The palaeonto
logical part of the research finally became restricted to the family OJenidae, 
but a new section through passage beds with olenids between the Olenid 
Series and the overlying Ceratopyge Series (Tremadocian) led me into in
cluding later olenids as well. For taxonomic reasons it was necessary to 
compare the Norwegian olenids with foreign material, and as most of the 
genera and almost half the number of the known species of olenids occur in 

the Norwegian succession, I was tempted to include the remaining forms in 
'my research. In addition there seemed to be justification for a general re
vision of the whole family. The present paper thus became a monograph on 
the family Olenidae. 

There already exists an extensive literature on the olenids, but in most 
papers only a restricted number of species are treated. Exceptions are 
"A Monograph on the British Cambrian Trilobites" by Lake (1906-1946) 

and the excellent monograph ·on the Olenid Series of Sweden ("Sveriges 
Olenidski ff er") by Westergård ( 1922). However, the olenids described in 
these papers are confined to the Upper Cambrian and Tremadocian forms 
of Great Britain and the Upper Cambrian forms of Sweden, respectively. 
Contributions on the olenids of Norway have been given i. a. by Boeck 
(1 838), Brøgger (1882), Holtedahl (1910), Størmer (1920, 1922a), and 
Strand (1927, 1929). 

I have restricted my study of the morphology of the olenids to the dorsal 
shields and hypostomae, especially as I have no new material of specimens 
showing e. g. the extremities. Although an account of the phylogeny and 
taxonomy of the olenids forms the main aim of the present paper, I have 
tried to discuss biological problems, more or less along the lines recommended 
by Weller (1952, p. 146). As one approach to the understanding of the 
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ecology of the olenids, I have compiled data on their bed rocks and discussed 
the possible conditions of deposition of the sediments, primarily of the black 
alum shales. Since the olenids are especially characteristic of the Upper 
Cambrian Olenid Series, and to some degree also of  the Tremadocian Series,1 
I have concentrated on the stratigraphy and lithology of these series. The 

olenids appear to be good index fossils, often having a short stratigraphic and 
a great geographic range, and the study of the olenids has yielded information 

. of interest to the stratigraphy of the beds in question. 
I hope that the present paper may form a useful basis for further studies 

on the Olenidae and also be of use to students of Upper Cambrian and Tre

madocian stratigraphy. I believe that statistical analyses of populations, phylo
genetic trends, and ontogenetic developmcnt of o1enids are promising fields 
for research, and may lead to interesting results on trilobites in general. 
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Terminology 

Different authors often use different terms for the same features of 

the trilobite shield, and sometimes the same terms are given different mean

ings. This is especially true of the terms for the cephalon. To avoid misunder

standing, some of the terms used here are shown on text-figures l and 2. 

Cranidium. I have found it useful to introduce a new term, eye line, 

for a line through the centres of the eyes normal to the axial ( sagittal) plane. 

The fixed cheeks are divided into four areas: the postocul<l;r, interocular, 

preocular part of the fixed cheek ( abbr. : postocular, interocular, and pre

ocular cheek), and the palpebral lobe. The postocular cheek is separated from 

the interocular cheek by an imaginary line normal to the axial plane imme

diately behind the eyes, and the interocular cheek is separated from the pre

ocular cheek by the eye ridge, or, when no eye ridges are present, by an 

imaginary Ene from the anterior end of the palpebral lobe to the anterior 

corner of the glabella. When the two preocular cheeks are joined in front of 

the glabella, they together form the preglabellar field. The facial sutures are 

divided in four: the postocular, ocular, preocular, and anterior (part of the 

facial) sutures. Similarly, the terms postocular, ocular, preocular, and an

terior margins may be used for the corresponding parts of the lateral margin 

of the cranidium and the ioner lateral margin of the free cheeks. Some terms 

for describing different courses of the preocular and postocular margins of 
the cranidium are shown in text-figure 2. 

The g.Jabellar furrows (sulci) are counted from the rear and given the 

symbols S1-S4 (cf. text-fig. l) .1 The occipital furrow is given the symbol 

SO ( sulcus occipitalis). Similarly, the glabellar lo bes may be ref er red to as 

LI, L2, etc., counted fr.om the rear, the anterior lobe as LA, and the occipital 
ring as LO (lobus occipitalis). Some terms for describing different types 

of occipital and glabellar furrows are shown in text-figure 2. 

Free cheeks. The angle between the outer lateral and the posterior mar

gin is called the corner angle. In opisthoparian trilobites this angle is also the 

1 Cf. postscript. 
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Fig. l. Terminology for features of the cephalon and hypostoma. 

genal angle. The angle between the outer lateral margin and the median line 

of the cheek spine is called the otder spine angle, and the angle between the 

posterior margin and the median line of the spine is called the inner spine 

angle. The three angles together amount to 360°. \iVhen the outer lateral 
margin and the posterior margin form an even curve, the cheeks are said to 

be pelturoid. The corner area between the posterior margin and the postocular 
margin is called the flip. 

H ypostoma. The area between the central body and the marginal border 
is rcferred to as the brim. 
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Fig. 2. Some qualifying terms for the preocular margins (or preocular facial sutur�s), 

the occipital and glabellar furrows, and the postocular margins 

(or postocular facial sutures). 

Axial shield. This term is introduced for a dorsal shield without free 
chceks, i. e. the axis and all parts of the dorsal shield connected with the 
axis ( cranidium + thorax + pygidium) .  

Length and width. As is now the general practice, "length" rcfers to the 
sagittal (sag. ) or exsaggittal ( exsag.) extension, "width" to the transverse 
( tr.) extension of the shield, or parts of the shield, thus also in the prcocular, 
interocular, and postocular cheeks, occipital ring, and preglabellar field. 
Exceptions are bordcrs, spines, and furrows, whose lengths are always 
measured along the longcst extension. 
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Classification, affinities, and origin of olenids 

Previous classifications 

\Vhen Bunncister ( 1843) erected the family Olenidae, he assigned to 
it the two genera Paradoxides and 0/enus. It should be rememberecl, hoN
ever, that at that time Parabolina species \VCre still assigned to Pamdoxides, 
and that Olenus includecl species now a�signecl to other genera, olenid and 
non-olenid (Sphaerophthahnus, Eurycare, Pc/tura, Parabolina, Triarthrus, 

Ceratop·yge a. o.). 
Angelin ( 1854) erected a family Leptoplastidae, which on! y included 

genera which are still consiclered as olenid genera: Olenus, Peltura, Para

bolina, Acerocare, Leptoplastus, Eurycare, S phaerophthahnu.s (including 
spccies later assigned to Ctenopyge), and Anopocare (basecl on the head of 
Sphaerophthalmus humilis and the tail of Peltura scarabaeoides). 

In his Monograph of British Trilobites Salter ( 1864) took the family 
Olenidae more in the sense of Burmeister, and listed the following genera: 
Olenus, Spha.erophthalmus, Paradoxides, Anopolenus, Remopleur·ides, Tri

a.rthrus, Tiresias, Cyphoniscus, and HJdrocephalus. 

Brøgger (1882) again restricted the concept of the family. As can be 
inferred from his remarks on the Oleniclae (p. 164) and his clescriptions, he 
refen·cd the following genera to it: O!enus (subgenera Olenus, Pa.ra.bolina, 

Pa.rabolinella), Peltttra. ( subg. P eltura. P rot o peltura, Cyclognathus. A cero

care), T?-ia.rthrus (or subgenus ?) , Le ptoplastus ( subg. Le ptoplastus, Eury

care, Sphaerophthalmus, Ctenopyge), Bocck ia. This divisicm of the Olooidae 
approachcs that accepted now, except that his subgenera are now considerecl 
genera, and threc of his genera are treated as subfamilies. 

Deecher ( 1897) brought confusion in to the classification .of Olenidae 
Salter (sic!), which he took in a very wide sense. He recognized four groups 
( subfamilics), Paradoxinae, Oryctocephalinae. Oleninae, and Dikelocepha
linae. Only two of these subfamilies inclucled genera that we now assign to 
the Olenidae (as well as non-olenid genera), these being Oryctocephalinac 
and Oleninae. Looking apart from all the non-olenicls in these groups, Ory
ctocephalinac embraced Ctenopyge, Paraboliua, Eurycare, Angelina, Peltura, 

and Protopeltura., while Oleninae induded Olenu.s, Aceroca.re, Leptoplastus, 

Sphaerophthalmus, Pa.rabolinella. Boeckia, and Triarthrus. This grouping of 
the olcnids is quite unsatisfactory. 
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Persson (1904) aga in restricted the Olenidae, developed Brøgger's 
scheme and divided the olenid genera �nto three groups: Continuæ · ( O lenus, 

Parabolina), Abruptæ (Eurycare, Leptoplashts, Ctenopyge, Sphaerophthal

mus), and Inermes (Peltura, A cerocare) .This grouping was based on the 
positioo or absence of the genal spine, and was also adopted by Lake (1908) , 
who added Parabolinella to the Continuæ. 

\N estergård ( 1922) in his monograph on the Olenid Shale in Sweden 

added important knowledge on the Cambrian Olenidae, a.nd gave a "phylo

genetic tree" for the Upper Cambrian genera in Scandinavia. 
Ulrich (1931) erected a new family Triarthridae for Triarthnts, Para

boline/la, Peltura, Protopeltura, Acerocare, and, doubtfully, Triarthropsis 

wnd Stenochilina. 

This family was later incorporated in the Olenidae again by Kobayashi 
( 1935c, p. 256), who divided the Olenidae in to subfamilies in the following 
way: Subfamily Oleni nae nov. (sic.!) ( Olenus, Parabolina, Parabolinella, 

Parabolinopsis, Belte/la, A ngelina), Subfamily Leptoplastinae Angelin 
(Leptoplastus, Eurycare, Ctenopyge, Sphaerophthah·n:us) , Subfamily Triar
thrinae Ulrich (Protopeltura, Peltura, Acerocare, Cyclognathus, Wester

gardia, Boeckia, Triarthrus) .  

In 1936 Kobayashi added a new genus, Jujuyaspis, to the Leptoplastinae, 

and in 1937 Troedsson added two new genera, H edinia and W estergårdites, 

to the Oleninae and Triarthrinae respectively. H edinia (i.  e. H edinaspis 

Troedsson 1951) i s  x:emoved here from the Olenidae ( cf. p. 20) . 

Whitehouse ( 1939) added a new subfamily, Papyriaspinae, comprising 

Pianaspis, Papyriaspis, Rhodonaspis, and H edinia. For reasons discussed 

below (p. 21) this subfamily is rem o ved from the Olenidae. 

Harr.ington & Leanza (1952) divided the Olenidae into four subfamilies: 
Oleninae, Triarthrinae, Leptoplastinae, and Pelturinae. The latter was erected 
as a new subfamily, but as Corda (in Hawle & Corda, 1847) erected a family 

Pelturides, the subfamily should be referred to as Pelturinae Corda 1847. 
Harrington & Leanza furthermore gave a "phylogenetic tree" of the olenids, 
which is based on Westergård's, but is important as it also inclucled non
Scandinavian and Tremadocian genen.. 

Hupe (1953) recognized six olenid subfamilies: Papyriaspinae, Oleni
nae, Leptoplastinae, Triarthrinae, Jujuyaspinae, and Aulacopleurinae. The 
Papyriaspidinae and Aulacopleurine are not regarded as olenids here 
(pp. 20, 21) . The Jujuyaspinae (recte: Jujuyaspidinae) was erectecl for the 
genus Jujuyaspis and should be characterized by a proparian suture. How
ever, as shown by Harrington & Leanza (1952) , Jujuyaspis does not have 
a proparian suture (cf. postscript). 

Tjemvik (1955) published a phylogenetic tree suggesting the relation
ships of the new genus N ericiaspis and another proprian genus, Saltaspis, to 
other pelturines. 
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Proposed classification 

I suggest dividing the family Olenidae into three subfamilies, thus 
reviving the tripartition of the family proposed by Persson ( 1904) . 

I have preferred to include the subfamily Triarthrinae i n  the subfamily 
Oleninae because the subfamiliy Oleninae would otherwise include only two 
or three genera, and because it  is uncertain whether all the genera assigned 
to . the Triarthrinae form a group which developed monophyletically from 
the Oleninae s. s. Apart from this, the classification adopted here on the 
whole agrees with that proposed by Harrington & Leanza ( 1952) , but differs 
in the following items : 

· 

To the Oleninae (including Triarthrinae) I have added Westergå·rdites 

(not mentioned by Harrington & Leanza), Parabolinites n. gen., a:nd, with 
doubt, L eiobienvillia and M oxomia. I have removed Plesioparabolina, which 
probably is not an olenid (cf. below), and which Harrington & Leanza only 
tentatively assigned to this subfamily. 

From the Leptoplastinae I have removed Mekynophrys and Pyrausto

cranium, which I doubt should be assigned to the Olenidae (cf. below), and 

which Harrington & Lea:nza only hesitatingly included in this subfamily. 
To the Pelturinae I have added Sphaerophthalmoides Hutchinson 1952 

(which I consider to be a synonym of Westergårdia) ,  Ner-iciaspis Tjernvik 
1955, Sphaerophthalmella Kobayashi 1955 ( cf. postscript), and the two ne.v 
genera Pelturina and Peltocare. Leptoplastides, Beltella and Paenebeltella are 
included with same doubt. 

Like many earlier classifications, the present one is based on the assumed 
phylogcny ( cf. p. 82 and chart 6) . 

F a m i l y O l e n  i d  a e Burmeister 1843. 

Subfamily Oleninae Burmeister 1843 

(including Triarthridae Ulrich 1931) .  

Olenus Dalman 1827. 
Parabolina Salter 1849. 
Parabolinites n. gen. 
Parabolinella Brøgger 1882. 
Bienvillia Clark 1924 (synonym : Diatemnus Raymond 1937) . 
Triarthrus Green 1832. 
Porterfieldia Cooper 1953. 
Westergårdites Troedsson 1937. 
Plicatolina Shaw 1951. 
A ngelina Salter 1864 (synonym : Keide!aspis Harrington 1937).  
? Leiobienvillia Rasetti 1954. 
? kf oxomia vValcott 1924. 

Vid.-Akad. Skr. I. M.-K Kl. 1957. !\'o 1 .  2 
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Subfamily Leptoplastin.ae Angelin 1854. 

Leptoplastus Angelin 1854. 
Eurycare Angelin 1854. 
Ctenopyge Linnarsson 1880. 

Subgenus Ctenopyge Liooarsson 1880. 
» Eoctenopyge n. subgen. 
» M esoctenopyge n. subgen. 

Sphaerophthalmus Angelin 1854. 

Subfamily Pelturinae Corda 1847 

(including Jujuyaspidinae Hupe 1953) . 

Protopeltura Brøgger 1 882. 
Peltura Milne Edwards 1840 ( synonym : Anthes Goldfuss 1843 ) .  
Pelturina n. gen. 
Acerocarina Paulsen 195 1  ( = Cyclognathus Linnarsson 1875 non 

St. Hillaire 1833 ) .  
A cerocare Angelin 1885. 
N ericiaspis Tjernvik 1955. 
Saltaspis Harrington & Leanza 1 952. 
Peltocare n. gen. 
Westergårdia Raymond 1927 ( synonym : Sphaerophthalmoides 

Hutchinson 1952) . 

M.-N. Kl. 

Boeckaspis Henningsmoen 1955 ( 
. 
Boeckia Brøgger 1 882 non B. Brady 

187 1 ) .  
Sphaerophthalmella Kobayashi 1955 (cf.  postscript ) .  
Jujuyaspis Kobayashi 1936. 
? Leptoplastides Raw 1919 (synonyms : Parabolinopsis Hoek 1912, 

A ndesaspis Kobayashi 1 935) .  
? Beltella Lake 1919. 
? Paenebeltella Ross 195 1 .  

Trilobites do ubtfully belonging to o r  excluded 

from the Olenidae 

Doubt.ful genera. 

In a discussion of same genera possibly belonging to the Olenidae, 
Kobayashi ( 1936a, p. 98) concluded that "It is yet uncertain that A ndesaspis, 

M oxomia, Tostonia, M oosia, Triarthropsis and Stenochilina belong to the 
Olenidae". Since then, Andesaspis has been shown to be a true olenid, and 
Moosia Walcott 1924 is now regarded as a synonym of Elvinia, and is thus 
an elviniid. Triarthropsis and Stenochilia are now regarded as members of 
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the Catillicephalidae (cf. Rasetti, 1954b) . Jf oxomia is discussed below as a 

possible member of the Olenidae. 

Tostonia vValcott 1924 (type species : D icellocephahts ·iole \Valcott 1884) 

is rather olenid-like, but may equally well betong to some other family. Hovv
ever, as long as the type species is not hetter known, it i s  dif ficult to trace 

its relationships. Tostonia duplicata and T. unidulcata (both Raymond 1937) 

have rather v,r.ide anterior border and are not olenids, but it i s  possible that 

they are not congeneric with the type species of Tostonia. 

Since the appearance of the above-citecl paper by Kobayashi, some more 

genera have been described, which have been assigned to the Olenidae, but 

whose reference to this family is cloubtful, namely ; 

Mek)mophrys Harrington 1938 ( type species : NI. nanna) from the 

Upper Tremadocian of Argentina, originally assigned to the Leptoplastinae, 

but only tcntatively included in this subfamily by Harrington & Leanza 

( 1952) . It is certainly not a leptoplastine. I f  it is an olenicl, it may possibly 

be related to genera like Beltella, but its olenicl affinities seem doubtful. 

M endoparabolina Rusconi 195 1  (type species : Ivf. pirquinenis) was de

scribed as an olenicl by Rusconi ( 195 1 ) ,  but probably does not belong to this 

family (cf .  p. 25 ) .  
' 

Plesioparabolina Harrington & Leanza 1942 (type species : P. propa.ria) 

was originally assigned to the Olenidae, and doubtfully included in the 

Oleninae by Harrington & Leanza in 1 952. It may possibly be an olenid, 

but its reference is perhaps best regarded as doubtful. 

Pyraustocraniunt Ross 195 1 ( type species : P. vultulata) from zone F 
of the Garden City formation was suggested by Ross to be closely related 

to .such forms as Parabolina, Leptoplastus, and Ctenopyge. It is not a lepto

plastine, and its reference to the Olenidae is at least doubtful, although it  

might be related to Paenebeltella. 

Triarthroides Raymond 1937 (type species : T. cyclas) was erected as 

a genus of the Triarthridae. Only the cranidium is known, and i t  is safest 

to regard its reference to the Olenidae as uncertain. 

Genera excluded from the O lenidae. 

The family Olenidae was previously often taken in a very wide sense, 

n.nd e. g. Beecher ( 1897) ir�ctuded in this family a number of genera ( such 

as Olenellus, Pdradoxides, Ptych oparia, Zacanthoides) which are now as

signed to other families or even superhmilies. It is hardly necessary to dis

cuss here the removal of all these non-olenid genera, and I shall only discuss 

the genera which more recently have been assigned to the Oleniclae, but which 

I believe are not olenids. 

Aulacopleura Corda 1847 ( type species : / hethusina konincki Barrande) 

from the Ordovician and Silurian of Bohemia, has aften been assigned to the 

Olenidae (e. g. by Richter, 1932, p. 854 ; cf.  also under P.roaulacopleura) . 
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Pribyl ( 1947) for good reasons assigned Aulacopleura and the Aulacopleu
rinae to the Otarionidae R. & E. Richter 1926. He did not deny the pos
sibility of Aulacopleura together with Otarion and Proetus being derived 
from the Olenidae, but considered such a relatiønship to be completely il
logical. Aulacopleura should undoubtedly not be assigned to the Olenidae 
(as also maintained by \Varburg, 1925, and Poulsen, 1927, 1934) , and I 
believe it i s  high! y improbable that it ( and the Aulacopleurinae) should have 
descended from, or be closely related to the Olenidae, since Aulacopleura 

differs from the Olenidae in many i mportant features, such as type of  
glabella, type o f  thoracic segments, and in not having the facial sutures 
united in front. 

Bavarilla Barrande 1868 ( type species : B. hofensis) from the Trema
docian of Bavaria and eastern Bohemia has sometimes been assigned to the 
Olenidae, recently by Priby1 ( 1953, p. 16) . The type species differs from 
the Olenidae in several respects ( see illustrations of it in Prantl & Ruzicka, 
1941 ,  pl. I l ) .  The cranidium is of the ptychoparoid type, but with rather 
wide border. The preglabellar field and thorax are unlike those of olenids. 
The thoracic segments are more like those of Pt)tchoparia and allies, and I 
confidently exclude BavariUa from the Olenidae. It i s  included in the Caly
menidae by Sdzuy ( 1955 ) .  

Bernia Frederickson 1949 (type species : B .  obtusa) . See under Para

botinoides. 

Eulotna Angelin 1854 was earlier often assigned to the Olenidae, and 
recently also by Pribyl ( 1953) and Sdzuy ( 1955 ) .  Its type species, E. laez·e 

from the Tremadocian of Sweden, unfortunately i s  poorly known, but i f  
E. ornatunt is congeneric, Euloma differs from the Olenidae i .  a .  i n  the type 
of glabella, type of glabellar furrows, in the palpebral lobes, and in the type 
of pleurae, and cannot be closely related to the olenids, although its relation
ships are uncertain (cf. Henningsmoen, 1951,  p. 202 ) .  

Eulomia Riizicka 193 1 (type species : E.  mitratunt) from the Trema
docian in Bohemia was assigned to the Olenidae by Pribyl ( 1953) . Its \vide 
and thickened border excludes it from the Olenidae, and the outline of its 
glabella is furthermore different from that founcl in any olenids. 

H edinaspis Troedsson 195 1  ( = H edinia Troedsson 1937, type species 
H edinia regalis) .  Troedsson ( 1937) described the two genera H edinia and 
Westergårdites from black limestone beds in eastern T'ien-Shan, Centra:l 
Asia, and referred them to the Oleninae and Triarthrinae, respectively. 
Westergårdites no doubt is an olenid, but H edinia ( i . e .  H edinaspis) differs 
from the Olenidae in man y features, as for instance in the pleurae which have 
a transverse instea<i of an oblique furrow and have distinct marginal ridges, 
and in the shape of the glabellar furrows, especially the queer S l .  The latter 
reminds one, curiously enough, rather much of Sl in the Ceratopygidae, 
als o well represented in the T'ien-Shan fauna ( Lopnorites, Diceratopyge) . 

· The resemblance between the glabellae of  H edinaspis and Lo pnorites was 
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noticed already by Hupe ( 1 953, p. 204, footnote 1 ) .  The cranidium and free 
cheeks of H edinaspis might belong to a ceratopygid, but the thorax differs 
in the great number of segments and different type o f  pleurae, and the pygi
dium is small and without lang spines .  Troedsson ( 1 937, p. 59) stated that 
there is an indication of another boundary between the thorax and the pygi
dium in same young specimens, which may have had relatively larger pygidia. 
A glabellar node is well dcveloped in H edinaspis, but is not known in the 
Olenidae, whereas it occurs in the Ceratopygidae and many other families. 
It is uncertain whether the resemblance between H edinaspis and the Cerato
pygidae indicates any doser relationships, but I believe that H edinaspis in 
no case should be ass igned to the Olenidae. 

Highgatella Shaw 1955 ( type species : Terrano7-·ella gelasinata Shaw 
195 1 ) .  See under Parabolinoides. 

H olubaspis Pribyl 1950 ( = H olubia Kloucek 1 931 ; type species : H. 
bohe11·zica) .  In 1926 Ruzicka described two supposed olenids as Olenus 
( Cyclognathus ? )  sp. I and Olenus sp. Il from the Tremadocian of Bohemia. 
Only incomplete cranidia have bcen found, but none of them look very olenid
like. Especially the thickened border is suspicious, and I do not believe that 
they belong to the Olenidae. Later Kloucek ( 193 1 )  assigned onc (or both ?) 

of them to the genus H olubia in a pa per not available to me.  H olubaspis 
( = Holubia) was listed as an olenid genus by Pribyl in 1953, but should in 
my opinion be excluded from the Olenidae. 

lsidrella Rusconi 195 5a, assigned to the Olenidae by Rusconi, 1955b, 
apparently i s  no olenid (cf. p. 25) . 

L oganellus Devine 1863 was included in the Olenidae by Clark ( 1924, 
p. 20) . Howevcr, i t  is probably related to the Richardsonellidae (cf .  p .  29) . 

Namiolenoides, erected as a subgenus of Parabolina by Rusconi in 1952 
(cf .  p. 24) . 

Orkekeia Rusconi 1955a, tentatively assigned to the Olenidae by Rus
coni 195Sb, apparently is no olenid (cf .  p. 25 ) .  

Panarchaeogonus Opik 1937 ( type species : P. parvus) from the Ordo
vician of Esthonia was tentatively assigned to the Olenidae by Opik ( 1 937) . 
It i s  certainly not an olenid, and may possibly belong to the Dimeropygidae 
as suggested by Jaanusson ( 1 956) . 

Papyriaspis Whitehouse 1939 ( type species : P. lanceola.) . Whitehouse 
( 1939, p. 2 1 5 )  erected a subfamily Papyriaspinae ( recte : Papyriaspidinae) ,  
which he included in the Olenidae, and which he believed included forms 
ancestral to 0/enus. Besides the two new Australian genera PaP'.Yriaspis 
( Middle Cambrian) and Rhodonaspis (Upper Cambrian) , he also ass igned 
the Korean genus Pianaspis ( early Middle Cambrian) and the Central Asiatic 
genus H edinia ( i . e. H edinaspis) to the Papyriaspidinae. I have already 
removed H edinaspis from the Olenidae, and I do not believe that the other 
genera assigned to the Papyriaspidinae are olenids either. I even doubt that 
they are closely related to each other at all. Papyriaspis itself clearly differs 
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from the olenids in the type of glabella, glabellar furrows, and thoracic seg
ments. Rhodonaspis bears more resemblance to an olenid, but differs i. a. in 
the type of palpebral lobes and thoracic segments. Pianaspis is the most 
olenid-like of these genera, but it is apparently closest to genera like Elrathia 

Resser 1937 and should not be assigned to the Olenidae. 
Parabolinoides Frederickson 1949 (type species : P. contractus) . Wilson 

( 1954, p. 265 ) suggested that part of the Con aspis fauna in North America 
was olcnid derjved (Parabolino ides and Bernia of Frederickson, 1949) and 
that Shaw's "Terranovella" ( i . e .  Te11ranovella gelasinata Shaw 195 1, type 
species of Highga-tella Shaw 1955 )  was another olenid derivative. However, 
they all seem to be doser to non-olenid groups. They should possibly be in
cluded in the family Elviniidae ( s. l .)  which may be related to, but not deri
ved from the Olenidae (cf.  text-fig. 3 ) .  

Pianaspis S:1ito & Sakakura 1936 (type species : P. ko dairai) . See under 
Papyriaspis. 

Proaulacopleura Kobayashi 1936 (type species : P. buttsi) was originally 
described by Butts ( 1926) as Olenus cf .  truncatus. Proaulacopleura ( early 
Upper Cambrian) was regarded as an ancestor of Aulacopleura by Kobayashi 
( 1936a) ,  and Hupe (1953, p. 207) induded Proaulacopleura in the subfamily 
Aulacopleurinae Angelin 1854, which he assigned to the Olenidae. However, 
in a revision of Aulacopleura, Pribyl ( 1947, p. 543 ) pointed out the difference 
between this genus and Proaulacoplcura, and concluded that "there appears 
to be no dose relation between these genera", with which I quite agree. As 
discussed elsewhere (p. 27) ,  Proaulacopleura appears to be a non-olenid 
related to 0/cnus. 

Sao Barrande 1846 has often been referred to the Olenidae, e.g. by 
Pribyl ( 1953) .  Its type species, Sao hirsuta comes from the Middle Camhrian 
of Bohemia. It differs profoundly from the Olenidae i. a. in the glabella and 
pleurae, and can safely be excluded from the Olenidae. For its accomodation, 
Hupe ( 1953, p. 193) erected the family Saoidae, which was regarded as a 
subfamily, Saoinae, of the Solenopleuridae by Poulsen ( 1954, p. 445 ) .  

Zac01npsus Raymond 1924 (type species : Z. clarki) was originally 
erected as an olenid genus. However, it has little in common with the olenids, 
and has for a lang time been excluded from the Olenidae, although its rela
tionships are uncertain. 

Species excluded front or with doubt retained in the Olenidae. 

Several species which previously were assigned to olenid genera have 
later proved not to be olenids, predominantly species from outside the Acado
Baltic province. Same species which more recently have been assigned to the 
Olenidae, but which have no or ·doubtful affinities with the family, are 
mentioned below. 

Boeckia ? descensus Clark 1924 is based on an incomplete cranidium, but 
its eyes strongly suggest that it is no denid. 
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MIDDLE 
UPPER CAMBRIAN TREMADOCIAN CAM BRIAN 

( Upper part) ( Olenid Series) 

Elviniidae 

Andrarinidae 
, 

. 
Olenidae 

\ Anomocaridae Richardson--

··• ... ,_ 

ellidae 

Ceratopygidae 

·. 
Asaphidae 

Fig. 3. Po ssible relationships betwecn the Olenidae and some other families. 

13esides Olenus sp. I and Olenus sp. Il describecl by Ruzicka ( 1926) 

and later assigned to H olubaspis ( apparently a non-olenid genus, cf. p. 2 1 ) ,  

Olenus sp. Ill was clescribed by him in a later paper ( 193 1 ) . Only an in
complete cranidium is known, but it does not appear very olenid-like. Like 
the two other aozenus" species it is from the Tremadocian of Bohemia and 

does at least not belong to the genus 0/enus. Prantl & Ruzicka ( 1 941, p. 22) 

have described another fragmentary cranidium from the Tremadocian of 
Bohemia and suggested it to be an olenid. Too little is known of this form 
to be able to decide whether it is an olenid or not. 

Kobayashi ( 1936a, p. 91)  discussed some species originally assigned 
to Olenus : Olenus ? indictts Waagen 1891,  Olenus haimantensis Reed 1 910, 

Olenus sp. Lorentz 1906, Olenus cf. truncatu,s 13utts 1926, and Olenus sp. 
Resser 1933. He proved that the three first species did not belong to the 
Olenidae, whereas Butts' Olenus cf. truncatus was redescribed as Proaula

copleura buttsi (cf. p. 30) and Resser's Olenus sp. a s  Parabolinella ? evansi. 

Parabolinella ? evansi Kobayashi 1936 was originally described from a 
black limestone north of  Mt. Jubilee, British Columbia. It has later been 
described from the Marathon uplift in Texas by Wilson ( 1 954) . If the 
material from Texas is correctly assigned to this species, it may be removed 
from the olenids, althought it may be related to them. Thus the wide anterior 
border is a non-olenid character, and the strongly diverging facial sutures in 
front of the eyes is a feature not known in early olenids. The species may be 
dose to genera like Proaulacopleura and perhaps especially Aphelaspis, with 
which the specimens from Texas are associated. For the time being, the 
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species may tentative! y be assigned to A phelasp is, although it should probably 
be assigned to a new genus. 

Parabolinella occidentalis "Wilson 195 l apparent! y is related to the 
associated genera Taenicephalus and C onaspis, and is at l east not an olenid. 
It resembles Parabolinoides perhaps even more, and may provisionally be 
referred to as Parabolinoides ? occidentalis. Wilson ( 1954, p. 282) suggested 
that i t  might be related to Parabolinella evansi. 

In various papers Rusconi has erected a number of Cambrian species 
from Argentina, which he assigned ( some tentative! y) to olenid genera, as 
well as two species of Triarthropsis, a genus which he in some cases attri
butes to the Triarthridae, in others to the Olenidae. He has further erected 
N amiolenoides as a subgenus -of Parabolina, and Af endoparabolina as a new 
olenid genus. 

Unfortunately, most of these forms are rather poorly known. Some are 
based solely on the pygidium. 

Several of the species are stated to be Middle Cambrian, these being : 

Olenus multicostatus Rusconi 1948 (p. 187) 
Olenus ? tellecheai ( Rusconi 1945) (p. l, fig. l) (transferred from 

Calymene by Rusconi in 1948, p. 187) 
Olenus ? triangulatus Rusconi 1946 (p. 2, figs. 2-3) 
Pambolina ? (Nam,iolenoides) asperoens·is Rusconi 1952 (p. 1 10, f igured 

as Olenoides asperoensis in pl. II, fig. 6) 
Protopeltura ? asperoensis Rusconi 1952 (p. 102, pl. V., figs. 2-3) 
Parabolinella ? pentacantha Rusconi 1955a (p. l, no fig.) ( 1955b, p .  1 5, 

pl. I I, fig. 2)  
Isidrella bispinata Rusconi 1955a (p.  l,  no fig.) ( 1955b, p.  1 5, pl. Il ,  

fig. l )  
Orkekeia ornata Rusconi 1955a (p. l, no fig.) ( 1955b, p. 17, pl. II, 

fig. 4) 
Triarthropsis australis (Rusconi 195 1 )  (also .recordecl from the Upper 

Cambrian (cf .  below) . 

It seems rather unlikely that olenids should occur in the Midclle Cam
brian, and especially genera like Parabol"ina, P1'0topeltttra, and Parabolinella. 

I have ttrifortunately not seen the original description (and figures) of 
Olenus ? triangulatus. 

Parabolina, ?  (N am,iolenoides) asperoensis and Protopeltura ? asperoens·is 

are based on pygidia only. Both differ from olenid pygidia in having rathcr 
strong pleural ribs, and I believe that they can safely be excluded from the 
Olenidae. Most probably they belong to some zacanthoiclaceans. Since Para

bolina ? ( N amiolenoides) asperoensis is the type spe eies (and only known 
species) of N amiolenoides, this subgenus may be excluded from the Olenidae. 

The figure of Olenus ? tellecheai (a complete dorsal shield) shows that 
this species has very little in common with the Olenidae, and may be excluded 
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from the family. No figures and only a Yery brief and insignificant diagnosis 
are given of Olcnus ? multicostatus, which is compared with O. ? tellecheai. 

Only the pygidium i s  known of Parabolinella ? pentacantha, too. It does 
not secm to belong to an olenid. 

l sidrella bispinata ( type species, and on ly knovm species) , which was 
assigned to the Olenidae, i s  likewise based on a pygidium. It resembles that 
of "Parabolinella" pentacantha. 

O rlwkeia ornata ( type species, and on! y known species) was tentatively 
assigned to the Olenidae by Rusconi. It is based on a pygidium, definitely of  
a non-olenid type. 

Some other species described by Rusconi are stated to come from Upper 
Cambrian beds, viz. : 

Olenus ? obliquocnsis Rusooni 1954a (p.  43, pl . Ill,  fig. 9) 
Mendoparabolina pirquiensis Rusconi 1951  (p. 3 ,  f ig. 4) 
Mendoparabolina brevicauda Rusconi 1955a (p . 2) ( 1955b, p. 30, pl. I l ,  

fig. 1 5 )  
Peltura ? jarillana Rusconi 1 953a (p.  2, fig. 5)  
Triarth?'opsis australis ( Rusconi 195 1 )  (p .  3, f ig. 3) (transferrcd from 

Parabolina ? by Rusconi in 1953b, p. 3 )  
Triarthropsis pampanus Rusconi 1 953b ( p .  3 ,  fig. 6) (Also figured by 

Rusconi in 1 954a, pl . Ill, figs. 1-3 ) .  

· Olenus ? obliquoensis i s  not an Olcnus spccies, a s  i s  shown by the mar
kedly diverging pre-ocular sutures and the rather wicle border. The latter 
feature furthermore excludes it from the Olenidae . 

Mendoparabolina pirquiensis (type species) . Both craniclia and pygidia 
are known, but neither are very olenid-like. The species may be related to 
T1·iarth1·opsis australis. 111 endoparabolina brevicattda is based on a pygiclium. 
Its affinities are best regarded as uncertain. 

Peltu.ra ? jarillana is  based on a pygidium. The pygidium might belong 
to a pelturine, but it could equally well belong to some non-olenicl genus. 
Some craniclia attributecl to the species have not been f igurecl, but are statecl 
to have a granulate glabella and a relatively long (sag. )  preglabellar fi elcl 
(cf .  Rusconi, 1954a, p. 1 5 ) .  Granulation is yery rare among the olen:cls, and 
no Peltura species have a well-developed preglabellar field. 

Both cranidia and pygidia are known of  T1·iarthropsis austraris, but it 
seems unl ikely that this species is an olenid ( or a Triarthropsis species) .  The 
species is recorded both from the Upper Cambrian (horizonte Peladense, 
cf .  Rusconi, 1954b, p. 1 03) and the Micldle Cambrian (horizonte lsidrense, 

cf. Rusconi, 1954b, p. 89) .  
The figures o f  Triarthropsis pampanus presentecl by Rusconi i n  1954a 

(pl .  Ill ,  figs. 1-3) show that the cranidium at first sight resembles that o f  
some late olenicls l ike Bienvillia. Ho,veYer, the palpebro-ocular ri dge reminds 
one more of e. g. Irvingella. As T. pam panus is accompaniecl by an ln:ing-
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ella-Elvinia fauna, it is quite possible that it belongs to this group of trilo
bites, with which it also shares the rather narrow ( tr. ) frontal area. 

None of the Middle and Upper Cambrian forms assigned to the Olenidac 
by Rusconi can with certainty be included in the Olenidae. Several may safety 
be excluded from the family. The others are insufficiently known, but shoulcl 
perhaps be given the benefit of doubt. 

Po sition of the Olenidae within the clas s Trilobitae 

In my "Remarks on the classification of trilobites" ( 195 1 )  I included 
the Olenidae in the superfamily Conocoryphacea Swinnerton 1915 ,  thus 
abandoning a superfamily Olenidea Swinnerton 1915 . 1  The superfamily 
Conocoryphacea was taken in ratl1er a wide sense, but I suggested ( 195 1 ,  

p .  210) that i t  would perhaps b e  split u p  again when its different trends had 
been worked out. A "splitting up" has later been carried out by Hupe ( 1953 ) ,  

who divided the superfamily Conocoryphacea into 6 superfamilies, including 
the superfamily Olenoidæ. The grouping of families proposed by HuP'e seems 
to be rather provisional in these cases, and I still believe that much work is 
needed to find out the relationships between the great number of  families 
earlier assigned to the Conocoryphacea. Hupe ( 1953) included 12 families in 
the Olenoidæ. They do not all seem related, and only a few of them may 
possibly be more closely related to the Olenidae. As discussed below, the 
Olenidae may be ,related to the Andrarinidae, Elviniidae, Anomocaridae, 
Asaphidae, Ceratopygidae, Richardsonellidae, and Remopleurididae. How
ever, this is put forward only as a working hypothesis, and if a superfamily 
Olenacea is recognized, I would at present restrict it to the family Olenidae. 

R emarks on some p o ssibly related trilobite families 

Text-fig. 3 (p. 23) .  

A ndrar-inidae. 

vVhen Raymond ( 1937, p. 1 1 06) erected the genus Andrarina, he as
signed it to a new family Andrarinidae, and this family name may of course 
be used for Andrarina and allies, even if the present concept of Andrarina 

i s  different from that o f  Raymond (cf. Westergård, 1948, p. 13 ,  on the type 
species of Andrarina : Liostracus costatus Angelin 1854) . In 1948 Wester
gård assigned Andrarina and the apparent! y closely related genus N ericia 

Westergård 1948 to the subfamily Richardsonellinae, which he, with doubt, 

1 According to the "Copenhagen Decisions on Zoologi ca l N omenclature" (London, 

1953), superfamilies belong to the Family Group of taxonomic units. Consequently the 

author of the superfamily Conocoryphacea is Angelin 1878 (who erected the family 

Conocoryphidae), and of the superfamily Olenacea it is Burmeister 1843 (who erected the 

family Olenidae) . 
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included in  the family Dikelocephalidae Miller 1890. The reference of  Andra

rina to the Richardsonellinae was based upon the resemblance between 
A ndrarina and Loganellus Devine 1863 from the North American Hungaia 

zone. However, there is a considerable span of time between these genera, 
and they do not appear to be so c! ose! y related as suggested by Westergård, 
one di fference being that the frce cheeks of Loganellus are united ventrally, 
as later observed by Rasetti ( 1945, p. 470) . In 1953 vVestergård tentatively 
included Gronwallia Kobayashi 1935 in the Andrarinidae. It secms rather 
probable nhat the three Scandinavian genera Andrarina, N ericia, and Gron

wallia are related, and should all be included in the Andrarinidae. Wilson 
( 1954, p. 250) observed that the North American genus Aphelaspis Resser 
1935 closely rcsembles Gronwallia, and I believe that it may belong to the 
Andrarinidae, as well as the related genera Dytremacephalus and Labiostra 

(both Palmer, 1954) and probably also Proaulacopleura Koboayshi 1936, 
which resembles Aphelaspis, as pointed out by Howell & Lochman ( 1939, 
p. 1 19) . A species describcd by Kobayashi ( 1936b) as Parabolinella ? evansi 
apparently also belongs to this group ( sec especially figure o f  cranidium in 
Wilson, 1954, pl. 25, fig. 1 7) . As discussed elsewhere (p. 23) ,  .it should not 
be regarded as an olenid, and rna y provisionally be ref er red to as A phelaspis ? 

e1;ansi. It is probable that it eventually should be assigned to a new genus. 
The Australian genus Eugonocare Vv'hitehouse 1939 may be another member 
of the Andrarinidae. 

A ndrarina and N ericia occur in the uppermost zonc of the Midd! c 

Cambrian in Scandinavia ( zone o f  Lejopyge laevigata) ,  whereas Gronwallia 

comes from the underlying Andrarum Limestone. Aphelasp·is (also A ph el

aspis ? evansi) and Proaulaco pl eura occur in the North Amcrican A p helaspis 

zone, and Eugonocare in the Australian Eugonocare stage, regarded as basal 
rp per Cambrian. 

Andrarina and Proaulacopleura appear to be rather dose to the Olenidae, 
which may have developed from the Andrarinidae (cf .  p. 30) . 

Elviniidae. 

Kobayashi ( 193Sc, p. 282) erected a subfamily Elviniinae ( which was 
assigned to the family Crepicephalidae Kobayashi 1935 ) ,  and to this he as
signed Elvinia \Valcott 1924, Maladioides Kobayashi 1934, Moosia \Valcott 
1924 (subjective synonym of Eh:inia), Taenicephalus Ulrich & Resser 1924, 
and C onaspis Hall 1863. The subfamily Elviniinae was raised to family rank 
by Henningsmoen ( 195 1,  p. 208) , Hupe ( 1953, p. 206 ) ,  and Lochman ( 1953, 
p. 893 ) .  Hupe also recognized a subfamily Elviniina:e, which more or less 
corresponded to Kobayashi's concept of it. Lochman expressed a different 
view, and included in Elviniidae, besides Elvinia and M aladioides, only 
Drumaspis Resser 1942 and Chariocephalus Hall 1863. Furthermore she 
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pointed out the relationships to genera like Irvingella 1Jlrich & Resser 1 924, 

which was assigned to the family Komaspididae Kobayashi 1935. 

Taenicephalus from the Conaspis zone of  North America is rather 
similar to Elvinia. Very probably they are closely related, even if Taeni

cephalus did not necessarily develop from Elvinia . I therefore believe that 
Taenicephalus should be included in the same family as Elvinia. However, i f  
one recognizes a subfamily Elviniinae corresponding with Lochman's concept 
of the Elviniidae, Taenicephalus and allies should rather be assigned to a 
new subfamily of the Elviniidae. Several North American genera from the 
Conaspis zone appear to be related to Taenicephalus, such as Bernia Frede
rickson 1949, Parabolinoides Frederickson 1949, Bemaspis Frederickson 
1949, Maustonia Raasch 1939, },feeria Frederickson 1949, Orygmaspis 

Resser 1937, Wilbernia Walcott 1 924, and apparently also I dahoia Walcott 
1924. Some of them are rather olenid-like, as e. g. Parabolinoides, which, 
hovvever, has rather a wide antuior border. 

Anomocaridae, Ceratopygidae, Asaphidae, and Richardsonellidae 

( = Kainellidae) . 

The family Anomocaridae Paulsen 1927 from the late Midclle Cambrian 
resembles the Andrariniclae. Compare for instance Anomocare as f igurecl by 
Westergård ( 1 950, pl. 3) with Gronwallia, as figured by Westergård ( 1 953, 

pl. 7, figs. 1 3-20) . Their cranidia agree in many features, as in the long 
glabella, type of glabellar furrows, and type of frontal area. Furthermore 
both genera have developed forms with lang occipital spine. The hypostorria 
of A nomocare ( e. g. Westergård, 1950, pl. 3, fig. 1 9) is very similar to those 
of Andrarina and N ericia (e. g. Westergård, 1 948, pl. 4, figs. 4 and 9 ) .  
Furthermore the pygidium of Gronwallia resembles that o f  A nomocare. The 
anomocarids differ from the andrarinids in having langer eyes, fewer 
thoracic segments ( 10),  and a larger pygidium. Nevertheless, these two 
families may be rather closely related. 

Proceratopyge, a late Middle Cambrian and early Upper Cambrian 
genus of the family Ceratopygidae Raymond 1927, has some features in 
common with the Anomocaridae, such as long glabella and rather similar 
glabellar furrows. Early ccratopygids have a number of features in common 
with early members of the family Asaphidae Burmeister 1 843, quite probably 
indicating relationships (Henningsmoen, 195 1 ,  p. 196) . 

It may thus be possible that the Andrarinidae, Anomocaridae, Ccrato
pygidae, and Asaphidae are all related. It is interesting to note that they all 
have facial sutures which tencl to meet in front, or in fact do meet, and that 
the facial sutures aften tend to diverge in front of the eyes. Furthermore, 
the pygidium is aften more or less asaphicl-like, and macropleural spines are 
developcd by some andrarinids ( Gron<mllia) , some car ly asaphicls (Pr01ne-
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galaspides) ,  as well as in the pygidium of most ceratopygids. A pre-occipital 
node is commonly developed in all four families. 

Loganellus Devine 1863, Levisella Ulrich 1930, and Lauzonella Rasetti 
1944 from the Hungaia magnifica zone in Quebec seem to be closely related. 
No name has been given to this group, which I shall ref er to as the Loganellus 
group. It resembles the Andrarinidae, and the type species of A ndrarina was 
once assigned to Loganellus (by Strand, 1929) , but there is a considerable 
span of time between the Andrarinidae and the Loganellus group, and the 
origin of the Loganellus group is as yet uncertain. In several features it 
reminds one of the early asaphids and ceratopygids, and it may possibly be 
related to these. Although Loganellus has rather an asaphid-like pygidium, 
it was considered as being related to Richardsonella by Rasetti ( 1944, p. 247) , 
with whom I agree. The Loganellus group may also be ,related to Hungaia, 

which differs in having a richardsonellid-like pygidium. However, the 
cranidium of Hungaia may have developed from a type like that of 
Lauzonella. Raymond ( 1 924) erected a subfamily Hungaiinae, which he 
placed in the family Dikelocephalidae M iller 1890, together with i .  a.  the 
subfamily Richardsonellinae Raymond 1924. The Hungaiinae and Richard
sonellinae appear to be related, but I doubt that they should be included in 
the Dikelocephalidae. Kobayashi ( 1953) discussed the family Kainellidae 
Ulrich & Resser 1930, which he divided into the subfamilies Kainellinae 
Kobayashi 1953, Richardsonellinae Raymond 1924, Apatocephalinae Kobay
ashi 1953, and Macropyginae Kobayashi 1953. Macropyge was suggested to 
be related to the asaphids by Ross ( 195 1 ,  p. 123) ,  and s ince this appears to 
be rather probable, the Macropyginae should be removed from the Kainel
lidae. A subfamily Kainellinae should be credited to Ulrich & Resser 1930, 
even i f  they erected the group as a family. Since the Richardsonellinae was 
erected earlier than the Kainellidae, the name of the family should be 
Richardsonellidae Raymond 1924, with the subfamilies Richardsonellinae 
Raymond 1924, Kainellinae Ulrich & Resser 1930, Apatokephalinae Kobay
ashi 1953, and probably also Hungaiinae Raymond 1924. The Loganelhts 

group may provisionally be assigned to this family. Undoubtedly the sub
family Apatokephal inac gave rise to the family Remopleuriclidae Corcla 1 847. 

It is interesting to observe the likeness between Loganellus and ParaboZ.ina. 

It is even more stressed now that it is known that Parabolina, too, had united 
free cheeks. One main difference is the relatiYely larger pygidium of 
Loganellus. 

Origin of the Olenidae 

The origin of the Olenidae has aften been discussed. \Vhitehouse ( 1939, 
p. 216)  summarizecl the viewpoints of earlier writers, and himself suggested 
that the olenids arose from the Ptychopariidae (possibly from Lyriaspis) ,  

as Papyriaspinae ( recte : Papyriaspidinae) , which he rcgardcd a s  a primitive 
subfamily of the Oleniclae. Ho\\·ewr, \Vhitehouse's subfamily Papyrias-
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pidinae appears to be a rather heterogenous group, and I do not believe that 
an y of its genera should be assigned to the Olenidae (cf. p. 21 ) .  The 
glabella of the Papyriaspidinae has quite a different kind of glabellar fur
rows, and the thoracic segments are of a type never encountered in the 
Olenidae, from which I have excluded H edinia (i .  e. H edinaspis) .  

There are other Middle Cambrian genera which rcmind one much more 
of olenids. As early as in 1922 \Vestergård suggested A ndrarina [Liostracus ] 

costata (Angelin) as a possible ancestor of the olenids, although he in 1948 
(p. 14) believed that the lower number of  thoracic segments ( 12)  and the 
larger pygidium in A ndrarina costata indicate that it is more advanced than 
O len us ( 13 or more segments )  and thus could not be ancestral to the 
Olenidae, but that there nevertheless was a possibility of A ndrarina costata 

having arisen from the same stock as the Olenidae. I do not think that the 
number of thoracic segments and the size of the pygidium exclude the 
possibility of the olenids having arisen from Andrarina. There are evolution
ary lines within the olenids where the number of thoracic segments are 
incr·eased, and lines where the sizc of the pygidium is reduced (cf.  p. 84) . 
I f  one or two more segments had become free thoracic segments in  
Andrarina costata, and the pygidium correspondingly smaller, the post
cephalic part would be quite Olenus-like. It is interesting that a pygidium of 
Andrarina costata figured by Strand ( 1929, pl. II, f ig .  1 1 ) has the triangular 
shape of ten developed in Olenus, and that N ericia, probably a member of the 
Andrarinidae, has a comparatively small pygidium, which, furthermore, i s  
den ta te. 

Since the number o f  thoracic segments and the size of the pygidium of 
A ndrarina are not considered as an obstacle for the assumption that the 
Olenidae arose from A ndrarina, it is of interest to stress the great resem
blance between A ndrarina and Olenus. Their craniclia are rather similar, 
except for the anterior branches of the facial sutures diverging in front of 
the eyes in A ndrarina, and, as pointecl out by Strand ( 1929) , apparently not 
meeting in front axially, as in Olenus. The free cheeks are of the same type, 
with the same type of slender spine. The thoracic segments are similar. 
Apart from the relative size, the pygidium of Andrarina resembles that of 
Olenus, too. Olenus truncatus, for instance, has the same flattened border 
as A ndrarina. 

Altogether, A ndrarina resembles Olenus so much that they are probably 
rclatecl. The age of  Andrarina east at a (late Midclle Cambrian) fits in well 
for an ancestor of the olenids. However, I do not believe that the olenicls 
necessarily developecl from A ndrarina, although I believe that thcy probably 
developecl from the group to which Andrarina belongs. 

Proaulacopleura Kobayashi 1936, with the one known species P. buttsi 

Kobayashi 1935, i s  a North American genus which also is rather like Olenus, 

but seems to be contemporaneous with it. It has 13  thoracic segments and a 
rather small pygidium. In these rcspects it i s  doser to O lenus than is 
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A ndra:rina. Hmvever, it agrees with A ndrarina in having divergent preocular 
facial sutures. Its free cheeks have a rather broad-based spine, and is thus 
less olenid-like than Andrarina. Proaulacopleura appears to be dose to 
another North American genus, Aphelaspis, which appears to be contempo
raneous, and which likewise may have 1 3  segments and a rather small 
pygidium (as A .  hmnblenensis Resser 1938) . Both Proaulacopleura and 
Aphelaspis may belong to the Andrarinidae. I f  this is the case, this family 
could produce forms with a small pygidium. Proaulacopleura and Aphelaspis 

may have developed from earlier Andrarinidae more or less along the same 
line as 0/enus. 

Geographic, stratigraphic, and lithologic 
occurrence of olenids 

Occurrence of olenids in Norway 

The greater part of the olenids in Nonvay occur in the Upper Cambrian 
Olenid Series and a few in the Tremadocian Ceratopyge Series. A single 
olenid species ( Triarthrus sp .)  has been found in later beds, namely in the 
lower Middle Ordovician Ogygiocaris Series. 

The Olenid Series in Noro.Jay. 

O c c u r r e  n c e a n d L i t h o  l o g y. 

The Olenid Series is known in the Oslo region and in the belt of 
Caledonian overthrusts in southern Norway. The Oslo region was divided 
into 1 1  Cambro-Silurian districts by Størmer in 1953. The Olenid Series 
is  exposed in all these except the Holmestrand dis tri et (cf. text-fig 4) . The 
northernmost district, Ringsaker, which is one of the districts bordering 
Lake Mjøsa, has usually been included in the Oslo region. However, the 
allochthonous Eocambro-Silurian rocks of Ringsaker geologically form a 
part of the belt of  Caledonian overthrusts, and the northern border o f  the 
Oslo region should perhaps be drawn south of the Ringsaker district (cf .  
Størmer, 1953, p .  52) . Fossils prov ing the existence of the Olenid Series 
have been found in the belt of Caledonian overthrusts east of Ringsaker in 
the Rena-Trysil area, northwest of Ringsaker in the Gausdal area, and 
west of Ringsaker in the Snertingsclal-Vardal-Valdres area. So far, no 
L:pper Cambrian fossils have been found further west in Norway, but the 
existence of Dictyonema Shales on the Hardangervidda plateau (Størmer, 
1940b, p. 164) and Middle Cambrian shales in Rogaland (Henningsmoen, 
1952) indicate that they eycntually may be found. No Cambrian fossils are 
knO\.vn from the Trondheim region, but Upper Cambrian strata may be 
included in the Brek Series (cf .  Vogt, 1 945, p. 519) . No U p per Cambrian 
fossils have been found in northern Norway. 
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The Olenid Shales in Norway are developed as black bituminous shales 
( alum shales) with concretions of black bituminous limes tone ( stinkstone) .  
The concretions may be more frequent in some horizons than in others, and 
may occasionally form a layer. No conglomerates are known, except an 
intraformational conglomerate in the Para bolina spinulosa zone (2b) at  
Løyten ( Hamar district) . 

The alum shales are easily affected by tectonical disturbances, and even 
in the southern parts of the Oslo region, where the Caledonian falding is 
very slight in the overlying beds, the alum shales are rather disturbed, 
although this may be partly due to Permian faulting. It is thus impossible to 
give any exact data on the thickness o f  the Olenid Shales. This is especially 
the case in the northern areas. Brøgger ( 1882, p. 3) suggested that the 
"Olenusetage" ( i  e. the Olenid Shales + the Dictyonema Shales) is about 
45-50 m thick, and that there were no great local variations within the Oslo 
region. This would mean that the Olenid Shales are about 4�5 m thick. 
Diamond drill borings through the Olenid Shales in the Eiker-Sandsvær 
district suggest the thickness of the Olenid Shales there to be between 40 
and 57 m. Roughly, the lower 35 m contain very few stinkstone lenses and 
seem to belong to the Olenus and Parabolina zones, whereas the Leptoplastus 

and Peltura z.ones and the lower part of the Acerocare zone is rather rich in 
lenses. The upper part -of the Acerocare zone seems to be missing in the 
cores. Most probably the Olenid Shales further north are at least as thick as 
in the Eiker-Sandsvær district. In the extreme south of the Oslo region 
the Olenid Shales are only about 12 m thick. The whole o f  the A cerocare 

zone is missing there, and so are probably other parts of the series. However, 
few fossils have been found, as the alum shale has been disturbed and 
somewhat metamorphozed by Permian sills . 

By far the greater number of  fossils in the Olenid Shales in Norway 
are trilobites, predominantly olenids. The olenids aften o ccur in incredible 
numbers, but only rarely as complete shields (d. text-fig. 5 ) .  The stinkstone 
concretions are usually fossiliferous, whereas the intervening shale may be 
practically devoid o f  them. The fossili ferous horizon in a stinkstone lens, 
may, however, continue in the surrounding shale. The remains in the shales 
are always compressed and often distorted by tectonical disturbances, whereas 
the fossils in the stinkstones are vvell preserved. 

Fig. 4. The map shows the outcrops of Middlc Cambrian, Cpper Cambrian, and Tre

madocian alum shales. Lpper Cambrian alum shales occur in all areas with alum shales. 

Tremadocian alum shales occur in all districts except the southernmost ( Skien-Brevik 

clistrict). The map is based on a map of the Oslo region by \V. C. Brøgger and J. Schete

lig (" orges geo!. unders., 1 923), with some adj ustments of the extensions of the northern 

outcrops, kindly suggested to me by S. Skj escth of the Geological Suryey of Norway. 

Boundaries of districts after Størmer ( 1 953) .  
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OUTCROPS OF 

ALUM SHALES IN THE 

OSLO REGION AND 

ADJACEN T DISTRICTS 

Di strict s :· 

l Oslo-Aske r 

� o Oslo 

R R'{>yken 

T Teigen at rpyeren 
2 Holme strand 
3 Skien - Brevik 
4 E ike r - Sandsvær 
5 Modum 
6 Ringe r ike 
7 Hadeland 

8 F e i r ing 

9 Toten 
l O  Hamar 
1 1  Ring s ak e r  

s Sne rtingdal 

V V a r dal 

Vid.-Akad. Skr. l. M.-X. Kl. 1 957. Xo. 1 .  3 
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Fig. 5. Bedding surfacc of a small stinkstone concretion crowded with fragments of 

PelttmJ. scarabaeoides scarabaeoides and Sp/werophtllalmus humilis. About natura! size

Surface whitened ; photograph not retouchcd. P. M. O. no. 29532. Slemmestad in Royken, 

Oslo-Asker district, Norway. 

B i o s t r a t i g r a p h y  o f  t h e  O l e n i d  S e r i e s  

1 n N o r w a y. 

Chart 2 

The "Oienusetage" ("Etage" 2) was di,·ided into 5 "Xiveaus" by 

Brøgger in 1882 : 2a ("Olenus-Nivcau"), 2b ("Parabolina spinulosa

Niveau"), 2c ("Eurycare-Niveau"), 2d ("Peltw-a-Niveau"), and 2c ("Dictyo

graptus-Nivcau").  It has later becomc the practice to excludc the Dictyonema 

zone from the Upper Cambrian Olcnid Series, and include it in the Lower 

Ordovician Ccratoprge Series, thus restricting the Olenid Series to 2a-2d. 

Brøgger was aware that the Olcnid Series could be further subdivided, and 

this was done by Westergård in 1922 for the corresponding succession in 

Swcden. Strand (1929) divided the "C'pper Carnbrian beds of the Mjøsa 

districts in !\orway in accordance wilh 'Vestergård's scheme, and elaborated 

Brøggcr's system of symbols. Thus 2a was divided into 2aa (zone of 

Agnostus pisiformis) and 2ap (zonc of Olcnus). 2b was called the zone of 

Parabolina spinulosa, 2c the zone of Lef)loplastus and Eurycare, and 2d the 

zone of Pel/ura, Sphaetophthalmus, and Ctenop)1ge. The latter was divided 

into four subzones : 2da, 2d{J, 2dy, and 2d8. He furthermore recognized a 

zone of Parabolina hcrcs, which he gave the symbol 2e. This symbol had 

pre,•iously becn gi,·en to the Dictyoncma zone (by Brøgger in 1882), and 

Størmcr ( 1934a, p. 332) changed the symbol of the beds with Parabolina 
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heres into 2de, retaining 2e for the Dictj•onema zone. This was done a s  it 
has become the practice not to trans fer a symbol introduced by Brøgger or 
later writers from one unit to another since this would lead to confusion, 
not least regarding the extensive use of symbols on museum labels. In 
1944(a) Westergård presented a more detailed division of the Olenid Shales 
in Swcden. He slightly reviscd it in 1947, recognizing 6 zoncs and 23 sub
zones. The present investigation has shown that the subzonal division may 
be carried cven further, and 29 subzones are recognized in the Norwegian 
succession. Three subzones established in Sweden have not been found in 
Norway, so that the total number of subzcmes of the Olenid Shales in Scan
dinavia now amounts to 32. No doubt cven more subzones may eventually 
be ·recognized. 

It appears practical also to recognize more zones than hitherto. Some 
of the earlier zones are thus regardecl as zone complexes .  They may be 
called "megazonc.s" or "superzones", but these terms are not commonly used. 
Another poss·ible term is "stage", but Hedberg ( 1954, p. 223) ;has recom
mended to rcstrict this  term to time-stratigraphic units. I therefore propose 
simply to u se the plural form "zones" ( e. g. P elt ura zones) for the se 

zone groups. 
The symbols in use for the Cambro-Silurian succession in the Oslo 

region have been given to stratigraphic units, some of which are litho
stratigraphic, others bio-stratigraphic or chrono-stratigraphic. I have pro
posed to retain the symbols for chrono-stratigraphic units only (Hennings
moen, 1955) . However, in the case of the Olenid Shales, the chrono
stratigraphic units (2aa, 2af3, etc.) are all based on bio-stratigraphic units 
and the symbols may also be used for the zones (e. g. 2aa for the zone with 
Agnostus pisiformis) . I have preferred not to introduce a rigid system of 
numbers or lctters for the subzones, since the position of some subzones are 
uncertain, and more subzones may eventually by recognized. Instead I sug
gest that the symbol of a subzone be formed by adding the abbreviated 
specific name of the subzonal index fossil to the symbol of the zone, e. g. 
"2d[J tum ." for the subzone of Ctenopyge tumida. 

Some of the zones and subzones may be regarded a s  teil-zones, since the 
index fossil occurs throughout the whole of the unit, but not below or above 
it. Apparcntly some of the teil-zones come very close to being biozones, that 
is where the index fossil appears to have developed from an earlier species 
in the underlying beds and to be ancestral to a later species in the overlying 
be ds. 

T:he N onvegian faunules stu di ed for the greater part occur in samp1es 
( mainly chips of stinkstone lenses) which have not be en collected strati
graphically, i. e. their relative or absolute position in the section is not stated. 
However, the faunule in a sample usually suggests from which subzone it  
comes ; i ts  horizon is  easily determined in a ready-made scheme. The samples 
only rarely contain more than one subzone. In some cases the faunule o f  a 
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sample (or rather a number of samples) ju stified the recognition of a new 

subzone, of which the adjoining subzones were not known. Di fficulties 

arose when the new subzone should be placed in the scheme. In plotting these 

subzones, their faunules were sometimes rathcr suggcstive, especially whcn 

they were of a type between those o f  already established subzones. \Vester
gård's scheme for the Olenicl Shales in Sweclen ( 1922, 1947) and especially 
his data from borings in S\Yeden ( 1 941 ,  1 944a, 1944b) have o ften been of  

the greatest help. I would like to emphasize that !'he succession of  the olenid 

species in the Olenid Series in Scandinavia never differs from place to 
placc, whenever this can be controlled, w ith the exception, of course, that 
parts of the succession may be lacking, and that the fossils sometimes may 

be sccondarily depositcd. Data from Brøgger ( 1882) have been useful in 

plotting subzones in some cases, and Holtedahl has collected some material 

s tratigraphically at the beach at Slemmestad in Røyken, near Oslo, although 

unfortunately not detailed enough. This classical locality no longer i s  

accessible, owing to the filling u p  o f  the beach with debris from Slemmestad 

Cement Factory. Borings through alum shales in Norway have also been of 

some help, but the core diameters are rather small (from 21 to 37 mm ) , and 

only a restricted number of fossili ferous lenses have been pierced. 

T h e  Olenus z o n e s  (2a ) .  

The zone o f  Agnosttts pisifonnis (2aa:) i s  not divided into subzones. 

The find of O lenus alpha n. sp. in this zone shows that it is a true member 

of the Olenid Shales (cf .  p. 58) . 

The zone o f  Olenus and Agnostus obestts (2aP ) .  The corresponding 

zone in Sweden was divided by \rVe�tergård ( 1 922) into 6 subzones, named 

after ( from below) : Olenus gibbus & O .  transversus, O .  truncatus, 

O .  wahlenbergi, O .  attenuatus, O. dentatus, and O. scanicus & Polyphyma 
angelini. The two upper subzones have not been found in Norway. Kauf

mann ( 1933) showed that O. transversus is characteristic of its own sub

zone in Scania ( Sweden) , and that the ranges of O. attenuatus and O .  den

tatus overlap (cf .  text-fig. 1 5 ,  p. 99 ) .  

T h e  Parabolina spinulosa z o n  e (2b) . 

The corresponding zone in SvYCden was divided into h\'O subzones by 

Westergård in 1922, a lower one with Parabolina brevispina and Protopeltura 
aciculata, and an upper one with Parabolina spinulosa and Protopeltura 

acicu/a,fa pusilla. These subzones are also recognized i n  Norway. Parabolina 

brevispina and Protopeltura aciculata have not been found associated in Nor

wegian material. According to \Vestergård's data ( 1 944a) from borings in 
Scania, the latter species occurs only i n  the upper part o f  the subzone, and 

ranges higher up than Parabolina brevispina. 
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T h e  Leptoplastus z o n  e (2c) . 

Westcrgård ( 1944a, 1947) listed S subzones from the corresponding 
zone in Sweden. They are as follows ( from below) : the subzones of Lepto

plastus paucisegmentatus, L. raphidophorus, L. ovatus & Ettr}•care latum, 

Eurycare angustatum (here L. angustatus) ,  and L .  stenotus. Only the sub
zone of L. paucisegmentatus has not been recognized in Norway. The Nor
wegian material suggests on the other hand that more subzones may be 
separated between the subzones of L. raphidophorus and L. angustatus. 

Until more data are available on the stratigraphic range o f  the many L epto

plastus and E�w}•care species, I establish only one new subzone, that of 
L .  crassicorne. This species occurs in Sweden between layers with L .  raphido

phorus and layers with L. o uatus (cf.  Vv"estergård, 1944a) . L. o·uatus is 
either associated with E. e.xplanatum and L .  crassicorne \·ar. or w ith E. latwn 
-+- E .  brevicauda. E. fatum. probably extends into the subzone of L. angusta

ftts, since these two species have been found associated in several samples of 
stinkstone, whereas other samples yield L. ovatus and E. latu111 or L. angu

status alone. It cloes not seem as if E .  latu1n is secondarily deposited with 
L. angustatus. 

The subzones o f  the Leptoplastus zone will thus be as Sihown below 
( with the possible distribution of the nonindex fossils) : 

Subzone of : 

L. stenotus 

L. angustatus 

L. o·z,atus . . . . . . . . 

L .  crass·icorne . . . .  

L. raphidophorus 

j Alone ( upper part ?) 
l Eurycare latum ( lower part ? )  

{ F . fatum, E .  brevicauda (upper part ? )  
E .  e.xplanatum, L .  crassicorn e Yar .  ( lower part ?)  

{ L . non:eg1cus 

L .  paucisegmentatus (not known in Norway) . 

T h e  Peltura z o n  c s (2da-o ) .  

Three Pcltura zones are recognized, the two lower agreeing with Strancl's 
subzones 2da and 2d Ø, the uppcr zone with his two subzones 2dy-o .  

Most of the subzones recognized here are founded on Ctenopyge species. 
I f  thcy instead bad been based on pelturines, the subzones would not cor
rcspond to the Cten op·yge subzones ; there would, in fact, have been fewer 
subzones. I preferrecl to found the subzones on Ctenopygc species partly 
because I bel ieve it is practical to base them on as short-ranged fossils as 
possiblc, and partly because the Ctenopyge species usually are easier to 
determine. Furthermore, specimens of Cten opyge are usually present in all 
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but the smallest samples of fossiliferous rock from these strata, whereas this 
is  not the case for the pelturines. 

The zone of Protopeltura praecursor (2da) . In material collected by 
Holtedahl in 1908 at the no longer accessible beach section at Slemmestad 
in Røyken, Protopeltura broeggeri and Protopeltura holtedahli n. sp. occur 
in stinkstone 1enses from the junction between the Leptoplastus zone and 
the zone of Protopeltura praecursor. The two species do not occur together 
in one lens, and are not associated with any other species. P. broeggeri has 
also been met with in a boring core from Stablum in Eiker, where it occurred 
between layers with Leptoplastus angustatus (2c) and layers with 
L. neglectus (2da) . The morphology of P. holtedahli n. sp. suggests that 
this species, too, occurs below P. praecursor. It  is possible that P. broeggeri 
and P. holtedahli n. sp. (or one of them) may come from the uppermost part 
of the Leptoplastus zone, but this i s  not likely since they have never been 
found in the rather large collection of lenses from the subzones of 
L. angustatus and L. stenotus in Scandinavia. It is :more probable that they 
occur in layers between the subzones of Leptoplastus stenotus (2c) and 
L. neglectus (2da) . P. broeggeri and P. holtedahli n. sp. are regarded here 
as index fossils of two provisional subzones. It i.s not known which is the 
younger. Since at !east P. holtedahli n. sp. is closely related to P. praecursor, 
the new subzones are tentatively included in the zone of Protopeltura 
praecursor. 

Westergård ( 1944a) has recorded the succession of the index fossils 
of the following three subzones, L eptoplastus ("Ctenop)1ge") neglectus, 

Ctenopyge postcurrens, and Ct. flagellifera. Protopeltura praecursor is  
regularly found in  all three subzones, and I have not been able to see any 
differences between the specimens from the dif ferent subzones. 

The zone of Peltura minor (2d/l) . In this zone I include four subzones, 
with the following index fossils ( from below) : Ctenopyge sim ilis n. sp., 
Ct. spectabilis, Ct. tumida, and Ct. affinis. It has been demonstrated by 
\Vestergård ( 1944a) that Ct. affinis occurs above Ct. twmida in Scania. 
Ct. spectabilis was reported by Westergård ( 1 922) to occur together with 
Ct. angusta and Ct. tumida. Actually the latter fDrm is  Ct. twnidoides n. sp. 
and the subzone Df Ct. spectabilis Iies immediately below the subzone of 
Ct. tumida. The fauna of the subzone of Ct. similis n. sp. (also containing 
Ct. modesta n. sp. ) occurs in Norwegian stinkstonc lenses, the exact strati
graphic horizon of which are not known. The subzone may fairly safely be 
regarded as dircctly underlying that of Ct. spcctabilis ( also containing Ct. 
angusta) , since Ct. modesta n. sp. morphologically appears to be intermediatc 
between Ct. flagellifera and Ct. mt.gusta. Furthermore, Ct. modesta n. sp. 
is  known to occur below Ct. spectabilis and above Ct. flagellifem in Sweden. 

The zonal index spe<:ies, Peltwra m·inor, occurs in the subzones of Ct. 
affinis and Ct. tumida. 
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The zone o f  Peltura scarabaeoides (2dy-o ) .  Peltura scarabaeoides scara

baeoides and Sphaerophthalmus humilis are the most common fossils in  the 
two lower subzones ( established here ) ,  the subzone of Ctenopyge bisulcata 

and the subzone of Ct. linnarssoni, \vhich together form the lower part (2dy) 
of the zone. Ct. bisulcata has been shown to occur below Ct. linnarssoni in 
Scania (Westergård, 1922) . It i s  possible that more subzones may be distin
guished when the ranges of the different Ctenopyge species become hetter 
known. Ct. pecten, which occurs in the subzone of Ct. linnarssoni in Norway, 
is in Sweden also known from the subzone of Ct. bisulcata. According to 
vVestergård ( 1 944a, p. 42) ,  Ct. fletcheri ( =laticornis) continues a little higher 
up than Ct. pecten. No Ctenopyge or S phaerophthahnus species are known 
to extend in to the upper part (2clo)  of the zone of Pelfttra scarabaeoides, 

which is hcre regarcled as comprising the subzone of  Parabolina lobata and 
the subzone o f  Peltura paradoxa. Peltura paradoxa is associated with a spe
eies which probably is Parabolina megalops. As Peltura paradoxa seems to 
occur together with Parabolina megalops in Sweden, the subzone of Peltura 

paradoxa apparently corresponds to the subzone of Parabolina megalops in 
Sweclen, which overlies the subzone of Parabolina lobata ( = P. longicornis) 

(cf. Westergård, 1944a) . According to \Vestergård ( 1944a ) ,  Parabolina 

lobata praecursor occurs at a slightly lower level than P. lobata lobata, and 
the subzone o f  Parabolina lobata may consequently be divicled into two 
zonules. Peltura scarabaeoides westergårdi n. sp. is known only from the 
subzone of Parabolina lobata. 

T h e  Acerocare z o n e  (2de) . 

This is clivided into 4 subzones, based on pelturines, a s  they are easier 
to distinguish and more frequent than the Parabolina species. The two lower 
subzones are those of Peltura transiens and Peltura costata. Peltura transiens 

occurs at a slightly lower level than Peltura c ost at a (cf.  Brøgger, 1882, p . 109) . 
Parabolina heres occurs in both subzones, which may more Dr less corresponcl 
to \Vestergård's subzone of Parabolina heres and subzone of  Cyclognathus 

( i . e. Acerocarina) .  The subzone o f  Westergårdia has been shown by Wester
gård ( 1944a) to occur above these. It may possibly be divided into two sub
zones or zonules, as vV estergårdia scanica occurs at a slightly lower leve! than 
W. illaenopsis in Scania (Westergård, 1 944a, p. 44) . The subzone o f  Acero

care ecorne was first shown to occur above that of W estergårdia by Wester
gård in 1944(a) , and this succession has been confirmed in sections at Nærs
nes in Røyken, near Oslo (cf.  text-fig. 6) . 
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The Ceratopyge Series in Norwa-y. 

O c c u r r e n c e. 

The Ceratopyge Series is known in the Oslo region and in the belt o f  
Caledonian overthrusts i n  southern Norway ( including Ringsaker) .  It occurs 
in all the districts of the Oslo :region except in the Holmestrand district 
' (where only younger strata are exposecl) and in the Skien-Brevik .district 
(where the younger Orthoceras Limestone rests directly on the Peltura 

zones) . In the Eiker-Sandsvær district the series occurs in the northern part 
(Eiker ) ,  but is missing in the southern part ( Sandsvær) . The series is known 
in the belt of Caledonian overthrusts both east and west of Ringsaker. The 
most westerly locality where fossils of this series have been found, is the 
Dictyonema Shales at Hol berget on the plateau Hardangervidda (cf .  Stør
mer, 1940b, p. 164) . Dictyonema Shales have also been found in the south
eastern part o f  the Trondheim region, at Holtålen north of Røros (cf .  Stør
mer, 1 940b, p. 162) . The Smøla Limes tone, on the island of Smøla, north
west of the Trondheim region, corresponds in age to the Ceratopyge Series, 
but contains fossils o f  another province (the North American-Arctic prov
ince) ,  and thus no olenids. The Ceratopyge Series or contemporary strata are 
not known from northern Norway. 

L i t  h o  l o g  y a n  el s t r a  t i  g r  a p h  y. 

The Ceratopyge Series consists of  the Dictyonema Shales and the over
lying Ceratopyge Beds . The complcte succession is somcwhat more than 20 m 
thick in the Oslo region. 

The Dictyonema Shales are developed mainly as alum S�hales with stink
stone concretions, like the underlying Olenid Shales, in which they originally 
were included by Brøgger ( 1882) . The Dictyonema Shales are regarded as 
comprising one zone, the zone of Dictyonem,a flabelliforme (B røgger's 
"Niveau" 2e) .  Størmer ( 1940b) divided it into 4 subzoncs (2ea-8 ) ,  based 
on subspecies of the index fossil. His scheme was · sl ightly modified by Bul
man in 1954. 

The Ceratopyge Beds werc divided by Brøgger in 1882 into 3 "Niveaus" ; 
Shale and Limestone with Sym.physurus incipiens (3aa) ,  Ceratopyge Shale 
(3a(J ) ,  and Ceratopyge Limestone (3ay) . The shales are blackish grey or 
grey. The Symphysurus Limestone is black, and the Ceratopyge Limestone 
consists of dif ferent types of limestone (black, bluish, and glauconitic) with 
cliscontinuity surfaces and thin shale partings. Drøgger's "Niveaus" are partly 
based on the lithology. One may provisionally recognize two faunizones, the 
zone of Sym.phjiSMrus i11cipiens ( 3aa) and the zone of Ceratopyge forficula 
(3a(J-y) . The latter contains the so-called C eratopyge- or Euloma-Niobe
fauna. The graptolites in the Ceratopyge Shale have been stucliecl by Monsen 
( 1925 ) ,  who recognized two graptolite subzones. 
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2 e e< 

(Base of 

Di ctyonema Shales) 

2 d t  

(Top of Olenid Sha les) 

Froqmen t s  of 
phyllocorids ond qroptolites. 

Dictyonemo porobolo 

Jujuyaspis k.eideli norveqicc 

Dictyonema porobolo 

Boeckospi s hirsuta, 
Porabolino acanthuro 

Acerocare ecorne, 
Porobo!ina acantnuro 

Westerqårdio spp. 

Fig. 6. Section through the boundary between the Upper Cambrian Olenid Series and 

the Tremadocian Ceratopyge Series at 1\ærsnes. 

S t r a t i g r a p h i c  d i s t r i b u t i o n  o f  o l c n i d s  i n  
t h e  C e r a  t o  p y g e S e r  i e s .  

T h e z o n e  o f Dict-yonema flabelliforme (2e) . 

A continuous section through the "C pper Cambrian Acerocare Shales 
and tlhe base of the Lower Ordovician Dictyonema Shales (text-fig. 6) has 
been discovcred in a road cut (A on text-fig. 7) south-east of the cha pel at 
Nærsnes in Røyken, near Oslo. l m above stinkstone lenses with A cerocare 

?corne and Parabolina acanthura. there is another horizon with stinkstone 
lenses, here containing B oeckaspis hirsuta and Parabolina acanthura. No 
fossils have been found in the intervening alum shale, but Dictyonenw flabel
li.fonne parabola occurs in the shale 0.40 m above the Boeckaspis lenses 
(cf .  Bulman, 1954, p. 27) . 0.50 m above this graptolite horizon there is a 
stinkstone lens containing Jujuyaspis keideli norvegica n. subsp. Above this 
the shale again contains Dictyonema .flabelli.for·m e parabola. At the beach at 
Nærsnes (B on text- fig. 7) , there is another section through the same beds . 
The section is somewhat clisturbed and can only be studied at very low water, 
but is of interest because it contains tv.:o layers of stinkstonc lenses yielding 
Boeclwspis hirsuta, with Dictyonema flabelli.forme parabola in the intervcn
ing shale. For this reason I regard the beds with Boeckaspis hirsuta as be
longing to the base of the Dictyonema Shales. The shale above the upper 
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0.5 K M  

Fig. 7. Map of Nærsnes in Røyken, Oslo-Asker district. + = Nærsnes chapel, 

A and B the two fossil localities mentioned in the text. 

lenses with Boeckaspis hirsuta contains Dictyonema flabellifonne parabola, 

as ''vell as a stinkstone lens with Jujuyaspis keideli norvegica n .  subsp. 
The stratigraphic position of Boeckaspis hirsuta was earlier not known.t 

Like the ovcrlying Jujuyaspis keideli norvegica n. subsp. it may be regarded 
as belonging to the subzone of Dictyonetna flabelliforme sociale ; (2ea) . 

In other localities in the Oslo region, B oec kaspis mobergi and Bienvillia ? 

wim.ani occur in the subzone of  Dictyonenw flabelliforme flabellifonne (2ej3) 
( cf. Størmer, 1922a, and Strand, 1929 ) .  A single lens from the same sub
zonc at Steinsvika i n  Ringsaker contains Iujuyaspis angusta n. sp. and 
probably also Bienvillia ? wimani. 

Thrce or four olenid horizons are thus known from the Dictyonema 
Shales in Norway. The two lower horizons, the horizon with Boeckaspis 

hirsuta and the horizon with Jujuyaspis keideli norvegica n. subsp. appear in 
this order, but it  is not known whether Jujuyaspis angusta n. sp.  occurs 
below, in, or above the horizon with Boeckaspis mobergi. 

T h e  z o n e  o f  Sy1nphysurus incipiens ( 3aa) . 

Peltocare norvegicum and Bienvillia tetragonalis broeggeri n. subsp. are 
rather common in the Symphysurus Limes tone (cf .  Størmer, 1920) . 

T h e  z o n  e o f C eratopyge forficula (2aj3-y) . 

The Ceratopyge Shale, and especially its limestone lenses contain Para

bolinella limitis. Triarthrus angelini angelini occurs in the uppermost part of 
this formation. 

Triarthrus angelini angelini furthennore occurs in the Ceratopyge Lime
stone, especially in the black limestone nodules at the base, but also higher 

1 Material collected by T. Strand and H. Neumann at Nærsnes in 1945, labelled 

as Boeckia hirsu.ta, proved to include Westergårdia species only. 
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up. Other olenids are very rare in the Ceratopyge Limestone. So far, two 
specimens of  Parab olinella rugosa and one specimen of  Parabolinella lata 

n. sp. have been found. 

Olenids occurrmg zn Norway and their regional distribution. 

Chart l shows the known regional distribution of the Upper Cambrian 
and Tremadocian olenids in Norway. Several of them were previously not 
recorded from Norway, including a number of new species and subspecies. 

Some species whioh were recorded previously, have been re-determined, 
and the generic name has been changed for many species. The following list 
may be useful when consulting earlier papers on olcnids in Norway. 

N ame u sed by : 

Brøgger 1882 Revised name : 

Olenus truncatus ? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Olenus gibbosus 

Olenus aculeatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Olenus attenuatus 

Protopeltura acanthura . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Protopeltura praecursor 

Peltura bidentata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Protopeltura bidentata 

Peltura planicauda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Protopeltura planicauda 

Cyclognathus transiens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Peltura transiens 

Cyclognathus costatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pel tura costata 

Cyclognathus costatus var. minor . . . . . . . . . . . . . . . . . . . . Pel tura minor 

Cyclognathus micropygus . . . . . . . . . . . . . . . . . . . . . . . . . . . . Peltocare norvegicum 

Sphærophthalmus alatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sph. alatus and Sph. humilis 

Ctenopyge ? lo bata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Para bolina lo bata 

Boeckia hirsuta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Boeckaspis hirsuta 

Parabolinella limitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P. limitis and Bienvillia 

tetragonalis broeggeri n. subsp. 

Holtedahl 1910 

Leptoplastus ovatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Leptoplastus raphidophorus 

L t l t 
{ cranidium . . . . . . . . . . . . . . . . . . 

. ova us var. exp ana a 
free checks . . . . . . . . . . . . . . .  . 

Leptoplastus longispinus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Eurycare angustatum } { axial shield . . . . . . . . . . . . . . . . .  . 

var. norvegicum free cheeks . . . . . . . . . . . . . . . . .  . 

Leptoplastus brøggeri { thor�� · pygidium · · · · · · · · · · · · · 

cramdmm, free cheeks . . . . . . .  . 

Peltura præcursor 
{ cephalon, pygidium · · · · · · · · · · 

thorax . . . . . . . . . . . . . . . . . . . . .  . 

Strand 1929 

Eurycare explanatum 

Leptoplastus ovatus 

Leptoplastus norvegicus 

Leptoplastus norvegicus 

Leptoplastus crassicorne 

Protopeltura broeggeri 

Leptoplastus neglectus 

Protopeltura praecursor 

Protopeltura holtedahli n. sp. 

Leptoplastus minor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Leptoplastus raphidophorus 

Leptoplastus minor explanatus . . . . . . . . . . . . . . . . . . . . . . Eurycare explanatum 

Sphærophthalmus maj or . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sphaerophthalmus alatus 

Sphærophthalmus alatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sphaerophthalmus humilis 

Boeckia illænopsis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Westergårdia lata 

Parabolinella wimani . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Bienvillia ? wimani 

Boeckia mobergi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Boeckaspis mobergi 
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Chart l may give the impression that some species have a rather re
stricted geographic clistribution, or that parts o f  the sequence often are mis
sing locally. However, an insufficient amount of fossils have been collected 
or reported from most clistricts, and a doser survey most probably woulcl 
wiclen the regional clistribution of the species consiclerably. It is consequently 
not advisable to discuss the regional cl istribution o f  the fossils on the basis 
of this list. Attention should be clrawn to the fact that t h e r e i s n o  
r e a s o n  t o  s u s p e c t  a n y  l o c a l  f a u n a s  i n  t h e  O l e n i cl 
S e r i e s  i n  N o r w a y. Holtedahl ( 1910, p. 1 1 )  believecl that the fauna 
in the northern (Mjøsa) clistricts of the Oslo region cliffered somewhat from 
that in the Oslo clistrict, referring especially to the Leptoplastus zone, as he 
founcl Leptoplastus ovatus and Eur-ycare explanatum, in the Mjøsa clistricts 
only. However, these species are now known to occur in southern districts of 
the Oslo region as well. 

Hansen ( 1945) has suggested that the stinkstone lenses are more com
mon the nearer the shore the sediment was clepositecl. As  the foss ils of the 
Olenicl Series usually are founcl in these lenses in Norway, and rarely in the 
surrounding shale, the absence of fossils of a certain subzone at a locality 
may just as well be due to this subzone having been clepositecl in cleeper water 
(at l east without the formation of lenses) , as to not ha ving been depositecl 
at all. A list of  fossils alone thus hardly gives any definite dues as to whether 
and at what time there have been transgressions and regressions in a certain 
locality. 

J n this connection it rna y be pointed out that the absence of records of 
fossils from certain zones in some clistricts is due to true gaps in the sequence. 
This is for instance the case in the Skien-Brevik clistrict, where the thick
ness of the Olenid Series is considerably less than further north, and where 
at !east the A cerocare zone and the whole of the Ceratopyge Series is missing. 
Except for the most southern districts of the Oslo region, uhc Cambro
Silurian strata in Norway have been foldecl or overthrust, and apparent gaps 
in the scquence may be due to tectonic clisturbances. 

Only one olenid is so far known from post-Tremadocian beds in Nor
way, a Triarthrus from dark shales of the Ogygiocaris Series in the Hamar 
and Ringsaker cl istricts. 
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O c currence of Upper Cambrian and Tremadocian Olenids 

in the Acado -Baltic Province 

The Olenid Series. 

Charts l and 3. 

4 5  

The marine fauna! province characterized by olenids in the Upper Cam
brian epoch usually is referred to as the Acado-Baltic (or North Atlantic) 
provmce. 

The Olenid Series is known in Scandinavia ( Sweden, Denmark, Nor
way),  P o land, France ( ?) , Great Britain (England, \V ales) , and castern 
Canada (Newfoundland, Nova Scotia, New Brunswick) . 

L i t h o  l o g y a n d c o n t e n t o f o l e n i  d s .  

Scandinavia. 

The Olenid Series in Sweden, Denmark, and Norway is Yery monoton
ous, consisting almost exclusively of black bituminous shales ( alum shales) 
with concretions or occasional layers of dark bituminous limestone ( stink
stone) and a few intraformational conglomerates. On! y in one northern area 
(Norrland in Sweden) beds of quartzite are intercalated with Upper Cam
brian alum shales. Where it has been possible to measure the thickness of the 
series, viz. outside ( south and west of) the belt with heavy Caledonian over
thrusts, it does not exceed 50 m and is considerably thinner in many areas, 
owing to the thinning out or absence of some zones. The succession in Nor
way is discussed above, that in Sweden by \Vestergård in 1922, with supple
mentary data in 1940, 1941,  and 1944. The succession in Denmark ( Born
holm) was last described by Hansen in 1945. 

The Upper Cambrian olenids known to occur in Denmark, Norway, and 
Sweden are listed in chart 1 .  Norway and Sweden have the most complete 
successions of the Olenid Series, but, as will be seen from chart 3, there 
are a few subzones which have been recognized only in Norway or only in 
Sweden. Accordingly, some olenid species have been found only in one of 
the countries. These dif ferences are due to gaps in the sequence (or the 
corresponding beds have not been found) and therefore do not indicate any 
fauna! dissimilarities. However, a few species which occur in one of the 
countries, have not been found in the others, e\·en when contemporary beds 
are present. This is the case mainly with rare species, and there is a pos
sibility of them later being found in the other areas, when more material 
has been collected. In any case, when corresponding beds are present, they 
have most species in common so that there does not seem to have been local 
variations of the faunas of any importance. 

It may be noted that the exact horizon of the Swedish species Acerocare 

tullbergi is not known and that it may possibly represent an unestablished 
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subzone. As discussed above, the subzones of Prot opeltura broeggeri and 

Protopeltura holtedahli in Norway are provisional, as the exact horizons of  

their index fossils are not known. 

P o land. 

The Olenid Series is known in the Swi�ty Krzyz ( Ste. Croix) area in 

southern Poland. The sequence has not been described in detail. According 

to Samson<JWicz ( 1 934, p. 69) it is 550 m thick and consists of alternating 

layers of variously coloured sandstones and shales with some layers of 
quartzite, and, rarely, greywackes. Apparently no black shales occur. 

Two different Upper Cambrian faunas, containing olenids, have been 
reported (Czarnocki, 1927a, pp. 1 1-12 ; 1927b, pp. 198-199) . The fossils 

have not been described, which is  the more unfortunate as the collections 

were destroyed during World War li .  
The olenids listed from the lower faunas are : Beltella Samsonowiczi 

(nomen nudum) , Parabolina acuminata (nomen nudum) ,  Eurycare n. sp., 

Ctenopyge angusta, Parabolina sp., Protopeltura sp., and Peltura sp. (cf. cor

nigera Vvestergård) . The presence of Ctenopyge and Protopeltura suggests 
that the fauna belongs to the zone of Protopeltura praecursor or the lo-wer 
part of the zones of Peltura minor. It is not very likely that P. cornigera 

( i .  e. P. transiens) should occur in this fauna, since it is a rather late species. 

It seems possible that Peltura cf. cornigera is a Protopeltura species. How

ever, the fauna cannot be compared with those of the Scandinavian subzones 

before new material has been studied. 

From the upper fauna Czarnocki listed the olenids Sphaerophthalmus 

alatus ( i . e. Sph. humilis ) ,  Peltura scarabaeoi.des, Pa.rabolina longicornis 

( i . e. P. lobata),  and Parabolina mobergi. The thrce first definitely suggest 

the zone of Peltura scarabacoides. Apparently both the lower part (wit·h 

Sphaerophthahnus hu11t ilis) and the upper part (with Parabolina lobata) are 

present. Parabolina mobergi occurs somewhat lower in Scandinavia, but as 

the Parabolina species often are rather alike, one should perhaps not lay too 
muoh stress on its assumed occurrence. 

France. 

In the Montagne Noire (Herault) in southern France there is an about 
500 ft. thick succession which is believed to be Upper . Cambrian, partly 
because it occurs between Middle Cambrian and Lower Tremadocian beds, 
and partly because it has yielded some Peltura-1ike cranidia (Thoral, 1935, 
p. 65, pl. 5, figs. 5-7) . The beds consist of psammitic shales with some small 
calcareous lenses and an occasional layer of calcareous shale (Thoral, 1946, 
pp. 12, 25 ) .  
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Great Britain. 

Onty a few, partty incomplete sections throug;h the Upper Cambrian 

beds are known in England. A section near Bentteyford Farm in Shropshi re 

( Stubbtefield, 1 930) contains 63 ft. of grey micaceous shales with grey cal

careous nodules ( Grey O ru sia Shales) , belonging to the zone o f  Parabolina 

and Orusia. The shales rest on Midclle Cambrian grits and are succeeded by 

a one-inch band of fine-grained sandstone. Above this  comes 13 ft. of black 

shales ( alum shates) with stinkstone concretions s-how ing cone-in-cone struc

ture. The otenids found betong to the lower part of the Peltura zones. The 

overlying beds betong to the Tremadocian Shineton Shates. The 'White

leaved-Oak Shales of Malvern H ills are divided into a tower series of un

r:ertain age, suggested by Groom ( 1902, p. 132) to belong to the uppermost 

part of �he M iddle Cambrian, and an upper series of some 550 ft. of black, 

coal-black or very dark grey shalcs with fossils of the Leptoplastus and 

Peltura zones. No fossits have been obtained from the uppermost layers, 

which are overlain by the Tremadocian Grey Bronsil Shales. In Central Eng

land ( the Nuneaton .district) the Oleni d Series is represented by ( from below) 

the Outwoods Shales, Moor vVood Ftags, and Monk Parks Shales, togcther 

approximately 1 ,700 ft. thick. They consist mainly of thin-bedded dark grey 

shales with layers of intensely black carbonaceous shales ( apparently alum 

shales ) ,  but thick-bcdded crumbly mudstones, flagstones and greenish shales 

occur at intervals (Edmunds & Oakley, 1 947, p. 1 3 ) .  The fossils towards 

1Jhe base belong to the Olenus zones, those near the top to the Peltura zones. 

In vVales the Olenid Series is represented by the thick Lingula Flags. 

They are most completely devetoped in North Wales, where they may be 

divided in to ( from below) the Maentwrog Beds ( about 2,200 ft . ) ,  the Ffesti

niog Be ds (a bo ut l ,500 ft. ) ,  and the Dolgelley Be ds ( about 500 ft. ) . Accord

ing to Smith & George ( 1948, p. 23) "The two lower groups are broad]y 

similar, consisting of rhythmically altcrnating layers of dark &hale and com
pact fine-grainecl light-grey micaceous sandstone. The individual beds are 

usually not more than a few inches thiok, and in bulk vertical section the 

groups display ribbon banding. The barder bands ( called "ringers") are of ten 

ripple-marked and current-bedded and contain an abundance of worm-casts 

- - - The Dolgelley Beds, on the other hand, consist of an uninterrupted 

· succession of shales and slates, the upper part of v.nhich i s  intense! y black 

(the "Black Band") - -." The Maentwrog Beds betong to the Olenus 

zones, the Ffestiniog Beds may be more or less transitional between the 

Olenus zones and the Parabolina zone, whereas the olenids in the Dolgelley 

Be ds belong to the Parabol·ina spinulosa zone and Pel tura zones. No olenids 

from the Leptoplastus zone have been recordecl with certainty, and the A ce

rocare zone appears to be missing. In South \Va1es only the Lower Lingula 

Flags ( equivalent to the Maentwrog Beds in North vVales) are exposed. 

They consist of about 2,000 ft. of olive and dark-coloured micaccous and 
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flaggy shales, and sandy mudstones interbedded with bands of siliceous 
sandstone ( Pringle & George, 1948, p. 20) . 

The Upper Cambrian olenids known to occur in England and Wales 
are listed in chart l .  Modem descriptions have been given by Lake ( 1 908, 
1913,  19 19, 1946) and Cobbold ( 1934, Shropshire olenids) . 

The "Cpper Cambrian fauna described by Cobbold ( 1934, p. 391 )  from 
loose blocks found in the course of Dryton Brook in  the Rushton area, 
Shropshire, was suggested by him "to represent a junction between Wester
gård's Zone 4 (with Leptoplastus and Eurycare) and his sub-zone Sa (with 
Ctcnopyge flagellifera and Protopeltura præcwrsor) ". The olenids reported 
by Cobbold to occur in these blocks were : Leptoplastus raphidophorus, Ettry

care a.ngustatum, Ctenop}'ge flagel!ifera, Ct. flagellifera angusta, Ct. dry
tonensis, and S phærophthalmus ? parabola. Another Upper Cambrian faunule 
reportecl by Stubblefield ( 1930) from the brook section east-south-east of 
Bentleyforcl Farm, Shropshirc, was likcwise consiclerecl to contain a mixturc 
of forms from the Lcptoplastus zonc and the zone of Protopeltura præcursor 

in Scanclinavia, viz. Ctenopygc flagellifera, Ct. flagellifera an-gusta, and 
E ur)1care angustatum. 

As such a mixture of forms occurring at different lcvels in Scandinavia 
woulcl be of considerable bearing, not the least on the use of olenids for 
correlation, I was anxious to see the material. Thanks to the kindness of  
Dr .  C .  J. Stubblefield, Geological Survey and Museum, London, i t  was ar
ranged that I coulcl borrow material both from Cobbold's and his collections 
of Shropshire olenids, for which I am very grateful. 

The material from the neighbourhood of Dentleyford Farm included two 
types of cranidia. The smaller type agrees well with Ctenopyge 11wdesta n.sp., 
a species which is rathcr dose to Ct. angusta. The material furthermore in
cluded free cheeks and hypostomae similar to those of Ct. modesta n. sp. The 
larger type of cranidia and same fragments of free cheeks are not very well 
preserved, but seem to belong to the Ct. spectabilis group. Since same asso
ciated hypostomae are exactly similar to the hypostoma of Ct. similis n .  sp. 
(of the Ct. specfabilis group),  I belicve that the two leptoplastines in this 
material are Ct. modesta n. sp. and Ct. similis n. sp. These two species 
furthermore occur associated in Scandinavia, in the subzone of Ctenopyge 
1nodesta. The material also includcd a single pelturine pygidium. The pygi
dium has no spines, and recalls that of same carlier species of Protopeltura. 

The material from Dryton Brook consisted of samples of the blocks 
A, C, D, and E. Block C contained cranidia and free cheeks which apparently 
belong to Leptoplastus raphidophorus, as far as can be determined from the 
fragmentary material. The two frce cheeks figured by Cobbold ( 1934, p. 45, 

fig. 1 8) came from block C (G. S. M.  no. 5 1 772) ,  but in the text Cobbold 
( 1934, p. 35 l )  stated that the species is well represented in block D and that 

. two very indifferent free cheeks were recognized from block A. It appears 
rather reasonable to assume that "block D" in this case is an error for 
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"block C".  This assumption i s  supported by the fact that Cobbold has deter
mined no specimens as L eptoplastus raphidophonts i n  the samples (G. M .  S .  
nos .  51 767-69) from block D, which I have examined. I have not been able 
to find any free cheeks assignable to Leptoptastus raph-idophorus in the 14  
samples from block A which I have seen. Of  the 8 samples stated to  come 
from block C, 7 contained Leptoplastus raphidophorus and no other olenids. 
One piece (G. S. M. no. Pe. 2607) instead contained Ctenopyge flagellifera. 

Most probably this sample came from another block and has by mistake been 
labellecl as coming from block C. This is supportecl by the fact that there were 
no specimens of Lingulella cf .  concinna in this sample, whereas this  brachio
pod occurs in all the 7 samples with Leptoplastus raphidophorus, but never 
in  samplcs from the other blocks. There is ,  of course, a possibility of  the 
sample emning from another fossiliferous horizon in block C than the one 
which yielded the other samples, but this is not very likely. Most probably 
Leptoplastus raph1:dophorus is the only olenid in block C. It is at !east certain 
that I have been unable to find this species together with any other olenids 
in any single sample. 

The samples from blocks A, D, and E all contain Ctenopyge drytonensis, 

indicating that these blocks came from the same horizon. As discussed else
where (p.  189) , I believe that the material assigned to Eurycare angustatwn, 

Ctenopyge f!agellifera, and Ct. flag. angusta by Cobbold ( 1934) and most 
probably also the material described by him as S p hær o phthabnus ? parabola 

belongs to the associated Ct. drytonensis. I therefore believe that the blocks 
A, D, and E contain only one olenid, Ct. drytonensis, or, at the most, also a 
very closely related form, Ct. parabola. 

The re-examination of the Shropshire olenids has shown that there is 
no mixture of species which occur at dif ferent levels in  Scandinavia. I must 
admit that this is what I had hoped, but I am, nevertheless, fully convinced 
that this rea11y is the case. 

Of the Dryton Brook material (Cobbold's material) the block C comes 
from the subzone of L eptoplastus raphidophorus, whereas the blocks A, D, 
·and E represent the younger subzone of Ctenopyge flagellifera ( containing 
i. a. Ct. drytonensis i n  Scandinavia ) .  The abovementioned material from near 
Bcntleyford Farm represents the overlying subzone of Ctenopyge nwdesta. 

The gcneric reference o f  some Upper Cambrian British olenids has been 
changed here, i. e .  B eltella bucephala (to Olenus ?) , Parabolinella william
son i (to Parabolinites n.  gen. ? ) ,  and Olenus longispinus ( to Pmrabolinites 
n. gen. ? ) .  The species which was assigned to Sphaerophthalmus alatus by 
Lake ( 1913) ,  is here assigned to Sph. humilis. 

The vertical distribution of  the Upper Cambrian olenids in Great Britain 

is not known in detail. It is usually only known whether they occur in the 
Lower, Middle, or Upper Lingula Flags. There is so far nothing to suggest 
that there are any differences between the vertical distribution o f  the olenids 
in Great Britain and Scandinavia, but this has yet to be proved in detail. 

Vid.-.\kad. Skr. I. M.-::\. Kl. 1957. Kr. l .  4 
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A hetter knowledge o f  the Yertical clistribution of the British olenids would 
also be of great interest, as several species described from Great Britain 
have so far not been recognizecl in Scandinavia. This may to some extent 
be due to the bad preservation of the specimens on which some species have 
been founded. Since the true Olenus species occur only in the Lower Lingula 
Flags, and Parabolina spinu!osa cloes not occur below the Upper Lingula 
Flags, it is possible that the passage bcds bctvveen the zones of Olenus and 
of Parabolina and Orusia are hetter represcntecl in Great Britain than in 
Scandinavia, where these beds are rather poor in fossils and not very well 
known. It i s  thus possible that subzones, as yet unknown, at the junction 
between these zones may be found in and around the Middlc Lingula Flags. 

Canada. 

The Olenid Series in Canada apparently mostly resembles that of Eng
land. In Nova Scotia it is represented by the MacNeil formation, estimated 
to be about 1 ,000 ft. thick or less (Hutchinson, 1952, p. 33 )  and consisting 
of "very pure, soft, dark grey to black clay shale, with a few concretions 
and irregular beds of black, crystalline limestone. The shales are somewhat 
micaceous, but are apparently free of silty material. The limestone concre
tions commonly show cone-in-cone structure" (Hutchinson, 1952, p. 45 ) .  
The fossils show that the Pambolina spinulosa zone, Leptoplastus zone, and 
P el tura zones are present. In New Brunswick the Olenid Series is repre
sented by ( from below) the Agnostus Cove formation, the Black Shale Brook 
formation, and the Nar.rows formation (Hayes & Howell, 1937) . The Ag
nostus Cove formation consists of about 200 ft. o f  thin-bedded black and 
grey shales and greenish-grey ripple-marked sandstones with lenses of grey 
limestone. It belongs to the zone of Agnostus pisifonnis. The Black Shale 
Brook formation consists of thin-bedded black shale. 25 ft. are exposed, but 
many more feet are believed to be concealed beneath the surface. It belongs 
to the O lenus zone. The Narrows formation consists of dark grey and black 
shales, with limestone concretions and thin sandstone beds . Several hundred 
feet are exposed. Its fossils belong to the Parabolina and Peltura zones. 

The "C'pper Cambrian olenids reported from eastern Canada ( New 
Brunswick, Nova Scotia, and Newfoundland) are listed in chart l .  

Just as  in Great Britain, the vertical distribution of  the olenids i s  not 
known in detail. N either has it been stated which olenicls occur associated. 
On a plastocast from Nova Scotia (P. M.  O. no. A 26916) Peltura scara
:baeoides, Sphaerophthahnus humilis, Ctenop·yge fletcheri, Parabolina daw
soni and Lotagnostus trisectus occur together on the same surface. From the 
list of fossils it appears that the Upper Cambrian subzones which are in
dicated in chart 3 are present. 

The rpper Cambrian olcnids in eastern Canada have been described by 
Matthew ( 1 892, 1 894, 1 903) and later hy Hutchinson ( 1952) ,  who erected 
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the genus Sphaerophthalm oides with �Iatthew's Leptoplastus lat-us as type 
species. This genus i s  here considerecl to be a synonym of W estergårdia, and 
it is even probable that W. lata is a senior synonym of the Scandinavian 
species W. nlaenopsis. It is possible that the other species assigned to Sphaer

ophthalmoides by Hutchinson ( 1952, p. 9 1 ) ,  Sph. ornatus, likewise i s  a syno
nym of W. lata. P. heres lata appears to be a senior synonym of P. heres 

hexacantha, described from Sweden. It is possible that P. heres grandis is a 
synonym of P. her es lata, too. The specimens described by Matthew ( 1892) 
as CtenoP:>'ge flagellife1' var. and Ct. spectab ilis var. ( callecl Ct. acadia by 
Matthew in 1894) probably all belong to Ct. _flagellifera. As pointed out by 
\Vestergård ( 1922, p. 1 14) the cranidium assigned by Matthew ( 1903)  to 

S phærophthalmus pecten apparent! y belongs to the group of CtenopJ•ge 

linnarssoni. A s  verifiecl by Hutchinson ( 1952) ,  Sphaeroph thalmus alatus 

var. Canadensis yfatthevv is iclentical with S ph. alatus auet. ( i . e . S ph. hu:nilis) . 

Sphaerophthalmus flctcheri is here transferred to Ctenop·yge, and Proto

peltura acanthura var. tetracanthura to Parabolina .. 

C o n c l u s i o n s  o n  t h e  d i s t r i b u t i o n  o f  U p p c r  C a m b r i a n 

o l e n i el s i n t h e A c a d o - B a l t i c p r o v 1 n c e. 

It has been possible to give a fairly detailecl biostratigraphic division of 
the Olenicl Series in Scandinavia. Fauna! lists from corresponding strata 
outside Scandinavia have sometimes suggestecl the association of species 
which occur in widely separated subzones in Scandinavia. vVhenever it has 
been possible to re-examine these faunas, it has tm·ned out that this is not 
the case, and that either fossils from different horizons have been mixed 
together, or some of the fossils have not been corrcctly determined. There 
is thus so far no evidence that the olenid species do not occur in the same 
order of appearance within the whole of the Acado-Baltic province. On the 
contrary, whcne\·er it can be controlled, they seem to do so. This does not 
mean that the vertical range of some species may not be founcl to be greater 
than known at present, e. g. that a species known to occur in a certain sub
zone may later be found to extend into the overlying subzone. Probably even 
such adjustments will be few and small. 

Prcvious lists of olenids from areas outside Scandinavia have often 
suggested that the olcnid faunas in these areas were somewhat dif ferent 
from those in Scandinavia. However, these differences are more apparent 
than real. Many species from othe1· areas have since proved to be identical 
with Scandinavian species, although they were given different names. 
Furthermore, a fcw species f irst described from outside Scandinavia, have 
'later been recognizecl in Scandinavia. Sincc the Upper Cambrian succession 
has been more intensively studied in Scandinav·ia than in the other countries, 
it is not surprising that many species are known only from this area. No 
doubt more species will subsequently be founcl also in the other areas ,��,.·hen 
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they are more thoroughly investigated. Even in Scandinavia new species are 
still being found. In chart l some species seem to be endemic to some extra
Scandinavian area. In several cases this may be due to the type material 
being too badly preserved or too inadequately described to be recognized 
elsewhere. It is quite possible that some of these species really are synonyms 
of others. It should also be remembered that not all parts of the Scandinavian 
sequence are just as well known. It is furthermore possible that there are 
smaller gaps in the Scandinavian sequence, for instance at the junction be
tween the Olenus zone and the zone o f  Parabolina spinulosa, or at the junc
tion between the zone of l, eptoplastus and the zone of  Protopeltura prae
cursor, and that the missing parts may be found in some other areas. 

In general one may sa y that the similarity between the olenid faunas 
in the different areas is the more stressed, the hetter they have been studied. 
I b e l i e v e  i t  i s  i m p o s s i b l e  t o  d i s t i n g u i s h  a n y  o l e n i d  
s u b p r o v i n c e s  i n  t h e  A c a d o - B a l t i c  p r o v i n c e  i n  "C p p e r  
C a m  b r i a n t i 111 e s .  

Chart 3 shows the regional distribution of the zones and subzones o f  
the Olenid Series i n  the Acaclo-Bal tie province, a s  far a s  i t  coulcl b e  com
piled from the available data. The zonal symbols I-VI, introduced by Wilson 
( 1954) and corresponding to Westergård's symbols 1--6 for the Swedish 
succession, are retained as international symbols. I have split the zone V 
into three zones, for which I suggest the symbols Va, Vb, and Ve. 

The Trenwdocian Series in the Acado-Baltic province. 

O c c u r r e n ·c e, l i t h o  l o g y, a n d f a u n a s .  

The Acado-Balt i c province was characterized by olenids, Dictyonema 

.flabelliforme, and 'the so-called Eulom.a-Niobe (or Ceratopyge) fauna 
(cf .  D røgger, 1898) in the T remadocian epoch. 

The Tremadocian Series i s  known from Scandinavia (Denmar.k, Nor
way, Sweden) ,  Esthonia, Russia (Leningrad area) ,  Belgium, Great Britain 
(England, ·wales) ,  eastern North America, and South Ame rica (Argentina, 
BoliYia, Colombia) .  Tremadocian faunas related to the typical Euloma-Niobe 

fauna are further known from Bohemia, Germany, and France. 
The Tremadocian Series is rather condensed in Scandinavia ; in the 

Oslo region, for instance, it is only about 25 m thick. Parts o f  the succession 
are often missing locally. The Dictyonema Shales constitute the lower part 
o f  the Tremadocian Series, and consist chiefly of alum shales with occasional 
stinkstone lenses. In the overlying Ceratopyge Beds the alum shales are 
replaced gradually by dark grey or grey shales and beds of light-coloured 
limestones, sometimes glauconitic, but concretions o f  dark stinkstones still 
occur at certain levels. The fossil faunas change, too. Olenids still dominate 
among the trilobites in the Dictyonema Shales, although other groups occur 

as well, but the graptolites form a conspicuous new faunal element. A number 
of ne\'\T trilobite families appear in the Ceratopyge Beds and the olenids no 
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longer dominatc, except in certain horizons. Graptolites are common in the 
shales, and brachiopods, gastropods, cephalopods and other invertebrates 

form part of the faunas. 

Also in other parts of the Acado-Baltic provinces there is a similar 

change in the facies and faunas in Tremadocian times. 
A thin band of Dictyonema Shales occurs at the top of the Obolus Sand

stone in Esthonia and in the Leningrad area (Ingermanland) (cf.  Schmidt, 

1896) and is succecded by the Upper Tremadocian Glauconite Sand. Dicty

onema Shales furthermore occur in Belgium ( cf. Lecomte, 1949) . No olenids 

have bcen clescribcd from these countries . 
U pper Tremaclocian shales at Hof in Bavaria (Germany) con ta in a 

fauna which i s  relatecl to the Eul01na-Niobe fauna in Scanclinavia (cf .  Bar

rande, 1868 ; Brøgger, 1898 ; and Sdzuy, 195 5 ) ,  and this is also the case wiih 

the Upper Tremadocian succession in Languedoc (France) (d. Brøgger, 

1898) . Somewhat less related Upper Tremadocian faunas have been cle

scribed from Bohemia (cf.  Zelizko, 1 92 1 ) .  

In England and \Vaies the Tremadocian Ser ies i s  developed as a thick 
succession of grey and blue-grey mudstones and shales, with an occas ional 
band of black shale in the lower part (cf.  Fearnsides, 1910 ; Edmunds & 

Oakley, 1947 ) .  The blue-grey Shineton Shales of Shropshire have an csti
matcd thickness of about 3,000 ft. (Pocock & Whitehead, 1 948) . Both Dict_v

onema and Euloma-Niobe faunas are present in Grcat Britain. 

In North America the Tremadocian Series occurs in the same areas as  

the Olenid Series (Newfoundland, New Brunswick, Nova Scotia) and re
sembles most! y that in Gr eat Britain (cf .  Hayes & Howell, 1937 ; Hutchin

son, 1952 ; Rasetti, 1954) . Tremadocian grapto1ite faunas are furthermore 

known from the Matane Shales of Quebec and the Schaghticoke Shale of  
New York (cf .  Bulman, 1950) . A Tremadocian trilobite fauna has been 
described from the Gaspe peninsula of Quebec (Rasetti, 1954) . 

In South America a very thick succession (partly black shales) of  Lower 
and Upper Tremadocian beds with respectively a Dicf)tOnenw and a Cerato

pyge fauna occurs in Argentina (cf .  Harrington, 1938) . A Lower Trema
docian Dictyonema fauna is known in Bolivia (Harrington & Leanza, 1943b) , 
and a Lower Tremadocian shelly fauna i s  reported from eastern Colombi a  

(Harrington & Kay, 195 1 ) . 

D i s t r i b u t i o n o f  T r e m a d o c i a n  o l e n i d s  1 n  
t h e A c a d o - B a l t i c p r o v i n c e. 

Charts l and 4. 

Chart 4 shows the regional distribution of the Tremadocian olenids in 
the Acado-Baltic province. The olenids are grouped into Lower Tremadocian 
(D ictyonema zone) and Upper Tremadocian species. Only in Norway has 
it been possible to establish any detailed biostratigraphic division of the Tre
madocian based on olenids. 
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Parabolinella rugosa, describcd from Norway, is doubtfully recorded 

from Wales . Apart fDom this, no Tremadocian olenids are known to be 

common to Scandinavia and Great Britain, but it is possible that better mate

rial of the British species Peltocare olenoides may show that it is conspecific 

with P. noruegiC?un . The Tremadocian olenids i n  Canada are on the whole 

poorly known, but Parabolinella quadrata may be considered a synonym of 

the British species P. triarth ra, and the South American species Parab olina 

andina ( i. e. P. argentina) has been reported from Newfoundland. A number 

of species are so far only known from South America, but Bienvillia tetra

gonalis tetmgonalis and fujuyaspis keideli keideli appear to be rather close 

to the two Norwegian forms Bienvillia tetragonalis broegge1'i n. subsp. and 

.Tujuyaspis keideli n orvegica. n. subsp. Furthermore, Peltocare glaber may be 

a synonym of P. norvegicum. 

T h e r e i s  a m a r k e d  d i f f e r e n c e  b e t w e e n  t h e  o l e n i d  

f a u n a s  i n  t h e  v a r i o u s  a r e a s  o f  t h e A c a d o - B a l t i c  p r o v

i n c e i n T r e  m a el o c i a n  t i m e s, as contrasted with the uniformity 

in the L'"pper Cambrian times . This may to some extent be due to the olenid

bearing levels not being exactly contemporaneous in the di f ferent areas, but 

nevertheless one is left with the impression that there were rather distinct 

local variations in the olenid faunas. 

It does not seem possible to establish any standard scheme of olenid 

zones and subzones in the Tremadocian for the whole of the Acado-Baltic 

province. This is the more regrettable as such a scheme would have been o f  

great <help in correlating the Tremadocian beds with contemporaneous ones 

in the K orth American proyince, which occasionally yield olenids. 

Same olenid genera seem to occur both in the Lower and Upper Trema

docian. Others appear to have a more restricted vertical distribution and may 

be more useful for correhtion. Jujwyaspis ( South America, Norway) and 

Boeckaspis ( Norway, Sweden) have so far only been found in the Lower 

Tremadocian. Parabolinella occurs in Lower Tremadocian beds (Argentina) , 

but is better represented in the Upper Tremadocian ( Norway, England, 

Canada, South America) . Triarthrus, again, is known on! y from the Upper 

Tremadocian, and so is apparently Peltocare n. gen. 

The generic reference of several Tremadocian species has been altered 

in this pa per. Scandinavian species : Parabolinella wimani ( to B ienvillia ?) , 

P el tura norvegica (to P eltocare) .  British species : Triarthrus shinetonensis 

(to B ienvillia) ,  Leptoplastus salteri ( to L eptoplastides) ,  Beltella vexata ( to 
A ngelina?) , Peltura oleno ides ( t o  Peltocare) , Peltura punctata (to Triar

thrus) . North American spee i es : Bienvillia terranova ( to Leiobienvill-ia) , 

B eltella latifrons (to Angelina ? )  . South American species : Parabolinella 

tetragonalis tetmgonalis ( to Bienvillia) ,  Pm·abolinopsis 1·nariana (to Lepto
plastides) , and C:y,clognathus glaber ( to Peltocare) . 
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I t  may be recalled that Parabolina andina i s  regarded a s  a junior syno
nym of P. argentinensis, and that Protopeltura granulosa and A ndesaspis 

argentinensis both are regarded as synonyms of Leptoplastides ( "Parabolin

opsis")  marianus, and Parabolinella quadrata a synonym of P. triarth.ra. 

T r e m a cl o c i a n  o l e n i d s  w i t h  g r e a t  

m e r i d i o n a l r a n g e .  

Richardson ( 1 948) claimed that the South American olenid Parabolina 

andina ( i . e. P. argentina) occurred in the Tremaclocian Apsey formation of 
Newfoundland. This was suggested to him by Dr. H. J. Harrington, Argen

tina ,  vvho had receiHd photographs o f  the New foundland specimens. 

Richardson based his claims on comparison of actual specimens from Argen

tina and Newfoundland. N ewell ( 1949) questioned the identification, as no 

statistical method seems to have been used. 
However, in 1950 Shaw citecl another example of a w ide-ranged olenid, 

yiz. Parabolinella triarthro ides. This species was originally described from 

Argentina, but Shaw claimed to have identif ied it by support of statistical 

analysis in northwestern Vermont. The Vennont material has later bcen 

described and illustrated by Shaw ( 19 5 1 ) .  
Doth Richardson and Shaw have discussed the possibility of homoeo

morphy, and Shaw maintained that the chances are very small that this should 
apply both to Parabolina andina and Parabolinella tr·iarthroides. However, 
I would like to point out that the differences bctween related olenids often 

are rather small, and this especially applies to Parabolina species and also to 
Parabolinella species. Furthermore it is  sometimes dif ficult to determine a 

species when only some parts of the shield are known. I n  the case o f  the 
Vermont material assigned to Parabolinclla triarthroides, only the cranidia 
have been compared with the Argentinian specimens, and as discussed below 
(p.  140) there may be slight dif ferences between the cranidia from Vermont 
and Argentina. I do not deny the possibility of it being correct to assign the 
North American specimens to Pambolinella triarthroides, but it can hardly 
be said to be proved beyond doubt. In any case, the Vermont form is closely 

related to it. In this connection it is of interest that the Norwegian olenids 
Parabolinella tetrago nalis broeggeri n. subsp. and Jujuyaspis keideli norvegica 

n. subsp. are very dose to respectively ParabolinelTa tetragonalis tertragonalis 

and Jujuyasp is keideli keideli of  South America. Keeping in mind the short 
vertical distribution (i. e .  the fast rate of development) of most differentiated 
pelturines, the resemblance between the Argentinian and Norwegian forms 
of Jujuyaspis is striking. Furthermore, the South American species PeltoC(J;re 
gla.ber is very close to, if not identical w ith Peltoca·re norvegicum, in Scan
dinavia. 
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It thus appears that same species of olenids had a great meridional range, 
across the equator, although they have been divided into geographical races 

or subspecies. As advocated by Shaw ( 1 950) this probably implies a rather 
even climate at that time. A migration of the poles was mentioned by him as 
an alternative explanation. 

Distribution of Upper C ambrian and Tremadocian olenids 

outside the Acado- B altic province 

Cf. chart l .  

U pper Cambrian and Tremadocian olenids have from time to time been 
recorded from various areas outside the Acado-Bal tie province. However, 
later revisions have shown that many of them are not olenids. 

At present, U p per Cambrian and Tremadocian olenids outside the 
Acado-Baltic province are known with certainty only from North America, 
Siberia, South Korea, and Central Asia. The Tremadocian olenids in South 
America are regarded as belonging to an extension of the Acado-Baltic 
province. There is also a possibility of Olenus occurring in Australia 
(d . p. 97) .  

Several occurrences are known in the North American province, mainly 
near the border of the Acado-Baltic province, but also further away. Two 
obvious Upper Cambrian olenids, Olenus sp. and Olenus ? wilsoni n. sp . occur 
in a mixed fauna of Acado-Baltic and North American forms in the Woods 
Hollow boulders in the Marathon uplift, Texas. Furthermore, a number of 
Tremadocian, or at least late Upper Cambrian forms have been reported, 
these being Bienvillia corax and Parabolina ? incerta in the Hungaia magnz

fica zone in Quebec, Bienvillia micula in the lowest zone of the Gorge for
mation in Vermont, Plicatolina kindlei and Parabolinella triarthroides ? in the 
basal beds of the Highgate formation (Tremadocian) in Vermont, Angelina ? 

latifrons and Leptoplastides marianus ? in  the basal Marathon formation 
(Tremadocian) and Parabolinella triarthroides ? from Woods Hollow boul
ders (Tremadocian) in the Marathon uplift, Texas. P. triarthroides is stated 
to occur in the Goodwin limestone (Pogonip group) in the Monitor and 
Antelope Ranges, Central Nevada (Wilson, 1954, p. 263) . Parabolinella 

punctolineata from near the Alaskan-Yukon border apparently is another 
Tremadocian species. Several Tremadocian species have been described by 
Kobaya61hi ( 1955 ) from British Columbia (cf. postscript) .  

The age of the olenid W estergårdites pelturaeformis from eastern T'ien
Shan, Central Asia, is not known with certainty, but its resemblance to late 
Oleninae like Bienvillia, Triarthrus, and Plicatolina suggests that it may be 
a Tremadocian species. 
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Remarks on the distribution of post- Tremadocian olenids 

Olenids are rather scarce in post-Tremadocian beds. Besides the Are
nigian species Peltocare ("C:yclognathus") rotundifrons and Pa.rabolinella? 

posthuma in eastern Canada, and SaJta.spis and two Parabolinella? spp. in 
Sweden, the only specics described belong to Tr·iarthrus and its off-shoot 
Porterfieldia. The latest known olenids (Triarthrus) occur in the Upper 
Caradocian zone of Pleurograptus linearis or in beds of corresponding age. 
Post-Tremadocian species of Triarthrus occur in Scandinavia, Great Britain, 
eastern North America, and South America (cf. pp. 151-152). The only 
known species of Porterfieldia, P. caesigenus, occurs in eastern North 
America. It is worth noting that Triarthrus usually is found in dark shales 

(or dark limes tone concretions), as the famous pyritized specimens of T. 
eatoni ( originally assigned to T. beckii) in the Utica Shale near Rome, 
New York. 

Conclusions on the occurrence of the olenids 

The olenids are known from the base of the Upper Cambrian to the 
top of the Middle Ordovician, being most common in the Upper Cambrian. 

The y are especially characteristic of the A ca do-Bal tie province (in Tre
madocian times including South America), but may occasionally be found 
outside it, particularly in Tremadocian and later beds. 

The Upper Cambrian olenids occur mainly in the black shale facies or 
in the thick series of pelitic and psammitic sediments, aften also containing 
black shales. The Tremadocian olenids occur in various types of sediments, 

but in greater numbers especia1ly in black shales or in series containing beds 
of black shales. The later olenids likewise are commonest in the black shale 
facies. 

Correlation of the Upper Cambrian and Tremadocian 

series in the Acado-Baltic province with the 

succession of the North American province 

Chart 5. 

The Cambrian system has its type area along the axis of the Welsh 
geosyncline (Twenhofel e.a., 1954, p. 251), and thus in the Acado-Baltic 
province. The lower boundary of the Upper Cambrian in the Acado-Baltic 
province has always been drawn between the zones of Lejopyge laevigata 

and Agnostus pisiformis, thus coinciding with the lower boundary of the 
Olenid Series. The zone of Lejopyge laevigata merges into that of Agnostus 

pisiformis, and Westergård (1922, p. 186) and Wallerius (1930, p. 61) have 
suggested that the zone of Agnostus pisiformis might perhaps be transferred 
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to the Middle Cambrian. HO\vever, this change of the Middle/Upper Cam
brian boundary has not been adopted. The find of an Olenus species (O. alpha 
n. sp . )  in the Agnostus pisifonnis beds supports the traditional inclusion of  
the zone of  Agnostus pisiformis in  the Olenid Series. As to  the upper bound
ary of the Upper Cambrian in the Acado-Baltic province, there has been 
some controversy as to whether the Tremadocian Series should be included 
in the Cambrian or Ordovician System. While British geologists drew the 
base of the Ordovician System at the top of the Tremadocian, most geologists 
on the European continent and in America have drawn it at the base of the 
Tremadocian, and this practice is also followed here. Recently there has been 
a grovving sentiment among leading specialists in Great Britain to shift the 
boundary there in  accordance with the common usage in other parts of the 

world (Twenhofel e. a., 1954, p. 252) . 
At present, neither the lower nor the upper boundary of the Upper 

Cambrian as drawn in the North American province seem to agree with 
those of the Uppcr Cambrian in the Acado-Baltic province. It would seem 
natural that the boundaries of the Lower, Middle, and Upper Cambrian were 
as nearly isochronous as possible in all provinces, and that they were based 
on sections in the Acado-Baltic province (type province of the Cambrian 
System) .  The difficulties lie, of course, in the correlations between the dif
ferent provinces. Many attempts have been made at correlating the Upper 
Cambrian faunas of the A ca do-Baltic and the North American provinces, 
but the correlations are still uncertain. In the correlation chart of Cambrian 
formations of North America (Howell e. a., 1944) and also by Howell in 
1947, the Olenid Series was correlated with a part of the Dresbachian and 
the lower part of the Franconian, whcreas beds corresponding in age to the 
rest of the Franconian and the whole of the Trempealeauian apparently 
vvere considered to be missing in the Acado-Baltic sections. There is certainly 
no break of that extent between the Olenid Series and the Tremadocian 
Series ; probably thcre is no break at all, as suggested by a new section 
(p. 4 1 )  through their junction. As early as in 1939 Howell & Lochman sug
gested that the Trempealeau faunas of North America possibly were con
tempo raneous with at !east a part (probably the lower part) of the Trema
docian faunas o f  the Acado-Baltic province. In 1954 Wilson apparently re
tognized no major break between the Olenid Series and the Tremadoc Series. 
The Peltura zones (V) were suggested to reach as far up as the Ptychaspis
Prosaukia zones (s. l. ) ,  and the overlying Saukia zones were indirectly cor
related with the Lowcr Tremadocian. From his correlation table it appears 
th at he regarded the Acerocare zones (VI) as constituting the Lower Tre
maclocian. However, the Acerocare zones have always been regarded as 
1Jelonging to the Upper Cambrian Olenicl Series. 

The correlations between the two provinces clepend upon occasional 
occurrences of  Acado-Baltic elements in the North American province, and 
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vice versa. Unf.ortunately, such occurrences are rather rare. The find of 
olenids in the Upper Cambrian of the Marathon uplift, Texas (\Vilson, 1954) 
is important and encouraging. 

The lowermost zone of the Olenid Series, the zone of Agnostus pisi
formis (I), has bcen correlated with different North American zones, from 
as low as the C edaria zone (Howell e. a., 1944) and up to the Elvinia zone 
(Howell & Lochman, 1939). Wilson ( 1954, p. 250) pointed out that there 

is fauna! cviclence of the zone of Solenopleura brachymetopa. possibly being 
correlatecl with the Cedaria zone. The overlying zone ·of Lejopyge laevigata 
might then perhaps correspond to the Crepicephalus zone. This would explain 
the fact that no olenids have ever been found in the Cedaria and Crepi
cephalus zone (eL \Nilson, 1954, p. 262). The zone of Agnostus pisiformis 
might then be slightly younger than the Crepicephalus zone. 

The Olenus zone (Il) may correspond to at least a part of the Aphel
aspis zonc. This is indicated by the presence of Agnostus (H onwgnostus) 
obesus and Olenus cf. truncatu.s (apparently a true Olenus species) in an 
A phelaspis fauna ( containing i. a. A phelaspis and Pterocephalina) from 
Cambrian boulders in the Middle Ordovician \Voods Hollow Shale of the 
Marathon uplift in Texas (\Nilson, 1954), provicled that the fossils within 

the boulders are not ·secondarily deposited. The boulders furthermore contain 
two other species which may indicate that the Aphelaspis zone extended as 

far up as somcwhere near the boundary between the Olenu.s zone (II) and 

the Parabolina zone (III), i.e. Pseudagnostus cyclopyge (occurring in the 
lower half of the Parabolina zone in Sweden) and an olenid, which \Nilson 
assigned to Pa?·abolinclla ince1·ta Rasetti. The olenid is discussed below as 
Olenus? wilsoni n. sp .. Apparently it has not been described from the Acado
Baltic province, but may be dose to late Olenus species and early Parabolina 
species. Glyptagnostus angelini Resser 1938 apparently occurs mixed with 
fossils of the Blountia zone in Alabama (cf. Resser, 1938, p. 33). The 
Blountia zone was regarded as a distinct zone between the Aphelaspis zone 
and the Elvinia zone by Resser, 1938. Gl-yptagnostus angelini is considered 
to be a synonym of G. reticulatus (Angelin, 1851) by \Vestergård (1947, 
p. 5). This spccies which occurs in the lower part of the Olenus zone in 
Scandinavia, seems to have a world-wide distribution. Its importance for 

intercontinental correlation has been pointed out by Kobayashi ( 1949). 
The American genus Irvingella has been found in Upper Cambrian beds 

in England and Sweden. Its exact stratigraphic position is unfortunately 
unknown in both countries, but accordig to \Vestcrgård (1949, p. 606) the 
Swedish material seems to occur in one of the older Upper Cambrian zones 
and not higher up than in the subzone of Parabolina brevispina (lower part 
of the Parabolina spin.ulosa zone). Iruingella occurs in the Elvinia zone and 
especially in the Irvingella major zone in North America, and it is therefore 
probable that these zones are no younger than the Parabol-ina spinulosa zone. 
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The Leptoplastus zone (IV) cannot at present be correlated directly with 
any North American zones. It may possibly be more. or less contemporaneous 
with the Conaspis zone. 

As to the correlation of the Peltura zones (V), Howell & Lochman 
(1939, p. 117) mentioned the discovery in the Ptychaspis-Prosaukia faunas 
(s. s.) of \Vyoming of a species "belonging to the same genus as 'Agnostus' 

rudis hohni", which is known from the zone of Peltura scarabaeoides (V c) 
in Sweden. Agnostus ntdis and A. rudis holmi were assigned to Geragnostus 
by Kobayashi (1939) , but were included in Agnostus (Homagnostus) by 
\Vestergård in 1947. ·Wilson (1954, p. 254) reported both Agnostus (Homa
gnostus) rudis and A. (H.) rudis hohni, as well as an undescribed olenid 
fo.rm the Jowest beds in the Dagger Flat formation in the Marathon uplift. 

Unfortunately they were not found accompanied by any North American 
genera. The olenid was suggested by Wilson to be a Leptoplastus or Cteno

pyge species. Since the agnostids suggest the upper Peltura zones, it seems 
most likely that it is a Ctenopyge species. 

Two dikelocephalids, uDikelocephalus" discoidalis Salter and "D." celti
cus Salter are known from the upper Lingula Flags (Peltum zones) in 
·wales. Thcy were included in Briscoia by Kobayashi (1935a, p. 52; 1936c, 
p. 169) . Dikelocephali9s are typical of the North American province. Their 
occurrence in the Peltura beds in Wales suggest that these beds may be as 
young as the upper subzones of the Prosaukia-Ptychaspis zone ( s. l.) . 

The Acerocar·e zone (VI) cannot be directly correlated with any North 
American zones at present. 

The correlation bctween the Acado-Baltic and North American provinces 
are somewhat hampered because the age of the Hungaia 1nagnifica fauna 
( Gorge fauna) has not y et been sett! ed. It was earl i er suspected to be 
of late Trempealeauian age (Rasetti ,  1944, p. 231; Shaw, 1951, p. 99), but 
has later bcen suggested to be of Franconian age (Wilson, 1954, p. 263; 
Shaw, 1955, p. 187) .  The occurrence of Bienvillia in this zone suggests that 
it may be correlated with the Tremadocian, since Bienvillia is not known 
from earlier beds in the Acado-Bal tie provincc. The occurrence of primitive 
richardsonellids (Richardsonella and allies) in the Hungaia magnifica zone, 
suggests that the zone is earlier than the Upper Tremadocian, which contains 
more advanced richardsonellids. If the Hungaia magnifica zone belongs to the 
Franconian, it is poss.ible that the boundary between the Franconian and the 
Trempealeauian may correspond to a horizon within or near the Lower 
Tremadocian. 

The Saukia zone� may perhaps be correlated with at !east a part of the 
Lower Tremadocian, since the overlying Gasconade formation (Lowermost 
Canadian) apparently is no lower than Middle Tremadocian (Wilson, 1954, 
p. 263) . (Cf. postscript, p. 273) .  

It is possible that a doser study of the agnostids will b e  an aid to the 
correlation between the Upper Cambrian of the two provinces. 
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The Acado-Baltic province in the Upper 
Cambrian and Tremadocian epochs 

61 

The main development of the olenids took place within the Upper Cam
brian and Tremadocian epochs in the Acado-Baltic province. The sea in 
which the Olenid Series was deposited, is here referred to as the Olenid 
Sea, and that of the Tremadocian Ser ies as the Tremadoc Sea. It is neces
sary to obtain an impression of the conditions in these seas to be able to 
discuss the environments of the olenids. Since black muds (black shales)  
werc rathcr commonly deposited in  both seas, thcir formation will be briefly 
discussed . 

Remarks on the formation of alum sh'lles 

The formation of  black muds (black shales) has aften been discussed. 
It is agreed that they were depos ited under stagnant conditions, and this i s  
no doubt the case with the black bituminous shales called alum shales and the 
accompanying black bituminous limes tones ( stinkstones) (cf. Hansen, 
1945, p. 34) . 

It has long been assumed that the condensed succession of  lJpper Cam
brian alum shales in Scandinavia was deposited in shallow waters (Wester
gård, 1922, p. 104, foot-notc 1 ) .  Evidences of shallowness are i. a. the many 
minor breaks and intraformational conglomerates, especially in Sweden . 

. Other evidences have been discussed by Wetzel (1949 ) .  Hansen ( 1945) 
suggested that same of the stinkstone beds with cone-in-cone structure were 
formed in the littoral zone. He further assumed that the black calcareous 
mctd. ( stinkstone) and the black terrigenous mud ( alum shale) form ed co
ordinate beits on the sea floor, with the former belt lying nearer the shore 
(l . c., p. 39) .  This agrees with the facts that the conglomerates occur in con
nection with stinkstone beds, and that the frequency o f  stinkstonc beds and 
cc-ncretions is smaller in areas with the most complete successions ( e. g. the 
Oslo region and Scania), i .  ·e. in areas less influenced by regressions and 
tr;msgressions, where deposition presumably took place in somewhat deeper 
waters. The 40 m thick succession in  Scania has a stinkstone content ·of only 
7-10 o/o as contrasted to 16--42 o/o in the only 1 4  to 5 m thick succession 
in central Sweden (Kaufmann, 1933a, p. 10) .  That the stagnant conditions 
on the sea floor extended right up to the shoreline in Scandinavia is sug
gested also by the absence of any other facies near breaks due to regression 
and transgression. 

According to \Neeks ( 1953, p. 1 73) the formation of limestone concre
tions in black shales in a generally tmfavourable ( stagnant) area rna y be due 
to a Iocalized environment made adequately alkaline around a piece of or
ganic matter. He further states (l. c., p. 1 7 1 )  that "The re are probably fevv 
stagnant bottom environmcnts where thcre is not same limited decomposition 
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of organic matter, even if anaerobic. Bactcriologists and biochemists tell us 
that whcre there i s  anaerobic decomposition there is a localized concentration 
of ammonia and amines. This would markedly increase the pH; it would be 
sufficicnt, no doubt, to precipitate the bicarbonate in solution as carbonate." 

Landergrcn ( 1954) has shown that the isotope exchange between carbon 
dioxide and carbonate tendecl to attain equilibrium in the alum shale milieu, 
showing that very stable and tranquil water conditions prevailed during the 
cleposition. Very quiet waters are suggested also by the usually perfect pre
servation of even the finest spines of the olenids. 

Strøm ( 1939, pp. 367-368) came to the intercsting conclusion that, 
from a hydrographical point of vicw, there can harclly be any doubt that 
even the oceans and grcat scas might become insufficiently ventilated at great 

depths under certain conditions, and th2t foul waters most probably would 
occur below 50 metres if the full effccts of general stagnation were con
sidcred. This might explain the rather wide geographical distribution of  
Upper Cambrian alum shales ( Scandinavia-Canada) .  How·ever, it does not 
explain why the alum shales, at !east partly, appear to be shallow-water 
deposits. 

Twenhofel ( 1915)  drew attention to f ine-grained black deposits heavily 
charged with hydrogen sulphide in marine swamps on the east shore of the 
Baltic, and suggestecl that somc black shales vvere such shallow-water deposits 
of epi-continental seas that invaded and retreated from lowlands, so that 
there was a wide shallow-water belt covered with aquatic plants. Another 
feature of these dcposits is that they are not generally flanked by littoral 
or shore deposits. This fits in very well for the epicontinental alum shales 
in Scandinavia, and it is possible that ,they were .deposited under similar 
conditions. However, it has not been proved that plants grew on the bottom 
where alum shale was deposited, but the chances of finding any proof of  
this are also very small. Although it is not usual, the olenids may sometimes 
be pyritized, which is interesting in this connection because H. & G. Tennier 
( 1951 ) suggested that the majority of  pyritic faunas were formed in sub
marinc mcadows. It is reasonable to assume that at !east a part, probably 
the greater part, of the organic matter in the alum shales is dcrived from 
lplants, either benthonic and/or pelagic. Svanberg ( 1 848) has shown that 
thcre are small quantities of iodine in the alum shale, indicating 1hat at least 
some of the organic matter is derivecl from algae. I may adel that I have often 
:found fossils in Micldle and 1Jpper Cambrian alum shales of a type described 
by Walcott ( 1919) as Morania, and suggestcd by him to be floating algae. 

The Olenid Sea 

The Scandinavian part o f  the Olenid Sea coverecl the western part of 
the Fenno-Scanclian shield. Its eastern shore line ran partly through present 
Sweden, where several transgressions and regressions are recognized 
( Wes.tergård, 1 922, p. 108) . The sea was rather shallow and the bottom 
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waters were stagnant apparently right up to the shore line. There are strong 
evidences of islands, and the oscillating shore line was irregular. Sedimenta
tion "vas slow and the bordering land (to the east) apparently was low, 
although uneven on a small scale. To the northwest this epicontinental sea 
openecl into the Caledonian geosyncline, and to the south it may have bee1; 
connected, at least at times, with the Polish basin. The conditions towards 
the ·southwest are not known. 

The Upper Cambrian deposits in the so-called Sandomiridian geosyncline 
i n  Poland are regarded as littoral and flysch-like, and are supposed to have 
been formed in shallmv waters near the coast (Samsonowicz, 1934) . Sedi
mentation was rapid, and there werc ventilated conditions in this part of  
lhe sea. The rather coarse sediments bccome finer and cventually pclitic 
towards the west and north-west, indicating a dcepening of the sea in this 
clirection, thus suggesting a connection with the Scandinavian part of the 
Olenid Sea. Towards the dose of the Late Cambrian epoch, the Sando
miridian geosyncline ceasecl to subside, and its deposits soon after became 
folcled into the Sandomiridian mountain chain, which ran east-west. 

The Upper Cambrian sediments in the Montagne :.Joire in Herault 
( Southern France) are interpreted by Thoral (1946, pp. 13-14) as having 
been depositecl under neritic conditions in a sea which deepened .towards the 
west and north-west and which may have been bordered by a land area not 
far away towards the north and northeast. S ince no Upper Cambrian deposits 
are known from north-eastern Africa (cf. Choubert, 1952, p. 109) and no 
certain Upper Cambrian sediments are known from Spain, it is  probable 
that the Upper Cambrian sea in southern France formed a bay-like extension 
of the Olenid Sea, and was connected \vith 1t towards the northwest. As in 
Poland, the Upper Cambrian sediments in southern France appear to have 
becn dcpositecl in a local and rathcr rapiclly subsiding trough. 

It has been suggested that the fine-grained character of the Upper 
Cambrian beds in England and their uniformity indicate a deepening of  the 
sea in this part after the l\1iddle Cambrian beds had been laid down, and a 
gradual depression of  the area keeping pace with the deposition of fine mud 
(Pocock & \Vhitehead, 1948, p. 34) . The black muds which gave rise to the 
black shales were no doubt depositecl under stagnant conditions. However, 
it is quite possible that they were laid down in shallow waters, as in Scan
.dinavia - at least the becls with stinkstone concretions.  

During the Middle and Late Cambrian, North \Vaies occupied a posi tion 
more or less intermediatc between the main shoreline on the south and east 
and the cleeper troughs o f  the central parts of the geosyncline to the north
west ( Smith & George, 1948, p. 17) . The Maentwrog and F festiniog Bed; 
are no cloubt shallow water dcposits. The great thickness inclicates a consider
able clepression of the sea floor keeping pace with the deposition. The Black 
Band at the top of the Dolgelley Shales has been suggested to be eviclence of 
subbathyal conditions of  seclimcntation (Smith & George, 1948, p. 23) .  How
ever, it may have been lai d down in rather shallow and quiet waters in the 
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same way as the alum shales in Scandinavia. This is also suggested by the 
absence of the Acerocare zDne in Wales, which indicates that the Black Band 
was depøsited prior to an uplift. There is, of course, a possibility of higher 
beds having been deposited and later e:-oded befare the Tremadocian beds 
were laid down, but even so, the Black Band was deposited not long in ad
vance of an.uplift. Apparently sedimentation was rapid and took place under 
ventilated conditions during the most of the Late Cambrian epoch in Wales, 
but slowed down in the Peltura epoch, when stagnant conditions prevailed 
on the sea flo or. 

The MacNeil formation of Cape Breton Island (Nova Scotia) was 
apparently deposit<:d under more or less stagnant conditions. Its black shales 
( alum shales) and stinkstone lenses may have becn form cd in the same 

manner as those in Scandinavia. 
Acco:rding to Hayes & Howell ( 1937, p. 16) there appears to have been 

almost continuous sedimentation in shallow waters throughout Cambrian 
times in the Saint John area (New Brunswick). The black ·shales of the 
Narrows formation are supposed to have been laid down in fairly quiet 
waters, either far from shore or near a low-lying land (l. c., p. 81). 

Apparent! y the conditions in eastern Canada were much as in England; 
the sea floor seems to have ·subsi.ded moderately rapidly, and stagnant ISedi
ments are rather characteristic. 

Hutchinson (1952, p. 60) suggested that the eastern part of Cape Breton 
.Island (�ova Scotia) during Cambrian times lay near the western margin 
of a geosyncline basin, which subsided intermittently, and that there was a 
landmass not far to the west, with deeper parts of the geosyncline to the 
east. It seems that the ·sea spread somewha.t farther west in early Peltura 

times, but there is some evidence to indicate that the sea withdrew from Cape 
Brcton Island at the dose of the Cambrian period. 

The Olenid Sea thus reached from eastern Canada in the west to Scan
dinavia in the east. North and north-west o f  it the central Caledonian geo
syncline apparently separated the Acado-Balti c  fauna from an Arctic faunal 
sub-pmvince of the North American province. East of the Olenid Sea there 
was a continent which apparcntly separated it fairly well from marine fauna! 
provinces further to the east. Little is known of the southern limit of the 
Olenid Sea, except within the present Europe (Poland, southern France) ,  
but no Cpper Cambrian olenids are known from Africa or South America. 
\Vest of the Acaclo-Baltic province there was another marine fauna! province, 
the North American province, possibly separa:ted from the Olenid Sea by 
1andmasses (island arcs ?) . There was at least some seaward connection be
tween the Olenid Sea and the North Ame ri can province, as is shown by the 
occasional presence of North American genera in the Acado-Baltic province 
(c. g. Irvingella) and olenids in the North American province (e.g. Olenus 

in Texas) , as well as the occurrence of agnostid genera c om mon to both 
provinces ( e. g. H om.agnostus, Glyptagnostus). 
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The Acado-Baltic marine faunal province in  the Late Cambrian epoch 
was characterized by the dominance of Olenidae and the scarcity or absence 
of many groups of invertcbrates, as far as can be judged from the fossils. 

Thus no bcnthonic sessile forms are known from the Olenid Sea, with the 
exception of a few brachiopods. 

Conditions in the Olenid Sea aften tended to be stagnant, at least near 

the bottom. In  shallow areas with slow seclimentation, the bottom seems to 

have bccn stagnant right up to the shore line (e. g. Scandinavia). In  other 

areas ( e. g. P o land, \V ales) the sedimentation was much faster, at l east at 

times, and argillaceous and psammitic sediments \vere deposited under ven

tila•tcc l conditions. Remains of olenids are common in sediments of  both 
environments. Besides the trilobites, the brachiopods form the only ;nvct·

tebrate group worth mentioning. Inarticulate brachiopods are rather rcgularly 
met with in the vcntilated deposits, but they hardly seem to have bcen recorded 
from the alum shales. Articulate brachiopods are known from both environ
ments, but they are rather rare, with the exception of  Grusia lenticularis, 

which lived in enormous numbers in the Parabolina sp·inulosa period. As to 
the non-olenid trilobites, they are on the whole very rare, with the exception 
of agnostids, which apparcntly were rather common at certain times, espe
cially in the earl y part of the epoch. The earl y L' pper Cambrian agnostids 
·may perhaps be regarelcel as remnants of the earlier Para.doxides faunas.  The 
other trilobites may be regarcled as accielental intruders. At the end of the 
epoch, occasional asaphiels appear as forcrunners of the Tremadocian 
Euloma-Niobe fauna (cf .  text-fig. 8, p. 67). 

It  i s  intcresting to note that t h e 1.J p p e r C a m b r i a n s t r a t a 
i n  Eu r o p e  a p p a r e n t l y  w e r e cl e p o s i t e d  i n  m o re o r  
l e s s  s h a l l o w  w a t e r s  a l o n g  t h e  s o u t h e r n  a n d  c a s t e r n  

b o r el e r o f t h c C a l e el o n i a n g e o s y n c l i n e c o m p l e x, p a r t l y 
i n t h e m i o g e o s y n c l i n e, p a r t l y o n t h e b o r d e r i n g e p i -

c o n t i n e n t a l  p l a t f o r m  o r  i n  l o c a l  tr o u g h s a t  t h e  b o r
d e r  o f  th e c o n  t i n e n  t. As pointed out by \,Yilson ( 1954, p. 264), the 
olenids in North America occur in the parts of the geosynclinal beits furthest 
removed from the foreland. The olenids in Europe thus occur in different 
beits in relation to continent and geosynclines than in North America. Both 
in Europe and North Ame rica the olenids of ten occur in sequences with dark 
sediments, suggesting stagnant conditions. I t  i s p r  o b a b l e  t h at t h e  
o l e n i el f a u n a s w e r c f a c i e s c o n t r o 11 e d, a t l c a s t t o s o m e 
el e g r  e c. This has been suggestccl for early Palcozoic fauna! provinccs in 
general by \Nilson ( 1 954, p. 265 ) .  

This nced not imply that thcre were no land barriers bctween the North 
American and the Acado-Baltic provinces. Quite possibly such banicrs 
existcd. Thus Hutchinson ( 1952, p. 60) faYours the theory that the Atlantic 
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(i. e. Acado-Baltic) and Pacific faunal realms were separated rcgicnally 
·during Cambrian times by a land barrier, which preYented mingling of the 
marine faunas of the two separate realms. However, the land barriers in 
that case probably were island arcs, since there was some sea,,vard connection 
bet, Hen the two provinces (cf. a bo ve). 

The Tremadoc Sea 

There appears to have been a rather general retreat of the sea in the 
Acado-Baltic province near the boundary between the Late Cambrian and 
Tremadocian epochs, just as there hacl been several, at least local, regressions 
(followecl by transgressions) in the Late Cambrian epoch. The Tremadoc 

Sea, which succeedecl the Olenid Sea, is again transgrcssive, and even coverd 
areas apparently never covered by the Olenicl Sea. 

The sediments depositecl in the early Tremacloc Sea were to a great 
cxtent depositecl under stagnant conclitions, as in the Olenid Sea. Hm-vever. 
in Late Tremaclocian times the conditions were much more variegatecl, as is 
shown by the sediments which also include limestones deposited under vcn
tilated conditions. 

As in the Late Cambrian epoch the Acado-Baltic province reached the 
Caledonian geosyncline complex to the north and north-west. North of it 
there was another marine fauna, forming the Arctic subprovince of the 
North American province. In northern Europe the shoreline of the Tremadoc 
Sea was at times somevvhat further east than that of the Olenid Sea. Further 
south in Europe the Acado-Baltic province apparently graded into another 
province, in a sea covering parts of central Europe. This sea probably had 
connection with the Cralian geosyncline, which again was connected with 
more eastern seas (cf. H. & G. Termier, 1952. Carte V). The Tremacloc 
Sea even covered parts of South America (the Andine Sea), possibly in a 
geosyncline forming an extension of a geosynclinal belt trending along the 
Appalachian and Ouachita orogenic belts to Colombia through the com·se of 
the present Antilles (Harrington & Kay, 1951, p. 657). In eastern North 
Ameri,ca the Acado-Baltic province was in contact with the �orth American 
province to the west. 

Because of the expansion of the Tremadoc Sea, the olenids became 
more widely spreacl in Tremadocian than in Late Cambrian times. At the 
same time the olenids also spread to areas outsicle the Acado-Baltic province. 
On the other hand, the Acado-Daltic province was invaded by a number of 
other trilobite families and other invertebrates. Accorcling to Shaw ( 1951. 
p. l 01) the mixture of forms from the east and west in the uppermost Gorge 
formationl of Vermont strongly suggests that the barrier that arose in early 
Cambrian time and separated the Appa1achian and Caledonian geosynclines 
during most of the Early and Middle Cambrian, had broken down when these 

1 Actually Highgate formation (Trcmadocian). cf. Shaw, 1955, p. 187. 
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l 
bccls 'nrc depositecl. The expansion of the Tremacloc Sea apparently led to 
a bctkr sea\Yard connection between the Acado-.Balt i c and other provinces. 
Furthermore, the hydrographical conditions in the Tremadoc Sea altered, 

perhaps by the appearance of new currents. �1ore and more yentilatcd sedi

mcnts wcre deposited in the Acaclo-.Baltic proYince, including limestones. 

The increasingly wntilatcd conditions in the A ca do-Baltic provincc ''vas 

followed by the closc of the dominance of olenids. Already at the end of the 

Tremaclocian epoch the olenids constitute only a minority of the trilobitc 
fauna, seemingly clinging to such areas 'Yhere stagnant conditions still 

preYailed. 
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The Acado-Baltic fauna! province is not so wcll defined in the Trema
docian as in the Late Cambrian epoch, and it shares a number of invertebrate 
families and even genera and species with other provinces. In the early Tre
madocian Sea (the "Dictyonema Sea") the graptolite Dictyonema flabelli

form c was very common. HO\.vever, Dictyonema also occurred in far away 
areas which do not belong to the Acado-Baltic province, as in Korea, Aus
tralia, and in the Cordilleran geosyncline in North America. The so-called 
Eulonw-Niobe (or C cratop)•ge) fauna is rather characteristic of the Acado
Baltic province, especially in Late Tremaclocian times ( d. text-fig. 8). 

One may d istinguish betwecn tvvo elements in the Tremadocian faunas 
in the A ca do-Bal tie province, that is the olenid element and an element of 
imading forms including a number of trilobite families (c .  g. Asaphiclae, 
Raphiophoridae, Ceratopygidae, Harpididae, Trinucleidae, Cheiruridae, 
Pl iomeridae) which are not, or only sporadically, represented in Upper Cam

brian beds of the Acaclo-Baltic province. The graptolites are new to the 
Acaclo-Dal tie province, as are also man y other invertebrate groups, such as 
cephalopods, ostracods, and phyllocarids. Groups which rarely were repre
sentecl in the 'C p per Cambrian ( e. g. · brachiopods, gastropods) are common 
in the A ca do-Bal tie province, but from where did all the new forms come ? 

A fev\' strange elements known i n  the Upper Cambrian of the Acado
Baltic province, such as Irvingella and Dikelloccphalidae, are characteristic 
in contemporaneous deposits in the North American province. It thus seems 

probable that they invaded the Acado-Baltic province f rom the west. Grapto
l ites are apparently known from earlier beds in the North American than in 
the Acado-Baltic province, and may likewise have entered the Acado-Baltic 
province from the west, after having adopted a pelagic habitat, enabling 
them to spreacl more easily. The Richardsonellidae (Kainellidae) ,  Asaphidae, 
Dikellocephal idae, Cheiruridae, and Pliomeridae were represented by many 
genera in the North American province in Late Cambrian and/or Earl y 
Orclovician times, and it seems probable that these families, too, invaded the 
Acado-Baltic province f rom the west. The Ceratopygidae are represented in 
the Acado-Baltic province in late 11 iddle Cambrian and early Late Cam
brian times ( Olenus age).  After that, they are not known to have occurred 
in the Acado-Baltic province until Tremaclocian times. True Ceratopygidae 
are apparcntly not known from the :-Jorth American province. They are 

known in Central Asia ( eastern T'ien Shan, cf. Troedsson, 1937) in beds 
which may be of U pper Cambrian or Tremadocian age, and are accompanied 
by an obvious o len id, U7 estergårdites pelturaeform is, as well as by asaphids. 
The olenid shows that there were faunal connections between this area ancl 
the Acaclo-Baltic province, ancl it is possible that while olenicls enterecl the 
area from the west, Ceratopygidae may have migrated eastwarcls. However, 
as the beds in  eastern T'ien Shan may be contemporaneous with the Trema
docian beds in the Acado-Baltic pro,·ince (cf.  p. 154) , it is pos·sible that the 
Ceratopygidae, too, invaclecl the area from the west . 



] 957. :t\ o. l .  T I I E  TRILOBITE F.-UULY OLEJ\I D.-\ 1:: 6 9  

I t  a p p e a r s  t h a t  a t  ] e a s t t h e  g r e a t e r  p a r t  o f  t h e  n e w  

f a u n a ]  e l e m e n t  i n  t h e  T r c m a d o c i a n  e p o c h i n  t h e A c a 

d o - B a l t i c  p r o Y i n c e i n Y a d e d  i t  f r o m t h e  w e s t, i . e . f r o m  

t h e N o r t h A m e r i c a 11 p r o Y i 11 c c. This i s  Yery probable also be

cause we know that a m ingl ing of North American and Acado-Baltic faunas 
actually took place in early Orclovician times in North America ( c f .  Shaw, 

195 1 ,  p. 1 01 ) .  Kobayashi has alreacly in various papers (e. g.  1 944a) claimed 

that Torth American faunas invadecl the Acado-13altic (Atlantic) prov ince, 

and t hat the Acaclo-Baltic faunas inYaclecl Asia, i. e. that therc wcre marked 
migrations towarcls the east in those times, and that this in part may have 
bcen controlled by the direction of the currents. 

As discussed aboYe, onc may distinguish betwecn an "old" (olenid) and 
a "ne·w" faunal element in the Tremadocian of the Acado-Baltic province . 
However, one may also divide the Tremadocian fauna in two according to  
whether the forms occur mainly in secliments deposited under stagnant or 

ventilated conclitions. As might be expectcd , the olenids are most common 

in dark bi tuminous shales and limestones, whereas the "new" fauna clomi

natcs ii1 the secliments apparent ly clepositecl under ventilatecl conditions. 

There is at !east one important exception,  that is the graptolites which are 

very common in black shales. This is not surpris i ng, as the graptolites prob

ably were pelagic and thus not dependent on the type of sea floor or the 

water below them. However, they probably could not l ive in stagnant ,�·atcrs, 

and the many imrnature specimens found in the black shales inclicate that 

they aften met a disastrous cleath, either because they had sunk too deep, 

or in other ways had clriftcd i nto the "poisonous" water . Graptol ites may 

naturally also be founcl i n  scdiments deposited under yentilated conditions, 
but they are not so characteristic in these, partly because these beds contain 

so many other foss i ls , but probably also because the fragile graptolites were 

more cxposccl to destruction on sea floors with ventilated condit ion s than in 

the quiet -vv aters of stagnant areas where there furthermore may have been 

fever scayengers and othcr animals which could destroy thcm. Inarticulate 

brachiopods and phyllocaricls frequently are found in black shales, and may 

have becn more or less pelagic , too. The richardsonellicls ( e. g. A patoke
phalus) which apparently had as thin tests as the olenicls are also regularly 

mct with in dark shalcs, and may l ikewise have been more or less pelagic . 

Onc may clistingui sh between three ecologic groups of animals i n  the 
T remadocian of the A ca do-Bal ti c province : l )  animals more or less inde

pendent of the conditions of the sea floor and the bottom waters, such as 

more or less pelagic animals ( e. g. graptolites) , 2) animals which requirecl 

ventilated waters and sea floor, as  most of the new trilobites, gastropocls , 

and brachiopods, and 3 )  animals which at l east coulcl stand stagnant con
clitions for a restricted period ( e .  g. olenids, cf . p. 80) .  

In accordance with the various ecologic habitats, the new fauna invaded 

the di f ferent areas of the Acaclo- J3altic prO\·ince at different times. Thus 
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most of  the ne\'\' trilobite groups did not inYade the Seandinayian area unt i l  
Late Tremacloeian t imes, since stagnant conditions prcyailecl in  Early Tre 

madocian t imes, whereas they are known in the more nntilatecl secliments 
deposited in Early Tremadocian times in England. The graptolitcs, howcn·r, 
cntered Seanclin<wia \vhile dark sediments vv-ere still being cleposited. 

T h e  a p p a r e n t  l o e a l  v a r i a t i o n s  o f  t h e  o l e n i d  f a u 

n a s  i n  T r e m a d o c i a n  t i m e s  m a y  p e r h a p s  h a v e  b e c n  
c a u s e cl b y  t h e  o l e n i cl s  b e i n g  r e s t r i c t e d  t o  t h e  a t  l e a s t  
a t  t i m e s  m o r e  o r  l e s s  i s o l a t e d  a r e a s w i t h s t a g n a n t  
s e a  f l o o r. 

Mode of life of the olenids 
The modc of l i fe  of the olenids has to be dcducc<l from. the morphology 

of thcir test (usually the hard shields on! y) , the sediments in which thcy 
oecur, and from ev-entual tracks and other eYidence of the proccsses of J i fe. 
Just as with other trilobites, their source of food is  tmcertain ( sec also 

Riehter, 1920a ) .  

Ecdysis 
Ecdysis in trilobites in general. 

Trilobites, like other arthropods, moulted during growth. \Vhether tri
lobite exuviae could become fossilized was discussed by Richter ( 1 937, 
p. 422 ) ,  as some earlier writers had denied it. He concluded that i t  seemed 
even more likely that the east shielcl beeame fossilized than the shield of a 
deacl trilobite. This is supportecl by an experiment carriecl out and describecl 
by Størmer ( 1 934b, p. 57) . He "once kept in a large aquarium, several speci
mens of Limulus together with a number of shrimps and crabs and various 

other common marine animals. The Limulus spccimens clied and the boclies 
were immediately attacked by the crustaceans. The ventral, safter parts were 

removed and the more solid dorsal test was partly torn to p ieces along the 
margin. The shed Limulus-skins in the same aquarium were left untouchecl ." 
It thus seems that a clisearcled shield has more chances of being prescrved 

than the shielcl of a dead animal, which usually woulcl be attacked by scaven
gers. The trilobites moulted frequently, and consequently more exuviae were 
embedded than 'Shields of -clead animals. No doubt the majority of trilobite 
remains are east exuviae. It is usually only the harder parts (as dorsal shield 
and hypostoma) which are preserved. 

During the ecdysi s  the trilobite had to creep out of its old exoskeleton. 

whieh formed a continuous coyer . In trilobitcs wi th a more or less marginal 
suture, the animal apparently crcpt out through the opencd su ture ( e. g. Ole
.nellidae, cf. Swinnerton, 1919 and Harpcs_. cf. Richter, 1 920b ) ,  as does tht> 
recent J_ -imulus (sec illustration of moulting specimen in Stønner, 1934b, 
fig. 25 on p. 57) . The ecdysis in some Phaeopidae with small cyes and fuse�l 
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facial sutures has been workcd out by Richter ( 1 937 ) .  Their cephalon i s  
sometimes found displaced i n  front o f  the shield, where i t  lics up-side-down 

and facing backwarcls. Accorcling to Richter, this " Salter'sch e Einbettung" 
shows that the trilobitc during ecclysis li fted up the whole cephalon and 
tipped it forwarcls, crecping out through the opening thus formcd. The 
hypostoma may be found more or less in  s itu i n  front o f  the postcephalic 

shielcl, indicating that the ventral parts of the exoskeleton were not displaced . 

Less i s  known about the ccdysi s  i n  tri lobites with functional facial 
suturcs (as Olenidae) . It is gene rally assumed that the cephalic sutures 

facilitated ecclysis,  although doubts ha,-e been put forward as to whethcr 
they existed only for this purpose (cf.  Stubblefield, 1 936, p. 4 1 0) . No doubt 
the facial sutures facilitatecl the liberation o f  the eyes ( c f. l(ichter, 1 937, 
p. 4 1 8 ) . The gap produced by the opened facial sutures vvould probably in 
many cases enable the trilob ite to creep out of its old exoskelcton, thus also 
being wide enough for the body to be dragged out of the postcephalic exo
skeleton. It i s  quite possible that this is the reason why the facial sutures cut 

the posterior margin of the cephalon so far out in so many trilobites, as 
hinted by Henriksen ( 1 926, p. 24) . 

A fin.d of shields of A cc.rocare ecorne in moulting position. 

At !east 250 more or less "entire" shields of A cerocare ecorn e were 
fonncl on a bedding surface in a concretion of bitnminous limestone in the 
alum shales at Nærsnes, Røyken in Norway (pl. 3 1 ) .  

The shields may represent : l )  either dead animals which died on this  
sur face, or 2) had been deposited there, or 3)  they may represent moults 
( exuviae) which werc shed on the spot, or 4) had been transported thcre 
from somewherc else. There are certain indications t hat they represent moults 
which were shed at the place of entombment. It woulcl be of considerable 
interest i f  th is  could be provecl to be the case, and for this reason I shall 
describe the find in more detail. 

The shields are all o f  young hola�pids, from 4 to 8 mm long. In places 
they almost cover the bedding surface, partly overlapping cach other. Some 
lie with the clorsal side up, others \vith the ventral side up. The original 
orientation of the bedding surface i s  not known with certainty, but i f  the 
a�sumecl orientation is correct, the shielcls with the dorsal side up slightly 
outnumber the others. The sh ields are oricnted in all directions in the plane 
of the bedding surface. They do not seem to ha,·e been flattened, at !east 

not to an y extent of importance. � one of the shields are preservcd intact .  
inasmuch as some parts of the shield (at least the free cheeks) are more or 
kss displaced in relation to the rest of the shielcl. 

The specimens may be grouped according to the arrangement of the 
dif ferent parts of the shield. 
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In many specimens the axial shield ( cranidium + thoracic shield + 
pygidium) is entire, whereas the frce cheeks are slightly to considerably 
displaced (pl. 3 1  ; pl. 30, fig. 6) . In man y other specimens the axial shield 
may be broken along one or more joints, thus also between the cranidium 
and the thoracic shield or between the thoracic shield and the pygidium, but 
the different parts of the axial shield are often only slightly displaced. 

A rather characteristic preservation of this find is shown by the many 
specimens where the cranidium is missing, while the free cheeks lie only 
slightly displaced in front of the postcephalic shield (pl. 31 ; pl. 30, fig. 5) . 

I have in vain tried to cxcavate a cranidium in the counterpiece of .three such 
spccimens. Apparently it was well removed from the rest of the shield. In a 
few cascs, an isolated craniclium lies next to one o f  these specimens, but it 
is hardly possible to tell whether it belonged to the same individual. Other 
spccimens agrec with these, except for the frec cheeks being consi derably 
displaced. The postcephalic shield may be broken along one or more joints, 
but the parts are often only slightly displaced. 

In a few cascs, the free cheeks, cranidium, parts of the thoracic shie1d, 
and pygidium of apparently one individual Iie more or less irregularly asso
ciated. Isolated parts of the dorsal shielcl also occur. 

It is a striking feature that the two free cheeks often Iie symmetrically 
to each other even when considerably displaced from the rest of the shield. 
Very often the hypostoma l ies only slightly displaced between the free cheeks. 
The free cheeks of Aceroca.re may have been united in front as in at !east 
some olenids (cf. p. 9 1 ) ,  but the narrow connection may easily have broken. 
Its hypostoma was not fused with the frec cheeks. It appears as if the free 
chceks and hypostoma had becn connected by some softer substance, prob
ably the ventral membrane. 

I f the specimcns of this find are interpreted as representing dead ani
mals, one might suggest tha:t the different parts o f  the shield, after the 
softer parts of the animal had decayed, could have been disordered by move
ments of the water, by animals, or by gas bubbles. However, it is d ifficult 
to explain why only the cranidium was removed in so many specimens, and 
not for instance the free cheeks. As to movement o f  the water, there are 
no other indications of this ; on the contrary, the rather haphazard orientation 
of the shields suggests quiet waters. 

The find may be discusscd on the presumption that it represents moults 
shed in situ, and that the facial sutures openecl during ecdysis. The crani
clium would then be connected with the rest of the exoskeleton only by the 
joint between it and the thoracic shield. The free cheeks would be connectecl 
with the rest of the shielcl sol el y by the vent ra l membrane ( thus not with 
the cranidium) .  

X o doubt the o pen ing formed would be large enough for the animal to 
creep out through it, especially i f  the cranidium was bent up with the joint 
as binge-line. One can imagine how easily the joint between the cranidium 
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and the thoracic shield could b e  broken during the animal's struggle to get 
loose from its old exoskeleton, thus cxplaining why the cranidium is missing 
in many specimens_ It may have bcen flung away by the movements of the 
animal, or it may have been carried off  by the trilobite crawling away from 
its old exoskeleton. A similar assumed moulting position has been recognized 
in a specimen of Te!ephus (cf. Glaessner, 1 948, p. 53 1 ) .  

The occurrence o f  the hypostoma close to the free checks, even when 
they are found at some distance from the thoracic shield, was suggested 
above to be due to them being kept together by the ventral membrane. The 
membrane apparently split easily between the cephalon and thorax, since 
the free cheeks often are displaced in relation to the thoracic shield. It 
seems likely that ·this could happen when the animal struggled to get free , 
whether therc was a kind of "suture" aCI-oss the vcntral membrane or not. 
The unit thus split off would consist of the free cheeks, the cephalic ventral 
membrane, and the hypostoma. It is possiblc that this unit, which may be 
called the acranidal cephalic unit, normally was split off .  It would easily 
be further displaced by the animal crawling out of the rest of the exo9keleton, 
which was dragged along for somc distance. This coulcl explain the frequent 
occurence of the acranidial cephalic unit ( now founcl only as the free cheeks. 
and hypostoma) below the thoracic shield. The craniclium could probably 
easily get entangled in the isolated acranidial cephalic unit. This would ex
plain the cases where one of the free cheeks partly Iies below the cranidium, 
while the other partly covers the postocular cheek or where both free cheeks 
mainly lie above the cranidium. Even so, the free cheeks appear to have 
been united by the �'entra] membrane, forming a pocket, into which the 
cranidium got stuck. In accordancc with this, the anterior parts of the free 
cheeks lie just anterior to the anterior margin of the craniclium, when both 
free cheeks Iie above the craniclium. In thesc cases the animal had to creep 
out ventral to the acranidial cephal ic unit. In several specimens onc or more 
joints in -the thoracic shield have becn broken. This could very well have 
happened when the animal wriggled itself out. The associations of differen� 
parts of the shielcl, considerably damagecl, but apparently belonging to one 
individual, may inclicate that the ecdysis had gone less smoothly than usual. 
There i s, o f  course, also the possibility of it representing an exuvia which 
had been disorderecl by an animal crawling over it. 

About half the specimens are lying up-side-down. This coulcl have been 
explained, even if the animals had clied in situ, i f  wc, like Pompeckj ( 1 892, 
p. 93) and Richter ( 1920a, p. 34) , assume that all trilobites coulcl roll up, 
but that most Cambrian tri! o bites ( including the Olenidae) had no special 
devicc preventing the shields from straightcning out again after cleath. 
Assuming that the specimens in question had rollecl up when they died an:! 
straightenccl out again aftenvarcls, it coulcl easily happen that some shielcl-; 
would then settle with the ventral side down, others with the dOt-sal side 
down (cf. Richter, 1 937, p. 42 1 ) .  However, it also seems likely that cxuviae 
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might be lying up-side-down because of the animal 's st rugglc during th�· 

ccdysis.  
Jf the spee imens re present cxuviae, they no cloubt \YCre shed where the y 

were embedded, since it i s  quite improbable that all parts o f  a shicld of a 

s ingle incliYidual could have been deposited so near to each other in so many 
cases i f  they had been shed somcwherc else. 

It secms as i f the dif ferent arrangements of the shield parts in this fincl 

may all be expla ined as rcpresenting exuviac shed whcre they were em

beddecl . and that somc of them hardly can be explai ned in any other way. 

Made of locomotion 

Tracks o.f olen ids ? 

Text-fig. 9. 

To my knowledge only ane find o f  tracks attributecl to olcnids has been 
describcd, that is by Holm in l 887. The find cons ists of slabs of calcaccrous 
sanclstone with tracks on one surface, from Ostc rgotlancl in Sweclen. The 

thin sanclstone becls occur near the border between beds with Peltura scara

baeoides and beds with D ict)'Onema flabelliforme, the intervening zones 
apparently bcing mi ssing. Holm suggested that the tracks might have bcen 
made by Peltum scarabaeoides, but \Nestergård ( 1 922, pp. 43, 44) induded 
these sandstone beds in the Dictyonema Shales, as Dictyonema flabelliforme 

was found below some of them. As pointed out by \Vestcrgård, the tracks 
could then not have been made by Peltura scara.baeoides. However, even i f  
the ti·acks are from the Dictyonema Shales, i t  i s  possible that they were 
made by olenids, sincc they are the most abundant trilobites in these beds. 

The tracks partly show impress ions of appendages , and partly two 
paraBel furrows probably made by some spine-l ike, hard processes. Accord-
1ng to Holm, the parallel furrows might have been made by the posterior 
pai r of marginal spines in the pygidium o f  Peltura scarabaeoides. No furrows 
hacl in that case been left by the other spines of the pygidium of this species, 

but Holm suggested that this might be due to them lying furher forwards, 
and thus not neccssarily touching th e bottom surface when the posterior 

pair did so. No trilobites have been fouml in the Dictyon ema beds in Oster
gotland , but several olenids are known from these becls e. g. in Norway. 

I f  the two parallel furrows were made by pygidi al ·spincs, Boeckaspis hirsuta 

o r B. mobergi could very \Yell have produced such tracks. These species 
furthermore only have one pair of pygidial spines, and it  is thus even easier 
to believe that they could haYe produced the tJ·acks than Peltura scarabaeoides. 

The paral lcl furrows are almost 5 mm. apart in the tracks made by the larger 

Fig. 9. Olenicl tracks ? Detail of oi the slab figured by Holm in 1887. About X 1.2. 
Suriace whitened ; photograph not retouched. 
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animals. In the few collected pygidia of Boeckaspis mobergi and B. hirsuta 

the spines are no more than 2 mm apart. However, some large cranidia of  
B .  hirsuta suggest that the corresponding pygiclia had the spines a t  least 
4 mm apart. The only non-olenicl trilobite known from the Dictyonema 
Shales in Scanclinavia, the ceratopygicl H ysterolenus tornquisti, also has one 
pair of pygiclial spincs. It is a large species with the spines up to more than 
30 mm apart. I f the tracks were made by this species, it must have been by 
larva! forms. As it is a rare species, there is a greater chance of the tracks 

having becn made by olenids. 
As cautioned by Holm, the tracks might possibly have been made by 

same unknown animal, not necessarily a trilobite. As the parallel furrows 
apparently were made by some sti ff  proj ections, the animal probably had a 
shicld or at !east spines, and as trilobites furthermore occurred in great 
numbers at that time, it is rather probable that the tracks were made by 
trilobites. 

The slab surfaccs only show the casts of tracks. The tracks thcmselves 

werc apparently left in the black mud, and were preserved by the (probably 
rapicl) seclimentation of  calcareous sand on top of them. They are all rather 
short, and Holm is no doubt right in assuming that they were made by ani

mals which swam above the bottom and occasionally darted down to it and 
up agam. 

L ocomotion in trilobites in general. 

The habits of locomotion of the trilobites have been thoroughly discussed 
by Richter ( 1919, 1 920a, 1926) , who concluded that the trilobites were 
adapted to benthonic l ife .  They could crawl (walk) on the bottom of the sea, 
occasionally also out of the water on tida! plains, but they could also swim. 
Thcy could roll up, which they probably clid when they were frightened. 
I f  this happenecl while they were above the bottom, they would probably 
sink more swiftly in this position than thcy could swim down. It is also 
possible that they rolled up between t ides, i f  they wcre trapped on the tida! 
plains. 

\Vheri crawling, they no cloubt used their walking legs. As discussecl 
by Richter ( 1 920a) , it is  rather unllkely that forms with terminal spines 
usecl the spines for locomotion (pushing) , or that forms with genal spines 
uscd the spines as a sort of sledge, as suggested by Sta ff & Reck ( 19 1 1 ) .  

Earlier it was aften believed that forms like Harpes and Trinucleus 

wcre aclapted to burrowing. Richter ( 1920a) show cd that these forms would 
be among the kast suitecl for a burrowing made of life. Neither could the 
forms \vith a rather flat dorsal shield be adaptcd to burrowing. The only 
forms which might be able to burrow, were the trilobites with a rather 
smooth ( spineless) shield and a rather narrow and vaultecl dorsal shielcl 
(like Pel tura) . There is, howevcr, no evidencc of them burrowing, and the 
shape of the body also indicates that they were good swimmers. Richter 
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( 1920a, p. 29) concluded that in case the trilobites did burrow, i t  would not 
be in the same way as a mole, but a scooping through the surface of the 
bottom. 

That the trilobites really did swim, is indirectly indicated by the many 
ways in which they counter-balancecl the heavy heacl-shield in .forms with 
large heacl-shield, e. g. by developing a large pygiclium or long genal spines, 
which will move their point of balance furthcr back and prevent them from 
tipping over. This woulcl harclly have been so common if the animals only 
crawled on the bottom. Some forms apparently developed a floating appa

ratus. If the tracks discussed above are correctly interpreted as having been 
made by trilobites, · they, too, show that the trilobites coulcl swim. 

As to how the trilobite swam, the use of the pygidium as a swimming 
organ was suggested by Spencer ( 1903 ) ,  Dollo ( 1 910) , and Staff & Reck 
( 191 1 ) .  The pygidium was believecl to have be en u sed either as the tail of 
a whale, or as the tail of a lobster. In the latter case a sudden flap of the 
pygiclium shoulcl result in a backward darting motion. Richter ( 1919) has 
shown that both the methocls would hardly be possible, at !east this woulcl 
be very unlikely, and that it is most reasonable to assume that they swam 
forwards with their legs. Another question is whcther they swam with the 
dorsal or the ventral side up. Like many recent crustaceans there is a possi
bility of them doing both, but some may have preferrcd the dorsal side up, 
others the ventral side. Aeglina, with eyes curving round on the ventral side, 
was suggested by Dollo ( 1910) to have swum with the ventral side up, just 
belovv the surface of the water (cf.  Richter, 1920a, p. 41 ) .  It is also possible 
that some trilobites could more or less have floated on the surface with the 
Yentral side up, using the shield as a kind of boat, as the recent Limulus may 
do ( see photographs in "Life", European edition, 1953, January 1 1 ,  p. 29) .  
Størmer ( 1930, p.  107) suggested that Reedolithus swam with the ventral 
side up and that its carinate glabella served as a keel. Richter ( 1919, p. 224) 
believed that trilobites with spines oriented upwards-back.-wards only swam 
with their ventral side down. 

As a whole, the trilobites seem to be well adapted to benthonic life, but 
they could probably all swim. According to Richter ( 1919, p. 226) there i s  
no reason to  belicve that any of  them had lost their ability to swim, and 
neithcr is there any indication thwt they couJ.d not all crawl on the sea floor 
(cf. R ichter, 1 926, p p. 305-307) .  Tlms the tri lo bites do not have a cylin
drical body as do animals vvhich practically exclusively move by swimming 
( e. g. fishes) .  

The swimming ability may, howevcr, haye variecl. The size of the py

gidium gives no due as to whether a trilobite was a good swimmer or not 
(Richter, 1919 ,  p. 227) , and neither does the position of the eyes alone, 

although a marginal position of the eyes suggests that it could have been a 

good swimmer. There is no reason to belicYe that trilobites with more cen
trally placed eyes could not swim (Richter, 1919, p. 227) . 
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Some trilobites had rather smooth, narrow, and vaultecl dorsal shields. 
As discussed by Hichter ( 1 9 1 9, p. 229) this type ( the so-callcd Phacops

Calym cne type) had more room for muscles, thus probably haYing stronger 
muscles, and being more rapid and vigorous in their movements, no doubt 
when swimming, but no less when crawling. The absence of a floating and 
steering apparatus ( spin<.>s) further suggests that they coulcl swi ftl y c hauge 
their direction of moYement. 

Other trilobi tes are flatter and usually wider. They are well f i tted for 
benthonic l i fe, but may have been able to swim with less effort than the 

Phacops-Cal_\'111 PI'Ie type, s·incc the shape of the body hindered sinking 

On 1he other hand, they coulcl hardly swim so fast. This morphological type 
may be called the Olenus type. 

A thircl type of trilobites, which may be rcgarded as a Yariety of the 
Olenus type, has long, horizontal spines, thus hinclering sinking even better 

than the O le·nus type. They haw long becn regarcled as aclapted to floating, 
whereas crawl ing (benthonic l ife) woulcl h;we becn rather awbvard to at 
least some of them. To keep floating, they had to swim, but they could do so 
with a minimum of effort. Thcir spines prewntcd them from being rapicl 

swimmers. This type, which may be called the .- lcidaspis type ( Staff & Reck, 
1 91 1 : "Acidaspis-Deiphon Types" ) ,  may haYe hecn plankton ic.  

Locom otion in olen ids as deduced from their typcs of sh icld. 

Returning to the olenids, wc may like,Yise di stinguish betwecn th rce 

types of dorsal shielcls. 
The Peltura type corresponcls to the Phacops-Caly·mcne type in trilo

bites in general . Triarth rus, S phaerophthalmus, Peltura, and most Proto

peltura �pecies belong here. The extremes of this type, Peltura and Triar

th rus, usually have no long spines .  As mentionecl above, trilobites with this  
type of d01·sal shield were probably vigorous animals, and may have becn 

.good swi.mmers. The eyes of Pelt1tra are situated fairly near the anterior 
margin. In T1'iarthnts they are further back. but near the lateral margin of 
the head, since the narrow free cheeks slope downwards rather steeply. The 
marginal position of the eycs in this type may also indicate that these forms 
were good swimmers. 

The 0/enus type is representecl by Olenus i tself, and many ol"her olenids ,  
e . g. Parab olina, Parab ol-in ella, Eurycarc, Acerocare." many J. eptoplastus, and 
same Ctenop-yge species. Many of the most typical forms haYe rather many 
thoracic segments. The olenids \•vith an Olenus type of d01·sal shield coulcl 
probably swim wcll, a lthough presumably not so fast or vigorously as those 
of the Peltura type. 

The Cteu of':.•ge type corresponcls to the A cidaspis type . To this type 
bclong many Cten opygc spccies, especially of the subgenus Cte11 opygc (as Ct. 

pecten, cf. pl. 5 ) ,  Leptoplastus abn orm is, Boeclwspis and Juju.yaspis. 
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The flattened horizontal spines can har<lly be interprctcd as anything 
elsc than floating equipment acting as a frictional hi nclrance to sinking. 

:'vlany spccies belong to types intermediate between the Peltura and 

0/e·mts type, or between the Olenus and Ctc11opyge type, but none seem to 
be intermediate between the Peltura and Cten opyge type. Accorclingly, Boeck · 

aspis and Jujuyaspis apparently clid  not dcYClop directly from Pc/tura, but 

through forms more or less of the Olenus type like Hlcsteryårdia and A cero

carina. This, too, indicates that the \vay of  J iying of the Cten opyge type \vas 
doser to that of the O lenus type than to that of the Peltura type. 

A pparently the Cten op3•ge type was more or less pelagic. This does not 
exclucle the possibility of membcrs of this type al so haYing crawlecl on the 
bottom at times . The Olenus and Peltura type:; may have been more active 

swimmers, the Pcltu.ra type being the more Yigorous and faster. 

The position of the eyes, both the di stance from the glabella ancl the 
distance from the anterior margin, cl i f fers more within the Oleniclae than 
vvithin any other trilobite family. The signi ficance of this is cliff icult to 

explain. The position o f  the eyes tends to be rather marginal \v ithin the Pel

tura type, which may ha,·e a connection with better swimming possibil ities.  

\Vithin the 0/emts type and . Cten op-yyc type both forms \vith more or less 

marginal eyes and more centrally placccl eyes ( \vith regarcl to the lateral 
margin) occur. The species with the relatively ,,· iclest pleural regions usually 

have the eyes furthest away from the margins .  
Larva! olenids seem in general to  be  we1l cqui ppecl \vith spines, thus 

also larval stagcs of spec ies with adults \Yith the Pclt ura type of shiclc l ,  per

haps indicating that the lanae led a more planktonic li fe. 

The olenids hacl thin tests, which woulcl be an aclnntagc to swimmcrs 
and almost a necessity to planktonic forms. 

Ec ology 

To obtain an imprcs:: ion of the mode of l ife of the olcnids, one must 
take their environrnent into consicleration. As discussecl above, the olenicls 

are found as fossils mainly in two types of secliments, one type being reprc

sentecl by pelitic and psammitic secliments ,,·hich werc dcpositecl compara

tively fast under nntilatcd conclitions not far from the shorc, the other type 
being alum shales w i th stinkstone beds and lenses, apparcntly depositecl rela
tivcly slowly in quiet waters and under stagnant conclitions, and, at !east in 
some areas, on a rather shallow sea floor. 

There is  no rcason to cloubt that the olenicls l iYecl in the enYironment 

where the first type of secliments were cleposited.  HO\H\·er . the olenicls are 
perhaps more oftcn found in secliments of the black shale facies .  Black muds 
were clepositcd OYCr Yast arcas in the �eas in \Yhich the olcnids l in�cl. The 
bottom waters were probably depleted of oxygen and containecl hydrogen 
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Fig. 10. Reconstruction of the appemlages in thoracic segments of Triarthrus eatoni 
(Hall) . A bo ve : ventral view ; below : anterior view. G = gill-branches. 

After Størmer, 1939, text-fig. 23 (p. 208) . 

sulphide. The surface waters were of course ventilated, because of the contact 
with the air. I t  is dif ficult to tell at which depth the foul waters began ; i t  
may have been as  little as 50 mctres below the surface in  deeper parts of the 
sea, and dose to the •surface in shallow areas (cf. p .  62) . 

I f the olcni.ds lived in  the areas where black muds were depositd on 
the sea floor, they may have li..,-ed in the Ycntilated surface waters or in the 
stagnant deeper waters, on or above the foul bottom. Quite possibly they 
shifted from one biotope to the other. 

The possiblc olenicl tracks and especially the specimens of Acerocare 
which appear to be moults shecl on the bottom, suggest that the olenicls ac
tually coulcl ·sojourn in the foul bottom waters. Since there probably was no 
oxygen in this part, or at \east very little, they coulcl not have lived there 
constantly. Observations on inYertebrates in waters with low or no oxygen 
content show that the ability to l ive in such waters for a restrictecl period 
of time is very dif ferent for the various groups and species (von Brandt, 
1946) . Among the crustaceans the copepods seem to stand a reduced oxygen 
content very well, whereas this is not true of  the decapods. During the 
winter, the copepocl Ca/anus fin marchicus is more abunclant in the nutritious 
but stagnant bottom waters of the Oslofj ord with only 0.2 to 0.0 ml oxygen 
per litre, than in the oxygen-richer waters above (Beyer & Føyn, 195 1 ,  
p .  300) . 

Possibly the olenids, like Calanus .finmarchicus, could stand a low oxy
gen content for a Testricted time, and perhaps better than trilobites in general. 
According to Stønner ( 1939, p. 220) , the gill branch of the tri\obite I imb 
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Fig. 1 1 .  Yentral view of Triarthrus catoni (Hall) .  Parts of the appendages omitted. 

After Størmer, 1944, text-fig. 5 : 24 (p. 28) . 

i s  usually considerably shorter than the walking leg, in the few species where 
the limb is known, and restricted to the spacc below the pleuron. Triarthrus 

( the only olenid whose limbs are knovvn) forms an cxception in having long 
gill-appendages extending beyond the lateral borders of the thorax, and 
being almost as lang as the vvalking legs ( text-figs. 1 0, 1 1 ) .  It is possible that 
the large gills would enable Triarthrus to live in waters with a smaller con
tent of oxygen than usual. It is well known .that many planktonic animals 
migrate towards the surface in the evenings. The olenids may similarly have 
m.igrated between the foul bottom, rich in nutrients, and the upper ventilated 
waters. It woulcl no cloubt have been a grcat advantage to the olenids to have 
access to the rich food supply at the bottom, and it is perhaps not too daring 
to imagine that this was the case, especially for the more benthonic types. 

It is diff icult to judge whcther the olenids preferred to have access to 
stagnant waters, or vvhether competition and persecution o f  other animals, 
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less tolerant to stagnant waters, forcecl them to take refuge in such areas. 
The olenids are aften found in enormous numbers in certain beds of 

the alum shales, \Vhile few or no fossils are found in the intervening becls . 
It is possible that the conditions at times were unfavourable for the olenids ; 
the waters may for instance have been too poisonous. It appears as if the 
olenids in many areas lived near the border of w.hat was possible for higher 
invertebrate animals. The Yery large numbers of spccimcns but small num
ber of species which characterize the olenid faunas, are typical features for 
faunas in environmcnts generally unfavourable for ani mal life.  

It is cor.rect to mention the possibility of the olenids not having Jivecl 
in the areas where black muds were depositecl, but that they coulcl have 
drifted into them, as the graptolites. Somc of the olenicls may have becn 

planktonic, like the graptolites, but most olenicls scem to have been better 
adaptecl to a benthonic free-swimming life. This, the very long distances 
they should have clriftecl ,  and the indications of the olenids being capable 
of sojourning on the foul bottom, are reasons why I belieYe it probable that 
they lived in these areas . 

T h e el o m i n a n c c o f t h e O l e n i d a e i n t h e U p p e r C a m
b r i a n  O l e n i d  S e a  m a y  b e  d u e  .t o t h e i r  a d a p t a t i o n  t o  
s t a g  n a n t  w a t e r s . In this conection it  is  interesting that Tremadocian 
and later olenids often are found in dark shales and limestones. 

Phylogeny and evolution of the olenids 

Brief account of  the phylogeny 

As the relationships of the genera and species are discusscd under each 
genus on! y a brief account of the phylogcny is given he re ( see also chart 6) . 

The main phylogenetic l ineages o f  the .olenids are on the whole rather 
easily detected. This is especially true of the Upper Cambrian olenids in 
Scandinavia (pls. 3-8) , which occur i n  great numbcrs in  a succession where 
a detailed biostratigraphic division has been possible, and which were devel
oped under rather similar conditions during the whole of the epoch. 

The earliest known olenid is Olenus alpha n. sp. from the zone of Ag

nostus pisiformis ( I )  at the base of the Upper Cambrian. The olenids are 
represented solely by Olenu.s species in the following zone of Olenus ( I l ) ,  

too. The typical Olenus has a well-developed preglabella:r field, medium
sized eyes set well off  from the glabclla, sinuous postocular facial sutures, 
and free cheeks with genal spine. Somc of the latest Olenus species, like 
O. scanicus) have smaller eyes and straighter postocular sutures, thus trend
ing towarcl the earliest Parabolina and Pro to pe!tura spee i es (Parabolina 

brevispina and Protopeltura acicu!ata) , appearing in the Parabolina zone 
(JIT ) .  Both thcse species have small eyes rather dose to the glabel la, hard! y 
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any preglabellar fielcl, and com·ex postocular sutures (Pcltura type o f  crani

clium) . They seem to han· hacl a common o rigin and no doubt descended 

f rom Olenus of the scanicus type. Parab olina ranges through the whole o f  
the Upper Cambrian into the Tremadocian. The genus apparently gaYe rise 

to Parabolinites n. gen. Bien'uillia (Trem . )  developed either from Para

bolinites or perhaps rather di rectly from Parabolina through forms lik� 
Bien<>illia :: wimani. Triarthrus (T rem .- ):Iicldle Ordov . )  undoubtedly devel
opecl from R ienvillia, and Paraboline!la (Trem.)  is  also very dose to Bien
'<'illia. The rclationships of Lcob icnril!a ( Trem . ) , .-1 ngdina (Trem.) , Pli ca
talina (Trem. ) ,  ancl Westergårdites (T rem. ?) are les s certain, but th ey 
apparently all bclong to the late Oleninae. 

Returning to Protopcltura , this genus lasted on into the zone of Peltura 

m in o r  (Vb) , where it lost its genal spines and clevelopecl in to Pc/tura, wh ich 

ranges into the A cerocare zone (VI) . The rigid plan of construction wa-; 
broken in several of f-shoots. Though they all bear the pelturine stamp in the 
pelturoicl free cheeks, in the convex postocular sutures, as vvell as in other 
clctails, they deviate considerably from Peltura. Thus the position o f  the 

cyes may vary quite a lot, and also the width of the f ixed cheeks. These 

"advanced" pelturines are placed in a number of genera . N ericiaspis (V c) , 

A cerocarina ( VI ) ,  and Pelturina n .  gen. (VI)  seem to have developed 

di rectly from Pc/tura, as may also b e  the case with Acerocarc (VI ) ,  i f  i t  
d i  el not develop through A cerocarina. Saltaspis ( Trem . )  apparently clevel
opcd from Acerocare, and Peltocare n. gen. (T rem. )  may also be relatecl to 

this group. Westergårdia ( VI )  most probably clevelopccl from A c erocarina, 
and seems to have given rise to Jufuyaspis ( Trem.)  and the closely relatecl 

Boeckaspis (Trem.) . 

The origin of Lcptoplastides (Trem. )  and the yery closely rclatcd 

Beltella (Trem .)  is uncertain, but they appear to be closest to the Pelturinae. 
Paen.ebeltella (Trem . )  is  probably a related genus. 

The Leptoplastinae form a group of closely related genera. The earliest 

member of this group, L eptoplastus, appcars at the base of the zone o f  
Leptoplastus ( IV) and lasts into the zone of Protopeltura praecurso1· (Va ) . 

It i s  uncertain \vhethcr it developccl directly f rom Olenus or branched off 

f rom the Protopelt·ura-Parabo!ina group. There i s  an even transition from 

L et,tof;lastus to Eurycare ( IV) , and likewise from Leptoplastus to Ctcno

pygc (E octenop'yge )  ( Va-b ) ,  which gaYC r ise  to  Ctenopyge (lvfesoctenopyqc) 

(Vb) and Sphaerophthalmus ( Vb-c) .  Ctenopyge (Ctcnop_'\'gc) (Vb-c) de
vcloped from Ctenopyge (Eoctcnopyge) or Ctcn opygc (Mesoctenopyge) , 

most probably from the former. 
On the whole, the generic divergcncc of the olenids forms a spinclle 

pattern rather than a burst pattern, as clcfinecl by Cooper & \Villiams ( 1952 ) . 

This supports Cooper's view ( Cooper & Williams, 19 52, p. 331 ) that bel ter 
known groups \vill show a spindle pattern . while most bursts are the pro
dnct of  insufficient palaeontological research . 
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l .  An inet·ease in the number of thoracic segments may take place in 
a phylogencti c  lineage [ e. g. Leptoplastus ( 1 0- 1 2  segments) -+ Eur·ycare 

( 14-1 7 ) ; Parabolina ( 1 2)  -+ Parabolinella ( 1 6-2 1 ) ] ,  j ust as well as a 

:reduction [ e . g. Olenus ( 1 3-15) -+ Parabolina ( 1 2 ) ; Olenus ( 1 3-15)  

-+ Peltura ( 1 2) -+ .1 ccrocarina ( 1 0) -+ Westergårdia. (9) ] .  

2. A decrease in the length o f the pygidium i n  relation to the length 

of the cranidium ( or in relation to the over-all length) may take place in a 

phylogenet ic lineage [ e. g. earl y Le p to plastus spccies ( length -of pygidium : 

lcngth of cranidium c. 0.45 ) -+ Ctenop_yge flagell-ifcra (c. 0 .3) ; PeltLtm 

( c. 0.4) -+ A cerocarina micro/;yga (c. 0 .27) ] .  The opposite is better known 

from other trilobitc families, but seems to have occurrecl in the Olenidae 

as wc! l .  Tl1tts S phaero /Jhthalmus apparent! y bad a relative! y larger pygidium 

than most species of Ctcnopyge, but the lack of entire dorsal shields prev-ents 
numerical comparison. Jn spite of the yariations of the relative sizc of the 

pygiclium, the olenids are micropygous ( i .e .  the pygidia are markedly smaller 

than the cephala ) ,  with the exception of Ctenopyge pecten, which is provided 

with an aben·ant pygiclium as long as the crani clium, and may be regarded 

as a macropygous off- shoot. 

Statements l and 2 are of some interest as it generally has been believed 

that the number of thoracic scgments coulcl not increase in a phylogenet ic 

series and that the pygid ium could not bccome relatively smaller, i .  e. that 

many thoracic segments and small pygidium were regarded as primitive 

features. Thus vVestergård, who in 1 922 regardecl Andrarina [Liostracus] 

costata as a probable forerunner o f  0/enus, later ( 1944) was inclined to 

belieYc that this opinion could not be uphelcl, because Strand ( 1929) mean
vYhile had shown that A ndra1·ina c ost at a has 1 2  thorac ic segmcnts, whereas 

Olenus has 1 3  or more, and also because of the sl ightly larger pyg idium of 

A ndrarina cosfa,ta. 

It should be rememberecl, as emphasizecl by Størmer ( 1942, p. 1 29 ) ,  that 
"all the postcephal ic  segmcnts - - - migrate forward through a coalesced 

protopygiclium or transitory pygidi um (as shown by Stubblef icld in Shumar

dia.) , and only secondarily become free thoracic segments" . Tt is not sur

pris ing that the number of segments which become free may vary both ways 

in a phylogenetic l ineage. 
3. Features that for a long time remain stable i n  a lineage, may later 

be subject to great variations. \Vhile for instance the eyes in later Proto

peltura spccies and in Peltura haYe an anterior posi tion dose to the glabclla, 
the eyes in later pclturine genera may be dose to or remote from the glabella, 
and haYe an anteror, intenned i ate , or po ste rior positi on, thus also duplicating 

the position of the eyes in early Protopeltura species and in 0/enu.s, from 

v1:hich the pelturines c\eyeJoped. 
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4. Some features that may seemingly be lost in a phylogenetic l ineage, 

at !east in the aclults, may reappear later i n  the J i neagc, as e. g. axial spincs 

( disappearing in Peltura, reappearing in Boeclwspis ) ,  spines of the f ree 

chceks ( absent in early Peltura and Triarthrus species, reappearing in some 

later Peltura and Triarthrus species ) ,  and glabellar furrows (obsolete in la�e :
Peltura. species, reappearing in e. g. Accroca.re ) .  

5 .  The size o f  the trilobite may increase and dccrease in the same 

phylogenetic l ineage [ e . g. Pe!tura ( medium-sized) -+ Acerocarina (small) 

-+ Westergårdia ( smal l ) -+ Boeclwspis ( medium-s ized) ] .  The same applies 

to restrictccl areas of the shield. Tims the postocular cheeks are w ide in 

0/enus, rather narrow in Protop eltura and especially in Peltura, and Yery 
wide again in Accrocare. In the same \vay the width of the pleural regions 

in relation to the wiclth of the axi s  may alternatingly clecrease and increas:: 
r e. g .  P?-otopeltura. ( moclerately vY ide )  -+ Pcltura ( narrow) -+ A cerocO?'e 

( v.· ide) ] .  A decrease and an increase in the num ber of thoracic segments may 
take place in the same phylogenetic lineage [ e . g. Olenus ( 1 3-1 5 segments ) 
-+ Parabolina ( 1 2) -+ Parabolinella ( 1 6--21 ) ] .  

Statements 3 to 5 agrce with the conception that evolution i s  known 

to be rcnrsible (cf .  Romer in Jepsen e. a . ,  1 949, p. 1 10) . Thi s,  of course, 

shoul d not be confusecl with Dollo's statement that structures onee lost are 
not rcgained, which, as discussecl by Romer ( l . c., p. 1 1 3 )  seems to be essen
tally a statement of fact. However, as further mentionecl by Romer, pheno
typic clisappearance of a structure may result from a single masking muta

t ion (or evcn an enY ironmental change i n  clevelopmental conditions) , and i t  
may readily reappear a few generations later after the removal of the "block" 
to its exprcssion. 

The reappearance of a genal spine in same later Triarthnts species coulcl 

pcrhaps be explained as due to the removal of a masking mutation, but it i s  

possible that genal spines are present i n  early larva! stages o f  Triarthms 
species without genal spines in the adult. I f  so, the development of a spine 

in the adult of later Triarthrus spccies may be regarded as a kind of arrestecl 
developmcnt ( "partial neo ten y" or merostasis) , since Jack o f  gen al spines is 
an advanced characteristic in the olenids.  l.;nfortunately I have not been able 
to find any laryal stages o f  early Tr-iarthrus species. The same coulcl be 
advocatecl for the rcappcarance of spincs in the free cheeks o f  some late 
Peltura species (P. paradoxa, P. transiens) . 

As to the axial spines, they usually seem to be present in larva! stages, 
or are representccl by axial nodes .  

All  the features mentionecl in statement 4 are, of course, features o f  the 
shield. Thus the organs connectecl with the glabellar furrows are probably 
always present, eYen in specics with a smooth gla bei la (cf .  statement 6) , and 
this explains why glabellar furrows may again be dewlopecl in clcscendants 
of forms with a smooth glabella. 



8 6  'YL -N.  Kl. 

6. In some olcnid genera the position of the eyes Yanes greatly from 

species to species ( e. g. TVestergårdia) , whereas the position is rather con

stant in other genera ( e. g. P el tura) . Other features that ma y va ry considcr

ably in closely related species are i. a. : width of f ixed cheeks and pleural 

arcas ( e. g. Ctcnop·yge) , sagittal length o f  preglabellar field ( e.g. Parabolina) , 

length of spines ( e. g. Parabo!ina) , position o f  spine in the frec cheeks ( e. g. 

Ctcnopyge) , distinctness and thus also the number o f  glabellar furro-ws 

( c .  g. Peltura, Cten opyge) . The same features may be rather constant in 

other genera. 
Tl1Us features distinguishing a certairi genus may be of taxonomic value 

at the specif ic  leve! only in other, even closely related genera. This is a well

knmYn fact to taxonomists of dif ferent groups of animals, but students o f  

trilobites have sometimes ncglected i t  and have carried out a n  unnecessary 

splitting of genera i n  some families. As stressed by }fayr ( 1947, p. 22) ,  
i t  i s  important that all classifications b e  based o n  the greatest possible num
ber of different features. 

7 .  Some olcnid spccies f i t  ,._·ell in  a genus except ihat thcy have "gone 

crazy" in a single feature. Leptoplastus abnorm is, for i nstance, is a typical 

L eptoplastus species, except for having unusually long and wide plcural 
spines. 

I agree with Mayr ( 1947, p.  287) that such specics should be rcgarded 

"as a whole" and be incluclecl in the same genus as the related species. 

8. The in general opisthoparian family Oleniclae gave ri se to proparian 

o f f-shoots. Tims the leptoplastine Ctenopyge tumida may be regarded as 

proprian, since its postocular facial sutures cut the margin well in front of 

the genal angle, although behind the spines of the free cheeks. Furthermore 
th e pelturines Saltaspis and N eTiciaspis are typical proparian genera. Accord

ing to Tj ernvik ( 1955,  p. 2 1 1 ,  text- fig. 2 ) ,  they developed independently 
from opisthoparian ancestors, among which is Peltura. As demonstrated by 

Paulsen ( 1 923, p. 58) , earl y meraspid stages of Peltu-ra have a proparian 

suture. It is difficult to judge whether the proparian suture in the adult 
Saltaspis and N ericiaspis i s  an example of arrestecl de,·elopment, or whether 

the proparian suture in early meraspid stages of Peltura is an example of 
a new morphologic character which appears phylogeneticalty first in an early 

ontogenetic stage, and which may be deYeloped also in the adult of geologi

cally younger forms (cf .  Stønner, 1942, pp. 1 52-1 57 ; 1944, p. 42) . 

Rates of evolution in olenids 

As discussecl by Simpson (in Jepsen c .  a . ,  1949, p. 205 ) ,  "rate o f  eyo

lution" has many possible meanings. I shall giYc here a fe,,- examples of  
,,·hat h e  terms "rates o f  taxonom ic di,·ersi fication" ( l .  c . .  p. 208) . 

The rate seems t o  be slO\Yer for the pelturines than for the leptoplastinc,;; 
du ring the time corresponding to zones I\---vc. Only 3 genera (and no 
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subgenera) of pelturines are known from this time span, as compared to 
6 genera and subgenera o f  leptoplastines. The difference in rates probably 
was even greater than 6 to 3, since there vvere more different trends within 
the leptoplastine genera and subgenera than within the pelturine genera. This 
is furthermore shown by two other examples. Protopeltura praecursor o::curs 
as the only pelturine in three succeecling subzones (of zone Va) ,  containing 
four species of leptoplastines ( difference of rates l to 4) . Peltura scara

baeoides and Nericiaspis ·robusta occur as the only known pelturines in  two 
subzones (of zone V c) containing at l east 8 leptoplastine species ( difference 
o f  rates 2 to 8) . 

It is more difficult to compare the rate of taxonomic diversity at di f
ferent time spans within a single lineage, since the absolute time is not knovvn 
at present. Howeyer, it seems reasonable to assume that zone VI represents 
a shorter time interval than zones I I I-V c, or at !east not a langer interval. 
Nevertheless, there are only 3 pelturine genera known from zoncs I II-Vc, 
as compared to 6 in zone VI . 

From the above i t  appears that the rate of  evolution was different among 
the various olenid trends within the same time interval and varied from t ime 
to time within ane trend. 

Evolution of olenids in relation to way of living 
and environment 

As discussed aboye (p .  78) ,  one can distinguish between three main 
morphologic types of shields in the olenids, probably indicating different 
ways of living, viz. the Peltura type ( suggesting vigorous and active swim
ming) , the O l en us type ( suggesting less vigorous swimming) , and the C teno

P31ge type ( suggesting a more passiye planktonic li fe) . If so, a phylogenetic 
lineage leading from one type to another indicates adaptation to a dif ferent 
way of living. 

The Olenus type appeared first, and from this both the other types 
evolved. Already the later Olenus species tend towards the Peltura type, 
which is found in the earliest known pelturine ( Proto p eltura aciculata) as 
well as in the earliest known Parabolina species (P. brcvispina) . Alreacly the 
next Parabolina species to appear, P. spinulosa, has returned to the Olen us 

type. The leptoplastines mainly deYeloped forms of the Olenus and Cteno
P:yge types. Sp!werophthalmus may be regarded as cleveloping a Peltura type 
of shielcl. The rather suclclen disappearance of  the Leptoplastinae is d ifficult 
to explain, but may in part be due to competition from the Oleninae and 
Pelturinae, which developecl further, side by side. For a lang time the Oleni
nae produced forms of the Olenus type only, and the Pelturinae of the Pel
tura type. HoweYer, at the close of the Late Cambrian epoch and in the 

Trcmadocian epoch there seems to haYe been a strugglc for the complee 
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hegcmony between the two subfamilies. Thus the Pelturinae also developed 
a num ber of forms with an Olenus type of shield (e. g. Acerocare tullbergi) 

and of  the Ctenopyge type (Bocckaspis, Jujuyaspis) , ·while the Oleninae 
developed forms of the Peltura type (e . g. Triarthrus) and the Ctenopyge 

type ( e .  g .  Parabolina lobata) . During the Tremadocian epoch the olenids 
soon became a minority among the trilobites in the Acado-Baltic province, 
and neither the Oleninae nor the Pelturinae conqucred the hegemony 
(cf .  below ) .  The Oleninae won in the family stmggle, since Triarthrus out
livecl any other olenid genera. 

From the above it is seen that all threc subfamilies were capable of 
producing the three types of  shiclds. The shield could shi ft to and fro be
tween the Olenus and Peltura type in a single lineage, indicating altemating 
adaptation to one or the other way of living, as demonstrated i. a. in the 
phylogenetic lineage Olenus (Olenus type) -+ Parabolina brevispina (Peltura 
type) -+ later Parabolina species ( mainly Olenus type) -+ Triarthrus (Pelfu,ra 

type) . Some off-shoots from the Olenus type developed into the Ctenopygc 

type. The great rescmblance between e. g. Triarthrus and Peltura may be 
due to adaptation to a simila r way of living. 

Desides the aclaptations mcntionecl above, one may mention the clevelop

ment of small forms (Sphaerophthalmus, Westergårdia) and large forms 
(Parabo!inella, Angelina) . The position of the eyes is subj ect to great varia
tion in the Oleniclae, but the significance o f  this is di fficult to explain 
( cf .  p. 79) .  However, it is intcresting that the same position of the eyes 
occurs in different trencls. Thus the extremely distal position of the eyes in 
EurJ.ICare fatum. may be compared with that of Ctenop::ge pecten. This may 
be another example of adaptation to a similar mode o f  life. 

The olenids constitute a suitable obj ect for the study of cvolution, since 
they occur in great numbers in successive horizons. Kaufmann ( 1933a, 1 933b, 
1935) was able to clistinguish several successive evolutionary series in Olenus 
in southern ScandinaYia (cf .  p .  98) , and in each o f  them there was an evolu
tion from a rather transverse to a narrow pygidiurn (cf.  text-fig. 15) . Kauf
mann explained this by assuming that thcre was a repeated invasion of forms 
with transverse pygidia to this area, where the spccies clevelopecl into forms 
with narrow pygiclia and finally became extinct. He accordingly postulatecl 
a "KonserYativstamm" of Olenus developing elsevvhere. It is possible that 
cxtremely stagnant conclitions may haYe causecl the narrowing of the shields 
and the a pparently repeated extinction of evolutionary tren ds in southern 
Scanrlinavia. Unfortunately, no data are aYailable on evolutionary trends in 
O lenus in other areas. 

Remcmbering that the olenids formecl practically the only thriving 
group of trilobites in the Acado-Dalt i c proYince during almost the wholc of 
the Late Cambrian epoch, it is not surprising that they deYclopecl a numbcr 
o f  specics and apparently wcre adapted to somewhat different ways of livin�. 
N evertheless, in  spite of considerable yariation in proportions of the parts 
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o f  the shield, the general plan of structure i s  rather conservative. One may 
wonder why the olenids did not develop a greater Yariety of forms. I t  may 
be ascribed to several reasons. Firstly, the conditions were rathcr uniform 
in the Acado-Daltic proYince during the Late Cambrian epoch. Another thing 
is that the apparent scarcity of other animals may indicatc that the olcnicls 
were not preyed upon, and thus did not need to clevelop any intricatc equip
ment of clefencc. Thus the olenids dicl not cleYelop strong tcsts, on the con
trary they hacl thin tests with cleep furrows . Furthermore the olenids did not 

have any serious competition from other trilobites during most o f  the Late 
Cambrian epoch. Apparently the olcnids wcrc protectecl by the uniform, 
often stagnant conditions. 

The rather rapid decline of the olenids at the dose o f  the Tremadocian 
epoch probably was caused by the clecrease and splitting up of areas with 

stagnant conditions and the invasion of the Acado-Bal tie province by other 
trilobites and invertebrates, somc no doubt competing with the olenids, and 
some (c. g. cephalopods) perhaps preying on thcm. In this connection it i s  
interesting to note that some of the ]argest knO'wn olenids (e . g. Ange lina ar1d 
Pm·abolinella) developed in the Tremaclocian epoch, perhaps as a result of 
competition with large trilobites of other famil ies ( e. g. asaphids ) .  Furthcr
more, it may perhaps be significant that whereas most olenids had a smooth 
test, some later genera like Acerocarina, vVestergårdia.. and Boeckaspis wcre 
equippecl with small tubercles ( probably spine bases) , possibly for clefence. 

Although the olenids spreacl to new areas during the Tremadocian epoch, 
they apparently were unable to cope "·ith the nc\Y conditions. Few olenids 
l ived in  the Arenigian cpoch, and only Triarthrus and its of f-shoot Porter

.fieldia are known from post-Arenigian deposits. However, Triarthrus man
aged to carry on \vith rcmarkably small morphological changes in the shielcl 
from the Tremadocian till around the close of Middle Ordovician times, 
rather an unusually long period for an Ordovician trilobite genus.  Apparently 
it was adapted to and clinging to such areas where stagnant conditions still 
prcvai led. Its extinction brought an end to the history of the Olenidae. 

R emarks on ontogeny and certai n 

morphologic features 

Ontogeny 

Ontogenetic series have been described in detail in Ofenus gibbosus by 

Strand ( 1 927) and Stønner ( 1942, p. 82) ,  in O!enus trans'uersus by Kauf
mann ( 1933a, p. 1 5 ) ,  and in Lcptoplastides salteri by Ra\v ( 1925 ) .  The larva! 
clevelopment of Triarth1·us eatoni ( referred to as T. becki) was described 
by vValcott ( 1879, 1918) . Paulsen ( 1923, p. 58) described several larva! 

stages o f  Peltura scarabaeoides, including early meraspid stages with a 
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clistinct proparian facial suture. Furthermore a number of  authors have 
clescribed s ingle larval shielcls of olenids, as e. g. Westergårcl ( 1 922). Spine . .; 
are common in early )anal shielcls, even i f  the adult has few or none. Appa
rently the early larvae were planktonic forms (c f .  Størmer, 1 944, p. 38) . 

Larva! shields and especially parts of larva! shielcls are not uncommon 
in Norwegian material of  olenids. I have made no observations of importance 

beyoncl what is alreacly known on the larva! development of olenids, but then 
J have not especially scarched for ontogenetic series. 

I would like to stress that thcrt: is  aften a marked clifference in propor
tions even betwcen later stages of a species. This is easily seen in sp::cies 

\vi:th wide fixccl cheeks, where large cranidia have relatively wider fixccl 
cheeks than smaller cranidia. as e. g. in A cerocare ecome, Eurycare latum, 
and Lrptoplastus nor1..•cgirus ( cf. p. 1 72) . Thns in a smal l cranidium oi 
A cerocare econt.e (pl. 21 ,  fig. l) the proportion between the -vvidth of the 
occipital ring and .the width of the postocular cheek is 1 .45, whereas it is 1 . 3 
in an adult cranidium (pl. 2 1 ,  fig. 2) . 

vVhittington ( 1 954, p .  193) declared that he knew of  no example in 
tr:i lobites of ontogeny recapitulating phylogeny, i .  e. he knew o f  no onto
genetic stage that resembles a geologically older adult. One might perhaps 
cite as examples the above-mentioned olenid species with wide fixed cheeks, 
where the relative width of the f ixed cheeks increases during the ontogeny, 
so that at some larva) stage the proportions may be as in adults of a geo
logically older species . 

Kaufmann ( 1 933a, p. 5 1 )  pointed out that larval pygidia of Olenus 
resemble the adult pygidia of the geologically youngcr Parab olina. It is po.;
sible that the adult Parabolina was adopted to a life which resembled more 
that of the larval than of the adult Olcnus. 

On certain mo rphologic fe atures 

C e p h  a l i c s u t u r e  s .  

Text-figs. 12-13.  

The facial suturc:s are quite well known in the Oienidae. vVhenever it 
can be control led, they sc:em to meet in front axially. The postocular branches 
of the facial sutures usually are olenoid or pelturoid, in some cases transverse 
(the terms are illustrated in text-fig. 2) . :V1ost adult olcnids are opisthopa
rian, i. e. the free cheeks include the gcnal angles. A fe\\. o f f-shoots have 
proparian facial sutures, i. c. the postocular branches of the facial sutures 
cut the lateral margin of the cephalon in front of the gcnal angles ( e. g. Cteno

pyge tum ida, Saltaspi,l') . The preocular parts of the facial sutures are con
,·ergent , sub-paral lel , or diYerging. wh ereas the anterior parts are always 
strongly conYerging. 
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Fig. Il. \.'niwl iree cheek;:. :\bm c :  Pcrrt�bllfiii<J stimtlos11 (\\'ahlcnbcr�:). P �( O. no. 
30i'i7. Fure in �IO<lum, Xorway. Below : Ofnuu nllc•m�t�lllf (Bocd.:), P . .\l. O. no. 2b�. 

1-;rddin� in Etker. Xcrway. The �enal fielcb are damat;cd in hoth �prcimcn«. 

Xot retouche<.l. X 3.5. 

The cxislence or non-exi',tenct: of vemral rcphalic _,uturc.� (conncctivc 

�ulurc" or median :.uture, hypostomal l>Ulurc) apparl·ntly ha' ncYer been 

a'ccrtaincd in the Olenidae. Thi� j, no doubt partly due to the fact lhat m"),.t 

olcnids han� extrcmely narrO\\' tlouhlures, an<l thal comph:tc and uncli-:.turbed 
shicl<ls are Yery rare . 

• \mong some material of Parabofi11a spinulvsa pn.:scrn.·d in ... hale from 

Fure in :\Iodum, Xorway, there are se,·cral isol;tlcd pair::. oi frcc cheeks 

which are united and show no traccs of a median sulure or a pair of con
nccti,·c sutun•s across the doublurc (lext-fig. 12).  Jn a spccimcn of Para

bolina /obata (pl. 9, fig. 1 1 )  the facial ::.uturcl> are united in front inside the 
anterior margin. There are no trace:; of othcr sulurc-; cro::;�ing the border in 
front of the facial sutures (text-fig. 1 3 )  . •  \l lc�1'l in the:;c two spccics the 
f rt>c chcck" are fused in to a single piece. �ome shalc material of Olenus 

allcnttaltts from Krekling in Eiker. Xon,·a� . hkcwisc includc::. united pair:> 
of i rce chctk• l text-fig. 12). but the prescn·ation i-. not good enough to 
a ... l·ertain that the duublure is not cro ... �cd by a !-Ulurc (or a p:1ir oi l>Utures). 
The mere iact that the pair of free chcek-. occur i:-;olatctl but united in the 
l"Orrcd posirion to each other, rentl�r ... it mn.,.t unlikcly that there wcre any 
... uturcs cros-.ing the doublure. The �ame applic:' to .. imilarly prcscn·ed unitecl 
pairs oi ir..-e chct."ks oi Parabolill(l jn•qu;11s, dl·,cribed ane! iig-urc1l by Sdzuy 
( 1 955, p. 16. pl. 3. fig. 6-n. who <.tt'{ge ... t� an �11 lca.-t lw�innin� tu:'ion or the 
nwcltan ... utun:. 
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Fig. 13 Fig. q 

Fig. 13. Cephalon of Parabolina lobata (Brøgger). Outline drawing based on 

the specimen figured in pl. 9, fig. 1 1 .  X 1.7. 

Fig. 14. Muscle marks on the cephalic axis of Acerocare ecorne Angelin. Drawing 

based on the specimen figured in pl. 30, fig. 4. X 5.1. 

Single free chceks are very common in material of olenicls, and onc 
may wonder whcthcr there was not at least a median suturc in other species. 

However, it is quite possiblc that they all had united free cheeks, but that 
the very narrow connection ·was casily broken. Thus, in the large Scandi
navian collections of Parabolina spinulosa prcserved in stinkstone, I have 
never seen any united pairs of free cheeks. Neither have I seen any in Scanian 
material of O lenus preserved i n  a somewhat calcareous alum shale. Appa
rently extremely tranquil conditions at the sea floor were neccssary for the 

prescrvation of  united pairs of  free cheeks. It scems as if i t  would be recom
mendable to search for specimens preserved in pure alum shale, instead of 
collecting from stinkstone lenses, as is generally done because the stinkstone 
spccimens are not compressed. 

As to the prescnce of a hypostomal suture, I know of no olenid speci
mens showing the hypostoma dose to the doublure of the cephalon. On the 
contrary, in many specimens wherc the hypostoma is preservecl, it  seems to 
be situated too far posteriorly to haYe been separated from the cloublure by 

a su ture on ly (cf .  e. g. cranidium of Parabolinella triarthra show ing outline 
of hypostoma, figured by Lake, 1913 ,  pl. VII ,  fig. 8) . Of course the hypos
tomae may have been somewhat displaced, but there is also a possibility of  
the hypostoma not having been clirectly connected with the doublure of  the 
cephalic shield, but only through the ,·entral membrane. This is also suggested 
I;Jy the isolated assemblages consisting of the two free cheeks and the hy
postoma of Acccomre ecor11e, described above (p. 72) . 

C r a n i d i a l m u s c l e m a r k s .  

Text-fig. 14 ; pl. 30, fig. 4. 

Two counterpieces o f  cranidia of Acerocare ecorne in loose blocks from 
Blockhusuddcn in Uppland, Sv.reden, sho\v symmctrically arrangcd spots 
which no doubt rcpresent muscle marks. The counterpieces are preserved in 
a light brownish limestone and ha\·e a thin white coating, except for the 
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marks i n  question. There are 5 pairs o f  muscle marks, which I shall refcr 
to as MO, M l ,  M2, M3, and M4, cot.mted from the rcar. Broadly speaking, 
thcir position agrees with that o f  the occipital furrow (SO) and the glabellar 
furrows ( S 1-S4) . However, MO is not connected across the glabella as i s  
the occipital furrow. The anterior part ( in hont o f  SO) i s  somewhat longer 
( tr .)  than the posterior part (behind SO) . :\1 1 and M2 are of the same orde:
o f  size, but are not transvcrsely divided into two parts. M3 is rather small 
and appears more oblique than S3. :M4 is long ( tr . )  and narrow. While the 
rnuscle marks rnay easily be comparcd \vith the occipital and glabellar fur
rows, it is difficult to say to which muscles thcy belong. If the head of A cero

carc ccorne had four pairs of biramous appenclages and a pair of uniramous 
antennae as scems to be the case in trilobites wherc th�· cephalic appenclages 
are known ( including the olenicl Triarthrus, cf. text- fig. 1 1 ) ,  MO-M3 may 
belong to musclcs of the four pairs cf biramous appenclages. M4 might then 
belong to muscles of the antennae, but its shape renclers this less likely. It  is 
possible that M 4 does not belong to muscles o f  appendages, but e.g. to muscles 
of the hypostoma. The small size and the position of M3 may suggest that it 
rather belonged to the muscles of the antennae. but i t  would then be difficult 
to interpret M0--:..12 as representing four pairs of appenclages .  

In material of Ofenus gibbosus, recently collectecl at Trolmen quarry, 
Kinnekulle, Vastergotland, Sweden, I have obsen-ed corresponding musc:e 
marks, which , howevcr, are narrower than in A cerocare ecorne. 

S o m c o t h e r m o r p h o l o g i c f e a t u r e s. 

A n t e r i ,o r p i t s are a ften cliscernible in the dorsal furrow at the 
anterior corners of  the glabella, immediately in front of  the eye ridges. 
They are often best seen in internal moulds, s ince the anter-ior bosses on 
the inner side of  .the craniclium are more pronounced than the corresponding 
pits on the external surface. 

In a pa per on the visual organs in trilobites, Lindstrom ( 190 1 )  describcd 
the l a t  e r  a l e y e s  in several olenids. The lcptoplastines Eurycare, Cteno
pygc, and Sphaerophthalmus were found to have hemisphaeric eye globe:; ,  
and the pelturines Peltura and A cerocare to  have semiglobose visual f iclds . 
However, he found no ocular globes with facets in the two olenine genera 
mentioned, Olenu.s and Parab ofi1w. and he was inclined to believe that they 
probably •ve re blind ( l .  c . ,  p. 22) . I have observed Yisual fields similar to 
those i n  Peltura also in Protopeltura (see fig. of free cheek o f  Protopeftura 

h oltedahl-i n. sp., pl. 23, fig. 18) . Like Lindstrom, I haYe not observed anv 
Yisual fields in O len us and Para bolina (or other olenines) . )J" evertheless, it 
seems less probable that their lateral eyes \Yere reducecl, since the facial 
sutures usually are consiclerably modifiecl in other trilobite families where 
the lateral eyes are lost. 
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As i s  \Yell known, g e n  a l c a e c a (cf .  Raymond, 1 920b, p. 82) often are 
n�ry distinct in the olenids, prooably because the olenicls haYc so thin tests. 
They are now usually explained as being impressions in the test of the in
testinal clivcrticulae (cf .  Hupe, 1953, p. 84) . Thcy are seen as ,-ein-like 
ridges on the outer sudace of the cephalon. \Vhen the r i dges cros s the border 
furrow, this appears pittcd, each pit representing a part of the furrow between 
two crossing ridges. 

A p o s t  o r  a l p l a t  c ( "mctastoma" )  is  describcd by Beechcr ( 1 894) 

and Raymond ( 1 920b, p. 42 ) in specimens assignecl to Triarthr1ts becki, but 
now regardcd as belonging to T. catoni. The pastoral plate is seen behind the 

hypostoma in the reconstruction o f  T. eatoni reproduced here (text- fig. 1 1 ) .  
I have found no pastoral plates i n  the present materi2l, but the chances of 
finding any are small, sincc the material mainly consists of  dctached parts 
of the shielcl. :-J either haYc I found a ny a n a l p 1 a t e s like that desc ribed 
in the same species by Raymond ( 1920b,  p. 44) .  

A new type of an olenicl p y g i d  i u m is describecl belo"· in Ctcnopyge 
crecta. 

Systematic descriptions 

Type data and diagnosis are as a rule gi\'en f o r  each taxonomic unit, 
and the occurrence is  statecl for genera, species, and subspecies. Detailed 

morphologic clescriptions are acldecl for species base el on Norwegian material. 
For terminology, see p. 12 .  The rclationships of the species are discussed 
under cach genus. The species are treated in alphabetical order within the 
genus, except doubtful species, which are treated after the others. I have 
tried to compilc critical and as complete synonymy lists of the species as 
possible, but I have not included references to papcrs where the species i s  
only briefly mentioned and 110 new in formation o r  iJlustrations are given 
( e. g. text books) . I ha,·e not always proYicled photographs of a spee i es occur

ring in Norway, when it occurs in S\Yeclen an el has bccn aclequate\y illustrated 
by \Vestc:rgårcl ( 1922) . 

F a m i l y  O l e n i d a e  B u r m e i s t e r  1 8 4 3 .  

T y  p c g e n u s : - O lenus Dalman 1 827. 

D i a g n  o s  i s :  - T rilobites with more or less flattened or transwrsely 
conYcx dorsal shie\cl s ,  betwecn 0.5 and 1 1  cm \ong in adult specimens. 

Cephalon sub-scmicircular, wicler than long. Facial sutures opistho
parian, rarely proparian ; meeting in front axially ; preocular parts of facial 
sutures straight or com·ex, conwrgcnt, subparallel,  or  divergent ; postocular 
parts oblique backwards or Lranswrse, and sinuous. straight or convex. Axial 
furrow distinct. Occipital ring wclJ clefined, with or without axial node or 
spin c ; occipita\ furrO\\' distinct, simpl e or c-ompositc:. Glabclla tapering for-
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\Yards, or  ,,-ith subparallel or slightly com·ex sides, or vYidening slightly for
wards . 0-4 pairs o f  glabcllar furrows ; not connected across glabella, except 
S l + S2 in some species ; S l  -;imple, geniculatc o r  digeniculat_e or bifurcate ; 
S2 simple or gcniculate : S3 simple and usually short ; S4 simple and usually 
short. Anterior pits often discernible at anterior corners o f  glabella. Pre
glabellar f ield  short or absent. Border furrow usually distinct . Border narrO\v 
to very narrow, straight, conYex or concan� , more or less yaulted, and with 
s:hort to long cranidial part . Palpcbral lobes meclium-sized to small, close to 
to far from glabella, \vith anterior to posterior position. Eye ridges usuall�r 
present, oblique back\,·arcls, trans,·crse or slightly oblique fonvarcls, and 
straight or slightly com·ex . Interocular chccks and postocular cheeks narrow 
to ycry ,,· ide. Intergenal points or spines present o r  not. Free checks without 
spine or with spine confluent with, or diYerging outwards from lateral mar
gin ; inner spine angle obtuse to acute ; spine long to short, round or flattenecl, 
straight or curved. 

Thorax with 9-1 9  segments (where number is known) .  Plcural regions 
narrow to wide. Axis well defined, tapering backwards or spindle-shaped. 
Axial rings with o r  without axial node or spine. Pleurae simple, with oblique 
pleural furrov .. ·s, and with truncate ends, or, usually, with plcural spines. 
Pleural spines long or short, round or flattened. Pleural and/or axial macro
spines developecl in some species. 

Pygidium small, with exception of aberrant pygiclium of Ctenopygc 
pecten ; entire or with marginal spincs ; sub-semicircular to sub-triangular or 
sub-trapezoidal in outline. Axis >vell defined. Axial rings well definccl or 
fusecl, with or without axial node or spinc. 2-8 axial rings ( including 
end lobe) 

Doublure narrow to cxtremely narrow. 

Hypostoma v:ith simple central body and cntire posterior marg111 or 
with two posterior denticles. 

Surfacc of test smooth, or, less rommonly, granulate or pitted. Cephabn 
often with genal caeca, especially on preglabellar field and free checks. 
Terracc lines may be cleyeJopecl on doublures. borders. and pygidium. 

R e m a r k s : - I agree \\· ith Hasetti (195 1 ,  p. 202) that "it  is impos
sible to formulate a set of cliagnostic features that will givc an objectiYe 
clescription of the ol enid shield and cnablc one to decide whether a certain 
trilobite belongs to the Olcnidac or not" .  HoweYer, the following combination 
of fcatures scems to be rather charactcristic of the Oleniclae, and harclly o f  
a ny other trilobitc : Facial suturcs meeting in front, narrow border and 
doublure, simple and well-clcfined glabel la, pleurae with oblique plcural 
furrows, small pygidittm. 
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SubfamJ; Ole ninae B urmeister 1 843.  

P l .  l .  

T y p e  g e n u s :  - O!emrs Dalman 1827. 
D i  a g n  o s  i s : - Olenids with free cheeks with straight spi ne con

fluent with course of lateral margin or deviating only yery slightly outwards. 
Exceptions : Some species of Parabolina with free cheeks with slightly curvecl 

spine. Same specics of Triarthnts with free cheeks without spine. 
R c m  a r k  s :  - Oleni clae was crected as a group o f  the family Trilo

bitae by Burmeister ( 1843, p. 77) . I3eecher ( 1897, p. 192) was the first to 
recognize a subfamily Oleninae. Triarthridae ·clrich ( 1 93 1 ,  p .  2 1 4) IS re
garded hcrc as a synonym of the subfamily Oleninae (cf .  p. 1 7) .  

G e n u s  O ! c n u s  D a l m a n  1 8 2 7. 

R e m a r k  s o n  t h e  n a m  c :  - The name Olenus was actually pro
pose<l by Dalman ( 1827, p. 1 24 ; reprint, p. 12) as a new name for Para
doxides Brongniart 1 822. Dalman ( 1827, pp. 254, 256 ; reprint, pp. 69, 7 1 )  
d ivided O lenus in t o  two divisions , Cornigeri and lVI uti ei. Cornigeri  indudecl 
O. Tessini ( = Paradoxides pa.rado.r:issintus) ,  O _  spinulosus ( =  Parabolina 

spinuJosa) , and O. bucephalus ( =  Paradoxides para.doxissimus) . Muti ci 
embraced two subdivisions ( Dalman, 1 827, pp. 282, 283 ; reprint, pp. 97, 98) , 
one including Olenus gibbosus, and the other including O. scarabaeo ides 

( = Fe !tura scarabaeoides) . N o  type species had be en designated either for 
Paradoxidcs by Brongniart or for Olenus by Dalman. Burmeister ( 1843) 
and Goldfuss ( 1843) were the first to regard Paradoxides and O!enus as two 
sep;1 rate genera . Doth appliecl the name Paradoxides to a group corresponding 
to Dalman's division Cornigcri and Olenus to a group corresponding to Dal
man's divi-sion Mutici, except that Goldfuss transferred "Olenus" scara
baeoides to a new genus, A nthes. M iller ( 1889) designated Paradoxides 
tessini ( = pc,radox·issim us) as type for Paradoxides and Salter ( 1864, VIII, 
p.  3 )  designatcd Olcnus gibbosus as type for O lent,ts. 

Since O lenus vvas proposed as a new name for Pa,radoxides, it is not a 
Yalid name. However, as Olcnus i s  such a well-knovv·n genus , and the namc 
has been in usc for such a long time, it would be unfortunate to change the 
name . Dr. Chr.  Poulsen has thcrefore proposed to ICZN to legalize the name 
O lcn u.s ( Bull. zool. Nomend. ,  Yol . 1 2, pt. l ,  pp. 3-13 ,  London 1956) . 

T y p e  s p e  c i e s :  - Entom ostmcites gibb osus \i'Vahlenberg 182 1 ,  de
signated by Salter ( 1 864, VI II ,  p. 3 ) .  

D i  a g n  o s  i s : - Oleninac '"·ith : facial sutures subparallel i n  front o f  
eves ; meclium-sizccl to small palpebral lobcs, with centres opposite S2 ; 3 
pairs of glabellar furrow s ; dist inct preglabellar field : free chceks 'vith spine 
which continues coUI·se of lateral margin, or diwrges Yery slightly outwards 
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from it ; 1 3  ( 12 ? )  to 1 5  ( 1 6 ? )  thoracic segments ; pleurae \Vith pleural spines ; 
pygidium with or  without marginal spines. 

I n  c l u d e  d s p e  c i e s :  - O lenus is  the earliest establishecl olenid 
genus, and many species which were ass igned to O lenus in earlier days, have 
later been transfcrred to other genera, both olenid and non-olenicl. It hardly 
seems necessary to mention all these species hcrc. A few of them are men
tionecl above (p. 23) . The following spccies are included in 0/enus : 

O. aculea.tus Angelin 1854 ( =  O.  atfenuatus) 

O. alpha n. sp. 
O. asiaticus Kobayashi 1944 
O. attemwtus ( Boeck 1838) 
O.  cataractes Salter 1 864 
O. d entatus \V estcrgårcl 1922 
O. gibbosus (\Vahlenberg 182 1 )  
O. micrurus Salter 1849 
O. mundus Lake 1908 
O. rotundatus vVestergård 1922 
O. scanicus \Vestergård 1 922 
0.  tra.ns<:ersus vVestergård 1922 
O. truncatus (I3ri..innich 1 7 8 1 )  
O.  wahlenbergi \Vestergård 1922 
and possibly also O . ? buccphalus ( Belt 1868) and 
O .  ? U'ilsoni n. sp. 

Some of the British species of Olen·us may possibly turn out to be con
specif ic with Scandinavian specics, when they become better kno\vn. The 
spccies referred to as O. longispinus ( Belt 1868) by Lake ( 1908) is possibly 
H Parabolinitcs species (cf .  p. 1 3 1 ) .  Olenus ? sp. described by vVcstergård 
( 1922) is probably a Parabolina species, as suggestecl by vVestergårcl ( 1947, 
p. 24) , and is described below (p. 1 28) as Parabolina ? quadrisulcata n. sp. 
Olenus argentinus Kayser 1867, referred to by Kobayashi ( 1937c) and Har
rington ( 1938) as aOlenus" argentinus is without doubt a Para.bolina species. 
An Olenus ? sp. recorded by \VhitehcJUSe ( 1939, p .  222, pl. XXIII,  fig. 14) 

from Australia is badly preserved, and it is difficult to say whether it is an 
olenid or not. A specimcn consisting of the posterior part of the thorax and 
the pygidium, f rom the black slate at Salitre, Bolivia, was described as 
Olenus ? sp. by Kobayashi ( 1937c, p. 475, pl. TV, fig. 14) . It should rather 
be referred to as Olenid sp., as it may equally well belong to somc other 
genus, such as e.  g. Parabolina, and because it seems improbable that Olenus 

should occur at such a ·high horizon (T remadocian ) .  A dorsal shield without 
cephalon from the Lower Tremadocian of South America was likewise de
scribccl as O!cnus ? sp., by Harrington ( 1938, p. 192, pl. VII,  fig. 1 2 ) . In 
thi s  case, too, it appears hetter to refer to it  as Olenicl sp.  It  somewhat re
sembles Pliratolina kind!ci Sha\v 1 95 1 .  and may possibly bclong to this genus. 

Vid.-Akad. Skr. I .  :\1 .-:\.  Kl .  1 9 57. :\o.  1 .  7 
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Some doubtful spee1es assigned to Olenus by Rusconi are discussed above 
(p. 24) . 

O c c u r r e n c e : - NDrway ( Olenus zone) , Sweden ( Olenus zone ) ,  
Denmark (Olenus zone) , England (Outwoods Shales) ,  \\Tales (Lower Lin
gula Flags, 1\1iddle Lingula Flags ? )  , E. Canada ( Olenus zone) , Texas 
(Woods Hollow boulders) ,  Kmea (Glyptagnostus zone) ,  ?Australia (Eugo

nocare stage) . 
P h  y l o g  e n  y :  - The earliest known Olenus species (and olenid)  is 

Olenus alpha. n.  sp. from the zone o f  Agnostus pisifonnis in  Norway. Its 
thorax i s  not known, but it is no doubt a true Olenus, closely related to the 
othcr members. It differs from the later species in having relatively narrower 
postocular cheeks. Its free cheeks have an obtuse inner spine angle, as those 
of other early species of Olenus, and its pygidium is entire. O. alpha n. sp. 
may very well belDng to the ancestral stock of the later Olenus species. 

The phylogeny of the Olenus species in southern Scandinavia has been 
discussed by Kaufmann ( 1933a, 1933b, 1935) ,  who carried out a detailed 
statistic investigation o f  the species and also found intraspecific evolutions 
in this area. In an obituary to him, Teichert ( 1946) wrote .that "Rudolf 
Kaufmann will be best remembered by his fundamental research on the 
evolution of Olenus in the Vpper Cambrian o f  Sweclen and the island of  
Bornholm. These beds are characterized by numerous species of  that genus, 
each distinctive of its own biozone. \Vith immense care Kaufmann collectecl 
a large material of cranidia and pygiclia from carefully selected becls, usually 
not more than 3 cm apart and, with the help of a specially constructed device, 
measurecl the proportions of a number of comparatively easily recognizable 
features. He found that each species possesses a number o f  features that are 
constant and others that are variable. The latter command considerable in
terest, because it was shown that thcse variable features undergo certain 
directional modif ications during the geological history o f  each species and 
ihat, surprisingly, the trend of these modifications is more or less identical 
in successive species, that is  i t  is usually the same set of features which are 
modified in the same way. Kaufmann called this process "Artabwan.dlung", 
an admirably short and precise term for which the \vri ter [Teichert] is else
where proposing the unavoidably more cumbersome term "intraspecific 
direction.al moclification". Intraspeci fic modification anticipates ( in the 
earlier species) and rcpeats ( in the later spee i es) the phylogenetic evolution 
of the genus." 

Kaufmann ( 1933a) showed (cf. text-fig. 1 5 ,  p. 99) that the species 
Olenus g·ibbosus (with 5 succeeding modifications) , O. transversus ( only 
one modi fication) , O. truncatus (6 succeeding mDclifications) ,  O .  wahlen

berg·i (one modification) , O.  attenuatus ( 3  succeeding moclifications) and 
O. dentatus ( 5 successive modifications )  succeed each other in that order in 
Scania, except that the ranges of  the two uppermost specics ( O .  attenua.tus 
and O. dentatus) slightly overlap. O .  trans'!-·ersus may have given rise to 
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Fig. 1 5. Distribution o f  species of Olenus i n  the 011!11HS zone in Andrarum in Scania, 

Sweden. After Kaufmann, 1933a, p. 9, except that the photographs of the pygiclia are 

substituted with outline drawings. 
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O. truncatus, which differs in ha,·ing no pygidial spines . O. wahlenbergi, 

likewise w ithout pygidial spines , apparently developed from O. truncatus. 

The pygidium developcd from a transverse to a rather narrow pygiclium 

\vithin this series, thus corresponcling to the evolution o f  the pygidium w ith in 

the other species . 
Kaufmann further showed that i f  one compares the above-mentioned 

species , there are certain features which undergo an evolution from the 

earlier to the later species . Thus the flip of the free cheek becomes more and 

more acute, the wiclth of the glabella increases in relation to the length o f  

the cranicluim, and the sagittal length of  the preglabellar field clecreases . 

Altogether, the Scandinavian species o f  Olemts seem to form a group of  

closely related forms. The main differences between them are seen in plate 3.  

lf  we compare t·he two la  test  known Scandinavian species ( O . rotundahts 

and O. scanicus) with earl i er species, it is intercsting to observe that their 

palpebral lobes are small er, especially .in O. scmtictts, which furthermore has 

the palpebral lobes doser to the glabella. These features anticipate the suc

ceeding genera Parabolina and Protopeltura. 

Three species which have so far only been recorded from Grcat Britain . 

namely O .  cataractes, O. m icrurus, and O. mun.dus, are less well known, anr l 
their stratigraphic position in relation to the Scandinavian species is n:Jt 

known. They all seem to be closely relatecl, ancl O.  mundus may possibly 

rep re sent young specimens of O. cataract es, as pointed out by Lake ( 1908, 

p. 58) . Their pygi dia remind onc especially pf those of the later Scandinavi;:m 
species , with which they may be closely related. I t  i s  cYen possible that a 

better knowledgc of the British forms will show that some of them are ·con

speci fic with Scandinavian species. O. ? bucephalus (s .  s . )  from the Middle 

Lingula Flags in \Vaies is rathcr poorly knmvn. It has small palpebral lobes. 

thus resembling O. scanicus, but it is possible that it is doser to early Parrr.

bolina species . :Y1uch the same can be saicl' about O. ? wilsoni from the \Voods 

Hollow boulclers in Texas. O. asiaticus apparently is closest to O. gibbosus. 

O le11us alpha n. sp. 

PL 3 ;  pL 9, figs. 1-6.  

N a m  e :  - The namc alfJha i s  giYen as ih is species i s  the earliest kl1o\\·n 
O!enus spec ies , and because it occur.:; in stage 2aa:. 

H o  I o t y p e :  - A cranidium (P .  :M . O .  no. 66756) from the zone of 
"·lgnostus pisiform is at Mælum, Ringsaker, Nonvay . 

D i a g n  o s i s :  - An Ole11us spccies with : mcdi um-sized palpcbnl 
lobes ; cheek spine continuous with course of lateral margin ; inner spine 
angle slightly obtuse ; postocular cheeks somewhat narrm,·er than ghbelh : 
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pygidium spineless. - I t  cli f fers from the type species in  haYing compara

tivcly longcr and wider glabella, shortcr pygiclium "·ithout spincs and with 

wider pleural regions. 

D e s  c r i  p t i  o n :  - This  is bascd on 8 cranidia and parts of cranidia, 

7 more or less complete frec cheeks .. and onc almost complcte pygidium, all 

preserved in limcstonc. 

Size of cranidium from 4.2 ( length ) X 7.5 (width) to 7.8 X 1 1 .2 mm. 

Cranidium modcrately convex ( tr. & sag. ) .  Cranidial furrows dist inct. 

Cephal ic axis tapercd, truncate .  Occipital ring without node, except in the 

smaller spec imen. Cuning furrow scparatcs central lobe of  occipital ring. 

SO-S3 present . SO composite, continuous, S l -S3 discontinuous. Sl longes" ,  

bigeniculate, oblique backwards. S2 conn·x, less oblique. S3 short, alm:.1st 

transverse, less dis t inet. Length of preglabellar f i eld somewhat less than one

fourth of that of  cephalic axis. Border narrow, slightly convex in dorsal 

view, well archecl in frontal v iew. Preocular margins almost parallcl, but 

with rounc.led anterior corners. Eye ridges slightly oblique backwards. Palpl'

bral lobes meclium-sized, length about one-thircl of that of cephalic axis. 

Centres of pal pebral lobcs opposite S2. Width of intcrocular cheek about half 

that of glabclla at eyc-line. Postocular cheeks somev>·hat narrower than occipi

tal ring ( tr . ) .  Postocular margins diYergent, al most straight, on ly slightly 

§inuous. 

Free cheeks elongate. Lateral border narrow and conflucnt vv i th strai ght 

genal spine. Posterior border narrow and short, forming slightly obtus,� 

angle with spine. Marginal furrows well  impressed . Intramarginal area \:vith 

genal cacca racliating from eyc s·inus. Doublure unknown. 

H ypostoma an d thorax unknovv-n. 

Pygiclium transv-erse, about one- thinl as long as wiclc (2 .7 X 8.8 mm) . 

Axis prominent, occupying about one-fourth of total width, with two ring,; 

and end-lobe of 2 or 3 fusecl rings, almost reaching posterior border. Pleural 
regions rathcr flat, wi th  two pairs of shalow interpleural grooyes. Faccls 
small. No spines. 

Test. Outer su rface of craniclium appears smooth, but seems to be 
somewhat uneven i n  a very small scale.  

A f f  i n  i t  i c s : - Olmus alpha. n.  sp. resembles O. deJtfa.tus \Vester
gård in h;n·ing a comparatiYely large glabella, but othen;y·ise the new species 
rescmbles more ea rlier forms like O. gibbosl!s. The cranidium of O. a./pha 
looks "coarscr'' than those of the other Olcnus species. and secms to point 
backward:; to the non-olenicl anccstral stocl.;:. 

O c c u r  r c n c c : - Xorway : R ingsaker ( �Iælum) - Zonc of Agnostus 
pisifor:nis ( 2aa) , associated \\' i th .rlyn ostus pisiform is and Proceratopygc 
nathorst i. 
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Olenus asiaticus Kobaya. hi 1 944. 

194-+b Ofenus aswt1cus Kobayashi, new species. - - Kobayashi, p. 229, figs. la-h. 

(Dcscr. and figs. of craniclium.) 

19-l9 Ofemts asiaticus Kobayashi -- Kobayashi, p.  l .  (Mentioned.) 

T y p e  d a t  a :  - Holotype is the cranidium figured by Kobayashi 
( 1 944b ) ,  from the Gl'yptagnostus zone (black slate in the 'l'pper "YI:achari 
formation) in South Korea. 

D i  a g n  o s  i s : - Dif fe:-s from Olenus gibbosus in having langer prc
glabellar field and slightly larger palpebral lobes located more posteriorly. 
( Only the cranidium is known.) 

O c c u r  r e n  c e :  - South Korea ( Glyptagn ostus zone) . 

Olenus atten uatus ( Bocck 1838) . 

Pl. 3 ;  text- fig. 16. 

183R Trifobites attenuatus -- Boeck, p. 1-U (Indif ferent, short descr.) 

185-t 0/cnus attenuatus Boeck - - Angel in ,  p. 43, pl. XXV, f ig. 2. (Diagn. and rough 

fig. of dorsal shield.) 

1854 0/emts act�leatus n. sp. - - Ang-elin, p. 43, pL XXV, fig. 4. (Diagn. and rongh 

fig. of dorsal shield.) 

1R82 Ofemts acufcatus, Ang. - - Bri:igger, p. 99, pL XII, figs. 6, 6a. (Remarks. Figs. 

of pygidium, restored thoracic segment, <�nd restored cephalon.) 

1882 Ofetms attenuatus, Boeck ? -- Rri:igger, p. 98, pl. XII, figs. 4, 4a-b. (Figs. of 

free cheek and pygidium.) (Fig. 4c is  of O. -æahleubergi.) 

1907 Olenus attemtatus, Boeck ? -- Holtedahl, p. 14. ( Recorded.) 
i- 1 910 Olenus tnmcatus (Briinnich) - - Holtedahl, p. 5, pl. I l ,  f i g. 12. (Fig. of hypo

stoma of O. attenuatus or of the associated O. wahlenbergi.) 

1922 O lemts attemwtus (Boeck) -- \\-estergård, p. 128, pl. IV, f igs . 1 5-19 ; pl .  \-, 
figs. 1-9. ( Descr. Figs. of d01·sal shield, free cheeks, thoracic segment, pygidia, 

hypostoma, and 3 axial shields : one probably Angel in's original for O. acu.leatus, 

another probably his original for O. attenuatus.) 

1923 0/enus attenuatus Boeck - - Paulsen, p. 27, pl. I, fig. ?- (Descr. Fig. of frag

ment of cranidium and thoracic segments.) 

1933a Olemts attemwtus ( Boeck ) - - Kaufmann, fig. 12. (Statistical investigation. Figs. 

of 3 pygidia.) 

1933b 0/emts attemtatus (Boeck) - - Kaufmann, p. 60, fig. 3. (Statistical inyestigation. 
Figs. of 2 pygidia .)  

1 935 0/enus a.ttenuatus - - F-::aufmann, fig. 6. (Figs_ of 3 pygidia, copied from Kant
mann, 1933a.) 

1 9-lOa O let1us attcnuatus (Boeck) - - Størmer, p. 144. (A copy of Doeck's clescr. 
Remarks.) 

1 947 Ofenus attcnuatus (Boeck) - - \\'estergård, p. 22. (Listcd.) 

T y p e  el a t  a :  - _-\s pointed out by Stønner ( 1 940a, p. 144) it ha!' 

not been possiblc to trace any specimens of this form in the old collection 
of the Paleontological Museum in Oslo. Boeck ( 1838) l>a:;cd his specics on 

material from Andrarum, Scania, c:,,·eden. I select as neotypc an axial shicld 
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Fig. 16. ,\:-;ial �hield o f  Ol<IIUS allrmtllltt.r ( Bocck). prc«crYCli i n  �. h:llc \\ hitcncd with 

ammonium chloride. Xot rctoudtcd. (d. P. �l. O. no. JOR-tJ 

Toten in (hterdalen, '\or\\ a y. 

from this loeality. figured by \Vl•sfl·rgånl ( 1022. pl. V, fig. 2) : probably 

Angelin'-> original. 

]) i a g n  o ::.  i s :  - An 0/cmts spl·ril's " ith : nll'dium ..,ized palpebral 

lobe::. : check �pine continuou:-- " ith latl·ral margin: inm•r �pine angle right

angk<l to ..,)ightly obtu:-e : 1 5  1 or 1 6  ?) thoraoc ,.,cgmcnb ; axial "Pine.;; ; pygi

dium with l pair o f  marginal spine, and 4-7 axial ring:>. 

R c m  a r k s :  - O. attcnuatus "<'l'ms to ha' e hall unih'd f rce cheeks 

! d. p. 9 1 ) . The axial spine3 di::.tingui.;;h O. altt'nuatus irom all othcr known 
Olc•wt�· ::.pecies. According to Kaufmann ( 1933a) thert; <�re threc 'uccessi,·e 
iutra�o,pecific moclifications of thi-; ... peril'' in Scania, n<tmdy. from below, 

"anterior", "media'·, and "po�terior", the lattt•r haYing the narruwcst pygi

dium . .  \ngclin's figured specimen of his O acuh·atus appc:ars to bclong to the 
<:arly mudification, and may be rerngnizt·d a, a 'ub,pccic ... of O. aflcuuatus . 

. \ngt•lin'.; figurcd .;,pecimen of O. allrnuafus probabl} belong:; to the mocli

fication "media'' or "posterior". 
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N o r w e g i a n m a t e r i a l :  - This consists of detached parts of 
the dorsal shield, showing, however, the occipital spine and axial spincs of 
thoracic segments and pygidia. 

O c c u r r e n c e : - )Jorway : Sandsvær (Krogsrud, Sandbakk core) , 
Eiker ( Krekling, Stablum co re, Teigen co re) ,  Øyeren (Teigen) ,  Østerdalen 
(Toten) - Olenus zone (2a/3 ) ,  subzone of Olenus a.ttcnuatus ; alone or as
sociated with Agnostus obesus, and subzone of 0/cnus wahlenbcrgi ; asso
ciated with Agn ostus obesus and Olenus wahlenbergi. - Sweclen ( subzone 
of Olenus attenuatus) , Denmark ( Bornholm, subzone of Olenus attcn.uatus ) . 

OleJLUS cataractcs Salter 1864. 

1864 O/mus cataractes - - Salter, pl. Ylii, figs. 14, 1-ta-b, p. l .  ( De,\r. Figs. ot  
res t o  red dor sal shields, pygidi um, and pleurae. ) 

1 866 0/cmts cataractcs, n. sp. - - Salter, p. 300, pl. 3, figs. 23, 23a-h. ( De<cr. Fg:o . 

of d01·sal shield .)  

1873 O!cnus cataractes, Salter - - Salter, p. 7. (Remarks.) 
1908 Ole11·1!s cataractes, Salter - - Lake, p. 36, pl. \-, figs. 1 3-1 7 ; pl. \'I.  fig. 1 .  

( Des er. Figs. o i more o r  less complctc axial and dor sal shiclds.) 

T y  p c el a t  a :  - Accorcling to Lake ( 1908, p. 58) , the specimen o;1 
which Salter ( 1864) base<! his description and restoration probably is an in
complete dorsal shield, preservccl oL the :Museum of Practical Geobgy 

(no.  8946) . The specimen was refigurecl by Lake ( 1908, pl. V, fig. 1 3 ) .  
D i a g n  o s  i s :  - An O lenus species with : medium-sized palp �:bral 

lo bes ; 14 (or 1 5  ?) thoracic segmcnts ; no axial spines ; pygidium with one 
pair of marginal spines and 4 axial rings . 

O c c u r  r e n  c e :  - \Vaies ( Lower Lingula Flags ) ,  England (Out
woocls Shales, Lingula Flags Series ) .  

O/oms dentatus \Vestcrgård 1 922. 

Pl. 3. 

1922 Olenus dentahts n. sp. - - \\'eslergard, p. 130, pl. \', figs. 10- 1 5. ( De:.cr. Fig<. 

of cranidia, frec cheek, thoracic segments, and pygidia.) 

1933a 0/emts denta lus \\'elg. - - Kau fmann. fig�. 12, 1R ( Statistini :m·.:!· t i :;at · on F ' g ' .  

of  3 pygidia and free cheek.) 

l 933b 0/enus dentatus \\'estergård - - Kaufmann, p p. 58-39. (Ment ioned, reconled. )  
1935 0/cnus dentatus - - Kaufmann, fig. 6. (Figs. of 3 pygidia, copied from Kaut

mann, 1933 . )  

1 947 Olcnus dcntatus \\.gi'!rd. - - \\'e:;tc1·gård, p. 22. ( Distribution i n  Swcden.) 

T y p e  d a t  a :  - As lcctotype I select a cranidium figurecl by \Vester
gård ( 1 922, pl . V, fig .  10) , from Anclrarum in Scania, Svv·cclen. 

D i a g n  o s  i s :  -- An 0/enus spccies \rith : mectium-sized palp�bral 
lobes ; chcek spine continuous with cou1·sc of lateral margi n ; inncr spin{' 
angle sl ightly acute : narro\\· interocular cheeks : no axial spincs ; pygidium 
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with l pair of marginal spines ; rouncled anterior corner:;, ancl 3---4 
axial rings. 

O c c u r r e n  c e :  - Sweclen ( 0/enus zone, subzone of O!cmcs den
tatus) , Denmark ( Bornhol m ,  same horizon ) .  

Olrnrus gibbosus ( \Vahlenberg 1 82 1 ) .  

Pl. l, fig. l ;  pl. 3 ;  pl.  9, fig. 7. 

1 82 1  J:ntomos/racites gibbosus [part;m] - - \\"ahl cnbcrg, p .  39, p l .  I ,  fig·. 4 [ part im ] . 

( Diagn . , inadequa te fig. of restorcd ax ial shicld. :\ ccorcl ing to \\.estergård, 1 922, 

only the pygiclium helongs to O .  _qibbosus.) 

1822 Pamdo:rides gibbosus [ \Vah!enberg] - - Hrongn;art, p. 35, pl. l i T ,  fig. 6 
[part im ] .  (Remarks. Diagn. and iig. copied from \\"ahlenberg.) 

l il27 0/cuus qib/Jnsus [ \\.ahlenher g l - - -· Daln��lll, p. 256 ( 7 1 )  ( 1 828 ; p. 56) . ( Descr . ) 

1827 Trilobitcs gibbosus [\\
.
ahlenberg] l partim] - - I3oeck , p. 24, fi gs . 2-9 [parl' m ] .  

( Descr. of cranid ium from Ringerike , Xorway, ancl dorsal shield, cephalon, cra

niclium, free cheeks, and pygidium from Andrarum, Scania. Sweden. The Swedi�h 

specimens a1·e stated to be kept in the co!lections of the Berl in "Cn iversity, aud 

it has not bcen possible to trace t he Korwegi<\n specirnen in the collect ions of :h'.! 

Paleontological M useum, Oslo. _Tudging from Roeck's iigurcs, at least two cU
ferent species seem to be present in his material . )  

1 837 0/rmts yibbosus [ \\"ahlenberg] - - Hising·er, p .  l 9, pl .  l \-, fig. 3 [ parti :r: ] . 
( Diagn. Fig . copiecl from \\"ahlenherg, 182 1 . )  

1 840 Paradu.ridc r;ihhcu.r [ \\"ahlenhe rg l - - �Iilne E(hYard,, p .  344. ( De:cr.) 

1 843 0 /cnus yiuhosus [ \\.ahleuherg:] - -·- Bmmcistc-r, p. 81,  pl .  3, fig. 9. ( Diagn., f i ·;·. 
o [  restored dorsal shield.) 

1843 0/cnus gib/Josus \ \'ahlenb. -- Goldfuss. p. 545. (Liste<!.) 
1847 0/rmts gibbosus - Ilawle & (orda, p.  84, pl . 5, fig. 47. ( Mentioned. Inadequ:tte 

fig.' of restored d01·sal shield . )  

1 847 Odvntopy[!c spimtlosa - Ha\\"le & (orda. pp .  167-1 68, 1 75. ( The clescripticn 

suits 0/emts gibbosus.) 
1 854 0/,·,ws yibbosus. \\"ahl.  - - .-\n!fcl i n .  p. �. pl. X X \-, f ig. 5 .  ( Diagn., rough fig. 

of restored clorsal sh icld.) 

1 867 0/rnus gibhnsus, \\ "ahl . -- Bel t .  p. 295, pl . :'\ I l , f igs. 5a-h. ( Rough iigs. of 
two clOJ-sal shields. ) 

1 882 0/enus lruncatu.c. Bri.inn . ' - - Hr\i;:::·,er.  l'· 1 >8. p l .  X TT ,  figs. 5, Sa-c. ( F igs.  o f  
incompletc cranid ium and 3 pygidia . )  

1882 Olemts gibbosus, \Vahl. - - Brogger, ·p . 373.  ( Reconlecl . ) 

1 884 0/enus [fibbosus, \Vahlenb. - - Brogger, p. 257. ( Recorcled . ) 

1901 0/ams lrnncatus Bri.inn. ( ? )  - -- ).1Linster. p. �4. (Recorded . ) 

1 908 O ic 11us r;ihbosus ( \\"ahlenherg) - - Lake, p. 54, pl . \" , figs. 10 .  ( Descr. Fig!i. 

of nca rly romplete dorsal shiclcl and t wo ccphala with at lachccl thorac : c �egmcnt�. ) 

1 9 1 0  0/cnus tru11catus Rriinn. - - Holteclahl, p. 2 1 ,  pl.  I l ,  fig. 1 1 .  ( fig. of lan·al 
cranidium. ) 

1922 0/euus _qibbosu.,· ( \\"ah lenbcrg) - - \\"e�terg;'trd, p. 124, pl. T l i , figs. 1-10. 
( Descr. Figs. of axial �l tield , cranidia, iree cheeks, and pyg-idia. The spcc ie :: i ;  
hased o n  t h e  pygidium figlll·ed and des.:•·ib<'d hy \\",,hlenherg:. 1 1'12 1 .  The prc

pygiclia l part 0f \\"ahl cni'.crg\ fig. is : > <.o;'g-ne:! to O. ·<.-a h 'cnbcrg:" . ) 
1923 O/oms gibbos1ts \\"ahl enberg: - - Poul sP.n. p. 2o, pl . l ,  i ig .  -i, 5 ?  ( Deet·,-. F i g�. 

of pygidium, free check , and COIISJlCci iic : ccph:llon.) 
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1 927 O!enus gibbosus ( \\'ahlenb.)  -- Strand, p. 320, pl. IJ, iigs. 1-14d. ( Detailed 

descr. and figs. of larva! stages. Figs. of adult cranidium, free cheek, pygidium, 

and hypostoma.) 

1 929 Olemts gibbosus (Wahlenb.) -- Strand, p. 356. (Recorded. )  

1933a O!enus gibbosus (\Vahlenberg) - - Kau fmann, p. 1 2 ,  figs. 5 ,  1 2. (Statistical 

investigation. 5 intraspecific forms are recognized. Figs. of 5 pygidia.) 

1933b Oletms gibbosus (Wahlenberg) - -- Kaufmann, pp. 58, 59. (Mentioned.)  

1934a Olemts gibbosus -- Størmer, p. 333. (Listed . )  

1935 O!enus gibbosus ( \\'ahlenberg) -- Kaufmann, p. 22, iig. 6. (Statistical im·estiga

tion. Figs. of 5 pygidia, copied from Kaufmann, 1 933a.) 

1942 Olenus gibbosus (\\'ahlenherg) -- Størmer, p. 81 ,  figs.9 a-e, 1 0a-e. ( De�cr. 

and figs. of 5 !anal stages.)  

I944h O!enus gibbosus ( \\"ahlenberg) - - Kobayashi, p.  230, text- fig. 2. (Mentioned. 
Fig. of res to red d01·sal �hield.) 

1947 Olenus gibbosus (Wahl.) -- \\'estergård, p. 22. ( Distribution in Sweden.) 

Non 1838 Trilobites g ibbosus var. - - Boeck, p. 143 (= Parabolina sPinu.losa ) .  

T y p e  d a t a : - \Vahlenbcrg's figure ( 182 1 ,  pl. I, fig. 4) is  bascd on 
the pygidium of  one species and the prepygidial part of  another. vVestcrgård 
( 1 922) preferred to maintain the name gibbosus for the species represcntecl 
by the pygiclium, and gi ve the name O. wahlenberg·i to the other species. 
A neotype should be chosen from material from Andrarum, Sweden, pre
ferably from material collected by vVahlcnberg. 

D i  a g n  o s  i s : - An Olenus species with : medium-sized palpebral 
lobes ; cheek spine continuous with course of lateral margin ; obtuse inner 
spine angle ; l 5 thoracic segments ; no axial spines ; subtriangular pygidium 
with 1-2 pairs o f  marginal spines and S-8 axia! rings. 

R e m a r k s :  Material from Trolmen quarry, Kinnekulle, Vaster
gotland, Sweden, with unusually wcll-preserved test shows that the inner 
surface of the test is very finely tuberculate. 

�T o r  w e g  i a n  m a t e r  i a l - Some pygidia from Ringsaker seem 
to belong to Kaufmann's intraspecif ic modification "anterior", the earliest 
modification o f  this species. O�her material agrees exactly with Kaufmann's 
"posterior 2", his uppcrmost modi fication. Intcrmediate modifications appear 
to be present, but owing to the state of preserYation it is often difficult to 
determine the modi fication. Free cheeks with a more expandcd flip than 
usual in O. gibbosus are oftcn founcl in the Ringsaker material. 

O c c u r  r e n  c e :  - Norway : Skien-B revik ( Ombordsnes) , Eiker
Sandsvær ( Sandbakk co re) ,  H.ingerike (Vi ul ) ,  Ringsaker (EvjeYika, Ring
strand, Vinjulandet) ,  Fluberg (B ratland) ,  Snertingdal, Vardal, Østerdalen 
(X øclsclseter near Osensj øen, boulder at Eidskog) - Olenus zone (2afi ) ,  
subzone of Olenus gibb osus; alone or associated vvith A_qnostus obesus 
-+- Gl')'ptagnostus reticulatus rcticulatus. - - Sweden ( same horizon) , Den
mark ( Bornholm, same horizon) , \Y ales (Lower Lingula Flags) . 
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Olenus mz crurus Salter 1 849. 

1849 0/cnus 1nicrunrs - - Salter, pl. IX, figs. 1-2, (3 ? ) ,  p. l. ( Dcscr. Figs. of clorsal 

shield and an imperfect axi<ll shielcl, which may not belong to this species. )  

1866 Olenus micrurus, Salter - - Salter, p .  300, p l .  2, figs. 5 ,  ( 6 ? ) .  ( Remarks. Figs. 

of dorsal shield, and an imperfect axial shield, which may not belong to this 

species.) 

1873 0/cnus micrunts, Salter - - Salter, p. 1 1 .  ( Remarks.) 

1908 0/enus micrunts, Salter - - Lake, p. 55, pl. \-, figs. l l-12. (Descr. Figs. of 2 

incompl ete d01·sal shields, Salter's originals.) 

T y p e d a t  a :  - As lectotype I sclect an incomplete dorsal shield 

figured by Salter ( 1849, pl. IX) and ref igured by Lake ( 1 908, pl. V, fig. 1 2 ) . 
Lower Lingula Flags, Trawsfynydd. 

D i  a g n  o s  i s :  - An Olenus species with : medium-sized palpebral 
lobes ; cheek spine continuous with lateral margin ; 14 thoracic segments ; 

axial tubercles ; pygidium with 3-4 axial rings. 

O c c u r  r e n  c e :  -\Vaies ( Lower Lingula Flags ) . 

Olenus mnndus Lake 1908. 

1 908 Olcmts m1.mdus, sp. nov. - - Lake, p.  58, pl. \-I, figs. 2-5. ( De�cr. Figs. of 2 

dorsal shields and two larva! dorsal shields . )  

T y p e d a t a :  - i\s lectotype I select a dorsal shiclcl figurecl b y  Lake 

( 1 908, pl. VI, fig. 2 ) ,  from the Lower Lingula Flags at Trefgarn Bridge, 

Haycrfordwest, \Vaies. 

R e m  a r k  s :  - As suggestecl by Lake, this form may represent young 

specimens of O .  cataract es. 

D i  a g n  o s  i s : - An Olenus species with : medium-sized palpebral 

lobes ; 14 thoracic segmcnts ; no axial spines .: pygidium w ith l pair of mar

ginal spines and 2 axial ri ngs. 
O c c u r  r e n  c e :  -- \\'ales (Lower Lingula Flags ) .  

Olentts rotundatus \Vestergårcl 1 922. 

Pl. 3. 

1922 0/enus rotundatus n. sp. - - \\-estergård, p. 1 3 1 ,  pl . \'I ,  figs. 1-5. (Descr. Figs 
of cranidia, free cheek, and pygidia.) 

1 947 0/cnus rotundatus \\"gard. - - \\"estergård, p. 22. ( Distribution in Sweden.) 

T y p e  el a t  a :  - As lectotype I select a craniclium figured by \.V ester
gård ( 1 922, pl. VI, f ig. l ) .  Olenus zone, Mossebo, Vastergotlancl, Sweden. 

D i  a g n  o s  i s :  - .:'\n Olenus species with : medium-sizecl palpebral 
lobcs ; cheek spine de,·iating slightly from course of lateral margi n ; slightly 
obt u se inner spine angle ; no ax ial spines : pygiclium \\'ith l pair of marginal 
spines, roundecl anterior corners, and 5-6 axial rings . 

o c c u r  r e n  c c :  - s,\·edcn ( OlenllS zone, subzone of Polyphyma 
an_qclin i and Olenus scanicus) . 
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O lenus scam cus 'Vestergård 1 922. 

PL 3. 

1922 Of en us scanicus n. �Jl. - - \ \'cstergårcl, p. 1 3 1 ,  pl. \'I, figs. 6-8. ( Descr. Figs. of 
cranid ium, free cheek, and pygidium . )  

1947 Ole111tS SW11lCIIS \\'gtml. -- - \\'cstergård, p .  22. (Distribution i n  s\\'Cden. ) 

T y p e d a t  a : - As lectotype I select the crani dium figured by \Vester

gård ( 1922, pl. VI, fig. 6 ) ,  from Andra rum in Scania, Sweden. 

D i a g n  o s i s :  - An Olemts specics \Yith : small palpebral lobe:-; ; 

cheek spinc continuous with lateral margi n ; inner spine angle right-angled ; 

no axial spi nes .: pygidium with 3 pai rs o f  marginal spines and 3--4 axial 

nngs . 

O c c u r  r e n  c c :  - S\'v·edcn ( OleJI US zonc, subzone of Polyph_\' !11 • ;  

angelini and Olenus scan iws) . 

Olcmts trans·ucrsus \Vestergårcl 1 922.1 

Pl. 3. 

1922 0/enus lransvcrsus Linnarsson in museo - - \\'estergård, p. 125, pl. I l l ,  iigs. 

1 1-17 (pl. \', figs. 1 6-1 7 ? ) .  (Descr. Figs. of almost complete axial ;:hiclcl, c:-an·

dia, ircc cheeks, and pygidia.)  

1 933a Of e n .  us trons·z;ersus Linnarsson in museo \ \'dg. -- };:aufmann, figs. 3 (St .  4;:

St. 7b),  6, 12, 1 7. ( Statistical im·estigation. Figs . o f  larva! and adult pygicl 'a . )  

1935 0/enus t1·ansversus - - Kau tmann, fig. 6. ( Fig. of pygidium, copicd from K:·.u f

mann, 1 933a.) 

l 947 0/emts fratls<·crsus (Linrs.)  \\'gard. - - \\'cstergård, p. 22. ( Distribut' 0:1 !n 
S·weden.) 

L e  c t o  t y p e  (here selected) : - An almost complele axial shield 

figurecl by \Vestergård ( 1 922, pl. Tl, fig. 1 1 ) .  Collected by G. C. "- Schma

lensee in 1 878 i n  shale at Andrarum, Scania,  Sweden. 

D i  a g n  o s  i s :  - An Olcnus species with : medium-s ized palpebral 
lobcs ; check spine continuous with lateral margin ; obtuse inner sp!ne angh· ; 
1 3  thoracic scgments ; no axial spincs ; spineless pygiclium with 4-5 axial 
nngs . 

N o r \V e g i a n m a t e r i a l : - A few pygidia and a crani clium appar

ent! y belonging to this species haw been found. 

O c c u r  r e n  c c :  X On\·ay : Ri ngsaker ( EYj eYika ) ,  Østerdalen 
( Boulder at Eidskog) - Olenus zone (2a/3)  _ a ssociate�l with Ol{'m.t.s ,r;ihbosns 

"posterior 2 " .  - - S\nxlen ( I n  Scania Kaufmann, 1 933a, founcl O. tralls

z·crsus in a separate horizon, well aboye that of O. {Jibbosus "postc,·io,· 2") _  

1 Linnarsson usctl 1 h i s  namc o n  museum la bel"· hut \\-estct·gård must he consid .. ,·c : l 
the author, as he desuibed the species. 
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Olcnus truncatus ( B ri.innich 1781 ) . 

Pl. 3. 

1781 Trilobm truncatus - - Bri.innich, p. 391.  (Jnexpressive diagn., remarks.) 

? 1 843 Olenus gibbosus l \Vahlenb.] - - Bunneister, p. 81,  pl. I I I ,  fig. 9. (Indi fferent 
diagn. ::md de�cr. Inadequate f ig .  of restored dorsal shield.) 

1854 0/erms /runca/us. Bri.inn. - - Angel in, p. 43, pl . XXV, fi g. l .  ( Points out th:: 

d i f ferences bctween this spec ies and O. gibbosus, be licved to be synonyms hy 
earlier writers. Rough fig. of dorsa1 shield.)  

: 1 890 0/enus tmn calus B r i.innich -- Pompecki, p.  88, pl.  I\-,  figs . 25-26. (De er. 

Figs. of cephalon, thoracic segment, and pygidium.) 

1908 0/enus truncatus ( Bri.innich) - - Lake, p. 52, pl . Y, figs. 1-7. ( Descr. Discus

sion of  specics. Figs. of 4 more or less complete clorsal shields, an l parts of 
others.) 

1 9 1 5  Olenus lnmcatus Bri.inn. - - Holtedahl, p. 14. (Recorded.) 

192.? Olenus truncaftts ( Bri.innich) - - \Vestergård, p. 126, pl. I II ,  figs. 18-19 ; 

pl . IV, f igs . 1-4. (Descr. Figs. of dorsal shield, axial shield, cranidiwn , free 

chceks, and hypostoma.) 

1923 Olcnus /nmcatus Brunnich - - Poulscn, p. 25, pl. J, fig. 6, text- fig. 6. ( D�Ecr. 
Figs. of free cheek and hypostoma, copied from \Vestergård, 1922, and of dorsal 

shield . ) 

1929 0/enus trzmcal!ls (B ri.innich) (partim] - - Strand, p. 357. (Recorded. A great 
part of Strand's material belongs to O. gibbosus.) 

1 933a Ofcmts trun ca f!IS ( Bri.innich) - - Kaufmann, fig. 12. Statistical invest ' g :t'o·1 .  

Figs. o f  3 pygidia.)  

l 933b Olenus lnmcatus ( B  ri.innich) - - Kaufmann, p.  60, fig. 2 .  ( Stat istical investiga

tion. Figs. of 2 pygidia.) 

1934a 0/enus tnmcalus - - Stormer, p. 333. (Listed.) 

1935 Ofcn1ts trunratus (Bri.innich) -- I-.::aufmann, p. 25, fig. 6. ( Statistical invest;ga

tion. Figs. of 3 pygiclia, copied from Kaufmann, 1933a . )  

1947 0 /enus lnmcatus (Bri.inn.) - - \Yesterg�trd, p .  22. (Distribution in Swcden.) 
1 953 Olenus trunca tus Bri.innich - - Hupe, p. 208, fig. 125 ; l. (Fig. of restored clors;d 

shield.) 

1953 0/emts truncatus - Holtedahl, p. 183, fig. 69, 18-19.  (Figs. of cranidium and 
pygiclium. )  

Kon 1882 Olemts tnmcatus Bri.inn. ? - - Brogger (=0 . gibbosus) ; non 1901 O lenus 

truncalus Briinn. ? - - Mi.inster (=0. gibbosus) ; non 1910 Olenus tnmcatus 

Ang. - - Holtedahl, p. 23, pl. Il,  fig. 1 1  (= O. gibbosus) ; non 1910, O lemts tnm

catus Ang. - - Holteda hl, p. 23, pl. I I .  fig. 12 ( = O .  allenuatus or O. 'iJ.mhfen
bcrgi) ; non 1926 Ofcn11S cf. O. lrnnca tus - - l3utts ( =  Proaufacof'[cura bu.tlsi 

Kobayashi l 936) .  

T y p e  d a t  a :  -- A neotypc should be chosen, preferably from Andra

rum i n  Scania, Sweclen, which is the locality mcntioncd by B ri.innich. 

D i  a g n  o s i s :  - An 0/cnus specics \Yith : medium-sized palpebral 
lobes ; cheek spine continuous with courst of lateral margin ; rigllL-<m;,;1ecl 
inner spine angle ; 1 3  thoracic segments ; no axial spines ; spineless pygidium 

\Yith 5-6 axial rings. 
X o r \\' c g i  a n  m a t e r  i a l :  - Kau fmann's modif ication "posterior" 

:;eems to be the mo:;t common. A form from H.ingerike appears to be inter-
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media te betwcen O .  truncatus "posterior 2" and O .  wahlenbergi. This is not 

so surprising, as Kaufmann belieYed that O .  wahlenbergi developed from 
O .  truncatus. I have preferred to regard the intermediate form as belonging 

to O. truncatus, as the apertures of the eyes are not as large as in O .  wahlen

berg·i, and the cheek spine does not deviate from the lateral rim. 

O c c u r  r e n  c e :  - Norway : Ringerike ( Hval, Viul ) ,  Ringsaker 

( Evj evika) , Valdres (Tonsåsen) - Olenus zone (2a/3 ) ,  subzone o f  Olenus 

t?·uncatus ; alone, or associated with Agnostus obsesus. - - Sweden ( same 

horizon) , Denmark ( Bornholm, same horizon) , Great Britain (Wal es, Lower 

Lingula Flags) ,  ?Texas ( Marc.thon upli ft) . 

Olenus zvah!enbergi Westergård 1922. 

Pl. 3. 

1821 Entomostracites gibbosus [partim] - - Wahlenberg, p. 39, pl . I, fig. 4 (partim ] .  

(According t o  \:Vestergard, 1 922, the prepygidial part o f  the reconstruction o f  

the dorsal shield belongs t o  O. u:ahlenbergi, \vheras the pygidium belongs to 

O. gibbosus.) 

1 882 Olenus attemw.tus, Boeck [partim] -- Brogger, p.  98, pl .  XII, fig. 4c (non 

figs. 4, 4a-b = O. attenuatus).  (Fig. of pygidium.) 

? 1910 Olenu.s tnmcatus, Briinn. - - Holtedahl, p. 5, pl. Il, fig. 12. (Fig. of hypostoma 
of O. wohlenbcrgi or the associated O. atten.uatus.) 

1922 Olenus Wahlen.bergi n. sp. - - Westergård, p. 128, pl. IV, figs. 5-14. (Descr. 

Figs. of 2 axial shields, cranidium, free cheeks, and pygidium.) 
1923 O/mus Wahlenbergi \Vestergård -- Poulsen, p. 28, text-fig. 7. (Dcscr. Figs. 

of cranidium and free cheek copied after Westergård 1922.) 
1933a Olemts Wahlmbergi v\"cstergård -- Kaufmann, fig. 12. ( Stat istical investiga

tion. Fig. of pygidium.) 

1933b 0/enus wahlenbergi \Yestergård - - 1\:.aufmann, p. 59. (Mentioned.) 

1935 0/emts <eahlenbergi - - Kaufmann, fig. 6. (Fig. o f  pygidium, copied after Kaut
mann, 1933a). 

1947 Olenus wahlenbergi Wgård. -- \Vestergård, p. 22. (Distribution in Sweden.)  

L e  c t o  t y p e  ( here selected) : - An axial shielcl figured by \Vester
gård ( 1 922, pl. IV, fig. 5 ) ,  from Andrarum, Scania, Sweden. 

D i  a g n  o s  i s :  - An Olenus species with : medium-sized palpebral 

lobes ; cheek spine deviating just very faintly from coUI·se of lateral margin ; 

inner spine angle right-angled to slightly obtuse ; 1 5  (or 1 6  ?) thoracic seg
ments ; spineless pygidium with 5-6 axial rings. 

R e m  a r k  s :  - The free cheek of this  species is rather characteristic, 
with large eye aperture, well expanded flip, and the cheek spine deviating 

slightly from the course of the lateral rim. 

N o r w e g i a n  m a t e r  i a l :  - Detached parts of dorsal .shields. The 
material from Teigen, Øyeren, described by Droggcr, li35Z, a::; O. tnMvGr.:UH.:i1 
belongs to two associated species ; O .  wahlenbergi and O. attenuatus. The 
teil-zones of these two species are 'vell separated in Scania (IZaufrnann, 
1 933a) . Both species from Teigen seem to agree well with the Swedish 

material, but the Teigen material is toa small to allow a dctailed comparison. 
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O c c u r r e n c e : - � orwa y : Øyer en (Teigen) ,  Ringsaker ( Båshus) 
Olenus zone (2a/3) ,  subzone of Oleuus u:ahlenbcrg i ; associated with 

Agnostus obesus -+- Olenus attenuatus. - - Sweden ( same subzone, but 
not associated with O. attenuatus) , Denmark (Bornholm, as in Sweden) . 

Olenus ? bucephalus (Belt 1868) . 

1868 Conocoryph c ?  b ucephala, spee. nO\·. - - Belt, p. 10, pl. II ,  figs. 1-6. (De�cr. 

Somewhat schematic figs. of almost complete dorsal shield, cranidia, and pleuron.) 

? 1873 Conocoryphe Williamsoni, n. sp. -- Salter, p. 12. (Remarks. )  

1900a C onocor:yphe bucep/wla ( Belt) - - Reed, p. 252. (Provisionally ass i gned to 

0/enus.) 

1919 Beltella buccphala ( Belt) - - Lake, p. 106, pl.  XII,  figs.  13-15, 11 ?, 12 ? (Descr. 

Figs. of incomplete dorsal shield and cranidia, and axial shield and d01·sal shie:d 

of Conocoryphe williarnso�ti Salter.) 

1919 Beltella. verisimilis (Salter) [partim] - - Lake, pl. XIII, figs. 4-5 only. (Figs. 

o f  cranidia with some attached segments.) 

1922 Beltella bucephala (Belt) -- \Vestergård, p. 141 . (Comparecl with Protopcltura " 

solitaria.)  

1954 Beltella b-nccphala (Belt) - - Wilson, p .  276. (Remarks.) 

Non 1827 Olemcs buccplwlus [ (\Vahlenberg 1821) ]  - - Dalman (= Paradoxidcs para

do:rissiums.) 

T y  p e el a t a  : - As lectotype I select the almost complete dorsal shield 
figured by Belt ( 1 868, pl . Il, fig. l) from the upper Ffestiniog Bcds, \V ales. 

R e m a r k s : -- The generic reference of this species is uncertain. 
As figured by Belt ( 1 868) , its genal spines are confluent with the lateral 

margin of the fixed cheeks, and it therefore does not seem to belong to 
Beltella. Lake ( 1919)  inclucled in this species also Conocor:yphe williamsoni 

Salter 1 873, which, however .. comes from a higher leYel (Upper Lingula 
Flags) and may not be conspeci fic. Two compressed specimens which were 
assignecl to Beltella verisimilis by Lake may belong to the present species. 
They come from the same horizon and the clifferences appear to be due to 
the different compression. I assign the species tentatively to Olenus, but it 
may possibly belong to a group intermediate between Olenus on the one side 
and Protopeltura and Parabolina on the other. The rather similar Pro topel

tura ? solitaria, is of about the same age. O .  ? bucephalus and P. : solitaria 

may be related to species like Olenus m icrurus and O. cata·ractes. 

O c c u r r e n  c e :  - ·wales (Upper part of Middle Lingula Flag::: , 
?l.; p per Lingula Flags) .  

Olenus ? 'ZJ • .>ilso n i  n .  sp. 

Text-fig. 17. 

1954 F'arabolinel/a i11ccrta ( Rasetti) - - \ \"ilson, p. 280, pl. 26, figs. 1 8--22. (Descr. 
Figs. of cranidia and free cheeks.) 

N a m e :  - Given in honour of J. L. \Vilson, who first described it. 
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Fig. 17. Olenus ? �.,·i/son i n. sp. Outline drawing 
of iree cheek and cranidium, based on photo

graphs publishecl by \Nilson ( 1 954, pl. 26). X 4. 

H o l o type : - A  crcmidium figurcd 
by \Vilson ( 1954, pl. 26, f ig. 21 ) ,  from a 
Vv'oods Hollow boulcler (type 5 ) ,  Mara
thon uplif t, Texas. Cnivcrsity of Texas, 
Bureau of Economic Geology, no. CV/-216. 

D i  a g n  o s  i s : - An O!enus � species with comparatively short pre
glabellar field ; small palpebral lobcs ; inner spine angle obtuse. 

D e  s c r i p t i o n :  - An aclequate description is given by \-Vilson. The 
genal angle of the free cheek is  best seen in the free cheek figured by him 
in figure 22 of plate 26. 

R e m  a r k s :  - This species was assigned to Parabolinella inccrta 
( Rasetti) by Wilson ( 1954) . It di ffers from this in haYing a more parabolic 
outline of the glabella, a shorter preglabellar fielcl, and apparently also in 
ha ving the eyes further forwards. Olenus ? wilsoni n. sp. occurs in the Cpp�r 
Dresbachian (Aphelaspis zone ?) , whereas Parabolinella ? inc erta occurs in 
the H ungaia zone, which most pro ba bly is of Trempeauleaui:-:tn age, although 
it has been suggested that it i s  of 'Yiiddle Franconian age (\-Vilson, 1954) . 
Even i f  the Hu11gaia zone is o f  Middle Franconian age, it would be most 
unusual that an olenid hacl such a long vertical range. 

The taxonomic position of Olenus ? wilsoni n. sp. is questionable, also 
because its pygidium is not known. It resembles both O le11us and ParaboZ.ina. 

lts craniclium is rather Pambolina-like, but the course of  the facial sutures 
behincl the eyes is more sinuous and com·ex, thus remincling one more of  
Olenus. Its free cheeks with slightly obtuse angle betvveeri the spine and the 
postcrior margin, is only equalled in some O lenus species, whereas this angle 
in Parabolina is acute or at the most right-anglecl. The posterior marginal 
furrow in the frce cheek of O !en us ? wilsoni runs obliquely forwards. This is 
another feature which is knovvn in Olenus, but not in Parabolina. The com
paratively large size of  the glabella in O lenus ? zvilsoni n. sp. reminds one ot 
Parabolina. However, also the late O lenus species O.  dentatus has a rather 
dominating glabella. On the \V hole, O . ? "-"ilsoni n. sp.  appears to be int� :�
mecliate between Oleuus and Parabolina, but perhaps closest to the late 
Olenus species, like O .  dcn tatus and O. scan icus. In the main features of the 
cranidium i t  resembles mostly O .  dcntatus, but its small eyes and free cheeks 
resemblc more those o f  O. scanicus. 

O c c u r r e n c e : - Texas (Aplzclasj'is zone ?) . 

G e n  u s P a r  a b o l i n  a S a 1 t e r  l 8 4 9. 

S y n o n y m  s :  - Corda ( 1 847, p. 167) erectecl a genus Odont op·ygc, 
and cited as the only spec ies Od. spin uJosa. On page 1 67 he rderred to it a s  

Odo11topyge spin ulosa. nob. ,  but th i s  does not mean that he regarded it  a s  
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a new species, as he added "nob." to all species which he transferrcd to a new 
genus. Furthermore, it appears from the text that he meant the Swedish 
species "Olcnus" spinulosus. It is obvious that his description of the spec:es 
is not based on material of Parabolina spinulosa, but of Olenus gibbosus. 

Fortunately, Odontop)'ge Corda 1 847 is a homonym of Odontopyge Bran:lt 
1841,  and thus not valid. 

T y p e  s p e  c i e s :  - Entomostracites spinulosus Wahlenberg 18'21 ,  
by monotypy. 

D i a g n o s i s :  - Oleninae with : facial sutures subparallel or con
verging in front of eyes ; small or medium-sized palpebral lobes with anterior 
or intermediate position ; 3 ( -4 ?) pairs of glabellar furrows ; preglabellar 
field absent or present ; free cheeks with spine continuous -vvith lateral mar
gin, or diverging very slightly from it outwards ; 12 thoracic segments (where 
known) ; pleurae with pleural spines (sometimes macrospines) ; transversely 
subelliptical to sub-semicircular pygidium, with or v.,· ithout marginal spines. 

R e m  a r k  s :  - Parabolina resembles Olenus rather much. Olenus 

shows, however, less variation, and usually a Paraborina species shows one 
or more features which are rare or unknown in Olenus such as : small, an
teriorly situated palpebral lobes, very short or no prcglabellar field, S l  united 
across the glabella, langer pygidial spines, and presence of macropleurae. 

Na1niolenoides was erected as a subgenus of Parabolina by Rusconi 
( 1953) . Hov.,·ever, its type spccies is probably no olenid, and the subgenus 
is hcre rcmoved from the Olenidae (cf .  p. 24 ) .  

I n c l u d e d  s p e c i e s : 

Parabolina acanthu·ra ( Angclin 1854) 

P. andina ( Hoek 1912) ( = P. argcntina) 

P. argentina (Kayser 1867) 
P. brevisp ina Westergård 1922 
P. dawsoni Matthew 1901  

P.  expectans (Barrande 1868) (= P. f-requens) 

P . .frequens ( Barrande 1868) 

P. guembeli (Barrande 1868) ( = P . .frcqucus) 
P. heres heres Brogger 18S2 
P. heres grandis Matthew 1 892 ( = : P. heres lata) 

P. heres hexacantha \\;estergårcl 1 943 (= ? P. hercs lata) 

P. heres lata Matthew 1 892 
P. jem,tlandica \Vestergård 1922 

P. kinnekullensis n. sp. 

P. lapponica \Vestergård 1947 

P. lobata lobata (Brogger 1882) ( earlier : Ctenopyge :) 

P. lobata praecurrcns Westergård 1 944 
P. longicornis vVestergård 1922 ( = P. lobata) 
P. longicornis praecurrens vVestergård 1944 ( = P. lobata fwaecurrens) 

Vid.-Akad. Skr. I. M.-!'\. Kl. 1 957. !'\o. 1 .  8 
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P. m egalops Moberg & :Yfoller 1898 
P. mobergi \Vestergård 1 922 

P. serrata ( Salter 1864) ( = P. spinulosa) 
P. sexdentata (Brøgger 1 884) ( = P. spinulosa) 
P. spinulosa ("Wahlenberg 1 82 1 )  
P. tetracanthura ( Matthew 1892) ( earlier : Proto pel tura) 
and possibly also : 
P. ? quadrisulcata n. sp. 

M.-N. Kl.  

The two incomplete cranidia describecl as C onocephalites contiguus by 
Matthcvv ( 1892, p. 58, pl. X I I I ,  figs. 1 4a-b) may possibly be immature 
cranidia of some olenid, perhaps a Parabolina species. 

Para bolina ? inc erta Rasetti 1945 has been removecl to Parabolinella ? 
Parabolina ? austra!is Rusconi 1951  and Parabolina ? {N mniofenoides) 

asperoensis Rusconi 1952 are probably not olenids ( cf. pp. 24, 25 ) .  P. ? 
aust.ralis was transferred to Triarthropsis by Rusconi ( 1953b) . 

O c c u r  r e n  c e : - Norway (Parabolina zone to Lower Tremadoc:an) , 
Sweden (Parabofina zone to A cerocare zone ) ,  Denmark (Parabolina zone to 
Acerocare zone) ,  Poland (Pe!tura. zones) ,  Germany (Lower ?  Tremadocian) , 
England ( Orusia Shales ) ,  ·wales (U p per Lingula Flags) ,  E. Canada (P a.m
bolina zone, Peltura zones) ,  S. America (Tremadocian) .  

P h  y l o g e n y :  - The earliest known Parabolina species, Parabo!ina 

brevispina from the lower half of the Parabolina spt:nulosa zone, resembles 

Olenus scanicus, which has a similar pygidium, and smaller and more an

tcriorly si tuated palpebral lobes than are usual in Olenus. Parabolina brevi
spina furthermore resembles Protopeltura, especially in the cranidium, 
whereas it dif fers from it in having the cheek spines continuing the com-se 
of the lateral margin, and in having a typical Parabolina pygidium with 
distinct pleural furrows entering the base of the marginal spines. There can 
be no doubt that Parabofina brevispina and Protopeltura are closely relatecl, 
and that this group developed from 0/enus. In spite of its pelturoid crani
dium, Parabofina bre--uispina is very dose to, and apparently a forerunner of 
P. spinulosa, the type species, which occurs in the upper half of the Parabolina 
spinulosa zone. P. spi11ulosa differs in having wider pleural regions ane! 
fixed cheeks, and in having Jonger spines. The only specimen .known of 
Parabolina. ? quadrisulcata n. sp. ,  a cranidium, comes from the same horizon 
as P. spinulosa. The cranidium is remarkable in having 4 distinct pairs of 
glabellar furrows,  and in having the palpebral lobes rather far from the 
glabella ; in this respect recalling Glenns, although the palpebral lobes are 
small and have a rather antel·ior position . P. f etracanfh1-t>'G from the Para.

h olina zone in New Brunsv .. ·ick may be rather close to P. spinulosa. P. sp·int-t
losa occurs also at the very base of the L eptoplastus zone ( suhzone of Lepto
plastus paucisegmentatus) . but no other Parabolina species are known from 
th is zone. The first species known to occur a fter P. sp-in�t!osa. is P. m oberqi 
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from the upper half of  the zone of Pcltura 111in or. It has the typical Para

bolina pygidium and free chceks, but the borders of  the free cheeks are 

unusually wicle .  Its cranidium dif fers from those of earlier species in having 

cliverging preocular margins. The next species to appear are P. lappon ica. 
and P. dawsoni in the zone of Peltura scarabaeoides. P. lapponica is incom

pletely known. P. dmusoni ( from New Brunswick, associated with i. a. 

Ctenopygc pecten.) is a typical Parabohna species, but has only one pair of 

marginal spines in the pygiclium. Several Parabolina forms occur in the sub

zonc of ParaboliHa lobata in the upper part of the zone of Pcltura scara
baeo ides, namely P. lobata praecurrens, P. lobata. lobata) and P. llinnekullell

sis n. sp . .  \Vhereas P. lobata praecurrens has no preglabellar field like the 

earlier spccies except P. lapponica and P. dawsoni, the others have a short 

preglabellar fielcl. P. lobata. di ffers from earlier species in having somc 

pleural macrospines and more broad-based marginal spines in the pygidium. 

Furthermore it ·has wider pleural regions and fixed cheeks. P. kirmckttllensis 
n. sp. is interesting because it has an almost entire pygidium, with only very 

small marginal spines. Above these species come P. mcgalops in the subzonc 

of Peltura paradoxa, and P. heres heres, P. heres lata ( = P. lures hexa

cantha) , and P. acanthura, vvhich succeed each other in that order in the 

Accrocare zone. P. acanthura is also known from the base of the Dictyoncma 

Shales . These late species are surprisingly l ike P. spt:nulosa, except that nhey 

have a distinct preglabellar field. Furthermore, all but P. acanthura have the 

palpebral lobes more distant from the glabella, and P. acanthura and P. mc

galops have an acute (insteac.l of right-angled) inner spine angle. The strati
graphic position of P. je�ntlandica is not quite certain ; apparently it comes 
from the zone of Acerocare. Its pygidium is a typical Parabolina pygidium, 

but the free cheeks have a rather wide border, thus recalling P. nwbergi. 
P. argentina f rom the Lower Tremadocian in South America, somewhat 

resemhles P. lobata, i. a. in haYing pleural macrospines, but dif fers in havi�g 

an cntire pygidium. P. frequens from the Lower ? Tremadocian in Germam· 

.secms to be closest to P. a.rgentina, but has a spinose pygidium. 

Regarding the phylogeny of Parabolina as a whole, there is a changc 

from the pelturoid crani dium of P. brevispina. to the typical Parabolina cra
nidium of P. spinulosa, but later evolutionary changes are surprisingly small, 

except that the later species usually have a preglabellar field, as had Olenus. 
the ancestral genus of Parabolina. Furthermore, some of the later Parabolina 
species have an acute instead of a right-angled inner spine angle, thus re
calling the evolutionary development of the frce cheeks of Ole•tus. New 
fcatures in later Parabolina spccies are the cleYelopment of pleural and axial 
macrospines, Sl united across the glabella, anrl entirc pygidium ( in P. ar
qcntina ) .  As discussed elsewhere (p.  1 30) , Parabolina may have giYen rise to 
other genera \Y ith entire pygidia. 
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Parabolina acanthura ( Angel in 1854 ). 

Pl. 7 ;  pl.  10, f igs . 1-6. 

1854 0/cnus ? acanthu.rus. n. sp. - - Angelin, p. 44, pl. :\.XV, fig. 7. (Inexpress:ve 
diagn. Inadequate fig. of restored dorsal shield .) 

1898 Parabolina acanthura Ang. sp. - - Moberg & Moller, p. 259, pl. 12, figs. 1-7 ; 
pl. 14, figs. 1 5- 1 6. ( Descr. Figs . of hypostoma and all parts o i  dor�al >hield, al>o 
al most complete Jorsal · shield.) 

1922 Parabolina acantlmra (Angelin) - - \\"estergård, p. 137, pl. VII,  figs. 9-16. 

( Figs. copied from Moberg & :\foller, 1898.) 
1923 Parabolina acanthura Angelin - - Paulsen, p. 3 1 ,  text-figs. 10-l l .  (Figs. of 

hypostoma, free cheek, pleurae, and copies o f  some of Moberg & Moller's figs.) 

1 947 Parabolina acantlwra (Angel in) -- \\'estergard, p. 24. (Distribution in Sv .. ·eden.) 
�on 1882 Protopcltura acanthura, Ang. - - Brogger (= Protopeltura pracwrsor) . 

T y p e d a  t a : - As lectotype should be chosen a specimen from 
Angelin's locality ( Sanclby, Scania, Sweden) , from Angelin's material. 

D i a g n  o s i s :  - A Parabolina species vYith : modcrately wide pleural 
regions and fixed cheeks ; short preglabcllar field ; small palpebral lobes far 
forwards and close to glabclla ; frec chccks with acute inner spine angle ; 
1 2  thoracic segmcnts ; moderately long pleural spines ; pygidium with 3-4 

ax�al rings and 3-4 pairs of short marginal spines. 
N o r w e g i  a n m a t e r i a l :  - Only a few detached parts of the 

clorsal shield have been found, inclucling free cheeks with the oharacteristic 
acute angle between the spine and the posterior margin. One free cheek was 
founcl in the Stablum core (Eiker) about 40 cm above layers with Parabolina 
h cres and about 160 <:m below layers v.·ith Dictyonema .flabelli.fonne. 

O c c u r  r e n  c e :  - Norway : Røyken ( Kærsnes ) ,  Eiker ( S tablum 
core ) .  - A ccrocare zone (2de ) ,  subzone of Acerocm·e ecorn.c. Alone, or 

associated with Ace1·ocarc ecorne and Pelturina pu1'1 cti.fera n. sp. Also occurs 
at base of the Lower Tremaclocian, associated with Boeckaspis hirsuta. - 
Sweclen (Acerocare zone, subzone of A cc rocarc cconte .)  

Parabo1ina argcntina ( Kayser 1876) . 

1R76 Olcnus argentimrs n. sp. - - Kayser, p. 6, pl. I ,  fig�. 1-3.  (De�cr. Fig ;. of cra

nidia and cephalon.)  
1882 0/cnus arge11tinus, Ka y ser - - Brogger, p. 148. (Doubts its inc!usicn in 0/enus.) 
1897 Olcnus argentinus - - Kayser, p. 306. ( Suggest� that it may betong to Crcpi

ccphalus.) 
1912 0/enus cf. arge11tinus h:ayser - - Hoek, p. 209, pl. \"Il, fig. 10. (Descr. Figs. 

of cranidium and frec cheek. ) 
1912 Parabofinella andit�a n. sp. - - Hoek, p. 214, pl. \ ·n, figs. i-9. (Descr. Figs. of  

dorsal shields and pygidium ) 
1936a Olemrs ? argentinus Kayser - - Kobayashi, p. 9.5. ( Discussed.) 
1937c "Olenus" arge11finus ( Kayser) - - Kohayashi, p. 474, pl. I\", figs. 6-9, text

fig. 6. (Descr . Figs. of cranidia and free cheeks. l\ copy of Kayscr's figure.) 
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1937c Parubolina andina ( Hoek) - - Kobayashi, p. 477, pl. I\-, figs. 10-13 ; pl. YIII,  
fig. 3. (Remarks. Figs. of dorsal and axial shields, pygidium, thoracic segments 
and hypostoma. )  

1 938 "0/enm" argentinus Kayser - - ·  Harrington, pp. 138, 267, 269, 25 1 ,  256, 258. 
(Mentioned.) 

1938 Parabolina andina ( Hoek) Kobayashi - - Harrington, p. 198, pl. IX, figs. 7, 9, 
1 1 . ( Remarks. Figs. of parts of dorsal shields.) 

1 943b Parabo/ina andina (Hoek) Kobayashi - - Harrington & Leanza, p. 347, pl. Il ,  
figs. l ,  6 .  (Descr. Figs. of dorsal shield and cranidium.) 

1948 · Parabolina andina ( Hoek) - - Richardson, p.  369. (Reports it from Ne,v
foundlancl .)  

1949 Paraboli1w andina ( Hoek) -- ::\ ewell, p .  22 1 .  (Questions the iclentity of the 
New founclland material.) 

1950 Parabolina andit�a (Hoek) - - Shaw, p. 1 10. (Mentionecl. )  

T y p e  d a t  a :  - As lcctotype should be selected a specimen from 
Tilcuya, Argentina, from K.ayser's material. 

D i  a g n  o s  i s :  - A Parabolina species with : moderatcly wicle pleural 

.regions and fixed cheeks; S l  and S2 united across the glabella ; short pre
glabellar field ; free cheeks with spine that deviates slightly from the course 
of the lateral margin and with obtuse inner spine angle ; 12 thorax segments, 
some of �he posterior segments with pleural macrospincs ( longest in the 8th 
segment) ; axial macrospine in the 12th segment ; entire pygidium. 

R e m  a r k  s :  -- Professor Horacio J. Harrington has kindly informed 
me (letter :Ylay 13., 1950) that Parabolinella andina Hoek is identi cal with 
0/enus argentinus Kayser. 

Parabolin a argentina resembles Biewuillia, but differs from it in having 
Sl and SZ united across the glabella, and differs at least from Bienvillia 

shinetonensis in having long pleural spines in some of the posterior thoracic 
segments, those of the 8th segment being longest. In the latter feature it  
agrees wcll with a rather late Scandinavian Parabolina species, P. lobata 
( = P. longicornis) , which also has Sl united a cross the glabella, whereas 
SZ is not quite united. P. argentina differs from P. lobata in having an entire 
pygiclium, but for the time being it may be included in Parabolina, although 
it is possible that i t  should be regarded as an off-shoot from Parab olina. 

O c c u r r e n  c e :  - Argentina (Lower Tremadocian, Province of 
Jujuy and Salta) , Bolivia (Lower Tremadocian, Salitre) , E. Canada ( Apsey 
formation, Newfoundland) .  

Parabolina brevispina \i\lestergård 1922. 

Pl. 3.  

1922 Parabolina. brevispina n. sp. - - \Vestergårcl, p. 133, pl .  VI, figs. 9-13.  (Deset·. 
Figs. of dorsal shield, cranidium, free cheek, pygidium, and hypostoma. )  

1947 Parabolina bre-Vt:spina. Wgård. - - \Vestergård, p. 22. (Distribution in Sweden. )  

L e  c t o  t y p e  (here selected) : - A dorsal shield from Andrarum, 
Scania, Sweden, figured by \Vestergård, 1922 (pl. VI, fig. 9) . 



l l fi Gl:J�?-L-\R IIE�KINGS)fOEN !1·1 .-N.  Kl . 

D i a g n o  s i s :  - A Parabolina species with : narrow pleural regions 
and narrow fixed cheeks ; pelturoid cranidium without preglabellar field and 
small palpebral lobes close to glabella and far forwards ; free cheeks with 
acute inner spine angle ; 12  thoracic segments ; short pleural spines ; pygidium 
with 3-4 pairs of short marginal spines and 3 axial rings. 

N o r w e g  i a n m a t  e r i a l :  - This is scanty, but agrees very well 
with the Swedish. The !argest cranidium is almost 5 mm long. 

O c c u r  r e n  c e :  - Norway : Oslo (Gamlebyen) - Parabolina sp inu

losa zone (2b ) ,  subzone of Parabolina bre·vispina ; alone. - - Sweden (same 
l�orizon) .  

Parabolina dau.•soni Matthew 190 1 .  

1901 Parabolina Dml'soni, n. sp. - - Matthew, p. 282, pl. \', figs. 6a-f. ( De�cr. Figs. 
oi all parts of d01·sal shield and hypostoma.) 

1903 Pambolina DmJ:soni. - - Matthew, p. 223, pl. XYI I, figs. 6a-f. (Descr. Figs. 

copied from Matthew, 1901.)  
1 952 Parabolina dmC'soni Matthew - - Hutchinson, p. 80, pl. I I I, figs. 1 1-13. ( De�cr. 

Figs. of cranidium and pygidia . )  

T yp e d a t  a :  - As lectotype should be chosen one of the specimens 
figurecl by Matthew from the Fe/tura zone at Esconie shore, East Bay, Nova 
Scotia, Canada. 

R e m  a r k  s :  - The rather characteristic pygidium with only one pair 
of short spines points towards the entire pygidium of Parabolinella. In other 
features, P. dawsoni resembles species like P. heres . Hutchinson ( 1952, p. 82) 
showed that P. dawsoni has vvider postocular cheeks than is seen in Matthew's 
figure of the cranidium . •  Te,·ertheless, I do not think that P. longicorn·is 

( = P. lobata) should be considered conspecific, as this species has a di f
ferent pygidium with three pairs of spines, and occurs at a slightly higher 
horizon . 

O c c u r  r e n  c e :  - E. Canada ( Narrows formation. Peltu.ra. zone. 

Associated with Peltura scarabaeoides scarabacoides, Ctenopygc pecten. 

S phaerophthalmus humilis, and L otagnostus trisectus) . 

Parabolina frequens (Barrande 1868) . 

1868 Olc11. Guc111beli. Barr. - - Barrande, p. 78, fig. 14. ( Descr. and fig. of frag
menta ry axial shield >vithout pygidium.) 

1868 O/en. jreq11ens. Barr. -- Barrande, p. 79, figs. 1 5- 1 7, 19. (Descr. and fig. of 

p y gi di um.) 
1 868 Olen. expectans. Barr. - - Barrande, p. 8 1 ,  fig. 18. (Descr. and fig. of pyg;dium.) 
1 868 Olenus - - Barrande, p.  80, figs. 20-21 .  (Figs. of free cheeks suggested to 

belong to 0/en.us. ) 
1879 Olenus Giimbeli Barrandc, Olcnus frcqttcns narrandc, Otcnus .·.rtcct<rrr•· na...-an·Jc 

- -Giimbel, pp. 443, 439. Text-fig. 5 .  
1896 Of en us frequens Barr. - - Pompeckj , p.  96. ( Mentioned. )  
1896 Parabolinella ? Giimbeli, Ban. (emend. Brogg.) - - Brogger, pp. 21 1-213 .  

( Remarks. Incl udes 0/enus frequens and O. e.rpecfans.) 
1925 A canllwlenus frequcns Barrande sp. -- \\'urm, p. 50, pl. l, fig. 6. (Listed.) 
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1925 Olenus ? expectans Barrande - - \\'unn, p. 50. (Listed.) 

l l y 

1955 Parabolina frcquens (Barrande) - - Sclzuy, p. 15, text-fig. 10, pL 3, figs. 58-70. 
(Descr., figs. of cranidia, hypostoma, free cheeks, parts of thorax, and pygidia. )  

T y p e  d a t  a :  - A neotype was selected by Sdzuy ( 1955 ) .  I t  is a 

cranidium (Forschungs-Institut Senckenberg, no. X 1802a) from Leimitz 
near Hof, Germany. 

D i a g n  o s  i s : - A Parabol-ina species closely resembling P. argentina, 

but differing in  having marginal spines in the pygidium (3, rarely 2 or 4 
pairs ) .  

O c c u r  r e n  c e :  - Germany ( Lower ? Tremadocian) .  

Parab olina heres heres Brogger 1 882. 

PL 8. 

1882 Parabolina hcrcs, n .  sp. - - Brogger, p.  101, pl. I ,  figs. 13a-d. (Descr. Figs. of 
cranidium, free cheek, thoracic segment, and pygidium.) 

1 898 Parabolitw hercs Brogger - - Moberg & Moller, p. 267, pL 12, figs. 8-1 5 ;  
pL 14, figs. 13, 1 4 ?  (Descr. Figs. of all parts of dorsal shield and conspecific ? 
hypostoma. )  

1922 Para bolina her es Brogger [ partim] - - v\"estergård, p .  137, pl. V I I ,  figs. 2-l-
29, 33-34. (Copies of Moberg & Moller's figs. Figs . 30-32 are of P. heres lata.) 

1929 Parabolina lures Br. -- Strand, p. 357. ( Recorded.)  
1934a Para bolina he res - - Stønner, p. 332. (Listecl.) 
1947 Parabolina heres Brogger -- \Vestergårcl, p. 24. (Distribution m Sweden.) 

See also under P. heres lata for forms that have been assigned to P. heres. 

T y p e  el a t  a :  - It has not been possible to retrace the cranidium and 
free chcek figured by Brogger, and as lectotype I select the pygidium 
( P. M. O. no. 19948) f igured by Brogger ( 1882, pl. l ,  fig. 13cl ) .  It wa:-; 

collected at Vestfossen in Eiker, Norway. by Brogger in 1 879, and is asso
ciated with Peltura costata and other parts of Parabolina heres. 

D i a g n  o s i s :  - A Parabol-ina species with : moderately wide pleural 
regions and fixed cheeks ; distinct preglabellar field ; small palpebral lobes 
opposite S3 and not very close to glabella ; free cheeks with .right-angled inner 
spine angl-e ; 12 thoracic segments ; short pleural spines ; pygidium with 4--5 
axial rings and 4--5 pairs of moderately long, slender marginal spines. 

R e m  a r k s :  - The type material of P. lures is not too well prescrved. 
l have found no occipital spine in the rather few cranidia, but the occiptt:ll 
ring has a keel-like node. T1he l ectotype i s  the only pygidium in this material. 
The axis has 3 rings and an end lobe of 2 fused rings. There are 4 pairs of 
marginal spines in the pygidium. The !argest craniclium is  about 5 mm long, 
but the missing specimen figurecl by Brogger was 10 mm long. Material from 
other N onvegian localities is also rather poor. 

O c c u r  r e n  c c : - Nonvay : Eiker (Vestfossen, Teigen core) , Røyken 
( Slemmestad) ,  Ringsaker (Evjevika) - Ace1·ocare zone (2cle ) ,  subzones of  

Peltu-ra transien.s and Peltura costata. Associated with Peltura transiens, o r  

Peltura costata, or Acerocarina micropyga. - - Sweden ( same horizon) . 
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Parab olina heres lata Matthew 1892. 

Pl. 8. 

1892 Parabolina heres Bri:igger var. lata. n. var. -- Matthew, p. 5 1, pl. XIII, fig<>. 

6a-c, 6d ?, 6e-f. Descr. Sketches of axial shield, cranidia, free cheek, pygi

dium and conspecific ? hypostoma.) 

? 1892 Parabolina lures Bri:igger var. grandis, n. var. -- Matthew, p. 52, pl. XIII,  

fig. 7. (Descr. and fig.  of pygidium.) 

1898 Parabolina heres Bri:igger var. - - Moberg & Mi:iller, p. 274, pl. 14, figs. 10-12. 

(Descr. Figs. of dorsal shield and pygidia.) 

1898 Parabolina lures Bri:igger var. -- Moberg, p. 315, pl. 16, figs. 7-8. (Figs. of 

pygidia.) 

1909 Parabolina her es B rogger var. - - vVestergård, p. 48, pl. I,  figs. 5-8. (Figs. o f  

cranidia, free cheek, and pygidium.) 

1922 Parabolina heres Brogger [partim] -- \Vestergård, p. 137, pl.  VII, figs. 30-32. 
(Figs. copied from Westergård, 1900 ) .  

1943 Parabolina her es hexacantha var. n .  - - \Vestergård, p. 56, text fig. 37. (Figs cf 
cranidium, free cheek, and pygidium, copied after \Vestergård, 1909.) 

1947 Pm·abolina lures hexacat�tha \\'gård. - - Westergård, p. 24. (Distribution i:• 
Sweden.) 

T y p e  d a t  a :  - As lectotype I select a pygidium figured by Matthew 

( 1892, pl. XIII, fig. 6b) from Division 3b, Navy Island, St. John Harbour, 

New Brunswick, Canada. 

· D i  a g n  o s i s :  - Dif fers from Parabolina heres lures in being nar
rower, ha ving narrower free cheeks, and in ha ving a pygidium with 3 ( 4 :: ) 
axial rings and only 3 pairs of marginal spines. 

R e m  a r k  s :  - P. heres lata was stated by Matthew to differ from 
P. heres i. a. in having a rather narrow free cheek, thus reminding onc more 
of P. spimtlosa than of P. heres, and a pygidium with only 3 pairs of spines. 
P. heres he.xacantha Westergård 1943 differs from P. heres in the same 
features. I have examined some specimens of P. heres lata collected bv 
G. F. Matthew. They are not well preserved, but it is seen that they occur 
together with Westergårdia. P. hercs lata and P. lures he.xacantha thus come 
from the same subzone, and it seems highly probable that they are con
specific. The pygidium described by Matthew as P. heres grandis may belong 
to the associated P. heres lata, but the specimen figured by Matthew as the 
probable hypostoma of P. heres lata does not seem to belong here. 

N o r w e g i a n  m a t  e r i a l :  - Poorly preserved, but showing the 
narrow free cheek and the pygidium with thrce pairs of spines. 

O c c u r r e n  c e :  - N onvay : Røyken ( Slemmestad) , Brummunddalen. 
- Acerocare zone ( 2de ) ,  subzone of W estergårdia. Associated with W ester
gårdia spp. + Pelturina punctifera n. sp. - - Sweden ( same horizon) , 
E. Cana:da ( N  arrows formation, same horizon) . 
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Parabolina jemtlandica \Vestergård 1922. 

1922 Parabolina jemtlandica n. sp. -- \\'estergård, p. 138, pl. VII, figs. 35-28. 

(DescL Figs. of cranidium, free cheek, pygidium, and hypostoma. )  

1947 Parabolina jcmtlandica V\''gård. - - Westergård, p. 24. (Distribution in Sweden.)  

L e  c t o  t y p e  (here selected) : - The pygidium figured by Wester

gård ( 1 922, p. VII, fig. 37) from Klovsjo in Jamtland, Sweden. 

D i a g n  o s i s : - A Parabolina species with : moderate ly wide fixed 

cheeks ; distinct preglabellar field ; small palpebral lobes far forwards and 

relatively distant from glabella ; free cheeks w ith acute inner spine angle ; 

pygiclium wtih 3 axial rings and 4 pairs of marginal spines. Thorax unknown. 

O c c u r  r e n  c c :  - Sweden (Acerocare zonc ?) 

Parabolina kinne!wllcnsis n. sp. 

Pl. 9, fig. 12. 

N a m e :  - From Kinnekulle, Vestergotland, Swcden. 
H o  l o t y p e : - An almost complete dorsal shield ( RM .  no. Ar. 381 1 5 )  

from T rolmen, Kinnekulle, V estergotland, Sweden. 

D i a g n  o s  i s :  - A Para.bolina species with : moderately wide pleural 

regions and f ixed cheeks ; S l  digeniculate, faintly connected across glabella ; 

short preglabellar field ; small palpcbral lobes far forwards and not very 
closc to glabclla ; preocular facial sutures slightly diverging ( ?) ; 1 2  thoracic 

segments ; short pleural spines ; pygidium with 4 axial rings and 3 pairs of 

SJhort broad-based marginal spines. 

D e s  c r i  p t i  o n :  - This ·is based on the holotype, which is the only 
known specimen. It is 57 mm long. 

Cranidium with fixed cheeks slightly narrower than glabella. Glabella 

slightly tapered, rounded in front. S l  digeniculate, faintly connected across 

glabella. S2 digeniculate, less oblique backwards than S l .  S3 curved, fainter 

and shorter than S2 and S3. Palpebral lobes small, oppositc L3, distance 

from glabella about 1 /3 width of glabclla at eye l ine. Antcrior borcler rela

tively wide. Short preglabellar field. Facial sutures slightly diverging( ?) in  

front of eyes. 

Only one damaged free cheek is present. Unfortunately it does not show 

the inner spine angle. 

Thorax with 12 segments. Fulcrum halfway between axial line and 

pleural ends. Short, slender pleural spines. Pleural region slightly wider 

than axis.  
Pygidium with axis of 4( ?) rings and 3 pairs of broad-based very short 

spines. Faint posterior border furrow. 

A f f  i n  i t  i e s : - P. kinnekullensis n. sp. resembles P. lobata lobata, 

but di ffers i. a. in having no pleural macrospines, in having narrower fixed 
cheeks and pleural regions, in not having Sl so distinctly connected across 
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the glabella, and in having shorter marginal spines m the pygidium. It  alw 
appears to be a larger species. 

O c c u r r e n c e :  - Sweden : Vestergotland (Kinnekulle) - Zone of 
Peltura. scarabaeoides, subzone of Parabolina lobata. Associated with Peltura 

scarabaeoides westergårdi n. subsp. 

Parabo!ina lapponica \Vestergård 1 947. 

Pl. 6. 

1947 Parabolina lapponica sp. n. - - \\'estergård, p. 14, pl.  3, fig. 8. (De·cr. Fig. o t  
cranidium.) 

H o  l o t y p e :  - The cr.anidium figured by Westergård ( 1 947, pl. 3, 
fig. 8) from a boulder at Storberget, Lake Voj msj on, Southern Laplancl, 
Sweden. 

R e m  a r k  s : - Only a cranidium is known. It somewhat resembles that 
o f  P. kinnekullensis n. sp., but has relatively narrower glabella. 

O c c u r  r e n  c e :  - S\veden (Pelt�tra zone, subzone of Peltura scara
bacoides) . 

Parabolina lobata lobata ( Brogger 1 882 ) .  

Pl. 8 ;  pl. 9, figs. 9-1 1 .  

1882 CtenoP3•ge ( ? ) lobata, n. sp. - - Brogger, p. 12 1, pl. XII,  fig. 1 1 .  ( Descr. and fig. 

of cranidium.) 

1898 Para bolina tn.ega/ops n. sp. [partim) - - :Mo berg & Moller, p. 275, pl. 13, iigs. l, 
4, 7, 10. ( Figs. of free cheek, pygidia, and dorsal shield.) 

1922 Parabolina long·icornis n. sp. - - Westergård, p.  136, pl. VIT, figs. 1-8. (De:;cr. 
Figs. of dorsal shield, cranidia, free cheeks, pygidia, and hypostoma.) 

1922 Para bolina megalops Moberg & Moller [partim] - - Westergård, p. 137, pl. VII, 
figs. 1 8-20, 23. (Figs. copied from Moberg & Moller, 1898.) 

1927a Parabolina longicornis \Vestergård -- Czarnocki, p.  12. ( Recordcd. )  
1927b Parabolina longicornis Westergård - - Czarnocki, p. 199. (Rccorded.) 
1934a Parabolina. c f. longicorm:s - - Størmer, p. 332. (Listed.) 
1 944a Parabolina longicornis vYestergård - - Westergårcl, p. 39, pl. l,  figs. 4-8. 

(Remarks. Figs. of cranidium, free cheek, and thoracic segment with long axial 
spine. ) 

1947 Parabo!ina longicornis \\"gård. - - Westergård, p. 24. (Distribution in Sweden.) 
1951 Pamboli11a longicornis v\'estergård - - Hutchinson, p. 82. (Suggests that it may 

be a synonym of P. dmC'soni.) 

L e  c t o  t y p e  (here selectecl) : - A craniclium (:P . M. O. no. 19937) 
figurecl by I3rogger ( 1 882, pl. XII ,  fig. I l ) .  It is from Vestfossen, Eiker, 
Norway, and is associated with othcr parts of the same species and Peltura 

scarabaeoides 7oestergå1·di n. subsp. 
D i  a g n  o s  i s : - A Parabolina specics with : vvide plcuml regions and 

fixed cheeks ; S l  united across glabella ; short preglabcllar field ; relatively 
large palpcbral lobes situated oppositc L2 ; occipital ring with axial node and 
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axial spine ; free cheeks with slightly acute ioner spine angle ; 12 thoracic 
segments with long pleural spines, 8th segment with pleural macrospine ; 
pygidium with 4 axial rings and 3 pairs of short, broad-basecl spines. The 
diagnostic features of free cheeks, thorax, and pygidium is based on Swedish 
material (of P. longicornis) . 

R e m  a r k  s :  - Comparison of the type material of Ctcnop·)'ge ? lobata 

B rogger 1882 and Parabolina longicornis \Vestergårcl 1922 has convinced 
n�e that they represent the same species. L!nfortunately, Brogger's material 
is rather incomplete, consisting of young more or less damaged cranidia and 
fragments of free cheeks. The lectotype of P. lobata lobata is the best pre
served cranidium. It has rather. straight eye ridges and the eyes relatively 
far from the glabclla. In the other specimens the eye ridges are more oblique 
and the eyes closer to the glabella, but there are transitional forms as well, 
and the variations are probably not of greater taxonomic importance. The 
same variations are seen in Swedish material of P. longicornis, which is  also 
associated with Peltura scarabaeoides westergårdi n. subsp. The occip:tal ring 
of P. lobata lobata has both an axial node and, behind it, an axial spine . 

As pointed out by \Vestcrgård ( 1944a, p. 40) , some o f  the specimens 
figured by Moberg & Moller ( 1 898) and ref igured by vVestergå rd ( 1 922) 
as P. mega1ops, belong to P. longicnrnis ( i .  e. P. lobata) . 

Hutchinson ( 1952, p. 82) suggest ed that P. longicornis might be a syno
nym of P. dawsoni. This is rather unlikely, since P. dawsoni dif fers i .  a .  in 
having a pygidium with only one pai r of spi nes, and moreon.r occurs at a 
lower horizon. 

A rather complete specimen (pl .  9, fig. 1 1 )  from S\veden has relative! y 
narrower fixed oheeks and pleural regions and yery short preglabellar field, 
and may possibly be close to P. lobata praecur1·ens. The specimen apparently 
had united free cheeks (cf.  p. 91 ) .  

O c c u r r e  n c e :  - Norway : Eiker ( Vestfossen, Kårtveit) , Hamar 
district ( Stange) - Zone of Peltura scarabacoides ( 2 dS ) ,  subzone of Para

bolina lobata. Associated with Peltum scarabaeo ides westergårdi n. subsp. 
-+- Agnostus rudis ho/mi. - - Sweden ( same horizon) ,  Poland ? (l!pper 
Cambrian ) .  

Parabolina lobata praecurrens \Vestergård 1944. 

1944a Para bolina lvn_qicornis praecttrrens var. n .  - - \\'estergard, p. 39, pl. l, figs. 

9-1 1.  (Figs. of cranidia.) 

1947 Parabolina longicornis praecurrence \\'gard. -- \\'estergårcl, p. 24. ( Distri

bution in Sweclen.) 

H o l o t y  p e :  - By or iginal des ignation the cranidium figured by 
'\Vestergårcl ( 1944a, pl. l ,  fig. 9) from Gisl6Yhammar, Scania, Sweden. 

D i  a g n  o s  i s :  - Differs from Parabulina lobata lobata in having no 

l)reglabellar field and narrower fixed cheeks. Thorax and pygidium unknown. 
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N o r w e g i a n  m a t  e r i a l : - A few incomplete cranidia. 
O c c u r r  e n c e :  - Norway : Oslo (Gamlebyen, Rosenkrantz gate 8) , 

Røyken ( Slemmestad) - Zone of Peltura scarabaeoides (2do) ,  subzone of 
Parabolina lobata. Associated with Peltura scarabaeoides westergårdi n.subsp. 
- - Sweden ( same horizon, just below Parabolina lobata lobata) . 

Parabolina megalops Moberg & Moller 1898. 

Pl. 7.  

1898 Parabolina megalops n. sp. [partim] - - Moberg & Moller, p. 275, pl. XIII, 

figs. 2, 6, 8 only. (Descr. Figs. of cranidium and pygidia. According to \<Vester
gård, 1942, the figs. l, 4, 7, 10 are of P. longicornis = P. lobata, whereas fig. 9 
is of Peltura scarabaeoides. ) 

1922 Parabolina megalops Moberg & Moller [partim] - - \Vestergård, p. 137, pl. VII, 

figs. 1 7-21 only. (Copies of Moberg & Moller's figs.) 
?1929 Parabolina sp. -- Strand, p. 357. (Mentions cranidia and pygidia suggested to 

belong to P. heres or P. longicornis.) 

1942 Parabolina megalops Moberg & Moller - - \Ycstergård, p. 14. (Remarks on 

the species.) 

1944a Parabolina megalops Moberg & Moller - - \Vestergård, p. 39, pl. l,  figs. 12 

-19. (Remarks. Figs. of cranidia, including lectotype, free cheek, and pygidia, 

partly with attached thoracic segments.) 
1947 Parabolina megalops Mob. & Moll. - - \Vestergård, p. 24. (Distribufo:1 in 

Sweden.) 

L e  c t o  t y p e : - By subscquent clesignation (Wcstergårcl, 1944a) a 

cranidium figured by Moberg & Moller ( 1898, pl. XIII, fig. 2) . The figure 
was reproduced by Westergård in 1 922 (pl. VIL fig. 17) ,  and a new figure 
o f  the specimen given by Westergård in 1944a (pl . l, fig. 12) . It is from 
Akarpsmolla, Scania, Sweden. 

D i  a g n  o s  i s : - A Parabolina species with : moderately wide pleural 
-regions and fixed oheeks ; preglabellar field ; subparallel facial sutures in 
front of small palpebral lobes far forwards and moderately dose to glabella ; 
well-developed occipital spine ; free cheeks with slightly acute inner spin� 
angle ; long pleural spines (at l east in posterior part o f  thorax) ; pygidium 
with 6( -7 ?) axial rings and 5 (  -6 ?) short and slender marginal spines. 

R e m a r k  s :- Westergård ( 1944a, p. 40) pointed out that Mo berg & 
Moller based their <lescription of P. 1negalops on three specics. The species 
to which Westergård restricted the name is very dose to P. heres. After hav
ing examined the type material of P. 1negalops, Westergård concluded that 
this poorly preserved material indicates that P. 1negalops may be distinct 
from P. h eres. As possible differences vVestergård noted that P .  megalops 

has a slender and fairly long occipital spine ; that there are indications of a 
long axial spine on one of the two last thoracic segments, and that the py
gidium has six ( to scven ?)  segments and five (to six ?) pairs of short mar
ginal spines. P. lures heres seems to have no occipital spine, and its pygidium 
has only five segments and four- pairs of  spines. 
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� o -r w e g  i a n  m a t e r  i a l :  - In a lens from Modum I have found 
not 1too well preserved spccimens that may belong to P. tnegalops . A fairly 
young cranidium (on ly 2 mm long, excluding spine) has a distinct occipital 
spine. Larger cranidia (up to 6 mm long) haYe no spine, but show signs of  
haYing had it broken oH. A dctached thoracic segment shows a long axial 
spine. These features agree with P. megalops. The pygidium has, hO\.vever, 
only 5 rings in the axis and thus seems to be intermediate between P. mega
laps with 6 rings and P. heres with 3 rings and an end lobe of 2 fused rings. 
The Modum material does not allow a determination of the number of mar
ginal spines. The free cheek is of the type common to P. megalops and P. 
hercs. It is of special interest that the Modum form is associated with Peltura 
pa.radoxa, as this scems to be the case also with some of the Swedish material 
of P. m egalops. 

Some specimens associated ·with Peltura scara.baeoidcs weste rgårdi 

n. subsp. from Evjevika, Rings<�.ker , may probably also belong to P. mega.!ops. 
They werc mentioned by Strand ( 1929, p. 356) as Parabolina sp. 

O c c u r  r e n  c e :  - Norway : .:Vfodum (Furetangen) , Ringsaker 
(Evjcvika) ? - Acerocarc zone (2de ) , subzone of P elt ura paradoxa. Alone, 
or associated with Pcltura paradoxa. - - Swedcn ( apparently same 
horizon) . 

Parabolina / 1 1  aber gi \Vestergård 1922. 

Pl. 6. 

1922 Parabolina mobergi n. sp. - - \\"estergård, p. 135, pl. \"I, figs. 21-2-l. (Dc:cr. 
Figs. of cranidium, free cheek, and pygidia.) 

? 1 927a Parabolina Mobergi Westergård - - Czarnocki, p. 12. (Recorded.) 
?J 927b Para bolina M obergi \\.estergårcl --,- - Czarnocki, p. 199. (Recordec\.) 
1947 Parabolina mobergi \\"gård. - - \Vestergård, p. 24. (Distribution in Sweden.) 

L c c t o  t y p e  (here sclected) : - A cranidium from Kloxåsen, Jamt
land, Swedcn, figured by \Vestergård ( 1922, pl . VI, fig. 21 ) .  

D i  a g n  o s i s :  - A Pa-rabolina species with : modcratcly wide fixed 
checks ; short preglabe1lar field ; relatiyely small palpebral lobcs far forwards 
and moderately dose to glabella ; free cheeks with right-angled inncr spine 
angle ; long occipital spine ; pygidium with moderate! y wide pleural regions, 
4 ( 5  ?) axial rings, and 3 pairs ·of short marginal spines. Thorax unknown. 

N o r w e g i a n  m a t e r  i a l. - This i s  scanty and not well preserved ,  
but i t  seems to conform with the S\\'edish. 

O c c u r  r e n  c e :  - Norway : Oslo (Xcclre Slottsgate, Tøyen) ,  Hade
land. - Zone of Peltura minor (2d/ i) ,  subzone of Ctenopyge sim ilis. Asso
ciated with Ctenopyge sim ilis n. sp. ,  Ct. 11wdesta n. sp. ,  and Protopeltu ra. bi
dcn tata. - - Swcden ( same horizon) ,  Polancl ? (Gpper Cambrian) . 
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Parabolina spinulosa ( Wahlenberg 1 821 ) .  

Pl. l ,  fig.  2 ;  pl. 3 ;  text-fig. 1 2. 

?1759 F.ntonzolithus f>arado:rus [partim] - - Linnæus, p. 2 1 ,  fig. l .  ( Dcscr. and figs. 

of imperfectly preserved d01·sal shield, possibly belonging to P. spinn/osa. Linnæus 

described a pair of antennae in this specimen. According to Beecher 1896, the 

supposed antennae are really portions of the anterior border.) 

1 781 J:ntomolithus parado:rus - - Brunnich, p. 392. ( Examined Linnæus' sp�cimen 

and denies that it had antennae.) 

1 82 1  bztmnost?·acites spinulosus - - \\'ahlenherg, p.  38, pl. I, fig. 3. ( Descr. Rough, 

partly inadcquate fig. of clorsal shield.) 

1 822 Parado:rides spimt!osus - - Brongniart, p.  32, pl. IV, figs. 2-3. ( Descr. Fig. 

of dorsal shield and copy of Wahlenberg's fig. ) 

1 827 0/enus spinulosus - - Dalman, p. 256, pl.  \'I, fig. 4. ( Short descr. Inadequatc 

fig. of dorsal shield.) 

1837 OlenttS spinu./osus - - }lisinger, p. 19, pl.  I \-, iig. 2. ( Diagn. A copy of Dal

man's fig.) 

1 838 0 /enus gibbosus var. -- Boeck, p. 143. ( Boeck's material shows that it i s  

P .  spinulosa .) 

1 840 Parado:rides spinulosus -- Ivli1ne Edwards, p. 342. (Descr.) 

0 1 843 Parado.-rides spinulosus - - Burmeister, p. 80. (Hardly this species, as  far as 

can be j udged from the descr. and the associated fauna.) 

1 854 Parabolina spirmlosa. Wahl. - - .Angelin, p. 46, pl. XXV, f1g. 9 ;  r,I. XXVII, 
fig. 3. ( Rough, inadequate fig. of ricrsal shield and fig. o f  hypostoma.) 

1857 0/enus spinnlosus \\'ah!. - - Kjerulf, p. 284, reprint p. 92. ( Reconled.)  

1 864 0/enus (Parabolina) spinulosa, Wahl. - - Salter, pl. YIII ,  fig. 16, p. 10. (A copy 

of Wahlenberg's fig. ) 

1864 Olcmts (Parabolina) serratus. - - Salter, pl. VTII, fig. 5,  p. 4. ( Descr. Figs. of 

cranidium and pygidium.)  

1865 Parabolina spinulosa \Vahl. - - Ki erul f, p .  2.  (Recordecl .)  

1 866 Olenus (Parabolina) serratus, n. sp. - - Salter, p. 30 1 ,  pl. \�, figs. 6-7. (Descr. 
Figs. of cranidium and pygidium.) 

1 873 0/emtS (Parabolina) spinu!osus, \Vahl. - - Salter, p.  1 1 .  (Remarks. States that 

O. serratus is the same species.) 

1875 Parabolina spinulosa Wahl. - - Bri:igger, p. 575. ( R ecorcled.) 

1882 Parabolina spinulosa, \Vahlenb. - - Bri:igger, p. 100, pl . I,  figs. 12a-e. ( Dcscr. 

Figs. of all parts of dorsal shield. and hypostoma.)  

1 884 Parabof.ina spinulosa, Wahlenb. -· - Bri:igger, p. 257. (Recorded.)  

1884 Parabolina sexdentata - - Bri:igger, p. 258. (Short de ser.) 

1892 Parabolina spinulosa. Wahl. - - Matthew, p. 51, pl.  XIII, figs. Sa-cl. (Fig;;. 

of cranidium, free cheek, and pygidia.) 

1896 Parabo/ina spinulosa \\'ahlenberg - - Beecher, p.  303 (Suggests that what L'n

næus described as antennae is a portion of the rim.) 

1896a Parabolina sPinulosa, \\-ahlenb. - - Ti:irnquist, p. 142. (Calls attention to the 

so-called antennae, clescribed by Linnæus.) 

1 896b Parabolina spimtlosa, \Yahlb. -- Ti:irnquist, p. 56i. (Opposes Beecher's view 

that the so-call ecl antennae ue a port ion of the border.) 

1 898 Parabolina spinulosa, \\.ahlenb. - - Bjørlykke, p. 1 2, text fig. 2. (Copies of 
Angelin's and Bri:igger's figs.)  

1901 Parabolina spinulosa \\'ahlb. - - �fi.inster. l). 26.  ( Recorcled.) 
1 901 Parabolina spinulosa Wahlenb. - - Lindstri:im, p. 33, pl. \', figs. 31-32. (Figs. 

of free cheek.) 
1 902 Parabo/ina spinulosa -- Schiotz, p. 8. ( Recorded.) 
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l S04 P(wabolina spinu/osa \\'ahlenb. - - Persson, p. 5 13 ,  pl. I X ,  fig. 24. ( Fig. of 
larva! pygidium.) 

1 908 Parabolina spinulosa (Wahlenberg) - - Lake, p. 62, pl. VI, figs. 8-1 1 .  ( De: er. 

Figs. of dorsal shields. )  
1 910 Parabolina spimtlosa, Wahl. - - Holtedahl, p. 5 ,  pl. II, fig. 13.  (Fig. o f  hypo

stoma.)  
1920b Pm·abolina spinulosa CWahlenberg) - - Raymond, p.  17. ( Supports the view 

that the so-called antennae describcd hy Linnæus are portions of the the border.) 
1 922 Parabolina spinulosa (\Vahlenberg) - - \\'estergård, p.  134, pl. VI, figs. 14-20. 

( Descr. Figs. of dorsal shields, pygidium, free cheek, hypostoma, and axial shieL!s 
of  young individuals.) 

1 923 Parabolina spinulosa Wahlenherg - - Poul sen, p. 29, text fig. 8, p. 57, text f ig:. 
20. ( Descr. Figs. of dorsal shicld, copied from \\"estergånl, 1922, and of larva! 
pygidium.)  

1 927 Para bolina spinulosa (\Vahlenberg) - - Cobbold, pp. 556, 557.  (Recorcled. )  
1 929 Para bolina spinu1osa (\Vahlenb . )  - - Strand, p .  357.  (Recorded.)  
1934a Pambolina spinulosa - - Størmer, p.  333 .  (Listed.)  
1 944a Pambolina spinu/osa (\Vahl.) -- \Vestergård, p. 21 .  (Reported from the sub

zone of Leptop!astus pauc-isegmenlatus.) 

1 944b Parabolina sp·inulosa ( Wahlenberg) -- Kobayashi, p. 231, text-figs. 3a-h. 
( Figs. of hypostoma and restored d01·sal shield. ) 

1 946  Parabolina spinu/osa (Wahlenberg) - - Lake, p. 341 . ( Remarks.) 
1 947 Parabolina spinulosa. (Wahlb.) - - Westergård, p. 24. ( Distribution in Sweden. ) 
1952 Parabolina spinulosa (\Vahlenberg) - - Hutchinson, p. 79, pl. III,  figs. 7-10. 

( Descr. Figs. of cranidia and free cheek.) 
1953 Parabolina spinulosa - - Holtedahl, p. 1 82, fig. 69 ; 20-2 1 .  (Figs. of cranidiu:n, 

thoracic segment, and pygidium.) 
�on 1847 Odontopyge spinulosa. - - (orda (= 0/enus gibbosus) . 

T y p e  el a t  a :  - A  lectotype should be chosen from Swedish material, 

from Wahlenberg's material. 
D i a g n  o s  i s :  - A Parabolina species with : moderate! y wide pleural 

regions and fixed cheeks ; no o r  practically no preglabellar f ield ; small pal

pebral lobes far forwarcls and dose to glabella ; free cheeks with about right
anglccl inner spine angle ; 12 thoracic segments ; pleural spines progressive! y 
longer from anterior scgments ( short spines)  to pos.terior segments ( long 
spines) ; pygiclium wi th 5-6 axial rings and 3-5 pairs of marginal spines, 
all but the inner pair long. 

R e m  a r k  s :  - P. spinulosa apparently had united free cheeks 
(cf .  p. 9 1 ) .  

N o r  w e g  i a n 111 a t  e r  i a l :  - Cranidia reach a length o f  9.8 mm , 

and pygidia reach a length of 6.3 mm and a wiclth of  14.8 mm. Brogger 
( 1 884, p. 258) proposecl the name Parabolina sexdentata for a form from 
N. Stulen, near Skien, Norway, which was stated to dif fer from P. spinulosa 
in being considerably larger, and in having only three pairs of pygidial 
spines. However, his material shovvs that it does not reach a greater size than 
specimens undoubtedly belonging to P. spinulosa. Three pairs of pygidial 
spines are Seen in the One pygidiu111 present, but as it is Ycry poody pre-

servecl, it is C]Uite possiblc that it may haw hacl four pairs. I bel i eve that 
P. sexdentata should be considerecl a synonym of P. spinulosa. 
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\tVestergård ( 1922, p. 1 35 )  mentioned a small form of P. spinulosa with 
only three pairs of pygiclial spines, and less distinct glabellar furrows. I t  

occurs at  a slightly higher level than the typical form at  Andrarum in Scania. 
A small form has also been encountered in the Norwegian material, and 
here, too, it appears to occur in slightly younger beds, as it is associated with 
Protopeltura aciculata pusilla. The cranidia reach a length of 4.2 111111, but 
the glabellar furrows are rathcr distinct, and the pygidia carry 4 pairs of 
spines, although the posterior (" inner" ) pair is very small. 

O c c u r  r e n  c e :  - Norway : Skien-Langesund ( N .  Stulen, Saltboden 
cores ) ,  Eikcr-Sandsvær ( Krekling, Teigen core, Stablum core) , Oslo 
( Gamlebyen, Nedre Slottsgate, Prinsensgate) ,  Røyken ( Slemmestad) , 
!VIciclum (Fure ) ,  Ringerike ( S  of Hvalsmoe n ) ,  Hadeland ( Doulder at 

::VIæna) , Ringsaker ( Steinsodden, Evj evika) . Østerdalen (Øksna) . - Para· 

bolina spinulosa zonc (2b) , subzone of Parabolina spinulosa. Alone, or asso
ciated with Orusia lenticularis, or ( the small form) also with Protopeltura 

aciculata pusilla. - - Sweden ( same horizon and also in the Leptoplastus 

zone, subzone of Leptoplastus pauciscgmen tatus ) ,  Denmark ( Bornholm, 
Parabolina zone, subzone of  Parabolina s p inulosa) , England ( Orusia Shales) ,  
\tVales (Upper Lingula Flags) ,  E. Canada (MacNeil and Narrows forma
tions, Parabolina zone) . 

Parabolina tetracanthura C:�VIatthew 1892 ) .  

18<)2 Pro/opel tura acanthura Angelin yar. tetracantlmra, n .  var. - - �Iatthew, p .  S:J, 
pl. XIII, figs. Sa-c. (Descr. Figs. of cranidium, free cheek, and pygidium.) 

] 903 Protopcltura acanthura, var. tetrucanthura - - Matthew, p. 225. (Mentiom:d.) 

L c c t o  t y p e  (herc selected) : - The pygidium figured by Matthcw 

( 1 892, pl. XI I I, fig. 8c) ,  from Division 3a, Germaine Street, St. John, New 
Bnmswick, E. Canada. 

R e m  a r k  s :  - This form di ffers from P. acanthura besides i n  the 
pygidium (with only 2 pairs of marginal spines) ,  also by not having the 
characteristic acute angle between the spinc and the posterior margin in the 
frec chee.k. Moreover, as P. tctracanthura occurs in a much lower horizon 
(Division 3a = Parabolina spinulosa zone) ,  I do not think it should be 
regarcled as a subspecies of P. acanthura. It may, however, be closely related 
to P. spinulosa with which it sharcs axial tubercles in the pygidium. 

O c c u r  r e n  c e : - E. Canada ( :\'arrows fonnation, Parabolina zone) . 

Para b olina ? quadrisulcata n .  sp. 

PI. 3 ; pl. 9, fig. 8. 

1922 Olenus( 0 )  sp. - - \\'cstcrgård., p. 132, pl. \�T, i ig.  25. ( De�cl'. and fig. of cra
nidium.) 

1947 Parabo!ina ? sp. - - \Yestergård, p. 24. (Listed .) 

N a m e :  - The name quadrisulcata allucles to the four pau·s of g'a
bellar furrows. 
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H o  l o t y p e : - The cranidium (R."YI. no. Ar. 1 49) figured by vVester
gård ( 1922) , from Funas, Myssjo, Jamtland, Sweden. 

D i a g n  o s i s :  - An olenid with cranidium with : truncate, tape red 
glabella with 4 pairs of glabellar furrows ; S l  oblique backwarcls ; S2 very 
slightly oblique backwards ;  S3 short, transwrse, not reaching axial furow ; 
S4 short, transverse, rcaching axial furrow ; fixed cheeks about as vvide as 
occipital ring ; small, anteriorly situated palpebral lobes about as far from 
glabella as width of glabclla at eyc line ; eye ridges dis tinet, slightly oblique 
forwarcls ; preocular margins converging ; preglabcllar f ield present. Other 
parts unknown. 

R e m a r k s :  - Although only a craniclium is known of this form, 
I haYe preferrcd to giYe it a specific name, as it is rather characteristic. It is 
the carliest known olenicl with 4 clistinct pairs of glabellar furrows. It further
more shows some features which resemble Olen us (as well-developed pre
glabcllar field, eyes far from glabella) and othcrs which rcscmble earl y :spe
eies of Parabolina ( small eyes, com·erging preocular margins) . It may pos
sibly rcpresent a separate of f-shoot from Olen us, more or less along the 
same lines as Parabolina, but i t  is perhaps more probable that it belongs to 
Parabolina. 

\,Vhat appears to be the posterior part of the right-hand fixed cheek in 
\Vestergård's illustration of the cranidium, is really a fragment of a free 
cheek of ParaboHrta spinulosa (cf .  pl .  9, fig. 8) . 

O c c u r  r e n  c c :  - Sweden : Jamtland (Funas) - Parabolina spinu
losa zone, subzone of Parabo!ina spinulosa. Associated with Parabolina 
s p in-u.losa. 

G e n u  s P a r  a b o l i n  i t  c s n. g e n. 

N a m e : - The name Parab olin itcs allucles to the likeness to Parabolina 
and Parabolinel!a. 

T y p e  s p e  c i e s :  - Parab olinel!a !aticauda \Vestergård 1 922. 
D i a g n o  s i  s :  - Olcninac with : Parab olina-like cranidium, but with 

largcr preglabellar field ; facial sutures subparallel or di verging in front of 
palpebral lobes ; glabclla tapered forwarcls, rounded in front ; free cheeks 
with spine (whcn known) ; pygiclium entire. 

I n c l u d e d  s p e c i e s : -
Paraborinites laticaudus (vVestergårcl 1922) ( earlier : Parabolinella.) 
and possibly also : 

P. ? !eptoplastonun CWestergård 1 947) ( earlier : Pm·abolinella) 
P. ? longisp inus ( Delt 1868) ( earlier : ConocorJphe ?, Olenus) 
P. ? p!antii ( Salter 1873) ( earlicr : Olenus) (= P . 'loilliamsonii) 
P. ? 'lui!!iamsonii (Belt 1 868) ( earlier : C onocoryphe ?, O len us, Parabolin e!!a) 

O c c u r r e n c e : - Sweden ( T. eptoplastus zon.e ? .  Pc!No·a zone) , 
Wales ? (Fpper Lingula Flags) .  

\"id.·Akad. Skr. I. l\1.-X. Kl. 1 957. Xo.  l .  9 
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R e  l a t  i o n s h i  p s :  - For reasons discussed below (p. 1 32 ) ,  Para

bolinella laticauda has been exduded from Parabolinella. It is regarded as 
type spec ies of a new genus, Parab olinites, which probably is  dose to Pæra
bolina, but which di ffers in having a longer preglabellar field. Parabolin.itcs 

furthermore has an entire pygidium, which is unusual in Parabolina. In both 
these features Parabolinites resembles Pa.rabolinella. which, however, has a 
more squarish glabella and usually a more complicated pattern of the gla
bellar furrows. 

On ly a single cranidium is known of Parabolinites ? leptoplastorum. 

\Vestergård ( 1947, p. 1 5 )  suggested that it i s  a young specimen, and that 
the full-grown P. ? leptoplastorum may prove to display doser resemblance 
to the ful l-grown P. laticaudus, considering the di ffcrences in P. laticaudus 

due to dif ferent stages of growth. Since the pygidium of P. ? leptoplastorum 

i s  unknown, the species is only tentatively assigned to Parabolinites. 

P. ? williamsonii is most probably congcneric with P. laticaudus. and 
differs mainly in having more cliYerging facial sutures in front of the pal
pebral lobcs and in haying digeniculate Sl (best scen in the spec imcn illus
trated by Reed, 1900b, pl . XII, fig. l as Olenus Planti) . Sl thus rescmbles 
that of Parabolin ella, but P. ? zvilliamsonii cloes not have the typical squaris h  
Pambolinel!a glabella. The glabella of  P. ? longisp·inu.s, on the other hand, 
is  more squarish, but has only simple glabellar furrows, suggcsting that it 
may belong to Parabolinites. 

Parab olinites apparently developed from Parabolina. It is at present 
dif ficult to decide whether all the species which have bcen tentatively assignccl 

to Parabolin itcs really are congeneric with P. laticaudus, or whether somc 
or all of them represent separate of f-shoots from Parabolina, more or less 
along the same i ines as P. !at-icaudus. 

Parabolinitcs laticaudus (VVestergård 1922) . 

Pl. l ,  fig. 9 ;  pl. 6. 

1 92� Pnra.boliH C'IIa lat icauda n. sp. - - \\'estergårtl, p. 1 39, pl. VJ1I, figs. 1-7. (De:.cr. 

Figs. of all parts of d01·sal shield .)  

1947 Parabolinl'lla lat icauda \\'gård. - - \Vestcrgård, p .  24. (Distribution in  Sweden.)  

L e  c t o  t y p e  ( here sclected) : - The cranidium f igured by \Vester
gård ( 1922, pl. VI II , fig. l )  from Andrarum, Scania, Sweden. 

D i  a g n  o s  i s :  - A Parabolinites species with : small palpebral lobes 
far fon�rards and close to glabella ;  slight ly convex, subparallel preocular 
facial sutures ; fixecl cheeks about as wide as occipital ring ; free cheeks 
with slender spine, acute inner spine angle, and slightly convex posterior 
margin ; thorax with axial nodcs and very short pleural spines ; pygidium 
entire and with 3 axial rings. 

o c c u r  r e n  c e ;  - s,veden ( P clt·uru zanc. , �t:tbzone of P (:• lt·ura. 'IHi J"'- 01'" 

and Peltura acutidcns. Associated with Ctenopy•gc tum. ida and S phaeroph
thaJmus alatus. ) 
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Parabolin ites � leptoplastorum (\\-estergård 1947 ) .  

P l .  4. 

1947 Parabolinel/a lcptop/astorwn sp. n. - - \\"ester gård, p. 1 5 , pl. 3, fig. 7 .  ( De, e t·.  
Fig. o f  cranidium.) 

H o  l o t y p e : - The craniclium f igured by \Vestergård, from Hostånga, 
Scania, Sweden . 

D i a g n  o s i s :  - A Parabolinitcs ? species \Yith : moderately-sizecl 

palpebral lobes opposite L2 ; subparallel, almost straight preocular facial 

suturcs ; fixed cheeks slightly wicler than occipital r ing. Frec cheeks, thorax, 
and pygidium unknown. 

O c c u r  r e n  c e : - S\veclen ( Zone of Lrptoplastus ancl Eur_,•rarc, sub

zone of Leptoplastus o<·atus ) .  

Parabolinites ? longispinus (Delt 1868) . 

1868 C onocoryphe ?  longispina, spee. nov. - - Belt, p. 9, pl. I T ,  iigs. 12-14. (De ser. 

Figs. of cranidinm, pygidium, and restorecl dorsal shielcl .)  

1900a C [ onocor:.\'Ph c] ? longispina, Belt -- Rcccl, p. 254. ( Suggcstd to belong tD 

Olenus, subgcnus Parabolinclfa.) 
1908 Olemrs longispimrs (Delt) - - Lake, p. 60, pl. YI, figs. 6-7. ( Descr., figs. of 

2 dorsal shields.) 

T y p e el a t a :  - As Jcctotype I select the dorsal shielcl  collected by 
Belt f rom Upper Dolgelley Beds, Dolgelley ( B . M. N. H., no. :r 7577) , and 

figured hy Lake ( 1908, pl. VI, fig. 7 ) .  

D i a g n  o s  i s :  - A Parabolin ites ? species \vith : moderately wicle 
pleural regions and fixed cheeks ; palpebral lo bes placed half -way between 

anterior ancl posterior border o f  craniclium ; 1 4  thoracic segmcnts with axial 
noclcs and pointed pleural ends ; pygidium entire and with 3-4 axial nngs . 

O c c u r r c n c c : - ·wales (Upper Dolgelley Becls) . 

Parabolinites ? williamsoni·i ( Belt 1 868) . 

1868 Conocorj•f>he ? TVilliamsonii, spee . nov. - - Belt, p. 9, pl. I l ,  figs. 7-- 1 1 .  (Descr. 

Figs. of craniclia, thoracic segments, pygiclia, and restored dorsal shield.) 

1873 Olenus Plantii, Salter, n. sp. - - Salter, p. 1 1 .  (Remarks.) 

1877 Olenus Plantii, Salter -- \Voodward, p. 47. 

1891 Olenus Plantii, Salter - - \Voods, p.  149. 

1900b Olenus (s .  g. Pambolinella) Planti, Salter - - Reed, p. 303, pl. XII,  fig. l .  
(Descr. Fig. of dorsal shi eld.) 

1908 Parabolinella williamsoni (Belt) - - Lake, p. 64, pl. Y l ,  fig. 1 2 ; pl. V I I ,  fig. l .  
(Descr. Fig. of clorsal shielcl, same as figured by Reed a s  Olenus Plant i ;  enlarg:d 

fig. of pygidium of this specimen.) 
1913 Parabolinella williamsom: (Belt) - - Lake, p. 65. ( Continuation of de�cription 

by Lake in 1 908.) 
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T y p e d a  t a :  - As lectotype should be selccted one of the specimens 
in Belt's collection. 

D i  a g n  o s  i s :  - A Parabolinites species with : small palpebral lobes 
far forwards and dose to glabclla ; diverging preocular facial sutures ; f ixed 
cheeks about as wide as occipital ring ; thorax with short pleural spines and 
without ( ?) axial nodcs ; pygidium cntire, with 4 axial rings and postaxial 
ridge. Free checks unknown. 

R e m  a r k  s :  - Comparison of type material of Belt's Conocoryphe : 

zuilliamsoni and of Olenus plantii led Lake ( 19 1 3, p .  65) into concluding that 
the hvo forms are indentical. The specimen figurecl by Reed and Lake occurs 
associated with a Sphaeropht!zalmus species, vvhich suggests the zone of 
Peltura scambaeoides. 

A species referred to by Stubblef ield ( 1930, p. 57) as Parabolinella a f f .  
u•illiamsoni from the Orusia Shales of Shropshire, was stated t o  differ in 
its shorter preglabellar fiel d  and its narrower palpebral lobes .  

O c c u r  r e n  c c :  - \V ales (l.-pper Lingula Flags ) .  

G e n u s P a r  a b o l i n  e l l a B r o g  g e r l 8 8 2.  

T y p e  s p e  c i c s :  - Parabolinella limitis Brogger 1882, designatec\ 
by Bassler ( 191 5 ) . 

D i a g n o s i s : - Oleninae with : subquadrate to subrectangular ce
phalic axis, bluntly rounded, truncate, or indented in front ; s.l bifurcate ; 
well developed preglabellar field ; anterior dorsal furrow often pitted ; prc
ocular facial sutures cliverging or subarallel ; palpebral lobcs large to medium
sized, with centres s ituated from opposite outer ends of S2 to oppositc L2 ; 
interocular cheeks from about 0.25 to 0.4 as wide as glabclla at eye line ; 
postocular cheeks more than half as wide as occipital ring ; free cheeks with 
long spine, which continues course .of lateral margin ; 16 to 21 (22 ?) thoracic 
segments (whcn number is known) ; pleural ends pointed or with short 
spines ; pygielium entire. 

I n c l u el e el s p e c i e s :  - A num ber of Parab olina-like species with 
well-developeel preglabcllar f ielel and entirc pygidium have been assigncel to 
Parab olinella. However, they are not all necessarily congeneric with Para

bolinella lim itis ( type specics , reelescribecl below) . As defineel above, Para

bolinella is restricted to species vYith subquadrate to subrectangular cephalic 
axis, bi furcatc S l ,  and with postocular cheeks wider than hal f the width of 
the occipital ring. Parabolin e!la tetragonaiis and, tentatively, P. wimani have 
been transferred to Bienvillia which has long, unforkcd glabellar furrows 
and narrower postocular cheeks. Paraboline!la laticauda is regarded as type 
species of a new genus, Para bolinites} which dif fers from Parabolinella i. a. 
in having a parabolic outline of the glabella and in having unforked glabellar 
furrows. Parabolinella leptop!astorum and .P. 7.l'illiamsonii are tenlati \'ely al� O 
inclucled in Parabol-inites n. gen. Paraboline!la c7 •an si and P. occidentalis are 
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exclucled from the Oleniclae (cf .  p .  23) . The follo\Ying species are retained 

in Parabolinella : 

P .. argentinensis Kobayashi 1 936 
P. lata n. sp. 

P. limitis Drogger 1 882 

P. quadrata ::VIatthcw 1900 (= ? P. triarthra ) 
P. rugosa Brogger 1 882 

P. triarthra ( Callaway 1 877) 

P. t riarthroid es Harrington 1 938 

and possibly also : 
P. ? bisulcata Kobayashi 1955  ( c f .  postscript) 

P . ? caesa Lake 1 9 1 3  

P. ? incerta (Rasetti 1 945 ) 
P. ? posthuma Matthew 1 892 

P. ? punctolineata Kobayashi 1936 
P . ? simplex ( Salter 1 866) 

Two Parabolinella ? spp. are reported from the lower Arenigian in 

Sweden by Tjernvik ( 1 956) . 

O c c u r  r e n  c c :  - �orway ( Ce ratopyge Series = Tremadocian ) ,  

Sweden ( Ceratopyge Series = Tremadocian ; lower Arenigian ?) , \V aks 
(C pper Lingula Flags ?, Tremadocian),  Canada ("l� p per Cambrian ?, 
Hungaia zone ?,  Tremadocian) ,  ?Alaskan-Yukon border (Franconian or 
Trempealeauian beds ) ,  Vermont (Gorge formation ) ,  NeYada ( Goodwin 

Limestone and Dunder berg group ) , 1 Argentina (Tremadocian ) .  

P h y  l o g e n y  a n  el .r c l a t  i o n s h i p s :  - The Tremadocian species 

P. argentinensis, P. triarthra, P. triarthroides, and P. quadrata are all very 

close to the type species, P. lim itis, likewise Tremaclocian. The rather late 
Tremadocian species P. lata n. sp. may have deYelopecl f.rom the above
mentioned group . P. lata n. sp. cliffers from all the other Parabolin.ella specics 
in having the cye s rather remote from the glabella. In spi,te of having simple 

glabellar furrows and narrowcr fixcd cheeks. the Tremadocian genus B ien

''i!lia appears to be el ose to Paraboli ne !la. J udging from the Scandinavian 

species alonc, the Lower Trcmadocian species Biem•illia? wimani might be 
regardccl as anccstral both to Bienz·illia and Parabolinella. However, if the 
poorly known species P . ? cac.sa and P . ? si111plex really belong ,to Paraboli

nella, the genus occurs also in the C p per Cambrian, since they are stated to 

come from the l_Tpper Lingula Flags. P . ? inccrta and P. ? punctolineata from 
the North American province a re likewise rather poorly known, and their 
age in relation to the spee i es of the Acaclo-Baltic prm-ince is uncertain. As 
cliscussed aboYC, some incompletely known species from the l'pper Lingula 
Flags tcntatively assigned to Parabolin itcs n. gen. show trencls towards Para-

1 cf. \\'ilson, 1954, p. 263. 
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holinclla. T t  is unfortunatc that so many Parabolin ella-likc species from the 
l�ppe�- Lingula Flags are so poorly knovm, because it is difficult to judgt' 

whether Paraboline11a + Bienz:i!lia developecl from Parabolinitcs n. gen., 

\vhich has a similar well-cle,·elopecl p-reglabcllar ficld and entire pygidium. 
or whether Parabolinella + Bienvi!lia cleYeloped clirectly from Parabolina, 

through forms like Bicnvi!lia ? wiman i. In the latter case, Parabo!inites n.gen. 
and Parabolinella + Biem:illia vvoulcl represent two different off-shoot;; 

from Parabohna, both with ,,-ell-cleYeloped preglabellar field and an cntire 

pygidium. This ,._.-oulcl perhaps not be so surprising, since there are Para

bolina species (later than Parabolinites n.  gen .) with an entire or almost 
entire pygidium, and since the length of the prcglabellar field Yaries within 

Parabolina. In favour of the Yie'v that Parabolinel!a + Bien<_oillia developcd 

cl irectly from Parabolina might be pointed out that some late Parabolina 

spccies, like P. acanthura from the L-per Cambrian/Trcmadocian boundary, 

resemble B icm.·illia ? zvimani in certain featurcs, as for instancc ;n ba ving 
rrcc chceks with an acute inner spine angle. 

Pambolinclla argentinensis Kobayashi 1936. 

1 936a Paraboline/la argcntincnsis, new spee i es - - Kobayashi, p. 88, pl. ;.;_Y, t : g.>. !-3. 
(Descr. Figs. of anterior part of  axial and dOi·sal �hields.) 

1937a Pambo/inella argetztincnsis Kobayash i - - Kobayashi, p. 13 .  (ListecL) 

1 937h Parabolinella argentinensis Kobayashi - - p. 406. (Listcd.) 
J Q38 Pambolinella m·gentinensis Kobayashi - - Harrington, p. 193, pl. VII, figs. 1-2, 

7-8. (Rcmarks. Figs. of a cranidium and d01·sal shields.) 

1 9-t3a Parabolinella w·gentitzcnsis - - Harrington & Leanza, PP- 219, 220, 222. 
(Recorded.) 

194-+b Parabolinella argentine11sis Kobayashi - - Kobayashi, p. 231,  te.xt-fig. 4. (Fig. 

of restorecl dorsal shield.) 

T y  p c d a t  a :  - As lectotype I select the ccphalon •vith 3 attached 
thoracic segments figured by Kobayashi ( 1 936, pl. XV, fig. l )  from 
Argentina. 

D i a g n  o s  i s :  - A Parabolinella species with : sagittal length of prc

glabellar field about twice that of occipital ring ; cephalic axis somcwhat 

langer than wicle ; interocular cheeks from 1 /3 to 1 /4 as wide as glabella at 

cye line. Ccntres of palpebral lobcs opposite outer ends of S2 ; preocular 
facial sutures markedly diYcrging ; fixed cheeks about as wide as occipital 
ring ; free chceks with slightly obtusc inner spine angle ; 1 9  (or l or 2 more ?)  
thoracic segmcnts with pointed pleura.l ends and axial nodes ; pygidium with 
3 axial rings . 

R e m  a r k s :  - The species was comparecl with P. t·riarthra by 
J(obayashi ( 1 936) and Ilarrington ( 1938) . P. a-rgcntincnsis <li f f e r s  cspecial l y  
in having the facial sutures di\·erging markcclly more in front of the eyes, 
and in haYing a stronger pattcrn of gcnal caeca acru;:;:s the pr<:sh•bcllat· -field 

O c c u r r e n  c e :  - Argentina (Lo\ver Tremaclocian) _ 
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Pambolin ella lata n.  sp. 

Pl. 8 ;  pl . 12, fig. 8. 

N a m e :  - The specics is called lata because of its wide intcrocular and 
postocular cheeks .  

H o  l o t y p e :  - A cranidium (P .  :vi. O. no. 1 287a) from Ccratopyge 
Limestone ( 3ay) at S. Bjcrkåsholmen near Slemmestad in Røyken, Norway. 

D i  a g n  o s  i s : - ·  A Parabolin ella species ''"ith : posterior cheeks 
slightly wider than occipital ring ; width of interocular cheeks 0.4 that of  
glabella at eye line ; preglabellar f i eld bent vcntrad. Only cranidium known . 

· D e s  c r i  p t i  o n : - This is based on the holotype craniclium, \Yhich 

is the only specimen present. It is prescrved in li mestonc, and is 9 . 2  mm 

wide and 4.6 mm long. 
Cranidium twice as widc as long. Ccphalic axis subrectangular, slightly 

langer than wide, widening slightly forwards and faintly convex in fronl. 
Occipital ring vvith axial node. Occipital furrow distinct. The glabellar fur
rows are not well preserved, as the frontal Jobe is somewhat compressed. 
Sl sigmoidal and possibly bifurcatecl. S2 oblique backwards, possibly with 
faint geniculum. N'cither Sl nor S2 reach the dorsal furrow. Axial length 
of preglabellar field almost onc third of that of cephalic axis .  Preglabcllar 
field bent rather strongly ,-entrad, except just in front of glabclla wherc 
it is convex. Anterior border furrow distinct, pitted. Border narrow. Frontal 
area slightly archecl in front view. Eye ridges sl ightly oblique forwarcls, 
distinct. Palpebral lobes crescentic, relati,·ely small. Eye l ine slightly in front 
of S2. J nterocular checks relatively wide, about 0.4 as wide as glabella at 
eye line. Postocular cheeks slightly widcr than occipital ring. 

Facial sutures diverge slightly between eyes and anterior border furrow, 

and diverge .strongly behind eyes, wherc they are slightly convex. 
�o other parts of the specics are known. 
A f f  i n  i t  i e s :  - P. lata n. sp. is no doubt dose to P. tria1'1h1·a, from 

which it differs mainly in having wicler fixed cheeks, and in haYing the eye 
ridges rum1ing obliquely forwarcls instead of backwarcls . 

O c c u r r c n c e : - Korway : Røyken ( S .  Bj erkåsholmcn) - Ccra

topyge Limestone ( 3a y) . 

Parabolin rlla lim itis Brogger 1882. 

Pi. l ,  fig. 8 :  pl. S :  pl .  12, i'g-;.  1-:l 

1882 Parnbulinf'i/a limitis, n .  sp. [partim ] - - Broggcr, p.  102, pl.  I I I , f ;g>.  ?, 2a-b. 
(Dcscr. Figs. of cranidium, fl-ee cheek, and pleura. Fig. 4 i s  of Bicnvill:'a l <' l ra 

. gana/is brucggcri n. suhsp.) 
? 1 903 Parabolinclla( ? )  cf.  lim itis, Brogg. -- :..fatthew, p. 226. (De;: er. of small cra

nidium.) 
1906 Parabolin,•lla li111itis Brogger f partim] - - �I o berg & Segerberg, p .  82. 

(Mentioncd . )  
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1915 Parabolinclla limit is Brogger - - Bass! er, p. 943. ( Designated type �p::cies of  
Parabolinclla.) 

1934a Parabolinella limitis [partim] -- Stormer, p. 332. (Listcd.) 
1938 Parabolinella limitis [ partim] -- Harringlon, p. 196. (Remarks.)  
1952 Paraboli11ella limitis Dregger - - Harrington &. Leanza, p .  192. (Remarks on 

species.) 

T y p e  el a t  a :  - Lectotype (selected by Harrington & Leanza, 1952) 
is  a cranidium, figured by Brogger ( 1882 , pl. I IJ ,  fig. 2 ) ,  from Ceratopyge 
Shale ( 3a[J ) ,  St. Olavs gate, Oslo, Norway. 

D i a g n  o s  i s :  - A Parabolin ella species with : sagittal lc:ngth of pre
glabellar field about equal to that of occipital ring ; cephalic axis somewhat 
longer than \\:ide, bluntly rounded in front, preocula.r facial sutures some
what div·erging ; palpebral lobes reaching from opposite S3 to opposite an
terior branch of S l ,  with centres opposite inner end of S2 ; interocular cheeks 
about 1/4 as wide as glabella at eye line ; postocular cheeks about 3/4 as wide 
as occipital ring ; free cheeks with slightly obtuse inner spine angle ; pleural 
ends with short spines. Number of thoracic segments unknown. Pygidium 
unknO\vn. 

D e s c r i p t i o n : - This is based on detached paifts. The lectotype 
craniclium is 1 5 .5 mm long and 3 1  mm wide. The !argest cranidium is 22 mm 

long. 
Cranidium twice as wide as it is long. Cephalic axis squarish, bluntly 

rounded and somewhat truncate in front, and with obtuse antcrior corners. 
Occipital ring with axial node. \Vell deye)oped composite occipital furrow, 
deepest laterally, but, like glabellar furrows, not quite reaching the axial 
furrow. Sl  forkecl, oblique bachvards , deep. S2 oblique backwards, slightly 
geniculate, deep. S2 short, transyerse, situated midway bctween axial furrow 
and axial line, shallower than S l  and S2. S4 almost pit-like, s ituated dose 
to anterior corners of glabella. Preglabellar field between one-fifth and one
s ixth as long as cephalic axis. Anterior border funow cl istinct, pitted. Border 
narrow, gently convex in dorsal and front Yiew. Eye ridges short, slightly 
oblique, wiclening gradually into palpebral lobes, which reach from opposite 
S 3  to opposite anterior branches of S l .  Interocular cheeks narrow, about 
one-fourth as wicle as glabella at eye line. Postocular cheeks about three
fourths as wide as occipital ring. Preocular facial �;;utures slightly cliverging. 
Postocular facial sutures dinrging, very slightly sinuous, almost straight. 

Free cheeks elongate, with long spine. Angle bct\veen spine and posterior 
border slightly obtuse. Border well developed, with yery fine terrace lines. 
Genal field ornamented with genal caeca. 

Hypostoma with rather convex middle body. A faint furrow separates 
anterior lobe from posterior lobe, which cauie:o a pair of maculac,  Dordoc1· 
up-turned, collar-like, expancled ear-like at posterior corners. Anterior vvings 
bent ventrad. 

Thorax kno,vn only from fragments of thoracic segments. Pleurae with 
short spine. 
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Pygidium unknown. 
R e m  a r k  s :  - As pointed out by Harrington & Leanza ( 1952) , 

Droggcr based his clescription of P. limitis on two specics. The one specie.3 
comes from 3aa, the other from 3at1. A.s the lectotype i s  of  the upper fonn 
'( f rom 3a[J ) ,  the name P. limitis is  restrictecl to this spcci es. The other form 
is clescribed below as Biewvillia tetragonalis hroeggeri n. subsp. 

A f f i n  i t  i e s :  - P. lim itis is very dose to P. triarthra, \vhich differs 
in having shorter eyes, which do not reach further back than opposite the 
micldle of L2, and in having more rouncled anterior corners of the glabella. 

O c c u r r e n c e : - Norway : Oslo (Vekkerø. St. Olavs gate) ,  Ringe
rike (Viul ) ,  Hadeland (Gran, Jaren) . - Ccratopyge Shale (3a/3 ) . - 
E. Canada ? (�on Scotia, Asaphellus zone) . 

Parabolinella rugosa Brogger 1 882. 

PI. 12, fig. 9. 

1882 Parabolina rug osa, n. sp. - - Brogger, p. 104, pl. I T I, fig. 3 .  ( Descr. an�! fig. 

of incomplete cranidium.) 

?1896 Paraboline!la, sp. noY. - - Crosfield & Skeat, p. 537, pl. X\:YI, figs.  1 1-12. 

(Descr. and figs. of  incomplete cranidium.) 

1906 Parabolinella rug osa Brogger - - :Nioberg & Segerberf!, p.  82. ( "\!Ient; oned .)  

? 1913 Parabolinella rugosa, Bri:iggcr, var. - - Lake, p .  67, pl .  \'lT, f ig .  3 .  ( Descr. and 

new fig. of the cranidium described by Crosficlcl &. Skeat.) 
1951 Pambolinella rugosa (Brogger) -- Sha\\·, p. 103. ( Sugge�t� tint it may po:

sibly belong to Plicatolina.) 

T y p e  el a t  a : - Holotype (by monotypy) is the incomplete cranidiUtT\ 
described and figured by Drogger ( 1882) , from the lowermost part of th� 
Ceratopyge Limestone ( 3ay) at Vestfossen, Eiker, Xorway. I have not 
succeeded in finding the specimen in the collections of the Palaeontological 
Museum in Oslo, and as no other specimens can be assignecl to this species 
\Vith certainty, i t  is not possible to select any neotype at present. 

R e m  a r k  s :  - As stated by Lake ( 19 13, p. 67) , the specimen dcscribed 
and figured by Crosfield & Skeat ( 1896) as Parabolinella, sp. nov., is cer
tainly very closely alliecl to P. rugosa, and such differences as there are, may 
be due to cliffercnces in the mocle of preservation. Shaw ( 195 1 ,  p. 1 03) 
suggested that P. rugosa might possibly belong to Plicatolina. However, 
P. 1·ugosa cliffers from this genus in having a more complicatecl pattern of 
the glabellar furrows, and I do not think it shoulcl be assignecl to Plicatolina. 

H .  J. Harrington has suggcstecl ( personal communication, 1950) that P. ru
gosa belongs to an unclescribed genus present in S .  America. He has kindly 

sent me photographs of two species of this genus, and the likeness between 
the craniclia is rather striking. The specimen clcscribed below as P. cf. mg osa 
rcsembles eYen more one of thesc species .  
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A single incomplete craniclium from exactly the same horizon as the 

holotype of P. rug osa ( namel y the small dark limes tone lenses j ust bel-::Jw the 

typical Ceratopyge Limestone) was collected in 1 9 1 5  at S .  Bjerkåsholmen, 

Røyken, Norway. The glabella is 5 mm long ( as compared to 7 mm of the 
holotype) . l'dore than hal f of the occipital ring is mi ssing , and it is not pos

sible to say whether it hacl an axial node or not. Occipital furrow clistinct 
and compos i te ; oblique laterally and slightly convex in middle part. Glabellar 
furrows not united across glabella. S l  oblique backwards, bifurcated. The 

two branches unite again ncar axial furrow, thus clel imiting ovate area of 

glabella . S2 oblique bacbvards, sl ightly geniculate , and not quitc reach ing 

axial furrow. S3 and S4 almost transverse. S4 is rathcr close to S3, and 

al most cont inues S3 towanls axial furrow. Apart from the four pairs of  
glabellar furrows, there are also two pairs of faint furrows bctween the 
occipital furrow and S l .  The preglabellar f ielcl is badly prcservcd , but i s  

rdatively long ( sag. ) .  As i n  the holotype, no distinct border i s  clevelopeJ . 
Facial sutures slightly di,·crging i n  front of cyes. Eye ridges short, oblique 
backwards. �iost o f  the paipebral lobc is m is si ng, but it scems to be relatively 
-vv icle and consists of an inner lobc-like part and an outer rim-like ridge. Intcr

ocular cheeks rather narrow . The postocular cheek present is imperfcct, but 
is at !east half as wide as the occipital ring. The surfacc of the craniclium 

is f inely granulatc . 
The specimen scems to agrec with P .  ntgosa in most fcaturcs, exccpt 

for S2 being curved more markcclly bacJ.m·ards in the holotype. I t  seems, 

howe\·er, rather probable that they are conspeci fic . 
O c c u r  r c n c e :  - ::\onvay : Eiker (Vestfossen) , :"Røyken ( S. Bj erk

åsholmcn) - Lowermost p;trt of Ceratopygc Limes tone ( 3ay) - - ? \Vaies 

( Tremadoc Slates ) .  

Parabolinclla triarthra ( Callaway 1 877) . 

Pl .  12. figs. 6-7. 

1877 Olenus triarthrus, n. sp. - - Callznqy, p. 666, pl. X X I \-, iig. 6. ( Deo:cr. Fig. o f  

restored dor sal shield. )  

1902 Parabolinclla quadrata, n .  sp. - - Matthew, p. 4 1 1 ,  pl. XVTJI, fig. 7. 

1 903 Parabolin ella ? quadrata, -- \fatthe\1·, p. 225, pl. X\-IIJ, fig. 7. (De,-cr. Fig. 

of cranidium. )  

1 91 3  Parabolinclla triarthra ( Callaway) - - Lake, p .  68, p l .  V I I ,  figs. 4--12. (D�: c�· .  

Figs. of cranidia and more or less complete axial and dm·sal shields.) 

1 9 1 5  Para boline/la quadrata Matthc\\. - - Bass ler, p. 943. (Listecl.) 

1936a Parabolin clla trim·thra ( Callaway) -- - Kobayashi, p. 89. ( Yientioned). 

1938 Parabolinella trim·thra ( Callaway) -- - Harrington, p. 1 94. ( ::VIentionecl.) 

1 9.'i:2 Parabolinclla triarthra ( Callaway) - - Hutch'nson, p .  82, pl. l iT, {ig. 14. 

(Remarks. Fig. of cran idium.) 

T y  p c el a t  a :  - As l ectotype should be chosen a specimen from the 

Sh ineton Shal cs, Shintton. Shropshire, England. namely one of the spe

CJmens exa m i necl by Callawav-. 
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D i a g n  o s  i s :  - A ParaboliH clla species \': i th : cephalic axis acout as 

long as ''vide, indentccl in  front ; wiclth of  interocular cheek about 1 /4 of width 

of  glabella at eye line ; centres o f  palpcbral lobes oppos ite outer encls of S2 : 

glabella wi dcning slightly forwards : fixccl cheeks as wicle as ,  or slightly 

narrower than occipital ring ; up to 21 thorac ic segments, the last more or 
l ess f i rmly attachecl to pygidium ; pleural ends \\·ith short points, progres

s ivcly less pointed backwards, two last segments w ith rounded pleural encls ; 
pygidium small and w ith l axial ring. 

R e m  a r k  s :  - All the specimens figurcd by Lake are f lattened a nd 

more or less crushed. It i s  probable that the preglabellar fi eld ,"·as rather 

steep as in  P. lata n. sp. ,  and that this is the reason why the preglabellar f ield 

often is  crackecl along the axial l i ne. In a specimen ( P . }1 . O. no. A 1 7390) 

collected at the type locality by J.  Ki<er, at !east same of the original steq

ness of the preglabellar f i eld is preserYecl. 

Hutchinson ( 1952) examined :r-Tatthe,y's type ma teri<tl of  P. qw:uirata 
and regardecl it as conspecific vvith P. triarthra. 

Kobayashi ( 1936) mentionecl a number of di f fe rences between P. 

triarth.ra and P. argentit1ensis. Some of the se d i fferenccs are perhap.; not s o  

sign i f icant , and Harrington ( 1 938) maintai ned that t h c  t,,-o specie:=; are 

rather closely related. 

O c c u r r e n c e :  - England ( Shineton Shales ) .  E. Canada (X oya 
Scotia, A saph ellus zone ) .  

Parabolin cl!a triartlz ro idcs Harrington 1938. 

1 938 Parabolinclla triartlzrnides sp. no\·. - - Harrington, p. 194, text fig. 9, pl.  \"I l .  

figs. 10-1 1 .  ( Descr . and figs. o f  cranidia.) 

1 950 Paraholinclla triar th roidcs Harrington - - Sh;nY, p. 1 1 0. ( Report ed from 

\·ermont . )  

195 1  Para/Jo/inc/la. triarthroidcs Harrington - - Shaw, p.  102, pl .  22, fig.,. 1 - 10. 

( Descr. Figs. of craniclia and pygidium.)  

T y p e el a t  a :  -- Holotype (by original dcsignation) is a craniclium 

f igured by Harrington ( 1 938, text fig. 9 ;  pl. V TI. fig. 1 O) , from Queb rach 

de Coquena, Jujuy, Argentina. 

D i  a g n  o s  i s : - A Parabolin clla spec ies w i th : :;agittal length of prc

glabellar fielcl a.Jbout twice that of occipital r ing ; cephal ic axis alm ost  parall el

sidecl, bl untly rou nded in front, somewhat longer than \\· ide ; fi xed cheeb 

about as wide as occipital ring ; interocu lar ch eeks about l/3 as w ide as gla
beila ::tt eye line. Only craniclium known. 

R e m  a r k s :  - The spee i es scems to be Yery el ose to P. triartllra.  but 
clif fers in haYing a bluntly roundecl preglabellar furro\\·, at !east not indentd 
as in P. triarthra, and in haYing shorter glabellar furrmr�. It should be 
�-emcmbered, howeYer, that the specimcns of P.  11-im·thra ;ne comprc:ssed, 

\\·h i ch may haYC exaggerakcl the cli f fcrenc<.''='  from P. triart h r o irlcs. 
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Shaw ( 1950, 195 1 )  assigned some Vennont specimens to P. triar

throides. According to him ( 195 1 ,  p. 1 03) , the ;\orth and South American 

specimens are not separable on either qualitatiYe or quantitati.-e grouncls. 

I do not think this is unlikely, but would like to point out that i t  has so far 
only been possible to compare the cranidia, and, juclging from the illustra

tions, that it seems as if the fixecl cheeks are as wide as the occipital ring 

in the Argentine cranidia, whereas they are only three-fourths as wicle as 

the occipital ring in the Vermont craniclia. However, this may possibly be 

due to a better presen-ed com·exity of the Vermont cranidia. If the difference 
is real , the Vermont material shoulcl perhaps rather be assigned to a separate 

subspecies . 

O c c u r  r e n  c e : - Argentina ( Cpper Tremadocian) ,  Vermont (Gorge 
formation ) .  

Parabolinella : caesa Lake 1913 .  

19 13  Paraboline!la cæsa, sp. nov. -- Lake, p .  66, pl. YII,  fig. :2 .  (Desrr. and fig. of  
incomplete axial shield.) 

T y p e el a t a :  - Holotype (by monotypy) is the incomplcte axial 
shield figured by Lake ( 1913) ,  from the L pper Lingula Flags at Dolgelley. 

R e m a r k s :  - The cranidium of this specics is unfortunately not 
wel l knovm, but it appears to be of  the Parabolin ella type. Its thorax has 16  

segments with pointed pleural ends, and its pygiclium has 4 axial rings and 
an axial ridge . 

O c c u r  r c n c c :  - \Vales (l-pper Lingula Flags . )  

Parabolinella ": incerta Rasetti 1945. 

1945 Parabolinella ? incerta, n .  sp. -- Rasetti, p. 471,  pl. 61 ,  fig. 16. (Des er. and fig. 
oi cranidium.) 

1951 Parabulinc/la inc erla (Rasetti) - - Shaw, p. 102. (Remarks.) 
Xon 1 954 Paraboline/la incerta (Rasetti) -- \\.ilson. ( = 0/cnus ? -cln'lsoni n. sp.) 

T y p e  d a t  a :  - Holotype (by original designation) is the cranidium 
figured by Rasctti ( 1945 ) ,  from the Levis conglomerate; probably from 
North Ridge, Levis, Quebec, Canada. 

R c m  a r k  s :  - The taxonomic position of this species is still best 
regarded as uncertain. It recalls Parabolinella, with whioh it shares a trun
cate glabella, but S l  does not seem to be bi furcatc, and it is possibk that it 
is related to Parabolinites n. gen. Some specimens assigned to this speCies 
by \Vilson ( 1954) are here referrccl to as Olenus ? wilsoni n. sp. 

O c c u r  r e n  c e :  - Canada (Qucbec, llungaia zonc) .  
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Parabolin ella ? posthum a "Yiatthew 1892. 

1892 Parabolinella posthuma, n. sp. -- Mat the\\·, p. 107, pl. \-1 1 ,  figs. 13a-b. ( Deccr. 

Rough sketch of cranidium and free cheek.) 
? 1 892 Parabolinella ? sp. -- :Matthew, p. 107. (Remarks.) 
1913 Parabolirz ella postlwma Matthew - - Bassler, p. 943. (Listed.) 

T y p e  d a t  a :  - As lectotype should be selected ane of Yratthew's 
spee imens from Di\-. 3d at the Suspension Bridge, St. John, New Brunswick, 
Canada. 

R e m  a r k s :  - The affinities of this species are difficult to trace from 
the short description and rough skctches giYen by ).htthew. Its small palpe
bral lobcs and more or less continuous glabellar furrows suggest Parabolina, 
vvhcreas its preglabellar ficld appears to be of the Parabolinella type. 

A Parabolin clla ? sp. was stated by :Y1atthcw to diffcr in ha ving genal 
caeca across the preglabellar field. As the genal caeca may be more or less 
cleyeloped or preservcd within ane species, it is possible that this form be
langs to P. : posthuma, with which it occurs. 

O c c u r  r e n  c c : - E. Canada (New Brunswick, Bretonian, Div. 3d) . 

Parabolinella ? pu11ctolineata Kobayashi 1936. 

1936b Paraboli11ella ? punctolineata, n. sp. - - Kol:;ayashi, p .  166, pl. 21, figs. 19-20. 
(Descr. Figs. of cranidium and free cheek.)  

1951  Paraboline/la pmzctolineata Kobayashi - - Shaw, p .  102. ( Rcmarks . )  

T y p e  el a t  a :  - Holotype (by original clesignation) i s  a craniclium 
figurecl by Kobayashi ( 1936b, pl. 2 1 ,  fig. 19) from white limestone at Jones' 
Riclge, north of Tatoncluk River, International Boundary, Canada. 

R e m  a r k  s :  - Only a fragmentary crani dium and a fragmentary free 

cheek have been described. The cranidium rcsembles Parabolinella, but S l  
does not seem to bi furcate. Shaw ( 195 1 )  suggested that P. punctolineata and 
P. incm-ta may be synonymous, and pointed out that they resemble the North 
American material of P.

_ 
triarthroides described by him. 

O c c u r  r e n  c e :  - Canada (Upper Cambrian ?, near Y ukon-Alaska 
boundary) . 

Parabolinella ? simplex ( Salter 1 866) .  

1866 C onocoryphe? simplex, n. sp. - - Salter, p. 306, pl .  5 ,  fig. 17. (Descr. and fig. 
of cranidium.)  

1 878 Ellipsocrphahls sp. -- - Cat. Cambr. and Silur. Fossils Mus. Pract. GcoL, p.  12. 
(Listed.)  

1898 Conocoryphe si1up!e.r, Salt. - - Brogget·, p .  200 ( 1 896, separate copies, p .  37) . 
(Assigned to the genus Cyclogtwtlllls.) 

1900a Conocoryphe ?  simplex, Salter - - Reed, p. 253.  (States thøt it may be assigned 
to Cyc!ognathus.) 

1919 Parabolina simplex ( Salter) -- Lake, p. 1 10, pl. XIII ,  fig. 6. 
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T y  p c el a t  a :  - Holotype ( by monotypy) is  the incomplete cranidium 

clescribed by Salter, from the ·cpper Lingula Flags at Penmorfa Church, 

Portmadoc, \Vaies. 

R e m  a r k s :  - The species is known only from an incomplete crani

dium, and it is difficult to assign it with certainty to any genus at present .. 

O c c u r  r e n  c e :  - \Vaies (lTpper Lingula Flags .)  

G e n  u s B i e n  v i  ! l  i a C l a r k  l 9 2 4.  

T y  p c s p e  c i e s :  - Dikelocephalus ? corax Dillings 1865, by original 

designation. 

S y n o n y m : - Diatem nus Raymond 1937 (type : D. miculus Ray

mond 1 937) . 

D i  a g n  o s i s : - Oleninac which resemble both Parabolinella and 

Triarthrus, but differ from the first in haYing unforked Sl and narrower 
posterior cheeks, and from Triarthrus in haYing \Yider posterior cheeks and 

bettcr deYeloped preglabcllar fielcl. 

R e  m a r k s :  - I had intenclecl to cstablish a new genus for species like 

Parabolinella tetragonalis (transferrcd to Triarthrus by Harrington & 
Leanza in  1952) and Triarthrus shinetonensis, which aparently are closely 

relatecl to, but cli ffer from both Parabolinella and Triarthrus. vVhcn Rasctti 
published a new photograph of a craniclium of Bien-vi/lia corax in 1954 
(pl .  6 1 ,  fig. 1 5 ) ,  I was fi rstly convincccl that B ienc/illia is a true olenid (which 
was not so obvious in earlier figures)  and also that it most proba:bly i s  con
generic vvith the spccies mentioned abOYC. "C nfortunateJy only the cranidium 
of Biewl'illia corax seems to have bcen clcscribed. Howevcr, this is strikingly 
similar to those o f  Tr im-thrus shinetonensis and Parabolinella tetragonalis 

( espccially the new subspecies broeggeri ) ,  and i t  would be unexpcctcd if the 

other parts of the shield of  B. corax should prove to differ significantly .. 
As pointccl out by Rasetti ( 1944, p. 240) , D iatemnus miculus Raymond 

1937 ( type species) is cxtremely s imilar to Bienvillia, and Diatemnus may be 

rcgardcd as a subjective synonym of Bienvillia. I am not aware of any other 
species assignecl to Bienvillia or Diatemnus except Bien7.iillia terranov·ica 

Rasetti 1954, which I have transferrecl to Leiobien<'illia. 

The position of Parabolinella wimani is not quite certain. I have pro
visionally i nclucled it in  Bienvillia, but its glabella has a more parabolie out
line and recalls also Parab olinites n. gen .  It may po55ibly be an intcrmcdiale 
form between Parabolinites and Bienvillia. It is, however, also possible that 
Bien:villia devcloped from Parabolina. Bienvillia and Pambulinella are appa

rently rathcr dose, but Bien<.:illia is no cloubt closest to Triarthrus, of which 

i t  i s  apparently a forerunner. 
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I n c l u d e  d s p c c i e s : - The follo,Ying specics may be assignec.l to 
Biem.•illia : 

B. corax ( Billings 1 865)  

H.  m icula ( H.aymond 1937) ( type species of  Diatem nus Raymond 1 937) 
B. shinetonensis ( Lake 1 9 1 3 )  (transferred from Triarthrus) 

B. tetragona1is tetragonalis ( Harrington 1 938) (transferrecl from 
Triarthrus) 

B. tetragonalis brocggcri n.subsp. 

and possibly also : 

B. ? canadensis (Kobayashi 1 955)  (cf .  postscript) 

B . ? wima.ni (\:Vestcrgård 19 17) ( transferred from Parabolinella) 

O c c u r r e n c e : - :Jorway (Tremac.locian) ,  Sweden (Tremaclocian) ,  

Great Britain (l." ppcr Trcmadocian ) ,  Argentina (Lower Tremadocian) , 

Newfoundland (Tremadocian) ,  Qucbec (Hungaia zone) , Vermont ( Base of  
Gorgc formation ) .  

P h y  l o g c n y  a n el r e l a t  i o n s h i p s :  - As discussed abo,·e 

( p .  1 34) ,  Biem.:illia is probably closely related to Parabolin clla. Either Pa.ra
bolinella dcvelopcd from Bien·villia. or the t\\'o genera had a common origin . 

Bicn�'illia appears to be restrictcd to the Trcmadocian and beds of  cone
sponding age. All its species seem to be closely related, as far as their shields 
can be compared. Bien·uillia apparently gaYe rise to Triarthrus which di ffcrs 

in  having narrovver fixed cheeks, smaller or no preglabellar field, and usually 
no genal spines.  

B ien�·illia corax ( Billings 1865 ) .  

Pl. l ,  fig. 6. 

1865 Dikelocephalus ? ,·ora.-r. (K. sp.) - - I3illings, p. 334, fig. 322a. ( Descr. and fig. 
of fragmentary crandium. The p� g�uium, fig. 322b, tema li vel y assigncd to th:s 
species, does not belong to it . )  

1915 A.patokephalus corax (Billings) (partim] - - Bass! er, p .  55.  (Listed.) 

1924 Bienvillia corax (Bill ings) -- Clark, p. 20. 

1944 Bicnvillia corax (Billings) - - Rasetti, p. 240, pl.  36, figs. 5 1-52. ( Recordd. 

Fig. of holotype and another cranidium.) 

1954 Bien-vi/lia corax ( Billings) - - Raseiti , p. 583, pl. 6 1 ,  fig. li ( Mentioned. Fig. 

of well-presen·ed cranidium.) 

H o  l o t y p e : - The cranidium. f igured by Bi llings ( 1 865 ) ,  Nat. Mus. 
Canada no. 876a (by monotypy) . 

D i  a g n  o s  i s :  - A Bien:villia s pecies with : f ixed cheeks half as wide 
as occipital ring ; small palpebral lobes close to glabella and with centrcs 

opposite L3 ; S l  and S2 subparallel, long, faintly united across glabella ; S3 
shorter and fainter ; preglabellar field about as long as occipital ring ; glabella 
bluntly rounded in front. Only cranidium known. 

O c c u r  r e n  c e :  - Canada (Quebcc, LeYis conglomcrate, bouldcrs o f  
the H ung ai a zone) .  
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Bicn·<:illia 111 icula ( Raymond 1 937) . 

1937 JJiatwmus micu!us sp. nO\-_ - - Raymond, p. 1 092, 1>! .  l ,  fig. 19. (De�cr. and 

fig. of cranidium.) 
1944 Diatemnlls m iw!us Raymond - - Rasett i, p. 2-W. (Transferred to Bienn:Jlia .)  

H o l o t y p e : - Dy original designation the cranidium figured by 

Raymond ( 1 937) . :\o. 14709 in the Yale univ. :Vluscum. 
D i a g n  o s i  s :  - Dif fers from B icm:illia corax in haYing a more 

quadrate shape of the cephal ic axi:; .  

O c c u r  r e n  c c :  - Vermont ( Lo\\'est zone of  the Gorge formation 

at Highgate Falls) . 

Bien<-·illia sh inctonensis (Lake 1 9 1 3 ) . 

Pl. l ,  fig. 7. 

1908 Triarthrus shinrtoncnsis �p. noY. - - Raw, p. 5 12. (Li stccL ) 
1913 Triarlhrus shincton ensis, Raw - - Lake, p. 70, pl. \'I T ,  !igs. 13-16. ( D2. Ci'. 

Figs. of more or less complete dorsal shields.) 

1952 Triarthrus shinetoncusis Raw - - Harrington & Leanza, p. 192. (Mention�d.) 

T y p e el a t a : - As lcctotypc I sel ect the clorsal shielcl without pygi
dium figurcd by Lake ( 1 9 1 3, pl.  VII, fig. 1 3 ) ,  from the Shineton Shales, 

Shineton, Shropshire, England. 
D i a g n  o s  i s :  - A Hien7.·illia specics with : fixecl cheeks about three

fourths as wide as occ ipital ring ;  centres of eyes opposite L2 ; glabella bluntly 
roundcd in front ; frcc chceks with long spine ; 14 thoracic segments, the 

axial rings of the last tvvo fixecl to the pygidium, thoracic axi.s with axial 
nodes, 14th segment \\·ith long axial spinc ; pygiclium entire with 3 axial rings . 

R e m  a r k  s : - S i nce B. shincloncnsis \\'as f irst dc scribed and fi gurccl 
by Lake ( 1 9 1 3 ) ,  he must be regarded as the author. 

O c c u r r e n c e : - England ( Shincton Shales ) .  

Bien-uil!ia tetragonal is t etragonalis ( Harrington 1 938) . 

1938 Parabolinel/a tefragonalis sp. no,-. - - Harrington, p. 196, pl. \�Il.  figs. 3-4. 

( Descr. Figs. of craniclia.) 

F l  52 Tn'arthrus tctragonalis ( Harrington) - - Harrington & Leanza, p. 192. 
( Remarks.) 

T y  p c el a t a :  - As lcctotype I selcct a cranidium f igured by Har
rington ( 1 938, pl . VII, fig . 3) , from the Quebrada de Rupasca, Argentina. 

D i  a g n  o s  i s :  - A B icn·z ·illia species ,,-ith : f ixed cheeks about hal f 
as widc as occipital ring ; ccntres of palpebral lobes opposite L2 ; glabella 
5 l ightly inclentcd in front : S l  and SZ rather oblique backYrards, 1ong, but 
not united across glabella : S3 n· ry short. almost pi t-like and on l ine with 
inncr ends of S l  and S2. Only cranidium kno\\·n. 
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R c m  a r k  s :  - A closely rclatecl form is described belovv as B. tetra
gonalis borealis n.subsp. 

O c c u r  r e n  c e :  - Argentina ( Lower Tremaclocian) .  

Bienvillia tetragonalis b roeggeri n. subsp. 

Pl. S ;  pl. 1 1 ,  i 'g�.  1-7. 

1882 Parabolinella lim itis, n. sp. f partim] - - B r6gger, p. 102, pl. Ill, fig. 4 only. 
(Fig. of craniclium .)  

1 920 Parabolineila limitis, Brogger -- Stormer, p. 9 ,  pl. I, figs. 7-8. (De,cr. Figs. 
of cranidium, free cheeks, and pygidium.) 

1952 'Cn Triarthrus - - Harrington & Leanza, p. 192. (Remarks.) 

N a m e :  - ·  This subspecics is named in honour of the late Professor 
\V. C. Brogger, v,nho f irst drew attention to i t .  

H o  l o t y p e : - A cranidium (P . ::VI. O. no.  488) from 3aa at Vek
kerø, Oslo, Norway, collectecl by L. Størmer in 1918. 

D i  a g n  o s  i s :  - Differs from Bien'l·i1lia tetragonalis tetragonalis 

Harrington 1938 in having shorter glabellar furrows. 

D c s c r i p t i o n :  - This is based on 9 craniclia and a few frce chccks 
and pygiclia. The !argest cranidium is 1 1  mm lang. 

Cranidium rather convex transyersely. Flattencd cranidia thcrefore 
appcar wider, and may be broken (as the cranidimn figured by Størmer, 
1 920) . Cephalic axis squarish, but with slightly convex s ides and bluntly 
rounded or truncate in front, \Vhere it may be slightly indented in the middle. 
Occipital ring with small axial node. Occipital furrow \vith its convcx midclle 
part sl ightly shallower and \vider than oblique lateral parts. Three pairs of 
glabellar furrows. S l  slightly oblique, convex, with faint geniculum. S2 
slightly oblique, almost straight. Both S l  and S2 almost effaced adjacent 
to axial furrow, and not connectccl across glabella. S3 represented by a pair 
of pit-like impressions on line with inner ends of S l  and S2. Preglabellar 
field slightly tumid and slightly less than one-sixth as long as cephalic axis. 
Anterior border furrow distinct, faintly and irregularly pittecl, due to cros
sing of genal caeca, faintly cleYeloped on preglabellar fidel. Border narrow, 
convex, and arched up in front view. Eye ridges faint, short, and oblique. 
Interocular cheeks narrow. Palpebral lobes moclerately long, with centres 
opposite L2, and postcrior encls opposite anterior end of S l .  Postocular 
cheeks narrow, about half a s  wide as occipital ring. Preocular facial sutures 
slightly cliverging. Postocular facial sutures diverging moderately. almost 
straight. 

Free cheeks elongate, with Yery narrow genal fielcls. Spinc lang and 
strong. Angle between spine and posterior margin slightly �\Cute. Faint 
genal cacca. 

Hypostoma and thorax unknmn1. 

Vid.-Akad. Skr. I. :!VI.-:\. Kl. 1 957. :\o. 1 .  l O  
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Pygidium about twice as wicle as Jong. Posterior margin evenly curvecl, 

without spines. Axis with two rings and an end lobe, which may be divided 

in tvvo by a transverse furrow. Four pairs of pleural furrows. 

A f f i n  i t  i e s :  - This form resemblcs the Argentine B. tetragonalis 

tetragonalis, of which, hmvever, only the cranidium has bccn described. As 

the Argentine specimens are flattened, they should be comparcd with the 

flattencd cranidia of the present form. It is  seen that they agree in most 

features, but that the glabellar furrows are longer in the Argentinc form. 

Harrington & Leanza ( 1 952) haYe already pointecl out that the Norwegian 

form resembles B. tetragonalis tctrago11a1is, and also B. shineton ensis. The 

latter i s  known only from f lattenecl specimens, and its cranidium is not well 
enough known for a cletailed comparison with B. tetragona!is broeggeri. Tt 
appears, howeyer, that the glabell a of B. shin ctoncnsis \viclcns more fon-vards, 
and it seems to be a smallcr specics. 

O c c u r r e n  c e :  - X orway : Oslo (V ckkerø) , Østerdalen ( Glomstad) 

- - Trcmaclocian, zone of Sym phys urus inc i pi ens ( 3aa:) . Associated \v·ith 

Pe!tocarc nor1:egicum and Symphysurus incipiens. 

Bien;:·illia ": 'Zci111ani (Westergård 1 9 1 7) . 

PL 8 ;  pL 10, :iigs. 7-9. 

1 90Sb Acerocarc ? sp. - - \\.iman, p. R2, pl. Y, fig. 15.  (Fig. of pygidium.) 
1 905b Hueckia mobergi. n. sp .  [partim] - - \\"iman, p. 81 ,  pl .  Y, f ig .  10.  (Dc>cr. and 

fig. of free cheek.) 

1909 Acerocare sp. - - \\"estergånl, p. 35. (Mentions pygidium reported by \\"iman.) 

1917  Paraboline!la IFimani n. sp. - - \Yestcrgård, p. 639, pl. 7, figs. 10-17. (De�cr. 
Figs. o f  cranidia, free cheeks, thoracic segment, and pygidium.) 

1922a Parabolinella limitis, Brøgger - - Stormer, p. 7, pl. I, fig. 1 1 .  (Descr. and fig. 

oi pygidium.) 
1929 Parabolinella <•·imani \\"gd. - - Strand, p. 360. (Rcmarks.) 

T y p c el a t a :  - As lcctotype I select a free cheek figured by vY ester

gård ( 1 9 1 7, pl. 7, fig. 1 3 ) ,  from the Dictyonema Shale, Tåsj oberget, Ang:·r
manland, Sweclen. 

D i  a g n  o s  i s : - A Bicn'&·illia ? species with : fixecl cheeks about half 
as wide as occipital ring ; centres o f  palpebral lobes opposite outer ends of  

S2 ; S l  and S2 relati,·ely short, cun·ed backward ; S3 short, curved, on line 

with inner ends of Sl and S2 ; glabella rounded or bluntly rounded in front ; 

free cheeks with spine which cleviates slightly from course of lateral margin, 

and with acute inncr spine angle ; number of thoracic segments unknown, at 
]east some segments han short plcural spines and axial node ; pygiclium 
entire with 3 axial rings. 

R e  m a r k  s :  - Biem·illia : 'Z-I.'imani d i ffers from unquestionable Bien
z·illia species in haYing shorter and more curYed Sl and SZ and a more para

bolic outline of the cephalic axis. Tt resembles Parabolinitcs n. gen.,  too, but 
is probably doser to Bien</illia. 
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The rather conyex, almost angulate anterior margin of a cranidium 

f igurecl by \Vcstergård ( 19 1 7, pl. 7, f ig. 1 0 )  is  not typical for the specics . 

The usual outline i s  seen i n  the small cranidium figured by him in pl. 7, 
f ig. 12. Specimens of Parabolin cl!a and Bicm·illia species may sometimes 

show the same angulatc antcrior margin . It may perhaps be due to the pre

servation, sincc the anterior margin i s  considerably yaultecl in tmcompressc·cl 

specrmens. 

The pygidium figurecl by Stønner ( 1922a) as Parabolinclla lim itis be

langs to Biew<"illia ? <.i.'imani, as alreacly suggcsted by Strand ( 1 929) . I haYe 

succceclecl in finding cletcnninable craniclia and frec cheeks in Stønner's 

material . 
:::-T o r '"' c g i  a n  m a t e r  i a l : - This cons i sts of cletachecl parts. which 

are not too \\'ell prcsernd , but \\·hich agrec Ycry \Yell with the Swedish 

material. 

O c c u r r e n c e : - :.J"orway : Hadeland ( Jaren) , Ringsaker ( Stein�

oclden, Mælum) , Hamar d istr ict ( Øksna ) .  - Dictyonema Shale , subzone of 

Dictyonema flabelliform c flabellifonue ( 2cJ3 ) .  Assoc iated with B occlws p is 
m obergi + Dictyoncma .fla.belli.formc flabcllifonnc. - - S\Yeclen ( Dicty:)

nema Shale) . 

G e n u s T r i a r t h r 11 s G r c e n l 8 3 2 .  

T y  p c s p e  c i e s :  - T1·iarth rus beckii Green 1832, by monotypy. 

(According to Vogdes, 1 893, a j unior synonym of Brongniartia carc invdca 

Eaton, 1832) . 

D i a g n  o s  i s :  - Oleninae \Yith : pelturoicl crani dium ; dominating, 

subrectangular or subquadrate axi s, broaclly roundecl, truncate, or slightly 

inclented in front ; Sl and S2 equally long and distinct ; S3 and S4 fa int or 
miss ing ; palpebral lobes closc to glabella, opposite L2 or fUJ·th cr fon,·arcls ; 

preglabellar ficlcl Ycry short ; postocular cheeks narrow, as \Yicle as o r  nar
rowcr than half the wiclth of occipital ring : iree chccks narro\\·_. pelturoid, 
with or without spinc ; thorax \\· ith 1 2- l ..J.  scgmcnts .: narrO\\. pleural area:; ; 

entire pygiclium. 

R c m  a r k s :  - · ·  The genus is famous bt>cause of the pyritized specimens 
sho\ving appendages from the l-ti ca Shah.- near Rom c .  :\ C\V York . The 

specimcns were earlier assignecl to Triarthnts beckii Green 1 832, but 

Rucclemann ( 1 926 ) has shmm that t hcy belong to T. eat on i ( Hall 1 838) . 
Many OrdoYician species ha,·e bcen describccl . ranging from the Trema
docian to early rppcr Orclm·ician. Only Trcm<tclocian forms are clcalt \Yith 
in detai l in this paper. 

T r c m a cl o c i a n  s p c c i e s  a n d  s u b s p e c i e s : 

T. angelin i angclini Linnarsson 1 869 

T. angelini rcctifrons Harrington 1 938 

T. paci.fica ( Kobayashi 1933)  ( c f .  postscript) 
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T. punctatus (Crosficlcl & Skeat 1869) (earlier : Peltura) 
and possibly also : 
T. ? belli �.fatthew 1 902 
T. ? ·mriscorum Sdzuy 1955 .  

�I .-�. Kl. 

T. shinetonensis (Lake 1913)  has been transferred to Bienc1illia. 

O c c u r r e n c e  o f  T r e m a d o c i a n  f o r m s : - Norway (l.-pper 

Tremadocian ) ,  Svveden (Cpper Tremadocian ) ,  \V ales (Tremacloci3n) , 
Argentina (t-pper Tremadocian) ,  ?Canada (Tremadocian) .  

P h  y l o g e n  y a n el r e l  a t i o n s h i p s :  - There can hard\ y be an y 
cloubt that Triarthrus developed from Bicn<-·il!ia, which cli ffers mainly in 
having wider fixed checks and a well-developed preglabellar f ield. The Tre
maclocian members of Tria.rthrus are all probably closely related. The free 
cheeks are knovvn in all forms except T. ? bel/i and ha,·e no spincs. Thei r  
cranidia are all rather similar, but cli ffer i .  a .  i n  the wiclth o f  the f ixed checks 
in relation to the wiclth of the occipital ring, in the frontal outline of tl-:e 
glabella, in the prcsence or absence of an axial occipital node, and in the 
size and position of the palpebral lobes. Thus the palpebral lobes are relatiYely 
large and with centres opposite S2 in T. angelini, whereas they are small an J 
more antcriorly situatcd in T. p unctatus. The last fcature may indicate that 
T. punctatus is related to Westergårdites ( d .  p. 1 54) . \Vhcreas al so anothcr 
olenid genus, Pe!tocare n. gen. ,  occurs in becls of Arenigian age, Triarthrus 
appears to be the only olcnicl genus in later becls, except for its off-shoot 
Porterfieldia. The later mcmbers of Triarthrus are surprisingly similar to 
the Trernaclocian forms, perhaps especially in the craniclium, except that the 
later members tend to haYe no prcglabellar field. There are 14 thorac i c  scg
mcnts in those later species where the nu mber is known, as compared to 1 2  
in T. punctatus which i s  the only Tremadocian species where the number is 
known. It is  yery int'eresting to obserYe that one of  the later species, T. spi
nosus from the Trenton Group, has free cheeks \vith spine. a feature vvhich 
is not known in the Tremaclocian specics of Triarthrus whose frce cheeks 
are knovvn. 

Triarth rus angelini angelini Linnarsson 1 869. 

Pl. 8 ;  pl. 1 1 , iigs. 8-10. 

1869 Triarthrus A ngclini n. sp. - - Linnarsson, p. 70, pl. 2, lig. 28. ( Diagn. am\ i i :': . 

of cranidium.) 

1882 Trim·thrus A ngciini, Linrs. -- Brogger, p. 1 12, pl. JII,  figs. l ,  J a ; pl. :X: li,  
figs. l ,  la. ( Dcscr. Figs. of cranidium, frec chtek, thoracic segment, anJ pygi(Fum ) 

1906 Triarthrzts A ngelini Li ms. - - �.foberg & �{i�ll<'l', p. 83, pl. I\', iig�. 29-3 1 .  

(Rcmarks. Figs. o f  craniclia.) 

T y p e  d a t  a :  - The specimen figurcd by Linnarsson is missing. 
A neotype shoulcl be selectecl from Swedish material. 

D i a g n  o s  i s :  -- A Triartlmts specics \vith : subquadrate, somewhat 
rounclecl cephalic axis \Yith conn· x. but u�ually indcnted front : occipital ring 
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vvith axial node ; S l  and 52 slightly cun·ed, parallcl, not united across gla
belJa ; preglabellar field about one-third as lang as occipital ring ; cent res o f  
palpebral lobcs opposite 52 ; fixecl chceks slightly narrower than onc-thid 
of  the width of occipital ring ; free cheeks narrow and without spine ; thorax 
with narrow plcural regions and pleural ends with points ; pygiclium entire 
with 3 axial rings. Number of thoracic segments unknown. 

O c c u r r e n c e : - Norway : Eiker ( Vestfossen) ,  Røyken ()Jærsncs, 
Slemmestad ) ,  Asker (Engervik, Bj erkåsholmen) , Oslo (Vekkerø, Bygdøy 
Sjøbad, Tøyen) , Hadeland ( Gran) , Snertingdal . - Ceratopyge Dds 
(3aj3-3ay) - -- Sweclen (Ceratopyge Deds) . Clark ( 1 924, p. 92) mentions 
a specimen of T. cf. ange!in i from the Sh umardia Limestone at Levis, Quebe::, 
Canada. 

Triarthrus angelini rcctifrons Harrington 1938. 

1938 Triarthrus angclini Linnarsson var. rcctifrons noY. -- - Harrington, p. 20 ), 
pl. \-H r, figs. 1 7, 19-20, 22. ( Descr. Figs. of cranidia and pygiclia . )  

T y  p c el a t  a :  - As lectotype I select a cranidium figurecl by Har
rington ( 1 938, pl. VIII ,  fig. 20) from Quebrada de Coquena, Juj uy, 
Argentina. 

D i a g n o  s i  s :  - Differs from T1'iarthrus angelini angclini in having 
convex preglabellar furrow ; smaller or no occipital tubercle, and a pitted 
marginal furrow. 

O c c u r  r e n  c e :  - Argentina (Upper Tremadocian) .  

Triarthrus pun ctatus ( Crosfielcl & Skeat 1896) . 

1896 Pc/tura pzmclala, sp. no\". - - Crosfield & Skeat, p. 535, pl. XXVI, figs. 1-10. 
( Descr. Figs. of more or less complete d01·sal and axial shiclds, cephalon, free 
cheek, and thoracic segmcnts.) 

1908a Pelt ura punctata Crosficld and Skeat -- Raw, p. 512. ( Suggests that it may 
belong to Triarthrus.) 

1919 Fe/tura pzmctata Crosficld and Skeat - - Lake, p. 99, pl. XI, fig. 13 ; pl . XII, 
figs. 1-3. (Descr. Figs. o f  more or less completc axial shielcls, cephalon, and 

cranidi um.) 

T y p e d a  t a :  - As lectotype I select an axial shield figured by Cros
field & Skeat ( 1 896, pl. XXVI, fig. 3) , from Tremacloc Decls, Nant-y
Glasdwr, \V ales. A new figure of the specimen was given by Lake ( 1919, 
pl. XII, fig. 1 ) .  

D i  a g n  o s  i s :  - A Triarthrus species with : subrcctangular cephal ic  
axis, slightly convex in front, and with slightly cxpancled anterior corners ; 
shmt preglabellar fielcl ; pitted marginal furrow ; small palpebral lobes oppo
site posterior part of frontal lobe ; fixed cheeks about half as wide as occi
pital ring without axial tuberde ; free cheeks without spine ; 1 2  thoracic scg
ments ; pleural cnds with short points ; pygiclium with 4 axial rings . 
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R e m  a r k  s :  - The species \Y as originally assigned to P elt-ura, but 
Raw ( 1907) considered it to be Yery closely related to Triarthrus ( here : 

Bicm·illia) shinetonensis and was inclined to regard the two as forming a 

special section of the genus Triarthrus. Lake ( 1 919, p. 100) advocatecl that 

in the number of thoracic segments and in the small siz e  and very forwar-d 

position of the eyes, i t  is a typical Peltura. N eyertheless , I believe it is a 

Triarthrus species. lts glabella has a tendency to wi den a l ittle at the anterior 

corners. This is a feature seen also in the closely related genera Bien�'illia 
and Para bolinella. lts t\YO pairs of glabellar furrows are rather distinct, and 

of about equal length . This is a typical feature in Triarthrus, but not known 

in Peltura or related genera. lts border is rather distinc t  and reminds one 

more of  the later Oleninae than of the later Pelturinae. Finally its anterior 
margin is punctate. This feature is  not known in  the Pelturinae, but is very 

commonly mct vvith among later Oleni nae. I must adrnit that, apart from 

thesc features, T. punctatus resembles the pelturines, especially Peltocare 

n. gen . ,  which, howcYcr, has \vider postocular cheeks . 

O c c u r  r e n  c e :  - \V ales (Tremadocian) .  

Triarthrus ? bel li :\1atthew 1 902. 

1902 Triarthrus Be/li, n. sp. - - :-htthe,,·, p.  412, pl. .X:\" I I T ,  f i g. 8. ( Dc!':cr. Fig. o [  

restored cranidium.) 
1 903 Triarthrus Bel/i - - Matt he,·,·, p. 230, pl. XVIII, fig. 8. ( De:cr. Fig. of rc:;to:ed 

cranidium.) 

1 952 Triarthrus bel/i Matthev,· - - Hutchinson, p. 83, pl. I I I ,  fig. 1 5 .  ( Rcmarks. Fi�. 

of holotype cranic!ium.) 

T y  p c d a t  a :  - Holotype (by monotypy) i s  the incomplcte craniclium 

figl1!·ed by Hutchinson ( 1952) from :\1cLeod Erook. Cape E rcton Island, 

-::\ ova Scotia. 

R e m  a r k  s :  - The only specimen known is  not wel l  enough presen·ecl 

to clccidc whcther it belongs to Triarthnts or Bicn<.-'illia. 

O c c u r r e n  c e :  � Canada ( N  O\�a Scotia ; Tremaclocian, Asaphellus 
zone) . On c incomplcte cranidium is repo rtcd from the Shumardia Limes tone 

at LeYis, Quebec, by Clark ( 1924. p. 92 ) .  

Triarthrus ? ·z·arisconun Sdzuy 1 9 5 5 .  

1 055 Triurthrus z;oriscontJ!I n .  sp. - - Sdzuy, p .  18, tcxt- iig. 1 1 ,  pl. 3, fi gs. 7 1-76. 
(Descr., iigs. of cranidia :.-tml frce cheeks.) 

T y p e  <l a t  a :  - Holotypc is  a cranidium from Leimitz near Hof. 
figured by Sclzuy ( 1 955,  pl . 3 .  fig. 7 1 ) .  
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R e m  a r k s : - The cephalic axis i s  not as dominating as m other 

species of Triarthrus, and the glabellar furrows appear to be shorter. I refer 
the species to Tria:rthrus only with doubt. 

O c c u r r c n c e : - Germany ( Lower :. Tremadocian) . 

Post-Tremadocian forms of Triarthrus. 

The post-Tremadocian forms of Triarthrus are not specially treated in 
this paper. Thcir clescriptions are scattered in yarious, partly unexpected 
papcrs (e. g. Bulman, 193 1 : " South American graptolites" ) ,  and the list 

given bclow i s  probably not completc. Hmyeyer, it may be of use to future 
stuclents of the genus Triarthrus. 

T. arcuatu.s (Harlan 1 835 ) .  Subj ectiYe synonym of T. becl.:i. 
T. beckii Green 1 832. Trenton Group, eastern �orth America. (For 

clistribution, see Kay, 1937, pp. 270, 271 ,  273, 275, 30 1 .  List of synonyms 
is given i. a .  by Reed, 1903, p. 28. According to Vogdes , 1 893, p. 358, a 
junior synonym of T. canin odea.)  

T. be c ki i humilis Hadding 1913 (p.  69) . Lower Dice\lograptus Shale, 
Swcden. 

T. bcchii macastcyensis T\v-enhofcl 1914 (p. 35) . Trenton, Anticost i .  
T. bcck-ii va r. - - Reed, 1903 (p. 28) . Balclatchie Group (L\andeilian) , 

Gi nan, Scotlancl. ( = T. reedi Raymond 1925 ) .  
T .  billingsi Barrancle 1 872 (p.  427 ) . 'L� t i  ca . ( c f .  Raymond, 1 925,  p. 50.) 

T. canadcnsis Smith 1 861 (p. 275 ) .  Hudson. 

T. ca.rcinodea (Eaton 1832 ) . rtica Shale. Senior synonym of T. becl?ii 

(cf .  Vogdes, 1 893, p. 358) . 

T. ea.toll i (Hall 1 838) . Trenton Group, eastern �orth America. ( Distri
bution in Trenton Group, see Kay, 1937, pp. 282, 284-286, 30 1 . ) The 
pyritizecl specimens from the rtica Shale ncar Rome, New York, were 
original!y assigned to T. beclzii ( i .  a. by Beecher, 1894 and 1902, and Ray

mond, 1920b ) ,  but were shown to bclong to T. catoni by Ruedemann ( 1 926 ) .  

T. cf. eatoni (Hall ) - - Bul man, 1931 (p.  87) .  Caradocian( ?) , Peru. 

T. .fische?-i 13illings 1 865 (p. 29 1 ) . Quebec Group, �evvfoundland. 

T. aff.  fise heri Billings - - Dulman, 1931 (p. 88) . Llanvirnian, Peru . 

T. freji Thorslund 1940 (p. 1 30) . Ogygiocaris Shale, Sweden. This 
name was given by Thorslund to the species assigned by Asklund ( 1 936, p. 3) 

to T. beckii. 

T. gl ab er Billings 1 859 (p. 382) . rtica Shale, Canada. 
T. huguesensis Foerstc 1924 (p .  241 ) .  Lo,Yermost pal-t of the Lorraine 

formation, Canada. 
T. jcmtlandicus Linnarsson 1 875  i p . 493 ) .  Ogygioc:tt-is Shale, S weden. 

( See also Asklund. 1936, p. 7 . )  
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T. linnarsson i Thorslund 1 940 (p .  1 28) . "Cpper Chasmops Decls ( Cara
clocian) ,  Sweclen. Thorsluncl gave this name to the species assigned to T. 
beckii by Linnarsson ( 1 869, p. 70) .  

T. pygmaeus Tornquist 1884 (p.  38) . Black Tretaspis Shale ( zone of  
Pleurograptus linearis) , Sweden. 

T. reedi Raymond 1 925 (p. 52) . Llandeilian, Scotland. 
T. skutensis Thorslund 1 940 (p.  1 30) . Upper Chasmops Deds (Cara

clocian) ,  Sweden. 
T. spinosus Billings 1859 (p. 383 ) .  Trenton Group, eastern North 

America. (Distribution in Trenton group, see Kay, 1937, pp. 285-286, 301 . )  
T. spinosus rougensis Parks 1928 (p.  44) . Trenton Group, eastern North 

America. (Distribution in Trenton Group, see Ka y, 1 937, p. 285 . )  
T .  triarthrus (Harlancl 1 835 ) .  Subj ectivc synonym of  T .  becllii. 
T. sp. - - Tjernvik, 1956 (p. 201 ) .  Lowermost Arenigian, Swcdcn 
T. spp. - - Dulman, 1933 (p .  345 ) .  Llanvirnian, Peru. 

G e n  u s P o r t e  r f i e l d  i a C o o p e r  l 9 5 3. 

T y p e  s p e  c i e s : - Triarth rus caecigenus Raymond 1 920, by orighnl 
clesignation. 

O r i  g i n  a l el i a g n  o s i s :  - Triarthrus-like trilobites v.;ithout eyes. 
Cheeks very narrow and short. Facial sutures probably ventral. Glabella 
strongly convex. Thorax with 1 1  segments and wide axial lobe, narrow 
pleura, and a small pygiclium. 

R e  l a t i o n s h i p s :  - The only known species of this apparently 
blind genus no cloubt cleveloped from Triarthrus. to which it was originally 
assigned. 

Porterfieldia caecigenus (Raymond 1920) 

Pl. 1, fig. 12. 

1920a Triorthnts caecigw lls, sp. nov. - - Raymond, p. 280. ( Descr.) 

1925 Triarthnts caecigC'mts Raymond - - l�aymoncl, p. 52, pl. 2, fig. 16. (De::c�. and 
fig. of axial shield.) 

1953 Porterfieldia caecigenus (Raymond) - - Coopo·, p. 8, pl .  2, figs. 7-20 ; pl. 19, 

fig. 4. ( Dcscr. Figs. of axial shiclds and parts of axial shields.) 

T y p c el a t  a :  - Holotype is the axial shield figured by Raymond in 
1925.  

D i a g n  o s  i s :  - As for genus. 
O c c u r r e n c e : - Athens shale of eastern North Ame rica . 

G e n u s  P l i c a t o l i n a  S h a w 1 9 5 1 . 

T y p e  s p e  c i e s :  - Plicatolina kin dlei Shav.· 195 1 ,  by original clc
signation. 

D i a g n o s i s :  - Oleninae with : clongate cephalic axis, indentccl in 
front ; 4 distinct pairs of glabellar furrows : Sl and S2 long and subparallel. 
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slightly obliquc backwarcls, S3 lang and Yery slightly oblique backwards, S4 
shorter and almost transYerse ; short prcglabellar f ield ; free cheeks with spine 
which continucs course of lateral margin ; many ( 16 or more) thoracic scg
ments with spinose pleural cncls. Pygiclium apparently with marginal spines. 

I n c l u cl e cl  s p e c i e s : 

P. kindlei Sha\v 195 1 
P. pheidolop-yge (Harrington 1938) 

Shaw ( 195 1 )  suggested that Pa.rabolin ella rngosa might possibly belong 
to this genus. HO\..,·ewr, it differs from Plicatolina in many features, as for 
instancc in the pattern of the glabellar furrows, and I do not think that it 
is  closely related to this genus. 

O c c u r  r e n  c e :  - Vermont (Gorgc formation) , Argentina (LO\ver 
T remadocian) , Bol i via (Lov,: er T remadocian) . 

P h y l o g e n  y a n d r e l a t i o n s h i p s :  - Plicatolina resembles 
genera like Parabolina and Bienvillia, and no cloubt dcvelopecl from late 
members of the Oleninae. The long subparallel S l  and S2 in Plicatolina 
suggest that it may be closest to Bienvillia. Plica.tolina may furthermore be 
relatecl to Westergårdites. The two specics assigned to Plicatolina apparently 
are very closely related. 

Plicatoli11a kindlei Shaw 195 1 . 

Pl.  l ,  fig. 1 1 .  

1951 Plicatolina ki11dlei Shaw, n .  sp. - - Sba\\·, p .  103, pl. 22, figs. 1 1-17. (De�cr. 

Figs. of larva! and adult cranidia and part of thorax.) 

T y p e  el a t  a :  - Holotype (by original designation) is an incomplete 
dorsal shielcl figurecl by Shaw ( 195 1 ,  pl. 22, fig. 1 6) from above the over
thrust at Highgate Falls, Vermont, C. S. A. 

D i a g n  o s i s : - A Plicatolina. species \Y ith tubcrculate surface. 
O c c u r  r e n  c e :  - Vermont ( Gorge formation) . 

PlicaJolina pheidolopyge ( Harrington 1938) . 

1938 Parabolina phcidoloP::ge sp. nov. - - Harrington, p. 198, pl. VII,  fig. 6. (De:cr. 

and fig. of pygidium.) 

1943 Parabolina pheido/opyge Harrington - - Harrington & Leanza, p. 348, pl. Il, 
figs. 9-10. (Descr. and figs. of  cranidia.)  

1951 Plicatolina pheidoloPsge (Hanington) - - Shaw, p.  103. ( Remarks.) 

T y p e d a t a :  - Holotype (by monotypy) i s  the craniclium f igured by 
Harrington ( 1 938),  from the LO\vcr Tremadocian at Rio Volcanito, Sierra 
de Famatina, La Rioja, Arentina. 

D i a g n  o s  i s : - A Plicatolina specics with smooth surface. 
R e m  a r k  s :  - The species -vvas erected upon a pygidium, but Har

rington & Leanza later ( 1943 ) ass i gned some cranidia to it. As remarked 
by Shaw ( 195 1 ,  p. 1 03) ,  the reference of the 'ipecics to Plicatolina is basecl 
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on the cranidium . I f  the craniclium and pygiclium shoulcl prove not to belong 

to the same species, the cranidium should remain in Plicatolina. 
O c c u r r c n c e :  - Argentina ( Lower Tremaclocian) , Bol iyia (Lower 

Tremadocian) .  

G e n u s  W c  s t e  r g å r d i t e  s T r o  c el s s o n  l 9 3 7 .  

T y p e  s p e  c i c s :  - Westergårdites pelt-iuaef orm i; Troedsson 1937, 

hy original designation. 

D i a g n o s i s :  - Oleninae ·with : subquadratc cephalic axis ; 4 pairs 

of glabellar furrows : Sl and S2 long and subparallel, obliquc backwards, 

S3 and S4 short, S3 far inside and S4 dose to the axial furrow ; no pre

glabellar field ; palpebral lobes small, el ose to gla beila and situatecl very far 

forwarcls ; f ixed cheeks narrow ; thorax with 19 segments, narrow pleural 

regions, and short plcural spines ; pygidium not very well known, apparently 
\\·ith 3 pairs of short marginal spinc . .  Free cheeks unknown. 

O c c u r  r e n  c c :  - Central Asia ( \Vestern Quruq tagh, Eastcm 

T'i en-shan ) .  Only onc spccies (and specimen) is known. 

R c l a t i  o n  s h i p s :  - The genus Westcrgårditcs resembles cspccially 
Trcmadocian genera l ike Plicatolilla and B icnvillia- Triarthrus. It di f fers 
from Plicatolina in haYing a mere squarish cephalic axis and no prcglabellar 

field, and from B- iewuillia- Triarthrus in haYing the palpebral lobes furthcr 
forwards, a greater numbcr of thoracic segments,  and a distinct S4. 

On the whole, Westcrgå rdites seems to agree best with Plicatolina, which 
may be closely related. Both genera haYe 4 glabellar furrows forming the 
same pattern, and their thoracic shields are strikingly similar, cxcept for 

Wcstergå1·dites haYing nar rO\ver pleural regions and perhaps more scgments.  
I thercfore believe that Westergårditcs shoulcl be assigned to the Oleninae, 
and that i t  is not closely related to Peltura, as suggested by Troedsson 

( 1937, p. 63) . This inYolns that W cstcrgårditcs mav be of Trcmadocian 
rather than Late Cambrian age. 

Weste1·gå1-dites peltw-aefonnis Troedsson 1937. 

Pl. l ,  fig. 4 ;  text-fig. 18. 

1937 lVestergårdites pclfuraefonnis n. gen. & n. '-'P- -- Troecl��on. p. 62, p1 .  \-l i T ,  

fig. l .  (Descr. Fig. of axial shicl(l.) 

T y p e el a t  a :  - Ho!otype (by original designation) is the axial shield 

figured by Troedsson ( 1937) . 
D i a g n o s i s : - As for genus. 
O c c u r  r e n  c e :  - Central _-\!'ia 1 t-pper Cambrian or Trem<l.docian, 

d. abO\·e) . 
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Fi;::. 1�. Tn•e "pecimen ni ll ',·sta11<�rdita 

f't•lt:tm.·formis Troed�.;.on. \\'hiteneti \dth mn
nwnium chloride. Xot retouched. X J 4. 

c; l' n u :- . 1 11 g c l i n  a S a I l  c r l � 5 9. 

S r n o n  y m :  - Kciddaspis Har

ri ngton 1937. 

T y l> c � p c: c i e � : 
l't'd!f'<l'icl<ii �alll't 1859. 
\ ogd<:..,, l �90. 

- .lngl'lina 

dcsignakd b) 

l )  i <l g n o  s i ::. : - Olcninat• with : 

('(•plwlic axis tapcring iorward s :  faint 
and rathcr oblique ghbellar furrows ; 

'' t•ll cln dopecl preglabellar ficld ; pitkd 

atllt•rior border furrow :  preocular iacial 

:-utttrt'.., "lightly diYerging or subparallcl : 

fn·c c:h<:ck., with laro-e. broad-ba�ed ::.pine, 
continuing cour�e of lateral margin : rathcr 
widt• Cl·phalic doublure : thorax with 15 
�c gmt nt-. ( wht·n number :;:, known) : pleu

ral l·ncls with �hort pleural :.pine : pygi
<lium with marginal <;pines. 

){ c m  a r k ... : - :\_, Kcidelaspi.J sal

lt·nsis (ty pc "Pt·cies) is n:garded a� a 

") nonym of .lngdina st.:in:nanni by Ilar-

rington ( IIJJR). Kcidc/aspis becom(•-, a junior -.ynonym of . l ugclina. 

T n c l u d e cl s p e c i c � : -

. III!Jt'lilla runctolincata Kobaya�hi 193i 

. 1 .  .wltcnsis (l l arrington 1937) t = . / . slt'iJIIIIWIIIi) 

. l. sc:dg<,•icl�ii �alter l 859 

. l . sfl'inmanni ( Kayser 1897) 

A subarmata Salter 1859 ( = .-1 . scdg<,•ickii) 

and pos::.ibly abo : 
. 1 . ?  latijron.� 1\\'ibon 195-+t (carlicr: Bdtdla l 

. l . ? ;·,·.mta • Salter 1866) l earlier: Co11ocoryph,., Ndtdla t 

. 1 . :  sp. - - �Iatthew. 1903. p. 232. pl. X\"III. fi�. 9. 

J..nkr. (1919. p. 1 1 1 )  mentionl'd that he h�, ... 'l't·n a ... p<·ciml·n labelkd 
. l II!Jt'lina .wltai Holm from Yern: ... tad (i.  e. J art ., ·ul) in L kåm Scania) 
in the cullcction� of the Yelen::;kap� .\kadt·mi in �t 't·kholm. bul that he ha:
ht·t·n unahlc to find any puoli:;hed figurc or clc,cipt1on. l haw t·xamincd the 
material. actually three specimens on two ... Jr b-, 1 ne" . .  \ r H�IJ2a-h l .  now p:-c
wn t•cl in the Paleozoological Dt:partmcnt o i tiK· S\H·di ... h �tatt: '\ [u"l'Utn of 
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Natura! Science (R. M. ) .  The description of this species was never publishecl. 
Its thorax and pygidium somewhat resemble Angelina sedgwickii, except, as 
also obseryed by Lake, that the posterior pleural spines seem to be some
what larger and the pygidium is entire . Its craniclium is badly preserved, and 
it is harclly possible to say whether the species really is an olenid. It is per
haps not impossible that it belongs to some Midclle Cambrian genus, and for 
the time being it  is best not to indude it in Angelina. 

O c c u r  r e n  c e :  - ·wales ("l-pper Tremaclocian) , Argentina (Lower 
Tremadocian) ,  Argentina (Tremadocian Kainella zone), ?Canada (Asa

phellus zone) . 
Ph y l o g e n y  a n d  r e l a t i o n s h i p s : - Brogger (1 898, p. 198) 

suggestecl that Angeli11a is yery close to, perhaps congeneric with Parabo

linella. Lake ( 19 19, p. 1 1 2) opposed the view that they could be congeneric, 
and pointed out some of the clif fercnces. He (L c . ,  p. 111 ) suggested instea�l 
that Angelina might be closely related to Bcltella, but this was contradicted 
by Harrington & Leanza (1952) , 'vho assigned Angelina to the Triarthrinae 
(here = Oleninae) and Beltella to the Pelturinae. I agree with Lake that 
Angelina is not congeneric with Parabolinella. Its relationships to other 
genera are rather uncertain. It is possible that Angelina is closest to Para

bolina or perhaps Parabolinites n. gen . Angelina and Parabolinites n. gen. 
have a rather similar glabella, although the glabellar furrows are fainter and 
more oblique in Angelina. Both genera have a well-developed preglabellar 
f ield and slightly diverging or subparallel facial sutures in front of the pal-. 
pebral lobes. The same applies to Pambolinella, which, hm.vevcr, has a dif
fercntly shaped glabella and a different pattern of glabellar furrows. Pro
fessor, Dr. H .  J. Harrington has kindly sent me a photograph of an un
described South American olenid. It resembles both Parabolinites lat·icaudus 

and Angelina sedgwickii. The species i s  possibly closest to Angelina, haYing. 
rather oblique and faint glabellar furrows and 1 5  thoracic segments .  How
ever, its pygidium is entire, thus resembling that of Pa.rabolinites laticaudus. 

Angelina punctolineata Kobayashi 1937. 

1937a Angelina pul'lctolincata Kobayashi -- Kobayashi, p. 13. (Listed.) 

1937b AHgelina. puncto!ineata, new spee i es -- Kobayashi, p. 479, pl. \"I. fig. 22. 
(Descr. and fig. of cranidium.) 

1938 Angelina pmtc/olincata Kobayashi -- Harrington, p. 201. (Remarks.) 

1954 Angelina punctolineata Kobayashi -- \Vil son, p. 278. (Remarks.) 

T y p e  d a t  a :  - Holotype (by monotypy) is the cranidiu1n figurcd 
by Kobayashi (1937b). 

R e m  a r k  s: - Only a single, badly presen·ed cranidium is known. 
It rescmbles A ngelina sedga·icki·i_. but it appcars to haYe largc1· cyes and a 

more truncate glabella .  

O c c u r  re n c e :  - Bolivia (Tremaclocian Kainella zone at Cuesta de 
Erquis, Tarija). 
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Angelina sedgzt•ickii Salter 1859. 

Pl. l, fig. 10. 

1859 Angclina Scdr;·;cichi, n. sp. -- Salte:·, p. 53, foss. 9, fig. 2. (Fig. of rc,tored 

dm· sal shield.) 

1859 Angelina subannata, 11. sp. -- Salter, p. 53, foss. 9, fig. 3. (Fig. of restoreJ , 
but laterally compressed dorsal shield.) 

1864 Angelina Scdg1('ickiz:, Salter -- Salter, pl. YlT, figs. 1-5, p. l. (Descr. Figs. 

of dorsal shields and hypostoma. Reganls A. subarmata as a synonym.) 

1866 Angelina Sedr;wickii, Salter -- Salter, p. 308, pl. 7, figs.  1-i (Descr. Same 
iigs. as in 1864.) 

1873 Angelina Scdgwickii, Salter -- Salter, p. 17. (Remarks, fig. of restored dorsal 

shield.) 

1898 Angelina sedgwickii, Salter-- Rrogger, p. 198. (Remarks.) 

l 919 Angelina sedgtl'icl�i, Salter -- Lake, p. 112, pl. .:-(Tl I, iigs. 7-12: pl. XI\'; fig. l. 
(Descr. Figs. of more or less complete dor!'al shields, one �:hO\.ving hypostoma, 

and of cephalon and cranidium.) 

1954 Angelina scdg�vicki, Salter-- Wilson, p. 278. (Remad..:s.) 

Type dat a:- As lectotypc shou ld be selected one of Salter'::; original 

spec imens from the ·c p per T remadocian of North \V ales. 

Di agn os is: - An Angclina specie� with prcocular facial suture:: 

diYerging; kngth of preglabellar f ielrl one-sixth of the length of cephal i c 

axis; palpcbral lobes close to gla beila ; fixed cheeks some\vhat narrower than 

occipita l ring. 

O c c ur r c n c c: - \Vaies (Cpper Tremadocian). 

Angelina stcinmmmi (Kayscr 1897). 

1897 Liostracus Steinmanni n. sp. -- I..;:ay ser . p. 2.ii, pl. \'fT, {igs. 2-3. (De�cr. Fig". 
•>f craniclium, free cheek, and re,torerl cephalon.) 

1937 Keidelaspis saltensis gen. & ,-.p. nov. - - Harrington, p. 111, pl. VJ, figs. S-7. 
(Descr. Figs. of cranidia and pygirlium.) 

1937a "Liostracus" stein111anni Kayser - - Kobayashi, p. 13. (Li sted.) 

1938 Angelina stei11mmmi (Kayser) -- Har�ington, p. 1!J9, pl. Vlii,, figs. 1-7, 
11-12. (Descr. Figs . of cranidia, frce cheeks, and pygidium. Claims that Keide/

aspis saltensis is a synonym.) 
195-1- Angelil·za stcin111anni (Kayser) -- \\'il�on, p. 278. (Remarks.) 

Type dat a: - As lcctotypc I select the cranidium figurcd by Kayser 

(1897, p l . VII, fig. 2) from the Tremadocian sandstone at Iruyn, Salta, 

Argentina . 

Re m a rk : - The species is not nry well knmm, but at least differs 
from Anqelina scdg7.vickii in ha\·ing shorter cephalic axis and longer pre

glabellar fiekl. 

O c c tt r ren c e: - .\rgentina (l.O\H"r Tremadocian l. 
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An!)dina"": latifrons (\Vilson 1954). 

1954 Belte/la iati.frv11s \\"ilson, n. �p. -- \\'ilson, p. 277, pl. 26, iigs. 2, -l-5, 7, 10. 

(Dcscr. Figs. of cr<tniclia, frec chcck, and pygidium.) 

T y p e  el a t a: -· Holotype is the cranidium figurecl by 'Wilson ( 1954. 

pl. 26, fig. 2), from 4 mi. SW ?\farathon, Texas, L.S. A. 
R cm a rk s:- The speci es Jiffers from Beltella (and Leptoplastides) 

in h<l\·ing a long preglabellar fielcl and a pittecl border furrovv-. These features 

suggest that the spccics bclongs to the Olcninae. rather than to the Pelturinae 

(to which fleltel!a has been assigned). Jts obliquc Sl recalls more that of 

"·'lngclina than of the other late Oleninae, and the species is tentatiwly as
signed to this genus. Somc as:::o ciatecl craniclia. assigned by \Vilson (195t!. 

r. 279) to Andcsasj,is argcntincnsis (i.e. Leptoplastidcs nwriana) apparently 

cio not belong to that �pecies , but may be relatecl to L·lngelina' latifrons. 

O c c ur r e n  c e: - Texas (Basal Marathon Formation = l�pper 
Tremadocian). 

...J.Il[!Ciina? <.'exata (Salter 1866). 

1866 Conororyf>hc ·;.·c.mta, n. "P· --Salter, p. 307. pl. 8, iig. 7. (Dcscr. Fig. o[ im

pcrfect ccphalon.) 

l86R Conocoryphc? <.'e.mta, Salter -- Belt, p. 10. ( S1:ggesrd prohably to he a synonym 

of Lcptop/astides dc1�rcssus.) 

1898 Conocoryphc( ?) �·exa la, Salter -- Broggcr, p. 203. ( Rcmark�.) 
1898 Paral>o/inclla( ?) �·c.nzta, Salt. -- 13rogger, p. 205. 

1900a Crmocoryphe Vi':rala, Salter-- Reed, p. 256. (Remarks.) 

1919 Conocoryplzc z·c.mta, Salter -- Lake, p. 105, pl. XII, fig. 10. (Suggcstetl to be 
a synonym of J.eptop/astidn dcf'ressus. K ew fig. of Salter's type specimen.) 

l 933 Belte/la �·e.mta (Salter) -- Stubble:fieltl, p. 367. (Regarcled as a distinct species.) 

Ty p e  el a t  a: - Holotype (by monotypy) is the impcrfectly preserved 

�-ephal on figurccl by Salter ( 1866, pl. 8, fig. 7). A nevv figure of the specimen 

\vas given by Lake (1919, pl. XII, fig. 10). It comes from the passage becls 

lwtween the Lowcr and 'L�pper Tremadocian , Penmorfa, \\�ales. 

Rem a r k s: - The holotypc is the only known unquestionable speci

men. 1t is an incomplete cephalon \Yith two attachecl incomplctc thoracic 
�egmcnts. The specimcn does not show the genal corners of the frt"c chceks, 
and the anterior part of the craniclium. is rather obscure. It is difiicult to 

juclge to which genus it helong�. It probably cloes not belong to Leptoplastidcs 

[Belte/la l. as the pal pcbral l obes are o:ituatecl too far back, and seem to be 

larger than in that genus. The specimcn some,vhat rescmbles late rcpresenta

ti\'CS of the Oleninae (cf. Drogger's suggestion that it belongs to Parabo

linel!a). Compressed specimens of A'llgclina scdqwickii may haYe a rather 
similar appearance, and for thl' time being it may be assigned. though with 
considerable doubt, to Angclina.. 

O c c u r  r e n  c e: - \Vaies (Pa�:;age beds belwcen Lower and Uppcr 

T remadocian). 
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G e 11 u s l. c i o b i c n z· i 11 i a :R. a s e t t i l 9 5 4. 
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Typ e s p c c i es:-- Leiobicw<:illia laC'z-igata Ra:;etti 1954, by original 

clcsig11ation. 

D i a g n  o s is: - Olenicls with: cephalon without border furrow aml 

with axial furrow, occipital furrow and glabellar furrows present or prac

tically absent on cxterior surfacc (i 11 Jatter case still Yisible on in terna! 

moulcls); subrcctangular cephalic axis bluntly rounclecl in front: Sl oblique, 

slightly curY ed , S2 and S3 and straight; small palp ebral lobes closer to an

tcrior than to posterior margin of ccp halon ; preocular facial suturcs con

Yerging ; p ostocular facial suturcs cliwrging. Free cheeks incomp!etely known, 

thorax and pygiclium unknO\Yn. 

Tn cluclecl spe ci cs:-

Lciobienrillia lan·igata Rasctti 1954. 

L tcrrano; ·ica (Rasetti 1954) ( earlier: Bicm·illia) 

Or c u r ren c e: - Tremadocian in X ewfoundlaml. 

Re 1 a t  i o n  s hi p s: - :Raset ti ( 1954) ercctcd this genus for the 

species Lciobicnz·illia 1ae;:igata. A rclatcd and associated form was described 

as Bicm ·illia terranoz-ica. I ha,·e preferrecl to transfer it to Leiobiewi.'ill-ia 

because it agrees with L. lac<-·igata in the unusual fcature among the olenids 

of not haYing a border furrow, and because it does not haYe the cqually long 

and straight-lincd Sl and 52 of the typical Riern·illia species. Howcn:r, it 

is not improbable that L. laez·igata cleYelopecl from Bicn-z·illia or somc other 
late genus of the Oleninae through forms like L. terranm·ica. 

l.ciobien<-·illia la c·; ·i gata Ra-.etti l 954. 

Pl. l, iig. 5. 

1954 !.ciobicm:illia Tac�·igata Rasctti, n. �p.-- Raseui, p. 583, pl. 61, figs. 3-6; text
figurc 3. (Desc-r. and iigs. of crani<lia.) 

Ho l o type: - A cranidium , :\1uscum of Comparatiyc Zoology at 

Harvard l-nin�rsity, no. 5127. 

D i a g n o s i s: - A LeiobieJI'rillia specics \Yith: glabcllar outline and 
occip ital furrow barely Yisible and no glabellar furro\YS on exterior surface 

(all faintly imp ressecl on internat mould ) ; interocular cheeks about one
third as wide as gla beila at eye line; postocular cheeks about three-fourths 
as wicle as occipital ri ng . 

O r c u r  re n c c: -- :'\ t\doundlan<l r T n·maclocian). 
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],eiobiem·illia terra11oz.·ica ( Rasetti 1954). 

1954 Bicn"-·illia tcrranovica Ra;;etti, n. sp. -- Rasetti, p. 582, pl. 61, figs. 7-12. 

(Descr. and figs. o.t cranidia and free cheek.) 

Ho l o t ype: - A cranidium, Museum of ComparatiYe Zoology at 
Harvard ·c niversity, no. 5125. 

Di a g n  o s  i s: - A J,eiobicn·z·i!lia species '"·ith: distinct axial and 

occipital furrows and faint glabcllar furrO\'VS; interocular cheeks markedly 

less than threc-fourths as wide as glabella at eye line; postocular cheeks 

almost three-fourths as wide as occipital ring. 

O c c u r  re n c e: - Newfoundland (Tremaclocian). 

G e n u s .li o x o .'Jl. i a \V a l c o t t l 9 2 4. 

Type s p e  c i es:- Dy original designation, J[. hccuba \Valcott 1924, 

regarckd as a synonym of Crepicc p ha/us ( Bathyurus :) angulatus Hall & 
\\'hitfielcl 1877 by vYalcott in 1925. 

Di a g n  o s  is: - Olenicls( ?) resembling Bienvillia and PG!rabolincl/a. 

but with narrower postocular cheeks and two pairs of simple, moclerately 

long glabellar furrov .. ·s. The cranidium is the only part knovvn. 

Re 111 a r k  s:- As far as can be judgecl from the aYailable illustrations 

of this form, it is quite possibly an olenid, related to genera like Bienvillia, 

Parabolinella, and T1·iartlzrus. It differs from the latter mainly in having 

a well deYeloped preglabellar fielcL This is rather stcep as in at kast some 

species of Parabolinella. Its border furrow is pitt'C'd, as is sometimes the case 

in later Oleninae. Apparently only one species is described. 

Jf oxomia angu!ata (Hall & \.Yhitfield 1877). 

Tcxt-iig. 19. 

1877 Crcpiccphalus (Bath_\'Unts') augulatus n. sp. --Hall & \\ 'hitfielci , p. 220, pl. 2, 

fig. 28. (Descr., fig. of cranidium.) 

1884 Ptychoparia? a11gu/atus (Hall & \\-hitfield) -- \\'alcott, p. 260. (:Yfentioned.) 
1916 Ptychoparia (EIIImrichclla) angulatus (Hall & \\'hitfield) -- \\'alcott, p. 2J.f. 

C Mentioned.) 
1924 Moxomia fzccuba new species -- \\'alcott, p. 59, pl. lZ, fig. 3. (figS. Of cra

nidium.) 

l 925 M o.romia. angulata ( H all & \ \'hitfield) --- \ \'alcott, p. 107, pl. 22, figs. 8--?. 
(Descr., figs. of cranidium.) 

T y p e d a t a: - A lectotype shoulcl be selected from the material 
studiecl by Hall and \rVhitfield. 

D i a g n  o s i s: - As for genus. 

O c c u r r e n  c e: - Ozarkian o i X e\·;\cla ancl British Columbia. 
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Fig. 19. j.[o.rnmia angulata (Hall & \\"hitiield). From \Valcott 
(1924, p. 12, fig. 3). X 3. 

Subfamily Leptoplastinae Angelin 1854· 

Pl. 2, figs. 15-20. 

T y  p e g e 11 u s: - Leptoplastus A11geli11 185 4. 

161 

D i a g n  os i s : - Ole11ids with free cheeks with curved spine deviat
ing from course

.
o f  lateral margin. Exceptions: Some species o f  Leptoplast�ts 

\\·ith frce cheeks with short and straight spine. 
R c m a r k s :  - This group was erected as a family Leptoplastidae by 

Angelin (185 4, p. 42) and given subfamily status by Kobayashi ( 193Sc. 
p. 257) . 

Ge n u s  L e p t o p l as t u s  A 11 g e l  i n l 8 5 4. 

T y p e  s p e  c i e s :  - Leptoplastus stenotus Angeli11 1854, designated 
by Vogdes in 1890. 

D i a g n  o s i s :  - Leptoplastinae with: tapering or almost parallel
sided cephalic axis with 2-3 pairs of glabellar furrows, moderately-sized 
palpebral lobes opposite L2 or S2 ; interocular cheeks from about one-fourth 
to about three-fourths as wide as gla hella at eye line ; postocular cheeks from 
slightly 11arrower to about l.S times as wide as occipital ring; short or no 
preglabellar field; preocular facial sutures converging, but usually convex, 
almost angular ; postocular facial sutures oblique, slightly sinuous; free 
cheeks with short to long, slender to coarse spine and acute to obtuse genal 
angle; thorax with lO or, usually, 12 segments (when number is known), 
with short or, rarely, long pleural spines, and with or without long axial 
spine at 1 1th segment ; sub-semicircular to sub-triangular pygidium with or 
without marginal spines. 

In c l u d e d  s p e c i e s: -

Lcptoplastus abnormis vVestergård 1944 
L angustatus (Ange lin 1854) ( earlier: Eurycare) 

L bornhol1nensis (Paul sen 1923) (earlier: Ctenopyge) 

L. claudica.ns (Moberg & Moller 1898) 
L. crassicorne (\Vestergårcl 1944) ( earlier: ELW}'Wre) 

L. intermedius (Westergård 1944) ( earlier : E ur·ycare) 

L. longispinus Holtedahl 1910 (=L. norvegicus) 

L. minor \Vestergård 1922 ( =-= L. pauciscgmentatus) 

L. neglcctus (\Vestergård 1922) (earli er : Ctenopyge) 

L non·egiws (Holtedahl 1910) ( earlier: Euryca.re) 

L. ostrogothicus Westergård 1940 

Vid.-.\kad. Skr. I. M.-1\". Kl. 1957. :'\o. 1. 11 
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L. o1-·atus Angelin 1854 
L. paucisegmentatus \Vestergård 1922. 

L. raphidophorus Angelin 1854 

L. spinosus Matthew 1898 

L. stenotus Angelin 1854 

l\.f.-N. Kl. 

L salteri ( Callaway 1877) is includecl in Leptoplastides, Leptoplasft�s 

latus Matthew 1892 has been transferred to Westergårdia, L. broggeri Holte
dahl 19 10 to Protopeltura, and L. o1-·atus var. explanatu Holtedahl 1910 i s  
referrcd to  as Ew-ycaJ'e explanatttm. L. spiniger and L. stenotoides (both 
Matthew, 1889) were removed from Leptoplastus (and the Olenidae) already 
by Mat thew ( 1894). 

O c c u r  r e n  c e :  - Leptop!asfus zone in Norway, Sweden, Denmark 

( Bornholm), England, E. Canada. Base of zone of Protopeltura praecursor 

in Norway, Sweden. Dict·yonema zone ( ?) in Swcden. 

Ph y l o g  e n  y a n d  r e l atio n s  h i  p s : - The Leptoplastus spccies 

may be arrangecl in several groups. 

Group of Leptoplastus ovatus. This includes L. paucisegmentatus (and 

its probable synonym L. minor), L. ovattts, L. abnonnis, and probably also 
the Tremadocian( ?) L. ostrogoihicus. Thcse species have a wider axis than 
the other Leptoplastu.s species. Thcy haYe no long axial spine from the 11th 
segment, and no or Yery short prcglabellar field. Their slender genal spine 

is short or o f  medium length, and their genal angle obtuse. Their spinose 
pygidia are subtriangular, slightly rounded. L. paucisegmen.tatus is the 
earliest known Le ptoplastus species. It has on ly 10 thoracic segments, whereas 
all other Leptoplastus species have 12 (where the number is known) . It is 
considered a forerunner of the no doubt closely related L. ovatus by \iV ester
gård ( 1944, p. 40). In L. abnorm is the pleural spines of the sixth to 
ninth thoracic segments are greatly prolonged, but otherwise it agrees with 
L. ova.tus, to which i t  appears to be closely related. The Tremadocian ( ?) 
L. ostrogothicus may possibly have developed from this group, although it 
does not seen to haYe marginal spines in the pygidium. 

Group of Leptoplastus raphidophorus. This includes L. raphidophorus, 
L. non·egicus (and i ts pro bable synonym L longispinus), L. bornholmensis, 
L. intermedius, L. neglectus, and L spinosus. A short preglabellar fielcl 
is always present. The genal spine is moderately long or long, slender or 
coarse. The genal angle is obtuse to acute . The 1 1 th thoracic segment i s  
providecl with a long axial spine (where the thorax is  known). The pygi

dium is subtriangular and spinose. L. raphidophorus is the earliest known 
member of  this group. It resembles the slightly earlier L. paucisegtnentatus 

in so many featurcs ( such as type of cranidium) that i t  is highly pro bable 
that the ovatus and mphidophorus groups have a common ongin. The inter
ocular cheeks o f  L raphidophorus are about 0.3-0.5 times as  wide as  the 

glabella at the eye line, those of L .  norvegicus are about 0.5-0.7 times as 
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wide, and those of L. intermedius about 0.8 times as wide. As the species 

seem to appcar in this order, they probably represent an evolutionary line 

where the interocular checks become progressiYely wider. �:breover, this line 

appears to continue in Ettr'ycare, which no cloubt clevelopecl from the raphi

dophorus group. The rathcr late L. neglectus resembles mostly L. raphid
ophonts inasfar as its interocular chceks are almost as narrow as those of 

L. raphidophorus. The Canadian L. spinosus is not very well known, but 

appears to belong to this group. It may ewn turn out to be conspecific with 

one of the Scandinavian species. Ctenopyge apparently dcveloped from the 

1'aphidophorus group through L. neglcctus. 

Group of Leptoplastus stenotus. This cmbraces the ;ype species, L. 

stt:?notus, and L claudicans, which may be conspecific . L. stenotus has a short 

pt·eglabellar field, and free cheeks with obtuse genal angle and not very long. 

slender genal spine. The 1 1th thoracic segment is provicled with a long axial 

spine. The pygidium is entire, or with one or t\YO pairs of tiny spines. The 

relationships of L. stcnotus to the other Leptoplastus species are unccrtain. 

lts long axial spine on the 1 1 th segment may inclicate that it is ncarest to 

the raphidophorus group. 

Group of Leptoplastus angustatus. This includes L. augustatus ancl L. 

aassiconu, which were previously ass igned to Eur)'Care, but are transferrcd 

to Leptoplastus for reasons cliscussed bclow. They have no preglabellar fielcl. 
Their free cheeks have either acute or obtuse genal angles aad rather coarse 
and long spine. Their thorax is without axial spine. Their pygidium is sub
triangular and spinosc. L. angustatus is probably closely relatcd to the some
'\vhat earlier L. crassicorne, which appears slightly later than L. raphid

ophorus. The angustatus group may have developed from the ovatus or the 
·mphidophorus group. It agrees with the ovatus group in having no axial 
spine in the thorax. It seems, however ,  more probable that it developecl from 
the mphidophorus group with which it shares a long genal spine and also a 

comparatively narrow axis .  

R e l a t i o n s h i p s b e t w e e n L e p t o p l a s t u s a n el E u r )' -
c a r e: - From the above it appears that i f  the C!'ngustatus group should 
be incluclecl in Eurycare as it has been up to now, this would firstly involve 
that the raphidophorus group also shoulcl be incluclecl in Eurycare, since 
both the angustatus group and Euryca.re (as clefined he re) seem to haYe 
developecl from the raphidophorus group. This could perhaps be acceptect; 
al ready vV ester gård ( 1922, p. 144) pointed out the resemblance between 
L raphidophorus and Eurywre. However, as L. stenotus probably dicl not 
clevelop from the o'<.·atus group, i t  woulcl seconclly involve that the ovatus 

group, too, had to be included in Eurycare (or assignecl to a new genus) ,  
which woulcl leave L. stenotus as the only certain Leptoplastus species. I f  the 

angustatus group could be proved to have developed, not from the raphido
phorus group, but from the o7.•atus group, this would like,vise involve that 
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Le ptoplastus had to be restricted to L. stenotus alone (and possibly also 
L. claudicans), whereas all other species bad to be included in Eurycarc. 

I believe that the solution which causes the !east confusion is the one 
adopted here, that is to transfer the angustatus group to Leptoplastus. It also 
has the advantage that it becomcs easy to distinguish between Enr)•care (with 
wide intcrocular cheeks) and Leptoplastus. As clefined belmv, Eurycare only 
includes specics with the interocular cheks as wicle as, or widcr than the 

glabella at the eye line. 

Leptoplastus abnormis \Vestergård 1944. 

19-!-ta J.cptoplastus abnormis sp. n. -- \\-estergånl, p. 41, pl. l, fig. 23; pl. 2, fig. l. 
( P.oint5 out the differences from L. o<:atns. Figs. of a.xial and clor,al shicld.) 

19-t/ Lcptop/astus abnorm is \\'gård. - - \ \·estergarcl, p. 24. (Distribution in Swcd�n.) 

H o  l o ty p c: - The axial shield figured by \Vcstergårcl (1944, pl. l,  
fig. 23), from Andrarum in Scania, Sweden. 

Di a g n  o s  i s: - A Leptoplastus species v.·ith : elongate glabella; inter
ocular cheeks apparcntly slightly less than half as wide as glabella at eye 
line ; postocular cheeks about three-fourths as wide as occipital ring ; no 
preglabellar field ; thorax with 12 segments, 6th to 9th segment with lang 
and flattened pleural spines; no long axial spine; sub-senticircular pygidium 
with 3 pairs of marginal spines. Free cheeks unknown. 

O c c ur r e n  c e: - Sweden (Leptoplastus zone, subzone cf Lepto

plastus ovat1ts. Associated with L. ova.t-us.) 

Leptoplastus mzgustatus (Ange lin 1 854) . 

PI. 4; pl. 16, figs. 10--13. 

1854 Eurycare angustatwn, n. sp. -- Angel in, p. 48, pl. X::\.YI, fig. S. (Inexpressive 

diagn. Rough fig. of d01·sal shielcl.) 
1882 Et{rycare angustatmu, Ang. -- Rrogger, p. 119, pl. XII, figs. 3, 3a-b. (Figs of 

cranidium, free cheek, and pygidium. As statecl by Brogger himself, the figs. are 
not quite aclequate.) 

1904 Ettrycare mzgustafllm Ang. [partim] -- Persson, p. 517, pl. 9, figs. 11-13. 
(Descr. of axial shield, free cheek, pygidium, and hypostoma. His figs. 9-10 
probably are of Eurycare species.) 

1922 Eurycare angustatum Angelin - - \Ve,tergård, p. 150, pl. X, figs. 4-9. 
(Remarks. Figs. of free cheek, cranidium, pygidiurn, and 2 axial shields.) 

1923 Eurycare angustatum Angelin -- Poulsen, pp. 34, 58, pl. I, figs. 9-10. (Descr. 
Figs. of cranidium and free cheek.) 

1929 E·urycare angustatttm Ang. -- Strand, p. 358, (Recordecl.) 

1934a Eurycare angustatum -- Stønner, p. 333. (Listed.) 
1944a Enrycare angustatum Angelin -- Westergårcl, p. 41, pl. 2, figs. 5-6. (Figs. of 

axial shield and free cheek.) 
1947 E1w-:,rcare atzgustatw11 Ang. -- Westergårcl, p. 24. (Distribution in Sweden.) 
::\'on 1934 F:urycarc angustat;un, Angelin -- Cobbold (= Ctcnopygc d>·ytonc,nsis). 
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T y p e  el a t  a : - Angelin's type material came from Andrarum, Scania, 

Sweden. A lectotype should be selectecl from this locality, and from 

Angelin's material. 

D i  a g n  o s  i s : - A  L eptoplastus species with : cephalic axis somewhat 

langer than \vide ; interocular cheeks slightly more to slightiy less than hal f 
as wic\e as occipital ring ; no preglabellar f ielcl ; postocular cheeks about as 

wicle as occipital ring ; frec cheeks with coarse, long spine and rouncled 

posterior margin ; thorax with 12 segments, pleural regions slightly narrower 

than axis ; no axial macrospine ; subtriangular pygidium with 3 pairs of  
marginal spines and 3-4 axial rings. 

N o r  w e g  i a n  m a t e r  i a l :  - This agrees well with the Swedish 

material. The craniclia usually attain a length of 5 mm, as in the specimens 

from Andrarum, but some cranidia from Evjevika, Ringsaker, are as lang 

as 5 .6 mm. The free cheeks from Evjevika also d iffer a l ittle from the 
typical angustata in ha,·ing a slightly acute genal angle. 

O c c u r  r e n  c e :  - Nonvay : Eiker (Stablum core) , Røyken ( Slem

mestad) ,  "\fodum, Hamar cli strict (Løyten, Romedal) ,  Ringsaker (EYj c

Yika) - L eptoplastus zone (2c) , subzone of L ept op!ashts angustatus. Alone, 

or associated with Eur\'care !atmn. 

Leptop!astus bor11h olm ensis ( Paulsen 1 923) . 

1923 Ctcnopyge ncg/ecta vVestergard var. bornlwlnl CIIS:·s n. Yar. - - Poubcn, p. 3/,  

pl.  I, fig.  l l .  (Dcscr. and fig. of  cr<"tni clium .) 

L e  c t o  t y p e  ( selected he re) : - The impression of a craniclium 
figurcd by Paulsen, from Læså, Bo rnholm, Dcnmark. 

D i  a g n  o s  i s : - A Lept op!astus species with : intc rocular cheeks 

about threc-fourths as wide as glabella at eye l ine ; postocular cheeks some

v,·hat less than twice as wide as occipital ring . No othcr parts than craniclium 
knO\:vn. 

R e m  a r k s :  - This form has much wicler interocular checks than 
Le ptoplastus neg!ec t us, and is he re regarclecl as a dis tinet speci es. It resemblcs 

L. in t erm ed-ius, but has widcr postocular cheeks, and occurs in a higher 
horizon. 

O c c u r  r e n  c e :  - Denmark ( L eptoplastus zonc, subzone of L epto

plastus anqustat us. Associated with L .  angustatu.s. - - Bornholm .)  

Lr:ptoplast-us c!audicans C\:Ioberg & ::vii)llcr 1 898) . 

Pl.  13,  figs. 1 1-13. 

1 880 O IC1111s ?, lik [ l ike] O. acaHihurus .A ng. -- Tullberg, p. 6. ( Remarks.) 

1898 .·l c crocare claudicans n. sp. - - �.foberg & Mol ler , pp. 257, 280. (De;cribe Tull

bcrg's material . )  
1 89il .'iccrotarc claudiwns �ibg. & �1oller - - :-Joller, p .  314, pl. 16, figs. 1-i 

( Remarks. f'igs. of cr<1nidium, free chcek, thor;t cic segment, and pygicl i \1111 . )  
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1908a Accrocare claudicans Moberg - - :Raw, p. 5 1 3. (Assigncd to Leptoplastidcs.)  

1917  A cerocare claudica11s Mo berg & Moll er -- \\'estergård, p.  640. (Remarks.) 

1922 Leptoplastus clau.dica11s (:.!foberg & Moller) - - Westergard, p. 147, pl. \�l i i ,  
figs. 8-12. (Remarks. Suggests that the species may belong t o  the zone witb 

Leptop/aslus and Eurscarc. Copies of Moberg & Moller's figs .) 
1925 Leptoplastus claudicans (Mo berg) - - Raw, pp. 252, 263. (Remarks.)  
1940 Leptoplastus ("Accrocarc") claudicaus (Moberg & Moller) ·- - \\'estergård, 

p. 64, foot-note l. (Suggests that the species may come irom the D ictyonema 

Shale or some late l1pper Cambt·ian layers.) 

T y p e  d a t  a :  - As lectotype I sclect one of the pygidia (P.  I. L. 
no . LO 1 379) upon which "Nlobcrg' s  drawing is based. It c01nes from Anclra

rum, Scania, Sweden . 

R e m a r k s :  - All material of L. claudica.ns comes from a loose p iece 

of shale, which later has split into a number of tiny flakes. The stratigraphic 
horizon of the species is uncertain. �oberg & Motler belieYed it to belong 
to the genus A ccrocare, and that it in all probability came from the A ccrocare 

zone. vVestergård ( 1 922, p. 147) ass igned it to Leptoplastus and suggested 

that it came from the Leptoplastus zone, l ike all other species assigned to 

L cptoplastus at that time. Later ( 1940, p. 64, foot-note 1 ) ,  when describing 

L .  ostrogothicus from the Dictyonema Shale ( secondarily imbedded ? -

cf. p. 1 73) , he founcl it more likely that L. claudicmzs came from Dictyonema 
Shalc or from somc layer of the late U pper Cambrian not available at 

Andrarum. A reexamination of the type material of L. claudicans has shown 
that the draw ings published by Moberg ( 1898) are not quite corrert, as 

alrcady pointed out by Westergård ( 1 922, p.  1 47) . Thus the genal field!' 
of the free cheeks a re actually somewhat wicler and the anterior part of 

the craniclium rather different. The palpebral lobcs are s ituated further 
back, and the preocular facial sutures are langer and less conYerging than 
shown in the drawing. A short but distinct preglabellar f ield i s  developed, 

and the anterior margin i s  slightly conca,·e. The craniclium is thus a typical 

I_ cptoplastus cranidium. The species resemblcs L. ·raphidophorus_. but its 
postocular cheeks are slightly narrower and its pygidium is  entire. How

eyer, some specimens associated with the lectotype of L. raphidophorus also 
seem to have an entire pygidium . L. claudicans cven more resembles L. stc

notu.s ( with entire pygiclium) , and it is not impossible that they are con
speci fic, but it is clif ficult to compare them, as the material of L. cla�tdicans 

is somewhat fragmcntary and not too well preserved. Hov .. ·eyer, it can hardly 
be doubted that L. claudicans is  wry close to the Leptoplash1,s species of the 

Fe ptoplastus zonc, and I be li eve it to be rather probable that it came from 

this zone (as may also be the case with L. ostrogoth icus) . 

O c c u r r c n c c : - Sweden . Horizon unknovn1 (Lcttoplastus zonc ? ) .  
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L epto plastus cmssiconte ( \Vestergård 1944) . 

Pl. 4 ;  pl. 14, figs. 1-13. 

1944a Eurycare angustatum crassicornc var. n. -- \\'estergård, p. 41 ,  pl. 2, figs. 2--4. 

(Points out differences from L. angustatus. Figs. of d01·sal shield, craniclium 

and free cheek.) 

1947 Eu:rycare angu.statum crassicorne \V gård. - - \\.cstergårcl, p. 24. ( Distribution 

in Sweden.) 

H o l o t y  p e :  - By original designation, the dorsal shield figured by 
\Vestergård ( 1944, pl. 2, fig. 2 )  from Andrarum, Scania, Sweden. 

D i a g n  o s i s : - A Leptoplastus species wirh : elongate cephalic axis ; 
interocular cheeks about half as wide as glabella at eye line ; postocular cheeks 
about as wide as, or slightly wider than occipital ring ; no or practically no 
preglabellar field ; fixecl cheeks wibh very lang and very thick spine, slightly 
acute or right-anglecl genal angle, and practically straight posterior margin ; 
thorax with 12  segments, pleural regions as widc as or slightly wider than 
axis, and no lang axial spine ; subtriangular pygiclium with 4-5 axial rings 
and 3-4 pairs of marginal spines. 

R c m  a r k  s :  - As discussed above, this form is transferred from 
E�tr)'Carc to L eptoplastus. As crassicorne dif fers markedly ft om augustatus 

i. a. in the free cheeks, and furthennore occurs in a horizon well below that 
of L. angustatus, I prefer to regard crassicorne as a separate species. 

N o r w e g i a n  m a t e r  i a l :  - This consists on! y of detached parts 
of the shield. The free cheeks agree with the Swedish material in having 
the gcnal angles clrawn out, and in having very coarse genal spines. The 
craniclia also agree very well \Yith the type material, i .  a. in having no pre
glabellar field. 

O c c u r  r c n c c :  - Norway : Eiker (Krekling, Vestfossen) , Røyken 
( Slemmestad) , Hamar clistrict, Ringsaker (Evjevika) , Brummunddal . -

L eptoplastus zone (2c ) ,  subzonc of Leptoplastus crassicorne. Associated with 
L. norvegi{;uS. - Sweden (same horizon) , Dcnmark ( collectecl by the \vri  ter 
at Læså, Bornholm, at "locality 6" of Poul sen, 1 923) .  

Leptoplastus crassicorne var. Same specimens from vhe subzone of 
Leptoplastus ovatus apparently belong to a smaller variety with more slender 
cheek spines (Pl .  14, figs. 9-13) . They are associated with Leptoplastus 

ovatus and Eurycare explanatwn and come from Jønsberg in Romedal. 
Hamar district, Norway. 

Leptoplastus intennedius (\Vestergård 1944) . 

Pl. 4. 

1944a Eurycarc inter111cdiwn sp. n. [partim] - - \\"estergård, p. 41,  pl .  2, figs. 7-8. 
(Descr. Figs .  of · axial shield and cranidium. Figs. 9-10 probably belong to 
I:. exp!anatwn.) 

19-1-7 Eurycare intcrmcdiwn \\'gård. [partim] 
in Sweclen.) 

\\-estergårcl, p. 2-L ( Distribution 
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H o l o t y  p c :  - The axial shield figured by \Vestergå1·d ( 1944, pl. 2, 

fig. 7) from Andrarum, Scania, S\veden. 

D i a g n o s i s : - A Lcptoplastus species with : interocular cheeks 
about three-fourths as wide as glabella at eye line ; postocular cheeks about 
l .S times as wide as occipital ring ; thorax of p robably 12 segments and 
plcural regions up to l .S times as wide as axis, pygidium with 4 pairs of  
marginal spines. Free cheeks unknown. The most complek specimen ( the 
holotype) is broken in front of the pygidium. This may ind:cate that one of  
the posterior thoracic segments carried a lang axial spine. 

R e  m a r k s : - In the holotype and a detachecl cranidium figured by 
vVestergård, the interocular cheeks are about three-fourths as wide as the 

glabella at the eye line. Another cranidium assignecl to this species by vY ester
gård ( 1944, pl. 2, fig. 9) , has interocular cheeks which are about as wide 
as the glabella, and may belong to E. ex planatunt. 

O c c u r  r e n  c e :  - Sweden (Leptoplastus zone, subzone of Lepto

plastus ovq,tus ?) . 

Leptoplastus neglectus (vVestergård 1922) . 

Pl. 5 ;  pl. 17,  figs. 1-7. 

1880 Sphærophthalmus flage/li/er Ang. [partim] - - Linnarsson, p. 142 ( 12),  pl. V 
( I ) ,  fig. 13.  (Fig. of cranidium.) 

1910 J,eptoplastus Broggeri, nov.sp. [partim] - - Holtedahl, p. 18, pl. III,  figs. l,  3, 

1 1 ?  only. (Descr. and figs. of cranidinm and free cheek. Figs. 2, 4-10 are of 

Protopeltura broegger·i.) 

1922 Ctenopyge neglecta n. sp. [partim] - - \Yestergård, p. 150, pl. X, figs. 10-17 

only. (Descr. Figs. of cranidium, free cheek, pygidia, hypostoma, and lan·al 

cranidium with 8 attached thoracic segments. Fig. 18 is of Ctmnpyge postcun·ens. ) 

1922 Leptoplastus raphidophorus Angelin [partim] - - \\'estergård, p. 143, pl. X, 
fig. 2 only. (Fig. of  dorsal shield.) 

1944a Ctenopyge neglecta f. typ. -- vVestergård, p. 42. (Mentioned.) 

1947 Ctenopyge neglecta vVgårcl. - - \\'estergård, p. 24. (Distribution m Sweden.) 

;..Jon 1944a Ctenopyge neglecta approaching yar. postcurrens - - \\'estergård 

(= Ctenopyge postcurrens). 

L e c t o t y p e : - By subsequent designation by \Vestergård ( 1944) , 
a cranidium figured by vVestergård (1922, pl. X, fig. 1 1 )  f rom Andrarum, 
Scania, Sweclen. 

D i  a g n  o s  i s : - A Leptoplastu.s species with : elongate cephalic axis, 
bluntly rounded in front ; interocular cheeks about half as wide as glabella 
at eye line ; postocular cheeks markedly wicler than occipital ring ; relatively 
well-developed preglabellar field ; free cheeks with long, strong spine, straight 
posterior margin, and acute genal angle ; thorax with 12 segments, pleural 

regions about one and a half times as wide as axis, and long axial spine on 
one of the posterior segments ; pygidium with three pairs of marginal spines 
and thrce to four axial rings. 
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R e  m a r k s :  - \Vestcrgård ( 1922) believed this species to be inter

mediate between L eptoplastus and Cten opyge, but assigned it preliminarily 

to Cten opyge, partly because of the Ctenopyge-like thorax of a specimen 

figured by him ( 1 922, pl. X, fig. 18) . In 1944 he included 1 his specimen in 

a separate fonn, which he called Ctenopyge n eglecta postcurrens. This is a 

typical Cten op·:ygc and i s  discusscd below as Ctcn opyge (Eoctenopyge) posf

currens, whereas I transfer neglecta to Leptoplastus. It is regrettable that 
the earliest known Ctenop·:yge thus is kno\,.,-n as Ct. postwrrens, but Lepto

plastus neglectus is a typical Leptoplastus species, and should not be incluc\ed 

in Ctenop·yge. Features of L. n eglectus which are not knowr. in Ctenopyge 
are i. a. : comparatively short and wide cephalic axi s ,  well- cleYcloped prc

glabellar fielc\, preocular facial sutures subparallel for a short distance in 
front of the palpebral lol?es, and Leptoplastus-likc pygidium. Only a yourig 

thorax of L. n cglectus has been figured by \Vestergård ( 1 922, pl . X, fig. 14) . 

Norwegian material o f  L. neglectus shows, howcver, that the thorax is of  

the Leptoplastus type, with comparatively short pleural spines. This i s  also 

seen in a dorsal shield figured by \Vestergånl ( 1 922, pl. X, fig. 2) , bu� 
assigned to L. raphidoph orus. I believe this specimcn belongs to L. neglectus 

for the following reasons : The frec cheeks are more angulate ancl carry a 

coarser spinc than L. raphidophorus, while they cannot be toid from the free 

chccks of L. neglectus. The cranicli um , as well as some othcr cranidia on 

the same slab (see pl. 1 7, figs. l, S ) ,  cannot be distinguishecl from the crani

(lium of L. neglcctus, whereas they cli ffc r  from the cranidium of L. raphi
dophorus i. a. in having a distinct preglabellar f ield. The craniclia of these 

two spccies are, however, rather alike, and have about equally wicle fixed 
chceks. The axis in the d01·sal shield in question is slightly narrower than in 

L. raphidoph o1·us, and its pygidium comparatively shorter and wider than in 

L. raphidoph orus (or any other Lcptoplastus species) . The slab has an 

attachcd label which seems to bear the name "Andrarum", and most prob

ably the specimen is f rom this locality. It is worth noting that the fossil is 

preservcd in limestone, as all known material of  L. raphidopho·rus occurs in 

shalc at this locality, whereas material of L n cglectus occurs in l imestone. 

The limestone in this particular slab agrees with that in which L. n eglectus 
occurs. It is easy to understand why \Vestergård did not assign the aboYe

mentioned shielcl to L. n eglectus in 1 922, as he at that time i ncluded Cten o
j>yge postcurrcns in this species, and figured a thorax of Cten opyge post
currens. Delieving this to represent a thorax of L. neglectus, the dorsal shield 

in question was naturally too different to be assigned to L. neglect-us. 

N o r w e g  i a n  m a t e r  i a l :  - The craniclia and free cheeks present 

correspond closely to those of the type material. The crani<lia haYe rather 

well-developecl preglabellar field, preocular sutures of the Le ptoplastus type_. 

and straight eye riclges . The free cheeks have a sl ightly acute genal angle. 

ln Holtedahl 's material from Slemmestad in R øyken, there are similar 
cranidia,  but also some ,,-hich d i f fer in haYing oblique eye ridges and some-
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times shorter preglabellar field. Apart from this they agree with the others. 
In same other material from Slemmestad, the form with the short pre

g)abellar field is  dominating. HoweYer, only a few cranidia are present. 
O c c u r  r e n  c c :  - Norway : Eiker ( Stablum core) , Røyken ( Nærs

nes, Slemmestad) .  - Zone of Protopeltura praecursor (2da) ,  subzone of 
Leptoplastus u eglectus. Alone, or associated with Protopc!tura praecursor. 

- - Sweden ( Assosiated with Protopeltura praecursor at the type locality) . 

L eptoplastus nor·uegicus (Holtedahl 191 0 ) .  

Pl. 4 ;  pl. 1 5 ,  figs. 1-10 ; pl. 1 6, figs. 1-2. 

1910  I:.ur;.·carc G1lpustatwn, Ang., var. norvegicwn, nov. var. [partim] - - Holtdahl, 

p. 5, pl. 1,  fig. l only. (Descr. Fig. of axial shield. Fig. 3 may be cono.peciLc. 

Fig. 2 belongs to another species, possibly L cptop/astus crassicorne.) 

1 9 1 0  Lcp top/astus longis,nimts, nov. sp. - - Holtedahl, p. 1 1 , pl. Ill, figs. 12-14. 

(Descr. Figs. o f  free cheek and associated cranidium and pygiclium.) 

1922 Eur·ycare angustaht·m nor·vegicwn Holtedahl [partim] -- \Vcstergård, p. 150. 

(Points out its resemblance to L. raphidophnrus. ) 

1922 Leptop/astus long isp inus Holtedahl - - \\' estergård, p. 1 10 .  (Mentionecl .)  

1929 Lcptop/astus mphidophorus norvegicus ( Hltcl. ) - - Strand, p. 357. ( Exclucle;; 

the free cheek and pygidium which Holtedahl as�if?;necl to this form.) 

1 92() Leptop/astus longispimts Hltd. - - Strand, p. 357, pl. I ,  f ig.  4. (Remarks. Fig. 

of free cheek.) 

L e  c t o  t y p e  (here selectcd) : -- The axial shield fitiured by Holte
dahl, 1910 (P .  M. O. no. 30334a ; counterpiece no. 30334b) , from the vicinity 
of Hamar, acquired for the collections by \V. C. Broggcr in 1889. 

D i  a g n  o s  i s : -- A L eptoplastus spccies with : clongate cephal ic axis ; 
interocular cheeks 0.5-0.7 times as wicle as glabel la at eye l ine ; postocular 
cheeks marked ly wider than occipital ring ; short preglabellar f ield ; free 

cheeks vv ith lang spine, acute to right-angled genal angle, and practically 
straight posterior margin ; thorax with 12 segments, pleura l regions about 
one and a half times as wide as axis, slender relatiwly lang pleural spines, 
and probably long axial spine on 1 1 th segment ; subtrianguhr pygidium w ith 

5 pa irs of marginal spines and 4-6 axial rings. 

D e s c r i p t i o n o f t y p e m a t c r i a l : - The cranidium o f  the 
lectotype is tw ice as wicle as long. Cephalic axi s  Yery sl ighily tapering for
wards,. and slightly truncate in front. Two pairs of glabellar furrows in 

front of distinct occipital furrovv. Glabellar furrows rather faint, especially 
S2. Short preglabellar field. Anterior border furrow distinct . Dorder narrow, 
widest axially. Anterior facial sutures cross border furrow v .. ·ell i nside ex
saggi tal lines through palpebrai lobes, but are subparallel for a short distancc 
in front of palpebral lobes.  Postocular suturcs strongly di\·erging backwards, 
very sl ightly sinuous. Eye ridges distinct, slightly oblique backwards .  Pal
pebral lo bes of moderate size, \Yith cent res about opposite S2. T nterocular 
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cheeks half as wicle as glabella at eye line. Postocular cheeks markedly wider 
than occipital ring. 

The thorax of the lectotype has 12 segments, v,:ith well dcveloped pleural 
spines. The thorax is broken just behind the 1 1 th segment . As pointed out 
by vVestergård ( 1922, p. 1 50) thi s  indicates that L. norz·egicus has an axial 
spine on this segment. As -can be seen from the counterpart, the other axial 
rings bear no spines or tubercles. 

The pygidium of the lectotype is subtriangular, with axis of three rings 
and end lobe of two fused rings. The counterpart clearly shows five pairs 
of pygidial spines. This is the number giYen by Holteda·hl ( 1 910, p. 7) , 
whercas Strand ( 1929, p. 357) statcd that there were only iour pairs. The 
rearmost pair is, howeyer, rather short. 

The free cheek figured by Holtedahl ( 1910, pl . I, fig. 2) is from an
other area, and probably does not belong to L. n or7..'egicus. Already Strand 
( 1929, p. 357) pointed out that thcre are some longispinus-like free cheeks 
associated with the lectotype, and that these instead may belong to L. nor

·vegicus. By splitting up the small concretion containing the lectotype, I have 
found more free chceks, as well as some cranidia. There are two types of  
free cheeks present. The one type apparently belongs to L. crassicorne. which 
seems rather probablc as one of the cranidia is similar to that of L. crassi

co rne, with no preglabellar f ield .  The other type of free cheeks has an acute 
genal angle, and a long spine vYhich i s  slencler and curved. 1t seems reason
ablc to assume that this type belongs to L. nor1.•egicus. 

Two of the associated cranidia agree very well with that of the lectotype, 
cxcept for being smaller. A third, rather large craniclium has wider inter
ocular cheeks ( about 0.6 times as ·wide as the gla bel la at line through centre 
of eycs) . 

D e s c r i p t i o n  o f  · t y p e  m a t e r i a l  o f  
Strand ( 1929, p. 357) suggested that L longispin us 

with L. nor-vegicus, and this seems the most likeiy. 

L. longispinus: -

prob2.bly is iclentical 

As lectotype of L. longisp inus is hcre selected the free cheek figured 
by Holtedahl ( 1910, pl. Ill,  f ig. 1 3 ) ,  as he based the spccies on the frce 
cheek, and only tentatiYely attributed the figured craniclium and pygidium 
to it .  The lectotype comcs from Krekling in Eiker. 

The lectotype frec cheek agrecs with the free cheeks of L crassico rne 

and L. neglectus in having an acute genal angle, but dif fers from crassicorn e 

in having a slcnder spi:-w, and from L nc!]lectus in having a more elongate 
genal f ield. 

The lectotype is associated with several detached parts of other Le pto
plastus shields. The free cheeks are either of the longispinus type or of the 
crassic orne type. In accordance vvith this, there are also two types of cra
nidia. One of the types agrees very ''vell with the lectotype of L .  nor7.·egicus. 

The cranidium figured by Holtedahl ( 1910, pl. III, f ig. 12)  as probably 
belonging to L. lon gis pimts, in real i ty belongs to this type. The othcr type 
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of craniclia agrecs very \vell \Yith that of L. crassic orne, 1 .  a. in h;n·ing no 

preglabellar f ielcl. The pygidium f igured by Holtedahl ( 19 1 0, pl. l ,  fig. 3) 

as belonging to L. JWJ";.·egicus, c01nes from the same piece of rock. I t  agree::: 

quite well with that of the lectotype of L. nor<Jegicus, also in having f iye 

pairs of  pygidial spine s, although the reannost pair is  very small. It may 

possibly belong to L. 
.
longispinus, although it is difficult to distinguish the 

pygidium from that o f  L .  crassicornc. 

A complete dorsal shield o f  L. crassicorne has bcen desr.cibed by \Vester

gård ( 1944) . As the free checks and cranidia of the crassi;:orne-type in  the 

Krekling material quite agrees with these parts in the entire shield, it  seems 

reasonable to assume that the other free cheeks ( lo 1 1gispinus) and craniclia 

belong to one species. In that case L. longispinus may be regardecl as a syno

nym of L. nor·uegicus. 

O t h e  r m a t e r  i a l :  - Crani clia and free cheeks D f  L .  'IWrz·egicus 

also occur at Ringsaker, \Yhere they are associated with free cheeks and 

cranidia assignecl to L. crass ico m e . The Ringsaker material shows that 

L non.:cyicus coulcl attain rather a large size, and furthermore shows that 

the relatin \vidth of the intcrocular cheeks increased during growth . \Vhereas 

the interocular cheeks are about 0.5 t imes as w ide as the glabella at the eye 

line in the smaller specimens, they are about 0.7 times as vvide in the larger 

cranidia. 

Free cheeks and cranidia of  the n on ·cgicus-typc are present in some 

material from Andrarum in Scania. Sweden, where they are associated with 
parts of  L. C?'assicorn e, L. intermedius, and Eur)•care brevi:auda. \Vhen so 

many species are present in detached parts of the shield only, it is, howe,·er, 

difficult to identifiy the species with certainty. 

O c c u r r e n c e : - Xorway : Eiker ( Krekling, Vestfossen) . Røyken 

( Slemmestad) ,  Hamar district, Ringsaker (Evj evika ) ,  Brummunddalen. -

L eptoplastus zone (Zc) , subzone o f  L epta plasfus crassicornc. Alone, or asso
ciated with L .  crassicorne. - - ?S\Yeclen ( same horizon) .  

L eptoplastus ostrogothicus \Vcstergånl 1940. 

1940 J.cptop/aslus ostrogoth icus <;p. n. - - \\"estcrgard, p. 64 ( foot note 1 ) ,  p. 72., 
figs. Sa-c. (Descr. Figs. o (  <L"ial shield, cranidium, and free cheek.)  

H o  l o t y p e :  - The axial shield figurecl by \\-estergårcl, from leYel 

1 3.42- 14.00 in core from Borghamn, Ostergotland, Swedcn. 

D i  a g n o s  i s :  - A L cptoplast us specics with : elongate cephalic axis, 

interocular cheeks slightly more than half as wide as glabella at eye line ; 

postocular cheeks sl ightly \vider than occipital ring ; no or short preglabellar 

f ielcl ; free chceks with relativ-el.y short spine and \Yith straight margin ; 

thorax with 1 2  segments,  pleur2.l regions about as v;icle as axis, and no long 

axial spine ; pygidium \Yith 4 ;.-:xial ri ngs and apparcntly no marginal spines . 
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R e m  a r k  s :  - The species appears to be a true member of the genus 
J. eptoplastus, and it is surprising that it apparently occurs in Dictyonema 
Shale (Lower Tremadocian) , whercas all othcr species of L eptoplastus whose 
stratigraphic posit ion is known, occur in the Leptoplastus zone, with the 
exception o f  L. neglectus from the base of the overlying zone of Proto
peltura praecursor. Thus no Le ptoplastus species are known from the re
maining parts of the Peltura zones, nor from the Acerocare zone. However, 
it has been suggested that L. clmtdica·ns, known only from a loose piece of  
shale containing no othcr fossils, may come from the Dictyonema Shale or  
from some late Cppcr Cambrian layer (cf .  vVestergård, 1940, p .  64, foot 
note l ) .  J n the core yielding L. ostrog othicus, the beds containing this fossil 
lie above unfossili ferous shale, probably of early or middle Cpper Cambrian 
age (cf .  diagram of core giycn by \Vcstergård, 1940, p. 16) . The late Upper 
Cambrian is apparently missing in the whole of Ostergotland. There may 
perhaps be a possibility of the Leptoplastus material in the core from Borg
hamn haYing been redepositerl, and that i t  or iginally might have come from 
the zone of L eptoplastus. 

The detached cranidium figurcd by \Vestergård ( 1940, fig. 8b) differs 
from the cranidium of the holotype in haYing narrower interocular cheeks, 
less converging preocular facial sutures, and a short, but distinct preglabellar 
field, and may possibly bclong to another species. 

O c c u r r e  n c e :  - S"veden : Dict;:onema zone ( secondarily im
bedded ? ?) .  

L ep toplastus ovaftts Angel in 1854. 

Pl. 4 ;  pl 13,  figs. 8-1 0. 

1 83-+ J.ept,>f'{astus o'i:atus. n. sp. - - Angelin, p .  47, pl. XXVI, fig. 3. (lnexpreosiYe 

diagn. Rough sketch of dorsal shield.) 

1882 Lep toplastus slet!Oills Ang. ? - Leptoplastus O'i.'a /us Ang. ? -- Brogger, p. 1 17. 

(Drogger's material does not include L. stcnotus, only L. 07.'a fus, wh!ch agrees 

with his statemcnt that the species occurs tog:etbcr with Eurycare fatum.) 

1904 Leptoplastus 01.:atus Ang. - - Persson, p. 520, pl. 9, figs. 17-23. (Descr. Fig�. 

of all parts of dorsal shield and larva! cranidium.) 

1910 Lcptoplastus 07.'af·us, Ang., nr. e:rpla11ata nov. yar. [partim] - - Holtedahl, p. 5, 

pl. I, figs. 1-2. (Descr. and figs. of  free cheek and pygidium.) 

1922 Lc-:ptoplastus Oi./alus Angelin -- \\'estergårcl, p. 145, pl. VIII, figs. 18-21. 
(Remarks. Figs. o f  free cheeks and 2 more or less complete clorsal shields, one 
of which is  supposcd to be the specimen on which Angelin chiefly based h:s 

species.) 
1923 Lcptoplastu.s ova t1Æs Angelin - - Poul sen, p. 35, text fig. 12. (Descr. Copy of 

\\'estergård's fig. of  the supposed type specimen of Angelin.) 
1 923 Leptoj>lastus O'i.!alus -- Raw, p. 263. ( Remarks on larval stages describ::d by 

Holtedahl, 1910.) 

1929 Leptoplastus mz:�wr explanalus ( Hltcl.) [partim] -- Strand, p. 358. (Ment!ons 

Holtedahl's material.) 

1929 Lepto{J/astus 07.1alus Ang. - -- Strand, p.  358. (Recorded.) 

1 934a I.cptop!astm mHz lus - - Stormer, p.  333. (Listed.) 

1947 Lcptotfas!us O'i:a tus :\ng. - - \\.estergårcl, p. 24. ( Distrihution 111 Sweden.) 
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?1952 J.cptop/astus m:atus Angelin -- Hulchinson, p. 8-t-, pl. I V, figs. 1-2. ( Rcmarks. 

Figs. of cranidia.) 

Non 1910 Lcptoplastus m:atus Ang. - - Holtedahl (= !.. raphidophorus) . 

L e  c t o  t y p e  ( here sdected) : - The d01·sal shield figured by \Vester
gård ( 1922, pl. VIII, fig. 1 8) , supposcd to be Angelin's type specimen. It is  

from Andrarum, Scania, SvYeden. 

D i  a g n  o s  i s :  - A Leptoplastus species vvi th : about as long as wide 
cephalic axis ; interocular cheeks about one-fourth as wide as glabella at 

cye line ; postocular cheeks somewhat narrower than occipital ring ; no pre

glabellar f ielcl ; free cheeks with relatively short spinc, straight posterior 

margin and obtusc genal angle ; thorax with 12  segments , no long axial spine, 
and plcural regions about three-fourths as wide as axis ; sub-semicircular 

pygidium with 3 pairs of marginal spines and 3 axial rings . 
R e m  a r k  s :  - The Canadian specimens assignecl to this species do 

not scem to agree quite with the Swedish, as far as I can judge from the 
figures of two incomplctc cranidia. The Canadian �pecimcns seem to have 

the eyes situated somewhat farther forwards, and the whole appearance of 

the craniclium is more pelturoid. It is also suspicious that the Canadian form 

is associated with specimens assigned to Leptoplastus 11 1 inor ( i .  c. L. pauci

segmen tatus) , as the latter occurs well below L. oc.:atus in Scandinavia. There 

may perhaps be a possibility of the Canadian material belonging to Proto

peltuta. 
K o r w e g  i a n  m a t e  r i  a l :  - This agrecs well w ith the Swedish 

material. 

O c c u r  r e n  c e :  - Norway : Eiker (Vestfossen, Stablum corc ) ,  Røy
ken ( Slemmestad) , Oslo (Tøyen. Gamlebyen) ,  Ringerike (HYal) , Rings
aker (Evj ev i ka, Steinsodclen) ,  Hamar clistrict (J ønsberg in Romedal ) ,  
Snertingdal ( Rudsbekken) .  - Lepto plastus zonc (2c) , subzone o f  Lepto

plastus o1.•atus. Associated with E. fa tum or E. ex planatwn. - - Sweclen 

( same horizon) ,  Den mark ( same horizon ) .  ?Canada (Nova Scotia, L epto

plastus zone. )  

Lcptoplastus paztcisegmentatus \Vestergå rd 1922. 

Pl. 4. 

1 922 J.eptop last us pau.ciscgmentalus n. sp. - - \t\'estergård, p. 146, pl.  VIII, figs. 

22-24. (Short descr. Figs. of axial shield, cranidium and free cheek.) 

1922 Leptoplast1ls minor n. sp. - - \\'estergård, p. 144, pl. VITJ, figs. 25-29. (De�cr. 

Figs. of cranidia, free cheek, and pygidia.) 

1944a Leptop/astus paucisegmen./atus \\'estergård -- Westergård, p. 40, pl. l, figs. 

20-22. ( Suggests that L. 1ninor is in all probabil ity synonymous with L. pauci
seg·mentatus. Figs. of axial shield, d01·sal shield, and free cheek.) 

1947 Leptop/aslus pauciscgmentatus \\'gård. -- \Vester gård, p. 24. (Distribution in 

Sweden.) 

? 1 952 Leptoplast1ls min or \\'estergård -- Hutchinson, p. 85, pl. IV, figs. 3-5, 6 � 

(Descr. Figs. of cranidia, free cheek, and conspecific ? pygidium.) 

Non 1929 Lcptop/astus minor \\'gd. - - Strand (= L. ·raphidop/wrus). 
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L e  c t o  t y p e :  - By subsequent designation by \Vestergård ( 1944, 
p. 40) ,  the axial shield from Scania, Sweden, f igured by \Vestergård ( 1922, 
pl . VI II, fig. 22) . 

D i  a g n  o s  i s : - A  Lcptoplastus species with : elongate cephalic axis : 

interocular cheeks somewhat less than half as wide as glabella at cye line ; 
postocular cheeks about as \vide as occipital ring ; no or very short pre
glabellar fielcl ; free cheeks with relatively short spine, obtuse genal angle, 
and straight posterior margin ; thorax vvith 1 0  segments, pleural regions 

slightly narrower or as wide as axis, and no long axial spine · sub-semi

circular pygidium with 2-3 axial rings and 2-3 pairs of marginal spincs. 

R e m  a r k  s :  - As pointed out by \Vestergård ( 1944a) this species 
has 10 thoracic scgments. not 9 as statcd in the original dcscription. The 

material from �on Scotia assignecl to this spee i es by Hutchinson ( 1952) . 

is rather incomplete. 

O c c u r  r e n  c e :  - S\ndcn (Lcpto plastus zone. subzone of L. pauci

segmcntatus) , ?Canada ( Nova Scotia, Leptoplastus zone) . 

J. eptoplastus raphidoplzorus Angelin 1854. 

Pl. 4 ;  pl. 13, figs. 1-7. 

185-'t Lcptoplastns 1·aphidophorus. n. sp. - - Angelin, p. 47, pl. XXVI, fig. 2. (Incx

pl·essive diagn. Rough. partly inadequate fig. of restored clorsal shield. According 

to \\'estergård, 1922, Angelin includecl under this name both L. raph idophor us and 

L. stenotus .) 

1864 0/cmts (Leptoplastus) or Sphærophtha/mus raphidophorus, Angelin - - Salter, 

pl. 1 1 , p. VIII,  fig. 1 7. (Fig. of clorsal shield copied from Angelin . )  

1 9 1 0  Leptop/as/us o·valus, Ang. - - Holtedahl, p .  8 ,  pl. I ,  figs. 4-9. ( Descr. of mate

rial he:.;itatin?:IY assi gned to L o<.·a tus. Figs. of all parts of dor�al shield an·! 2 

lan·al cranidia.) 

1922 L eptnplastus mphidophonts Angelin [ partim] -- \\'estergård, p. 143, pl. V I I I, 

figs. 1 3-17 ; pl. X, fig. 3. ( Descr. Figs. of dm·sal !'hielcl and all parts of dorsal 

!'hield. Pl. X, fig. 2 is of L .  neglecfus.) 

1929 Leptoplas/us minor \\'gd. - - Strand, p .  358. (Remarks.) 

1934 Leptoplaslus Taphidophorus, Angel in - - Cohbolcl, p. 351 ,  pl. 45, fig. 18. (Figs. 

of free cheeks.) 

1947 Leptoplastus mph idophorus Ang. -- \Vestergård, p. 24. (Distribution in 

Sweden.) 

T y p e  el a t  a :  - As lectotypc I select an axial shield (RM no. Ar 
21 14d) believed by vVestergård ( 1922) to belong to Angelin's type material. 

From Andrarum, in Scania, Sweden. 

D i a g n  o s  i s :  - A Leptoplastus species with : cephalic axis markedly 
longer than wide ; interocular cheeks between half and one-third as wide as 
gla beila at eye-line ; postocular cheeks slightly to markedly wider than occi

pital ring ; short preglabellar fielcl ; free cheeks with long spine, stra:ght 

posterior margin, and slightly obtuse genal angle ; thorax with 12 segments, 
pleural regions slightly to markedly vvider than axis, and long axial spine 
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on 1 1 th segment ; pygidium rounded sub-triangular vYith 3 pairs of marginal 
spines and 3 axial rings. 

R e m  a r k  s : - I belieYe that the dm-sal sh ield f igurecl by \Vestergård 
( 1 922, pl. X, fig. 2) belongs to L .  neglectus (cf.  p. 1 69 ) .  

A s  to the Shropshire material assigned to L .  raphidophorus by Cobbold 
( 1934) , the cranidia bear two occipital nodes, one behind the other, as in the 
Scandinavian material. The free chceks are rather like those of Scandinavian 
specimcns, except perhaps that their spines are slightly coarser, thus als·) 
reminding one of L.  neglectus. However, the direction of the spines is more 

like that of L .  raphidophorus, and I belieYe that the Shropshire material may 
be assigned to this species. The two fragmentary pygidia do not deviate from 
the pygidium of L. raph- idophorus, but are of little help in determining the 
spee1es. 

N o r w e g i a n  m a t e  r i  a l :  - The material from Stange, Hamar 
area, was first described by Holtedahl ( 1910) , \vho hesitatingly assigned it  
to  L ovatus. Strand ( 1 929) pointecl out that i t  cannot belong to this species, 
and as sign ed it to L. m·inor. \Vestergård ( 1 944a, p. 40) now believes that 
L. 1ninor in all probability is synonymous with L. paucisegmentatus. It is 
obvious that the Stange form, with its narrow axis, cannot be assigned to 
L. paucisegm entatus. Comparison with the type material of L .  minor shows 

that the Stange form is not conspecific v.:ith this, even i f  L. mino1· is not a 
synonym of L. paucisegm entatus. The glabella of the Stange form is more 
parallel-sided and the free cheeks are more rounded. On the other hand, the 
Stange material agrces in all details with the description of L. raphidophorus, 

as well as with the type material of this species. It should be remembered, 
hovvever, that the number of thoracic segments is not known in the Stange 
form. Comparison between the outline of a part of the thorax consisting o f  
l O segments and another part o f  a thorax with attached pygidium inclicates 
that the total number of thoracic segments has been gPeater than 10, probably 
12 as in L. raphidophorus (whereas L. paucisegtnentatus has only 10) . 

Specimens from Slemmestad, Røyken are rather well preserved, and 
agree fairly well with the Swedish specimens. The cranidia have two small 
axial tuberdes on the occipital ring, one behind the other, o r  sometimes, as 
it seems, fused into a single elongate keel-like node. I believe to have re
cognizecl the two tubercles in the less well preservcd material from Scania, 
Sweden, and have also seen them in tihe specimens from Stange. The only 
pygidium present in the Slemmestad material is of the triangular Lepto

plastus type, but with narrower pleural regions than in the type material of 
L raphidophonts. 

The interocular cheeks are slightly wider in the Slemmestad material 
than in the type material of L. mphidophorus and in the Stange material. 

It is possible that the Slemmestad material should be regarded as a variety. 
The !argest cranidium in the Slemmestad material is 5.1 mm lang, in the 
Stange material 4.4 mm, and in the type material 4.2 mm long. 



1957. No. l .  THE TRILOBITE F.-\:.\I I LY OLE!\: I D.-\E I i i 

O c c u r  r e n c e :  - Norway : Røyken (Slemmestad) , Hamar district 
( Stange) . - Lcptoplastus zone (2c ) ,  subzone of Leptoplastus raphidophorus. 

Alonc. - - Sweden ( same horizon),  England (cf .  p. 49 ) .  

Leptoplastus spinosus Matthevv 1894. 

1894 l,cptop!aslus spinosus, n. sp. -- �1atthew, p.  106, pl. 17, figs. 13a-e. (Descr. 

Figs. of cranidium, free cheek, thoracic segment, pygidium, and hypostoma.) 

1952 Leptop/astus spinosus :Yiatthew -- Hutchinson, p. 86. (Remarks.) 

T y p e el a t a :  - As lectotype should be selected onc of  the specimens 

figured by Matthew ( 1894) from St. John, Noya Scotia. 

R e m  a r k  s :  -This species seems to belong to the raphidophorus 

group. It is not impossible rhat it may be synDnymous with one of the species 

described from Scandinavia, but this is difficult to judge from the descrip
tion and figures alone. 

O c c u r  r e n  c e :  - Canada (St.  John group, division 3b. St. John, 

�OY a Scotia.) 

Leptoplastus stenotus Angelin 1854. 

PI. 2, fig. 16 ; pl. 4. 

185-+ J. eptop/astus stcnotus. n. sp. - - .'\ngelin, p. 47, pl. XX\"J, fig. l. (Jnexpn�ssive 

diagn. Rough fig. ot  dorsal shield.) 

1 875b Leptoplastus stenotus Ang. - - Linnarsson, p. 43, pl. V, figs. 8-10. (Descr. 

Figs. of pygidium, free cheek, and incomplete cranidia. The determination was 

doubted by Persson, 1904, because of the poor figures. \\"estergård, 1922, examined 

the material and stated that it does not differ ham Angelin's spec.ies in any 

important features. ) 

1 904 Leptof'lastus stenof1ts Ang. - - Persson, p. 522, pl.  9, figs. 14-16. ( Descr. Figs. 

of frec cheeks and axial shielcls .)  

1 922 Leptoplaslus slenotus Angelin -- Westergård, p.  146, pl .  IX, f igs. 1-6. 
(Remarks. Figs . of clorsal shields and all parts of Jorsal shield. ) 

1923 Leptoplastus ste11otus Angelin - - Paulsen, p. 36, text figs. 13-14 ; p. 58, text 

fig. 21 .  (Descr. Figs. of dorsal shield, free cheek, and larva! cranidium.) 

1947 Leptop/astus stenotu,s Ang. -- \Vestergård, p .  24. (Distribution in Sweden.) 

Non 1 882 Lcptoplastus stenotus, Ang . ., - - Bri:igger (= L. o·va.tus) . 

T y p e  el a t a :  - A lectotype shoulcl be selected from the type locality, 

Andrarum in Scania, Sweden, from Angelin's material: 

D i a g n  o s i s : - A Leptoplastus species with : elongate cephali c  axis, 

truncate in front ; short preglabellar f ield ; interocular cheeks some\vhat less 
than half as wide as glabella at eye line ; postocular cheeks almost as wide 

as glabella at eye line ; postocular c:heeks almost as wide as occipital ring ; 

frec cheeks with slender spine, obtuse genal angle, and straight posterior 
margin ;  thorax with 12 segments, pleural regions about as wide as axis, 

and long axial spine in 1 1th segment ; entire pygidium (or with small mar
ginal points) , with rouncled margin and 3-4 axial rings. 

Vid.·Akad. Skr. I.  :.VI.-. -. Kl. 1957. Xo. l. 1 2  
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N o r vv e g i a n m a t e r i a l :  - This quite con forms with the Swedish 
material. 

O c c u r  r c n c e :  - Xorway : Røyken ( Slemmestad, in a single limc
stone lens) . - Le ptoplastus zone (2c) , subzone of Leptoplastus stenotus. 

Alone. - - S-..veden ( same horizon) , Denmark (Bornholm, same horizon) .  

G e n  :u s E u ,. y c a r  c A n g e  l i n  l 8 5 4. 

T y  p e s p e c i e s : - Eurycarc bre'uicauda Angelin 1 854, designated 
by V og des in 192S.  

D i a g n o  s i s : - Leptoplastinae with : slightly tapering or almost 
parallel-sided cephali c  axis with 2-3 pairs o f  glabellar furrows ; moderately
sized palpebral lobes opposite L2 or S2 ; interocular cheeks as widc as or 
wider than glabella at eye l ine ; postocular cheeks as wide as or wicler than 
occipital ring ; short preglabellac field ; preocular facial sutures converging, 
only slightly convex ; postocular facial sutures oblique, slightly sinuous ; free 
cheeks with long and coarse spine ; thorax with 1 2 ( 1 3  ?)-17 segments (when 
num ber is  known) ,  short pleural spines, and no or long axial spine from 
1 1 th segment ; subtriangular pygidium wi th marginal spines. 

I n c l u d e d s p e c i e s : - -

Eurycare brevicauda Angelin 1RS4 

E.  camuricorne Angelin 1854 ( = E. fatum) 

E. explanatu1n (Holtedahl 1 9 10) (earlier : Leptoplastus) 

E. latum (Boeck 1838) 

E. spinigerum Westergård 1922 

For reasons discussed above, Eur)'W1'e angustatum, E. angustatum cras
sicornc, and E. intcnnedium have been transferred to Leptoplastus. 

O c c u r  r e n  c c :  - J. cptoplastus zonc in �orway, Swedcn, Denmark 
( Bornholm) .  

P h y  l o g e n y a n d r e  l a t i o n s h i p s :  - The Eurycare species 

may be arranged in a sequence, from E. explanatttm with interocular cheeks 

about as wide as the glabella at the eye line and postocular cheeks about 
l . S  times as wide as the occipital ring, through E. spinigerwm and E. brevi

cauda with about equally wide interocular cheeks, but \\rith postocular cheeks 
about as wide as the occipital ring, thus not much wider than the interocular 
cheeks, to E. latum with the interocular cheeks from about 1 .2 to l .S  times 
as wide as the glabella at the eye line, and postocular cheeks very slightly 
shorter than the interocular cheeks. This line, which also is characterized 
by an increase in number of thoracic scgments from 1 2 ( 13 ?) to 1 7, may 
more or less represent a phylogenetic Iineage. This seems rather probable, as  
Eur)'care apparently deYelopcd from the Leptoplastus raphidophorus group 
(with relativcly narrower interocular cheeks and rather wide postocular 
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cheeks) , and seems to continuc a trend within this group with progressively 
wider intcrocular cheeks. The border between Eurycare and Leptoplastus 

has, in fact, been drawn rarher ;,rbitrarily between species with interocular 
cheeks less than as wide as the glabella at the eye line and species with inter
ocular cheeks as wide as the ghbella at the eye line. All the E�tr')'care species 
sec:m to occur in the subzone of Leptoplastus O< !atus, but E. lahon also occurs 
in the overlying subzone of Le,htoplastus angustaftts (lower part only ?) . 

Eur)'Ca?·e brevicauda Angelin 1854. 

Pl. 2, fig. 19 ; pl. 4. 

1854 J:ur_\'care brc;:icauda. n. sp. - - Angel in, p. 4R. pl. \:X\"1, fig. 4.  (Diagn. Rough 

fig. of dm·sal shicld.) 

1904 Eurj•carc �p. - - P ersson, p. 5 16, pl. 8, fig. 8. ( Fig. of axial shielcl.) 

1922 Eur:ycarc brevica11dn Angelin - - \VestergilfCl, p. 148, pl. JX, figs. 1 1- 1 2. 

(Descr. Figs. o f  axial shielcls .)  

1947 Ew·ycarc brez•ica11da Ang. -- \Yestergård, p. 24. (Distribution in Sweden.) 

T y  p c d a t  a :  - Angelin's -original . cannot be detcrmined with cer
tainty, but an axial shicld presenwl in shale and without any accompanying 
label agrees so well vvith Angelin's figure that \Vestergård ( 1 922, p. 149)  
believes that i t  probably i s  the original. The type locality i s  Andrarum,  
Scania, Sweden. 

D i a g n  o s i  s :  - A E1.wywrc species with : interocular cheeks about 
as wide as glabella at eye line ; postocular cheeks about as wide as occipital 
ring ; thorax of 14 segmcnts and without long axial spine. 

N o r w e g i a n  m a t  e r i a l : - This seems to agree with the Swedish, 
as far as can be judgcd from detached parts only. 

O c c u r  r e n  c e :  - �onYay : L eptoplastus zonc (2c) , subzone of 
Leptoplastus O'uatus. Associated with L .  o·vatus and Eurycare latu m .  - 

Eiker (Vest fossen ) ,  Oslo (Gamlebyen) .  - - SvYeden (same horizon) . 

E u rycare exp;anatum (Holtedahl 1910) . 

Pl. :� : pl. 16, figs. 3-S. 

1910 Leptop!astus m:a tus, Ang., nr. e.rplanatq, no\·. Yar. l partim] - - Holtedahl, 
p. 10, pl. l, fig. 10 only. (Descr. and iig. of cranidium. Figs. 1 1-12 are of Lepto

p/asfus ovatus) . 

1922 Leptop/astus oz·atus c.rp/anatus Holtedahl (partim] - - \\ "cstergård, p. 1 10. 

C :Mentions Holtedahl's material.) 

1929 ],eptoplasfus m i11or c.rpla11alus (Hltd.) (partim] - - Strand, p. 358. ( �Ientions 

Holteclahl's material.) 

1944a Leptoplastus ozoaf1ts expla11atus Holtedahl (partim] - - \\"cstergård, p. 41.  
(Remarks.) 

1944a E1trycare intennedium sp. n. fpartim] - - \\"cstergi'trd, p. 41 ,  pl . 2,  iig:s. 9-10 

only. (Fig�. of craniclium and free cheek.) 
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L e  c t o  t y p e  (here selected) : - The cranidium (P.l\I.O. no. 30337a) 

figured by Holtedahl ( 1910, pl. I, fig. lO) , from Jønsberg, Romedal, Hamar 

area, �onvay. 

D i  a g n  o s  i s : - A Eurycarc species with : interocular cheeks as wide 

as glabella at eye line ; postocular cheeks one and a half times as wide as 

occipital ring ; possibly conspecific pygidium with 4 pairs of marginal spines. 

Thorax unknown. 

R e m  a r k  s :  - Holtedahl ( 1 910) basecl this species mainly on the 

craniclium, and for that reason a craniclium is selected as lectotype. Wester

gårcl ( 1944, p. 4 1 )  apparently cloubts whether the frec> chcek assigned to this 

species by Holtedahl really belongs to it .  A reexamination of the piece of  

limestone containing the lectotype and the free cheek figured by  Holtedahl, 
shows that it also contains several cranidia no doubt belonging to Lepto

plastus m.:atus. It thus seems reasonable to assume that the free cheek ( ancl 

pygidium) figured by Holtedahl belong to L. ovatus. The same piece of 

limestone furthermore contains several cranidia and free cheeks of the . 

crassicorne type. The free cheeks are somewhat more slender than the typical 

aassicorne, and may represent a variety which is close to Leptoplastus an

gustatus. Parts of L. ovatus and L. cra.ssicorne var. are very common in this 
l imestone. There are only a few cranidia present of E. explanatum, and it i s  

thus perhaps not so remarkable that there are no free cheeks that may be  

assigncd to this species. 

D e s  c r i  p t i  o n : - Cranidium about 2.5 times as wicle as long. Largest 

craniclium (lectotype) 5.3 mm long. Cephalic axis with almost subparallel 

sides, truncatc in front. Occipital ring with faint node. Occipital furrow 

dis tinet. Two pairs of glabellar furrows ( S l  and S2) ; anlerior pair rather 

indistinct. Short preglabellar field. Marginal border furrow clistinct. Border 

narrow, archcd in frontal view. Eye ridges distinct, transverse. Palpebral 

lobes small, with centres opposite S2. Interocular cheeks <iS wicle as glabella 
at eye line. Postocular cheeks about l . S  times as wide as occipital ring. Facial 
sutures not subparallel in front of eyes. 

A large pygiclium associated with the lectotype may possibly belong to 

E. explanatum. Its axis has 4 rings and an end lobe of 2 fused rings. At 

least 4 pairs of spines are present. 

O c c u r r e n c e : - Norway : Eiker-SandsYær ( Stablum core) ,  Hamar 

district (Romedal) , Ringsaker ( Steinsodclen) . - Le ptoplastus zone (2c) , 

subzone of Leptoplastus m:atus. Associated \Yith L .  m:atus and L. crassi

corn e \'ar. - - Sweden ( Associated wtih L. crassicorn e. Anclrarum, Scania) . 
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Ew·:yca.re fatum (Boeck 1838) . 

Pl. 4 ;  pl. 16, figs. 6-9. 

1 838 Trifobites latus mh. - - Boeck, p. 143. ( Short descr . ) 

l 8 1  

1854 F1trycare fatum. Boeck -- Angelin, p. 48, pl. XXVI, fig. 6. (Diagn. Rough fig. 
o i restorecl dorsal shield.) 

1 854 Eurycare camuricorne. n. sp. -- Angelin, p . ..J.8, pl. XXVI, fig. 8. (Diagn. Rough 

fig. of restored dorsal shield. )  

1865 Eurycare Ang. fatum Boeck - - Kierulf, p .  2 .  (Recorded.) 

1882 E urycare latmn, Boeck - - Brogger, p. 1 18, pl. XII, figs. 2, 2a-d. (Descr. Figs. 

of cranidium, free cheek, and pygidium.) 

1898 Ettr)•care fatum, Boeck -- Bjorlykke, p. 12. (Listed. Copies of Angelin's and 

Brogger's figs.) 

1901 Ew·ycare fatum Boeck -- ).1iinster, pp. 24, 26. (Rccordecl.) 

1 904 Etwycare fatum Bocck -- Persson, p. 513, pl. 8, figs. 1-7. ( Descr. Figs. or 
axial shield, all parts of d01·:;a1 shield, and hypostoma.) 

1922 Eur3•care fatum ( Boeck) - - \Vestergård, p. 148, pl. I X, figs. 7-10. ( Figs. oi. 

axial shield, free cheek, and cranidia . )  

1923 Eurycare fatum Boeck - - Paulsen, p .  32, pl. I ,  fig. 8. ( Dcscr. fig. of cn:n:-

dium.) 

1929 Eurycare fatum ( B oeck) - - Strand, p.  358. (Recorded.) 

1934a E urycarc fatum - - Størmer, p.  333. (Li sted.) 

1940 Eu.rycare fatum (Boeck) - - Stormer, p. 145. (Remarks. Citcs Boeck's original 

description.) 

1944a Ettrycare latttm (Boeck) -- \Vestcrgård, p. 41, pl. 2, i:igs. 1 1-12. (Figs. o f  

free cheek and axia1 shicld.) 

1947 Etwycare fatum ( B oeck) -- Westcrgård, p. 24. (Distribution in Sweden.) 

1953 Etwycm·e fatum - - Holtedahl, p. 182, fig. 69 (23-24) . (F ig. of cranidium and 

iree cheeks, copied after Brogger, 1882.) 

T y p e  d a t  a :  - Boeck's description ( citcd by Størmer, 1940) was 

not accompanied by an y figure. Stønner ( 1940) decided provisionally not to 
select a lectotype of E. latum, as the specimens present in the Old Collection 
( from Boeck's time)  were not too good, and the specimen figured by Brog
ger ( 1882) , which possibly might belong to the Old Collection, had not yet 
becn traced in the Museum. Brogger's specimen has now been found, but 
proved to have been collected after Boeck's time. Four pieces of dark stink
stone with E. fatum are preserved in the Old Collection. They were collected 
by C. Boeck in "Oslo Alunbrud", that is the Alum Shale Quarry in Gamle
byen, Oslo, now abandoned. The materiaJ of E. fatum, which is associated 
with Leptoplastus 07.!atus, consists of a few more or less incomplete cranidia, 
free cheeks, thoracic segments, and pygidia. As lectotype I select a rather 
small cranidium (P . M .  O. no. 56383a) , which, hO\·vever, is the best preserved 
in the collection. 

D i  a g n  o s  i s : - A Eur::care species with : interocular cheeks from 
1 .2 to l . S  times as wide as glabella at eye line ; postocular cheeks from 1 .2 
to 1 .4 times as wide as occipital ring ; thorax with 16--17  segments and long 
axial spine from the 1 1 th segment. 
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D e s c r i p t i o n o f t y p e m a t e r i a l :  - The lectotype cranidium 

is 4.5 mm long (restored) and 10 mm wide. Cephalic axis with subparallel 

sides, and truncate in front. Occipital ring with small node. Occipital furrow 

distinct. Two pairs of glabcllar furrows. Area in f ront o f  glabella clamaged. 

Eye ridges distinct, slighlly oblique backwards. Palpebral lobes of medium 

size, with centres opposite L2. Interocular cheeks about 1 .4 times as wide 

as glabella at eye line. Postocular cheek about 1 .4 times as wide as occipital 

ring. A larger, but not so well prescrvcd craniclium appears to have been about 

10 mm long. It shows a distinct, but short preglabellar field, and also very 

faint traces of  S3. 

I\. c m  a r k  s :  - Other material from the same locality as the lectotype 

agrces with this, but shows a nriation in the width of the interocular cheeks 

from 1 .4 to 1 . 5  times the \Yiclth of the glabella at the cyc line. Axial shields 

figured by Persson ( 1904) and \Vestergård ( 1922, 1944) show that E. latum 

had 16 or 17 thoracic segments. 

As suggested by Brogger ( 1882) and discussed by Persson ( 1904) , 

E. camuricorne most probably is an immature specimen of  E. latunz .  

O c c u r  r e n  c e :  - Xorvvay : Leptoplastus zone (2c) , subzone of 

L eptoplastus ovatus and subzone o f  Leptoplastus angustatus (lower part 
only ?) . Associated with Leptoplastus ovatus -+- Eurycare brevicauda, or 

Le ptoplastus mLg�tstatus. - - Eiker (Vestfossen, Stablum co re) , Røyken 
(Slemmestad) ,  Oslo ( Gamlebyen) , Modum (Fure) ,  Ringsaker (Evjevika) ,  

Hamar district (Fura in  Løyten) , Brummuncldalen. - - Swcden ( same 
horizon) ,  Denmark (Bornholm, same horizon) . 

Eur_vcarc spinigermn \Vestergårcl 1922. 

1922 Eurycarc spinigerwn 11. sp. - - \Vestergård, p. 149, pl. 1:,;:, figs. 13-14 ; pl. X, 

fig. l. (Descr. Figs. of axial shicld and posterior part of axial shields.) 

1947 Durycare spinigentm \\'gård. - - \Vestergård, p. 24. (Distribution in Sweden.) 

L e c t o  t y  p e ( selectecl here) : - The axial shield f igurecl by Wester
gårcl ( 1922, pl. IX, fig. 13)  from Anclrarum in Scania, Sweden. 

D i a g n  o s i s :  - A Eur'ycare species with : interocular cheeks about 
as wide as glabella at eye line ; postocular cheeks slightly wider than occipital 
ring ; thorax of 12 (or 13 ?) segments and with long axial spine on 1 1th 
segment. 

R e m  a r k s :  - E. spinigerum differs from E. bre-vicauda apparently 
on ly in ha ving an axial spine on the 1 1 th segment, and in ha ving one or two 
segments less . \Vestergård ( 1922, p. 142) believes, however, that the dif
ferences indicate specific differences rather than e. g. sexual dimorphism, 
since no specimens without axial spine haYe been founcl in other leptoplastids 
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(as Leptoplastus stenotus) where a great number o f  specimens ,vith axial 

spincs have been cxamined. 

O c c u r  r c n c e :  - Sweden (Leptop!astus zone, subzone of Lepto

plastus ovatus. )  

G c n u s C t e n  o p )' g e L i n n a r s s o n l 8 8 O. 

T y p e  s p e c i e s : - Olcnus (Sphærophthalmus) pectcn Salter 1 864, 

designated by Vogclcs ( 1890) . 
D i a g n  o s i s : - Leptoplastinae with : long, sub-parallel or tapering 

cephalic axis ; Yery short, or, usually, no preglabellar fiel d ; medium-sized 

palpebral lobes moderately dose to or remote from glabella and opposite 

L2 or L l ; interocular and postocular cheeks narrow to wide ; free cheeks 

with long spine ; hypostoma with or without expanded marginal brim ; thorax 

with long or very long, round or flattened pleural spines ; pygidium ( unknown 

in most specics) with marginal spines and prominent axial spine. 
S u  b g e n e r  a :  - The genus Ctenopyge may be divided into threc 

subgenera ; Eoctenopyge n. subgen., M esoctenopyge n. subgen., and the 

nominal subgcnus Cten op·yge, which stratigraphically appear in this order. 

Subgenus E octenopyge nov. T y p e  s p e  c i e s :  - Sphærophthalmus 

flagellifer Angelin 1854. D i a g n  o s i s :  - As for genus, but with hypo

stoma without expanded posterior brim. 
Subgenus M esocteno P31ge nov. T y  p e s p e c i e s :  - Ctenopyge specta

bilis Brogge r 1882. D i a g n  o s i s :  - As for genus, but hypostoma with 

expanded posterior brim, and pleural spines always round. 

Subgenus Ctenopyge Linnarsson 1 880. T y p e  s p e  c i e s :  - As for 
genus.  D i a g n  o s i s :  - As for genus, but hypostoma ·without expandecl 

posterior brim, and pleural spines ahvays flattened. 

S p e  c i e s  i n  e l  u d e  d i n  t h e  g c n u  s Ctenopsge : -

Ctenop·yge (Eoctenopyge) acadica Matthew 1 894 ( =  Ct. _flagellifera ) 

Ct. (Eoct.) angusta vVestergård 1922 

Ct. (Eoct. ) d1·ytonens-is Cobbold 1933 
Ct. (Eoct. ) flagellifem (Angelin 1854) 
Ct. (Eoct. ) _fusiformis Lake 1913 ( = ?  Ct. flagellifera) 

Ct. (Eoct. ) modesta n. sp. 

Ct. (Eoct.) parabola (Cobbolcl 1 933) (= ? Ct. d1·ytonensis) 
C t. ( E o et. ) postcun·ens vVestergård 1944 
Ct. (Mesocte·nop)'ge) erecta \Vestergård 1922 

Ct. ( i1f esoct. )  sin-tilis n. sp. 

C t .  ( Jl!I esoct. ) spectabilis Brogger 1 882 

Ct. (Mesoct. ) twmida Westergård 1922 

Ct. (Mesoct. ) tumidoides n. sp. 
Ct. ( Ctenop]'ge) aft-inis affinis \:Ve stergård 1922 

Ct. ( Ct.) affin is graciris n. subsp. 
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Ct. (Ct.) 

Ct. (Ct . )  

Ct. ( Ct.)  

Ct. ( Ct.) 

GUNNAR HENNINGSMOEN 

bisulcata ( Philips 1848) 

concava Linnarsson 1880 ( = Ct. pecten) 

directa Lake 1919 

falcifera Lake 1913 

M.-N . Kl. 

Ct. 

Ct. 

( Ct.) 

(Ct. ) 

fl et c heri ( Matthe\V 190 1 )  ( earl i er : S phaerophthalmus) 

laticornis \Vestergård 1944 ( =--= Ct. fletcheri) 

Ct. ( Ct .)  

Ct. ( Ct. ) 

Ct. (Ct. ) 

Ct. (Ct.) 

linnarssoni \Vestergård 1922 

pmtper ( Phillips 1848) ( = ? Ct. bisulcata) 

pecten (Salter 1864) 

teretifrons (Angelin 1854) 

and possibly also : 
Ct. ? expansa Lake 1913 
Ct. ? oelandica \Vestergårcl 1922 

Ct. neglecta Westergårcl 1922 is transferred to Leptoplastus (cf. p. 169),  
whereas Ct. neglecta postcurrens \Vestergårcl 1944 is regarcled as a species 
of Ctenopyge, and referred to as Ct. (Eoct.) postcurrens. 

Ct. elachista Harrington ( 1938, p. 205, pl. VII ,  fig. 5) i s  probably a 
larval olenid, as suggested by its long palpebral lobes. Its late appearance 
(Tremadocian) makes it improbable that it should belong to Ctcnopyge. 

It seems reasonable to assume that it may be a larva! form of one of the 
associated olenid species. 

R e m a r k s o n t h e p y g i d i u m : - Adult pygidia are known in 
only three Ctenopyge species ; Ct. (Eoct. ) flagellifera, Ct. (Mesoct.) erecta, 

and Ct. ( Ct . )  pecten. This is rather surprising, since other parts of the many 
species with unknown adult pygidium may occur in great numbers. Only a 
single pygidium of  Ct. (Eoct.) flagellifera has been described (\Vestergård, 
1922, p. 152) . It is  not too well preserved, and is slightly displaced from the 
rest of  the axial shield. It apparently consists of  only two segments. The 

anterior segment has an axial ring with a long axial spine and narrow plcural 
areas with a pair of marginal spines. The posterior segment seems to corre
spond only to the end lobe in more conventional pygidia. The pygidium of  
Ct. (Mesoct. ) erecta ( described below) consists o f  more segments, but like
wise carries a prominent axial spine on the anterior segment. Both this and 
the following segment have well-developed pleural areas with marginal spines. 

The posterior part of the pygidium consists of an axis of three rather short 
and fused rings and extremely narrow pleural areas with tiny marginal points. 
The pygidium of Ct. ( Ct. ) pecten (which gave the genus its name) is of a 
different type. Its 6-7 axial rings are delimited from each other by furrows 
only on the two lateral thirds of the axis. One of the posterior rings carries 

a long axial spine. The pleurae are wide and equipped with long pleural 
spines. Behincl the last segment is a small terminal plate. Lake ( 1946, p. 342) 
suggested that the pleurae were united to each other, but that the union was 
very weak and easily broken. The Swedish specimens, preserved in lime-
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�tone, seem t o  show that the pleurae really were free, as stated by Linnars
son ( 1 880, p. 146) ,  :vloberg ( 1 892, p. 35 1 ) ,  and Westergård ( 1 922, p. 161 ) .  
The few Norwegian pygidia are very fragmentary and not sufficiently well 
preserved to adel any additional information. Since S phaerophthalmus devel
oped from Ctcnop}•ge, it is o f  interest that the pygidium is known in Sph. 

humilis, Sph. majusculus, and Sph. major. The Sphaerophthalmus pygidium 
resembles the posterior part of the pygidium of Ct. (J1esoct. ) erecta, except 
for the furrov.:s between the axial rings being well developed. 

The pygidia of the three above-mentioned Ctenopyge species are all 
rather di fferent, but have in common a prominent axial spine. The pygiclia 
of the other Ctenopyge species (at !east the hetter known) can hardly have 
been of the size of the pygidia of Ct. (Mesoct. ) erecta and Ct. (Ct. ) pecten, 

or they would undoubtedly have been found. In the cases where the thoracic 
shields of these species are known, they, too, suggest that the pygidia were 
small. It is probable that they carried a long axial spine, like the known 
pygidia. It is well known in e. g. L eptoplasttts that the thoracic shields often 
broke near a segment which carried a long axial spine, probably because of 
the spine causing the segment to turn over. S imilarly, a small pygiclium with 
long axial s.pine would easily turn over and become imbedded with the 
pygiclium proper normal to the bedding stu·face. This could explain both 
why the pygiclia had become detached from the rest of the shield and why 
the pygidia are not found. It is possible that most of the unknown pygidia 
resemble that of Ct. (Eoct.) flagellifera, of which, characteristically enough, 
only a single specimen seems to be known, in spite of the great material of 
the other parts of this species. It is notevvorthy in this connection that the 
known pygidia of Sph.aerophthalmus have no axial spine, whereas a spine 
probably belonging to the otherwise unknown pygidium of S ph. alatus 

(Boeck, non auctorum) has been described by Westergård ( 1922, p. 164, 
as Sph. major) . 

Larval shields of Ctenop'yge often are found with their posterior part 
preserved (cf. vVestergård, 1922 ) .  

O c c u r  r e n  c e :  - Zones of  Protopeltura praecursor, Peltura minor, 

and Peltura scarabaeoides in Norway, Sv.,eden, Denmark, Great Britain, and 
E. Canada. Zone of Peltura minor in Poland. 

P h  y l o g  e n  y a n  el r e l  a t  i o n  s h i  p s :  - Subgenus Eoctenopyge 

is the earliest subgenus of Ctcnop·yge to appear, and its earliest member is 
Ct. (Eoct.) postcurrens, index fossil of a subzone of the zone of Proto

peltura praccurrens in Scandinavia. Ct. (Eoct.) postcurrens apparently devel
oped from L eptoplastus neglectus, of which it was originally regarded as a 
subspecies ( hence the unfitting name postcurrens) , and with which it is  
connected by intermediate forms. However, whereas Leptoplastus neglect�ts 

is a true Leptoplastus .. Ct. (Eoct.) postcurrens is a typical Ctenopyge species. 
Ct. (Eoct. ) flagellifera, index fossil of the following subzone, is apparently 
dose to Ct. (Eoct. ) postcurrens, but differs i. a. in having wider pleural 
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regwns and the cheek spines rather far forwards. Ct. (Eoct. ) drj'tonensis 

may occur associated with Ct. (E oct. ) flagellifcra, and is no doubt closely 

related to it, although it dif fers somewhat in the shape of the free cheeks. 

Ct. (Eoct. ) modesta n. sp. from the next subzone ( subzone of Ct. similis at 

the base of the zone o f  P eltura minor) is apparently dose to the earlier 

membcrs of E octenopyge, but differ i. a .  in having a rather com·ex anterior 

lateral margin of the free cheeks. In this feature it dif fers also from its 

probable descendent, Ct. (Eoct. ) angusta of the overlying subzone of Ct. 
spectab il-is, but there appear to be intermecliate forms between them. Ct. 
(Eoct. ) angusta rescmbles rathcr much the slightly younger Sphaeroph

thalmus alatus Boeck ( non auctorum) , als o in its small size, and probably 

gave rise to it. Ct. ( E o et. ) angusta is the la test known member of E octeno

pyge. It  is possible that the insufficiently known Ct. ? oelandica from the 

zone of Pcltura 1n in or also belongs to Eoctenopyge, if it does not belong to 

S phaerophthahnus. 

The earliest knmvn members of the subgenus kl esocteno pygc are Ct. 
(Mesoct . )  similis n. sp. and Ct. (Mcsoct. ) erecta from the subzone of Ct. 

similis. They resemble Ct. (Eoct. ) flagellifera, and Mesoctenopyge apparently 

cleveloped from Eoctenop�·ge, but the species of 111 esocenopyge are larger 

and have a hypostoma with an expanded posterior brim. Ct. (Mesoct. ) erecta 
is probably closely related to Ct. (M esoct. ) similis, but has wider postocular 

cheeks and pleural regions, the eyes situated slightly further back, and a 

dif ferent shape of  the free cheeks. Ct. (Mesoct. ) spectabilis and Ct. (Mesoct. ) 

tumidoides are both from the following subzone of Ct. spectabilis and may 

both have developed from Ct. (Mesoct. ) similis. Ct. (Mesoct. ) spectabilis 
differs in attaining a larger size, in having a slightly dif ferent shape of the 

free cheeks, and in having a hypostoma with a pair of wing-like posterior 

projections. Ct. (M csoct. ) tumidoides n. sp. has postocular facial sutures 

which are oblique, but which cut the margins slightly further forwards, and 

is thus intermediate between Ct. (i.l!! esoct. ) similis and the marked! y pro

parian Ct. (Jf esoct. ) twnida with transverse postocular facial sutures. Ct. 
(i1fesoct.) tumida, from the zone o f  that name, is the latest known member 

of lvl esoctenop'yge. 

Subgenus Ctenopyge is the latest to appear of the three subgenera of 

Ctcnop·yge, and its earliest known represcntatives are Ct. ( Ct . )  aff-inis atfinis 
and Ct. ( Ct. ) affinis gracilis n. subsp. from the subzone of Ct. affinis, the 

uppermost subzone of the zone of Peltura 1ninor. It is diff icult to say whether 

the subgenus Ctenopyge developed from Eoctenopyge or NI esoctcnopyge. 
On the whole, the cranidium of Ct. ( Ct. ) a.f finis resembles more that of 

Ct. (E oct. ) angusta than those of  the late M esoctenopyge species. Further

more, the pleural spines of Ct. (Eoct.) angusta are slightly flattencd, although 

not so \vide and prominent as in Ct. ( Ct. ) a.ffini.s and other members o f  the 
subgcnus Ctenopyge (\vhere the thorax is known) , whereas the pleural spines 

of llf csoctcno p·ygc always seem to be round. At present it thus appears more 
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probable that the subgenus Ctwopygc deYeloped from Eoctenopygc than 
from J,f esoctenopyge. The two subspecies of Ct. · ( Ct . )  a.f.finis differ from 
each other mainly in the shap� of the glabella. The next species to appear, 
Ct. ( Ct. ) bisulcata, from the subzone of that name at the base of the zone 
of Peltura scarabaeoides, is probably dose to Ct. ( Ct. )  affinis, but dif fers 
i .  a. in the shape of the free cheeks and in having vvider fixed checks. A 
number of species occur in the follov,·ing subzone of Ct. pecten, the latest 
subzonc known to contain Ctenop:vge specie - .  Ct. ( Ct. ) pecten itself seems 
to be closcly relatcd to Ct. (Ct.) a.ffin is, but has wider pleural regions and 
postocular cheeks, a slightly different shape of the free cheeks, and a peculiar 
pygidium. The four other species known from this subzone in Scandinavia, 
Ct. (Ct.) fletcheri, Ct. (Ct . ) directa, Ct. (Ct.) limwrssoni, and ( Ct.) tere

ti.f1'ans, seem to be rather dosely related, and may have cleveloped from 
Ct. (Ct. ) bisulcata. They all four haYe a glabella with rather distinct S l ,  
wheras the other glabellar furrows are extremely short or missing. The 
species dif fer i. a. in the width of the interocular and postocular cheeks. 
Ct. ( Ct.) fl etc heri, v;ith the narrO\Yest fixecl cheeks, is remarkable because 
of its flat and unusually wicle cheek spines. Ct. (Ct. ) tcretifrons and Ct. (Ct.) 

directa haYc yery wide interocular cheeks and may be regarded as a parallel 
to Etwycm-e. The exact stratigraphic position of Ct. ( Ct. ) .falci.fem, reported 
only from Great Britain, is not knmvn. It is possiblc that it is rather dose 
to, if  not synonymous with Ct. ( Ct. )  linnarssoni, but different preservation 
of the two species makcs it difficult to compare them in detail. 

Ctenopyge (Eoctenop·yge) angusta \Vestergård 1922. 

Pl. 5 ;  pl. 19, figs. 1 1-16, 18. 

1882 Ctm oj>ygc sj>cctabilis, n. sp. j partim] - - Droggcr, p. 120, pl. Il, fig. 12c. (Fig. 
of young frce cheek.) 

1922 Ctenopygc flogellifera a11gusta n. nr. [partim] - - \\'estergård, p. 1 53, pl. XI. 
figs. 2-5, 8. (Diagn. Figs. of axial shield without pygidium, cranidia, and free 

cheek. Figs. 6-7 are here referred to Cl. 111odesta n.sp.) 

1923 Ctenopyge flogellifera Angelin var. ongusto. Westergård - - Poulsen, p. 39. 
(Descr.) 

1927a Ctenopyge flogel/ifera var. mzgusta \\'estergård - - Czarnocki, p. 198. ( Recorded 

from Poland.) 

1927b Ctenopyge flagellifero. var. on gusta \Yestergård - - Czarnocki, p. 1 1 .  ( Recorded 

from Poland.) 

1947 Ctenopyge ongusta \\'gård. -- \Vestergård, p. 24. (Distribution in Sweden.) 

Non 1934 CleHO/'.\'ge flogellifera ongu.sta, \\'estergård - - Cobbold. (= Ct. dryto-

1lensis. ) 

T y p e  d a t  a :  - As lectotype I select a cranidium figured by vVester
gård ( 1922, pl. XI, f ig. 3) . It is from Andrarum, Scania, Sweden, and is  
associated with other parts of the same species and with Ct. tuwtida. 

D i  a g n  o s i s :  - A Ctenopyge species vvith : slightly tapering glabella ; 
2 pairs of glabellar furrows ; cblique eye ridges ; centres of palpebral lobes 
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opposite S l ; interocular cheeks between half and three-fourths as wide as 
glabella at eye line ; postocular cheeks about as wide as occipital ring ; free 
cheeks with long slender round spine, wirh posterior lateral margin straight 

or only very slightly convex and shorter than convex anterior lateral margin, 
and \Vith obtuse genal angle ; thorax with pleural regions ( excluding spines) 
about as wide as axis and with long posterior pleural spines .  Pygidium 
unknown. 

N o r w e g i a n m a t e  r i a l :  - This agrees well with the Swedish, 
and shO\vs that the hypostoma is of the same type as in Ct. fla.gellifera and 
Ct. modesta n. sp. 

O c c u r r e n c e :  -Norway : Røyken ( Slemmestad) ,  Oslo (Tøyen) ,  
Ringsaker ( Steinsodden) . - Zone of Peltura. min or  (2dp) , subzone of  
Ctenop·yge spectabilis. Alone, or  associated with Ct. spectabilis. -- Sweden 
( same horizon) ,  Denmark ( Bornholm, same horizon) ,  Poland (Upper 
Cambrian) . 

Ctenopyge (Eoctenopygc) drytonensis Cobbold 1934. 

PI. 5 ;  pl.  18, f igs. 5-14. 

193�· Ctenop)'ge dryf011Cnsis, sp. nov. - - Cobbold, p. 352, pl. 45, figs. 9, 15a, 19. 

(Descr. and figs. of cranidia.) 

1934 CtenoP)'ge flagellifera (Angelin) -- Cobbold, p. 351 ,  pl. 45, figs. 15b, 16. 17. 

(Figs. o f  cranidia and frce cheek.) 

1934 Ctenopyge flagellifcra angttsta, Westergård - - Cobbold, p. 351, pl. 45, figs. 14, 

1 5c, 15d. (Figs. of cranidia and free cheek.) 

1934 E1trycare angustatmn, Angelin - - Cobbold, p. 351, pl. 45, figs. 7-8. (Figs. of 

cranidium and free cheek.)  

1934 Sphæroph.thalmtts( ?) parabo!n sp. noY. - - Cobbold, p .  353, pl. 45,  figs. 1 1-13. 

(Descr. and figs. of cranidia.) 

1934 Free cheeks. bwycare, Ct1'1wpyge, Sphærophtl!almus ( ?)  - - Cobbold, p.  355, 

pl. 45, figs. 7, 10, 1-1-, 16. (Figs. of iree cheeks.) 

H o l o t y  p e :  - By original designation, a cranidium figured by Cob
bold ( ref igured he re : pl. 1 8, fig. 8) , from "Block A", Dryton Brook, Rushton 
area, Shropshire, England. 

D i  a g n  o s  i s :  - A Ctenopyge species with : tapering glabella, 3 pairs 
of glabellar furrows ; eye ridges slightly oblique ; palpebral lobes opposite 
L2 ; interocular cheeks about half as wide as glabella at eye line ; postocular 
cheeks slightly wider than occipital ring ; free cheeks with round slender 
spine with base only slightly doser to anterior than to posterior end o f  genal 
field, slightly convex anterior border, posterior border somewhat more con
vex, and slightly obtuse genal angle. Thorax, pygidium, and hypostoma 
unknown. 

R e m  a r k  s :  - The crani.dium of Ct. drytonensis is described in detail 
by Cobbold. I should like to add that the axial furrow i s  rather shallow at 
the anterior corners of the glabella. The area around the anterior part of the 
glabella thus has a characteristic uneven appearance. The holotype cranidium 
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is largcr than any other of the cranidia in the loose blocks examined by 
Cobbolcl. It is fairly well prcsencd, except that its anterior border is missing 
in front of the glabella. 

I believe that the associated cranidia cletermined by Cobbold as Eur)'

care angustatum, Cte·nopyge flagellifera, and Ct. flageT!ifcra angusta all be
long to Ct. drytonensis, and that their apparent differences were due to the 
varying degree to which they h:1d been cleaned from the matrix. The cranidia 
dcscribed by him as S phærophthalmus ? parabola may likewise belong to 
Ct. drytonensis. The holotype cranidium of  S ph. ? para bola is not very well 
preserved, especially not in the antcrior region. The glabella bends more 
strongly downwards in front than the holotype of Ct. dr)•tonensis. Howevcr, 
some hetter preserved cranidia which shov.; the same strong curvature of 
the glabella in front, otherwisc agree completely with the holotype of Ct. dr)'

tonensis. Similar differences occur within other species of Cten opyge, and 
I believe that S ph. ? para bola should be rcgarded as a synonym of Ct. dr)'

tonensis . I n  any case, parabola should be assigned to Ctenop-,yge and is at 
!east very closely related to Ct. d1"ytonensis. It i s  important that the associated 
free cheeks are all of the same type. This is not so e,·iclent from the clraw
ings published by Cobbold ( 1934, pl. 45, figs. 7, 1 0, 1 4, 16) , but is suggested 
by the photographs of the same specimen reproduced hcre (pl .  1 1 , f igs. 
1 1-14) . 

N o r  w c  g i  a n  m a t  c r i  a l :  - A fev .. · free cheeks from Gamlebyen, 
Oslo, agrec very well with the Shropshire specimens. They are associated 
with numcrous cranidia and free cheeks of Ct. flagellifera. 

A f f  i n  i t  i e s : - Ct. dr)lfon ensis is no doubt wry dose to Ct. flagelli

fera. but cliffcrs especially in  the free checks. Thus the genal angle is less 
obtuse, and the posterior lateral margin o f  the frec chcek is about as kmg 
as the anterior lateral margin, whereas the postcrior lateral margin is con
sidcrably longer in Ct. flagellifera, and also more com·ex. 

O c c u r r e n c e : - Norway : Oslo ( Gamlebyen) . - Zone of Proto

peltu.ra praecursor (2da) , subzone of Cte11opygc flagcllifC'ra. Associated with 
P1·otopeltura praecursor and Ctcn opyge flagellifera. - - England ( Shrop
:;;hire. Not associated with an y other spccies .)  

Ctenopyge (Eoctcnoj'ygc) flagellifera (Angcl in 1854) . 
Pl. 2 ;  fig. 1 7 ; pl. 5 ;  pl. 18, figs. 1--1-. 

18.34 Sphæroph thalmus flagellifer. n. sp. - - Angelin, p. 49, pl. X:\TI, fig. i. ( Diagn. 
Rough fig. of restored dorsal shield.) 

1880 Spærophthalmus flagellifer Ang. [partim] -- Linnarsson, p. 12 (1-+2) ,  pl. I (\') ,  
figs. 14-17 only. (Descr. Figs. o f  free cheeks and parts o f  thoraces, one with 
attached i.ncomplete cranidium. Fig. 17 is of Leptoplaslus Hcglcctus.) 

1884 Ctenopygc flage/lifera, Ang. - -- I3 rogger, p. 257. (Recorclecl. )  
: IR92 Ctcnopygc flagcllifer, Ang. n r.  - - �Iatthew, p.  56, pl .  ::\ITT ,  figs. 12a-1 >. 

(Descr. Rough figs. of  cranidium and iree cheek.) 
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1892 Ctenopsge spcctabilis. Brog. Yar. - - :Matthew, p. 57, pl. XIII, figs. 13a-b. 

( Descr. Rough figs. of cranidium and free cheek.) 

1894 Ctenopyge acadica, n. sp. - - �htthew, p. 109, pl. 17, figs. 13a-e. (Descr. Figs. 

o f  cranidium, free cheek, thoracic segment, and hypostomae.) 

'1913 Ctenopyge fusifonnis, sp. n. -- Lake, p. 80, pl. YIII,  fig. 14. ( Descr. Fig. of 

cranidium and attached part of thorax.) 

1922 Ctenop·yge flagellifera. (Angelin) -- Westergård, p.  152, pl. X, 19-23 ; pl. XI, 

fig. l .  ( Descr. Figs. of cranidium, free cheek, thoracic segments, hypostoma, and 

2 axial shields without pygidium.)  

1923 Ctenopyge flagellifera Angelin - - Poulsen, p.  38, text- fig. 1 5, pl. I ,  figs. 12  

-13.  ( Descr. Figs. o f  cranidia, one with 7 attachcd thoracic segments, an:l copy 

of \.Yestergård's fig. of axial shield vvithout pygidium.) 
? 1946 Ctenopyge fusiformis, Lake - - Lake, p. 342. (Remarks.) 

1947 Ctenopyge flagellifera (Ang.) - - \Vestergård, p. 24. (Distribution in Swcclen.) 

1952 Ctenopyge flagellifera (Angelin) - - Hutchinson, p. 87, pl. IV, fig. 1 1 .  ( Descr. 

and fig. of cranidium.) 

1952 Ctcnopme flagel/ifera Angelin - - Hupe, p. 1 1 7, fig. 78. ( Diagram showin� 

position of macropleurae. )  

Kon 1864 0/enus (Sph æ,·ophtha/mus) flagellifer. ? - - Salter (= Ct. limwrssoni ?) ; 

1R66 0/cnus (Sphærophthalmus) flagellifer, Angelin ? - - Salter ( = Ct. /innan
solli ') ; 1882 Ctew>Pyge fla.r;cllifera, Ang. - - Broggcr (= Ct. 111 odesta n. sp.) ; 

1910 Ctenopyge (Sphærophthalmus) flagellifera, Ang. - - Holtedahl (= Ct. 

modesfa n. sp.) ; 1934 Ctenop·yge .flage!lifera (Angelin) -- Cobbol d  (= Cl. 

drylo11ensis).  

T y  p e d a t  a :  - Angelin's type specimen cannot be traced with cer

tainty (\Vestergårcl, 1922, p. 153) . One o f  Linnarsson's types from the same 

locality, Andrarum in Scania, Sweden, is selected here as neotype, namely 
the free cheek figured by him ( 1 880, pl. I, fig. 1 4) and re-figured by Wester
gård ( 1922, pl. X, fig. 20) . 

D i  a g n  o s  i s :  - A  Ctenop)1ge species with : tapering glabella ; 3 pairs 

of glabcllar furrows ; eye ridges slightly oblique ; centres of palpebral lobes 
opposite S2 ; interocular cheeks slightly more than half as wide as glabella 

at eye line ; postocular cheeks as wide as occipital ring ; postocular facial 
sutures oblique and sinuous ; free cheeks with long and slencler round spine 

with base almost normal to lateral margin, and with posterior lateral margin 
rather convex and somewhat longer than slightly convex anterior lateral 
margin ; thorax with at least l O  segments, slightly flattened pleural spines, 

the posterior on es being ra the: long ; pleural regions ( excluding spines) up 
to somewhat wider than axis ; axial rings with spines, the posterior ones 
being long ; small and impcrfectly known pygidium apparently with l axial 
ring and an end lobe. 

R c m  a r k s :  - The most characteristic part of Ct. flagellifera is the 

free cheek with the spine situatecl rather far fonvards. The genal angle is 
very obtusc ; at the type locality from 1 40° to almost 180°. 

l'viatthevv ( 1 892) referrecl somc Canadian specimens to Ctenopygc f!a

gcllifcra nr. They are statcd to differ from the Swedish form in having 
no preglabellar field, and from the Norwegian form described by Drogger, 
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in the position of the cheek spine. Brogger's form belongs, however, to 

Ct. modesta n. sp., and the Swedish type material likewise shows no pre

glabellar f ield. The Canadian form thus does not differ from Ct. flagellifera 

in these two features. ! eyertheless, it may not belong to this species. The 

cheek spine is less cun·ed than in  Ct. flagellifem, and the glabella less taper

ing, as far as can be judged from the drawing of the cranidium. Moreover, 

rhe Canadian form is distinguished by Matthe,.,- ( 1892) from another Cana

dian form, which he ·referred to as Cten opyge spectabilis ,-ar. and later ( 1894) 

gave the name Ct. acadica, which no doubt is a synonym for Ct. flagellifera. 

Both the cranidium and free cheek figured by 1vlatthew ( 1892, pl. XIII, figs. 

13a-b) agree very well with Ct. flagellifera. The cheek spine differs from 

that in Ct. spectabilis i .  a.  in not continuing the curve of the anterior lateral 

margin. I have further examined same specimens (nos. Ar. 32344-45 ) at 

the Swedish State Museum of ÅT atural History, which were co11ectecl by 

G. P. Matthew and determined by him as Ct. spectabilis var. This material 

belongs to Ct. flagelrifcra, which is recordecl from Canada also by Hutchin

son ( 1952) . 

Ct. fusiformis described by Lake ( 1913 )  from England, was sugge.-;ted 

by vVestergård ( 1922, p. 1 53) probably to be a synonym of Ct. flagellifera. 

Lake ( 1946, p. 342) doubtecl this, but admitted that the differenccs might 

be apparent and only due to the preservation. It is difficult to settle this 

question as long as the free cheeks of Ct. fusiformis are unknown. Hmvever, 

it is certain that Ct. flagellifera -occurs in England (cf .  p. 49) .  

N o r w e g i a n  m a t e r  i a 1 :  - This agrees entirely with the Swedish, 

except for some free cheeks having a less obtusc genal angle (about 120° ) .  

O c c u r r e n  c e :  - Norway : Skien-BreYik district ( Saltboden co re) , 

Eiker-SandsYær (Stablum core) ,  Røyken (Slemmestad) , Oslo (Gamlebyen) . 

- Zone of  Protopeltura praecu1'Sor (2da) , subzone of  Ctenopyge flagelli

fera. Alone, or associated with Protopeltura praecursor -+- Cten opyge dry

tonensis. - - Sweden (same horizon) ,  Dcnmark (Bornholm, same horizon) , 

England (U p per Cambrian) , E. Canada (New Brunswick, N 0\·a Scotia, 

P el tura zone) . 

Ctenopygc (Eocte1'l opyge) modcsta n. sp. 

Pl .  5 ;  pl. 1 9, figs. 1-10. 

1882 Ctenopsgc flagrllifera, Ang. [partim] - - Bri:igger, p. 120, pl .  Il ,  figs. Li,  17. 

(Figs. of young cranidium and restored cephalon.) 

1910 Cte11nP:ygc (Sj>hærophthalmus) f/agellifcra, Ang. -- Holtedahl, p. 2 1 ,  pl. Il ,  

fig. 14. (Figs. of larva! cranidium, which is associated with parts of Ct .  modesta 
only.) 

1922 Ctenof>y(Jc flagcllifera angusta n. yar. [panim ] - - \\'estergånl, p. 185, pl. X I ,  

figs. 6-7. (Figs. of cranidinm and irce cheek.)  



1 9 2 G��NAR HEN N l N GSYOEN M.-N . Kl. 

X a m e :  - The name modesta is giYen as this species hitherto has not 
attracted due attention. 

H o  l o t y p e :  - A  free chcek ( P . ?d . O. no. 29497a) , associated with 

other parts of the dorsal shield. Collected on an excursion in 1880 at Slem
mestad in Røyken. 

D i  a g n  o s  i s :  - A Ctenopyge spccies with : almost parallel-sided gla
hella ; 2 pairs of glabellar furrows ; rather oblique eye ridges ; centres of cyes 
opposite S l ; intcrocular cheeks about three-fourths as wide as glabclla at 
cye line ; postocular chceks as widc as or  slightly wider than occipital ring ; 
postocular facial sutures oblique and sinuous ; frce cheeks with long round 
spine, posterior lateral margin short and straight, anterior lateral margin 

long and very conYex, almost angular, genal angle very obtuse ; thorax with 
pleural regions slightly wider than axis and with moderately long pleural 
spines. Pygidium unknown. 

D e s c r i p t i o n :  - This is based on a grcat num ber of detached parts 
of the shield. The cranidia reach a length of 3 .5 mm. 

Cranidium strongly bent down in front. Glabella almost parallcl-sided, 
rather convcx, strongly bent down in front. Occipital ring with keel-like 
node, somctimes giving the impression o f  being composed of two nodcs, one 
behind the other. Apparently no occipital spine. Occipital furrow very 
distinct, decpest a short distance f rom axial furrow. S l  also deepest a short 
distance f rom axial furrow, and united across glabella. Very faint impres
sions of S2 may sometimes be seen as a pair of pits near axial furrow. 

Anterior border raisecl up in front , concaye in dorsal Yiew, convex in front 

Yiew. Eye ridgcs rather oblique. Interocular cheeks about three-fourths as 
widc as glabella at eye l ine. Postocular cheeks distinctly as wide as or wider 
than occipital ring. Palpebral lobes flexed upwards, and with centres opposite 
S l .  Palpebral furrows dis tinet. 

Free chcck with \.ong, curYed rouncl spine, much closer to posterior than 
to anterior end of marginal border. Posterior lateral margin almost straight 
and comparatively short. Antcrior lateral margin long and strongly curved. 
Eye strongly com·ex and slightly clongate. \Vell-preserved specimens shovv 
that it bears a great number of facets. 

Hypostoma. Rathcr like that of Ct. flagellifera, with entire posterior 
margm. 

Thorax. Parts of  thoraces with up to 7 segments have been found. At 
lcast the anterior segments have wider pleurae than axis. Axial rings with 
node. Pleurae with moclerately long pleural spincs. 

Pygiclium unknown. The posterior part of lanal shields haYe, hO\·Vever, 

becn found. They are of the type usual in olenicls. 

A f f  i n  i t  i e s :  - Ct. modesta n. sp. seems to be related both to Ct. 
flagellifem and Ct. angusta, and may occupy an intermecliate position be
twecn these. The cranidium of Ct. m odcsta n. sp. remincls one most of that 
of Ct. angusta with the eyes set far back and with oblique eye ridges, but it:; 
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postocular cheeks are wider, almost as wide as in Ct. flagellifera. The pleurae 
are about as wide as in Ct. flagellifera. In the free cheek the genal angle is 
rather obtuse, but not as much as in Ct . .flagellifera, and on the whole the 
frec check o f  Ct. modesta n. sp. reminds one more of that o f  Ct. angusta , 
with the spine in the posterior half, and a straight margin behind the spine. 
However, the margin in front of the spine is more convex than in Ct. angusta. 

O c c u r  r e n  c e :  - K orway : Røyken (Slemmestad ; Nærsnes) ,  Oslo 
(Tøyen ; Ned re Slottsgate) .  - Zone of Pel tura 1ninor (2dØ) ,  subzone of 
Ctenop:yge shn·ilis. Alone, or associated with Ctenopyge similis -+- Parabolina 
mob c1·gi -+- Protopeltura bidentata. - - Sweden (same horizon) . 

Ctenopyge (Eoctenopyge) postcurrens Westergård 1944. 

Pl. 5 ;  pl. 17, figs. 8-10. 

1922 Ctc1WP3'0C neglecla n. sp. [partim] - - \Vcstergård, p. 150, pl. X, fig. 18 only. 

( Fig. of cranidium with 9 attached thoracic segments . )  

1 944a Ctenopyge Heglccta postcurrens var. n. -- \\'estergård, p .  42, pl .  2, figs. 1 5-17. 

(Diagn. Figs. of  cranidia and free cheek.) 

1 944a Ctcnopyge neglec/a \Vestergård, a form approaching var. postcurre1·1s. - -

Westergård, p. 42, pl. 2, figs. 13-14. (Figs. of cranidium and free cheek.) 

1947 Ctenopyge 1·Jeglec/a p ostcurrcns V•/gård. - - \Vestergård, p. 24. (Distribution in 

Sweden.) 

H o  l o t y p e :  - A cranidium figured by Westergård ( 1944, pl. 2, 
f ig. 1 5 ) ,  from a boring at Andrarum, Scania, Sweden. (S .  G. U.) 

D i  a g n  o s i s :  - A Ctenopyge species with : almost parallel-sided or 
slightly tapering glabclla ; no or very short preglabellar field ; slightly oblique 
eye ridges ; centres of palpebral lobes opposite L2 ; interocular cheeks as widc 
as or slightly wider than glabella at eye line ; postocular cheeks markedly 
wider than occipital ring ; free cheeks with long round spine, almost right
angled genal angle, straight posterior lateral margin and markedly langer 
and convex anterior lateral margin ; thorax with at least one long axial spine, 
long round pleural spines, and pleural regions ( excluding spines) about as 
wide as axis. Pygidium unknown. 

R c m  a r k s :  - I have transfcrred Ctcnopyge neglecta to Leptoplastus 
for reasons given above (p.  169) . Ctenop)'ge neglecta postcurrens is, how
cver, a ·true member of  Ctenop·yge, and is referred to here as Ctenopyge 
(Eoctenop;:ge) postcurrens. Typical Ctenopj•ge features are the facial sutures 
converging in front of the eyes, the very long pleural spines, and one might 
also adel, the absence of any pygidia in the material of this fonn. 

The holotype cranidium has a comparatively long and narrow glabella, 
and a short preglabellar field. Another cranidium figured by Westergård 
( 1944a, pl .  2, fig. 17) has a relatively shorter and wider glabella, and no 
preglabellar ficlcl. Doth types occur associated in the material from the type 
locality. A cranidium figured by vVestergård ( 1944a, pl . 2, fig. 13)  as a form 

Vid.-Akad. Slrr. I. M.-N. Kl. 1 957. No, l .  1 3  
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o f  Ctenopyge neglecta approaching var. postcu rre·ns, also has a rather short 
and Leptoplastus-like glabella, but has only a short preglabellar field. As its 
facial sutures converge in front o f  the eyes, I believe that this form should 
be regarded as a variety of Ctenopyge postcurrens :ra:ther than of Lepto

plastus neglectus. However, it seems to be intermediate between these two 
species, and the reference to the one or the other is uncertain as long as only 
its cephalon is known. 

N o ·r w e g i a n m a t e r i a l :  - This is rather scarce. The Slemmestad 
specimens agree with the holotype, having a narrow and long glabella and a 
short preglabellar field. The border is not concave, and thus more Lepto

plastus-like than in the Swedish specimens. The Hjellum material has a 
relatively shorter and more tapering glabella and practically no preglabellar 
f ield, thus agreeing hetter with the other cranidium figured by 'vVestergård 
( 1944, pl. 2, fig. 17 . )  

O c c u r  r e n  c e :  - Norway : Røyken (Slemmestad) ,  Hamar area 
(Hjellum) . - Zone of Protopeltura praecursor (2da) ,  subzone of Cteno

pyge postcurrens. Alone, or associated with Protopeltura praecursor. 

Sweden ( same horizon.) 

C tenop·j!ge (111 esoctenop)•ge) erecta 'vVestergård 1922. 

PL 5 ;  pL 20, figs. 1-9. 

1922 Ctenop·yge erecta n. sp. [partim ]  - - vVestergård, p 156, pL XI, figs. 21-25. 

(Descr. Figs. of cranidia, free cheek, and thoracic segments. The hypostoma in 

fig. 27 may belong to Ct. similis n. sp.) 

1947 Ctenopyge erecta Wgård. -- \Vestergård, p. 24. (Distribution in Sweden.) 

T y p e d a t  a :  - As lectotype I select a cranidium figured by Vv ester
gård ( 1922, pl. XI, fig. 2 1 )  from Nygård, Hunneberg, Vastergotland, 
Sweden. 

D i  a g n  o s  i s : - A Ctenopj•ge species with : slightly tapering glabella ; 
3--4 glabellar furrows not united across gla beila ; slightly oblique eye riclges ; 
centres of palpebral lobes opposi.te L2 or S2 ; interocular cheeks somewhat 
narrower than, to as wide as glabella at eye line ; postocular cheeks from 
somewhat less to slightly more than twice as wide as occipital ring ; wide 
free cheeks with long slencler round spine, obtuse genal angle, and straight 
posterior lateral margin, markedly shorter than convex anterior lateral mar
gin ; thorax with pleural regions ( excluding spines) up to 2 . 5  times as w ide 
as axis ; pygidium with 2 axial rings (anterior ring with long axial spine) , 
end lobe of  3 fused rings, and at least 2 pairs of marginal spines ; hypostoma 
with large posterior brim and convex posterior margin. 

R e m  a r k  s :  - As cliscussed below (p. 196) , the hypostoma assigned 
to Ct. erecta by \Vestergård ( 1922) probably belongs to Ct. similis n. sp. 
However, the hypostomae of these two species are rather similar. 
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N o r w e g i a n m a t e r  i a l :  - This consists of a fcw cranidia, free 
cheeks, and isolatecl thoracic segments, which agree very well with those 
described by Westergård from Sweden. Furthermore a fe\v hypostomae and 
two pygidia are present. The hypostoma of Ct. erecta has a large posterior 
brim and very much resembles that of Ct. similis. The pygidia are of special 
interest, both because they are of an unusual type and because the pygidium 
is knO\'�m in only two other Ctenopyge species : Ct. flagellifera ( imperfectly 
known) and Ct. pecten. The two pygidia present are isolated, but may fairly 
safely be assigned to Ct. erecta since they are too large to belong to the only 
other Ctenop·::/ge species ( Ct. 1nodesta n. sp. )  associated with them. 

In describing the pygidium of Ct. erecta, one may distinguish between 
the antcrior and the posterior part. The anterior part has an axis \Vith two 
rings and well-dcveloped pleural areas with two pairs of marginal spines. 
Furthermore the anterior axial ring carries an axial spine. Only the base o f  
this  is preserved in the two specimens present, but as it  is rather prominent, 
it is likely that the spine was quite long. In the posterior part of the pygi
dium, the axis consists of three rather short and fused axial rings. The 
pleural areas of this posterior part are extremely narrow, and appear to be 
provided with one or two pairs of small marginal points. (For comparison 
with pygidia of related species, see p. 1 84.) 

O c c u r  r e n  c e :  - Norway : Oslo ( Tøyen, Drammensveien at Park

veien) . - Zone of Peltura minor (2d/3 ) ,  subzone of Ctenop·yge similis. 

Associated with Ct. 1nodesta n.sp. -+- Ct. similis n.sp. and Parabolina 11wbergi. 
- - Sweden (same horizon) . 

Ctenop·yge (Mesoctenop·sge) similis n. sp. 

Pl. 5 ;  pl. 20, figs. 10-14. 

1922 Ctenopyge erecta n. sp. [partim] - - Wcstergård, p. 156, pl. XI,  figs. 26-27. 

(Figs. of part of thorax and hypostoma.) 

a m e : - The name similis is given as this species reminds one o f  
several other Ctenop·yge species, especially Ct. t,�m1ida, Ct. spectabilis, and 
C t. flagellifera. 

H o  l o t y p e :  - A cranidium (P .  :rvi. O. no. S 481 )  associated with 
other parts of the same species and parts of Ct. 1n odesta sp. n. and Para

bolina mobergi. Collected in Hadeland by L.  Størmer in 1919. 
D i a g n  o s i s :  - A Ctenopyge species with : strongly tapering gla

hella ; 4 pairs of glabellar furrows ; eye ri clge slightly oblique ; centres of 
palpebral lobes opposite S2 ; interocular cheeks about as wide as glabella at 
eye line ; postocular cheeks almost l . S  times as wide as occipital ring ; post
ocular facial suturcs oblique ; narrow free cheeks with coarse, flattened long 
spine with ( usually furrowed) keel-like ridge on both sides, about right
angled inner spine angle, convex posterior lateral margin, markedly langer 
than almost straight anterior lateral margin ; at least some thoracic segments 
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with long spine ; hypostoma with entire postcrior margin and well-clcveloped 

posterior brim. Pygidium unknovvn. 

D e s c r i p t i o n :  - This is basecl on numerous detachecl parts of the 

shielcl. The !argest craniclium present ( the holotypc) is 4 mm Jong ane! full y 

8 mm wicle. 
Cranidium w ith tapering glabella .  Occipital ring with short axial spine. 

Occip ital ring distinct. 4 pairs -of glabellar furrmvs, not united across the 
glabel la . Sl oblique backwards, S2 shortcr, fainter and almost transver -e, 

S3 and S4 very short, close together, and clirectcd obliquely forwards. Border 

upturned, concave in dorsal vicw, convex in front view. Eye lines distinct, 
slightly obl ique. Palpebral lobes upturncd, relatively small, with centres 

opposite S2. Interocular cheeks only slightly narrower than gabella at eye 
line. Postocular cheeks about 4/3 as wicle as occipital ring. Postocular facial 

su ture oblique. 

Free checks narrow, with lang and curved spine, round near base, but 
somewhat flattencd furt.her out, and provicled with axial ridge (on both 

sides) which ma y be dividccl in to two parallel ridges by a furrow (as in 
Ct. fl etc heri) . Anterior margin almost straight, and distinctly shorter than 

posterior lateral margin, which is al most straight near the sp ine ( with which 

it forms a slightly acute angle) and i s  convex posteriorly. 
H ypostoma tongue-shaped. Anterior lo be of middle body strongly con

vex, tapering rearwards. PDsterior lobc less convex, rather large. Anterior 

margin slightly convex. Anterior wings triangular, flexed ventral. Lateral 
margins with com·ex border. Posterior margin vvith flatter border, flexed 
slightly ventral axially. 

Thorax known only from detached segments .  Axial rings with axial 

node (or spine) . Pleurae with long, round, curved spines. 
Pygidium unknown. 

R e m  a r k s : - The hypostoma described by \Vestergård ( 1922, p. 1 56, 

pl . XI, fig. 27) as probably belongiag to Ct. erecta, occurs in  a small block 

together \vith similar hypostomae as \<\-el! as cranidia and frce checks -of 
Ct. sim ilis n. sp., but no parts of Ct. crccta. As the hypostoma is exactly like 

those associated with Ct. sim ilis in the l{orwcgian material, I believe that it 
should be assigned to this species. So shoulcl probably also the fragment of 
a thorax from the same block (\Vestergård, 1922, pl. XI, fig. 26) . 

V a r  i a t  i o n  s a n  el a f f i n i  t i  c s :  - The cranidium of  Ct. similis 

n. sp. resembles those of Ct. spectabilis and Ct. tu.m ida. The postocular facial 
suture may be more Dr less oblique, in the latter case approaching the trans
verse suture of Ct. tumida. There seems to be an even transition, at least in 

the cranidium, from Ct. similis n. sp. through Ct. tum oides n. sp. with slightly 

oblique postocular facial suture, to Ct. fUJnida. itsel f .  Ct. similis n. sp. may 

also be regarded as being intermediate between Ct. flagellifera and Ct. spec

tab ilis. The free chceks of Ct. sim il�s resemble those of Ct. flagellifera in 
ha\'ing a posterior lateral margin which i s  curYed, at  least posteriorly, but 
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it is almost straight near the spine. In Ct. stcctab ilis the ·whole of the poste

rio r  margin is  straight . The acute angle betvn·cn the posterior margin and the 

spine resembles that of Ct. spcctab ilis. The posterior brim in the hypostoma 

is rather large. and largcr than in Ct. tumida. 

O c c u r r e n c e : - Norway : Røyken ( �ærsnes, Slemmestad) , Oslo 

(Tøyen) , Hadeland. Zonc of Peltura minor ( 2 d/3 ) ,  subzone of Ctcnopygc 

si·m iris. Associated with Ct. modesta n. sp. + Parabolin{l m obergi + Proto

pc!tu ra plan icauda + Protope!tura bidentata. - - Swedcn ( san-:c horiz.on.) 

Ctcnopyyc (Jiesocten opyge) spectabilis Brogger 1 882 . 

PL 2, fig. 20 ; pL .J ;  pL 2 1 ,  figs. 1-7. 

1 882 Ctenopyge spcctabilis, n. sp. [partim] - - Bri:igger, p. 120, pL J I ,  figs. 18, 18a-b ; 

pL X I I ,  iigs. 12a-b. ( Descr. Figs. of cranidium, free cheeks, thoracic segment. 

and hypostoma. Fig. 12 is a fragment of a pygidium of a Protope!tu.ra sp. , and 

i i g. 12c is of a young free check belonging to the associated Ct. m1gusta..) 

1922 Ctenopygc spectabi!is Bri:igger - - \Yestergård, p. 154, pL XI, figs. 9-U. 

( Descr. Figs. of cranidia, free cheek, thorax, and hypostoma.) 

1929 Ctenop·yge spectabilis Dr.  -- Strand, p. 359. (Recorded.) 

1934a Ctenopyge spcctabilis - - Stormer, p. 332. lListecL ) 

1947 Ctenopyge speclabi!is Dregg. - - \\'estcrgård, p .  24. ( Distribution 111 SweJen.) 

1953 Ctcnopyge spee labil is - - Holtedahl, p. 182, fig. 69 (27) . Fig. of  craniclia and 

free checks, copied from Brogger, 1882.) 

:\'on 1 892 Ctcnopyge spectab ilis Drog. Yar. - - :\Iatthcw (= Ct. flagellifera ) .  

T y p e  el a t  a :  - I select a s  lectotype the cranidium ( P. '!'v1. O .  no. 

298 1 a )  f igurecl by D rogger ( 1 882, pl. Il, fig. 1 8) . Collectccl by Brogger in 

1879 at Slemmestad in Røyken, Nonvay . 

D i a g n  o s i  s :  - A Ctenopygc species with : st rongly tapering gla

hella , 3--4 pa irs o f  glabellar furrows ; obliquc, somcwhat curvecl eye ridges ; 

centres of palpebral lobc s oppositc L2 ; interocular cheeks sl ightly more than 

three- fourths as widc as glabella at eye l ine ; postocular cheeks from six

f i fths to eight- fi fth s as wide as occipital ring ; narrow free cheeks with long, 
coarse spine , posterior lateral margin sl ightly convcx and markcdly longer 

than slightly convex anterior lateral margin, spine almost conflucnt with 

antcrior lateral margi n , inner spine angle acute ; thorax with long pleural 

spines and pleural regions ( excluding spines )  somewhat wider than axis ; 

hypostoma with posterolateral extensions and large posterior brim. Pygidium 
unknO\vn. 

D e s c r i p t i o n :  - This is basecl on numerous cletached parts of the 

shield. The largest cran idium f rom the type Jocality is 6.8 mm long. A cra

nicl ium from Steinsoclclcn, Ringsaker, NonYay, is 8 . 1  mm long. 

Craniclium with tapcring glabella. Occipital ring with small and slender 

spine. Occipital furrow deepest a little i nside axial furrow. Four pairs o f  

glabellar furrows, which d o  not unite across the glabe1la. S l  oblique back

warcls ; each branch with deep p it-like impression about halfvvay between 
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axial furrow and axial line. S2 pair only slightly oblique backwards. S3 
short, oblique forwards. S4 represented by faint impressions rather dose 

to the S3, and directed cven more forwards. Border flexed obliquely up
wards ; concaw i n  dosal view, slightly convex in front view. Eye lines 
distinct, long, obliquc bad�\Yards, slightly curved. Palpebral lobes of medium 
size, narrow, flexed upv,:ards, with centres opposite S l .  Interocular cheeks 

about 7/9 as wide as glabella at eye line. Postocular cheeks about 6/5 as 
wide as  occipital ring. 

Frcc cheeks narrow, with long, coarse and curved spine. Posterior 

lateral margin straight, and shorter than slightly curved anterior lateral 
margin. Genal angle obtuse. Acute inner spine angle. 

Hypostoma subrectangular in outline. Middle body strongly convex, 
semi-ovoid. Anterior border slightly convex. Anterior wings triangular, bent 
dorsal. Lateral borders prominent, slightly concave. Posterolateral corners 

protrucled into rounded triangular v,.-ings . Posterior margin concaYe. Brim 
rather wicle and slightly inflated. 

Thorax known only from single segments in the NonYcgian material. 
They have axial node, and long pleural spines . A fragment of the thorax, 

consisting of  l O segmcnts, has be en figured by \Vestergård ( 1922, pl. IX, 

fig. 13)  from Sweden. The pleurae ( excluding spines) o f  the anterior seg
ments are markedly wicler than the axial ring. 

Pygidium unknown. 
R e m  a r k s :  - The specimen figured by Brogger ( 1882, pl . XII ,  

fig. 12a) as a pygidium of  Ct. spectabilis, i s  the axial part o f  a pygidium of  
a pelturine. The specimen figurecl by Brogger ( 1 882, pl. XII ,  f ig. 12c) a s  
a young free cheek of  Ct. spectabilis, does not belong to this species, a s  al
ready suggested by Westergård ( 1922, p. 154) . It belongs to the associated 
Ct. angusta. 

O c c u r r e n c c : - Nonvay : Røyken ( Slemmestad) , Ringsaker 

( Steinsoclden) . - Zone o f  Peltum m.inor ( 2d/3 ) ,  subzone o f  CtenoPJ'ge spec

tabilis. Associated with Ct. angusfa, Ct. tumidoides, Peltura minor, Para

bolina sp. - - Sweclen (same horizon) . 

Ctenopyge (Mesoctenopyge) tmnida \Vestergård 1 922. 

P l .  5 ;  pl. 20, fig. 16.  

1880 Ctcnopyge ' sp. indct. - - Linnarsson, p. 26 ( 1 56) , pl. I I (VI) ,  fig. li (Descr. 

and fig. of part of thorax.) 
1922 Ctenopyge tumida 11. sp. [partim] - - \\"estergård, p. 155, pl. XI, figs. 15-18. 

(Descr. Figs. of cranidia and free cheek. Figs. 19-20 are of Ct. t umidoides n.sp.) 
1923 Ctenopyge tumida \Vestergårcl [partim] - - Poul sen, p. 39, pl. I, fig. 14. (D2�cr. 

Fig. of cranidium. Text fig. 16 is of Ct. twnidoides n. sp.) 
1947 Ctenopyge tmnida \\'gård. [partim] -- \\-estergård, p .  24. (Distribution m 

Swcden, including that of Ct. tumoidcs.) 

::\on 1953 Ctcnopme tu m ida \\'estergård - - Hnpc C= Ct. tumidoidcs n .  sp. ) .  
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T y  p c d a t  a :  - As lectotype I select a cranidium figured by \Vester

gård ( 1922, pl. XI, fig. 16 ) ,  from Anclramm, Scania, Sweden, and associated 

with i .  a. S phaerophthaJmus alatus. 

D i  a g n  o s  i s :  - A Cteno pyge speC!es vvith : tapering glabella ; four 

pairs o f  glabellar furrows ; transverse or slightly oblique eye ridges ; ccntres 

o f  palpebral lobes opposite S2 ; interocular cheeks somewhat narrower than, 

to as wide as glabella at eye line ; postocular cheeks almost l . S times as wide 
as occipital ring ; facial sutures proprian, postocular facial suture transverse ; 

free cheeks with long spine, straight posterior lateral margin shorter than 
convex anterior lateral margin, and obtuse genal angle ; thorax with long 

pleural spines and pleural regions ( txcluding spines) alm ost as wide as axis .  

Hypostoma and pygidium unknown. 

R e m a .r k s : - vVestergård ( 1 922) included in Ct. tumida tv.ro dif

ferent forms. In one of the forms the postocular facial suture is transyerse, 

and in the other it runs obliquely backwards. The name Ct. tumida is retained 

for the form with transverse suture, whcreas the other form is described 

below as Ct. tumidoides n.sp. The cranidium of Ct. tumida, as restrictcd here, 

d iffcrs from that of Ct. tumidoides n. sp. also in having wider posterior 

cheeks. The hypos.toma figured and described by vVestergård ( 1922) appa

rently belongs to Ct. tumidoides n. sp., and the hypostoma of Ct. tumida is thus 

not known. A part of the thorax of Ct. tumida figured by Westergård ( 1922, 

pl. XI, fig. 18) shows that the pleurae are providecl with long spines, and 

that the pleural regions are about as wide as the axis, whereas the pleural 

regions in Ct. tumidoides n. sp. (\Vestergård, 1922, pl . XI,  fig. 19) are 

slightly narrowcr than the axis ( excluding pleural spines) . 

O c c u r  r e n  c e :  - )Jorvvay : Røyken ( Xærsnes, Slemmestad) , Oslo 

( Rosenkranzgate, Tøyen) ,  Hadeland. - Zone of Fe/tura minor (2dt3 ) ,  sub

zone of Ctenopyge tumida. Associated with Sphaerophthalmus alatus, -+- Pro

topeltura planicauda, -+- Fe/tura awtidens, ± P. mi nor. - - Sweden ( same 

horizon) , Denmark (Bornholm, same horizon) . 

Ctcnop'yge (ilf esoctenopyge) tum idoides n.  sp. 

Pl. 5 ; pl. 20, fig. 15. 

1922 Ctenopyge tmnida n. sp. [partim] - - \\.estcrgard, p. 155, _pl. XI, figs. E-20. 
(Figs. of cranidium with 5 altachcd thoracic segments, and of hypostoma.) 

1923 Ctenopyge twnida \ \·estergård f partim] -- Poul sen, p. 39, text fig. 16. (A re
production o f  \\'estergård's fig. of a cranidium with attachcd thoracic segments .)  

1947 Ctenopsge tumida \\'gård. [partim] - - \Yestergård, p .  24. (Distribution in 
Sweden of Ct.  lum ida, including that of Ct. lwll idoidcs n .  sp.) 

1953 Ctenopygc tum ida \Yestergård - - Hupe, p. 1 1 7, fig. 7R, B, l. (Lists first thoracic 
seg1�1ent of this form as macropleural . )  
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N a m  c :  - The name tumidoides is given to suggest the resemblance 

to Ct . tumida. 

H o l o t y  p e :  - As holotype I select the craniclium with 5 attached 
thoracic segmcnts figured by \Vestergård ( 1922, pl. XI, fig. 19) from Andra
mm, Scania, Swcden. It is associated with detached parts of Ct. angusta. 

D i  a g n  o s  i s :  - A  Ctenop}'ge spccies with : tapering glabella ; 3 pairs 
of glabellar furrows ; slightly oblique, almost transwrse eye ridges ; centres 
of palpebral lobcs opposite L3 ; interocular cheeks slightly narrower than 

glabella at eye line ; postocular cheks as wide as, or slightly wider than occi
pital ring ; �horax with Yery long, rouncl pleural spines and pleural regions 
somewhat narrmver than axis ; hypostoma with entire posterior border and 
di:stinct, but not very large posterior brim. Free cheeks and pygidium 
unknown. 

D e s  c r i  p t i  o n :  - Cranidium rather similar to that of Ct . tumida, 
but the postocular facial sutures run slightly obliquely backwards in Ct. tu:ni
doides, whereas they are transYerse in Ct. tum ida. In this feature Ct. tum.i

doides reminds ane of Ct. similis n. sp. , which, h owever, has wider postocular 

cheeks. The postocular cheeks are about as wide as the occipital ring in Ct. 
tumidoides, whereas they are about -l/3 the width o f  the occipital ring in 
Ct. sirnilis n. sp. The -occipital ring in Ct. twn idoides is provided with_ 

a spine, 
as in Ct. similis n. sp. and Ct. twn ida. 

Free cheeks unknown. 
The hypostoma figurcd by vVcstergård ( 1922, pl . XI, fig. 20) comes 

from the same block as the holotype of Ct.  fttmidoides, and most probably 
belongs to this species. It reminds ane of that o f  Ct. sim ilis n. sp. ,  but its 
posterior brim is not so extendecl. 

The 5 thoracic segments in the holotype show that the pleural regions 
are rather narrow ( narrowcr than the axis ) ,  but the pleurac are providecl 
with long, curved spincs. The spines of the first segment appear to be langer 
than those of the others , and Hupe ( 1953, p. 1 1 7) regards this segment as 
macropleural. 

R e m  a r k s :  - Ct. tumidoides n. sp. is slightly earlier than Ct. tumida, 

which occurs in the following subzone together with i .  a .  Sphaerophthalmus 
alatus. 

O c c u r r e n c e : - Norway : Røyken ( Slemmestad) , Ringsaker 
(Steinsodden) - Zone of Peltura minor (2dfi) ,  subzone -of Ctenop;•ge 

s pecta.bilis. Associated with Ct. spectabilis, Ct. angusta, Peltura cf. min or, 
Parabolina sp. - - S\veden ( Scania, same horizon) . 

Ctenop'ygc (Cten opyge) a.f.finis a.f/inis \iVestergård 1 922. 

Pl. 5 :  pl. 19, fig. 22. 

1922 Ctcnopyge affinis n. sp. [partim] -- \\'cstergånl, p. 1 57, pl. XII, figs. l-6, 14. 

(Descr. Figs. of cranidia, free cheeks, and thoracic scgmenls. Figs. 7-1 3  are 

here referred to Ct. affinis gracilis n. subsp., fig. l.S to Ct. pecten " )  
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1923 Cten oP:J'ge affi12is \\.:sterg�t!·d - - Paulsen, p. 4 1 ,  pl. I l ,  fig. 5. ( Descr. Fig. of  
cranidium.) 

1947 Ctenopyge affinis \\-gård. [partim] - - \Yestergård, p.  24. ( Dist ril;ution m 

Sweden of this form and Ct. affinis gracilis n.subsp.) 

Non 1929 Ctenopyge ajji11is \\'gd. - - Strand (= Ct. af.fi11is gracilis n. subsp . ) .  

L e  c t o  t y  p c - .-\ cranidium from Anclrarum, Scania, Sweden, 

figured by vVcsterg�trd ( 1922, pl. X I I, fig. 1 ) .  Designated by Poulsen 
( 1923, p. 42) . 

D i  a g n  o s  i s : - A Ctenopyge subspecies with : tapering glabella ; 

four pairs of  glabellar furrovvs ; rather obliquc eye riclges ; centres of pal
pebral lobes opposite S l ; interocular cheeks about half as wide as glabella 

at eyc l ine ; postocular cheeks as wide as or slightly wider than occipital 
ring ; postocular facial sutures oblique and rather straight ; free cheeks with 
long slender spine, straight posterior lateral margin much shorter than con
vex anterior lateral margin, and acute · genal angle ; thorax with pleural re

gions markeclly wider than axis and w ith long plcural spines, some of which 
flattened and longitudinally grooved. Hypostoma and pygiclium unknown. 

R e m  a r k  s :  -- \Vestergård ( 1922) included two different forms under 

the name Ct. affinis. They are easily distinguishecl, as one of the forms has 
a clecicleclly tapering glabella, which appears more robust than the parallel
sicled glabella of the other form. These forms are regarded hcrc as clistinct 
subspccies. The lectotype of Ct. affinis belongs to the subspecies with taper
ing glabella, and this subspecics must consequently be callecl Ct. affinis af

finis. This is also the form on which vVestergårcl basecl his description of 

Ct. affinis. The other subspecies is  given the name Ct. affinis gracilis 

(cf .  below) . 
The Norwegian material agrees very wcll with the Swedish.

· 
The l argest 

cranidia are about 5 mm long. In Danish material th<:> cranidia may be wcll 
over 10 mm long. 

O c c u r  r e n  c e :  - ::'-Jorway : Røyken ( Kærsnes, Slemmestad) .  -

Zone of Peltura m in or (2d;3 ) ,  subzone of Ctcnopyge affinis. Associated with 
Sphaerophthalmus alatus and Peltura m inor, -+- Ct. af.f inis graciris n. subsp. 
- -Sweden ( same horizon) , Den mark ( Bornholm, same horizon) . 

CtenojJ_I'[JC (Ctenopyge) affinis gracilis n. subsp. 

Pl .  5 ;  pl. 19, iigs. 17, 19-2 1 .  

1922 Ctcnopyg,: affinis n .  sp. [part im] - - \Yeslergånl, \). 1 57, pl. X I I ,  fig>. 7-13 

on1y. (Figs. of cranidia, free cheek, thoracic segments, anti hypostoma.) 
1 929 Ctcnopyge affinis Wgcl. - - Strand, p. 359. (Recorded.) 

N a m e :  - The name gracilis is given as this subspecies appears more 
graceful than the rathcr robust Ct. affinis affinis. 

H o  l o t y p e :  - A cranidium (P.  :.VI. O. no. 1 9993a) colkctcd by 
\V. C. Brøgger in 1 880 a t  Slemmestad, Røyken. It is associated with other 
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parts of the same form, as well as of Ct. affinis affinis, Sphaerophthalmus 

alatus, and Peltura minor. 

D i  a g n  o s  i s : - Dif fers from Ctenop3·ge affinis affinis in ha ving a 

narrower glabella with sub-parallel sides. 

D e s c r i p t i o n :  - This is  based on detached parts of the shield. 

The holotype cranidium is 3.3 mm lang ; other cranidia reach a length of 

4 mm. Thi·s form is thus smaller than the main form of Ct. a.ffinis, as al

ready pointed out by \Vestergård ( 1 922) . I would like to emphasize that 

also equal-sized cranidia of the two subspecics dearly show the characteristic 

dif ferenccs. 

Cranidium with parallel-sided glabella. Occipital ring with very short 

axial spine. Occipital furrow distinct. S l  united to form a continuous furrow, 

rather shallow and not so well defined in middle part. Glabella in f ront of 

S l  rather convex, and with only very short impressions o f  additional gla

bellar furrows on the sides. S2 clcarly seen, but S3 and S4 short and very 

narrow and best seen from the side. Glabella bends ventrad rather steeply 

in front. Border slightly upturned, slightly concaYe, almost straight in d01·sal 

view, and slightly arched up,vards in front view. Eye ridges distinct, obliquc 

backwards. Interocular check about 2/3 as wide as glabella at cye line. Post

ocular cheeks about 4/3 as widc as occipital ring. Postocular part of facial 

suture oblique backwards. 

Free cheeks relatively narrqw, \vith long and slightly curved spine. 

Posterior lateral margin straight and short, almost normal to spine. Anterior 

lateral margin long and curvecl. Facetted eyes often preserved. 

Hypostoma (probably belonging to thi s  form) tongue-shaped, rather 

narrow, but with two triangular anterior wings bent only slightly ventrad. 

Middle body rather com·cx, long, and tapering backwards. Brim rather flat, 

but flexed somewhat ventrad, forming platform for anterior lobe. Lateral 

borders distinct and sub-parallel, posterior border less pronounced and 

curvecl. No posterior wings. 

Thorax known only from parts o f  segments .  Pleurae with long curved 

pleural spincs. The spines are flat, with a median ridge on both sides. The 

median ridge may be divided into two ridgcs by a faint median furrow, at 

!east near the base of the spine. Some straight, flat spines, also with a median 

ridge on both sides, appear to be axial spines.  In at l east one specimcn traces 

of the axial ring appcar to be preserYcd at the base of such a spine . 

Pygidium unknown 

A f f  i n  i t  i e s :  - Ct. affin is gracilis n. subsp. is close to Ct. affi1'Lis 

affin is, and they ha,·e the same type of pleural spines and free chceks.  Ct. 
spectabilis, like sc,·eral other late Cteuo pyge species, also has this type o f  

pleural spines, but dif fers from Ct. affinis gracilis i .  a .  i n  the shape o f  the 

frec checks. X eYcrthcless, they may be rather closely relatccl. 
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O c c u r  r e n  c e :  - N onvay : Røyken (Slemmestad) ,  Ringsaker 
(Evjevika) - Zone of Peltwra 1ninor (2c1J) ) ,  subzone of Ctenopyge affinis. 

Associated with Sphaerophthalmus alatus and Peltura 1ninor, + Ct. affinis 

affinis. - - Sweden ( same horizon) . 

Ctenopyge ( Ctenop'yge) bisulcata (Phillips 1848) . 

Pl. 5. 

1848 Olenus bisulcatus, n. s. [partim] - - Phillips, p. 3 5, fig. l, p. 346. ( Descr. Fig. 

of craniclium. Fig. 2 is suspectcd by Lake, 1913,  to be of Ct. pecten.) 

1864 O lenus bis-nlcatus, Phillips [partim] - - Salter, p. 8. (Xot fig. 6, pl. VIII,  

acc01·ding to Lake, 1913.) 

?1866 Olenus (Sphærophthaimus) ala/J.!s, Beck -- Salter, p .  302, pl. lV, fig. 3 .  

( Remarks. Figs. of  cranidium and cheek s9ines.) 

1868 Sphærophthalmus bisulcatus, Phil. - - Belt, p. 10. (Suggests that this species 

and Salter's Olenus pecten, O.  flagellzfer, and O. alat-us are synonyms, and that 

this species is not iclentical with Boeck's S ph. alatus.) 

1871 Olenus bisulcatus. Phillips - - Phillips, p. 68, fig. 7. (Inaccurate fig. of cra 

nidium.) 

? 1 8 i l  Olenus pauper n .  sp. -- Phillips, p. 68, fig. 4. (Fig. of  poorly preservecl dor sal 

shield with no pygidium.) 

1873 Olenus (Sphær.) bisulcatus, Phillips - - Salter, p. 12. (Remarks.) 

1 880 Ctenopyge bis1dcata Phil!. sp. - - Linnarsson, p. 23 ( 153),  pl. I (V),  fgs 18-19 ; 
pl. JI (VI ),  figs. 1-2. ( Descr. Figs. of nanidia, free cheek, and thoracic 

segments.) 

1913 Ctenopyge bisulcata (Phillips) - - Lake, p. 81,  pl. YIII, figs . 1 3-1 9 ;  pl. IX, 

figs. 1-4. ( Descr. Figs. o f  cranidia, free cheek, parts of thorax, and hypo.:toma.) 

192� Ctenop·::/OC bisulcata (Phillips) -- Westergård, p. 159, pl. XII,  figs. 19-25. 
( Remarks. Figs. of cranidia, free cheek, and thoracic segments.)  

1923 Ctenop'yge bisulcata Phillips -- Paulsen, p. 46, pl .  II,  fig. 4.  ( D escr. Fig.  of  

cranidium.) 

1938 Cte1toP3!9C bisulcat!� (Phillips) - - Stubblefield, p. 29. (Rcmarks on type 

material.) 

1947 Cteuopyge bisulcata (Phillips) - - \\' estergård, p. 24. (Distribut ion in Sweden ) 

?1949 Olenus pauper Phillips - - Edmoncls, p. 59. ( S elects holotype.) 

1952 Ctenopyge bisnlcata (Phillips) - - Hutchinson, p. 87, pl. IV, figs. 9-10. 
(Remarks. Figs. of cranidium and frec cheek.) 

T y  p c el a t  a :  - A lcctotype shoulcl be choscn from the type stratum 
ancl locality, the 131ack Shales of \VhiteleaYecl Oak, :.\hlvern Bills, Shrop
shire, England, from the material collected by J. Phillips. 

D i  a g n  o s  i s :  - A Ctenopyge species with : almost parallcl-siclecl gla
beila ; Sl strong, usually united ae1·oss glabella, other glabellar furrows very 
short ; oblique eyc ridges ; centres of palpebral lo bes opposite Sl or L2 ; 

interocular cheeks somewhat narrower than glabella at eye line ; postocular 

cheeks slightly less to slightly more than 1 . 5 times as wicle as occipital ring ; 
frec cheeks with long flattened spine. obtuse genal angle, and straight poste
rior lateral margin slightly shorter than com-ex anterior lateral margin ; 
thorax with pleural regwns ( excluding spines) somewhat wider than axi:; 
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and lang flat pleural spines ( at !east posteriori y) ; hypo::toma with relative ly 

short brim . Pygidium unknown. 

R e m a r k s : -- \Vestergårcl ( 1 922, p. l 59) rcmarked that the Swedish 

form deviates slightly from the British form ( as described and illustrated 
by Lake, 1 9 1 3 ) ,  wh ich has more oblique eye ridges. J n material from Mal
vern H ills there are, ho\'\'ever, cranidia which ha,·e no more oblique eye ri dges 
than the Swedish (and Norwegian) specimens. The Norwegian material 

cons ists <Of only a fe'"' cranicl ia and imperfect free cheeks. 

O c c u r  r e n  c c :  - N onvay : ::\1oclum (Engelstad) . - Zone o f  Peltura 

scarabaeoides, lowcr part (2dy) , subzone of Ctenop_vgc bisulcata. Associated 

with Pcltura scarabaeoides 1carabaeoides, S phaero phthalmus hum i/is and 

S ph. ma juscu./us. - - Svveden (same horizon ) ,  Den mark ( Bornholm, same 

hor izon) , England ( Cppcr Lingula Flags) , 2\roya Scot ia (Peltura zone) . 

Cten op:vge ( Cten op·yge) directa Lake 1919.  

Pl.  5 .  

1913 Ctrn oP)'.rJe dirccta, s p .  110\'. - - Lake, p l .  �.  fig. 1 1 . (Fig. o f  cranidium. )  

1 9 1 9  Ctenopyge directa, sp. noY. - - Lake, p. 89, pl. :X I ,  fig. 1.  ( Descr. Fig. of u:>.
nidiwn.) 

1922 Cte1wpyge direcla. Lake [partim ] - - \\'estergårcl, p. 158, pl. Xll,  fig. 1 6. 

( Descr. Fig. of craniclium. Fig. 17 is of Ct. flelcheri.) 

1947 Ctcn op)·ge directa Lake -- \\'estergård, p. 24. ( Distribution in Sweden. ) 

?\on 1923 CtenoPme directa Lake - - Poulsen (= Cl. flctchcri) .  

T y p e  el a t  a :  - As lectotype I st>lect a craniclium f igurcd by Lake 

( 1 919, pl. XI, fig. 1 ) ,  from Dolgelley Beds, Dolgelley, \Vaies. 

D i  a g n  o s  i s : - A Cten opyge species vvith : slightly tapering glabella ; 

S l  united across glabella, practically no other glabcllar furrows ; obl ique 

eye riclges ; ccntres of palpebal lobes oppositc L2 ; i nterocular cheeks as wide 

as or slightly w i der than glabella at e:ye l ine : postocular cheeks slightly wider 
than occi pital ring. Other parts than craniclium unknown. 

O c c u r  r e n  c e : - Sweden (associated with Sphae1·ophtha.!mus !ttm1-i
lis and Peltura scara.baeoides scarabaeoides) , England ( Cppcr Lngula 

Flags ) ,  ·wales (Upper Lingula Flags) . 

Ctcn opygc ( Ctenopyge) .falcifera. Lake 1 9 1 3 .  

1913 Ctenop}'gc fa.lcifera., sp. nov. - - Lake, p .  84, pl. I X .  iigs. 5-6. (Descr. Fig�. 

of  hypostoma and dorsal shield with no pygidium.) 

T y p e  el a t  a :  - I select as ic:ctotype the clorsal shield without pygi

dium, figured by Lake ( 1 91 3, pl. IX, fig. 5 ) ,  from the Upper Lingula Flags , 
Rhiwfelyn . 

D i a g n  o s  i s : -- A Cten opyge spccics \Y ith : taperi ng glabella ; sl ightly 

oblique eye riclges , centres of palpebral lobes opposite S l ; interocular cheeks 
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about as vvide as  glabella at eye line : postocular cheeks somewhat widcr than 
occipital ring ; postocular facial sutures oblique and sinuous ; free cheeks 
with long flattened spine almost normal to lateral margin and long convex 
posteri,or lateral margin, apparently longer than anterior lateral margin ; 
thorax with pleural regions ( excluding spines) somewhat wider than axis 
and very wide pleural spines ; hypostoma with modcrately large posterior 
brim. Pygiclium unknown. 

O c c u r r e n c e : - England CCpper Lingula Flags) , \Vaies CCppe r 
Lingula Flags) .  

Ctcnopygc (CtcJt opygc) fletcheri ( :VIatthe\v 1901 ) .  

Pl. 5 ;  pl. 22, figs. 1-6. 

1880 Ctenopy_(}e ' sp. indet. -- Lim1ars�on, p. 26, pl. 2, fig. 14. ( De se-r. and fig. of 

free cheek.) 
1 894 Sphærophthallllus a lat us, Borck, Yar. Canadcnsis, n. var. The narrow form. - 

Matthew, p. 108, pl.  1 7 , figs. 12a-b. (Descr. and fig. o f  cranidium and free cheek.) 
1901 Ctenopyyc n. sp. - - Lindstrom, p. 29, pl. I J I , figs. 28-30. ( Figs. of free cheek 

and surface of eye.) 

1901 Sphæroph tlwllmts Flctchcri [partim] - - Matthew, p. 280, pl. Y, figs . 7d. 

(Descr. and fig. of  free cheek. The craniclium, pygidium, and hypostoma describo::d 

and figurecl, betong to S plz. hwnilis.) 

1903 Sphærophthal111us Flctcheri [partim] - - Matthew, p. 227, pl. XVII, fig . 7d. 

( Descr. and fig. of free cheek The c ranidium, pygiclium and hypostoma clescrib�cl 

and figurecl, belong to Sph. /mmi/is. ) 
1913 S phærophthalmus a/atm var. canadcnsis Matthew, "narrow form" [ partim] 

Lake, p. 76. (Remarks.) 

1922 Ctenopygl' directa Lake [partim] - - \Vestergårcl, p. 159, pl. 12, {ig. 17 .  (Fig. 

of cranidi um.) 

1922 Ctenopygc tcrctifrons (Angelin) f partim] - - \Yestergård, p. 162, pl. 13, figs. 

7-8. ( Descr. and figs. of frce cheeks.) 
1923 CtenoP'ygc directa Lake - - Poulsen, p. 45, pl. Ill. ( Descr. Figs. of craniclium 

and free cheeks.) 

1944a Ctcnopygc laticon1is sp. n. - - \\.estergårcl, p. 42, pl. 3, figs. 1-2. (Remarks 
on species. Figs. of cranidium and free cheek .) 

1947 Ctcnop_,·.r;e laticomis \Vestergard - - \\·estergårcl, p. 17 . ( Free cheek compared 

with that of Sphærophthalmus Fletchcri) , p. 24. (Distribution in Sweclen.) 

1952 Sphacrophthalmus fletchcri Matthcw [partim] - - Hutchinson, p. 89. ( Remarks 
on species.) 

1 952 Sphaerophthalmus waior Lake - - Hutchinson, p. 90, pl. IV, figs. 16-17. 
(Dcsc r . and figs. o f  cranidia.) 

T y  p e d a t  a :  - As lectotype I select the free cheek figured by 
::VIatthe'v\" ( 1 901 ,  pl. IV, fig. 7d, and 1903, pl. XVII, f ig. 7cl) , from Band 
C 3b, Escasonie Shore, East Bay, Nova Scotia. 

D i a g n  o s  i s :  - A Cte;wpyge species with : almost parallel-sided gla
belJa ; S l  unied across glabella, other glabellar furrows very short ; oblique 
eye ridges ; c-entres of palpebral lobes opposite L2 ; interocular cheeks about 
thrce-fourths as wide as glabella at eye line ; postocular cheeks about as wide 
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as occipital ring ; free cheeks with unusually wide, flattened spine with longi
tudinal rib (or pair of ribs) on both sides, acutc genal angle, and slightly 
convex anterior and posterior lateral margins. Thorax, pygidium, and hy
postoma unknmvn. 

R e  m a r k s : - The characteristic free cheek of this species was first 
described and figured by Linnarsson ( 1880) as Ctenopyge ? sp. indet. The 
same type of free cheek was tentatively assigned to Ct. teretifrons by \;Vester
gård ( 1922) . Pouls en ( 1923) showed that the free cheek really belonged to 
a type of cranidium which was assigned to Ct. directa by Westergård ( 1922) .  

In 1944 vVestergård erected the species Ct. laticornis for this type of  free 
eheeks and eranidia. Similar free eheeks were included in a new species, 
Spaerophthalmus Fletcheri, by Matthew ( 1901 ) ,  together with eranidia, 
hypostomae, and pygidia of the Sphaeroph thalmus type. Lake ( 1913,  p. 76) 

and Westergård ( 1922, pp. 165, 203) suggested that this species was bascd 
on the misassociation of cranidia, hypostomae, and pygidia of S phae>roph

thahnus alatus and free cheeks of some species of Ctenopyge. This view was 
supported by Hutchinson ( 1952, p. 89) ,  who examined Matthew's material. 
Already Matthew ( 1 894, p. 108 ; 1903, p. 228) pointed out the resemblance 
between the free cheek of his Sph. Fletcher,i and the free eheek figured by 
Linnarsson in 1880. In 1947 (p. 17) vVestergård compared the free cheeks 
of Ct. laticornis and S ph. fletcheri, and stated that they are of the same 
characteristic shape, but that the aperture of  the eye seems to be slightly 
farther forward in the Swedish form than in the Canadian. However, this 
difference is very small and probably of  no great significance. I believe that 
the free cheeks of Sph. fletcheri and Ct. laticornis are conspecific. A east of 
a slab of Matthew's material furthermore shows that free cheeks of the 
fletcheri type are associated with eranidia of the lat,icornis type, as well as 
i. a. parts o f  Sphaerophthalmus humilis (= Sph. alatus auet . ) . Sinee Matthew 
did not seleet any holotype, it depends on the choiee of the leetotype whether 
S ph. Fletche?·i should become a synonym of S ph. hu1nilis, or be a valid 
species (with Ct. laticornis as a synonym) . Sinee the free cheeks were eon
sidered the distinguishing feature of  this speeies, I have found it con·eot to, 

ehoose the figured free cheek as lectotype. 

Cranidia from Norway quite agree with the Canadian and Svvedish 
eranidia. Free cheeks from Norway are also of the same type as the Cana
dian and Swedish, with a prominent, cUl·ved spine, whieh is flat and with 
ribs transversing the spine on both sides. The free cheeks from Norway, 
however, show some variation. Large free eheeks have very wide flat areas 
outside the rib, at !east proximally, and the rib is divided by a furrow into
hv.o ribs. Distally, the two ribs unite to form one ridge on each side of the 
spine. The flat lateral areas deerease in width, and eventually disappear, so 
that the distal part of the spine corresponds to the ridges in the proximal 
part. In other speeimens the furrm�y· dividing the ridge does not seem to be 
developed, not even near the base of the spine, and in some specimens the 
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flat areas are relatiyeJy narrower. It i s  interesting that the spine i s  similar 
in structure to the pleural spines of seYeral other Cteno P3'ge species, as e. g. 
Ct. affinis. 

O c c u r  r e n  c e :  - l\orway : Røyken ( Slemmestad) , Oslo (Tøyen) , 

Ringerike (Viul) . - Zone of Peltura scarabacoides, lower part (2dy) , sub
:wne of Ctenop3•ge linnarssoni. Associated with Peltura scarabaeo ides scara
baeoides, S phaerophthalmus hum.ilis, S ph. majuscu.lus, -t- Ct. linnarssoni. 
- - Sweden (same horizon) ,  Denmark ( Bornholm, same horizon) , Canada 
(associated with Peltu.ra scarabaeoides scarabaeo ides, S ph. humilis, Para

bolina da:-&soni, etc . )  

Ctenopyge (Ctcnopyge) linnarsson i \\ cstcrgård 1922. 

Pl. 5 ; pl. 22, fig. 8. 

1880 Ctenop•yge pecten Salt. sp. [partim ] -- Linnarsson, p. 16 (146) , pl. Il  (VI ) .  

figs. 3--4, 8 ? ,  9 .  ( Descr. Figs. o f  cranidia and free cheeks.) 
? 1903 Ctenopyge pecten, Salter [partim] - - Matthe'"• p. 229, pl. 17, fig. Sa. (Fig. of 

cranidium.) 

1922 Ctenopyge linnarssoni n. sp. Westergård, p. 162, pl. XIII, figs. 2-5. (Descr. Figs. 
of cranidia and free cheeks.) 

1923 Ctenop·yge linnarssoni \Vestergård - - Poulscn, p. 45, pl. l, fig. 17. (Descr. and 
fig. of cranidium.) 

1947 Ctmopyge linnm·sso12i \Vgård. -- \\'estergård, p. 24. (Distribution in Sweden.) 

T y p e  d a t  a :  - As lectotype I select a cranidium figured by \Vester
gård ( 1922, pl. XIII, fig. 2 ) ,  from Andrarum, Scania, Sweden. 

D i  a g n  o s  i s : - A Ctenopyge species with : almost parallel-sided gla
odla ; S l  united across axis, other glabellar furrows Yery short ; straight 
transverse eye ridges ; centres of palpebral lobes opposite S2 ; intcrocular 
-cheeks as wide as glabella at eye line ; postocular cheeks almost l .S  times as 
wide as .occipital ring ; postocular sutures oblique ; free chceks with long 
curved and flattened spine, slightly convex posterior lateral margin slightly 
shorter than almost straight anterior lateral margin. Other parts of shield 
unknown. 

R e m  a r k  s :  - A few cranidia and free cheeks from Norway agree 
well with the Swedish specimens. The }argest cranidium is 3 .8  mm long. One 
cranidium has wider fixed cheeks and seems to approach Ct. teretifrons, 
which I have not found in Norwegian material. 

A cranidium figured by Matthew ( 1903, pl . 17, fig. Sa) as belonging· 
to Ct. pecten, may belong to Ct. linnarssoni or  some related species (cf.  'Nes
tergård, 1 922, p. 1 1 4) .  

O c c u r  r e n  c e :  - Norway : Røyken ( Slemmestad) . - Zone of Pel

tura scambaeoides, lower part (2dy) , subzone of Ctenop')'ge linnarssoni. 

Associated with Fe/tura scarabaeoides scarab aeoidcs, Sphaerophthalmus 

humilis, S ph. mafusculus, -t- Ct. fl et c heri, -t- Ct. pecten. - - Sweden ( same 
horizon) , Denmark ( Bornholm, same horizon) , ?Canada (Peltura zone) . 



2 0 H  Gl-'NKAR HEKNINGSI>IOEN M.-N. Kl. 

Ctcn opygc (Ctcnopyge) pccten ( Salter 1864) . 

Pl. 2, fig. 18 ; pl. 5 ;  pl. 22, fig�. 9-10. 

1 848 0/cnus bisulca tus. n. s. [partim] - - Phillips, p. 55, fig. 2, p. 346. (Fig. of cra

nidium, suggested to belong to Ct. pcctcn by Lake, 1913 .)  

1 864 0/cnus ( Sphær.) pecten. [partim] -- -· Salter, p.  9, pl. \'I I I ,  fig. 12.  (Descr. Fig. 

of pygidium. Fig. 13 'hows the thorax of another CtcnOPJ'!JC species.) 

1 864 0/cnus bisu/catus Phillips [ partim] - - Salter, p. R, pl. \"I I I , fig. 6.  (Fig. o f  

young cranidium.) 

1865 0/cnus (Sphærophtlzalmus) f>cc"/cn. ! partim] - - Salter, p. 482, figs. 4--5. 

(Figs. of pygidium and cranidium -..vith 7 attached thoracic segments. ) 

1 871 Sphærophthalmus pectcni. Salter -- Phillips, p. 68, fig. 3. (Fig. of pygiclium.) 

1873 Olemts (Sph ær . ) pcctcn, Salter - - Salter, p. 1 2 .  (Remarks, fig. o f  rest o red 

d01·sal shielcl.) 

1880 Ctcnopyge pcctcn Salt .  sp. -- Linnarsson, p. 16  ( 146) ,  pl. li  (VI ) ,  figs. 5-7. 

(Descr. Figs. of 3 pygiclia. Figs. 3-4, 8 ?, 9 are probably of Ct. /imwrssoni.) 

1 R80 Ctcnopygc concazoa n .  'Il· - - Linnarsson, p. 2 1  ( 1 5 1 ) ,  pl. II (\"I ) ,  figs. 1 0---1 1 .  

(Descr. Figs. o f  cranidium.) 

1892 Ctcnopygc pecten Salter sp. - - Mobcrg, p. 351, figs. 1-2. ( Descr. and figs. 

of pygidia.) 

1892 ?Ctenopygc pcctcn Salt. - - Matthew, p. 58. 

1901 Ctcnopyge pecten Salter -- Linclstrom, p. 29, pl. Ill ,  figs. 26-27. (Figs. o f  

free cheek with eyes and restm·e,\ cephalon.) 

1903 Ctenopyge p ecten , Salter - - :=-.fatthew, p. 229, pl. 1 7, fig. Sb. (A copy of one 

of Linnarsson's figs. of a pygidium. Fig. Sa is of a cranidium of the Ct. /innars

soni group.) 

1 9 1 3  Ctenop_yge pecten (Salter) - - Lake, p. 85, pl. IX, figs. 7-9 ; pl. X, figs. 1-7. 

(Descr. Figs. of all parts of clorsal shielcl.) 

1 922 Ctenopygc pecten ( Salter) -- \Ycsterg;trd, p.  160, pl . XII, figs. 26-33 ; pl. 

XIII, fig. l .  ( Discussion of pygiclium . Figs. of craniclia, free cheek, and pygiclia.) 

? 1 922 Ctenop)'gc affinis n.  sp . ., '  - - Westergårcl , p. 157, pl. XII, fig. 15. (Fig. of 

cranidi um. )  

1923 CtcnoP'J'OC pectcn Salter - - Poulsen, .p. 42, pl. I l ,  figs. 1-3. ( Descr. Figs. o f  

craniclium ancl 2 clorsal shie!cls with the ccphalon missing.) 

1946 Cten OP'J'[JC pecten ( Salter) - - Lake, p. 342. (Remarks on pygidium.) 

1 947 CtenoPsge pecten ( Salter) - - \\"estergårcl, pp. 17, 24, pl .  3,  fig. 12. ( Fig. of 

almost complete clorsal shield. Distribution in Sweclen. ) 

1952 Ctenopyge p ecten ( Salter) - - Hutchinson, p. 86, pl. I\-, f i gs. 7-8. (Remarks. 

Figs. of two craniclia which may bdong to this spccies.) 

T y p e  d a t  a :  - As lectotype should be chosen one of Salter's speCl

mens from the Vpper Lingula Flags at ?vialvern, England. 

D i  a g n  o s  i s : - A Ctenopyge species \vith : slightly tapering or almost 

parallel-sided glabella ; Sl united across glabclla, other glabellar furrows 

short ; oblique eye riclges ; centres of palpebral lobes opposite Sl or L2 ; 

intcrocular cheeks from about three-fourths a s  wicle to as \Vide as glabe11a 

at eye line ; postocular cheeks from l .S  times to twice as wide as occipital 

ring ; free cheeks with long flattened spine, short concave posterior lateral 

margin, and markedly longer, slightly convex anterior lateral margin ; thorax 
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with long flattened pleural spines, and pleural regions ( excluding spines) 

up to three times as wide as axis ; pygidium with about 7 axial rings, long 

axial spine, and pleurae (not united with .each other ?) with long flattened 

pleural spines. Hypostoma unknown. 

R e m a r k s : - The most remarkable feature o f  this species i s  the 

pygidium (cf .  p. 184) . Linnarsson ( 1880) assigned the cranidium o f  Ct. lin

narssoni to Ct. pecten, and erected a new species, Ct. concava, for the crani
dium of Ct. pecten (cf.  vVestergård, 1922, p. 160) . Ct. concava is thus a 

synonym of  Ct. pecten. 

The cranidia from Nova Scotia assigned to Ct. pecten by Hutchinson 
( 1 952, pl. IV, f igs. 7-8) do not show the characteristic wide postocular 
cheeks, but this may possibly be due to the preservation. In any case, the 
characteristic pygidium of Ct. pecten has been recorded from Canada by 
Matthew ( 1903, p. 229) . 

O c c u r r e n c .c : - Norway : Eiker ( Stablum core) , Ringerike (Viul) .  
- Zone of Peltura scarabaeoides, lower pant (2dy) , subzone o f  Ctenopyge 
linnarssoni. Associated with Peltura scarabaeoides scarabaeoides, Ctenopyge 

linnarssoni, Sphaerophthalmus humilis, and Sph. majusculus. - Sweden 
(same horizon) , Denmark ( Bornholm, same horizon) , England (1J pper 
Lingula Flags) ,  E. Canada (Peltu1·a zone) . 

Ctenopyge ( Ctenopyge) teretifrons (Angelin 1854) . 

Pl. 5. 

1854 Sphærophthal1nus tcretifrons. n. sp. - - Angelin, p. 49, pl. XXVI, fig. 10. (Brief 

diagn. Fig. of restored dorsal shield.) 

1880 CteMpyge teretifrons Ang. sp. - - Linnarsson, p.  152 (22) , pl. VI (Il), figs. 

1 2-13. ( Descr. and fig. of cranidium.) 

1913 Ctenopyge teretifrons (Angelin) - - Lake, p.  88, pl. X, figs. 9-10. (Descr. and 

figs. of cranidia.) 

1922 Ctenopyge teretifrons (Angelin) - - \Vester gård, p. 162, pl. XIII, fig. 6. (Fig. 

of cranidium. The free cheeks tentatively assigned to this species, belong to Ct. 
fletcheri.) 

1923 Ctcnopygc teretifrons Angelin - - Poulsen, pp. 44, 46, pl. I, fig. 16. (Descr. 

and fig. of cranidium.) 

1944a Ctenop·y,oge teretifrons (Angelin) -- \Vestergård, p.  42. (Remarks.) 

1947 Ctenopyge teretij1·ons (Ang.) - - \\.estergård, p. 26. (Distribution in Sweden.) 

1949 CtenoPJ•ge teretifrons (Angel in) - - Edmonds, p. 59. (Listed.) 

T y p e d a t  a :  -- As lectotype shoulcl be chosen a cranidium from 
Andrarum, Scania, Sweden, and from Angelin's material. 

D i  a g n  o s  i s :  - A Ctenopygc species with parallel-sided glabella ; 
S l  united across axis, other glabellar furrows very short ; straight, almost 
transverse eye ridges ; centres of palpebral lobcs opposite S2 ; interocular 
chccks almost l . S  times as ,\"ide as glabella at eye line ; postocular cheeks 
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about twice as wide as occipital ring ; postocular facial sutures oblique and 

slightly transverse. Other parts than cranidium unknown. 

R e m  a r k s :  - The free cheeks which tentativeiy vvere assigncd to 

this species by \Vestergård ( 1922) were shown by Paulsen ( 1 923) to belong 

to another Cten.op'yge species which \Vestergård later ( 1944a) ga,·e the name 

Ct. laticornis ( here regarded as a synonym of Ct. fletcheri �atthew 1901 ) .  

The cranidium o f  Ct. teretifrons resembles that o f  Ct. linnm·ssoni, and it 

seems probable that also their free cheeks are of the same type. 

O c c u r .r e n  c e :  - Sweden (Zone of Peltura scarabaeoides, subzone 

of Ctenopyge linnarssoni. Associated with Peltura scm·abaeoides scarabae

oides, Ct. pecten, Ct. linnarss01ti, Ct . .fletcheri, and S ph. hm-ni lis) ,  Dcnmark 

(Bornholm, same horizon) , England (' Cpper Lingula Flags) ,  \:Vales (Upper 

Lingula Flags) . 

Ctenop:;ge ? expansa ( Salter 1873 ) .  

1873 Olenus (Splzær.) cxpat�s!ls, n. sp. - - Salter, p. 12. ( Short clescr. o f  thorax.)  
187i Olenus (Sphærophthalmus) expaiiS!ts, Salter -- \Voodward, p. 47. (Listed.) 
1891 Olemts (Sphærophthalmus) e.rpansus, Salter - - \Voods, p. 149. (Listecl.) 
1900b Olenus (Ctenopyge ?) e;rpansus, Salter - - Reed, p. 306, pL XII, figs. 2-3. 

(Descr. and figs. of parts of thoraces, one with attachecl pygidium.) 
1913 Ctenopygz expansa ( Salter) - - Lake, p. 87, pL X, fig. 8. (Descr. and fig. of 

part of thorax.) 
1922 C [ tenop_yge] e.rpansa Lake - - \Vestergårcl, p. 156. ( Remarks.) 

T y p e d a t a : - As lectotype should be chosen one of the two speci
mens on which Salter founded this species ( figured by Reed, 1900, pl. XII, 
figs. 2-3) . They were found in the Upper Lingula Flags at :v.Ioel Gron. 

D i  a g n  o s  i s  - A Ctenopyge ? species with : thorax with pleural re
gions up to 3 t imes as wide as glabella and short broad-based pleural spines ; 
pygidium with wide pleural regions, resembling that of Burlingiidae. 

R e m  a r k s :  - Reed ( 1 900, p. 307) remarked that "it is extremely 
doubtful to what subgenus or e\-en genus this imperfect fossil should be 
ascribed" and included it tentatively in Ctenop:,:ge. Lake ( 19 1 3, p. 88) agreed 
in referring this species to Ctenopyge, as the peculiar plcurae of the spccies 
reminded him more of those of C t. pecten than those of any othcr trilobite 
'vith which he was acquainted. 

The pleurae of Ct. ? expansa apparently end in short recurved points, 
and thus differ from the lang spines in all other knmvn Ctenop:yge species. 
The pygidium ( Reed, 1 900, pl. XII, f ig. 2) is also rather peculiar, reminding 
one more o f  the pygidium of the Burlingiidae. Both thorax and pygidium 
somewhat resemble the ceratopygid (  ?) H edinaspis. For the time being, the 
species can be referred to as Cten.opyge ? expansa. 

O c c u r r e n c e :  -\Vaies (Upper Lingula Flags) .  



1957. No. l .  THE TRILOBITE F A�IIL Y OLECiliD_-\ E 2 1 1 

Ctenopyge ? oelandica vVestergård 1922. 

1922 Ctenop:;gc oe/audica n. sp. -- \\"estergård, p. 158, pl. �Il, fig. 18. ( De�cr. and 
fig. of cranidium .) 

1 947 Ctcnopyge oelandica Wgårcl. - -- \\-estergård, p. 24. (Distribution in Swe:len.) 

H o  l o t y p e  (by monotypy) : - The cranidium figured by \Vestergårc\ 
( 1922) from Degerhamn, S .  :Mockleby, O land, Sweden. 

R e m  a r k s :  - Only the cranidium is known of this species, and it is 
uncertain to which subgenus it belongs, if it does not belong to Sphacroph

thalmu.s. 

D i  a g n  o s  i s : - A  Ctenpyge ? species with : almost parallel-sided gla
beila ; S l  united across glabella, other glabellar furrows very short ; eye 
ridges oblique and curved ; centres of palpebral lobes opposite LI ; interocular 
cheeks about as wide as glabella at eye line ; postocular cheeks slightly \\'ider 
than occipital ring. No other parts than the cranidium known. 

O c c u r r e n c e : - Sw-eden (zone of Peltura mino1·. ) 

G e n u s  S p h  a e r  o p h  t h a l m  u s  A n g e  l i n  l 8 5 4. 

T y  p e s p e c i e s : - Trilobites alatus Boeck 1838, clesignated by 
Linnarsson, 1880. 

D i  a g n  o s  i s :  - Leptoplastinae with : slightly tapering glabella ; 
distinct occipital furrow and continuous Sl (may be shallow in middle part) , 
other glabellar furrows very short ; s1ightly to strongly oblique, straight or  
slightly convex eye ridges ; centres of palpebral lobes opposite LI to opposite 
L2 ; interocular cheeks less than half as wide as, to almost as wicle as glabella 
at eye line ; postocular cheeks less than half as wide as, to as wide as occipital 
ring ; free chceks with sl ender and relative! y short spine ; thorax with rela

tive! y short pleural spines ; pygidium ('"·hen knovvn) small and sub-triangular 
(or sub-semicircular ?) with very na-rrow pleural regions. 

R e m  a r k  s : - Linnarsson ( 1880) erected the genus Ctenopyge for a 
group o f  spccies which had earl i er becn included in S phae1·ophthal1nus, but 
retained Sph. . .flagellifer Angel in in Sphaeroph thalmus. Brogger ( 1 882) in
clucled the species in Cten o pyge, and this has since become the practice. 
Ctenopygc angusta \Vestcrgårcl 1922 is intcrmediate between Ctenopyge and 
Sphaeroph.thalmus. Its reference to Ctenop'yge, which is maintained here, 
means that the necessarily nther arbitrary border between these genera is 
drawn between this species and Sph .  alatu.s (= Sph .  major of Scandinavian 
authors) , which probably developecl from Ct. angusta. 

I n c l u cl e d  s p e c i e s : -

S phacroph.thalnzus alatus ( Boeck 1 838) 
Sph. alatus canadensis Matthe\Y 1894 (= Sph .  alatus) 

Sph .  hum ilis ( Phillips 1848) 
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Sph. major Lake 1913  
S ph .  majusculus Linnarsson 1880 

Sph. sphaenopygus (Angelin 1854) (= Sph. humilis) 

The insufficiently known Ctenop)!ge ?  oelandica may possibly belong to 

S phacrophthabnus. 
Sph. fletcheri Matthew 1903 is includcd in Ctenopyge, and so is Sph. ? 

parabola Cobbold 1934. 
O c c u r  r e n  c e :  - Zone of Peltura minor in N onvay, Sweden, Den

mark ; zone of Peltura scarabaeoides in Norway, Swedcn, Denmark, Polancl, 
England, \Vaies, E. Canada. 

P h y l o g e n y a n d r e l a t i o n s h i p s : - The carliest known 
Sphaerophtha!Jnus spccies in Scandinavia, Sph. alatus ( Boeck, non auctorum) 
from the uppcr part of the zone of Peltura minor, most probably developed 

from the slightly earlier Ctenopyge (Eoctenopyge) angusta, which differs 
only in minor fcatures, such as in having more prominent pleural spines, 
fixed cheeks with widcr genal fielcls, and wider postocular cheeks in rclation 

to the interocular cheeks. The next S phacrophthalntus species to appear in 
Scanclinavia, S ph.  hwnilis ( = S ph.  alatus auctorum, non Boeck) in the two 

lower zones of the zonc of Peltura scarabacoides, is apparently a descendant 
of S ph . alattts, but cliffers i. a. in ha ving the eyes further back, and the cheek 
spinc further forwards. It is aften accompanied by S ph. majusculus, which 

likewise has the eyes rather far back, but attains a grcater size and has wider 
fixed cheeks. S ph. majusculus is no doubt very dose to S ph. alatus ; it is  not 

impossible that they represent dimorphs of the same species. S ph. major in 
Great Britain is  not ,·ery well known, and its exact horizon is uncertain. 

Sphaerophthalm us alatus (Boeck 1838) . 

Pl. 2, fig. l.S ; pl. 5 ;  pl. 22, figs. 18--26. 

1838 Trilobites alatm mh. - - I3oeck, p. 143. (Short descr., cited by Stønner, 1940.) 

1857 Sphaerophthal11ms alat-us Boeck - - Ki erulf,  p. 92. (Listed. ) 

1865 Sphaerophthal111us Ang. alatus Boeck - - Kierulf, p. 2. (Listed.) 

1882 Sphærophthalmus alatus, Boeck [partim] -- Bri:igger, p. 1 19.  (Most of Bri:ig

ger's material belongs lo S ph. hwmilis. )  

? 1913 Splzærophthalmus major, sp. n .  - - Lake, p .  77, pl. YIII, figs. 7-9, 10 ?, 1 1 ? , 
12-13. ( Descr. Figs. of all parts of dorsal shield.) 

1922 Sphærophthalmus major Lake - - \\'estergård, p. 163, pl. XIII,  figs. 9-19. 
(Descr. Figs. of cranidia, free cheeks, and thorax.) 

1923 Sphaerophthalmus major Lake - - Poul sen, p. 47, text figs. 1 7a-b ; pl. I, fig. 15. 
(Descr. Figs. of cranidium, free cheek, and hypostoma.) 

1929 Sphærophthahmts major Lake - - Strand, p. 359. (Listed.) 

1934a Sphærophtlwlmus major -- Stormer, p.  332. (Listed.) 

1940a S phærophthalmus ala lus (Boeck) - - Stormer, p. 144, pl. l, figs. 16-17. (Descr. 

and figs. of lectotype cranidium.) 

1947 Sphaerophthalmus major Lake ? - - \Vestergård, p. 26. (Distribution in Swe:len ) 
:\on 1866 Olemts (Sphærophthalmus) a latus, Bæck - - Salter (= Ctenof'}•gc bi

Sillcata.. ) (See [m·ther und�r Sph. llllmilis ior material cnoncously <'lssignecl to 

.)'ph . alatus.) 
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T y p e  d a t  a :  - The lectotype (selected by Størmer, 1940a, p. 145) 

is a cranidium ( P.M.O. no. 56371 )  from the old alum shale quarry in Gamle

byen in Oslo, Norway. 

D i  a g n  o s  i s : - A Sphaerophthalmus species with : centres of eyes 

opposite L2 or S l ; interocular cheeks slightly more than half as wide as 

glabella at eye line ; postocular cheeks about two-thirds as wide as occipital 

ring ; free cheeks with spine in posterior part, posterior lateral margin 

slightly convex, almost straight and shorter than slightly convex anterior 

lateral margin ; thorax with pleural regions about two-thirds as wide as axis ,  

short pleural spines and at !east same axial spines. Pygidium unknown. 

R e m a r k s : - A restudy of the lectotype and associated fossils has 

unfortunately shown that Boeck's species is specif ically distinct from the 

S phaerophthabnus species referred to as S ph. alatus by aU authors after 

Boeck, except Kjerulf and Størmer, who deal with Boeck's type material. 

Thus S ph. alatus (Boeck) does not have the eyes situated as far back as 
aS ph. alatus auctorum", and consequently its eye ridges a. re less oblique. 
The free cheeks associated with the lectotype are all of the type bclonging to 
a species referred to as Sph. major by Westergård and other Scandinavian 
authors, not of the type with rather anteriorly situated spine as in aS ph. 

alatus auctorum". Furthermore, by splitting up the little piece of  rock con
taining the lectotype, I have found parts of Peltura minor and Ctenopyge 

twnida, which shows that it occurs in a lower horizon than asph. alatus 

auctorum". It is obvious that what has been called Sph. major by Scandi
navian authors, really is Sph. alatus ( Boeck) . "Sph. alatus auctorum" ( non 
Boeck) i

.
s conspecific with Olenus hu milis Phillips. This name, which was 

discarded under the false apprehension that it was a junior synonym of 
Sph. alatus, must now be revived. Whereas the true Sph. alatus Boeck 
( = S ph. major of Scandinavian authors) occurs in the upper part of the 
zone of Peltura 1ninor, Sph. humilis ( Phillips) ( = asph. alatus auctorum") 
occurs in the succeeding zone o f  Peltura scarabaeoides. 

The confusion arose when Linnarsson ( 1880) declared that his material 
of Sphaerophthalmus undoubtedly belonged to Boeck's Trilobites alatus 

(after ha ving seen Bock's type material) . Linnarsson's material, however, 
belongs to S ph. hu1·nilis. His mistake is understandable, as the cranidia of 
the two species resemble each other, and he probably did not see the dif
ference in the free cheeks. As a matter of fact, I had to dean same free 
cheeks in the type material in order to ascertain that they were not of the 
humilis type. Furthermore, Boeck mentioned some material from Andrarum 
in Scania, Sweden, as well as the material from Opslo ( = Gamlebyen in 
Oslo) ( from which the lectotype was selected) , and i t  i s  not impossible that 
this material belonged to the same species as Linnarsson's material. Linnars
son examined Boeck's material mainly to control Angelin's reconstruction of 
S ph. alatus, which is quite misleading. Incidentally, this reconstruction 
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causecl Salter ( 1 866) to belicYe that Olenus bisulcat�ts Phillips ( i .  c. Ctcn o

pygc bisulcata) V\'as conspecific vvith S ph. alatus. 

Although the Scanclinayian specimens attributecl to Sph.  mafor really 

belong to S ph. alatus ( Boeck) , this do es not nccessarily imply that the British 
spccies Sph. major Lake is a synonym of Sph. alatus ( Boeck) . Thus it is not 
certain that the tme S ph. alatus occurs in Great Britain. In this connection 
it is of interest to note that none of the other olenicl species associated with 
S ph. a! at us in Scandinavia, have so far been recordecl from Great Britain, 
:-:uch as Ctenopygc tumida, Ct. affinis, Peltum minor, and P. acutidens. 

Hutchinson ( 1 952) recorded Sph. major from Xova Scotia. As it occurs 

cominglecl with "Sph. alatus" (i. e. Sph. humilis) , it is probably not con

specific IYith the true Sph. alatus. 

D e s c r i p t i o n o f N o r w e g i a n m a t  e r i a l :  - Thi s  is based 

on Bocck's material from the type locality and stratum ( subzone o f  Cteno

pyge tum.ida) ,  when nothing else is stated. 

Cranidium with faintly tapering glabella in adult specimens and almost 
parallel-sided glabella in young specimens . Occipital ring with short axial 
spine. Occipital furrow distinct . clccpest at the sides. S l  well defined, united 

across glabella, but rathcr shallower at middle than at sides. S2 represented by 
a pair of  faint impressions at sides of glabella. Ccphalic axis well raised above 
fixed cheeks, and rather convex, especially in anterior part, which bends 
rather steeply down in front. Border upturned, slightly concave in dorsal 
view, convex in front vicw. Eye ridges oblique backwards, apparently more 
so in adult specimens than in young ones. Palpebral lobe slightly bent up. 

Centres of eyes slightly in front of transverse line through anterior ends 
of S2. Interocular cheeks about 2/3 as wide as glabella at eye line. Postocular 
chccks about as wide as occipital ring. At !east in some specimens the cra
nidium is very finely granulate. 

Free cheeks rather narrow, with spine probably no langer than genal 
field . Posterior lateral margin straight, and shorter than convex anterior 
lateral margin . Round eye often preserved, usually showing facets. 

Hypostoma elongate with rather convex area in middle, tapering back
wards, and resting as it seems, on a platform which bends dorsad ("down") 

posteriorly. A fine border can be seen on both sides. Triangular anterior 

wmgs . 

The thorax is preserved in a spee i men collected in a lo ose lens ( subzone 
of Ctenop3·ge tumida) at Vippetangen in Oslo. It consists of 9 segments , but 
the posterior segment is somewhat broken, and turned slightly upwards. It 

is possible that it carried a long axial spine. Most of the other axial rings 

are also damagcd in the middle, but in one the axial tube.rcle (base of spine ?) 
is  preserved. Thorax widest at 3rd segment. Pleural regions ( excluding 
spines) are narrO\\·er than axis . Pleural spines directed obliquely bachvards, 
outwards, and upwards . This specimen agrees well with a specimen from 
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Swcden figured by \Vestergårcl ( 1922, pl. XIII ,  fig. 19) . The Swedish 

specimen is prm·ided \vith a long axial spine on the 9th segment. 

Pygidium unknown, but as far as can be judged from the thorax it must 

be very small, possibly similar to the pygidium of Ctenopyge flagellifera, 
which apparently consi sts of only two segments . 

Specimens from the subzone of Ctenop}•ge affinis sccm to agree rather 

well with those described above, except that the postocular cheeks of the 

cranidia appear to be bent more strongly nntrad, in this respect approaching 

S ph. hu1nilis. 

The cranidia o f  S ph. alatus scem to reach a length o f  4 mm. 

O c c u r  r e n  c e :  - �onvay : Skien-Brevik district (Rognstrand 

core, Ombordsnes) ,  Eiker-Sandsvær (Teigen core, Stablum core) , Røyken 

(Nærsnes, Slemmestad) , Oslo (Gamlebyen, Tøyen) , Modum, Ringerike, 

Hadeland, Ringsaker (Evj evika, Steinsodden) , Snertingdal. - Zone of  

Peltura minor (2dfi ) ,  subzone of  Ctenopyge tumida and subzone of  Cteno

pyge affin is. Associated either with Ctenopyge tumida -+- Peltum 1nin.o1· + 

P. acutidens -+- Protopeltura planicauda, or with Ct. affinis -+- Peltura minor. 

- - Sweden (same horizon) ,  Denmark (Bornholm, same horizon) , 

?Canada. 

S phaerophthahnus hwnilis ( Phillips 1848) . 

Pl. 5 ;  pl. 22, figs. 7, 1 1-15. 

1848 Olenus humilis. n. s .  -- Phillips, p. 55, figs. 4---6, p. 347. (Figs. of 3 cranic\i<t, 
one with 4 attached thoracic segmcnts. Descr.) 

1854 Olenus sphænopygus. n. sp. -- Angelin, p. 43, pl. XX\', fig. 3. (Descr. an:! 
fig. of pygidium.) 

1854 Anopocare pusillum. n. sp. [partim ] - - Angelin, p. 50, pl .  XXYII, figs. 1-2, 

non la. (Incorrect figs. of young craniclia.  The pygidium belongs to Peltura 

scarabaeoides.) 

1864 Olemts (Sphæroph.) hmnilis, Phill. - - Salter, dec. XI, part VIII,  pl. VIII, 
figs. 9-11 ,  p. 7.  (Descr. Figs. of 2 cranidia based on Phillips' figs., and fig. of 
axial shicld.) 

1866 Olenus (Sphærophtlwlmus) hwniiis, Phil!. - - Salter, p. 302, pl. V, fig. 12. 

(Figs. of axial shield, pleural ends, and pygidium.) 
1871 Olemts humilis. Phillips -- Phillips, p.  68, fig. 8. (Fig. of axial shield.) 
1873 Olenus (Sp/tær.) humilis, Phi llips -- Salter, p.  12. (Remarks.) 
1880 Sphærophthalmus alatus Boeck sp. - - Linnarsson, p. 7 ( 137),  pl. I (V),  figs . 

6-10. (Descr. Figs. of cranidia, free cheek, and pygidium.) 
1882 Sphærophtalmus alatus, Boeck [partim] -- - Brogger, p.  1 19, pl. Il, figs. 14, 

14a. (Figs. of cranidium and pygiclium copiecl from Linnarsson. Some of Brog
ger' s specimens belong to Sph. alatus.) 

1 884 Spiirophtalmus alatus, Bocck - - Brogger, p. 257. (Rccorded.) 
1890 Sphærophthalmus alatus Boeck - - Pompeckj , p. 89, pl . IV, figs. 27, 27a. (De�cr. 

and figs. of cranidium.) 
1894 S phæropthalmus a/a fus, Boeck, var. Canadensis 11. var. [partim) -- Matthcvv, 

p. 107, pl. XVII, figs. lla-b. (Descr. Figs . of cranidia and free cheek Figs. 
12a-b = Ctcn.oPsge fletcheri.) 

1898 Sphæroph tlzalmus alatus - - Bjorlykke, p. 12. (Recorded.)  
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1901 Sphærophthalmus alatus Ang. [sic ! ]  - - Lindstrom, p. 29, pl. I ll, figs. 31-34. 

(Figs. of cephalon, free cheek, and sections of eyes.) 
1 902 Sphærophtaltnus alatus - -Schiøtz, pp. 17, 38. ( Recorded.) 
1903 Sphærophthalmus Fletcheri [partim] - - Matthew, p. 227, pl. XVII ,  figs. 7a-b, 

7e-f. (Descr. and figs. of cranidium, pygidium, and probably conspecific hypo
stoma. The free cheek belongs to Ctenopyge fletcheri.) 

1910 Sphaerophtalmus alatus - - Goldschmidt, p. 5, fig. 4. (Fig. of cranidium.) 
1913 Spltærophthalmus alatus (Boeck) - - Lake, p. 74, pl .  VIII, figs. 1-5. (Descr. 

Figs. of all parts of dorsal shield. The pygidium in fig. 6 may belong to Sph. 

ntajusculus.) 

1922 Sphærophthaltmt.s alatus (Boeck) - - \\'estergård, p. 165, pl. XIII, figs. 20-2:!. 
(Figs. of all parts of dorsal shield.) 

1923 Sphærophthalmus alatus Boeck - - Poulsen, p. 49. (Descr.) 
1927a Sphaeroptalmus alatus Baeck - - Czarnocki, p. 12. (Recorded from Poland.) 
1927b Spherophtal1Jlus alatus Boeck -- Czarnocki, p. 1 19. (Recorded from Poland.) 
1929 Sphærophthalmus alatus (Boeck) - - Strand, p. 359. ( Recorded.) 
1938 Sphaaophthalmus alatus (Boeck) - - Stubblefield, p. 29. ( Remarks on type 

material of Sph. humilis.) 
1946 Sphærophthalmus alatus ( Boeck) - - Lake, p. 341. (Remarks.) 
1947 SphærophthalmHs alatus (Boeck) - - \Nestergård, p. 26. (Distribution in Sweden. )  
1952 Sphaerophthahnus a/atus ( Boeck) - - Hutchinson, p. 88, pl. IV, figs. 12a-c, 

13-15. (Remarks. Figs. of cranidia, free cheek and pygidium.) 
1953 Sphaerophthalmus alatus Angelin [sic 1] -- Hupe, p. 78, fig. 32 : 4. (Fig. of 

section through eye, copied from Lindstrom, 1901.)  

T y p e  d a t  a :  - As lectotype should be selected a specimen from the 
type locality, between Fowlet Farm and Whiteleaved Oak, Malvern Bills, 
Great Britain ; namely one of the cranidia figured by Phillips in 1848. 

D i  a g n  o s  i s : - A S phaerophthalntus species with : centres of pal
pebral lobes opposite L1,  just behind S l ; interocular cheeks slightly less than 
half as wide as glabella at eye line ; postocular cheeks about half as wide as 
occipital ring ; free cheeks with spine in anterior part, posterior lateral mar
gin convex and langer than convex anterior lateral margin ; thorax with 
pleural regions about two-thirds as wide as axis, no ( ?) pleural spines, but 
axial nodes ; triangular pygidium with pleural regions half as wide as axis, 
or less. 

R e m  a r k  s :  - As discussed above, the true Sph. alatus (Boeck) is 
slightly earlier than, and not conspecific with S ph. humilis. For a long time 
Sph. humilis was believed to be a synonym of Sph. alatus. Since this is not 
the case, the name S ph. humilis is revived. Ole·nus sphænopygus Angelin 
1 854 i·s based on the pygidium of S ph. humilis (Phillips 1848) , and is thus 
a younger synonym. As pointed out by Linnarsson ( 1 880) , An opocare pusil

lum Angelin 1854 is based on young cranidia of Sph. alatus ( i . e. Sph. hu

milis) and a small pygidium of Peltum scarabaeoides. Lake (1913)  and 
Westergård ( 1922) suggest that Sph. alatus canadensis Matthew may be 
identical with S ph. alatus ( i .  e. S ph. humilis), and this is verified by 
Hutchinson ( 1952, p. 89) , who has examined Matthew's type material. 
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Matthew's "narrow form" of Sph. alatus canadensis apparently belongs to 

C tenopyge fletcheri. 

S ph. hu mil is has been described in detail by Lake in 1913 (under the 

name S ph. alatus) . Good illustrations of it has also been given by vY ester

gård in 1922 (likewise under the name Sph. alatus) . The Norwegian speci

mens quite agree with the British and Swedish specimens. 

Well preserved cranidia show a minute granulation on the surface, 

except in the furrows. The occipital ring was probably always furnished 

with a spine, although this is often broken .off, especially in limestone speci

mens. There is a tiny node in front of the spine, but it is only seen in well 

preserved specimens. The }argest cranidia in the Norwegian material are 

about 3 mm long. 

The hypostoma which probably belongs to this species, is tongue-shaped, 

with the central convexity forming a rather narrow median ridge. This type 

of hypostoma is rather common in samples containing Pelt'ttra scarabaeoides 

scarabaeoides, Ctenopyge species and Sphaerophthalm.us species. It cannot 

belong to Peltura, which has a larger and quite different hypostoma. It prob

ably does not belong to any of the associated Ctenopyge species, as these are 

comparatively rare, whereas the Sphaerophthahnus species occur abundantly. 

As Sphaerophthabnus humilis on the whole is more common than Sph. majus

culus, it seems reasonable to assume that S ph. humilis had this type of hypo

stoma. It is, however, quite possible that Sph. majusculus had a rather simi

lar hypostoma, perhaps not even distinguishable from that of Sph. humilis. 

Unfortunately, no hypostomae have been found in situ in these species. 

O c c u r  r e n  c e : - Norway : Skien-Brevik district, Eiker, Sandsvær, 

Røyken, Oslo, Modum, Ringerike, Hadeland, Valdres, Hamar district, Rings

aker, Brummunddalen, Østerdalen (Glomstad, Ulvåen) . - Zone of Peltwra 

scarabaeoides, lower part (2dy) , subzone of Ctenop3'ge bisulcata (associated 

with Peltura scarabaeoides scarabaeoides, Sph. maju.scuhts, and Ctenopyge 

bisulcata) , and subzone of Ctenopyge linnarssoni (associated with Peltura 

scarabaeoides scarabaeoides, + Ct. linnarssoni, + Ct. pecten, + Ct. fletcheri) . 

- - Sweden (same horizons) ,  Denmark (Bornholm, same horizon) , Poland 

(Upper Cambrian) ,  England (Upper Lingula Flags) ,  Wales (Upper Lingttla 

Flags) ,  E. Canada (Peltura zone.) 

Sphaerophthalmus major Lake 1913.  

1 9 1 3  Sphaerophthalmus major, sp. n. - - Lake, p .  7 7 ,  p l .  VII I,  figs. 7-13. (Descr. 

Figs. of all parts of dorsal shield.) 

1949 Sphaerophthalmus nwjor Lake - - Edmonds, p. 60. (Listed.) 

Sphaerophthalmus major Lake of \�'estergård ( 1922, 1947) , Poulsen ( 1 923) ,  Stran:l 

(1929) ,  and Størmer ( 1 934) belongs to Sph. alatus (Boeck). 
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T y p e d a t a :  - As lectotype should be selected one of the specimens 

describecl by Lake ( 1 9 1 3 )  from the l:pper Lingula Flags in Great Britain. 

R e m  a r k  s :  - The exact stratigraphic posilion of Sph. major is  un

fortunatcly not known. It is possible that the specimens f igurecl by Lake 
( 1 9 1 3, pl. VIII, figs. 7-1 3) do not at all bclong to one species, so that the 

concept of the species thus depends on the choice of lectotype. H i s  fig. 7 
shows a cranidium which may belong to S ph. alatus ( Boeck) . Fig. 9 shows 

a clorsal shield without pygidium. Its free cheek has a long and convex 

postetior margin, thus remincling o ne of S ph. lzu m ilis. Fig. 12 is of an in

complete dorsal shield without pygidium. The spine of the free cheek is 

langer than in Sph . a!atus and Sph. h u m ilis and reminds one more of Cteno

p-yge. Fig. 10 shows a thorax with attached pygidium. This specimen differs 

from the thoraces in figs. 9, 12, and 1 3  in showing no pleural or axial spines, 

but thi s may possibly be due to the preserYat ion. Its pygidium di ffcrs from 

those of S ph. humilis and S ph. majusculus. 

Matthew's "narrow form" of Sph. alatus cana.densis was assigned to 

Sph. m inor by Hutchinson ( 1952, p. 90) ,  who also assigned some more cra

niclia to Sph. min or. Both Matthew's and Hutchinson's specimens seem to 

belong to Ctenopyge fletcheri. 

O c c u r r e n c e : - England (Upper Lingula Flags) , Wales ("Cpper 

Lingula Flags) . 

S phacrophthalmus majuswlus Linnarsson 1 880. 

Pl. 5 ;  pl. 22, figs. 16---17. 

1880 Sphærophthal111us 111a.jmwl-us n. sp. -- Linnarsson, p.  11 ( 141) ,  pl. I (V), i:gs. 

1 1-12. ( Descr. and figs. of o·anidium and pygidium.) 

1882 Sphæ1·ophthalmus majuswlus, Linrs. ' -- Brogger, p. 120. (Recorded.) 

1913 Sphæ1·ophthalmus ala/us (Boeck) [partim] - - Lake, p. 74, pl. VIII, fig. 6 only. 

( Fig. of pygidium suggested to belong to Sph. majusculus by Westergård, 1922, 

p. 166. Cf. also Lake, 1946, p. 3-H.)  

1922 S phærophthalmus majusculus Li1marsson -- \Vestergård, p. 166, pL XIII, figs. 

30-35. (Descr. and figs. of cranidia and pygidia.) 

1929 S phærophthalmlls maj-ztscul11s Lnrs. - - Strand, p. 359. (Recorded.) 
1934a Sphærophthalmus majusculus - - Størmer, p. 332. (Listed.) 

1946 Sphæ?·ophthalmns majusculu.s Linnarsson - - Lake, p. 34 1. (Remarks.) 

1947 S phaerophthalmus majuscul11s Linrs. - - \\'cstergånl, p. 26. ( Distribution m 

Swedcn.) 

T y p e d a t  a :  - The species is based on the pygiclium, and as lecto

type I select the pygidium figured by Linnarsson ( 1880) and refigured by 

\Vestergårcl ( 1922, pl. XIII, fig. 33) , from Anclrarum, Scania, Sweden. 

D i a g n  o s i s :  - Differs from S ph.aerophthalnuts alatus in ha ving 
wider fixed cheeks (width at eye line about three- fourths that of glabella) 
and pygidium with wider pleural regions (up to as wide as axis) . Free cheeks 
and thorax unknown. 
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R c m  a r k  s :  - The pygidium of Sph . mafuscztlzts resemblcs that o f  
S ph. hwnilis, btit has markedly wider pleural areas. A s  long a s  n o  axial or 

dorsal shields of  Sph .  mafuswlus haYe been found, i t  i s  not certain that the 
type of cranidium attributed to this species really belongs to it, but, as dis

cussed by \Vestergård ( 1922, p. 166),  this is most probably the case. The 

cranidium attributed to S ph. mafusculus re�embles that of S ph. hum i lis, but, 
as in the pygiclium, the lateral arcas ( fixcd cheeks) are \\-ider. Furthermore 
the glabella of S ph. majuswlus is less com·ex arid less ra i sed abO\'C the fixed 
cheeks than in Splz. hum ilis. It differs from Sph. hu.milis also in having no 
occipital spine, but a tiny node corresponding to the tiny node in front o f  
the occipital spine i n  S ph. hwnilis. I n  same specimens the surface is  finely 
granulate, as in Sph. hum ilis. 

The dif ferences between the pygidia and craniclia of Sph. majusculus 

and Sph. hum ilis are not greater than that one might suspect them to be 

sexual rather than specific. The free cheeks o f  S ph. majusculus are still 
unkno-vvn, but in a stinkstone lens from Viul, Ringerike, Norway, containing 

pygidia and cranidia of both S ph. majusculus and S ph. hwnilis (and  in ad
dition only Peltura scarabaeoides scarabaeoides and Ctenopyge fletcheri) , 
I have found two different kinds of free cheeks. Their eyes are set far back, 

and apparent! y both belong to S phaerophthalmus. One of the types has the 
spine far fonvards, and also agrees in other features with the free cheek 
assigned to S ph. humilis. The other type has the spine near the eye. It i s  
possible that this second type o f  free cheeks belongs t o  S p h .  majusculus, 

which in that case i s  more distinct from S ph. hwnilis than shown by the 
pygidium and cranidium. 

The free cheeks hcre attributed to S ph. m ajuscu}us, res em ble those of  
Sph. alatus, with a relatively lang spine far back. I t  differs from that of  
S ph .  alatus in ha  ving a relatively larger eye, placed eyen further back, and 

in ha ving a narrower genal field. The border is wider than i n  S ph. alatus, 

and i n  this fea ture approaching S ph. humilis. The facets of  the eye �an of  ten 

plainly be seen . The genal f ield inside the border is  f inely granulate, just as 
the cranidium. 

The thorax and hypostoma of S ph. m ajusculus are unknown, but it is  
possible that the hypostoma resembles that of S ph.  hum i/is so much that same 

of the hypostomae assigned to the latter really belong to S ph. majusculus. 
An unusually large cranidium in the No rwegian material is 4.5 mm 

long and 7.5 mm wide. 

O c c u r  r e n  c c :  - Norway, Røyken ( Slemmestad) ,  Oslo, Modum, 
Ringerike (Viul) , Hamar district (Romedal ) ,  Snertingdal, Ringsaker (Evje
vika ) ,  Brummunddalen. - Zone of P el tura scarabaeoides, lower part (2dy) ,  
subzone of Ctenop3•ge b isulcata (associated with Peltura scarabaeoides scara
baeoides, S ph. huntilis, -+- Ct . b isulcata) , and subzone of Ctenopyge linnars

soni (associated with Peltura scarabaeoides scarabaeoides, Sph. humilis, + 

Ctenop)•ge fletcheri ) .  - - Sweden ( same horizons),  ?England (Upper 
Lingula Flags, cf. \Vestergård, 1922, p. 166) . 
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Subfamily Pelturinae Corda 1847. 

Pl. 2, figs. 1-14. 

T y p e  g e n u s :  - Fe/tura Milne Edwards 1840. 
D i  a g n  o s  i s : - Olenidae with free cheeks without spine. Exceptions : 

Protopeltura and same species of Peltura with straight spine deviating from 
course of lateral margin, but with typical pelturoid cranidium. 

R e m  a r k s :  - Corda ( 1 847, p. 1 18) erected a family Pelturides : 
A subfamily Pelturinae was erected by Harrington & Leanza ( 1952, p. 195 ) .  
Jujuyaspinae ( recte Jujuyaspidinae) Hupe ( 1 953, p .  207) i s  regarded here
as a synonym. 

G e n u s P r o t o p e l t u r a  B r o g g e r l 8 8 2.  

T y p e s p e c i e s : - When Brogger erected Protopeltura as a sub
genus o f  Peltwra, he included in it only one species, which he believed to be 
conspecific with O lenus ? acanthurtts Angelin 1854, and which he conse
quently referred to as Protopeltura acanthura Angelin. Moberg & Moller 
( 1898, p. 265 ) were the first to discover that Brogger's material did not 
belong to Angelin's species, and that the latter is a Parabolina species. vY ester
gård later ( 1909) gave the name Peltura præcursor to Brogger's species. In 
1922 (p. 168) Westergård revived the name Protopeltura for a pelturine 
genus, and regarded P. præcur sor (Westergårcl) ( = P. acanthura Brogger 
non Angelin) as type species. As P. acanthura Angelin was the only species 
assignecl to Protopeltura by Brogger, it should strictly be regarded as the 
type species. I have proposed to the International Commission on Zoological 
N omenclature to designate P. praecursor as type species, since this is the· 
species Brogger had at hand, and to prevent Protopeltura from becoming 
a synonym of Pa.rabolina ( Bull. Zool. A omencl., 12.  pt. l, pp. 31-32) . 

D i a g n o  s i s :  - Pelturinae with : glabella rounded or truncated in 
front ; glabellar furrows not united across glabella ; short or no preglabellar 
field ; small palpebral lo bes far forwards and dose or moclerately dose to 
glabella ; fixed cheeks from about ane-half to about three- fourths as wide 
as occipital ring ; free cheeks with spine which deviates slightly from course 
of lateral margin, and with �traight posterior margin ; thorax with lO( ?) 

to 12 segments, pleural spines, and pleural regions three-fourths as wide to 
slightly wider than axis ; sub-triangular to sub-semicircular pygidium with 
or without marginal spines. 

R e m  a r k  s :  - B rogger erected Protopeltura for a subgenus of Pel
tura with cheek spines, and transverse pygidium with marginal spines. Lake 
( 1919)  regarded Protopeltura as a synonym of Peltura. Westergård did the 
same at first ( 1909) , but later, when Protopeltura praecursor was hetter 
known, and related species had been described, he ( 1922) regarded Proto
peltura as a distinct genus, which has since been the general practice. Lake 
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( 1919, p. 96) pointed out that a subcle\·ision of  Fe/t ura and alliecl genera 
according to the presence or absence of marginal spines in the pygidium 
does not lead to a satisfactory grouping, and vVestergård ( 1922) included 
species with entire pygidium in  Protapeltura. According to vVestergård's 
cliagnosis, Protapeltura cliffers from Peltura also in having a preglabellar 
field in front of the glabella. Now that P. bidentata and P. planicauda are 
-inclucled in Pratapeltura, this di fference does not apply any more ; the main 
difference being that Pratapeltura has a well developed cheek spine, deviat
ing only slightly from the lateral margin, whereas Peltura has no spme or 
a small spinc almost at right angle to the lateral margin. 

I n c l u d e cl  s p e c i e s  a n d  s u h s p c c i e s : -

Protapeltura aciculata aciculata (Angelin 1854) 
P. aciculata pusilla Westergård 1922 
P. bidentata (Brogger 1882) ( earlier : Peltura) 

P. braeggeri (Holtedahl 1910) ( earlier : Leptaplastus) 

P. holtedahli n. sp. 
P. ·intermedia Westergård 1922 
P. planicuda (Brogger 1882) ( earlier : Peltura) 

P. praecursar vVcstergård 1922 
and possibly als-o 
P. ? solitaria (vVestergård 1922) (earlier : Be!tcl!a) 

A Pratopeltwra sp. is recorded from the Upper Cambrian in Poland by 
Czarnocki ( 1927a, p. 1 1 : 1927b, p .  1 98) . 

P?·atope!tum praecursar vVestergård var. ? dcscribed from Siberia 
(Vologdin, 1940) may possibly be a Pratapeltura spccies, but resembles also 
Parabalina, as far as can be judged fr-om the figures (1. c., pl . XLIX, figs. 5, 
Sa-c) . 

P. acanthura tetmcanthura Matthew 1892 is a Parabolina specics, and is 
now referred to as Parabolina tetracanthura. Protop eltura granulosa Har
rington 1938 was declared a synonym of Parabalinopsis (here : Lepto

f'lastides) ·mm·iana Hoek 1 912  by Harrington & Leanza (cf. Harrington & 
Kay, 195 1 ,  p. 662 ) .  

O c c u r  r e n  c c :  - Parabalina zone i n  Norway and Sv.·eden ; Lepto

p!astus zone in Sweden ; zone of Pratopeltura praecursor in Norway and 
Svveden ; zone of Peltura min ar in Norway, s,.,.·eden, and England (cf. p.  48) . 
l:pper Cambrian in Poland. 

P h y l o g e: n y a n el r e l a t i o n s h i p s : - As discussed above 
(p.  1 14) , the earliest known Pratapcltura species, P. aciculata, is very dose 
to the earliest known Parabolina species, P. b1•evispina. They occur at the 
base o f  the Parabalina spinulosa zone, in the subzone of Parabolina brevi

spina just above the Olcnus zone, and belong to a stock which no doubt devel
opecl from Olcnus. Prata peltura. ac iculata is diYided in to two subspecics, 
acicu!ata and the succeeding pusilla, which differ only in minor details. The 
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only Protopcltura species knmn1 from the onrlying Leptoplastus zonc i s  
p_  intermedia, which differs from P.  aciculata i .  a .  in  having shorter pre

glabellar field and narrower fixed cheeks. P. holtedahli n. sp. and P. broeg
geri both come from the transitional becls between the Leptoplastus zonc and 
the zone of Protopel!ura praecursor, although they are not associated. P. 
broeggeri is interesting because it has rather wide interocular and postocular 
chceks, thus recalling Olenus. X everthelcss, it is no doubt closely related to  
other Protopeltura species, and thus shows that the typical Peltura-cranidium 
of the other Protopeltura species and of succeeding genus Peltum had not 
yet become quitc stabilized. Protopcltura holtedahli n. sp. i s  dose both to the 
preccding P_ intermedia and the succeeding P. praecursor, although it diffcrs 
from both in ha ving vvidcr fixed cheeks. P. praecttrsor ( from the zonc of 
�hat namc) di ffers from al l  the earl icr species in having a pygidium with 
marginal spines, but is obviously n:ry dose to them and must have devcloped 
from a form with entire pygidium . Like all the earlier specics, P. pmecursor 
has a preglabcllar ficld, but i t  is very short, and its closely related successor, 
P. bidentata. from the base of the zone of Peltu.ra m inor, has no preglabellar 

field at all. \Vhcreas P. praecursor has 2--4 pairs of  marginal spines in the 

pygidium, P. bidentata has a pygidiurn with 1-2 pairs of marginal spines, 
and, as a new feature, flattened border. The latest known Protopeltura spe
e ies, P_ planicmtda, appears sl ightly after P. bidcntata and is connected with 
it through intermecl iate forms. P. planicuda agrees with P. bidentata in most 
features, thus also in ha,·ing no preglabellar f ield, but its pygidium has a 
more expancled flattcnecl border. P_ planicanda occurs associated with species 

of the genus Peltura, \Yhich no cloubt developed from P�rotopeltura 
(cf .  p. 232) . 

p,-otopcltura aciculata aciculata ( Angelin 1 854) . 

PL 3. 

1 854 OlcllltS aciwlatus. n. sp. - - Angelin, p. 44, pl. XXY, fig. 6_ (InexpressiYe 

diagnosis. Rough, partly inadequate fig. of dorsal shield.) 

1922 Protopellurct aciwlata (Angelin) -- \\'estergård, p. 169, pl. XIV, figs. 3-13. 

(Descr. Figs. of axial shield, cranidia, free cheeks, fragments of thoraces, pyg:

dia, and hypostoma. )  

1947 Protopeltura aciculata (Ang.) - - \ \'estergårcl, p .  26. (Distribution i n  Swcden.) 

T y p e  d a t  a :  - \Yestergårcl ( 1 922) pointed out that Angelin's type 
specimen is m issing. As lectotype I select the axial shield f igured by \Vester
gård ( 1 922, pl . XIV, fig. 6) , from Andrarum, Scania, S·weden. 

D i a g n o  s i s :  - A Protopelt�tra species with : cephalic axis well 
rounded in front ; relatiYCly long preglabellar field ; S l  and S2 distinct ; 
interocular cheeks about half as widc as glabella at eye l ine ; postocular 
checks about as wicle as occipital ring ; free checks \Y ith slightly acute to 
slightly obtuse inner spine angle : 1 2  thoracic egments ; pygidium sub-semi· 
circular, entire or \Y i th one pair of small marginal sp ines . 
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R e m  a r k  s :  - The hypostoma tentatiYely assigned to this species by 

Westergård ( 1922, pl . XIV, fig. 1 3 ) ,  probably belongs to it, as it i s  rather 

like the hypos.toma of the closely relatcd P. aciculata pusilla. 

O c c u r  r e n  c c :  - Sweden : Parabolina spinulosa zone, subzone of 

Parabolina brevisphw. Alonc, or associated with Parabolina brevisp·ina and/or 

Orusia lenticularis. 

Protoj1 eltura ac iculata pusilla \Vestcrgård 1922. 

Pl. 3 ;  pl .  23, figs. 1-6. 

1922 Protopeltura aciculata pusilla n. nr. - - \\'estergård, p.  171, pl. XI\·, figs. 

14-17. (Diagnosis. Figs. of cranidium, free cheek, and pygidia.) 

1947 Protopeltw·a aciculata pusil/a Wgård. - - \\'estergård, p.  26. (Distribution in 

Sweden.) 

T y p e d a t  a : - As lectotype I select the cranidium figured by V\' ester

gård ( 1922, pl. XIV, fig. 14) ,  from a local boulder, Funas, Myssjo parish , 

Jamtland, Sweden. 

D i a g n  o s i  s :  -Differs from Pro topelttwa acictdata aciculata in bcing 

smaller, having truncate glabella, wiclcr free cheeks, and rounded sub

triangular pygidium. 

R e m  a r k  s :  - The Norwcgia11 specimens conform well with the 

Swedish specimens described by Westergård ( 1922) , but include also more 

or less entire axial and dorsal shields and hypostomae. The thorax resembles 

much that of P. aciculata aciculata, having 1 2  segments with pleurae pro

truded into short spines, and with short axial spines. The axial spines are 

often broken off, but may be seen in extcrnal impressions. The large size 

of one axial shield (with detached pygidium) might suggest that it belongecl 

to P. aciculata acicula.ta. Its pygiclium i s  incomplete (and preserved as an 

impression) , and does not gi ve any clue as to which subspecies the specimen 

belongs. The cranidium has a rather truncatecl glabella, which suggests 

P. aciculata pusilla. As the specimen furthermore is associated with numerous 

detached parts o f  P. aciculata pusilla, I believe that it belongs to this form . 

The cranidium of this specimen is 4.3 mm long. The associated, and no doubt 

conspecific hypostomae, are, as one might expect, rather similar to that 

as.signed to P. aciculata ac-iculata by \iVestergård ( 1922) , and rcsembles also 

the hypostoma of Parabolina brevispina.  

O c c u r  r e n  c e : - Korway : Sandsvær (Gjøgrefoss ) ,  Røyken ( Slem
me tad, Dødalen) ,  Oslo (Gamlebyen, Prinsensgate) , Ringerike ( S  of H''als
moen) , Hadeland (Boulder at Mæna) : Zone o f  Parabolina spinuJosa (2b) , 
subzone of  Parabolina spinulosa,. Alonc, or associated wi th Parabolina spinw
losa, and/or O rus i a lenticularis. - - S\Yeden ( same horizon) . 
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Proto peltura bid entata ( B rogger 1882) . 

PI. 6 ;  pl. 24, figs. 6-10. 

1882 Peltura bidcntata, n. sp. - - Bri:igger, p. 106, pl. Il, figs. 7, 7a. ( Short descr. 
Figs. of axial shield and cranidium.) 

1922 Protopeltura praecursor (\Vestergård) ? - - Westergård, p. 172, pl. XIV, fig. 30. 
(Remarks. Fig. of pygidium.) 

T y p e  d a t  a :  - As lectotype I select the axial shield (P.M.O. no. 
H272 1 )  figured by Brogger ( 1882, pl. II,  fig. 7) . I t  is associated with Cteno
pyge modesta n. sp. and was collected by Brogger in 1 880 at Slemmestad in 
Røyken, Norway. 

R e m  a r k  s : - The free cheeks of this species were earlier not known. 
They have now been found, and proved to ha,·c a spinc, for which reason 

. the species i s  transferred to Protopcltura. 

D i a g n  o s  i s :  - A Protopeltura species \vith : no preglabellar field ; 
Sl  and S2 distinct, S3 and S4 faintly impressed or obsolete ; palpebral lobes 
far forwards and dose to glabella ; pQstocular cheeks about half as wide as 
occipital ring, which carries small axial node ; thorax vvith 12 segments and 
relatively long pleural spines ; pygidium with flattened border, 1-2 pairs of 
marginal spines, 3 axial rings and �cmi-conical prolongation of axi s  rcaching 
poste rior border. 

D e s c r i p t i o n :  - This is based on detached parts and two axial 
shields preserved in l imestone. The largest cranidia are 7 mm long. 

Craniclium with cephalic axis tapering slightly forwards. Glabella trun
cated in front, but with roundcd corners. Occipital ring with small axial node. 
Occipital furrow distinct. S l  bent obliquely backwards, with geniculum. S2 
directed less backwards, without geniculum. S3 cleYeloped as faint and short 
furrow midway between axial furrow and sagittal line. No preglabellar f ield. 
Eye ridges faint, short, and directed obliquely backwards. Palpebral lobes 
small, opposite S3.  I nterocular chceks small, width about one-fifth of that 
of glabeUa at cye line. Postocular chceks about half as wide as occipital ring. 
Surface appcars smooth, but is very finely granulated. 

Free cheeks with well developed spine. Inner spine angle obtuse. Genal 
caeca may be present. 

Hypostoma unknown. 

Thorax with 12 segments. Axis wider than pleural regions antcriorly, 
about as wide as pleural regions posteriorly. Fulcrum closer to axial furrow 
than to pleural cnds. Pleurae with slcnder, but not very long spincs. Axial 
rings with axial node. 

Pygidium sub-semicircular. Axis with hvo rings and end lobe. A semi
conical prolongation o f  axis reaches posterior margin. Border flattened. One 
pair of marginal spines, and a pair of "bends" of margin bchind the :spinc:s. 
1 n a pygidium with two pairs of spines, the posterior pair corresponds to the 
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"bends" in the others. The pygidium with two pairs of spines occur asso

ciated with the same species as Proto peltura bidentata, and I do not think 
it is nccessary to assign it to a separate species or subspecies. 

O c c u r r c n c e : - Norway : Røyken (Slemmestad), Oslo (Tøyen). 
- Zone of Pel tura min or (2clfi), subzone of Ctenopyge similis. Associated 
with Ctenopyge similis n. sp., Ct. modesta n. sp. -+- Parabolina mobergi. -

Sweclen ( Vastcrgotlancl, same horizon). 

Protopeltura brocggeri ( Holtedahl 1910) . 

Pl. 6 ;  p!. :23, figs. 7-Li. 

1910 Lcptoplaslus Broggcri, noY. sp. [panim] -- Holtedahl, p. 18, pl. III, iigs. 2, 
4--10.  (Descr. Figs. of part of cranidium, part of thora.x, pygidium, hypostoma. 
larva! axial shielcl, larva! cranidium and larva! pygidium.) 

1922 Leptoplastus Broggeri Holtedahl-- vVestergård, pp. 110, 1 1 1 ,  Lil. (Remarks.) 

T y p e d a  t a: - As lectotype I select a pygidium, figured by Holte
dahl (1910, pl. Ill, fig. 6). It is associated with other detached parts of this 
species in a stinkstone lens, collected by Holtedahl in 1908 at Slemmestad, 
Røyken, Norway. 

Re m a r k  s : - Holtedahl ( 1910) based his description of Leptoplastus 

Broggeri on two dif ferent species ( exduding the cranidium in his pl. III, 
fig. 1 1, which probably belongs to neither of them), namely a Leptoplastus 

species and a P1'0topcltura species. His description of the cranidium sui·ts 
both species, and he figured a cranidium of each of them. The free cheek 
described belongs to Leptoplastus, whereas the thorax and pygidium belong 
to Protopeltura. Since Holtedahl assigned his species to Leptoplastus (al
though with some doubt) ,  it would perhaps have been most natura! to retain 
Holtedahl's name for the Leptoplasft�s species. As the Leptoplasfus species 
ha:s been described by Westergård ( 1922) as Ctenopyge neglecta and the 
Protopeltura species has not been named by any others, I have found it most 
practical to retain Holtedahl's name for the Protopeltura species, thus avoiding 
that Leptoplastus neglectus becomes a synonym. Eight of Holtedahd's illu
strations are of Protopeltura broeggeri, only two are of Leptoplastus 

neglectus. 

D i  a g n  o s  i s : - A Protopeltura species with : relatively long pre
glabellar field; Sl and S2 distinct; interocular cheeks about half as wide 
as glabella at eye line; postocular cheeks slightly wider than occipital ring; 
widest pleurae up to l.S times as wide as axis ; with entire, rounded sub
triangular pygidium with 3 axial rings and end lobe. Number of thoracic 
�egments unknown (probably 12). 

D e s c r i p t i  o n :  - This is based on detached parts of the dorsal 
shield, and an incomplete young dorsal shield, all preserved in limestone. 
The cranidia reach a length of  4.5 mm. 

Vid.-Akad. Skr. I. M.-X Kl. 1957. ?\o. 1. 15 
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Cranidium slightly more than twice as wide as it is long. Cephalic axis 
tapering only very slightly forwards, roundecl and somewhat truncated in 
front. Occipital ring \vith two nodes, onc in front of the other. Occipital 
furrow distinct, deepest halfway between sagittal line and axial furrow. 
Sl clearly seen, but not so deep as occipital furrow. Outer parts straight, 
:nner parts cun-ed somewhat backwards, just reaching inner third of gla
bella. S2 rather similar, but eYen less well impressed, and less curved back
wards. S3 missing, or deYeloped as faint impressions michvay between axial 
furrow and sagittal line. Preglabellar field well developed. Border narrow, 
widest at sagittal line. Eye ridges distinct, transverse, or running slightly 
backwards. Palpebral lobes small, flexed slightly upwards, and with <::entres 
opposite S3. vVidth of interocular cheeks about one half of that of glabella 
at eye line. Postocular cheeks somewhat wider than occipital ring. Surface 
appears smooth, but may be seen t0 be granulated on a very small scale in 
some specimens. Faint genal caeca cross the preglabellar field in some 
speCJmens. 

Free cheeks of pelturoid type, and with a small and slender spine. Border 
well developed. Genal angle obtuse. Genal caeca are often seen. 

Hypostoma with rather com·ex central body with a pair of maculae 
posteriorly. Border moderately wide, bent dorsal ("down") posteriorly. 
Posterior margin convex and entire. 

Thorax known from parts only. In a small dorsal shield where the 
posteriormost part is missing, there are 10 or 1 1  thoracic segments. Another 
specimen consists of the 7 anterior segments. The 4th segment from the 
front is the widest, with pleurae about one and a half time as wide as axial 
ring. Pleural spines short and broad-based. External impressions of detached 
segments show that the axial ring had a small spine or node. 

Pygidium sub-triangular, entire, slightly more than twice as wide as 
long. Axis with two rings and end lobe of two fused rings. 

A f f i n i t i e s :  - The cranidium of Protopeltura broeggeri is not very 
pelturine-like with its well-developed preglabellar field and rather wide post
ocular cheeks. However, its free cheeks, thorax, pygidium and small eyes 
betray the pelturine, although the pleural regions are wider than usual in 
early pelturines. P. broeggeri is no doubt close to P. aciculata, which has 
narrower pleural regions. It is  easy to understand how Holtedahl could mix 
P. broeggeri and Leptoplastus neglectus, as their cranidia are rather similar 
and of about equal size. The cranidium of L. neglectus differs i. a .  in having 
larger palpebral lobes and consequently shorter postocular cheeks. 

O c c u r r e n c e :  - N' onyay : Eiker ( Stablum co re) , Røyken ( Slem
mestad) . - Exact horizon tmcertain, but somewhere between beds wrth 
Leptoplastus angustatus and beds with Leptoplastus neglectus. It occurs 
alone, and may possibly belong to the subzone of Leptoplastus stenotus. Since 
it has never been found together with L. stenotus, it seerns more probab1e 

that it occurs aboYe this subzone, and is tentatively placed at the base o f  the 
Peltura zones in its own subzone. 
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Protopeltura holtedahli n. sp. 

Pi. 6; pl. 23, figs. 16--22. 

1910 Feit ura præwrsor, \ \'estergårct [partim] -- Holtedahl, p. 14, pl. li, f.igs. 3--1-. 
6-10. (Figs. of parts of thoraces with attachetl pygitlium, young free cheek, 

pygidium, and cranidia.) 

N a m e: - The n:1me is giYen in honour of Professor, Dr. O. Holte

dahl, who first depicted this species. 

Ho l o t y  p c: - A craniclium (P.M. O. no. 29251) collected at Slem

mestad in Røyken; Norway, by O. Holtedahl, 1908. Presened in stinkstone. 

D i a g n  o s i s: - A Protopeltura species with: short preglabellar field; 

Sl and S2 distinct; postocular cheeks about three-fourths as wide as occi

pital ring; interocular cheeks about one-fourth as wide as glabella at eye 
line; free cheeks with relative! y wide border and long spine; thorax appar

ent! y with 10 segments; entire pygidium. 

D e s c r i p t i o n : - This is based on detached parts of the shield, and 
dorsal shields without cephalon. The !argest cranidium is 5 mm lang and 

7 mm wide. 

Cranidium with slightly tapering cephalic axis, rounded and somevvhat 

truncatcd in front. Occipital ring with axial ridge, apparently formed by two 
fused nodes. Occipital furrow distinct. Glabellar furrows not joined across 

glabclla. Sl transverse in its outer parts, curvecl obliquely backwards in its 
inner parts. S2 less oblique and fainter. S3 present as faint impression half
way between sagittal line and axial furrows. Preglabellar field short but 

clistinct. Anterior border furrow distinct. Border shaped as very low and 
broad-based triangle. Eye ridges short, directed obliquely backwards, and 

rather indistinct. Palpebral lo bes small, convex ( exs.). Eye line vvell in front 

of S3. Interocular cheeks about one-fourth as wide as glabella at eye line. Post

ocular cheeks about three-fourths as wide as occipital ring. Surface appears 

smooth, but is very finely granulated. Faint genal cacca traverse preglabellar

field. 

Free cheeks of the pelturoid type, and '"'·ith relatively lang spine, almost 
as lang as cheek plate. Borders well developecl, unusually wicle. Genal caeca 

usually present. 

Hypostoma tongue-shaped. Central body strongly convex, tapering 

backwards, truncated posteriorly. Two nodes ( maculae) posteriorly. Brim 

and borders >vell developed. Anterior wings "·ith spine-like extension. 
Thorax with 10 segments in two specimens where apparently only the 

cephalon is missing. Pleural regions somewhat wider than axis. Pleurae 

ending in short, broacl-based spines. Axial rings with axial nodes (or short 

spincs). Fulcrum midway between pleural end and axial furrow. 
Pygidium sub-semicircular. Entire, but with Yery slightly undulating 

border. Axis occupies about three-seYenths of total \Yidth of pygidium 
anteriorly. 
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A f f  i n  it i es: - Protopcltura holtedahli n. sp. is rathcr dose to P. 

aciculata, from which i t  differs in haYing narrower postocular cheeks and 
wider borders in the free cheeks. It also resembles P. intermedi.a and P. prae

cursor, but has a langer preglabellar field, wider postocular cheeks, and wider 
borders in the free cheeks. Its entire pygidium distinguishes it readily from 
P. praccursor . In many ways P. holtedahli n. sp. appears to be intermediate 
between P. aciculata and P. praecursor. 

O c c u r  r e n  c e: - �onv·ay: Røyken (Slemmestad) - Exact horizon 
unknovvn, probably at the base of the zone of Protopcltura praecursor 

(cf .  p. 38). Occurs alone. 

Protopeltura intermcdia \Vestergård 1922. 

Pl. 4. 

1922 Protopeltura intermcdia 11. sp. -- \\-estergård, p. 171, pl. :\:TY, figs. 18-Zl. 

(Descr. Figs. of cranidia, free cheek, and pygidia.) 

1947 Protopeltura intcrmcdia \\"gård. -- \ \·estergård, p. 26. (Distribution in Swcclen.) 

Typ e d a t  a: -- As lectotype I select a pygidium figured by Wester
gård ( 1922, pl. XIV, fig. 21), from Kloxåsen, Nas parish, Jamtland, Sweclen. 

D i a g n  o s  i s: - A Protopeltura species with: very short preglabellar 

field; glabella bluntly rounded in front; Sl and S2 distinct; eyes rather dose 
to glabella ; postocular cheeks slightly more than half as wide as occipital 
ring; frec cheeks v-:ith short and slender spine; pygidium sub-semicircular, 
entire. Thorax unknown. 

O c c u r  r e n  c e: - Sweden (zone of Leptoplastus and Euryca.rc ; 
subzone of Leptoplastus paucisegmentatus and subzone of  Leptoplastus 

ovatus.) 

Proto peltura planicauda (Brogger 1882). 

Pl. 6; pl. 24, figs. 11-13. 

1882 Peltura pfarzicauda, n. sp. -- Brogger, p. 107, pl. Il, fig. 8 (Short dcscr. Fig. 

of pygidium.) 

1922 Peltura p/anicattda Brogger -- Westergård, p. 173, pl. X.V, fig. 2. (Descr. and 

fig. of specimen consisting of 10 thoracic segments and pygidium.) 

1947 Peltura p!anicauda Brogg. -- \Vestergård, p. 26. (Distribution in Sweden.) 

Typ e d a t  a: - As lectotype I select the pygidium (P.M. O. no. 
H 2715a) figured by Brogger (1882, pl. Il, fig. 8). It is associated with 
Peltura acutidens, Sphaerophtha1mus alatus, and Ctenopyge tun,tida (not Ct. 

spectabilis as stat ed by Brogger). It was collected by Brogger at Slemmestad 
in Røyken, Norway, in 1880. 

R em a r k s: - Brogger ( 1882) believed this species to have free 
cheeks without spine, and consequently assigned it to Pcltura. There is a free 
cheek o f  this type on the slab containing the lectotype, but by splitting up 
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the slab I found other frce cheeks ,,·ith spine, as well as a pygidium of Pel

tura acutidens. \Vhen pygidia of P. acutide11s occur without being accom
panied by pygidia of Protopeltu.ra planicauda, they are associated \\·ith free 
0heeks of the spineless Peltura type only. It is thus rather certain that the 

frec cheeks with spine in the aboYe-mentioned slab are conspecific with 

the pygidium of plonicauda, and this specics is referred he re to Proto peltura. 

This is probable also because of the great likeness between the pygiclia of 

P. planicauda and P. bidentata. Some pygidia are almost intermecliate be
twcen the two species. Also the thorax of P. p!anicæuda suggcsts Protopeltura 

rather than Peltura, having relatiYely vvide pleural regions. 
D i a g n  os i s: - A P·rotopeltu.ra species with: thorax with at !east 

10 segments and relatiYely long pleural spines; pygiclium with flattened and 

cxpandecl border, 2 pairs of marginal spines (posterior pair ruclimentary), 

and axis with three rings and tumid post-axial ridge. Craniclium unknown. 

D c s c r i  p t i on: - Cranidium not known with ccrtainty, as the cra
niclia associated with the lcclotype pyg idium are rather incomplete, and may 

as well belong to Peltura acutidens. 

Frce cheeks with spine. Cnfortunately no well-preserHd frcc cheek 

has been found. 
Hypostoma unknown. 
Thorax with at !east 10 segmcnts (cf. \Vestergårcl. 1922, pl. XV, f ig . 2). 

Pleurae with slcnder spine, and axial rings vvith axial node. 

Pygidium rather similar to that of P. bidentata, but more expandecl at 
the border. Faint terrace lines form a Dertillion pattern on axis of lectotype. 

O c c u r  r e n  c e: - Norway: Røyken (Slemmestad). - Zonc of Pel

tura minor (2dfi), subzone of Ctenopyge similis and subzone of Ctenopyge tu.
mida. Associated with Ct. similis and Ct. angusta, or with Ct. tumida and 

Pcltum acutidc11s. - - Sweden ( s ame horizon). 

Proto peltura praecur SM ( vVestergård 1909). 

PL 2, fig. 2; pl. 6; pl. 24, figs. 1-5 .  

1882 Protopcltura acantlmra, Ang. -- Bt·i:igger, p. 106, pl. I ,  figs. 14, 14a-c; pl. Il, 
figs. 13, 13a. ( Remarks. Figs. oi incomplete cranidium, free cheek, parts of. 

plenrae. pygidium, and hypostoma.) 

1884 Protopeltttra awnthura, Ang. - - Brogger, p. 257. (Recorded.) 
1898 Protopdtura awnthura -- 1Ioberg & Moller, p. 265. ( Point out that Brogger's 

species is not conspeci fic with Angelin's 0/cmrs, acanthzrnrs, which is a Para
bo/inn species.) 

1909 P!'ltura præwrsor n. sp. - - \\.estergård, p. 48. (GiYes this name to Brciggcr's 

spccics, which is distinct from Parabolina acantlmra.) 

1910 Peltura præcursor, \\.estcrgård [partim] - - Holtedahl, p. 14, pL IT, figs. l. 
2, 5? only. (Figs. of cranidium, iree cheek, and hypostoma. The other specimens 

figured belong to Protnpcltura lwltedahli n. sp.) 
1922 Protopelll!ra præcursor (\ \'estergard) -- \\.cstcrgård, p. 171, pl. :'\I\·. figs. 

23-29, 31; pL :'\Y. iig. l. ( Descr. Fig�. of d01·sal shield, cranidia, free cheek, 
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pygidia, and hypostoma. Ti1e pygic.lium in fig. 30, tcntali\·cly assigned to this 

species, probably belongs to P. bidentata.) 

1929 Protopc/tura præcursor (\\.gd.) -- Strand, p. 359. (Rccordecl.) 

J93..J.a Protopeltura. prccursor --Stønner. p. 332. (Listed.) 

1947 Protupc/tum praecursor (\\'gard.) --- \\'estergard, p. 26 . (Distribution 111 

Sweden.) 

1955 Protope/tura praccursor ( \\'estergårcl) -- Tj ernvik, p. 209, text-fig. l A. 
(Sketch of cranidium.) 

Ty p c d a t  a: - As kctotype I select the pygidium (P. M. O. no. 
H 271Sa) figured by Brogger (1882, pl. I, fig. 14c). It is associated with 
othcr parts of the same species and parts of Ctenop::ge postcurrensJ and 

occurs in a stinkstone slab collected by Broggcr in 1880 at Nærsnes in Røy
ken, Norway. 

D i  a g n  o s  i s : - A Protopeltura species with: very short, practically 

no glabellar field ; S l  and S2 distinct, S3 yery faintly impressed or obsolete: 
palpebral lobes far forwards and dose to glabella; postocular cheeks somc

what more than half as wide as occipital ring, which carries two axial nodes 
behind each other ; frce cheeks with spinc; thorax with 12 segments and 

short pleural spincs ; pygidium with 2--4 pairs of marginal spines and 3-4 

axial rings. 

Rem a rk s: - Protopcltura praecursor occurs in three subzones, but 
I have not been able to detect any significant differences hetween specimens 
from different subzones. 

O c c u r  r e n  c e: - Norway : Skien-Brevik district (Ombordsnes), 

Eiker (Stablum core), Røyken (Nærsnes, Slemmestad), Oslo (Gamlebyen) 
- Zone of Protopeltura p raecurso:r (2do:), subzone of Leptoplastus neglec

tus (associated with L. neglectus), subzone of Ctenop;:ge postcu1·rens (asso
ciated with Ct. postowrens), and subzone of Ctenopyge flagelli.fera ( asso
ciated with Ct . .flagellifera.+Ct. drytonensis) . -- Sweden (same horizons). 

Protopcltura? solita.ria (\Vestergård 1922). 

Pl. 3. 

1922 Belte/la solitaria n. sp. -- Wcstergård, p. 140, pl. :\:lY, fig. l only. (Descr. 

Fig. of axial shield without pygiclium. Fig. 2 is probably of a Protopeltura sp.) 

1947 Beitel/a solitaria V•/ gård. -- \Vestergårcl, p. 25. (Distribution in Sweclen.) 

1952 Bel/etla solitaria \\'estergård -- Harrington & Leanza, p. 193. (Remarks.) 

1954 Belte/la solitaria \\'estergårcl -- Wilson, p. 276. (Remarks.) 

T y  p e d a  t a : - As lectotype I select the axial shield without pygi
clium figured by \Vestergård (1922, pl. XIV, fig. 1 ) ,  from Andrarum, 
Scania, Sweden. 

R e m a r k s : - Besides the lectotype, which is rather a small and 
apparently young individual, \Vcstcrgård assigncd, vvith somc doul.Jt, only 
one more specimen to this species. This specimen is an almost complete 
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d01·sal shield (\Vcstergård, 1 922, pl. XIV, fig. 2) , apparently of an adult 
individual. It was suggcsted to be a somewhat deformed specimen of Proto

peltura aciculata rby Harrington & Leanza ( 1952, p. 193) .  Howevcr, it dif
fers from this species in minor features probably not due to deformation, 
such as ha ving at l east t\-vo pairs of marginal spines in the pygidium. Never
theless, it is most probably closely related to ProtopeltuJYa aciculata, and may 
fairly safely be included in Protopeltura. I f  the lectotype i s  conspecific with 
it, solitaria should be referred to Protopeltwra. However, some features, 
especially the relative size and position of the palpebral lobes, are more 
different than one might expect of a young and adult specimen of the same 
species, and it is possible that the h·VO specimens represent two species. I f so, 
the generic reference of solitaria is uncertain. Its cranidium appears to be 
more or less intennediate betwcen that of Olenus and that of  Protopelttwa. 

For the time being, I assign solitm·ia tentatively to P1·otopeltura. 

O c c u r  r e n  c c :  - Swedcn : Parabolina spinulosa zone, subzone of 

Parabolina brevispina and Proto pel tura aciculata. 

G e n u s P e l  t u r  a M i l n c E d w a r el s l 8 4 O. 

T y p e  s p e  c i e s: - Entomosf1·acites scarabæoides vVahlenberg 1821 , 
clesignated by Corda (Hawle & Corda, 1 847, p. 1 27) , and by Miller ( 1 889) . 

Sy n o n y m: - Anthes Goldfuss 1 843 (type specics : Entomostracites 

scarabæoides Wahlenberg 1821 , selected here.) 
R e m  a r k s o n  t h e  n a m e :  - The name of the genus was spelt 

Peltoura by 1\tlilne Edw·ards, but Burmeister (1843, p. 83) altered it to Pel

tura. I agrce with Dr. C.  J. Stubblefield who has proposed to the ICZN to 
validate the familiar speiling Pe!tztra, cm grounds of over a hundred years' 
universal usage. Furthermore, this spelling agrees with that of Protopelttwa. 

D i  a g n  o s  i s : - Pelturinae with : small palpcbral lobes far forwards 
and dose to glabella ; postocular cheeks with more or less convex outer mar
gin and not wider than half as wide as occipital ·ring; cephalic axis slightly 
longer than wide, slightly tapering fonvards and bluntly rounded in front ; 
glabellar furrows (when present) not united across glabella ; free cheeks 
with evenly curvecl lateral margin, with or without slender spine almost 
normal to margin and situated far back ; thorax with 1 2  segments ( when 
number is knov,:n) and pleural ends with short broad-based spines ; pygidium 
sub-semicircular or sub-semielliptical, entire, or with marginal spmes. 

I n c l u d e d  s p e c i e s  a n d  s u b s p e c i e s: -

Peltum acutidens Brogger 1882 
P. corwigera \Vestergård 1909 (=P. transiens) 
P. costata (Brogger 1882) 
P. malve1·nius (Phillips 1871) (earlier: Co11occphalus) (=P. scaraba-coides) 
P. 1ninor (Brogger 1882) 
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P. paradoxa (Moberg & Moller 1898) 
P. scarabaeoides swrabaeoides (Wahlenberg 1821) 
P. swrabaeoides obesus (Salter 1864) (=P. scarabaeoides scarabaeoides) 

P. scarabaeoidcs octacantha Linnarsson 1880 ( = P. swrabaeoides scara-

baeoides) 

P. scarabaeoides 'lf.!cstergårdi n. subsp. 
P. transiens (Brogger 1882). 

Pc/tura bidentata Brogger 1882 and P. planicauda Brogger 1882 havr� 
both been transferred to Protopeltura. Peltura punctata Cros field & Skeat 
1896 has been transferred to Triarthrus. Acerocare norvegicum Moberg & 
Moller 1898 and C onoco:r'J'Phe? olenoides Salter 1886, which both have been 
included in Peltura, are here transferrecl to the new genus Peltocarc. 

Peltura( ?) sp.indet. Ha:rrington 1937 probably i s  a Parabolinella species. 
Peltura? jarillana Rusconi 1953 is insttfficiently known (cf. p. 25) .  Peltura? 

in flata and Peltura?? sp. described from the Lmvcr Cambrian of Sardini�t 
by Bornemann ( 189 1 )  are not well known, but may safely be excluded from 
the Olenidae. 

O c c u r  r en c e :  - Zone of Peltura mi nor in :.Jorway and Sweden; 
zone of Peltura scarabaeoides in Norway, Sweclen, Denma·rk, Polancl, Eng
land, \Vaies, and E. Canada; zone of Acerocare i n  Norway and Sweden. 
?France ( ?L'pper Cambrian) .  

P h  y l o g  e n  y a n  el r e  l at i o n  s h i  p s: - The earl y Peltura spe
C! eS cliffcr from Protope!tura mainly in  having free cheeks without spine, 
and there can be no doubt that Peltura deYeloped from Protopeltura. Th� 
two earliest Peltura species, P. acutidens and P. 1ninor, appear in the sub
zone of Cten.op:::ge tumida. Thcy seem to be closely related, but P. 1nin01' has 
an entirc pygidium without flattened border, whereas that of P. acu.tiden.) 

has 3 pairs of prominent marginal spines and a flattened border reminding 
one of the borclers of Protopeltura planicauda and Protopeltura bidentata. 

Peltura minor also occurs in the following subzone of Ctenop')•ge affini)·, 

and it is possible that its range slightly overlaps that of P. scarabaeoidcs 

scarabaeoides i n  the zone of Pr::ltura scarabacoides. The pygidium of P. scara

haeoides scarabaeoides resembles that of the closcly relate<l P. acutidens, bu� 
its border is not flattened and its marginal spines are smaller and with a 

greater clistance between the posterior pair of spines. P. scarabacoides sca.ra

baeoides apparently gaye rise to P. scarabaeoides westergårdi, \vhich succeeds 
it, and which has a pygidium with langer marginal spincs and the posterior 
pair o f  spines doser together, although not as dose as in P. awtidens. 

Furthermore, its pygidium i s  not as wide as that of P. acutidens. Abov-:� 
P. scarabaeoides westergårdi comes P. paradoxa (in the subzonc of that 
name) ,  which has an entire pygidium and which cliffers from all the ca·rlier 
species of Peltura. in having free cheeks \Yith a spine. The spine differs 
from the spine of Protopcltura in bcing shorter and slender and in being-
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situated far back and almost normal to the border. The succeeding species, 

P. transiens ( = P. cornigera), in the subzone of that name, has a similar 

spine in the free cheeks, but a pygidium with short marginal spines. 

P. costata, which appears next (in the subzone of that name), is the la test 

known representative of the genus Peltura. It has again an entire pygidium 

and free cheeks without spine. On the whole, the genus Peltura is ranher 

conservative, the eyes, for instance, having more or less the same position 

in all its known species. HO\·vever, Peltura apparently gave rise, clirectly and 

indirectly, to all the later pelturine genera. N ericiaspis, Aærocarina, and 

possibly Pelturina seem to have developed from Peltura. 

Peltura acutidens Brogger 1882. 

Pl. 6; pl. 25, figs. l, 3, 4, 7, 9, 11. 

1882 Pc/tura scarabæoides, \Vahlenb. var. acutidcns -- Brogger, p. 108, pl. li, fig. 9. 
(Descr. and fig. of pygidium.) 

1922 Pc/tura scarabæoides awtidens Brogger -- \\.estergård, p. 17), pl. XV, fig . .;. 

14--17. (Descr. of pygidium. Figs. of cranidium, iree C'heek, pygidium, ard 

hypostoma.) 

1929 Peltura scarabæoides acutidens Br. -- Strand, p. 360. (Recorded.) 

1934a Peltura scarabæoidcs ac-uiidens -- Stormer, p. 332. (Listed.) 

1947 Pc/tura acutidens Brogg. -- \Vestergård, p. 26. (Distribution in S\Yeclen.) 

Ty p e  el at a: - A lectotype I select the pygiclium (P.NI.O. no. 

H 27 20) figurecl by Drogger ( 1882, pl. Il, fig. 9). It is associated with 

Sphaerophthahnus alatus and Ctenopygc twnida (not Ct. spectabilis as stated 

by Brogger), and was collected by Brogger in 1880 at Slemmestad in Røy
ken, Norway. 

Di a g n  o s  is: - i\ Peltura specics with: Sl and S2 distinct, S3 and 
S4 faintly impressed or obsolete; fixed cheeks slightly less than half as wide 

as occipital ring, which carries faint axial node; free cheeks without sp:nc: 

thorax with short pleural spincs; pygidium with flattenecl and expanderl 

border, 3 axia1 rings and 3 pairs of broad-based, we\1-developed marginal 

spines; distance between axes of posterior pair of spines somewhat shorter 

than width of terminal axial ring. 

D e s c r i p t i o n o f N o r \V e g i a n m a t e  r i a l : - The ]argest 

cranidium encountered is about 10 mm long and 16 mm wide. Cephalic axis 

tap{;ring forwards, bluntly rounded in front. Occipital ring with rather small 

and lovv axial node. Occipital furrow clistinct. Sl and S2 rather shallow. 

geniculated. S3 developed as very faint impression halfway bctween axial 

furrow and sagittal line. No preglabellar field. Border rather narrow. Eye 

ridges oblique backwards, not yery distinct. Palpebral lobes small with 
centres opposite S3. Interocular cheeks small, about one-sixth as wicle as 

glabella at eyc line. Postocular checks slightly less than half us ,,-ide u:1 

occipital ring. 
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Free cheeks narrmv, without spine. 
Hypostoma with com·ex central body, tapering backwards and truncated 

posteriorly, whcre a pc:ir of maculae are developed at the corners. Brim 

rather wide laterally, and with a pair of small spines posteriorly. Anterior 

wings present. 

Thorax kriown from cletached segments only. Axis �without node ur 
spine, pleurae with short pleural spine. 

Pygidium with relatively wide pleural ·regions. Border area flattenecl 

and expanded, and provided with 3 pairs of rather long, acute spines. Sur
face with terrace lines. 

O c c u r r e n c e :  -- Norway : Røyken ( Slemmestad) ,  Ringsaker 
( Steinsoddcn, Evj evika) - Zone of Peltura mino1' (2d{J) ,  subzone oi. 
Ctenopyge tumida. Associated "vith Ct. tumida and Sphaerophthalmus alattts 

+ Peltura minor. - - Sweden. 

Peltura costata ( Brogger 1882) . 

Pl. 7; pl. 27, figs. 1-5, 7, 9. 

1882 Cyc/ognathus costatus, n. sp. -- Brogger, p. 110, pl. I, figs. Sa-cl. (De::cr. 
Figs. of restored cephalon, thoracic segment, and pygidium.) 

1898 Acerocare costatum Brogger -- !vioberg & Moll er, p. 242. (Remarks.) 
1919 "Cyclognatlws" costal1ts Brogger -- Lake, pp. 95, 96, 101. (Remarks. Suggests 

that the species shoulcl be assignecl to Pc/tura.) 

?1922 Peltw·a costata (Brogger) -- \ \'estergårcl, p. 177. (Recorcls the species with 
uncertainty from Sweclen.) 

1934a Peltura costata -- Stormer, p. 332. (Listed.) 
1944a Peltura ("Cyclognathus") costata (Brogger) -- \\'estergård, p. 43. (Remarks.) 
1952 C-yclognathus costatus Brogger -- Hutchinson, p. 95. (Comparecl with C. rotun-

difrons Matthew.) 
1953 Acerocare? costatus -- Holtedahl, p. 182, text fig. 69: figs. 28-29. (Figs. of 

rcstorcci cephalon, thoracic segment, and pygidium.) 

T y p e  el a t  a:·- As lectotype I select a pygidium (P.M.O. no. 290 17) 
figured by Brogger ( 1882, pl. I. figs. Se-d) . I t  was collected by vV. C. 
Brogger in 1 879 at Vestfossen, Eiker, Norway. 

D i a g n  o s i s: - A Pelttwa species with : obsolete glabellar furrows 

in adult cranidia ; fixed cheeks somcwhat less than half as wide as occipital 
ring ; free cheeks without spine ; thorax apparent! y without axial nodes, 
othenvise insufficiently known; pygidium entire and with axis with 2 rings 
and end lobe. 

D e s  c r i  p t i  on: - This is based on detached parts of the shield. 
Largest cranidium present about 1 0  mm lang. Cranidium pelturoid. Cephalic 
axis slightly langer than wide, tapering slightly forwards, bluntly rounded 
in front. Occipital ring with faint occipital node and faint composite furrow. 
Two pairs of very faint glabellar furrows, practica.lly invisible in larger 
cranidia. Anterior border furrow yery indistinct. Oblique eye ridges hardly 
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visible. Interocular cheeks small and narrow, about one-sixth a s  wide as 

glabella at eye line. Postocular cheeks almost half as wide as occ ipital r ing . 

Facial sutures conYerge moderately in front of eyes, and cliverge moderately 
behind eyes. 

Free checks pelturoid, without spine. Border relativcly wide. Doublurc 

as wide as border, longitudinally striate. 

Hypostoma rather like that of P. scarabaeoides and P. transiens. 

Thorax known only from detached segments. Pleural ends rounded and 
\Yith small spine. Axial ·rings apparently ,.,·ithout node. 

Pygidium sub-semicircular, about twice as wide as lang. Pleural regions 
somewhat narrower than axis anteriorly. Axis with two rings and end lobe. 
Two pairs of distinct pleural furrows, and a third posterior pair whioh i s  

rather indistinct and short. Border distinct, subtubular. Doublure about as 

wicle as border. Surface vvith terracc lines. 

O c c u r  r e n  c e :  - Norway : Eiker (Vestfossen) , Røyken ( Slemme
stad) , Oslo (Tøyen) ,  Brumunddalen - A cerocare zone (2de) , subzone of 
Peltt�ra costata. Associated with Pa·raboli1w heres he res + Eoorthis ? sp. 

- - Sweclen ( same horizon) .  

Peltura minor (Brogger 1 882) . 

PI .  6 ;  pl. 25, figs. 2, 5 .  

1882 Cyc/ognathus costatus n.sp. var. m in o r  - - Rrogger, p .  1 10, pl .  II, figs. 10-1 1 .  
(Descr. Figs. of 2 pygidia.) 

1 922 Peltura m·inor ( Brogger) -- \Yestergård, p. 175, pl. XV, figs. 3-1 1 .  (Descr. 
Figs. of cranidia, free cheek, pygiclia, hypostoma, and thorax with attached 
pygidium.) 

1934a Peltura mino1· - - Størmer, p. 332. (Listed.) 
1947 Peltura minor ( Brogger) - - \\'estergård, p .  26, pl. 2, fig. 12. ( F ig. of  axial 

shield. Distribution in Sweden.) 

T y p e  d a t  a : - As leototype I select a pygidium (P.M.O. no. H 2713a) 

figurcd by Brogger ( 1 882, pl . Il,  fig. 10) . It is associated with Sphaeroph

thalrnus alatus and Ctenopyge twnida, and was cållected by Brogger in 1 880 
at Slemmestad in Røyken, Norway. 

D i a g n  o s  i s :  - A Peltura species with : S l  and S2 distinct ; fixed 
cheeks slightly less than half as wide as occipital ring ; free cheeks without 

spine ; thorax with 12 segments and plcural ends wi.th short spines ; entire 
pygidium with 3-4 axial rings. 

R e m  a r k  s : - The Swedish material described by vVestergård ( 1922) 
agrees with the Norwegian, except t.hat the hyposto.mae associated with the 
Norwegian material -do not show so wdl-developed posterior projections as 

the hypostoma f igured by \Vestergård ( 1 922, pl . XV, fig. 1 1 ) .  The surface 
of the cranidium appears smooth, but is faintly and very finely granulated. 
The free cheeks may shovv faint genal cacca. The pygiclium usually shows 

rather distinct terracc lines, and so does the border of the hypostoma. 
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O c c u r r e n c e : - Xonvay : Røyken ( Slemmestad, Nærsnes ) ,  Oslo, 
Ringerike, Ringsaker ( Evj eYika, Steinsodclen) ,  Snertingdal - Zone of 
Peltum 1ninor (2d/3) , subzone o f  Ctenopyge tum ida (associated with Ct. 

tu111 i da, S phaerophthalmus ala fus + P c/tura acutidens) and subzone of 
Cten op)•ge affinis (associated with Ct. affinis and S phaerophtha!mtts alatus) .  

- - Sv.·eclen ( same horizons and base of  zonc o f  Peltum scarabaeoides) .  

Pc/tura paradoxa ( :v1oberg & ?v1oller 1898) . 

Pl. 7 ;  pl. 26, figs. 3-6. 

1898 A. cerucare f>aradoxwll n.sp. - - :Vloberg & }.foller, p. 25 l, pl. 1 1 , figs. 10-13, 

14 ? (Descr. Figs. o f  free check, part o f  thorax, pygidia, and associated 

hypostoma.) 

1908a A cerocare paradoxum Moberg - - Raw, p. 5 13 .  (.-\ssigned to Lcptop/ast ides.) 

1919  Acerocare pamdoxwn Moberg & Mollcr - - Lake, p. 92. ( Mentioned.) 

1 922 Peltura. paradoxa (Moberg & :.-1oller) -- \\'estergård, p. 177, pl. XVI ,  
figs. 1-4, S '  (Rcmarks. Copies o f  Moberg & Moller's figs.) 

? 1 944a ?Peltura. parado:ra. ( Moberg & Moller) - - Wcstergård, p. 42, pl. 3, fig. S. 
( Remarks. Fig. of cranidium.) 

1947 Peltum pa.radoxa. (Mob. & �161 1.) - - \\'estcrgård, p. 26. (Distribution in 

Sweden.) 

T y p e  d a t  a :  - As kctotype I select a pygiclium figurecl by Moberg 
& Moller ( 1 898, pl . 1 1 , fig. 1 3 ) ,  from Akarpsmolla, Scania, Sweclen . 

D i  a g n  o s  i s : - A Pcltura species with : obsolete glabellar furrows ; 
fixecl cheeks about half as wide as occipital ring ; frce cheeks with small 
spine far back and almost normal to margin ; pygidium entire, with 2 axial 
rings and encl lobc. Thorax insuf ficiently lmown . 

R e m  a r k  s :  - The type material of this species is rather poor. 
l-nfortunately the No rwegian material, from a single stinkstonc lens, is  not 
much hetter preserYecl, and likewise consists of detached part s .  

D e s c r i p t i o n o f N o r w e g i a n m a t e r i a l : - Craniclium 
pelturoid. Cephalic axis only slightly longer than wide, tapering slightly 
forwards, and bluntly rounded in front. Occipital ring with small axial 
node. Occipital furrow rather shallow. Three pairs of glabellar furrows o f  
the pelturoid type are rather faintly impressecl. Very faint anterior border 
furrovv. Eye ridges hardly clistinguishablc. Palpebral lobes small, opposite 
S3. Postocular cheeks about half as wide as occipital ring. Facial sutures 
subparallel just in front of cyes, moderatcly cliwrging and com·ex hehind 
eycs. 

Free cheeks pelturoid, elongate. and with smal l spine almost normal to 
margi n near postcrior end of cheek. Eyes with facct:;. 

H ypostoma not found. 
Thorax only knO\\·n from fragments of :oegments. Apparently without 

axial node. 
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Pygidium with entire border. Pleural regions about as wide as axrs 

m front. Axis with two rings and end lobe. Two distinct and a posterior, 

rather indistinct pair of pleural furrows. 

O c c u r ·r e n c e : - :N' orwa y : Modum 

zonc ( 2de), subzone of P c !tura paradoxa . 

megalops ? - - Sweden ( same horizon) . 

(Furetangen) . - A ccrocare 
Associated vvith Parabolina 

Pcltura scarabaeoides scarabaeo ides (vVahlenberg 1 821) .  

Pl. 2, fig. l ;  pl. 6 ;  pl. 25, figs. 6, 1 3-14 ; pl. 26, figs. 1-2. 

1821 F.nfomostracitrs scarabæoides - - \\'ahlenberg, p. 41, pl . I, fig. 2. (Descr. 
Rough, inadequate fig. of  axial shield .)  

1 822 Pamdoxidcs scaraboidcs - - Brongniart, p. 3.:1-, pl. III,  fig. 5. (Copy of \\'ahlen
berg's descr. and fig.) 

1827 TrilobitC's scarabæoides - - Boeck, p. 36, fig. 24. (Remarks on cranidium. Fig. 
o f  cranidium.) 

1 827 0/enus scarabæoidcs -- Dalman, p. 72 (257). (Short desc�.) 
1 837 0/enus scarabæoides - - Hisinger, 19, pl. IY, fig. 4. ( Diagn. Copy of \\'ahlen-

berg's fig.) 
1838 Trilobitcs scarabæoidcs \\'ahlb. -- Boeck, p. 144. (Listed.) 
1840 Peltoura scaraboidrs - - Milne Edwards, vol. III ,  p. 344. ( De�cr.) 
1843 Anthcs scarabaeoidr:s Wahlenberg - - Golclfuss, p. 544. (Listed.) 
1847 Pelt1tra scarabæoides - - Haw·le & Corda, p. 127, pl . Yl, fig. 68. ( Descr. Fig. 

o f  restored dorsal shield.) 
1 848 Olenus spinulosus � - - Phillips, p. 55, fig. 3, p .  347. (Descr. and fig. of 

cranidium.) 
1 854 Fe/tura scarabæoidcs. \Vahl. - - Angelin, p. 45, pl. XX\', fig. 8. (Fig. of cl01·sal 

shield. ) 
1854 Anopocorc pusilltwz [partim ] - - Angelin, p. 50, pl. XXVII, fig. la on ly. 

(According to Linnarsson, 1880, the pygidium belongs to P. scarabaeoides.) 

1857 Pell1tra sca·raboeoides Boeck [sic 1 ]  - - Kierulf, p. 284 (92) . (Listed.) 
1 864 Olenus scarabæoides var. obesus. - - Salter, dec. XI, pl. \-I I I ,  figs. 1-4, p.  5. 

(Descr. Figs of axial shield, cranidium, and pygidium.) 
1 865 Peltura M. Edw. scm·abæoides \\'ah!. - - :Ki erulf, p. 2. (Listed.) 
1866 Olenus scarabæoides, \\'ah!. - - Salter, p. 301, pl. V, figs. 2-5. ( Remarks. 

Figs. of 2 axial shields, craniclium, and pygidium.) 
1871 Conocephalus Mal·ue·rnius. n. sp. -- Phillips, p. 68, fig. 5. (Fig. of dorsal shield.) 
1871  Olemts scarabæoides. \Vahlenberg. - - Phillips, p. 68, fig. 6. (Fig. of small 

cranicli um.) 
1873 Olenus (Peltura) scarabæoides, \\'ah!. - - Salter, p. 1 1 . (Listed.) 
1 880 Peltttra scarabæoides \Vahlenb. sp. - - Linnarsson, p. 134 (4), pl. V (I),  figs. 

1 -4. (Descr. Figs. of all parts of clm·sal shielcl.) 
1880 Pc/tura scarabæoides var. octacantha - - Linnarsson, p. 135 (5) ,  pl. V (I) ,  

fig. 5.  ( Descr. and fig. of pygiclium >vith 4 pairs of marginal spines.) 
·1 882 Pc/tura scarabæoides, Wahlenb. - - Brogger, p. 1 07, pl. I ,  figs. 7-9, pl. Il ,  

fig. 12.  (Descr. Figs. of  all parts of clorsal shield.) 
1884 Pc! tura scarabæoides, Wahlenb. - - Brogger, p. 257. (Listed.) 
1892 Peltura scarabcoidcs. \\'ah!. -- Yiatthew, p. 53, pl .  X I I I ,  figs. 9a-b. (Figs 

of  cranidium and pleurae.) 
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1898 Peltura scarabæoidcs, \Yahlenb. - - Bjørlykke, p .  12. (Listed.) 

1901 Peltura scarabæoides \\.ahlenb. - - Lindstrom, pp. 29, 64, pL I I I, figs. 35-42. 

(Figs. of cephalon, free cheek, eyes, and hypostoma. )  

1901 Peltura scarabæoides \Vahlb. -- Munster, p. 25. (Recorded.) 

1902 Peltura scarabæoides - - Schiøtz, pp. 1 7, 38. (Recorded.) 

1903 Peltttra scarabeoides, \Yahlenb. -- Matthew, p. 230. (Liste<L) 

1910 Peltw·a scarabaeoides - - Goldschmidt, p. 4, figs. 1-3. (Figs. of pygidium an:! 
thoracic segment.) 

1919 Peltura scarabæoides (\\'ahlenberg) - - Lake, p. 97, pL XI, figs. 9-12. 

(Descr. Figs. o f  dorsal and axial shields.) 

1922 Pc/tura scarabæoides (Wahlenberg) - - \Vestergård, p. 173, pl. X\-, figs. 
12-13, 18. (Remarks. Figs. of pygidium, axial shield, and dorsal shield.) 

1 923 Peltura scarabaeoides \Yahlenberg - - Poulsen, p. 50, text fig. 18, pl. I I ,  figs. 
6-7 ; p. 58, text fig. 22. (Descr. Figs. of cranidia and free cheeks, and copy of 
\Vestergård's fig. o f  a dorsal shield. Descr. and figs. of larva! cranidia.) 

1 927a Pelttwa scarabaeoides \Vahlenb. -- Czarnocki, p. 12. (Recorded.) 
1927b Peltura scarabaeoides \Vahlenb. - - Czarnocki, p. 199. (Recorded.) 
1929 Pelttwa scarabæoides (Wahlenb.) -- Strand, p. 359. (Recorded.) 
1934a Pel tura scarabæoides - - Stormer, p. 332. (Listed.) 

1937 Peltu:ra scarabæoides (\Vahl .) - - Richter, p. 418, text fig. 2. (Orientation in 
sediments.) 

1942 Peltttra. scarabæoides (Wahlenberg) -- Størmer, p.  89. (Mentions Poulsen's 
material of lan·al cranidia.) 

1947 Peltura scarabaeoides (\iVahl.) - - \Vestergård, p. 26. (Distribution in Sweden, 
including also that of P. scarabaeoides westergårdi n. subsp.) 

1 952 Pelttwa scambaeoides (Wahlenberg) - - Hutchinson, p. 93, pL V, figs. 1-6. 
(Descr. Figs. of cranidia, free cheeks, and pygidia.) 

1953 Pe/tura scarabæoides - - Holtedahl, p. 182, text fig. 69, figs. 25-26. (Figs. of 
free cheek, cranidium, thoracic segment, and pygidium.) 

T y p e  d a t  a :  - As lectotype should be chosen one of vVahlenberg's 
specimens from Sweden. 

D i  a g n  o s  i s :  - A Peltura subspecies with : Sl and S2 clistinct or 
somewhat effaced ; fixecl cheeks somewhat less than half as wicle as occipital 
ring ; free cheeks without spine, thorax with 12 segments and well-developed 
pleural spines ; pygidium with 2-3 axial rings and 3 pairs of marginal 
spines, distance between posterior pair slightly langer than wiclth of anterior 
axial ring in pygidium. 

R e m  a r k s :  - The Nonvegian material quite agrees with the 
Swedish. The largest cranidium found in Norway is 30 mm wide (restored} 
and 15 mm long. A form with long marginal spines in the pygidium is 
separated below as P. scarabaeoides westergårdi n. subsp . . 

O c c u r r e n c e :  - Norway : Skien-BrcYik clistrict ( Ombordsnes) , 
Eiker-Sandsvær ( Sandbakk core, Teigen core, Stablum core, Krekling) , 
Røyken (Nærsnes, Slemmestad) ,  Oslo, Modum, Ringerike, Hadeland, 
Hamar district (Romedal ) ,  Ringsaker (EYj eYika) ,  Brumunclclal, Valdres 
(Tonsåsen) ,  Snertingdal, Østerdalen ( Glomstacl, Ulvåen) . - Zone of 
Peltura scarabaeoides, lower part ( 2cly) , subzone of Ctenop'yge bisulcata 



1 957. No. l .  THE TRILOIHTE FA:.IILY OLE::\ID.\E 2 3 9  

(associated with Sphaerophthalmus humilis -+- Ct. bisulcata) and subzone of 
Ctenopyge linnarssoni (associated \vith Sph. hwnilis -+- Ct. linnarsson·i 
-+- Ct . .fletcheri + Ct. pecten) . - -· Same horizons in Sweden, Denmark 

(Bomholm) , Poland, Grcat Britain, Canada. 

Peltura scarabaeoides westergårdi n. subsp. 

Pl. 7 ;  pl. 25, figs. 8, 10, 12, 15-17. 

1898 Parabolina mega/aps n.sp. (panim] - - ?\Jo berg & �roller, p.  275, pl. 13, fig. 9 

only. (Fig. of pygidium, ei.  Westergård, 1942.)  
1942 Peltura scarabaeoides (\Vah!enberg) - �  \\.estergard, p.  14 .  (Points out that 

the pygidium figured by Moberg & Moller, 1898, pl. 13, fig. 9, as Pa1·abolina. 
mega/ops, belongs to a form of Peltura scarabaeoides prcdominant in the subzone 
of Parabolina longiwrnis and immediately underlying strata.) 

1944a Peltura scarabaeoides (\\'ahlenberg) - - \i\'estergård, p. 40, pl. 3, fig. 3.  (Fig. 
o f  pygidium.) 

1947 Peltu:ra scarabaeoidcs (Wahl.) [partim] - - Westergård, p.  26. (Distributicn 
in Sweden of Peltura swrabaeoides, including also P. scarabaeoides 1.oestergårdi 
n. subsp.) 

N a m e : - The namc ·z.;,;estergårdi is giYen in honour of FiL Dr. A.  H. 
\Vestergård. 

H o l o t y p e : - A cranidium figured by \Vestergård ( 1 944, pl. 3, 
fig. 3 ) ,  f.rom a limestone boulder, Åkarpsmolla, Scania, Sweden. It i s  associ

ated with Pambolina lobata [ = P. longicornis ] . 

D i  a g n  o s i  s :  - Differs from Peltura scarabaeoides scarabaeoides in 
ha ving langer and straighter marginal spines in pygidium ; distance between 

posteroir pair of spines almost equal to width of end lobe. 

D e s  c ·r i p t i  o n : - This is bascd on detachecl parts only. Cranidium 
similar to that of P. scarabaeoides scarabaeoides. A fragment of a cranidium 
suggests that the cranidia of P. scarabaeoides westergårdi attainecl at least 
a length of 13 mm. The same fragment shows well-developed S4. 

Free cheeks seem to diffcr from those in main subspecies in being 
somewhat narrower. Faint genal caeca may be present. 

Hypostoma similar to that of main subspecies, and usually showing 
terrace lines. 

Thorax known from fragments of thoracic segments only. As in main 

subspccies apparently without axial nodes. 
Pygidium resembles that of main subspecies, but differs in not having 

border and marginal spines bent do-wn, and in having langer marginal spines 
and a greater distance between posterior pairs of  spines. 

A f f i n  i t  i e s : - P. scarabaeoides weste rgårdi is  no cloubt very dose 
to P. scarabaeoides scaraba.eoides, from which it most probably has devel
oped. The pygidium of P. scarabaeoides ·westergårdi resembles somewhat 
that of P. amtidens, which likewise has rather long spines, but is easily 
distinguished from it as it has much narrovver pleural areas, and the bases 
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of the spines on a more cuned line. Furthermore the posterior pair of  

spines are set much further apart than in P. acutidens. 

O c c u r r e n c e : - )Jorway : Eiker (Vestfossen) , Røyken (Slemme
stad) ,  Oslo. - Zone of Pel tura scarabaeo ides, upper part (2d<l ) ,  subzone of 

Parab olina !o bata (associated with Parabolina !o bata praecu,rrens or with 

Parabolina lo bata lobata + Agn ostus ntdis hol mi -+- Eoorthis :- sp.) -- 
Sweden (same horizon) . 

Peltura transicns ( Brogger 1 882) . 

Pl.  i ;  pl. 26, iigs. 7-13. 

1882 C):clo[Jnathus lransicns, 11. sp. -- T3rogger, p. 109, pl. l ,  fig. 6. ( Descr. Fig. of 

pygidium. )  

1898 Acerocarc transietts Bri:igger - - 11oberg & Moll er, pp. 242, 253. ( Compared 

with Peltura parado.'l:a.)  

1909 Peltura cornigera 11. sp. - - \\'estergårcl, p.  47, pl . I,  figs. 2-4. (Descr. Figs. of 
cranidium, free cheek, and pygidium.) 

1922 Pc/tura rornigera Westergård - - Weste1·gårcl, p. 1 76, pl. XY, figs. 19-23. 

( Descr. Figs. of cra11idium, free cheeks, and pygidium.) 

1 922 Pelt-ura ("Cyclogna tlws") transicns (Bri:igger) - - \\"estergård, p. 176. 

(Remarks.) 

1934a Peltum (= Cyclognatlws) transic11s - -· Stønner, p. 332. (Listed.) 

1 944a Peltura cornigera \ \"estergård -- \\" estergå rd, p. 43, pl. 13, fig. 4. (Fig. of 
pygidium with rudimentary marginal spines.) 

1944a Peltura cornigcra \\"gård. -- \\
.
estergård, p. 26. (Distribution in Sweden.) 

T y p e  el a t  a :  - As lectotypc I select the pygidium (P . M.  O. no. 
19947a) figured by B rogger ( 1882, pl. I ,  fig. 6) . It is associated with other 
paTts of the same species, and was collectccl by Brogger in 1879 at V cst
fossen in Eiker, Nonvay. 

D i  a g n  o s  i s :  - A Pcltura spccies with : obsolete glabellar furrows 

in adult cranidia ; postocular cheeks somewhat more than half as wide as 
occipital ring ; narrow free cheeks v.· i th stender spine almost nonnal to mar

gin ; pygidium with 3 pairs of short marginal spines and axis with 2 rings 
and end lobe. Thorax insufficiently known. 

R e m  a .r k s :  - Bri:igger ( 1882) remarked that the head shield o f  P. 

transiens is very like that o f  P. scarabaeoides, but did not particularly men
tion the free cheek. A restudy of Brogger's material showed that the f-ree 
cheeks have spines as in P. cornigera. This i s  also seen in additional material 
collected at the type locality. \Vestergård ( 1 922, p. 1 76) compared P. corni

gera. with P. transiens (as described by Brogger) and stated that the latter 
differed in having no cheek spine, in having one, rarely two pairs of pleural 
furrovvs i n  the pygidium, and having c:pparently more rudimentary marginal 
spines in the pygidium. As P. transiens does have free cheeks with spine 
and the pleural furrows in the pygidium proved to be developed exactly as 
in P. cornigera, I belieYe that P. cornigera. should be considered a synonym 
of P. trar1siens. The thircl clifference notccl by \Vestergård, namely that the 
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spines in P. transiens are more rudimentary than in P. cornigera} is rather 
insignificant, as the spines in both cases are rather small. Furthermore, 
\Vestergård later ( 1944a) included in P. cornigera a pygidium with rudi

mentary marginal spines. In the type material of P. transiens the spines are 
more or less damaged, and may not have been shorter than in the pygidium 
of P. cornigera figured by \Vestergård in 1922 (pl .  XV, fig. 23) . The cra
nidium figured by \Vestergård in 1922 (pl. XV, fig. 19) dif fers from those 
described below in having smaller postocular cheeks. Cranidia of the same 
type as those described below occur, however, at the type locality of P. cori

gera ( Gronhogen, bland, Swcden) . 

D e s c 'r i p t i o n o f N o r w e g i a n  m a t e  r i a l : - This i s  based 
on detachcd parts of the shield. The !argest cranidium present is about 
10 mm long. Cephalic axis slightly longer than wide, tapering slightly for
wards, bluntly roundcd in front. Occipital ring with faint node. Two pairs 
of very faint glabellar furrows. No anterior border furrow. Eye ridgcs 
oblique and indistinct. Interocular cheeks narrow. Postocular cheeks some
what wider than half the width of  occipital ring. 

Free cheeks pelturoid, elongate, with relatively wide border and a slender 
cheek spine almost normal to the ma·1·gin, and situated far back. The spine i s  
slightly curved. 

Hypostoma rather l ike that of P. scarabaeo ides. 

Thorax known only from fragments of segments. 
Pygidium sub-semicircular. Axis with two rings and end lobe. Pleural 

regions about as wide as axis in front. Two pairs of d istinct an one indistinct 
pair of short posterior pleural furro\YS. Three pairs of short marginal spines. 
Terrace lines usually seen. 

O c c u r  r e n  c e :  - Norway : Eiker (Vestfossen) , Røyken ( Slemme
stad) - A cerocare zone (2de) ,  subzone of Peltura transiens. Associated with 
Parabolina her es he;res. - - Sweden (same horizon) . 

G e n u s  N e r i c i a s p i s  T j e r n v i k  1 9 5 5 . 

T y p e  s p e  c i e s :  - Jujuyasp is( ?) robusta Tjernvik 1953, by original 
designation. 

D i a g n  o s  i s : - Pelturinae with : Peltura-like cranidium, but with 
prominent intergenal spines ; sub-elliptical pygidium with few segments. 
Thorax and free cheeks unknown. 

O c c u r  r e n  c e :  - Sweden, zone of Peltttra scarabaeoides. 

R e  1 a t  i o n  s h i  p s :  - The type species is the only known species. 
N ericiaspis most probably denloped from P{'/tu·ra (cf .  Tjernvik, 1955) .  

Vid.-Akad. Skr. I. M.-N. Kl. 1957. No. 1 .  16  
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:Yericiaspis robusta (Tjernvik 1953) . 

Pl. :2, fig. 6 ;  pl. 6. 

1953 Juj!t)'aspis( 0 )  robusta sp. n. - -- Tj crnvik, p. 75, text fig. 2. (Descr. and fig. of 

incomplete cranidinm.) 

1955 Xericiaspis 1·obusta (Tjernvik) - - Tj ernvik, p. 210, pl. Il,  figs. 1-4 ; text- fig. 

l B. (Descr. Figs. of cranidia and pygidia.) 

H o  l o t y p e :  - By monotypy the incomplete cranidium figured by 

TjernYik ( 1953 ) ,  from Lanna, � erike, Sweden. 

D i a g n  o s  i s :  - A N ericias p is spee i es with : postocular cheeks some

what narrower than occipital ring ; small palpebral Jobes opposite S3 ; inter

ocular checks about one-fourth as \vide as glabella at cye line ; S l  and S2 

distinct, S3 indistinct. No other parts than cranidium known. 

O c c u r  r e n  c e :  - Sweden : Pc/tura zone, subzone of Peltura scm·a

baeoid es and S phaero phthalmus h wnil is. 

G e n u s  A c e 1' o c a r e A n g e  l i n  l 8 5 4. 

T y p e  s p e  c i e s : - Acerocare cc01'nc Angelin 1854, by monotypy. 

D i a g n  o s i s : ·- Pelturinae with : rather anteriorly situated palpebral 
lobes ( opposite S3) ,  short but distinct pre-glabellar f ield ; rather wide post

ocular cheeks ; more or less distinct glabellar furrows ; free cheeks pelturoid, 

without spine ; thorax with 12 or more segments ; pleural ends truncated, 

but may be provided with small spines ; pygidium with 6 or more axial rings, 
and with fine terrace lines sub-parallel to margin. 

R e m  a r k s :  -- Angelin ( 1 854) erected this genus for A cerocare 

ecorn.e. Moberg & I\·Ioller ( 1 898) addecl A .  tullbergi, as well as a number 
of species which later haYe been transferrccl to other genera (A cerocarina, 

W estergårdia., Peltura, and Leptoplastus) . 

I n c l u d e d  s p e c i e s : -

A cerocare econte Angelin 1 854. 
A .  tullbergi Moberg & Moller 1898 . 

. O c c u r r e n  c e :  - Aceroca:re zone, �onvay, Sweden. 

P h y  l o g e n y  a n el r c l a t i o n s h i p s :  - A cerocm·e resembles, 

and is no doubt close to A cerocarina and late Peltura species, but it is dif
f icult to judge from which of these genera it cleveloped. It is unfortunate 
that the exact stratigraphic position of A .  tullbergi is not known. It differs 
from A. ecorne i .  a. in having wider f ixccl cheeks, wider pleural regions, 

marginal spines in the pygidium, and at !east 2 more thoracic segments. On 
the wholc, A. tullbergi appears more aclvanced, and probably developed from 
the closely related A .  ccorn e. 
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A cerocare ecorne Angelin 1854. 

Pl. 2, fig. 3 ;  pl. 7 ;  pl. 30, figs. 1-8 ; pl . 31. 

1854 A cerocare ecomc. n. sp. - - Angelin, p. 46, pl . XXV, fig. 10. ( Dcscr. Fig. of 

rcstored dorsal shield. 

1898 Accrocare ecorne Ang. -- Moberg & Moller, p. 23 1, pl. 10, figs. 1-10. (D<:ocr. 

Figs. of all parts of the dorsal shield, immature cranidia, and hypostoma.) 

1922 Acerocare ecorne Angelin -- vVestergård, p. 178, pl.  XVI, figs. 6-14. (Fig. 

of axial shield and copics of ?v[oberg & Moller's figs.) 
1925 A cerocare ecorne -- Raw, pp. 262, 264. (Remarks.) 

1947 Acerocare ecorne Ang. -- \Vestergård, p. 26. (Distribution m Sweden.) 

1 955 Acerocarc ecorne Angclin - - Tj ernvik, p. :209, text-fig. l C. (Sketch of cra

nidium.)  

T y p e  el a t  a :  - A lectotype should be selected from material from 

Sandby, Sweden ; and from Angelin's specimens. 

D i a g n  o s i s :  - An Acerocare species with : fixed cheeks about three

fourths as wicle as occipital ring ; palpebral Jobcs dose to glabella, two small 
tubercles near anterior corncrs of cranidium ; four pairs of faint glabellar 

furrows ; a pai t• of anterior pits may be developed ; free cheeks pelturoicl, 
without spine ; thorax with 1 2  segments, axial nodes, and truncatecl pleural 
ends with tiny spine in posterior corner ; pygidium entire with 6-7 axial 
rings and terrace lines subparallel to margin. 

R e m a r k s : - Some cranidia from Swedcn show rather clistinct 

muscle marks, which are describecl above (p. 92) . 

N o r  w c  g i  a n  m a t e r  i a l :  - This con forms with the Swedish 
material but shows that their pleural ends have a tiny posterior spine, corrc
sponding to that in ,1 . tullbergi. A bedding surface almost covered with more 
or less complete immature shields ( 4-8 mm long) is described above (p. 7 1 ) .  

O c c u r  r e n  c e :  - Xorway : l\ øyken ( �  ærsnes, Slemmestad) .  -

Ace?'ocare zonc ( 2de) ,  subzone o f  A cerocare ccorne. Associated with Para

bo!i11a acanth ura and Pe!turina pwzctifera n. sp. - Sweden ( same horizon) . 

A cecorare tullbergi ( ::\1oberg & :.\foller 1898) . 

Pl. 7 ;  pl. 30, figs. 9-1 1 .  

1880 Accrocarc sp. - - Tullbcrg, p .  6 .  ( Mentioned.) 

1898 Accrocm·e Tullbergi n. sp. - - Moberg & Moller, p. 254, pl. 14, figs. 6-9. 

(Descr. Figs. of cranidium, free cheek, hypostoma, and thorax with pygidium.) 

1922 A cerocarc Tullbergi Moberg & Moller - - Westergård, p. 178, pl. XVI, figs. 

1.')-18. ( Rema1·ks. Figs. of cranidium, free cheek, and hypostoma, copied from 

Moberg & Moller, and fig. of thorax with pygidium.) 

1925 Acerocare Tul!bergi Moberg & ::.1ollcr - - Raw, p. 264. (Remarks.) 
1947 A cerowre t1tllbergi Mob. & Moll. - - \\'estergård, p. 26. (Distribution m 

Sweden.) 
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T y p e d a t  a :  - As lcctotype I select the cranidium figured by Mo
berg & �foller ( 1898, pl. 14, fig. 6) , from Andrarum, Scania, Sweden. 

D i a g n o s i s : - An Acerocare species with : practically no pre

glabellar field ; interocular cheeks about one-fourth as wide as glabella at 
eye line ; fixed cheeks markedly wider than occipital ring and with distinct 
intersutural spines .: thorax with ( at !east) 14 segments ; truncate pleural 
cnds with 2 small spines ; pygidium \Yith 4 pairs o f  n1arginal spines. 

R e m  a r k  s :  - Raw ( 1925) suggested that the hypostoma, thorax, 
and pygidium figured by Mo berg & Moller ( 1898) do not belong to Acero

care, but to another genus, perhaps Parabolinella. However, there is no 
reason to doubt that they are conspecific with the cranidium and free cheek 
figured by Moberg & Malier. Admittedly, no axial or dorsal shields have 
been found to prove this, but there are numcrous detached parts in the type 
material, and no traces of any other species. The thorax assigned to A .  tull

berg-i differs from that of A .  ecomc i. a .  in being wider, but the cranidium 
of htllbe?'gi is correspondingly wider than that of A. ecome. Furthermore 
the surface ornamentation of the thorax of A .  tullbergi agrees with that of 
the cranidium. 

As pointed out by \ Vestergård ( 1922) the pleural en ds of A. tull berg i 
have each two small spines, one from the posterior corner and a smaller 
one from the middle of the lateral margin of the pleural end. The marginal 
spines in the pygidium seem to correspond to the smaller anterior pleural 
spines. It supports the reference of the thorax to A. tullbergi that small 

pleural spines, corresponding to the posterior pleural spines in A .  tullbergi, 

have now been observed also in A. ecorne. 

The intergenal spines in A. tullbergi are rather dislinct (pl. 22, fig. 1 1 ) .  
Anterior pits may be well developed in larger cranidia, which furthermore 
show 4 pairs of glabellar furrows. A. tullberg1: carries, like A .  ecorne, a pair 
of small bosses in the frontal area, one near each anterior corner. 

O c c u r  r e n  c e :  - Sweden : A cerocarc zone. 

G e n u  s S a  l t a s  p i s H a r r i n g t o n & L e a n z a l 9 5 2. 

T y p e  s p e  c i e s :  - Jujtt·yaspis steinmanni Kobayashi 1936, by ori
ginal designation. 

D i a g n  o s  i s : - Pelturinae with : medium-sized palpebral lobes clcse 
to glabella, and rather anteriorly situated ; proparian facial sutures ; post
ocular cheeks with a pair of long and strong spines ; thorax with 1 2  segments 
and fusiform axis ; pleurae with fulcra dose to axis, and with short pleural 
spines ; semi-circular, entire pygidium. 

R e  m a r k s :  - This genus was erected for Juju)•aspis steinmanni by 
Harrington & Leanza, who pointed out that it has a proparian facial suture, 
whereas Jujuyaspis keideli, type species of Jujuyaspis, which had also been 
attributed a proparian facial suture actually is opisthoparian (cf .  postscript) . 
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Saltaspis differs from Iujwyaspis i. a. in haYing a more Peltura-like thorax, 

with fulcra rather dose to the axis and short plcural spines . 

I n c l u d e d  s p e c i e s : -

Saltas jJis stein mann i ( Kobayashi 1937 ) . 
S. viator Tjernvik 1956. 

S. sp. - - Tjernvik, 1955,  1956. 

O c c u r  r e n  c e :  - Lower Tremadocian : Bolivia, Argentina. Uppcr 

Tremadocian : Sweden, ?Norway. Lowermost Arenigian : Sweden. 
P h  y l o g  e n  y a n d  r e  l a t  i o n s h i  p s :  - Saltaspis apparently is 

dose to the earlier genus A cerocare} with which is shares well-developed 

intergenal spines . The spines are especially prominent in Sa1taspis. The 

known species of Saltaspis are no doubt dosely ·related. 

Saltaspis steinmanni (Kobayashi 1937) . 

Pl. 2, fig. 1 1 .  

1937a fHju.yaspis steimnarmi} new species. - - Kobayashi, p .  176, text figs. 1-5. 
(Descr. Figs. of cranidia, free cheek, part of thoracic segment, and pygidi:.-�.) 

1937c htjuyaspis steimnanni Kobayashi -- Kobayashi, p. 480, pl.  IV, figs. 1-5. 
(Remarks. Figs. of  cranidia, free cheek, part of thoracic segment, and pygidia.) 

1 938 htjlt.'J'Ospis steimnanni Kobayashi - - Harrington, p. 206. (MentioneJ.) 
1952 Saltaspis steinmanni (Kobayashi)  -- Harrington & Leanza, p. 198, pl. I, fig,, 

1-2, 7. (Descr. Figs. of cephalon, dorsal shield, and fragmenlary dorsal shield.) 
1953 Ju.ju.yaspis steinmmmi Kobayashi -- Tj ernvik, p. 75. (Mentioned.) 

T y p e  d a t  a :  - As lectotype I select a cranidium figured by Kobay
ashi ( 1937a, text fig. l ;  1937c, pl.  IV, fig. l )  from Guanacuno, Bol ivia. 

D i  a g n  o s  i s :  - A Sa.Ztaspis species with : postocular cheeks slightly 

wider than occipital ring ; palpebral lobes relatively large ; thorax with 12 
segments, proximal fulcra, fusiform axis, and very short pleural spines ; 
entire pygidium. 

O c c u r r e n c e :  - Lower Tremadocian. Bolivia, Argentina ( zone of  
Kainella mer id·ionalis) . 

Saltaspis 'lliator Tj ernvik 1956. 

1956 Saltaspis viator n. sp. - - Tjernvik, p. 201 ,  text-fig. 30 ; pl. Il ,  figs. 1-3. (Descr. 
Figs. of cranidium, free cheek, and pygidium.) 

H o  l o t y p e : - A cranidium figured by Tj ernvik ( 1956, pl. II, fig. 1 ) ,  

from Vastergotland, Sweden. 

D i  a g n  o s  i s :  - Di f fers from the type species in having : longer 

postocular cheeks ; palpebral lobes nearer to the anterior margin ; converging 
preocular facial sutures ; and very much wider pygidial border. 

O c c u r  r c n c e :  - Sweden : Lowermost Arenigian ( zone of Plesio-

1negalaspis armata ) .  
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Saltaspis sp. 

Pl. 8. 

1933 Saltaspis sp. -- Tj crm·ik, text-fig. l D. ( Drawing of cranidium.) 

1936 Saltaspis sp. -- Tj erm·ik, p.  203, pl. Il,  fig. 4. (Remarks, fig. of cranidium.) 

R e m a r k s : - According to Tjernvik ( 1956), the cranidium (the 
only part known) differs from that of S. ·viator in the following features : 
the palpebral lobcs are situated further back, the preocular facial sutures 

scem to be subparallel , and the postocular cheeks are shorter. In all these 
fcatures the specics agrc·es hetter with the type species than vvith S. 1:iator. 

::-; o r w e g i a n m a t  e r i a l :  - A single fragment of a cranidium 
may possibly belong to this species. 

O c c u r  r e n  c e :  - Sweden : "Cpper Tremadocian zone of Apato

kephalus serratus. :-Norway : Cpper Tremadocian Ceratopyge Limestone 
( 3a y) at Slemmestad, Røyken. 

G e n u s P e l t o c d r e n. g e n. 

N a m e : - From Greek 7rc.Ar1J ( = crcscent-shapcd shield) and Kap::x 
( = head) . The name suggcsts the likeness to Peltura and A cerocare. 

T y p e  s p e  c i e s :  - A cerocare norvegiwm Moberg & Moller 1898. 

D i  a g n  o s  i s :  - Pelturinae with : small palpebral lobes dose to gla

beila and far forwards, almost on line with preglabellar furrow ; short 
frontal area ; glabellar furrows faint or missing ; free cheeks pelturoid, with
out spine ; ( ) -sidcd thorax with 12 segments ( wherc num ber is known) ; 
entire pygidium with terrace lines. 

I n c l u d e d  s p e c i e s : -

Peltocare glaber (Harrington 1938) (earlier Cyclognathus) 

( = ? P. norvegicum) 
P. noruegicum ( Moberg & Moller 1898) ( earlier : Acerocare, Peltura) 

P. olenoides ( Salter 1 866) ( earlier: Con ocoryphe ?, Peltura) 
P. Totundifrons (:Vfatthew 1 893) (car lier : Cyclognathus) . 

O c c u r  r e n  c c :  - Upper Tremadocian in  Norway, Sweden, Wales, 
E. Canada, Argentina. 

P h  y l o g  e n  y a n d  r e  l a t  i o n s h i  p s :  - Peltocare -resembles late 
Pe!tura species like P. costata, but dif fers i. a. in having wider fixed cheeks 

and postocular facial sutures which wt the cephalic margin further forward. 
Peltocare shares these featur.es with A cerocare and Saltaspis, and it i s  prob
able that it is dosest relatcd to these two genera, although it dif fers in hav
ing the palpebral lobes set further forwards, thus resembling Acerocarina. 

All species assigned to Peltocare seem to be dose to each other, and differ 

only in minor detail s .  
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Peltocare norvegicum ( :Yioberg & �foller 1898) . 

Pl. 2, fig. 9 ;  pl. 8 ;  pl. 27, figs. 6, 8, 10-14. 

1882 Cyclognathus micropyg11s, Linrs. - - Broggcr, p.  1 1 1, pl. I, figs. 3, 3a, 3c, 4. 

(Dcscr. Figs. of dorsal shield, cranidium, and free cheek. The hypostoma in 

fig. 3b does not belong to this species.) 

1898 Acerocare non;egiwn• n. sp. -- Mo berg & Moll er, p.  243. (Point out dif

ferences between this species and Linnarsson's Cyclognatlws micropygus. ) 
1905a A cemcare noruegicum Mbg. - - Wiman, p. 63; pl. III,  figs. 19-30. (Descr. 

Figs. of  cranidia, thoracic segments, and pygidia.) 

1906 A cerocare norvegicwn Moberg & Moller - - 1-Ioberg & Segerberg, p. 82, 

pl. IV, figs. 27-28. (Figs. of cranidium and pygidium, copied after \\'iman, 

1902.) 

1908 Acerocau norvegicum Moberg - - Raw, p.  513 .  (Included in Leptop!astides.) 

1919 Acerocare tzorvegicu.m Moberg & Moller - - Lake, p. 92. (Mentioned.) 

1920 A ce1·ocare norvegicwn Mbg. - - Størmcr, p. 8, pl. I, figs. 5, 6, 10. ( Adclitional de-

scription. Figs. of axial shield and larva! cranidia.) 

1920 Acerocare? sp. - - Stønner, p. 14, pl. li, fig. 9. (Descr. and fig. of hypostoma.) 

1934a Peltura 1w1·vegicwn - - Størmer, p. 332. (L1sted.) 

1938 Acerocare norvegicwn :Mobcrg - - Harrington, p. 213. (Mentioncd.) 

?1938 Cj•clognat/ws glaber sp. nov. -- - Harrington, p.  212, pl. IX, figs. l, 5, 12. 

(Descr. Figs. of dorsal shields .)  

1953 Acerocarc ? nor-vegicwn -- Holtedahl, p .  189, fig. 70 : figs. 2-3. ( Figs. of  

craniclium and pygidium.) 

T y p e  d a t  a :  - As lcctotype I select a cranidium (P. M.  O. no. H 

2619) figured by Brogger ( 1882, pl. I, fig. 3) , from Vekkerø, Oslo, Norway. 

It comes from 3aa ( erroneously printed as 3ca in the explanation of Brog
ger's plate. ) 

R e m  a r k  s :  - Drogger ( 1882) included this form in Cyclognathus 

micropygus Linnarsson, but Moberg & Malier ( 1898) pointed out that it 
differed from this, and gave Brogger's form the name A cerocare norvegi

curn . Raw ( 1908) included it in Leptoplastus (Leptoplastides) ,  but Lake 
( 1919) could not see any reasons for placing it either in Leptoplastus or 
Leptoplastides. Stønner ( 1934) assigned it to Peltura, whereas other authors 
have retained it in A cerocare. Although the species resembles both A cero

care and Peltura, it differs from both, and I propose to include it in a new 
genus, Peltocare. 

D i  a g n  o s  i s : - A Peltocare species with fixed cheeks somewhat 

more than half as wide as occipital ring ; thorax with 12  segments ; pygidium 
with 4 axial rings and strong tePrace lines. 

D e s c r i p t i  o n :  - The dorsal shield figured by Brogger ( 1882, 

pl .  I, fig. 4) is fully 40 mm lang, the cranidium being 13  mm and the pygi
dium 7 mm lang. The !argest cranidia present are about 1 5  mm long. 

Cranidium pelturoid. Cephalix axis slightly langer than wide, slightly 

tapered forwards, and bluntly rounded in front. Occipital ring with axial 
node. Occipital furrow shallow, faintly tripartite. Two practically invisible 
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pairs of glabellar furrows. Ko anterior border furrow. Frontal area slightly 
convex, almost flat, and do·wnsloping. Eye ridges absent. Palpebral lobes 

small, far forwards, and dose to glabella. Eye line only very slightly behind 

preglabellar furrow. Interocular cheeks very small. Postocular cheeks some

what more than half as wide as occipital ring. Facial sutures converge in 

front of  eye and diverge strongly just behind eyes, but diverge less 

fucther back. 

Free cheeks pelturoid, without cheek spine. Eyes with facets. Border 

distinct, convex. 

Hypostoma found in situ in one specimen. Subquadrate with rounded 

corners. Central body almost triangular, tapering strongly backwards. Brim 

downsloping. Border distinct, somewhat expanded at posterior corners, and 

with terrace lines subparallel to border. 

Thorax with 12 segments. Anterior axial rings about twice as wide as 

posterior rings. Axial rings without axial node. Pleural regions narrovver 

than axis. No pleural ends are well preserved, but they scem to be of the 

Peltura type with broad-based short spines. 

Pygidium more than twice as wide as long, with rounded and entire 

posterior border. Axis occupies about one-third of the entire \vidth of the 

pygidium anteriorly, and tapers markedly backwards. Axis with three rings 

and end lobe. Pleural regions with rather faint furruws, except anterior 

pair which is rather distinct. Surface traversed by distinct terrace lines. 

Border distinct, convex. 

A f f  i n  i t  i e s :  - P. glaber (Harrington 1938) i s  no doubt very dose 

to P. norvegicwn, and, as far as can be judged from the illustrations and 

description, appears to be conspecific. The cephalon seems to agree with that 

of norvegicum, but the posterior facial suture is not seen so well in the 

specimens figured by Harrington ( 1938, pl. IX, figs. l and 12) ,  as they may 

be more or less covered by the free cheeks. N evertheless, the course of the 

facial suture appears to be the same in both forms. The thorax consists o f  

1 2  segments and has also the same outline a s  i n  P. nor·vegicu1n. The pygidium 
appears to be identical with that of P. nor·uegicmn. P. gla.ber reaches at !east 

the same size as P. norvegicum) as can be seen from the specimen figured 

by Harrington in plate IX, figure 5 .  

P .  rotundifrons (Matthew 1893) is  also dose to  P .  nor·vegicwn, but 

appears to be a smallcr species. 

O c c u r  r e n  c e :  - Norway : Oslo (Lysaker, Kampen, Tøyen) , Ringe

rike (Klekken) , Hadeland ( Jaren) , Østerdalen (Glomstad) . - Zone of 

Symphysunts incipiens (3aa) . Associated with Bienvillia tetragonalis broeg

geri n. subsp. and non-olenids. - - Sweden ( same horizon) . ? Argentina 

(Tremadocian) . 
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Peltocare olenoides ( Salter 1866) . 

1886 Co11ororyph e ?  olenoides, n.sp. - - Salter, p. 308, pl. 8, fig. 6. (Descr. and sk�tch 

oi restored cephalon.) . 
1919 Peltum olenoides ( Salter) - - Lake, p. 100, pl. XII, iigs. 4-5. (Dcscr. Figs. 

of Saltcr's specimen and imperfect dorsal shield.) 

T y p e  d a t  a :  - Holotype (by monotypy) is the imperfect ccphalon 
described by Salter, and upon which his restortion of the cephalon was based. 
The specimen was figured by Lake ( 1919) . It is from the Upper Trema
docian at Garth, Minffordd, Portmadoc, \'Vales. 

R e m  a r k s :  - The species has the palpebral lobes set far forwards 
and apparently belongs to Peltocare. Unfortunately the number of thoracic 
segmcnts is not definitely known ; it was suggested by Lake ( 1919) to be 1 1 .  
It may be very dose to P. norvegicum, but a s  far a s  can be judged from the 
two imperfect specimens known, it may have narrower fixed cheeks. 

O c c u r  r e n  c e :  - vVales (Upper Tremadocian) . 

Peltocare 1'otundi.frons ( Matthew 1893) . 

1893 Cyclognathus rotundifrons, Matt. - - Matthew, p. 107, pl.  \-Il ,  figs. 16a-b. 
(Descr. Schematic drawing of cranidium with some attached thoracic segments 
and of free cheek) 

1952 Cyclognathus 1·otundijrons Matthew - - Hutchinson, p. 94, pl. V, figs. 7-9. 

(Descr. Figs. of dorsal shield, cephalon, and frce cheek.) 

T y  p e d a t  a :  - As lectotype should be selected one of Matthew's 
specimens from Division 3d at the Suspension Bridge, St. John, New Bruns
wick, Canada. 

D i  a g n  o s  i s : - A Peltocare species vvith : fixed cheeks about half as 

widc as occipital ring ; thorax with 12 segments ; pygidium with 2 axial rings. 

O c c u r  r e n  c e :  - Canada (Division 3d at St. John, New Bruns
wick, McLeod formation in Nova Scotia) . 

G e n u s P e l t u r i n a n. g e n. 

N a m e :  - The name Pelturina alludes to the likeness to Peltura. 

T y p e  s p e  c i e s :  - Peltttrina pwnctifera n.sp. 

D i  a g n  o s  i s : - Pelturinae resembling Peltura, but with palpebral 
lo bes further back ( opposite S2) . 

R e m a r k  s :  - The type species i s  the only known species assignable 
to Pelturina. 

O c c u r  r e n  c e :  - A c erocare zone ; Norway, Sweden. 
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A f f i n  i t  i e s :  - The genus Pelturina seems to be dose to Peltura, 

from which it may han de\·elopecl. In this connection the cranidium of  
Pc/tura c om igera ( = P. transiens) figurcd by \Vestergård ( 1922, pl. XV, 

fig. 19) is of interest, as its eyes are placed further back than usual in Pel

tura, and thus seems to point towards Pelturina. 

Pelturina p u nctifcra n. gen. & sp. 

Pl. 2,  fig. 5 ;  pl.  i ;  pl .  28, f igs .  1---4. 

194-1-a Peltura (paradoxa ' )  - \\"estergård, p. 4-1-. (Three small cranidia recoded ) 

N a m e : - The name pun ctifera allucles to the finely punctate smface 
of the cranidium. 

H o  l o t y p e : - A cranidium (P.  ).1 .  O. no. 66806) collect�d by 
H. Rosendahl in 193 1 near Brummunclsagen, Brummunddalen, Norway. 
It is associated with Parabolina her es lata and W estergårdia lata. 

D i  a g n  o s  i s :  - A  Pelturina species ·with : eye line crossing the axial 
line at about one-third of the axial line from the anterior margin t.o the 
posterior margin of the cranidium ; postocular cheeks markedly less than 
half as  wicle as  occipital ring ; surface o f  craniclium finely punctate ; pygi
dium with 2 axial rings and end lobe of two fused rings and 2 pairs of  mar
ginal spincs. F!ree cheeks and thorax unknown. 

D e s c r i p t i o n :  - This is based on 1 2  cranidia and two pygidia. 
The pygidia are considered conspecific, as they apparently agree in size with 
the cranidia, and cannot belong to any of the associated species. 

The largest cranidia are about 6 mm long. Posterior two-thirds of ce
phalic axis almost parallel-sided, anterior thircl markedly tapering, truncate l  
in front, although with rounded corners. Occipital ring with two axial nodes, 
one behind the other. Occipital furrow wcll developed, composite. Glabellar 
furrows not united a cross glabella. S l  and S2 rather dis tinet. S3 and S4 
shorter and faint. Sl oblique backwards, sinuous ; S2 curved oblique back
wards. S3 oblique, straight, not reaching axial furrow, outer end dose to 
micldlc part of S4, a s  if branching from it. S4 oblique forwarcls, curved, 
reachcs axial furrow. Periglabellar area in front of palpebral lobes forms 
narrow band of cqual wiclth curving rouncl the front of the glabella. Pal
pebral lobes small. Eye riclges absent. Eye line through S2 and crossing 
sagittal line of craniclium about one-thircl of the way from anterior to poste
rior border. Postocular cheeks pelturoicl, markeclly narrower than half the 
wiclth of occipital ring. Intcrocular cheeks yery narrO\v . Facial sutures con
verging in front o f  palpcbral lobcs, diverging mocleratcly behind palpebral 
lobes. Surface finely punctate. 
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Free cheeks, hypostoma, and thorax unknovvn. 

Probably conspecific pygidia not >vell preserved. 2 patrs of marginal 

spines. Pleural regions downsloping, vvith t\VO pairs of distinct furrows. 

Axis with two rings and end lobe of two fused rings. 

O c c u r r e n  c e :  - Norway : Røyken ( ::J ærsnes, Slemmestad) ,  Brum

munddalen (near Brummundsagen) - Acerowre zone (2de) , subzone of  

Westergårdia (associated with Westergårdia species and Para bolina her es 

lata) and subzone of A cerocare ecornc (associated with Acerocare ecorne 

and Parabolina acanthura) . - - Sweden ( subzone of W estergårdia) . 

G e n u s A c e r o c a 1· i n a P o u l s e n l 9 5 2. 

S y n  o n  y 111 : -- C;•clognathus Linnarsson 1875 non St. Hillaire 1 833. 

T y p e  s p e  c i e s : - Cyclognathus 1nicropygus Linnarsson 1 875, by 

originial designation. 

D i  a g n  o s  i s :  - Pelturinae with : pelturoid cranidium ; small palpe
bral lobes dose to glabella and far forwards, almost on line with preglabellar 
furrow ; no glabellar furrows ; free cheeks pelturoid, without spine ; lO tho

racic scgments ; posterior half of thorax rapidly narrowing backwards ; 
pleural ends truncate, with or without 111inute spine in posterior corner ; 

small, entire pygidiu111, with strong terrace lines sub-parallel to posterior 

margm. 

R e  111 a r k  s : - Linnarsson ( 1 875 )  erected the genus Cyclognathus for 
the two species C. micropygus and C. granulatus. Brogger ( 1882) included 
so111e species which have later been transferred to Peltura (Peltum costata, 

P. minor, P. transiens) ,  and identified as Cyclognathus 1nicropygus a form 
which is now referred to as Peltocare n01·vegicum. Moberg & Molter ( 1 898) 
regarded C'yclognathus as a synonym of Ace·rocare. Lake ( 1919, p. 97) 
revived the name Cyclognathus for C. micropygus and C. granulatus (and 

similar species) . Paulsen ( 1952) pointed out that Cyclognathus Linnarsson 
1 875 is a homonym of Cyclognathus St. Hillaire 1833, and gave the new 
name Acerocarina to Linnarsson's genus. 

I n c l u d e d  s p e c i e s : -

Ace1·ocarina gmnulata ( Moberg & Moller 1 898) 

A. micropyga (Linnarsson 1 875 ) .  

O c c u r  r e n  c e :  - A cerocare zone ; Norway, Sweden. 

P h y  l o g e n y  a n d r e l  a t  i o n s h i p s :  - A cerocarina probably 
developed from Pelt�wa and is probably ancestral to Westergårdia. Acero

carina microp}'ga is. no doubt closely related to A. granulata, which differs 
i. a. in having nar;rower and tuberculate pleural regions. 
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A cerocarina granulata ( :Vfoberg & -�\foller 1898) . 

Pl. 7. 

1898 Acerocarc gramtlatum n. sp. [partim] - - ).1oberg & M i:iller, p. 244, pl. X I ,  

figs. 1-9. ( Descr. Figs. of imperfect dorsal shield, axial shield, cranidium, free 

cheek, hypostoma, thoracic segment, immature cranidium, and restored dorsal 

shield. Pl. XIV, figs. 1-5 are of W este1·gårdia illaenopsis.) 

1898 Acerocare gramtlatum Mbg. & Moller var. - - 11oberg, pl. 16, fig. 6. (Fig. of 

almost complete dorsal shield.) 

1922 C):clognatlws gramtlatus (Mo berg & Moller) -- Westergård, p. 179, pl. XVI, 

figs. 26-32. (Remarks. Figs. of cranidium, free cheek, hypostoma, thoracic seg

ment, pygidium, and immature cranidium, all copied from ).ifoberg & Moller, and 

fig. of axial shield.) 

1947 CJ,•clognatlws gramt!atus U vfob. & Moll.) -- \\"estergård, p. 26. ( Distribution 

in Sweden.) 

T y p e d a t  a :  - As lectotypc I select the axial shield figured by 

1\.:foberg & l\·foller ( 1898, pl . 1 1 ,  fig. l ) ,  from Sandby, Scania, Sweden. 

D i  a g n  o s  i s : - An Ace1·ocarina species with : fixed cheeks almost 

three-fourths as wide as occipital ring ; pleurae up to three-fourths as wicle 

as axial rings, and with rows of  tubercles at anterior and posterior margin ; 

pygidium with anterior part of  pleural regions about three-fourths as wide 

as anterior axial rings, well defined axis, and truncate or indented posterior 

margin. 

N o r w e g i a n  m a t e r  i a l :  - This consists only of a few detached 

parts, but seems to agree quite with the Swedish material. 

O c c u r r e n c e : - Korway : Eiker (Teigen) . - A cerocare zone 

( 2de) . Associated with Para bolina hcres heres, i . e. from the subzone of 

Peltura transiens or the subzone of Peltura costa/a. - - Sweden ( same 

zone) . 

Acerocarina m icrop_vga (Linnarsson 1875) . 

Pl. 2, fig. 10 ; pl. 7 ;  pl. 28, fig. 5. 

1875 Cyclognatlws micropygus n. gen. & n. sp. - Linnarsson, p. 500, pl. XXII,  figs. 

8-10. ( Descr. Figs. of d01·sal shield, thoracic segment, and pygidium.) 

1898 A cerocare w icropygum Linrs. sp.  -- Moberg & Mi)l!er, p.  237, pl. 10, figs. 

1 1-18. (Descr. Figs. of axial shield, cranidium, free cheek, hypostoma, thoracic 

segment, pygidium, immature cranidium, and restorec\ dorsal shield.) 

1922 Cyclognathus micropygus Linnarsson -- Westergård, p. 178, pl. XVI, figs. 

19-25. (Remarks. Figs. of cranidium, free cheek, hypostoma, thoracic segment, 

pygidium, and immature cranidium, all copied from Moberg & Moller, and fig. 

of  dorsal shield.) 

1947 Cyclognathus micropygus Linrs. - - \Vestergård, p. 26. ( Di stribution in Sweden.)  

1952 Cyclognathus m.icropygus Linnarsson -- Poulsen, p. 442. (Cited as type species 

of Acerocarina.)  

Non 1882 C:;clognathus m icropygus, Linrs. -- Brogger (= Peltocare norvegicum.) 
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T y  p e d a t  a :  - As lectotype I select the dorsal shield figured by 

Linnarsson ( 1875, pl. 22, fig. 8) , from Akarpsmolla, Scania, Sweåen. 

D i a g n  o s i s :  - An Acerocarina species \vith : fixed cheeks slightly 

more than half as wide as occipital ring ; pleurae up to as wide (tr .) as axial 

rings and without tuberculation ; pygidium with anterior part of pleural 

regions about as wide as anterior axial ring, with axis not vvell defined 

posteriorly, and rounded posterior margin. 

N o r w e g i a n  m a t e r  i a l :  - This apparently agrees quite with the 

Swedish. 

O c c ur r e n c e : - l:\ orwa y : Oslo ( Gamlebyen) .  - A cerocare zone 

( 2de) , ?subzone of Peltura costata. Associated \vith parts of a Parabolina 

species (probably P. heres heres) and free cheeks probably of Peltura costata. 
- - Sweden (same zone) . 

G e n u s  W e s t  e r· g å r d  i a R a  y m o n  el l 9 2 4. 

T y p e  s p e  c i e s : - Boeckia scauica \Vcstergård 1909, by original 
designation. 

D i a g n  o s i s :  - Pelturinae vYith : palpebral lobes relatiYely far from 

glabella and occupying an anterior, posterior, or intermediate position ; free 

cheeks without spine ; thorax with 9 segments (where number is known) 

and pyriform outline ; pleural ends truncatc and with minute spine in poste

rier corner ; pygidium with more or less trapezoidal outline, without border, 

and traversed by terrace lines. 

S y n o n y m :  - Sphaerophthalmoides Hutchinson 1952 with type 

species Leptoplastus latus �Iatthew 1892 is no doubt a synonym of Wester

gårdia. In a letter (dated April 23., 1 954) Dr. R. D. Hutchinson has kindly 

informeel me that he realized that S phaerophtlzalm oides was a synonym of 

Westergårdia shortly after his paper was published. 

I n c l u d e el s p e c i e s :· -

Wcstergårdia ·illaenopsis (\Vestergård 1909) ( = W. lata) 
W. intermedia \Vestergårel 1944 

W. lata ( Matthew 1892) (transferred here from Sphaerophthahnoides) 

W. ornata (Hutchinson 1952) (transferred here from Sphaerophthalmoides) 
(possible syn. of W. lata) 

W. scanica (\Vestergård 1909) 

W. ? inornata Harrington & Kay 1951  from the Lov.rer Tremadocian in 

Eastern Colombia is  incompleteiy known, and it is  rather doubtful 

whether it shoulel be inclueled in this genus. 

O c c u r  r e n  c e :  - Acerocare zone ; :::\onvay, Sweelen, Canada. 

P h  y l o g  e n  y a n  el r e l a t i o n s  h i  p s :  - It seems rather certain 

that W estergårdia deYeloped from the slightly earlier genus A ceroca:rina. 

The genera agree in many features, thus also in ha,·ing a thorax with pyri-
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form outline, a rather rare feature among olenids. The mam clifference is 

that the palpebral lobcs are s ituatecl far fonv-arcl and dose to the glabella in 

Ac erocarina, -vvhereas they are more or less removed from the glabella in 

W estergårdia. They have a rather anterior position in Westergårdia scanica, 

although not so extremely as in A ceroca.rina. They are placed further back 

in W. in term edia and as far back as opposite Sl in W. lata. It is very in

teresting that W estergårdia scan i ca, \Vhich morphologically is closest to 

A cerocarina, appears slightly carlier than the others in Scania. Apparently 

the palpebral lobes acquired a progress ively more posterior position during 

the phylogcny of W estergårdia. The evolution seems to have been rather 

rapid, thus W. scanica, W. intcrmedia, and W. lata occur togcther in Nonvay. 

W csfcrgårdia in tcnn e dia \Vcstergåd 1944. 

Pl. 7. 

1944a !V estergårdia intermedia. sp. 11. - - \ \'estergård, p. 44, pl. 3, figs. 13-14. (Desc:. 

Fig·s. of cranidia .)  
1947 li"estergårdia intermedia \\.gård. - - \\"estergård, p. 26. (Distribution in Sweden.) 

H o  l o t y p e : - A craniclium f igured by \Vestergårcl ( 1944a, pl. 3, 

fig. 14) , from a boring at S. Sandby, Scania, Sv.-eclen. 

D i a g n  o s i s :  - A W estergårdia species with : intermediate position 

of palpebral lobes ; interocular cheeks about three-fourths as wide as gla

bella at cye line. 

?\ o r  w e g  i a n  m a t  e r  i a l :  - A few cranidia, which agree \Yith 

those f igured by 'vVestergård. 

O c c u r r e n c e : - Norway : Røyken ( �ærsnes, Slemmestad) . 

A ce·rocare zone (2de) ,  subzone of TV estergårdia. Associated with W ester

gå1·dia scanica, W. lata, Parabolina heres lata, and Pelturina punctifera n.sp.  

- - Sweden ( same horizon) . 

Westergårdia lata ( Matthe'v 1 89 1 ) .  

PL 7 ;  pl. 28, figs. 7-10. 

1 880 C�rclognathus -- Tull berg, p. 6. ( Mentioned.)  
1882 Cyclognathus - - Tull berg, p. 23. (Mentioned.) 

1891 Leptoplaslus lat-us. :!:\. �p. - - Matthew, p. 462, text figs. 1-3. ( Short descrip

tion. Figs. of cranidium, free cheek, and thorax with pygidium.) 

1892 Leptoplastus latus, Matt. - - �1atthcw, p.  54, pl. XIII, figs. lOa-c. (Descr. New 

figs. of cranidium, free cheek, and thorax ·with pygidium.) 

1893 Boeckia hirsnta Brogger - - Scgerberg, p. 692. (Rccorded.) 

1898 A cerocare granulatwn 11. sp. Yar. - - Mo berg & ).;Ioller, p. 248, pl. 14, figs. 1-5. 

(Figs. of axial shield, cranidia, and pygidia.)  

1909 Boeckia ?  illænopsis n. sp.  - - \Yestergård, p .  49,  pl. I ,  figs. 14--20. (Copies of 

Moberg & Moller's figs. and figs.  o f  two cranidia.) 

1919 Accrocare grannlatum, yar. - - Lake, p. 96, foot note 2. (Remarks.) 



1957. l. o. l .  THE TRILOBITE F.-\:\ULY OLE?\ID.\E 

1922 Boeckia( ?) illænopsis Westergård - - Westergård, p. 179, pl. 16, figs. 33-39. 
(Copies of figs. in preceding paper.) 

1929 Boeckia illænopsis \Vgd. - - Strand, p. 360. (Recorded.)  
1 934a Boeckia illænopsis - - Størmer, p .  332. (Listed.) 
1944a Westergårdia illaenopsis (Westergård) - - \\"estergård, p. 44, pl. 3, figs. 1 5-22. 

( Descr. Figs. of cranidia, free cheeks, and pygidia.) 
1947 fVestergårdia illaenopsis (\\'gård .) - - \Yestergård, p. 26. (Distribution in 

Sweden.) 
1952 S plzaerophthalmoides lat us (l\fatthe,Y) - - Hutchinson, p p. 90, 92. (Remarks. 

Designated type species of Sphaeroph thalmoides.) 

?1952 Sphae1·ophthalmoides ornatus, sp. nov. - - Hutchinson, p. 91,  pl.  IV, figs. 18-25. 

( D escr. Figs. of cranidia, free chccks, and pygidia.) 

T y  p c el a t  a :  - As lcctotype shoulcl be selected one of Matthew's 

specimens from black shale of DiYision 3b at ); a vy Island, St. John Harbour, 

New Brunswick, Canada. 

D i  a g n  o s  i s :  - A Westergårdia species with : palpebral lobes far 

back, opposite Sl ; interocular cheeks about half as wide as occipital ring ; 

cephalon partly or \vholly coYcred with small tubcrcles ; thorax ornamented 
with tubercles ; pygidium sub-trapezoidal. 

R e m  a r k s : - W estergårdia lata was originally ass i gned to Lepto

plastus, but Hutchinson ( 1 952, p .  92) pointed out that Matthew had oriented 

the free cheek reversely. The point which l\Iatthew interprcted as the genal 

spine is actually the anterior prolongation of the border. The species was 

designated type species of Sphaerophthalmoides by Hutchinson, but thi s  genus 

may be regarded as a synonym of Westergårdia. W. lata has the palpebral 

lobes placed just as far back as the Swedish species W. illaenopsis. I have 

examinecl a few craniclia of U/. lata in the collections of the Swedish State 

Museum of Natural History (Paleozoological Department) ,  Stockholm. The 

cranidia are from St. John, and were collected and indcntified by G. F. 

Matthew. They are rather poorly preserved, but suggested that W. lata might 

be a synonym of W. illaenopsis. HO\.vever, according to Matthew's sketch of 

the thorax of W. lata ( "L eptoplastus latus") , i t  appearecl to have more tho

racic segments ( 1 2 ?) than W. illaenopsis, which has at least 8, probably 9 

(cf.  \Vestergård, 1944a, p. 45 ) ,  and furthem1ore to have rather distinct 

pleural spines, whereas W. illaenopsis was statcd to have truncate pleural 

encls. As I was interestecl in obtaining more information on W. lata, 

Dr. Madeleine A. Fritz of the Royal Ontario Museum of Zoology and 

Palacontology in Toronto very kindly had casts made for me of all Matthew's 

cotypes ( Royal Ontario Museum of Palaentology, no. 333) . The casts 
showed that the most complete fragment of an axial shield consisted of the 

posterior part of the cranidium and 9 thoracic segments. The 9th segment 

is .rcpresentecl by a part o f  the axial ring only. However, from the outline 

of the thorax it appears improbable that there could have been more thoracic 
segments behincl the 9th, at least not as many as 2 or 3 more. It is possible 

that Matthew's restoration of the clo rsal shield of the species was in fluenced 
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by his  concept of it belonging to Leptoplastus ( usually w.ith 12 segments ) .  

The thoracic segments of W. lata display the same tuberculate ornamcntation 

as W. illaenopsis, and some of the cranidia show faint granulation in the 

posterior part, just as in some specimens of W. illaenopsis. As to the pleural 

spines in W. lata, they are not very conspicuous, and some of the pleural 
ends appear truncate. I therefore believe that TV illaenopsis should be con

sidered a junior synonym of �V. lata. In this connection it is of interest that 

the associated Parabolina heres lata occurs both in Canada and Scandinavia. 

Hutchinson ( 1952) erected the species Sphaerophthalm oides ornatus 

( i . e. Westergårdia ornata) , which was stated to differ from S. latus ( i . e. 

W. lata) in lacking the second glabellar furrow ( S2) ,  and in the ornamenta

tion of the cephalon. However, these differences may only be apparent. In 

Scandinavian material of W. lata ( = illaenopsis) it is seen that the glabellar 

furrows are hardly visible in \Vell-preserved specimens with test, whereas 

they are rathcr distinct in more or less flattened specimens. The tuberculation 

of the cephalon may be more or less distinct, possibly due to preseryation. 

Internal moulds do not show any tuberculation. As furthermore a faint 

tubcrculation is seen in the posterior part of some of the craniclia of the 

type material of W. lata, it is possible that W. ornata i s  a synonym of W. lata. 

'vVestergård ( 1944a, p. 45)  suggested that the two cranidia which he 

figured in 1909 (pl. I, figs. 18-19) and in 1922 (pl. 16, figs. 33-34) may 

possibly bclong to an independent species, a s  their fixed cheeks are narrower 

than in the type material of W. illaenopsis. In the Norwegian material there 

appears to be intermediatc forms as well, and it is possible that the varia

tions should be considered as intraspecific. 

N o r w e g i  a n m a t e  r i a l :  - This consists of dctached parts of  the 
dorsal shield. Cranidia \vith test preserved show a tuberculation which is 

more distinct than in W. scanica. As in this species, the cranidia are provided 

with a pair of minute intergenal points, and the occipital ring has a small 

keel-like axial node, which in some specimens is seen to be formed by two 

tiny tubercles, the one behind the other. The occipital furrow seems to be 

straighter and with deeper lateral parts than in W. scanica. A well-preserved 

free cheek with eye shows that the eye has facets, and that the border is orna

mented with terrace lines parallel to the margin. 

O c c u r  r e n  c e : - Norway : Røyken (::.Jærsnes, Slemmestad) , Brum

munddalen. - Acerocare zone (2dc) , subzone of W estergårdia. Associated 

with Parabolina lures lata, Pelturina punc6fera n. sp., and Westergå1·dia 

intennedia -+- W. scanica. - - Sweclen (same subzone) ,  Canada (New 

Brunswick, Peltura zone, TVestergårdia ornata in Nova Scotia, Peltum zone 
of the Mac� ei l formation ) .  
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Westergårdia sca.nica (Westergård 1909) . 

Pl. 2, fig. 4 ;  pl. 7 ;  pl. 28, fig. 6. 

190!) Boeckia scanica n. sp. - - ·westergård, p. 50, pl. I ,  figs. 9-13. (Dcscr. Figs. o f  
axial shield, cranidium, and free cheek.)  

1922 Boeckia scanica \\'estergård - - Westergård, p.  179,  pl .  XVI, figs. 40-43. 
( Copies of the figs. in \Vestergård, 1909.) 

1924 Westergardia scanica (Westergard) - - Raymond, p. 402. (Species discussed 

and selected as type species of vVestergardia.) 

1944a Westergårdia scam:ca (\Vestergård) - - vVestergård, p. 44, pl. 3, figs. 6-12. 

( Remarks. Figs. of axial shield, cranidia - including holotype -, and probably 
conspecific pygidium.) 

1947 Westergårdia scanicu (\\'gård.) - - Westergård, p. 26. (Distribution in Sweden.) 

T y p e  d a t  a :  - Lectotype (selected by vVestergård, 1944a) is a cra
nidium, figured by vVestergård ( 1909, pl. I, fig. 1 1 ; 1922, pl. 16, fig. 41 ; 
1944a, pl. 3, fig. 6) . It is from Andrarum, Scania, Sweden. 

D i a g n  o s i s :  - A W estø.rgårdia species with : palpebral lobes far 
forwards ; interocular cheeks about half as wide as glabella at eye line ; 
thorax with 9 segments ; pygidium rounded sub-trapezoidal. 

N o r w e g i  a n  m a t  e r i a l :  - This consists of detached parts, which 
agree quite with the Swedish material. Well-preserved cranidia show faint 
granulation, as also observed by Westergård. Furthermore they show a pair 
of minute intergenal intersutural spines and that the occipital ring has a keel
like node, which is formed by two small nodes ,  one behind the other. In some 
specimens the keel-like node i s  almost absent. The occipital furrow is com
posite ; the middle, curved part is deepest, and the slightly oblique lateral 
parts may in some specimens be obsolete. 

O c c u r r e n  c e :  ..:..._ N onvay : Røyken (Nærsnes, Slemmestad) ,  Oslo 
(Tøyen) . - Acerocare zone ( 2de) , subzone of W estergårdia. Associated 
with Parabolina heres lata and Pelturina punctifera n. sp. -+- Westergårdia 

intennedia and W. lata. - - Sweden ( same horizon) .  

G e n u s B o  e c k a  s p i s  H e n n i n g s  m o e n 1 9 5 5 . 

N a m e :  - Boeckaspis was given as a new name for B oeckia Brogger 
1882, non Malm 1870. 

T y p e  s p e  c i e s :  - Boeckia hirsuta Brogger 1882, by monotypy. 

D i a g n  o s i s : - Pelturinae with : palpebral lobes opposite middle or 
posterior third of  glabella and moderately remote from glabella ; no pre

glabellar field ; pelturoid free cheeks without spine ; thorax with long, falcate 
spines ; sub-trapezoidal pygidium with one pair of marginal posterolateral 

Vid.-Akad. Skr. I.  :\1.-=". Kl. 1 957. �o. l .  17 
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spines and pleural areas densely coverecl with fine terrace lines subparallel 
to margin. 

I n  c l u d e  d s p e  c i e s : - Brogger erected the genus Boeckia for the 
one species B. hirsuia. Wiman ( 1905) added the species B. 1nobergi. In 1909 
\Vestergård described two species as B. scanica and B. ? illænopsis, but they 
were later transferred to a new genus, W cstergardia, by Raymond ( 1924 ) .  
Størmer erected the species B .  jarensis i n  1922, but this turned out to be a 
synonym of B. 1nobergi, which at first vvas erroneously described as having 
2. genal spine . B. ? descensus Clark 1924 probably is no olenid (cf. p. 22) . 
Boeckaspis thus includes the following species : 

Boeckaspis hirsuta (Brogger 1882) 
B. jarensis ( Størmer 1922) ( subj . syn. of B. mobergi) 

B. mobergi (\Viman 1905 ) .  

O c c u r  r e n  c e : - D-ictyonema zone (Lower Tremadocian) ; Norway, 
Sweden. 

P h  y l o g  e n  y a n d  r e l a t i o n s  h i  p s :  - Boeckaspis and the 
dose ly related genera S phaerophthalmella (cf .  postscript) and Jujuyasp-is 

undoubtedly developed from late pelturines, most probably from W ester
gårdia, from which they differ  mainly in having long pleural spines. Boeck
aspis mobergi apparently is a descendant of the slightly earlier B. hirsuta 

which has slightly wider interocular cheeks and the eyes set slightly farther 
forwards. 

Boeckaspis hirsuta (Brogger 1 882) . 

Pl. 2, fig. 8 ;  pl. 8 ;  pl. 29, figs. 1-8. 

1 882 Boeckia hi1·suta, n. sp. - - Brogger, p. 122, pl. II,  figs. 6, 6a-d. (Descr. Figs. of  

pygidia, thoracic segments, and restored cephalon.) 

1909 Boeckia h.irsuta B rogger - - Westergård, pp. 49, Sl .  ( Mentioned.) 
1922 Boeckia h.irsuta Brogger - - \Vestergård, pp. 1 10, 179. (Mentioned. )  

1 922a Boeckia hirsuta Brøgger - - Størmer, pp. 6, 7 .  (Mentioned.) 
Non 1893 Boeckia hirsuta Brogger - - Segerberg, p. 692 (= Westergårdia lata.) 

Ty p e  d a t  a : - As lectotype I select a pygidium ( P.M.O .  no. H 2712) ,  
figured by Brogger ( 1882, pl. Il ,  fig. 6b) . I t  i s  associated with other parts 
of the same species, and was collected by W. C. Brogger in 1 880 at Nærsnes 
in Røyken, Norway. 

D i  a g n  o s  i s : - A  Boeckaspis species with : centres of palpebral lobes 
opposite S2 ; interocular cheeks slightly more than half as wide as glabella 
at eye line ; posterior part of cranidium tuberculate ; rather wide free cheeks ; 
thoracic axis and pleurae with rows of ttibercles ; pygidium with one pair of 
posterior marginal spines, and 4 axial rings and end lobe. 

D e s c r i p t i o n :  - This is based on a great number of detached parts 
of the shield. The !argest cranidia are about 7 mm long. 
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Cranidium about twice as  wide as  long. Cephalic axis slightly langer 
than widc, slightly tapering forward, bluntly rounded in front. Occipital 
ring with axial spine. Occipital furrow composite, dcepest at the cnds of 
the midclle curved part. Two glabellar furrows • ( S l  and S2) , which are 
rather faint and in some . cranidia almost invisible. Preglabellar furrow just 
reaches anterior border furrow axially, so that there is no preglabellar field. 
Border narrow, rather short. Eye riclges distinct, slightly oblique, almost 
transverse, long. Palpebral lobes of medium size, upsloping with centres 
opposite S l .  Interocular cheeks about half as wide as glabella at eye line. 
Postocular cheeks about two-thircls as wide as occipital ring. Preocular facial 
sutures rather convex, converging strongly. Postocular facial sutures diverg
ing very strongly, but turn round and become almost parallel at the rounded 
tip of the postocular cheeks. The tips are flexed ventrad. Surface of crani
dium smooth, except for clistinct tubercles on both sides of the posterior 
furrows and on occipital ring, and a pair of tubercles in front of the eye 
ridges. 

Free cheeks pelturoicl, without spine. Rather wide, and dropping rather 
steeply down from narrow ocular half-ring. Border distinct, with terrace 
lines subparallel to margin. 

Hypostoma with lateral margins diverging slightly backwarcl. Central 
body very strongly convex, tapering backwards to produce a triangular out
line. Brim sloping ventrad. Border forms a pair of rounded lobes at poste
rior corners, so that posterior margin is incurved. 

Thorax known from parts only, the !argest part consisting of 8 seg
ments. Axial rings with axial spine. Pleurae with very long pleural spines, 
except perhaps the anterior pleurae, which appear to have shorter spines. 
Axial rings and pleurae with tubercles. Segments partly imbeclded in the 
matrix show that the tubercles a.re really short spines. 

Pygidium trapezoidal. Posterior width about one-third of anterior width. 
Axial length about half the maximum width of pygidium. Axis wider than 
pleural regions. Axis with 5 rings vvith axial node ( spine ?) and end lo be. 
Posterior cnrners produced into spines. Surface covered with fine terrace 
lines. 

O c c u r r e n c e : - Norway : Røyken (Nærsnes) . - Dict:yonema 

zone, base of subzone of Dictyonema flabelliforme sociale (2ea) . Associated 
with Parabolina acanthura. 

Boeckaspis mobergi (vViman 1905 ) .  

PI. 8 ;  pl.  29, figs. 9-12. 

1905b Boeckia Mobergi n. sp. [partim] - - \Viman, p. 81, pl. V, figs. 9, 1 1  ?, 12-14. 
(Descr. Figs. of cranidia and pygidia. According to vVestergård, 1 9 1 7, fig. 10 
shows a free cheek of Bienvillia ? wimani and fig. 1 1  either a genal spine of  
B. ? a•iwani, or more probably, a pleural spine of B. wobergi.) 

1906 Boeckia Moberyi \\'iman -- 1loberg & Scgerberg, p. 82. (Remarks. ) 
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1909 Boeckia Moberg1� Wiman [partim] - - \\'estergård, p. 55, pL Il,  figs. 6, 8-9. 

( Reproductions of \Viman's figs. of cranidium and pygidia. Fig. 7, also reproduced 

from \\'iman, is of a free cheek of B ienvillia ? winwni.) 

1917 Boeckia Mobergi Wiman - - Westergård, p. 637, pl. 7, figs. 1-9. (Descr. Figs. 

of cranidium, free cheeks, hypostoma, fragments of thoracic segments, and 

pygidia.) 

1922a Boeckia Jarensis n. sp. -- Størmer, p. 4, pl. I,  figs. 1-10, pl. li ,  figs. la-b. 

(Descr. Figs. of cranidia, free cheeks, pygidia, one with posterior part of thorax 

attached, larya) cranidit:im, and larYal pygidium.) 

1922b Boeckia J1obergi \\'iman -- Størmer, p. 23 1 .  (Assnmes that B. jarensis is  a 

synonym.) 

1929 Boeckia mobergi Wiman -- Strand, p. 361. ( Recorded.)  

1933 Boeckia A1obergi Wiman -- Thorslund, p. 7. ( Remarks.)  

1 934a Boeckia mobergi -- Størmer, p .  332. (Listed.) 

1934 Boeckia jarensis (Størmer) (B. mobergi Wiman) -- Ruedemann, p. 38, pl. 25, 

figs. 5-6. (Discussed as planktonic form. Copies of Størmer's figs. of  cranidium, 

and pygidium with attached thoracic segments.) 

T y  p e d a t  a : � As lectotype I sclect a cranidium. figured by vViman 
( 1905, pl. V, fig. 1 2 ) ,  from Tåsjoberget, Angermanland, Sweden. 

D i  a g n  o s  i s : - A  Boeckaspis specie'3 with : centres of palpebral lobes 

opposite L2 ; interocular cheeks about half as wide as glabella at eye line ; 

relatively narrow free cheeks ; thorax \vith flattened pleural spines ; pygidium 

with 3 axial rings and l pair of marginal spines ; test of dorsal shield with

out tubercles. 

R e m  a r k  s :  - As pointed out by vVestergård ( 191 7 ) , . vViman as

si gned to B. m obergi a free cheek of Parabolinella (here : Bienvillia ?) 

wimani. S tønner ( 1 922a) , who was not aware of \Vestergård's revised de

scription, gave the name B. Jarensis to a form without cheek spine, which 

no doubt is conspeci fic with B. mobergi (cf.  Størmer, 1922b ) . Also Thors

lund ( 1933)  remarked that the free cheeks he found together with B. mobergi 

dif fered from the free cheek assigned to this species by \Viman. 

As observed by Størmer ( 1 922a, p. 5 )  there is a small tubercle on each 

of the eye ridges, almost on the middle of the ridge. The pair of tuberclcs 

may correspond to that in B. hirsuta and A cerocare ecorne, which, however, 

is situated in front of the eye ridges . 

N o r w e g i a n  m a t e r  i a l :  - This agrees quite with the Swedish. 

O c c u r r e n c e : - Norway : Hadeland (Ja ren) , Hamar district 

(Fura in Løyten) ,  Ringsaker ( Steinsodden, Stein) , Østerdalen ( Øksna ) . 

D-ict}'Onema zone, _subzone of Dict,yonema flabelliforme flabelliforme (2e{3 ) .  
Associated with Bicnvillia ? wimani and D ictyonema flabelliforme flabelli

form e. - - Swcden ( same horizon) . 
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G e n u  s l u j u y a s  p i s  K o b a y a s h i l 9 3 6.  
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T y p e  s p e  c i e s :  - lujttyaspis keideli Kobayashi 1936, by original 
designation. 

D i a g n o s i s :  - Pelturinae with : palpebral lobes opposite middle or 
posterior third of glabella and rather close to glabella ; posterior facial sutures 
strongly diverging, almost transverse behind eyes ; no preglabellar field ; 
pelturoid free cheeks ; without spine ; thorax with long pleural spines, at 
least on the posterior segments ; sub-trapezoidal or sub-triangular pygidium 
with faint pleural segmentation and without spines. 

I n c l u d e el s p e c i e s :  - Kobayashi erected this genus for the one 
species l. keideli, but soon after he also included l. steinmanni. Harrington 
& Leanza ( 1952) made the latter the type species of a new genus, Saltaspis. 

Two new forms are assigned below to lujw;•aspis, which now includes : 

lujuyaspis angusta n. sp. 
J. borealis Kobayashi 1955 (cf. postscript) 
l. harringtoni Kobayashi 1955 (cf. postscript) 
l. keideli keideli Kobayashi 1936 
J. keideli norvegica n. subsp. 

A f f i n  i t  i e s :  :_ lujwyasp·is is no doubt very dose to Boeckaspis and 
dif fers mainly in having the eyes doser to the glabella. lujuyaspis angusta 
n. sp. appears somewhat later than l. keideli and differs in having the eyes 
further back and in having much narrower postocular cheeks. 

O c c u r  r e n  c e :  - Lower Tremadocian ; Norway, Argentina. 

lujuyaspis angusta n. sp. 

Pl. 8 ;  pl. 28, figs. 1 1-15. 

N a m e :  - The name angusta alludes to the narrowness of the post
ocular cheeks. 

H o  l o t y p e :  - A  cranidium ( P . M. O. no. 35674) from Evj evika in 
Ringsaker, collected by O. E. Schiøtz in 1904. 

D i  a g n  o s  i s : - A luju)•aspis species with : palpebral lobes relatively 
far back, opposite S l ; narrow postocular cheeks ; pygidium about two-thirds 
as long as wide, and with indented posterior margin. Number of thoracic 
segments unknown. 

D e s c r i p t i  o n :  - This is based on detached parts of the dorsal 
shield. The cranidia are up to about 3 mm long. 

Cephalic axis about three-fqurths as wide as long, slightly tapering 
forward, truncate in front, but vv ith rounded corners. Occipital ring with 
axial spine. Occipital furrow distinct, composite, deepest at the ends of the 
curved middle part. Two pairs of faint glabellar furrows ( S l  and S2) . No 
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preglabellar field. No eye ridges. Palpebral lo bes of moderate s ize, dose to 
glabella, and situated opposite S l .  Facial sutures in front of eyes converging, 
forming a rounded corner before crossing faint border furrow. Postocular 

cheeks broken in all cranidia present. HO'vvever, the facial suture can be seen 

in the free cheeks, and shows that the postocular cheeks must be rather 
short and na.rrow. 

Free chccks pelturoid, without spine, and rather >Yide. Genal field 
downsloping from narrow ocular socket. Border and border furrow distinct. 

Thorax known only from parts of detached segments. At least some 
segments carry long, falcate pleural spines, which are rather wide and flat, 
with narrow rim on both edges. At least some axial rings with axial spine. 

Pygidium sub-trapezoidal, two-thirds as long as wide, and about half 
as wide posteriorly as anteriorly. Axis about as wide as pleural regions. Axis 
with 3 1rings and end lobe. Faint pleural furrows. Border narrow, flat, and 

not well defi�ed. Posterior border of pygidium incurved. Surface covered 
with fine terrace lines. 

A f f i n  i t  i e s : - Jujuyaspis angusta rL sp. is probably rather dose 
to J. keideli, in spite of ha ving the eyes further back and narrower postocular 
cheeks. Its morphologic position to th is species quite corresponds to that of 
Boeckaspis mobergi (palpebral lobes far back, narrow postocular cheeks) as 
compared with B. hirsuta (palpebral lobes further forwards, wider post
ocular cheeks) . 

O c c u r r e n c e : - Norway : Ringsaker (Evj evika) . - Dictyonema 

zone, subzone of Dictyonema .flabelliforme flabelliforme (2e(J ) .  The species 
is known from a single stinkstone lens, which also contains a free cheek, 
probably of Bienvillia ? wimani. 

Jujwyaspis keideli keideli Kobayashi 1936. 

PL 2, fig. 7. 

1936a Jufuyaspis keideli, new species. -- Kobayashi, p. 90, pl. XYI, figs. 5-9. (De: er. 
Figs. of cranidia, free cheeks, and more or less entire dorsal shields.) 

1937a htfuyaspis keide/i Kobayashi -- Kobayashi, p.  176, text fig. 6. (Remarks ) 

1937b Jufuyaspis keideli Kobayashi - - Kobayashi, p. 13. (Listed.) 

1937c lufuyaspis keideli Kobayashi - - Kobayashi, p.  480. (Remarks.) 

1938 Jufuyaspis keideli Kobayashi -- Harrington, p.  206, pl. IX, figs. 2-4, 10. 

( Remarks. Figs. of more or less complete dorsal shields.) 

1943a Ju_il�yaspis keideli - - Harrington & Leanza, p. 219. ( Remarks on occurrences.) 

1943b Ju_iuyaspis keideli Kobayashi -- Harrington & Leanza, p.  352, pl. I l, figs. 2, 7. 
(Remarks. Figs. of dorsal shield and cephalon.) 

1952 .Tufwsaspis keidcli Kobayashi - - Harrington & Leanza, p. 196, pL I, fig. 8. 

( Remarks. Fig. of cranidium.) 

1953 htju:,•aspis keideli Kobayashi -- Tj ernvik, p. 74. (Mentioned.) 

T y p e  d a t  a :  - As lectotype should be selected one of Kobayashi's 
specimens from the Pa.rabolinella zone in Quebrada de Humahuaca, Provime 
of Jujuy, Argentina. 
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D i  a g n  o s  i s : - A Jujuyaspis species with : palpebral lobes about 

twice as dose to anterior as to posteri:or margin of cranidium ; postocular 
cheeks about as wide as occipital ring ; thorax with 1 3  segments ; pleural 

regions ( exduding spines) narrower than axis ; pleural ends with spines, 
posterior segments with very long pleural spines ; entire pygidium with 4---5 
axial rings and convex posterior margin. 

R e  m a r k s :  - This species was at first suggested to be proparian 
(Kobayashi, 1936) , but as shown by Harrington & Leanza ( 1952) it is 

opisthoparian (cf. ,  however, postscript ) .  

O c c u r r e n c e : - Lower T remadocian ; Argentina, Bolivia. 

Jujuyaspis keideli norvegica n. subsp. 

Pl. 8 ;  pl. 28, figs. 16-21. 

1953 JujU'yaspis n. sp. - - Henningsmoen in Tj ernvik, p. 74. (Mentiond.) 

1954 htjuyaspis - - Bulman, p. 27. ( Mentioned.)  

a m  e :  - The name norvegica alludes to its occurrence in orway. 

H o  l o t y p e : - A cranidium ( P .M.O. no . 35878c) from Stein, Rings
aker, collected by T. StTand in 1925. 

D i  a g n  o s  i s : - Differs from Jujuyaspis keideli keideli in having 
the palpebral lobes slightly further back and consequently also slightly shorter 
postocular cheeks. 

D e s  c r i  p t i  o n : - Most unfortunately the material of this form is 
poorly preserved and consists only of  detached parts of the dorsal shield. 

The larger cranidia are between 5 and 6 mm long. 
Cephalic axis slightly tapering forwards, bluntly rounded in front. 

Frontal area slightly longer than in J. keideli. Preocula·r facial sutures sub
parallel or slightly diverging. Interocular cheeks about one-fourth as wide 
as glabella at eye line. Eye line slightly further back than in !. keideli, cutting 
sagittal line at a point whose distance from anterior end of cephalic  axis 
equals 0.43 of total sagittal length of cephalic axis (as compared to 0.31 in 
!. keideli) . Postocular cheeks almost as wide as occipital ring, sl ightly nar
rower than in !. keideli. 

Free cheeks as in J. keideli, but with incurving for eye slightly further 
back. 

Thorax known from fragments only. The pleural ends of at least some 
segments carry long spines. 

Pygidium rounded sub-triangular. Axis distinct, with 4 rings and small 
end lobe. Faint pleural furrows. Surface with fine terrace lines, subparallel 
to outer margin. 

A f f i n  i t  i e s :  -This form seems to be very dose to !. keideli keideti, 

but differs slightly in the features mentioned above. 
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O c c u r r e n c e : - �orway : Røyken ( Nærsne s) , Ringsaker ( Stein, 

in a loose local stinkstone lens ) .  - Dicf)'Onema zone, subzone of  Dictyonema 

flabelliforme sociale ( 2ea) , lower part (be ds with D·ictyonema flabelliforme 

parabola) . 

G e n u s L e p t o p l a s t i d e s R a w l 9 O 8. 

S y n o n y m  s :  - Parab olinopsis Hoek 1912 ( type species : P. mariana 

Hoek 1912) , A ndesaspis Kobayashi 1935 (type species : A. argentinensis 

Kobayashi 1935) . 

T y p e  s p e  c i e s :  - Conocoryphe Salteri Callaway 1877, by original 
designation. 

D i  a g n  o s  i s :  - Pelturinae with : cephalic axis Peltura-like or more 

parabolic in outline ; faint glabellar furrows ; short preglabella:r field ; small 

palpebral lobes, situated rather far forwards and rather dose to glabella ; 
facial sutures more o r  less convex between eyes and anterior furrow, diverg

ing and slightly convex behind eyes ; free cheeks with spine which <iiverges 
slightly outwards from lateral cheek margin ; thorax with 1 2  segments, spi
nose pleural ends, axial rings with axial nodes or spines ; pygidium entire or 
with marginal spines. 

R e m  a r k  s :  - Leptoplastides was erected by Raw ( 1 908) as a sub
genus of Leptoplastus. Besides the type species, he included in it three other 

species, which are now assigned to other genera, i. e. Leptoplastus claudicans 

( Moberg & Molter ) ,  Peltocare norvegicum (Moberg & Moller) and Peltura 

paradoxa (Moberg & Molter) . 

I prefer to regard Leptoplastides as a separate genus, especially as I 

believe that it belongs to the Pelturinae rather than the Leptoplastinae. It is 

true that L .  salteri resembles Leptoplastus, but it shows some features which 
remind one more of the Pelturinae. The outline of the axial shield is more 
like that of e. g. Peltura than that of L eptoplastus. Its axis is widest an

teriorly and tapers markedly backwards as in Peltura, whereas it is more 
or less spindle-like in Leptoplastus. lts glabella is more dominating than in 

L eptoplastus, and may be quite Peltura-like in adult specimens ( cf .  Raw, 

1 925, pl. XVIII, figs. 20 and 22 ) .  Its palpebral lobes are smaller and situated 

further forwards than in Leptoplastus, and in this respect agreeing well with 
e. g. Peltura. The convex preocular margin of the cranidium is a feature 
which is otherwise not known either in the Leptoplastinae or Pelturinae, 

whereas the slightly convex course of the facial sutures behind the eyes 
agrees only with the Pelturinae. The free cheek has a spine which deviates 
outwards from the course o f  the cheek margin. This is a feature known 
both from the Leptoplastinae and Pelturinae, but the shape of the genal 

field ·resembles more that of pelturines. On the whole, Lept oplastides reminds 
one more of the Pelturinae than of the Leptoplastinae, but its position is not 
quite certain befare it can be shown from which genus it branched off .  
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Parabolinopsis, which I regard as a synonym of  Leptoplastides, and Beltella, 

which I believe is very close to Leptoplastides, were both assignecl to the 

subfamily Pelturinae by Harrington & Leanza ( 1952) . 

Prof., Dr. H. J. Harrington has been kind enough to send me very 

good photographs of two almost complete dorsal shields of Parabolinopsis 

mariana. This species agrees so \vell with Leptoplast-ides salteri that I do 

not doubt that they are congeneric. Its cranidium and free cheeks resemble 

strongly those of  L. salteri, and so does its thorax, having 1 2  segments, axial 

nodes (spine bases ? ) ,  pleural spines, and the fulcra rather near the axis. 

ParaboZ.inopsis mariana has slightly wider pleural regions and a pygidium 
which differs from that of Leptoplastides salteri in having marginal spines. 

As the two species otherwise agree well, I do not think this prevents them 
from being regarded as congeneric, especially as other olenid genera contain 

species both with and without marginal spines, and as it is only the !argest 

pygidia of Leptoplastides salteri which do not have at !east one pai'r of mar

ginal spines. Parabolinopsis mariana is the type species (and on! y certain 
f:pecies) of Parabolinopsis, which becomes a junior synonym of Lepto

plastides, as does also Andesaspis which apparently is based on the same . 
�pecies as Parabolinopsis. 

Beltella depressa (type species) resembles Leptoplastides in practically 

all features, except in having truncate pleural ends and no axial nodes or 

spines in the thorax. It is possible that Beltella, too, may be considered a 

synonym of L eptoplastides, especially as the differences are no greater than 

the differences between species of some other olenid genera. 

I n c l u d e d  s p e c i e s : -

Leptoplastides argentinensis (Kobayashi 1935) ( earlier : Andesaspis, Para-
bolinopsis) ( = L. marianus) 

L. granulosus (Harrington 1 938) ( earlier : Pro to pel tura) ( = L.  m.arianus) 

L. marianus (Hoek 1912) (earlier : Parabolinopsis) 
L. 1nitchinsoni (Thomas 1 900) (= L. salteri) 
L. salteri ( Callaway 1877) 
and possibly also 

.L . ? spiniferus (Lake 1 912) ( earlier : Beitel/a) . 

The pygidia described by Harrington & Kay ( 1952, p. 662, pl. 96, 

figs. 13, 15-16) from Colombia as Parabolinopsis ? sp. may perhaps also 
belong here. 

O c c u r  r e n  c e :  - Tremadocian in England, Argentina, Bolivia, and 
?Colombia. 
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L eptoplastides marianus ( Hoek 19 12) . 

1912 Parabolinopsis mariana n.g.n.sp. -- Hoek in Steinmann & Hoek, p.  226, pl .  VII, 

figs. 1-3. (Descr. Figs. of  dorsal shields.) 

1935b Andesaspis argentinensis n.sp. [partim] -- - Kobayashi, p. 67, pl. XI, figs. 1-2. 

( Descr. and figs. o f  cranidium and free cheek.) (Non figs. 3-4, = pygidia of 

Pseu.dokainella lata, cf. Harrington & Leanza, 1952.) 

1937c Parabolinopsis mariana Hoek - - Kobayashi, p. 479, pl. IV, figs. 1 5-17. 

( Remarks. Figs. of dorsal shields.) 

1937 Andesaspis argentinensis Kobayashi -- Harrington, p. I l l, pl. VII, figs. 8-10. 

( Remarks. Figs. of free cheeks and incomplete cranidium.) 

1938 Protopeltura granulosa sp. nov. - - Harrington, p. 213, pl. VIII, figs. 13, 18, 

21 ; pl. V, fig. 12. (Descr. Figs. of dorsal and axial shields.) 

1938 A ndesaspis argentinensis Kobayashi [partim] -- Harrington, p. 204, pl. VIII, 

figs. 10, 14, 15. ( Descr. and figs. of  cranidia.) (Figs. 8-9, 16 are of pygidia of 

Pseudokainella lata, cf. Harrington & Leanza, 1952.) 

1951 Parabolinopsis 11W1'iar.a Hoek -- Harrington & Kay, p.  662. ( Mentioned.) 

1951 Protopeltw·a granulusa Harrington - - Harrington & Ka y, p. 662. ( State that 

Harrington & Leanza have been able to prove that it is identical with Para

bolinopsis mariana. Descr. o f  pygidium. )  

1952 Parabolinopsis mariana Hoek - - Harrington & Leanza, p .  196. ( Mentioned. )  

1952 A ndesaspis argentinensis Kobayashi - - Harrington & Leanza, p. 196. (Regard 

it as a synonym of Parabolinopsis 1nariana.) 

Non 1954 A ndesaspis argentinensis Kobayashi -- Wilson, p. 279, pl. 26, figs. 3, 6. 

(= Angelina ? sp.) . 

T y p e  d a t  a :  - As lectotype I select the dorsal ·shield figured by 
Hoek ( 1 912, pl. VII, fig. l ) ,  from Cuesta de Escayache at Calama near 
Tarija, Bolivia. 

D i a g n  o s i s : - A Leptoplastides species \Vith : slightly obtuse genal 
angle ; pleural regions ( excluding spines) about four-fi fths as wide as axis ; 
pygidium with 3 pairs of marginal spines. 

R e m  a r k  s :  - Harrington and Leanza regard Protopeltura granulosa 
as a synonym of Parabolinopsis mariana (cf.  Harrington & Ka y, 1 95 1 ,  
p .  662) . Andesaspis argentinensis is based on cranidia and free cheeks of 
Parabolinopsis mariana and pygiclia o f  Pseudokainella lata according to Har
rington & Leanza ( 1952, p. 196 ) ,  who selected a cranidium as lectotype of 
Andesaspis argentinensis, which thus becomes a junior synonym of Para
bolinopsis 1nariana. As discussed above, I tranfer this species to Lepto
plastides, as it seems to be Yery dose to Leptoplastides salteri. 

Some cranidia from Texas were assigned to Andesaspis argentinensis 
by "Wilson ( 1 954, p. 279 ) .  Howe\'er, they have rather a long preglabellaT 
fielcl and probably do not belong to Lep toplastides. They may possibly be 
related to the associated A ngeli11a ? latifrons. 

O c c u r r e n  c e :  Boli,,ia (Tremadocian) , Argentina (Tremaclocian) . 
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Leptoplastides salteri ( Callaway 1877) . 

Pl. 2, fig. 14. 

1874 Conocor'yphe Salteri - - Callaway, p. 196. (�1entioned as new species.) 
1877 Olemts Salteri, Call. -- Callaway, p. 666, pl. XXIV, fig. 5. ( Descr. Fig. of 

dorsal shield.) 

1 900 Olenus Mitchinsoni, sp. nov. - - Thomas, p. 619, pl.  XXXV, figs. 5-6. (Descr. 

Fig. o f  incomplete axial shield and thoracic segment.) 
1908b Leptoplastides Salteri, Call. -- Raw, p. 5 13. (Remarks on the development.) 
1919 Leptop/astus salteri (Callaway) - - Lake, p. 90, pl. XI, figs. 2-5. (Descr. Figs. 

of dorsal shields and thorax. )  

1925 Leptoplastus salteri (Callaway) - - Raw, p .  227, text figs. A-B (p. 249),  
pl .  XV, fig. l ;  pl .  XVI, figs. 1-7 ; pl. XVII, figs. 8-1 7 ;  pl. XVIII,  figs. 18-24. 

( Detailed descr. of ;:dl known stages. Figs. of all parts of dorsal shield, including 
larva! stages, and of hypostoma.) 

1 927 Leptoplastus salteri ( Cal!away - - Raw, p. 25, text fig. l (p. 12),  text figs. 
6-1 1 (p. 24). ( Descr. of known stages. Figs. of larva! dorsal shields and cra
nidium, and of adult cephalon, thoracic segment, and pygidium.) 

1 942 Leptoplastus salteri (Callaway) - - Størmer, p. 89, pl. l, fig. 31 .  (Remarks on 

ontogeny. Fig. of larva! dorsal shield copied from Raw.) 
1 946 Leptoplastus salteri (Callaway) - - Lake, p. 342. (Remarks.) 

T y p e  d a t  a :  - As lectotype should be selected one of Callaway's 
specimens from the Shineton Shales at Shineton, Shropshire, England. 

D i  a g n  o s  i s : - A Leptoplastides species with : very obtuse genal 
angle ; pleural regions ( excluding spines) about two-thirds as wide as axis ; 
entire pygidium. 

R e m  a r k s :  - All the known stages of this species have bcen de
scribed in great detail by Raw ( 1925 ) .  

O c c u r r c n c e :  - England (Tremadocian) .  

Leptoplastides ? spiniferus (Lake 1932) . 

193 1  Beltella spinifera, sp. nov. - - Lake, pl. XYIII, figs. 9-10. ( Figs. of cran:dia.) 
1932 B eltella spinifera, sp. nov. - - Lake, p. 149. (Descr. of cranidium.) 

T y p e  d a t  a : - As lectotype I select the larger of the cranidia figured 
by Lake ( 1931 ,  pl . XVIII, fig. 10) ,  from the Shineton Shales, Shineton, 
England. 

R c m  a r k  s :  - As long as its thorax is unknown, it is uncertain 
whether the species should be assigned to Beltella or Leptopla.stides. Ho,v
ever, the cranidia agree very well with larger cranidia of L. salteri, also in 
possessing a long axial spine (not known in Beitel/a) . L. ? spiniferus may 
be rather dose to L. salteri, but apparently cli f fers in having a markedly 
tapering glabella. 
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G e n u s  B e  l t e  l l a L a k e  l 9 l 9. 

T y p e  s p e  c i e s : - Ellipsocephalus depressus Salter 1 859, designate:l 
by Vogdes ( 1925 ) .  

D i  a g n  o s i s : - Differs from Leptoplastides i n  having truncate 
pleural ends and thorax with no axial spines or nocles. Pygidium entire. 

I n c l u d e d  s p e c i e s : -

Beltella depressa ( Salter 1859) 
and possibly also : 
B. ? ulrichi ( Kayser 1 897) 
B. ? verisimilis ( Salter 1 866) . 

A cephalon and thorax described as Belte/la( ?) sp. by Hutchinson 
( 1952, p. 83, pl. 3, fig. 1 6) may possibly belong to this genus. 

Some rather poorly known species were assigned to Beltella by Lake 
( 1919) , viz. Conocoryphe vexata Salter 1 868 (suggested by Lake to be a 

synonym of Belte !la de pressa) , C. ? verisimilis Salter 1866, C. ? bucephala 
Belt 1868, and C. williamsoni Salter 1873 non Belt (regarded as a synonym 
of Be/telta bucephala by Lake.) On ly verisimilis is tentatively retained in 
Belte/la, whereas ·uexata has been transferred, with doubt, to Angelina, and 
bucephala (and · williamsoni) , likewise with doubt, to Olenus. 

B. solitaria Westergård 1922 has tentatively been assigned to Proto

peltura ; B. latifrons Wilson 1954 with doubt to Angelina, and B. spinifera 

Lake 1932 with doubt to Leptoplastides. 

R e l a t i o n s h i  p s :  - As discussed above, Belte/la may be very dose 
to, i f  not congeneric with Leptoplastides. 

O c c u r  r e n  c e :  - Lower Tremadocian in England, ·wales, . ?E. 
Canada, ?Bolivia and ? Argentina. 

Beltella depressa ( Salter 1 859) . 

Pl. 2, fig. 12. 

1859 E llipsocephalus deprcssus, n. sp. -- Salter, p. 47, foss. 7, fig. 2. 

1866 Conocoryphe (Solcnop/eitra) depressa, Salter - - Salter, p. 307, pl. 6, figs. 1-3. 

(Descr. Figs. of restored dorsal shield, axial shield, and thorax with attach�d 
pygidium.) 

1873 Conoryphe depressa, Salter - - Salter, p. 15. (Remarks.) 
1898 Conoryphc depressa, Salter - - Brogger, p. 198. ( Suggests that it belong3 to 

C)•clognatlw.s.) 

1 898 Csclognathus( ?) depressus, Salt. - - Broggcr, p. 210. (Listed.) 
1 900a Conocoryphe (Solenopleura.) depressa, Salter - - Reed, p. 253. (Remarks.) 
1919 Beltella depressa (Salter) [partim] - - Lake, p. 104, pl. XII, figs. 6-8. (Deo:cr. 

Figs. of axial shielcl, greater part of clamaged dorsal shield, and oi thorax with 
attached pygidium.) (Figs. 9-10 = Angelina ? vexata.) 

1933 Belte/la depressa ( Salter) -- Stubblefielcl, p. 366, pl. XXXIV, figs. l, 9-1 1 .  
(Descr. Figs. o f  axial shield, free cheeks, and incomplete cephalon.)  
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1938 Belte/la depressa ( Salter) - - Harrington, p. 203. ( Mentioned.) 

1946 Beltella depressa ( Salter) - - Lake, p. 343. (Remarks.) 

1954 Beltella depressa (Salter) - - \\"ilson, p. 276. (Remarks. )  

269 

T y  p e d a t  a :  - Lectotype i s  a thorax and pygidium, which was 

figured by Salter ( 1859) . A new figure of it v .. ·as given by Lake ( 1919, 

pl. XII, fig. 7) and it c01nes from the Lov., ·er Tremadocian at Penmorfa, 

\Vaies. 

R e m a r k s : - As pointed out by Stubblefield ( 1933, p.  367) , the 

genal spine does not continue the curve of the lateral cheek margin ( as in 

Salter's restoration) , but deviates slightly outwards. 

The pleural tips of the type specirnens seem to be truncate. Lake ( 1919) 

believed that they were produced into spines and that the truncate appearance 

was due to the preservation. Stubblef ield ( 1933) described some specimens 

from another locality, which appear to have truncate pleural tips. He sug

gested that Lake had been brought to his conclusion by including within the 

species specimens o f  «Beltella" ·vexata, which was suggested by Lake to be 

a synonym of L .  depressus, but is regarded as a distinct species by Stubble

field, as it differs as to morphology and comes from a higher stratigraphic 

horizon. Lake ( 1946) is disposed to accept that Stubblefield's specimens 
have truncate pleural ends, but is not altogether convinced about the type 
specimens, because their pleural ends are lost beneath the plane along which 
the rock has split. 

O c c u r  r e n  c e :  - \Vaies (Lower Tremadocian) , England (Lower 
Tremadocian) . 

Beltella ? ulrichi (Kayser 1897) . 

1897 L iost1-acus Uh-ichi n. sp. - - Kayser, p. 277, pl. VII, figs. l, la, 4. (Descr. Figs. 

of cranidium and pygidia.) 
1935b "Liostracus" ulrichi Kayser - - Kobayashi, p. 67. (Listed.) 
1937b "Liostracus" ulrichi Kayser - - Kobayashi, p. 13. (Listed.) 
1938 Beltella ulr·ichi ( Kayscr) - - Harrington, p. 201, pl. VII, figs. 9, 13-18. (Descr. 

Figs. of incomplete cephalon with a few attached thoracic segments, cranidia, free 
cheeks, and pygidia.) 

1943b Beltella uh-ichi ( Kayser) - - Harrington & Leanza, p. 351 ,  pl. Il, fig. 5. 
(Remarks. Fig. of incomplete dorsal shield.) 

T y p e d a t a :  - As lectotype I select the cranidium figured by Kayser 
( 1 897) from the sandstone at Iruya, province of Salta, Argentina. 

R e m a r k s : - The thorax of this species has not been described, but 
the incomplete dorsal shield f igured by Harrington & Leanza ( 1943 , pl. Il ,  
f ig.  5 )  suggests that the pleural ends are truncate. 

O c c u r  r e n  c e :  - Argentina (Lowcr Tremadocian) , BoliYia (Lower 
Tremadocian) . 
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Belte/la ? ·uerisimilis ( Salter 1866 ) .  

1866 C onocor·yphe ? 1wisimilis, n. sp. - - Salter, p. 308, pl. 6, fig. 13. (De ser. Fig. 

of restored dor sal shield.) 

1 868 Conocor:;pe ? ·verisim ilis, Sal. - - Belt, p. 10. ( Suggests that it  is a synonym of 

L. depressus.) 

1873 Conocoryphe verisimilis, Salter - - Salter, p. 1 5 . ( Remarks. ) 

1882 C mwcoryphe( ?) ·verisimilis, Salter - - Brogger, p. 1 1 1 . ( Suggests that it rna y 

belong to C:,•clognathus.) 

1898 Conocor:,•phe ·uerisimilis, Salt. - - Brogger, p. 199 (separate copies, 1896, p. 36) . 

( Suggests that it probably belongs to Cyclognathus.) 

1900a Conocoryphe? verisimilis, Salter - - Reed, p. 256. ( R eferred to Angelina.) 

1919 Belte/la verisimilis ( Salter) [partim] - - Lake, p. 107, pl. X III, figs. 1-3 only. 

(Descr. Figs. of more or less damaged dorsal and axial shields, including the 

type specimen. Figs. 4-5 are here assigned to Olenus? bucephalus.) 

1954 Beitel/a verisimilis (Salter) -- Wilson, p. 276. (Remarks.) 

T y  p e d a t  a :  - As lectotype I select the incomplete dorsal shield 

figured by Lake ( 1 919, pl. XIII, fig. 1 ) .  This is the specimen upon which 

Salter's restoration was based. It comes from the Lower Tremadocian, Pen

moria Village, Wales. 

R e m  a •r k s :  - This species may be rather dose to B. depressa. It ap

parently differs from it (and from Leptoplastides) in having a genal spine 

which continues the course of the lateral margin. As far as can be judged 

from the figure of the lectotype, this difference may possibly not be real, 

but due to the preservation. If 'So, the species may possibly be a synonym of 

L. deporessus, as suggested already by Belt ( 1868) . Some specimens which 

were assigned to L. ? versimilis by Lake ( 1919) , are here transferrd to 

Olenus ? bucephalus. 

O c c u r  r e n  c e :  - Wales (Lower Tremadocian) .  

G e n us P a c n e b e l t e l l a R o s s l 9 5 l .  

T y p e  s p e  c i e s :  - Paenebeltella ·vultulata Ross 1 951 ,  by original 

designation. 

D i  a g n  o s  i s :  - Differs from Beltella and Leptoplastides in having 

tonvergent instead of divergent preocular facial sutures, which do not be

come inframarginal, and in ha ving no preglabellar furrows ( except in larva! 

cranidia) . 

R e m  a r k  s :  - This genus may be related to Beltella and Lepto

plastides. However, its thoracic shield is not known. The type species and 
P. convexa Kobayashi 1955 (cf .  postscript) are the only known species. 
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Paenebeltella vultulata Ross 1 95 1 .  

Pl. 2, fig. 13. 

1 9 5 1  Pucnebcltella vultulata Ross, n .  sp. - · - Ross, p. 79, pl. 1 8 ,  figs. 1-2, S--6, pl. 19, 

fig. 1 0 ?  or figs. 5 ?, 7 ?  ( Descr. and figs. of cranidia and free cheeks. Figs. of 
two types of pygidia, one of which may belong to this species.) 

H o l o t y p e : - Cranidium with free cheek glued in place (Peabody 

Museum of Natural History, Yale University, no. 1 8063) . 

D i a g n  o s i s :  -· As for genus.  
O c c u r  r e n  c e :  - Garden City formation ( Zonc E, = Roubidoux 

interval ?) , NE Utah. 
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Postscript 

In a recent paper Jaanusson ( 1956, p. 37) has introduced the same 

symbols for lateral glabellar furrows ( S1-S4) and lobes (L1-L4) as 

proposed above (p. 12 ) .  

In  another paper which I received when the present paper was sent to 

the press, Kobayashi ( 1955) has described several olenids, all new, from 
the McKay Group in British Columbia, \Vestern Canada. They occur in the 

three earlier of the eight fauna! assemblages recognized by Kobayashi, namely 

in the Syntphysurina fauna (Parabolinella bisulcata, S phaerophthalmella 

inexpectan.s, Jujwyaspis borealis) , the Robsonoceras ?-Apatokephalus faunules 

(Peltura pacifica, P. canadensis) , and in the Evansaspis-Kainella fauna 

(Paenebeltella convexa) . The faunas are assumed to have appeared in this 

order. 

It is uncertain whether Parabolin ella bisulcata belongs to Parabolinella. 

as def i ned above, and should perhaps rather be referred to as Parabolinella ? 

bisulcata. Sphaerophthahnel.la inexpectans was made the type species o f  the 

new genus Sphaerophthalm ella, which was assigned to the Leptoplastinae by 

Kobayashi. The holotype o f  S. inexpectans is a oranidium. The cranidium 

seems to be doser to Boeckaspis tha.n to Sphaerophthalmus. A pygidium 

assigned to this species was compared with that of Sphaerophthalmus. How

ever, it ·does not agree with the rather aberrant pygidium of that genus, but 

resembles the pygidium o f  later pelturines, and is quite similar to that of 

Jujuyaspis. I t  is perhaps possible that the pygidium really belongs to the 

associated Jujwyaspis species. In any case, I believe that S phaerophthalmella 

is closest to genera like Boeckaspis, and should be transferred to the sub

family Pelturinae. Sphaerophthalmella differs from Boeckaspis in having 
the eyes situated slightly further back, and i f  the pygidium is co:rrectly as

signed to S phaerophthalm ella, it dif fers in ha ving a rounded posterior border. 

If the pygidium does not belong to S phaero phthalmella, it is a question 

whether the slightly dif ferent position of the eyes warrants the separation 
of the genera, especially as the position varies within Boeckaspis. If they are 

regarded as synonyms, the name S phaerophthalmella should be retained for 
the genus, since this name was publishcd in September 1955, whereas Boeck-
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aspis was proposed in November 1 955.  Peltura pacifica apparently i s  dose 
to Triarthrus punctatus, and should be referred to as Triarthrus pacificus. 

Neither should Peltura canadensis be assigned to Peltura. It may possibly 
belong to Bienvillia and rna y provisionally be referred to as Bienvillia ? 

canadensis. 

The Symphysurina beds of the McKay Group were •regarded as Lower 
Tremadocian by Kobayashi, who furthermore correlated thcm with zones 
B-C of the Pogonip Group and zones A-C of the Garden City Formation. 
The occurrence of Iuju:yaspis and a genus close to Boeckaspis certainly 
strongly suggests an Early Tremadocian age. Since the zones A-D of the 
Garden City Formation are of  Gasconade age (Ross, 1951 ,  p .  32) ,  it is 
possible that the lower boundary of the Tremadocian approximately corre
sponds to the lower boundary of the Canadian in North America. 

Kobayashi ( 1955, p. 567) furthermore introduced the name Jujuyaspis 
harringtoni for the specimens assigned to J. keideli by Harrington & Leanza 
( 1952) . He maintained that the true J. keideli is proparian and regarded 
Salte:raspis (recte : Saltaspis) as a synonym of Juj-uyaspis. 

Vid.-Akad. Skr. I. l\I.-�. Kl. 1957. ?\o. l .  1 8  
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descensus ( Boeckia) - 22 
Diatemnus - 142, 144 
Dikelocephalidae - 29 
directa (Ctenopyge) - 204 
drytonensis ( Ctenopyge) - 188 
Dytremacephalus - 27 

eatoni (Triarthrus) - 1 5 1  
ecorne (1\cerocare) - 243 
elachistra ( Ctenopyge) - 184 
Elviniidae - 27 
Elviniinae - 27 
Eoctenopyge - 183 
erecta (Ctenopyge) 194 
Eugonocare - 27 
Euloma - 20 
Eulomina - 20 
Eurycare - 178 
evansi (Parabolinella, 1\phelaspis ?) -

23, 27 
expansa (Oienus, Snhaerophthalmus, 

Ctenopyge) - 210 
expectans (Olenus, Parabolina) - 1 18 
explanaturn (Eurycare) - 179 

falcifera (Ctenopyge) - 204 
fischeri (Triarthrus) - 1 5 1  
flagellifera (Sphaerophthalmus, Cteno-

pyge) - 189 
fletcheri ( Sphaerophthalmus, Ctenopyge) 

- 205 
frej i (Triarthrus) - 151 
frequens ( Olenus, Parabolinella, Para

bolina) - 1 1 8  
fusifonnis (Ctenopyge) - 190 

gibbosus (Entomostracites, Paradoxides, 
Trilobites, Olenus) - 105 

glaber (Cyclognathus. Peltocare) - 248 
- (Triarthrus) - 151 

granulata (1\cerocare, Cyclognathus, 
1\cerocarina) - 252 

g-ranulosa (Protopeltura) - 266 
Gronwallia - 27 
guembeli (Olenus. Parabolinella, Para

bolina ? )  - 1 1 8  

haimantensis (Olenus) - 23 
hecuba (Moxomia) 160 
Hedinaspis - 20 
Hedinia - 20 
heres (Parabolina) - 1 19 

- hexacantha (Parabolina) 120 
- lata (Parabolina) - 120 

Highgatella - 2 1  
hirsuta (Boeckia, Bocckaspis) - 258 
holteclahli (Protopeltura) - 227 

Vid.-Akad. Skr. I. M.-?'. Kl. 1957. Ko. 1 .  

Holubaspis - 21 
Holubia - 21 
huguesensis ( Triarthrus) - 151 
hurnilis (Olenus, Sphaerophthalmus) 

215 
Hungaiinae - 29 

illaenopsis (Boeckia, Westergårdia) - 255 
incerta (Parabolinella) - 140 
indicus (Olenus ? )  - 23 
inexpectans (Sphaerophthalmella) - 272 
in flata (Pel tura ?) - 232 
inornata (Westergårdia ?) - 253 
intermedia (Protopeltura) - 228 

- (Westergårdia) - 254 
intermedius (Eurycare, Leptoplastus) 

167 
Isidrella - 21, 25 

j arensis (Boeckia) - 260 
j arillana (Peltura ?)  - 25 
j emtlandica (Parabolina) - 121 
j emtlandicus ( Triarthrus) - 1 5 1  
J uj uyaspis - 261 

Kainellidae - 29 
F\:ainellinae - 29 
Keidelaspis - 1 55, 1 57 
keideli (Jujuyaspis) - 262 

- norvegica (Juj uyaspis) - 263 
kindlei (Plicatolina) - 153 

kinnekullensis (Parabolina) - 121 
Komaspidae - 28 

Labiostra - 27 
laevigata (Leiobienvillia) - 159 
Japponica (Parabolina) - 122 
lata (Leptoplastus, Sphaerophthalmus, 

\Vestergårdia) - 254 
- (Parabolinella) - 135 

laticaudus (Paraboline\la, Parabolinites) 
- 130 

Iaticornis (Ctenopyge) - 206 
latifrons (Beltella, 1\ngelina ?) - 1 58 
latum (Trilobites, Eurycare) - 181 
Lauzonella - 29 
Leiobienvillia - 159 
Leptoplastides - 264 
Leptoplastinae - 161 
lcptoplastorum (Parabolinella, Paraboli-

nites ?) - 131 
TJeptoplastus - 161 
Levisella - 29 
limitis (Paraholinella) - 135 
Jinnarssoni (Ctenopyge) - 207 
- (Triarthrus) - 151 

lobata (Ctenopyge. Parabolina) - 122 
- praecurrens (Parabolina) - 123 

Logane\lus - 21, 27, 29 
longicornis (Parabolina) - 122 
longispinus (Conocorvphe ?, Olenus, Para-

bolinites ?) - 131 
- (Leptoplastus) - 170 

1\f acropyge - 29 
Macropyginae - 29 

1 9  
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major ( Sphaerophthalmus) - 217 
maj usculus (Sphaerophthalmus) - 218 
malvernius ( Conocephalus) - 237 
marianus (Parabolinopsis, Leptoplastides) 

- 266 
megalops (Parabolina) - 124 
Mekynophrys - 19 
Mendoparabolina - 19, 25 
Mesoctenopyge - 183 
micropyga ( Cyclognathus, Acerocare, 

Acerocarina) - 252 
micrurus ( Olenus) - 107 
micula (Diatemnus, Bienvillia) - 144 
minor (Leptoplastus) - 174 
- (Cyclognathus, Peltura) - 235 

Mitchinsoni (Olenus) - 267 
mobergi (Boeckia, Boeckaspis) - 259 
- (Parabolina) - 125 

modesta (Ctenopyge) - 191 
Moxomia - 160 
multicostatus ( Olenus) - 24 
mundus (Olenus) - 107 

N amiolenoides - 21,  24, 1 13 
neglectus (Ctenopyge, Leptoplastus) 

168 
N ericia - 27, 30 
Nericiaspis - 241 
norvegicum (Acerocare, Peltura, Pelto

care) - 247 

norvegicus (Eurycare, Leptoplastus) 
170 

obliquoensis ( Olenus ?) - 25 
occidentalis (Parabolinella, Parabolinoi-

des ?) - 24 
Odontopyge - 1 12 
oelandica (Ctenopyge) - 211 
Olenidae - 94 
Olenidea - 26 

Oleninae - 96 
Olenoidæ - 26 
olenoides (Conocoryphe ?, Pel tura, Pelto-

care) - 249 
Olenus - 96 
Orkekeia - 21, 25 
ornata (Orkekeia) - 24 
ornatus (Sphaerophthalmoides) - 255 
ostrogothicus (Leptoplastus) - 1 72 
Otarion - 20 
Otarionidae - 20 
ovatus (Leptoplastus) - 173 

pacifica (Peltura, Triarthrus) 272 
Paenebeltella - 270 
pampanus (Triarthropsis) - 25 
Panarchaeogonus - 21 
Papyriaspidinae - 21, 29 
papyriaspis - 2 1  
parabola (Sphaerophthalmus ' ,  Cteno-

pyge) - 188 
Parabolina - 1 1 2  
Parabolinella - 132 
Parabolinites - 128 
Parabolinoides - 22. 27 
Parabolinopsis - 265 

paradoxa (Acerocare, Peltura) - 236 
paucisegmentatus (Leptoplastus) - 174 
pauper (0lenus, Ctenopyge) - 184, 203 

pecten (Olenus, Sphaerophthalmus, Cteno-
pyge) - 208 

P el tocare - 246 
Peltoura - 23 1 
Peltura - 23 1 
pelturaeformis (\Vestergårclites) - 154 
Pelturides -- 220 
P elturina - 249 
Pelturinae - 220 
pentacantha (Parabolinella ?) - 24 
pheidolopyge (Parabolina, Plicatolina) 

153 
Pianaspis - 22 
pirquoensis (Mendoparabolina) - 25 
planicauda (Peltura, Protopeltura) - 228 
Plantii (Olenus, Parabolinites) - 129, 131 
Plesioparabolina - 19 
Plicatolina - 152 
Porterfieldia - 152 
postcurrens ( Ctenopyge) - 193 
posthuma (Parabolinella ?) - 141 
praecursor (Peltura, Protopeltura) - 229 
praecursor var. ? (Protopeltura) - 221 
Proaulacopleura - 22, 27, 30 
Proceratopyge - 28 
Proetus - 20 
Protopeltura - 220 
punctatus :(Peltura, Triarthrus) 149 
punctifera (Pelturina) - 250 
punctolineata (Angelina) - 156 
- (Parabolinella ?) - 141 

pusillum ( Anopocare) - 215, 237 
pygmaeus (Triarthrus) - 152 
Pyraustocranium - 19 

quadrisulcata (Para bolina ') - 128 

raphidophorus (Leptoplastus) - 175 
reedi (Triarthrus) - 152 
Remopleurididae - 29 
Rhodonaspis - 21 
Richarclsonellidae - 29 
Richarclsonellinae - 29 
robusta (Jujuyaspis. Nericiaspis) - 242 
rotundatus (Olenus) - 107 
rotundifrons (Cyclognathus, Peltocare) -

249 
rugosa (Parabolinella) - 137 

Saltaspis - 244 
saltensis (Keidelaspis) - 155, 157 
salteri ( Conocoryphe, Olenus, Lepto-

plastus, Leptoplastides) - 267 
Samsonowiczi (Beltella) - 46 
Sao - 22 
scanica (Boeckia, Westergårdia) - 257 
scanicus (Olenus) - 108 
scarabaeoides (Entomostracites, Paradox

ides, Trilobites, Olenus, Anthes, Pel-

tura) - 237 
- obesus ( Olenus) - 237 
- octacantha ( Peltura) - 237 
- westergårdi (Peltura) - 239 
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sedg-wickii (Angelina) - 157 
serratus (Parabolina) - 126 
sexdentata (Parabolina) - 127 
shinetonensis (Triarthrus, Bienvillia) 

144 
similis (Ctenopyge) - 195 
simplex ( Conocoryphe ?, Parabolinella ?) 

- 141 
skutensis (Triarthrus) - 152 
solitaria (Beltella, Protopeltura ?)  - 230 
spectabilis (Ctenopyge) - 197 
sphaenopygus ( Sphaerophthalmus) - 215 
Sphaerophthalmella - 272 
Sphaerophthalinoides - 253 
Sphaerophthalmus - 2 1 1  
spiniferus (Beltella, Leptoplastides) - 267 
spiniger (Leptoplastus) - 162 
spinigerum (Eurycare) � 182 
spinosus (Leptoplastus) - 177 
- (Triarthrus) - 152 
- rougensis (Triarthrus) - 152 

spinulosa (Entomostracites, Paradoxides, 
Olenus) - 126 

steinmanni (Juj uyaspis, Saltaspis) - 245 
- (Liostracus, Angelina) - 157 

stenotoides (Leptoplastus) - 162 
stenotus (Leptoplastus) - 177 
subarmata (Angelina) - 157 

Taenicephalus - 28 
tellecheai (Olenus ?) - 24 
teretifrons ( Sphaerophthalmus, Cteno

pyge) - 209 
terranovica (Bienvillia, Leiobienvillia) -

160 
tctracanthura (Protopeltura, Parabolina) 

- 128 

tetragonalis (Parabolinella, Triarthrus, 
Bienvillia) - 144 

- broeggeri (Bienvillia) - 145 
Tostonia - 19 
transiens (Cyclognathus, Acerocare, Pel-

tura) - 240 
transversus (Olenus) - 108 
triangulatus ( Olenus ?) - 24 
triarthra (Olenus, Parabolinella) - 138 
Triarthroides - 19 
triarthroides (Parabolinella) - 139 
Triarthropsis - 24 
Triarthrus - 147 
triarthrus (Triarthrus) - 152 
truncatus (Trilobus, Olenus) - 109 
tullbergi (Acerocare) - 243 
tumicla (Ctenopyge) - 198 
tumidoides (Ctenopyge) - 199 

ulrichi (Liostracus, Beltella) - 269 

variscorum (Triarthrus ?) - 1 50 
verisimilis (Conocoryphe, Beltella) - 270 
vexata (Conocoryphe, Parabolinella, Bel-

tella, Angelina ?) - 158 
viator (Saltaspis) - 245 
vultulata (Paenebeltella) - 2il 

wahlenbergi (Olenus) - 1 10 
W estergårclia - 253 
\Vestergårdites - 1 54 
williamsoni (Conocoryphe) - 1 1 1  
williamsonii (Conocoryphe ?, Parabolinella, 

Parabolinites ?) - 1 3 1  
wilsoni (Olenus ?) - 1 1 1  
wimani (Parabolinella, B ienvillia ? )  - 146 

Zacompsus - 22 
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CHART l (cont,) . 
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Protopeltura aciculata aciculata . . . . . . 

aciculata pusilla • • • • • • • • •  o .  o o • • • • • • •  

bidentata • • •  o • • • • • • • • • • • • • • • •  o • • • • • 

brocggeri 
• • • • • • • • • • • • • • • •  o • • • • • • • • • •  
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Ncriciaspis robusta . . . . . . . . . . . . . . . . . .  

Accrocare ecorne • • • • • •  o • • • • • • • • • • • • •  
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C HART l (cont .) 

Geographic d istrihution 

o f  {Jppct- Camhrian and Trcmaclocian 

olcni t!s 

(T = Trcmadocian forms) 

\Vcst crgftrdia in tcrmcdia • •  o • • • • • • • • • • •  

lata ( incl. i l lacnopsis) • • • • • • • • •  o • • • •  

sran i ca • • • • •  o o • • •  o o • • • • • • • • • • •  o • • • •  

Hocckaspis ! J i rsuta • • • • • •  o • • • •  o • • • •  

mobcrgi • • • • • • • • • •  o • • •  o • • • • • • • • •  

SphaerOJll t thalmclla inexpcclans . . . .  

J ujuyaspis an gusta n. sp. o .  o • •  o o • • •  

boreal is • • • • • • • • • •  o • • •  o • • •  o • • • • • • •  

keideli keit! el i • • • •  o • • • • • • • • • • • • • • •  

kei del i norvegica 11. subsp. . . . . . . . .  

Leptoplasti(les mananus . . . . . . . . . . . .  

salteri o • • • •  o • • • • • • • • • • • • •  o • • • • • •  

? spinifera • o • •  o • • • • • • • • • • • • • • • • •  

Tidtella t!cprcssa • • •  o • • • • • • • • • • • • • •  

? ulrichi • • • • • • • • • • • • • • • • •  o .  o • • • •  

? verisimilis • • • • • • •  o • • • • • • • • • • • • •  

Paenebcltella 
vult u lata 
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Zones 

A cerocarc 
2dt: 

Sub
zones l ecor. 

West . l cost. 
trans. 

Pcltura l parad. 
sr:�.rabacoidcs lob. 

2 l o ' linn. 
< r- bis. 

Pel tura 
b.ff. 
tum. 

min or spect. 
2d{J sim. 

flag. 
Protopclt ur;t poste . 

praecursor negl . 
2cla ?holt. 

?brocg-. 

sten . 
ang. 

T,cptoplastus ovat . 
2c crass . 

ra ph. 
[pa ne. ] 

Paraholina l spin. 
spinulo�a. 2b brev. 

Olenus & 
A gnostus 

obcsus 
2a{J 

A gnostus l 
pi si fonn is 2aa 

[ scan. ] 
[dent.] 
att. 
wahl. 
trunc. 
gibb. 

CHART 2. Stra.ligraphic occurrence of olenids in the O lcnid Series in Norway 

Parabolina acanthura 
Par. heres lat a 
Par. ltcres heres 
Par. heres hcres 

Par. mcgalops 
Par. lobata lobata, Par. lohata praecurrcns 

Ct. l innarssoni, Ct. fletcheri, Ct. pecten 
Ct. bisulcata 

Ct. af finis affinis, Ct. a ffinis gracilis 
Ct. t nmida 
Ct. spectabilis, Ct. tumidoides, Ct. angusta 

Par. mobcrgi Ct. simil is, Ct. mod es ta 

Ct. flag-ell i fcra, Ct . drytoncnsis 
Ct enopygc postcnrrcns 
Lcptopbstus neglcct us 

L. stcnotus 

L. 

Acerocare ecorne 
\Vestergårdia spp. 

Pelturina puncti fem 
Pelturina punctifera 

? Acerocarina micropyga 

? Acerocarina granulata 

Sph. humilis, Sph. maj usculus 
Sph. humilis, Sph. majusculns 

Splt. alatus 

Peltura costata 
Pelt. transiens 

Pelt. paradoxa 
Pelt. scarabaeoides westergårdi  
Pelt. scarabaeoides scarabaeoidcs 
Pclt. scarabaeoides scarabaeoides 

P elt. mi nor 
SphaerOj)l t tl1almus ahtus P rot. planicauda Pclt. mi nor, P elt .  acutidcns 

P rot. hidentata 

P rot. praecursor 
P rot. praecursor 
P rot. praecursor 
P rot. hol tedah l i 
Pmt. broeggcri 

E. latum angustatus 
L. ovatus, L. crassicornc var. , E. cx planatmn, E. latum, E. hrcvicauda 
L. <Tassicorne, L 
L. raphidophorus 

Par. spinulosa 
Par. brcvispina 

Olenus attenuatus 
O. wahlenbergi 
O. truncatus 
O. gibbosus, O. t ransversus 

O. alpha 

norvegicus 

Protopeltura aciculata pusilla 

? in front of a name indicatcs that the exa et st ratigraphic lurizon 
is  uncertai n. 

[ ] indicates that the subzone has not been rccogni zccl in Norway, 
but. is known in Swedcn. 



CHART 3 .  Zones and subzones in the Olenid Series and their known occurrcnccs. 

Zones 

I-VI = proposed international symbols 

Norwegian symbols in brackets 

Acerocare 
VI (2de) 

Pcltura scarabacoidcs 
Ve (Zdy-o) 

Peltura zones Peil ura mi nor 

V (2da:-å) Vb (2d{J) 

Protopelt ura pracenrsor 
Va (2da:) 

Le{)toplasl us 
IV (2c) 

Parabolina spinulosa 
I l l  (2b) 

Olenus and 
Olcuus zones Agnostus obesus l-I l (2a) Il (2a{J) 

l 
l 

l 
l 

I (2aa:) Agnostus pisi formis 

Zubzones 

Dotted line = a subzone within 

this range 

Acerocare ecorne 
Westergårdia spp. 
Peltura coslata 
Peltura transiens 

Peltura paradoxa 
Parabolina lobata 
Ctenopyge Iinnarssoni 
Ctenopyge bisulcata 

Ctenopyge af finis 
Ctenopyge tumida 
Ctenopyge speelabilis 
Ctenopyge similis 

Ctenopyge flagelli fera 
Ctenopyge postcurrens 
Lcptoplaslus neglectus 
? Prolopeltura holtedahli} position 

? Protopeltura broeggeri uncertain 

Leptoplastus stenotus 
Leptoplastus angustatus 
Leptoplastus ovatus 
Leptoplasl us crassicorne 
Leptoplastus raphidophorus 
Leptoplastus paueisegmenta tus 

Parabolina spinulosa 
Parabolina brevispina 

Olcnus seanieus 
Olenus dentatus 
Olenus attenuatus 
Olenus wahlcnbergi 
Olenus truncatus 
Olenus gibbosus 
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Correlation with Westergård's 
subzones : 

1922 l 
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Sd l 
l } Se 

Sb 
l }  
l 
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Sa 
\ 
( 

4 l 
l 

3 

2 

l l 

1947 

6d 
6c 

? 6b 
? 6a 

? S f  
Se 

Sd 

Se 

Sb 

5a 

4e 
4d 

4c 

4b 
4a 

3b 
3a 

2f 
2e 
2d 
2c 
2b 
2a 
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CHART 4. Distribution of Trem.adocian olenids. ( ?  m front of name denotes uncertairi stratigraphic position.) 

l 
-

Norway ( +  = also S·wcdrn) 

Parahol ina lata 
Parabolinella rug osa 
Tri:uthrus angel in i +  
Saltaspis sp. + 

Triarthrus angelini + 
Paraholinella limitis 

Bienvillia lel ragonalis brocggeri 
Pcl torare norvegicum + 

? J uj uyaspis an gusta 
l Bocckaspis mohergi + 

\ B ienvi l l ia ? wimani + 

J ujuyaspis kcideli norvegica 

Bocckaspis hirsuta 
Paraholina acant hura 

South Amcricn 

l Triarthrus angel ini rccti frons 
\ Parabolinella triarthroides 
l Parabolinclla argcntincnsis 
\Peltocarc glaber 

Saltaspis steinmanni 
Parabolinella argenlinensis 
Bienvillia pheidelopyge 
Leptoplastides marianus 
Beltella ulrichi 
Angelina stcinmanni 
Augelina punctol ineata 

Parabolinella argentineusis 
Bienvil l ia tetragonalis 
Parabolina argentina 
Jujuyaspis kcidcli 

l 

l 
l 

F..nglcmd 

Leptoplastides salteri 
Parabolinella t riarthra 
Bienvillia shineloncnsis 

Gernwny 

Parabolina frcquens 
Triarthrus ? variscorum 

Tex as ( Marathon u pl i  ft) 

Parabolinella 
triarthroides ? 

J Lcptol?lastides 
? mananus 

\Bcltella lati frons 

-

Wales 

f A ngelina serlgwicki 
Peltocare olenoidcs 

\ Angel ina ? vexata 

·� l Parabolinclla rugosa ? 
. \ Tria1·thrus punctatus 

Del tell a 
Beltclla ? 

F crmont 

Parabolinella 
triarthroides ? 

Pl icatolina kindlci 

deprcssa 
ve1·isimilis 

Parabolinclla 
punctol incata 

Qu.cbcc 

J P�rabolinel la ? 

New Brunswick, Nova Scotia 

Triarthrus ? belli 
Parahol inclla triarthra 

Parabolinella limitis ? 
Leptoplastides ? sp . 
Angclina ? sp. 

N cwfoundland 

? l Lciohicnvi llia terranovica 
. \ Leiohienvillia lacvigata 

? Paraholinella argent inensis 

British C olmnbia 

Pacneheltella convcxa 

JTriarthrus pacificus 
B ienvil l ia ? t canadensis 

?Bicnvillia micula 
? mcerta 

l Bienvillia corax 
l Paraholinel l a ? 

bisulcata 
Sphaerophthalmella 

i nexpectans 
J uj uyaspis borealis  
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CORRELATION CHART OF U PP ER  CAM BRIAN AND LOWERMOST 
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ORDOVICIAN BIOSTRATIGRAPHY 
IN THE ACADO-BALTIC AND NORTH AMERICAN PROVINCES 

Fauna l 
con nec- NORTH AMERICAN 

ACADO-BAL Tl C PROVINCE tions PROVINCE 

Symphysurina 
Upper Tremadoc ian 

Hystricurus . . . . .  

. . 
? . 

Lower Tremadocian 
. 
• •  ? • •  Saukia 

( Dictyonema flabelliforme) 
. 

. or 
? 

. 
. 

. 
Acerocare VI 

Pel tura 
Ve scarabaeoides 

Prosaukia -
Ptychaspis 

Pel tura Peltura 
m i  nor Vb V • •  ? • •  

Protopeltura 
Va praecursor 

Leptoplastus IV 
Conaspis 

Parabolina 
spinulosa Ill 

• •  ? • •  lrvingella major . 
o r  

? . . 
. 

Olenus & . . Elvinia 

Agnostus Il 
. . . . . 

obesus Olenus 
1-11 

Aphelaspis 
Agnostus 

l pisiformis 

Lejopyge laevigata Crepicephalus 

Solenopleura brachymetopa • •  ? • •  Cedaria 

CHART 5. 
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CHART 6. 

3 0 3  

Stratigmphic range and suggested 1·elationships of olenid genera and suhgen.cm. 

For Peltoura read Pc/tura. Hyperme!wspis (nomen nudum) indicates an undescribed 

genus related to Pa·rabolinella (cf. p. 137). 
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PLATES 1-2 

Outline drawings of the dorsal shiclds of the type species of the olenid genera and 

subgenera. The dra\\·ings are based on i llustrations gi\·en by various authors. 

All about 1.8 times. Although probably all the shields belong to holaspid specimens, 

they may not represent the very !argest instar in each species. 

To facilitate a comparison of the cranidia, only the left free cheek is drawn in the 

species where the free cheeks are known. To facilitate a comparison of the free cheeks, 

they are drawn as i f ly ing on a flat suriace, eYen when they were more or less tilted 

in their natura! position. 

PLATE l 

O l e n  i n  a e. All are type species, except fig. 7. C. X 2. 

Fig. 

» 

» 

» 

» 

» 

» 

» 

» 

» 

» 

» 

l .  
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 0. 

1 1 .  
12. 

0/enus gibbosus ( \Vahlenberg 1821) .  

Parabolitta spinulosa (Wahlenberg 182 1) .  

Triarthnts beckii Green 1832. 

W cstergårdites pc/turaefonnis Troedsson 1937. 

Leiobienvillin laez·igata Rasetti 1954. 

Biem,illia corax (Billings 1865) .  

Bienvillia shinetonensis (Lake 1913) ( for comparison) . 

Parabo/inella limitis Brogger 1882. 

Parabolinites /aticaudus (Westergård 1922) . 

A ngelina sedgzt•ickt:i Salter 1859. 

P/icatolina kindlei Shaw 195 1 .  

Porterficldia ccreci_qeuus (Raymond 1920) . 
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PLATE 2 

P e l t u 1· i n  a c. Type species. C. X 2. 

Fig. l. Pc/tura scarabaeoidcs (\\'ahlenberg 182 1 ) .  

» 2. Protopeltum pracwrsor (\\.estergård 1909) . 

» 3. Acerocare ec01·nc Angelin 1854. 

» 4. TVestergårdia scanica (\\.estergård 1909).  

» :J. Pelturina pnnctifera n. sp. 

» 6. iVericiaspis robusta (Tj erm·ik 1953) .  

» 7. .Tu iuyaspis keideli Kobayashi 1936. 

» 8. Roeclwspis h irsuta (13rogger 1882) .  

» 9. Peltocare non:egicwn (:Yioberg & f..Ioller \898) . 

» 10. Acerocarina micropyga (Linnarsson 1875) . 

» 1 1 . Saltaspis stei11 11la1 1ni  (Kobayashi 1937) . 

» 1 2. B elte/la depressa (Salte!· 1859) . 

» 13. Paenebeltc/la <:ultulata Ross 195 1 .  

» 1 4 .  Lcptoplast idcs salteri ( Callav.-ay 1877).  

L e p t o p l a s t i n  a c. Type species. C. X 2. 

Fig. 13 .  .)-pl;aerophthalmus alatus (Bocck 1838) .  

» 16. Leptoplastus stenotus Angelin 1854. 

» 17 .  Ctenof3·ge (Loctcnopyge) flagellifera (Angelin 1854) .  

» 18. Cteuopyge ( Ctenopygc) pectcn ( Salter 1864) .  

» l 9. Eurywre bre·;:icauda Angel in 1854. 

» 20. Ctenopyge (Mcsocf,•llul'Y9e) stcctabilis 13rogger 1882. 
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PLATES 3-8 

Outline drawings of free cheeks, cranidia, hypostomae, and pygidia of almost all 
the Upper Cambrian and Tremadocian olenids in Scandinavia, arranged in stratigraphic 
order ( cf .  also charts 2-4) . 

The drawings are based on photographs published by Westergård (1922, 1944a, 
1947) and on photographs in this paper. All the d1·awings show the parts o f  the shields 
at about twice the natura! size. In species \\·here complete axial or dorsal shields are 
not known, the pygidium may possihly belong to a slightly �maller or larger specimen 
than the cranidium. Since specimens with the hypostoma in situ are very rare, the hy
postoma, too, may not correspond cxactly in size to the cranidium. 
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Pl. 3. Olenids in the Upper Cambrian zones I-IJI (all c. X 2).  
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Pl. 5. Leptoplastines in the Vpper Cambrian zones Ya-b and the lowcr part of the zone 

Ve (all c. X 2) .  
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PI. 6. Olenines and pelturines in the t;pper Cambrian zones Va, Vb, and Ve (lower 

part) (all c. X 2) . For Pcltoura read Peltura. 
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For Peltoum read Peltura. 
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PI. 8. Lower and upper Tremadocian olenids (all c. X 2). 



PLATES 9-3 1 

The photographs were taken by Miss B. Mauritz 111 cooperation with the au:hor. 

\Vith onc exception (pl. 30, fig. 4) the specimens were whitened with ammonium 

chloride. 

The photographs are not retouched. 

The light comes from the upper left corner, except where the position of the fo;;sil 

.in the rock prevented this, or \\·here certain features \Yere brought out hetter Kith light 

from some other angle. 



Fig. l .  
» 2. 

» � .) . 

» 4. 
» J .  

» 6. 

PLATE 9 

O lt:Hus alpha n. sp. - -- p. 100. 
2aa (l),  �lælum, Ringsaker, Xonnty. Coll. :  \\·. C. I3roggcr. 

X 5. Cranidium (P. }L O. no. 66756) .  Holof)•pc. 

X 5. Cranidium (P. }I. O. no. 66759) ,  associated \Yith ccphalon of Agnostus 
pisiformis. 
X 5. Cranidium (P . .:..r. O. no. 30189) . 

X 5. Free cheek (P. }1. O. no. 66768) . 

X 5. Craniclium (P .  :.I. O. no. 66766a). 

X 5 .  Pygidium (P.  �L O. no. 66757 ) .  

Olenus gibbosus (\Vahlenberg 182 1 )  - - p.  105. 
Fig. 7. X 5. Cranidium (P. �1. O. no. 30075) .  2a(J ( I l )  gibb., Yiul , Ringerike, Norway. 

Co!!. : O. Holtedahl, 1 908. Figured by Holtedahl, i910, pl. Il, fig. 11 as Olemts . 
tnmcat us. 

Parab olina? quadrisulcata n. sp. - - p. 128. 
Fig. 8. X 5. Cranid ium (R1L no. .-\r.  149) . H o:ot_\·fc. 111, Funas, }Iyssj o �<,rish, 

J�imtland, Swcdcn. Co!! . : C. \Yiman, 1891 .  Figured by \\"estergård, 1922, pl. VI, 
fig. 25 as Olcnus( ?)  sp. 

Parabolina lobata lobata (Brogger 1882) - - p. 122. 

Fig. 9. X 5. Craniclium (P.  11. O. no. 66790) with short and oblique eye ridgcs. 2,:<5 
(\'c) fob., Kårtveitbekken, Eiker, X orway. Co l!. : H. X eumann and T. Strand, 

1945. 

» 10. X 5. CraniJium (P.  �L O. no. 19937) .  Holotype. 2d8 (Ve) lob., \'cstfossen, 

Eiker, ?\orway. Coll. : \\-. C. B rogger, 1879. Fignred by Brogger, 1882, pl . XII,  
iig. 1 1  as Ctcnopyge( 0)  lobata. 

» 1 1 .  X 1 .35. Dorsal shield (P.  I. C. no. V. ar. 4284) of form with short and oblique 

eye ridges. \'c lob., Råback alum shale quarry, Kinnekulle, Vestergotlan:l, 

Swcden. Co! ! . : Exc., 1941.  

Parabolina kimzekullensis n .  sp. - - p .  12 1 .  

Fig. E X 1 .05. D01·sal shield ( Rt.L no. Ar. 381 15) . Holotypc. \'c !ob., Trollmen, Kinn�

kul!e, \ • eslergotland, Sweclen. 
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PLATE 1 0  

Parabolina aca11th1wa (Angelin 1 854) - - p .  1 1 6. 

Fig. l. X 5. Free cheek (P. M. O. 110. 66794) .  2de (Yl ) acan., beach at ::\ærs11es gård 
in RØyken, Norway. Col l . : G. H enningsmoen, 1 9 5 1 .  

» 2. X 5. Cranidium (P . M. O. no. 66805) .  Hor. & loe . as fig. l .  Coll. : N. Spjeld-
næs, F.1 �ikolaiscn, & G. H enningsmoen, 1954. 

» 3. X 5. Free cheek (P. M. O. no. 66814) .  2ea h ;rs., oeach at �ærsnes gård m 

Royken, NonYay. Coll. : G. Henningsmoe11, 1 9 5 1 .  

» 4. X 5. Free cheek (P. M.  O. no. 66816) .  Other data as for fig. 3.  

» ;J. X 5. Cranidium (P. M. O. 110. 66815) .  Other data as for fig. 3. 
» 6. X 2. 1 .  Dorsai shield (P. 1vL O. no. 66817) .  2de (Y l )  ccornc, beach at Nærsnes 

g:"trd in Royken, ::\on1·ay. Coll. : G. H enning:;moen, 195 1 .  

Bicm•illia ? winza11i ( \Vcstergård 1 9 1 7 )  - - p. 1 46.  

Fig. 7 .  X 5. Fragmentary cranidium (P . M. O. no. S 904). 2c(J (L .  Trem. ) ,  Jaren !Il 

Hadeland, ::\on1·ay. Coll. : L. Stormer, 1 9 19. 

» 8. X .5. Free check (P .  �L O. no. S 9-1-7 ) .  Other d3ta as for fig. 7. 

» 9. X .5. Anterior part of cranidium � P . M. O. no. S 95'J ) .  Other data as for fig. 7. 
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Fig. l. 
» 2. 
» 3.  

» 4 

» J. 

» 6. 

» 7. 

PLATE 1 1  

B- ienvil!ia tetragona.!is brocggeri n. subsp. - - p. 145.  
3aa ( U .  Trem . ) ,  Yckkerø, Osio, Konyay. Coll. : L .  Stormer, 191 8-19. 

X 5. Plasteline east of impression of cranidium ( P. M. O. no. 482 ) .  

X 5 .  Cranidium (P. M.  O. no. 488) . H olot_\'pe. 
X 3. Free cheek ( P . M. O. no. 6682 7 ) .  Figured by Stormer, 1920, pl. I, {ig. 7 
as Parabnlincl/a liwil-is. 

X 5. Cranidium ( P . M. O. no. 66828) .  Figured by Stormer, 1920, pl. I, Eig. 7 
as Parabolinel/a li111itis. 

X 5. Pygidium ( P .  M. O. no. 484) . Figurecl by Stormer, 1 920, pl. I ,  fig. 8 as 

Paraborinella !imitis. 

X 5. Pygidium ( P . M. O. no. 66829 ) .  

X 5.  Hypostoma ( P .  M. O. no. 439) . Figured by Stormer, 1 920, pl. I I ,  fig. 7 
as Paraboline/la ? 

Triarthrus angel i n i  angelini  Linnarsson 1 869 - - p. 148. 
Fig. 8. X 5. Pygidium ( P . M. O. no. 66830) .  Base of  3ay ( U. Trem.) ,  Skara, Vest

fossen, Eiker, Norway. Coll. : Gunnar Henningsmoen 1954. 

» 9. X 5. Unusually large craniclium ( P . M. O. no. S 1 136) . Base o f  3ay ( U. Trem. ) ,  

Bygdøy Sj øbad, Oslo, Kor\\ ay. Coll. : L. Størmer, 1 9 18. 

» 10.  X 5. Cranidium ( P. M. O. no. 6683 1 )  showing luberculation. Other data as for 

fig. 8. 
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Fig. l .  

» 2. 

» 3 .  

» 4. 
» .J. 

PLATE 1 2  

Parabolinella lim it is Drogger 1 882 - - p. 135 .  

X 4. 1 .  Craniclium ( P .  ::vi .  O. no. 20032a) .  3af3 (L Trem . ) ,  Stensberggt., Oslo, 

K on,·ay. Coll. : J. K iær, 191 1 .  

X 4. 1 .  Cranidium ( P . M. O .  no. 693) .  Other data as for fig. l .  

X 2 .5 .  Craniclium ( P .  :�·ii. O. no.  20034) . Lcctolyf'e. 3af3 (C. Trem. ) ,  St.  Olavs

gl. Oslo, Kon-ra y. Co l l. : Th. ::\li.inster . Figured by B rogger, 1882, pl. I l l ,  fig. 2. 
X 4. 1 .  Free cheek ( P . M. O. no. 69 le) .  Other data as for fig. l .  

X 5 .  Hypostoma ( P .  ::\I. O .  no. S 984) .  3af3 C C .  Trem.) ,  \'ekkerø, Oslo, Nor

way. Coll .  : L.  Stønner, 1919.  

Parabolinella t?·iarthra (Calla,,·ay 1 877) - - p. 1 38. 

Fig. 6. X 5. Craniclium ( P .  ::\i. O. no. A 1 7390) .  Shineton Shales, Shineton, Shrop

shire, England. Coll . : J.  I-\:iær , 1904. 

» 7. X 5. Craniclium (P. M .  O. no. A 1 7389) . Othcr data a for f ig. 6. 

Parabo!in ella lata n. sp . - - p . l 35 .  

Fig. 8. X 5 .  Craniclium ( P . M. O .  no. 1 287a ) .  Holot)•/'e. 3ar· (U. Trcm.) ,  S .  Bj crkås

holmc, Royken, Kor\\·ay. Coll . : ", 1 9 1 5. 

Pa•rabo!in clla rug osa Broggcr l 882 - - p. 137. 

Fig. 9. X 5. Craniclium ( P. l..I .  O. no.  1 267a) .  3ay (U.  Trem.) , S.  Bj erkåsholme, 

Royken, Kor\\·ay .. Coll . : ", 1915 . 
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PLATE 1 3  

All X 5 .  

L eptoplastus mphidophorus Angelin 1 854 - - p.  1 75 .  

Fig. l .  Free cheek (P . M. O .  no. 29 155a) . 2 c  ( lY)  rap/1 . ,  Slemmestad, Røyken, Norway. 

Coll. : O. Holtedahl, 1 908. 

» 2. Cranidium ( P  . .M. O. no. 3031 8) .  2c ( I\.) rap/1 ., loose Llock, Stange, Hamar 

area, Norway. Coll. : \V. C. Brogger, 1881 .  Figured by Holtedahl, 1910, pl. I, 

fig. 4 as Leptop/astus ovatus. 

» 3. Free cheek ( P  . .M. O. no. 30320) .  Other da ta ;1s for fig. 2. 

» 4. Free cheek ( P .  M. O. no. 29155c) .  Other data as for fig.  l .  
» 5. Craniclinm (P. M. O. no. 29 155cl) . Other data as for fig. l .  
» 6. Cranidium ( P . M .  O. no. 29155b ) .  Other data as for fig. l .  
» 7. Axial shield ( R:\I. no. Ar. 21 14d ) .  Lectotype. IV raph . ,  Andrarum, Scania, 

Swcclen. 

Lcptoplastus ovatus Angelin 1 854 - - p. 1 73.  

Fig.  8. Cranidinm (P.  :M .  O. no.  30338b) . 2c (IY) oval ., Jønsberg, Romedal, H3mar 

area. Old coll. 

» 9. Craniclium (P .  :M. O. no. 30339a) . Other da t a as for fig. 8. 

» 10. Free check ( P  . .M. O. 110. 30338c) .  Other data as for fig. 8. Figured hy Holte

dahl, 19 10, pl. I, f ig .  1 1  as Lep top/astus ovatus var. e:rp lanafa. 

L cptoplastus claudicans (Moberg & Moller 1 898) p. 165 .  

Fig. l l . Small, but relativt'ly well-preserved cranidium (P.  1 .  L .  no. L O  1 377) . Loose 

block, Andrarum, Scania, Sweden. Coll . : Tull berg. 

» 12. Free cheek (P.  I. L. 110. LO 1 380 ) .  Hor., loe., & coll. as fig. 1 1 . Figured by 

Moberg, 1898, pl. 16, fig. 4, as A cerocare c/anclicans. 
» 13. Large, but badly preseryed cranidium and pygidium (lower right quadrangle)  

(P .  I. L.  no.  1 379) . Other data as for fig. 1 1 .  
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Fig. l .  

» 2. 

).\ 3. 

» 4. 
» 5. 
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» 9. 

» l O. 
» 1 l .  
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» 13 .  

PLATE 14 

All X 5 .  

Leptoplastus crass1corne ( Westcrgårcl 1944) - - p. 1 67. 

Free cheek (P . M. O. no. 303.10 ) .  2c ( JV)  crass., Evjevika, Ringsaker, Norway. 

Coll . : T. Strand, 1 926. 

Free cheek (P . M. O. no. 28989) .  2c ( IV) rrass., Krekling, Eiker, Norway. Co!!. : 

W. C. I3roggcr, 1879. 

Free cheek (P. M. O. no. S 392) .  2c (IY)  crass., Ringsaker, Korway. Coll . : 

L. Stø nner, 1919 .  

Cranidium (P . M .  O. no. 19916c ) .  Other data as for f ig .  2 .  

Free check ( P . M. O. no .  28988a ) .  Other data as for f ig .  2 .  

Pygidium ( P . M .  O .  110. 199 1 6a ) .  Other data as for fig. 2 .  

Craniclium ( P . M. O. no .  S 409c ) .  Other data as for f ig .  3. 

CranidiL!m ( P . M. O. 110. 28998) . Other data <IS {or fig. 2.  

Free chcek (P . M. O. no. 30336) .  2c ( I\') oz•a / . ,  Jønsherg, Romedal, Ha:nar 

area. Old coll. 

Cra11 idium (P . M .  O. no. 30338d ) .  Other dat;:� as for f ig. 9. 

Crandium (P . M. O. no. 30338e) .  Other data as for fig. 9. 

Pyg;di um ( P .  M. O. no. 30336c) and counterpart of cranidium. Other data as 

for fig. 9. 
Spines of free chccks (P. M. O. no. 30336h) .  Other dat<t ;:�s for fig. 9. 
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PLATE 15 

L eptoplastus Jiorvegicus (Holtedahl 1910) - - p. 170. 

X S. Cranidium (P.  M. O. no. 30334d ) .  Other data as for fig. 7. 
X S .  Free cheek (P. 11. O. no. 28996) . 2c ( I \") crass., Krekling, Eiker, Nor

way. Coll. : \\". C. Brogger, 1 897. Figured by Holtedahl, 1910, pl. I I I , fig. 13  as 

Leptoplastus longispinus. 

X S. Thoracic segment (P. M. O. no. S 407 ) .  2c ( I \�)  crass., Ringsaker, Nor

way. Coll. : L. Størmer, 1919 . 

X 5. Free cheek (P.  M. O. no. S 409a) \\·ith rather gr eat genal angle. Other 

data as for fig. 3 .  

X 5 .  Pygidium (P. M. O. no. 2899 7) . Other data as  for fig. 2. 

X 5. Free chc�k ( P .  :..r .  O. no. S 391 ) .  Other data as for fig. 3. 

X 3.5.  Axial shield ( P . M. O. no. 30334a) . Lectoly{>e. 2c ( l V ) crass., Hamar 

area. Acquired for the Museum by \V. C. Brogger. 1898. 

X 3 .5 .  Counterpiece (P.  :-.1 . O. no. 3033-lb) of the craniclium of the lectotype 

( fig. 7 ) .  Other data as for fig. 7. 
X 5. Craniclium (P. :M. O. no. 28988b) .  Other data as for fig. 2. 

X 5. Craniclium (P. M. O. no. 30334c) .  Other data as for fig. 7. 
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PLATE 1 6  

L e  ptoplastus l!on·egicus (H oltedahl 1 9 1 0) - - p. 1 70. 

Fig. l .  X 5. Cranidium ( P  . .\L O. no. S -W6). 2c ( I \ - )  cross., Ringsaker, Xorway. 

Col l. : L. Stormer, 1 9 1 9. 
» 2. X 5. Pygidium ( P  . .\L O. no. S -W9b) .  Field dala, cf. fig. l .  

Eurycarc cxplanatum (Holtedahl 1 9 1 0) - - p .  1 79. 
Fig. 3. X 5. Cranidium (P. 1I. O. no. 30337a ) .  Lcctolyf>c. 2c ( l\")  oz.'a / ., Jonsberg, 

Romedal, Hamar area, �on,·ay. Coll . : " 

» -l. X 5. Cou11terpiecc of pygi,lium ( P  . .\1. O. no. 30337h). Field data, cf .  fig. 3. 

» .:J. X 5. Cranidium (P  . .\1 .  O. no. 30338a) .  Field data, c f. fig. 3. 

Enrycarc latum ( Doeck 1838) - - p. 1 8 1 .  

Fig. 6. X 3. 7. Cranidium (P. l\1. O. 110. 66927) .  2c ( l Y ) ,  Toyen, O lo, �orway. Colt . : 

Th. .\liinster. 

» 7 X 5. Small cranidium ( P  . .\L O. no. 66 33).  2c ( l \" ) ,  Gamlebyen, Os�o. ;-Jor-

,,·ay, Col l . : Cornelius .. en. 

» 8. X 5. Small cranidium ( P .  :NI. O. 110. 6683-l) .  Field data, cf .  fig. 7 .  

» 9. X 5. Small cranidium ( P  . .\L O. 110. 56383a) .  Hor. & loe. as for fi�. 7. Coll. : 

C. Bocck. Lcctolyf>c. 

Lcptoplaslus allgustatus (Angelin 1 85-1-) - - p. 16-+. 

Fig. l O. X 5. Frce cheek (P . .\l. O. no. 19975) .  2c ( l \ ' )  a11g., Slemme tad, Røyken, 

);orway, Coll . : O. Holted�hl, 190 . 

» 1 1 . X 5. :\xial shield ( P  . .\1. O. 110. 3065 1 ) .  2c (I \ " )  ang., Herrcdsva11g, Romedal, 

Hamar area, � orway. C oil. : L. Gaustad. 

» 1 2. X 5. A x ial shield ( P. l\1. O. no. 66840) .  2c ( l \ ')  (/llg., Loylen, Hamar area, 

K orway. Co l l .  : ? 
» 1 3. X 5. Free cheek ( l .  M .  O. no. 30325 ) .  2c ( 1 \')  a11g., Evjevika, Ringsaker, 

Kon,·ay. Coll . : T. Strand. 1927. 
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PLATE 1 7  

All X 6 . 1 .  

Leptop!astus neglectus (Westergård 1922) - - p . 1 68. 

Dorsal shield ( RM. no. Ar. 1 725 ) .  Andrarum in Scania )' Sweden. Coll. : ? 
Figured by Westergård, 1922, pl. "\:., fig. 2 as Lep top/astus mph .dophon.ts. 

Free cheek (P. M. O. no. 19978a) .  2dæ (\Ta) negl., Slemmestad, Røyken, Nor

way. Coll . : O. Holtedahl, 1908. 

Cranidium (P. M. O. no. 29162) .  2dæ (Va) negl., Slemmestad, Røyken, Norway. 

Coll . : T. Kj erul f excursion. 

Cranidium (S.  G. C).  Lectotype. \-a negl., Andrarum, Scania, Sweden. Coll. : 

A. H. \\.estergård, 1 913 .  Figured by \\"estergård, 1922, pl. X, fig. 1 1 , as 

Ctenopyge n eglecta.. 
Cranidium (RM. no. Ar. 1725) .  Associated with the dorsal shield in fig. l .  
Cranidium (P. M. O. 110. 1 9978d) .  Other data as for f ig .  2 .  

Craniclium (P. M. O.  no. 19978c) . Other data as for fig. 2. 

Ctenopyge (Eoctenopyge) f'ostcurrens \Ves•tergårcl 1944 - - p. 193.  
The illustrated specimens belong to a form close to Leptopiastus ncglectus. 

Fig. 8. Free cheek (P. }il. O. no. H 2716cl) . 2clæ (Va) poste., Nærsnes, Røyken, Nor

way. Coll. : \\'. C. Brogger, 1880. 

» 9. Craniclium (P . M. O. 110. H 27 16f) .  Other data as for fig. 8. 

» 10. Free cheek (P . M. O. no. H 2716e) . Other data as for fg. 8. 
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PLATE 18 

Ctenopyge ( Eocten opyge) flagcl!ifera ( Angel in 1854) - -- p. 189. 
Fig. l .  X 6.3  . .Axial shield "·ithout pygidium ( P . M.  O.  no.  6684 1 ) .  2da (\"a) flag., 

?\'ærsnes, Royken, :\orway. Coll . : 1\. Spj eldnæs, 1954. 

» 2. X 6. Free cheek ( S .  G. C.) . .Associated with the lectotype. \'a, f/ag., Andra-

rum, Scania, Sweden. Co!!. : A. H. \\'estergård, 1913.  

» 3. X 6. Free cheek (P. :-L O. no.  1 9985d ) .  2cla ( \"a) flag., Gamlebyen, Oslo, 

:\ orway. Co li. : Corneliussen. 

» 4. X 6.3. Frce check ( G. S. :-1. no. Pe 260 7 1-.:: ) .  \ ' a  fla_q., Block C ( ? ) ,  Dryton 

Brook, Shropshire, England. Coll . : E. S.  Cobbold. 

Ctenopyge (Eoctcn opyge) dryton cnsis Cohbolcl 1 934 - - p. 188. 

Fig. 5 .  X 6.-t. Cranidium ( G. S .  J\I.  no. 5 1 778) of thi species ? Holotype o [  Ctenopyge 

parabola. Figured by Cobbold & Pocock, 1934, pl. 45, fig. 1 1  as Sphæroph

tlwlllms( > ) parabola. Block A, Dryton Brook, Shropshirc, England. Co!!. : 

E. S. Cobbold. 

» 6. X 6.4. Cranidium (G.  S. },L no. 5 1 7 73 B ) .  Figurecl hy Cobhold & Pocock, l<J34, 

pl. +5, fio·. 19. Block A. 
» 7. X 6.4. Cranidium ( G. S. M. no. 5 1 780 B ) .  Figurcd hy Cobbold & Pocock, 1 93-t, 

pl. 45, fig. 13 as Sphærophihalllms( ? )  parabola. B lock A. 

» 8. X 6.5.  Craniclium ( G. S. J\L no. 5 1 776) . Holoi3'f>r. Figured by Cobbold & 
Pocock, 193-t, pl.  +5, fig. 9. Blod;: .A .  

» 9. X 6.4. Craniclium ( G. S. },L no. 5 1 775) .  Figured hy Cobbold & Pocock, 1934, 

pl.  +5, iig. 8 as Eurycarc cmgustalum. Block A .  
» 10. X 6 .  Plasteline east of free cheek ( P . M. O .  no. 1 9985c) .  2da (\'a) f/ag., 

Gamlebyen, Oslo, :\ onYay. Co!!. : Corncliussen. 

» 1 1 .  X 6..+ Free cheek ( (;_ S. :\I. no. 5 1 781 A) . vigurecl by Cobbold & Pocock, 193-1, 

pl. 45, fig. 14 as Ctcnopygc f/agcllifera angusla. Block A. 
» 12. X 6.-t. Frce cheek ( G. S. 11. no. 5 1 770) .  Figurecl by Cobbold & Pocock, 193-t, 

pl. 45, fig. 16 a Ctcllopyge flagrllifera. Block /\ . 
» 13 .  X 6.5. Free cheek (G. S. M. no. 5 1 774) . Figured by Cobbold & Pocock, 1934, 

pl. 45, lig. 7 and doubtfully referred to Eur:,•carc 01'1[tllsfahull. Block A. 

» 14. X 6.6. Frce cheek (G. S .  },[_ no. 5 1 777b ) .  Figured by Cobbold & Pocock, 1934, 

pl. 45, fig. 10  as .'·>phærophthalnws( ?) sp. indet. Block A. 
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PLATE 1 9  

All X 6.1 .  

Ctcnopyge ( Eoctenopyge) modcsta n .  sp . - - p. 1 9 1 .  

Cranidium ( P . M. O.  no. 291 9 1 a ) .  2d/3 (Yb) sint., Slemmestad, Roykcn, Norw;;y. 

Coll. : V/. C.  B rogger, 1 880. 

Free cheek ( P . M.  O. no. 29497a) . Holo!ype. 2c1{3 (Vb) si11 1., Slemmestad, 

Røyken, Norway. Exc. 1 880. 

Free cheek ( f' .  M. O. no. 29 19\b) .  Tilted to show the curvature o [  the spin·�. 

The genal field is seen rathi-r much from the side and thus appear · too narro\\ . 

Other data as for fig l. 
Frce cheek ( P . M. O. no. 29349a) .  2cl/3 (Vb) si111., Slemmestad, Røyken, Nor

way. Col l . : ?  

Axial shield without posterior part ( P . M.  O.  no. 29497b) . Other data as for 

fig. 2. 

Cephalon ( P . M .  O. no H 2724) .  2d/3 ( Yb) si111., Slemmestad, Royken, Norway. 

Coll . : ,  Figurcd hy l3rogger, 1882, pl. IJ ,  f i g. 1 5  as Ctenof'ygc f!agc!lifera. 
Ilypostoma (P . M. O. no. 66842a) .  2df3 ( \ "b) si111 .,  Sars gt., Oslo, Norway . 

Coll .  : F. Nikolaisen. 1954. 

Cranidium ( P . M .  O.  no. 29349b) .  Other clat::t as for fig. 4. 

Anterior part of axial shield ( P . M. O. no. 66843) .  Othcr data a ·  for fig. 7. 

Part o E  thorax ( P . M O. no . 66844),  Other data as for i ig. 7. 

Ctenopyge (Eoctenopyge) angt tsta \Vestergård 1922 - - p. 1 87. 

Fig . 1 1 .  free chcek (P. M.  O. no . 26869a ) .  2d/3 (Yb) sp cct., Slemmestaci, Røyken, No r -

way. Coll . : \V .  C. Brogger, 1880. 

» 1 2. Hypostoma ( P . M.  O.  no. 19990b) .  Other data ;;s for fig. 1 1 .  

» 13. Cranidium ( P .  :�k O. no. 26869h ) .  O ther data as for fig. 1 1 . 

» 14. Free cheek ( P . M. O. no. 19986b ) .  Other data as for fig. 1 1 .  

» 1 5 .  Free cheek ( P . M .  O .  no . 29488a) Zd/3 ( Vb), sPcct., Slemmestad, Røyken, Nor · 
way. Coll. : \V. C. Brogger, 1 879. 

» 16. Free cheek ( P . M.  O. no. 19990c ) .  Other data as for fig . 1 1 . 

» 18. Cranidium (P . M. O. no. 26869c) .  Other data as for fig. 1 1 . 

Ctr11oP)'{JC (Cten ofl)'(JP) affinis gracilis n .  sub p. - - p.  20 1 .  

Fig. 1 7. A x ial spine ( P . M.  O. no. 19993a ) .  2<1{3 ( Vb) af.f., Slemmestad, Røyken, Nor-

way. Co l l. W. C. Brogger, 1880. 

» 19. Frcc cheek ( P . M. O. no. 1 9993d) .  Other data as for fig. 1 7. 

» 20. Cranidium (P. M. O. no. 1 9993h) .  Other data as for fig . 1 7. 

» 2 1 .  Cranidium ( P . M.  O. no. 19993c) .  Other data as for f i g. 1 7. 

Ctenopyge ( CtenO/J)'ge) affinis affin is \i\/estergård 1922 - - p. 200. 

» 22. Cranidium (P . M .  O. no. 29388) .  2d/3 (\'b) a ff., l\ ærsnes, Røyken, Norway . 
Co l l. : \ \·. C. Brogger & I(rohn , 1 880. 
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PLATE 20 

All X 6.2. 

Ctenojlyge ( Jf esoctenop:yge) erccta \Yestergårcl 1922 - - p. 19-t. 

Fig.  l .  Pygidium ( P. :-r.  O. no. 61465a) ZdjJ ( \"b) sim., Loose block. corner Drammens

» 2. 

» 3 .  

» 4. 

» :J. 

» 6. 

» 7. 
» 8. 

» 9. 

,·cien/Park\·eien, Oslo, �onYay. Co11 . : ?, l 98. 

Frec cheek (P .  L O. no. 668-l6) .  2d{J ( \"b) sim., Sars gt., Oslo, Xorway. Coll. : 

F. 1\ ikolaise11, 1954. 

Hypostoma ( P . M. O. no. 61465b) .  Other data as for fig. l .  

Free cheek ( P .  ).IL O .  110. 668-+2b) ,  tilted t o  sho,,· the curvature o f  the spine. 

Other data as for fig. 2. 

Pygiclium (P. }.f. O. nu. 61465c) .  Other data as for fig. l .  

Cranidium ( P . �[.  O .  no. 6146-+a ) .  Other data as for f ig. l .  

Cranidium ( P .  }.L O.  110. 6146-+b).  Other data as for f ig. l .  

Countcrpiece o f  large cranidium ( P .  11. O .  no. 61465d) .  Other data a 5  for fig. l .  

Cranidium ( P .  }.L O. no. 61465e) .  Other data as for fig. l .  

CtC'no,hyge (Jf  esoctenojl)'gC') si111 ilis n .  �p. - - p.  195. 

Fig.  l O. Cheek spi11c (P.  }.1. ·0. no. S 486a ) .  2d{J ( \"b) sim., Hadeland, Korway. Col1 . : 

L. Stormer, 1 9 1 9. 

» 1 1 .  Frec chcek ( P . M. O. no. S 486b) . Other data as for f ig. 10 .  

» 12. Cranidium ( P . }.'[ . O.  no.  S 481 ) . Hololyf>e. Other data as for fig. 10 .  

» 13.  Pleuro11 (P.  }.I.  O.  110. S -+87) .  Other data as for fig. 10.  

» 14.  Hypostoma (P.  :M.  O. 110. S -l82b) . Other data as for fig. 10. 

Ctenopyge (Jf esortenopyge) tu111 idoidC's n. sp. - - p. 1 99. 

Fig. 15. Cranidium ( P .  l-L O. 110. 29-l88b) .  2d{J ( \"b) sf>ecl., Slemmestad, Roykcn, Kor

\\"ay. Co l l . : \ \'. C. Broggt-r, 1879. 

Ctenopyge ( Jlesortcnopyge) tu 111 ida \\'e:;tergård 1 922 - - p. 1 98. 

Fig. 16. Cra11idium ( P. 11. O. no. 668-l7) .  2d{J (\'b) tum., Rose11krantzgt. 8, Oslo, Ior

way. Coll . : O.  Holtedahl. 191 1 .  
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PL\TE 2 1  

Ctcnop_\'{JC ( J f  csortcnnpvgc) sf'crtabilis Brbgger 1882 - - p .  1 97. 

Fig. l .  X 6. 1 .  Hypostoma (P. �I.  O .  no.  �937-l) .  2d/i (Vb) spcct . . Slemmestad, RØyken. 

Norway. Col l . : \\-. C. Brogger, 1880. Figurecl hy Brogger, 1882, pl. :'\" T T ,  
fig. 1 2a. 

» 2. X 6. 1 Cranidium (P. �L O. no. 29816a ) .  Hor. & lo::. as for fig. l .  Col l . : Bri.ig-

ger, 1 879. 

» 3. X 6. 1 .  Free cheek ( P .  �I. O .  no. 19991 b ) .  Other data as for fig. l .  
» -!. X 6. 1 .  Cranidium ( P. �I.  O. no. 29816b ) .  Other data as for fig. 2. 
» ;, . X 6. 1 .  Cranidium (P. O . � [ .  no. 2981 6d) . Other data as for fig. 2. 

» 6. X 5.0. Free cheek ( P .  �I.  O. no. 2981 6:: ) .  Other data a for fig. 2. 

» 7. X 6. 1 .  Cranidium ( P .  :- r .  O. 110. 29816e ) .  Other data as for fig. 2. 
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PLATE 22 

All X 6.3. 

CtenoP}'ge (Ctenopyge) flctcheri C \Iatthe\\" 190 1 )  - - p. 205. 

l .  

2. 

3. 
4. 

J. 

6. 

Free cheek ( P .  ::vi. O. 110. 301 1 2c) .  Zdy (\"c) linn., Yiul, Ringerike, Norway. 

Coll. : ]. Schetelig, 1913 .  

Cranidium (P.  11. O. no.  301 1 2d) . Other data as for fig. l .  

Free cheek ( P .  �L O .  no. 301 12a) . Other data a s  for fig. l .  

Free cl1eek (P.  �L O. no. 30 1 12e) .  Other data as for fig. l .  
Free cheek ( P .  :,.r. O .  110. 30 1 12f) .  Other data as for fig. l. 
Free cheek (P.  �L O. no. 301 12g). Other data as for fig. l .  

Ctenopyge ( Ctenopj•ge) /innarssonni \\-estergård 1 922 - - p .  207. 

F ig. 8. Cranidium (P. �L O. no. 29502) .  2d)' ( \-c) linn., Slemmestad, Røyken, Norway 

Coll. : Exc. 193 1 .  

Ctenopyge ( Ctcnopyge) pcctcn ( Sal·ter 1864) - - p. 208. 

Fig. 9. Cranidium ( P .  l\1. O. no. 30080a) .  2dy ( \"c) linn., Y i ul, Ringerike, Norway. 

Coll. : ? 
» 1 0. Countcrpiece of pygidium ( P .  :.1. O. no. 30080b) .  Other data as for fig. 9. 

Sphaerophtha/mus humilis (Phillips 1848) - - p. 2 1 5 . 

Fig. 7. Cranidium (P.  :YL O. no. 30 1 1 2h) .  2dy (Yc) linn., Yiul, Ringerike, Norway. 

Coll . : ]. Schetelig, 1913.  

» 1 1 . Hypostoma ( P . M. O. 110. 301 1 2i)  (upper right corner) and cranidium (P.M.O. 

no. 301 12j ) .  Othcr data as for fig. 7.  

» 12. Free cheek (P.  11.  O. no. 301 12k) . Other data a for fig.  7.  

» 13 .  Pygidium ( P . M. O.  no.  29340d) .  2dy ( \-c) ,  Slemmestad, Røyken, Norway. 

Coll. : ? 
» 1-t. Part of thorax ( P . 1L O. 110. 30 1 1 2m ) .  Light from below. Other data as for 

fig. 7. 

» 1 5 .  Cra11idium (P. :.r. O. no . 301 1 2n).  Other data a for fig. 7. 

Sphaerophthalm us ma_iusculus Linnarsson 1880 - - p. 2 1 8. 
Fig. l 6. Large cranidium (P.  111. O. no. 19995) .  2dy ( \-c) ,  Slemmestad, Røyken, N0r

,,-ay. Col l . : \ \'. C. 13roggrr, 1880, 

» 1 7 .  This spee i es , Free cheek (P .  :YL O. no. 301 1 2p) . Other data as for fig. 7. 

S phacrn phthalmus a/at us ( Bocck 1 838) - - p. 2 1 2 . 

» 18. 1-ree cheek ( P .  :.I. O. 110. 1 9993e) . 2d(J (Vb) aff., Slemmestad, Røyken, Norway . 
Co l i . : \\-. C. Brogger, 1880. 

» 19. Free cheek ( P .  :.r. O. no. 19993 [ ) .  Othe1· data as for fig. 18. 
» 20. Axia1 shield 1\' ithout pygidium (P. :.r. O. 110. 19994) . 2d(J (Yb) 1111 1 1 .  or aff., 

Yippetange11, Oslo, "\'on1ay. Coll . : l(. O. Bj orlykke, 1892. 

» 2 1 .  Cranidium ( P . :.I. O. no. 1 9993g) . Other data as for fig. 1 8. 
» 22. Free check (I'. :.r. O. no. 56371b) .  Associated with the lectotype ( f igs. 23-24) .  

» 23-24. Front and dorsal Yie11· o f  craniclium (P .  :M .  O. no. 5637 1 ) .  Lectotype. 2d{J 

(Vb) 1 1 1 11 1 .  or <�ff. The alum shale quarry. Gamlebyen. Oslo, Norway. Old col l .  
>> 25. Craniclium (P. �[ .  O. no. H 2715b) .  2ci(J (Vb) 111111 . ,  Slemmestad, RØyken, 

Xorway. Col l .  · \\'. C. Broggcr, 1 880. 

» 26. Cranidium (P .  :.I. O. no. H 27 1 5c ) .  Orhe1· data as for fig. 25. 
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PLATE 23 

All  X 5.  
Protopcltura aciwlata pus il/a \Yestergård 1922 -- p. 223 . 

.. -\xial shield ( P. :.1. O. 110. H 2807) .  Pygidium some\Yhat displaced and over

turne<!. 2b ( l l i )  sf'iJz., ri,·erside a boYe Gj ogrefoss, SandsYær, ::\ om·ay. Co! L :  
A Heintz, 1 937. 
Small and somewhat di::connecled d01·sa! shields ( P .  :.L O.  nos. 29023b-d) . �[, 
( I l l )  s/'i11., Gj ogrefoss , SandsYær, ::\on\ ay. Co!!. : \\·. C. Brogger, 1 879. 
Hypostoma ( P . M. O. no. H 2808) . Othcr data as f01· fig. l .  
Free cheek ( P .  :.I. O .  no. H 2809) . Other data a s  for fig. l .  

Small axial shield ( P .  :.r.  O .  no. 1 991 7 ) .  Other data a s  for f ig.  2. 
Cranidium ( P .  }.'1. O. no. 29023a) . Other data as for fig. 2. 

Protopcltura brocggcri (Holtedahl 1 9 10)  - - p. 225. 

Fig. 7. Cranidium ( P. :.I .  O. no. 292-+9) .  2dæ (\'a) brogg., Slemmestad, Royken, Nor-
\Yay. Co!! . : O. H oltedahl, 1908. 

» 8. La rYa! axial shield (P.  }.L O. no. 19979b ) .  Other data as for fig . .  
» 9. Cranidium ( P . }.L O. no. 1 9982 ) .  Other data as for fig. 7 .  
» 10.  Incomplete dorsal shield \\·ith hypostoma ( P . M. O .  no. 66849a) .  2dæ (Va ) 

brogg., Slemmestad, Royl--cn, ::\orway. Co!! . : A. \\·. Smith, 1951 .  

» 1 1 .  Frec cheek ( P .  :NI. O. no. 1 9979a ) .  Other data a for f i g. 7. 
» 12. Cranidium (P. l\I. O. no. �983 1 ) .  Other dala as for fig. 7. 
» 13. Free cheek (P. :\L O. no. 291 7 8 ) .  Other data as for fig. 7. 
» 1-+. Thorax (P. }.L O.  no. 1 9981 ) .  Other data as for fig. 7. Figured hy Holtedah l ,  

1 9 10 ,  p l .  I l l , f i g. 5 ,  as ], cf>lof'lastus Broggcri. 

» 1 5 . Pygidium ( P . :.1. O. no. 291 7-+) . Lcctutyj>c. Other data as for fig. 7. Fignred 
by Holtedahl, 1 9 1 0, pl. li T ,  6, as Lcf'lof>/astus R roggcri. 

Protopcltura holtedahli n. sp. - - p. 227. 

Fig. 1 6. Free cheek ( P .  }.1. O. no. 66850) .  2dæ ( Ya) hult., Slemmestad, Royken, Norw;:y. 

Coll . : O. Holtedahl, 1908. 
» 1 7. Cranidium (P.  :.1. O. no. ?925 1 ) .  I!oluf)'/>C. Other data as for fig. 1 6 .  
» 1 8 .  Free cheek ( P .  :M. O. n o .  29253b) .  Other data a s  for fig. 16 .  
» 1 9. tranidium ( P .  }.L O. no. 291 73 ) .  Other data as  for f ig .  16 .  
» 20. Cranidium ( P .  }.1 .  O.  no . .?9 191 ) .  Other data as  for f ig .  16 .  
» 21 .  Hypostoma ( P . M .  O.  110. 29232) . Other data as for f ig .  16 .  
» 22. Post-cephalic shield (P.  }.1.  O. no. 19974 ) .  Other data as for fig .  16. Figure:! 

by Holtedahl, 1 9 1 0, pl. l i ,  fig. 3, as Pc/tura præcursor. 
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PLATE 24 

Protopelfu,ra praecursor \iVestergård 1 922 - - p. 229. 

X 2.7. Axial shield (P. �Jf. O. no. 6685 1 ) .  2da ( Y  a) flog., Kærsnes, Royke1�, 

K onYay. Coll. : G. H enningsmoen, 1950. 

X 5. Cranidium (P. M. O. no. H 2716a) .  2cla ( \.a) poste., Xærsnes, Royken, 

l\ on,·ay. Co l i . : \\'. C. B1·ogger, 1880. 

X 5. Free cheek (P. M.  O. no. H 27 16c) . Other data as for fig. 2. Figurecl b:;· 

B rogger, 1882, pl.  I ,  fig.  14b, as Protopeltura acant/wra. 
X 5. Hypostoma ( P .  :Yl. O. no. 29 188 ) .  Other data as for fig. 2. Figured by 

Brogger, 1882, pl. I I ,  f ig. 14a, as Protope/tnra acanthura. 

X 5. Pygidium (P. M. O. no .. H 2716b) .  Other data as for fig. 2. Figured by 

Brogger, 1882, pl. I, fig. 14c, as Protope/tura acanthura. 

Ptotopeltura b identata ( B rogger 1882) - - p. 224. 

Fig. 6. X 5. Pygidium and thrce posterior segments (P. M. O. no. 29369 ) .  2d{J (Vb) 

sim ., Slemmestad, Røyken, 1\orway. Coll . : \\· . C.  Brogger, 1880. Figurecl by 

Brogger, 1882, pl. I I ,  fig. 7a, as Pelt1tra bidcntafa .. 

>> 7. X 5. Free cheek ( P .  1[ .  O. no. 52902). 2d{J (Yb) sim., Sarsgt., Oslo, Kon1·ay. 

Coll. : Exc., 1934. 

» 8. X 5. Craniclium ( P . 11. O. no. 29790) .  2d{J ( \'b) sim., corner Kirkegt./Karl 

J ohansgt., Oslo, X on,·ay. Co l i .  : Sveen, 1923. 

» 9. X 5. Axial shield ( P . M. O. no. H 2i2 1 ) .  Lcctotype. 2cl{J (Yb) sun., Slemme

stad, Røyken, K orway. Co li .  : J. Yogt, 1880. 

» 10. X 4.3. Axial shield \\·it!t di  placed cranidium ( P . M.  O. no. 5290 1 ) .  Other data 

as for fig. 7. 

P1'0topcltura pla1z icauda ( Brogger 1882) - - p. 228. 

Fig. 1 1 .  X 5. Free cheek ( P . M. O. no. H 2715d) . Associated with the lectotype 

( fig. 1 3 ) .  

» 12.  X 5 .  Pygiclium ( P .  :- 1 .  O.  no. 20003) .  Light from t h e  lo\\·er right. Zci{J (Vb),  
sim. ,  Kedre Slottsgt., Oslo, Xorway. Coll. : ? 

» 13 .  X 5. Pygidium ( P . M. O. no. H 2715a) . Lecto tytc. 2d{J (Vb) f11111., Slemmestacl, 

Royken, Nor\\'ay. Coll. : \\'. C Brogger, 1880. 
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PLATE 25 

All X 5. 

Peltura awtidens Brogger 1 882 - - p. 233. 

Cranidium (P .  :.I .  O .  no. 29308d ) .  2d{J (Yb) lltiJI ., Slemmestad, Royken, Nor

\Yay. Coll. : O. Holtedahl, 1908. 

Hypostoma (P .  :.I. O. no. 29308b) .  Other data a for fig. l .  
Cranidium (P.  :. I .  O. no. 29308a) .  Other data as for fig. l .  

Free cheek (P.  :.I. O. no. 29308c) .  Other data as for fig. l .  
Pygidium. (P.  :.r. O. no. 19996) . Zd{J (Vb) 1 1 1 111 . •  Slemmestad. RØyken, ::-Jonray. 

Coll .  : Exc., 189 1 .  

Pygidium (P .  :.1. O. no. H 2720). Leclofyf>e. 2d{J (Yb) fliiJI., Slemmestad, 

Royken, ::\ onray. Co l l . : \Y. C. Brogger, 1880. Figured by Broo-ger, 1882, pl. I T ,  

fig. 9. 

Pc/tura ntinor (B rogger 1882 ) - - p. 235. 

Fig. 2 .  Hypostoma (P .  }1. O. no. 29-1-61 ) .  2d{J (\-h)  lum. ,  Slemmestad, Røyken, ::--Jor

\\·ay. Coll. : \\ · . C. Brogger, 1879. 

» J. Pygidium (P.  :.I. O. no. H 2713a) . Lcctotypc. 2d(i (Vb) fiiiJ/ . ,  Slemmestad, RØy

ken, ::\orway. Coll. : \\·. C. Brogger, 1880. Fignred hy Rrogger, 1882, pl. IT ,  

fig. 10,  as Cyrlog11allnts coslatus yar. winor. 

Pc/tura scarabaeoidcs scarabacoidcs (\Yahlenberg 1 821 ) - - p. 237. 
F ig. 6.  Large hypostoma (P.  �L O. no. 295-1-9) .  2cly (\-c) ,  Slemmestad, Røyken, ::\o,·

way . Coll . : T. Strand, 1928. 

» 13. Free cheek (P . M. O. 110. H 2719h), 2dy (\-c).  Slemmestad, Røyken, Xorway. 

Coll. : \\·. C. Broggcr, 1880. 

» 14. Pygidium ( P .  :.r. O. 110. H 27 19a) .  Other flata as for fig. 1 3. Figured by 
Brogger, 1 882, pl.  T T ,  fig. 12. 

Peltura scarabacoides �(·cstcrgårdi n.  subsp. - - p. 239. 

Fig. 8. Free cheek ( P . :.r. O. no. 6685-1-c).  Othei- data as for fig. 10. 

» 1 0. Cranidium (P. 11. O. no. 66853a) .  2d,· (\-c) fob.,  Sl emmestad, Røyken, Norway. 

Col l . : G. Hcnningsmocn, 1 941 .  

» 1 2. Free check (P. ilL O. no. 66853h) . Other data a<. ior fig. 10. 

» 15 .  Pygidium ( P. :-I. O. no. 6685-1-a) .  OtllCI- data as for fig. 10. 

» 16. Hypostoma (P. :,r.  O. no. 6685-1-b) .  Other data as for fig. 10. 
» 17. Pygidium (P. :,r.  O. no. 29033) .  2dcS (Yc) /ob., \-est fossen, Eiker, 1\on\'a\'. 

Co l l .  : \ \'. C. Brogger, 1 879. 
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PLATE 26 

Peltum scarabaeo ides scarabaeoides (Wahlenberg 182 1 )  - - p. 237. 

Fig. l. X 3.8. Somewhat disconnected dorsal shields (P. �·li. O. no. 66859).  2dy (Ve) 
/iun., Slemmestad, Royken, 1\ on,-ay. Co! L :  T. Strand, 1933_ 

» 2. X 3_8_ Counterpiece of dOt-sal shield \Yith hypostoma almost in si tu ( P .M.O. 
no_  66860) . Other data as for iig_ l .  

Fig. 3 _  

» 4_ 

» ;). 

» 6. 

Pelt�vra paradoxa ( Moberg & l'violler 1898) - - p. 236. 
All X 5. 

Free cheek (P .  111. O. 110. 30793a) .  2do ( \-c) par., Furetangen, Modum, Norway. 

Coll. : J. Kiær. 

Cra11idium (P_ :_,r .  O. 110. 30795 ) .  Other data as for fig_ 3. 

Pygidium ( P .  11.  O. no. 30793b) . Other data a for fig. 3. 

Pygidium (P. M. O_ no. 30793c) .  Light from below. Other data as for fig. 3. 

Peltum f?·ansicns ( Brogger 1 882) - - p. 240. 
All X 5_ 

Fig_ 7. Smail cranidium (P.  �1. O. no. 66873 ) .  2cle ( \-I) trans , Yest fossen, Eiker, 

Norway_ Co!L : G_ Hen11ingsmoen and P. Padget, 1950. 
» R Counterpiece of pygiclium ( P .  �1. O. 110. 19947a) .  Lecfotypc. 2dt: ( \'1 ) trans., 

Yestfossen, Eiker, :\orway. Coll. : \Y. C. Brogger, 1879. 

» 9_ Free cheek (P. M. O_ no_ 66871 ) .  Other data as for f i g. 7. 

» 1 0. Free cheek (P . M. O. no. 66872a) _  Other data as for fig. 7. 

» 1 1 .  C1-aniclium (P_ 1L O. no. 66870) _ Other data as for fig. 7. 

» 1 2. Hypostoma (P.  M .  O. no. 66872b) _  Other data as for fig. 7. 
» 1 3. Pygidium (P. 1 L  Q_ no. 1 99-l-7b) _  Other data as for fig. 8_ 
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PLATE 27 

All  X :i ,  exccpt fig. 8 (X 3.8) . 
Pc/tura costata ( Brogger 1882) - - p .  234. 

Fig. l. Cranidium (P . M. O. no. 29010a) .  2de (Y I )  cosi., raihYay section ncar LunJe, 

\�estfossen, Eiker, Korway. Coll. : \\-. C. Brogger, 1879. 

» 2. Free check (P .  11. O. no. 29010b).  Other data as for fig. l .  

» 3. Small cranidium (P. �L O no. 29010c) .  Other data as for fig. L 
» 4. Part of thoracic segment (P. M. O. no. 29010d). Other data as for fig. l .  

» .). Free cheek (P. M. O. no. 29010e) .  Other data as for fig. l .  

» 7. Free cheek (P.  �1. O. no. 29010f) . Other data as for fig. l .  

» 9. Pygidium (P.  �L O. no. 29017) .  Lectotype. 2dt (Yl) cosi., Henstad, Vest fossen, 

Eiker, Xon,·ay. Coll. : \\-. C. Brogger, 1879. Figured by Brogger, 1882, pl. I, 
figs. Se-d. 

Pcltocarc 11orucgicwn ( ::\lobcrg & ;.161\er 1898) - - p. 247. 

Fig. 6. H ypostoma ( P .  �L O. no. -l9 1 ) .  3aa CC. Trem. ) ,  Yekkerø, Oslo, Korway. Coll . : 

L. Stormer, 1918-- 19 19. 

» 8. X 3.8. Counterpiece of axial shield with hypostoma in sit u (P . M. O. no. 6688 1 )  

Ot he1· data a for fig. 6. Figured by Størmer, 1 920, pl. I ,  fig. 5 ,  as Acerocare 

norvl.'gicwn. 

» JO. Free cheek (P. 11. O. no. 460).  Other data as for fig. 6. 

» l 1. Pygidium (P. :.-1. O. no. 66882) . 3aa (U. Trem.) ,  corner Sarsgt./Helgesensgt . 

Oslo, Xon,·ay. Coll . : X. Spj eldnæs and G. Henningsmoen, 1950. 

» 1 2. Craniclium (P. :.1. O. no. 66883) .  Other data as for fig. 1 1 .  

» 13. Hypostoma (P . M. O .  no. 437 ) .  Other data as for fig. 6. Fignred hy Størmcr, 

1920, pl. IT ,  fig. 9, as hypos!oma of Acrroca re ? 

» 1-l. Pygidium (P .  :.1.  O. no. 66884) .  Other data as for fig. I l  
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PLATE 28 

:\Jl X 6.2. 

Pelturina punctifera n. gen. & 11. sp. - - p. 250. 

Fig. l .  Large cranidium (P .  ).f. O. no. 66795) . 2dc (VI) ecornc, beach at Nær snes gård, 

Røyken, ::\onYay. Coll . : G. Henningsmoen, 195 1 .  

» 2 .  Pygidium ( P .  ). 1 .  O. no. 30305) . 2dt (VI) West., Brumunddalen, Ringsaker, 

Kon,·ay. Coll. : Exc., 193 1 .  

» 3. Cranidium (P.  \1. O. no. 66806) .  Holotype. 2dc (Yl) ecorne, beach at Nærsnes 

gård, Røyken, ::\or\\·ay. Coll. : ::.J. Spjeldnæs, F. ::.J ikolaisen, and G. Hennings

moen, 1954. 

» -t Cephalic axis (P. ).1. O. no. 66887) . Zdc (VI)  West., �ærsnes, RØyken, Torway. 

Coll . : H. ::-\eumann and T.  Strand, 1945. 

A ccrocarina m icrop ·yga ( Linnarsson 1875) - - p. 252. 

Fig. J. Cranidium (P. ).L O. no. 29798) .  2dc (Yl )  (east. ? ) ,  Gamlebyen, Oslo, Norway. 

Coll. : Corneliussen. 

Westcrgårdia scanica (\Vestergård 1 909 ) - - p. 257. 

Fig. 6.  Cranidium (P.  ).f. O. no. 66885a) .  2d (VI) IV cst., Nærsnes, RØyken, orway. 

Co li. : H. K eumann and T. Strand, 1945. 

W cstergårdia lata (Matthew 1 892) - - p. 254. 

Fig. 7. Cranidium ( P. 11. O. no. 66885b) .  Other data as for fig.  6.  

» 8. Plastei- east of one of  the craniclia ( R. O. M. P .  no. 333) on which Matthew 

based his description. The original is from the . ..J.cerocare zone (previously 

included in the Pel/ura zone) at Saint John, New Brunswick, Canada. 

» 9. Free cheek (P. M. O. no. 66886) . Other data as for fig. 6. 

» 10. Plaste1· east of one of the thoracic shields (R .  O. M. P. no. 333) on which 

Jv[atthcw based his clescription. Same locality as fig. 8. 

Jujuyaspis angusta n .  sp. - - p. 26 1 .  
Fig. 1 1 . Free cheek (P . M.  O. no. 35675a) .  2e{J (L.  Trcm. ) ,  Steinsodden, Ringsaker, 

::\orway. Co!!. : O. E. Schiotz, 1904. 

» 12. Cranidium (P. M. O. no. 35675b) .  Other data as for fig. 1 1 .  

» 13. Craniclium (P . M. O .  no. 35674) . H olotype. Othet· data a s  for fig. 1 1 . 
» 14. Part of pleuron ( P . M. O. no. 35675c ) .  Other data as for fig. 1 1 .  

» 1 5 .  Pygidium (P. M. O. no. 35675d) . Other data as for fig. 1 1 . 

Jujuyaspis kcidcli n o r-z•cgica 11 . subsp. - - p. 263 . 

Fig. 16.  Cranidium ( plasteline ca t) (P .  ).!. O. no. 35878a ) .  2ea (L. Trem.) , Stein, 

Ringsaker, Norway. Coll. : T.  Strand, 1925. 

» 1 7. Pygidium (P . M. O.  110. 35878b) .  Other data as for fig. 16. 

» 18. Thoracic segments (P. M. O. 110. 66774) .  Zea (L. Trem.) ,  Nærsnes, Røyken, 

Norway. Co li. : G. Henni11gsmoen, 1951 .  

» 19 .  Pygidium (P. M. O. 110. 35880) .  Other data as for fig. 16 

» 20. Cranidium (P. M. O.  110. 3588 1 ) .  Other data a� for fig. 16. 

» 21 .  Cranidium (P. M. O. 110. 35878c ) .  Holotype. Other data as for fg. 1 6. 
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PLATE 29 

All X 6. 1 .  

Boeckaspis h irsuta (.Grogger 1 882) - - p. 258. 

Cranidium ( P . M .  O. no. 29525 ) .  2ea (L. Trem . ) ,  '\Tærsnes, Røyken, Norway. 
Coll . : \i'l/. C. Brogger, 1 880. 
Pygicliwn (P. M .  O. no. H 27 12) .  Lectotype. Other data as for fig. l .  
Pygidium ( P . M. O.  no. 66898). 2ea (L. Trem.) ,  Nærsnes, Røyken, Norway. 
Co!!. : G. Henningsmoen, 1949. 
Thorax (P. M. O. no. 66899) . 2ea (L. Trem.) ,  beach at Kærsnes gård, Røyken, 
Norway. Coll. : N. Spj eldnæs, 1953. 
Cranidium ( P . M .  O. no. 6690 1a)  showing tubercles in front of eye riclges. 2ea 
(L. Trem. ) ,  beach at Nær snes gå I-cl, Røyken, Norway. Co l ! . : G. Hennings
moen, 1 95 l .  

Free cheek ( P . M .  O .  no. 6690 1 b ) .  Other data a s  for fig. J .  

Free cheek ( P . M .  O .  no. 66902a) .  Other data a �  for fig. J ,  

Hypostoma ( P . M. O .  no. 66902b) .  Ot her data a s  for fig. 5 .  

Boeclwspis 111 obergi (Wiman 1905) - - p. 259. 

Fig.  9. Free cheek ( P . M.  O. no.  S 706 ) .  2e{3 (L. T rem . ) ,  Jaren, Hadeland. Coll . : L. 
Stønner, 19 19. Figured by Størmer, 1922a, pl. I, fig. 3.  

» 10. CI-anidium (P. :tv[. O. no. S 799) . Other data as for fig.  9. 
» 1 1 . Craniclium ( P . M .  O. no. 66906) , showing well  the lubercle on the left eye riclge. 

2ef3 (L. Trem . ) ,  Mælum , 'Ringsaker, K orway. Co! !. : G. Henningsmoen, 195 1 .  
» 1 2 .  Pygidium and thoracic segmenls (P.  :YI. O. no. S 802) . Other data as for fig. 9. 
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PLATE 30 

All X 5.  

Acerocarc ecorne Angel in 1854 - - p. 243. 

Fig. 1 .  Lan·a! crartidium (P . M. O. no. 669 12a) \Yith cranidial spines. 2dt: (\- l )  ecornc, 

beach at :\ærsncs gård, Røyken, XonYay. Col l. : G. Henningsmoen and N. 

Spj eldnæ. , 1950. 

» 2. Cranidium (P . M. O. no. 66920) . Hor. & loe. as for fig. 1. Coll. : G. Hennings-

moen, 195 l .  
» 3. Free cheek (P . M. O. no. 66923 ) .  Hor. & loe. as for fig. l. Coll . : G. Hennings-

moen, 1954. 

» 4. Internal surface of cranidium (R. :-r.  no . . \r. 9808e) .  sho\\·ing muscle marks. Not 

whitened. Loose block, Blockhusudden, Cppland, S\Yeden. 

» 5. Axial shield with hypostoma in situ (P . M .  O. no. 66818a) and cran;dium pos

sibly of the same indiYidual. Detail of plate 3 1 .  Hor. & loe. a for fig. l .  Col l . : 

G. Henni ngsmoen, 1 95 1 .  

» 6. Dorsal shield (P. t-1. O. no. 66818b) .  Detail of plate 31 .  

» 7. Pygidium ( P . M. O. on. 669 1 1 ) .  Other data as for fio-. l .  
» 8. Pygidium (P. M. O. no. 669 1 1 2h) .  Other data ao for fig. l .  

Acerocare f1-t llbergi ( Moberg & �1oller 1 898) - - p. 243. 

Fig. 9. Thorax and pygidium ( S . G. 1,;'.). Loo e stinkstone concretion, Andrarum, 

Scania, Sweden. 

» 10. Free cheek ( S. G. C).  From the same concretion a fig. 9. Figured by Mol�erg 
& Mol ler , 1898, pl . 14, fig. 7, and hy \\'estergfo rd, 1922, pl. ::\.Yl, fig. 16. 

>> 1 1 . Small cranidium ( S. G. C ) .  Lertnty{>c. From the _ame concretion a� fig. 0. 
Figured hy Moberg & r..Ioller, 18Q8, pl. 14, fig. 6, and by \\'estergård, 192 �, 
pl. :'\ Y l ,  fig. 1 5 . 
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PLATE 3 1  

A ccrocare ecO?'ne Angelin 1854 - - p. 7 1 .  

Bedding surface o f  stinkstone lens with numerous more or less entire d01·sal shield:;, 

at !east some apparently in moulting positi0n. X 2.5. 2dc (VI) e c o m e, beach at Nærsnes 

gård, RØyken, Nonyay. Coll . : G. Henningsmoen, 1951 .  ( P . M. O. no. 66818.) 
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