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Pre face. 

The material on which this monograph is based, consists partly of 
fossils collected by the author and now preserved in the Pal�ontological 
Museum of Upsala; the other collections in this museum have also been 
at my disposal. Further, by the courtesy of the authorifies of the State 
Museum of Natural History, the Museum of the GeologicaJ Institution of 
Lund, the Museum of the GeologicaJ Survey, and the Museum of the Uni
versity of Stockholm, I have had the advantage of using the collections 
in these institutions, for which I tender my most respectful thanks. I am 
also indebted to Mr. O. Isberg of Lund, who in the most obliging manner 
has allowed me to use his private collection; for this kindness I am very 
grateful to him. 

In the summer of 1921 I bad the opportunity of studying the trilo
bites of the Keisley and the Kildare Limestones in addition to certain other 
trilobites of interest for comparison with those of the Lept�na Limestone, 
in the follO\-ving museums-- the Sedgwick Museum, Cambridge; the British 
Museum of Natural History, and the Museum of Practical Geology, Lon
don; the Museum at Carlisle; the Natural Museum, and the Museum of 
the GeologicaJ Survey of Ireland, Dublin. I had also the opportunity of 
visiting Keisley and Kildare and of making small collections of fossils in 
these places. To the authorities and officials of the above-mentioned 
museums I tender my most sincere thanks for their courteous help. I 
wish particularly to thank Dr. F. A. BATHER, of the British Museum, 
and Professor J. E. MARR, of Cambridge, for valuable advice and personal 
kindness shown to me. 

It is a pleasant duty to express my respectful and most sincere 
thanks to the late Professor H. SJÖGREN and to his widow, Mrs. ANNA 

SJÖGREN, for the previlege of printing my work in this Bulletin. 
Most of the originals of the figures in this volume were drawn by 

my friend, Mrs. AINA STENSIÖ, who has also assisted me in preparing 
the bibliography. For the great interest and patience she has lavished 
upon this work I wish to thank her most cordially. My sincere thanks 
are due also to Miss SIGRID OHLSSON and Mrs. TH. EKBLOM, who have 
done the remainder of the drawings. - It is a pleasure to me to acknow
ledge my debt of gratitude to Professor E. STEJ\SIÖ, who has taken most 

I*- 19232 
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of the photographs reproduced in this volume. During the years of our 
friendship I have enjoyed the privilege of discussing with him many 
interesting scientific questions. 

To Professor A. G. HöGBOM, who has been my teacher of geology, 
I offer my thanks for his valuable teaching and the interest he has shown 
me during my work. 

Finally, I am glad to have this opportunity of expressing my most 
hearty thanks to Professor C. WIMAN, who has been my teacher and friend 
for several years. It is to his stimulating teaching that I owe my special 
interest in palceontology, and it was he who first drew my attention to 
the scientifically valuable fauna of the Leptcena Limestone. Throughout 
my work he has shown me much interest and great personal kindness, 
and I shall always owe him a debt of gratitude. 



Terminology. 

As the terminology of the parts o f  the trilobites in many cases is 
rather confused, several terms being used with a different signification 
by different authors, it may be suitable to give a brief account o f  the 
meaning of the terms adopted in this paper (text-fig. I). I have tri ed 
to use the terms most commonly known, at !east when they have not 
received a different signification from the one in which they were first 
used, or are not in any way misleading as to the morphology of the 
trilobites. 

The anterior portion of the dorsal shield,  or carapace, is called 
the head shield or cephalon, the middle portion the thorax, and the 
posterior portion the py gidium.  

The cephalon is divided by the facial sutures into the cranidium, 
or middle shield, and the free checks. The middle part of the cepha
lon, vvhich is generally more or less swollen, is called the glabella. 
This term was first introduced by DALMAN (J 827), who defined i t as the 
•destin et elevation which is to be seen in the middle of the head». It 
is not quite clear whether DALMAN meant the occipital ring to be included 
in the glabella, BARRANDE anyhow did not, whereas SALTER gave that 
meaning to the term, and several later authors define the glabella in the 
same way as the last-mentioned author, but in the descriptions o f  the 
different species they use the name in the same sense as BARRANDE, in 
which sense it is used also in this paper. Only in such cases, as for in
stance in Illmnus, where there is no marked occipital furrow, it must 
cover both the real glabella and the part which corresponds to the occi
pital ring. Generally the whole of the glabella belongs to the cranidium, 
but in some forms, e. g. some species of Pftacops and Encrinurus, its 
antero-lateral parts are formed by the free cheeks. 

The glabella is generally divided by the gla bellar  f urrows into 
·several l o b e s. W hen the furrows, as most often is the c ase, do not 

I - 19232. Bull. of Geol. Vol. X V I I. 
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reach across the glabella, they are called lateral glabellar furro w s  
and the lobes bounded by them and by the lateral parts of the occipital 
furrow lateral  glabel lar  lobes. The term frontal  or anterior lobe  
is, according to the custom, used for the part of the glabella which l ies 
in front of the anterior pair of furrows, but as it is generally not sepa-

Anterior border 
Pro'31abellar field 
Fronro.l lobe. 

Lo.reral } 1>� 
glabellor lob<> �d 

Palpebral \obe.-------._ 
E:� �- -------._ 

Fixed ohetl< -----

Fron� furrow 
Pn9labellor furroUI 

1,t { Lateral 
2d 9\a.bellcu furrours 3d 

Ax.i� 

rurroUT 

,......_:----1-------Ri b futtow 
/\.---Jr-..\����-�------� A x.ia.l Furrour { lnnar rnar9in 

of' doubluH 
:r-l_c__:\--:�-------Post. O.ltial furrow 

F i g. r. Diagram of trilobite to show the parts. 

rated from the middle part lying behind it, it is necessary to have a term 
which includes both parts, and for this the term central  or median 
lo  b e is  employed. The lateral parts of  the frontal lo be are called the 
lateral  wings. In most of the trilobites described in this paper there are 
not more than 3 pairs of lateral glabellar furrows and lobes, and I have 
numbered them by pairs from the anterior backwards, calling them Ist 
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or anterior, zd, 3d or basal furrows and lobes, as those are the terms 
most comrnonly used. To call the frontal lobe or its lateral parts rst 
lobe or lobes and the following zd, 3d and 4th does not seem practi
cal, as it may cause confusion to use the terms in a meaning different 
from the one generally adopted. To name the lobes a fter their corre
sponding appendages as done by )AEKEL ( 1901) and BEECHER (1897) may 
be suitable, when the morphology of the trilobite head is made quite 
clear, hut as yet it seems better to use a terminology which is more in
dependent of the morphology. In some trilobites there are, as is weil 
known, 4 pairs of lateral glabellar furrows, and it seems Iikely that this 
was the original number and that all o f  them represen t boundaries of seg· 
ments, and thus it would be more adequate, when, which is generally the 
case, only the three posterior ones are developed, to name those zd, 3d 
and 4th, hut then the disagrcement with the prevailing terminology would 
be the same as the one just pointed out. In his papers on the Devonian 
Proetida: ( 19 12, 19 13) R. RICHTER has counted the furrows from back to 
front calling them: letzte, zweitletzte, drittletzte and z•iertletzte, bu t a cor
responding terminology would, in most languages, sound very heavy and 
informal. As mentioned above, most trilobites whose glabella is lobated 
have 3 pairs of lateral furrows, or, at !east when there are fewer, it is 
generally easy to recognize to which they earrespond in other trilobi
tes, and therefore I think it most practical, for the present at !east, to 
use the common terminology, and in such cases where there are 4 pairs, 
call the anterior pair of furrows frontal and the lobes separated by them 
r st and zd frontal lo bes, or el se to number the furrows and lo bes inde
pendent! y in each case. 

The posterior part of the glabella is separated by the occipi t a l  or 
neck furrow from the occip i t al or neck ring, which latter often bears 
an occipi tal tuberc le or one or two occipi tal s pines and the antero
lateral parts of which sometimes form separate lobes, the occipital lob es. 
The glabella and the occipital ring are bounded laterally by the d o r sal  
or axial  furrow s. The furrow just in front of the glabella is  called the 
pregl abellar  furrow and the part in front of it the p r eg labellar f ield 
or b and. The side parts of the cranidium form the f ixed cheeks. To 
these belong the p al pebral  lo bes, which are often separated from the 
inner parts of the cheeks by the palpebral furrows. The palpebral 
lobe and the eye, situated on the fixed cheek, constitute together the 
eye lo  be. Between the eye lobe and the anterior part of the glabella 
there is often a narrow, elevated ridge, the eye or o"cular r i d g e. Be
cause of its probable origin from a part of the palpebral lobe (an account 
of which will be given further on in this paper) it would be more ad
equate to call it palpebral ridge, but as this name might cause it to be 
confused with the palpebral lobe it is best to keep the old name, which 
is better than the term facial ridge used by some authors, which 
term was proposed by LINDSTRÖM ( 190 1) because of his misconception 
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of the ongnt of the ridge (see below). Below the outer part of the eye 
there is often a small raised horder, the pal pebra inferior or lower 
e yelid, which also belongs to the eye lobe and is separated from the outer 
part of the cheek by the lo we r l id furrow. The part of the facial suture 
lying in front of the eye is called the an terior, the part behind it the 
p osterior braoch of the facial suture. 

The margin of the cephalon is generally raised into a horder, separ
ated from the inner parts by furrows. The different parts of these are 
called anterior  or front, late ral and poster ior  borde r s  and border  
furrows. At the gena! a ngle the border is often produced in to a gena! 

s p i n e. The posterior borders 
and furrows are separated from 
each o ther by the occipital ring 
and furrow, and by some authors 
the posterior horders, or in forms 
where the facial sutures cut these, 
the par ts lying within the sutures 
are referred to the occipital ring 
or called the pleural parts of the 
occipital segment. I have not used 
this terminology because the post
erior borders (or the parts of the m 
within the sutures) do not, at ]east 
not always, seem to earrespond to 
these pleur<e. In Holmia Kjerulji 
LINRS. (text-fig. 2) the small ridges 
prolonged into short intergenal 
spines are formed by the pleural 
parts of the last glabellar segment 
(see below), and it appears as if the 
anterior parts of the pleur<e of the 

Fig· 2. Holmia Kjeruiji LINRS. Reconstruc- occipital segment did not partake tion (after KJER). 
in the building of the horders, the 

inner parts of which see m to earrespond to the posterior bands of the 
thoracic pleur<e and the parts of the border furrows in front of them to 
the pleural furrows. Moreover the obliterated posterior branches of the 
facia:l sutures run outside the afore-said ridges, which indica tes t hat also 
the segment in front of the occipital one may partially be included in 
the parts of the borders here in question. 

The test of all parts of the trilobite body is continued beyond and 
beneath the margin, forming a wider or narrower ref lex e d  border or 
d o u b l u r e. The anterior part of this is sometimes transected by the 
continuations of the facial sutures, the connective sutures, and the par t 
of the d oublure lying between the se is ca lied the ro s t r u m (text-fi g. 1 z). 
The term epis toma, used by several authors, does not seem appropriate, 
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as in the works of some scientists it indicates other parts of the trilobite. 
The rostrum is generally separated from the anterior part of the cranidium 
by the rostraJ  furrow (which in some forms has disappeared). When 
the rostrum is entirely reduced the anterior branches of the facial sutures 
meet in front, and t here is no rostraJ s u ture and on ly on e m e d i a n (con
nective) suture, or none at all. 

Behind , the rostrum, on the ventraJ side of the body, and generally 
separated from it by the hypostomal suture, lies the hypostoma 
(text-fig. 3). Its swollen m id die body is generally separated from the 
anter ior, lateral  and poster ior  borders  by more or less strongly 
marked furrows of corresponding names, and divided hy the middle fur
row in an anterior  and a posterior lobe. At the front margin of the 
posterior lobe or in the middle furrow there is sometimes a pair of 
maculce. At the sides of the hypostoma the border is generally pro
duced into a pair of anterior  and a pair of pos t e r ior wings. 

The central portion of the tho- Anr.,;., b•·d" A"1.,;., '""•w 

rax and the pygidium is called the 
a x is or rachis and is separated from 
the s ide  l obes by the axi a l  or 
d ors a l  furrows. 

The thorax is camposed of a 
variable number of movable segments, 
the axial parts of which are called 

An�&tio� wi"'g Lo!era.l border 

_ La.t�ro.l F .. rrow 

Moc.u.lo. 

Poshr1'or fu.rrow 

Fig. 3· Diagram of hypostoma. 

the axial  r ings, the lateral parts the pleurce.  The anterior part of 
each ring, the articulating half-ring, is separated from the posterior 
part by the articulat ing furrow and is overlapped by the preceding 
outer ring. Each pleura is generally divided by a pleural  furrow into an 
anterior and a posterior pleural  ba nd. The inner parts  of the pleurce, 
which are generally directed straight outwards, reach from the axial 
furrow to the kn ee or ful c rum, from where the l atera l  parts  are more 
or less strongly bent down and generally directed more backwards. They 
are sometimes prolonged into p leur.al spin es, or else their anterior late
ral parts are obliquely bevelled, forming the facets. 

BARRANDE {1852, p. 167, Pis. IV-VI) distinguished two types of 
pleurce, furrowed pleurce (plevre a sillon) and ridged pleurce (plevre a 
bourrelet), which latter, instead of the pleural furrow, had a median ridge, 
in front and behind generally bounded by flattened horders. He con
sidered the two types to be of different origin and of great value for the 
classification, and believed the flattened horders, sometimes found in the 
pleurce of the first type, to be of a different nature (bourrelets accessoires) 
than those of the second, and vice versa with regard to the furrows. This 
does not, however,. seem to be the case. I t is easy to conceive how a 
ridged pleura developed from a normal furrowed one in such a manner 
that it grew more swollen, but if the whole of the pleura had taken part 
in this swelling, the mobility of the thoracic segments must have been 
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lessened. Therefore, it was necessary, in order to make it possible for 
the animal to enroll itself, that a small border part remained flat, or was 
developed either both in front and behind the swollen ridge or in one 
of these places. When both the anterior and posterior pleural bands partake 
in the building of the ridge, it seems natural that the pleural furrow has 
become more or less effaced, which is generally the case, when not as in 
some Cheirurid.e, the ridge is much shortened (from side to side), its an
terior and posterior parts forming separated lobes. In some species of 
Aczäaspis the furrow is very broad (e. g. Actdaspis mira BARR.), but here 
it is only the posterior pleural band, which forms the real ridge, the an
terior one being much less swollen and without a flat border in front of 
it. In Acidaspis Hoernesi BARR. the anterior band is quite flattened 
out and forms the anterior horder. This difference in the anterior and 
posterior pleural bands is also seen in some of the pleur<e of the pygidium 
of Acidaspis, and also in so me of the Lichadid.e, where the thoracic pleur<e 
are of a type intermediate between the furrowed and the ridged ones. 
BARRANDE (1852, p. 170) mentions Corydocephalus paZmata BARR. as 
exemplifying such trilobites which have furrowed pleur<e with bourrelets 
accessozres. 

The pygidium consists, as a rule, of a number of anchylosed seg
ments. The axis is generally divided by the r ing furrows into several 
r ings or annulations, the anterior one is like the thoracic axial rings 
furnished with an articulating half·r ing and an art iculating furrow. 
Behind the axis there is sometimes a postaxial  r idge, separated from 
the posterior parts of the s ide  lobes by the p ostaxia l  fur rovvs, which 
form the continuation of the axial  f urrows. The p leur<e of the pygi
dium have either free ends, sometimes prolonged into spines, or the mar
gin is entire; in som e forms its median part is prolonged in to a c a u d a l 
spine. The side lobes are generally traversed by two kinds of furrows, of 
which the p leur a l  furrows often are most distinct but generally do not 
reach the margin. The interp l e u r al or rib furrows mark the boundaries 
between the fused pleur<e, and form ·the continuations of the ring furrows 
on the axis. They generally continue to the margin of the pygidium or 
to the inner parts of the spines. The parts of the side lobes lying be
tween t wo pleural furrows often form ra i sed r i b s, and the part in front 
of the anterior pleural furrow a separate articulating half- rib. This 
is often furnished with a facet  like those on the thoracic pleur<e. In some 
species the outer part of the pygidium forms a concave horder, some
times separated from the inner parts by a border  f u rrow. In some 
cases both the interpleural and the pleural furrows are effaced, and some
times the latter only are discernible, or at !east the former are very 
slightly marked. This has eaused some confusion, as several authors 
have regarded the ribs as corresponding to segments, not counting the 
artkulating half.rib. EMMER1CH (1839, p. 8) and BARRANDE (1852, p. 
216-217) had a right apprehension of the nature of the ribs (cost.e, c6tes), 
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and GRöNvVALL (1902, p. 132) and R. RICHTER (1912, p. 250) have 
already pointed out. the misconception of later authors. In such forms, 
e. g. Bronteus, where there are no pleural furrows, the ridges on the 
pygidium evidently do not earrespond to the ribs in other forms but to 
the pleurce, the anterior pair of ridges being of the same nature as the 
following ones. 



Systematic Account of the Trilobita. 

Zoological Position. 

Most scientists which have treated the question of the systematic 
position: of  the trilobites ,  have considered them to be primit ive crustaceans 
and generally regarded them as mo�t closely related to the phyllopods.  
A great number of  authors, however, have believed the trilobites to be 
more nearly related to the merostomes, especially to Limulus, and i n  that 
case included the merostornes also in the class Crustacea, or referred them 
and the trilobites to a separate group, Gigantostraca or Pala!ocarida, or 
else brought both tagether with the Arachnoidea. That the Merastomata 
arid the Arachnoidea are rather i ntimately related to each other seems,  
according to the researehes of several scientists, brought beyond aU 
doubt, but on the other hand several investigators have pointed out that 
the merostornes in so many characters show a likeness to the crusta
ceans that both the crustaceans, the arachnoids, the merostornes and the 
trilobi tes ought to be brought together, and the probable relationship of  
the trilobites on one  hand  to the merostomes, on the other to  the  crusta
ceans seems to point in that direction (Cfr. KASSIANOW, 1 9 14, p.  224) . 
The question whether the trilobites are more closely related to the crusta
ceans or to the merostornes is, however, very difficult to settle ,  as the 
construction of nearly all of their inner parts is unknown and the appen
dages known only in a few cases. But as far as these latter are known, 
they seem to indicate that the a ffinities of the tri lobites are with the 
crustaceans .  

It has generally been considered that the  trilobites bad 5 pairs of 
cephalic appendages, which have been regarded as homologous to those 
of the crustaceans, and this correspondence has been considered as one 
of the strongest proofs of  the relationship between the two groups. What 
is known of the ventraJ sides of the trilobites seems to have proved the 
presence of 5 pairs of cephalic appendages, but does not prove that there 
might not have been more. ]AEKEL ( r9o r )  is  of the opinion that the 
anterior pair of appendages found in the trilobites earresponds to the 2 d  
pa i r  o f  antenn<I! in  the crustaceans, and believes that in front of those 
there was a pair of antennules, which either are not yet observed or e lse 
were reduced. This conclusion he has drawn from the fact that in several 
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tri lobites there are 4 pairs o f  lateral glabellar furrows and Jobes , which 
seerns to indicate, that at !east 6 originally appendage-bearing segments 
were included in their cephalon. 

HOLMGREN ( I  9 I 6) a l  so has another conception than the general on e 
regarding the nurnber o f  appendages in the tti lobite head, which he be
l ieves was constituted homologous to that of Limulus. Beacause of the 
construction of the brain he considers Limulzts to have descended from 
ancestors in which the antennules were developed and which may have 
bad the fol lowing segments in  the cephalothorax. 

1. Eye + Antennulary segment with appendages Antennules. 
2. Cheliceral » » Chelicer<e. 
3· Pedipalpal » Pedipalpi .  

4-7. Walki ng leg segments » » Walking legs. 

The segments ( 3-) 4--7 in Limulus are, on the dorsal side of the 
cephalothorax , ind icated by elevations, which s ignify the points of attach
ment o f  the big musdes of  the legs. Here then the 2 (-3) anterior seg
ments are not i ndicated on the dorsal side, though the appendages belonging 
to the 2d  and 3d ,  the chelicerce and the pedipalpi , are not reduced. Concern 
ing the corresponding conditions i n  the trilobites HOLMGREN says (p .  87): 
»Auf der Dorsalseite des Kopfes · sind m m  gle .ich wie bei Limulus die 
Muskelurspri.inge markierende Erhebungen in segmentaler An ordnung vor
handen. Die Zahl dieser Erhebungen wechselt .  Gewöhnlich s ind jedoch 
(mit Ausnahme der Nackenring) 3 Paar vorhanden, aber bisweilen kön
nen vier Paar unterschieden werden .  Es mussen deshalb ex analogia 
wenigstens 4 Paar wohlentwickelte Extremitäten vorhanden gewesen sein .  
Uber d ie  weniger gut entwickelten Extremitäten ,  welche dem Trilobiten
kopf zukommen di.irften,  geben uns diese Erhebungen keine Auskunft. Die 
im i.ibrigen grosse Ubereinstimmung zwischen Tri lobiten und Limulus 
( -Larve) berecht igt uns, fi.ir d ie  Trilobiten anzunehmen , dass es vor den 
dorsal markierten Segmenten von Cephalothorax noch andere Segmenten 
gibt, und z war wie bei Limulus n och 2. » HOLMGREN seems to assume 
that the trilobites were more closely related to Limulus than to other forms, 
but since this is doubtfu l ,  the passage just quoted does not prove anything 
else but that there might have been a greater number of appendages in 
the heads o f  the tri lobites than what is i ndicated by the lobes on the 
dorsal s ide .  Moreover, i t  is to be observed that though there are not 
more than 3 or 4 pa irs of lateral glabel lar lobes, the lateral wings of  the 
frontal lobe seem to be of  the same nature as those, and therefore 
]AEKEL's assumption that the trilobites have or original ly had 6 pairs of  
cephalic appendages seems to be wel l  grounded. 

Whether there were more, i s  as yet impossible to express a definite 
opin ion about. It is, of course, possible that the number of cephalic 
appendages was not the same in al l  trilobites. If  this were so, one would 
expect to find  a greater number of these i n  forms which had a greater 
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number of  glabellar furrows. In Triarthrus Becki GREEN there are 4 pairs of  
furrows, bu t B EECHER has  ass  u med that the re  were on ly 3 pairs of appendages, 
except the antennules and the pair belonging to the occipital segment. 
However, this assumption does not appear to be grounded on direct observa
tions, and a study of the figures published by him does hardly confirm it. If 
camparing PI. IV, fig. I ,  with PI . V, figs. 8 - I O  (BEECHER, I 89Sa) one obser
ves that the coxopodites (protopodites WALCOTT, I 9 I 8) of the posterior 
pair of cephalic appendages are very different .  Those figured on PI. IV 
are long and slender, very like those of  the thoracic l imbs,  whi le those on 
PI . V are shorter and broader, more like the coxopodites of the anterior 
appendages. One wi l l  further find that they are differently situated,  the 
former having their bases clearly situated beneath the occipital r ing, the 
latter in  front of  it .  In front of these latter there are on PI. V, figs. 
9- IO, 3 pairs of coxopodites. On the left s ide of the specimen figured 
on Pl .  IV there are in front  of the I st endopodite clearly belonging to 
the thorax, s j ointed p ieces of  appendages which seem to be endopo
dites. This suggests that there might have been S pairs of biramous 
cephalic appendages and that the posterior pair belonging to the occipi
tal segment is wanting on the specimens figured on PI . V. Of course 
th is does not necessarily prove anything ,  as the differences just pointed 
out may be due to the bad preservat ion of the specimens. According to 
WALCOTT ( 1 9 1 8 ) the coxopodites (protopod ites) were deep and narrow, 
and perhaps the posterior pai r of those found beneath the cephalon are 
seen from different sirles on the different specimens, and therefore seem 
to be of different shape. lt is also possible that the figures are not qu i te  
correct (those on  PI. V seem to be somewhat schematic) . But  even i f  
it should be proved that no trilobite had more than S pairs of cephalic 
appendages ,  i t  appears probable that they had descended from ancestors 
which original ly had at !east 6 pairs since the occurrence of 4 pairs o f  
glabellar furrows is  otherwise difficult to understand,  as  w i l l  be  further 
discussed below. If one pair was reduced ,  i t  seems most probable that 
it was the zd pair. That it was one of the anterior pairs is ind i cated 

. by the fact that in tri lobi tes with only 3 pa irs of furrows it i s  the frontal 
one that is not developed ,  or in some cases developed in the larva and 
not discernible in the adult e .  g .  Holmia Rowei WALC. (W ALCOTT, 1 9 1 0, 
PI. XXIX) . Since the anterior pair of appendages found in the trilobite 
head seerus to be constructed similarly to the antennules of the crusta
ceans, it is natural to presurne that it also earresponds to those . If the 
zd pai r real ly was reduced in  some or  all trilobites, this would be a poi nt 
of agreement with the Apodidce, where those appendages are very dege
nerate .  

I f  one assumes that the tri lobi tes ori ginal ly had 6 pairs of cephal ic 
appendages, of which the zd pair perhaps was afterwards reduced , an d 
that the I st pair earresponds to the antennules of the crustaceans, the 
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. appendages of  the occipital segment would earrespond to the maxil l i pedes 
of these latter and to the 3d pair of walking legs in Limulus. The trilobite 
cephalon would thus have been composed of one segment more than the 
cephalon of the crustaceans and of one segment less than the cephalo
thorax of the merostomes. Since the cephalon of the arthropods, as 
generally considered , is formed by the fusion of the anterior segments 
of  an annelid-like ancestor, a fusion which seerus to have begun already 
in the higher annelids, i t  appears reasonable to presume that in  the 
common ancestors of the tri lobites and crustaceans proper 4 postoral 
segments were fused with the preoral part of the head, and that ·in the 
tr i lobites, later on ,  yet another segment coalesced with this orig inal 
cephalon. There seerus to be much that speaks in favour of the occipi tal 
segment being incorporated at a considerably later stage than the anterior 
segments, since it shows a much greater likeness to the thorack segments 
than to the other segments of  the cephalon and since also the appendages 
belonging to i t are very like those of the thorax (Cfr. ]A EK EL, 190 1 ,  p. 
1 3 5 ) . This is also indicated in the ontogeny, since in the earliest protaspis 
stage at l east of Elliptocephala (see bel o w p .  2 r)  and probably also of 
Liostracus (p .  26) and other genera the occi pital segment is not developed, 
or at !east not sep'arated from the pygid ium.  The development of  the 
intergenal spines on the poster ior glabellar segment in the larv;e of several 
trilobites, e. g. Elliptocephala asaphoides EMM. and Pa:deumias transitans 
WALC. (WALCOTT, 1 9 1 0, Pis. XXV, XXXII and text·figs. 4, 5 of this paper) 
might also be considered to point in the same direction. To have the 
gena! augles produced into spines seems to have been a primitive charac
ter among the tri lobites, and, as shown by the ontogeny of the genera 
concerned, it was originally the intergenal spines that were developed as 
» gena! spines » . That those were not formed by the occipital segment hut 
by the segment in advance of i t 1 might be due to the fact that they 
were already fully developed before the former segment was incorporated.  
That i n  some groups the intergenal spines were replaced later on by 
spines belonging to the ocular segment might have depended on the 
increasing of the free cheeks, and does not seem to be of an y consequence 
in this connection . As is weil known, also among the crustaceans proper, 
one or more or all of  the thoracic segments may unite with the head 
forming a more or l ess complete cephalothorax. In for instance Koonunga 
SAVCE (SAVCE, 1908), a primiti ve crustacean referred to the Malacostracan 
order Anaspidacea, the anterior thoracic segment is fixed to the head, the 
posterior ones being free .  

BERNARD ( 1894) has already pointed out that the on togenetic deve
lopment of Elliptocrphala;, which he considered to have had 5 cephal ic 
segments, ind i cates that this tri!obite must have arisen from a form , which 

1 RAYMOND (1917 ,  p. 207) is of the opinion that the intergenal spines, as a rule, 
are formed by the 2d cephalic segment, but this is not contirmed by the figures and descrip· 
tions published, as will be further discussed below . 
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had on ly 4, smce the cephalon of the youngest larva was camposed of. 
one segment less than that of  the adult. He was of the opinion that 
the number of head segments varied among the tri lobites and that 
within this group new ones had been added to the posterior marg in  of  
the  cephalon. Except by  the circumstance just referred to he considered 
this contirmed by the close resemblance of the occipital segment to those 
belonging to the thorax, and further by the fact that the number of seg
ments indicated by the glabel lar furrows varied. As SWINNERTON ( 1 9 1 9, 
p. 1 04) has pointed out, this l ast consideration » is fa l lacious, for glabellar 
furrO\\iS are often reduced or Smoothed OUt, SO that » i f  for instance » indica
tions of four segments are left ,  it is not safe to say that there are not 
more than four segments in the head, but it is safe to say that there 
are at !east four». 

»With regard to the resemblance of the. occipital segment to the 
trunk segments » the last-narned author remarks that » it may be observed 
that this is merely an i l lustrat ion of the principle that in segmented ani
mals special ization of the posterior l ags behind that of the anterior seg
ments. » This ma y be t rue to a certain ex tent ,  bu t i t does not prov e that 
the occipital  segment could not have been incorparated with the head at 
a considerably later stage than the anterior  ones.' That » the cephal ic 
segments became marked off as a cephalic en bloc» and » that the posterior 
limits of the head-shield became defined and the number of its segments 
fixed at a very early stage in the evolution" of the trilobites is ind icated , 
according to SWINNERTON's opinion ( 1 9 1 9, p. 1 05 ) ,  by the fact that in 
» so primitive a form as JVIarrella" (W ALCOTT, 1 9 1 2a ,  p .  1 92 ,  Pis. XXV, 
XXVI) ,  which he considers a trilobi te, as weil as in the widely separated 
genus Triarthrus, » five pairs of cephal ic appendages occur  and that the 
last pair in each case resembles those in  front  more than i t  does the 
trunk appendages». As I have tried tö show ahove it is not impossible 
that Triarthrus might have had more t han 5 pairs of cephal ic appendages , 
and it appears as if the pa i r  belonging to the occipi tal segment was 
very l ike those of the thorax. With regard to Marn/la it does not seem 
to have been a trilobite, as will be further discussed below, and more
over the cephalic appendages described in this form evident ly do not 
earrespond to those in Triarthrus. It is true that WALCOTT ( 1 9 1 2a) 
defined )Vfarrella as ha ving 5 pairs of  cephal ic  appendages, but according 
to his descriptions and plates only 4 of  these can be regarded as true 
appendages since »the strong,  backward-curving- spine» » at each antero
l ateral angle» of the cephalic carapace, which he calls the » antennule?» , 
hardly can be an  appendage and certainly has not any resemblance to 
the antennule or to any other of the l imbs of the trilobites. Consequently 
th is Iine of reasoning cannot be accepted. On the other hand one must 
agree with SWINNERTON that, s ince ,jn al l  tri lobites, young or old ,  which 
possess eye-l i n es or eye-lobes as weil as a clearly segmented glabel la ,  
the I ine or lobe is related to the palpebral segment that is the 
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fifth from the posterior margin » this fact indicates that :.these five 
segments are homologous in all typical trilobites » .  Probably he is  also 
right in assuming » that no new segment has been added to the 
cephalon since definitive trilobites came i nto existence » .  Thus BER
NARD's  opinion that the number o f  head segments varied among the trilo
bites evidently was not correct, but from this does not follow that they 
could not have originated from ancestors in which, as in the primitive 
crustaceans, only 4 postoral segments were included in  the cephalon , 
and in which the occipital one still belonged to the thorax, this segment 
later on, but before they became definitive trilobites, being fused with 
the head. Whether the segments of  this original cephalon were marked 
off »en bloc», is of course impossible to form a definite opinion about, but 
i t  is  not inconceivable that such was the case .  

It  is likewise difficult to te l l  whether the merostornes and arachnoids 
also arose from ancestors with only 4 postoral fused segments, but it  
seems rather probable, at !east if the arthropods had a monophyletic 
on gm. About this the re are different  opinions among the scienti sts; 
however, most modern in vestigators appear inclined to think that such 
was the case, and it is d i fficult to understand the close correspondence 
in several important characters especially among the more primitive forms 
of the different groups of arthropods, if they had had a polyphyletic origin .  

Among the remarkable fossils found by W ALCOTT in the Middle 
Cambrian strata o f  Brit ish Columbia, there are several arthropods, which,  
though considered by this author to belong to d ifferent groups, Branchio
poda, Malacostraca, Trilobita and Merostomata, in some respects show 
great simil arities (WALCOTT, 1 9 1 1, 19 12a ,  1918). Some of the forms found 
he evidently, at least in his earl ier  papers ,  regards as transition forms.  
» In Marrella (pis . 2 5  and  26)» he says ( 1 9 12a ,  p. 1 63 )  �> the trilobite is fore
shadowed and Nathorstia (pi. 28 ,  fig. 2) is a generalized tri lobite as the 
trilobite appears to be a specialized branchiopod, adapted largely for 
creeping on the bottom. The trilobite gives some conception of a pos
sible form between the Branchiopoda and the Aglaspid� of the Merosto
mata. » Both these forms he refers to the trilobites, and in a diagram 
(19 12a, p. 161) alL other trilobites are derived from Marrella , Nathorstia re
presenting an early offshoot on this Iine of descent. 

As pointed out above the cephal i c  appendages of Marrella, as de
scribed, do not seem to earrespond to those of the trilobites. It seems to 
have been a form rather highly specialized for a plankton ic  I i fe. From 
the figures and descriptions ,  which unfortunately are rather indist inct and 
incomplete, i t  is d i fficult to form an opinion about how i t  was constructed ,  
but they do hardly give the impression that i t  was a trilobite or 
was especially closely related to the forms from which the tri lobites 
originated. In his last paper published ( 19 18) the afore-said author does 
not appear to regard it as representing the ancestor of these, since he 
emphasizes (p .  1 70) that i n  some respects it indicates less primitive cha-
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racters than they, though it agrees w i th them i n  servera! others, and there 
are some features that point »to i t  as a primitive form possibly ranking 
in  development between Apus and the trilobite » .  This statement seems to 
indicate that he ,  like the present writer, considers it  to represent a sepa
rate oftshoot of the same ancestral stock from w h ich the tri lobites and the crust
aceans proper arose. Nathorstia on the other hand probably was a trilobite. 

In another diagram i n  h is paper of 1 9 12 (p. 164) WALCOTT makes 
» the  attempt>> »to show the relations of Cambrian crustaceans», including 
the trilobites and the merostomes, >> to a theoretical ancestral stock which 
for convenience is  correlated with the Apodid<e. From this stock it is 
assumed that the Branchiopoda came, and from the Branchiopoda stock 
three d istinct · branches we re developed prior to or during Cambrian t ime. » 
In one of these Iines »of descent it is assumed that the Trilobita are di
rectly descendent from the Branchiopoda and forms grouped under the 
order Aglaspina derived from the Trilobita. The order Limulava is con· 
sidered as being i ntermediate between Aglaspina  and the Eurypterida, 
and that  the two orders Limulava and Aglaspina serve to connect the 
Trilobita and the Eurypterida.» From the Eurypterida he derives the 
Xiphosura, while the Phyllocarida and Ostracoda are derived from the 
Branchiopoda on different Iines of descent than the Trilobita. 

Later researches, however, seem to have made him modify this v iew, 
as i n  h is last paper (1918, p .  168) he says : » The Tri lobita d isappeared 
at the close of Paleozoic ti me  without leaving direct descendants. The 
Branchiopoda, including the Ostracoda, Copepoda and Cirripedi a  developed 
steadily during Paleozoic and subsequent geologic time, unt i l  to-day 
the i r  descendants form the subclasses Branchiopoda and Malacostraca, 
each of which is equivalent to the subclass Trilobita of Paleozoic time. 
Springing from a common crustacean base the three groups have many 
features in common, and in details of  structure of the limbs many strik
ing resemblances occur. It does not impress me that trilobi tes were true 
Branchiopodans or  Malacostracans; they have certain characteristics in 
common, hut these are not necessarily the result of l inea! descent one from 
the other, hut are the result of descent from a common ancestral crust· 
acean type of  pre-Cambrian time.» And after camparing the trilobite l imbs 
with those of  Apus and of  some of the forms referred to the Malacostraca 
he concludes: » that the tr i lobite is a primitive crustacean far back on 
the Iine of  descent from the original crustacean type which existed in  pre
Cambrian or Lipalian time »  (p. 174). He seems to be of  the opinion that 
BEECHER was right in considering that the Trilobita ought to be regarded 
as a special subclass of the Crustacea equivalent to the subclasses 
Entomostraca and Malacostraca and that » its affinities are with both the 
other subclasses, especially their lower orders, hut i ts position is not in
termediate» (BEECHER, 1897, p. 93). 

In his paper » Zur  vergleichenden Anatornie des Gehirns von Poly
ch:eten etc. (1916)» HOLMGREN comes to the conclusion that the arthropods 
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have had a monophylet ic origin and that they are descendants from a 
polychcet-like ancestor. From this ancestor he believes that the trilobites 
were developed ,  and from the trilobites he der ives on one line of descent 
the Xiphosura and Arachnoidea and on another the Phyllopoda (and 
hi g her Crustacea) and the Myriapoda- Insecta. The higher tri lobites, of 
which he bel ieves the xi phosures to have been d i rect descendants, he con
siders to have had 7 pairs of cephal ic  appendages, as mentioned above 
(p.  9), and since the crustaceans have only 5, he does not think that they 
could have originated from these tri lobites but that the number of cephal
ic appendages vari ed among the tri! obites and t hat » bei den niederen 
Trilobiten di.irfte die Zahl der Kopfextremitäten geringer gewesen se in als 
bei den höheren. Von solchen niederen Formen kännten die Phyl lopoden 
sehr wohl abgeleitet werden (oder sind sie sogar solche n iedere Trilobi
ten?)» (p. 277 ) .  It is rather d i fficult  to understand what he rueans by 
saying that the phyllopods perhaps were such lower trilobites, since he 
pr<:>sumes that the higher tri lobites, the d i rect ancestors of the xiphosures, 
originated from the lower ones and s ince ,  as he has pointed out, the con
struetian of the brain o f  the xiphosures and of the lower crustaceans (Apo
didce) , though exhibit ing such great similarities  that the two groups must 
be considered as near relations, shows that neither o f  them could have 
descended from the other. This, however, is of less importance and does 
not ,  of course, contradiet the result of h is  resea rehes that the arthropods 
have bad a monophyletic origin or that the xiphosures and phyllopods 
are closely al l ied, but he has not proved that the tri lobi tes were the an
cestors o f  e ither o f  these two groups, though on account of  their many 
resemblances to both of them it seems probable that they came from the 
same stock. 

His researehes appear to speak against the l ine of descent which 
W ALCOTT has given in his diagram, mentioned above. Since, however, 
they only comprise recent arthropods and since the brain of the Cambrian 
ones very I ikely was rnore primit ive,  this only seems so. On the contrary, 
i f  HOLMGREN when saying that the phyllopods perhaps were lower tri lo
bites ,  had the Cambrian or other extinct forms i n  mind, his view would 
be about the same as the one  expressed in  WALCOrr's diagram, where 
the phyllopods though not considered to be trilobites yet are regarded as 
closely related to these and where, as mentioned above, the merostomes 
are derived from the trilobites. 

W ALCOTT's researehes seem to have proved that the trilobites were 
closely related to the crustaceans and that they have many points of  re· 
semblance as well with some of the more primi t ive recent ones as especi· 
ally with the Cambrian branchiopods. But there are also many dissimi· 
Iarities, and since the representatives of both groups seem to be already 
at their first appearance in the fossili ferous strata so special ized i n  differ· 
ent d i rect ions, it does not seem probable that any of them had origin· 
ated from the other, but one has a right to assume that they are descend-
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ants from the same stock. If it be so, it appears natural that among 
the Cambrian branchiopods there are several more which are similar to 
the trilobites than among the recent ones, since evidently among the old
est known fossils one must expect to find the most primitive forms, which 
have many characters in  common with each other and with the pre-Cam
brian ancestors. It is also only natu ral that among these there are forms 
that seem to be transition forms, as i t  is probable that from the ancest
ral stock several groups originated which eventually only survived a short 
time. Conceivably these were in some primitive features like the trilobi
tes, in  others like the branchiopods or other groups of the same stock, 
and they could also have developed characters homologous to one or 
another o f  these groups,  since the hereditary tendencies might have been 
the same. But some similarities, which seemingly were of a homologous 
nature, might have been due only to an analogous evolution, as one must 
assume that forms which came from the same primitive ancestors in some 
respects must, independently of  each other, have evolved the same cha
racters, since Nature has not the choice of an unlimited number of ways 
to enter upon . 

Man-ella for instance might have been such a form, and perhaps also 
some of the Cambrian » branchiopods», the relation of w hi ch to the recent 
branchiopods does not seem to be clear. Also the »trilobites » Molliso1tia 
WALC. ( WALCOTT, 191 z a, p .  196, PI. XXIV) and To1ttoia W ALC. (lbid . ,  
p. 198, PI . XXIV) possibly belonged t o  this group.  At  all events i t  i s  
probable that such forms will be discovered .  

Some of  the Cambrian »merostorries » perhaps also belonged here. 
Their likeness to the trilobites and branchiopods is indisputable. Some 
of their characters indicate a close relationship, e .  g the development of 
the appendages and perhaps the construction of the test. Possibly such 
forms as Aglaspis HALL (RAYMOND in ZrTTEL's T e x t - b o o k  1913, fig. 
1501) and Molaria WALC. (WALCOTT, 1912a, p. 200, PI .  XXIX) might have 
been trilobites, hut if the latter real ly had 5 pairs of  cephalic appendages, 
of which the 2 anterior pairs were antennce, th is appears rather to be a 
d issim i larity than a similari ty. 

If the presumptian is right that the 2d pair of antenuce was reduced 
in  the trilobites and that the occipital segment d id not originally belong 
to the cephalon ,  the Cambrian merostornes might be considered to repre
sent forms which in these respects, viz. that the occipital segment was 
not incorporated in the head , and that the 2d pai r of antenhce were de
veloped , were more l ike the crustaceans proper than the trilobites. 

As to the relationship between the Cambrian merostornes and the 
eurypterids and xiphosures, the likeness between these latter and the forms 
referred to the Aglaspi na is very sl ight, whereas the Limulava have more 
points of agreement with them. The general form of the body is the 
same in Sid?Zeyia WALC . (WALCOTT, 191'1, 1912a) as in the eurypterids 
and also the number of segments in the abdomen, though in the former 
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9 o f  them are branchial-bearing, in the latter only 6. On the other hand 
the dissimi lar it ies between the two groups are so many that it seerus 
possible that the  po ints of agrcement only are of an analogous nature .  
One o f  the most important characters i n  wh ich Sidneyia, as described , 
d iffers from the h igher merostames is that it has on ly 5 pai rs of ce 
pha l ic  appendages, of which the I st pa i r  is not chelicerce but simple an
tennce. H those really earrespond to the cephalic appendages of  the crus
taceans, as WALCOTT seerus to think is the case, the Limulava would 
have had a less number of body segments tban the eurypterids and 
xiphosures, the munber of abdominal segments being the same, and i f  it 
be so,  i t  does not seem probable that the latter descended from them. 
CLARKE and RUEDEMANN ( 19 13, p. 403 )  think it  probable that Sidneyia 
had che l i cerce, but tbat these are not yet d iscovered , and that the an
tennce earrespond to the 2d pai r of appendages of the eurypterids ,  which 
pai r in Sfz'monia PAGE is also tactile. If Sidneyia really is a merostome ,  
th is  assumption seems probable, or conceivably the chel icerce were re 
duced ,  but  i n  ei ther of  these cases one of W ALCOrr ' s ch ief  reasons for  de
riving the Lirnu lava from the crustaceans via the tr i lobites \Vould fal l ,  and 
in the latter case the higher merostornes can hardly have orig inated from 
a Sidneyia l ike ancestor. As far as the construction of the Limula va is 
yet known , i t  seerus most probable that they came from the same stock 
as the eurypterids and x iphosures,. b ut that they are not the ancestors of 
these but form a separate branch .  

The connection between the Limulava and the Aglaspina appears 
to be rather  undeci ded; from W ALCOTT's  figures and descriptions  on e 
hardly gets the impression that they were very closely related, and ,  at 
]east with regard to the former, I cannot see that they really have any 
more points o f  resemblance to the trilobites than to the lower crustace
ans proper. As to the special s imilarit ies generally quoted between other  
merostornes and the  trilobites, they seem to be rather of an analogous than 
of a homologous nature. In teresting is the reported occurrence of  a facia l  
suture in  some lower xiphosures and the indicati on of such a one in 
Limulus. One does not know, however, if this is a structure o f  the same 
nature as the fac ial  suture in  the trilobites. It does not seem probable 
that the merostornes derived their origin from the tri lobites but that they 
belonged to the same stock as these and  the crustaceans p roper. 

With our present knowledge it is not possible to decide the doser 
relationship between the lower arthropods, as I have tri ed to show above, 
but one seerus to be entitled to assume that they all came from the same 
ancestral stock (of which it seems as if no representative were known ) . 
Probably the forms found in  the older foss i l i ferous strata represent a great 
number of different branches of th is  stock, of which some died out al
ready dur ing Cambrian t ime, some developed offshoots, which soon became 
extinct and others surv ived for a longer or shorter peri od, some up to 
the present t ime. 

2- 19m. Bull. of Geol. Vol. X V I I. 
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The trilobites seem to be more closely related to the crustceans than 
to the merostomes, and one m ight be j ustified in regarding them as a 
subdass of  the Crustacea. 

Classification of the Trilobita. 

Among the several attempts made by differen t  authors to construct 
a general classification of  the Tri lobita none can be said to be successful . 1 
The fami l i es defined by BARRANDE and SALTER seem on the whole to 
be rather natural , and have largely been adopted by later authors. But 
the phylogenetic relation between the families is as yet only very unsa
tisfactorily established. 

The error in the classifications of most of the older authors is that 
they are based on one or  a fe w progressive characters generally of m inor 
importance from a phylogenet ic point of  view, so that families wh ich 
i n  most respects d iffer very much from each other are grouped together. 
This is also, as SwrNNERTON ( 1 9 1  5 )  has poin ted out ,  appl icable to the  
classification propose d by GORICH ( 1 907). 

It does not seem possible to find any specia l  character on which to 
base a classi fication of  the Trilobita. Conceivably the construction of 
thei r appendages would be  serviceable for this purpose, as is  the case 
among other arthr9pods, but as they are as yet known only in so very 
few trilobites, this is for the present of no practical sign ificance. It seems 
more probable that the qu·estion wi l l  be sooner solved along the Iine upon 
which the scientists o f  the last  twenty years have started ,  v iz. by the 
study of larva! and transi tion forms, when a samewhat greater n umber of 
these will be found than is the case at present .  

BEECHER's O u t l i n e  o f  a N atu r a l  C l a s s i fi c a t i o n  o f  t h e  Tr i l o
b i t e s  ( 1 907) is , as i s  weil known, based upon such a principle , since by stu
dying the larva! forms he tr ies to in terpret by means of ontogenetic facts 
the phylogeny of the animals concerned. However, h e does not take enough 
i nto consideration , either that several characters, which may seem to 
be very prim i tive, o ften are due to secondary reduction, or the c i rcum
stance that some of  the stages of evol ution that the species has had to 
pass are e l iminated in the development of the i ndividual , or  the fact that 
some characters might have been adapted in  different groups independ
ently o f  each other because of similar conditions of I i fe .  Another error 
i s  that i n  too h igh a degree he has ,  from the characters of the larva of 
one group o f  trilobites, drawn conclusions as to the phylogeny of othe r  
groups .  Th i s  he had to do partly because only a proportionally very 

1 For an account of the  different  classifications applied to trilobites reference may 
be made to the works of BARRANDE (1852), ZITTEL (1885), BEECHER (1897), RAYMOI\D (in 
ZITTEL-EASTMAN's T ex t- b o  o k 1913) and SwJNNERTON ( 1915). 
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smal l  number of  larva! forms are known , partly because the larva at the 
earl iest phylembryonic  stage, the p r ota s p i s ,  of the h igher and geo
logical ly younger genera is more developed than that belonging to the 
more primitive Cambrian forms .  Another difficulty was that apparently 
he had not seen the original specimens of  al l  the larva! forms he d ealt 
with, hut bad to draw his conclus ions only from the figures and descrip 
t ions made by other authors. This was evidently the  case  regarding Sao, 
the ontogeny of which played such an important part i n  the building up  
of his theory, and i t  seeros as i f  he had i n  some respects misunderstood 
BARRANDE's figures (which will be further i l l ustrated below). 

It may be presurned that BEECHER's classi ficat ion is too vvel l  known 
to require that a more part icular account  of it should be given here, s ince 
i t is adopted by most English and American authors, e .  g .  by RAYMOND 
in ZITTEL-EASTMAN's  T e x t - b o o k  o f  P a l e o n t o l o g y  1 9 1 3  .. It may, how
ever, deserve mention ing  that BEECHER's classification as weil as SALTER's 
( r  864) i s  founded on the development of the eyes and the facial  s u tures, 
and does not on the whole differ much from the one given by the l ast 
author ,  being only a modificat ion o f  his system, i n  some respects , as i t  
seems, inferior to i t .  In his order H y p o p ari a he brings together SAL
TER's groups A g n o s t i n i  and  Am p y c i n i ;  also the fami ly Harpedid<e i s  
re ferred to this order. H i s  order O p i s t h o p a r i a  comprises the same fa
mi l i es as SALTER's group A s a p h i n i with the exception of Harpedidce 
and Calymenidce and lastly the order P r o p a r i a  i s  equivalent to SALTER's 
P h a c o  p i n i  w ith the addition of the Calymenidce. Inside the orders 
BEECHER regards those families which show the greatest resemblances to 
the larvce as the most primitive, and if it can be said that his grouping 
of the famil ies with in  the orders ,  or at !east within h is  largest order Opistho
paria, is more natural than SALTER's, one must say that SALTER's gener
al classification was better without BEECHER's modification ,  though SAL
TER never claimed that h i s  was enti rely natural .  

This has a lready been pointed out ,  e. g.  by WooDs ( 1 909) , and se
veral authors have attacked BEECHER's classification on several points and 
espec ia l ly his order Hypoparia ( LAKE, 1 907, ]AEKEL, 1909, RICI-ITER, 
19 1 5  etc.) . In the Ge o l o g i c a J  M a g azi n e  for 19 1 5  H. H. SWINNER
TON has g iven a R e v i s e d  C l a s s i fi c a t i o n  o f  T r i l o b i t e s , and i n  the 
A m e r i c a n  J o u r n a !  o f  S c i e n ce ,  Vol. XLIII, 1 9 1 7, P. E. RAYMOND has 
tried to show that BEECHER's classification was largely correct .  But be
fore entering upon a c loser examination of  these papers it might be appro
priate at first to discuss to some extent the larva! development of the tri 
lobites, the orig in and course of  the fac ial  sutu re with i n  different groups ,  
and some other question s  connected with these. 

As i s  weil known ,  BEECHER considered the earl iest larva! form of 
tr i lobi tes, the protaspis, to have had the fol lowing characters : »Dorsal 
shield minute, not more than · 4  to I mm. in length ; ci rcular or ovate in 
form ; axis d istinct, mo re or less strong ly annulated, l imi ted by longitud-
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inal grooves ; head portion predominating ;  axis of cranidium with five an
nulations ;  abdominal portion usually less than one-third the length of the 
shield ; axis with from on e to several annulation s ;  pleural portion smooth 
or  grooved; eyes, w hen present, anterior ,  margin al ,  or submarginal ; free 
cheeks, when visible, narrow and marginal . » (BEECHER, 1897, p .  99). 

Most of  these features, excepting of course the smallness and the 
absence of  thoracic segments ,  he  evidently considered to have been charac
teristics of the primit ive tri lobites. He also presurned that the larva! de
velopment ascertained for the single types corresponded to the phylo
genetic evol u tion. The fact that in the earliest protaspis stages, the ana
protaspis, o f  such comparatively pr im itive forms as Liostracus, Solenopleura 
and Ptychoparia one has not discerned any eyes or free cheeks on the 
dorsal side of  the cephalon and that these organs are marginal in the 
later larva! stages of these genera and in  the ana protaspis of higher trilo
b i  tes, led him to suppose that both in  the ontogenetically and phylogene
tically earl iest stages they were situated on  the ventraJ s ide and later on 
migrated » first  forward to the margin and then backward over the cepha
lon to their adult position » (BEECHER, 1 895b ,  p. 1 77) . The younger larva 
of the a foresaid Cambrian genera should sti l l  have had the eyes and the 
free cheeks ventrally s i tuated , wh i le in the higher genera i t  was so far 
developed that they had travel ied to or over the marg in  åf the cephalon . 
The order Hypoparia ,  BEECHER considered to corrf'spond i n  th is  respect 
to the ana protaspis of the primitive type, hut i t  does not seem as if th i s  
order was mainta inable , s ince the  forms referred to i t ,  a s  has  been shown 
by d ifferent authors, probably had descended from ancestors with ord inary 
eyes and facial  sutures. 1 When the former were reduced, the latter grew 
together (Hm'jes, Trimtc!eus) or moved towards the margi n  (Ampyx, proh
ably Agnostus), and no tr i lobites w i th the eyes s i tuated on the ventraJ 
side are known, and there is no reason to believe that such forms ever 
existed, s ince apparently the eyes were not so situated in the larva either. 

In the earl iest known larv<e of such pri mitive species as Elliptoce
phala asaphoides EMMONS (FORD , 1877 ,  WALCOTT, 1886, 1 890, 19 1 0, and 
text-fig. 4 of  th i s  paper after W A LCOTT) and Holmia Kjerulfi LNRS. 
(KIER, I 9 I  6, text-fig. I I ,  PI. VI)  the eyes , or those parts of the cephalon 
where the eyes later on were developed , are situ ated on the dorsal side and 
weil within the border o f  the head shield .  BEECHER considered that the 
larv<e of the former species i l lustrated by FoRD ( 1 877) , and W ALCOTT 

(1886, 1890) » present a number of features considerably in advance of a 
typical protaspis » (BEECHER I 895b ,  p .  1 76). One of these features would  
j ust be  » the adult posit ion of  t he  eyes», another » the d istinct and  sepa
rate pygidium » .  BEECHER evidently presurned that the protaspis i l lustrat· 
ed by WALCOTT , I 886, PI . XVII, fig. 5 (copied by B EECHER I 895b,  in 
text-fig . 8 ;  the text-fig. 4 a of  th is  paper i s  copied from W ALCOTT, 

1 This is contrary to RAYMOND's opinion, but this question will be more fully dis· 
cussed below. 
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I g l O, PI .  XXV, fig. g, which figure is drawn from the same specimen as 
the one mentioned above i l lustrated in his paper of ! 886) only represents 
the cephalon and that the pygid ium is  not preserved on the specimen, 
but this does not seem to be the case.  Probably the posterior annulation 
is the pygidium, from which the occip i ta l  segment is not separated . The 
annulat ion in  question is too Iong to be only the occipital segment ,  and 
moreover samewhat rounded poster iorly.  In the evidently much later 
stage, i l lustrated by text -fig .  4 c, the pygid ium and occi pi ta l  ring are as 
yet not separated, and in the youngest larv<e of  other forms the condi
tians seem to be the same, as w i l l  be further i l l ustrated below. The 
larva cancerned would thus, contrary to BEECHER' s presumption ,  repre
sent a more pr imit ive stage than any of  those i l lustraled by him. That 
it  i s  a very ear ly stage is a lso shown by the circumstance that the 
frontal lobe of the glabella is not separated from the larva! r idge (see 
be low) .  SwiNNERTON ( r g r s ,  p. 4g2) has also poi nted out that i t  is so 
primitive that » it shows the pleural elements of  the fixed cheek region 
quite distinctly » .  This must uncleniably be considered a primit ive feature ,  

g 
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Fig. 4- Elliptocephala asaphoides EMMONS.  a-c, Successive stages of the protaspis much 
enlarged .. d, Cephalon o

.
f nepionic individual much enlarged.  e ,  Cephalon fully developed 

slightly enlarged (after W ALCOTT). 

but need not prove that the larva represents the earli est protaspis stage, 
since the same feature i s  also clearly shown in later larva! stages both of 
this species (text-fig. 4 b) and others, e .  g. Pmdeumz"as transitans WALC. 
(W ALCOTT, r g w, PI . XXV) and Lz"ostracus Linnarssoni BRÖGG.  (text- fig.  
6 e) and also i n  the protaspis of  Triartlzrus Beckz" (WALCOTT, I g i 8 ,  PI .  
XXX, fig. 1 6) .  

I n  the above-mentioned earliest protasp is of Ellz"ptocephala asapitoz"
des, as i l lustrated and described by W ALCOTT (text - fig. 4 a) ,  the frontal 
lobe of  the glabella i s  not separated from the adj acent parts of  the ce
phalon. Inside the flat antero- lateral border, which surrounds the head 
shield, there i s  a swollen , posteriorly tapering ridge, which may be cal led 
the l a r v a !  r i d g e .  The median portion of th is  r idge partly earresponds 
to the frontal lobe, and is continuous with the . I st glabellar lobe, whereas 
th e lateral portions of the ridge arch round  the pleural parts o f  this lobe 
and of the fol lowing ones ,  but are separated from them by clearly marked 
furrows. The posterior parts of  the dorsal furrows are  d i stinctly marked, 
l ikewise the 2d and 3d  glabellar furrows, also the segmentatian of the 
cheeks is clearly i nd icated by furrows as mentioned above. The pleural 
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parts of the 3d glabellar segment are prolonged into short intergenal 
spines. Between the spines l ies the narrow pygidium, which i s  not sepa
rated from the occipital segment and on which the axis is only indi
stinctly marked. 

WALCOTT ( 1 9 1 0, p .  2 36) describes the intergenal spines as formed 
by the zd  and 3d  glabel lar segment and judging only from the specimen 
i l lustrated on  text-fig. 4 a ,  where the furrows separating the pleural parts 
of these segments are very short , one might believe this to have been 
the case ,  but not when comparing i t  with the larva on the zd stage 
( text-fig. 4 b) or with the protaspis of Holmia K.ferulji figured by KIER 
( I 9 I 6, text-fig . I I a and PI .  VI, fig. I ) .  

I n  the z d larva l stage o f  Elliptocephala i l l ustrated (text-fig . 4 b) 
the anterior and lateral portions of  the r i dge have flattened out, and 
constitute the preglabel lar field and the parts of the cheeks lying between 
the borders and the postero inter ior por tions of the ridge ,  which form the 
palpebral r idges and eye l obes, the middle posterior portion constituting 
the frontal lo  be of  the glabel la .  The intergenal sp ines have grown consi der
ably. In Holmia Kjerulji, where there is no preglabellar fie ld ,  evidently 
only the antero-lateral port ions of the ridge flatten out ,  and the frontal 
l obe  is  formed by the whole o f  the middle port ion, which in the protaspis 
figured is shorter than in Elliptocephala and separated by the I st gla
bel lar furrow from the ring behind. 

In the third l arva! stage of Elliptocephala here represented (text
fig. 4 c)  this furrow i s  also cl early marked as wei l  as the ax is  of  the 
pygid ium.  The pleural parts of the pygid ium , bot not the axis, are 
separated from the corresponding parts of the occipital segment. The 
furrows on the cheeks are obl iterated with the exception of  the palpebral 
furrow. The posterior portions of the eye lobes are situated c loser to 
the glabella, the poster ior parts of  the free  cheeks have grown a litt le 
broader, and there are gena[ spi nes lying close to the intergenal ones ,  
which latter are considerably reduced i n  s ize . 1 

Duri ng  the progressive development of  the cephalon ( text -fig. 4 d ,  
e ,  text-fig. 5 a) the gena! and intergenal spines gradually separate, and 
the l atter finally disappear. The posterior parts of  the free  cheeks2 and 
the lateral part of  the occi p i ta l  segment i ncrease i n  size; the posterior 
margin straightens out .  The posterior part of the eye lobe moves nearer 

1 RAYMOND ( 1 9 1 7 , p .  207) evidently does not regard the intergenal spines in the 
larva of this stage as homologous to the spines described in  the earlier stages, but considers 
them to be formed by the 2d (palpebra l )  segment of the cephalon.  But to judge from 
the  figures published of  the larva! and later stag�s of this and  other species of the 
Mesonacida>, this assnmption is not  correct. 

2 As there are no facial sntures found i n  this species, there are no free and fixed 
cheeks in the  ordinary sense ,  but their relative posit ions are partly marked by the eye 
lobes ,  and one has moreover a right to  presume that the free  and fixed cheeks have  fused 
along a I ine which b ad abOL:t the same course as  in  other genera of  the same family in 
which traces of  the obliterated sutures remain (see below). 
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to the glabella, so that the surface o f  the eye final ly i s  turned straight 
outwards. 

From the earlier nepionic stages of the species cancerned only the 
cephala are known , but j udging by the pos it ion of the intergenal spines 
and by l ater s tages where the thoracic segments are preserved (text·fig .  
5 a ) ,  i t  i s  evident that the cephalon increased i n  width more rap id ly than 
the thorax .  This featu re i s  sti l l  more prominent in the development o f  
Pmdeumias transitaus, of  which species several nep ion ic  larva: on different 
stages are known ( W ALCOTT, 1 9 1 0, PI. XXXII and text-fig .  5 b of  th i s  
paper) .  Here the posterior parts o f  the fixed cheek region ins ide the 
intergenal spines i ncrease much more rapidly than the thoracic seg
ments do, whereas it seems as if the growth of  these parts were more 
simultaneous in  Elliptoceplza!a. In the former the i n tergenal spines are 
st i l l  very Iong at a comparatively late stage and never very far separated 
from the gena! ones, wh ich are not developed un til relatively l ate . 

a b 

F i g. 5 .  Nepion ic ind iv idua ls .  a, Elliptocepltala asap/toides EMMONS. b, Pcedeumias 

transitans W ALCOTT. The Iines at the side  of each figure show the actual size of  each 
specimen. (After W ALCOTT. ) 

As the eye lobes of  the Mesonacid:e nearly reach the frontal lobe o f  
the glabel la ,  the eye  r idges, when present, are very small .  In some  forms 
they are un i ted wi th the postero - lateral parts of  th i s  lobe, in others they 
are separated from them by a narrow furrow .  This l atter is for instance 
the case in the adult Elliptocephala (W ALCOTT, 1 9 1 0, p .  272) ,  whi lst i n  
t he  young the ridges are continuous w ith the frontal lobe. In such genera 
as Holmia .Kjerulji, where the palpebral lobe is longitudinally d iv ided by 
a furrow,  the eye ridge forms the cont inuation of  the inner part of the 
lobe.  The presence of  this furrow is considered by LINDSTRÖM ( 1 90 1 ,  
p .  1 5 ) t o  i ndicate the pleural nature o f  the lobe ; the furrow would then 
earrespond to the pleu ral furrows on the thorax and the pygid ium,  which 
does not seem improbable .  

In other forms outside this  family where there i s  an eye ridge, this 
is separated from the glabella. Since the presence of  the eye ridge is 
chicfly characteristic of cambrian tri lobites, and since the r idge i s  some
t imes developed in  the larva, but not retained in  the adult, it has been 
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considered a pnm1t1ve feature. BEECHER, however, did not bel ieve that 
i t  was developed i n  the youngest larva of  some primitive tri lobites, 
Ptychoparia, Solmopleura and Liostracus, but first at a later stage. 
Nevertheless he considered the presence of  an eye r idge to be »a very 
archaic feature » ( I  897 ,  p.  1 02). Be presumes that i t » first develops in the 
later larva! stages of certa in genera (Ptychoparia etc.) ; next in  the early 
larva! stages ( Sao); then d isappears from the adult stages ( Tn'arthrus) ;  and 
finally is pushed out  of  the ontogeny (Dalmanites) » .  

LINDSTRÖM ( 1901) also presumes that the eye (facial )  rid ge  in the 
primitive genera in  question was developed at a comparatively late stage, 
hut that this also was the case in  Sao and other Olenidce (s .  lat . ) and 
related fami l ies. In the larvce of  Sao i l lustrated by BARRANDE ( 1 852, PI .  VII )  
he does not  recognize an eye . r id  ge in  the earliest stages, b ut  first in  that 
represented by the figs. 4 c, d ( text-fig. 7 d of this paper) . It is true 
that in  the earl iest stages, as represented by the figures, the eye ridge 
does not  seem to be developed as such, bu t forms part of  the  larva! r idge , 
hut s ince this i s  also the case wi th regard to the specimen on fig. 4 and 
s ince LINDSTRÖM does not  otherwise make any d istinction 1 between the 
eye ridge and the lateral parts of the larva! ridge, he has eviden t ly 
overJooked that the ridge is clearly ind icated already i n  BARRANDE's 
fig. I b (text-fig. 7 b) .  Be further considers that the development of the 
tri lobites i n  question was quite different from that of  the Mesonacidce 
(Olenell idce), s ince i n  the larvce of the latter the pleural part of  the 
cephal on is segmented , whereas in » the later Cambrian and older Si luri an  
forms » the protaspis  »have a rachis bu t no pleura proper, as the  s i ng le  
facial r idge has  a qui te different s ignification and appears at a compara
tively much later stage than the fac ia l  ridge of the Olenel l idce, which i s  
p resent from the earlies t stages know n >> ( ! 901, ps. 2 I ,  22 ) a nd  the pleu ral 
nature of  which is indicated by the longitudinal fu rrow occurring for 
instance i n  the adult of Holmia Kjerulfi (Ibid .  p. I 5). This as wei l as 
BEECHER's assumption that some trilobites in  which the ridge is deve
loped in the later stages would have been without i t  in  the earliest larva! 
stages, does not seem to be correct. 

In the Paradoxides shales ( Tessini Zone) at Ödegården and Öl torp 
in  Wästergötland there is found,  together with crani d ia ,  pygid i a  and 
free cheeks of  adult  Liostracus Linnarssoni, a series o f  larvce and  young 
ind i viduals of  the same species .  Larva! forms of Liostracus (Ptyclwparia) 
Linnarssoni are already described by MATTHEW ( I 888) ,  and also the 
larvce figured by BRöGGER (1875, the figs.  reprinted and described by 
LINDSTRÖM 1901) seem to belong to this species. 

All of  the protaspis larvce of the species concerned, found at Öde
gården and Oltorp (text-fig. 6 a-f) ,  have a distinctly marked larva! r idge, 

1 This  distinction is n o t  made by BEECHER either, which , however, is of  n o  conse
quence in  this connection. 
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the lateral parts of which do not ,  however, reach as far back as i n  
Efiiptocephafa and  Hofmia . The ridge i s  also comparatively narrower 
than in  those and obviously its middle part does not i nclude the whole 
of the frontal lobe, the posterior part o f  which is l aterally bounded by 
the dorsal fu rrows,  which from having a nearly paral le l  course here tal<e 
a slightly outward turn ,  so that the posterior part  of the fron tal lobe, as 
in most other early protaspis larva: of related genera, as far as they are 
known,  gets a tri angular form . Forwards this tri augular  part o f  the lobe 
is continuous with the middle part of the larva! r idge. The lateral parts 
of the r idge ,  just where they meet the dorsal furrows,  reach a little 
further back than the middle part, so that thei r  posterior i nner portions 
become separated from the frontal lobe by the utmost ends of these fur-
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Fig .  6. Liostracus Limzarssoni BRöGG. a-f, Successive stages of the protaspis, X 3 3 ·  
g ,  Cephalon o f  n epionic individual ,  X 24. h ,  Cephalon o f  adult ,  X 3 ·  a ,  c2, f2 samewhat 

from behind .  

rows (see text-fig. 6 b and c1) .  These portions seem to be a l ittle more 
swollen than the antero-lateral parts of the ridge, and i n  some specimens 
i t  looks as i f, at !east near the glabel la ,  there were indistinct furrows i n  
front  of them.  

The larva: at  the earliest stages are  very strongly arehed both from 
side to side and from back to front ,  and when viewed from above the 
ridge as wei l  as the pygid ium is  partly hidden.  Often the lower parts 
of the specimens are concealed in the rock and very d ifficult to extricate. 
Thi s  m ight explain vvhy the ridge in  larva: of this and related genera at 
the same early stage, where the conditions probably were s imilar, so often 
has been overlooked, which led BEECHER to suppose that i t  was not 
developed . In later protaspis stages the convexity is somewhat less and 
the r idge easier to d iscern .  

The r idge is very swollen and  slightly overhanging,  and this makes 
it very difficult to find the border in front and to the sides o f  it . In one 
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specimen ( text-fig.  6 f) , representi ng a rather late protaspis stage, nearly 
the whole of it  is preserved. It i s  very narrow,  and  continues behi nd the 
ridge - along the margin of the cheek. Also in  a few other specimens part 
o f  this lateral portion of the border is to be seen , and since som e o f  t hem 
.represent such an early stage that there is no l ine of  demareatian between 
the occipital ring and the axis of the pygidium ( Cf. below) ,  i t  is evident 
that the border was developed already in the youngest larvce.  

In  the earliest protaspis (text- fig. 6 a , b) the glabel lar  fu rrows are 
very faint ,  the r st generally more strongly marked than the others . 
These latter are, however, a l l  i ndicated in most specimens as weil as the 
one posterior to the glabella .  Just beh ind  this last furrow i t  looks as if 
the dorsal fu rrows took an outward d i rection ( text-fig. 6 a ,  the same is  
to  be seen in  the  larva of  Sao hirsuta BARR . ,  i l lustrated on text- fig .  7 a) ,  
but apparently these bent- out parts do n ot belong to the dorsal furrows 
but in dicate the Iine of divis ion  between the cephalon and the pygidium. 
There is notbing w4ich ind icates a boundary between the occip i tal r ing 
and the pygid i u m ,  and probably the occ ip i ta l  segment was not developed 
at thi s  stage . The pygidiu m  is very narrow and nearly vertically bent 
down ,  the axis  is in distinctly marked , and behind it  there is a short 
flattened border part, · the posterior rnarg·i n of which is concave and gener
ally does not  reach as far back as the more swollen prolonged poster ior  
parts  of the cheeks. The larva at this stage is in  several respects very 
s imi lar  to the ear l iest  larva figured of Elliptocephala ( text-fig. 4 a) .  

D nr ing the progressive development of  the protaspi s  (text-fig. 7 c-f) ,  
the annulation of the glabella becomes stronger, the  occipi tal segment  
separates from the pygid ium,  i n  which the ax is  by th is  t ime has become 
clearly marked ,  th e posterior border  furrows grow d i stinct ,  new segments 
are introduced in the pygid ium,  which increases in  width, the inner part s 
of the posterior margins of  the cheeks straighten out ,  and the whole 
animal gets less strongly arched.  

In on e specimen (text-fig.  7 e) the segmentatian of  the cheeks 
is  clearly marked .  Nearly straight out from the zd  and 3d gl abel lar  
furrows two pa i rs of  narrow but d i stinct furrows run across the inner 
comparatively flat parts o f  the cheeks ; whether they cont inue  on the 
more strongly arehed lateral parts I have not been able to discern . 
Between these and in fron t  of  the foremost pai r there are ' two other fur
rows on each s ide ,  which seem to earrespond to the pleural furrows on 
the thorax and the pygi d ium.  The specimen in  question represents a 
rather late protaspis stage , as seen from the figure, but also i n  some 
other specimens ,  at  earlier as well as later stages,  traces of  these furrows 
may be seen . 

In the oldest specimens o f  which complete dorsal shields are found 
( text-fig. 7 f) , there are 2 furrows on the axis of the pygid ium,  the anterior 
pleural and rib furrows on the side lobes are marked, a 2d pair of each 
kind being more indistinctly discernible ; the posterior margin i s  still 
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sl ightly concave. In no larva at the protaspis stage the facial sutures  have 
been observed. 

From later larva! stages only the cran id ia  are known .  The youngest 
of  these, which evidently represent an early nepion ic stage, a re only 
s l ightly convex,  the glabel lar fu rrows are st i l l  clearly marked, and the 
larva! r idge i s  shorter, but has otherwi se about the same appearance as 
in  the later protaspis l arvce, and reaches to the anterior horder. In later 
stages the glabel lar furrows grow less distinct ,  and are in the adult only 
fai ntly marked near the dorsa l  fu rrows, or a l l  but obl iterated. The post
erior portions  of the lateral parts of the ridge become separated by shal low 
transverse furrows, or impressions ,  1 from the anterior port ions, which sti l l  
are continuous with the middle part of  the ridge. At a sti l l  later stage 
the antero- lateral parts of the ridge flatten out, and conslitute the pregla· 
bellar field and the anterior parts of  the fixed cheeks. The middle of 
the posterior part o f  the r idge becomes rounded i n  front and constitutes 
the anterior part af the frontal lobe ; the postero- lateral parts, which are 
separated from the glabella by the dorsal furrows, form the narrow eye 
ridges and the palpebral  lo bes. The specimen figured in  text-tig. 6 g 
represents a stage i n  which the flatten ing out of the anterior portion o f  
the ridge has j ust begun . I n  i t  the fu rrows in  front o f  the postero· lateral 
parts of the ridge are not  d iscern ible. 

During  the fol lowing development t he eye ridges straighten out, and 
the palpebral lobes are di rected more s t ra ight backwards, which impl ies 
that the eyes get their normal  positi on , v iz .  that their axis becomes 
paralle l w ith the axis of the body ; the fixed cheeks gro w narrower, the 
glabel la  broader, and the preglabel lar field and the parts of  the cheeks in 
front of the eye ridges i n erease in length (see text;fig.  6 h ) . 

Of the Liostracus larvce figured by BRÖGGER (1875, PI . XXV and 
LINDSTRÖM 1 90 I ,  p. 2 1 )  the earliest one (fig. I )  is probably samewhat 
younger than any of those found in  Wästergöt land, s ince i t  seems to be 
so strongly arehed that notbing of  the l arva! ridge is seen from above 
and since there are no furrows on the axis. In  fig. II the occ ip i tal seg
ment i s  apparently not yet separated from the pygid ium,  the I st glabellar 
furrow is c learly marked , the posterior ones more faint ly,  and the l arva! 
ridge is ind icated . In fig.  III it is to be seen d ist inctly, though LIND
STRÖM evidently has not noticed this, and i t  i s  l ikewise indicated in  fig. IV. 
Fig. V represents, with regard to the development of the cephalon ,  a 
more advanced stage than any of  the protasp is  from \Västergöt land,  
inasmuch as the frontal lobe of  the glabella i s  clearly defined .  I n  fig .  
VI the segmentatian of  the cheeks 1s ind i cated by one transverse 
furrow .  

Also i n  MATTHEW's ( r 888 ,  P I .  I I ,  figs .  I f, I g) figures of the 
protaspis, supposed to belong to Liostracus Linnarssoni, traces o f  the 

1 As mentioned above  i t  appeared to me tlut the  beginning of  these furrows was 
discernible a lready in some larva:! at the protaspis stagc. 
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ridge are to be seen ,  but ,  as the figures are very indist inct, BEECHER 
obviously has overJooked this, and in h is  copies ( I 895 b, PI.  VIII, tigs.  3, 
4) the ridge i s  n ot la id down.  

If  one compares the larva! development of Liostracus with that of 
Elliptocepha!a one wi l l  find that they agree largely with orre another, even 
i f  the larvce of  the latter, the geologically older form , as i s  only natural, i n  
some respects show more primitive characters. As such primit ive charac
ters the development o f  the intergenal spines may probably be considered , 
likewise the greater length o f  the l arva! ridge and the comparative nar
rowness of the lixed cheeks [ which latter characters are connected wi th 
the length and situation of  the eye lobe i n  the adult  (see below)] and 
also the narrowness o f  the thoracic segments in the nepionic larvce. Though 
of Liostracus no  l arvce w ith these latter preserved are known ,  it i s  possible 
to conclude from the width o f  the anterior part o f  the pygidium in  the 
older protaspis that they were n early as w ide as the cephalon already 
in the earl iest n epionic stages, as is the case in  other related and higher 
tri lobites o f  which complete specimens at such stages are lmown . In one 
respect the development of E!!iptocepha!a seems to have been more rap id  
t han that o f  Liostracus, v i  z .  wi th  regard to the  d ifferentiating o f  the  larva! ridge. 

Since the lateral horder, or part of  it ,  behind the eye has been 
observed in  its normal p lace already in the earlier protaspis of  Liostracus 
(p .  26) as wei l  as i n  those o f  E!!iptocepha!a (text-lig. 4 a) and Holmia (KJER 
1 9 1 6, text-lig. I r a and PI. VI, lig .  I ) i t  is evident that the eyes, or  the 
germs of the eyes, and the free cheeks were situated at this stage on 
the dorsal s ide o f  the head shie ld ,  though the latter were very narrow.  
That the condit ions in  this respect were the same also in the youngest 
larvce of  other tri lobi te.s is l ikely, and there does not seem to be anything 
in  the larva! development o f  the trilobites which ind icates that they were 
originally situ ated on the ventraJ side, as presurned by BEECHER. 

When camparing  the larvce of Liostracus with other larv re of related 
genera, one will lind that the development has been very simi lar i n  al l of 
them . If lirst taking into consideration that of Sao lzirs?t!a, which i s  the 
one best known through the complete series o f  larvce described and i l lustrated 
by BARRANDE ( 1 8 52 ,  p .  387, PI. VU) , the earl iest l arva ligured (text
lig. 7 a) seems to be at a stage between those represented by BRöGGER's  
lig .  I ( 1 87 5 ,  PI.  XXV) and by the youngest larvce from Wästergötland 
(text-lig.  6 a ,  b) . It is apparently very strongly arched , and only very 
litt le of the l arva! ridge i s  seen from above. Only one furrow on  the 
axis and the division between the lateral parts o f  the cephalon and the 
pygid i um are slightly indicated .  In the next stage i l lustrated (text-lig. 7 b)  the 
axis of  the pygid ium is d iv ided by a fu rrow, the occ ipital ring is dist inct, and 
here as in the fol lowing stages the larva! ridge i s  clearly to be seen , though 
i t  seems narrower and shorter than in the corresponding stages of 
Liostracus. The anterior pai r o f  points apparently are the gena! spines, 
and that the lateral borders are not observed in  this and in the 
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preceding sta ge, is probably d ue to the convexity o f  the larvce w hi ch ea used 
them to be hidden by the overhanging inner parts of the cheeks, or else 
made them impossible to extricate. In the descri pt ion of the larvce a t  
the  next stage BARRANDE ( r 8 5 2 ,  p .  388 )  has mentioned these barders,  
and they a re also marked in the figures ( text-fig. 8 c) . BEECHER has 
taken their inner boundaries ,  the lateral border furrows, for the facial  
sutures, but s ince in  the orig inal  figures they do not cross the lateral 
bord ers ,  as the aforesaid author has l et them do in his copy ( 1 895 b ,  PI. 
VIII, fig. 9, the same al teration is made in fig. 10 which is drawn from 
BARRANDE' s  fig .  3 b,  copied i n  text-fig. 7 d of  thi s paper ) ,  such a pre 
sumpt ian does not  seem to be j ustified , even if  the sutures probably , i f  
developed ,  ran close to the  barder, the  free  
cheeks evidently being very narrow .  BAR
RANDE apparently observed the sutures first 
in the larvce of considerably later stages. 

In the figures of the anaprataspis of 
Liostracus ouangondianus HARTT and Solc
nopleura Robbi HARTT given by MATTHEW 
( 1 888 ,  PI .  I ,  fig. 4 l and PI . II, fig. 3 g) i t 
i s  not possible to see i f  there i s  a ridge or 
not because of the i nd i stinctness of the fig
ures, but a t  the right side of the glabella o f  
the latter there i s  something which m ight be 
interpreted as the lateral part of i t . MATTHEW, 
however, does not seem to have observed 
any ridge in  the larvce concerned ,  and 
as they probably were strongly bent down 
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e d. 
Fig.  7· Sao l1irsuta BARR. 

Successive larva! stages m u c h  
e n ]arged .  (After  BARRANDE. )  

anteriorly and the specimens badly p reserved, i t  i s  I ikely that i t was 
d i fficult to d i scern, though presurnably developed. The same m ight be 
applicable to the youngest larvce of Ptychoparia Kingi M E EK figured by 
BEECHER ( 1 895 b,  PI .  VIII, fig. 5) . That the r idge was not seen in thi s  
specimen was probably due  t o  the fact that i t  i s  a east i n  which the charac
ters of  the anterior part of  the cephalon are on the whole very » obscurely 
defined » ( BEECHER Ibi d . ,  explanation of the fig. ) .  The utmost ends o f  
the  dorsal furrows obviously indicate the  l im i t  between the  ridge and  
the  part o f  the  glabella behind i t ,  which presumptian is  contirmed by a 
comparison wi th the metaprataspis of the same species (Fig.  6 on the 
same PI . ) ,  where the d ifferentiat ing of the parts of  the ridge evidently 
has gone rather far. As in the earl ier protaspis of Liostracus the post
erior margin of the pygidium of the ana protaspis of  the species in question 
is  not rounded, but has a straight outl ine .  

In the ear l ier larva!  stages of the spec ies treated a bo ve (and p roh
ably also of  other related forms, the development of which i s  not known) 
as in  those of  Elliptocephala asaphoides and Holmia Kjerulfi (and pre
surnably of all other Mesonacidce) the anter ior part of the glabella was 
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apparently not defined ,  but formed tagether with its lateral continuations 
the larva! r idge, which reached to the border of  the cephalon. The lateral . 
parts of the r idge partly remain in the adult as eye r idges and eye 
lobes. In the former they become separated from the glabella ,  whereas in 
some of the latter they remain i n  connection with i t .  

The earliest larv� of  higher tri l obites seem to have been so far 
developed that they had no true larva! ridge, s ince such a one has 
never been founct in  the protaspis of  these forms. Also w i th regard to 
the more dist inct separation between the cephalon and the pygidium 

. and the rounded posterior margin o f  the J atter, they show a h igher 
degree o f  developmen t than the larv� of more primitive forms at the 
corresponding stage. 

The earliest known larva of Triartltrus Becki (BEECHER, 1 895b, Pl . 
VIII, fig. I 2 ) has the frontal lo be of  the glabella dist inctly defined, 
rounded in front and separated from the eye ridges by the dorsal furrows, 
thus corresponding in these respects to the nepionic larv� of Liostracus 

and Sao though in the development of other 
characters showing that i t  is sti l l  at a rather 
early protaspis stage, there being only one 
furrow on the axis of  the pygidium, the side 
lobes being unfurrowed, the posterior border 

a b fLirrow of the cephalon not marked and the 
�ig. 8: Protaspis larv;e. fixed cheeks sti l l  very wide in comparison 

a ,  Aczdasjns tuberettlata CoNRAD " th h 1 b I l  I h d 1 th fi d l l d 
w1 t e g a e a. n t e a u ts e xe m u c  1 en arge . . . 

b, Corydocephalus consanguineus cheeks w1thm the eyes are very narrow 
CLARKE much e n larged. (After and the eye ridges have disappeared .  

BEECHER.) With regard to the development of the 
ridge Paradoxides seems to represent the same 

phylogenet ic stage as Triartltrus. In the earl iest known larv� . of which 
at !east the one il lustrated by R AYMOND ( 1 9 14 ,  PI. fig .  8) must be consi

. dered an early protaspis, there is no larva! ridge, but the eye ridge 
which has d i sappeared in the adult ,  i s  developed. 

A st i l l  higher phylogenetic stage is  represented by the larva of 
Acidaspis tuberculata CoNRAD (text fig. 8 a) and that of Corydocepltalus 
consanguineus CL ARKE ( text-fig. 8 b) , o f  w h ich the former seems to be at 
an early, the latter at a later protaspis stage. In these there are no traces 
to be seen of the eye ridges, the small eye lobes are situated weil with in  
the  lateral margin , but  much farther from the  glabella and from the 
posterior margin of the cepha lon than in the adult. It is of special 
i nterest that there i s  no marked eye ridge in the larva of Acidaspis 
tuberculata, of which accord ing to BEECHER ( 1 895b ,  p. 1 72)  several 
specimens are found ,  s ince in  most species of this genus there is  a ridge 
which ru ns from the eye lobe to the anterior part of  the glabella. This 
ind icates that the ridge in  Actdaspis i s  not homologous to the eye ridge 
in  more prim i ti ve forms. Also the fact that the ridge in some spec ies e . g .  
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Acidaspis Verneuili BARR. and Acidaspis vesiculosus BEYR. (BARRANDE,  
1 8 5 2 ,  PI .  XXXVIII) , is continued beh i nd  the eye ,  points in the same 
d i rection .  The development o f  th is  r i dge may be due to the general 
tendency shown in the Acidaspidce (Odontopleuridce) towards the swel l ing 
up o f  r i dges and lobes in  different parts of  the dorsal shie ld .  

Neither in the protaspi s  of  Dalmanites socialis BARR. , as i l lustrated 
by BARRA N DE ( 1 8 5 2 ,  PI .  XXVI, some of the figures are copied in this 
paper, text-fig. 9) is a l arva! or eye ridge to be seen . The eye lobes ·
are samewhat elongate and s i tuated at  the an terior marg in of the 
cephalon very n ear to the glabella, d ist inctly separated from i t . In the 
earl iest larvce of Dalmanites eucentrus ANG. found by TROEDSSON, which 
seem to represent the same stage as the youngest specimen figured o f  
Da/m. socialis ( text-tig.  9 a ) ,  the  eye  lobes a re  st i l l  more elongate and , as  
far as i t  is possible to  see  on the  rather badly preserved specimens ,  which 
are i n ner casts, they seem to be situated close to the glabel la without 
being continuous w i th i t  (See TROEDSSON , 1 9 1 8 , p .  59 ,  PI .  I ,  fig .  24) .  

e d 
Fig. 9- Dalmanites socialis BARR.  a - d ,  S u ccessive larva! stages much enlarged . (After 

BARRA N D E). e ,  cephaJon o f  adult  red u c e d  (from BEECHER , after BARRANDE).  

W i t h  regard to the form and s i t uat ion o f  the eye lobes the prot
aspis referred to Proetus parviusculus HALL (BEECHER, 1 895b,  PI . IX ,  
figs. 5 , 6 )  and  Calymene senaria CoNRAD (RUEDEMANN 1 9 1 3 ,  P I .  IX ,  fig .  
7,  text-fig. 1 0  of  th is  paper) are very s imi lar  to the earl ier  Dalmanites 
larvce. The two former are very l ike each other, and RU EDEMANN says 
( Ibid . ,  p. I 20) that the prota spis described by h im » is practi ca l ly 
ident ical with that referred to Produs parviusculus by BEECHER» ,  but  s ince 
it » is fa i rly wei l  connected with the adult Calymmme by the neanic 
stages » from the same beds and since »Proetus parviusatlus has not been 
f o und associated with i t » ,  h e feels » certain of i ts ontogenetic connection 
with the con! mon Cal;nnmene senaria » of the same formation . I t is 
possible that it belongs to this species, though the s imi larities between it · 
and the. later larvce figured  i n  the same paper (PI .  IX,  figs. 8, 9) are not 
very great ,  and though it seems rather remarkable that in  such a case 
the eye lobes should be situated so much doser to the glabe l la  in the 
earl ier than i n  the later stages. It is also possible that the larvce con
cerned, figured by BEECH E R ,  belong to a species of Calymene, but they 
and RUEDEMANN's specimen are not so complete ly  l ike each other. In 
the latter the lobes of  the glabel la  are a l l  very short ,  especial ly the 
frontal lobe ,  the 2d  glabel lar lobe i s  larger than the others , and  the eye 
lobes are s i tuated cl ose to the glahel la .  Possibly the i nner pa rts of these 
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represent the eye ridges, which as yet are not entirely d ifferentiated from 
the anterior  portions  of the lateral parts of  the larva! ridge, which in  
that case must be presurned to have been developed i n  the  earl ier larvre 
(the specimen in question represents a late protaspis stage) .  In some 
species of  Calymene the eye ridge is found also in the adult , e .  g .  in 
Calymene Lepta:narum TGT. (PI .  IV, figs . 5 ,  6 of th is paper) ,  in the 
nepion i c  larva of  which i t  is a lso marked (PI. IV ,  fig. 9) . In BEECHER's 
specimens the lobes of the glabel la are more e longate, the frontal lobe 
is the longest, and also the I st glabellar lobe larger than the 2d. As 
far as one can see there is notbing that argues against the presumptian 
that they could belong to the species of Produs occurri ng in the same 
beds since there does not seem to be anything remarkable in the fact 
that the protaspis of  this genus and that o f  Calymene were rather l ike 
each other. 

That the earlier development of the cephalon was similar in all 
tri lobites seerus presumable, and one m ight transcribe 
BEECHER's doctri ne, quoted above (p .  24) ,  in  this manner : 
The earl i er  larva: of  more primit ive trilobites had a larva! 
r idge, the lateral portions of which sti l l  partly remained 
in  the  adu lts and formed the eye ridges and the  eye lobes 

Fig. 1 �. Calymene ( h!!iptocepltala, Sao, Liostracus) ; in samewhat higher forms 
senana CoNRAD h ' d d ' er 

· d 1 d h · 

P 
. h .  t e eye n ges were ltterentJate a rea y at t e protaspis rotasp ts  m u c  . . . 

e n lar"ed (After stage and had d1sappeared m the adu l t  ( Trzarthrtts) ; and 
HuE�EMANN) . finally in the h ighest forms they did not even remain i n  

the protaspis (Dalmanites, Acidaspis) . 
With regard to the facial sutures they seem never to have been 

observed i n  the anaprotaspis. As to the l arva: of later protaspis stages 
(meta - and paraprotaspis) i t  has been pointed out above (p .  29) that what 
BEECHER has interpreted as such on BARRANDE's  ( I 8 5 2, PI.  VII) figs. 
2 b and 3 b of  Sao hirsula are more probably the lateral border furrows.  
The same mig h t hold good for the » facial sutures » in the metaprataspis 
of  Ptychoparia kingi MEEK (BEECHER ,  I 895b ,  PI .  VIII, fig. 6). In no  
other case the  sutures are figured or mentioned in these stages, bu t  fi rst 
in the l arva: at nepionic stages .  In the Leptrena l imestone at Kallholn 
the writer has found a small larva evidently belonging to Calymene 
Lepta:narum with one thoracic segment ( I st nepionic stag e)� and in i t the 
sutures are discernible (PI .  IV, fig. 9) . In the larva: o f  Dalmanites socialis 
figured by BARRANDE  ( I 8 5 2 ,  PI .  XXVI) the sutures are la id  down first 
in  the fig. 5 b (text-fig. 9 d), where according to him there are two free 
thoracic segments (2d nepion ic stage) . With regard to Sao !tirsuta the free 
cheeks are first mentioned (BARRANDE, I 8 5 2 ,  p .  3 89) i n  the larva: of the 
same stage. 

That the facial sutures are not observed in  the earl ier larvce need 
not, of  course, be taken as a proof that they were not developed, as i t  
must  be very difficult, nearly impossible, to discern them in the small 
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and generally rather badly preserved specimens. B u t  possibly they were 
not  yet developed or in  function .  BERNARD ( I 894) considered ,  as is weil 
known, that the posterior  branches o f  the facial sutures earrespond to 
the Iine of  fusion between the lateral projections of  the I st segment 
and the pleurce of the 2d.  He bel ieved that the I st segment was . partly 
bent down ventrally and that the dorsal part of i t formed the p reglabellar  
p:ut of  the cranid ium,  the frontal lobe and the free cheeks with the eyes. 
He evidently regarded the whole of  the eye lobe in Elliptoccphala as the 
eye, and, part ly because o f  this ,  he drew the conclusion that the free 
cheeks belonged to the same segment as the frontal lobe. 

BEECHER ( I 897) and }AEKEL { I 90 I )  consicler the hypostoma to be the 
I st segment, whereas the free cheeks are regarded as the pleural parts of 
the 2d segment, the middle part of which should consist of  the rostrum or  
the middle portion of  the  cont inuous free cheeks. According to this suppo
sition the whole of  the facial sutures and the rostraJ suture should follow 
the poster ior boundary of  » an ocu l i ferous head segment » .  BEECHER 
bel ieved,  as already mentioned , that the free cheeks, and thus the whole 
of this segment, were originally situated on the ventraJ side o f  the ce
phalon ,  and considered this proved by the larva! development, which, as 
j ust pointed out, seems to  have been a misconception and is  also con
trary to BERNARD's  view. There does not seem to be anyth ing which 
ind icates that any part of  the dorsal side o f  the cephalon orig inally was 
situated on the ventraJ side. On the contrary the larva! development, as 
far as  it is known, argues against this presumption, except that the earl ier 
protaspis is so strongly arehed that the borders are almost beneath the 
other parts o f  the shield . With the assumption that the rostrum should 
form the m iddle part of  a segment, the pleural parts of which were the 
free cheeks, the development of such forms as Holmia and Kjeruljia with 
their Iong rostrum (hypostome attachment) and » remarkable run » of the 
anterior branch of the facial suture (see below p. 3 5  and text·fig .  I I ) are 
very difficu l t  to interpret. The pleurce of the » ocul iferous » segment 
would then, if this were righ t, be inserted between different parts of  the 
next segment. Then it  appears more probab le  that the rostrum  repre
sents the whole of a segment, as KJER ( I 9 I 6, p .  8 3 )  has suggested. 

W ALCOTT ( I 9 IO ,  p .  238) has, with regard to the Mesonacidce, tabu-
lated the segments included i n  the cephalon as follows : 

I .  Anterior border segment. 
2. Ocular segment, carrying the visual surface of the eye. 
3 · Palpebra l or  first gl abellar segment, from which the !arge anterior 

lobe of  the glabel la was !arge! y developed,  also the so· called » ocular » ridge 
and the palpebral lobe. 

4-6. Second-fourth glabellar segments. 
7 ·  Occipital segment. 
>> The expansion  o f» the ocular segment ma y according to the 

aforesaid au t hor » form the anter ior portion of  the first glabellan> ( frontal) 
3 - 192s2.  Bull. oj Ge o l. Vol. X V I I. 
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» lobe as indicated in Olenellus logani (Pl . 4 I ,  fig. 6), where the furrows 
on the glabella i n  advance of the palpebral segment apparently ou t l ine  
the  segment . » That  there existed a segment anterio r  to th i s  i n  the pr i ·  
mitive cepha lon of  the Mesonaci dce, h e  thinks >, is  ind icated by the antero
l ateral spines of the young  of Olenellus gilberti ( Pl .  36,  figs. I I - I4 )  and 
the larval - l ike cephalon of  Olenelloides (Pi . 40, figs. 2 and 3) and by the 
cephalon of Callavia bitensis (Pl . 4 I ,  fig .  9) where there are two pairs of 
furrows i n  front of  the palpebral ridge » .  In the last-narned species the  
la teral glabel lar lobes seem to be divi ded by transverse furrows . Probably 
the » I st frontal  furrow»  earresponds to these, and does not seem to be o f  
any  significance i n  this connect ion .  As  spines other than p leural spines , 
very often occur i n  the tri lobites, those mentioned need not n ecessarily 
have had that character either, and thus there does not seem to be any 
real ground for assuming the presence of a special border segment 

With the supposition that the trilobites original ly bad 6 pairs of ce
phalic appendages (the pair belongi ng to the occipital segment included J ,  
the  I st pa ir  of  antenuce (the antennules) would belong to the ocular 
segment ; th e supposedly reduced 2d pair to the p alpebral segment etc .  
The ocular segment would thus belong to the preoral part of the head , 
all the fol lowing segments to the postoral part. That the attachment o f  
t h e  musdes of t h e  antennules wa s  in the frontal lobe seems probable ; 
the posterior l imit of  the middle portion of the preoral part of the head 
would thus have been at the frontal furrow. That this furrow is o ften not 
developed might partly depend on the circumstance that the 2d pair of 
appendages was often ( perhaps always) reduced, and partly, provided that 
the cephalic segments were not marked off » en bloc • ,  on the fact that the 
anterior postoral segment was first in corporated in the primit ive cephalon , 
and consequently the  boundary between this and the preoral part of the 
head earlier obl iterated than the boundaries o f  the posterior segments, 
and this at  so early a stage that i t  was generally not marked even in the 
p rotaspis .  Often the posterior furrows are also, especially the I st, obli
terated in the adult though developed in  the larva, and cases are known , 
as already pointed out  (p .  T O) ,  where the frontal fu rrow is marked in the 
larva but not  in  the adult ,  e .  g. Holmia Rowei WALC. ( t 9 I O, Pl . XXIX). 
This indicates that i t  i s  a primitive feature, which is also emphasized by 
the circumstance that it is more often to be found in the Cambrian than 
i n  the geologically younger trilobites. 

If this interpretation of the cephalic segments is r igh t ,  i t  is ev ident 
that the anterior branch o f  the facial suture did not fol low the l imit of  a 
segment . Whether this was the case with regard to the posterior branch ,  
i s  a question connected with the one  whether the facial su ture is to  be 
considered an or iginal trilobite - character of  a homologous nature i n  a l l  
forms. Most scient ists seem to have been 0 f  th i s  opinion,  whereas SwiN
NERTON ( 1 9 1 5 )  considers , apparently in agrcemen t  with WALCOTT ( 1 9 1 2a ) ,  
that » the  earl iest tri lobit ic organisms had no  facial sutu re » (p. 492) and 
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further that >> true sutures have developed independently a t  !east three 
times » (p. 5 39) among the tri lobites. 

He advances in support o f  the former cons iderat ion that i t  is not 
developed in  Marre/la and NatiLOrstia and in most of  the Mesonacidce. As 
I have tried to show above, there does not appear to be anyth ing  which 
ind icates that Marre/la i s  very closely related to the. tri lob ites ,  and with 
regard to Nathorstia, WA LCOTT's ( 1 9 1 2a) descriptiön o f  it is based on a 
specimen which is sa id to be flattened and to have the left s ide crushed ,  
so that i t  seems poss ible that  there cou ld have been a facial suture wh ich 
was not d iscernible .  Even if it should be proved that i t  was not deve� 
loped in Nathorstia, it m ight have been secondari ly reduced. 

The o ldest tr i lobites known, the Mesonacidce, wh ich ,  as is wei l  known, 
are found  i n  older strata than the forms j ust mentioned, ev ident ly had no 
sutures. Bu t w hether th i s  i s  a pr imary character is doubtfu l .  W ALCOTT 
( 1 9 1 0, p. 236) defines the Mesonacidce as having » the facial suture rudi
mentary, or in  a cond ition o f  synthesis » and in  another place ( lbid . ,  p . 
242) h e says : »The facial s u tures are rarely represented ,  even by ele
vated I i nes on the exterior  surface or depressed I ines on the interior surface 
of  the cephalon . » He has not descr ibed any sort of I ine o r  impression 
that he  considers to be the anterior branch of  the fac ia l  suture. In one 
specimen of Pmdeumias transitans (lbid . ,  PI .  XXXIII, fig. r ) h e has found 
an  elevated I i ne  »havi ng  the  usual curvature of  the posterior facial su
ture » ,  but he does not think i t  probable that this I ine real ly represents 
the suture, »but it suggests that conclusion » (p .  242). This I ine, however, 
does not start from the posterior end of the eye, as it naturally would 
i f  it represented the facial suture. 

In Kjeruljia Lundgreni MOB . and occasional ly in  Holmia Kjerulji 
LNRS. , MOBERG ( 1 899) and KJER ( 1 9 1 6) have pointed out that there is 
»a fine raised I ine, that runs in an are from the posterior edge of the eye 
to the posterior  marg in in  front of  the in tergenal spine » (KJER, p. S r ) . 
This I ine the latter author has a lso found in Kjeruljia lata KJER (text -fig .  
r I ) , and he thinks that MOBERG 's assumption seems reasona bl e » that this 
is a case of a remainder of  the obliterated facial suture » and that MoBERG 
probably was right also » i n  giving the same interpretat ion to the remark
abl e  I i nes that sometimes are seen in both the above genera running from 
the anterior edge of  the eye to the marginal brim. » 1  He cont inues : »If 
this represents the front  branch o f  the facial  suture ,  the latter would cer
ta in ly have a remarkable course. » Bu t at a c loser examination on e w i l l  
find that  in  these genera i t must  have had j ust th is  course. In tri lobites 
that have a rostrum, the anterior branches of  the facial s u tures are, as is weil 
known, contin ued on the ventraJ s ide of the cephalon by the connective 
su tures, which separate the rostrum from the doublure of the free cheeks. 
In Holmia and Kjeruljia and in others, e .  g. Pmdeumias (\V ALCOTT, 1 9 1 0, 

1 In two of WALCorr's ( 1 9 1 0) figures o f  Cavallia Crosbyi WALC.  (PI. XXVIII,  figs. 
r and 4) a I i n e  is  seen which has a b o u t  the s a m e  run. 
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PI. XXXIV), accord ing to KJER ( 1 9 1 6, p .  82 )  perhaps in a l l  genera of the 
Mesonacidce, the rostrum,  or as it  has been cal led by MOBERG and KJER 
the hypostome attachment, is very broad ,  nearly reaching to the  gena! 
an gles (text-fig. I 2 a), and therefore , i f  the condit ions were the same as 
in other trilobites, the anterior branches of the facial sutures must reach 
nearly as far back. Som e species of Paradoxides (text-fig .  I 2 b) seem 
in this respect to be intermediate between the Mesonacidce and other t ri
lobites, as is also indicated by KJER. 

In some of  W ALCOTT's ( 1 9 1 0) figures of  Elliptoceplzala as ap hoides (Pl .  
XXIV), Mesonacts venno?Ztana HALL. (PI. XXVI) and Callavia Bröggeri 
W ALC. (PI .  XXVII) I ines corresponding to those running from the posterior 
edges of the eyes in Holmia and K.Jeruljia are to be seen , and RAYMOND 
( I 9 1 7 , p .  206) seems to be right that these represent the posterior branches 
of the facial sutures, whereas the Iines in  W ALCOTT's figure of Callavza 

Fig. 1 r .  Kjeruljia lata KJ ER. Reconstructed 
c ephalon.  (After  K JER.)  

Callavei LAPW. (PI. XLII, fig .  1 ) ,  w h ich h e evident! y regards as the 
anterior branches,  probably are only fractures in  the test, since they do 
not appear to start from the foremost ends of the eyes. 

It is clear that KJER considered the Mesonaci dce to have originated 
from forms with real fac ial sutures, which later on became obliterated, 
especially since he is opposed to W ALCOTT's view t hat the Paradoxida! 
would be descendants from them,  just because the sutures in  that case 
must have been reformed, which h e does not think probable ( 1 9 1 6, p. 88). 
It is ,  however, not clear whether WALCOTT really considers the sutu res 
to have been secondarily reduced in the Mesonacidce. To be sure he says 
( 1 9 1 0, p. 242) : » >f we accept BEECHER's view that the sutures are in a 
condition o f  symphysis (BEECHER, 1 897, p. I 9 I ) , and that the elevated 
and depressed I ines represent the suture between the cranidium and 
free cheeks , the latter bear the visual surface of the eye » ,  but i t  is u n 
certain whether he really believes that BEECHER's view is correct. SwiN
NERTON ( 1 9 1 6, p .  492) thinks that WALCOTT is leaning towards the same 
point o f  view as himsel f, » viz. that the facial sutures were not necessarily 
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present i n  primaeval Tri lobites and that the Mesonacidce exhibit the Tri
lobite organization j ust w hen these Iines are comin g  into being » .  SwiN
NERTON seems to take >> the depressed and e levated Iines » for some sort 
of elementary facial s�tures, and in such a case they m ight perhaps be re
garded as I ines of weakness along which the test would have spl i t  at the 
ecdysis, and which l ater on were developed into real open sutures .  But 
then there ought to have been found in  the beds where these forms occur 
a great number of cranidia and free cheeks separated along these I ines ,  
si nce the fossil remains  probably represent not on ly dead animals  hut also 
moulted tests. To j udge from published descriptions and figures, this 
seerus not to have been the case. I f  these l ines did not funct ion as facial 
sutures, i t  is d i fficult to interpret them as inc ipient ,  and i t  is more Iikely 
that they ought to be considered as vestiges of sutures that were nor
mally developed i n  the ancestors of the forms concerned . 

That the object of the facial sutures was to faci l i tate the ecdysis i s ,  
as is we i l  known , a general ly accepted opinion , and a lso that they are in 
t imately connected with the position and development of the eyes. In 
forms where the latter are reduced , the sutures appear partly to lose 
their s ignificance .  In some bl ind forms they sti l l  remain ,  hut have altered 
their original position a nd mo ved towards the margin of the cephalon, so 
that the free cheeks have become very narrow and the fixed ones broader .  
This seerus to be the case i n  Conocoryphe, Ampyx, Placoparia, Di11dymene 
and in some species of Phacops and lllcenus etc .  In Phacops Volbortlti 
BARR. (BARRANDE, 1 8 5 2 ,  PI .  XXIII) that i s  not blind hut where the 
eyes are very much reduced , th i s  has also happened w ith the free 
cheeks, and simi lar conditions are to be seen in other forms. Presumably, 
when during the ontogenetic development the eyes were never formed 
or were checked at  an early stage, the growth of the free cheeks was 
also checked. In Conocoryphe they have about the same relative size as 
i n  the larvce of  the related genus Sao, and in Phacops Volborthi as in 
the larvce o f  Dalmanites. 

It is evident that i n  these forms the sutures were st i l l  functional a t  
the ecdysis . In Harpes and Tn"nucleus on the other h and ,  where, accord
i ng  to the opinion of most modern i nvest igators, the eyes were also se
condari ly reduced - the vestiges of  them, where they stil l remained, 
holding their normal position - hut the  free cheeks were ful ly developed 
and the fac ia l  sutures lost by fusion , th e test opened along the margi n of  
the fri nge ,  so that the  ventraJ part of  i t  became separated from the dorsal 
part. It is  said that there was a margi n al suture, and this has generally 
been considered as a secondary adaptation (see below) .  

In the Mesonacidce i t  does not  seem to have been necessary to de
velop a new suture a t  the presurned disappearance of  the facial s uture ,  
as the test probably opened along the rostraJ suture, which here runs 
a long nearly the whole of the margin . 
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That no trace of  the facial suture is found in the forms supposed to 
be the most pr imit ive of  the known Mesonacidce ,  e .  g .  Nevadia, need not be 
taken as a proof that their ancestors also were  deyo id of i t ,  as i t s  reduc
t ion might have been accomplished more rapidly in  some genera than in 
others, and as there is no  need to believe that Nevadia, even if  i t  agreed 
with those ancestors i n  most characters, cou ld  not in some features d iffer 
from them. It is  not impossible e i ther that further researehes wi l l  show 
that this genus and other Mesonacidce in this respect were similar to 
Holmia and Kjeruljia, viz. that traces of both the anterior and posterior 
branches wil l  be found , especial ly as i t  seeros as if the American forms 
were general ly in  a considerably worse state of preservat ion than those 
f0und i n  Scandinavia. 

I f, however, one adheres to the view that the facial sutures were not 
or iginally developed in a l l  tri lobi tes and, as SwrNNERTON evidently pre
sumes, had come into existence only in some of the Mesonac idce,  but sti l l  
regards the mentioned I ines as traces of  obl iterated sutures, Nevadia must 
be taken as a representative of  those forms in which they were never 
developed,  whereas Holmia and Kjeru!jia would represen t that part of the 
fam i ly that originally had real sutures, later on lost by fusion. But  this 
seeros rather improbable. 

SWINNERTON further considers, as  mentioned above, that the facial 
sutures » have developed independently at !east three t imes, viz . among 
Mesonacid a ,  among other Opisthoparia ,  and a mong Propari a »  ( 1 9 1 6 , p .  
5 39) . He arrives at the  conclusion that they developed i ndependently 
among Mesonac ida and among other trilobites, since he considers the ab
sence of  sutures as primary both in Marre/la and in Nathorstia, and further 
that, if the former » ' foreshadows' any one type more than another, that 
type is Nevadia » ,  and » on the other hand Natlzorsti{l» according to h im 
» i s  a persistent member of  the  stock which foreshadowed the  type of  
Trilobite represenled by Conocoryphe, Ellipsoceplzalus, and Burlingia » .  As 
pointed out a bo ve (p .  1 3 )  the relat ionship between lifarre/la and the tr i lo 
bites seeros rather doubtfu l .  With regard to Natlzorstia, though evidently 
belonging to the tr i lobites or at !east closely related to them, it  seems 
doubtful if it really was devoid of  facial sutures, and ,  th is being the case, 
if i t  was not rather a degenerate than a pr imitive character. Besi des, th e 
genus apparently was ra ther highly developed respecting several of its 
characters, and can therefore hardly be regarded as representing the an
cestral stock from which al l  trilobites except the Mesonacida arose, as 
intimaled by SWINNERTON. In  consequence of the reasons advanced 
above, the occurrence of such forms as Marrella and filathorstia cannot be 
taken as a proof that the facial su tures have developed independently 
among Mesonac ida and among other tr i lobites. 

Whether they were developed i ndependently or not in  Opisthoparia 
and Proparia, is a question connected with the one of the » gena! spines» 
be ing homologous in the two groups. Th is  is, however, not the view of 
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for instance W ALCOTT and REED ( 1 9 1 6, p .  I 72 ) ,  of  which the former 
says ( 1 9 1 0, p .  237) that the » gena! spi n e >> i n  the Proparia » is in  fact the 
prolongation o f  one of  the fused segments o f  the cephalon and earre
sponds in this respect to the intergenal spine of the Mesonacidce » . If 
th is  i s correct, which seems probable , there does not seem to be anything 
w h ich ind icates that the facial sutures had not the same or ig in in the 
two groups. 

To j udge from the larva! development of such forms as Elliptoce
phala, Pcedeumias and other members of the Mesonacidce, in the earl ier  
ancestral stock of th i s  fami ly on l y  the intergena l  spines were developed ; 
t hen followed forms that had bot h intergenal and gena! spines ; and ul
t imate ly the former were reduced . If  al l other tri lobites came from the 
same ancestral stock, a l l  Op isthoparia probably went through the above 
stages of  development ,  whereas the P roparia m ight either have branched 
off already before the true gena! spines were formed or else at a later 
stage, w hen bot h kinds o f  spines were developed, in  w h ich case the gena l 
ones were a fterwards reduced and the i r  p l aces taken by the in tergenal 
spines . 1 The opi sthoparian and the proparian condit ions seem to have been 
evo lved at so · early a stage, that i t  appears quite natural that i t  i s  not 
shown , in either the larva! or in the phylogenet ic development of the 
h igher members of the two groups, how this came about, and that the 
deve lopment of the free cheeks here followed qu ite d ifferent I ines. 

There does not seem, then ,  to be any real ground for assuming that  
the posterior branches of  the facial sutures were not  homologous i n  a l l  tr i lo
bites ; and i f, moreover, they real ly earrespond  to the I ines of fusion be
tween the pleural port ions of  the p reoral part o f  the head and the pleurce 
of  the fol lowing segment  (or segments ) ,  this seems to speak also against  
the assumption that they arose i ndependently i n  different groups .  The 
course o f  the fac i al sutures apparently depended on the position o f  the 
eyes, so that  these were always situated on the free cheeks. In forms 
where they were normally developed , the sutu res followed their inner l im it .  
And it seems most plausible that the rema in ing parts of the sutu res, as 
far as i t  was possib le  and con ven i ent for the ecdys is ,  should also have 
fol lowed the l im i t  o f  a segment ,  or ,  in  other words, an or iginal I ine of  
weakness. 

With regard to the anter ior braoch of  the suture, which accord i ng 
to the  above presumptian cl id  not  fol low the  bounclary of  a segment ( see 
p .  34), it i s  conceivable that it was developed i ndependent ly and partly 
at non-corresponding p laces in d ifferent groups. There are indeed some 
facts which might be considered to i nd icate that th is  had been the case. 
On the ventraJ s ide of  the cephalon there is ,  as is weil known , a flat r im 

1 Such a displacement  of  the s p i n e s  a p parent! y occurred in  se veral  of the Mesona
cida:: , e .  g. in Olenelloides armatus PEACH (PEACH, 1 894,  PI.  X X X I I ,  WALCOTT,  1 9 1 0 , 
P I .  X L) a n d  Wamzeria Hal/i WALC. (WALCOTT, 1 9 1 0 , PI. XXXI), in which l atter the 
i n t ergenal  spines ,  h owever, had disappeared in  the adult .  
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along the margin, the doublure or reflexed border of the cephalic shield .  
In most trilobites its middle port ion forms a separate plate, the rostrum ,  
which i s  divided from the cranid ium b y  t h e  rostraJ suture, from the free 
cheeks by the continuations of the facial  sutures, the connective sutures, 
and from the hypostoma by the hypustomal suture. The size of  the 
rostrum is very different in d ifferent genera, as i l lustrated by the text-tig. 
I 2 a - h,  and in  connection with this the cou rs e o f  the anterior branches 
of the facial sutures varies also, so that in  some forms where there i s  no 
rostrum they unite in front of  the glabella ,  i n  which case the doubl ure 
of the cephalon is either continuous (Phacop id;e text-fig. I 2 k ,  Aeglinid;e 
etc. ) ,  or transected by a median suture (Asaphidce,  text-tig.  I 2  i ) . In 
Paradoxides (text-tig. I 2 b) the re i s  n o  separate rostrum ,  though the ante 
r ior branches o f  the facial sutures do  not meet, hut are cont inued by the 
connective sutures, since the portion of the doublure between these is  not 
separated from the dorsal  part of the cranid ium. 

It is o f  course conceivable that these d ifferences are of a primary 
nature and that all the sutures in quest ion were developed independent ly 
in d ifferent groups, and that some of  these orig ina l ly had a very )arge 
rostrum,  some a comparatively n arrow or a very narrow one, whi le in 
others it  was n ever developed, the median part of the doublure bei ng  
either separated from the cran id ium hut  not  from the free cheeks ( form i ng  
tagether with these a continuous piece or divided in t he  middle by  a 
suture) ,  or continuous with the cranidium hut  separated from the free 
cheeks. It seems then very remarkable that the conditions are so a l ike 
i n  d ifferent groups which otherwise do not appear to be very closely 
related , while they are d ifferent in such groups that in other characters 
show great s imi ladties to each other. It is further very d i fticu l t  to 
understand in what manner and for what purpose the different sutures 
have developed, especially with regard to such forms as Encrinurus (text
tig. I 2 h) where the two connective sutures run close to on e an other. 

If, on the other hand, one presumes that a l l  forms originaJ iy had a 
!a rge separate rostrum like that in Holmia and K}ä'ul.fia (text-fig .  1 2  a) 
the whole matter becomes m uch s impler .  It appears, as ment ioned above, 
as i f  i n  severa l  genera of the Mesonaci d;e, accord ing to KJER (I91 6, p. 82 )  
perhaps in  all o f  them, there had been such a !arge rostrum , and the 
author just  mentioned thinks it  probable that th is  is >> a primitive state 
and gives evidence for the supposition thab the rostrum Hepresents a s p e 
c i a l  a n t e r i o r  s e g m e n t  o f  t h e  c r a n i d i u m ,  which segment i n  the course 
of further development has either fused with the doublure or been re
duced to varying degrees >> (I91 6, p .  8 3 ) . 1  If this suppos i t ion i s  right, the 
rostraJ and the connective sutures wou ld  fol low the origi n al boundary of 
a segment, and thus of  a l l " the sutures i n  the cephalon only the anteri or 
parts o f  the facial sutures must be regarded as really new constructions. 

1 The possib i l i ty that the rostru m represents a special  s egment  is  also pointed o u t  
by REED ( 1 9 1 6 , p .  1 7 2). Cf. a l s o  R AYMOND, 1 9 1 7 ,  p .  208.  
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But whether it is j ustified to assume  the existence o f  such an externa! 
anterior segmen t  in the preoral part of  the head, seems doubtfu l  because 
of the supposed composit ion of the brain of the primitive a rthropods (Cf. 
HOLMGREN, 1 9 1 6) .  But even i f  the rostrum does not represent a special 
segment, i t  might nevertheless from the beginning have been developed 
as a separate plate, or  else the rostral and connective sutures m igh t  have 
developed at an early stage to  facil i tate the ecdysis. Both Apus and 
Limzt!us are said to moult by spl i tt ing along the frontal edge, and that 
sutures were formed at corresponding places in  the trilobites does not  
seem inconceivable. 

In trilobites with well -developed eyes i t  was apparently suitable that 
the test should split j ust inside of these, and a suture was formed here 
also, probably following part of  the boundary o f  a segment .  That these 
sutures, the position of which might be said to be more or  less settled 

Fig.  1 2 . Cephala o f  tri lobites t o  show the progressive development of the rostrum . 
a, Kjeruljia lata KJER. b, Paradoxides boftemicus BoEcK. c, PtydtOj;aria striata EMMR.  
d ,  Illamus Bouchardi BARR. e ,  Calymene Blumenbachi BRONGN.  f, Pliomera Fischeri 
ErcHw. g, Placoj;aria grandis BARR.  h ,  Encrinurus Seebachi ScHMIDT. i, Asaj;Jms 

j;latycej;ltalus STOKES. k, Dalmanites socia!is BARR. (a after KJEF . ;  b-e,  g, i ,  k after 
BARRAN D E ; f ,  h after  ScHMIDT.) 

beforehand, must be connected , was of course necessary, and this was 
done  by the anterior parts of the facial sutu res, vvhich one has a right 
to presume original ly had the » remarkable » course which is seen in Holmia 
and K.feru!fia. During the progressive evolution the rostrum became more 
and more reduced ; and at the same t ime also the anterior parts of  the 
fixed cheeks did so ,  while the free cheeks increased in size until they, or  
at ! east the i r  ventral parts, finally met and grew together . 1  Among the 
trilobites there i s  a series of  types which represent this evolution,  though 
they are not to be regarded as represent ing a phylogenet ic series ,  as the 
reduction of the rostrum and the fixed cheeks and the corresponding 
growth of  the free ones no doubt were more rapid in some groups than 
in others. Next to such forms as Holmia and K.feru!jia (text- fig. 1 2  a) 

1 I n  his  paper o f  1 9 1 7 (p. 208)  R AYMON D  su ggests a similar explana tion o f  the de
velopment  o f  these p arts , a n  explanation which, however ,  h e  evidently does  not  adopt  
himself. 
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stands, as far as i t  is known , Paradoxides (text-fig . 1 2  b ) .  Here the anterior 
parts of the fixed cheeks and the rostrum (wh ich la tter has grown to
gether with the dorsal part of the cranid i um )  are st i l l  very broad, broader 
than the hypostoma. This seems also to have been the case i n  Ptyclw
paria striata (BARRANDE, 1 8 5 2 ,  Pl. II, B,  fig. 26) ,  in  which the rostrum 
(text-fig.  1 2  c ) ,  however, is considerably narrower than the anterior part of 
the cran id i um ,  and the ventraJ parts of the free checks reach nearer to 
the median I i ne  than their dorsal parts do,  which i s  also the case i n  many 
other forms. In  a great number of genera, e .  g .  Conocoryplte (BARRANDE, 
1 8 5 2 ,  PI .  II ,  B) ,  BronteztS ( Ibid. ) and Illamus ( text-tig. 12  d ) , the posterior 
margin of  the rostru m (the anterior one is  o ften broader) has the same 
width as the anterior margin of  the hypostoma .  In Calymene (text- tig. 
1 2  e) , Proiitus (BARRANDE,  1 8 5 2 ,  PI. II, B) and others, i t  is  narrower, and 
considerably so in Pliomera (tex t- fig . I 2 f) . In Placoparia the rostrum 
forms a small triangular p late ,  in Placoparia grandis ( text-fig .  I 2 g) on ly 
reaching half  along the doublure so that the connective su tures partly 
un i te to a median suture. In Encrinurus ( text-tig. 1 2  h ) i t  i s  st i l l  narrower, 
and po i n ted at the ends, so that i t  becomes entirely endosed between the  
free checks, which meet both above and be low it .  In the Asaphidce (text
tig. 1 2  i )  it has entirely disappeared, hu t  the free cheeks are sti l l  separated 
by a median suture, which final ly in the Phacopidce ( text tig. 1 2  k) ,  
Aegl in idce and several more has become obl i terated .  With regard to these 
latter forms, it i s  of course conceivable th at it is the connective sutures 
which have disappeare d ,  and that the rostrum has been fused w i th the 
free checks, hut  th is  must  then have taken p lace at a comparatively late 
stage, since the course of the facial  sutures must otherwise have been 
d ifferent. There does not ,  however, seem to be any real ground for assum
ing that  the development in th i s  case has fol lowed a d i fferent I i ne  than 
in  others. 

It i s  presumab le  that during the phylogenetic evolution , the rostrum 
was very rapidly reduced in some groups,  as already in  several Cambrian 
tr i lobites, e .  g. Feltura and h?trycare, the free checks meet i n  the med ian 
I ine o f  the cephalon, which indicates that the rostrum has d i sappeared or 
a t  any rate has grown very smal l .  There is of course also the possibi l ity 
that it still remains ,  but has become separated from the cran id ium by the 
free cheeks. It  seems, however, more probable that it i s  reduced and that 
the cond i t ions in  th is  respect are as in the Asaphidce.  

As already mentioned, i t  occurs very often that the reflexed parts of 
the free cheeks have grown farther towards the midd le  I ine than the dorsal 
parts. This is especial ly the case in such forms wh�re the free cheeks 
meet or have grown together. Often the foremost portions of the dorsal 
parts have increased in  size as fast as the doub lure hut not  the port i ons 
behind.  Sametimes this may have depended on the fact that the glabel la 
was in  the way and prevenled the growing of  these posterior portions, 
hut in many forms where the rostrum is reduced also considerable por-



T R ! LOBITES OF TH E L E PTLEN A L ! M ESTO N E  43 

tions of the anterior parts of  the fixed cheeks and of  the preglabel lar field 
remain .  This is very o ften the case in geologically older trilobites, and 
i s  especially to be noted in such Cambrian forms as Peltura and Eury
care, where the free cheeks meet in front .  The same is to be seen more 
or less pronouncedly among the Asaphid.-e. In younger forms the reduc
tion o f  the fixed cheeks in front of  the eyes seems to ha ve followed the 
reduction of  the rostrum more c losely, so that they have often qu i te 
disappeared at the sides o f  the glabel la also and in some species o f  Pha
cops (s .  lat . )  and in Encrinurus parts of the free cheeks even are inc l uded 
in  the glabel la .  The development of the anterior part o f  the free cheek 
at the expense of  the fixed one does not ,  however, seem to be only de
pendent on the  redu ct ion o f  the rostrum, but was presurnably connected 
with the deve lopment and m igration of the eyes. Possibly the red uction 
of the rostrum and the anterior part of the cranid ium is  also due to the 
shi ft ing o f  the eyes. 

If the development real ly was as outlined above, this might be  taken 
as a proof that the an terior  branch of th e fac ia l  suture ,  as weil as the 
posterior one ,  was of the same orig in  in all trilobites , and thus speak 
against SWINNERTON's  presumptian that the » dorsal fac ia l  sutures ap
peared independent! y in  several di stinct Iines o f  descent » ( r  9 1 9, p .  1 09) .  
On the  other hand i t  might seem to strengthen h i s  opinion ( Ibi d. ) t ha t  
the  earl iest members o f  the  trilobite grou p  had  no  such sutu res, but 
undenvent ecdysis along a I ine which he calls the margina l  su ture ,  and 
which,  with regard to the Mesonacidce, is the same as the one cal led rostraJ 
suture in this paper, and that only later on dorsal facial  sutures were 
developed » to facil itate the removal of  the covering of the eye in

· 
moult

i n g »  (RAYMOND , 1 9 1 7 ,  p .  208 ) .  He emphasi zes » the fact that taken as 
a whole the true facial suture is com posite, being made up of  a new 
dorsal port ion int ima te ly associated with the eye, and an anter ior port ion 1 
which is probably a section of  the marginal suture » ,  and further points 
out that » the post erior section of  the latter seems to have been completely 
replaced . function al ly by the new ly instituted I ine running behind the vis
u al area » .  It does not seem improbable that the need o f  a dorsal facial 
suture first arose when the rostrum and the rostraJ suture became re
duced, and the eyes were better developed,  and bad moved farther away 
from the margin .  That the posterior branches of the facial  sutures a l l  
the  same opened at the division I i ne  between segments which al ready 
were fu sed, is not inconceivable ,  s ince at some t ime during the ontoge
netic development there must have been here a I ine of wcakness. In ana
logy with this ,  i t  m i ght possibly be presumed that the fac ial sutures were 
not yet developed in the youngcr l arva! stages. 

1 H e  e vidently does n o t  recognize any s pecial rostraJ suture but regards this as 
part o f  the facial suture in forms where it  is not s o  extensive as i n  the  Mesona cidx and 

. where there are open d orsal fa cial snt ures .  
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SwiNNERTON bases h i s  opinion chiefly on the conditions in the 
Mesonacidce, among which he considers the absence of facial sutures to 
have been primary, some of  them exhibit ing the stage when the sutures 
were j ust » coming into being » .  Even i f  this is not quite impossible, there 
are several things which speak against such a supposition.  In the first 
place it is, as pointed out above, difficu l t  to believe that » the elevated 
and depressed I ine s »  in these latter were fresh constructions, and 
secondly,  such being the case, and provided that the sutures were deve
loped only once in the h istory of the tri l obites, all trilobites with true 
faci a l  sutures must have descended from these or closely related forms,  
which does not seem very probable .  Apparently al l  the genera referred 
to the family Mesonacidce are closely al lied . The forms cöncerned,  though 
on the whole primitive ,  are rather specia l ized in some characters, and 
since other tri lobites with true facia l  sutures,  which are specialized in 
other d i rections, are found i n  the sam e or even older strata, it seems 
p robable that these latter and the Mesonacidce already at a very early 
period followed different Iines of  development.  

To form a more definite op in ion o f  this matter does not seem pos
sible with our  present knowledge, but  it appears to me most probable 
that even if the ancestors of the tr i lobites had no facial sutures (possibly 
at  fi rst no rostraJ sutu re either) , these were formed at a very early period 
and that al l  known trilobites originated from forms in  which both the 
facial and rostraJ sutures were developed as true s utures. 

It m ay be a matter of  choice whether, l ike SwiNNERTON, one regards 
the rostraJ suture as a part of the facial suture or  gives it a separate name. 
The !a

'
tter i s ,  · however, more in accordance with the general terminology, 

and seems also to be most practi cal  especial ly with regard to the condi 
t ians i n  the Mesonacidce. To cal l  their rostraJ suture facial suture m ight 
cause confu sion but to give i t  a differen t name here and in  forms where 
it i s  more reduced, i s  very inconsistent and j ust as confusing .  SwiNNER
TON ( 1 9 1 9, p . n o) is of  the opinion t hat i n  s u ch forms as Trinucleus 
which » became b l ind secondar i ly and thus h ad no specia l  use for a dorsal 
sutu re » ,  » the who le  of  the margi n al suture was l i able to be resuscitated » .  

He also suggests that the suture near the marg i n  i n  Conocoryphe and 
Ampyx might not be a t rue facial suture but a » marginal » one .  The 
» marginal s uture » in the Mesonacid�,  however, only separates the rostrum 
from the other parts of  the cephalon, and since Conocoryp/te also has a 
separate rostrum, on ly the part of the s u ture in q uestion in · front of i t 
can be homologous  to that .  That the posterior parts of the suture are 
the facia l  sutures and the parts of  the cepha lon ou tside o f  them the free 
cheeks, is  indicated by the c lose affin i ty between Cmzocoryphe and Pty
choparia , i n  which l atter the eyes and free cheeks are normally deve loped,  
and by the corresponding conditions in several other forms, e .  g. among 
the I l lcen idce . That the facial sutures rea l ly move nearer to the m argin 
when th e eyes become reduced, seems to be proved by the occurrence 



T R I L O B I I E S  OF THE LE PTiEN:I. LIM ESTO N E  4 5 

o f  such forms as Phacops Volbortlzi, where the eyes, though not ent irely 
reduced, are very degenerate, and where the sutures, which, since they 
run i nside these, beyond doubt are the facial sutures, have moved very 
near to the margin,  though the removal has not proceecled as far as i n  
Conocoryphe. With regard t o  Ampyx i t  i s  true that i t  ha s  no  rostrum ,  
but t o  homologize its continuous free cheeks with the rostrum in  other 
forms seems quite i mpossib le ,  s ince the former, apart from such charac
ters which probably are connected with the reduction of  the eyes, are 
normally developed with Iong gena! spines and general ly  wi th a typical 
border and sometimes, e. g. in Ampyx Rouaulti BARR. (BARRANDE,  1 8 5 2 ,  
PI . XXX) ,  with comparat i vely w i d e  dorsal parts. There does not seem 
either to be any reason to believe that the suture i s  secondar i ly instituted 
and not formed by the facial sutu res, which have united in front ,  the 
rostrum being entirely reduced. 

The »marginal suture » in Trinucleus and Harpes on the other hand 
cannot be homologous to the fa cial sutures in other groups, which seems 
to be proved beyond doubt by d ifferent investigators (RICHTER, 1 9 1 5 ,  
REED ,  1 9 1 6, SwiNNERTON , 1 9 1 9, a .  o . ) ,  though these proofs d o  not seem 
to have convinced RA\ MOND ( 1 9 1 7) .  Both REED ( 1 9 1 6) and RICHTER 
( 1 9 1 5 ) regard the marginal  suture i n  these genera as a secondary adapta
t ion for faci l itat ing the moulting when the ordinary facial sutures had 
disappeared. REED (p .  1 7 1 )  has, however, also suggested another ex
planation of its nature, according to which the ventraJ s ide o f  the fringe, 
which bears the gena! spines ,  is an anterior underbent segment, which 
might be regarded as corresponding to the rostrum i n  other forms, their 
rostraJ suture being • the  abbreviated representative »  o f  the marginal suture. 
If we accept the existence of  a special rostraJ segment (C f. p .  4 1 )  this 
last explanation is n ot inconceivable ,  and ,  since the » gena! sp ines » of the 
Opisthopari a and of the Proparia evidently belong to different segments, 
i t  is conceivable that they might have been borne on yet another segment 
in the genera concerned,  as i s  also emphasized by REED .  His suggestion 
that th i s  anterior segment would be the questionable >> anteri or border seg
ment » ,  w hi ch W ALCOTT ( 1 9 10, p .  238) considered mig h t have existed in 
the primitive cephalon of  the Mesonacidce, cannot be accepted , s ince, i f  
i t  earresponds t o  t h e  rostrum in  other forms, i t  must of  course also ear
respond to the rostrum of the Mesonacidce. 

The explanati on first mentioned, v iz .  that the suture is  secondarily 
instituted , seems, however, more acceptable .  A fact which seems to 
confirm this i s  that an open marginal suture probably d id not exist in all 
species of Trinucleus. It appears as if REED had only observed i t  in  
some of  the spec ies  examined by him ,  and to j udge from RAYMOND's 
statements i n  his paper o f  1 9 1 7 ,  this author has not observed the suture 
in any entire specimen, but  concludes that i t  existed because the ventraJ 
p l ate evidently i s  separable along a clearly defined I ine .  The present 
writer has examined several specimens of Tr. seticornis His. with exceed-
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i ngly weil -preserved tests, and in them there does not seem to be an  
open  suture,  bu t  along the  s ame  I i ne as where the  suture i s  seen i n  Tr. 
concentricus EATON and Tr. Bureaui OEHL. accord i ng  to REED ( 1 9 1 2  a, p .  
347) and  OEHl�ERT ( 1 89 5 ,  p .  3 1 7) ,  there i s  only a very th i n  ou t e r  layer 
of the test , the i nner part of which is p ierced by a fissure.  As seen 
from isolated ventraJ plates and cranid ia ,  the spl itt ing  takes place along this 
I ine .  It i s  of course conceivable that the fusion is  secondary, j ust a s  the 
fus ion of the p i l lars rep resent ing the communicat ing pits on the u pper 
and lower surfaces o f  the fringe i s  cons idered to be (Cf. REED, 1 9 1 6, ps. 
1 73 ,  1 7 5 ) , but it seerus more probable that the fissure i s  secondary,  and  
on ly  ·i n some forms fu l ly developed as a n  open suture. REED ( 1 9 1 6, p .  
1 72 ) has made  a comparison w i th  Limulus and Apus, which » are sa id  to moult 
by spl i t t ing along the frontal  edge of the carapace » .  RAYMOND ( 1 9 1 7 , 
p. 202) observes that i n  Limulus » the crack extends only around the front  
and s ides o f  the cephalothorax, does not  extend to the angles, and does 
not cut off a separate p late » , and : , If the marginal suture in  the Tri 
nuc le idce were a - s im i la r  makesh i ft cracki ng ,  there seerus  no reason why 
i t should not be s imilar ly incomplete » .  Bu t i f  the way o f  spl i tt ing i n  Limulus 
and Trinucleus is i ndependently and secondari ly evolved ,  why should i t  
take place exactly i n  the same  rnan ner ?  In Limulus th ere i s  no fringe ,  a nd  
i t  i s  possible for t he  animal t o  mo11lt  when  only t he  anterior and  lateral 
parts of the  margin opened . In Trinudeus (and Harpes) on the other 
hand i t  i s  evident that the whole of the dorsal and ventraJ parts of  the 
fringe must separate, to enable the thin part of  the body between them 
to free i tself  from the old test. 

As has already been ment ioned several times, the course of the facial 
sutures is dependent on the posit ion of the eyes, and the development 
goes on the whole in the direct ion that these migrate nearer and nearer 
to the glabel la and to the posterior margin of the cephalon , while the 
free cheeks increase at the expense of  the fixed ones. This i s  seen i n  
t h e  development of  the l arvce, a n d  i s  also largely exhibited b y  a e a rn
parison between lower and h igher forms.  From the relative size o f  
the free and fixed checks i n  d ifferent species one cannot ,  however, a lways 
conclude wh ich i s  the most pr imi t ive. In the oldest known tri lobite 
fami ly, the Mesonacid;e, the fixed cheek is  very narrow compared  w ith 
the free cheek, and th is character is very pronounced already in i ts  
geologica l ly oldest representive,  Nevadia, which i s  a lso considered the 
most pr imit ive ,  whereas in other ancient forms belongi ng  to other groups 
the condit ions are reversed .  

As  shown i n  the larva! development ,  the Mesonacidce, l ike a l l  other 
tri lob i tes, have descended from forms w i th very narrow free checks. The 
fixed checks are,  however ,  a l ready i n  the earl ier  larvce also com parat ivc ly 
narrow ,  and the growth of the free ones dur ing the progressive develop
ment does not on the whole  seem to have taken place a t  the expense 
o f  these, except w i th regard to the i r  h i ndmost parts . The backward and 
i nward migration o f  the eyes i n  h igher tr i lobites never goes farth er  than 
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that their inner margins come  i n  a I ine with the outmost parts of  the 
frontal lobe, and the ir  posterior ends never lie farther in  than the anterior 
ones, neither of  which would be practical w ith regard to the s ight. In 
forms which have a wide frontal lobe the portion of the fixed cheek lying  
within the  eye  lobe is a l so  rather w ide ,  even  when the part in fron t  i s  
very m uch reduced , a s  for instance in  Phacops a n d  Bronteus. In the 
Mesonac id;e with the ir  e longate eye lobes, that nearly reach the frontal  
lobe, i t  is only the poster ior parts of  these which can move more 
inwards , and  this is just what  h appens dur ing the larva! development. In 
its l ater stages it is only the portions of the free cheeks lying outside 
these parts of  the eye lobes which i ncrease in  si ze. At ]east this is the 
case i n  Elliptoceplzala ;  in Pcedeumias the cond iti ons in th is respect are 
samewhat different .  Also in the larv<e o f  other tri lobites the axis of the 
eyes (or of  the germs of the eyes)  has an obl ique ly outward d i rection ,  and 
only i n  l ater stages the ir  posterior ends have come as  far i nwards as the 
anterior ones. Possibly this might ind icate that it  i s  the posterior parts of 
the eyes which are earliest developed.  

In th is  respect the adu l t  Nevadia seems st i l l  to rema in  on a larva! 
stage, as  here the anterior part of  the eye, or at !east the eye lobe,  the eye 
itself is  not observed , reaches considerably farther inwards than the post
erior part. I n  most other adu l t  Mesonac id<e the eyes seem to have the 
idea l  direction ,  and seem to have reached the utmost degree of develop
ment with regard to their posit ion , 

The circumstance that i n  other Cambrian trilobites the fixed cheeks 
are so much broader and the eye lobes situated more forward and farther 
away from the glabel la ,  does not prove that these are more primit ive 
than the Mesonacid;e,  hut is apparently connected wi th the form of the 
eye lobes.  Elongate eye lobes have been considered a primitive charac
ter, as  ind icated by the fact that most of the oldest trilobites have this 
k ind of  eye lobes. Also the occurrence of  eye ridges in  forms with short ,  
or relat ively short ,  eye lobes might perhaps be  taken as a proof that 
they have arisen from ancestors in which the eye lobes reached nearer 
to the glabella, since the eye ridges may be considered as more or less 
reduced palpebral lobes, even i f  they were poss ib ly later on adapted to 
serve other pu rposes. That the possession of eye ridges must be con
sidered a primitive character, is shown by the fact that they have d isap·  
peared in  h igher forms, and  are sometimes developed in  the l arva, but  
not in  the adult .  

The shorten ing of  the eyes might conceivably have occurred in  two 
d i fferent ways .  Either the whole of the originial eye lobe ,  that  i s  to 
say near ly the whole of the p leural part  of the pa lpebral segment + the  
eye, was shortened , or e l se  on ly the eye became shorter, and the palpebral 
lobe was part ly transformed. Probably both these things actual ly happened , 
and i n  some Mesonacid<e, e .  g. some speci es of Olenellus (W ALCOTT, 
1 9 10, PI .  XXXVII) and Wannerz"a (Ibid. PI .  XXX, XXXI), only the former 
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seems to have been the case, hut generally it appears as if what first 
happened was that the anterior parts o f  the eyes became reduced ,  and 
the corresponding parts o f  the palpebral lobes were transformed so as to 
constitute the eye r idges. This is ind icated by the fact that  i n  most 
Cambrian tri lobites, w i th the exception of  the Mesonac id;:e,  the eye lobes 
are situated at rather a great distance from the glabel la and that between 
them and the frontal lobe there are eye ridges. At thi s  reduction of 
the anterior parts of  the eyes the remai n ing parts could not very weil 
hold their or iginal position ,  since in  that case they vvould have been 
directed obl iquely backwards . But at the same t ime as they became 
shorter, the eye lobes apparently curved outwards and forwards so as to 
keep their right adj ustment.  In connection with this the eye ri dges were 
turned more stra ight outwards ,  and the fixed cheeks increased in s ize.  
In  such forms with very short eyes , as Olenus and .Ettrycare, the eye 
ridges are d i rected nearly straight outwards, whi le  in  other primit i ve tri-

o. b 
Fig. I J .  Olenus mundus LAKE, Cephala.  a -b , Successive larva! stages much en larged .  

c, Adult enlarged .  (After LAKE.) 

lobites where the eye lobes are l ess reduced , e. g. Strcnttella and Ellipso
cephalus, they are still directed more backwards. Ptychoparia represents 
in  this respect evidently an intermediate stage of development .  HOLM 
( r 887) has pointed out that the fixed cheeks in Holmia Kjerulfi are 
comparatvely broader than in most other Mesonacid;:e, and he puts this 
in Connection with the d irection of  its eye lobes, the posterior parts of 
which do not reach so close to the glabella as in  the latter. Thi s  seems 
partly to be due to the width of the frontal lobe , but might partly depend 
on the circumstance that the anterior ends of  the eye lobes are situated 
at a l ittle distance from the frontal lobe and  connected with it by the 
short eye ridges. Kjerulfia earresponds in this respect with Holmia, 
whereas i t  seems as i f  i n  most other Mesonacid;:e there were hardly any 
eye ridges , since the eye lobes reach nearly to the frontal lobe. This 
indi cates that the shortening and outbending of the eye lobes had already 
begun in the mentioned genera. 

Partly simultaneously with the auteurvin g  movement of  the eye 
lobes and ridges, it seems as if these parts also were shortened. At first 
the shorten ing apparently did not take place as rapidly as the outbending 
movement, and consequently the eye lobes became situated farther away 
from the glabe l la  at the same time as they moved more forwards. 
In the earlies t larva of Olenus mundus LAKE (text-fig. I 3 a) figured by 
LAKE ( 1 908, Pl. VI) the eye ridges are st i l l  relative! y Iong and rather 
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curved and the eye lobes situated a t  a great distance from the glabel la .  
In the l arva of a somewhat later stage (text-fig. 1 3  b) ,  the latter have moved 
farther forwards and inwards, and in  connection with this the eye ridges 
have grown s horter and straighter. In the adult (text-fig. 13 c) the eye 
lobes are situated stil l nearer to the glabella, and have got their normal 
adjustment ,  and the ridges are directed straight outwards. In this case 
the shortening of  the ridges has evidently, during the later stages o f  the 
larva! development represented by the specimens figured , proceecled more 
rapidly than the outbending, and p robably contin ued after this was  ended. 

With regard to such forms where the eye lobes are situated close 
to the glabella and far forwards, i t  is conceivable that the shortening o f  
the ridges a nd  the outbending movement was finished a t  the same t ime,  
but this is Contradieted by the circumstance that in  primitive trilobites 
with short eye lobes, these are situated at a comparatively great d istance 
from the glabella, even when far forwards ; and it  is only among less 
primitive forms that they have moved close to it . It is likewise con
tradicted by the fact that the distance between the eye lobes and the 
glabella varies considerably i n  species belonging to the same genus, 
though the former are situated as far forwards a s  exemplified in Olenus, 
Eurycare and other Olenid<e. In Olenus they are, however, always s i tuated 
rather far outwards, whereas in some species of  the younger genus Eury·  
care they h ave come c lose to the glabella . It seems, thus, as i f  the 
shortening of the eye ridges partly was simultaneous with the outbending, 
part! y was continued after this was finished. The result of  the outbending  
movement appears then generally to have been that the eye lobes became 
situated more forwards and outwards than they originally were ,  on 
the presumptian that the Mesonacid;:e in this respect represent the condi
t ian in  all primitive trilobites. But as the evolu tion on the whole evidently 
tended towards their coming near to  the glabella and the posterior margin 
of the cephalon ,  they have l ater on remigrated inwards and backwards, or, 
perhaps, more correctly speaking, as the eyes were better developed, the 
free cheeks increased in size while the fixed cheeks diminished , the result 
of which was that the eye lobes came closer to the glabel la and the 
posterior margin .  This seems to have occurred in a somewhat different 
manner in differen t  groups.  In the larva of Acidaspis tubercula/a (text-fig . 
8 a) the position of  the eye lobes is rather near the lateral and anterior 
margins of the cephalon ; in  most of the geologically younger species o f  
Acidaspis (s. lat . )  where the eyes and eye l o  bes are normall y developed1 , 
their position in  the adult is near the glabella and the posterior margin ,  
while in  several o f  the  older species they have an i n termediate position . 
This indicates that the eye lobes migrated inwards and backwards at the 
same time. In the larva of Dalmanites socialz's (text fig. 9) on the other 

1 In such forms where the eye lobes are prolonged into spines or  where the eyes 
a r e  very degenerate, the condi tions in this  respect may be  different. 

4 - '"'"'· Bull. of Geol. Vol. X V Il. 
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hand, the eye lobes, though situated far forwards, lie very near the 
glabel la, and i n  the adult they have only shifted farther back. Here the 
evolution apparently has gone i n  the direction that they moved first 
inwards and later on backwards. 

This outbending movement of  the eye lobes and eye ridges and the 
shortening of the latter seem to have influenced also the front part 
of the cephalon ,  since the reduction of the rostrum and the anterior 
parts of the fixed cheeks probably may be put in connection with these 
events. It appears, however, as  if this reduction was due also to other 
causes, since in several cases it  has gone further than seems to be 
accounted for only by the shifting of the eye lobes, and since there are 
forms with, as it appears, primarily elongated eye lobes in  which the 
anterior b ranch of the facial suture cuts the margin of the cephalon 
rather far forward, indicating that the reduction of  the rostrum has 
proceecled relatively far, e .  g. Zacanthoides and larva! forms of Paradoxzdes. 

As Iong as the eye lobes reached nearly to the posterior m argin of 
the cephalon, only the hindmost parts o f  the fixed cheeks could grow 
farther to the sides. When they moved more forwards a larger portion 
of the lat�er was at l iberty to increase in  width . In forms where the 
gena! spines belonged to the free cheeks,  they seem to have impeded 
this growth to a certain extent. In p roparian forms on the other hand it 
could go farther, so that the largest part of  the cheek regi on was formed 
by the fixed cheeks, while the free ones were rather short. During the 
following remigration backwards of the eye lobes the free cheeks again 
increased in s ize .  This explains why the larvce and the geologically older  
forms of  the Proparia have shorter free cheeks than the adults and the 
younger forms, and a lso the different development in  this respect in  the 
Pro- and Opisthoparia.  On this point it ought to be remarked that i n  
proparian forms, where the  gena! spines have disappeared, the  growth of  
the  free cheeks see  m s to  have  been  s tronger than in  forms with spines ; 
or perhaps they were never so much reduced in the former. The resul t  
of th is  is that in several of them the posterior branch of the facial suture 
cuts the border at or near the gena! angle. On the other hand i n  some 
spineless Opisthoparia the fixed cheek may have become so broad that 
here also the point of section is  at the gena! angle or even a l i ttle in 
front of it. Eecanse of  this it might often be difficult to decide whether 
forms which are devoid of spines belong to the one or the other of the 
two groups, i f  n o  related forms with spines are known. 

It appears as i f  the eyes were rather weakly developed in most 
Cambrian tri lobites, no  matter whether they were elongate or short. In 
yotmger trilobites, where they are not secondarily reduced, they seem to 
be better developed and often rather elongate, i f  not in comparison with 
the eyes of the Mesonacidce. In some of the Phacopidce for instance 
the eyes are Iong though of  a different shape than in  the Cambrian 
trilobi tes. To judge from the ontogeny of Dalmanites socialz"s they have, 
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however, originated from ancestors with short eyes situated near the an
terior margin o f  the cephalon (and probably also orig inal ly at  a great 
distance from the glabel la ) .  This is also confirmed by the fact that in 
the geologically younger and more highly developed members of  this 
family, the eyes are generally longer than in the older ones. 

In other cases the development might have been d ifferent. In same 
Iines of descent the eyes probably n ever were so much reduced or  so 
far removed from their original position, hut only grew better dev�loped, 
and i t  i s  often very difficu lt  to j udge which I ine the evolution has 
followed. In types with primari ly rather Iong eyes and in which the 
anterior parts of the fixed cheeks never were so very much reduced , the 
anterior branches o f  the facia l  sutures d iverge , and this must in this 
case be considered as a primit ive feature. But these parts of the sutures 
might have had about the same course in types which during the pro
gressive evolution have passed a stage where the eyes were smal l and 
situated near to the anterior and the lateral margins, later on increas ing in 
l ength at the same time as they remigrated doser to the glabel la and to 
the posterior margin. I f  not (as the conditions appear to have been in 
Acidaspis) the fixed cheeks i n  front of the eyes decreased in  width 
simultaneously with the remigration of the latter. I t  is ,  however, probable 
that  primari ly and secondari ly elongated eyes would be of a samewhat 
d ifferent shape ( in  the latter case m ost I ikely more curved), but in  some 
extreme cases i t  might be d i fficult  to decid e whether the cou rse of  the 
facia l  suture indicates a h igher or lesser degree o f  primitiveness. 

I f, then, it i s  not always possible to j udge from the relative s i ze of 
the free and fixed cheeks w hether a form is  more primitive than another, 
i t  is sti l l  conceivable that one might be guided by the relative size of 
the free cheeks in  different forms, provided that, as confirmed by the l arva! 
development, all trilobites orig inated from ancestors with narrow free  
cheeks, and that  the  increased growth of the  fixed cheeks, i n  connection 
with the altered posit ion of  the eye lobes, must not  necessarily have 
taken p lace at  the expense of the free ones ,  but that the whole of the 
cheek region might have become broader, the free cheeks having retained 
their original s ize or even increased when the eyes were better developed, 
s i nce their growth apparently i s  connected with the development of these. 

Th i s  last statement ,  though correct to a certain extent, must, 
however, be taken with some reservat ion ,  s ince this growth ev idently also 
depended on other causes. The width of  the  free cheeks in  most of  the 
Mesonacidce cannot very we i l  be due only to the degree o f  development 
o f  the eyes ,  which presurnably were rather im perfect ,  and the d ifference 
in  s i ze between the free and the fixed cheeks in comparison to other 
groups can just as l itt le be explained only by the different position of 
the eye lobes. One must presume that the width of the cheek region 
in this case is  an adaptation to a special mode of I i fe ,  and i s  so to speak 
of a more fortuitous nature. It i s  nearest to be cam pared to the develop-
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ment of the broad fringe in  such forms as Harpes and Trinucleus, though 
in the more primitive forms first mentioned no special fringe was deve
loped . In some of the Mesonacidce e .  g. Mesonascis, the cephalon and 
also the other parts o f  the body are narrower, which shows that the 
conditions in  this respect might vary among rather closely related forms, 
which moreover i s  exemplified i n  several other cases. In most of the 
Cheiruridce,  for instance, the free checks are rather !arge, but in such forms 
as Deiphon and Sphcerocoryphe, which presurnably were highly specialized 
for a planktonic mode of I ife, they are extrernely smal l ,  though the eyes 
seem to have been fai rly good. 

Because of the c i rcumstance that the free checks are so very nar
row in the larvce, one  need not expect to find among the normally developed 
adult trilobites forms in which the conditions are quite the same. In 
the former the segments of the thorax and the pygidium are also at first, 
as is well known, fewer than in  the adults, and though this indicates that 
the t rilobites have developed from ancestors with few body segments , 
this goes so far back in t ime that is impossible to expect that it could 
be seen in  the phylogenetic evolution after they had became trilobites. 
The case might, to a certain extent, be the same w i th regard to the free 
checks, but only to a certain extent, since their continued growth during 
the progressive evolution of  the tri lobites is exemplified in several instances. 
SWINNERTON ( 1 9 1 9, p. 1 09) has suggested that » the backward shift ing 
of  the eye duri ng  development has no phyletic significance, but i s  
mere ly associated with the cessation of the larva! planktonic mode of I i fe 
and the assumption of  the benthic habits of the adult » .  This suggest ion ,  
though rather attractive and probably applicable to some cases, does not, 
however, explain the fact that in  several phylogenetic series the eyes in  
the younger forms are situated more backwards than in  the older, or  the 
circumstance that the eyes are situated so far backwards in such forms 
as Acidaspis, which in other respects shows characters generally regarded 
as indicat ing planktonic habits; i n  consequence of  this it  does not seem 
acceptable . 

W hen attempting to give a natural class ification of the trilobites, the 
actual course of the facial s uture and the relative size o f  the free and 
fixed checks must not be too one-sidedly emphasized, as has been done 
by BEECHER. On  the contrary one must hear in mind that a great 
number of d ifferent eauses has swayed the evolution. 

The S u g g e s t i o n s  fo r a R e v i s e d  C l a s s i fi c a t i o n  of T r i lo b i t e s  
given b y  SWINNERTON ( 1 9 1  5 ) , though partly based o n  BEECHER's, d iffers 
from this in several respects and must be considered as decidedly better, 
even if it i s  not entirely satisfactory.  As a result of his researehes he 
has given the following table. The names M i c ro - ,  H e t e ro - and I s o
p y g o u s  are the names o f  some of GtrRICH's ( 1 907) suborders, which 
names SWINNERTON has adapted for describing the stages in  the p rocess 
of caudalization .  For the earlies t » Trilobites and Trilobite-like organisms 
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in which » ,  according to the l ast-narned author, » the absence of facial 
sutures is primary » ,  he considers that » the Order P r o t o p a r i a  may be 
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instituted » ( 1 9 1 5 ,  p. 493), which order apparently is not regarded as 
having the same classificatory value as the others, as it is based on a 
progress ive character. As i s  seen from the table, SWINNERTON rej ects 
BEECHER's order Hypoparia but keeps the two orders O p i s t h o p a r i a  
and P ro p a r i a . T o  the former h e  refers the same fami lies as BEECHER 
did and further the Calymenidce and the whole of · BEECHER's order 
Hypoparia excepting the fami ly Agnostidce, which, with some doubt, 
is referred to the Proparia .  As already mentioned, RAYJ\WND ( 1 9 1 7) has 
tried to show that the order Hypoparia ought to be  retained, since » it 
hardly seems that there is strong evidence .  at the present time for 
removing any of the families » ( referred to i t  by BEECHER) » from that 
order»  (p. 205 ) .  In a later paper ( 1 9 1 9) SwiNNERTON has met most of 
RAYMOND' s  arguments, and I agree with him that this  order is  not 
acceptable, and that the famil ies referred to it must be regarded as  de·  
generate Opisthoparia and Proparia . I also agree with SWINNERTON that, 
if BEECHER had »given more attention to the larvce of  the Mesonacidce, 
he  would never have insti tuted the division Hypoparia» ( 1 9 1 9, p .  1 09), · 
and one might add that probably he would no  more have done so, had 
he studied the larvce of other groups more closely, since they largely 
agree with the larvce of the Mesonacidce. 

According to the assumption that all known trilobites descended 
from forms which had true facial sutures, the order Protoparia can, of 
course, not be retained. With regard to the orders Opisthoparia and 
Proparia, as establ ished by BEECHER, SWINNERTON ( 1 9 1 5 ,  p .  488 )  
says tha t  they » are almost above reproach » ,  but  with regard to the  former 
he can hardly mean that i t  is a quite natural order, since he refers to it 
also those tri lobites with true facial sutures which he  supposes to be 
descendants of  the Mesonacidce, and sin ce he considers the sutures to be 
formed independently among these and among other trilobites. Truly 
this  objection cannot be appl ied i f  one does not assume this  to have 
been the case, but  at the same t ime the aspect of the question becomes 
different. The dissimilarity between the Opisthoparia and the Proparia is 
not to be found i n  the development of  the facial  sutures but i n  the 
question which of the two pairs of spines ,  with regard to the Mesonacidce 
cal led the gena! and intergenal spines ,  became dominant .  To j udge 
from the ontogeny of the Mesonacidce, the intergenal  ones were first 
developed ,  and  probably there have been forms which had both kinds 
rema ining more or less unreduced in  the adult . Evidently no such species 
have been found ,  since the forms which have been given the specific name 
Olenelloides armatus seem to have been l arvce. I t  does not appear 
probable, however, that all groups i n  which the gena! spines became 
dominant adopted this character at  the same time. On the contrary it 
seems more Iikely that the opisthoparian conditions were evolved inde
pendently and at different times. If  this was the case, there is no reason 
to regard the Proparia as a natural group in opposition to the Opisthoparia . 
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All  the different families referred t o  it d o  not, i n  other characters, show 
very great similarities to each other. If, all the same, on'e wishes to 
keep the divisions Opistho- and Proparia ,  which may be convenient, one 
must remember that probably they are not to be regarded as phylogenetic
al ly natural groups. 

As the first suborder of  the Opisthoparia SWINNERTON has estab
l iched the M e s o n a ci d a, to which he refers the famil ies Mesonacidce, 
Paradoxidce, Zacanthoidce and Remopleuridce, of  which the three latter are 
supposed to have descended from the former. The Mesonacidce comprises, 
as is weil known, the o ldest known trilobites, and represents with regard 
to most characters a very primitive group ,  which in several respccts 
differs from other tri lobites. The forms to which they offer the greatest 
resemblance are, as often remarked by different authors, Paradoxides, 
Zacanthoides, Redlicftia, Olenopsis, and Albertella. All these , however, have 
t rue facial  sutures, and cannot because of this, as pointed out  by KJER 
( 1 9 16) ,  be regardad as descendants from types in w hi ch the s u tures we re 
lost by fusion . 1  They p robably separated from the ancestral stock of  
the  Mesonacidce before the  sutures had disappeared . In Redlichia 
CoSSMANN (WALCOTT, 1 9 1 3 ,  Pis .  VII, XXIV) and Zacanthoides WALC . , 
(WALCOTT, 1 908, PI. III, 1 9 1 3 ,  PI .  XXIV) the eye lobes have the same 
shape and position as in the Mesonacidce, hut the anterior parts of 
the free cheeks are more reduced than is the case in Holmia and 
.Kjerulfia. In Redlichia the reduction has not proceecled very far. In 
Redlichia chinmsis WALC . (WALCOTT 1 9 1 3 ,  p .  1 04, Pis .  VII ,  XXIV} ,  which 
i s  the best known species, p robably of  Lower Cambrian age (Ib id . ,  p. 
104), the anterior branches are directed nearly straight outwards, and also 
in other characters i t is very primitive ; the glabel la  is elongate, tapering 
anteriorly, there are a great nu mber of thoracic segments, the 5 posterior 
ones with strong median spines ,  and the pygidium is very small and plate· 
l ike.  In a l l  these characters i t  shows resembl�nces with the Mesonacidce.  

Zacanthoides, of  the Middle Cambrian fauna ,  appears to be rather 
closely related to Redlichia though the glabel la is of more uniform breadth , 
the thorax consists o f  fewer segments, and the caudalization has proceecled 
farther, hut the pleurce of the pygidium are stil l produced into spines. 
There are generally short intergenal spines remaining in the adults .  Such have 
not been found in Redlichia, but this might be due to the defectiveness of 
the specimens, since, to judge from the figures, the posterior lateral parts of 
the cephalon are not preserved in an y of them. It does not seem im probable 
that Zacanthoides, which genus seeros to be geologically younger than Red
lichia, might have descended from this or  from some closely related form. 

SWINNERTON refers the early Middle Cambrian genus Albertella 
W ALC.  (W ALCOTT, 1 908) to the family Zacanthoidce (W ALCOTT has re
ferred both i t  and Zacanthoides to Paradoxidce) . In Albertella Boswo?'thi 

1 This presumptian is not made by SWJNNERTON, since he regards the absence of  
s utures in Mesonacid::e as primary. 
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W ALC. (WALCOTT, I go8, p. 22 ,  PI. I) the eye lo bes are somewhat shorter 
and situated a little farther away from the glabella and the posterior 
margin than in  Zacanthoides. In Albertella Helena WALC. ( Ibid . ,  p. 1 9 , 
PI. II) the shortening and removal of  the eye lobes have p roceecled 
considerably farther. In both species the glabella reaches to the anterior 
horder, whereas, at !east in most species of  Zacanthoides as in Redlichia, 
i t  is separated from this by a short preglabellar field . In Albertella the 
thorax only consists of  7 segments, the pleurce terminating in  short spines,  
those of  the 3d (Alb. Heleaa)  or 4th (Alb. Bosworthi) in longer spines.  
In Zacanthoides there are 9 thoracic segments al l  with comparatively Iong 
spines ; in the young of Zacanthoides idahoensis W ALC. (WALCOTT, 1 908, 
p. 26, PI .  III) the spines of the 3d segment are also more extended 
than those of the others, a character which has d isappeared in the adult. 
In Albertella as in Zacmzthoides there is  a rounded elongate tubercle in 
the inner end of  the pleural furrow. In the pygidium of  the latter genus 
all the pleur::e are produced into spines, as has already been mentioned. 
In Albertella there is only one pair of pygidial spines, and the border of 
the posterior part of the pygidium is smooth. It seems as i f  Albertella 
in most characters was l ess primitive than Zacanthoides, and since it is  
found in older strata , one cannot presume either of the two genera to have 
descended from the other. Since they show so many similarities, it is 
probable that they bad the same origin from a Redlichia-lik.e ancestor, 
and that the Albertella I ine at an early stage was specialized in some 
directions, while Zacanthoides remained more primitive .  Albertella Bosworthi 
might be  regarded as representing a stage intermediate between Zacanthoz"des 
and Albertella Helma. 

RAYMOND ( r 9 1 3) refers Albertella to the family Ceratopygidce, evi
dently on account of the pygidium of Ceratopyge also having a pair of 
eaudal spines. Bu t since such spines are also found in several other trilobites 
of different groups,  this .need not prove that the two genera are very 
closely related,  especially as they disagree in some other characters, even 
i f  it is not inconceivable that the latter genus might have descended 
from an Albertella -lik.e ancestor in which the  nu m ber  of  thoracic segments 
was greater than in  Albertella, since at !east in Ceratopyge canadensis W ALC. 
(WALCOTT, 1 9 1 2b, p .  2 3 3 ,  PI .  XXXV) the thorax consists of  r o  segments. 

In the adult Paradoxides the eye lobes are, as a rule, comparatively 
short and somewhat removed from the glabella and the posteri or margin 
of the cephalon,  but in the l arvce their anterior ends reach close to the 
glabella, though always distinctly separated from it, and their hindmost 
parts nearly attain to the posterior horder. The anterior branches of  the 
facial sutures are also in the larvce genera l ly directed more outwards than 
in the adult ,  their course being about the same as in the adult Zacanthoides. 
In this respects Par. rugulosus CORDA (BARRANDE, 1 8 52 ,  Pis. IX, XIII), 
Par. Hicksii SALT. (SALTER and HICKS, r 86g , PI. III, LINNARSSON, r 882 ,  
PI .  III) and some all ied forms seem to be more primitive than other 
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species o f  thi s  genus. (Cf. RAYMOND, 1 9 1 4  a ,  ps .  2 3 5 ,  241 ) . I n  the al l ied 
genus Centropleura ANG. (Anopolenus SALT. )  (ANG ELIN , 1 878 ,  PI . III, 
HrcKS, 1 865 ,  p .  48 1 ,  1 872 .  PI .  VII) the eye lobes are also very Iong and 
the anterior branches of the facial sutures directed nearly straight outwards .  
In  the larva! of Paradoxides the intergenal spines are developed, but 
have disappeared in the adult , and the pleural spines of  the two anterior 
thoracic segments,  expecial ly those of the 2d, are larger in the larva! 
and the young . ind ividuals. As seen from what is stated above, and 
which coul d  be further exemplified, Paradoxides and Zacanthoides agree in 
several characters. There are, however, also several dissimil arit ies. The 
frontal  lobe of  the former is  always very broad , a character which is 
pronounced already in the earlier l arva!, the thorax consists of several 
more segments etc. The two genera can hardly be regarded as very 
close relations, but it seems probable that Paradoxides as weil as Zaca1l
thoides and Albertella descended from a Redlichia-l ike ancestor. 

I t is  conceivable that Olenopsis BORN. ( BORNEMANN I 891 ) ca me 
from the same stock. With regard to the  construction of the  thorax and 
the pygidium i t  agrees rather closely with Redlichia. At !east i n  some 
species the form of  the glabella i s  about the same as in this genus, but 
the eye lobes are considerably shorter, and in connection with this 
the fixed cheeks have increased in width, and the anterior branches of 
the facial sutures are directed more forwards. The reduction of the eyes has, 
however, proceecled to a very different extent in d ifferent species. In 01. 
Zoppii MENEGH. (MENEGHINI, 1 888 ,  BORNEMANN, 1 89 1 ,  Pis. XXXVI, XL, 
WALCOTT, 1 9 1 2  c ,  PI . XXXVI) and Ol. Bornemanni MENEGH . (MENEGHINI, 
1 888 ,  BORNEMANN, 1 89 1 ,  Pi s .  XXXV, XXXVI, XL) they are sti l l  st i l l  rather 
elongate and situatad comparatively close to the glabella. In 01. Roddyi 
WALC . (WALCOTT, 1 9 1 2  c, PI . XXXVI) they are much shorter and 
situated at a great distance from i t .  In the larva! and young specimens 
figured by BoRNEMANN ( 1 89 1 ,  PI .  XXXV) , of  which at !east some probably 
belong to Ol. Zoppii or Bornemamzi, the eye lobes are more elongate 
than in the adult of these species.

' 
Another primitive character of this 

genus is that the segmentatian of  the lateral parts of the cephalon is 
distincly ind icated in the larva! even on the nepionic stages. 

POMPECKJ ( I go r )  considered it probable that Olenopsis was derived 
from Paradoxides; WALCOTT ( 1 9 1 2  c) thinks it more I ikely that it i s  » a  
form i ntermediate between Holmia ( restricted)  and Paradoxides, o r  that 
the two genera are descendent from the Holmia typ e of the Mesonacid<l!» , 
since there does not appear to be any evidence that Olenopsis occurs 
in younger formations than Paradoxides, but on the contrary is found 
below the harizon of the Middle  Cambrian or at the base of  th is  in  
America. The age of  the  beds  in which the genus i s  found i n  Sardinia 
does not seem to be quite clearly made out ,  but W ALCOTT thinks it pro
bable that they are beneath the Middle Cambrian Paradoxides beds. 

With regard to the shape of the glabel la Holmia seerus to be more 
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specialized than Olmopsis. And as there are true facial sutures in the 
latter, i t  cannot be regarded as descendent from any of  the Mesonacida:: . 
The reduction of the eyes has proceecled farther than in Paradoxidts. 
In other characters it is not more like this latter genus than Redlichia 
is , except per ha ps  t hat in  som e forms ( O  l. longispinatus BORN.) the 
pleural spines of  the hindmost thoracic segment are more extended 
than the others, as is also the case in som e of  the Paradoxida::. M ATTHEW 
( 1 899) has campared Olenopsis to Protolenus MATTH . The possible 
relationship of  these two genera will be  further discussed below. 

The Remopleurida:: have general ly been considered as related to the 
Paradoxidce on account of the form and position of their eye lobes, their 
comparatively wide free cheeks, the small thoracic pleur<e and the telson
like pygid ium.  As mentioned above SWINNERTON derives them also from 
the Mesonacida!. With regard to the eyes they are, as is weil known, 
s ituated quite close to the glabella, only separated from it by the narrow 
palpebral lobes. This is not the case either in Mesonacida:: or in Para
doxida:: . And evidently the position as wel-1 as the shape and targeness 
of the eyes, here as  in Aeglina, is  due to the adaptation to nocturnal 
habits, which is also pointed out by the author just mentioned. The 
free cheeks of the Remopleurida:: , especially in the genus Caphyra BARR. 
(Remopleurides radians BARR. and all ied species) are very different from 
those in Paradoxida:: and Mesonacida:: . The thorax, at !east in some 
genera of  the latter family, e . g .  Holmia and Kjeruljia (Cf. KJER, 1 9 1 6, 
p. 79) shows in the articulation of  the segments some correspondence 
with Remopleurides ( s .  str. ) .  In the latter there is sometimes (R. laterz'
spinifer PORTL. }  a pair o f  extended pleural spines, but they never belong 
to the 2d segment, as in some of the young Paradoxides, or to the 3d, 
as i n  Zacanthoides, Albertella, and some of  the Mesonacid<e, bu t to the 7th. 
In R. dorsospinifer PoRTL.  the 8th thoracic ring has a Iong median 
spine, and such spines are, as is wei l kno wn , also found on the thoracic 
rings of  some of the other forms j ust mentioned .  But since thoracic spines 
occur among other groups of  trilobites, this character need not be taken 
as a proof of a close relationship between the forms concerned. The 
pygidia of Caphyra and Remopleurides (s. str. ) are rather unlike each 
other, and, except thei r being small , neither of the two types are s imi lar 
to the pygidia  o f  the other fami l ies here in question .  

If, on the one hand,  there does not seem to be much that indicates a 
close relationship between these and the Remopleurida:: , there are on the 
other hand several things which speak against such a presumption. Apart 
from what has j ust been pointed out,  the following characters, in whi ch 
the l atter f ami ly differs from the former, might be mentioned : the com
paratively small number of body segments, the quite d ifferently·shaped 
glabella, and especially the complete reduction of the rostrum,  the increasing 
and fusion of the free cheeks, and the differently-shaped hypostoma.  

HADDING ( 1 9 1 3 )  has pointed out  the close correspondence in several 
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characters between Remopleurides (s. lat . ) , Aeglina and  Telephus. To a 
great extent these are probably due to the adaptation to the same mode 
of I i fe ,  but  possibly some of  them might depend on a near relation
ship. With regard to forms thus specialized for a certain habit, i t  does 
not, wi th o ur  present · knowledge, see m to be possible to form a decided 
opinion about their relation to other groups .  As to their mutual relat ion, 
I agree with RADDING that each of  these genera must be regarded as re
presenting a family. Thi s question as well as the one regard ing the relation 
between the Remopleuridce and Apatoceplwlus w il! be further discussed below. 

To his seeond suborder, C o n o c o ry p h i d a, SWINNERTON refers the vast 
majority of other opisthoparian families .  Among these he regards Cono
coryphidce ( Conocoryplze, Ctenocephalus, and Atops) as the most primi tive; 
al l  the others he derives from a Conocoryphid-l ike stock. Also the sub
o rders T r i n u c l e i d a  and O d o n t o p l e u r i d a  he apparently believes to have 
originated fro m  the same stock, though , on account of the absence of  
connecting ! i nks ,  he thinks i t necessary to re fer them to special suborders. 
He ( 1 9 1 5 ,  p. 5 39)  quotes BEECHER ( 1 897 ,  p. 1 9 1 ) in saying that » from a 
phylogenetic standpoint the family Conocoryphidce is at the base of  this 
extensive order» (Opisthoparia) ,  and continues : » Its narrow marginal free 
cheeks, the diminution anteriorly and clearly marked segmentatian of its 
gl abella ,  the presence of eyelines ,  the great number of  free segments, the 
m icropygous  cond ition, all ind icate its primitive character. » With regard 
to the character first mentioned , to which BEECHER evidently attached 
the greatest importance, it is  p robably secondary and due to the fact 
that all the Conocoryphidce are blind, since , as pointed out above, in 
many higher tri lobites also the free cheeks have been reduced simultan
eously with the eyes. BEECHER apparently regarded the blindoess of 
the Conocoryphidce as pr imary, whereas SWINNERTON considers » the 
absence of eyes » as » probably secondary» (p .  496), but he has evidently 
not thought o f  putting the narrowness of the free cheeks in connection 
with the reduction of the eyes, at !east not in the paper of 1 9 1 5 j ust 
quoted . 1  Otherwise the genus concerned ,  though undoubtedly a primitive 
form, does not seem to be more so than several other Cambrian trilobites 
(outside of the Mesonacidce) . That i t  is  not advisable to start from a 
secondarily reduced form, when attempting to establish a natural classi
fication ,  is evident. 

Just because SWINNERTON considered all the Opisthoparia, except 
the Mesonacida, to have orig inated from a Conocorypbid-like stock 
descendent from a Nathorstza-like ancestor, the chasm between these and 
the Mesonacida becomes,  according to bis opinion,  so great, much greater 
than i t  seems to have been . One might say that Albertella and 
Olmopsis, \vi th regard to several cbaracters, represent intermediate forms 
between this latter suborder and other Opisthoparia, and that tbey i l lu-

1 As to the explanation of the nature of the suture in this genus stiggested by l1 im 
in 1 9 1 9, see above (p . 44). 
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strate stages in the progressive evolution of these. Neither does it seem 
improbable that several of  these originated from the same ancestral stocks 
to which Albertella and Olenopsz's respectively belonged. In both genera 
the shortening and the removal of the eye lobes from the glabella and 
the posterior margin of  the cephalon have proceecled comparative ly far. 
In  the former the p rocess of caudalization has also gone rather far, and 
the number of  thoracic segments is reduced to such a high degree that 
the genus, in this respect, must be regarded as more speciali zed than 
several younger genera. 

MATTHEW ( 1 899) thinks i t  I ikely that Olenopsis, especially Ol. Zoppi, 
is closely related to Protolenus, and only represents a higher stage of  
development of  this genus. POMPECKJ ( 1 90 1 )  and WALCOTT ( 1 9 1 2  c) 
reject  MATTHEw's conception , and I agree with them that it does not 
seem probable that there existed a close relationship between the two 
genera. In Protolenus the eye lobes are very Iong, situated a t  a great 
d istance from the glabella, thei r posterior ends reach ing to the posterior 
border furrows. The parts of  the fixed cheeks (only comprising the poste
rior horders) behind the eye lobes do not reach farther outwards than 
they, and the free cheeks are narrow. In the species of  Olenopsis which 
have elongate eye lobes, the portions of the fixed cheeks w ithin them 
are narrow, the portions behind them extended rather far outwards and 
the free cheeks wide. The position and di rection of  the parts formed by 
the eye ridges + eye lobes in the former genus are about the same as those 
of  the lateral parts of  the la rval ridge in the protaspis of Elliptocephala .  
If  the foremost parts of  the eyes in the ancestors of Profolenus original ly 
reached close to the glabella, which is presumable, i t  is probable that 
the inner anterior portions of them were reduced at such an  early stage 
of  the phylogeneti c evolution  that the posterior portions never had 
grown close to the glabel la (i . e .  that the eyes had not yet got their 
ideal adj ustment) or the posterior parts of the fixed cheeks past the 
eye lobes. This indicates that the Proto/mus I ine separated from the 
Mesonacid;e -Redlichia I ine at  a very early period.  I t  i s  also confirmed 
by the fact that there are forms corresponding to Profolenus with regard 
to these characters which occur in still older strata, viz. some of the 
Ell ipsocephalidce. According  to the I ine o f  development which K]ER 
( I 9 1 6) has demonstrated in this family, the younger genus  Ellipsocephalus 
ZENKER is derived from the older Strenuella MATTH. The same author 
(Ibid . ,  p. 54) suggests that Proto/mus might be connected with primitive 
forms of the Strenuella group, which seems very l ikely. 

SwiNNERTON considers Protolenus to l ie at the base of one offshoot 
of  trilobites, » to which the family name of  Olenidce (s .  str. ) should be 
strictly l imited "  ( 1 9 1 5 ,  p. 5 40} ,  and he refers to it the genera which PERs 
SON ( 1 904) a nd LAKE ( 1 908) have grouped in to the Continuce, Abruptce , 
and Inermes. Ptychoparia he regards as the basal type of  another group ,  
family Ptychoparidce,  which according to h im includes the  genera Ptycho-
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paria, Protypus, Euloma, Sao, Triarthrus, Liostracus, Bavarilla, and Ne
seuretus. The restriction of  the family Olenid<e seems to be justifiable, 
except that Triarth1'US most I ikely ought rather to be referred to it than 
to Ptychoparid<e. Whether all the other genera included in  the latter 
family really belong here, appears doubtful .  According to REED ( 1 9 1 8 , 
p .  3 1 9) it seems as if »Neseurdus must be regarded as a composite and 
heterogeneous assemblage of species » ,  and had �no right to be retained 
as a separate generic designation )) .  With regard to Protypus, its relation 
to the others seems doubtful .  

SWINNERTON presumes that Profolenus and Pt;;c/zoparia arose from 
the same (Conocoryphid-like) stock, and that the two genera had fol lowed 
d ifferent Iines of  development. The chief  characters in which the l atter 
d iffers from the former, are that the eye lobes are shorter and situated farther 
away from the posterior m argin, that the outline of the cephalon is semicir
cular (in Protolenus i t  i s  short and wide, and of  a more tetragonal out
line ) ,  and the posterior branches of  the facial sutures are directed more out
wards, cutting the posterior  margin of the cephalon j ust inside the gena] 
spines . In most of  these characters and also with regard to the form of 
the glabella and the course of the anterior branches of  the facial sutures, 
Ptychoparia shows more likeness to Olenopsis than Protolenus does. It 
does not seem improbable that i t originated from the Redlichia- Olenopsis 
stock though it is a narrower form. 

If the Olenid<e real ly originated from Protole1Zus- I ike forms, which , 
however, does not seem quite certain, they and the Ptychoparid<e presurn
ably separated at a very early period. That the two families resemble 
each other in several characters might be due to parallel development;  
there are moreover several  diss imilarities. In the latter the thoracic pleurre 
are not spinose, as is generally the case in the former family, and in 
Ptychoparia the caudalization has proceecled farther than among the 
0\enid<e. In the latter the eye lobes a re very small and situated far 
forwards,  i n  most of them at a considerable distance from the glabella, 
hut in some, generally younger forms, they have moved close to it .  But even 
in such forms where the eye lobes lie rather far from the glabel la ,  
the reduction of  the rostrum and of  the anterior parts of  the fixed cheeks 
seems to have proceecled very far, the corresponding parts of the free 
cheeks have increased in size , and in several genera their foremost por
tions meet each other in  front of the glabella at the dorsal s ide of the 
cephalon .  It has evidently not been observed whether in other genera 
where the anterior branches of the facial  sutures cut the anterior border 
at a relatively great distance from each other, the doublures of the free 
cheeks meet or not. To j udge from the free cheeks figured, this generally 
seems not to have been the case, since the doublure most o ften is only 
slightly more extended than the rest of the free cheeks ; possibly it might 
have been broken off, hut i t  does not seem improbable that the condi
tians were different in different genera ,  viz. that the reduction of the 
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rostrum had proceecled unequally. It is  not known how Profolenus stood 
in this respect, but, to judge from the specimens figured , i t  appears as 
most probable that it had a rostrum of about the same width as the anterior 
part of the cran idium 

In the Ptychoparid;:e the shorten ing o f  the eye lobes has not 
proceecled as far as i n  the Olenid<e in  general ,  and at !east i n  Ptychoparia 
striata ( text·fig . 1 2  c) there i s  a broad rostrum ,  which, however, is nar
rower than the anterior part of the cran id ium.  In  some other species 

. belonging to this genus the foremost portions of  the dorsal parts of  the 
free cheeks have extended rather far inwards, but in  no case, e i ther i n  
this genus or  i n  others referable to this family, are they known to 
meet, which makes it seem probable that, as a rule, the rostrum was 
developed.  Generally the glabella tapers anteriorly, whereas it is more 
paral lel ·s ided in the Olen id<e.  In this respect Triarthrus is more like the 
latter and also with regard to the fact  that the rostrum seems to be 
completely reduced to judge from the figures of the ventraJ  s ide of  Tr. 
Becki and from LAKE's ( 1 9 1 3 , p. 70) assumption that t he facial suture i n  
T r .  shinetonensis RA w. is p robably marginal  in front .  That in several other 
respects also Triarthrus much resembles some of the Olenid<e cC:n
firms  the  concept ion that  i t  is more closely related to these than to the  
Ptychopar id<e.  

SWINNERTON regards i t  as p robable that the Proeti d<e have ari sen 
from an Olen id stock. BEECHER ( 1 897) derives t hem from Are/husina 
BARR. (Aulacopleura CoRDA ) ,  which sometimes has been referred to 
Proetid<e, sometimes (e. g .  by RAYMOND ,  1 9 1 3  a ) to Olenid<e. In Arethusina 
as in the Olenid<e the eye lobes are short and situated far forwards, the 
eye ridges are d istinct ,  the number o f  thoracic segmen ts is great, and the 
pygidium smal l .  The pleurce, however, ha ve  straight furrows, not obl ique 
ones as in the Olen id<e ,  and are not  sp i nose. The preg l abe l lar  field i s  
considerably longer than in these, where i t  generally is very short or 
where , in  some forms, the  g labella reaches close to the anterior  border .  
The glabel la tapers anteriorly, and the anterior branches of the facial 
sutures are more divergent than i s  general ly the case among the 
Olenid<e.  In some of  these characters it resembles the Ptychoparidce more 
than the Olenid;:e. I f  i t  rea l ly came from the same stock as the latter ,  
i t  must have separated from them at a very e'arly stage,  and it does not 
at any rate seem justifiable to refer Arethusina to  the Olen idce .  

Neither does  i t  seem correct to refer i t  to the  Proetid <e on account 
of the different shape and posit ion of the eye lobes ,  or on accoun t of  
the d ifferent course of the  facial sutures connected w i th  these. In  t h ese 
characters it  agrees m ore or less with Cyphaspis and also w i th regard to 
the shape and lobation of the glabel la ,  and the construction o f  t he  
thoracic segments and of the  pygid ium.  In  the  l atter genus, however, the 
eye ridges, as a ru le ,  have d isappeared , and the  eye lobes moved fart her  
backwards, the number of thoracic segments  i s  less , the pyg i d ium gener-
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ally consists of more segments, the hypostoma is rather different and 
the preglabellar field often shorter. OEHLERT (I  886) has excluded bot h 
Arethusina and Cyphaspis from the Proetidce, and regards the former as a 
» Cyphaspis chez lequel tous les characteres se sont exageres » .  It seeros 
as i f  the two genera mfght be brought together, at !east p rovisionally, 
and Arethusina be regarded as a primitive ruerober of the family Cyph
aspidce. In Cyphaspis as weil as in  the Proetidce (s. str. ) there is a 
rostrum .  The chief d ifferences between the two famil ies are that in the 
latter the eye lobes are elongate and situated close to the glabella and 
the posterior margin of the cephalon ,  the posterior branches of  the facial 
sutures cut the posterior margin farther from the gena! angles, and the 
thorax consists of fewer segments (8- 1 0) .  Their number is, however, 
rather varying among the Cyphaspidce ; in Arethusina there are 22 ,  in 
Cyph . Halli BARR. I 7 , and in  Cyph. Barrandei CoRDA only I 1 .  The 
two families, however, resemble each other in  so many respects that they 
must be regarded as close!y all ied. It is quite conceivable ·that the 
elongate eyes in the Proetidce developed from short eyes of  about the 
same type as those in Cyphaspis ; there are also som e Proetidce, e .  g. 
Pr. ( Phaet. ) striatus BARR . , which have comparatively short eyes. That 
the eye lobes i n  Cyphaspis are situated at such a great d i stance from the 
glabel la ,  might probably be put in connection with the convexity of the 
cheeks, since of course the eyes must l ie  either on their highest parts or 
on  thei r outer s lope.  As OEHLERT ( I 886, p .  I 23) has pointed out , Are
thusina has many points of resemblance with Harpes. Otherwise it seems 
d ifficu l t  to find any connections between the fami l ies Proetidce and Cyph
aspidce and other groups of trilobites. 

SWINNERTON i s  of the opinion that the fami ly .Oryctocephalidce 
» must be regarded as a separate branch of the same»  (Olenid) » stock, a 
branch i n  which caudalization began early and rapidly reached  its acme » 
( I 9 I 5 ,  p. 5 4 I ) .  This is not qui te inconceivable, but it seeros to be more 
natural to look for their ancestors among Albertel/a-like forms. To the 
family in question RAYMOND ( I 9 I 3  a )  has referred the genera Oryctocephalus 
WALC . ,  Zacanthoides W ALC. ,  O!enoides MEEK, and Neolenus MATTH .. Dory
pyge DAMES, which genus by some scientists (GRÖNWALL, I 902) has been 
consi dered as congeneric to Olenoides, also belongs here. The genus 
Vanuxemella WALC . WALCOTT { I 9 I 6) has a lso referred to this fami ly 
and pointed out that i t  » has some features suggesting Albertella» .  
With the exception o f  ZacantJwides, which i n  several respects shows different 
and more primitive characters, a l l  these genera seem to constitute a very 
natura l  group, which in many featu res reserobles Albertella, or  shows a 
samewhat h igher stage of development. The glabella i s  wide, generally 
expanded i n  front ,  its fur rovvs do not contiime across, but are more or 
less strong! y mar ked, in som e c ase s (e .  g. species of Neolenus) t here is 
a pair of fu rrows djvid ing the frontal lobe as in  Alb. Helma. The eye 
ridges are developed ,  and the eye lobes reach comparatively near to the 
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glabella and to the posterior margin of the cephalon. With regarrl to 
this character most of the genera concerned have, however, reached a 
higher degree o f  development than Albertella. There are 7 thoracic seg
ments, except in Vanuxemella which has only 4, but according to WAL
COTT ( 1 9 1 6, p .  2 2 1 ) i n  this genus 3 » otherwise true thoracic segments» 
have fused w i th the pydigium.  Axial rings, as i n  Albertella and Zacantltoi
des, with median tuberdes or short spines. Pleurce more or less strongly 
spinose. Pygidium comparatively !arge, formed by a varying number of 
segments (sometimes their number varies much in the same genus, e. g .  
Neolenus) . One or several pai rs o f  the  pygidial p leurce extended into 
spines. The hypostoma, as far as i t  i s  known, is  also rather l ike that of 
Albertella, and possibly this genus ought to be included in the family in 
question on  account o f  its many similarities with the genera referred to 
it .  Zacanthoides, on the other hand, can hardly be regarded as belonging 
to the Oryctocephalidce, since in several characters it differs so much 
from them. At  any rate i t  seems j ust ifiable to presume that the Orycto
cephalidce and Albertella were closely all ied. 

As po inted out  by WALCOTT ( 1 9 1 6) , the Oryctocephalidce appear 
to stand close to the fam i ly Corynexochoidce, to which he refers the 
Lower and Middle Camb.rian genera Corynexochus ANG. , Dolichometopus 
ANG . ,  and Bathyuriscus MEEK, and which according to him (p .  308) h as, 
among others, the fol lowing characters. » Glabel la  usually expanded an
teriorly and with only narrow limb and border in front .  Eyes of medium 
to !arge size, with strong palpebral lobe and with palpebral (ocular) ridge 
erossing fixed cheek. Thorax with 7 to I I segments» . » Pygidium more 
or less strongly ribbed » .  The form of the glabel la ,  the size and the 
posi t ion of  the eye lobes vary much even inside the same genus, but 
there are transition forms and a lso such forms which in these characters 
a re s im i lar to some of the Orycthocephal idce. In Dolichometopus and 
Bathyuriscus there is a short median spine or tubercle on each thoracic 
axial ring. The pleural furrows are broad, and, in some species of the 
two genera last men tioned, there is an elongate triangular ridge extending 
from the axis and out into the pleural furrows, as in Albertella and Zacan
tlzoides. The thoracic pleurce of Corynexoclzus are more like those of  
Dorypyge. The pygidi um consists of a varying number  of segments ,  the 
p leura l  furrows are more or less strongly marked ,  the margin is generally 
smooth , but i n  some species there is one or more pai rs of pleural spines 
(see WALCOTT, 1 9 1 6, Pis .  XLVII, LV, LVI and LVII) . The hypostoma 
recalls that of the Oryctocephal idce. The forms and lobation of the 
glabel la ,  the eye lobes and the course of  the facial sutu res in some species 
of Bathyuriscus and the Iong eye lobes in Dolicltometopus show more 
resemblance to Zacanthoides than to the Oryctocephal idce.  WALCOTT's 
( 1 9 1 6, p .  308) presuroption that the three genera might h ave arisen from 
the same early Lower Cambrian ancestor seems acceptable ,  and it appears 
probable that it belonged to a Zacanthoid.Jike stock, that Albertella and  the 
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Oryctocephal id� originated from the same or from closely a l l i ed forms, 
and that the Corynexochoid� separated from the Oryctocephalid� Iine at 
an earl ier period than A!bertel!a. 

From the Ptychoparid� SwiNNERTON derives several fami l ies, v iz .  
Solenopleurid�,  Dikelocephalid�, Bathyurid�, Asaphid�, and Il l�nid�, 
which three l atter he regards as belonging to the same I ine ,  and further 
the more d istant ly related Calymenid� and Homalonotid�. 

Of these the Solenopleurid� appear to be closely al l ied to the Ptycho
parid� .  They differ ch iefly in  having a shorter glabel la ,  which, l ike the 
whole of the cephalon, is more convex and situated doser to the anterior 
border. The eyes are generally short and the free cheeks wide .  

SWINNERTON ( 1 9 1 5 ,  p .  542)  agrees with RAYMOND ( 1 9 1 1 )  in  t racing 
» the main I ines of Asaphid development » back to Ogygopsis WALC. o f  
the M iddle Cambrian , a n d  considers that t h e  strong resemblance between 
the young of th i s  genus and Batftyuriscus (as pointed out by WOOD WARD, 
1 902) » proves the Bathyurid� to be an early offshoot of the ancestral 
Asaphid stock » ,  which he thinks p robably must » be Jooked for among 
the Ptychoparid�. for Batft)'ttriscus d iffers from the l atter only in the 
clegree of  progressive development » .  It seems, however, to be more j ust i 
fiable to re fer the last-narned genus to the Corynexochoid� than to the 
family Bathyurid�, since in so many respects it differs from the other 
genera referred to this family,  and as I have j ust tr ied to show , i t  appears 
probable that the Corynexochoid� belong to the same stock as  the Orycto
cephal id�, viz. the Zacantftoides-Alberte!!a stock. From the Ptychoparid� 
Batlzyuriscus differs i n  several  characters, a s  for instance i n  the form and 
lobat ion of the glabella, the absence of  a preglabel lar field, the form and 
position of the eye lobes, the course of the anterior branches of  the 
faci al sutures, the construction of  the thoracic segments, and the tendency 
to spinosity both i n  the thorax an d in  the pygidium. In several of these 
characters Batftyuriscus seems to be more primit ive than the Ptychoparidce.  

Whether Ogygopsis is closely related to Batftyuriscus or even has  
the same origin ,  i s  d i fficult to say .  It is true that  there are  many points 
o f  resemblance, but o n  the other hand there are also m any d issimilarit ies ,  
as has also been pointed out  by 'vVOODWARD. Further it does not seem 
appropriate to refer Ogygopsis to the fami ly Asaphid�. One of  the 
characteristics of  this family is ,  as i s  well known,  the absence of  a rostrum,  
whereas it appears as i f  Ogygopsis had a comparatively broad one ,  to  
judge from the figut·e given by WALCOTT ( 1 9 1 6, P I .  LXVI, fig .  I b) of  
a hypostoma p robably belonging to  Ogygopsis k!otzi ROMING. which 
is connected with a plate that must be the rostrum .  It i s  true that the 
Asaphid� must be regarded as descendants from ancestors whi ch bad a 
rostrum,  but also with regard to other characters Ogygopsis differs from 
them .  A part from the d ifference in  the glabella ,  the different shape and 
posit ion  o f  the eye lobes, and the development of  eye ridges , which a l l  
might be  regarded as more primiti ve features, the  pleural furrows i n  

5 - 1 92ss . Bull. of Geol. Vol. X VII. 
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Ogygopsis are broad and comparatively straight, and in the Asaphida= 
narrow and oblique, the axis o f  the pygid i um does not taper  so strongly 
posterim·ly in the former, and ,  to j udge from the figures ,  it seerus as i f  
t he  doublure both of  the  cephalon and of the  pygidium was  considerably 
narrower.  It is, of course, not preclu ded that the Asaphidze arose from Ogy· 
gopsis-like ancestors, hut there is notb ing to prove that t his was the case.  

The Cambrian genus Asaplziscus MEEK has al so · been referred to the 
Asaphid;e (e .  g .  by BEECHER, 1 897,  p .  1 93 ,  and by WALCOTT, 1 9 1 6, p .  
37 5 ) . In several characters i t reminels on e of the true Asaphidx, espe·  
c ia l ly with regard to  the !arge pygid ium, which , however, evidently is 
formed by a less number of  segments ,  and s ince there i s  only one thoracic 
segment more (at !east in  the more typical species) , this cannot only be 
due to the fact that the process of caudalization has not proceecled s o  
far i n  the older genus as i n  the yotmger ones. The construction · o f the 
thoracic segments seerus to be about the same, and also the course of  the 
fac ia l  sutures ,  apart from what depends on the c ircumstance of  the eye 
lobes being situated farther away from the  gl abella in the older genus and 
on its probably having a rostrum .  Other characteristics to be mentioned 
here are that the cephalon of  Asaphiscus is surrou nded by a strongly 
a nd  clear ly defined horder, the glabel la convex, conical in out l ine ,  strongly 
defined from the cheeks and from the  comparatively Iong preglabel lar 
field,  and the hypostoma rounded behind.  The rostrum is  not figured or 
ment ioned i n  the descript ions, hut probably i t  was developed. At al l 
events the genus i n  question seems to d iffer so much from the true 
Asaphidze that i t  ought not to be  referred to the same family ; possib ly 
i t  might  have ori ginated from the same stock. That  the pygidia resemble 
each other need not prove anything in this respect, s ince the same 
type of pygidium is  found in many other forms evidently belonging to 
d ifferent groups .  

The same tendency towards the rap id  reduct ion o f  the rostrum and 
o f  the foremost part  of  the  cran id ium,  independent of  the changes i n  the 
parts behind ,  i s  found  i n  Olenid<e and Asaphidce, hu t  with regard to 
other  characters the s im ilarity i s  not great, and the relation between the 
latter and other fam i l ies  seerus on the who le  to be very difficult to decide .  

The Illa=nida= are generally considered as relat ions, or even as descen
dants of the Asaphidce,  but they d i ffer from them in  several characters, as 
for instance i n  the development of  a rostrum,  in  the shape of  the hypo
stoma,  and  i n  the number and construct ion of  the thoracic segm ents. 'With 
regard to some characters there are species o f  Dolicltometopus which 
resemble the I l lcen idze rather closely. The form of  the hypostoma is about 
the same, and the I l la=nid pygidium mi ght concei vably have developed 
from that of DolicJtometopus, where in  some species it chiefly d iffers from 
that of  Illamus i n  hav ing a more e longate and more strongly defined axis .  
The form and number of  the thoracic segments, however, are d ifferent ,  
and a lso  the cephalon shows several dissimilarit ies . 
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The Bathyurid<e have also been regarded as rather closely a l l ied to 
the Asaph idce ( th is i s ,  as j ust mentioned, SwiNNERTON 's opin ion) ,  which 
on account of the correspondence of  severa l characters does not  seem 
im probable , though the con necting ! i nks are want ing . WALCOTT ( 1 9 1 6 , 
p. 308 ) regards � the Bathyu ridce as an o ffshoot from some Bathyurisms
l i ke ancestors i n  late Cambrian or e a� ly post -Cambrian t ime » . 

As ment ioned above, SWINNERTON deri ves also the fam i ly  Dikelo 
cephal i dce ( to which he re fe rs Crt'picephalus O vVEN and Dikdouphalus 
O WEN ) from the Ptychoparid stock , cb iefly on account of the resemblance 
in  the construction o f  the cephalon of the former and of Ptychoparia striata .  
WALCOTT ( 1 9 1 4) has el iminated Crt'jJicephalus from the Dikelocephal idce,  
and i n  a l ater paper ( 1 9 1 6) referred i t  to the fam i ly  Ceratopyg i dx . 
From Caatopyge CoRDA i t  d i ffers, however, considerably in the form of  
the glabella ,  whereas there  are  greater sim i l ari t ies in  t he  pos i t i on  o f  the 
eye lobes ,  the course of  the facia l  sutures, and  the fonn of the pyg id ium . 
It seems doubtfu l ,  though , whether the two genera are real ly close ly 
related to each o ther . The relat ionsh ip  between Crt'picephalus and th e 
Ptychoparidce appears more accep table .  The greatest d i fferences are that 
i n  the former the postero · latera l  marg i n  of  the pyg id ium extends back
wards on each side in a shorter or  longer spi ne ,  and that the p leur� 
general ly have a more or less strongly marked backward d irect ion . In 
these respects Cupicephalus agrees to a certain extent with some species 
of  Dikelouplzalus, though i n  th is genus the pleurce are most often directed 
st i l l  more backwards, and  the  pygid ia l  sp ines , w hen developed ,  shorter 
and of a d i fferent type . vV i th regard to the cephalon the latter genus 
d i ffers very mu ch from Crepicepltalus and · from the Ptychoparid ce .  The 
g labe l l a  is sub-q u adran gu lar in  outl ine ,  wi th a broadly rounded front ; th e 
posterior gl abellar furrow extends across. The anterior branches of  the 
fac ia l  sutu res meet i n  front , a t  ] east in  some spec ies , e . g .  Dik. mi7lneso
tensis O WEN (WALCOTT, 1 9 1 4 , Pl .  LXI, tig .  r ) . The eye lobes a re rather 
elongate and the fixed cheeks narrow . The doublure of the pyg i d i um i s  
wide and w ith imbricat ing I i nes ; i n  the more typ ica l species of  the genus 
there i s  no define d  border round the cephalon ,  and the doublu re of the 
free cheeks also appears to be wide. In several of these characters 
Dikelocephalus resembles to  a cer ta in  exten t  the Asaph i d ce , espec i a l ly 
Niobe, but the form of  the pyg id ium i s  different and i ts  axis shorter. Also 
the d irection of  the thorac ic  p leurce is  d i fferent, the p leural parts of the 
whole body are wider and the marg i na l  parts more decided ly flattened .  
Thus there does not  seem to be any c lose re la t ionsh i p between Dikeloce
pltalus and the  Asaph idce . Whether the  former is m ore closely related 
to Crepicepltalus and the P tychoparidce, appears also doubtful .  

POMPECKJ ( r  898) has deri ved Calymme through Pharostoma from 
Bavarilla, and Homalonotus from Neseuretus. SwrN:KERTON evident ly 
accepts this presumpt ion ,  and cons i ders the t wo fa m i l ies Calymen id ce and 
Homalonot iclce as descendants o f  the Ptychoparid stock. The former 
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author, however ,  does not regard Bavarilla as the ancestor of all the 
species previously referred to Calymmc, but bel ieves that some of them , in
cluding the oldest known forms (the C. Tristam· BRONGN.  and the C. Arago 
RAU. groups and the subgenus Ptychometopus SCHMIDT) ,  l ike Homalonotus 
have descended from Neseuretus, and refers them to a separate genus, 
Synlzomalonotus. As mentioned above, REED ( 1 9 1 8) has pointed out that 
Neseztretus i s  not a separate genus .  Consequently the I ine of descent 
traced back to it cannot be accepted.  Bavarilla on the other hand real ly 
seems to be rather l ike Calymenc, but whether or not this indicates a 
close relationship, is d i fficu l t  to say. With regard to the species referred 
to Synhomalonotus, i t  is true tha t they differ rather  much from the true 
Calymene and Pharostoma i n  several characters, but at !east som e  of 
them sho w more points of  resemblance with these than Bavarilla 
does, and seem a t  any rate to be more closely related to them than to 
Homalonotus. They appear to represent a specia l  offshoot of  the Caly
menid<e ( s . str . ) which at a comparatively early stage fol lowed a different 
I ine of  development .  That they are rnore like the Homalonotid<e than 
the you nger members of  the family are, seems only natural , if the 
two famil ies a rose from a common stock, which appears probable .  REED 
( 1 9 1 8 , p . 320) has also pointed out that the earlier species of  Homalonotus 
» undoubtedly come n earest to Calymene» , and h e expresses the opin ion 
that  the former genus » may be l inked with Calyme?tc by means of  
Synhomalonotus, though it  must have diverged a t  an early period or more 
p robably have originated from a common stock » (p .  3 27 ) .  He seems to 
be o f  the opin ion that Homalonotus ought to be referred to Propari a ,  
since » Som e o f  the Devonian species h a  d the point of  section » (of  the 
posterior branches of the facial sutures) » i n  front  of the gena! angles,  
and it is not  improbable » ,  accord ing to h ini , » that some of those from the 
Grcs de May » ( i .  e .  some of the oldest known members of  the genus) 
» possessed the same character » (p .  3 1 9) .  

BEECHER ( 1 897) and RAYMOND ( 1 91 3a  and 1 9 1 7 )  a lso refer Caly
men id<e (s. lat . ,  inc luding the Homalonotid<e) to the Proparia. Accord ing 
to the latter ( 1 9 1 7 , p .  2 1 0) ,  BEECHER shou ld  have declared that the gena! 
spines in Pltarostoma belonged to the fixed cheeks. This does not, 
h owever, seem to be the case. It i s  true that the statements of some 
authors concerni ng  these things are rather obscure. BARRANDE ( 1 8 5 2 )  at 
any rate has c lear ly stated that i n  Calymme (Pitarostoma) pulchra BARR. 
the spines are borne on · th e  free checks, which is also d ist i nctly to be 
seen both on his ( PI .  XIX) and CORDA's  ( 1 847, Pl . V, fig. 49) figures, and 
SCHMIDT ( r  894) h as defined Pharostoma as ha  v ing the posterior branches 
of  the facial sutur�s cutting the border with in  the spines. Since the pos
session o f  gena! spines seems to be a primit ive character, one m ust pre
sume that a l l  the Calymenid<e have arisen from ancestors which , w i th 
regard to this feature, were l ike Pltarostoma, and when the spines became 
reduced,  th e poi nts of section of the fac ia l  sutures sh i fted to the gena! 
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angles, as also evidently was the case with regard to other spineJess 
trilobites both among the Opistho- and Propari a .  I f  they really are to 
be considered as re latcd to Bavarilla, this fact would a lso confirm the 
above presumption ,  and, i f  the Homalonotid;;e came from the same stock 
as the Calymenid;;e, which appears probable ,  they must have gone through 
the same stages of development, though in some of  the younger species 
i t  had proceecled so far that the points of section came to be situated 
samewhat in front of the gena! angles .  Consequently SWINNERTON appar
ently is  right in referri ng both the families cancerned to Opisthoparia. 
Their relation to other famil ies does not seem possible to decide ,  but it 
is not inconceivable that they originated from the Ptychoparia stock. Their 
d irect ancestor must evidently have been a form in which the shortening 
and migration of  the eyes had proceecled farther than in  Bavarilla, since 
the larva! development of  Calymene seuaria i ndicates that at ] east the 
Calymenid;;e have passed a p hylogenetic stage where the eyes were short 
and si tuated near the glabella and the a nterior  margin of the cephalon . 
The special  characteristics which Calymene (s .  str . ) and Pharostoma have 
in  common with Bavarilla need not depend on a l inea! descent, but  might 
be due to parallel development, perhaps the result of the same hereditary 
tendencies, if they came from the same stock. 

The fam i l ies Trinucleid<e,  Raphiophorid<e, and Harpedidcc SwiN 
NERTON i nc ludes i n  the suborder Trinucleida ,  to which he pl aces El l ipso
cepha l idce,  Aegl inid;;e, and Shumardiid;:e provisional ly as an appendix. 

The three former famil ies have genera l ly been considered related to 
each other, and the genera which RAYMOND ( 1 9 1 3a )  includes in  Raphio ·  
phorid;;e (Ampyz DALM. ,  and the closely allied Raphiophorus ANG . ,  and 
Lonehodom as ANG.)  ha ve often been referred to the fami ly  Trinuc leid;;e 
(s. lat . ) .  The thorax and the pygidium of  Ttinucleus and Ampy:r are 
real l y  very s imi larly constructed ,  and also the cephala of the two genera 
resemble one another in several characters . Both are, as is weil known , 
blind forms. In the latter there is sti l l an open facia l  suture, situ ated 
near the lateral margi n ,  whereas in the former it i s  lost by fus ion ,  
and the cephalon is surrounded by a wide pitted fringe.  It is, however ,  
not devoloped in the earlier l arv<e, which indicates that Trimteletts ori 
ginated from ancestors that in this respect were l ike Ampyx. LAKE ( 1 907) 
has pointed out  the great sim i larity between these genera and the Camb
r ian and Lower Si lurian genus Orometopus BRÖGG . ,  which he refers to 
the Trinucleidce, and in which the eyes and the course of the facial  sutu
res are normal , wherefore i t  might be regarded as represent ing the an
cestral type from which Ampyz and Trinudeus have developed along 
different I ines (Cf. a lso. SW INN ERTON , 1 9 1 5 ,  p. 543 , and 1 9 1 9 , p .  I OJ ) .  
To  the Tri nucleid;;e the  genus Dionide has  also been referred . J t  is also 
a blind form, but d iffers from the genera j ust mentioned with regard 
t o several characters . But since there are also m any sim i larities, and 
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smce there seems to be transition forms, it might be j ustifiable to  i n 
clude 1 t  m th i s  family. 

"With regard to the construction of  the cephalon, HmjJes resembles 
Trinucleus in many poi nts. Perhaps these s imi lal"i t ies ought, however, 
to  be regarded rather as adaptations  for the same mode of  l i re than as 
ind i cating a close relationship .  The many-jo inted thorax and the small 
pygidi u m  in  HmjJes differ very much from those in Trinuc!eus and Am
p;·x. SWINNEtaoN emphasizes that Dionide here, as partly also with 
re gard to the construction o f  the cephalon, » bridges the gap, for, \vhi lst 
some species » of the latter •have an almost typically Trinucleid trunk 
and tai l ,  others >> » are l ike 1-farpes i n  outl ine, and though the pygid ium i s  
!arge , show c lear  ind icat ions of numerous segments » .  The thoracic seg
ments are, however, very unl ike in  character in  the two genera and the 
hypostomata of  too d ifferent a type to make it seem probable that they 
were very closely related to each other. In some respects HmjJes, and 
the p robably closely al l ied HmjJzdes, resemble Arethusina and also to 
a certain extent Ptychoparia, but i f  this indicates any c lose relat ionship 
is doubtfu l .  The a ffinities of HatjJes wi l l ,  however, be  further d i senssed 
below in Connection with the descri ption of  the species found in the 
Leptcena Limestone .  Anyth ing indicating that the Trinucleidce (s. l at . ) 
were nearly al l ied to any other groups, I have not been able to find . 

SWINNERTON points out that the El l i psocephal idce have »an almost 
Trinucleid shape  o f  body» . He does not consicler  that they can be 
regarded as the ancestors of  the Trinucle idce but that » i t  is not unreason
able to regard » them " as an early offshoot of the same stock, an d there
for StJbj ect to the same morphological tendencies » .  I cannot see that the  
s imi ladties are  so very great, h owever, and a l ready the ol dest genus 
referred to the Trinucleid;:e, Orometopus, has a cephalon that is so very 
different from that of  the El l ipsocephalid;:e that there does not seem to 
be any reason for such a presumption . 

The Aegl in idce h ave also, as the Tr inucleidce, few segments in the 
thorax and a smal l  pygid ium .  This latter is ,  however, of  a rather d iffer
ent type, samewhat l ike the Asa ph id pygidium but ev idently including 
a less number of segments .  Another eliaraeter in which they resemble 
the Asaphidce and also the Trinucleidce is the  absence of  a rostrum.  The 
cephalon is ,  however,  on  account o f  their p resumably nocturnal habits so 
very specialized that it is not possi ble ,  at ! east not with our p resent 
knowledge,  to j udge about their possible relationsh i p  to other more norm
ally developed tri lobites, as  has already been pointed out (p. 59) .  

The points in  which the Shumardiidce agree with the  Trinucleidce, are 
chicfly that they have few thoracic segments and a small  pygi d ium,  but  
both the l atter and the cephalon are rather differently constructed and 
some of the thoracic p l eurce in  Shzt1nardia prolonged into spines. There 
does not, then, ex ist anything indicating a relationshi p .  But they do not 
show any closer connection with either th e  Agnostidce o r  the O lenida: 
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(s . lat . ) ,  in one of which fami lies they have been placed by d ifferent 
authors (Cf. LAKE 1 9 1 7 , p .  40) ,  or with any other group of  tri lobites. 

The two famil ies Acidaspida! (Odontopleurida!) and Lichadida! are 
generally grouped together. S WINN ER TON ( 1 9 1  s. p .  S44) emphasizes that 
» the tendency to develop numerous spines is an adaptation characteristic o f  
planktonic forms » , and  that » the thinness of the carapace in the latter 
family is also characteristic of  pelagic animals » ,  wherefore these features 
may >J be  left out  of  account » .  Ou the other hand he considers that 
» the usual  stabil ity of  the glabella in  other famil ies and sub · orders em
phasizes the genetic and classificatory value of  the strong tendency to
wards the breaking up of  the glabella i nto separate lobes shown in  these 
two familieS >l ,  for which he provisionally institutes the suborder Odonto
pleurida. There are a lso some other points in  which the two families re
semble one another. As indicated by the larva! of Acidaspis tuberculata 
( text· fig .  8 a) and Lichas (Corydoceplzalus) consanguineus (text-fig.  8 b), both 
famil ies origi nated from forms with smal l  eye lobes situated far forwards 
and outwards. The hypostoma of  some species of Acidaspis i s  rather l i ke 
that o f  some of  the Lichadida!. The thoracic pleura!, i t  is t rue, are gener
ally of a different type , inasrnuch as the Lichadida! have grooved, the 
Acidaspi da! ridged pleura!, which character BEECHER ( 1 897 ) mentians as 
one o f  the chief differences between these )) closely related » families. A s  
I have tried t o  show above (ps. S ,  6), the difference between the two 
types of  pleura! i s  not so very important, and some of  the Lichadida!,  
e .  g .  Corydoceplzalus palmata, have p leura! which are of  a type intermediate 
between the furrowed and the ridged ones, and rather like those in some 
of  the Acidaspida!. In the former .the posterior bands of  the pleura! 
o f  the two foremost pygidial segments form swol len ri dges. The same 
i s  the case with regard to the anterior segment of  the pygidium in  those 
members of the latter family in  which the posterior pleural band of  the 
thoracic segments i s  also more swollen than the anterior one. Whether 
these simi larit ies prove a close relationship between the two famil ies ,  
which in  many other features are rather differently special ized, i s  di fficult 
to say, but i t  seems probable. 

BEEC HER ( 1 907 , p .  1 96) has also pointed out that many species of 
Brontcus have a glabella which is  b roken up into separate lobes. In this 
genu s  the axis  of  the pygid ium is  very much reduced and the lateral and 
posterior parts expanded .  The author j u st mentioned considers that 
Lichas and Acz'daspis show » the decl ine of  these characters >l ( >l th e pygi
dial l imb becoming more o r  less deeply lobed and finally the lobes are 
represented by spineS ll ) .  

As SwrNNERTON .( 1 9 1 5 ,  p. 54 5 )  poiuts out , the Bronteida! have fe we r 
segments i n  the thorax and more i n  the pygidium than the Lichadida!,  
i .  e .  that  the caudal ization has gone farther i n  the first·named fami ly ,  
which consequently cannot be regarded as representing the ancestral type 
of the latter. He does not consicler that the Brontcida! have descended 
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from the Lichadid� either, hut that » they carry the Lichadid type o f  
organization along I ines paral le l  to and quite as advanced a s  some of  
those which characterized the  Asaphid� » .  and  that therefore they >> may 
be provisional ly relegated to the sub-order Odontopleurida » .  Like the 
Acidaspid�, the Bronteid� have ridged pleur� hut o f  a rather different 
type. The ir  hypostoma is very unl ike that of the former family and 
of the Lichadid�, and the points of  agreement between them and the 
two latter famil ies are too slight to j ustify any conclusions as to  their 
relationship .  

The genus Brontcopsis Wvv. THOMPS. has a lso been placed in  the 
family Bronteid�. The genotype Br. scotica SALT . (REED, 1 904, p .  94 ,  
PI .  XIII, figs. 5 - 1 3 ,  1 9 14 ,  p .  26, PI .  IV,  fig. 6) resembles Bronteus in 
most of i ts chief characters, though its pygidium has a longer axis ,  which, 
however, is  continued by a narrow postaxial ridge as in this genus,  and 
the ridges on the s ide Iobes do not  radiate from a centre, and die out  be
fore reaching the margin .  Botb i n  regard to the cephalon and the 
pygidium,  this species seems to represent a transit ion form between Bron
teus and Brontcopsi.r ardmi!!ancnsis REED (REED, 1 904, p. 92 , PI . XIII, 
figs. 1 -4, 1 9 1 4, p. 26, PI . IV,  fig.  7) . The l atter has many points o f  
resemblance with Stygina !atzfrons PORTL . ,  and, a s  pointed o u t  b y  WIMAN 
( 1 906, p .  294) and REED ( 1 9 1 4, p .  27 ) , especia l ly with the species de
scribed as Ho!ometopus !imbatus ANG. and Ho!ometopus nitens W MN, which 
species perhaps, as possibly also Br. ardmi!!ancnsis, ought to be referred to 
the genus Stygina, a quest ion which will be further di scussed below. Sty
gina has been placed by several authors in  the fami ly I l l�nid�. Al ready 
SALTER ( 1 864) has pointed ou t  that » i n  the partial obii teration o f  the 
glabella , number o f  body rings, and course of the facia l  sutur e ,  i t  i s  clo
sely al l ied to l!!a:nus >> .  Other points of resemblance are to be found in 
the form of  the pygidi um ,  the wide stri ated doublure of  th is and of  the 
cephalon, and the broad rostrum [w h ich i s  broader i n  Styginia !atifrons 
than in l!!a:nus (Cf. REED, 1 9 1 4 ,  p .  1 9, PI.  III, fig. 7)]. The hypostomata 
also seern to be of a lmost the same type. In the species re ferred to Holo
metopus, especial ly i n  Ho!ometopus !imbatus, the glabel la is more strongly 
defined, and sometimes the fu rrows on the side lobes of the pygidium are 
slightly i ndicated . 

Bronteus has also, as is weil known ,  a broad rostrum and wide striated 
pygidial  and cephali c  doublures .  Its hypostoma  is samewhat different from 
the I l l�nid hypostoma, hut is on the whole of the same type.  The num
ber o f  thoracic segments is the same as i n  some species of  l!!a:nus, and 
their  p leur� are without ,  or have only very slightly i ndicated fu rrows. The 
same tendency to the shortening of  the pygidial axis is  found in  the Bron
teid� and in  the I I I�nid.e. In consequence of  the facts stated above, i t  
seems probable that the two families have ar isen from the same ancestra l 
stock. St;;gina and Ho!ometopus probably also came from this stock. With 
regard to the Iong axis of  their pygidium, the shape of their glabella ,  
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and its stronger l im itation in  the latter, they are evidently more prim i 
t ive than Brontetts and Illa:nus. They cannot,  however, be regarded as 
represent ing the  ancestral type from which either of the two latter genera 
arose, since the obi iteration of the furrows on the side lobes of  the pygi 
d ium has gone farther than in  Bronteus, and the position of the eye lobes 
seems  to be less p rimit ive than i n  J!!a:nus. It does not therefore seem 
appropriate to re f er  the m either to Bronteidce or to I l lcenidce. N either 
can they be referred to Asaphidce, i n  which family Stygina has been 
placed by some authors , since they evidently had a normally developed 
rostrum ,  though they agree with the Asaphidce i n  regard to several other 
characters . Consequently they must be placed in  a separate family, which 
then ought to be cal led Stygin idce (Stygina being the name earl iest in
troduced ,  by SALTER 1 8 5 2 ) .  which family appears to be  rather closely 
al l ied to the Bronteidx and to the I l lcenidce,  and further seems to form 
a connecting link between these and the Asaphidce. 

To the order Proparia SWINNERTON refers the famil ies Encrinuridce,  
Cheiruridce, Phacopidce, and Burli ng i idce,  and further, wi th some hesi tat ion ,  
the Agnostidce. In th is  order WALCOTT ( 1 9 1 6) has a l so  placed the  fami 
l i es  Menomonidce and Norwoodiidce, described by him after SWINN ERTON 's  
paper o f  1 9 1 5 was publ ished. With the exception of  Agnosti dce, Burlingi i 
d ce  i s  represented i n  older strata, Middle Cambrian and lower part o f  the 
Upper Cambrian ,  than any of the other famil ies o f  th is order, and the two 
genera referred to it ,  Bur!ingia W ALC.  (WALCOTT, 1 908) and �chma!enseeia 
M BG (MOBERG, 1 903) , are also with regard to several  characters the most 
primitive types. Both are very smal l ,  the length of the dorsal shield on ly 
about 7 mm.  or less ,  which might indicate that  the specimens found were 
larvce ; but of both genera, each only represented by a single species, 
there have been found several specimens, and no larger form which might 
be regarded as the adu l t  o f  the same species evidently occurred among 
the m . 1  The eye lobes are narrow and elongate and apparent ly primari ly 
situated near the glabella . In Burlingia their foremost parts nearly reach 
to the g labella ,  whi le  the distance between their  h indmost ends  and the 
posteri or marg in  of the cephalon is somewhat less than h al f  their length . 
The eye lobe is directed a l i ttle outwards, which also might indicate that 
they were not fu ll-grown.  In Schma!enseeia the eyes are shorter and si tu 
ated farther away from the glabel la ,  and i t  i s  thus i n  th is  feature less 
pr imitive than Bur!ingia, whereas its narrow glabella ,  which tapers ante
riot· ly and has clearly defined fu rrows, i s  more larva! in  character than 
that of  the latter, which is wider and more paral le l -s ided and where the 
furrows are indicated only by two pairs of pits. In both genera the an
terior branches of  the  fac ia l  sutures are di rected obliquely outwards, so 
that the foremost part of  the cran id ium is  very wide.  The posterior bran
ches o f  the sutures run nearly paraHel to the anterior ones, and cross the 

1 The s a m e  i s  the  case with regard to the very s m a l l  fo rms re ferred to  the gen us  
1Vonuoodia WALC. 



7 4  ELSA W A R B URG 

l ateral margins of the cephalon at rather a great distance from the gena! 
angles,  so that the free cheeks become very short .  Burlingia has a thorax 
of  14 segments and a small  elongate pygidium without defined furrows or 
s ide  lo bes ; the anterior part, the ax is, is mo re convex than the posterior 
part. In Sclunale11seeia the n umber of  thoracic segments is unknown . Pygi
d ium !arge, axis w i th  6 furrows, side lobes div ided by 6 pairs o f  r idges, 
accord ing to MOBERG ( 1 903) probably formed by the binomost edges 
of the pleur<e of  the pygid i um .  It i s  easy to conceive that this pygidium 
was formed by the fusion of  the posterior thoracic segments and the pri
mi ti ve pygid ium o f  a Burlingia- l ike ancestor. 

The genera referred to the f ami! y Menomon i d<e (W ALCOTT, 1 9 1 6) 
have no  gena! sp i nes ,  the gena! augles are rounded ,  and the posterior 
branches of the fac ial su tures cut the borders rather far backwards. Since 
these genera have many points of  resemblance with the partly o lder, partly 
contemporaneous genera Acroceplzalites WALLERlUS ( see WALCOTT 1 9 1 6, 
Pis. XX[V -XX VI) and Alol.;istocare LORENZ (Ibid .  Pis .  XXV - XXVI) ,  o f  
which a t  ]east some species h ave gena !  sp ines and the posterior branches 
o f the sutures cutting the border within these, it seems as i f  the Meno
mon i d<e ought rather to be regarded as belong ing to Opisthoparia than 
to Proparia.  It appears as if this family and also the two genera j ust 
ment ioned m ight have belonged to the same stock as Ptychoparia and 
Solenopleura, though, in  regard to the great number of thoracic segments 
(23 -42) and smal l  pygi dium ,  they are more pri m i tive than these latter. 

In the Norwoodi i d<e, only genus Norwoodia WALC. ( 1 9 1 6) ,  the pro
parian condi t ions are distinct . They have gena] spines, and the posterior 
branches of the facial su tures cut the margins well in  front of the gena] 
angles. The i r anter ior branches are directed nearly straight forwards. 
The eye lobes are rather short and situated far forwards and at a com· 
parat ively great d istance from the glabella .  At  !east some species have 
eye ridges. The glabel la is conical , generally marked w ith three pai rs of 
shor t lateral furrows. Thorax with 8-9 segments. In several species some 
of the axial r ings of the thorax and the neck r ing bear spines .  The py
gid ium i s  rather broad ,  i ncluding 4-6 segments .  Like the Burl ingi idze the 
Norwoodi idce are, as al ready mentioned, very smal l .  The largest complete 
dorsal shield found  is  I r mm. Iong. 

As i s  wei l  known,  BEECHER ( 1 907 ) referred the Agnostid<ce (s .  l at . )  
to the Hypoparia ,  whereas }AEKEL ( 1 909) cons idered them to be highly 
specialized forms, in wh ich, however, the small number of  body segments 
was primary. WAI.COTT ( 1 9 1 2a,  p .  1 95 )  th inks i t »h igh! y probable  that 
the new genera Mollisouia and Tontoia wi l l  come within the fami ly  Micro
discidze Coquin ,  1 896 &  (Agnostid ce s .  lat .  pars) , and points out that in 
Moll. synunetrica W ALC . the  presence of eyes and  facial s u tures i s  sug
gested, and ,  since the course of  the l atter seems to be of the propari an 
type, SWINNERTON ( 1 9 1 5 ) has referred the Agnostidze to that suborder. 
Whether the genera in  question are really c losely related to the Agnostidce ,  
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i s  d i fficult to say, though it  seems possible. That the Middle Cambri an  
genus Pagetia WALC.  (WALCOTT, 1 9 1 6) belongs to these, appears beyond 
doubt .  It d iffers from the typical members of  this family only· i n  having 
eyes ,  eye r idges ,  and true fac ia l  s u tures on the dorsal s ide of  the cephalon . 
The fixed cheeks are very broad , the eye lobes small , s i tuated on a I ine 
with the middle part o f  the glabella ,  j ust ins ide the l ateral barder, o f  which 
the facial su ture cuts out a short and n arrow semicircular·shaped portion , 
the free cheek. The two branches of the suture are d i rected strongly 
outwards, the posterior one cutting the border we! !  in  advance of the 
gena! angle. This confi rms SWINNERTON's assumption that the Agnostida! 
arose from true proparian ancestors. These ev idently bad normally de ·  
ve loped eyes and free cheeks, and s ince there does not appear to have 
existed any adu l t  trilobites with ful ly developed eyes in \vh ich the free 
cheeks were as  small and situ ated as in Pagetia, i t  seems p robable that 
the reduct ion of the eyes and free cheeks bad already begun in this genus,  
and that i t  had proceecled farther i n  other Agnost ida!,  so that the former 
h ad enti rely d i sappeared . RA Y M OND ( 1 9 1  7 )  agrees with BEECHER's ( 1 907) 
opin ion that the Agnostida! had ventrally s ituated free cheeks, and that 
th is was a pri m itive character, and claims to have found intra-marginal 
sutures in some species of  Ag·nostus. The part of the body in  which he 
has obsenred the suture has ,  however, generally been considered to be 
the pygid i um .  Even if i t  should be proved that it is the cephalon, which 
does not seem p :·obable, it is more I ikely tha t  the position of the suture 
i s  secondary, the free cheeks never havi ng  become cnt irely reduced but 
part o f  their refl.exed portions st i l l  remaining .  

If  llfollisonia and Tontoia belong to the same stock as the Agnostidx, 
they would ,  w i th  regard to the development of  the parts concerned , re
presen t an i n termediate stage between Pagetz'a and other Agnostida!, but 
with regard to the greater number of thorac ic segments, o f  wh ich there are 
7 in }Vfollisonia, 4 in  Tontoia, they are more prim i tive than the former, 
since p resurnably the Agnost ida! l ike a l l  other tri lobites arose from an
cestors wi th many segments i n  the thorax. 

None of  the younger propari an fami l i es are very s imi lar i n  character 
to the Cambrian ones, and thus cannot be regarded as descendants from 
these .  In the less modified forms the  g l abella i s  elongate, rather  parallel
s ided and the fu rrows strongly marked. The Cheirurida! and the En
crinurida! agree in generally having ridged thoracic pleur<l:! ,  which like the 
pygid ia l  ones as a rule have free ends ; the checks are pitted ,  and this 
i s  also the case i n  some of  the Phacop ida!.  The hypostoma i n  the la tter 
i s  of about the same type as in  Cheirurida! and in the genus  Cybele LoVEN, 
generally referred to �ncrinuri d<e.  In Encrimmts EMM. i t  i s  rather differ
en t. With regard to the ent ire reduction of the rostrum ,  the develop
ment and position of  the eyes ,  a nd  the construction of the pygid ium,  in 
wh ich the cau dalization generally has proceecled very far, the Phacopid<e 
have reached the h ighest stage of deve lopment .  In Enerinnrus and in  Cybdc 
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bellatula DALM. the rostrum is also very much reduced ,  whereas other 
species o f  Cybele, l ike the Chei ruridce, have a broad rostrum .  

Among the spe�ies which BEECHER { I 907) referred t o  Proparia ,  h e  
considered Placoparia CoRD . ,  Areia BARR. , a n d  Dindymene CORD. as the 
most primitive ones ,  because o f  the ir  be ing blind and their  ha v ing narrovv 
free cheeks . These characters, however, are here, as in other cases, evid
ently secondary. The aforesa id author refers these genera to the fami ly 
Encrinuri dce presurnably on account of  the circumstance that  in several 
species of Encrinurus, which have small (probably se condarily reduced) 
eyes, the free cheeks have grown rather narrow.  Of the former genera 
Dindymene shows the greatest similarit ies to Encrinurtts and Cybelc ; 
especia l ly i ts thorax and pygidium resemble those o f  the l atter, though 
in Dindymene there are only 10 thoracic segments and two pairs of pleurce 
in  the pygidium ,  whereas Cybele has I 2 segments i n  the thorax and 4 
pairs o f  pleurce in  the pygidium .  

Areia resembles the  Cheiruridce more than any  other fam i ly both 
w ith regard to the construction of the thorac ic segments and the pygid i um ,  
though the  l atter apparently consist o f  on ly  2 segments. The  cephalon 
i s  very l ike that i n  Cheirttrus, but the d i rection of  the glabel lar furrows 
is different .  As a peculiarity shou ld be ment ioned that in Areia 
bohmdra BARR. (BARRANDE, I 872, Pis. II, XVI, XXXII) the latter are con 
tinued by fu rrows across the cheeks s imi lar to those found  in severa l 
larvce. e .  g. Liostracus (text-fig. 6 e) ,  Elliptocephala (text- fi g. 4 a, b )  and 
Holmia (KJER, 1 9 I 6 , text ·fig.  I I a) .  Whether these furrows real ly earre
spond to the or ig inal l imits o f  the pleural parts o f  the segments or have 
developed secondari ly ,  i s  d i fficu l t  to say. It might appear strange if these 
l imits were still i nd icated in the adult  of such a geologically young and 
otherwise rather specialized form . On the other hand the development 
of  the cheeks has evidently, on account o f  the reduction of  the eyes , 
partly remained in the larva! stage, and consequent ly i t  i s  not quite in 
conceivable that  also this larva! character had remained.  No free cheeks 
are known in this genus ,  and i t  i s  o f  course possib le that they were not 
reduced, but that the sutures had disappeared .  But to j udge from the 
figures (BARI<ANDE,  I 872 ,  Pis.  II, XI, XII, X VI and XXXII) it does not 
seem improbable that i t  had narrow free cheeks, which have not yet 
been found .  

RAYMOND ( 1 9 I 3a) places Placoparia together wi th Pliomcra ANG.  
(Ampltion PAND. )  and Pliomerops RAYM. i n  the family Cheirur id :e ,  subfamily 
Pliomerime. The three genera agree w i th regard to their chief  characters, 
except that the l atter ha've eyes and normally developed free cheeks. 
From the other Cheiruridce they differ in having the eyes , even when fully 
developed, situated farther from the glabel la ,  in  having a more reduced 
rostrum and a greate� number of  segments both in  the thorax and in  the 
pygidi um .  The ridges of the pleurce are not furrowed ; the posterior 
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brancl1es o f  the fac ia l  s u tures c u t  the border farther back 1 t h a n  is 
generally the case in other Cheirurida:: , but this might be put in connec· 
t ion with the absence of  gena] spines .  In the sp ineless species of  hn
crinurus the point  of  sect ion is also situated farther back than in the spine
hearing spec ies ,  and in  Cj;bele, where the gena! sp ines general ly a re not 
developed or very short ,  the poin t  o f  sect ion is  very near the gena! angle ,  
and the same i s  the case i n  the spineless species of  the Phacopida:: . In 
some of  the above-mentioned ch aracters, the Pliomerina:: agree more or 
less with the Encrinurida:: , and the denticulate frontal border of  Pliomera 
Fis!teri EICHW.  forms also a point of resemblance wi th members o f  this 
family.  It is questionable whether the Pl iomerina:: ought not to be re
garded as  a separate fami ly ,  though closely related to the Chei ruri da:: and 
more distantly to the Encrinurida:: . Their exi stence indicates that the two 
l atter fami l ies originated from the same ancestral stock, which assumption 
i s  confirmed by the i r  resemblance i n  so many characters. 

The s imi lar construction of the exopodites in Ceraurus pleurexantlte
mus GREEN, Calymene senaria CoNR. ,  and Acidaspis (Odontopleura) tren
tonensis HALL (WALCOTT, I 9 I 8 , ps. I 48,  I 5 1 , I 5 3 ,  Pls. XXVII, XXXIV) 
suggests that t he  Calymenida:: and the Acidaspida:: were more closely 
related to the proparian fami l ies j ust treated of than to some of the opistho
parian forms, in which the construction of the appendages was of a rather 
d ifferent type, a s  for · instance Neolenus and Triart!trus (C f. WALCOTT,  
I 9 I 8) ,  which confirms the presumption  that  the Proparia and the Opistho
par ia  a re not to be regarded as phylogenetic groups .  

The Phacopida:: differ in  most  characters rather m uch from the 
Cheirur ida:: and the Encrinurida:: , and ,  i f  they came from the same ancestral 
stock, they must have separated at a very early stage. I t  i s  not inconceiv
able that they are more closely related to some of  the opisthoparian 
fami l ies than to other proparian forms, but they do not show particu lar 
affinit ies to any specia l  group among them.  

As shown by the statements made above ,  i t  does not seem possible, 
with our presen t . knowledge, to  estab l i sh an y definite natural c lassification 
of the d ifferent  tri lobite fami l ies ,  and only an attempt is  m ade to point 
out  some facts which suggests that some of  them are more closely related 
t o  each other, and may be grouped together. In  agrcement with this, 
BEECHER's order Hypoparia cannot be reta ined,  and the same seems to 

1 In Placoparia t h e  p oint  of seetio n is  even s a m ewhat i n  fro n t  o f  t h e  gena! angle,  
which migl1t lead one t o  regard them as  having originated frop1 opisthoparian ancestors ,  
i f  t h ey were not  in  other characters  s imilar t o  tru e proparian form s .  In a young speci· 
men o f  PI. Zipjei CoRD.  (BARR.\NDE,  1 87 2 ,  Pl . VIII, fig.  3 6), where the test is preserv e d ,  
which according t o  BARRANDE ( 1 87 2 ,  p .  1 06) i s  generally n o t  the case , t h e  g e n a !  angles 
are c o nt inued by small points directed straight o u t wards.  T o  judge fro m  the figure (from 
t h e  d escription o n e  gcts  a c o n c e p t i o n  con trary to t h i s) they belong to the fre e  checks .  
Evid e n tly they d o  not ,  however,  e a rresp o n d  t o  t h e  gena! spines i n  other  trilobites ,  but  
are  o f  the  s a m e  nature a s  t h e  denticules  to b e  seen along the w hale  o f  the lateral  border 
of  1'1. gTandis BARR. and o n  the frontal border  o f  Pliomera Fisfteri EICHW. 
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be the case with S wiNNE RTON ' s  order Protoparia .  With regard to 
Opisthoparia and Proparia they might be considered natural groups i n  
one way, b u t  probably n o t  from a phylogenetic point  of  view, though the 
opisthopar ian and proparian characters presurnably were evolved a t  a 
very early per iod . 

Among the oldest opisthopari an forms the Ell ipsocephal id;e seem to  
represent one  I ine o f  descen t, to  which probably Protolentts, possibly a l so  
the Olen id;e ,  belonged .  Another I ine  i s  represented by the  Mesonaci d;e 
and Redlicltia. From the Redlidtia stock the Paradoxid;e, the  Zacan tho idx 
(Zacanthoides and Albertella), and Olenopsis may be der ived .  From a 
Zacanthoid- l ike stock the Oryctocephalid;e and the Corynexochoi d;e proh
ably came, whereas the Ptychoparid;e,  the Solenopleurid;e, and the secon
dar i ly b l i nd forms referred to the fami ly Conocoryphid;e seem to be more 
closely related to Olenopsis. The Calymen id;e and the Homalonot id;e form 
one group ,  possib ly  descended from the Ptychoparid stock. Another  group 
i ncludes  the famil ies Cyphaspid;e and Proetid;e.  The Stygin id;e, the  
Bronteid;e, and the I l la::n id;e seem to be related to  each other and perhaps 
to the Asaph ida:: , w i th which the Bathyurid;e possibly ought to be brought 
together .  Likewi se the Acidaspidx seem to be related to the Licha
d id;e,  and the Trinucle id;e to the Raphiophorida:.  That the H arped i d;e 
belong to  the same  I i ne  of  descent as  these l atter ,  i s  hardly probable ,  bu t  
does  not  seem quite i nconceivable .  There a re  · a]so some facts which 
suggest a re lat ionshi p  between the famil ies Remopleuri da:,  Teleph ida:,  
and Aegl in id;e,  though i t  appears more probable that the poin t s  o f  re 
semblance between them are due  to adaptat ion for the same mode 
of I i fe .  The earlier p roparian famil ies ,  Burl ingi idx,  Agnost ida:,  and Nor
woodiida:,  do not seem to be closely related either to each other or to 
the younger ones. Of these l atter it appears as if Cheirur i d;e ,  Pl iomer ida:,  
and Encrinur id;e bad the same or igin, and it i s  possible that the Phacopidce 
came from the same stock. 

l have on ly had occasion to deal with a comparatively small number 
of  tri lobites i n  th is  paper, and i t  is p robable that  when the numerou s  Cam
brian forms which are now know n, pr incipa l l  y ow ing to W ALCOTT's re
searches, are more thoroughly examined and described , it wi l l  be possible 
to arrive at  a better knowledge of  the i nterrelationship of the tri lobi tes ,  
and  i t  seems qu ite I ikely that several o f  the group ings suggested above 
wi l l  p rovc untenable .  



Description of Genera and Species. 

Family Remopleuridre CmmA. 

RAYMOND (I9I3 a) refers to th i s fami ly the two genera Remoplcurides 
PoRTL. and Capityra BArm. (Amplzitryon CORD. ) of  which the latter a lso .  
by most authors, has general ly been inc luded in the genus Remo
pleurides. 

Under the name of  Caph;,ra mdimzs BARRANDE (I846) first described 
as a ta i l  the reversed glabel la o f  this species, wh ich i n  a l ater paper (I852) 
he has referred to Remopleundes, thus  disagree i ng  with CORDA (I847) who 
had considered it a representat ive of a separate genus  and changed the 
name to Amphitryou Murchisonii. SALTER (I853) retai ns  BARRANDE's 
original name, and regards Caphyra as a subgenus of  Rcmopleurides ( s .  
lat .) . Accord ing to him the difference between Cap!tyra and Remopleurides 
( s .  str.) should consist in the former having 3 pai rs o f  glabel lar furrows, 
the furrows on the glabel la of  th e latter being qu i te obsolete. This fea
ture is , however, of  minor  importance, and besides there are some species 
which on account  of  the i r  other characterist ics must be referrcd to Rcmo
pleurides (s .  s tr . ) ,  i n  which the glabellar fur rows are qu ite d ist i nct .  

The ch ie f  characters in which Capityra d iffers from Remopleurides 
(s . str .) are that i t  has broad, flat, free cheeks, the  cont inuous anterior 
portions of which form a comparati vely broad ( from back to  front) band 
in front of the glabel l a, broad and flat thoracic pleurce w i thout fulcral 
tubercle or  notch, and a Iong pygidium w ith very short axis and elongated, 
backwards- d i rected, flat pleural part ,  evidently consisting of  two pa i rs of 
pleurce ending in short spi nes, the outer pa i r  reach ing farther backwards 
than the inner  one. According to CoRDA (I847) the number o f  thoracic 
segments should be d ifferent in Remopleurides and Caphyra (Amphitryon), 
the former having I3, the latter I I, but as BARRANDE (I852) has pointed 
out , this i s  evidently a misconcept ion .  It is true that PORTLOCK (I843, 
p. 254) states that Remopleurides has I3 thorac ic »articu lations, i ncluding 
the first , wh ich appeårs a true thoraci c  segment, and the l ast, which is 
a smal l  eaudal segment» . It i s  obvious that »the first articu lat ion » is the 
occ ip i tal ri ng  and the posterior borders of the cheeks and that there are 
only I I thoracic segments both in the species on w hi ch b e  founded his 
descri pt ion and i n  other species of Remopleurides, as far as they are known. 
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All the same, the differences between Remopleurides (s. str . ) and Caphyra 
are so great that it seems correct to refer them to different genera, though 
it m ight be di fficult, i n  such cases where on ly the cranidia are known, to 
decide to which of them they belong. 

As al ready mentioned (p. 5 8), HADDING ( 1 9 1 3) has campared Remo
pleurides (s . lat . ) with Telephus and Aeglina. He states that on account of  
the i r  many s im ilarities the  three genera must be regarded as representing 
a special type and that one might be tempted to refer them to the same 
family, but as on  the other hand there are several rather essent ia l  dissi
m i larities, he comes to the conclusion that it seems most appropriate to 
Jet them represent different fami l ies .  He is of the opinion that Telephid;;e 
and Aegl inidce are most closely al l ied to each other, whereas Remopleu
r id;;e » through i ts finely,  faceted eyes and lobated tai l stanels a l i tt le more 
isolated» (p. 45). 

There can hardly have existed a very close relat ionship between 
the three fami l ies , but there are some points of agrcement i n  addition to 
those poi nted out by BADDING which deserve to  be mentioned .  The 
strong development of the eyes at the expence of the cheeks seems to 
be of  l ess importance, since th is character must be considered an adapta
t ion for the same mode of I i fe ,  and might have been attained indepen
dently. HADDING emphasizes in  slipport of the i r  relationship that the 
genera cancerned appear s imu l taneously, and reach about the same vertical 
range. This seems, however, rather to explain their i ndependent analo
gous evolution,  s ince i t  ind icates that they l ived under similar externa! 
conditions. HADDJNG states fu rther that Aeglina differs from the others 
i n  being devo id of  a palpebral lobe, but this is not altogether correct, as, 
at ! east in most species o f  this genus, there is one, though i t  is very narrow. 

In  Teleplms the fixed cheeks are rather broad, whi lst the free ones are 
much reduced. In the Remopleuridce the conditions are reversed , though 
the w idth of the free cheeks is rather d ifferent in the two genera of this 
family. In Aeglina, where the eyes are larger than i n  any of the other 
genera here i n  question ,  the fixed cheek as wei l  as the dorsal part of the 
free one is very narrow. In Aeg-lina and in Remopleurides the rostrum 
appears to be  entirely reduced , and the ventraJ parts of the free cheeks 
meet in  front, forming a comparatively broad (from back to front) portion 
underneath the anterior part of the glabel la ,  which generally is more con· 
vex than and  c learly defined from the lateral parts of the doublure .  
vVhether in Teleplzus the free cheeks meet in  front ,  is not known, but i t  
cloes not seem improbable that the conditions are  the same as i n  the two 
genera just mentioned and that the median part of the cloub lure pratrueles 
between the two downwarels directed 'spines', thus havi ng a strongly 
convex l imi t  against the cranidium as in several species of  Aeglina, e .  g .  
Aegi. prisca BARR. and  Aegl. speciosa CORD. (See BARRANDE, 1 872 ,  Pls .  
III and V.) 

With regard to the short and wide form of the glabell a  the three 



TR! LOBITES OF THE LEPTtENA LIMESTONE 

genera resemble each other. As a rule the glabel la i s  flatter in the Re
mopleuridce than in  the Telephidce and Aegl in idce, hut in  this respect 
the variations are rather great in  the d ifferent genera. This i s  also the 
case with regard to the. presence or absence of  glabellar furrows, which , 
however, never are very strongly marked . As i s  weil known, the anterior 
part of the glabella of the Remopleuridce is produced in to a tongue ; this 
is, however, not so very strongly marked i n  al l  species, and also in some 
of the Aegl in idce, where the eyes do not meet in front, the anterior part 
of the glabella is bent down and narrower than the posterior part. In 
Teleplzus the anterior spines earrespond to this tongue. The thoracic seg
ments in Telephus have no fulcral tubercle or no_tch ; they resemble ,  however, 
those of Remopleurides (s . str . ) more than the l atter do those of 
Caphyra. The pygidium of  Telep/tus granulatus ANG .  (HADDlNG, 1 9 1 3 ,  
Pl. I, fig. 1 0) somewhat resembles that o f  Remopleurides ( s .  str. ) ,  whi le  
the pygidia of other species of Telep/tus show more l ikeness to the Aeg
l in id  pygidium .  In Telephus the occi pital ring  and the axial rings of  the 
thorax bear median spines, and in several species of Remopleurides there 
i s  a spine on one of the thoracic ri?gs . In other species of this genus 
the p leurce of one of the thoracic segments are prolonged into spines, 
w h ich feature i s  also to be· found in so me species of Aeglina. 

Whether the points of resemblance pointed out indicate a close 
relationship ,  is difficult to decide, s ince there are also so many dissimila
ntJes .  That the eyes are finely faceted in the Remopleuridce while the 
facets are !arge in  Telephus and Aeglina, seems to speak against a rela
tionship between the former and the two latter, and so does the great 
difference in the number of thoracic segments in the Remopleuridce and 
m Aeglina . The number of  thoraci c segments i n  Telephus is not known.  

Under the name of Remopleurides microphtftalmus LINNARSSON (1875, 
p. 494) described a Remopleurides-Iike cran idium that was found to
gether with pygid ia which, according to him, probably belonged to a spe
cies of Dikeloceplzalus. Together with cran id ia of the same type have 
been found  late r on at the same local i ty pygid ia  and free checks which 
both HOLM ( 1 897) and WIMAN ( 1 903b) associate with the cranidium in 
question ,  and the latter points out that the pygidia mentioned by LIN· 
NARSSON probably also belong to the same species . 

On account of the close resemblance between these pygidia and 
those of  Apatocephalus (Dikelocephalus ) sen·atus ANG. and Apatocephalus 
( Dikelocephalus) finafis W ALC.1 HoLM re f ers the species to the genus 
Dikelocepltalus, and he also points out that the cranidium differs from that 
of Remopleundes, hut is like the cranidium of Apatocepltalus serratus. 
WIMAN is also o f  the ·opinion that the species concerned cannot be refer
red to Remopleurides, on the other hand he does not find that it reserobles 

1 BRÖGGER ( 1896) has rem o ved t hese and som e other sp ecies from the genus 
Dike!ocejJhalus and referred th em to a separate genus , Apatocepltalus. 

6- 19238. Bull. of Geol. Vol. X V I I. 
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Dikelocephalus resp. Apatocephalus so very closely, but  refers it to a new 
genus Robergia. REED ( 1 903 , p .  33) seems to be of  the opin ion that the 
species ,  as represented by the cran id ium , ought to be kept in  the genus 
Remopleurides, and points out its close resemblance to the cranidi um  of 
R. Barrandei NICH. and ETHER., though i n  the latter there is no band 
in front of the tongue of the glabel la ,  »hut a s imilar band has » ,  according 
to h im, »been noticed in som e Gi rvan specimens of R. colbii».1 

REED (Ibid. p .  3 r )  does not appear to believe that the pygidium 
described by HOLM and WIMAN bclongs to the same form as the crani 
d ium. But as far as one can see , there does not seem to be much reason 
to doubt that their presumptian is correct. If i t  be so, the species in 
question cannot very weil be referred to Remopleurides, s ince the pygi
d ium evidently consists of  more segments than in  that genus, there being 
3 pairs o f  pleura l  spines ,  whereas in the pygidium of  Remopleurides there 
are o n  ly z pairs. The cran idium also differs from that of the latter genus 
in  having a clearly defined anterior border, as is best shown i n  the figure 
given by MOBERG ( 1 907 , PI. I, fig. 4), which is very unlike the i ndistinctly 
marked anterior band seen in R. Nicholsoni REED and in some other 
species of this genus (Cf. below ps. 83, 87). 

Robergia seems to be more closely al l ied to Apatocephalus, though 
in  most species referred to the latter genus there is a greater n umber of  
pygidial pleurce ending in free spi nes and though there is  a preglabel lar 
field between the glabella and the anterior border o f  the cran idium and 
the anterior branches o f  the facial sutures are more d ivergent. Because 
o f  this i t  seems best to keep Robergia as a separate genus, at !east for 
the present. This i n  correspondence with MoBERG's ( 1 907, p. 86) opinion, 
who, however, points out that the difference between Apatocepltalus and 
Robe1'gia on the one hand and between the l atter and Rcmopleurides on the 
other, is not so very great and who regards the three genera as belongi ng 
to the same I ine of descent, wi th Apatocephalus as the first  and Remo
pleurides as the last ! ink. 

REED ( 1 9 1 4, p. 1 5) comes to a similar conclusion regarding the rela 
tionship o f  the two l atter, and ca l l s  attention to several points of  agrcement 
between the species o f  the two genera, the principal points o f  d istinction 
being the presence of a preglabellar area on the cephalon o f  Apatocephalus 
and the absence of deflection in the tongue of its glabella. He further 
emphasizes that » there appears to be reason to believe that the pre-glabellar 
area has only been much reduced in  R.emopleurides». This presumptian 
seems rather acceptable, especia l ly  as the reduction o f  this part ( and 
perhaps o f  the rostrum)  conceivably depended on the growth of the eyes 
brought about 'by the altered mode of I i fe . On the whole there seems 
to be more reason to believe that the Remopleuridce were a l l ied to 
Apatocephalus than that their affinities were with Teleplms or Aeglina. 

1 This Girvan form REED (1914) has later referred to a separate species R. 
Niehol so ni. 
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Genus Remopleurides PoRTLOCK. 

Of the 5 species of this genus  found i n  the Lept�na L imestone 4 
are represented bnly  by isolated cran id ia ,  which makes it d i fficu l t  to dec ide 
whether they belong to Remop!eurides (s . str . )  or to Caphyra, but the 
former seems to be most probable ,  wherefore I have re ferred them to 
that genus. 

D i s t i n g u i s h i n g  c h a r a c t e r s of t h e  s p e c i e s . -
I. Anterior tongue l ess than hal f as wide as posterior  part of g label la 2 .  

Tongue more than two thirds as wide a s  posterior part of glabella 4-
2. Length of glabe l l a  about four fifths the wid th .  Tongue strongly convex, 

about three fou rths as Ion g as wide 3· 
Length of glabel l a  two thi rds the width .  Tongue sl ightly convex 
( from s ide to side) ,  about ha l f as Iong as wide 

R. !atus OLJN var. ku!lsbergmsis n. var . 
3- Posterior part of glabel la very sl ightly convex. Test of a l l  parts of 

cranid ium d istinctly striated 
. 

R. emarginatus TQT. 
Posterior part of  gl abel la rather strongly convex. Test of  cranid ium 
not striated R. da!ecar!icus HOLM i n  m us .  

4 ·  Glabel l a  arid occ ip i ta l  r ing finely striated. Length of glabe l la  seven 
eighths of w idth R. !atzfrons HOLM in mus.  
Glabe l la  and occipital ring nöt striated. Glabella as Iong as wide . 

R. minimus n .  sp. 

Remopleurides la tus OLIN var. kullsbergensis n .  var. PI. I ,  tigs. I- 6,  
text-tig. I 5· 

S p e c i f i c  Cha ra c t e r s .  Cephalon sub-semic ircular. Glabella 
sl ightly convex, two thirds as Iong as wide, widest just behind middle; 
anterior ton:gue strongly arehed down, rather sl i ghtly convex, paral lel -s i ded, 
about one third the length of posterior part of glabell a  and l ess than half 
as w ide as this ; antero-lateral parts of tongue flatten ed ,  formin g parts of 
narrow horder, marked off by furrow interrupted in  the middle ; posterior 
part of  glabel la constric ted a t  base .  3 pairs of lateral fur rows present, 
placed at about the same distance from each other, all extending inwards 
to about the same d istance, leaving an unfurrowed band down the middle ,  
about one fourth the w idth of glabella. Anter ior pai r of furrows very 
short , directed obl ique ly backwards and inwards , its i nner ends situated at 
about two th irds the d istance from the occipita l furrow to the tongue of 
the glabel la .  2d pair_ d i rected more straight inwards, sl ightly curved, 
situated opposite middle of eye, endin g at a l i tt le distance from l ateral 
margi n  of  glabel la .  Basal pair not reaching quite so far outwarels as zcl, 
its outer parts paral l e l  to i t, the inner parts d i rected more backwarcls , 
ending at a d i stance from the posterior margin about equal to the d istance 
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between the furrows. Palpebral lo  bes, marked off by strong furrows ; 
n arrow, widest at base, their anterior parts, at sides of tongue, very nar
row. Where the test of  the glabella is preserved, it is seen to be finely 
striated except on the middle of  tongue, where the test is smooth. Occi 
pital fu rrow narrow, well marked. Occipital ring  fl.attened, s l ightly arehed 
from s ide to s ide,  narrowing at each s ide outside base o f  glabella, finely 
denticulated  on posterior  ed ge ; test not p reserv ed, bu t presurnably stri
ated as on other parts of the body. Posterior parts of fac ia l  sutures ab
ruptly bent outwards. 

Eyes !arge, vertically bent down , semi-annular. At  the front end as 
wide (h igh) as the tongue is  Iong, gradually narrowing towards base of 
glabella, camposed of  numerous very small ,  closely set !enses. Below the 
eye there is a narrow,  raised lower eye l i d ,  marked off from the ou ter part 
of  the free cheek by a strong furrow. Outside this the anterior dorsal part of 

p;. 15. Rmiopleuri
des latus OLJN var. 

kullsbergensis n. var. 
Fre e  cheek X4-

the free cheek forms only a narrow horder. Posterior 
part of cheek (text-fig. 1 5 )  triangular, s l igh tly bent 
down, end ing in s lender tapering spine ,  the length 
of which is not known. Inner part of cheek gently 
arched, outer ( lateral horder-part) and spine fl.attened . 
As in several other species of this genus, spine not 
aris ing from true gena! angle, which is sl ightly pro
longed ,  but in front of i t ,  i ts inner marg in meeting  
lateral margin of  hindmost portion of cheek (posterior 
horder) at acute anglc:: . This hindmost portion at a 
lower le\'el than spine and anterior part o f  cheek, 
from which latter i ts i n ner part is separated by strong 
furrow. Its posterior edgc n ear dorsal furrow with 

deep notch, the margin of  which is raised , to receive fulcral tubercle  of  arr
terior thoracic pleura , just as i n  the pleurce of  the thorax. On the whole 
this posterior portion of the cheek is shaped very l ike the anterior bands 
of the thoracic pleurce, the fu rrow in front corresponding to the pleural 
furrows and like these not reaching the margin .  Test of cheek ornamented 
with sub-paral le l  strice, towards the margin the parts between the strice 
are raised , forming narrow ridges ; d i rect ion of  strice longitudinal except 
on hindmost portion of cheek, where they bend and take an inward di
rection. Doublures of free cheek meet in  front, underneath tongue .  They 
do not seem to have grown quite together, since there are traces of  a 
median connective suture to be seen. Whether i t  is a real open suture or 
only a groove, I have not been able to decide. M iddle portion of  doublure, 
underneath tong�1e, c learly set off from l ateral parts, broader ( from back 
to front) than they, and gently convex with anterior margi n  arehed for
wards and posterior edge p roduced into short rather bluntly ending t ip .  
Doublure striated as  dorsal part of  cheek, but ,  except at anterior ha l f  of  
median part, the  ornamentation is coarser, the ridges being higher and 
broad er .  
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Only 8 thoracic segments and part of the 9th preserved (prob.ably 
there were I I  as in  other species of Remop!eurides.); they dec re ase gradu
a l ly in  s ize posteriorly. Axis moderately convex, tapering towards pygi
dium, 8th axial ri ng having three fourths the width of Ist one, which 
is about as wide as occipital ring ; along the who le of its len g t h a bo ut 
three fourths the width of thorax. Rings flattened , with transverse, s l ightly 
sinuous strice (where the test is preserved) ,  l ateral parts of posterior edge 
finely serrated . S ide lobes narrow, diminishing in vvidth posteriorly. 
Pleurce falcate, directed downwards and backwards with short, free, recu rved 
points ; pleural furrows obl ique, deep, and broad , not reach ing margi n ; 
anterior pleural band near dorsal furrow with strong projecting fulcral 
tubercle ;  posterior edge of pleura with corresponding notch, the marg in  
of which is raised al l round .  Surface of  pleurce ornamented by strice,  
sub-parailel to margin .  

Pygid ium as wide as Iong ( from artkulating furrow to ends of posterior 
pleural spines) . Axis composed of  2 segments, convex, gradual ly slop
ing posteriorly, a l itt le l ess than half the length of pygid ium and more 
than two thi rds the width, backwards continued by ind ist inctly defined,  
triangular post-axial  portion .  Axial  furrows outside foremost part  of axis 
indistinctly marked , posteriorly becoming deeper and broader, reaching to 
post·axial portion. I st axial r ing with c learly defined articulat ing half 
r ing ; posterior part very short in the middle, widening  towards the sides. 
Posterior  part of axis consist ing of a pair of  slightly sweiled sub-el l ipt ica l  
portions, anteriorly almost meeting i n  the m iddle I ine ,  posteriorly sepa
rated by a more flattened triangular piece, separated from post-axial por
tion by very fine furrow uniting axial furrows. Side lobes composed of 
2 pairs of pleurce. I st pair falcate, directed n early straight backwards, 
ending in short spines and with rather weakly marked p leural fu rrows ; 
front edge with fulcral knobs, fitt ing into natehes on last thoracic seg
ment . 1 2d pair of pleurce separated from I st pair by w

.
eak interpleural 

furrows and directed backwards, ending in longer and more sharply point
ed spines, enclosi ng  an acute an g le ; no peural furrows present. Surface 
of  pygidi um ornamented with fine striations, the poster ior and median 
parts also by minu te tubercles ; on I st pair of pl eurce the strice are longitu 
di nal , on ax i s  and on anterior parts of 2d pa ir  of pleurce, transverse, but  
on the spi nes of  the l atter they bend, and take a more longitudinal di
rection. 

R e m a r k s . - The materia l  on which the above description is based 
consists of the specimen of the cephalon and part of thorax figured on 
PI. I , figs. I -4, the pygid ium figur ed on the same plate, figs. 5-6, and 
an inner east of part. of  the fr e e cheek with rathe r  a ! arge portion of the 
spine preserved . Al l  three specimens are from the same locality, Kullsberg 

1 This feature has not come out  distinctively in the figures (PI. l, figs . 5, 6), b ut 
the k n obs are l ike those on the last thoracic segment seen in the same figures and t h ase 
in the fignre of the pygidium given by WIMAN ( 1907, PL VIII, fig. 26). 
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( the pygidium and east of cheek found in the same p iece of rock) , and 
that they belong to the same species, seems to be beyond doubt. 

In OuN's tigures of R. latus OLIN (OLIN , 1 906, p .  5 5 ,  Pl .  II ,  tigs. 
5-9) from the Chasmops beds in .Skåne, the glabel la is broader, the 
tongue especial ly, which is about as wide as the base of the glabel la ,  in 
var. kullsberg-ensis cons iderably narrower ; the striation continnes a l l  over 
the tongue, and is said to be coarse ; the palpebral lo  bes are broad er, and 
the side lobes of the thorax also seem to be broader. At !east one of 
the thoracic rings bears a median spine ,  hut as this probably was the 
9th as in the al l ied R. Niclzolsoni REED (REED 1 903,  p . 36, P l .  V, tigs. 
1 7a , b and 1 9 1 4, p. 12, PI . II, tigs. 3-9, in the earlier paper described 
as R. Colbii PORTL.), this fact is of no consequence, s i nce the segment 
in question is not preserved in  the specimens from Dalarne .  Otherwise 
these seem to earrespond rather weil w i th the form from Skåne, as far 
as th is  one is known . 

. The pygidium appears to be very like that tigured by OLJN on PI. 
l, tig. 29 as Liclzas quadrispinus ANG., which beyond doubt is a Remo
pleurides, and, as WIMAN ( 1 907a, p. 1 34) has pointed out ,  probably be
l ongs to R. latus. I t also very much resembles the pygid ium of this spe
cies found in Östersjö Limestone from the North Baltic Area tigured by 
WIMAN ( 1 907 , PI. VIII , tig. 26) ; i n  fact, the agreement is closer than i t  
appears from the tigures. In W IM AN' s tigures (Ibid .  tigs. 2 5 ,  27 )  of the 
cranidi um ,  the glabella is narrower than in OLIN's, and it has also a com
parati vely much narrower tongue, thus being more in correspondence 
with the variety from Dalarne, though the form of the posterior part of 
the glabel la i s  a l i ttle different and the tongue seems to be more pro
truding. 

Because of the facts stated above, it appears reasonable to regard 
the form in quest ion as a variety of  R. latus. Possibly WIMAN's speci
mens ought to be referred to this variety rather than to the type form .  

ANGELIN's species Liclzas quadrispinus was founded on ly on the 
pygidium, the tigure of which (ANGELIN, 1878, PI .  XL, tig. 20) agrees 
rather wel l with the pygidium of the species in qu est ion ; qu ite Iikely i t 
belongs to it. Since,  however, other species of Remopleurides have s imi
lar pygidia, it is not certain ,  wherefore it seems best to al low his specitic 
name to be forgotten and keep the name given by OLIN. 

A f f i n i t i e s .  - This species appears to be very closely all ied to the 
Grivan form R. Nicltolsoni. The greatest difference is to be seen in the 
pygidia, that of  R. Niclzolsoni having the side portions of the posterior 
axial part much more swollen and the post-axial portion forming a di
stinctly marked, . narrow, pointed ridge. The posterior part of the free 
cheek o f  this species does not seem to end in a produced t ip as i n  the 
form from the Lept.:ena Limestone .  The tongue of the glabella and the 
side lobes of the thorax are wider than in this . In these characters it 
agrees more with the type form, and the form of the glabel la is  rather  



T R I LOBITES OF THE LEPTIE N A  LI MESTONE 

l ike that in OLIN ' s PI. II, fig. 6, but it does not appear to be striated, 
and the strice on the occipital ring are said to be very delicate; There 
are only 2 pairs of  lateral glabellar furrows presen t; this, however , may 
depend on the I st pair not yet being observed. It is possible that the 
Girvan form belongs to R. latus, but unti l  this latter is more cornpletely 
known, this is impossible to decide .  

The presence of  a median spine on one of the thoracic segments , 
recalls R. dorsospimfer PORT L. (S ALTER, I 8 s 3 ,  PI. VIII, figs. 3 ,  4 ) ,  though 
in this species the spine belongs to the 8 th segment, not to the 9th as 
in R. Nicholsoni and probably also in R. latus, since in the var. kulls
bergensis the 8th is not spine-bearing.  As REED ( I 9 1 4, p. I 4) points 
out, the pygidium in both the two latter species also reserobles SALTER's 
figures of  the pygidium of  R. dorsospinifer. 

The presence of a subgenal notch on the free cheek, is a character 
found both in R. latus and R. JVicholsoni, and also in other species of 
Remopleurides, e. g. R. sexlineatus ANG. {OLIN, I 906, p. s s, PI. II, figs. 
3--4), R. (Teratoryncfzus) bicornis REED (REED , I 903 ,  p. 3 3 ,  PI. V, figs. 
S- I 6) .  It is also met with, though less pronounced, in Apatocephalus, 
e. g. A. pecten WMN (WIMAN, I 90S, p. 6, PL I, figs. 7- 1 2) ,  which, as 
emphasized by REED ( I 9 1 4, p .  1 5 ), confirms the presuroption that the two 
genera are allied to each other. 

REED also points out that a similar feature is found i n  some of  the 
Mesonacidce, » and therefore i t  i s  to be regarded as of a prim i t ive or re
versionary nature». In these, however, the conditions do not seem to be 
the same. In the former both the gena! angle and the spine belong 
to the free cheeks, wherea.s i n  the latter the gena! angle, inside the spine, 
appears to belong to the fixed-cheek region, and probably indicates the 
vest ige of the reduced intergenal spine, as contirmed by the comparison 
of different forms where the gena! spine is not situated at the gena! angle 
and in  which . the reduction of the i ntergenal spine has proceecled diffe
rently far [Campare for instance vVALCOTT's ( 1 9 10) figures of the cephala 
of  W anneria Hal/z" W ALC. (PI .  XXXI), Olenellus Gilberti MEEK (PI. XLIII) 
and Olenellus fremonti W ALC. (PI . XXXVII, XXXVIII)]. 

L o c a l i ty .  - Kullsberg . 

Remopleurides emarginatus TöRNQUIST. PI. I, figs. 9- I I. 

1885 .  Remop!eurides emarginatus, TöRNQU1ST, p. 37, PL I, fig. 39· 
? 1894. Remoplmrides emarginatus, SCHMIDT, p. 89, PL VI, figs. 37- 38. 

S p e c ifi c C h a ract e r s . - Glabella very slightly convex, three fourths. 
as Iong as wide ,  w idest in  middle o f  posterior part ; tongue strongly arehed 
down, rather convex, about one thi rd the length of posterior part of gla
bella, nearly parallel-sided , about half as Iong as wide, anterior edge 
slightly excavated in the middle , its lateral parts flattened , marked off by 
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short furrows, which do not meet ; posterior part of glabella transversely 
sub-oval, constri cted at base. Surface of glabel la with fine, but very d i 
stinct, transverse, sinuous strire. On some specimens the striation is inter
rupted so as to indicate the course of the 3 pairs of lateral glabellar fu r
rows not otherwise marked and having about the same position and 
direction as in R. latus var. kullsbergensis. Palpebral lobes marked off 
by strong furrows, somewhat broader than in the form j ust mentioned , 
gradually decreasing in width anteriorly, finely striated . Occipital furrow 
sharply marked. Occipital ring flattened, narrowing towards the sides, 
middle part beh ind occipi tal furrow sl ightly arched, lateral parts, which 
are cut obl iquely by posterior parts of facial sutures, more strongly bent 
down . Surface striated as glabella and minutely serrated at posterior 
edge, except just in the middle. Minute median tubercle near an terior 
marg in .  

R e m a r k s .  - The above description is based on the same speci
mens as TöRNQUIST's ,  IO cranidia all from the same local ity ,  Boda. There 
is another badly preserved cranidium from Skattungbyn , which probably 
belongs to this species. Whether the specimens referred to R. emargina
tus by SCHMIDT ( 1 894) be Iong here, is not possible to decide from his 
brief description and rather indistinct figures, but as far as one i s  able to 
j udge, i t  seems probable. 

Affi n i t i e s .  - Since of this and of the following forms, which will 
be described below, only the cranidia are known and since these are of 
about the same type in several of the Remopleu ridre, it is not possible 
to decide their affinities, not even to say for certain whether they belong 
to Remopleurides (s. str.) or to Caphyra, though the former seems most 
p robable. 

Lo c a l i t i e s . - Boda, Skattungbyn(?). 

Remopleurides dalecarlicus HOLM in mus. PI .  I , figs. 7-8, PI .  XI . fig. 34. 

R e m a rk s .  - In the State Museum of  Nat. Hist. Stockholm ,  there 
is a cranidium of a Rcmopleurides from Osmundsberget labelled by HOLM 
Remopleurides Darlecarlicus nov. sp. , and at the same local ity the present 
writer has found another cranidium s imi lar  in character, though m uch 
smaller. They differ from the cranidi um of R. emarginatus chiefly in  ha v
ing the posterior part of the glabel la  and the occipita l  r ing comparatively 
strongly convex, the glabel lar fu rrows more d istinct, though not im
pressed ,  and a smooth test, except that there is a small tubercle on the 
occ ip i ta l  ring and that the posterior  edge of this latter i s  denticulated . 
The denticules are coarser, and continue farther i nwards than in R. emar
ginatus, and to judge from the largest specimen, which i s  1 4  mm.  Iong ,  
th is form seems to reach larger dimensions than that species. 

L o c a l i  t y .  - Osmundsberget .  
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Remopleurides latifrons HqLM in mus .  PI . I, figs. 12-13. 

S p e c i fi c  C h a ra c t e  r s .  - Glabella sl ightly convex, about seven 
eights as Iong as wide, widest behind middle ; tongue rather strongly bent 
down, moderately convex, nearly one th ird as Iong as posterior part of 
gl abella and more than two th i rds as wide, about one th ird as Iong as 
wide, decreasing samewhat i n  width towards anterior margin ,  which is 
gent ly arehed upwards. Posterior part of glabel la transversely sub-oval; 
basal portion comparatively broad,  but very sharply set off. Surface of 
glabell a  w ith fine, transverse, s inuous stri� strongest marked at basal 
and lateral parts, hardly d iscern ib le on middle of tongue. 3 pairs of l a 
teral glabellar furrows d irected nearly straight outwards, ind istinctly marked 
by interruptions in the striation, s imi larly placed as those in the species 
described above ,  all extending about equally far inwards, leaving a com
paratively wide unfurrowed portion down middle of  glabella. 1st pair 
very short ,  nearly strai ght ; 2d pai r slightly curved , reaching near to 
lateral margi n of glabel l a ; 3d  pa ir  samewhat shorter than zd, rathm
strongly curved. Palpebral lobe marked off by strong furrow ; rather 
narrow, decreasing in  width anteriorly ; not striated. Occipital fu rrow 
deep, but rather narrow. Occip i ta l  ring flattened,  sl ightly narrowing to
wards the sides, gently arched,  striated as the glabel la ,  but, as far as can 
be seen on the spec imen, which is not perfectly preserved ,  without median 
tuberc le  and with smooth posterior edge . 

R e m a r k s .  - The cranidium described above belongs to the State 
Museum of Nat. Hist . Stockholm ,  and is labelled by HoLM, Renzopleurides 
latifrons nov. sp .  Dalarne (Lept. k). It seems probable that it is from 
Osmundsberget or possibly from Boda . 

Remopleurides minimus n .  sp .  PI. I, figs. 14- I 5· 

Sp e c i fi c  C h a r ac t e r s .  - Glabel la sub-el l iptical in outl ine, slight ly 
convex, about as wide as Iong, widest near base, tapering anteriorly to 
tongue, which is not very d ist inctly set off but. distinctly arehed down 
and rather strongly convex ( from s ide to side) . It is about one third as 
Iong as poster ior part of glabella and, at the base, about fou r  fifths as 
wide, tapering slightly towards edge, about three fourths as Iong as middle 
width ; margin  s l ightly arehed upwards. Basal part of glabella rather indi
stinctly set off. Under a h igh magnifyi ng power the anterior portion of  
the  glabel la is seen to  be ornamented with transverse s inuous stri;:e, the 
posterior port ion with m inute tubercles. No traces of  lateral glabel lar 
furrows to be seen.  Very l i ttle of  the palpebral lobe is  preserved ,  but it 
seems to be of the type common in this gen us .  Occi pital furrow strongly 
marked. Occipital ring flattened, comparatively broad ( from back to front ) ,  
and  gently arched. I t  i s  badly preserved ,  so  that one  cannot see  whcther 
it was ornamented . 
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Re m a r k s .  - The smal lness of  the cranidium described above, of  
which on ly a single specimen is found , suggests that  i t  might have be
Ionged to a young individual ,  but because of its rather unusual form, i t  
cannot be referred to any species yet known .  Of the species from the 
Leptcena Limestone i t  most resembles R. latifrons, which probably i s  from 
the same Iocality, but the glabella is comparatively !anger, i ts basal parts 
and the tongue not so sharply set off. 

Lo c a l i t y .  - Osmundsberget. 

Family Telephidre ANGELIN. 

Genus Telephus BARRANDE.  

Telephus Wegelini ANGELlN. PI. I , figs . 1 6- 1 8 . 

1 8)4. Teleplms Wegelini, ANGELIN, p. 91, PI. XLI, fig. 2 3 .  
188 5 .  Telephus fractus, TöRNQUIST, p. 89. 
1 913. Telep/tus Wegelini, H ADDING, p. 40, Pl. Il, figs. 1 8- 1 9. 

C h a r a c t e r s  o f  c r a n i d i u m  fr o m  t h e  L e p t ce n a  Li m e s t o n e .  -
Cranidium about two thirds as Iong as wide. Axial furrows outside 
occip i ta l  r ing very sha l low, outside glabella deep and gently arehed up
wards, at first  sl ightly, b ut gradual ly getting more strongly convergent ; 
at the anterior margin of  glabel la they bend nearly straight inwards and 
samewhat downwards, and are  united by the short, nearly straight, and 
considerably narrower preglabe l l ar furrow. Glabella sl ightly more wide than 
Iong, oval ,  truncated at base, rather swollen, highest just in front of occi
pital fu rrow,  posteriorly slightly keeled ,  front part samewhat overhanging. 
On the sides of the glabella rather far forwards, there i s  a pair of very 
shallow, hardly discernible impressions recalling the more d istinct impres
s ions in same other speci es of  this genus, e .  g. T. Mobergi HADD . 
(HADDING, 1913, p .  37, PI. Il, figs. 1 2- 1 7) ,  T. americanus BILL. (Ibid. 
p. 41 ). Another sl ight impression is seen near the base of the glabel la on 
one side, on the other the test is not preserved at the corresponding 
place . Probably these impressions represent the glabellar furrows. Occi 
pital fu rrow shallow, rather broad, not reaching axial furrows, its middle 
part s l ightly arehed forwards, its lateral parts backwards. Occipital ring 
broad i n  the middle ( from back to front) , tapering towards the sides ; 
convexity of anterior edge about the same as of posterior part of glabella, 
postero-latera l  portions more strongly bent down and flattened, antero
lateral portions gently rounded ; d ifferent portions separated by fine furrow ,  
which disappears at base of median spine, which l atter is broken off in  
th i s  specimen. Glabella and occipital ring ornamented with sparse tu
bercles and net of very fine ridges, except at impressed p l aces on glabella, 
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in the anterior pair o f  which are a few rounded pits i rregularly distributed . 
Doublure of occipital ring with fine transverse stri:I:. 

Fixed cheeks gently bent down ,  rather narrow, widest j ust behind 
front of glabella ,  gradually decreasing in width posteriorly to posterior 
marg in; this continnes far outside part in front , is rather strongly ben t 
down and obliquely cut off by posterior branch of facia l  suture, which 
here takes a sharp turn outwards. Anterior margin of cheek d irected 
samewhat backwards ; antero-lateral angle rounded . Inner part of cheek 
rather flat in the middle, sloping down towards the margin. Inner anterior 
portion with net of ridges coarser than on glabel la ,  a more strongly raised 
ridge along lateral and posterior margins. Palpebral lobe set off by clear
ly marked furrow, extend ing round anterior and l ateral margins of  inner 
part of cheek, flattened ,  sl ightly bent down a t  antero-lateral angle ,  rather 
broad in front, gradually tapering posteriorly. Anteriorly it continues 
underneath overhanging anter ior portion of glabel la along foremost part 
of dorsal furrow. Where this furrow meets preglabel lar furrow (which 
here is th e same as the anterior border furrow of cephalon , since there 
i s  no p reglabel lar field) , the palpebral lobe bends steeply downwards, form
ing, tagether with l ateral part of narrow, more swollen, and strongly 
arehed anter ior border, the small anterior spine characteristic for this 
genus. 

Re m a r k s .  Only one imperfect cranidium of  this species is known 
from the Lept:I:na Limestone .  It  belongs to the Museum of the Geol. 
Survey of Sweden, and is labelled by LINNARSSON Telephus supersfis n .  
sp. , but s ince i t  i s  very s imi lar i n  character t o  T. Wegelini from the Black 
Trinu cleus Shales in Dalarne, there does not seem to be any reason to 
refer it to a separate genus. 

The difference as to the form of the glabella and the d i rection of the 
margins of the free cheeks, of  the .occipital furrow and of the anterior spines 
to be noted between HADDING's and my figures, i s  evidently due to the 
fact that the former are drawn after specimens which are very much pres; 
sed. I have examined several spec imens in Black Trinucleus Shales from 
Amtjärn i n  Dalarne and found that sorne of them, which are not so much 
pressed , agree very closely in these characters also with the spec imen from 
the Lept:I:na Limestone. This latter has about the same size as the 
larger of those found in the shales. 

A ffi n i t i e s .  - Only the cranidium of T .  Wegelini is known as yet, 
but as far as one can j udge from this one, the species seems to be very 
c losely al l ied to T. fractus BARR. (BARRANDE, 1852, p .  891 ,  PI .  XVIII, figs . 
30-34), and TöRNQUIST has even referred the Swedish form to that 
species, but, as HADDING has already pointed out, th is does not seem 
correct. In T .  fractus, as figured, the glabella is shorter and broader, 
more parallel-sided ,  its anterior end is  more truncate, and there does not 
appear to have been any lateral impressions (Cf. HADDING, op •. cit. ) .  
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Moreover the Bohemian form seems to attain much larger dimensions than 
the Swedish one. 

L o c a l i t i e s .  - The species is only known from Dalarne, where i t  
is found in  the Leptcena Limestone at Boda and in the Black Trinucleus 
Shales at Amtj ärn, Skattungbyn, and Vikarbyn. 

Family Asaphidre BURMEIST E R .  

· Genus Brachyaspis SALTER. 

Brachyaspis ? Leptrenarum n .  s p .  PI .  XI, fig. 20. 

S p e c i fi c  C h  a ra e t e r s .  - Pygid ium rounded in outl ine, about three 
fourths as Iong as wide, s l ightly convex. Axial furrows very shallow, 
dyi ng out posteriorly. Axis i n  fron t  about one th i rd the width of the 
pygid ium and extending ful ly six sevenths its l ength ,  tapering rather ra
p id ly at first ; posterior part n early paral lel -s ided, very s l ightly convex ,  
ending with a hardly raised apex ; front margin gently arehed forwards ; 1 

faint traces o f  5 axial furrows to be seen, the I st , the art iculat ing fur
row, a little more strongly marked than the following. Side lobes gently 
and gradually bent down, without concave border ; I st pair o f  pleural  
furrows rather broad but shal low, in  front of them anterior edges of side 
lobes s \ ightly raised .  In a certain light traces of posterior fu rrows may be 
seen. Fulerum situated at about one third the distance from axis to  lateral 
margin.  Doubl ure ornamented with closely set sub-paraHel stri::e,  rather 
wide, at middle of pygid ium extending about halfway underneath side 
lo be ; marginal port ions of anter ior parts sl ight ly con ca ve, inner portions 
of  these and posterior part convex. Test not preserved. 

Re m a r k s . -- This s ingle pygidium from Osmundsberget is the 
only representative of the  fam i ly Asaphid::e found in the Lept::ena Lime
stone. I have been rather doubtful what genus to refer  it to. It cannot 
be an lsotelus D EKAY, since its surface does not show any traces of a 
concave border, but  may belong either to Braclzyaspis SALT. or to Ou
chometopus Ser-IM .  ( C f. RAYMOND ,  1912, p. I I 5 ,  1914b, p.  2 5 8 ) .  

In  the genotype  of  the latter Onclt. Volborthi Scr-llVl. (SCHMIDT, 190 1 ,  
p .  82 ,  PI .  X, figs. 9-1 2) from the East Baltic Si lurian Area , the pygidium 
is , however, much more convex, and this seerus to be the case a lso in  the 
American species referred to this genus (RAYMOND, 1 910a , p.  64, RAYMOND 
and NARRAWAY, 1910, p .  51) .  Moreover SCl-IMIDT's form , which i s  the only 
European species · of Onchometopus known , i s  found in much older strata (B2) . 

1 A little more of the anterior edge of the  pygi dium is preserved than is seen 
on the figure. After this was printed, l ha\'e been able to extricate part of the right 
sid e  (to i nner margin of  doublure) from a piece which was broken off when the rock 
was spl i t .  
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BracJtyaspis, on the other hand, occurs in strata of about the same 
geological age as the Leptcena Limestone of Osmundsberget both in Eu
rope and America, and the convexity a nd general appearance of the py
gid ium in question ,  is  more in accordance with the pygidia of  the species 
referred to this genus than to that of OncJtometopus. It is na rrower than 
the pygidia of Br. leevigatus ANG. (ANGELIN 1 878 , p .  5 3 ,  PI .  XXIX, fig.  
1 )  and Br. rectzfrons PoRTL. ,  SALTER 's ( r 866, p .  1 66, PI .  XXV,  figs .  6- r o) 
genotype - which , according to SCHMID T, is identkal with Br. robustus 
RöM .  ( SCHMIDT, 1901, p. 93, PI . XI, figs. 9 - 1 1, PI. XII, figs. 3 -4) 
the ratio of the length to the width being about the same as in Br. notans 
BILL.,  as figured by RAYMOND (19 12, PI. I, fig. r ) . In th is  latter, however, 
the course of the facial sutures seems to be somewhat different, and there 
does not appear to be any traces of ring furrows on the axis. These 
facts seem to indicate that the pygidium from Osmundsberget belongs to 
a species of Braclzyaspis, though it cannot be referred to any of those 
previously described. 

L o c a l i t y .  - Osmundsberget. 

Family Styginidre n.  fam. 

Cephalon and pygidium sub-equal . Glabella expanding in front ,  
without d i stinct furrows. Eyes small and close to the glabel l a  and to the 
posterior margin of the cephalon. Rostrum !arge. Facial suture cutting 
the posterior margin of the cephalon weil inside gena! angle. Thorax of 
9 segments, with smooth pleurce. Pygidium with Iong, i ndistinctly annu
lated axis, continued by narrow post-axial ridge, and generally smooth 
side lobes. 

Re m a r k s .  - To this family the species attributed to the genera 
Stygina SALT. (18 52) and Holometopus A NG. (1854) are referable, possibly 
also the form described as Bronteopsis ardmil!anensis REED (REED, 1 904, 
p .  92, PI . XIII , figs. 1 -4, 1 9 1 4, p. 26, PI . IV, fig. 7 )-

In a paper on Hol011tetopus ANG. WIMAN ( 1 906) points out the close 
resemblance between Holometopus limbatus ANG. and Stygina latifrons 
PoRTL. on the one hand and between the former and Brmzteopsis ardmilla
uensis on the other. When describing the latter species REED ( 1 904, p .  
93) had emphasized the great similarity between i ts  pygidium and some 
(Pl .  V, figs. 1 7, 1 9 )  o f  those found in Borkholm Limestone and attributed 
by WIMAN (1901) to Stygina !atifrons. According to REED the latter 
might also be referabl� to Bronteopsis, which \VIMAN ( 1 906) » auch unter 
gewissen Berlingungen fiir mögl i ch h alte » .  WIMAN expresses the opin ion 
t hat » Ho!ometopus limbatus A.  entspricht gan z gut dem, was die Engländer 
unter Bronteopsis verstehen » ,  but points out that ANGELIN's generic name 
is older than the name of Bronteopsis and that there is still another name 
which m ight be thought of, v iz .  St)'gina, which name was introduced 
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already 1 8 5 2 .  He comes, however, to the conclusion that the whole dis ·  
cussion had better be postponed unti l  there is found more of  the species 
concerned ,  the purpose of his paper being  only to draw ANGELIN 's  genus 
i nto not ice, which was rather need fu l ,  as i t  was impossible to get a true 
apprehension of i ts character from A NGELIN ' s  figures and descrip
tions on ly. 

Even if i t  is not possible as yet to solve the question of the inter
relationship of these forms, the new material gathered since WIMAN ' s  
paper was published, m ight j ustify some further discussion. 

One of the characteri stics of Br. ardmillanensis is that the axis of 
the pygid ium i s  cont inued by a narrow post· axial r idge. This feature is 
also distinct  in  the pygidia mentioned above, which WIMAN has attributed 
to St. latzfrons, and th is f act seems to be REED' s chief reason for regard
ing them as belonging to Bronteopsis, s ince a r idge evidently is  not  
observed in the Engl ish specimens of St. latifrons (SA LTER, 1 864a , REED, 
1 904 e tc ) .  Ne ither can it be seen in the one figured by L INNARSSON 
( r 86g, PI . II , fig. 4 1 ) . As WIMA N ( r go r ,  p. 1 72 )  has pointed out ,  this 
might, however, be due to the state of preservat ion .  LINNARSSON 's  spe
cimen, which I have had occasion to examine, i s  rather pressed ,  and the 
same appears to have been the case with those figured by SALTER (Cf. 
SALTER, 1 866, explanation of  PI . XVIII ) .  In the i nd ividual figured by 
WIMAN in  h i s  paper of 1 907 (PI. VIII, fig. 1 ) , this part o f  the pygidi um 
i s  broken off, but i n  another small pygidium, which, l ike the specimen 
j ust mentioned, is found in  Östersjö  Limestone from the North Baltic Area , 
the ridge is clearly to be seen .  That i t  belongs to the same species, i s  
evident, and i t  is l ikewise indubitable that  th is  form is identical wi th the 
Engl ish St. latijrons, or at !east very closely all ied to it .  The only 
d ifference worth mention i ng  i s  tha t  the gena! spines are a l i ttle longer, 
otherwise the characters are the same. In the !arge cranid i a  the glabel la 
is very obscurely defined anteriorly, hut in  a very smal l  one i t  is more 
d istinctly marked ,  which i s  quite in  accordance with SALTER's description .  

REED w:1s evident ly of the op in ion  that  one of the pygid ia  (PI . V, 
fig. 1 8) and the cranid ia  (PI. V, fig. 16 and PI .  VII, fig. 1 7 ) figured by 
WIMAN 1 90 1 belonged to St. latifrons (Cf. REED, 1 904, p .  93 and 1 9 1 4 ,  
p .  27 ) .  The only difference between this pygid ium and those (PI .  V ,  figs. 
1 7 , r g) which, according to his opin ion ,  might be referable to Bronteopsis, 
i s  that in  the former the posterior part of the border is  removed so as 
to show the striation of the underside of  the doublure, and consequently 
the post-axial ridge cannot be seen on it. That all the pygid ia and erani 
d i a  here in question belong to the  same species, seems beyond doubt, and 
l ikewise that thi s form i s  very closely al l ied to St. latifrons PoRT L .  even 
i f  poss ibly not  ident i cal , there being some sl ight d ifferences, which , how
ever, hardly seem to be of specific  va lue .  

The pygid i um  of Holometopus limbatus ANG. is o f  quite the same type 
as those j ust mentioned, and also its cephalon resembles very closely 
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that of St. latifrons, though the glabella is less expanded in fron t  and 
more convex - its anterior as wei l  at i ts  posterior part  being very sharply 
defined - and though the gena! spine is not so sharply set off, the cranid ium 
ornamented with transverse s innous stri� instead of pits , and the occipital 
furrow more strongly marked .  This form seems to have been smaller 
than St. latifrons, the largest cranidium found has abou t  two thirds the 
len g t h of  t hat figured by SAL TER, I 864a, PI . II, fig. I.  

In Hol01netopus nitens WMN (WIMAN , 1 907a, p .  I I2 ,  PI . VII, figs. 
19, 20) and i n  the form found i n  the Lept�na Limestone which I have 
ca ! led St. angustifrons (This paper, P I .  III ,  figs, I ,  2) , the post-axia l  r id ge 
on the pygid ium is dist inct , and i t  appears as if th i s  ridge was presen t  
also in  St. llfurchisonia: M o RCH . (SALTER, I 866, p .  1 73 ,  PI. XVIII, fig. 1 I ) . 

In St. angustifrons the rat io  between the frontal and basal width of  
the  glabella i s  about  the  same as in  Hol. limbatus, though the  glabel la 
is comparati vely longer and less convex, its anter ior part less strongly, 
though quite d i st inctly, defined. The cran idium, of  which only one spe
cimen is found, has about the same length as that on SALTER's figure 
j ust mentioned . In the single cephalon o f  Hol. nitms the cran id ium is  
about hal f as long,  the form and l imita t ion of i ts  glabel la is about the 
same as i n  the young specimen of St. latifrons from the East Bal t i c  Area 
mentioned above, which, ho\\,:ever, is considerably smaller , hut the form 
o f  the free check is more like that of Hol. limbatus. 

The test both on the cranid ium and on the pygidium of Hol. lim
batus, is striated , but in some pl aces the r idges between the stri� have 
grown together so as to include rounded p its. The same kind af orna
mentation i s  seen on the pygidia from the Borkholm L imestone ,  though 
in these the p i ts ,  except on the border part, are rather more abundant 
than the un interrupted stri�. On the cranidia associ ated with these as 
wei l as on the cranidia and pygidia of  most other forms here in question ,  
as  far as  thei r  ornamentation is known , the fusion of the ridges has pro
ceecled sti l l  fu rther, so that the whole surface is  pitted , or  on ly a few str i� 
are to be seen. 

Notbing of the thorax is known of the two species here mentioned, 
previously referred to Holometopus, as l i tt le as of the form which I have 
cal led Stygina angustifrons, but to judge from the material avai lable ,  there 
does not seem to be any reason why they should not be included in the 
genus Stygina SALT . ,  since they evidently agree with the genotype in their 
chief characters . As  to the other forms i ncluded under Holometopus, Hol.? 
elati.frons ANG., which species ANGELIN { I 8 54) placed under th is  genus 
with a mark of  interrogat ion ,  is referred by BRöGGER ( I 896) to the new 
genus Orometopus BRÖGG. ,  and of the others only the pygidia are de
scribed .  Some of these might possibly be referable to Stygina [Hol. ? leevis 
POMP. (POMPECKJ I 890, PI. V, fig. 9) is probably, as WIMAN { 1 906, p .  294) 
has po inted out, iden tical w i th St. (Hol.) limbatus ANG.] but unti l  more 
of  them i s  known, this seems impossible to decide. 
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Regarding the relat ion between Stygina and Bronteopsis, the geno
type of the latter, Br. scotica SALTER (REED,  1 904, p. 94, Pl . XIII, figs. 
4- 1 3 , 1 9 1 4, p .  26, PI .  IV, fig.  6) , i s  evidently, as  is general ly considered, 
much more closely all ied to Brontetts than to Styg-ina though not refer
able to that genus. Br. ardmillanensis, on the other hand, seems to agree 
in most characters with the species referred to the latter genus. The 
chi e f  points o f  d ifference appear to be that the pleurce (or ribs ? )  on the 
pygid ium are much more strongly marked and that the thoracic p leurce 
probably are furrowed . Since thi s  species is not entirely known, and since 
I have not seen the origi na l  materia l ,  only the figures, I cannot form a 
decided opinion about its affin it ies . 

Genus Stygina SALTER .  

Stygina angustifrons n .  s p .  PI .  I I I ,  figs .  1 ,  z .  

S p e c i fi c  c h a r a c t e r s .  Glabel la clearly defined ,  elongated 
pyri form in outl ine ,  sl i ghtly rounded anteriorly ; width at occ ip i tal  furrow 
three fifths that across frontal lobe, which is less than two thirds the 
length ; anterior part flattened convex, posteriorly mo re strong ly ra ised 
and sl ightly keel ed in the middle, h ighest · near base ; no traces of glabel
lar furrows to be seen. Axial furrows outside occipital ring d i rected obli 
quely in wards, then samewhat divergent, sl ightly cm-ved, strongly arehed 
upwards ,  and sharply impressed along occipital r ing and along seven 
eighths the length of glabe l la ,  as far a s  the cheek i s  con v ex ; the ir  arr
rerior parts as weil as  preglabellar furrow not impressed , only indicated 
by sharp limit between convex glabel l a  and flat border - the l imi ts be 
tween them and the preglabellar fu rrow not marked by rounded impressions , 
as i s  the case at !east in  the North Baltic form of St. latifrons. - Occi
p i ta l  furrow shallow, hut rather broad, in  the m iddle (where the test is 
not preserved on the specimen) distinctly m arked,  towards the s ides hardly 
ind icated .  Occipital r ing strongly archecl ,  samewhat wieler than base o f  
glabel la , with indistinctly set o ff  median tubercle. Fix e d  cheeks narrow ; 
i nside palpebral lobes (which are not  preserved on the specimen) about 
one third as wide as glabella at base, widening samewhat anteriorly, 
sharply ra i sed to palpebral lo bes , here hi g her t han glabell a ;  posterior 
parts nearly vertical ly bent down ; posterior borders ind istinctly defined 
by obscurely marked furrows ; part of cheeks i n  front of eye lobes more 
gradual ly sloping to flat foremost portions, which pass into flat compara
t i vely Iong preglabellar field. Anterior margin without raised horder, 
sl ightly rounded . · Eye lobes placed very far back. Posterior branches 
of facial sutures d i rected obliquely outwards so as to cut posterior mar
gin of cranidium at very acute an gles ; anterior branches at first d ivergent, 
very sl ightly curved outwards, foremost portions nearly paral lel .  Test of 
cran id ium ornamented with minute rounded pits . 
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Pygid ium (probably belonging t o  the same species) nearly semi
ci rcular, l ength (articulating half ring not i ncluded ) to width as 9 · to 16, 
gently convex with rather narrow concave horder. Axis narrow, width 
at articulating furrow about one fourth that of  pygid ium, gradually taper
ing posteriorly to half its frontal width, extending about two thirds the 
length of pygid ium and conti nued by narrow, pointed, obscurely defined 
postaxial rid ge reaching to posterior margin ; f o remost part gently con
vex ; p osterior! y n ear! y flat ; anterior margin gently arehed forwards .  
Articulating furrow and I st r ing furrow disti nct ; 2 d r ing furrow more 
indist inctly marked ; 6 posterior furrows indicated by faint impressions o n  

l ateral parts of axis (the test is only preserved on the posterior and la
teral parts of the pygidium ) . Side lo bes with distinctly raised fulerum 
situated about halfway out ; I st pair of furrows broad, behind them faint 
traces of a 2 d pair . Surface ornamented as cranidium. 

R e m a r k s .  - The cran idium described above i s  from Osmunds
berg, the pygidium from Boda, but since both are of a Styginid type 
and since no other cranidia or pygidia which can be associated with 
either o f  them are found i n  the Leptcena Limestone i t  seeros probable  
that they belong to the  same species. 

The cranid ium is wel l  characterized by its elongate, distinctly defined 
glabe l la and comparatively long preglabellar field. 

H o r i z o n  and L o ca l i t i e s . - Upper Leptcena Limestone ; Osmunds
berg, Boda.  

Family Illrenidre CoRD A .  

With the  el imination of some genera (e .  g .  Symphysurus, Ni!eus 
and Stygina) which sometimes have been referred to this family but ge
nerally have been recognized as belonging elsewhere, the Il lcenidce form 
a very homogeneous and wei l  defined group .  If the generic name of !!lee
nus D A L M .  is taken i n  the wide sense in which for instance BA RRAN D E ,  

S A L  TER and H O L M  use i t ,  al l the know n species o f  the family might be  
referred to this genus. A great number of generic and subgeneric 
names ha ve, however, been p roposed by different authors. 

S A LTER ( 1 867) divided I!!cenus (s. lat.) into eight subgenera. 1 HOLM 

( 1882, 1 886) only accepts I!!cenus (s. str . )  and Bumastus MURCH .  but 
points out ( 1 886, p .  1 5 2 ) that Il!. Linnarssoni HOLM and some  other 
species seem to form a quite natural and wei l  defined group and sug
gests that this ought to be separated from I!!cenus (s .  str. ) and regarded 
as a third subgenus, for which he in that case proposes the name of 
Stenopareia. This suggestion has not been taken up by other writers, 

1 One of  these, IllcenojJsis S ALT:, S .UTER h imself considered as >> probably a d istinct 
genus » ,  and, as already pointed out  by Hou1 and other writers, it is ev ident  that it does  
not  be long to the lllrenid<e at  a l l ,  but is an Asaphid .  

7 - 19232 .  Bull. of Geo!. Vol. X VII. 
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whereas Bumastus and Thaleops CONR. [the l atter included 111 Illamus 
(s. str. ) by HOLM] are generally regarded as d istinct genera. 

The latest attempt to classify the Illcenidce has been made by 
RAYMOND ( 1 9 1 6) .  A fter a careful i nvestigation of  the genera and sub
genera proposed by earl ier writers, be comes to the conclusion that i n  
addition t o  Illamus (s .  str . ) ,  Bumastus, a n d  Thaleops generic rank might 
be assigned also to Dysp/anus BURM .,  Octillamus SALT. ,  Actinolobus 
EICHW. ,  and Illcenoides WELLER ; further he erects the new genus Wos
sekia RAYMOND .  

The genera which are characterized by  having a n arrow axial lobe 
and a cephalon and pygidium without concave border - viz. Illcenus 
(type ,  Ill. erassicanda WLB . ) , Thaleops (type, Thai. ovata CoNR.) ,  Dys
pianus (type, lll. centrotus DALM .) .  Wossekia (type ,  Ill. Katzeri BARR.), 
and Octillcenus (type, Ill. Hisingerz· BARR.)  - are referred to the sub
family Illcenince RAYMOND .  

In  h i s  other subfamily, Bumastince RAYMOND, he i ncludes Bumastus 
(type ,  Bu·m . Barriensis MURCH ) , Actinolobus (type ,  Ill. atavus EICHW. ) ,  
and Illcenoides (type, Illcenoides trilobus WELLER) and defines th i s  sub
fami ly as » Il lcenidce w ith (usually) concave border on one or both shields, 
axial lo be generally wide, though sometimes narrow» .  

If all these genera should be retained , it seems as i f  Stenopareia 
HOLM also ought to be accepted as a distinct genus and that, further, a 

number o f  other new genera must be set up i n  order to include the species 
which cannot be referred to this genus or to any of  those proposed by 
RAYMOND ,  at !east not as h e now de fines the m 1.  

His classification is designed partly to remove » the  forms with a 
more or less Isote/tts-like pygidium» (the Bumastince) >> from the typkal 
Illamus group » ,  partly » to separate the species wi th long more or less 
flattened shields »  (Dysplanus, Wossekia and Octillcenus) » from the more 
typkal Illcenids with short and abruptly deflected cephalon and pygidium« 
(I!lcenus, Thaleops). 

His division into subfamil ies of  a family in  which al l  the species appa
rently are so closely a l l ied to each other seems rather unnecessary, 
not to say unwarranted. Moreover it seems rather doubtfu l  if the pre
sence or absence of a concave border on the pygidium is really a cha
racter of especially great classificato

'
ry value ( i f  the purpose i s  to make a 

natural classification) . 
Actinolobus, i n  w h i  ch genus RAYMOND includes Ill. Masckei HOLM, 

as we ! l  as Jll. atavus, hardly appears to be . more closely related to 
Bumastus and Illcenozdes than to the other Illcenidce. HOLM ( 1 886, pp. 22,  
1 42) considers Itl. Masckei as a transition  form between Illcenus ( s .  lat.) 

1 I t  ought to be  m entiont:d,  however, that RAYMOND himself points out that the 
genera which he recognizes, » are based primarily upon the more conspicuous peculiari
t ies of the type-species of each >> and that » i t  is still too early to make any natural clas
sifica tio n » .  



T R I LOBITES OF THE LE PTJENA L I MESTONE 99 

and Bronteus, and ,it is undeniable that in many characters it reserobles 
the latter genus and that its existence contirrus the presuroption that the 
I l lcenidce and the Bronteidce are closely a llied. 1 The pygidium of Il!. 
atavzts is also of  a more or less Bronteus· l ike type and very unlike that 
of Bumastus, although i t  has a concave barder. 

In Il!. angustifrons HOLM (HOLM, 1 886, p. 1 30, PI. VIII, tigs. 14-
22,  PI . IX ,  figs. 1 -3) there seem to  be traces of a concave border on  
the  pygidium, and  in the  probably closely all ied new species !!!. Da!e
car!icus (See below, PI .  I, fig. 30, PI . II. figs . 1 0- 1 3 )  this feature is quite 
distinct, though the border is rather narrow. It is true that the cepha
lon of both these species reserobles rather closely that o f  Bumastus 
nudus ANG. (See below,  PI .  II, tig .  r )  and also to a certain extent that 
of 1!!. Masckei (Cf. HOLM, r 886, p.  1 34) ,  but in other characters they are 
so very unl ike both these and other species referred to Ettmastus and 
Actino!obus that it seerus very improbable that the points of resemblance 
are due to any particularly close relationship .  Anyhow the species in 
question cannot be referred either to Bumastus or to Actinolobus. 

On the larger pygidia of Il!. ob!ongatus ANG . var. excellens HOLM 
(HOLM, 1 886, p. 1 20, PI. VIII, figs. 1 -3) too there is a narrow con
cave border, which gradually disappears anteriorly, while no such border 
is found on  the smaller pygidia o f  th is  variety or on any of the pygi dia 
of the other varieties of this species , but it  is indicated on the larger 
ones of the apparently closely al l ied new species Il!. Wimani (See below 
p. r o6 and PI .  I ,  figs . 23 ) .  As far as I am able to j udge, these species, 
at any rate, seem to be more closely allied to the typical Illcenids than 
to Bumastus or to any of the other genera which RAYMOND refers to 
the Bumastince. 

As to RA YMOND's seeond discrimination, i t is rather questionable 
whether the form and convexity of the cephalon and pygidium i s  a good 
basis for classitication, when dealing with a group in which these charac
ters vary so much in evidently very closely related species, sometimes 
even within the same species. RAYMOND seerus to base his reasoning 
on the  supposition that al l  forms which have a strongly convex cephalon 
also have t.he pygidium strongly convex, which is by no rueans always 
the case, j ust as  little as the short and wide shields are always more 
abruptly deflected than the more elongated ones. 

I do not mean to say that the genera proposed by RAYMOND might 
not be acceptable ; 2 only as it now stands his classitication i s  of rather 

1 HoLM regards the Bronteid::e as probable descendants of the Ill::enid::e ,  bu t  I 
agree with RAYMOND ( I 9 I 6 , p. I I ), who also emphasizes the n ear rela t ionship between 
the two families. that i t  seems highly improbable that either of them should have been 
derived from the other (Cf. p.  72 above). 

' I am not so sure, however, of  the value of his genus Wossekia. RAYMOND (op. 
cit . p .  1 2) himself points out  that the typ e  sp ecies, Ill. Katzeri, differs chiefly fro m  other 
Ill::enids in its eyes, which are small a n d  situated far forward .  He regards it as a pro
hably degenerate form , and it seems doubtful whether the circumstance that the eyes have 
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l i ttle practical value, as it  makes i t  necessary to erect new genera . Some 
at !east of his also need redefinition so that species which are very closely 
related should not be separated. 

Of  the species which are found in  the Lept<ena Limestone only Il!. 
gigas HoLM and possibly the new species Iii. Wimani fit into ll!CEnus as 
restricted by RA Y M OND. Iii. parvulus HoLM does not really ans we r the 
definit ion of  the genus, but RAYMOND himself apparently th inks i t  
re ferable to i t  (Cf. op .  c i t .  p .  8 ) .  Iii. Romuri HOLM and Iii. fallax HOLM 
do not fulfil the conditlons of having a very convex pygidium with a high 
axis, but cannot be referred to any of  the other genera proposed either, 
and as far as I can see they ought p robably to be kept in  Illt:Enus. III. 
Linnarssoni HoLM, Iii. avus HOLM, and the new species Iii. ovifonnis be
long to  Stenopareia, i f  this genus is accepted. Bumastus nudus ANG. 
is evidently a Bumastus. Ill. Dalecarlicus should, according to RAYMOND 's 
definition of the subfami l ies, also belong to the Bumasti n<e,  though it does 
not fit into any of  his genera. It is highly probable that it wil l p rove 
suitable to refer it and Iii. angustijrons and possibly some other species 
to a separate genus. On the other hand IIi. angustifrons especially re
sembles in so many characters other species which seem to · be referable 
to likenus (s .  str.) that I do not like to make such a p roposition .  To 
get  a true idea how far a subdivision of the family is really j ustified 
would require a very careful  investigation of most of the known species, 
a thing I have not had the opportunity to do. As the matter now stands 
I have thought  i t  best not to introduce any new genera or subgenera but 
to refer al l the species which I have to deal with to the old genera Il
it:Enus and Bumastus, although I have found i t  appropriate to draw atten
t ian to HOLM 's name Stenopareia, since RAYMOND has not referred to 
i t  nor to the group of  species for which it was proposed. 

Genus Illamus DALMAN. 

D i s t i n gu i s h i n g  c h a r a c t e r s o f  t h e  s p e c i e s .  
I .  Thoracic segments 10  (or  the i r n u  m ber not know n b u  t probably 

1 0) .  Palpebral lobes ( and eyes) large or rather large 2 .  
Thorac ic  segments g .  Eyes smal l .  Palpebral lobes very small 6. 

become reduced (and  as a result o f  this their position altered) is reason enough to refer 
it to a separate genus.  As is  weil lm own, there are several other Il lrenids in  which the 
eyes have become reduced ,  and all of these do not seem to be more closely all ied to 
Ill. Katzeri or to each other than to  other species of the family. Anyh ow, it seems 
more reasonab!e to

· 
place them together with other forms which they resemble in  other 

characters than to refer them to separate genera. If one does not  take the reduction  
and the removal of the  eyes into consideration it  is evidtntly as justifiable to refer Il!. 
Katzeri to  Iliemus as to include  Ill. advma BARR. in this genus ,  as  RAYMOND (op.  cit. 
p. 1 2) does, since the convexity of  th e cephalon is about the same in the two species 
and the pygidium of the latter is  flatter than that of the former. 
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N umber of  thoracic segments not known, probably 8 .  Palpebral 
lobes and eyes rather !arge Il!. if pm·vu!us HoLM. 

2. Pygidium strongly convex. Doublure of pygidium increasing 
considerably i n  width posteriorly 3 · 

Pygidium flattened or moderately convex. Doublure of pygidium 
comparative ly narrow, not or only slightly increasing in  width poste· 
riorly 4· 

3 · Axial furrows on cranidium only extending about one fourth the 
length of latter . Posterior branch of tacial suture meeting posterior mar
gin o f  cephalon at very acute angle . Distance between fulerum and axis 
of pygidium more than one third the width of latter Il!. gigas HOLM. 

Axial furrows extending about half the length of cranid ium. Pos
terior branch of facial  suture meeting posterior margin of cephalon at 
nearly right angle .  Distance between ful erum and axis of  pygidium 
about  one fourth the width of  latter Il!. Wimani n .  sp. 

4· Axial furrows on cranidium extending less than half  the length 
of latter. Pygidium slightly or moderately convex without concave 
border 5 · 

Axial furrows extending about two thirds the length of cranidium .  
Pygidium flattened with concave border Il!. Da!ecarlicus n .  sp .  

5 ·  Axial  furrows extending at  !east one third the length o f  crani
dium. Free cheeks longer than wide. Pygidium very sl ightly convex 
with flattened doublure Il!. fallax HOLM. 

Axial furrows extending less than one third the length of cranidium. 
Free cheeks sub-quadrangular. Pygidium moderately convex with convex 
doublure Il!. Ronneri VOLB.  

6. Width of  glabella between the eyes at !east half that of crani 
dium. Different portions of posterior branch of facial suture meeting at 
an an g l e  of at !east I 50° . Doublure of  pygidium narrow ,  bu t forming a 
Iong forwards di rected , sharply pointed projection i n  the middle I ine ; 
inner portion convex, directed nearly straight downwards ; outer portion 
bent outwards 7· 

Width o f  glabella between  the eyes less than half that of cranidi um. 
Different portions o f  posterior braoch of  facial suture meeting at an angle 
of about 1 20° . Doublure of  pygidium very wide, convex, only the 
outmost parts bent outwards ; its anterior margin arehed backwards in the 
middle Il!. avzts HOLM. 

7 ·  Axial parts o f  body wide .  Glabel la between the eyes (at !east 
in adults) more than half as wide as cranidium. Cranidium regularly 
arehed from back to front .  Pygi d ium semiel l iptical i n  outline ; inner part 
rather gently convex ; lateral parts rather strongly but not suddenly bent 
down Il!. Linnarsoni HOLM. 

Axial parts of body comparatively narrov� . Glabella between the 
eyes about half as wide as cranidium. Inner posterior  part of cranidium 



I 0 2  

flatterred ; ante ro l ateral parts 
d ium sub-tr iangu lar in outl ine ; 
and suddenly bent down 

Illamus gigas HOLM.  

ELSA WARBURG 

strongly and suddenly bent down . Pygi 
inner part flat ; postero-lateral parts steeply 

lll. ovzformis n. sp. 

r 882 .  Illamus gigas, HoLM, p. 67, PI .  I ,  figs. 1 - 1 1 ,  PI. VI, figs. 9- 10 .  
1 90 1 . lilamus gigas, LJNDSTRÖ�!, p . 5 9, PI .  IV, figs. 34- 37· 

S p e c i fi c  C h a r a c t e r s .  - Cephalon strongly convex, semiel l iptical 
in  outl ine. Posterior ( lateral ) augles rounded.  Axial fu rrows only reaching 
one fourth the length of cephalon, their posterior parts sharply impressed . 
Glabella rather strongly raised above the side lobes. Palpebral lobes mo
derately !arge. Eyes distant about half their own length from posterior 
margin ,  their d istance from the axial furrows about equal to half the 
width of the glabella . Anterior  braoch of f a cia! suture curved S fashion ; 
posterior braoch straight or curving s l ightly outwards. When the cepha
lon is seen from above its d irection is nearly straight backwards. It 
meets the posterior margin of the cephalon at a very acute angle . 

Free cheeks slightly . convex , four-sided, with the outer and inner 
margins parallel to each other .  Median length samewhat greater than 
width . Posterior margin straight, lateral margin also nearly straight. Sur
face of eye crescentiform. Laterally the eye i s  bounded by a similarly 
crescentiform groove. 

Rostrum fusiform, its posterior margin sl ightly protruding in  the 
centre. Surface wrinkled by strong, transverse terraced Iines. Lateral 
margins continuous with posterior margin .  

Hypostoma inversely triaugular with posterior augles strongly trun
cated ,  wide, the width being greater than the length . Central part strongly 
swelled and samewhat pressed together from the sides, so that a weak, 
rounded keel is formed along the median I ine .  Anterior pair of wings 
!arge, only just meeting in front of central part, nearly flat, squarely cut  
off so that the i r  lateral margins meet the front margin at right angles. 
Behind the anterior wings the lateral edges form narrmv raised horders. 
Posteriorly they are continuous with each other so that no specific pos
terior border is formed. Posterior wings small ,  triaugular in  shape, sharply 
pointed, inclined nearly at right angles. The furrows which bound the 
central part at the back are most strongly impressed at the sides at the 
base of the anterior wings. The macul;e (which are not mentioned by 
HOLM , but have been described and figured by LINDSTRÖM, 1 90 1 ,  p .  59, 
PI. IV, figs. 34-37) are transversely elongated in shape and very small 
and faintly elevated.  

Thorax not known , but probably there were r o  thoracic segments. 
Pygid ium un iformly and strongly convex, semiel l iptical in outl ine. 
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Greatest projected width to length as 5 to 4· Axis extending two thirds the 
length of pygidium ,  in front more than twice as wide as straight part of  
anterior margin of s ide  Iobes, comparatively high, convex, without trace 
of a keel . Its outl ine forms an equilateral triangle and it is bounded 
laterally by distinctly marked though not deep axial furrows, which be· 
come obliterated posteriorly so that its hindmost part is hardly or not at 
al l bounded. The furrow behind the anterior margin of  side lobe rather 
deep. Behind this there are two ribs (or half ribs ) , which, though gene
rally very fai ntly marked ,  are never m issing. Lateral angles only s l ightly 
truncated, so that the surface of the facet meets the rest of the side lo  be . 
a t  very obtuse angle. 

The facet forms a rectangular triangle in whiCh the anterior margin 
is twice as Iong as the lateral one. The former slightly longer than the 
straight part of the anterior  margin of the side lobe. Doublure rather 
wide, increasing in width towards the midd le, where i t  forms a protruding 
tongue ; nearer the sides the anterior margin is forwards concave. There 
is a shallow furrow in the middle I ine and in casts the usual terraced I ines , 
which are nearly paraHel to the outer margin ,  are seen . 

Surface of test ornamented especially on the free cheeks by closely 
set small shal low pits of unequal size. Terraced Iines occur on the front 
part of  the cephalon , a long the anterior margin and parallel to i t, both 
on the cranid ium and on the free cheeks. On the doublure of the latter 
and on the rostrum they are especially strongly marked. 

D i m e n s i o n s .  - lll. gig-as is evidently one of the targest species 
of the genus, though i t  does not seerh to reach as great dimensions as 
lll. Rooneri HOLM. 

R e m a r k s .  - The foregoing description is ch iefly a rather close 
transtation of the one given by H OLM. 

lll. g-ig-as occurs in  moderate frequency in the lower part of the 
Lepta::na Limestone in  Dalarne, where it is found at several localities. 
No entire i ndividual of the species is as yet known, hut detached speci
mens of all the parts of the carapace , except the thorax, are found and 
on account of t heir resemblance in  several characters to other species 
which are known to have J O  thoracic segments, it seems probable that 
the thorax of lll. g-ig-as consisted o f  the same number of segments. 

Affi n i t i e s .  - As pointed out by HoLM ( r 88z ,  p. 70) ,  this species 
has several points of  resemblance with lll. Esmarki SCHLOTl-I .  and lll. 
scrobiculatus HO LM, and its cephalon is rather like that of lll. sphcericus 
HOLM, hut the pygidia d iffer very m uch from each other. 

H o r i z o n s  a n d  L o c a l i t i e s . - The species is found in the Iower 
part of the Lepta::na L imestone at Kullsberg, 1 Amtjärnsberg, Sinksjön,  

1 I n  HrsiNGER's collections in the  S ta te  Museum of Natural History, Stockholm , 
there are several fossils,  among others one pygidium of Ill. gigas, which on the labels 
are stated to  be  from >> Glistjern a , .  This locality i s  probably the same as Kullsberg, since 
Glistj erna (or Gliskärna) i s  th e name of  the village which lies on the slope of the bill 
Kullsberg south of  lake Glistjärn. 
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Östbjörka, and, according to HOLM, i n  a quan·y north o f  lake Gl i s
tj ärn . 1 

I t  is further found in  the Chasmops L imestone at d ifferent local it ies 
in Västergötland, Östergötland and Jämtland. 

Illrenus cf. gigas HOLM. PI. I, figs. 1 9, 20. 

D e s c r i p t i o n .  - Cranid ium about three fourths as Iong as the 
width in front of eye lobes ; anterior portion strongly bent down, rather 
strong! y convex from side to side ; posterior port ion comparatively flat 
but with postero- lateral parts of glabella and posterior parts of fixed 
cheeks sharply bent down. Glabella with gentie i ndependent convexity i n  
front, more strongly raised posteriorly, w i d e  and short, i n  front o f  eyes 
about twice the width of free cheeks, increasing samewhat in  width pos
te ri orly. Axial furrows clearly impressed, converging  anteriorly but with 
foremost ends s l ightly bent outwards. Fixed cheeks sl ightly sloping to 
wards the s ides and gently convex from back to front ; posterior  parts 
strong! y bent down ; i nner parts of posterior margins d i rected straight 
ou twards, outer parts downwards, outwards, and sl ightly backwards, about  
as Iong as posterior branches o f  fac ia l  sutures, which they meet  at very 
acute angles ,  the postero- lateral parts of fixed cheeks being very narrow 
and sharply po inted towards the sides. Palpebral lobes !arge and pro
minent, about as Iong as the d istance between eye and axial furrow, situated 
far back, their d istance from posterior margin o f  cephalon about one fi fth 
thei r own length . Posterior branch  o f  fac ial suture straight, rather strong! y 
bent outwards, about half  as Iong as palpebral lobe and hardly more than 
one fi fth the l ength of anterior branch ,  which latter describes a very gentie 
sigmaidal curve. 

Test ornamented with punct<e and with the usual terraced I ines  
along anterior margin .  

Re  m a r k s .  The  above description i s  based on a single defective cra
n i d ium from Sätra .  It resembles rather closely the cranidia of lll. gigas 
HOLM and of  lll. splu:ericus HOLM, hut its anterior portion i s  more sud
denly bent down than in these and has a less convex surface, the pos
terior port ion ,  especially the front part of the glabella, is more flattened, 

1 North of  this l ake ,  at Unskarsheden, Lept::ena Lim estone h a s  been  qua rried at  se 
veral places. As  seen on the  map accompanying h is  paper  of 1 88 ) ,  TöRNQUJST evidently 
believed that the limestene h ere formed one continuous m ass , which , as I have previ
o usly ( 1 9 1 0) pointed out, does not  seem to be the case. The fossils col lected at Unskars
heden prove that the rock in most of  these q uanies belongs to  the upper part of the  
Lept<ena Limestone, whereas i t  seems  probable that the  rock in which Il!. gigas is fou n d  
betongs to  the lower part of  this limestone and represents an isolated patch. This latter 
view appears to be  in accordance with HoLM's opinion, since be  mentians th is » quany 

. n orth of Glist jirn » and  Unskarsheden as d is t inct localities. 
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the eye lobes are s i tuated farther back, the posterio r parts of  the 
free cheeks mo re sharply ben t down, the inner  and ou ter portions of their 
hind margins meeting at more acute angles, and the posterior branches 
of the facial sutures directed more outwards. In the shape and d irection 
of  the posterior parts of  the fixed cheeks this form reserobles l!!. gigas 
more than l!!. splza:ricus, while the very prominent palpebra l  lobes are 
more like those of the latter species and it is not impossible that i t  is 
more nearly all i ed to this than to l!!. gigas, but unti l i t  is more completely 
known this is impossible to decide. 

H o r i z o n  a n d  L o c a l i t y .  - Lower Lepta!na Limestone ; Sätra. 

Illamus Wimani n.  sp. PI . I ,  figs. 22-2 5 .  

1 907 a. Illamus sp . ,  WJMAN, p .  1 5 0. 

S p e c i fi c  c h a r a c t e r s .  - Cranid ium moderately convex both from 
back to front and from side to side, width i n  front of eyes about seven 
eighths the d istance between anterior and posterior margins ; lateral parts 
of anterior edge slightly produced so that behind them folds are formed 
to  receive the lateral edges of the pygidium when the an imal enrolls i t· 
self. G labella strongly raised , with the sharpest bend in the median I ine ; 
nearly as Iong as wide and extending more than half the length of cra
nidium, sl ightly contracted between the eyes, where its width is more than 
half that of cranid ium. Axial furrows moderately impressed , deepening 
posteriorly, s l ightly concave outwards. Fixed cheeks narrow ,  with base 
less than one thi rd as wide as glabella ,  slightly swollen and sloping down 
towards the sides ; shallow but distinct ,  straight posterior border furrow 
(at ! east in casts) ; inner parts of posterior border horizontal , very narrow 
( from back to front) ; outer parts slightly bent down and widening towards 
the sides so that the lateral portions of the posterior margins are d irected 
somewhat backwards and meet posterior margins of facial sutures at 
slightly acute angles. Palpebral lobes comparatively Iong and narrow,  
distinctly p rotruding, situated not quite their own length from posterior 
margin ,  and a l ittle in  front of the middle of the glabella. Posterior 
branch of facial suture directed nearly straight backwards or somewhat 
inwards, very slightly concave inwards but with the hindmost portion 
curving gently outwards, or real ly downwards ,  the outermost end of the fixed 
cheek being rather strongly bent down. Anterior branch a little more 
than twice as Iong as �he posterior one, slightly outwards convex, with the 
strongest curvature near anterior margin. Free cheek (only partly known) 
rather elongate, with sl ightly rounded lateral angle ; lateral edge with 
border and fold (to receive ends of  thoracic pleura!), dying out near angle .  

Thorax probably of 10  segments (only one detached segment found) .  
Axis wide, on the segment found about ha l f  the width of thorax and 



r o 6 ELSA WARBURG 

four t imes that of straight part of side lobe, rather strongly convex. 
Axia l  furrows scarcely impressed .  Inner harizontal part of pleurce more 
than hal f as Iong (from side to · side) as outer part, which i s  strongly 
though not sharply bent down and not d i rected backwards, pointed at 
the end and with the posterior margi n  sl ightly backwards convex .  Facet 
not very sharply set o ff on the segment described, which is probably 
one of the posterior ones that has become detached from the pygidium 
found i n  the same piece of rock very close to it .  

Pygid ium sem ioval, four fifths to tive sixths as Iong as wide ; i nner 
anterior portion slightly convex, l ateral and posterior portions very strongly 
bent down.  In the larger specimens the hindmost part a l ittle less 
strongly bent down, so as to form an  indication of a concave horder ,  
wh ich d isappears anteriorly. Axis wide and short, nearly half the width 
of pygid i um, rapidly tapering poster iorly, proj ecting on front margin ,  with 
sl ight  independent convexity in  front, bounded by shallow marg ina l  im
pressions and faintly ind icated axial furrows, whi ch soon become quite 
ob solete. Fulerum rather weak, d istance from axis only about one 
tifth the width of  l atter and about one third the length of posterior 
margin of facet .  Short shallow furrow beh ind ful erum and very faint 
traces of one more furrow posterior to thi s .  Lateral angles only sl ightly 
truncated, since the s urface of facet meets t he surface of pygid ium at very 
obtuse an g le ,  especially near the l ateral margi n .  Outer margin of facet 
about half, anterior  margin about three fourths the length of posterior 
margin ; anterior margin slightly forwards con ca ve ; lateral an g le  round ed. 
Doublure very wide, i ncreases i n  width posteriorly ;  inner part convex ; 
narrow outer part concave ; shal low median furrow dying out before 
reaching posterior margin. 

Test ornamented with small punctce and with terraced Iines over 
nearly the whole of the cranidium, along the lateral margin of the fixed 
cheeks, on the axis of the thorax, the anterior part of the pygidial axis ,  
the facets and the doublure of  the pygidium .  

D i m e n s i o n s .  - lll. Wimani seems to attain rather !arge dimen
sions, but does not belong to the largest species of the genus. The crani
d ium tigured (PI. I ,  tigs .  24-2 5 ) is the largest found, but the greatest width 
of the pygidium, which p robably belongs to the same individual (see be
low) , is only 35 mm. (the length cannot be determined , s ince the posterior 
part i s  not preserved) ,  while the largest pygidium known (PI. I ,  tigs. 2 2  
-23 )  seems to have reached a width of  at !east 46  mm. · 

. R e m ar k s .  - There is no entire ind ividual found of this species, 
bu t in a piece of half-burnt Leptcena Limestene from Furudal in  the Up
sala Museum there are a cranidium, a thorack segment and a pygid ium, 
the position and relative dimensions of which indicate that they belong 
to the same ind ividual . There i s  also a fragmentary cranidium with a 

loosely attached free cheek from Gul leråsen i n  the Museum of  the Geolo
g icaJ Survey and on top of this a pygid ium of the type described. This 
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confirms the p resumptian that the different parts belong to the same 
species. 

The species is  further represented from Kul lsberg by a cran id ium 
in  the  Upsala Museum, found by the  present writer, and in the  o ld col
lections in  th is  museum there are two pygidia, which on the appended 
labels are stated to have been found at Fjeckå (Fjeckån) ,  and a crani
dium from an unknown locality in Dalarne. Possibly the latter i s  from the 
same locality as the pygid ia ,  but what exact locality is  meant by Fjeckå, 
I have not been able to find out. The rock in which the spec imens 
occur is  beyond doubt Lept<:ena Limestone, but this l imestone has, as far 
as I know, not been found anywhere in the i mmediate neighbourhood of  
the river which runs pas t  the  o ld  mill at Fjecka and which seems to  be  
alternately cal led Fj eckå (or  Fjeckan) and Moldå. 

The Lept<:ena Limestone which occurs at Furudal and Kullsberg 
belongs to the lower part of  this l imestone. The fossils that occur 
in this do not seem to be represented in the Lept<:ena Limestone which 
forms the Lissberg ' hi l l  in the vi l lage of  Gul leråsen and which evidently 
i s  o f  younger geological age , since several of the species found in i t  also 
occur in the upper part of the Lept<:ena Limestone at  other localit ies , 
e. g. at Kallholn and Osmundsberg. According to TöRNQUIST ( 1 883 ,  
p .  45 )  Lept<:ena Limestone occurs also at Storsveden in Gulleråsen,  but  
it does not  appear probable that the  specimens of Il!. Wimani from Gu l
leråsen have been found at this locality, s ince v. Schmalensee, who has 
collected these ,  would in this case presurnably have stated this on the 
appended label, all the more as in the same year he made great collec
tions at Lissberg. It does not seem improbable, however, that the piece 
of rock which contains the specimens in question was found as an isolated 
boulder, especially as it is rather weathered on the surface. 

Among the specimens o f  lllcenus sp. found  i n  boulders of North 
Baltic Lept<:ena Limestone re ferred to by WIMAN ( 1 907 a, p. r ;o) which 
I have had an opportun i ty to examine, there are three fragmentary era
nidia ( found in boulder Rosenbergs Nr. 2) in the Upsala Museum, which 
agree so closely with the cranid ia  from Dalarne that I have not hesitated 
to refe r  them to the same species. 

A ffi n i t i e s .  - · This species seems to be very closely all ied to lll. 
oblongatus ANG. (HoLM, 1 886, p .  r r 6, PI. VIII, figs. 1 - 1 3) . The pygi· 
dium is , however, considerably more convex, its posterior and lateral 
parts more sharply bent down,  and its axis much broader and flatter 
than in any o f  the varieties of the latter species. The lateral angles of 
the free cheeks seem also to be more pointed in  this than in lll. Wimani. 

The pygidium reserobles rather closely that of Ill. gigas, but in this 
too the axis is narrower and more convex, the axial furrows more clearly 
impressed,  and no trace of a concave border is to be seen even in  the 
larger spec imens. Moreover the cephala of the two species are very 
unlike each other. 
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H a r i z o n s  a n d  L o c a l i t i e s .  - The species occurs 111 Dalarne in 
the lower part of the Leptcena Limestene at Furudal and Kullsberg, and 
is a lso found in  Leptcena Limestene at >> Fjeckån » and Gulleråsen . Out
s ide Dalarne it is found in boulders of North Baltic Leptcena Limestone .  

Illamus Roemeri VoLBORTH. PI .  I ,  figs. 26-29. 

1 86 r .  Illanus grandis, RoEMER, p .  69, PI. VIII ,  fig. 4 ·  
1 86 3 .  Bumastus Barriensir, VoLBORTH, PI.  IV, fig.  1 4  (Cet .  fig. exclus). 
r 864. Illanus Roemeri, VoLBORTH, p. 7, PI. II ,  figs . J 2- J 5 (non Ii g. J o  = III. Lin nars� 

soni  Holm). 
1 882.  l/lamts vivax, H o LM , p .  74, PI. VI, figs. r -7. 
1 886. Illanus Roemeri, HOLM , p. 1 2 ) ,  PI .  IX,  figs. 4 - 14 .  
? 1 896. Illanus sp . ,  R E E D ,  p.  4 1 6, PI .  XX,  fig. 6 .  
1 90 r .  Illanus Roemeri, Lr�DSTRÖM, p .  5 9, PI. IV, figs. 3 8 -4 1 .  
1 907 a .  Illanus Roemeri, WIMAN ,  p .  1 3 7 ,  PI . VIII, fig. 4. 

S p e c i fi c  c h a r a c t e r s . - Body wide .  
Cephalon very wide, transversally extended , rather strongly arehed 

both from back to front and from side to side ; the outl ine forming nearly 
the half of an el l i pse, which is d ivided longitudinal ly ; anterior margi n  
consequently only very slightly arehed i n  front and \vith the strongest 
bend at the sides. Gabella rather gently convex, short and wide, about 
one third the width of cephalon, decreasing in width posteriorly. Axial 
furrows short and sh all o w, in casts, sharply impressed, extending less 
than one third the length of cephalon and not reaching as far forward 
as anterior ends of  eyes, converging anteriorly but with the foremost 
ends bent outwards. Eyes (at ]east in the adult) situated far forward 
and at a d istance from the dorsal furrows about equal to half the width 
of the glabel la . Palpebral lobes rather  !arge, on the Swedish specimens 
not very prominent, on the East Baltic ones more so. Posterior branch 
of facial suture I ong, di rected sarnewhat outwards, forming a sl ightly sig
maidal  curve. Anterior branch short, at !east in the Swedish specimens 
the distance from the middle point of the eye lobe to the point of see
tian between the suturc and the anterior margin is only one and a 
half tirnes the distance from the former point to the point where it cuts 
the posterior margin ,  which latter distance is  equal to that between the 
eye and the dorsal furrow. 

Free checks rather strongly convex, very short, sub-quadrangular ; 
the ir  median length nearly equal to the width, lateral margins slightly 
arehed outwards ; , lateral angles strongly and evenly rounded. 

Rostrum with the posterior margin very strongly protruding in the 
middle, so that its length here is  equal to nearly hal f  the w idth. 

Hypostoma rather l ike that of Il!. gigas but cornparatively some
what narrower ; posterior margin rnore widely rounded ; anterior pair of 
wings not reaching so far backward and with the lateral margins sl ightly 
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converg ing posteriorly and gent ly curved ; m id die body more strong ly 
raised and more distinctly keeled .  The maculce, according to LINDSTRÖM 
( 1 90 1 ,  p. 59 ) ,  » li e  on elevated tuberdes and are of a strange shape, being 
sharply pointed ou twards, rounded inwards » .  

Thorax of r o  segments .  Axis wide ,  decreasing i n  width posteriorly, 
on 5 th segment nearly half the width of thorax, gently and evenly con
vex. Inner flat part of  side lobe narrow, s l ightly increasing in width pos
teriorly, on r st segment about one fifth the width of  axis. Outer part 
considerably wider. 

Pygid ium sub-semicircular, about two thirds as Iong as wide, gene
rally rather evenly though not very strongly convex (on some specimens 
with the inner anterior part more or  l ess fl.attened and the lateral and 
posterior parts rather st rongly bent down) .  Axis ( in the Russian speci
mens according  to HOLM 1 886, p. 1 27) only seen in  casts, where i t  is  
generally marked to its base by faint shallow furrows, or  ( in the speci
mens from the Leptcena Limestone) also when the test is  p reserved with 
the anterior  part sl ightly though quite distinctly raised and bounded by 
short marginal depressions or short shallow axial furrows ; i t  is wide, conside
rably wider than side lobes ; anterior margin forming a projecting arch , 
which, however, is s l ightly excavated in the middle .  Straight part of side 
lobe very narrow, about one third the width of axis and three fifths the 
length o f  posterior margin of facet. Anterior margin of latter three t imes 
as Iong as outer marg in .  Lateral angles truncated at about 4 5° . Strong 
furrow behind fulcrum.  Doublure more or  less strongly concave, narrow, 
samewhat decreasing in wi dth posteriorly, neither excavated nor protrud
ing in  the middle ,  and with only s l ight traces of median furrow. Terrac
ed I ines parallel to the margin ,  running uninterrupted from one side to 
the other and not bent in the median Iine . 

Test ornamented with small punctce and !arge pits and as usual with 
terraced I ines a long the anterior margin of the cephalon and on the fa
cets, and a lso across the base of the glabella, the axis of the thorax 
and on the anterior part o f  the pygidium. On the latter there are alvvays 
at !east a few rather coarse I ines running in a curve from the axis to
wards the facets. 

D i m e n s i o n s .  - il!. Roemerz" is one of the largest (perhaps the 
la rgest) species of the I l lcenidce. In one cranidium ,  measured by HOLM, 
the projected length ( = distance between anterior and posterior margin) is  
reported to be 8o mm. The specimens vary, however, considerably in  
size and qu ite small ones  are  frequently found .  In the smallest c ran i 
d ium which I have s�en the corresponding distance is only 6 mm.  (CL 
HOLM, r 882 ,  p. 76, r 886, p .  1 28) .  

R e m a rk s .  - The foregoing description is a sl ightly revised sum
mary of those given by HoLM i n  his papers of r 882 and 1 886, except 
as regards the hypostoma. This was apparently not known to HOLM, 
and has, as far as I know, never been found in situ , but the hyposto -
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mata referred to III. Roemeri by LINDSTRÖM ( 1 90 1 , p. 59, PI. IV, figs. 
38-4 1 ) , which belong to the State Museum of  Natural History, Stock
holm, were evidently found in the same piece of rock and in close pro
ximity to other parts of the carapace of this species and seem to have 
been correctly attributed to it .  The rock i s  Lept<ena Limestone and the 
accompanying  label states that i t  is probably from Östbjörka. 

Only a rather small number o f  specimens of this species are known 
from the Lept<ena Limestone, though detached parts of the carapace have 
been found at most o f  the locali ties where the upper part of this is ,  or 
has been, exposed. In the Museum of the Geol. Survey there is also a 
small ,  nearly complete individual (PI. I, figs. 28-29) from Kallholn and 
the middle portion of  a rather !arge cranidium from the same locality, 
with the rostrum, parts of  10 thoracic segments, and a fragment of the 
pygidium attached (PI. I ,  figs. 26-27) .  

On the whole the specimens from the Lept<ena Limestone seem to 
agree with those from the East Baltic Lyckholm formation (F1 )  and the 
small points of  difference are probably only to be regarded as ind ividual 
variations, as was also suggested by HOLM ( I  886, p .  I 2J) . In the pygidi um  
from Osmundsberg figured by  this author ( 1 882 , P I .  VI, figs. 2 -4) the 
anterior part of  the axis is considerably more strongly marked than in 
the East Baltic specimens, but other pygidia from the Lept<ena L imestone 
are more l ike the latter, since in them the axial furrows are ouly repre
sented by shallow marginal depressions and only the foremost part of 
the axis shows a gentie independent convexity. To judge from the figures 
(HOLM, I 886, PI . IX, figs. 5 and I I a) i t see m s as i f, at l east in  som e of 
the East Balt ic pygidia too, this part was slightly raised. 

Som e of the pygidia from the Lept<ena Limestone are much flat
tened above and have the lateral and especially the posterior parts strongly 
bent down , whereas others . are more regularly arched,  but to j udge from 
HoLM's figures the East Baltic specimens seem also to vary in this 
respect. 

In  the small complete individual from Kallholn the axis of the tho
rax and the posterior part of the glabella are comparatively strongly 
raised and also the anterior part of the cranidium is more convex than 
generally seerus to be  the case. The palpebral lobes are s i tuated compa
ratively far backward , their distance from the posterior margin of the 
cephalon being only about two thirds their own length. This latter cha
racter, however, is p robably due to its being a young individual, since 
in other still smaller cranidia from the Lept<ena Limestone this distance 
is even shorter �nd in a small individual from the Lyckholm formation 
measured by HOLM ( I 886, p .  1 29, specimen a )  it is stated to be on ly 
half the length of the palpebral lobes, whereas in  the larger cranidia 
both from there and from Sweden it seems to be nearly equal to or even 
longer than this lobe. 

The rostrum (PI .  I, fig. 27) ,  which is not previously described or 
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figured from the Leptcena Limestone, hut has now, as is already men
t ioned, been found at Kallholn, agrees very closely with HOLM's descrip 
t ion i n  his  paper of  1 886. It seems very probable that the rostrum from 
the Keisley Limestone in England described and figured by REED ( 1 896, 
p .  4 1 6, PI .  XX, fig. 6) also belongs to this species, especial ly since both 
cranidia and free cheeks of  Ill. Romuri are reported from the same lo
cality (REED , o p. cit .  p .  4 I 3 ) .  

I n  his p a pe r  o f  I 890 POMPECKI ( p .  66, PI. III, fig. 1 6) describes and 
figures a east of a pygidium (previously figured as Il!. erassicanda var. 
by STEINHARDT, I 874, PI .  III,  fig. I4 a-c)  found in a boulder of hard , 
fine-grained, gray l imestone in East Frussia which he refers to Il!. Roemcri. 
It is comparatively elongate and has also a rather Iong axis, but seems 
otherwise to agree with the pygidia of this species, hut whether it really 
belongs to it it is impossible  to say. 

A ffi n i t i e s .  - This species seems to be very closely al l ied to the 
English Il!. Murchisoni SALT. (SALTER, I 867, p. 201 , PI . XXVI, fig. r ,  
PI . XXX, fig.  7 )  though the latter is apparently more strongly convex 
and the outl ine of the cephalon different (C f. HOLM, I 886, p. r 29) .  The 
Swedish species which bears the dosest resemblance to it is Il!. fallax 
HOLM. The latter never seems to attain such !arge d imensions, however. 
The form and convexity of its cephalon is also different, the eye lobe 
situated farther backward the free cheek more elongate and the pygi
dium is less convex and has a flat doublure .  Besides, Il!. fallax is a geo
logically older form, which belongs to the fauna  of the lower part of the 
Leptcena Limestone and of the Chasmops Limestone. 

H o r i z o n s  a n d  L o c a l i t i e s .  - Il!. Roemeri is found in the upper 
part o f  the Leptcena Limestone at Boda, Osmundsberg, Kallholn, Arfvet, 
and Kli ttberg. 

Outside Dalarne it is known from the Red Trinucleus Shales i n  
Västergötland,  from the Lyckholm formation (F1) i n  the East Baltic Area, 
and (according to HoLM, I 886, p . I 30) from the Gastropad Limeston e i n  
Norway, from where i t  is  also reported by  KJA<:R ( 1 897 ) .  It i s  also found 
in boulders of North Balt ic Östersjö  Limestone and (according to HOLM, 
op. cit )  at several p laces in Germany in boulders o f  Leptcena and Lyck
holm Limestone, and seems also to occur in the Keisley Limestone in 
England. 

Illamus fallax HoLM. 

I 866. Illa!llus limbatus, LIN NARSSON, p .  2 J ,  PI .  I I ,  figs .  6 a-c. 
J 869. Illamus limbatus, LINNARSSON, p .  n, PI. II ,  figs. 43 -44· 
I 882.  Illamus fal/ax, HoLM, p.  82, PI.  II, figs. J-J 3, J 5 -20, PI. V, figs. J 5-24, PI. 

VI, fig. r 6 . 
? I 888. Illamus fal/ax, WrGAND, p. 76,  PI.  IX, fig. 9· 
J 907 a. Iliemus fal/ax, WrMAN, p. I I ) ,  PI. Vlll, figs. r 6 , J 7 . 
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S p e c i fi c  C h a r a c t e r s .  - Body elongate . 
Cephalon semi -e l l ipt ical , moderate ly a n d  even ly convex and w i th the 

front part of  cranidium evenly arched. Lateral angles rounded. Axial 
furrows very shallow and weak, somewbat converging anteriorly, exten
ding a bo ut on e third the length of cepbalon ; in casts ,  on the contrary, 
very deep and sharp,  their anterior ends forming an inwards convex 
arch .  Glabel la  between eyes about twice as wide a s  the distance bet
ween eye and axial furrow, bu t  sometimes only attaining a width 
which i s  equal to one and a half t imes this d istance. It is moderately 
and evenly convex , and forms,  tagether with the fixed cheeks, an 
evenly curved arch . In casts there is a minute rounded el evation near 
the posterior margin. This is not to be seen on the surface of the test. 
There must  accordingly be a small pit on the inner side of the test. 
Pal pebral lobes moderately !arge. Thei r d istance from posterior marg in 
of  cephalon about  equal to two thi rds their own length. Posterior branch 
of facial suture d irected straight backwards or even samewhat inwards, 
forming a very gentie inwards concave curve, but bent outwards j ust at 
posterior margin ; consequently the fixed cheek here ends i n  a small  point .  
Eye narrow, crescent iform, rather low. Free cheek samewhat varying in  
shape, shorter or longer, but  a lways w i th length greater than w idth ,  
sl ightly convex ; the a ng le  betwcen i t s  lateral and posterior m argins is 
also samewhat varying, bu t i t is generally about 70° ; lateral margin  nearly 
straight ; posterior margin , on the other hand , slightly curved near lateral 
angle. Anterior margin of cephalon rounded and wi thout project ing rim .  

Hypostoma l ike that o f  lit. gigas HOLM but  a l ittle narrower a nd  
more triaugular in shape and  with the central body more raised and  more 
strongly keeled . 

Rostrum of  the usual shape . 
Thorax of 1 0  segments . Axis wide, in the middle of thorax about 

hal f  the width of this, sl ightly decreasing in width posteriorly. Flat part 
of side lobes very narrow, on the I st segment about one sixth to one 
eighth , on  the last, on the other hand, not quite one third the width of 
axis of  the same segment .  

Pygidium semi - el l iptical .  On  the  specimens from the  Lept<ena Lime
storre i ts posterior part is  very wide and the outl ine describes a very 
e venly curved arch . In these the greatest width i s  a l i ttle beh ind the an
ter ior margin .  The lcngth of the pygidium is about three fourths the 
width .  It is only sl ightly convex, though variations occur, not flatten
ed on the top but generally evenly arched .  Sometimes, however, the 
bend is  a l itt le stronger nearest the outer margin . On the surface of  the 
test no traces o f the axial furrows, the axis consequently only ind icated 
i n  i ts foremost part , where it forms a protruding a rch on the front mar
gin .  In casts , on the other hand,  the axial furrows are d istinct and 
the  axis accordingly vis ible ,  but only i ts  anterior part is slightly raised . 
It extends about one third the length of  pygidium and has the shape 
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of  en equilateral tr iangle. In casts a shallow groove runs backwards from 
the posterior end of the axis , which groove soon runs i nto a narrow 
raised rim cont inuing to the posterior marg in  of the pygidium .  The 
straight part of the anterior margin of the side lobe i s  about onc third 
the width of the axis. Behind i t  a more or less d ist inctly marked obli
que furrow i s  seen .  Lateral angles sl ightly truncated. The facet, which 
is on ly a l i tt le bent down, has the shape of a rectangular triangle, its an
ter ior margi n longer than its outer margin .  Doublure of pygid ium narrow, 
one fourth to one third the length of pygidi um,  hardly increasing i n  width 
posteriorly an d with the anterior marg in  evenly arehed in the middle ,  
flat ,  sometimes with a shal low, ·narrow median furrow and , as usual , with 
terraced I ines .  

Surface of test with very closely placed m inute punctce, on some 
parts of  the body arranged i n  rows, and between these, except on the 
glabel la , a long the middle and on the posterior part o f  the pygidium ,  
terraced  I ines and transit ion forms between such I ines and  rows of 
punctce. (For a more minute descri pt ion of the ornamentation of the test 
see HOLM, op .  c it .  p .  85 ) . 

D i m e n s i o n s .  - HoLM (op .  c i t .  p .  86) states that Il!. fallax is one 
of the smal ler species of the I l lcenidce, but that its size does not fal l  so 
very much below the average size of the members of th i s  family. He 
considers that some specimens measured by him (one of them a cepha
lon with the thorax and part of the pygid i um  attached ) ,  in which the 
proj ected length of the cranidium is  19 to 20 mm. and the width bet
ween the eyes 2 1  to 22 , 5  mm. , represent the normal size of  the species. 
He mentions, however, that i n  the Leptcena Limestone he has found a 
few pygidi a  which show that the species could attain samewhat l arger 
d imensions. The present writer has also found some rather !arge 
pygidia and crani d ia i n  the Leptcena Limestone. In some of the latter 
the d istance from the anterior to the posterior marg in  is  3 1  to 3 2 mm.  
and the  d istance between the  eyes about 3 5  mm.  

R e m a r k s .  - The above descri ption is chiefly a rather close 
transl at ion of the description given by HOLM. 

The spec ies belongs to the fauna of the Chasmops Limestorre and 
it occurs a lso i n  considerable abundance at several localities in the lower 
part of  the Leptcena Limestone i n  Dalarne .  At Kullsberg I have found 
a cephalon (now in the Upsala Museum ) with four attached thoracic seg
ments, but no entire individual i s  as yet known from the Leptcena L i 
mestone. 

The hypostoma which HOLM, probably qu i te correctly, refers to Il!. 
fallax has been found associated with cran id ia  and pygid ia of the species, 
but never attached to the cephalon. 

WIGAND ( 1888, Pl.  IX, fig. 9, see also the same paper p. 76) figures 
a pygid ium found in a boulder of grey l imestone (accord ing to him Orto 
ccras Limestone) at Rostock, which he refers to Il!. fa!lax, but whether 

8 - ' " "' ·  Bull. of Geol. Vol. X VII. 
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i t  real l y  belongs to this species it is im poss ible  to say.  As rega rd s  i t s  
convexity,  the character o f  the d o u b l u re and the relat ion between length 
anJ w i d th i t  seerus to a g ree with the spec i m e n s  from t h e  Leptcena a n d  
t h e  Chasmops L i mestone,  b u t  to j udge from the figure t h e  a x i a l  fu rrows 
are longer  {the spec i m e n  see ru s  to be a east) and have a d i fferent c o u rs e ,  
a n d  besides i t  is  cons iderably l arger than any k n o w n  pygi d i u m  o f  Ill. 
fallax. 

REED ( r  896, p .  4 1 3) has also referred a s m al l  p yg i di u m  from the 
Keisely Limestone i n  England to this  spec ies a n d  i t  is  also enumerated 
by R E YN O L D S  and GARDINER ( 1 896, p .  5 93 )  in  the l ist o f  foss i l s  from 
the chair  o f  Ki ldare in  Irel a n d .  But s ince the fau n a  at  t h ese t w o  places  
seeru s  o n  the whole  to earrespond to the fa u n a  o f  the upper  ( a n d  n o t  
to  t h a t  o f  the l o w e r )  part  o f  the Leptce n a  L i mesto n e ,  I feel  m o s t  i n c l i n e d  
to b e l i e v e  that t h e  specimens i n  quest ion h ere belong to some other 
species o f  Illcenus. 

A f fi n i t i e s .  - As is already ment ioned,  Il l. fallax has m a n  y p o i n t s  
o f  resemblance to Ill. Roemeri and i s  probably rather closely a l l i e d  t o  
t h i s  species .  

H a r i z o n s a n d  L o c a l i t i e s .  - The species occu rs i n  the lower 
p art o f  t h e  Leptcena Lim estone at Amtj är n ,  Kul lsberg, Sätra ,  F u r u d a l ,  
Östbj örka a n d  Sinksj ö n .  

It  i s  fu rther fou n d  i n  t h e  Chasmops L i m esto n e  a t  several local i t i e s  
i n  V ästergötla n d ,  Dalarne,  a n d  Ö l a n d  a n d  in  boul ders o f  t h i s  l imestun e  
from the North Balt ic  S i l u r ian Area and,  accord i n g  to  HOLM, i n  beds be
l o n g i n g  to KJERU LF's  Etage 4 in No rway . 

Illamus dalecarlicus n .  sp .  P I .  II ,  figs. 1 0- 1 3 ,  8 ?  

? 1 882 .  Illamus sp .  ind . ,  Hour, PI . VI,  fig. 1 7 .  

S p e c i f i c  C h a r a c t e r s .  - Entire body elongate,  nearly twice as 
Iong as w i d e ; cephalon shorter t h a n  pygi d i u m ; thorax sh orter than either 
o f  these.  

Cephalon s u b-semicircular,  more than h a l f  a s  Iong a s  wide ,  com
parati vely slightly convex,  s m aller  specimens sam ewhat m ore convex t h a n  
the l arger o n e s .  Glabella gently convex, I o n g ,  m o r e  t h a n  t wo t hirds t h e  length 
of the cephalon,  rather strongly contracted between the eyes, where i t s  
width is  a b o u t  o n e  t h i r d  t h a t  of  cephalon a n d  h a l f  th at o f  crani d i u m  i n 
s i d e  palpebral lobes,  widening aga i n  at  front to  quite i t s  b a s a l  width .  
Axi a l  furrows rather b road a n d  shal l ow, stron gly concave out wards and 
w i th the  a n terior a n d  posterior port ions  meeting a t  obtuse angles .  Fixed 
checks and palpebral  lobes very g ently arehed down towards the sides,  
a l ittle more strongly so towards the back and front ; i n  casts with shal
low furrow extending along base and on to free check around eye.  Eye 
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lobes crescent- shaped , rather !a rge and prominent ,  their distance from pos
terior m argin about three fi fths the l ength of  the moderately prom inent  
palpebral lobes ,  and their  d istance from t h e  point o f  seetian between 
a nterior branch o f  fac ia l  sn ture a n d  anterior m argin o f  cephalon about 
two and a half t imes this length. Posteri or branch o f  facial  suture 
stra i ght and d i rected ne arly straight backwards o r  sl ightly outward s .  An
terior  branch describi n g  a slightly sigmaidal c u r ve with the strongest 
conve x i ty directed o u tw ards.  Free checks rather ! arge, lon ger than \v i d e ,  
gently c o n v e x  a n d  rather steeply bent  d own ;  gena! angles n o t  p reser ve d ,  
p robably rather pointed a n d  only ro u nded at the extremi t ies ; i n  casts 
fai n t  traces o f  posterio r  b o rd e r  furrows ; p osterior m argins d irected sl ightly 
b ac k wards. Eyes sub- creseentiform in out l ine ,  about three t imes as Iong 
as  wide . Doublure extending comparatively far inwards u n derneath 
cran i dium.  

Rostru m smal l ,  transversely fusiform ; a nterior edge near ly  flat, 
middle  and posterior p a rts regularly arehed ; fron t  margi n gently areh ed 
fo rward s ;  l ateral margins meet i ng anterior m a rg i n  at very acute aug les 
and eontinuous w ith posterior m a rgin ,  which l atter is obtusely an gu l a t e d  
i n  the centre,  for m i n  g s h o r t  m e d i a n  proj ection ; length fro m  b a c k  to front  
across m i d d l e  about one fou rth the width between l ateral extrem i t ies .  

Thorax o f  1 0 segments,  about th ree fi ft h s  as Iong as w ide .  Axis 
rather strongly convex,  i n  the m i d d l e  not quite hal f the w i dt h  o f  thora x ,  
o n  the I st segment s l i ghtly n arrower than on the 4 fol lowing,  whieh are 
nearly e q u a l  i n  w idth , posterior part tapering s lightly to pygid ium . In ner  
flat ,  harizontal p art  o f  s ide lobe d ecreasing in width posteriorly to about  
half  i ts  frontal  width,  i n  the middle o f  thorax about one third the width 
of axis .  Fulerum weak.  O uter parts o f  pl e ur<e gently bent down and 
d ireeted very s l i ghtly back wa rds . 

Pygi dium semiel l i ptieal ,  three fou rths to four fi fths as Iong as wide ,  
very gent ly convex and surro u n d e d  by narrow , flattened barder, gradu · 
ally inere asing i n  width posteriorly.  Axis short,  h ardly more than one 
fourth the length o f  pygi d i u m ,  at fro n t  m a rgin a litt l e  more than o n e  
third t h e  width o f  pyg id ium,  gen eral l y  gently convex, tri angular shaped , 
sl ight l y  projecting on front  m argi n .  Axial  furrows hardly im pressed even 
i n  casts , almost ob solete at base o f  axis.  Fulerum weak, distance fro m  
a x i s  not  quite h a l f  the w i d t h  o f  latter and a l i tt l e shorter t h a n  posterio r  
m argin o f  facet.  L ateral a n g l e s  very slight l y  truncated.  F a c e t  very Ion g 
( from side to s ide) a n d  narrow, very weakly set off, n ear lateral edge 
hardly bent d o w n  at a l l .  r st pleural  furrow ( = p ost fuleral furrow ) d i 
stinet,  though n ot deep , reachin g  to inner  margin of doublure.  Doublure 
rather narrow, grad ual ly increasing in width posteriorly to about one and 
a half  t imes its width at anterior margi n ,  i n n e r  part convex,  outer part  
con ca ve o r  flatten ed ; narrow m edian fu rrow across i n ne r  part .  The 
doub l u re l ies u n u sually c lose t o  the dorsa l  test.  
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Test ornamented with smal l punct� and except on the middle and 
anterior parts of the glabella with rather fine terraced I ines .  On the inner 
and posterior parts of the fixed cheeks and on the flat part of the side 
lobes of  the thorax these Iines are d irected obliquely inwards and back
wards, on  the other parts of the cephalon and thorax thei r  direction is  
more or less vertical to the median I ine of the body. On the median portion 
of the pygid ium they have about the same d irection or are sl ightly arehed 
backwards, hut generally turn ing more forwards towards the s ides ,  except 
near the anterior margin .  On the doublure the terraced I ines are, as us
ual ,  paral lel to the margin .  

D i m e n s i o n s .  - This species seems to have been of moderate 
s ize .  Of  the specimens found, the individual figured on p late II ,  tigs� 
r o-I  I has the largest dimensions. In the smal lest cranidium which I 
have seen the d istance between the anterior and the posterior margi n  is 
I O  mm. 

R e m a rk s .  - An almost entire individual and several detached era
nidia and pygidia is the materi a l  on which this new species i s  founded .  
They are al l  from Kallholn ,  except three small cran id ia ,  o f  which one is 
from Osmundsberg, the other two from unknown locali ties in  Dalarne .  

In his paper of I 886 (p .  I 3 5 )  HOLM mentions some cran id ia which 
he has found i n  the Lept�na Limestone in Dalarne and which he  attd
butes to Iii. angustifrons HoLM. I have not myself had the opportun i ty 
to see these specimens ,  hut to j udge from HOLM's brief  description -
he states that they seem to form a transition form between the type 
form of Iii. angustifrons and the var. depressa HOLM - it  appears pro
bable that they belong to JU. daiecariicus. 

There are also a few specimens of the hypostoma of an Iiicenus 
found at Kallholn, which possibly might belong to th i s  species. It is  
slightly longer than the width behind the anterior wings, gently tapering  
posteriorly and widely rounded behind .  Anterior margin gently arehed 
forwards ; lateral margins continuous with posterior margin .  Anterior lobe 
of central body very strongly raised ,  depressed from the sides, broad ly 
oval . Posterior lobe gently convex,· crescentiform, with pa i r  of small ,  
low, oval macul� .  Median furrow d istinctly marked,  deepening towards 
the sides. Anterior border narrow ( from back to front ) ,  flat, continuous 
with anterior wings .  Lateral and posterior borders narrow, raised. Bor
der furrow deepest at base of  anterior wings. These extending about 
three e ighths the length of the hypostoma, rather wide ,  gent ly incl ined 
posteriorly. Posterior wings small ,  t riangular ,  bent sl ightly inwards. The 
hypostoma from . Unskarsheden figured by HOLM, I 882 ,  PI .  VI, fig. I 7 , 
seems to be of the same type as those j ust described and might belong 
to the same species . 

A ffi n i t i e s .  - Iii. daiecariicus resembles very closely JU. angusti
fro1ls HOLM ( I 886, p .  1 30, PI . VIII, figs I 4 - 22 .  PI . IX, figs. I -3 )  from 
the East Baltic Lyckholm ( the type form) and Borkholm (the var .  de-
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pressa) formations .  In the form and convexity of the cranidium  and 
the n arrowncss o f  the rostrum i t  agrees most  closely with the var .  de
pressa, hut the posterior branches of  the facial sutures seem to be d irec
ted more outwards both in this and in the type form of Il!. angustifrons 
and in neither  of these are the lateral margi ns  of the rostrum (to j udge 
from the figures) continuous with the posterior margi n ,  and in  the variety 
the latter is not protruding in the middle. The pygid ium is comparat i 
vely shorter than i n  the type form of Il!. angustzfrons but not so short 
as in  the variety. Its axis is considerably narrower and more strongly 
raised than i n  either o f  these and the doublure increases more in  width 
posteriorly. In the var. depressa the pygid ium seems to be more convex 
and there does not appear to be any depressed horder. In the type 
form the depressed border does not seem to be so distinct e i ther as i n  
Il/. dalecarlicus and the lateral angles o f  the pygid ium are more trunca
ted. On account of these d ifference I have thought i t  more correct to 
refer Ill. dalecarlictts to a separate species than to regard it  as a variety 
of  Il/. angttstifrons, which latter alternative also m ight seem reasonable. 
Possibly the var. depressa ought also to be separated from Il!. angusti
.frons and regarded as a d istinct species. 

H o r i z o n  a n d  L o c a l i  t i e s .  - Upper Lepta=na Limestone ; Kal l 
hol n ,  Osmundsberg, Unskarsheden ? 

Illamus cf. dalecarlicus .  Pl. I, figs. 30-30 a. 

R e m a r k s .  - T here is on e imperfect eranid i u m from Osmundsberg 
in the GeologicaJ Museum of Upsa la  which in  most of its characters very 
much resembles the cranidium of Ill. dalecarlicus. Its anterior part is, 
however, much more strongly convex, and the independent convexity of 
its glabella i s  also considerably stronger, whereas the fixed cheeks are 
somewhat flatter . The convexity does not seem to be l ike that of  the 
cranid ium of  III. angustifrons either. This makes i t  seem probable that 
i t  belongs to a d i st inct  species, though i t  i s  presurnably very c losely al l ied 
to the two j ust mentioned. 

H o r i z o n  a n d  L o c a l i t y . Upper Lepta=na Limestone ; Os -
mundsberg.  

Illamus Linnarssoni ljOLM. Pl . II, figs.  1 4- 1 8 . 

1 864. Illanus Roemeri, VoLBORTH, PI.  II ,  fig. 1 6. 
1 882 . Illanus Limzarssonii, HoLM,  p. 1 0 3  (pars), PI. IV,  figs. 2 1 ,  22 ,  PI. V, fig. 6, PI. 

VI, fig. I 5· 
1 886.  11/a:mts Limzarssonii, HoLM, p. 1 46 (pars), PI .  X, figs. 1 4 - 2 3 .  
1 8 90. Illamus Linnarssoni, Po�IPE<:KI, p .  69, PI. I I I ,  fi g .  1 3 .  
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S p e c i f i c  C h a r a c t e r s . - Body oval ,  tapering slightly posteriorly, 
width across middle of  thorax about three fifths the length. Cephalon 
longer than pygid ium ,  thorax shorter. 

Cephalon semiel l ipt ical ,  about two fi fths the length of  the whole 
body, about three fifths as Iong as wide ,  very strongly convex, in longi
tud ina l  d i recti on evenly arched, in transversal d i rection less strongly arehed 
in the middle but with the sides steeply bent down .  G labella rather 
short and w ide ,  at  !east in fu l lgrown individuals considerably wider than half 
the distance between the eyes (in small specimens i t  is o ften relatively 
narrower) ,  with very sl ight independent convexity .  Axial furrows slightly 
impressed on  the surface of the test, in casts rather deep and broad, 
extending about one th i rd the length of  cephalon ,  their posterior parts 
nearly paral le l  or s l ightly convergin g  anteriorly, their foremost ends wide
n i ng ( i n  casts ) and forming crescentiform i mpressions with the con
vexity d i rected i nwards. F ixed cheeks sloping rather steeply towards the 
s ides ,  l ess than half as wide as glabel la ,  with narrow dcpressed posterior 
border band seen in  casts. Palpebral lobes smal l ,  shorter than eyes, 
hardly projecting lateral ly, gently arehed from back to front and sloping 
down towards the s ides ,  though less steeply than the rest of  the fixed 
checks, s ituated a l i tt le beh ind the middle of  glabella and at about their 
own length from posterior margi n .  Posterior branch of facial suture at 
fi rst d irected nea rly stra ight backwards or s l ight ly inwards, near margin 
tu rning samewhat outwards, or rather downwards, on account  of the cheek 
being so strongly bent down ,  the two parts meeting at rather broad angle ,  
about I 50° ;  generall y ,  and  a[ways i n  ca sts, the angle itse]f no t  sharp 
but s l ightly rounded .  Anterior branches Iong,  nearly paral lel , but curving 
convergently inwards near front margin .  Free cheeks nearly vertical ly 
bent  down , gently convex, rather narrow, about ha lf  as wide as Iong, 
widest in fron t o f  eyes, where they are as wide as or wider than fixed cheeks, 
po intcd anter iot· ly with the points directed inwards ; gena! angles widely 
rounded off; posterior part o f  lateral and posterior margin general ly for
ming a cont inuous cu rve ; lateral edge of curved part generally not pro
truding underneath nearly stra ight antero-lateral margin .  1 Doublure 
o f  free cheek underneath rounded  angle vv ith shal low groove or fold to  
rece1ve ends of  thoracic pleur� when the an ima l  i s  enrol led .  Eyes pro 
minent ,  smal l ,  short and w ide ,  the w idth ( height) a l itt le less than half 
the length, with narrow raised lower eyel i d  marked off by broad shal
low furrow , d istinc t  i n  casts and continued on to fixed cheek i n  front 
of  and beh ind pal pebral lobe .  

Rostrum s l ightly convex, most strongly arehed near posterior marg in ,  
a bo ut h al f as lon g as  m idd le  width ; anterior margin gent! y arehed for-

1 This is a t  !eas t  not the case  in any o f  the fre e  cheeks from the Leptxna Lime 
ste n e  examined b y  t h e  'niter, b u t  i n  one  fre e  cheek from the E a s t  Baltic Area, figured 
by HoLM ( 1 886, PJ. X, fig.  1 6 a), the curved part  seems to project below the straight part .  
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wards ; posterior marg i n  obtusely angulated i n  centre, formin g short me
dian proj ection ; lateral margins gent! y con ca ve outwards, or angulated a 
l i tt le i n  front  of the i r middle ,  so t hat the y meet posterior margin at unusual ly 
smal l  angles, although the angles between them and front margin are 
rather acute. 

Hypostoma short and wide ,  i rregularly pentaganal i n  outl ine .  An 
terior margin  arehed upwards and  s l igh tly backwards without border o r  
furrow. Posterior margi n arehed upwards and  samewhat forwards. An 
terior lobe o f  central body convex, sl ightly depressed from the  s ides ,  
s loping down posteriot·!y to the fbttened,  exeedingly short ,  posterior lobe, 
which bears a pair o f  smal l  low transversely elongated macul� ; Median 
furrow only impressed at sides in  front  of  macul� .  Anterior pair of 
wings comparat ive ly Iong and narrow, sl ightly inc l i ned ; their lateral 
margins convergi ng forwards. Posterior w ings rather !arge, triangu lar 
i n  shape, nearly vertica l ly inc l ined .  Postero- lateral angles sl ightly round
ed . .  Lateral and posterior margins w i th narrow raised horders . Bord er 
furrows deepest j ust beh in d  anterior pair of w ings. 

Thorax of 9 segments. Axis disti nctly but not strongly convex, 
decreasing in w id th posteriorly, in the midd le a l i t t le more than two 
fi fths the width of thorax. Inner stra ight  hari zontal part of s ide lobe 
on  Ist segment about one fi fth as wide as axis, increasing i n  wi dth pos
teriorly to 6th or 7th segment to nearly twice its anterior width ; pos
terior part of  nearly un i form width, on last segment about half as w ide 
as ax is .  Outer parts of  p leur� sharply bent  downwards and also rather 
strongly backwards, on r st pleura about hal f as Iong ( from side to side) 
as inner part , on last segments the two parts are o f  about the same 
length. 

Pygid ium semiel l iptical to  parabal ic in out l ine ,  two th i rds to three 
fi fths as Iong as wide. The convexity is rather d ifferent in different spe
c imens but  general ly its i nner  anterior part i s  rather gently convex and 
the marg ina l  parts, especial ly posteriorly, rather steeply though not very 
suddenly ben t down . Axis w i de, about four ninths the width of pygid ium,  
project ing on front margin and on ly i ts anter ior part  w ith sl ight inde 
pendent convexity. Axial furrows on ly i nd icated by pair o f  short shal 
low margi nal impressions .  Straight hari zontal portion of s ide lobe narrow ,  
less than one th i rd  the w idth of  axis and about half the length of pos
terior marg in of facet. Lateral angles strongly and sharply truncated ,  
not  qu ite straight but sl ightly arehed outwards. Facet narrow and elong
ate, about s ix times as Iong as wide, s l ightly concave, with rounded la
teral angles, so that there is no sharp l imit between anterior and lateral 
margins .  Very shal low,  on some specimens hardly discernible , groove 
beh ind fulcrum .  Doublure rather narrow, at first sl ightly increasing  in 
width posteriorly but  forming a sharply pointed forwards directed proj ec
t ion in the middle I i ne ; i nner  portion convex with shallow med ian furrow ; 
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marg ina l  portion j ust behind facet nearly horizontally bent out, posteriorly 
gradually becoming less strongly bent. 

Most of the Leptcena Limestone specimens are preserved as casts or 
the test i s  only partly or  badly preserved. It i s  ornamented wi th m inute 
punctce and rather closely but i rregularly p laced coarser pits. Terraced 
I ines are only observed on the places where they usual ly occur, v iz .  a long 
the anterior margin of the cranidium,  on the rostrum , the doubl ures and 
the facets. 

D i m e n s i o n s .  - The specimens of this species vary remarkably as 
to size . The indiv idual figured on plate II, tigs. 1 4- 1 7  is of about the  
ord inary size , but  there a re  several  much larger cran id ia  and pygid i a  
found as  well a s  very small ones. In the  largest cran id ium which I have 
seen the distance between the anterior and posterior marg in  is  68 mm .  
i n  some  very small ones the  corresponding d istance i s  on ly  a few mm.  

R e m a rk s . - HoLM 's ( r 88z )  or iginal description of Il!. Limzars
sonz was founded only on material from the Leptcena L imestone .  He 
was of  the opin ion ,  however, that some spec imens from the Chasmops 
and Trinucleus formations were also referable to the same species and 
that the small d ifferences which he observed were due only to ind ivi d ual  
var i at ion (Cf. HOLM, r 886, p .  1 47 ) .  When revis ing the East Balt ic I l lce· 
n idce he found ,  however, that the specimens of Il!. Linnarssoni which 
occurred in  the older strata (C2 ,  C3 , and D) were in  some features d i 
st i nctly unl ike t hose from the younger ones (F1 ) .  In the former the angle 
between the d ifferent port ions of  the posterior  branch of the faci al suture 
is, according to h im ,  quite sharp, not rounded off as i n  the latter, a nd  
the  doublure of the  pygid ium is  very wide and  convex and  i t s  anterior  
margin i s  excavated i n  the m iddle so as to form a wide backwards con
vex curve ,  at the s ides of which the edge proj ects i n  a pa ir  of short 
points. Though he had no opportunity to examine the character of the 
pyg id ia l  doublure i n  the specimens from the Swedish Chasmops Lime
stone he seems inc l ined to be l i eve that they were l ike the contemporaneous 
East Balt ic form ,  which presumptian i s  evidently correct, as confirmed by 
an examinat ion of some pygid ia from this formation which the present 
writer has had the occasion to make .  

H O L M  confines h imsel f temporarily to regard ing the two forms as only 
mutations i n  t ime .  He thinks that i t  wil l  perhaps prove necessary to  
refer them to d ifferent species and ,  s ince  the younger form had a lready 
been described from the Leptcena L imestone as Il!. Linnarssoni, he con
siders h imself compelled to regard this as the type form and cal l  the 
older one fonna avus, although he  does not think it correct to regard a 

younger form as· the type form . The fact i s ,  however, that both forms 
occur in the Leptcena Limestone i n  Dalarne and, as was to be expected , 
the type form [which occurs i n  the East Balt ic Lyckholm formation (F1)] 
is only found in its upper part, whereas the form which occurs in the 
lower part earresponds to HoLM's forma avus. Since the d ifference i n  
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t he doublure o f  the pygi d i um ,  as is also emphasized by HoLM, must 
be considered to be of rather great importance, and s ince moreover I 
have found some further points of d ifference than those not iced by h im ,  
I do not  hesi tate to refer  the  two forms to d ifferent species. 

HOLM, who was not aware of the fact that the Lept<ena L imestone 
in  Dalarne is  o f  very d ifferent geological age at d ifferent local it i es, has 
described and figured specimens of both forms as lll. Linnarssoni, hut  
evidently he has not observed the doubl ure of the pygid ium in any of  
the o lder  ones ,  hut in  th is respect based his defini tion of the species 
solely on the character o f  the younger form. Since this is the chief cha
racter i n  which the two species diffcr from each other it i s  evident that 
it is the younger one wh ich must keep the name lll. Linnarssoni, al l  the 
more so as it is  this one which ,  as is just mentioned ,  HOLM himself i n  
h i s  work on the East Bal t ic Il lcenidce regards a s  the type form . 

The circumstance that HOLM was not aware of  the d ifferen t ages 
of the specimens from Dalarne and had not observed the d ifference i n  
their pygid ia  evidently made h im  regard severa l  other points of d ifference 
only as i nd ividual vari at ions . Both i n  the Lept<ena Limestone specimens 
of  lll. avus and i n  the East Balt ic ones (as far as can be judged from 
the figures and measurements) the ax ia l  part  of the body is considera
bly narrower than in  lll. Linnarssoni, and at !east i n  those first men 
t ioned not only is the angle between the d ifferent portions of the posterior 
branch of the facial suture sharper, hut the poster ior port ion is more 
strongly bent outwards and downwards, so that the angle becomes more 
acute, a bo ut  I 20° . In Il l. Limzarssoni i t is a bo ut  I 50° . In the latter, at 
! east in one specimen from the Lept<ena L imestone, the angle is, as a 
matter of  fact ,  also rather sharp when the test is preserved, whereas i n  
the casts i t  i s  d ist inctly rounded . 

The lll. amts type seems, however, to have survived for rather a 
Iong period, s ince some of the variet ies of this species are also found  in  
boulders of  North Bal t ic  Östersj ö  Limestone and i n  the upper part  of 
the Lept<ena L imestone ,  and probably a lso i n  the Red Trinucleus Shales 
(Cf. below) . 

In the upper part of the Leptcena Limestone there occurs sti l l  
another form, wh ich  HoLM has  referred to  lll. Limzarssoni and which 
eviden tly i s  c lose ly related to this species ,  the character of the doublure 
of the pygid i um being for instance the same. The outl ine and convexity 
both of i ts cephalon and pygid ium is ,  however, so d ist inct ly d ifferent that 
I have thought i t  more correct to r.efer it to a separate species, whi ch I 
have cal led Ill. ovzformis. The three pygid ia figured by HoLM, plate 
IV, figs. 23-27 i n  h is  paper of  I 882 ,  belong to this form , and his descrip
tion of Ill. Linnarssoni i s  evidently partly made with reference to it . 

Ill. Linnarssom� as now restri cted , is ,  as is already mentioned , found 
only i n  the upper part o f  the  Leptcena Limestone, and i t  is one of i ts 
most common fossi l s .  At  Kallholn ,  for instance, detached parts of i ts cara-
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pace o c c u r  i n  very great  abundance and also several entire or  nearly  en 
t i re individuals have been col lected a t  th is  local i ty . The hypostoma, how
ever, has never been found  attach ed ,  but one was found  together with a 

cepha lon i n  s u c h  close p roxim ity to its rea l  place that it seems probab l e  

that  i t  belongs to the same  in div i d ua l . I t  i s  o f  the same type as the  one 
figu red by H O LM , r 882 ,  P I .  VI,  fig .  r s ,  a n d  referred by him to this spec i es . 

In  the Lyckholm format ion ( F1 )  in Estland the spec ies occurs,  a c 

cord i n g  t o  H o L M ,  i n moderate frequency. I t  seem s also to have  been 
found  in North Germany in b o u l d e rs o f  Lyckholm Limestone ,  poss i b ly of  
Leptcena Limestone (Cf.  H O L M ,  1 886, I 54) .  At  !east t h e  pygid ium de
scribed and figured by POM P E C K I  ( 1 890, p .  69 , P I .  I I I ,  fi g .  1 3 ) i s  ev i 
de n t ly correctly ass igned to this species . 

1/l. Linnarssoni i s  also recorded from the upper part o f  Etage 4 
(BRÖGGER,  r 884) and from Etage 5 (KJA<:R r 897) i n  Norvvay. I t  is o f  
c o u rse i mposs ible , vv ithou t se e i n g the spec i m en s i n question , t o  form a 
d e c i d e d  opin ion a s  to whether tbey betong to this  spec ies . It scems, 
however, quite I ikely that i t occurs i n  Etage 5,  whereas there is  more 
reason to bel i eve that the spec i men s  found in  Etage 4 are re fe rable to 
III. avzts.  

A f fi n i t i e s .  - As m ent ion e d a bo ve,  ///. Linnarssoni belongs to the 
group of spec ies for w h ich , in case i t  should be separated from Illamus 

s. st r . ,  HOL!\I  ( r  886 ,  p .  r 52)  pro posed the name o f  Stenopareia. A l l 

the s p e c i e s  referab le  to t h i s  group seem to be very closely al l ied  to 
each other and are dist inguished by the fol lowing characters : Eyes and 
pal pebra l  lobes smal l ,  s i t uated at  a great d istance from the dorsal fur
rows and far back. Axial furrows wei l  marked ,  broad (at !east i n  
casts) . Poster ior bran ches of fac i al sutu res genei·al ly with h i ndmost por
t i o n s  more or l ess sharply bent  outwards or s tra ight . Free checks nar
row , w i th rounded ang l es . Thoracic segm ents 9· Pyg id ium w ithout o r  
with  only short and weak ax i al fu rrows ; l ateral angles ab ruptly and 
strongly truncated ; facets Iong and narrow w i t h  rou nded o r obtuse angles. 

HOLM refers the fol lowi ng  spec ies to this grou p :  Ill. Linnarssoui 

HOLM, Il!. PandCJ-i B A R R . ,  Ill. Bowmani SALT. , ///. nexilis S A LT . ,  Ill. 
Tlwmsoni SALT. , 1/l. proles H O LM , and Ill. hvonictts HOLM. The thorax 
of the two l atter is  not known ,  but HOLM th i nks i t  probabl e  that since 
in  other respects they show the characters o f  th is  group they had also 9 
thoraci c segments .  Ill. proles, however, differs from the other members 
of the group in hav ing comparatively !arge pa l pebral lobes and rather 
d ifferently shaped free cheeks, which m akes this presumption , at least as 

far as th i s species is concerned, seem rather doubt ful . 
. 

In a d d i t ion · to those j ust  ennmerated the Gi rvan spec ies Ill. ba!clat
chiensis R E E D  and Ill. shallochensis R E E D ,  described by REED 1 904, are 
referable to this group ,  and fu rther Il/. a:mulus S A LT . ,  which spec ies 
SALTER ( r  867) regarded as a subspec i es of Jll. Bozvmani, and of course 
/Il. avus HOLM a n d  th e new spt>c i es Ill. oviformis. 



T R I L O BITES OF T H E  LEPTJE N A  LIMESTONE 1 2 3 

Of  the forei gn species /Il. Linnarssoni (s .  str . )  seems to agree most 
c losely with Jll. Bowmani and wi th Il!. slzal!oclunsis. In the latter, how
ever, the pyg id ia l  doubl ure seems to be considerab ly  broader, the pos
terior branches o f  the facia l  sutures are ,  accord ing to REE D ,  d i rected 
stra ight backwards and without any bend ,  the posterior border furrow 
seems to  be d ist inct on the fixed cheeks also when the test is preserved ,  
the occ ip i tal  furrow is visible i n  casts, a nd  the posterior edge o f  t he  rost
rum searcely p rotrudes in the middle .  

It is d ifficu l t  to get a correct view o f  the characters o f  III. Bow
manz� since ,  as a l ready pointed out  by HOLM ( r 886,  p. I 5 3 ) ,  the spe
c ies i s  badly characterized .  From SALTER's descri ption and figures it 
seems, however, as if the doub lure of  the pygid ium was not bent as in 
fl!. Linnarssoni and as if i t s  an terior edge was not protruding in the 
m iddle .  The posterior as wei l  as the anterior branches are said to be 
» nearly d i rect » ( SALTER, 1 867, p .  1 8 5 )  and the  su rface o f  the test seems 
to be smooth.  

H o r i z o n s  a n d  L o c a l i t i e s .  This species i s  found i n  the upper 
part o f  the  Lepta:na Limestone  at Kallho ln ,  Osmundsberg, Boda Kl i tt
berg, Unskarsheden ,  and at Lissberg in  Gulleråsen .  Probably the spe
c imen (or specimens) recorded by HOLM ( r 88 2 ,  p. 1 09) from Arfvet also 
belongs to  i t .  

It also occurs i n  the  East Balt ic Lyckho lm formation and is  also 
found i n  bou lders in North Gennany. 

In Nonvay i t i s  probably found i n  Etage 5· 

Illamus o viformis n .  sp. PI .  II, figs. 1 9-24. 

r 88 z .  likenus Limzarssonii, HoLM,  PI. IV, figs.  2 3 -27. 

S p e c i fi c  c h a r a c t e r s .  - Entire body av i form in out l ine ,  m idd le  
porti on fiattened , margina l  port ions sharply bent  down ; enrol led i ndiv i 
d uals ,  seen from  the s ide ,  also ovi form i n  out l ine .  

Cephalon  sub-parabo l i c ,  about two fifths the  length o f  the whole 
body, less t han three fi fths as Iong as w ide ; posteri or m iddle port ion 
fiattened ,  la teral and an terio r  port ions rather abruptly and nearly verti
cal ly bent down .  In some specimens anterior edge less sharply bent down 
so as to form a narrow, i ndist inct ly marked barder. Anterior margin 
on ly sl ight ly a rehed forwards, a l i ttle varyi ng i n  d ifferent specimens .  
Glabel la (also in  a ra,ther !arge specimen) not more than half  as wide as 
d istance between eyes .  Length and direction of  axial furrows, form and 
s i tuat ion o f  eyes and pal pebral lobes, and course o f  posterior branches 
o f  facial sutures as in ///. Limzarssoni. Anterior branches of facial sutures 
gent ly converging anteriorly, nearly straight as far as to anterior edge 
of cephalon ,  where they turn rather abruptly inwards. Free cheek rather 
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flat, more than twice as Iong as wide ; gena! angles not so widely rounded 
as in the species just mentioned. 

Thorax of  9 segments. Axis relatively narrower and more convex 
than in Il!. Limzarssoni; inner flat parts of side lobes wider, on first seg
ment fully one th ird, on last about five eighths the width of axis. 

Pygid ium sub-triaugular in outline, about three fifths as Iong as 
wide, flattened above, lateral and especially posterior parts sharply bent 
down, i n  some specimens posterior edge even bent somewhat forwards. 
Axis about one third the w idth and half the length of pygid ium,  with 
slight independent convexity, at !east in front, only in  some specimens 
(al l of  them casts) obscurely defined posteriorly, sub-cyl indrical, rounded 
behind and proj ecting on front margin. Axial furrows, in casts, very 
shallow, - on the surface o f  the test they do not seem to have been 
impressed at a l l  - converging posteriorly, general ly dying out before 
end of  axis. Fulerum situated relatively far outward , i ts d istance from 
axis be ing more than ha l f  the width of latter and abou t  equal to the 
length of the facet. At ! east in casts very shallow, narrow furrow behind 
straight portion of anterior edge of side lobe, dying out at fu lcrum . La
teral angles strongly truncated and slightly arehed outwards as in Il!. 
Limzarssoni. Facets and doublure of the same type as in thi s  species. 

Surface of test punctate. 
D i m e n s i o n s .  -- Il!. ozriformis does not seem to attain such ] arge 

d imensions as Il!. Linnarssoni and is evidently one of the smal ler species 
of the genus .  The specimens found are ,  however, rather  varying i n  size. 
In the largest cran id ia the d istance between the anterior and the poste
rior margin is  29 mm . ,  in  the smallest one the corresponding distance is 
10 mm.  

R e m ar k s .  - Detached parts of  the carapace (cranid ia, pygidia and 
one free cheek) of this species have been found in considerable abun
dance at several localities in the upper part of the Lept�na Limestone. 
In HOLM's paper of 1 882 no special reference is made to the cranid ium,  
but the pygidium i s  described and figured (Op .  c i t .  PI .  IV, figs .  2 5-26 
and 27 ; the original of figs .  2 3-24 is probably referable to the same 
species, though the facets are unusual ly Iong) and assigned to Il!. Lin
narssonz . 

That the different parts really belong to the same species is con
fi.rmed by a later find of two enrol led individuals at Kal lholn . One 
of these (PI .  II, figs. 1 9-20) is nearly perfect, the other, which is much 
larger, considerably defective .  

A ffi n i t i e s .  - Il!. oz;iformis is evidently very closely all ied to Il!. 
Linnarssoni, and ·r have been rather  doubtfu l  whether to regard i t  as 
only a variety of  this or to refer i t  to a separate species. Since, howe
ver, i t  is so wei l  characterized by the different form and curvature of 
both cran idium and pygidium , by the narrowness of its axial parts, and 
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by its more convex thoracic and better defined pygidial ax is ,  I have COfT!e 
to the conclusion that  the seeond alternative is the more correct one .  

H a r i z o n s  a n d  L o c a l i t i e s . - Upper Leptcena Limestone ; Kallholn, 
Osmundsberg, Boda, Östbjörka. 

Illamus avus H O L M .  PI. II, figs. 2 8 - 3 5 ,  PI. XI, tigs. 3 5 -37 . 

1 8 5 7 . Illamus Rudolplti, E t C HWALD, p. 3 34· 
1 860. Illamus RudoljJ}ti, ErcHWALD, p .  1 482 ,  PI. LIII, figs. 6 a-c. 
1 882.  Illamus Limzarssonii, HoLM,  p.  10 3  (pars), PI. IV , figs . 1 3-20, PI. V, figs . 1 - 5 ,  

7-8. 
1 886. Illamus Limzarssonii forma avtts, HoLM, p. 1 5 0 ,  PI.  X ,  figs . 1 0- 1 3 .  
? 1 888. illanus Limzarssoni, WIGAND, p .  7 6 ,  PI. I X ,  figs. 4- 5 .  
1 907 a .  Illcemts Limzarssoni, WIM AN , p .  1 3 8 , PI. Vlii, figs . 1 2- 1 5 . 

? 1 907 a. Il lamts Limzarssoni, WrMAN, P: I so.  

R e m a r k s .  - As already mentioned Il!. avzts was described by its 
author as  a variety of Il!. Linnarssom� but in consequence of the facts 
stated above, I have thought i t  more correct to refer i t  to a separate 
spec1es.· 

HOLM ( I  886, p .  I 50) points out the following characters in which i t 
differs from III. Linnarssoni: Posterior  branch of facial suture sharply 
bent. Doublure of pygidium very wide, convex ; its anterior margin i n  
the middle f01·ming a backward d irected wide arch, bounded a t  the sides 
by a pair o f  obtuse-angled points, i n  one specimen [from the Kegel forma
tion (D2) ,  the only one from this formation in which the pygidial doublure 
was known J di vid ed by two addition al smaller points in to three secon· 
dary arches. 

To j udge from the figures and measurements of the type speci
mens, the axial part of the body is considerably narrower than in  Il!. 
Linnarssoni, the glabella also in !arge specimens being less than half as 
wide as the distance between the eyes. 

The original descri ption was founded on material from the East 
Balti c  Area ( formations c2 and D) only, bu t HOLM's presumptian that the 
specimens from the Swedish Chasmops Limestone, previously attributed 
to Il!. Linnarssoni, had the same characters, h as proved correct. Also 
the form which occurs in the lower part of the Leptcena Limestone, and 
which HOLM apparently bel ieved was referable to Il!. Linnarssoni evi
dently belongs to Il!. avus, and this species seems to be represented also 
in the upper part of the Leptcena Limestone and probably also in the 
Trinucleus Shales of �weden. 

Since HoLM has mentioned only the chief characters in which Il!. 
avus differs from Il!. Linnarssoni and I have not mysel f had an occasion 
to examine the original East Baltic specimens and all detai ls are not to 
be seen on the figures, most of the following remarks refer only to the 
Swedish examples. 
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The species is very variable in character and i t  is possible that it 
w i l l  prove suitabl e to refer some of the forms to separate varieties. One 
I ong and one shor t  type can clearly be estab l ished , though no entire ind i 
v idual of any of these is found ,  but  there are also i n termediate forms. 
Al l  the type 3 , however, agree in  the above characters and in al l o f  them 
the angle between the different port ions of the posterior branch of  the 
facial suture i s  not  only sharper than i n  Il!. Lzimarssom� but also more 
acute (a bo u t  r 20°). 

The cephalon varies greatly in form and convexity, but i t  never 
seems to be so regularly arehed as i n  III. Linnarssonz". At !east as a 

rul e the ax ial furrows on the cran i d ium extend more than one th i rd  the 
length of the latter. The anter ior branches of the  fac ia l  sutures run 
stra ighter than in the spec ies j ust ment ioned,  and also their foremost 
parts are less sharply bent i nwards. The lower eyel i d ,  which is compa
rat ive ly broad , i s  d i rccted more outwards than in  th i s  species and the 
who\e eye lobe is rnore p rominent .  The free cheek is  fl.atter, the stra ight 
an ter ior part of  i ts l ateral margin very short ,  and the edge of  the curved 
part behind more or  less strong ly project ing on it .  This last feature is 
especial l y  prominent on the cephalon figured on PI.  II ,  figs. 3 2 - 3 3 .  I t  
i s  a lso to be seen on  other specimens but  seems to be less strongly pro
nom1Ced on the e longate free cheeks than on the short ones .  The doub
l u re i s ,  as usua l ,  very sharply reflexed upon the dorsal part o f  the cheek 
along the curved part of the m arg i n , and above the sharp edge there is 
a fold or  groove to  receive the thoracic p leurce and  the lateral edge of 
the pygid ium ,  when the an imal enrol ls itsel f. This fo l d  is s i tuated higher 
u p  than in III. Lz"nnarssonz", so  that the sharp edge protrudes beneath the 
ends o f  the p leurce i n  enrol l ed  indiv iduals as in  III. Esmarki SCHLOT. 
(Cf. HOLM, r 88z ,  pp .  29, 59 ,  PI .  II ,  figs. 2 ,  3 and r 886, p .  32 ,  P I .  I ,  figs . 
2 ,  4) .  The shortness of the stra ight  part of the margin is evident ly 
con nected with the circumstance that, un l ike the condit ions in  III. Lin

narssonz", on ly a very short part of the edge of the pygid i um meets the 
free cheek when the animal is enrol led .  

The hypostoma has never been found  i n  posi tion , but  the one from 
Kul lsberg figured by HOLM ( r 88z ,  PI .  V, figs. 7- 8) evident! y belongs to 
th is species .  A few hypostomata which agree very wel l with this are 
also found i n  North Baltic Östersj ö  Limestone associated wi th other parts 
o f  the carapace of  this species. It i s  of the same type as that of Il!. 

Lz"nnarssonz� but the midd le  body is somewhat more convex and more 
rounded behind, the anterior pair of wings more protruding towards the 
si des and not rE;aching so far backwards, and the posterior marg i n  is 
arehed s l ightly backwards, and as a consequence of this the postero 
lateral ang les are more widely rounded .  

The  thorax (which i s  only preserved in  a few ind iv iduals of the  i n 
termediate type) has a narrower and  samewhat more convex axis than 
the thorax of I!l. Linnarssoni. 
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The pygidi u m  i s  very variable i n  sha p e ,  but  i s  generally relat ively 
longer than i n  t hat  species,  i ts  length be i n  g three fifths to t wo th irds 
the width.  The axis  is  narrower, the facets longer a n d  generally directed 
more backwards.  The doublure is ,  as already m entio n e d ,  very wide.  Its 
width is, however,  rather different in different type s  and i n  some of them 
it  decreases consi derably i n  w i dt h  anteriorly.  It i s  convex but w i t h  a t  
!east the l ateral parts of the e d g e  b e n t  outwards.  T h e  anteri or m argin  
is a lways arehed backwarels i n  the middle a n d  the pair  o f  points  at the 
s ides of  the arch are very d istinct.  I n  weil  preserved speci m e�1 s ,  i n  w h i c h  
it  h as been possible to lay the edge perf�ctly b a r e ,  t h e r e  i s  abo seen a 
pair o f  mediate points,  which,  however,  are very short and very obtu �e
angled. The part o f  the edge which lies between these p o i n t s  is less 
strongly bent down than the parts between them and the outer  poi n ts,  
which,  according to HOLM ( r 886, p .  q8) , i s  also the case i n  the pygi·  
d i u m  from the East Balt ic  Etage D in which two pair o f  points h ave 
been observed. 

The short cranidia (PI .  II ,  fig.  34-3 5 ,  PI.  XI, fig.  36) are trans
versely sub-oval  in outl in e ; the length is about two thirds t h e  width in 
front o f  the eyes ; the posterio r  p art i s  m o d erately convex, in the larger 
specimens m o re strongly arehed from side to side than i n  the smaller  
ones ; the fron t  part is  very suddenly a n d  steeply bent  d own,  the ant erior 
edge even a l i tt le  b ackwards, t h e  anterior margi n form i n g  a very flat
tened forward cm-ve.  The axial fu rrows converge slight ly but  dist inct ly 
forward,  - m ore strongly i n  t h e  !arge than i n  the small  specimens 
- b u t  ,w i t h  the a nteri or ends gently curved o u t wards.  T h e  test  i s  
pun ctate,  and a long the anterior m argi n  and parallcl  to it  there is a 
n u mber of conti n u o u s  terraced I ines .  S i m i l a r  though m u c h  shorter,  m ore 
o r less transversely arran ged a n d  irregul arly c u rved Iines are seen on 
m o st other  p arts of  the c ra n i d iu m ,  but on ly i n  such spec i m e n s  in  which 
the test  i s  exceedingly wei l  preserve d .  

In the elon gate type o f  cranidium, i l l u strated on Pl .  II ,  fig.  30 ,  the 
len gth i s  equal  o r  n early equ a l  t o  the width,  the posterior part  paral lel 
s ided , the anterior p art parabal i c  i n  outl ine.  The posterior and m i d d l e  
part fl attened from b a c k  to front ,  i n  the speci men fi g ured very sl igh t l y  
arehed from s i d e  to s ide ,  i n  the l a rger cranidia  o f  this  type ,  as i n  the 
large cranidia of the type j ust  descri bed,  rat her strongly and regularly 
curved . A nt erior and a n tero-lateral parts very stron g l y  bent down and 
with a very convex surface.  A nterior edge bent sli ght ly backw arel s  and 
with the m argin stro n gly and rath er reg ularly arehed forwards .  Axial  
fu rrows nearly para)lel  but with the anterior ends ,  as usual ,  turned 
s l i ghtly outwards.  At least i n  casts t h e  posterior border fu rrows are 
distin c t  on t h e  free cheeks, wh ich is not the case i n  the short cran i d i a .  
The sur fa c e  i s  orna m e n ted with punct;:e,  and t here are some cont inuous 
terraced l i 1 1 es a long and p aral lel t o  the anterior margin .  Whether such 
I ines a lso occur o n  the posterior p arts o f  the cranidium i t  is  not  p ossible 
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to decide ,  s ince the test i s  not preserved in any o f  the specimens of this 
type which I have seen. 

In the short free cheeks the greatest width is on a I ine with the 
posterior end of the eye and is equal to about two thirds the greatest 
length; in the elongate free cheeks it is  in  front of the eye and less t han 
half the length. In the former the inner port ion of the poster ior marg in  
i s  straight ,  whereas in  the  latter the  gena! ang le  is so  widely rounded off 
that the whole of the posterior margin and the chief part of the lateral 
margin for� one cont inuous curve (Cf. HoLM, 1 882 ,  p .  105 , PI . IV, tigs. 
1 8-20). In the short free cheeks the fold or groove on the i ns ide is , 
as is already mentioned, situated rather h igh up .  In the elongate type 
the fold is s ituated nearer the edge. 

The form and convexity of the pygidium also vary very much. 
The relation between the proj ected length and the width seems to be 
about the same in a l l  types, but i f  one takes the length a long the sur
face, those pygidia which are found associated with the short cranidia 
are relatively considerably shorter than those which presurnably belong 
to the elongate type of  cranid ia .  The former (PI. XI, fig. 3 5 )  are mode
rately convex, the anterior part rather flattened ,  the postero- lateral parts 
gently and rather evenly curved down. The axis is wide, near ly hal f 
as wide as the whole pygidium, with a slight independent convexity in front , 
or sometimes in casts even to the posterior end .  There is a pair of 
marginal depressions , but  otherwise the axial furrows are not marked. 
The stra ight part of  the anterior margin o f  the side lobe i s  less than one 
thi rd the width of  the axis  and not qu i te  one third the length of the 
poster ior margin of  the facet. The facet is d irected very strongly back
wards and only sl ightly curved outwards. The doublure decreases only 
very sl ightly in w idth anteriorly ; the median furrow is rather broad and 
deep in front ,  but grows less distinct posteriorly. 

The pygid ia (PI. II, figs. 2 8-29), which probably belong to the 
elongate type o f  cran idia ,  are parabalic to sub-triaugular in  outl ine, flatte
ned above and with the postero-lateral parts nearly vertical ly bent down. 
The axis i s  rather narrow, about one third the width of the whole py
gidium, a l i ttle more strongly convex than in the type just described , 
and bounded i n  front by short shal low posteriorly converging axial fur
rows, which die out before reaching end of axis. The strai ght part of 
the anterior margin of the s ide lobe about half the width of axis and 
nearly half the length of  the posterior margin of the facet. The facet is 
relatively strongly arehed outwards, and its general d i rection is not so 
mu ch backwards . as in the short type o f  pygidia . The doublu re decre
ases d istinctly in width anteriorly and there are only faint  traces of a me
d ian furrow in front. 

Besides these extreme types there are also a great number of speci 
mens which in  some respects passess i nterm ediate characters. But  though 
there are great variations between these too, I have not found any regular 
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series  which connects the short and the elongate type. In none of the 
cranidi a  which with regard to their length and form are intermediate bet
ween the two extreme types, is  the anterior edge bent backwards as in 
these or the posterior part so m uch flattened or the anterior one so 
strongly ben t down ; they are all more regularly arched. In som e of the 
pygidia which are rather much pointed behind and have a relatively nar
row axis the marginal parts are even more gently curved down than in 
the broadly rounded short type ,  and the surface of the facet is straighter. 
The small n umber of entire ind ivid uals  that are known show, however, 
that in forms which have a comparatively Iong and narrowly rounded 
cran idium , the pygid i um is more pointed behind than in those with a 
shorter and wider cran id i um .  

There i s  no ent ire individ ua l  known of  any of the extreme types, 
but  that the different parts must be associated as assumed above m ight 
be concluded from their respect ive shapes. The circumstance that at same 
localities only the short and broadly rounded cranid ia and pygidia are 
found , confinns this, as far as th is  type i s  concerned . 

HOLM's  type specimen from the East Baltic Kucker formation (C2) 
( HOLM, I 8 86, PI .  X, figs. IO a-d)  apparently belongs to the intermediate 
form. The cran idium from the Kegel formation (D2) figured on the same 
p late (fig. I I )  is  of  a shorter typ e and resem b les the short cranid ia from 
the Lept<:ena Limestone a lso in  having the ax ia l  furrows rather strongly 
converging anteriorly. The free cheek from the same harizon and locality 
(PI. X, fig. I 2) i s  also relative! y short and the inner part of its posterior 
margin i s  straight. 

There are a few more or less weil preserved entire individuals as 
weil as detached cran id ia and pygid ia  of this species found at different 
local it ies in the Chasmops L imestone in Östergötland . The d ifferent 
specimens vary considerably in shape but can all be said to belong to 
the i ntermediate type. The species is  apparently also represented i n  the 
Chasmops Limestone at Fjecka in Dalarne, since the specimens from this 
Iocal ity as weil as those from the Lept<:ena Limestone at Furudal, which 
TöRNQUIST ( r 884, p. 5 5 )  refers to Il!. Linnarssoni, ev idently belong to 
Il!. avus. 

The s mall pygid ia with strongly truncated lateral angles and the 
sma l l  fragmentary cephala found at same localities in the Red Trinucleus 
Shales, wh ich HOLM ( r 882, p .  1 09) re gards as a d warf- form of Il!. Lin-
1tarssoni, probably belong to Il!. avus too , apd seem to be referable to 
the short type .  

Detached parts qf the carapace (cranidia, free cheeks, rostra , hypo
stomata and pygidia) referable to th is  species have also been found in 
boulders of North Baltic Östersjö  Limestone. WIMAN ( 1 907 a, p .  138, 
PI. VIII, figs. 1 2-1 5 )  has assigned these to Il!. Linnarssoni. He had 
evidently not seen the pygidial doublu re and s ince he found that they 
agreed with specimens from the Lept.:ena Limestone and with the de-

g - too32 .  Bult. of Geol. Vol. X VII. 
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script ion and tigures given by HOLM, and since be did not know that Ill. 
avtts is also represented in this l imestone and that HOLM's tigu res and 
descriptions partly refer to this , he apparently believed that they belonged 
to the former species s .  str . , not to HOLM's forma avus. 

Both the short and the intermediate type is represented. On seve·  
ra!  of  the spec imens the test is  exceedingly wei l  preserved and its orna· 
mentation seems to be the same in both types. It i s  punctate, as usual , 
and terraced I ines are seen both on the dorsal s ide of  the pygid ia and on 
the cranidia nearly all over the surface .  This suggests that the explana
tion of the fact that a simi lar ornamentation has only been observed in  
the short cranid ia from the Lept<:ena Limestone is  that  no specimens of  
other  types w i th  really wei l preserved tests have as  yet  been  found there 
and it i s  thus not to be regarded as a feature especial ly characterist ic for 
that type. 

In the short and widely rounded pygidia, which a re all very smal l ,  
t h e  doublure decreases more i n  width and  its surface grows more straight 
towards the sides than in the pygidia from the Leptcena Limestone, and 
its anterior margin i s  not so strongly arehed backwards in the middle .  
I have not had the opportunity to examine the doublure of  the pygidia 
of the intermediate type ,  but since they, as wei l  as the cran id ia  o f  this 
type ,  otherwise show the characters typical for Il!. avus i t  seems just i 
fiable to refer them to this species. 

The small pygid ium from the North Baltic Leptcena Limestone ,  
w hich has the same form as the smal l  short pygidia from the Östersjö 
Limestone, and w h ich WIMAN ( 1 90 1  a, p .  I so) has l ikewise assigned to 
Il!. Linnarssoni, probably a lso belongs to Iii. avus. 

There are some cranidia and pygidia found in bou l ders of Ordo
vician l imestone in Mecklenburg, which WIGAND ( 1 888 ,  p .  76, PI .  XI, 
tigs. 4 - 5 )  has referred to  III. Linnarssoni. To j udge from his descript ion 
and tigures i t  seems as if at !east some of these belonged to Iii. avus. 
This is also contirmed by the fact that the specimens occu r in » Back
stein » L imestone and in a l imestone which he considers to be Ortoceras 
L imestone, but which m ight be Chasmops Limestone .  lt appears as i f  
both the short a n d  the intermediate type were represented i n  these boul
ders and possibly the Iong narrow cran id ium mentioned by vVIGAND is 
referable to the elongate type . 

HOLM ( 1 886, p .  1 54) also mentions several tinds of specimens of 
III. Linnarssoni (s .  lat . ) i q  boulders of Chasmops and »Backstein »  Lime
stone at d ifferent localit ies in North Germany and presurnably these are 
referable to Il�. avus. 

Probably the specimens recorded from Etage 4 in Nonvay also 
belong to this species, as already pointed out above (p .  I 22 ) .  

In the lower  part o f  the  Lept;:ena L imestone in Dalarne th i s  speci es  
occurs rather abundantly and is col lected at most local ities where th is 
i s  exposed .  There i s  one entire i nd ividual  (tigured by HOLM, 1 882 ,  P I .  
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V, figs .  1 - 4) from Furudal i n  TöRNQUIST's collection i n  the Lund Mu 
seum, and two entire cephala ,  now in  the Upsala Museum,  one of them 
with a few thoracic segments attached, have been collected by the pre
sent w ri ter at Ku l l sberg. The  species i s  a lso represented at same loca
l i t ies , e .  g. at Osmundsberg, where there is reason to bel ieve that the 
Leptcena L imestene i n  which i t  i s  found  is of rel at ively young geolog i 
ca! age . 

Most of the specimens found  are of the i n termedi ate type, but the  
short type also occurs i n  moderate frequency, whereas the  elongate type 
seerus to be rare. It i s  found ,  however, both at Kullsberg and in the 
solid l imestene at Amtj ärn .  

At Amtjärn the species occurs not only i n  the sol id l imestene which 
forms the Amtj ärn hi l l  but also, and especially abundantly, i n  the shales 
interstrati fying the th in bands of l imestene whi ch underlie t his  and are 
exposed i n  the quarry at the south-west end of the hi l l .  

The cranid ia and pygid ia found at Skattungbyn and Osmundsberg 
are al l  of  the short type, but the free cheeks found associated with these 
at the lat ter local i ty are rather e longate. 

The occu rrence at  Osmundsberg 1 i s  of  special interest inasmuch as i t 
shows that this type of 1!1. avus s t i l l  survived during the t ime when the  
upper part of  the Leptcena Limestene was deposited and consequently 
attained an unusual ly  Iong vertical range. The cranidia and pygidia from 
this locality agree very c loscly with those of this type found in  the lower 
part of the Lept<ena Limestone .  The only difference is that some of 
the former are cons i derably larger than any of the latter. This suggests 
that the form varied in course of  t ime i n asmuch as i t  atta ined greater 
d imensions .  

The specimens col lected at Skattungbyn are also comparatively !arge 
and i t  i s  not improbabl e  that the Leptcena Limestene which occurs here 
is of  the same age as at Osmundsberg, but this quest ion cannot be set
t led unti l  its fau n a  i s  better known.  

The spec ies has l i kew ise been found at Östbjörka, from where i t  i s  
represented i n  the Upsala Museum by a pygid ium of the i ntermediate type 
and by a short free cheek. Other fossi ls from Östbjörka prove that here 
also it i s  the upper part of the Leptcena Limestene which i s  most of
ten exposed, or at !east that i t is i n  this that most co l lections have 
been made. S i nce ,  however, Leptcena Limestene has been exposed at 
several d ifferent places wi th in this v i l lage and the l imestene does not  
seem to form one continuous mass ,  i t  appears probable that  th e lower 

1 The Osmun dsberg bill  seems to consist  of  o n e  continuous m ass o f  limestone,  
and th ough i ts  d i fferent parts  m ight be of samewhat d ifferent agcs  at  differe n t  places  i t  
appears as i f  the whole of  i t  belonged to the upper part of the Lept::e n a  Limestone. Of 
the  great m1mber  of  fo ssils c o l lected here ,  the maj ority belong to species which form 
part of the fauna o f  the Upper Leptrena Limesto n e  at  other localities,  e .  g. at Kallho l n ,  
and same o f  these were found associated wi th specimens of  Il/. avzts. 
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part of  i t  is also represenled and that the specimens i n question as weil as 
the specimens of Iii. fallax and III. gigas collected at Östbj örka were 
found in this .  

In the young Leptcena Limestone which forms the Lissberg h i l l  in 
the vil lage of Gul leråsen there also occurs a form which might  be assigned 
to III. avus. It differs, however, i n  so many respects from all the types 
described above that it  m ust be regarded as a d ist inct variety (var . liss
bergnzsis) of the species (see below). 

D i m e n s i o n s .  - III. avus seems on the whole to have been a 
smaller form than III. Linnarssonz' though the specimens are of very 
different s ize .  In HOLM's type specimen from the Kucker formation the 
proj ected Jength of  the cephalon is sa id to be 36, 5 mm.  and that of the 
pygidi um 28  mm .  The known Swedish specimens both from the Chas
mops and from the Leptcena Limestone, which are of  the same - inter
mediate - type, are considerably smalle r ;  in the largest cran id ia the dis
tance between the anterior and the posterior margin is about 22 mm .  
and  the  w idth i n  front of the  eyes 27 , 5  mm.  

The  specimens of  the  short type found in the  lower part of the 
Leptcena Limestone seem to have about the same average size as those 
of the i ntermediate type occurring in  the same beds, whereas in the )ar
gest cranidium found at Osmundsberg the distance between the anterior 
and posterior margins i s  3 1  mm. and the width in  front of  the eyes 34 
mm.  In  the  largest entire pygidium from this locality the  d istance from 
the anterior  margin to the posterior end is 2 1  mm.  and the greatest width 
29 mm. and in  another fragmentary pygid ium the greatest w idth seems 
to have been nearly 40 mm. There are also some very small cranidia 
found at  Osmundsberg, i n  the small est of which the distance between the  
anterior and posterior margins is only 2 , 5  mm.  

In the  elongate c ranid ium from Amtj ärn figured on plate II (fig. 30) 
the corresponding distance is 1 8  mm. and the width in front of the 
eyes 1 9 ,5  mm. The !arge cranidium of this type from Amtjärn, mention
ed above, is, however, of  much larger dimensions than any of  the era
n idia of the other types found in  the lower part of the Lept<:ena Lime ·  
stone ,  the  distance between i t s  anterior and posterior margins being 37  
mm. ,  and the  width in front of the  eyes 40 mm.  The pygid ium figu red 
on plate II, tigs. 2 8-29, which I believe belongs to th is form, is also 
COt_lsiderably larger than an y of the pygidia of the short ur the intermed iate 
type found i n  the same part of  the Leptcena Limestone or in  the Chas
mops Limestone .  

A ff i n i t i e s .  - It is e vident from what i s  stated above that III. 
avus i s  c losely al i ied to III. Limzarssoni HoLIII and to III. Bowmani SALT. 
The reasons w hy i t cannot be referred to the former of these two species 
have already been pointed out and need not be repeated here. 

I t cannot be un ited with III. Bowmani either, since in this species, accord 
ing to  SALTER ( 1 867 ,  p. 1 8 5 ,  PI. XX VIII, tigs. 7- 1 0) ,  beside other dissimi-



T R I LO B lT ES OF T H E  L E PTfENA L!MESTOI\ E 1 3 3 - - -· ---- -

larities, the glabella is wider, the  facets of the pygidi um much shorter 
and its doublure considerably narro�rer . The cranidia of Il!. Bowmani 
var. brevicapitatus REED (RE ED , 1 896, p. 4 1 2 , P I .  XX, fig. 4) and of III. 
Bowmani var. longicapitatus REED (op .  ci t. p .  4 1 2 , PI .  XX, fig. s )  from the 
Keisley Limestone seem to earrespond more or  less with the respective 
short and e longate type of Il!. avus, but this correspondence need not 
prove any speci a l ly close relationsh ip ,  since i t  a ppears rather natural  that 
two nearly a l l ied spec ies should in  some respects vary in the same directions. 

The species seems on the whole to have more points of resemblance. 
with the two Girvan species Il!. balclatchiensis REED (REED , 1 904, p. s6.  
PI. VIII, figs. r z- r 6) and Il!. shal!ochensis REED (op. cit .  p .  68 , PI .  X ,  
figs. 2-5) .  REED has  also compared both these species w i th  Il!. Lin-
1larssoni ( s .  lat . ) and found that the similari ty between th is and t h e  spe
c ies first mentioned is especially great. Since he emphasizes the l ikeness 
i n  the truncat ion of  the lateral angles and the doublure of the pygidia ,  
i t  is e vident that i n  this case he has chiefly taken into consideration the 
characteristics. o f  Il!. avzts. In Il!. baldatchiensis, however, t he  anterior 
ends of the axial furrows do not seem to be bent outwards, the eyes 
appear to be situated farther forward than in  Il!. avus, and the course 
of the posterior branches of the fac ia l  sutures is differen t .  In the pygi 
dium the axis is more convex ,  the axial furrows more paral le l  and longer 
in casts even u .1 i ted behind  the axis - and there i s  a postaxia l  groove 
seen in  casts. 

In Il!. slzallochensis the axial part of the cephalon and pygid i um 
seems to  be  wider than in  Il!. avus, t he  posterior branches of t he  fac ia l  
sutures are said to be stra ight and vertical to the posterior margin ,  the 
border furrows are dist i nctly marked on the fixed cheeks, the posterior 
margin of  the rostrum protrudes only very sl ightly in the middle and the 
outbent ·marginal part of the pygidial doublure seems to  be comparat i ·  
vely wide.  

H o r i z o n s  a n d  L o c a l i t i e s . - Il!. avus occurs both in the lower 
and in the upper part o f  the Lept<ena Limestone in Dalarne. It is 
found at Ku1 \sberg, Amtj ärn, Sinksjön ,  Furudal ,  Östbjörka, Skattungbyn , 
and Osmundsberg (at the two latter loca l i ties only the short type). 

It is also found in  the Chasmops Limestone at  several localities m 
Östergötland ,  in  Dalarne,  and probably in Öland (Cf. HoLM, r 886, p .  
I 54) ,  in the Red Trinuc leus Shales in Östergötland ,  and i n  boulders of 
North Balt ic Östersj ö  and Lept<ena Limestone. 

In the East Balt ic Area i t o c c urs, according to HoLM ( I  886) and 
S C H M I D T  ( 1 90 1 ) , in t.he Kucker ( C2), Itfer (C3) ,  Kegel (D2} ,  Wasselem 
(D3), and Wesenberg (E) formations. 

In Norway i t is probably found in  Etage 4· (C f. a bo ve) . 
Further i t  seems to have been found  in  bou lders o f  » Backstein » and 

Chasmops Limestone at several local i t ies i n  North Germany. 
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Illamus avus var. Essb ergensis n .  var. PI .  II . figs. 2 5 -27 .  

R e m a rk s .  - This  form, which occurs at Lissberg i n  the vi l lage of  
Gul leråsen , differs rather much from al l  the types o f  Ill avus described 
above, though i t  agrees w ith them in its chief charaders, and has the 
most points of resemblance with the elongate type. It is represented by 
a considerable number o f  detached cranidia and pygidia , a few free cheeks 
and two hypostomata in  the Museum of the Geological Su rvey. All of 
the specimens  seem to have been found in the same piece of rock. 

The cranidia are very e longate ,  generally about as wide as Iong, 
but  the relation between length and width varies s l ightly in the d ifferent 
specimens. They are moderately and rather evenly convex or in  the 
shorter, especially in the small ,  specimens samewhat fl.attened above. The 
outl i ne forms a figure in which the posterior part is nearly paral lel -s ided, 
the anterior part either very regularly rounded or e lse s l ightly parabol ic .  
The anterior margin  is strongly arehed forwa rds, though only gent ly cur
ved in  the middle. The axial furrows converge \'ery -sl ightly ante
r ior ly, their foremost ends curved outwards as usual . The posterior bor
der furrow on the fixed cheeks is very distinctly marked in casts . The 
free chceks are of the elongate type with very widely rounded lateral 
angles. The hypostomata are comparatively short and wide. 

The pygidia are very low, tr iaugular in outl ine, about five sevenths 
as Iong as wide, fl.attened above and wi th the postero - l ateral edge more 
or less steeply bent down.  The axis is narrow, about one third the 
w idth of  the pygid ium ; i ts anterior part with slight independent convexity 
and bounded by short, shallow, backwards sl ightly converging axial fur
rows. The straight anterior part of  the side lobe i s  about three fifths  
the width of the ax is  and four fifths the length of the posterior margin 
o f  the facet, which is  thus considerably shorter than in any of the types 
of  Il/. avus described above. The doublure i s  comparatively samewhat 
narrower than in any of the typcs j ust mentioned ,  and it has a very in 
d istinct ly marked middle furrow. 

Other fossils found at L issberg indicate that the limestone here be
langs to  the upper part of the Leptcena Limestone and none of the 
other types of Il/. avus i s  found at this l ocal i ty .  It is possible t hat the 
form i n  question here ought to be re ferred to a separate species, but 
unti l the other forms of  Ill avus are better known i t  seems more advi
sable to regard i t  only as a variety of this species, though i t  undoubtedly 
deserves a d istinctive name. The designation Il/. a v u s  var. fissberg ensis 

ma y be accordingly suggested . 
D i m e n s i o n s .  - Among the known spec imens of this form there 

are two rather !arge cranidia nearly of the same size. In  both the width 
in front of  the eyes is  30 mm . ,  in the one the distance between the an
terior and posterior margin is 29 mm . ,  in  the other 30 mm. The other 
cranidia are cons iderably smaller, most of them as weil as most of the 
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pygidia smal ler than those figured (PI . II, figs. 2 5  and 27 ) .  In the  smal
lest cranid ium the distance between the anterior and posterior margins 
is on ly about 4, 5 mm.  and the width in front  of the eyes 5 mm. 

H a r i z o n  a n d  L o c a l i t y . - Upper Lept�na Limestone ;  Lissl:: erg 
in  Gu l leråsen .  

Illa:mus cf. p arvulus HOUri. PI .  I I ,  figs. 6- 7 .  

D e s c r i p t i o n .  - Cephalon about three fou rths a s  I ong  as  wide,  
very strong! y convex ; front part o f  cran idium and free cheeks n ear ly 
vertically bent  down . Glabella strongly raised , wide ,  between the middle 
of the eyes occupying more than three fourths the width of cranidium, 
gently decreasing i n  width anteriorly and more distinctly so posteriorly .  
Axial  fu rrows shal low, deepen ing posterior ly, ext end ing  nearly as far for
ward as the anterior ends of the eyes, the h inder two thirds diverging 
anteriorly ,  the front parts gently curved i nwards .  Fixed checks narrow. 
Palpebral lobes Iong and narrow ,  moderately project ing lateral ly ,  s i tuated 
at less than half their own length from posterior margi n  o f  cephalon, th eir 
d i stance . from anterior marg i n  a bo ut equal to their length. Posterior 
braoch of Jac ia l  suture nearly straight, d irected backwards and slightly 
outwards. Anterior braoch gently outwards concave. Free cheeks wicle ,  
largest w idth , behinrl the eye ,  about equa l  to middle length, irregularly 
pentaganal in outlin e ;  gena l an gles well rounded. Eyes rather large, 
crescentiform , w i th narrow ( l ow) lower eyel ids set off by shal low furrows. 
Anterior edge of  cran id ium and antero-lat eral edge of  free cheeks sl ight ly 
protruding, forming a fold to  receive edge of  pygid ium when the an ima l  
i s  enrolled . Rostrum fusi form, posterior edge hard ly protrud ing in  the 
middle .  

R e m  a r k s . - I n  his paper o f  1 884 (p. 5 5 )  TöRNQl' IST mentians the 
occurrence of Illamus parvzdus HOLM in  the Lept�na Limestone at Os
mundsberg. I have not  been able to find  the material on  which his 
des ignat ion was founded .  It seems probable, however, t hat i t  belonged to 
the same form as the specimens from the same formation and locality 
on which the above descri ption is founded, namely a cephalon in  the Lund 
Museum (collected by IsBERG, 1 9 1 3 ) and a cranid ium in the State Museum 
o f  N a tura l Hi story, Stockholm . 

The cephalon o f  th i s  form is com paratively narrower and h igher 
than in  the type form o f  Il/. parvulus, which belongs to the fauna  of  the 
C l1 asmops Limestone . · The eran idium is considerably  more convex both 
from side to s ide and from back to front ,  and its anterior marg in  more 
strongly arehed forwards ; the palpebral lobes are more incl ined towards 
the s i des ; the free checks are wider (h igher) , the ir greatest w idth being 
about equal to the middle leng th . The eyes are s i tuated at about their 
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own length from the anterior margin of  the cephalon ; in III. parvulus 
only at about two thirds their own length . 

The form from the Leptcena Limestone seems also to atta i n  larger 
dimensions than the Chasmops Limestone  form. In the largest known 
cephalon of  the latter, the distance between the anterior and the posterior 
margin is 4 mm. and the width 5 mm. In the entire cephalon from Os
m undsberg the wi dth is nearly 6 mm. ,  the distance between the anterior 
and the posterior margins 5 m m . ,  and in the detached cranidium from 
t he same locali ty the correspond ing d istance is 6,25 mm. 

On account of  the differences mentioned above, it is evident that 
this form cannot be referred to the type form of III. parvulus. The 
different ages of  the formations in which the two forms occur also 
contradiet this assumption .  Unti l more material of  the Leptcena Lime
stone form is available i t  cannot, however, be decided whether i t  ought 
to be regarded as a younger variety of this or be referred to a separate 
species. 

The cephalon from the North Baltic Östersj ö Limestone,  which WI
MAN ( 1 907 a, p .  1 38 ,  P I .  VIII, figs. 20-22) with som e hesitation has  re
ferred to Il!. parvu!us, resembles the form from Osmundsberg with regard 
to size, but it  i s  considerably wider and lower than this , and the course 
of the posterior branches of the facial sutu res is  different. 

H o r i z o n  a n d  L o c a l i ty . - Upper Leptcena Limestone ; Osmundsberg. 

Illamus sp. ind . a. 

1 882.  Illa!!Zus s p. ind . ,  HoLM, PI. III, tigs.  20-2 : .  
? 1 882 . . Illamus sp. ind . ,  HoLM, PI .  III ,  tigs. 1 8-1 9.  

R e m a r k s . - In TöRNQUIST ' s  collection i n  the Lund Museum there 
i s  a nearly entire though very badly preserved and broken individual 
from Amtjärn (figured by HOLM , 1 882 ,  PI. III ,  figs. 20-2 1 ) , and in the 
same piece of rock a pygidium with 9 thoracic segments attached ( ibid . 
PI . III. figs. 1 8- 1 9) ,  which seems to betong to the same form. 

On account of  the bad condition of the specimens the characters of 
the form are d ifficult to define, but it seems to be very closely related to 
the new species I!!. da!ecar!icus (see p .  1 1 4 above and PI .  II, tigs. 10- 1 3 ) 
and to I!!. angustijrons HOLM [HOLM, 1 886, p .  1 30, PI . IX, figs .  1-3 
(the type form ) ,  PI . VIII, figs. 14-22 ( var. depressa)] .  The axial fu rrows 
on the cephalon do not ,  however, seem to reach as far forward as in 
either of these , and the eyes are situated a little more forward. The 
anterior margin of the cranid ium is more strongly arehed forwards than 
in  I!!. da!ecar!icus and i n  I!!. angustijrons var. depressa, but not so 
strongly as in  the type form of  the latter species. The free  cheeks are 
more strong! y and sudden! y ben t down · than in I!!. dalecar!icus and in 
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the type form of Il!. a1tgustijrons (of  var. depressa only detached parts 
of the cephalon and the pygidium are known ) ,  and consequently the out· 
I ine of  the cephalon is more semiovaL The outer parts of the side lobes 
of the thorax are a lso more strongly bent down . The rostrum is rather 
l ike that of Ill. dalecarlicus in  shape, but i t  i s  comparati vely much larger 
and s l ightly longer ( from back to front) in relat ion to the width between 
the lateral extremities. 

The pygidium of  the entire individual seems to be of about the 
same form as that of Ill. dalecarlicus, and probably the posterior part 
of the ed g e  was flatten ed out to form a con ca ve border (on  l} the cloub
Jure o f  th is part is preserved) , whereas the anterior part is ,  contrary to 
the case in  this species, rather steep ly bent down.  The pygid ium of  the 
other specimen is short and broad and very widely rounded behind,  
and on ly the posterior part o f  the edge forms a very narrow, flattened 
b order .  

The ornamentation o f  al l  parts of the carapace appears to be s imi 
lar to that of Il!. dalecarliczts. On  the en tire i nd i v idual it is only to be 
seen on certai n places, but on the other specimen i t  i s  very d isti nct nearly 
everywhere (Cf. HOLM, op. cit . Pl .  III , tig .  1 9) .  

H o r i z o n  a n d  L o c a l i t y . - Lower Lept�na Limestone ; Amtjärn . 

Illamus s p. i n  d . . b .  P I .  I I ,  tig .  g .  

D e s c r i p t i o n .  - Two hypostomata in  the Upsala Museum,  one 
from Sätra , the other from Kullsberg, exhibit the fol lowing characters : -
Width behind  anterior wings tive sevenths the length ; very gent ly taper
ing posteriorly and widely rounded behind .  Anterior margin gently arehed 
forwards ;  lateral margins continuous with posterior margin .  Anterior lobe 
of centra l body strongly raised ,  compressed from the sides and s l ight ly 
keeled i n  the midd le ,  rounded, s l ightly tapering posteriorly, samewhat 
longer than width across middle. Posterior lobe gently convex, crescenti
form, with pa i r  of smal l ,  low, oval macul� at an terior edge. Median fur
row rather shallow, though quite disti nct. Lateral border furrows from 
base of anterior wings to median furrow deeply im p ressed ; their posterior 
part:; shal low and cont inuous with simi larly shal low posterior border furrow . 
A nterior border narrow (from back to front) , flat, as usual cont inuous 
with anterior wings .  Lateral and posterior borders narrow, rai sed . An
terior pair of  wings extending about three eighths the length of the hypo· 
stoma,  narrow ,  sl ightly_ incl ined towards the sides ; their lateral edges are 
not very wei l preserved on either of the specimens, but they seem to have 
been cut off squarely. Posterior pair of  wings smal l ,  tri angular. 

R e m a rk s .  - The hypostoma seems to be rather l ike that o f  III. 

fallax HOLM, but i t  is samewhat more elongate, its posterior part (be
h ind the anterior w ings) i s  more parallel-s ided and more widely rounded 
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behind ,  the anterior wings do not reach so far backwards, and the ante
rior margin i s  more evenly a rehed forwards . 

H o r i z o n  a n d  L o c a l i t i e s .  - Lower Leptcena Limestone ; Kullsberg, 
Sätra. 

Illamus sp. i nd .  c .  

1 88 2 .  1/la:nus s p .  i n d . ,  HOLM PI .  I I I ,  fi g .  2 2 .  

R e m a r k s . - The hypostoma figured by H O L M ,  1 882 ,  PI . III ,  fig . 
22  i s  rather un like other known I!!cenus hypostomata, though it i s  evi
dent ly referable to this genus .  It is characterized by the fol lowing fea
t u res : Width be h ind anterior wings a bo ut three fourths the length ; very 
s l ightly tapering posteriorly and widely rounded behind.  Anteri or margin 
gently arehed backwards. Anterior  lobe o f  cen tral body short, nearly 
hemispherical , s i tuated uncomrnonly far backward .  Posterior lobe very 
s l ightly rai sed ,  of  the usual shape bu t comparatively !arge ; macu l::e not  
observed . Anterior border  wide ( from back to front ) ,  flat, as usua l  con
t inuous with :J.nterior pair of wings. Lateral and poster ior borders badly 
preserved but seem to have been very narrow. Anterior pair o f  wings 
flat, extending about hal f the length o f . hypostom a , their lateral margins 
converging anter i orly 

H o r i z o n  a n d  L o c a l i t y :  Uppe r  Lept::ena Limestone ; Osmundsberg . 

Gen u s  Bumastus M U R C HISON. 

Burnastus nudus A NGELI N .  PI . I I ,  figs. 1 - 5 · 

1 8 54. Bronteus,j mtdus, A l'-: GELJ �< ,  p. 90, Pl .  X LI ,  fig. 1 9-20.  
1 898 .  Illamus (Bumastus) 11ztdus, HoBr ,  p .  1 3 1 ,  Pl.  V, fi g s .  1 - 5 . 

S p e c i fi c c h a r a c t e r s . - Cranid ium about as Iong as  width between 
eye lobes, rather weakly or moderate l y  convex ; anterior edge regular ly 
arehed forwards ,  very sl ight ly p roduced to form a narrow, i l l ·dcfined bor
der (in casts not or  hard ly d iscernible) .  Glabel la gently convex, very 
Iong ,  bei ng in length about seven eighths that of cranid ium, strongly  con
tracted between the eye l obes but widening again a t  front to more than 
i ts basal width. In casts a narrow ( from back to front) occipital band is 
seen and in front  of this a small median tubercle .  Axia l  furrows strongly 
concave outwards and with the anter ior and posteri or portions meeti ng  
at obtuse angles ; i n  t he  on ly  testi ferous specimen known rather broad 
and shal low, Iong, reach ing nearly to anterior margin and terminating in 
smal l  faintly defined pits ; in casts their poster ior portions q uite strongly 
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ma�ked ,  then widen i ng  at angles to form smal l ,  rather deep ,  oval  impres
sions, growing more shallow and narrower anteri orly and dying out be
fore reach ing the terminating pits ,  which are generally qu i te distinctly 
marked ( See HoLM, 1 898, Pl. V,  figs. 1 ,  2 ) . Free cheeks ins ide the eyes 
general ly a l i tt le more than half as wide as the glabel la ,  gent ly sloping 
towards the sides and a l i ttle more strongly tO\vards the back and front ; 
s l ightly impressed posterior border  fu rrow seen i n  casts. Palpebral lobes 
rather smal l ,  moderately projecti ng laterally, their distance from the pos
t erior  margin about hal f  their d i stance from the anterior one and a l i tt le 
l ess than their own l ength . Posterior branch o f  facial suture at first run
ning nearly straight backwards, but with the posterior portion turn ing 
rather strongly outwards to meet  posterior marg in  of  cran id ium at acu te  
angle ; anterior b raoch s l ightly outwards convex. Free cheek weakly con 
vex ,  i t s  width about  three fourths i t s  midd le le ngth ; gena! angle b lun tly 
poin ted ; l ateral margin s l ight ly arehed outwards ; posterior margin near ly 
straight. 

Hypostoma sub-tr i angular i n  out l i ne ,  width beh ind anterior wings 
nearly equa l  to the length ,  tapering anterior ly and rather narrowly round
ed beh ind .  Anterior margi n rather strongly arehed forwards ; lateral 
marg ins  cont inuous with poster ior margi11 .  Anter ior lobe o f  central body 
e longate- oval ,  reach ing to anterior  margin ,  very strongly raised , compres
sed from the s ides .  Poster ior lo be small, depressed, of the usual shape ; 
with pa i r  o f  very p rominent, oval macu l.:e .  Median furrow only impres
sed in front  of macu l.:e .  Lateral border furrows from base of anterio r  
w ings to macul.:e broad and deep ;  thei r posterior port ions narrow and 
shallow. Lateral and posterior borders narrow, ra ised. Anterior pair of 
wings triangular in  outl ine, rather smal l ,  gently sloping backwards and some
what outwards. 

Pygid ium semioval , a l i tt le longer than wide, moderately and rather 
evenly convex, becoming concave n ear margin to form an i i i  defined con
ca v e  horder, on smal l  specimens very weakly marked at  the s ides and 
dying out posteriorly, on  larger ones more dist inct  and conti n u ing round 
end of pygid ium ; antero - lateral ed ges rather suddenly ben t downwards 
and cont inuous with lateral port ions of  facets ; sometimes in casts a very 
sl ight median longitud inal ridge i s  seen runn ing from near centre to pos
t e rior extremity .  Axis only traceable in front ,  where i t  is strongly raised 
over the straight parts of the s ide l obes and project ing on  front marg in ,  
very wide ,  nearly three fi fths the width of  pygidium , with narrow { from 
back to front ) ,  depressed art iculat ing band at anterior edge. Straight 
anteri or parts of sid� l obes very narrow, less than one tenth the width 
o f  axis. Inner portion o f  fulerum prom inent ,  w i th  deep ,  broad furrow be
h i nd ;  l ateral portion very weak. Facet rather smal l ; inner port ion rather  
suddenly ben t down ; lateral porti on  very indist inctly se t  off w ith sl ightly 
concave surface ; anterior margin gently arehed backwards ; lateral angles 
s l ight ly poin ted .  Doublure narrow ,  gently decreas ing in width anteriorly 
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to about three fi fths its basal width, strongly concave with its inn'er por 
tion bent upwards nearly vertical ly. 

Surface ornamented with rather closely but i rregularly placed punct;:e 
and the usual terraced Jines along the anterior margin of the cranidium 
and on the doublure o f  the pygidium .  

D i m e n s i o n s .  - Among the  known specimens o f  th i s  species there 
is one cranidium in which the distance between the anterior and posterior 
margins is 30 mm. and the w idth i n  front of the eye lo  bes 3 2  m m . ; the 
other cranidia are considerably smaller, most of them smaller than the 
one figured in  this paper (PI .  II. fig. 1 ) ;  in the smallest ones the distance 
between the margins i s  only about 6 m m . In the largest pygidium wh ich 
I have seen the width is 29 mm. and the distance between the anterim· 
margin and the posterior end 2 5 , 5  mm. ANGELIN 's  figure of the pygi
d ium of Bronteus? nudus (ANGELIN, 1 8 54,  PI .  XLI, fig. 20) is of  conside
rably larger dimensions, but i t  is possible that i t  is enlarged, although 
i t  is said to be of natu ral s ize .  H is figures o f  the cran idium (figs .  1 9 ,  
1 9  a )  are also rather !arge. 

R e m a r k s .  - In the 2d part of P a l <e o n t o l o g i a S c a n d i n a v i c a  
( 1 854) ANGELIN figures o n  P!.  XLI, figs. 1 9, 1 9 a and 20 utider the name 
of Brontetts ? nudus a cranid ium and a pygidium of  a trilobite from the 
Regio Harparum in  Dalarne, i .  e . the Leptcena Limestone. The type 
specimens are not to be found , and  the accompanying description (p .  90} 
is ,  as usual ,  very brief. In the Museum of the Geologi caJ Survey, Stock
holm there are a considerable number of cranidia and pygidia and a few 
free cheeks from Lissberg in Gulleråsen , collected by von SCBMALENSEE 
in the summer of 1 883 ,  which HOLM ( 1 898) has described and referred 
to this species, which as he points out does not belong to the genus 
Bronteus but to Bumastus. The pygidia agree rather weil with ANG E ·  
LIN ' s  figure, whcreas his figures o f  the cranidium differ i n  some charac 
ters from the cran id ia from L issberg, especially the fron t  part, but i t  
seems as i f  th is  part had not been preserved on the specimen , but  w a s  

supplemented in the figures (C f. HOLM, o p .  cit . , p .  1 36). 
There is also a hypostoma from Lissberg found tagether with the 

other parts of the carapace. It  is of the common Bumastus type and 
evidently belongs to the same species . 

Further there i s  a cran id ium from Osmundsberg in  the Upsala 
Museum, which is  referable to this species, although it is more gently 
convex than the cran idia from Lissberg, and the glabel la is not so strongly 
contracted between the eyes. In this the test is preserved ,  which is not 
the case i n  any o.f the specimens from Lissberg. It seems rather proba
ble that ANGELIN's type specimens were also found at Osmundsberg. 

A ffi n i t i e s .  - Bum.  nudus does not seem to be particularly c losely 
related to any other known species. As already mentioned (p. 99 ) ,  it 
resembles Il/. dalecarlicus and Il/. angustifrons in the general appearance 
of the cranid ium.  The anterior edge is, however, produced into a l ip -
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l ike border or is sharp ( i n  casts ) , not smoothly rounded as in the se, the 
axial  furrows extend farther forwards and terminate in pit-l ike depres
s ioi1S .  The latter feature is characteristic of most Bumastids, but, as far 
as I know, is not found in any species of Illamus (s .  str . ) .  

The pygidium agrees w ith that o f  Bum. Macallumi SALT. ( SALTER, 
1 867, p. 2 1 0,  PI. XXVII. tig. r ,  PI. XXX, figs. 2,  3 ;  REED, 1 904, p .  6 5 ,  
PI .  I X ,  tigs. 8 -9) in  ha ving a narrow, straight inner part o n  the side lo b e  

. (not generally marked i n  the Bumastids )  and a strong post fulcral furrow, 
but i ts  shape and convexity are d ifferent and the cranid ia of the two spe
cies a re very unlike each other. 

H o r i z o n  a n d  L o c a l i t i e s . - Upper Lept;:ena L i m eston e ; Lissberg 
in Gulleråsen,  Osmundsberg. 

Family Bronteidre ANGELI N .  

G e n u s  Bronteus GoLDFUSS .  

Bro:uteus laticauda WAI·I L E N BERG . 

1 8 1 8. ' Entomoslracites laticauda, WABLENDE RG, p. 28 (pars) ,  PI. I I ,  tig. 8 (non tig.  7) .  
1 82 2 .  Asaphus /aticauda, B R O K GNIART, p . 24 (pars), PI. III ,  fig.  8 (exc l .  ceph alon). 
1 826. Asaj;hus (/lkemts) laticauda, D A L M A N ,  p .  2 5 1 (pars) .  
J 837.  / lirenus laticauda, H J S!l\:GER,  p J 7 (pars),  PI. II! ,  fi g .  6 (ex el .  ccph:l l o n ) .  
J 84 5 ·  Brontetts laticauda, BEYRIC H ,  p .  4 2 ,  PI .  fi g s .  8 - 9-
! 8 5 4· Brontetts laticauda, ANGEL!� , p. 5 7 , PI. XXXII ! ,  fig .  2 .  
J 8 5 7 ·  Bronteus insu!aris, EICHWALD , p . 3 3 6 . 

1 8 5 8. Brontetts lzibenzicus, ScHMIDT, p. J 89 . 
J 8 5 9 .  Brontetts latimuda, N J ESZKOWSKI,  p. 3 70. 
J 86 r .  Brontetts insttlart\ ErcHWALD,  p .  J 4 92 ,  PI . LIII, fig. 9· 

J 87,8 . Bronteus /aticauda, A N G E L I N  ( LI NDSTRÖM ed .), p .  5 7 , PI. X X XIII ,  tigs . 1 a- 2. 
J 884. Brontetts laticattda, T ö R N QUIST, p. p. 
1 894. Brontetts laticauda, SciiMl DT, p .  3 4 ,  PI. lll,  tigs. 9 - J  1 .  
1 901 . Bronteus !aticauda, LINDSTR Ö M ,  p . 44, PI. I I ,  tigs.  6-1 3 .  

S p e c i fi c  C h a r a c t e rs . - Cephalon very wide ,  nearly semicircular , 
ftattened , .  with gena! angles broadly produced into relatively Iong, taper
ing, pointed spines ;  depressed border surm unding cephalon and extend
i ng to t ip  of spines ; border in front of glabella rather different i n  diffe
rent speci mens ,  i n  some narrow ( from back to front) ,  in  others relati vely 
wide ,  sometimes almost flat at !east in  the middle and set off by shallow 
furrow, sometimes sl ightly concave and not distinctly bounded beh i nd ,  
outside frontal l obe  considerably increasing i n  width and  always disti nctly 
concave, but growing narrower and less concave again towards tip of 
spines. Cranid ium with narrow anterior edge steeply bent down , and 
gently arched .  Glabella weakly convex ,  consisting of  a Iong neck ror
t ian, n early two thirds the Iength o f  the whole glabella, and a short, ex-
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panded anterior portion , the frontal lobe, more than twice the width of neck 
at base and projecting lateral ly so as to overhang the cheeks. Fronta l  
lobe very sl ightly convex, with ind ist inct ly defined, obtusely pointed 
lateral extremities and w i th anteri or end gentiy arehed forwards, but in 
most specimens w i th a sl ight impress ion in the centre ; width of frontal 
lobe about equal to one and a hal f  t imes the length of the whole gla
bel la .  Neck sl ightly tapering from occi pi tal furrow to 2d pair of  lateral 
gl abellar furrows, anteriot·!y increasing in width again ,  keeled in the 
middle and with the highest point in  the median I i ne  j ust i n  front  of 
occi pital fu rrow,  the short s lope towards the latter be ing rather steep, the 
s lope towards frontal lobe very gentle. 3 pairs of la teral glabellar fu rrows 
present, wit h the i r  inner end s placed a bo ut equal d istances apart. The 
two anter ior pai rs d i rected i nwards and sl ightly forwards. Front  pair 
s i tuated at base o f  anter ior expanded portion of  glabella, very short, ex
tend ing i nwards less t han on e fourth the width of  glabel l a ;  i t s  inner por
t ions forming d isti nctly impressed circular pits ; i ts lateral portion s  very 
shal low. 2d  pai r extending nearly one th ird across glabella, consisting o f  
obtusely defined, elo ngated pits continued outwarels by  fain t  furrows. 
3d  pair represented by two i solated, very ind istinctly marked, rounded 
impressions, not reach ing as far i nwards as 2d pa ir  and situ ated some
what nearer to  i t  than to  occipital furrow. Axial furrows outside neck 
of glabella strong and deep, but very shallow in front, at first sl ightly 
converging anteriorly to 2d pair of lateral glabellar furrows, then some
what more strongly divergi ng to I st pai r and with the anterior parts 
strongly curved outwards. Occipital furrow strong and deep but decreas
ing in depth towards the  sides and not reach ing axial furrows, very 
s l ightly arehed forwards i n  the middle .  Occipital ring flattened, gently 
arehed from s ide to s ide and wi th straight posterior margin .  

Fixed cheeks in front  and inside palpebral lobes rather narrow, r is 
ing up  on each side o f  glabel la to eye lobes situated a t  a distance from 
axial fu rrows less than hal f the wi dth of the glabella and nearly at the 
same leve! as it. Palpebral lobes very !arge and prominent ,  sub-el l i ptical 
in outline, but w ith length only a l i ttle greater than width, s i tuateel far 
back, less than their own length from posterior margin of cephalon , sur
face flattened or gently concave from back to  front. A strongly curved 
furrow on  each side marks off a smal l sub-circ ular to sub-el l i ptical area 
at axial furrow inside palpebral lobe. Another pair of furrows starting 
at axial furrows at base o f  frontal lobe runs in a genti e curve nearly 
paraHel to an terior margin to faci al sutures and is continued on frec 
cheeks. Poster io: w ing (• f fixeel cheek extendeel far ou twarels with narrow 
( from back to front) depressed arti culating band along its h ind border 
continued a l i tt le more than two thirds the way ou t ;  posterior marg in 
di rec_teel nearly straight outwarels for about two th i rds i ts  length , then 
curving s l ightly backwarels but with the end d irected more straight out
warels again ; posterior border furrow shallow bu t quite elist inct ly impres -
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sed, beginning at axial fu rrow j ust behind the smal l snb-circular a rea 
mentioned above, and runn i ng  obl iquely backwards in  a gentie curve to 
posterior branch of facial su ture and  then outwards about halfway along 
this . Posterior branch of facial suture Iong, at first d i rected outwards and 
very sl i ghtly backwards, - then curv ing more strongly backw::uds and cut
ting posterior marg in  of  cephalon at very acute angle nearly hal fway out 
to gena! angle .  Anterior branch only a very l i ttle longer than posterior 
one, runn ing in a gentie curve obl iquely outwards from eye to antero
la teral marg i n  with a general inclin ation o f  about 60° to posteri or marg in  
of cephalon .  

Free cheek sub-triangular and transversely elongated in shape ,  p ro
d uced backwards into a taperi ng, acute ly pointed gena! angle and with 
the lateral and posterior margins  gent! y outwards and forwards convex ; 
inner porti on of cheek sl ight ly swollen , ris i ng  up  to eye and separatecl 
by shal low groove from depressed convex median portion , slopi ng  down 
to rather wide concave border not marked off by a ny  d islinet furrow ; 
point fiattened.  Eye very strongly rounded ,  but comparat i vely l ow and 
narrow. Doublure of  free cheek extending as far inwards as to inner  
swol len port ion o f  cheek and continued rather far forwards underneath 
anterior porti on of cranidium,  very strong! y con ca ve ( con\'ex w hen seen 
f rom the under s ide) .  Rostrum not known. 

Hypostoma n early as Iong as width across anter ior pair of wings, 
s l ightly tapering posteriorly ; anterior margin with somewhat fiattened cur
vature and very sl ightly and obtusely angulated in  the midd le ; antero 
l ateral angles rounded ; lateral margin s  sl ightly converging poster iorly 
and continuous  with gently backwards convex posterior marg in .  Antero
l ateral port ions of edge somewhat depressed , but not separated from 
middle body by any fu rrow ; lateral and posterior edges fiattened ,  form
ing a continuous horder, gently bent up  at the s ides, steeply behind ,  
marked o ff  b y  shallow cont inuous furrow ending a t  each s ide inside an
ter ior pair o f  wings ; middle furrows short, obl ique, deep i n  front of ma
cula!, but  shal low towards the s ides, not u ni ted across middle of body. 
Central body extending to anterior margin of  hypostoma ;  anterior lo  be 
more than two thirds the length of  whole body, rounded, strongly convex 
and s l ightly compressed from the s ides ; posterior lo be crescentiform, de 
pressed- convex, w i th  pa i r  of  prominent ,  !arge, pointed-oval , s l ight ly obli 
que macula!. Anterior pair o f  wings small ,  pointed, sub-triaugular in shape, 
nearly vertically i ncl ined. Posterior pair of wings bent obliquely inwards, 
broadly tr iangtl iar .  

Thorax with gen�ly raised axis of about un i form width (only a por
t ion o f  the thorax is  known as yet) and sl ightly narrower than the pleura! .  
Pleura! u n fu rrowed, fiattened ; their inner portions horizontal ,  with narrow,  
flattened anterior and posterior art iculating horders ; their lateral portions  
very sl ightly bent  down wi th  the ends pointed and directed backwards .  



1 4 4 ELSA WARBURG 

Pygid ium semiel l i ptical in out l ine · with the lateral ang les very s l ight ly 
rounded,  a bo ut  three fourths as Iong as wide ; inner anterior portion very 
s l ight ly convex ; marginal port ion flattened or, general ly, flattened behind ,  
gent ly concave at the sides. An terior margin n early straight or gently 
a rehed backwards outside very weak fulcrum, which latter is s i tuated  
about halfway out .  Anterior edge  bent  down or very sligbly depressed 
but not forming  any d ist i n ct articu la t ing ban d .  A xi s  short, sub· conical , 
rounded beh i nd ,  weakly convex, broader than Iong, s l i ghtly more than 
on e fourth the length of  pygidium and less th<1n on e fourth its width ; 
one  anterior axial r ing (or hal f r ing) set off by shal low fu rrow, dying out 
before reaching axial fu rrows ; posterior part of axis unfu rrowecl . Axial 
furrows very faint ,  generally s l ight ly i nwards concave, converging poste
r i orly and not impressed behind end of axis. Side lobes apparently com
posed of 7 pairs of pleur::e. 6 an terior pai rs simple, rad iating from the 
s ides of the axis ,  gently raised, broaden ing and decreasing i n  height to
wards the ir  outer extremit ies, flattened near margin ,  not regularly rounded 
but highest near thei r inner posterior edge - which feature is not so 
conspiciuous at first but grows more dist inct as they become broader  and 
flatter - and separated from each other and from 7th pair by rather 
narrow,  shal low but dist inct , gently curved interpleural furrows, rounded 
at bottom, general ly dying out near  margin ,  and in most specimens rather 
faint near axis . 7th pair , fused, forming a broad, gently raised postaxial 
piece decreasing in height towards the margin ,  a t  first gently tapering 
poster iorly but  soon broadening aga in  to considerably more than its fron
tal wi dth ; anterior portion  without any trace of an interpleural furrow ; 
posterior portion wi th fain t  median furrow of varying  length, generally 
beginning about halfway up postaxial piece and dying out near margin ,  
i n  some s pecimens not discernible a t  a l l ,  sometimes continued forwards 
by fai n t  ridge or keel - representin g  the » high »  inner edges of fused 
pleurce - which soon becomes obsolete. Doub lure very wide, increasing 
in width posteriorly, nearly two thirds the l ength of pygidi um ,  inner por
t ion gently convex or ,  in some specimens ,  flattened , with weak median 
groove ; margina l  portion widc, s l ightly concave al l  round or concave in 
front ,  flattened behind, marked by narrow, slightly raised, radiat ing rid
ges (furrows on  the underside ,  i .  e .  the real surface of  the doublure) lying 
underneath the highest port ions of the dorsal parts of the pleur::e, dying 
out near margin and  separated by broad , shal low grooves. The ridges 
are generally continued on the i nner portion of the doublure, where they 
i ncrease considerably in width but are a lways very weak. 

Test o f  nearly all parts of the carapace ornamented by fine ,  irre
gular terraced I ines .  On the inner part of the cephalon the I ines are 
rather strongly undulating and concentr ic to the h ighest portions, on the 
middle parts of the free checks gently curved with the convexity d i rected 
i nwards and forwards, and  on the border and doublure of the cephalon 
nearly paraHel to the margin. On  the hypostoma they are concentric to 
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the lateral and posterior margins ,  meeting anterior margin at more or less 
acute angle. On the thorax they arch over the axi s ,  with the convexity 
of the curve forwards ;  on the pleurce the curve i s  reversed. On the dor
sal surface o f  the pygidium the Iines are rather coarse ; on the axis arehed 
forward , on the side lobes very strongly undulating, incrossing the pleurce 
and generally interrupted in the furrows ;  their general d i rection i s  not 
parallel to the marg i n  but more transverse. On  the doublure of  the py
gidium, on the other hand, they are nearly parallel to the marg in  and 
continuous al l  round, though general ly rather indistinctly marked on the 
h ighest edges of  the ridges. 

D im e n s i o n s .  - Er. laticauda seems to attain rather !arge dimen
sions but does not belong to the largest species of the genus. The spe·  
c imens vary, however, considerably i n  s ize .  The smallest pygidiu m  from 
the Leptcena Limestone w h ich I have seen is on ly  I 3 mm lon g, whi le  the 
largest one measures 84 mm. In the cranidia from the same formation 
the length varies between I 3  and 3 I  mm.  

R e m a r k s .  - Th i s  species i s  one  of the  fossil s most frequently met 
wi th in the Upper Lept�na Limestone ,  although no  entire individual is 
known as yet either from this formation or from other formations in which 
i t  occurs. 

Arnong the specimens  from Osmundsberg in WAHLENBERG's collec
t ion in the Upsala M useum there are three pygidia from which WAHLEN
BERG ' s  ori g i nal figure of  the species ( I 8 I 8 , PI .  II, fig. 8) probably was 
drawn.  

ANGELIN ' s  restoration of the ent i re  indi v idua l  ( I 8 54, PI .  XXXIII, 
fig. 2) is in some respects incorrect, especially as regards the outl ine o f  
the cephalon and  t he  shape and  d i rection of the free checks [C f. the 
restared figure of  a cephalon on  PI .  III (fig. 8) below] . On the thorax the 
side lobes are too wide in comparison with the  axis, and the latter ought 
to be more paral lel -sided. 

BEYRICH ( I 84 5 ,  p .  34 ) has suggested an interpretation of the stru c
tu re of the Bronteid pygidium ,  according to  which al l the furrows on the 
side lobes would not be of the same nature . Only the 2d, 4th etc. fu r
rows would be real interpleural furrows, the I st ,  3d etc. pleural furrows, 
each pl eura accord ingly consisting o f  two separated bands. BARRANDE 
( I 8 52 ,  p .  837 )  d id no t  accept this hypothesis but considers tha t  each o f  
the  lateral r idges represents a pleura ,  s ince th i s  i s  the  case in  other 
genera with ridged pleurce (on the thorax). 

Even i f  one does not consicler that the d ifference between the rid
ged and the furrowed pleurce has a special ly great morphological s ign i
ficance, one must agree with the author last mentioned that i t  does not 
seem probable that a form in  which the thoracic pleurce are unfu rrowed 
would have so dist inctly marked pleural furrows on the pygidium . More
over a comparison between the Bronteid pygid i um and the more prim
itive pygid ium of Bronteopsis scotica SALT. (REED, I 904, p .  94, PI. XIII, 

10 - t 9232. Bull. of Geol. Vol. X VII. 
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figs. 5-I 3 ) ,  a species apparently very closely related with Bronteus, favours 
BARRANDE's opinion .  

Whi le  on the strongly reduced axis of the former the evidences of 
segmentatian have entirely disappeared, or only except ionally (e .  g. Bron· 
teus ptanus CoRD . , Bronteus simulans BARR. ) a few rings are faintly indi
cated ,  the considerably longer axis of  Bronteopsis seotiea is fairly distinctly 
segmented. REED (Op.  cit, p. 9 5 )  states that the latter i s  camposed of 
5-7  rin gs and a terminal pointed piece. To j udge from the figures 
there seem as a rule to be 6 rings (when the articulating half ring 
is not counted as a separate ring) ,  though sometimes the posterior ones 
might be very indistinctly marked. On the side lobes there are 6 nar
row, sl ightly raised ridges on each side, corresponding to the axial rings 
and apparently each of them representing a pleura. The pleur;:e are 
separated by rather broad furrows and between the 6th pair there is a 
comparatively wide postaxial smooth portion traversed down its centre 
by a s ingle median narrow ridge, probably representing the completely 
fused 7th pair of  pleurce. 

A ffi n i t i e s .  - SCHMIDT ( I 894, p .  34) was of the opinion that the 
defective pygidium described and figured by PoRTLOCK ( I 843 ,  p .  270, 
PI .  V, fig. 8 a-b) as Br. hibernieus PORTL . probably is refe rable to Br. 
!atieauda, but whether this is really the case it is not possible to decide 
from the figures available. Anyhow, the two species seem to be very 
closely al l ied to each other. Together with the other known Ordavieian 
species, B r. eraigensis R EED ( REED, 1 904, p. 89, PI . XII, figs. I 2, I 3 ) ,  
Br. Grayi REED ( R EED, 1 904, p .  90, PI. XII, fig .  I 4 )  and  Br. lunatus 
BILL. (BILLINGs, I 863 , p .  I 88 ,  fig. I 87 )  they form a group which differs 
from the Silurian and Devonian members of the genus in having a py
g id ium with on ly 6 pleurce on each side of the fused median pair. Possibly 
this group ought to be separated from Bronteus s .  lat. and be referred to 
a separate genus or sub-genus, but s ince except in the case of Br. latieauda 
and Br. lunatus only the pygidia of  these species are known as yet, this 
question has better be postponed unt i l  more mater ial  is available. 

The pygidium of  B. lunatus i s  very s imi lar to that o f  Br. latieauda 
but seems to have a somewhat longer axis (Cf. WELLER, I 903,  P I .  XV, 
figs. I 4- I 6) and the cephala of the two species are rather u nlike each 
other. In that of the former the anterior portion of the glabella  is not 
so strongly and suddenly expanded towards the sides as in that o f  the 
la tter, the neck i s  shorter, only extending to the 2d  pair of lateral gla
bel lar fu rrows, the free cheeks are longer and wider, and the anterior 
branches of  the . facial sutures turn rather strongly i nwards before reaching 
the anterior margin .  

Br. Grayi differs in having a much longer and wider pygidial axis 
with two weil marked furrows on its anterior end. 

In Br. eraigensis the axis seems, to judge from the figures, to be 
shorter and wider  than i n  Br. latieauda and the whole pygidium to be 
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more convex ; the 6th pair of  pleurce are, according to R E E D , very indi
stinctly defined, whereas they are quite distinctly marked in the species 
last mentioned, and the 7 th pair completely fused, without trace of an 
interpleural furrow. 

H a r i z o n s  a n d  L o c a l i t i e s .  - The species is found in the Upper 
Leptcena Limestone in  Dalarne at Osmundsberg, Kallholm , Boda , Unskars
heden , W estanä,  Klittberg and, according to BEYRICH, at Dal byn. 

It further occurs in the Lyckholm Formation (F1) in Estland and, 
accord ing to KJlER ( 1 897) , in  Etage 5a in RingeriJ,e in Norway. 

Family Holotrachelidre n .  fam .  

Cephalon !arge, convex, surrounded by  distinct horder. Ciabella 
tumid, nearly smooth. Free checks !arge and separate. Facial sutures 
cutting the posterior margin of  the cephalon weil within the gena! angles. 
Eyes prominent and phiced rather far forward . Thorax with disti nctly 
furrowed pleurce. Pygid ium small with free ending pleurce. 

Genus Holotrachelus LINNARSSON. 

Complete body aviform in outline .  Cephalon strongly convex with 
rounded lateral angles. Glabella weil defined, Iong, rather strongly con
vex, narrower and rounded in front ,  separated from anterior border by 
short preglabel l ar fie ld ; lateral glabel lar  furrows and occipital furrow ob
solescent .  Checks broad . Eyes prominent, placed near the glabella and 
far forward. Hypostoma  rather  hour-glass shaped . Thorax with convex 
axis, wider than side lobes ; axial furrows hardly impressed ; segments 8 
with fu rrowed p leurce. Pygid ium with gently convex axis ,  cam posed of 
3 rings and a terminal piece ; s ide lobes with 4 pairs of flattened pleurce 
with free outer portions placed close to each other and with truncate ends. 

Holotrachelus punctillosus TöRNQUIST. P I .  III , figs. 1 6-25 ,  text-fig. 1 6. 

1 8 1 8 . Entomostracites laticauda, WAHLENBERG, p. 28 (pars) PI . II,  fig. 7 (no n .  fig .  8). 
1 822 .  AsajJhus laticauda, BRONGNIART, p. 24 (pars), PI. III,  fig. 8 (excl .  pygidiu m ). 
1 826. AsajJltus ( Illamus j laticauda, DALMAN.  p. 2 5 1  (pars). 
1 8 3 7 .  Illamus laticauda, HISINGER, p. 1 7  (pars), PI. III, fig. 6 (ex c l .  pygidium). 
1 8 54 .  Chirurus conformis, ANGELJN,  p. 90, PI. XLI, fig. 1 5 .* 
1 884. Homalonotus jJunctillosus, TöRNQUJST, p .  44, Pl. I, figs. 46, 47· PI. II,  figs. r, 2. 
1 896. Homalonotus? punctillosus, REED, p .  4 1 1 .  
1 898. 1/lrenus jmnctillosus, HoLM, p .  1 3 8, PI. VI, fig. r .  
1 9 1 9 . Iliemus (Holotmchelus) punctil/osus, TÖRNQUIST, p .  502.  
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S p e c i  fi c C h a r a c t e r s .  - Complete body oviform in outli ne ,  about 
twice as Iong as wide. Cephalon considerably larger than pygidium . 

Cephalon semioval with broadly rounded gena! angles, about two 
thirds as Iong as wide, very strongly convex, bent down nearly vertically 
in front and at the sides, and surrounded by flattened or slightly rounded 
marginal border set off by strong furrow. Border i n  front  o f  glabella 
relatively narrow (from back to front) , i ts su rface sloping rather strongly 
forwards, grad ual ly growing wider and more steeply incl ined towards 
the sides, widest at gena! angles, behind fixed checks rapidly decreasing 
in  w idth again ; edge of  border sharp . Anterior margin arehed forwards 
and gently upwards in the midd le .  Axial furrows narrow and rather 
shal low, deepening posteriorly, arching outwards at first from base ,  then 
bending inwards with sl ight convergence and un ited in front  of glabella 
by shal low, forwards convcx preglabel lar furrow. 

Glabel la convex, bent down nearly vertically in  front, generally 
sligh t ly compressed from the sides but i n  some !arge spec imens (e. g. the 
specimen figured on PI. III, figs. 1 6-18 )  samewhat flattened on top. 
Outline  of g l abei la + occip i tal segment broad ly sub- ovate. 4 pairs o f  very 
weak lateral glabellar fu rrows are traceable in  a few specimens, though 
in  most some or  a l l  of them are i nd istinguishable ; 3 anterior pairs short , 
extending about half-w a y from axial furrows to median I ine of glabel la ; 
frontal pair starting i n  axial fu rrows opposite anterior extremities of eyes, 
obliquely d i rected i nwards and fo rwards ; zd and 3d  pairs directed nearly 
straight i nwards ; zd pair - p robably homologous to I st pair of most 
t rilobites - situated a l itt le i n  front o f  a I ine joining the middle of  the 
eyes, 3d pair opposite posterior extremit ies o f. eyes ; basal pair starting 
at extremities o f  med ian portion of occip i tal furrow, at first running obli 
quely forwards and outwards and then nearly straight outwards to axial 
furrows. The inner portions o f  the basal furrows are d isti nguishable i n  a 
comparatively \arge n umber o f  specimens, the frontal furrows are also 
rather often p resent, the zd pai r and the outer portions  of the basal 
pair more seldom, and the 3d  pair i s  on ly detected in · a very few spe
c imens .  

Occip ital furrow not always distinguishable, but generally represented 
in casts, more seldom on the surface of the test, by pair of weak and 
short, nearly transverse lateral port ions placed close to posterior margi n  
o f  cephalon .  In casts a straight median portion is a lso sometimes visible 
and i t  is l ikewise indicated at !east in one testi ferous specimen. It is 
situated considerably more forward than the lateral port ions and is  some
what shorter than the distance between their inner extremit ies .  Only in  
a very few specimens is  a connection between the differen t portions in 
d icated .  Occi p ital r i ng flattened, strongly arehed from s ide  to  side, with 
minute median tubercle (not discernible in all specimens) near anterior 
margin ; middle portion relatively wide ( from back to front) ; lateral por
tions narrow ; posterior margin arehed gently backwards. 
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Cheeks broad, their anterior slope nearly vertical from the eyes, 
their lateral slope samewhat less abrupt. Fixed cheeks narrow in front 
of  and insioe pal pebral lobes, rapidly increasing  in width posteriorly, 
united in  front  of glabel la by short , s l ight ly convex and nearly verti
cal ly inc l ined preglabel lar field ; palpebral lo bes sloping downwards late. 
ral ly, gent ly arehed from back to front ,  narrow and rather short, placed 
near the glabel la and far forward . Posterior branches of  facial sutures 
runn ing in sl ight s igmoidal curves backwards and outwarels from eyes to 
posterior border furrows, where they curve more strongly backwards and 
then inwards to cut  posterior margin of cephalon at obtuse angles ; ante
rior branches samewhat shorter than posterior ones, nearly straight, sl ightly · 
converging anteriorly, but bending rather abruptly inwards near margin. 
Free cheek rather elongate, greatest width j ust behind eye scarcely more 
than half the Iength ; l ateral and posterior margins rounded, forming a 
continuous curve w i th the strongest curvatu re at gena! angl e ;  posterior as 
wei l  as anterior extremity acutely pointed and 
curving inwards ; eyes rather smal l  bu t very pro
minent ,  nearly half as h igh as Iong, sub-crescenti
form in  outl ine, convex vertically and Iongitudinal ly; 
doublures of free cheeks continued forwards and  
inwards underneath anterior portion of cranidium 
and behind antero - lateral portions o f  rostrum, 
nearly meeting in front . 

Rostrum measuring from side to side on front Fig. 1 6 . Ho!otracltelus fJUnet
ed ge about two and a half  times as much as from illosus TöRN QUIST. Inferior 

. . surface of cephalon shm.ving 
back to front across m1ddle, very rap1dly decreas- rostrum etc.  x I l/a . Kallholn. 
ing i n  width along its first two thirds from the Upsala Museum . 

rostraJ fu rrow, thence becoming nearly paral le l-sided,  
i ts posterior th ird forming a very narrow, band- l ike portion separating 
the inner  extremities o f  the doublures of the free cheeks ; anterior margin 
gently arehed upwards and very sl ightly forwards. 

Hypostoma hour-glass shaped ,  its waist scarcely more than half the 
width of its anterior end (across the anterior pair of wings) and about 
four  fi fths that of  its posterior portion , about twice as Iong as wide at 
waist ; anterior end with somewhat flattened curvature ; poster ior portion 
s l ight ly in  elined a l itt le be hind middle furrow ; posterior end strong! y 
rounded and produced in the middle into short point. Anterior lobe of  
middle body about twice as  Iong as  posterior lobe, moderately elevated, 
s l ightly campressed from the s ides , broadest i n  front, where i t  is  as wide 
as Iong,  narrowing and pecreasin g  i n  height posteriorly ; anterior and poste
rior extremities broadly rounded. Middle furrow weak, scarcely impressed 
in the middle, deepening laterally. Posterior lobe of body forming about 
three fourths of a ci rcle or el l ipse ; its anterior end arehed backwards ; i ts  
surface nswg up from al l  s ides, at fi rst not so strongly but then very 
steeply to form a high, prominent, sub-conical boss, which points a l itt le 



ELSA WARB U RG 

backwards owing to the incl ination of the posterior part of the hypostoma. 
Anter ior border very narrow ( from back to front) ,  without thickened rim ,  
almost entirely occupied by  a rather shal low furrow dying ou t  lateral ly, 
where the border becomes confluent with the anterior pair of wings. 
Anterior wings triangular, extending about half the length of anterior 
lobe of body, rather strongly hut not suddenly incl ined, their surfaces 
being slightly convex transversely. Border surrounding hypostoma behi nd 
anterior wings narrow with thickened rim ; i ts  lateral portions rising gra
dual ly i n their backward course to anterior extrem i ties of posterior wi ngs, 
where they terminate in sharply pointed tips, the posterior portion of  the 
border being on!  y very sl ightly raised and the descent nearly vertical ; 
posterior  portion of  border narrower than lateral portions, hut widening a 
l i ttle at middle and here provided with small triaugular tubercle project ing 
on margin.  Posterior wings inclined almost vertically, relatively )arge, 
general ly extending along middle two thirds of po�terior lobe of  body, 
hut in  same specimens samewhat shor�er and p laced a little more back
ward, about as high as Iong, rather hour-glass shaped with upper and 
lower margins sub-parallel or slightly converging anteriorly. Lateral fu r
rows generally not impressed outside anterior portion of anterior lobe of 
body, strong and sharp outside its posterior portion , thence becoming 
weaker and terminating in  very indistinctly marked pits at base of poste
rior wings, where they meet the rather shallow posterior furrow .  

Thorax camposed o f  8 segments, s l ightly i ncreasing in  width to  4th 
or 5 th  segment, thence decreasing slowly to pygidium .  Axis strongly 
convex, very wide, nearly half the width of thorax, broadest in  front, nar
rowing sl ightly to 3d axial ring, 3d to 5 th ring of nearly uniform width , 
posterior portion of axis gradually tapering to pygidium . Axial r ings 
with distinctly set off articulating half-rings. Axial furrows broad hut 
very weak. Pleurce straight, extended horizontally as far out as fulcrum ,  
which is rather strong and is situated nearly half-way out. Outer portion 
of pleurce on I st segment rather slightly bent downwards and more strongly 
backwards, in the fol lowing 5 successively more st rongly bent downwards 
and less strongly backwards, in the 2 last ones the conditions being the 
reverse. In the 2 anterior pairs of pleurce the

. 
out er portions tape r 

rapidly to acute backwardly directed points ; outer portions of  fol lowing 
pairs progressively rriore and more gently narrowing laterally - in the 
last pair nearly parallel-sided - thei r tips samewhat obliqueiy truncated 
and with the hinder ends produced inta short points, which gradual ly 
decrease in length and become less and less acute towards the pygidium . 
Posterior edge of pleurce j ust outside fulerum sl ightly arehed backwards 
and overlapping adjacent portions of following pleurce in  enrolled indivi
duals .  Facets very narrow, their g reatest width being about one seventh 
the Iength (from side to side) , tapering laterally to mere points ,  rather 
sharply bent down, with concave surface and with the lower margin 
sl ightly arehed upwards and backwards j ust outside fulcrum, its lateral 
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portion being arehed downwards and samewhat forwards. 
w i th strong, broad d iagonal furrow, narrowing laterally and 
solete before reach ing extremity of pleura.  

Each pleura 
becoming ob-

Pygid ium sub-semicircular in  outline, about twice as wide as Iong.  
Axis about three fourths the length of pygid ium ,  its width i n  front about 
two fifths total width of latter, gently convex anteriorly, rapidly decreasing 
in  height and narrowing posteriorly, consisting of 3 rings and a terminal 
p iece, the extremity of which is very ind istinctly defined hut seems gene
rally to be continued by short, low, pointed terminal appendage reaching 
back to posterior end of fused port ion of last pair of pleur<e and, at !east 
i n  some specimens, longitudinally divided by sharp, narrow interpleural 
furrow. First axial r ing with slightly raised articulating half.ring set off 
by d ist inct furrow ;  middle portions of anterior edges of following rings 
also slightly raised, evidently representing rudimentary articul ati ng  half
r ings. 1 Ring furrows2 i n  front of  »art iculati ng half-rings» sharp hut ex
ceeding ly narrow ; I st and 2d furrows gent! y arehed forwards ;  3d furrow 
more strongly arched.  Axial furrows very weak, posteriorly not impressed 
at all .  S ide  lobes with a flattened .area in front ,  adjacent to axial fur
rows, which tapers posteriorly and become;; obsolete at about the leve! 
o f  2d axial r ing fu rrow, outside and behind th i s  flattened area the sur
face slopes gent! y to the margin ; consisting  of 4 pair of pleur<e with at
tached inner portions ,  separated by very fine, sharp i nterpleural fu rrows, 
and apparently free outer portions in  close contact, with truncate, sl ightly 
oblique ends ; I st and 2d pairs of  pleurce similar to posterior thoracic 
pleur<e, hut wi th the inner flat portions narrower, especially posteriorly, 
and the outer portions bent more strongly back and very slightly down
wards and wi th weaker, somewhat more oblique and comparatively shorter 
pleural furrows. 3d  pair d irected sti l l more strongly backwards with nearly 
straight poster ior (inner) margins,  the anterior margins slightly curved -
hut not angulated - adjacent to axial  furrows ; p leural furrows very weak, 
directed straight backwards. Posterior pair of  pleur;:e sub-parallel ; pleural 
furrows represented by fain t  groaves bounding the sides of postaxial ridge. 

Test of all parts ornamented with minute closely set punct<e ; terraced 
I ines only occur along the antero-lateral edge of the cephalic horder, on  
the doublures and  on the facets. 

D i m e n s i o n s .  - The specimens of this species vary very much in 
s1ze . Large, medium, and small examples seem to be about equally com
mon. The total length of  the individual figured on PI. III, figs. 1 6- I 8  
seems to have been a b o  u t  7 I mm ; the d istance between the anterior and 
posterior  margins of i t s  cephalon is 30 mm. In the  largest cran id ium 

1 Simila r  rudiments of articulating half·rings a r e  seen on t h e  pygidium o f  several 
other trilobites t o o, e. g. among the Phacopid:.e and the Cheiruridre. 

2 The rin g  furrows here d o  not earrespond to the furrows wh ich mark off the 
articulating half-rings o n  the  thoracic s egments, as  they d o ,  at  !east partly, in  most  
other  trilobites. 
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which I know of the corresponding d istance i s  48 mm,  in  the smallest 
one only 4 mm. 

R e m a rk s .  - There has been much uncertainity and con fusion about 
the generic position and aflini ties of this in terest ing species chiefly owing 
to the imperfect knowledge of  i ts real appearance. 

A cranidium from Osmundsberg was described and figured already 
by WARLENBERG r8r8 tagether wi th a pygid ium from the same locality, 
which W AI-ILENBERG referred to the same species and on which he based 
the specilie name, Entomostracites lat icauda.  

BRONGNlART (1822), DALMAN ( 1826), and HISINGER ( 1 837 )  accepted 
thi s  b i-composi te species, but the former referred i t  to Asaphus, the two 
latter to Illcenus, DALMAN giving i t as As aphus ( Illcenus) laticauda, 
HISIN GER as Illcenus laticauda.  

BEYRICH ( 1845 )  was the first to po int  out  that the cranidium and 
the pygidium i n  question d id not  belong to the same species· and that 
the latter must belong to a species of  the genus Bronteus, established 
by GoLDFUSS 1839. (He also for the first t ime  described and figured the 
cranidium, which really belongs to th i s  pygidium) .  

The cranid ium of our species was described and figured again in  
1 884 by TöRNQUIST, who referred i t  to the  genus Homalmzotus, naming 
the species Hom. punctillosus. 

In the Museum of the GeologicaJ Survey, Stockholm there i s ,  how
ever, a small cran idium of the species from Boda collected by LINNARs
SON in 1 870 and labelled by him Holotraclzelus punctatus n. g. & sp. and 
further three other cranid ia  collected at the same locality by TöRNQUIST 
in 1876 labelled by the same hand wi th the same specilie name. This 
shows that evidently several years before TöRNQUIST 's  work was publ ished 
LINNARSSON had paid attenti0n to the species and regarded it as a 

representative of a new genus. 
In r 896 REED reported the species from the Keisley Limestone in 

England and from the Chair of  Kildare in  Ireland and expressed a doubt 
as to whether i t  was correctly placed in  the genus Homalonotus and also 
suggested that it m ight subsequently have to be referred to Bathyurus 
BILL. or to Bathyurellus BILL. 

In 1898 HoLM described an d figured the free cheek and called atten
tian to some features in which the cephalon agreed with the Illcenus type 
in general and especially to the many and important points of resem
blance between the  cranidium and  that described as Il!. calvus BARR. 
(BARRA ND E , 1 872, p.  7 1 , PI. VI, figs. 1 r, 12). Since there seemed to be 
reasons for suppos ing that the pygidium too was of the Illamus type he 
came to the coi1clusion that unti l  more complete , decisive specimens were 
found there were more grounds for referring the species to Illcenus than 
to Homalouotus and that it probably ought to be regarded as a repres
entative of  a distinct sub-genus, to which in  this case Il!. calvus too bad 
to be referred .  Provided that his presumptian should prove correct he 
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suggested that LINNARSSON's name Holotrachelus should be adopted as 
the name for this sub-genus. 

In a recently ( 1 9 1 9) published paper TöRNQUIST accepts HOLM' s 
pro p osa! and uses the name lllcenus ( Holotrachelus) punctillosus i n  l ists 
of species. 

To none o f  these authors was any part of  the carapace known ex
cept the cranidium and the free  cheeks, or at !east they were not recog
n i zed as belonging to the same species. The good material now avai lable ,  
among which there are  two nearly complete individua ls  from Kallholn ,  
has enabled me t o  give the above description o f  the different parts and 
proves that  the species cannot be associatcd with any o f  the genera pro
posed but must be acknowledged to mark a distinct genus.  

The specimen tigured by ANGELIN (1854 ,  PL XLI, tig. 1 5*) as the 
pygidium of Clteirurus conformis ANG.1 is found to belong to our  species 
and consists of  a pygid ium with one thoracic segment attached .  It i s  not 
described in the text ,  nor is there any statement as to where i t  i s  found. 
In MARKLIN's col lection in the Upsala Museum there is, however, a spe
cimen (tigured in tig. 20, PL III, below) from which ANGELIN's tigure 
apparently was d rawn. It is not known at which locality this specimen 
was found,  but the rock is  typical Upper Lept<:ena Limestone - in the 
same small specimen of l imestone there are also a cranidium belonging to 
the same species and two fragmentary pygid ia o f Bronteus laticauda -
and it seems probable that it comes from Osmundsberg, si nce most of 
the o ld coll ections  of  fossils from this l imestone were made there. 

The hypostoma  has not been found attached, but when the matrix 
was removed underneath the cephalon of  the ent ire individual tigured 
below a hypostoma of the type described was discovered, which , though 
not in actual position , seems to belong to this individual. A simi lar 
hypostoma has been discovered underneath another ent ire cephalon and 
several others with identical characters have been found associated w ith 
detached cranidia of the speci es. 

Cran id ia of the species occur very abundantly in the Upper Lept<:ena 
Limestone at  several locali ties. Free cheeks and hypostomata are also· 
rather frequently found and several detached thoracic segments have been 
collected, whereas only a very few pygidia are known .  

The  circumstance that the pygidium i s  s o  seldom preserved i s  evi
dently due  to a great extent to the strange fact that its d ifferent seg
ments are not so firmly coalesced as in other tri lobites. Consequent ly it 
must have been very easily broken along the l ines of fusion after the 
death of the animal or in the moulted tests, and the fragile segments  

1 I n  the letterpress ( O p .  cit. p .  90) there is no asterisk to t h e  number 1 5 ,  b u t  this 
is  the cas e everywhere in this work o f  ANGELIN' s  where the n umber of the figure (on 
the plate) has an asterisk, and there can b e  no do ubt as t o  which figure is meant .  

WEsTERGÅRD (1910, p.  2 1 )  h a s  already p ointed out  that thi s speci m e n  is presumably 
n o t  the pygidium of Cheirurus conformis. 
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easily destroyed.  A few detached pygidial  segments are really known 
and in the pyg id ium figured on p l ate III, fig. 2 I the 4 segments have 
got loose from each other, though they are only very slightly displaced .  
I t  seerus to be beyond doubt, however, that they were orig inal ly fused 
and really all belong to the pygid ium .  That the pygidium is camposed of 
4 segments is moreover proved by other specimens, e .  g .  the two enti re 
individuals from Kallholn, in which the Iine of  demareatian between i t  and 
the thorax is  qu ite distinctly seen . 

As is weil known , in most trilobites that were capable of being roiled 
up com pletely the outer portions of the thoracic pleurce either decrease 
very considerably in size laterally and terroinate in  more or  less acutely 
pointed t ips or else, when they are of  about uniform width all the 
way out (or i ncrease in width towards the tips) , their anterior surfaces are 
provided with !arge facets, which increase in  size towards the  rounded 
or obtuse extremit ies .  In Holotrachelus pu1Zcti!losus, on the other hand, 
tl1e outer portions o f  the thoracic pleurce, except on the anterior seg
ments , taper only very sl ightly and the facets on their  anterior edges are 
very narrow, especially near the blunt extremities. Consequently the la
teral margins of the thorax cou ld only be comparatively slightly shortened 
when the animal contracted itself, but it seerus nevertheless to have been 
-capable o f  rolling i tself up i nto a complete bal l .  This was evidently pos
sible on account of  the relative! y small size of  the pygidium and the length 
and strong convexi ty of the cephalon. The cephalic border thus has an 
unusually great extension and w hen the animal was enrolled thet e was 
�nough room for the margin o f  the thorax to be applied along a very 
Iong portion of it .  No completely enrolled specimen i s  found as yet, but 
the two known entire individuals are both partly roiled up. In the one 
ngured below the anterior part o f  the body is  strongly contracted (as is 
seen from the figut�es )  and in the other the thorax seerus to be contracted 
nearly as much as was possible, whereas the cephalon i s  only very 
slightly bent down . 

A ffi n i t i e s .  - The true relations o f  th is genus are sti l l  d i fficult  to 
decide. On account of its many pecul iar characters it is evident that it 
·cannot be placed either with the Illcenidce, the Homalonotidce,  the Bathyu
ridce or with any other known genus at al l  but  must be referred to a 

·d istinct family. As is already mentioned above, HoLM has campared the 
·Cranidium with the cranid i um described and figured by BARRANDE ( I 872 ,  
p. 7 I ,  PI. VI,  figs. I I, I 2 )  as  lllcenus calvus BARR. and i t is t rue  t hat 
there are some striking similarities. The latter differs from all other Il lce
,nids and reserobles Hol. puncti!losus in having a distinct anterior border 
and the glabella defined i n  front (this latter featu re is not seen in BAR
RANDE 's figures, but it is mentioned in the text) . The eye lobes are 
placed farther forward than in the Il lcenids in general but not so far for
ward as in Hol. punctillosus. Further it differs from this species in the 
:shape of the fixed cheeks, the course of the fac ial sutures, - the posterior 
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portions of  which are, for instance, not so strongly curved in the cur· 
vature o f  the anterior margin,  which is rather strongly arehed forwards, 
and in having the posterior border furrows on the fixed cheeks very 
weakly marked. It is open to doubt whether this cranidium is correctly 
placed in the genus llla:nus, but since no other portion of the species is 
known it is  impossible to decide its true generic position .  It  is not un
th inkable, however, that i t  may subsequently have to be referred to Holo
trachelus. 

H o r i z o n s  a n d  L o c a l i t i e s .  - The species is found in  the Upper 
Lept<ena Limestone at Osmundsberg, Kallholn ,  Boda ,  Östbjörka, Unskars
heden, Dalbyn, and Gulleråsen (from the latter locality it is represented 
only by a hypostoma in the Museum of the GeologicaJ Survey, Stock
holm). 

Further it  is recorded from the Keisley Limestone in England and 
from the Chair of Kildare in Ireland. 

It is apparently represented in  the North Baltic Östersjö  Limestone 
too, but the only evidence is a single hypostoma in the Upsala Museum.  

Family Calymenidre MrLNE·EDWARDS. 

Genus Pharostoma CORDA. 

D i s t i n g u i s h i n g  C h a r a c t e r s  o f  the  S p e c i e s .  
Glabella a s  Iong as, o r  l onger than width a t  base. Preglabellar field 

short, from one s ixth to one fourth the length o f  glabella. Anterior bor
der flattened. Pygidium about three fifths as Iong as wide ,  rounded be
hind ; ax is with 5 dist inct axial rings ;  side lo bes marked by 5 pairs of 
strong pleural fu rrows and between these weak interpleural fu rrows 

Ph . Lepta:narum TQT. 

Glabella shorter than width at base. Preglabel lar field Iong, from 
one thi rd to more than ha lf  the l ength of  glabella .  Anterior border 
strongly ben t upwards. Pygidium about three fourths as Iong as wide ; 
axis with I I to I3 axial  rings ; side lobes marked by I I or I 2 pleural 
furrows ; interpleural furrows obsolete Ph. foveolatus TQT. 

Pharostoma Leptamarum TöRNQlJIST. PI. IV, figs. I-9· 

r884. Ca ly mene Leptanarum, TöRNQUIST, p. 41, PI. I, fig. 44· 

Sp e c ifi c C h a r a ct e r s . - Cranidium about four sevenths as Iong as 
wide - in young individuals relatively samewhat longer - broadly 
rounded in front. Glabella rather strongly convex, elevated above the 
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cheeks, about as Iong as or (in  young individuals) somewhat longer than 
width at base, tapering anteriorly , the width across frontal lobe bei ng  in 
the adult about  five  eighths that at base, broadly rounded in front. Frontal 
lobe occupying rather less than one third the length of glabella ,  trans
versal ly sub -semiel l i ptical in out l ine; anterior pair of l ateral lobes very 
small , sub-tri angular ,  scarcely separated from frontal lob e; 2d pai r consi
dera bly larger, sub-oval ; basal pair !arge, nearly hal f as Iong as the who le 
glabell a and occupying about one third its width at base, rounded sub
tr iaugular in outline ; central lo be of glabella distinctly tapering posteriorly, 
strongly elevated above lateral lobes. Anterior pair of lateral glabel lar 
furrows very short and weak (in some specimens not recognizable at a l l )  
occupying only the lateral slopes of glabella, near ly straight and directed 
slightly backwards ; 2d pair strongly marked,  ur iginating in  axial fu rrows 
nearly at the same places as anterior pair, di rected obliquely inwards and 
backwards, and connected to basal pairs by shal low grooves, central 
portion of glabella between their i nner extremi ties occupying rather more 
than hal f the width o f  glabel l a ;  basal pair with short, narrow ou ter portions ,  
n early paraHel to 2d pair of furrows ; inner portions much broader and 
deeper, sl ightly bifurcate, the smaller branch turn ing forwards, the stronger 
branch nearly straight backwards towards occip i ta l  furrow, with vvhich it  
i s  connected by a faint groove ; between the two divis ions of the furrow 
there i s  a slight node upon the side of the glabella .  

Axial furrows deep and narrow, converging anteriorly, strongly bent 
i nwards at base and more slightly at 2 lateral glabel lar furrows, where 
there is a huttress formed by the inner  extremity of the eye·ridge ; just 
in front o f  this the furrows become somewhat wider and deeper so as to 
end in  small  rounded pits ,  where they meet the narrow, sharp preglabell ar 
furrow. Outside the basal pai r  of glabellar lobes there is a smal l  sub
semieardate depressed area on each side, which gives the impression of 
being an expansion of the axial furrow, but i t  i s  not si tuated at the same 
leve! as this but on its outer wal l ,  on the steep inner s lope of  the fixed 
cheek. Occipital furrow weil marked, narrow, rather shal low behind cen
tral lobe of  glabel l a  and nearly straight in a harizontal di rection, becom
ing more deeply impressed and arehed backwards behind basal glabel lar 
lobes. Occipita l  ring ftattened from back to front, strongly arehed  from 
side to side, broadest ( longi tud inally ) in the centre, becoming n arrower 
at back of basal- glabel lar lo bes ; i ts posterior margin gentiy arehed back
watds. Preglabellar field short, from one sixth to one fourth th e length 
of glabel la ,  gently convex, descending to horder, not marked off l atera l ly  
by furrows but cqnftuent wi th anterior portion of fixed cheeks. Anterior 
border narrow ( longitudinal ly) ,  ftattened ; ed ge of border with a fri n ge of 

forward directed spines; on e placed in  the median I ine of the body and 
one on each s ide in a I i ne  with the l ateral extremity of  the frontal l obe 
of the glabel l a  being somewhat stouter than the others, of which there 
seem to be I or 2 on each side between the median and the stouter la-
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teral spine and 2 or possibly 3 outside the latter. The true character of 
the spi nes is only seen when the test on  the edge of the border is pre· 
served / in casts the apparently hol low bases of the stouter sp ines are 
represented by small triaugular points, the bases of the more slender 
spines by minute tuberdes scarcely projecting on  the marg in .  

Fixed cheeks broad , their width at posterior margin two thirds to  
three fourths that of glabel la at  base, strongly convex . Palpebral lobes 
very smal l ,  not p rojecting laterally, strongly e levated ,  placed far forward , 
their  posterior extremit ies situated opposite the m iddle of  2d lateral gla
bellar lobes, continued by indistinctly marked, rather broad ( i n  a longi·  
tudinal direct ion ) hut  very low eye ridges, which are directed straight 
inwards or somewhat forwards, slightly broadening towards the axial  fur
rows and bounded in front and behind by shallow furrows , of wh ich espe· 

·C i all y the anterior one is very weak ; inner extremities of  r idges round ed 
or  obtusely pointed, projecting on  inner margin of cheek i nto axial fur· 
rows. Posterior borders of cheeks rather strongly raised,  narrow near 
axial furrows, considerably broadening laterally ; inner portions directed 
nearly stra igh t outwards ; outer portions outwards, downwards and some
what backwards, at gena! angles confluent with very narrow inner poste· 
r ior port ions of latera l  horders ; border furrows strong. Anterior branches 
·of fac ial sutures short, nearly straight , very slightly convergi ng anteriorly ; 
posterior branches Iong, runn ing in even convex cu rves ou twards, down· 
ward;; and backwards, longitud inal ly cut ting the posterior portions of 
lateral horders. 

. 

Thorax (on ly  part! y know n )  with con ve x axis. Axial rings arehed 
sl i ghtly forwards in the middle ,  with weak l ateral nodes. Pleur<e harizontal 
to we a k, rem o te fulcrum ,  t hen curving a bruptly to lateral margi n ;  extre
m i ties sl ight ly pointed ; surface of · pleu r<e marked by strong, n early me· 
dian furrows becoming obsolete before reaching extremit ies. 

Pygidium parabalic to sem iova l  in outl ine ,  genera l ly a l i tt le more 
than hal f as Iong as w ide ; anterior margin arehed forwards in middle -
in front of axis - and gently recurved at sides. Axis strongly convex, 
narrow, width at anterior margin not quite one third that of whole pygi· 
d ium,  gently tapering posteriorly, with obtusely rounded extremity not 
reaching posterior margin ; camposed of 5 to 6 axial r ings, of w h ich the 
posterior one i s  very ind istinctly defined behind ,  and a short  term inal  
p iece .  Axial furrows strong, connected by sha l low groove behind extre
mity of axis. Side lobes sl igh tly flattened adjacent to axial furrows, 
then sloping rather gently with convex surface to near marg in , where 
the slope becomes steeper, the marginal  port ion being curved down nearly 
vertical ly with the edge slightly i ncurved ; with pair of hal f ribs on ante· 
rior edge followed by 5 pairs of gently raised regular ribs, defined by 

1 This is  the case in one small ,  otherwise sam ewhat defecti,·e , cranidium from 
Kallholn in the Lund Museum, but  n o t  in any of the other cranidia which haYe come 
under my notice .  
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strong pleural furrows extending from axial furrows to steeply incl ined 
marginal portion of pygidium. Ribs, as usual , formed by posterior and 
anterior bands of adjacent p leune, which are nearly completely fused, the 
interpleural furrows being very faintly impressed and becoming obsolete 
before reaching margin; posterior pair of ribs very short, s u b·parallel, 
separated by short and rather wide, sl ightly swollen, unfurrowed p�staxia} 
p iece ; edge of pygidium very slightly arehed upwards in centre, furnishedi 
with 7 pairs of minute points ( not d iscernible in  all specimens) d irected 
straight downwards or  slightly i nwards. These points, of which the two 
posterior ones are placed close to each other, probably represent the 
outermost t ips of the pleurce. Thus i t  seems as i f  the pygid ium was 
camposed of 7 segments and the unfurrowed postaxial piece formed 
by the posterior bands of the 6th pair of pleurce and the whole of the 
l ast pair . 

Surface o f  test of  al l  parts ornamented with rounded, small tuberdes 
of different sizes, placed close together. 

Di m e n s i o n s .  - In the largest known cranidium the d i stance bet
ween the anterior and the posterior margins i s  6,5 mm;  i n  the largest of 
thöse figured below the corresponding d istance is not quite 6 mm and 
the aproximate width at posterior margin 10,5 mm. In the largest known 
pygictia the length, exclusive of the articulating half-ring, is not quite 4 

mm. and the greatest width about 7 mm. 
R e m a r k s .  - When TöRNQUIST founded this species only some 

crinid ia  and a few fragments of thoracic segments from the Upper Lep
tcena Limestorre at Boda were known to him. The l atter are only men
tioned and h is  description and figure of the cranidium are somewhat in 
complete, since al l  the features cannot  be seen on h is  specimens. Seve
ral other cranidia and about a dozen pygidia - one of the latter with 
I I fragmentary thoracic segments attached - which evidently belong to 
this species are now available from the Upper Lept<ena Limestone at 
other localities and have enabled me to give the above more complete 
d iagnosis o f  the species. 

Among the cranidia there are several very smal l  ones (the smallest 
ones having a length of about 2 mm), evidently belonging to young indi
viduals. These are relatively somewhat l onger than the larger cranidia 
and their glabella is more cylindrical - in  the smallest ones scarcely wirl
ening  posteriorly - and more strongly convex and has comparatively 
narrow latera l  lobes. The same difference between the young and the 
adult is also found in other Calymenidce, e .  g. in Calymene tuberculosa 
SALT. {Cf. SALTE�, 1849 , PI . VIII and text p. 2, I 865, p. 92) and Caly-
1ttene senaria CoNR. (Cf. RUEDEMANN, I 9 I 3, p. I 20, PI .  IX, figs. 6-Io). 

In a specimen of  Leptcena Limestorre from Kal lholn in the Upsala 
Museum the writer has detected a larva (PI. IV, fig. 9) in the I st nepionic 
stage (with one thoracic segment) which is evidently referable to this 
species .  The whole animal is 0,95 mm Iong. The cephalon occupies. 
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more than half the length, is about two thirds as Iong as wide ,  semiellip 
tical i n  outline, very strongly convex, and  surrounded by a narrow, flat
tened horder, which seems to have been prolonged into gena! spines, 
although these are broken off on the specimen . The glabella is narrow, 
considerably longer than wide,  sub-cylindrical ,  rounded in  front  and very 
strongly convex. Two pairs o f  lateral glabellar lobes are d istinctly to be 
seen ; these, however, are very narrow, the lateral furrows be i ng nearly 
confined to the lateral slopes of  the glabella (in the figure the basal pairs 
are too Iong). The eyes are situated a l i ttle farther away from the gla
bella and perhaps somewhat more forward than in  the adult ( in the figure 
they are too !arge and a little too near the glabella and the posterior 
margin )  and the eye ridges are a little more strongly raised. The I ine 
of demarcation  between the thoracic segment and the pygidium i s  very 
d istinct. The axis of the pygidium is  relatively wide in front but de
creases very abruptly in width posteriorly, so that the apex appears to 
be pointed ; i t  consists o f  3 axial rings and a very short terminal piece. 
3 pai rs of pleurce are dist inctly seen on the side lobes, and between the 
last 2 pleurce there is a rather wide median port ion, which is rather badly 
preserved on the specimen, so that it is impossible to see whether it was 
original ly unfurrowed or  not. The interpleural furrows are sharp, rather 
narrow near the axial furrows, increasing in  width and deepening laterally. 
The pleural furrows are strong, but do not extend so far outward as in  
the adul t .  At !east the anterior 2 pairs of pleurce are more l ike the 
thoracic pleurce than is  the case in the adu l t ,  and the pygidium seems 
to be composed of  a smal ler n umber of  segments ,  which indicates that 
the formation o f  the pygidium was incomplete at this stage. 

No free cheeks refe rable to this species have been found (except 
those of the larva) ,  but the width of the distal portions of  the posterior 
borders - on the fixed cheeks - indicates that they had gena! spi nes. 
Further i t  seems probable that the edge of the lateral border was spinose 
as in other species of Pharostoma. The spinosity of the frontal border 
appears to favour th is  assumption ,  but  i t  must be pointed out that the 
spines which occur on the lateral border i n  other species of  the genus 
are placed on its lower inner edge ,  which meets the lower edge of the 
rostrum and not the edge of  the anterior horder .  In BEYRICH's ( 1 846, 
PI. II, fig. 6 b) outline drawing of the cranid ium of Plzar. pulchra BARR. 
there are really some spines on the rostrum, though very near i ts ante
rior margin .  This figure seems, however, to be more or  less constructed 
and it is possible that the spines are incorrectly p laced . In one of BAR
RANDE' s ( I 852, PI. X.IX, fig. 5) figures of this species the spines see m to 
be situated on  the incurved edge o f  the anterior  border i n  front  o f  the 
rostraJ furrow, The only other one of  his  figures (Op.  cit ,  PI .  XIX, fig. 3)  
i n  which the anterior spines are indicated shows cl early that  they are 
placed on the lower side of the cephalon, but w hether on the edge of the 
anterior border o r  on the rostrum it is impossible to see .  On the spe-
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cies of  Pharostoma described by SCHMIDT ( 1 894) spines seem only to have 
been observed on the free cheeks, not in front .  

There is one pygidium (PI. IV,  fig. 3) from Arfvet in the Upsala 
Museum which d iffers from the typical pygidia of  the species by its 
comparatively very slightly convex, and consequently relatively very wide,  
s ide lobes.  The specimen is weil preserved and does not seem to have 
been pressed , but it appears probable that this d ifference is only due to 
individual variation ,  since otherwise it shows the characters of the 
species and occurs in close association with a portion of a typical cra
n id ium. 

A ffi n i t i e s . - SCHMIDT's ( 1 894, p .  25) assumption that this species 
as wei l  as the cran i d i um described by TöRNQUIST as Calymene foveolata 
were referable to Pharostoma, has proved correct as far as can be judged 
from the material now available. Of the two species the one now in 
question seems to agree most closely with· the previously described mem
bers of the genus and it is  d i fficult to decide to which of them it is most 
closely allied . 

The shape of the glabel lar  lobes recalls Ph . pulclzra BARR. (BAR· 
RANDE,  1 852, p. 5 7 5 ,  PI . XIX, figs. 1 -9) but it differs from this species 
by the narrowness of  the g label la at the base, the flattened frontal border, 
the shape of  the pygidial axis and the direction of the ribs on the pygi
d iuin, which are turned less abruptly backwards. 

The pygidium seems to be rather l ike that of Ph. pediloba RöMER 
(SCHMIDT, 1 894, p .  26, PI. II, figs. 12- 16) ,  but in the shape of the gla
bel la and especia l ly i n  the shape of the poster ior glabel lar lobes i t  d if
fers from this as weil as from the other East Bal t ic species of Plzaro
stoma. 

In the shape of the glabel la  and the glabel lar lobes and in  the pos
session of eye ridges i t  resembles the glabel la from the Trinucleus Shales 
in Skåne d escribed and figured by OLIN ( 1906, p .  58, PI. II, fig. 1 5) as 
Calymme pulc!tra,l but in this the anterior border  i s  very strongly bent 
upwards and straight, the eyes are si tuated on the same leve! as the gla
bel la , and the course of  the posterior branches of the facia l  s utures is 
quite different .  

H o r izo n a n d  L o c a l i t i e s . - Upper Leptcena Limestone; Kal lholn ,  
Osmundsberg, Boda, Arfvet, L issberg. 

1 As f:n as can b e  j udged from t h e  figures and descriptions,  this form differs rather 
much from Ph. jmlcltra, especially i n  the shape o f  the glabella and the cours e of the 
posterior brancl1es of the facial sutures, and d oes not seem to belong t o  this species. 
Probably it represents a n ew species, or possibly i t  i s  identical with Ph. oelandicum 
ANG .  (AN GELIN, 1854. p. 62, Pl. XXXIII, fig. 15), though the type specimen of this was 
fo und at a lower h a rizon (Chasmops Limestone). 
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Pharostoma foveolata TöRNQUIST . PI. IV, figs. 1 1 -20. 

1884. Calymene .foveolata, TöRNQUJST, p. 43, PI. I, fig. 45-

S p e c i  fi c C h a ra c t e r s .  - Cephalon semielliptical i n  outline, sur
rounrled by narrow border and with the gena! augles produced into spines. 
Cran id ium about four  sevenths as Iong as wide at base ; anterior m argin 
strongly arehed forwards .  G labella moderately convex, elevated above 
the cheeks, width across frontal lobe about five sevenths that at base, 
where it is sarnewhat wider than Iong, very broadly rounded in  front .  
Frontal  lobe occupying a l ittle more than one third of the entire g l abel la ,  
transversely sub-e l l ipt ical in out l ine ; anterior pair of l ateral g labell ar lobes 
small, scarcely separated from fron tal  lobe, sub-triangular ; 2d pair rather 
! arge, irregularly quadrilateral in  outl ine ; basal pair !arge, about three 
eighths the length and ful ly  one third the width of glabel la ,  rounded sub
triangular to  irregularly qua dri lateral in outl ine ; centra l lobe of  glabella 
nearly as wide at base as between inner extrem ities of 2d pai r of  lateral 
furrows, strongly and rather suddenly elevated above 2d and 3d pairs · 
o f  lateral lobes. Anterior pair of lateral glabellar furrows short and very 
weak ( in  some specimens scarcely recognizable), extending less than half
way up  the sides of  glabel la, nearly straight and directed slightly back
wards ; 2d pair strongly marked,  originating in axial  furrows nearly at the 
same places as anterior pair or j ust behind these, d irected obliquely in 
wards and backwards, widening a l i ttle at their inner extremities, which 
are si tuated less than ha l f  the width of glabel la apart ; basal pair  with 
narrow and very shallow outer portions curving inwards and slightly back
wards, deepening and becoming broader and slightly bi furcate at their 
inner extremities, the stronger branch turn ing nearly strai ght backwards 
towards occipital furrow, the smaller branch turning forwards ; the node 
upon the side of the glabella between the two branches is very incon
spicuous. 

Axial furrows converging anteriorly, sl ightly curved inwards at base 
and at  3d and 2d lateral glabel lar furrows, so that their anterior ends in 
front o f  the latter are almost parallel  o r  turned slightly outwards, deep 
and broad outside basal glabell a r  lobes, the depressed sub-semieardate 
area on the inner slope of  the check lying nearly on the same leve! as 
the furrow, narrowing and growing rnuch shallower outside 2d pa ir  o f  
lobes, then widening again and terminating in  small rounded pits outside 
lateral extremities of frontal lobe. Preglabe l lar furrow narrow and shal
low, but with two rounded impressions, one on each side in front of gla
bella, placed about 'ha l f  the width of frontal lobe apart ; midd le  portion 
of furrow very slightly arehed forwards ; l ateral portions curv ing strong ly 
backwards from the impressions just ment ioned to term inating pits of 
axial furrows.  Occipital  furrow rather strong, deepening laterally, arehed 
backwards beh ind basal pair of glabellar lobes. Occipital ring rather 

11- ,..... Bull. C'f Geol. Vol. XVII. 



162 ELSA WARBURG 

strongly arehed from side to s ide,  flattened from back to front ,  rather 
broad (in long i tudinal direction)  behind central lobe of glabella, decreasing 
in  width lateral ly. Preglabellar field Iong, from one third (in a small spe
cimen) to more than half the length of  glabel la ,  bounded laterally by 
shallow furrows running obl i quely forwards and outwards from terminat ing 
pits of axial furrows to anterior horder, s l igh tly flattened i n  the m iddle 
adjacent to preglabellar furrow, with a rounded elevated node on each 
side between the impression in the preglabellar furrow and the bounding 
fu rrows, sloping down anteriorly and laterally with convex surface. An 
terior border strongly elevated with narrow rounded edge. Anterior bor
der furrow scarcely i mpressed .  

Cheeks moderately convex, rising up  from all s ides to eye lobes, 
which are situated n early opposite the 2d  pair of lateral glabel lar lobes. 
Free cheeks about as wide at posterior margin as glabel la at base. Palpe
bral lobes small, sub-semici rcular in outline, very strongly turned upwards ,  
gently arehed from back to front, separated from i nner portions of cheeks 
by palpebral furrows which are very shallow especially outside inner ex
tremities of  eye r idges, deepen ing samewhat behind and in front of these. 
Eye ridges very i ndistinctly marked,  being very slightly raised and ante
riorly almost confluent with the general surface of the cheek ; in most 
specimens very shallow grooves, which define them posteriorly are, how
ever ,  seen running from bases of palpebral lobes obliquely inwards and 
forwards to end in axial furrows j ust in front of  2d  pair of lateral gla
bellar lobes ; the inner extremities of the ridges can also generally be 
detected forming very inconspicuous buttresses in  the axial furrows bet· 
ween the terminating pits and the inner extremities of the groaves j ust 
mentioned. Ins ide the palpebral lobes, beh ind the eye ridges there is a 
low oval node on each side,  the longer axis of which is d irected forwards 
and slightly inwards. Posterior border sl ightly raised, rather narrow at 
axial furrow, becoming flatter and broader laterally; inner portion directed 
nearly straight outwards, lateral port ion rather strongly downwards and 
very slightly backwa rds. Posterior border furrow deep and strong, be· 
coming obsolete a l i tt le within margin of  fixed cheek. Postero-lateral 
portion of edge of fixed cheek sl ightly raised - representing innermost 
part of lateral border of cheek - confluent with posterior border and 
separated from inner part of cheek by shallow groove, which dies out 
before meeting facial suture .  Anterior branches of  facial sutures compa
ratively Iong, s l ightly di verging anteriorly; posterior branches Iong, run
ning from palpebral lobes at fi rst outwards for about one thi rd their 
length , then obliquely outwards and backwards to posterior horders, here 
turning n early 

'
straight backwards and ultimately somewhat inwards to 

cut posterior margin of cephalon at slightly acute angles. Lateral border 
of free cheek (on ly fragments of  free cheeks known)  rounded,  narrow 
when seen in dorsal aspect, only very sl ightly raised above the border 
furrow hut hangi ng  down a good way below this, so that it appears 
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rather wide when seen in lateral aspect ; under side of border furnished 
with a row of rather coarse and rather closely p laced spines. Lateral 
border fu rrow very shallow. Gena! spine rounded , campressed from the 
side at !east anteriorly, apparently rather Iong,  exact length not known. 

Thorax (only detached and fragmentary segments known) with strongly 
convex axis, narrower than s ide lobes. Axial r ings wi thout latera l nodes .  
Pleurce nearly harizontal and stra ight for about two sevenths the way 
out, then curving abruptly downwards and very slightly backwards to 
lateral margins, i ncreasing i n  width (in a longitudinal di rection ) from axial 
furrows to truncate extremities. Each pleura marked by deep but rather 
n arrow furrow roun ded at the bottom, originat i ng  i n  axial furrow near 
anterior edge of pleura, runn ing at first sl ightly di agonally, becoming 
nearly median along the middle portion of the pleura, d i stal ly sl ightly 
arehed forwards and dying out on  the flattened distal portion of the pleura 
just inside extremity. 

Pygidium sub-triangular in  outl ine ,  about three fourths as Iong as 
wide. Anterior margin arehed forwards in middle ,  recurved at sides. 
Posterior margin rather strongly bent u pwards an d angul ated in  centre. 
Axis narrow, width at anterior margin about two sevenths that of en tire 
pygidium,  rather strongly convex, decreasing somewhat in height and 
gently taperi ng  posteriorly to rounded extremity, and terminati ng weil 
wi thin margin ,  annulated for three fourths its length with I r to  13 axial 
rings decreasing  in strength posteriorly, the last one very i ncompletely 
defined behind. Ring furrows nearly straight across the med ian  portion 
of  axis, or the 2 anterior ones very sl ightly arehed forwards, the poste
rior ones slightly backwards, their lateral portions successively more and 
more strongly curved backwards. Axial fu rrows in test iferous specimens 
scarcely impressed anteriorly, in  casts rather strongly marked, growing 
deeper posteriorly, and united behind extremity of axis by shallow groove. 
Side lobes sloping away from axis at first rather gently but near margin 
very abruptly to sl ightly incurved edge . Each side lobe hearing one hal f 
rib on  anterior edge with slightly raised inner portion and flattened distal 
portion for rolling up, followed by IO to I I sl ightly raised reguhrr ribs, 
decreasing successively in size and becoming more and m ore strongly 
turned backwards posteriorly, at !east i n  casts without traces of inter
pleural furrows, but separated by strong pleural furrows, the anterior ones 
nearly reaching the margin , the posterior ones dying out at a somewhat 
greater distance from th is ,  so that a narrow, unfurrowed border is  formed, 
which increases sl ightly in width posteriorly. I I th pair  of ribs very short, 
sub-parallel , very indjstinctly defined within , when discernible at al l ,  nearly 
con fluent with n arrow and short postaxial piece, on which fain t  traces of  
2 following pairs o f  ri bs can sometimes be detected .  On the  anterior 
portion of  the pygidium the pleural fu rrows merge into the axial ring 
furrows and the ribs are in distinct connection with the rings, the axia l  
furrows here be i ng  very s hall o w; posterio r! y the connection gro w s mo re 
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and more indistinct and on the posterior portion of the pygidium it is 
quite broken , the axial furrows here being relatively broad and deep and 
the pleural fu rrows originating in these wei l  back of the lateral extremi
t ies of corresponding ring furrows .  

Test ornamented with small ,  rounded tuberdes of different sizes, 
which are placed close together on the glabel la ,  more scattered on other 
parts. Edge of  anterior border with a few larger, obtusely pointed tu
bercles, but apparently without spines. Edge of pygid ium smooth. 

D i m e n s i o n s .  - While all other hitherto described members of the 
genus  Plzarostoma are relatively small ,  this species i s  very !arge. In fact 
it seems to attain greater dimensions than any other known species of 
the family Calymen id�.  The length of the largest cran idi um which has 
come under my observation is 40 mm and the approximate width at the 
posterior margin 70 m m .  I n  the largest pygidium the distance between 
the anterior  margin and the posterior end is  over 30 mm and the great 
est w idth over 40 mm.  

Rem a r k s .  - This species was  founded by TöRNQUIST on a single 
relatively smal l ,  incomplete cran id ium from Furudal (figured below, PI .  
IV,  tig. r 6) , which evidently belongs to a young indiv idual .  Several other 
larger cranidia ,  a considerable number of pygidia, fragments of  free cheeks 
and fragments of  thorack segments evidently belonging to this species 
have since been col lected at Kullsberg. Most of the specimens were 
found in  the closest association in a single small specimen of  rock. In 
one specimen a portion of the free cheek is  preserved together with the 
cranidium.  It is not attached in  posi t ion but slightly displaced and the 
posterior part is broken off. A portion of  the gena! spine occurs among 
the fragments, however, which proves that the species real ly was spine
bearing. 

The cranidia from Kul lsberg agree very closely with the type spe
c imen , except i n  their s ize and in their havin g  a relatively much longer 
preglabellar fie ld .  This  indicates that  the pregl abel lar fie ld is shorter in 
young than in adult indiv iduals .  

The species is also represented  from Amtj ärn by a hollow east of 
a pygid ium in the Museum of the Geologkal Survey. 

Further there is  a cran id ium of  this species in the State Museum of 
Natural History labelled Osmundsberg S .  eastern hill Dalarne. Thi s  spe
cimen is ,  however, probably not from Osmundsberg but from the locality 
which we generally cal l  S inksjön ,  a l ittle hill near the lake with the same 
name,  south-east of  the larger hi l l  of Osmundsberg. The two hil ls l ie 
very near each other but are separated by a deep depression and whereas 
the rock which '

forms the Osmundsberg is Upper Lept�na Limestone,  
the hi l l  at Sinksj ön consists of  Lower Lept�na Limestone and is thus of 
the same age as the l imestone at , the other localities where the species 
has been found .  Moreover the piece of rock in which the specimen in 



question occurs has the same appearence as certain portions of the rock 
at S inksjön but i s  u nlike the typical limestone at Osmundsberg. 

A ffi n i t i e s .  - The shape and lobation of the glabella, the posses
sion of  gena! spines, the spinosity of  the lateral border of the cheek, and 
the absence of a dist inct fulcral point on the thoracic pleurce are all 
characters which prove that this species must be referred to Pharostoma. 
It differs, however, from all the other known species of the gen us by its 
size, its Iong preglabellar field, and especially by the great number of 
axial rings and pleural ribs on the pygidium.  The latter seerus i n  fact 
to be composed of a considerably greater number of segments than that 
of any other known member of the family Calymenidce .  

H o r i z o n  a n d  L o c a l i t i e s .  - Lower Leptcena Limestone; Kulls
berg, Furudal, Amtj ärn ,  Sinksjön(? ) .  

Genus Calymene BRONGNIART. 

Calyme n e  cf. senaria var. Stacyi , SCHMIDT.  PI . IV,  tig. 1 0. 

1 894. Calymene senan·a CoN R. var. Stacyi, ScHMIDT, p .  2 3 ,  PI .  II, figs . 9-- 1 1 .  

R e m a rks . - A bollow east of a portion of a pygidium from Liss
berg in the Museum of the GeologicaJ Survey recalls the pygid ium of 
Cal. settaria var. Stacyi SCHMIDT from the East Balt i c  Lyckholm forma
tion and is possibly referable to the same form. Only the posterior por
tion of the ax is ,  the postaxial piece and the posterior portion of the right 
side lobe are to be seen. The axis is moderately convex with a rounded 
extremity, extends nearly to the posterior margin and shows on the spe
c imen 2 distinct t ransverse furrows, followed by I or 2 weaker ones ,  which 
are incomplete in the m iddle. The pleural ribs are narrow, separated 
by strong, wide pleural furrows, which i ncrease in width towards the mar
g in , the anterior ribs are marked by distin ct though not deep interpleu
ral furrows, the posterior one i s  unfurrowed ,  somewhat narrower than the 
preceding ones, relatively Iong, and directed nearly straight backwards. 

H o r i z o n  a n d  L o c a l i t y .  - Upper Leptcena Limestone ; Lissberg. 

Family Proetidre CORDA . 

Genus Proetus STEININGER. 

D is t inguis h ing Ch a r a c t e r s  of th e Sp ecies .  

a .  D i s t i n g u i s h i n g  C h a r a c t e r s o f  t h e  C e p h a l a. 

r .  Preglabellar field sho rt ,  less than one fourth the length of  gla-
bella, or glabella reaching anterior border furrow 2 .  
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Preglabel lar field Iong, more than one third the length of glabella .  
Glabel la moderately convex,  rounded i n  front . Anterior branches of  fa
cial sutures d istinctly d iverging anteriorly. Occipital ring flattened from 
back to front, with median tubercle placed half-way between anterior and 
posterior margins, without distinct occipital lobes Proetus remotus n .  sp. 

2. Glabella bluntly rounded in front, gently convex. Anterior 
branches of facial s u tures s l ightly diverging anteriorly (or thei r course 
not distinctly observed ) . Occipital ring flattened, without or with very 
faint  traces of occipital lobes 3 · 

Glabel la narrowly rounded but not pointed in front, moderately con
vex or its middle portion gently convex, i ts marginal porti ons abruptly 
bent downwards. Free cheeks wide 4· 

Glabel la pointed in front ,  gently convex. Anterior branches of fac ial 
sutures sl ightly converging anteriorly. Occipital ring flattened with dis
tinct occipital lobes Proetus pentagonoz"des n. sp. 

3 - Glabel l a  reaching anterior border furrow ; its anterior margin 
evenly arched. Free cheeks very narrow. Eyes !arge. (All fu rrows on 
the cephalon weak or almost obsolete) Produs parvigena n. sp. 

G! abeila not reaching anterior border furrow ;  its anterior margin 
evenly arehed ; its sides nearly straight. Preglabel lar field very short i n  
middle, gradually increasing in  size laterally. Free cheeks relatively wide. 
Eyes of moderate size Proetus convexus n. sp . 

Glabella  not reaching anterior border furrow, sl ightly expanded at 
sides a little in front of base ; its anterior margin most strongly curved at 
sides. Preglabellar fiel d  about one sixth the length of  glabella, its middle 
portion nearly parallel · sided Produs kullsbergensis n .  sp .  

4· Surface of glabella evenly arehed or slightly campressed from 
the sides. Anterior branches of facial sutures strongly d iverging anteri
orly. Occipital r ing f!attened from back to front, with median tubercle 
on posterior edge and nearly obsolete occipital lobes 

Proetus modestus TöRNQUIST. 
Glabel la rather gently convex in the middle, its marginal portions 

abruptly bent downwards. Anterior branches of  fac ial sutu res very sli ghtly 
diverging  anteriorly. Occipital ring raised, marked off by strong furrow; 
occipital lobes distinct Produs Aince n. sp. 

b. D i s t i ng u i sh i n g  C h a r a c te r s  o f  t he  P y g i d i a . 

r .  Pleural and interpleural furrows of about equal strength 
Produs ? sp. ind . c. 

Pleural furrows considerably stronger than interpleural furrows 2. 
2. Pygidium rounded behind . Axial rings less than 9 3 -
Pygidium sub-triangular, obtusely pointed behind.  Axial rings 1 0, 

the anterior one slightly rounded, following ones flattened from back to front 
Proetus sp. ind . b .  
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3· Axial r ings more than 4 4·  
Axial rings 4, the anterior one slightly rounded, fol lowing ones 

flattened 6. 
4· Axial rings 6 or 7,  the anterior one slightly rounded, following 

ones flattened . Doub lure wide or rather  w ide 5 .  
Axial rings 7 o r  8 ,  at !east the 4 anterior ones distinctly rounded. 

Doublure narrow. Pygidium sub - semicircular to semielliptical 
Proetus Aince n. sp .  

5 .  Pygidium semielliptical. Ax  is strong ly convex , sub-cylindrica l .  
Doublure rather wide Produs modestus TöRNQU IST.  

Pygidium transversely sub-oval . Axis moderately convex, rapidly 
tapering posteriorly. Doublure very wide Proi!tus sp. ind. a. 

6.  Pygidium sub semicircular, about half as Iong as w ide  
Proetus convexus n .  sp .  

Pygidium sub-parabolic, samewhat more than hal f as  Iong as  wide 
Produs kullsbergensis n .  sp . 

Proetus modestus TöRNQUIST. PI. V,  figs. I 5 - I 6, I 8 .  

r 884. Proiitus modestus, TöRI\QUIST, p. 46 , PI. II, fig. ) . 
1 907 b. Dicellocephalus? Lej;tcenarum, WJMAN, p. 5 ,  Pl. II, figs . 1 - 3 .  

S p e c i  f i c  C h a r a c t e r s. - Entire body sub-aviform in outl ine, more 
than one and a hal f times as Iong as wide. 

Cephalon semielliptical in  out l ine ,  l ength along median Iine rather  
less than two thirds the width at posterior  margin ,  moderately convex, 
surrounded by narrow flattened or  slightly rounded border and with the 
gena! angles pro d u c ed in to tapering, pointed spines reaching back to fifth 
or sixth thoracic segment.  Glabella about three fourths the length of 
cephalon and one third its width,  moderately convex,  samewhat longer 
than wide at base, s l ightly narrowing anteriorly, narrowly rounded in front, 
not reaching anterior border furrow, defined by narrow and rather shallow 
axial and preglabel lar furrows. Lateral glabel lar fu rrows indistinguishable 
except in a few specimens where there are very faint traces of the z 

posterior pairs ; the foremost o f  these starting at sides a l ittle behind a 
I ine joining anterior extremities o f  eyes and extending inwards and very 
slightly backwards about hal f-way up on the glabella; basal pair repres
ented by slight ly im pressed sub-triaugular area on each side opposite pos
terior hal f of eye lobe with the longest side oblique to the median I ine 
of body, not reaching e i ther axial or  occipital furrows. On one specimen 
a smal l  rounded aux i l iary impression (Cf. BARRANDE, 1 8 5 2 , p .  I I I  and p .  
432) is  d istinguishable on each s ide just inside the basal furrow. Occipital 
furrow narrow, general ly not quite reach ing axial furrows. Occipi tal ring 
of  moderate width , slightly narrowing  laterally, flattened from back to front 
and gently arehed from side to side, its surface slightly depressed below 
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glabella with small median tubercle on posterior edge and faint traces of 
occipital lobes .  Preglabel lar  field short, its length along the median I ine 
not more ,  generally less ,  than one fifth that of glabella - comparatively 
longer in  small than in larger specimens - descending rather steeply to 
weak an terior border fu rrow, the slope, however, general ly becoming some
what less steep anteriorly. 

Cheeks wide, the distance from axial furrow to gena! angle being 
about equal to basal width of  glabella ,  rather strongly bent downwards 
to horder, with convex surface, their anterior slope somewhat more ab
rupt than the lateral slope .  Eyes sub-reniform,  rather strongly convex in  
both directions, more than twice as Iong as high , situated at about two 
thirds the i r  own length from posterior margin of  cephalon and very close 

· to the glabel la , extending rather less than hal f the length of latter. Pa lpe
bral lobes very narrow, sub-crescentiform, gently upturned .  Lower eyelids 
narrow, raised, slightly increasing in width anteriorly and posteriorly, 
marked off by fairly d istinct furrows. Anterior branches of facial sutu res 
d istinctly diverging anteriorly, sl ightly outwards convex ; posterior branches 
running straight backwards from eyes to posterior horders, then bending 
outwards to cut posterior  margin of  cephalon at very acute augles about 
half-way between axial furrows and gena! angles. Lateral border almost 
horizontally extended ; lateral border furrow rather we a k, meeting deeper 
p0sterior border furrow at  acute angle and then continuing backwards 
nearly to t ip of gena! spine. Posterior border flattened from back to 
front, d i rected slightly backwards and sloping downwards laterally, its 
outermost portion nearly vertically bent down. Anterior portion of  spine 
distinctly differentiated in an inner vertical portion forming a direct con
tinuation of the posterior horder, and a horizontal outer portion forming 
the continuation of the lateral horder. 

Thorax composed of 10 segments. A xis strongly convex, tapering 
gradu ally to pygidi um,  in the middle of  thorax about one third the width 
of latter ; axial rings flattened from back to front, w i thout or with very 
faint traces of lateral nodes. Axial fu rrows scarcely impressed . Pleura:: 
straight, horizontally extended to weak fulcrum ,  which is situated about 
half- �vay out ; outer portions of pleurc:e gently bent downwards and the 
anterior ones slightly, the posterior ones more strongly curved backwards 
to end in short backward directed falcate spines successively increasing 
in  length posteriorly : pleural fu rrow strong, nearly median,  dying out be
fore reaching extremity of pleura . 

Pygidium semielliptical in outline, about three fi fths as Iong as wide .  
Axis strongly con vex,  i ts width at anterior margin about one third that 
of entire pygid ium and extending about five sevenths the length of latter, 
gently tapering posteriorly to  rounded extremity, which is  continued back
wards by narrow postaxial r idge ; divided into 6 or 7 axial rings and a 
short terminal piece by weak furrows, which become very faint posteri
orly ; I st axial ring slightly raised , fol lowing ones flattened from back 
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to front. Axial furrows scarcely impressed .  Side lobes with flat, hori
zontal inner anterior port ions, lateral and posterior portions very slightly 
bent down ; with 4 pairs of distinct, slightly raised regular ribs - in good 
specimens marked by weak interpleural furrows - behind anterior pair of 
half. ribs, defined by fairly strong though not deep pleural furrows , which 
increase i n  width lateral ly and become obsolete or very faint j ust inside 
marg in ,  and with faint traces of I or 2 pairs o f  very narrow r ibs between 
the 4 th and the postaxial ridge (or median unpa ired rib) ; posterior edge 
of regular ribs high'er than anterior  one, except in the i nner portions of 
the anterior 2 pairs. Doublure of pygid ium rather wide .  

Test ornamented with fine closely set str i;e,  which on the axial  parts 
of  the body are arehed forwards, on the cheeks are more or  less parallel 
to the posterior margin but bend forwards on the lateral horder, on the 
thoracic p leur;e they are directed obliquely outwards and forwards and 
on the side lobes of the pygidium they are strongly undulat ing and their 
general d i rection is not concentric with the margin but samewhat more 
transverse. 

D i m e n s i o n s . - The largest ent ire indiv idual  of this species which 
has come under my notice, i s  TöRNQUIST's type specimen, the approxim
ate total length of which is 14  mm., length of  cephalon along median I ine 
5 mm. , length o f  thorax approximately 6 mm. (the specimen is broken 
and the anterior portion is bent upwards and pushed backwards so that 
some of the thoracic segments are overlapped by the preceding ones), 
length of pygidi um 3 mm., width of cephalen between gena! angles ap
proximately 9 mm. ,  width of  pygidium 5 mm. The approximate length 
o f  a !a rge cranid ium is 6,25 mm.  and that of a !arge pygidium 4 , ::a 5  m m .  

(articulat ing hal f-r ing not included) .  
R e m a r k s.  - This species has been described and figured by TöRN

QU IST (O p. cit .  p.  46, PI. II, fig. 3) but the acquisition of more and partly 
better preserved material has enabled me to add some further details. A 
considerable number of more or less complete i ndividuals as -wel l  as de
tached parts of  the carapace have been collected at different localit ies in 
the Upper Lept;ena Limestone in Dalarne .  

The pygidia from the West Balt ic Lept;ena Limestone described and 
figured by WIMAN (Op. cit. p .  5 , PI. II, figs. 1 -3) as Dicellocephalus ? 
Lepta:narum ev idently belong to Proiitus modestus and agree very closely 
with those from Dalarne .  

A f fi n i t i e s .  - As al  read y pointed out by TÖRNQUIST this species 
agrees rather closely with Pr. decorus BARR. (BARRANDE, 1 8 5 2 , p .  468 ,  
PI. XVII, figs .  1 3 - 2  r ) . In the latter, however, the preglabellar field i s  
comparati ve ly longer than i n  our  species and  scarcely bent downwards, 
and the basal pair of lateral glabellar furrows are said to be very disti nct ; 
further, the cephalic border seems to be narrower and more strongly 
raised, the gena! spines longer ( at !east in the adult) ,  the eyes placed 
samewhat more backward, and the pygid ia l  axis is camposed of a greater 
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number o f  rings than what 1s observed on any specimen o f  Proetus 
modes tus. 

H o r i z o n  a n d  L o c a l i t i e s . Upper Leptcena Limestone ; Kallholn ,  
Osmundsberg, Boda, Östbjörka, Lissberg, Unskarsheden. W estbaltic Lep
tcena Limestone ; Öland (in boulders) . 

Proetus remotus n .  sp .  PI . V, fig. 7 -

S p e c i f i c  C h a r a c t e r s . - Glabella about five eighths the length of  
cranidium,  samewhat longer than wide at base, tapering  anteriorly, rounded 
in front, moderately convex, slightly campressed from the sides ; lateral 
glabellar furrows indistinguishable. Axial and preglabellar furrows narrow, 
distinct .  Occi pital furrow narrow and rather shallow, sl ightly curved for
wards in middle and at sides. Occipital ring of moderate width, narrow
ing l aterally, flattened from back to front, strongly arehed from side to 
side, with small ind istinct  median tubercle placed about  half-way between 
anterior and posterior  margins, but without occipital lobes . Preg labellar 
field Iong, its length along the median I ine more than one third that of 
glabella ,  with longitudinally slightly concave surface sloping gently to 
anterior horder. Anterio r  border of moderate width, flattened with some
what thickened ed ge, ben t upwards ; i ts anterior margin gent! y arehed 
forwards. Anterior branches of facial sutures distinctly d iverging anteri
orly. The surface seems to have been striated but its oroamentatian is 
not distinct on either of the specimens. 

R e m a rk s. - This new species is founded on two small cranidia 
( the largest measuring 4,5 mm. in  length) from Kallholn in the Lund Mu
seum. The type specimen is ,  with the exception of the palpebral lobes 
and the posterior portions of  the fixed checks, rather well preserved . The 
other specimen is more fragmentary but clearly shows the characters of 
the glabella, preglabellar field and anterior horder. 

A ffi n i  t i e s. - This species resembles Pr. modestus i n  several points, 
but the glabella tapers more strongly anteriorly and its anterior extremity 
is samewhat more bluntly rounded, the preglabel lar field is relatively much 
longer and more gently incl ined and the occipital tubercle is differently 
placed . 

H o r i z o n  a n d  L o c a l i ty .  - Upper Leptcena Limestone ;  Kallholn .  

Proetus convexus n .  sp . P I .  V, figs. 8 -- 1 3 , 1 9-20, 2 3 .  

S p e c i fi c  C h a r a c t e rs .  - Entire body sub- oval t o  sub-aviform i n  
outl ine ,  about twice a s  Iong as  wide, strongly convex ; thorax slightly 
longer than cephalon and about two and a hal f times as Iong as pygidium.  

Cephalon semi-oval to sub parabalic in  outl ine, i ts length a long the 
median Iine about three fourths the width between gena! angles, strongly 
�onvex, surrounded by narrow, tumid horder, marked off by strong furrow,  
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and with the gena! angles produced i n ta rounded, tapering pointed spines 
reaching back to 4th or 5 th thoracic segment. 

Glabella with gently convex surface sloping down rather steeply from 
base to front end,  about as Iong as wide at base, very sl ightly tapering 
anteriorly with nearly straight sides, bluntly and  evenly rounded in front, 
bounded by d istinct, narrow axial and preglabellar furrows. Lateral gla
bellar furrows scarcely impressed and generally indist inguishable , but in 
a few specimens with weil p reserved test standing out against the other
wise l ight surface as darker ban d or spats ; anterior  pair represented by 
small  sub-triaugular spots placed about half the width of glabella apart 
and a l itt le in front o f  a I ine jo in ing anterior extrem i ties of eyes ; z d 
pair originating in  axial furrows nearly opposite anterior  extremities of 
eyes, extending  i nwards and backwards about one third across glabella ,  
very narrow at s ides ,  widening proximally ; basal pairs start ing at sides 
opposite middle o f  eyes, running i nwards and then backwards towards 
occipital fu rrow,  but not quite reaching this , extending about as far i n 
wards as  2d  pair ,  generally widest a l i tt le outside their middle, narrow
ing laterally and posteriorly ; just inside the basal furrows a l itt le i n  front 
o f  their middle i s  a pair o f  small elongated spots (auxiliary impressions), 
in same specimen confluent with the furrows, forming small inner anterior 
branches of these. Occipital furrow rather strong, curved forwards in the 
middle and at sides, reaching axial furrows. Occipital ring rather wide, 
na rrowing lateral ly, strongly arehed from side to s ide, flattened from back 
to front, with small median tubercle placed about half-way between an
terio r  and posterior m argins and with very faint traces of  small i nconspi
cuous occipital lobes. Preglabellar field varying in  length but always very 
short, generally samewhat longer in the interior casts than on the surface 
of the test, in some specimens almost obsolete, so that  the preglabel lar 
and anterior border fu rrows become nearly confluent, when normally dev
eloped convex, nearly vertically bent down , and i ncreasing in  size 
laterall y. 

Cheeks rather narrow, the distance between axial furrow and genai 
angle about  two thirds the width of  glabella at base, nearly vertically 
bent down , their surface inside border strongly convex. Eyes sub-reni
form, s t rongly convex in both directions, about twice as Iong as high, 
situated at about two thirds their own length from posterior margin of 
cephalon, close to the glabel l a  and extending nearly half the length of 
latter. Palpebral l obes narrow sub·crescentiform, slightly upturned. Lower 
eyelids narrow ( low) outside middle portions of eyes, widening consider
ably anteriorly and posteriorly, marked off by distinct furrows. Anterior 
branches of facial sutures very sl ightly diverging anteriorly to near ant 
erior margin ,  where they bend strongly i nwards ;  posterior branches run
ning straight backwards from eyes to posterior barders, then obliquely 
outwards to cut posterior margin of cephalon at acute angles at about 
one third the distance from axia l  furrow to l ateral margin .  Lateral border 
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s l ightly bent outwards anteriorly, nearly vertically inclined posteriorly, 
marked off by deep furrow,  which meets the about equally strong post
erior border furrow at slightly acute angle and is conti nued backwards 
on gena! spine by shallow groove which soon becomes obsolete. Posterior 
border sl ightly raised , very narrow near axial furrow, where it i s  d i rected 
straight outwards , widening laterally and bending strongly downwards and 
slight ly backwards. 

Thorax composed of  IO segments. Axis convex, wider than side 
lo bes, gradually tapering to pygidium ; axial r ings arehed forwards in 
middle and at sides, slightly arehed from back to front, without dist inct 
l ateral nodes. Pleurce strongly bent downwards beyond fulerum but very 
sl ightly curved backwards and sharply facetted ; their i nner port ions 
straight, horizontal ly extended ; fulerum rather strong, situated a bo ut  on e 

third the way out ;  extremities slightly recurved , pointed ; pleural furrow 
strong,  scarcely obl ique, dying out before reaching extremity of  pleura .  

Pygidium sub-semicircular i n  outl ine, about ha l f  as  Iong as  wide .  
Axis  convex ,  occupying about one th ird the width of pygidium at anter
ior margin and extending rather less than three fourths its length , taper
ing posteriorly to bl untly rounded extremity, composed of 4 axial r ing 
and a short terminal piece continued backwards by low ind istinctly defined 
and not always recognizable postaxial ridge ; I st axial ring generally 
samewhat narrower ( i n  a longitudinal direction ) t han 2d  and distinctly 
elevated above this ; following rings very weak, their surface be ing flattened 
from back to front and the furrows between them very slightly impressed .  
Axial furrows narrow and shallow .  Side lobes flattened,  horizontally ex
tended in front adjacent to axial furrows, then gently bent downwards, 
with one pair of anterior half-ribs and 2 or 3 pairs of  raised regular ribs 
defined by rather strong pleural fu rrows, which become weaker posteriorly, 
and longitudi nally d ivided by faint  interpleural furrows - sometimes only 
distinguishable on I st pair - and generally with the posterior edge higher 
than the anterior one .  In  some specimens there are very faint traces of 
a 4th pair of ribs between the 3d pair and the postaxial ridge (or med
ian unpaired rib) . Doublure of  pygidium rather wide. 

Surface of  cephalon and pygid ium ornamented with fine strice similar 
to those in Pr. modestus ( Cf. above, p. I 69) and in  some specimens with 
a few scattered mi nute tubercles. Edge of cephalic border furn ished with 
2 or 3 coarse rugce parallel to the margin .  Ornamentation o f  thorax not 
observed .  

D i me n s i  on s .  - The dimensions of the largest of the entire indi 
viduals figured below (PI .  V, fig. 8 )  are : total  length 1 3, 7 s  mm. ,  length 
of cephalon along median I ine 5 mm. ,  width of cephalon between gena! 
angles 6 m m . ,  length of thorax 6,5 mm. ,  length of pygid ium 2,:as mm . ,  
width of  pygidium 4 , 5  mm. The approximate length of some !arge eran
id ia  is 7 mm.  

R e m a rks .  - This species seerus to  be the most common member 
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of the genus Proetus in  the fauna of the Upper Lept�na Limestone in 
Dalarne and is represented by two nearly complete ind ividuals from Kal l 
holn in  the Upsala Museum and by a great number of detached cranidia,  
free cheeks and pygidia from this and other locali ties in  different collec · 
tio n s. 

There i s  an imperfect cephalön from Östbjörka in the State Museum 
of  Natural History, which shows a peculiar anomaly in  the free cheek 
(only the left free cheek is preserved in  the specimen) inasmuch as the 
gena! angle is not produced into a sp ine .  The posterior border is broken 
off and on the surface of the lateral border the test is sl ightly fractured 
j ust in  front of  the gena! angle ,  hut i t  is preserved on the edge and 
around the angle and as far inwards as to the l ateral border furrow j ust 
where this meets the posterior border furrow , the inner boundery of  which 
is  distinctly seen, which proves that the spine was not broken off after 
the death of the animal. Since the lateral and the posterior border fur
rows meet each other at or  just in front of  the posterior margin of the 
cheek the outermost portion of the posterior border must have been exceed
ingly narrow.  This could evidently not have been the case original ly, 
even i f  the specimen should have belonged to a spineJess form . Conse
quently we must assume that it had a spine - or at !east a normal gena! 
angle - and that this was broken off while the animal was stil l  al ive and 
did not regenerate, but the test grew together. 

A ffi n i t i e s .  - This species resembles in its chief characters Pr. 
complmiatus BARR. (BARRAND E , 1 8 5 2 ,  p. 463 , PI .  XVII, figs. 34- 4 1 ) .  The 
latter is ,  however, from a much higher stratigraphical horizon and, to j udge 
from BARRANDE's description and figures, its cephalon is  slightly pointed 
tn front  and the cheeks are not so strongly bent downwards as in  Pr. 
convexus, the glabel l a  increases decidedly in  width posteriorly, al l t�e 
furrows on the pygidial axis are strong and a l l  the rings rounded,  and 
there is a margi nal border on the pygidium .  

The differences between Pr. convexus and the new and probably 
closely allied form that will be described below as Pr. kullsbergensis n. sp .  
wil l  be pointed out in connection with the description of this form.  

H o r i z o n  a n d  L o c a l i t i e s. - Upper Lept�na Limestone ; Kallholn ,  
Boda, Unskarsheden, Lissberg, Östbjörka, Gryssen , Änderåsen.  

Proetus kullsbergensis n .  sp .  PI .  V,· figs.  24--2 5 .  

S p e c i f  i c C h  a r a c t e rs .  - Glabella somewhat longer than wide at 
base , s l ightly expanded at sides a l ittle i n  front of  base, gently tapering 
anteriorly, very bluntly rounded in  front, gently convex ; lateral glabel lar 
furrows ind istingu ishable. Axial and p reglabellar furrows of about  equal 
strength, narrow but distinctly impressed ; middle portion of  preglabellar 
furrow very slightly arehed forwards, side portions more strongly curved 
back, meeting axial furrows at obtuse angles . Occipital furrow deeply 
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impressed, nearly straight in  the middle ,  weakening and bending forwards 
near axial furrows. Occipital ring of moderate width, slightly narrowing 
lateral ly, flattened from back to front ,  gently arehed from side to side , 
with faint traces o f  lateral nodes. (lts m iddle portion is not completely 
preserved in  either of the specimens observed , so that is not possible to 
see whether i t  had a med ian tubercle) . Preglabel lar field rather short, 
about one sixth the length of  glabella , nearly parallel-sided in  the middle, 
s l ightly increasing i n  size towards the sides, with gently convex surface 
descending to anterior border furrow. Anterior border marked off by 
d istinct furrow, relative! y wide , ftattened, gently upturned ; its anterior 
m argin gently arehed forwards. Anterior branches of facia l  sutures sl ightly 
d iverging anteriorly. Surface of cran id ium traversed by fine forwards con
vex stri;e ; ed ge of  border with 2 or 3 coarse rug;e paralle l to the margin .  

D i m e n s i o n s . - Approximate length o f  largest cranidium observed 
6 m m .  Length from anterior margin to occipital furrow in type specimen 
3 , ,. 5  m m .  

R e m a rks. - The materia l on which the above description i s  based 
consists of two fragmentary cran idia from Kullsberg in  the Upsala Mu
seum .  The type specimen  is best preserved ,  though it only shows parts 
of the fixed cheeks and nearly the  w hol e of the occipital ring is  broken off. 
In the other specimen the posterior middle portion of this is damaged , 
but the impression of  it is partly quite disti nct and its other portions wei l  
preserved , so that its general characters are seen .  In the figure (PI . V ,  
fig. 24) the anterior portion o f  the occipital ring i s  restared s o  a s  to 
show the course of the occipital furrow dist inctly. 

There are two rather badly preserved pygidia in the Upsal a Museum ,  
from the same locality a s  these cran idia ,  which most probably are to be 
a_ssociated with them. They are sub-parabol ic in outline ,  about four  sev
enths as Iong as wide.  The axis is strongly convex, rather wide, its width 
at anterior margi n being about three eighths that of the entire pygidium , 
taperi ng  posteriorly and extending about two thirds the length of the 
pygidium ; i t  is camposed of 4 axia l rings and a short terminal piece ; the 
anterior ring is  very narrow ( longitudinal ly) , considerably narrower than 
the two following ones, sl ightly raised and comparatively weil de fin ed ; 
the following ones are flattened from back to front and very indistinctly 
defined , the 4th is scarcely recognizable i n  the type specimen, somewhat 
more d istinct in the other specimen . The posterior portion of the pygid
ium is badly preserved in  both specimens, but the axis seerus to be 
truncated behind and continued backwards by a very short (the shortness 
m ay, however, be due to the state o f  preservation ) postaxial appendage . 
The side lobes are ftattened and horizontally extended in front adjacent 
to the axial fu rrows, which are very sl ightly impressed, and then gently 
bent downwards ; there are 2 distinct ribs on each side behind the anter· 
ior half.rib and fain t  traces of  a 3d ( scarcely recognizable on the type 
specimen) ; the pleural furrows are strong and appear wider than they 
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really are because the anterior portions of the ribs are so strongly de
pressed that their surface becomes nearly confluent with the furrows. 

A ffi n i t i es .  -- As already mentioned above (p. 1 73)  this species 
seems to be closely related to Pr. convexus but the g label la is more 
bl untly rounded i n  front and distinctly expanded at sides, the preglabellar 
field i s  relatively longer and does not seem to be quite so strongly bent 
downwards, the anterior margin is  more flatten ed and relat ive! y broader ; 
the pygidium i s  longer i n  relat ion to its width, parabal ic rather than 
semic i rcular in  out l ine, and its axis i s  relat ively wider. 

H o r i z o n  a n d  L o c a l i t i t y . - Lower Leptcena Limestone ; Ku l lsberg. 

Proetus parvigena n. sp. PI. V, figs. 32-33 .  

D e s c r i p t i o n . - Cephalon sub-parabalic i n  outl ine, i t s  length along 
the median I ine about five sevenths the basal width, w i th the ge,nal angles 
produced into rapidly tapering spines, which seem to have been quite 
short (their exact length not known) and pressed against sides of  thorax. 
Border surmunding cephalon narrow, strongly bent downwards, posteriorly 
marked off by extremely weak furrow, anteriorly sti l l  more ind istinctly 
detined, its surface here being essential ly a continuation of the surface of the 
glabel la and the inner portions o f  the cheeks, only marked off by a narrow 
band or I ine ,  which by its samewhat darker colour stands out ind istinctly 
against the otherwise l ight surface. 

Glabella about as Iong as wide at base, very slightly tapering ant
eriorly, b luntly rounded i n  front,  depressed convex, almost confluent with 
anterior border and anterior portions of fixed cheeks ; lateral glabel lar 
furrows indist inguishable .  Axial  furrows narrow, distinctly marked from 
posterior margin of cephalon to nearly opposite anterior extremi ties 
of  eyes, then growing extremely weak and dying out before reaching 
anterior horder. Occipital furrow very weak, not reaching axial furrows, 
sl ight ly curved forwards in middle and at sides. Occi p i tal ring of mode
rate width,  laterally confluent with glabel la, very gently arehed from side 
to side ; the portion above the articulating ha lf- ring of I st thoracic axial 
ring marked off by faint furrow and sl ightly raised in  the middle above 
the anterior portion, at sides depressed below this so that there are faint 
indications of occipital lobes ; posterior margin arehed backwards. Cheeks 
nearly verti cal ly bent down with slightly convex surface, narrow, the ir  
width at  leve] o f  occipital fu rrow less than h a lf  t hat o f  glabel la  at base ; 
lateral margins of cheeks nearly straight from posterior portions o f  spines 
to opposite middle of eyes. Eyes !arge, prominent, sub- ren i form , extend
ing more than half the length of  glabella and situated close to  i t  and far 
back, their posterior extremities nearly reaching posterior border furrow. 
Palpebral lobes Iong and narrow, widest across middle ,  rapid ly narrowing 
posteriorly, but only slightly decreasing in width anteriorly. Poster ior 
branches of facial sutu res bending outwards at posterior border furrows 
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to cu t  posterior margin of cephalon at acute angles about  half-way bet
ween axial fu rrows and lateral margins ; the anterior branches have not 
been distinctly observed ,  but  they seem to be di rected nearly straight 
forwards.  Posterior border of cheek flattened, directed obliquely outwards, 
downwards and backwards ; its posterior margin and inner margin of spine 
forming an unusual ly even and slight curve.  Posterior border furrow very 
faint j ust at axial furrow, then growing quite distinct though not deep, 
becoming fainter again laterally, meeting lateral border furrow at  very 
acute angle. 

Thorax (only partly known) with broad , moderately convex axis de
fined by distinct axial furrows . Axial ri ngs with very faint traces of 
lateral nodes . Anterior pairs of pleurae (the posterior ones are not known) 
abruptly bent downwards and beyond fulerum gently curved backwards 
and sharply facetted , with narrow, short pleural furrows and - at !east 
the anterjor pair - pointed extremities ; fulerum weak, situated very near 
axial furrow. 

Ornamentation not known.  
R e m a rk s. - There i s  on ly one smal l  specimen consisti ng of a 

nearly complete cephalon with 3 fragmentary thoracic segments attached 
- of this species available and from it the above description is drawn up .  
The specimen does not  seem to have been pressed or d istorted, but  the 
test is rather worn and it has  e vidently undergone some other alteration 
as weil, which accounts for the indistinctness of  the sutures and probably 
also for the fai ntness or obiiteration of nearly al l the furrows on the 
cephalon. Because of this the description given above cannot in all res
pects be considered as a definitive diagnosis of the species. But apart 
from such features, which m ay be due to the state of preservation, the 
species is weil characterized by the shape of the cephalon, the !arge 
eyes, and especially by the shape and narrowness of  the free cheeks and 
the narrowness of the inner portions of  the thoracic side lobes. 

A ffi n i t i e s . - This species resembles Pr. convexus to a certain ex
tent in  the shape of  the cephalon , the strong incl ination of the cheeks 
and the outer portions of the thoracic pleurce, and the narrowness of the 
inner portions of  the latter, and i t  seerus probable that its affinities are 
with that species. The relationship does not, however, seem to be es
pecial ly close. 

H o r i z o n  a n d  L o c a l i t y. Upper Leptcena Limestone ; Kallholn . 

Proetus pentagonaides n. sp .  PI .  V, fig.  22 .  

S p e c i  fi c c h a ra c t e  r s. - Glabella i rregularly sub-pentaganal in out
l ine, gent ly convex, slightly campressed from the sides, extending about 
th ree fourths the length o f  cranidium, widest at base and between middle 
of  eyes, where i t  is slightly expanded, the width at these places about 
equal to the length, narrowing anteriorly, pointed in front. Lateral gl ab-
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ellar furrows and auxi l iary impressions inside basal pair of furrows re
presented, in type specimen , by slight elevations of the surface, very d is
tinct by their colouring ; anterior pair of furrows represented by small 
round spots situated about hal f the width of  glabella apart and far forward , 
n ear! y opposite antero-lateral an gles of glabel la ; z d pair starting at sides 
a little i n  front of  a line joining anterior extremities of  palpebral lobes, 
extending obliquely inwards and backwards rather more than one third 
the way across glabella , widest proximally ; basal pair reaching about 
equally far inwards as zd pair, starting opposite middle of  palpebral 
lobes and running obliquely inwards and backwards, widest a l ittle in 
front of  their middle .  Axial furrows narrow, deeply impressed,  gently 
arehed · outwards opposite middle of eyes, slightly converging anteriorly, 
meeting preglabellar furrow at obtuse angles. Preglabellar furrow about 
equalling axial furrows in strength , angulated in  centre at about I 1 0°, its 
s ide portions nearly straight. Occipital furrow narrow, rather strongly 
impressed in  the middle, deepening laterally, reaching axial furrows, slightly 
arehed forwards in  middle and backwards at sides beh ind postero-lateral 
portions of glabella. Occipital ring rather wide, n arrowing laterally, 
flattened from back to front ,  rather strongly arehed from side to s ide ,  
with smal l  median tubercle p laced half-way between anterior and posterior 
margins and rather smal l  and inconspicuous but quite distinct occipital 
lobes. Preglabellar field very short in the middle, increasing in  size later
a l ly, sloping down to anterior border furrow. Anterior border narrow ,  
marked off by distinct, though rather weak furrow ; i t s  anterior margin 
arehed forwards, very slightly angulated in  the middle. Palpebral lobes 
sub-triaugular  rather than crescentiform in  outline, extending about one 
third the length of glabella and situated very close to it and about their 
own length from posterior margin of cephalon, strongly convex transver
sely, their inner portions sloping abruptly upwards 

·
from axial furrows, the 

lateral portions gently dowmvards to facial sutures. Anterior branches of 
facial sutures nearly straight, slightly converging anteriorly. 

Surface of cranid ium traversed by closely set, fine, arehed stria:. 
R e m a r k s. - The material on which this new species is founded 

consists of three cranidia, all of about the same size, one from Unskars
heden  in the State Museum of Natural History, another from Osmunds
berg in  the Museum of the GeologicaJ Survey and a third from Kallholn 
in the Upsala Museum. The type specimen is ,  with the exception of the 
posterior portions of the fixed cheeks, weil p reserved , though the striation 
of the surface is only traceable in a few places. The others are more 
imperfect, but in the specimen from Kallholn  the ornamentation of  the 
test is  very distinct. In this the preglabellar field is slightly longer than 
in  the other two, but in  other characters it agrees with them and the 
length of the preglabellar field seerus to vary somewhat in  most species 
of this genus. 

12  - 1sm. Bull. of Geol. Vol. X V I I. 
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A ffi n i  t i e s . - This species i s  weil characterized by the shape of 
the glabella and the palpebral lobes and the combination of other charac
ters, and does not seem to be especial ly closely related to any previously 
described species. The ornamentation of the test indicates that it belongs 
to the same !arge group of species as Pr. modestus and Pr. convexzts. 
The l ateral glabellar furrows also seem to have about the same cl1aracters 
as in these species, hut this evidently does not prove any close relation 
ship, since the development o f  these furrows appears t o  be nearly identical 
in several otherwise very different members of the genus. 

H o r i z o n  a n d  L o c a l i t i e s. - Upper Lept::ena Limestone ; Unskars
heden, Kal lholn, Osmundsberg. 

Pro etus Aime n.  sp. PI . V, figs. 26-3 I .  

S p e c i fi c  C h a ra c  t e rs .  - Cephalon surrounded by narrow border 
marked off by wide, shallow furrow, and with the gena! augles p roduced 
i nto tapering spines, which seem to have been rather short (their exact 
length not known) .  Glabella about five sevenths the length of cranidium, 
slightly longer than wide at base ,  tapering anteriorly and narrowly rounded 
in front, i ts middle portion rather gently convex, the marginal portions 
strongly curved downwards. Lateral glabel l a r  furrows shallow, scarcely 
impressed on the surface of the test hut distinct by their colouring, gener
ally more distinctly impressed on the inner casts ; anterior pai r very far 
forward, d irected obliquely inwards and backwards, with their inner ex
tremities about half the width of glabella apart and weil in front of  a 
I ine j oining inner extremities of palpebral lobes, widest proximally, 
narrowing distally and general ly becoming obsolete before reaching axial 
furrows ; 2d pair paraHel to anterior pair, reaching sernewhat fa rther in
wards than these, narrowing laterally hut distinct all the way out to axial 
furrows, which they meet nearly opposite anterior extremities of palpebral 
lobes ; basal pair originating in axial furrows opposi te middle of pa lpebral 
lobes, curving inwards and then backwards to\vards occi pital furrow and 
nearly reaching this , d ividing base of glabel la into three nearly equal por
tions, widest in  the middle, narrowing laterally and posteriorly and in some 
specimens almost confluent with the pair of small auxiliary impressions 
situated just inside their wide middle portions. Axial and preglabel lar 
furrows narrow, d istinctly impressed, forming a continuous curve. Occipi tal 
furrow deep and strong, narrowing lateral ly, bent forwards in middle, and 
at sides in front of occipital lobes, reaching axial furrows. Occipital ring 
strongly raised above occipital furrow and strongly arehed from side to side, 
narrow,  widening at sides, with pai r of  smal l ,  convex, sub-oviform occi 
p ital lobes bounded posteriorly by weak furrows. Preglabellar field very 
slightly convex, short, increasing in  l ength l aterally, descending to anterior 
border furrow. Anterior border flattened with rounded edge, gently up
turned ,  its anterior margin  rather gently arehed forwards. 
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Fixed cheeks very narrow. Palpebral lobes crescentiform, rather 
prominent, gently upturned, p laced far back and close to the glabella 
and extending  rather less than half the length of latter. Anterior branches 
of facial sutures nearly straight,  very sl ightly diverging anteriorly ; posterior  
branches running nearly straight backwards from eyes to posterior border 
furrows, then obliquely outwards to cut posterior margin of cephalon at 
very acute angles. Free cheeks sub-tri augular in  outline, the ir  surface 
inside borders gently convex. Eyes prominent, sub-ren iform, elevated on 
distinct lower eyelids with wide ,  shallow furrows below. Lateral border 
thickened, i ts surface rounded hut with a sl ight flattening close to border 
furrow. Lateral border furrow deepest anteriorly, becoming shallower 
posteriorly, meeting deep posterior  border furrow at very acute angle, and 
continued backwards on gena! spine by narrow, shallow groove. Posterior 
border narrow, raised . 

Pygid ium sub-semicircular to semiell iptical i n  outline, about four  sev
enths as Iong as wide. Axis strongly convex, occupying nearly one third 
the width of pygid ium at anterior margin and extending more than four 
fifths i ts length, gently tapering posteriorly, rounded behind,  and contin ued 
backwards by low, i ndistinct postaxial ridge ; d iv ided into 7 or 8 rounded 
axial rings, w hi  ch become faint  posteriorly, and a short terminal piece ; 
anterior axial r ing slightly narrower ( longitudinally) than fol lowing ones. 
Axial furrows scarcely impressed. Side lobes with a slight flattening in 
front adj acent to axial furrows , then sloping rather strongly downwards 
with convex surface to near margin , where the slope generally becomes 
more gentle ; w ith 6 pairs of  regular ribs behind anterior pair of half- ribs, 
followed by narrow postaxial region, which bears the postaxial ridge (or 
median unpaired rib) ; anterior pairs of regular ribs defined by deep pleural 
furrows and longitud inal ly divided by distinct interpleural furrows, which 
are narrow and shallow proximally, decreasing  in strength distally ; both 
k inds of furrows reaching margin ; posteriorly the ribs become mu ch fainter, 
the last I or 2 pairs being scarcely recognizable. Doublure of  pygidium 
narrow. 

Surface of free cheeks ins ide borders ornamented with smal l  rounded 
closely set pits. On the other parts the test is not weil enough preserved 
to show the ornamentation clearly, hut i t seems as if the preglabellar field 
was pitted and the glabel la ornamented with an  i rregular network of low, 
narrow ridges. 

D i m e n s i o n s . - The largest cran id ia  of  this species that have been 
observed, have a length of 7 or 7 , 5  mm., and the largest pygidia a length 
of about 5 , 5 mm. (articulating half-ring not included ) and a width of about 
9.s  mm. 

R em a r ks .  - The species has  on ly so far been found at L issberg, 
from which locality it is represented by a considerable number of detached 
cranidia, free cheeks and pygidia in the Museum of the University of 
Stockholm and in the Museum of the GeologicaJ Survey. 



1 8 0 ELSA WARBORG 

In one specimen, in the former collection, a few thorac ic pleurce 
the axial part of the segments is broken off - are attached to the 

pygidium. The pleurce are marked by strong, nearly median furrows ;  
their inner portions are straight and extended horizontal ly to the fulcrum, 
which is situated less than hal f-way out ; the outer portions are very 
strongly bent downwards and very slightly curved backwards anå d istinctly 
faceted, the extremities are not very weil preserved, but seem to have 
been pointed and slightly recurved.  

Among the fragments ( i n  the same collection) there is  a hol low east 
of the middle body and posterior border of a hypostoma ,  which probably 
belonged to this species. The middle body was convex, Iong and narrow, 
at !east twice as Iong as wide (the anterior extremity is not represented 
in  the east ) ,  rounded behind, narrowing near front  end, and towards the 
posterior extremity its sides were marked by a pair of short, obl ique 
m iddle fu rrows. The posterior border was narrow and raised and separ· 
ated from the body by a distinct furrow. 

The species i s  narned after Miss AINA LAURELL, who has made 
most of the d rawings for this work. 

A ffi n i t i e s . - The ornamentation of the cheeks (and the pregla
bellar field) , and the relatively great number and general characters of the 
axial r ings and of  the ribs and furrows on the side lo bes of the pygidium,  
ind icate that the affinit ies of  this species are  with certain members of the 
genus described from the Si lurian of Gotbland and the East Baltic Area 
( Cf. LINDSTRÖM, I 88 5  and SCHMIDT I 894) . From all these it d iffers, 
however, in several other characters and does not seem to be especial ly 
closely related to any of  them . 

H o r i z o n  a n d  L o c a l i t y. - Upper Leptcena Limestone ; Lissberg. 

Proetus sp. ind .  a .  PI. V, figs. I 4, I 7 . 

S p e c i fi c  C h a r a c t e r s .  - Pygidium transversely sub-oval i n  outl ine ,  
about three fifths as Iong as wide .  Axis moderately convex, its width at 
front end rather more than one third that of entire pygidium, rapidly 
tapering posteriorly to narrow rounded extremity and continued backwards 
by narrow postaxial ridge ; divided by faint  furrows in  to 7 axial rings and 
a short terminal piece ; I st axial r ing narrower (longitudinally) t han foll
owing ones and generally sl ightly rounded ; follow ing r ings flattened from 
back to front. Axial  fu rrows scarcely  impressed . S ide lobes flattened 
and hori7.0ntally extended in front adjacent to axial furrows, then gently 
bent downwards, with one pair of anterior half-ribs and 5 pairs of wei l 
marked regular ribs separated by strong pleural furrows genera l ly not 
quite reachirtg margin ,  and in  some specimens with faint traces of a 6th 
pair between the 5 th and the postaxial rid ge (or median unpaired rib ) . 
I st pa ir  of regular ribs generally d ivided by fain t interpleural furrows into 
depressed anterior and raised posterior bands ; on the fol lowing ribs the 
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interpleural furrows have become obsolete, but the posterior portion i s  
h igher than  the  anterior one ,  the  slope towards the  preceding pleural 
furrow bei ng gent le ,  the slope towards the succeeding one, abrupt. Doub
lure very wide, sl ightly decreasing in  width posteriorly, wi th rather closely 
set continuous stri<I! (or fine terraced I ines) sub-paral lel to margin .  Dorsal 
surface o f  pygid ium ornamented with fine stri«!, which are arehed forwards 
on the axis ; on the lateral lobes their general di rect ion is  transverse but 
they are strongly undulating and bend slightly forwards on the l ateral 
ed ges. 

D i m e n s i o n s . - In the largest specimen observed, which is some
what incomplete, the approximate l ength ( the a rt iculating half- ring not 
included) i s  5 , 5  m m .  and the width 9 mm.  

R e m a r k s. - There are a few pygidia from Kal l holn in  the Upsala 
Museum and one from Unskarsheden in the State Museum of Natural 
History which possess the above characters. It seems possible that they 
belong t o  the same species as the cran id ia described above as Pr. penta
gonoides, since they have been found at the same localities as two of these 
and appear to  be of the proper relative size, and since the ornamentation 
of the test i s  s imilar , but as they have not been found in  d irect associa
t ion with these cranid ia it is preferable  to describe them separately. 

H o r i z o n  a n d  L o c a l i t i e s . - Upper Lept«!na Limestone ; Kallholn ,  
U n skarsheden . 

Proätus sp.  i nd .  b .  PI .  V, tig. 63 .  

S p e c i fi c  C h a r a c t e r s .  - Pygidium sub-triaugular i n  outline, with 
gent ly rounded lateral angles, obtusely pointed behind, about five eighths 
as Iong as wide. Axis strongly convex, sub-cyl indrical ,  its width at an
terior m argin about one third that of en tire pygid ium,  extending about 
fou r  fifths the length of latter, very gently tapering posteriorly to bluntly 
rounded extremity and continued backwards to margin by low, indistinctly 
defined postaxial ridge ; divided by fa int  furrows - the posterior ones 
scarcely recognizable - into 10 axial r ings and a short termina l  piece ; 
I st axial ring sl ightly rounded, following ones flattened from back to 
front .  Axial furrows scarcely impressed. S ide lobes flattened and hori
zontal ly extended in front adjacent to  axial furrows, then gently curved 
downwards, with 6 pairs of sl ightly raised regular r ibs beh ind  anterior 
pair of hal f-r ibs growing weaker towards the extremities and separated 
by distinct, though rather narrow pleural furrows, the last pair very weak 
and  ind istinctly marked off from the relatively wide unfurrowed posterior 
portion,  the surface of which is raised in the middle ,  forming the postax ia l  
ridge. Interpleural furrows very weak, growing fainter posteriorly, on the 
posterior pairs of ribs almost obsolete. Anterior band of ribs about as 
high as posterior band adjacent to axial furrows, depressed below this 
lateral ly. Surface of pygid ium ornamented with fine, sinuous stri«!, which 
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are arehed forwards over the axis, on the side lobes directed obliquely 
outwards and forwards, but becoming nearly transverse behind axis .  

R e m a r k s . - One isolated pygidium from Kullsberg in the Lund 
M useum possesses the above characters and appears to represent a new 
species of Proetus. The cranidia from the same locality described above 
as Pr. kullsbergensis are, as is a l ready mentioned , presurnably to be asso
ciated w ith some pygidia of  another type, and no other Proetus cranidia 
from the Lower Leptcena L imestone have come under my notice. It 
shows several characters typical of  a !arge group of  Proetids - to which 
group among others Pr. modestus, Pr. cmzvexus and Pr. kullsbergensis 
may be referred - but  i t  does not seem to hear any specially close re
semblance to any previously described member of the genus. 

H o r i z o n a n d L o c a l i t y. - Lo w er Leptcena Limestone ; Kullsberg. 

Proetu s ?  sp . ind. c .  PI .  V, fig .  64. 

S p e c i f i c  C h a r a c t e r s . - Pygid ium sub-semicircular in outline, about  
two thirds as Iong as wide. Axis  strongly convex, its w idth at anterior 
margin rather more than one third that of entire pygidium , extending 
about two thirds the length of  l atter, gently tapering posteriorly to blunt ly 
rounded extremi ty and continued backwards by low postaxial ridge ; 
marked anteriorly by 3 axial rings defined by weak but distinct axial 
ring furrows curving backwards lateral ly, and behind these with very faint 
traces of  2 or 3 fol lowing furrows ; I st axial ring slightly raised and 
samewhat narrower ( longitudinally) than the following ones, which are 
flatterred from back to front. Axial furrows of  moderate strength. Side 
lobes slightly flattened in front adjacent to axial furrows, then strongly 
curved downwards, with 4 pairs of  curved, slightly raised pleurce, which 
become weaker towards the extremities, and with faint traces of  a 5 th 
pair lying c lose to the postaxial ridge and nearly parallel to this. Inter
pleural and pleural furrows of  about equal strength growing weaker later-

. a l l  y, the former reaching the margin ,  the latter dying out j ust inside th is .  
The surface o f  the pygid ium i s  not very well preserved but i t  seems to 
have been striated . 

R e m ar k s .  - The above description is based on one single and not 
very weil preserved pygidi um from Östbjörka in  the Upsala Museum .  Its 
general characters indicate that it belongs to a species of  Proetus, but it 
does not, as far as I am able to j udge , parti cularly resemble any previ
ously described member of  the genus.  

H o r i z o n  a n d  L o c a l i t y .  - Upper Leptcena Limestone ; Östbjörka . 

Proetus sp . ind .  d. PI .  V, fig. 2 1 .  

R e m a r k s .  - There are three smal l  hypostomata, two from Kallholn, 
the third from Klittberg, in the Lund Museum ,  which probably belong to 
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one of the foregoing species and which passess the following characters : 
- General shape elongate, about one and a half times as Iong as wide , 
anterior end very bluntly rounded,  posterior end pointed, middle por
tion nearly parallel-sided. M iddle body elongated sub-oval in  outline, de
fined by distinct furrows except inside anterior wings, very strongly ele
vated, most so a little in  front of  middle ; its anterior portion campressed 
from the sides, the posterior portion more even ly arehed ; sides of body 
marked at about two thirds the distance from anterior end by pair of 
short, shallow obl ique furrows. Anterior border very narrow, strongly 
raised . Anterior pair of wings triangular, short, only extending about one 
third the length of body, strongly inclined . Lateral borders narrow, gently 
raised, becoming flatter posteriorly and confluent with posterior horder. 
Posterior border narrow, flattened, its edge furnished with short, triaugular 
median spine and pair of lateral spines. 

H a r i z o n  a n d  L o c a l i t i e s .  - Upper Leptcena Limestone ;  Kallholn, 
Klittberg. 

Proetus ? sp. ind .  e .  PI .  V, tig. 37 ·  

Sp e c i fi c  C h a r a c t e r s . -- Pygidium sub · triangular i n  outline, with 
gently rounded lateral angles, about two thirds as long as wide. Axis 
rather strongly convex, its width at anterior margin rather more than 
one third that of entire pygid ium, extending samewhat less than two 
thirds the length of  latter, very slightly tapering posteriorly to rounded 
extremity and continued backwards to posterior margin by narrow post
axial ridge ; d ivided by faint furrows - the hindmost one incomplete in 
the middle - into 4 axial rings and a relatively Iong terminal piece . I st 
axial r ing s l ightly raised and rounded and samewhat narrower ( longi
tudinal ly) than following ones, which are flattened from back to front. 
Axial furrows of moderate strength.  Side lobes sl ightly flattened in front 
adjacent to axial furrows, then rather strongly curved downwards, with 
4 pairs o f  gently curved, distinctly defined pleurce growing weaker and 
straighter posteriorly, and with faint traces of a 5 th pair lying close to 
and nearly parallel to postaxial ridge. Pleural furrows samewhat stronger 
than interpleural ones. Neither kind of fu rrows quite reach the margin .  
Pleural bands wi th  gently rounded surfaces ; anterior ones broader and 
more strongly raised than posterior ones. Oroamentatian not observed .  

R e m a r k s  a n d  A ffi n i t i e s . -- A small pygid ium,  measur ing I 1/a 
mm. i n  l ength, from Kl i ttberg in ISBERG's collection in Lund possesses 
the above characters. It  seems to agree rather closely in its general 
characters with the pygidium which SCHMIDT ( I 894, p .  59, PI . IV, fig. 43) 
hesitatingly referred to Cypha,spis planifrons Ercnw . ,  but i t  differs in  its 
nwre triaugular outl ine. The characters of the pleurce seem to indicate, 
however, that its affinities are with the Proetidce rather than with Cyphaspis. 

H a r i z o n  a n d  L o c a l i ty. - Upper Leptcena Li mestone ; Kl i ttberg. 
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Genus » Phaetonides » A N GEL!::-<. 

» Phaätonide s »  sp. ind. Pl .  V, fig. 36. 

D e s c r i p ti o n. - Glabella gently convex, about two thirds the length 
of cranid ium,  samewhat wider than Iong, sl ightly expanded posteriorly at 
sides, broadest a l ittl e in front of base, s l ightly narrowing anteriorly, very 
bluntly rounded in  front, not reaching anterior border furrow ; with pair 
o f  gently convex, narrow, e longated sub-ovate basal lobes, pointed in  
front, nearly half  the length of  glabella and about one fourth i ts  basal 
width, project ing somewhat laterall y, marked off by strong, sl ightly curved,  
obl ique furrows incli ned about 65°  to occipital furrow, most strongly im
pressed in the middle, weakest near axial furrows. No other lateral gla
bellar furrows are d istinctly recognizable, but there are faint traces of 3 
anterior pa i rs, of  which the two foremost especially are very obscure 
( possibly they are not real furrows but only scratches on the surface of 
the glabella, w h ich is  very bad ly preserved on the specimen ) ; I st pair 
short, placed far forward, nearly at the antero-lateral angles of glabella ,  
d i rected  obl iquely inwards and backwards ; z d pair likewise short ,  nearly 
transverse, placed samewhat nearer to 3d than to I st pai r ;  3d  pair pa
ral lel to zd  pair, rather  Iong, extending more than one third the way 
across glabella, and situated j ust in front of  its middle. Axial furrows 
narrow, the ir  anterior portions, in  front of  basal glabel lar lobes, distinctly 
impressed , outside anterior portions of  latter they are very weak, but  
seem t o  increase in  strength again posteriorly. Preglabellar furrow equal 
to anterior portions of axial furrows in  strength and forming a continuous 
curve with these. Occipital furrow of moderate strength . Occipital ring 
broad (longitudinal ly) , flattened from back to front, strongly arehed from 
side to side, with pa i r  of weil d efined,  convex, oval occipital lobes pro
j ecting a l itt le outside base of  glabella. Preglabellar field very short, 
descending to anterior border furrow .  Anterior border (only partly pre
served ) seems to have been of mGderate width , n arrowing laterally, 
sl ightly rounded.  Fixed cheeks very fragmentarily preserved, but i t  seems 
as if the pal pebral lobes had been situated close to the glabella and very 
far backward and the posterior branches of the facial sutures had cut the 
posterio r  margin o f  the cephalon rather far out. 

R e m a rk s  a n d A ffi n i t i e s . - The above description is based on a 
single, imperfect cranid iuni from Lissberg in the Museum of the Un iver
sity of Stockholm. I t  seems to represent a new species belonging to the 
family Proetidce, and i ts  general characters, as far as  they are  known, 
indicate that its affinities are with »PhaetonideS» Stokesz· MURCH. ( M URCHI

SON, 1 839, Pl. XIV, fig. 6 ;  LOVEN, I 84 5 ,  p. 50, PI . I ,  fig. 3 )  and » Phae
tolzides • rugulosus LINDSTR. (LINDSTRÖM, I 885 ,  p. 7 5 ,  PI .  XVI, fig. 1 3 ) .  
These species evidently represent a separate genus of the family Proe-
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t ida!, the genotype of which should be » Phaetonides» Stokesi, and as i t  
seems as i f  the name Phaetonides must be given up ,  1 they ought to re
ceive a new generic name. Since, however, the specimen from Lissberg 
is so poor that i t  is impossib le to be quite sure whether it really belongs 
to this genus, I do not think it  appropriate to introduce a new generic 
term here nor to designate the species by a specific n ame, but have for 
the present called it »Phaiitonides » sp.  ind .  

This n ew genus represented by the species » Ph . » Stokesi and »Ph. » 
rugu!osus resemble the genera Tropidocoryphe NoVAK ( 1 890, p .  1 0) and 
Asiycoryphe R. & E.  RICHTER ( 1 9 1 9 b ,  p .  2 )  in having a narrow, raised 
rim, the » tropidia » ,  on the preglabellar field and cheeks runn ing paraHel 
to the outer margin of the cephalon and corresponding to the inner margin 
of the doublure .  

It further resembles some species o f  Tropidocoryphe to a certa in 
extent i n  the lobation · of the glabella and the shape of the l atter too 
recal ls  some species both of this  genus and of A stycoryphe. It seems 
probable that its a ffinities are with these genera, a lthough i t  differs from 
them in the characters of the pygidium , i n the possession of occip i ta l  
lobes, and i n  some other features. lt is  not possible to see whether the 
species from Lissberg possesses a tropidia ,  but it hardly seems so .  lts 
preglabel lar  field is shorter than those of  »Pit . »  Stokesi and »Ph. » rugu
!osus. Further the third pair of lateral glabellar furrows seems to be 
more strongly marked anteriorly, the basal glabellar lobes are narrower 
and the occipital lobes smal ler  and of samewhat d ifferent shape than i n  
these . I n  other respects i t  seems t o  agree fai rly weil with the two species 
j ust mentioned. 

The form which seems to bea r  the clasest resemblance is POMPECKI's 
Cyphaspis parvula (POMPECKI, 1 890, p .  5 7 , PI . IV, figs. 28-28 a) , but this 
appears to  have a more strongly convex glabel la, a samewhat longer pre-

1 The generic name Phadonides was used by ANGELIN i n  1 8 5 4  (p.  2 1 )  as  a sub·  
stitute for the preoccupied term PJ1adon BARR. (BARRANDE,  1 846 a ,  p. 6 1 ), but  h e  alte
red the d efinition of the genus, giving i t  a wider scope and referred t o  it s o m e  
species,  viz. Produs decorus BARR. (BARRANDE,  1 8 5 2, p, 468, PI .  X VII,  figs. r 3 - 2 1 ), 
Astycoryphe (Prionopdtis) Astyanax CoRD . [CORDA ,  1 847, p. 1 2 5 ; by R. and E. RICHTER 
( 1 9 1 9  b,  p.  u) referred t o  the genus Astycoryphe a n d  t o  the species Ast. gracilis BARR.] 
a n d  Produs (Phadonides) Stokesi MuRCH. , which, as  poin ted out  by Nov ÅK ( 1 890, I r ), 
belong to other gro ups a n d  which evidently represent three different genera . The n a m e  
Phadon was,  however, already earlier exchanged b y  CoRDA ( 1 847 ,  p.  1 2 I )  for Priano
peltis and this latter n a m e  m ust evidently be kept  for those species which BARRANDE 
originally referred to  Phadon a n d  w h i ch CoRDA p l aced i n  his g r o u p  A o f  Prianopeltis 
(Cf. R a n d  E. RICHTER, 1 9 1 9  b, p .  2, fo ot-n ote). No våk's su ggestion that the  n a m e  
Phai!tonides should b e  k e p t  for t h i s  group. and CoRDA's n a m e  rej ected , does  n o t  seem to 
b e  weil  gro u n d e d .  In I88)  LINDSTRÖM refers to Phadonides, in a d dition t o  »P}t.> Stokesi, 
two other Gotblanclic speci es  (only known by t h e  cranidia) viz. Ph. 1·ugulosus LJKDSTR. 
and Ph. longzfrons LrNDSTR. It d o es not  s e em , however, as if the latter species be· 
l onged to  the same genus as the two others. Nor d o  the species referred to  PJtaiito
nides by HALL ( 1 8R8, p p .  I )4- I 3 9) belong h e re. 
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glabellar field,  and a narrower ( longitudinally) occipital ring. Otherwise 
the characters of these parts seem to be  almost identical. It is true that 
POMPECI<:I does not mention the presence of occipital lobes, nor are they 
seen on the figure of  the cranidium, but i t  does not seem as i f  the whole 
of the occipital ring was represented ,  but as if there bad been occipital 
lobes, broken off on the specimen along the furrows, which defined them 
from the main portion of  the occipita\ ring. The fixed cheeks are not 
preserved on the cranidium figured, but to j udge from the accompanying 
figure of a detached free cheek, the facial suture has the course typical 
for the Proetid<e, which proves that the species at any rate cannot belong 
to Cyphaspis or to any other genus referable to the family Cyphaspid<e. 
POMPECKI does not mention the occurrence of a tropidia, but to judge 
from the figure of the cran id ium it seems almost as if it might be present, 
although it is  not marked on the figure of the free cheek. 

REED has suggested that POMPECKI's species might be allied to the 
Girvan tri lobite described by him ( 1 9 14, p. 27, PI. IV, fig. 8)  as Cyphaspis 
'.lamesoni. The narrowness of the fixed cheeks and the course of the 
posterior branches of the facia l  sutures ind icate that the latter too must 
be separated from Cyphaspis and referred to the family Proetid<e. Several 
of its characters suggest that i t  ought to be placed with » Phaetonides » 
Stokesi and » Ph. » rugulosus. I t d iffers from the se, however, in ha ving 
much weaker occipital lobes, and the pygidium - which is only imper
fectly known - seems to be comparatively smaller and composed of 
fewer segments, and it  is  not possible to find out from the description 
and figure available whether i t  possesses a tropidia.  From the form from 
Lissberg it  differs in the shape of the glabella, the weaker basal glabellar 
furrows, longer preglabellar field , narrower ( longitudinally) occipital ring, 
and less distinct occipital lobes. 

H o r i z o n  a n d  L o c a l i ty. � - Upper Lept<ena Limestone ; Lissb.erg. 

Genus lsbergia n.  gen . 

Cephalon Proetus-i ike, but with tbe posterior branches of the facial 
sutures turned sharply outwards to cut the posterior margi n  close to the 
gena! angles. (Preglabellar field long, nearly vertically bent down. Gena! 
angles not produced into spines. ) Thorax and pygid ium unknown. 

Genotype : Isbergia planif1'01ZS n .  sp. 
R e m a r ks : - The two apparently very closely all ied species which 

wil l  be described below show in  the cephalon a combination of  charac
ters which makes it necessary to refer them to a separate genus, which 
may aptly be called Jsbergia after Amanuensis O .  ISHERG, who has collect
ed  most of the material on which the two species are founded.  

The affin ities of the genus seem to be with the Proetid<e and the 
Cyphaspid<e, and I have been rather in  doubt as to which of  these two 
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families i t ought to be referred to. In the course of the posterior branches 
of the facial sutures i t  resembles the Cyphaspidce and differs from the 
typical members of the Proetidce. In the situation of the eyes close to 
the glabella and in  several other features, on the other hand ,  i t  agrees 
so closely with the latter that i t  appears as i f  it  must be placed, at !east 
for the present, with these. In both the species which I have referred 
to lsbergia the preglabellar field i s  Iong and nearly vertically bent down , 
the cheeks are l ikewise very steeply inclined,  and the gena! angles not 
produced i nto spines. Th is combination of 
characters is not in accord either with the 
Proetidce or the Cyphaspidce, but it seems 
doubtful whether it  can be considered a diffe
rence of even generic importance .  It is to 
be hoped that in the future the other, h i
therto unknown - or not recognized - parts 
of the carapace will be found, and that this 
will hel p to decide the affinities of  the genus 
lsbergia. 

a. 

Fig. 1 7 .  Isbergia jJlanifrons n. sp.  
a l ateral, b dorsal view o f  cephalon 
X 6. Kallholn. Upsala Museum. 

D i s t i n g u i s h i n g  C h a ra c t e r s  o f  t h e S p e c i e s . 
Glabella gently and un iformly convex, very slightly tapering ante riorly. 

Eyes about halt the length of glabella, situ ated at about half their own length 
from posterior margin of cephalon. lsbergia planifrons n .  sp. 

Glabella rather strongly convex, campressed from the sides, d istinctly 
tapering  anteriorly. Eyes about one third the length of glabella, situated 
at about thei r own length from posterior margin of cephalon. 

lsbergia parvula n .  sp. 

Isbergia planifrons n .  sp. PI .  V, figs. 54- 57, text-fig. 1 7 .  

S p e c i fi c  C h a r a c t e r s. - Cephalon semioval in  outline ,  its length 
along median I ine about three fourths the greatest width, which is a 
little i n  front of gena! angles, strongly convex, surrounded by narrow 
border marked off by narrow, distinct furrow ; border flatten ed and slightly 
bent downwards in  front of glabella, gradually growing more and more 
steeply inclined and slightly convex posteriorly. Gena! angles not pro
duced into spines. 

Glabell a gently and uniformly convex (transversely) , sloping down
wards anteriorly, generally somewhat shorter than wide at  base , tapering 
sl ightly anteriorly, very bluntly rounded in  front, bounded by distinct 
narrow axial and preglabellar furrows. Lateral glabellar furrows very 
faint ,  only d iscernible in some specimens, nearly parallel to each other, 
directed obl iquely inwards and backwards ; anterior pair short, situated 
j ust be hind antero-lateral an gles of glabella ; 2d pair originating in axial 
furrows nearly opposite anterior extrem ities of palpebral lobes, reaching 
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about half-way up on glabella ;  basal pair beginning in axial furrows some
what nearer to lateral extremities of 2d pair than to occipital furrow, 
extending about as far inwards as 2d pair. Occipital furrow rather strongly 
impressed ,  arehed forwards i n  the middle. Occipital ring rather wide in 
the middle ,  rapidly narrowing laterally, strongly arehed transversally, 
slightly rounded longi tudinally, i ts posterior margin gently arehed back
wards. Preglabellar furrow slightly arehed downwards. Preglabellar field 
Iong (high ) , about one third the length of  glabella, nearly vertically bent 
down with slightly convex surface. Cheeks rather wide (high ) , their great
est width across middle of eyes about three fourths that of glabella, 
nearly vertical ly bent down, their surface inside border gently convex. 
Eyes sub-reniform , strongly convex in  both directions, about twice as Iong 
as high , situated at  about half their own length from posterior margin of 
cephalon close to the glabella and extending nearly half the length of 
latter .  Palpebral lobes very n arrow, sub-crescentiform , d irected nearly 
straight outwards, slightly convex longitudinally. Lower eyelids narrow, 
of uniform width, marked off by faint furrows. Anterior branches of facial 
sutures d irected nearly straight forwards and downwards ; posterior branches 
m�arly straight, strongly turned outwards, cutting posterior margin of ce
phalon j ust with in  gena! angles. Posterior border of  cheek narrow, slightly 
raised and rounded,  directed slightly backwards, marked off by narrow 
furrow. 

Surface of  test smooth. 
D i m e n s i o n s. - The cranidia observed vary from 2 m m .  to 3 mm. 

m length . 
R e m a rk s. - This new species is represented by one weil-preserved 

entire cephalon and one cranidium from Kallholn in the Upsala Museum, 
several crani dia from the same locality i n  IsBERG's collection in  Lund, 
by one cranidium from Osm undsberg in  the Museum of the GeologicaJ 
Survey and by one from unknown locality - to judge from the appear
ance of  the  rock it seems probable that it  i s  from Boda - in  the Lund 
Museum.  One cranid ium of  this species, now in the Upsala Museum, 
was also found by the present writer ,  in  the l imestene of  the Chair of 
Kildare i n  Ireland .  

H o r i  z on a n d  L o c a l i t i e s. - Upper Lept<I!na Li mestone ;  Kallholn, 
Osmundsberg, Boda ? 

Kildare Limeston e ;  Chair of Kildare. 

Isbergia parvula n. sp. PI .  V,  figs. 49- 5 3 ·  

S p ec i fi c  C h a r a c t e r s . - Cephalon semielliptical i n  outline, length 
along median I ine  about two thirds the greatest width, which is at the 
gena! angles, strongly convex, surrounded by n arrow border marked off 
by narrow furrow ; border flattened and nearly horizontally extended in 
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front o f  glabella , becoming more und more steeply turned downwards 
and slight ly convex posteriorly. Gena! angles not produced into spines. 

Glabel la rather strongly convex, sl ightly campressed from the sides 
and w ith the anterior portion rather  strongly bent down, about as Iong 
as wide at base,  tapering anteriorly to rounded front end, bounded by 
narrow, distinct axial and preglabellar furrows. Lateral glabel lar furrows 
very faint, only d iscernible in  some of the specimens ; anterior pair origi
nating in axia l  furrows a little in front of anterior extremities of eyes , 
cm·ving inwards and slightly backwards, reaching rather more than half
way up on glabel l a ;  2 d  pair d irected sl ightly more backwards than an
terior pair, extending about as far inwards as these, the i r  inner ends op
posite middle of eyes ; basal pair not quite distinctly recognized bu t seems 
to be represented in one specimen by faint I ines beginning in axial furrows 
a l i ttle in front of posterior extremities of eyes and running nearly paraHel 
to zd pair of  furrows and extending about as far inwards as ' these. Occi
pital furrow of  moderate strength, arehed forwards in the middle .  Occi
pital ring rather narrow, tapering laterally, strongly arehed transversal ly, 
s l ightly rounded longitudinally. Preglabellar furrow strongly arehed down
wards. Preglabellar field rather Iong (high) , from one fourth to one third 
the length of glabella ,  nearly vertical ly bent down with gently convex 
surface. Cheeks wide (high) ,  their greatest width across posterior ends 
of eyes about four  fifths that o f  glabel la at base,  very steeply bent down, 
samewhat more steeply in front than posteriorly, their surface inside border 
gently convex. The eyes seem to have been sub- reniform and moderately 
convex (the eye lobes are very badly preserved in  the only enti re ce
phalon found) ;  they are rather short, about one third the length of gla
bella, placed close to the latter and comparatively far forward, about their 
own length from posterior margin of  cephalon .  Palpebral lobes very 
narrow, sub-crescent iform,  directed nearly straight out with sl ightly convex 
surface. Lower eyelids narrow. Anterior branches of facial sutures di
r�cted nearly straight forwards and outwards ;  posterior branches strongly 
turned outwards, cutting posterio r margin of  cephalon a l i ttle within gena! 
angles. Posterior borders of cheeks sl ightly raised and rounded , d irected 
nearly straight outwards and downwards, marked off by narrow furrows. 

D i m e n s i o n s . - The cran id ia observed have a length of 1 , 5 to 
2 mm. 

R e m a r ks.  - The material on which this new species is founded 
consists o f  one entire, but  not very weil preserved cephalon and several 
cranidia in lSBERG's col lection in  Lund, one cranidium in the Upsal a  Mu
seum, and one in  the Lund Museum, al l  from Kallholn. 

A ffi n i t i e s . - This species seems to be very c losely al l ied to the 
foregoing. It d iffers from this chiefly in the shape and convexity of the 
glabella and in the eyes, which are relatively much shorter and p laced 
farther forward. 

H a r i z o n  a n d  Lo c a !  i t y. - Upper Lept;:ena Limestene ; Kallholn. 
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Family Cyphaspidre SALTER. 

Genus Cyphaspis BURMEISTER. 

D i s t i n g u i s h i n g  C h a r a c t e r s  o f  t h e  S p e c i e s .  
Basal pair of  l ateral glabellar lobes completely circumscribed by 

furrows. Anterior brancl1es of  facial sutures sl ightly converging anteriorly. 
Cyphaspz's trigoda n .  sp . 

Basal pair  of l ateral glabellar lobes incompletely marked off from 
depressed zd pair . Anterior branches of facial sutures strongly di verging 
anteriorly. Cyphaspz's Holmz' n .  sp.  

Cyphaspis trigoda n .  sp. PI .  V,  figs. 3 8-39. 

S p e c i fi c  C h a r a c t e r s. -- Glabella sub-triaugular in outl ine, rounded 
in front, somewhat more than half the length of cranidium, about as Iong 
as wide at base, moderately convex ; I st and zd pairs of  lateral glabel lar 
furrows very short and faint, being scarcely more than s l ight indentations 
upon the sides of the glabel la ; I st pair (not recognizable in all specimens) 
situated nearly opposite anterior extremities of palpebral Jobes, zd pair 
j ust in front of  mid-length of glabella ; basal pair strong, originating i n  
axial furrows about three fifths the distance from anter ior extremity of  
glabel la  to occipital furrow and running in  sl ight inwards .convex curves 
obliquely backwards, meeting occipital furrow about half-way between its 
middle point and axial furrows, thus completely cutting off a pair of smal l , 
sub-semicircu lar, somewhat depressed basal lobes. Axial furrows narrow, 
rather shallow outside anterior portions of basal glabellar lobes, increasing 
in  depth posteriorly and anteriorly. Preglabellar furrow deep and wide,  
widening i n  the middle so as to make a s l ight indentation on the surface 
of the preglabel lar  field ; i t generall y reaches a l i tt le  farther out than the 
l ateral extremities of the axial furrows - owing to its greater width -
and i n  some specimens faint, narrow grooves are seen running from its 
lateral  extremities obliquely outwards and forwards to anterior border 
furrow. Occipital furrow narrow, rather deeply impressed, nearly trans
verse behind central lobe of glabella, gently bent back and slightly arehed 
behind  basal pair of  l ateral glabellar lobes. Occipital ring of moderate 
w idth, narrowing laterally, very gently convex longitudinal ly and strongly 
arehed from side to side. Preglabellar field one fourth to one third the 
length of g labella ,  with gently convex surface sloping down to anterior 
border furrow. Anterior border of moderate width, gently rounded, marked 
off by d istinct narrow furrow ; its anterior margin very gently arehed forwards. 

Fixed cheeks of moderate width, widening posteriorly and narrowing 
anteriorly (in front of palpebral lobes), rising steeply with gently convex 
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surface from axial furrows to palpebral lobes and (at !east in some speci
mens ) separated from these by very faint grooves, thus formin g s light 
lateral rolls outside glabel la .  Behind the palpebral lobe the fixed cheek 
slopes away rather  abruptly to posterior margin .  Anterior portion of 
fixed cheek gently convex longitudinally and gently sloping to anterior 
border furrow, its surface either forming a direct continuation of the sur
face of the lateral roll or, in some specimens, slightly depressed below 
this and separated from it by faint  groove running from lateral extremity 
of preglabellar furrow obliquely backwards und outwards to anterior ex
tremity of palpebral lobe, so that when viewing the cranidium in frontal 
aspect one gets the impression that there is a sl ight r idge just behi nd  
this groove. This >> r idge » ,  which probably represents the  anterior edge 
of the. eye ridge, is, however, not marked off posteriorly but confluent 
with the general surface of the fixed cheek. Palpebral lobes crescentiform 
in outline, generally not very strongly turned upwards (a l ittle different 
in  different specimens) , rather !arge and prominent, extending more than 
half the length of glabella, situated rather close to the latter and far 
back, their h ighest points at a slightly Jower leve! than top of glabella. 
Posterior border of cheek very narrow, rounded, marked off by distinct 
furrow. Anterior branches of facial sutures nearly straight, slightly con
verging anteriorly ; posterior branches directed obliquely outwards and 
backwards. 

Test of cran idium very finely granulated.  
D i m e n s i o n s. - The cranidia observed vary from I , s  mm. to 3 mm. 

in  length. 
R e m a r k s .  - This new species is represented by several cranidia 

from Boda and Klittberg in  ISBERG's collection in Lund and by one 
cranidium from the former locality in  the State Museum of Natural 
History_ 

In the same small specimen of rock as contained one of the cranidia 
from Klittberg, there is  a pygidium probably attributable to this species, 
possibly belonging to the same individual as the cranidium. Although 
otherwise rather weil preserved the pygid ium seems to have been pressed 
(probably before i t  was fossi lized) so that its posterior portion has become 
abnormally bent down and the surface of the postaxial ridge confluent 
with the surface of the axis. As  a figure of this specimen might be 
misleading as to the true characters of the pygidium, i t  seems better, 
until a better one is found , only to give a description of the pygid ium. 
Excluding the apparently abnorma! features the description would be as 
fol lows . Entire pygidium semicircular in outline ,  with rounded lateral 
angles, about twice as wide as Iong, gently co�vex. Axis rather gently 
convex, its width at anterior margin rather less than one third that of 
entire pygidium,  extending about two thirds the length of latter, rapid ly 
tapering posteriorly to bluntly pointed extremity and continued backwards 
by d istinct, narrow postaxial rid ge, which nearly reaches the margin ; 
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divided into 6 longitudinally gently rounded axial rings growing weaker 
posteriorly and a short terminal piece. Axial furrows rather narrow and 
shallow. Side lobes slightly flattened in front adj acent to axial furrows 
and t hen curving gently downwards to margin ; with 5 pairs of  gent! y 
curved, very slightly raised pleura:, growing straighter and directed more 
backwards posteriorly, defined by narrow, d istinct interpleural furrows 
nearly reach ing the margin and divided by l ikewise d istinct but some
what shorter pleural furrows. Posterior pleural bands (except in the an
terior pair o f  pleura:) somewhat more strongly raised than anterior ones .  

A ff i n i t i e s . - This species differs from most other species referred 
to the genus Cyphaspis in having relatively Iong palpebral lobes and a 
comparatively slightly convex and anteriorly very strongly tapering gla
bella, but i n  its other characters it agrees rather closely with more typical 
members of  the genus. 

lt affinities seem to be with C. megalops M'CoY- SAL TER (M'CoY, 
1 846, p. 54, Pl . IV, fig.  5 ;  SALTER,  1 8 5 3 ,  PI . V)  and C. elegantula ANG. 
( LOVEN, 1 845 , p.  5 1 ,  PI. I ,  figs. 4 a-c). In these as in our species the 
fixed cheeks are relatively narrow and only moderately convex, and their 
su rfaces are almost confluent with those of the palpebral lobes - the 
palpebral furrows, when distinguishable, being very faint - whereas in 
most of the Bohemian species of  Cyphaspis the palpebral lobes are very 
d istinctly m arked off from the more strongly convex and generally w ider 
fixed cheeks. Further, both the species j ust mentioned have comparatively 
elongated eyes and palpebral lobes. In C. elegantula 1 the latter are not 
very much shorter than in our species and placed nearly as far back. In 
SALTER's type form o f  C. megalops they are shorter - extending hardly 
one third the length of the glabel la - and placed farther forwards, hut 
in  one specimen (Op .  cit. fig. 7) - which is  said to represent a variety 
of the species, and which I have had the opportunity to  examine in the 
Sedgwick Museum in  Cambridge - they are about hal f the length of the 
glabel la and placed rather far backwards .  Other points of  resemblance 
are that, at !east in  some specimens of the three species here under con
siderat ion,  a faint 2d pair of lateral glabellar furrows is present and 
furrows running from the lateral extremities of the preglabel lar furrow to 
the anterior extrem i ties of  the palpebral lo bes are indicated. 2 Both C. 
megalops and C. eleg antula differ, however, very distinctly from our  species 
in  the shape of the glabe l la ,  which is  strongly convex and nearly parallel
sided or only slightly tapering anteriorly, though it might be pointed out 

1 I n  Lovf:N's  figure the e y e s  and palpe bral l o b e s  a r e  m u c h  t o o  short. I n  this re
spect t h e  figure given by ANGELIN (18 54 ,  Pl. XVII, fig. 7 )  is better.  J have not seen 
e i ther  of the specimens  fro m  which these figures are drawn , but  I have seen others 
i�:dubitably belong i n g  to this sp ecies,  which are in the Upsala Museum . 

2 These features are pointed out by M'CoY (Op . cit . ) with regard to C. megalops 
a n d  I have s e e n  them both o n  his type specimen in the Dublin Museum and o n  s everal 
specimens fro m  D udley in the Museum a t  C a mbridge . 
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that i n  one specimen of the former (SALTER, op. cit . , fig. 3 ) - considered 
by SALTER as a variety of the species - the glabella tapers d i st inctly 
anteriorly and is said to be  much less inflated than usual . C. elegantula 
also d iffers in having the anterior margin of the cephalon very strongly 
arehed forwards and somewhat pointed in  the m iddle .  

A species which  seems to be very closely related to C. megalops 
and C. elegantula and the cranid ium of which shows some points of 
resemblance with that of our  species, is C. planifrons EICHW. (SCHMIDT, 
1 894, p .  5 8 ,  PI .  IV, figs. 40-43} ,  but since I h ave not seen the original 
specimens and the description and figures are rather incomplete i t  is not 
possible to make any detailed comparison .  

The pygidium described above , which seems to belong to C. trigoda, 
recalls that of CoRDA ' s Proetus micropygus (BARRANDE, 1 8 5 2 ,  p. 445 ,  PI. 
XV, figs. 37-40 ;  as to the generic posit ion of this species cf.  below p. 
207) but  it d iffers i n  its more transverse shape, more gently convex side 
lobes, distinct postaxia l  ridge, and in the absence of  a flattened marginal  
horder. 

H o r i z o n  a n d  L o c a l i t y. - Upper Leptcena Limestone ; Klittberg, 
Boda. 

Cyphaspis Holmi n. sp .  PI.  V, figs. 34- 3 5 .  

S p e c i fi c  C h a r a c t e rs .  - Glabella sub-triaugular i n  outl ine, modera
tely convex, wider (at base) than Iong, rapidly tapering anteriorly, w ith 
nearly straight sides, very bluntly rounded i n  front ,  extending about half  
the length of cranid ium.  2 posterior  pairs of  l ateral glabel lar  fu rrows 
present ( in  all observed specimens ) and in  one specimen very faint traces 
of  short, oblique anterior pair situated far forward , about half-way between 
antero-lateral an gles of  glabel la and 2d pai r ;  2d  pair short, rather weak, 
originating in axial furrows at about one third the distance from anterior 
extremity of glabel la  to occipital fu rrow, d irected obl iquely backwards 
and inwards and connected with basal pair by faint grooves. Basal pair 
strong, not confluent with axial furrows - or the lateral portions very 
faint - but beginn ing a little up on the sides of glabella j ust behind its 
mid - length and sl ightly farther outwards than posterior extremit ies of 2d 
pa i r ,  rutming in  sl ight  i nwards convex curves obl iquely back to occipital  
furrow. 2d and basal  pa i rs of l ateral glabellar lobes depressed below 
central lobe ; 2d  pair sub triangul ar  to sub-pyriform i n  outl ine, with very 
slightly convex surface ; basal pai r irregularly quadri lateral i n  outline, 
so_mewhat more strongly convex than 2d pai r ;  central lobe of glabella 
sub-pyriform in outl ine,  rather strongly elevated ,  slightly campressed from 
the sides posteriorly. Axial furrows relative ly wide and deep and slightly 
arehed outwards outside posterior  two thirds or three fourths of basal 
glabellar lobes, narrowing and  decreasin g  in depth anteriorly and at the 

1 3 - 19232. Bull. of Geol. Vol. X VII. 
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same time growing straighter and converging more strongly. Preglabellar 
furrow very gently arehed forwards, wide and deep ,  its lateral extremities 
reaching farther out than the anterior extremities of  axial fu rrows. Oc
cipital furrow strong,  nearly transverse behind central lobe of glabella, 
arehed backwards and deepening behind basal glabellar lobes. Occipital 
ring narrow, w idest beh ind central lobe of glabella, narrowing laterally, 
gently raised and rou nded longitudinally, rather strongly arehed trans
versal ly and campressed from the sides, with faint traces of  smal l  median 
tubercle near posterior edge. Preglabellar field Iong, a bo ut hal f the length 
of  glabella , sloping down to anterior border furrow, strongly convex for 
about two thirds its length, its anterior third gently concave, its surface 
confluent with anterior parts of fixed cheeks, its posterior convex portion 
forming, tagether with corresponding portions of these, an anterior rol l .  
Anterior border narrow, raised and  rounded,  gently arehed forwards, 
marked off by narrow scarcely impressed furrow .  

Fixed cheeks of moderate width i nside palpebral lobes, widening 
anteriorly and posteriorly, r is ing very steeply with flattened or very slightly 
convex surfaces from axial fu rrows to palpebral lobes ; behind the pal
pebral lobes the fixed cheeks slope abruptly to posterior horders ; anterior 
portions sl ightly depressed below the portions of  fixed cheeks behind 
them along a I ine running from lateral extremities of preglabellar furrow 
to anterior extremities of palpebral lobes, thus indicating the anterior 
boundaries of  the eye ridges, their surfaces sloping rather gently to an
ter ior horder ,  at first gent ly convex longitud inally but becoming s l ightly 
concave close to horder. Palpebral lobes ( imperfectly known) strongly 
upturned, though not quite as steeply as the portions of the fixed cheeks 
inside them, not separated from these by any furrow,  their h ighest por
t ions on a high er leve! t han to p of glabella ; they seem to have been 
rather Iong, moderately prominent, and crescent iform in outl ine .  Posterior 
borders of  fixed cheeks very narrow,  gently rounded,  directed sl ightly 
backwards and downwards. Anterior branches of facial sutures strongly 
d iverging anteriorly ; course of posterior branches not distinctly observed ,  
but  they seem to have been strongly bent outwards. 

Ornamentation of test unknown .  
R e m a r k s . - The material on which this new species i s  founded 

consists of  two imperfect cranid i a and a fragment of a third i n  the State 
Museum of Natural History. 

The specimens were collected by Professor G. HOLM, after whom I 
have named the species. 

Two of the specimens are labelled with the locality-name Östbjörka,  
the third with the locality-name Gryssen, which i s  the name of the l<!ke 
north of which the v i l lage of Östbjörka is s i tuated. Leptcena Limestone  
has  been exposed at several places along the valley which extends north
wards from this lake through the village . Since it seems as if most col
lectors had labelled the fossils from all  these exposures with the locality-
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name Östbjörka, and as i f  the exposures near the lake belong to the 
same mass of rock as others in  the vil lage, I have not made use of  the 
name Gryssen as denoting a separate locality .  

As is proved by other fossils labelled by HOLM with the locality
name Gryssen , the Lept<ena Limestone near the lake is the Upper Lept<ena 
Limestone ,  as in  most other exposures in  the vi l lage (Cf. above, p .  1 3 1 ) , 
and it seems safe to assume  that al l  the specimens under consideration 
are of this age. 

A ffi n i t i e s .  - The general character of  the cranidium indicates that 
this species belongs to the genus Cyphaspis and in several features it  
agrees rather closely with the foregoing, but  in  others it differs so dis 
tinctly that the two species cannot be considered as very closely related 
to each other. 

It differs from other Cyphaspid<e in having the basal lateral glabel lar  
lobes i ncompletely defined in  front .  On the whole  it recalls i n  the loba
t ian and shape of the glabella some species of the genus Tropzdocoryphe 
(NOVAK, 1 890, PI. I V, figs. 2, 3) and in a measure »Phaetonides » Stokesi 
M U R C H .  ( LOVEN, 1 845 , p. 50, PI. I, fig.  3) and »Phaetonides » rugulosus 
LINDSTR.  (LIN DSTRÖM, 1 88 5 , p. 7 5 ,  PI. XVI, fig. 1 3) but the preglabellar 
field shows no traces of a tropidia  ( Cf. above p .  1 8 5 )  and the width of 
the fixed cheeks shows that it cannot be placed with these or with any 
other members of the family Proetidce (sens. str . ) .  

H a r i z o n a n d  L o c a l i ty. - Upper Lept<ena Limestone ; Östbj örka. 

Genus Törnquistia REED. 

Cephalon semicircular, surrounded by narrow horder, which is pro
duced posterior ly in to gena! spines ; g l abeila gently to strongly con v ex, 
rounded in  front ,  without deep lateral furrows, defined by distinct furrows 
and outside these surrounded laterally and anteriorly by a rounded ridge, 
the anterior portion of which is often marked by a single preglabellar 
med i an groove or notch and separated from the lateral portions by a 
pair of lateral preglabellar grooves ; eye lobes Iong, reach ing far forward,  
separated by the ridge from the g labella ; anterior branches of facial su 
tures c utti ng anterior margin separate ly ; posterior branches turned strongly 
outwards, cutting posterior margin of cephalon j ust inside bases of  gena! 
spines. Thorax with well defined convex axis and furrowed pleurce. 
Pygidium of moderate size (composed of few segments ,  and with a depressed 
horder) ; axis weil defined, convex, not reaching posterior margin ,  d istinctly 
segmented ; s ide lo  bes with strong furrows. 

R e m a r ks .  - The term Törnquistia was proposed by REED in 1 896 
( p .  4 3 5 )  and used by him in a sub-generic sense. The sub-genus was 
originally p laced under Cyplzaspis and erected to contain two apparently 
very closely all ied species, v iz .  the Keisley species described by REED 
( 1 896, p. 433 ,  PI. XXI, figs. 3 - 3  a) under the name of Cyphaspis ( Törn-
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quistia) Nicholsoni and TöRNQUIST's Trz'!obz"tes triradiatus (TöRNQUIST, 
r 884, p. 92,  PI. III, fig. r 8), differing from a typical Cyplwspis i n  » ( r ) the 
absence of the basal lobes to the glabella ; (2) the presence of three 
radiating notches or grooves at the front end of the glabella >> . 

Of  neither of these forms are the thorax and pygidium known .  In 
a later paper ( 1 904) REED has described and figured specimens from the 
Girvan  district i n  Scotland, wh ich ,  though probably not attributab le  to 
Törnquistia Nicholsoni, are apparently very closely allied to this species 
(Cf. 'below , · p .  202 ; REED op. cit . p .  86 describes the Girvan form as Meno
cephalus ? ( Törnquistia) c f. Niclzolsonz') . In one of these the thorax and 
pygidium are preserved tagether with the cranidi um. The thorax is ,  
however, forced by crushing part ly underneath the cranidium, so that the 
number of segments is not quite determinable. REED states that there . 
are 6 or 7 present ; the axis i s  strongly convex and each pleura is d ivided 
by a sub -median furrow i nto an elevated anterior band and a n arrower 
and lower posterior band. The axis of  the pygid ium is also strongly 
elevated,  reaching to the posterior border and furnished with 3 axial rings 
separated by deep furrows ; the pygidia l  side lo bes are, according to 
REED, flattened and erossed by 3 rounded sub-parallel r idges corresponding 
to the axial rings, and the border o f  the pygidium » is sharply marked 
off, wide,  smooth , depressed and excavated» . To j udge from the figures 
of the pygidium and from the characters of  the thoracic pleura:: it seems 
as i f  the ridges on the pygid ia l  side lobes were formed by the anterior 
p leural bands, the poster ior ones being depressed and forming part of 
the separating furrows. 

In the same paper REED again discusses the gencric position of 
Törnq.  Nicholsoni and comes to the conclusion that » on  the whole the 
head-shield with its short swol len glabel la ,  and the thorax, so far as they 
are known, seem to ! ink this form more with species of  Menocephalus 
(e .  g. M. minutus NIESZK. ) than with any representatives of Cyphaspis or 
any other genus, and therefore the sub-genus Törnquistia may pre ferably 
be placed under the genus JYfenocephalus » .  

The genus Menocephalus is, however, as SCHMIDT ( r  894, p p .  6o-6 I )  
has already pointed out, very badly characterized and at any rate it  
does not seem as i f  e ither the forms referred to Törnquistia by REED 
or NIESZKOWSKI ' s  species are congeneric with the other geologically much 
older species referred to it .  The genus was founded by DALE OWEN 
( 1 8 5 2 , p .  5 77 )  on a smal l  specimen from the Upper Cambrian of Minne
sota contisting only of a very globose glabella and a small portion of the 
fixed cheek, which he described under the name of Me11 . minnesotensis. 
Later on BILLINGS described his species Men. globosus ( BILLINGS, r 86o, 
p .  3 1 7 , figs. 1 7 - 1 9 ; r 865 ,  p .  408, figs. 388 a -c) ,  which he considered 
congeneric w· ith OWEN's species and further referred to the same genus 
his two species Men.  Sedgwickz' (Op. cit .  r 86o, p .  3 1 6 ,  fig. r 6 ;  r 865 , p. 
407, fig. 387 )  and Men .  Salteri (BILLINGS , 1 863 , p .  2 1 0, fig. ; r 865 ,  p .  203 , 



T R I L O B I T E S  OF T H E  LEPTJE N A  L I M ESTONE 1 9 7 

fig. 1 87 ) .  As SCHMIDT ( 1 894, p .  6o) has remarked, »Men. »  Salteri, which 
is the only one of the three species of which the thorax and pygidi um 
are  known, seems to differ rather much from the type represented by 
>> Men. »  globosus. As far as can be  judged from the figures and descrip
t ions available, this i s  also the case with » Men. » Sedgwicki and i t  seems 
very doubtfu l  to me w hether either this or »Men. » Salteri i s  congeneric 
with »Men. « globostts. Whether any of  BILLINGS' species belongs to the 
same genus as Jl,fen. minnesotensis is of course, with our present meagre 
knowledge o f  the latter, quite impossible to decide.  They seem ' t o  come 
from a samewhat higher stratigraphical harizon than this. 1 

M ILLER ( 1 877 ,  p. 5 56) has given a diagnosis of  the genus Meno
cephalus, but al though he considered OwEN 's species as the type and 
referred BILLINGS' species to this genus on ly with a mark of interrogation ,  
the di agnosis is  based on the latter and in i t  the characteristics of  » Men. »  
g.Zobosus and »Men. » Salteri are mixed together. 

In 1 894 ( p .  6o) SCHMIDT redescribed NIESZKOWSKI 's » Sphoerezochus» 
minutus from the East Baltic Kucker Formation and referred the species 
to the genus Menocephalus chiefly on account of  its l ikeness to  BILLINGS'  
Men.  globosus. He also ment ioned that i t  d iffers from this in  some charac
ters, pointed out i ts resemblance to  Cyphaspis, and placed the genus 
Menocephalus in  the family Proetidce (sens. lat . ) .  

The East Baltic species i s  known only by the cephalon , and as far 
as can be judged from this ,  SCHMIDT is evident ly right that it is closely 
al l ied to Cyphaspis, though not referable to this genus. Its l ikeness to 
» Men. » globosus, on the other hand, ma y on ly be superficial . The latter 
differs from the Cyphaspidce, not only, as SCHMIDT has pointed out, in 
having a very short preglabel lar field ,  but also i n  the very narrow fixed 
cheeks, which do not form swollen ridges, and i n  the general shape of  
the  cephalon, the  anterior margin of  which i s  very strongly arehed upwards. 

The species referred to Törnquistia real ly  seem to be very closely 
all ied to NIESZKOWSKI's species 2 and referable to the same genus as this .  
The reason why REED refers the former to a separate sub-genus is  that 
they are characterized by the presence of the 3 radiating  grooves in front  
of  the glabella. Th i s  character, however, seems to be rather vari able 

1 Bn.LINGs' specim e n s  were fo u n d  i n  a conglamerate a n d  BASSLER ( 1 9 1 5 ,  p .  797 ) 
gives their age as probably Ozarkian,  they would thus c o m e  fro m  a formati o n ,  which -
or at !east a part of which -· i s  refen·ed by s o m e  American geologists to t h e  Upper 
Cambri an,  by others t o  t h e  lower Ordovician , and by sti ll  others is  cons i dered to re
presen t a distinct geological system (on the top o f  the Cambrian),  comparable  to the 
Cambrian or  Ordavieian o r  any other ;vell-fo u n d e d  system. 

' When ca mparing Törnquistia t o  the species referred to Mmocephalus, REED 
seems with regard to  the cephalon chiefly t o  h ave taken inta account the characters o f  
t h e  E a s t  Baltic species a n d  not  s o  m u ch t h o s e  o f  the Am erican form s .  W i t h  regard t o  
the  thorax of Tö1;nquistia i t  appears as if i t  might  have c c n s isted o f  the  s a m e  n umber 
of segments as that  o f  » Mm. » Salteri, b u t  i n  other  resp ects the resem b l a n c e  does  n o t  
s e e m  to be great. 



E LSA WA R B U RG 

and hardly to be of sub-generi c value. Im Törnq. triradiatus, as far as 
it is known, and in the specimens of Törnq. Nicholsoni known from Keisley, 
Kildare and Sweden the three radiating preglabellar grooves are always 
distinctly marked, though in the latter the median one is rather variable 
in length. In the Girvan form described by REED as being comparable 
to Törnq. Nicholsoni the l ateral grooves are present and distinctly marked,  
but ,  according to . REED, the median one is obsolete or only represented 
by a fai n t  notch . Further, in a new species from the Leptcena Lime
stone, which is apparently closely al l ied to Törnq. Nicholsoni and which 
wil l  be described below as Tornq. depressa, a short but weil -marked 
median preglabellar groove or notch is present, but there are only exceed
ingly sl ight traces of a pair of lateral preglabell ar grooves. ln another 
new species from the same formation , which wil l be described below under 
the name of Tornq. altifrons, neither of  the grooves is  traceable, but  in  
other respects i t  shows a great resemblance to Tönzq. Nicholsoni and seems 
to !ink this to NIESZKOWSKI 's  species. Moreover, similar more or less 
strongly marked preglabellar groaves are found in several other species 
belonging to widely different genera or even families. That this is the 
case in  Agraulus ? globosus WALCOT'f ( r 884, p. 6 1 ,  PI. IX,  fig. 23) has 
already been pointed out by REED (Op .  cit . 1 904, 87). In the cranidia 
described above (p.  1 90) as Cyphaspis trigoda n .  sp. the surface of the 
preglabellar fie ld i s  sl ightly notched posteriorly in the median I ine and 
i n  some spec imens faint lateral preglabel lar grooves are present, and in 
Pharostoma foveolata TöRNQ. there is a pair o f  disti nctly marked lateral 
preglabel lar groaves (Cf. above, p .  1 62 ,  and below, PI. IV, figs. 1 3 , 1 6). 

It thus seems as if the name Mmocephalus must be dropped, at 
least for the present. Even if i t  could be used again, if new and better 
material of D .  O wEN's spec ies should be  found,  so that the genus could 
be properly defined, there appears hardly to be any reason to believe that 
the European species here in question could be referred to this genus. 
Anyhow they cannot in the meantime be without a generic name, and 
since there does not seem to be any reason to refer them to separate 
sub-genera the name of the genus must evidently by Törnquistia REED. 
When REED proposed the name he did not mention which of the two 
species, Tömq. triradiatus TöRNQ. or Törnq. Niclzolsoni REED, origina lly 
referred to Törnquistia, he considered the type,  hut i t  seems preferable 
to chose the latter, since on ly the cran id ium of TöRNQUIST' s species is 
known.  In addit ion to these two the following forms are referable to 
Törnquistia : the Gi rvan form, mentioned above, which REED has described 
as comparable to Tömq. Nicholsoni, Törnq. minula NIESZK. ,  and the two 
new species which will be described belo

'
w as Törnq. depressa and Törnq. 

altifrons. 
Only in the case of the Girvan form are the thorax and pygidium 

known and the above diagnosis of  the genus i s ,  with regard to  these por
t i ons, founded on this form, as described and figured by REED. It is of  
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course difficult to dec ide which of thei r characters can be considered to 
be of generic importance. Some, which in  this respect seem rather 
doubtful ,  I have therefore put in parenthes is .  

A genus which seems to be very closely allied (possibly synonymous) 
to Törnquistia, i s  Haploconus RAYMOND . The genus was founded by 
RAYMOND ( 1 9 1 3  d ,  p .  6 1 )  » to include tri lobites closely related to Cyphas
pis, but d iffering i n  not  having i solated basal lobes on the glabella , and 
in having a less prominent  ax ia l  lobe on the pygidium » .  In addit ion to 
the genotype Haploconus (Bathyztrus) Smithi BILL. (BILLINGS, 1 863,  p .  
1 5 3 ,  fig. 1 1 5 ;  RAYMOND , 1 9 1 3 d ,  p .  62, PI .  VII ,  figs. 1 3 - 1 4) he refers to 
this genus CLARKE's  ( 1 897 , p .  7 59) Cyphaspis ? galenensis and he thinks 
it probable that WALCOTT's ( 1 884, p. 93 ,  PI. XII , fig. 1 0) Cyphaspis ? 
brez,imarginata bel ongs here too .  The two l atter are only known from 
imperfectly preserved cranidia , but of the genotype RAYMOND has de
scribed and figured a small entire individual ,  only measuring 3 mm. in 
length,  which, as i t  has only 7 thorac ic  segments, he does not believe 
to be · an ad u l t .  If  on ly the characters of the cephalon are taken in to 
consideration there seems to be l i ttle reason not  to consicler th is  species 
as Congener ic with those referred a.bove to Törnquistia ( it seems to agree 
rather closely with Törnq. minuta) , but the thorax and pygid ium appear 
to differ rather much from those o f  the Girvan form described above. 
The pygidium agrees with that of the latter in having 3 axial r ings and 
3 pairs of ridges on the side lobes , but the axis is ,  according to RAY
MOND, » not prominent ,  as in ProiHus and Cyphaspis, but low, triangular » .  
RAYMOND's  description is  rather brief and his figures very indistinct , but 
i t  seems as i f  the thoracic axis too was l ow, and no fnrrows are to be 
seen on the thoracic pleur<e ( th is ,  o f  course, may be due to the in
dist inctness of  the figures) ; the pygidium seems to be rather strongly 
convex and apparently it has no fl.attened or excavated horder. It is not 
possible to estimate how great these d ifferences really are from the de
scription and figures available, but i t  seems better to keep the genera 
apart than to assume a possibly non-existent generic identity. Anyhow 
the name Törnquistia was proposed earl ier than Haploconus . 

D i s t i n g u i s h i n g  C h a r a c t e r s o f  t h e  S p e c i e s . 
Glabella strongly convex, not overhanging in front ;  preglabellar field 

and fixed cheeks forming regularly swollen anterior and lateral rolls ; a 
short d ist inctly marked preglabellar groove or notch and a pair  of distinct 
lateral preglabel lar groaves present. Tornquistia Nicholsoni REED . 

Glabella very strongly convex, overhanging in front, preglabellar field 
and fixed cheeks forming regularly swollen anterior and lateral rolls ; no 
median or lateral p reglabellar groaves or natehes present. 

Törnquistia altifrons n .  sp. 
Glabel la gently convex ; pregl abellar field and fixe d ch e eks not 

swollen ,  their surface s on ly slightly convex ; a short d istinctly marked 
median preglabellar groove or notch present ; lateral preglabellar groaves 
faintly indicated . Törnquistia depressa o .  sp.  
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Törnquistia Nichols oni REED.  PI. V, tigs. 40-44. 

1 896. Cyj;haspis ( Törnquistia) Nicholsoni, REED, p. 4 3 3 ,  Pl. XXI, figs.  3-3 a .  

S p e c i fic C h a r a c t e r s .  - Cephalon semicircular in outl ine, its length 
along median I ine sl ightly more than hal f the width between gena! angles, 
strongly convex, surrounded by narrow, tumid barder' marked off by 
strong furrow, and with the gena! angles produced inta spines. 

Glabella strong ly convex, h ighest j u st be hind its middle, slightly 
bent down but not overhanging in front, samewhat longer than wide at 
base, sl ightly and gradually tapering anteriorly, rounded in front, bonnded 
by broad and rather deep axial and preglabellar furrows ;  2 pairs of weak 
lateral glabellar furrows discern ible in  a few wei l -preserved specimens ; 
the first o f  these - probably corresponding to the so-called zd  pair in  
other trilobites - scarcely impressed, originating in  axial furrows at a 
distance from occipital furrow about equal to two thirds the length of 
glabel la , d irected slightly backwards and extending about half-way up on 
side o f  glabella ; basal pair shallow, but distinctly impressed, beginn jng 
in  axial furrows at about two fi fths the d istance from lateral extremities 
of preceding pair to occipital furrow, running obliquely i nwards and back
wards towards occipital furrow but dying out before reaching this, thus 
incompletely marking off a pai r of  small sub- triangular basal lobes on the 
glabella, each only about one fourth its basal width. Occipital furrow of 
moderate strength, nearly transverse or sl ightly arehed forwards in the 
middle. Occipital ring rather broad , measuring from back to front across 
its middle about one third the length of glabella , narrowing laterally, 
strongly arehed transversal ly, gently rounded longitudinally, sli ghtly pro
truding outside base of glabella, furnished with small median tubercle ; its 
posterior margin arehed backwards. Preglabellar furrow gently arehed 
downwards. Preglabell ar field measuring from back to front along the 
median I ine about one thi rd the length of glabella, forming a swollen 
anterior rol l ,  sloping down to anterior barder, natehed posteriorly by a 
short median preglabellar groove, samewhat varying in length in the 
different specimens. A pair of  longer, rather wide groaves running from 
the points of union of  the preglabellar and axial furrows obliquely out
wards and forwards to anterior extremities of palpebral lobes, separate 
the anterior mil from the lateral rolls formed by the fixed cheeks, and 
continue forwards,  ·where they become narrower, to anterior border furrow, 
marking off a narrow thread-l ike band on each si de, inside the facial suture. 

Cheeks rather wide ,  the distance between axial furrow and gena! 
angle slightly longer than width of glabella a.t base. Fixed cheeks forming 
regularly swollen lateral rolls at the sides of glabel la ,  about hal f as high 
as latter, with steep inner and gentler outer slope ; their width ins ide 
palpebral lobes about half. that of glabella. Palpebra l lobes Iong, about 
two thirds the length of glabella, very narrow, reaching far forward , placed 
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about three fourths their own length from posterior margin of cephalon,  
strongly convex in both directions. Palpebral furrows strong, but growing 
very narrow and shallow just in front before meeting the groaves men
t ioned above, w h ich bound the anter ior roll laterally ; they are continued 
backwards by very weak groaves running paral le l  to the postedor branches 
of the facial sutures ,  marking off narrow thread·l ike bands correspond ing 
to those inside the  anterior branches. Eyes (imperfectly know n) strong! y 
convex i n  both directions. Lower eyelid narrow, of uniform width, marked 
off by weak furrow. Anterior branches of facial  sutures directed nearly 
straight forwards and downwards ; posterior branches curving strongly 
outwards from eyes to posterior  border of cephalon , then turn ing back
wards to cut the marg in  just inside bases of gena! spines. Posterior 
border of cheek very narrow at axial furrow, widening laterally, gently 
rounded. Posterior border furrow rather strong, directed nearly straight 
outwards and downwards. Gena! spine not completly known but seems 
to have been rather short und pressed to the s ide of the thorax. 

Surface of cephalon covered, except i n  the furrows, by i rregularly 
distributed tubercles of d ifferent  si zes, which are more crowded on the 
glabel la and the inner parts of the cheeks than on the marginal portions .  

D i m e n s i o n s . -· The cranid ia  from the  Leptcena Limestone vary 
from 2,5 mm. to 4,75 mm.  in length . 

R ema r k s . - This species is represented in the Upsala Museum by 
two cranidia from Boda and by one from Kallholn, of  which latter both 
the natural east and the hol low inner surface are preserved, and a l i ttle 
removed from the latter there is the intaglio of a detached free cheek 
apparently belonging to the same individual , further by two cranidia from 
Kal lholn in ISBERG's col lection  in Lund ,  one with one of  the free 
checks attached,  and by one cranidium from Gulleråsen i n  the Museum 
of the Geological Survey. This materi al  has enabled me  to give the 
above description, which is  samewhat ful ler than REED's ( 1 896, p .  433) 
original diagnosis of the species founded on  some cran id ia and a very 
badly preserved free cheek from the Keisley Limestone in  England .  

In  the  cranidia frQm Keisley no  l ateral. glabel lar furrows have been 
observed and, at !east i n  REED's type specimen (Op .  c i t .  PI .  XXI, fig. 3}, 
the median groove on the preglabellar field is samewhat longer than in  
most o f  the  specimens from the Leptcena Limestone,  but ,  as mentioned 
above, the lateral glabel lar furrows are only discernible in  a few of the 
latter, which are better p reserved than the others, and the length of the 
median groove i s  rather variable. Otherwise the cranidia from the Lep
tcena Limestone agree very closely with those from Keisley which I have 
hacl the opportunity to examine, and with others belonging to the same 
species from the Chair of Ki ldare in Ireland. 1 

1 The species is represented fro m  the  Chair of Kildare both in the Sedgwick Mu
seum in Cambridge and  in the Collection of the Irish GeologicaJ Survey in Dublin ,  in 
the latter  by a cranidium labelled Cypltaspis megalops. 

That it occurs at this locality has already been stated by REED (1897, p. 85). 
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A ffi n i t i e s . - The Girvan form described by REED ( 1 904, p. 86, 
Pl. XII, figs . 3-7) as comparable to Törnq. Nicholsoni seems indeed to 
be very closely all ied to this species, but hardly attributable to it. Ac
cording to REED » the only point of difference in the head-shield» of the 
Girvan form » is that the median preglabellar furrow is obsolete or  only 
represented by a faint  notch » and he also states that in  one specimen 
there are slight traces of basal lateral glabellar furrows. These furrows 
seem to have the same position as in the specimens from the Lepta:na 
Limestone in  which they have been observed, but they are slightly longer, 
reaching the occipi tal  furrow,  but this difference may of course be  due 
to different states of  preservation of  the specimens. In all the figures of  
the cranidium of the  Girvan form the  median preglabellar notch is pre
sent, and at !east in  some of  them it is as Iong as in  several of the 
Swedish specimens, in which, as already mentioned,  the l ength of this 
notch o r  groove is rather variable. Although these features do not seem 
to indicate any specific difference in  the Girvan form, i t  differs, to j udge 
from the figures, in another character of much greater importance, viz. 
that the palpebral lobes are relatively much shorter, less than half the 
length of  the glabella ,  and placed about one and a half times their own 
length from the posterior margin o f  the cephalon .  Their shape too seem 
to be different.  (It appears as if the characters of the palpebral lobes of 
Törnq. Nicholsoni were unknown to REED.) 

· The close resemblance which Törnq. Nicholsoni bears to Törnq. 
triradiatus TöRNQ. (TÖRNQUIST, 1884, p .  92, PI .  III, fig. 1 8) and the points 
in  which i t  differs from this species have already been pointed out by 
REED ( 1896, p. 434) and need not be repeated here. 

H o r i z o n  a n d  L o c a l i t i e s . - The species has been found in  the 
Upper Lepta:na Limestone at Kallholn ,  Boda and Gulleråsen .. 

Outside Sweden it occurs in the Keisley Limestone at Keisley in  
England and i n  the Kildare Limestone at the Chair  of Kildare in  !re  land .  

Törnquistia altifrons n .  sp .  PI .  V, tigs .  47-48. 

S p  e c i  f i c C h  a r a  c t e r s .  - G l abeila sub-oval in outline ,  i ts greatest 
width a little in front of  the middle a bo ut equal to four  fifths the length, gent! y 
tapering towards the ends ,  rounded in  front, truncated behind, very strongly 
convex,  sl ightly bent down in front and overhanging the preglabellar 
field, bounded by strong axial and preglabel lar furrows ; lateral glabellar 
furrows obsolete. Occipital furrow weil marked , though shallower than 
axial furrows, nearly transverse along its middle part, curving forwards 
at the extremities. Occipital ring depressed below base of glabella, of 
moderate . width, growing narrower laterally and slightly protruding out
side base of glabella, strongly arehed transversally, gently rounded longi
tudinally ; i ts poster ior margin n e ar! y transverse in  the middle, curving 
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strongly forwards at sides. Preglabellar furrow gently arehed downwards. 
Preglabellar field measuring from back to front along the median Iine 
about one fourth the length of  glabella ,  forrning a rath.er strongly convex 
anterior roll , steeply s lo_ping to anterior horde r ;  its surface i s  confluent 
with the surfaces of  the lateral rolls formed by the fixed cheeks, and 
there is no median groove or  notch p resent. Anterior border narrow, 
gently rounded, marked off by dist inct narrow and rather shal low furrow ; 
its anterior margin very slightly arehed forwards. Fixed cheeks very 
strongly convex both transversally and longitudinally, forming swollen 
lateral rolls with steep inner  and samewhat gentler outer slopes, about 
half as high as glabella and at about the middle o f  their length about 
two thirds· as wide as this , increasin g  i n  width posteriorly. The palpebral 
lobes are not p reserved in the  only specimen known, but on one side a 
furrow, which appears t o  be the  palpebral furrow, is traceable ,  and to  
j udge from th is  the lobes seem to have been about half as Iong as the 
glabella and situated at about their own length from the posterior m argi n  
o f  t h e  cephalon. Posterior  borders o f  fixed cheeks narrow near axial 
furrows, increasing in  width lateral ly,  gently rounded,  marked off by 
shallow furrow directed s l ightly backwards. Anterior branches of facial 
sutures slightly converging anterioriy ; posterior branches strongly turned 
outwards ; the sutures seem to be accompanied on their insides by narrow 
thread-like ridges marked off by weak grooves. 

Surface of  cran idium except in  the furrows covered with i rregularly 
distributed tuberdes of  d ifferent s izes .  

R e m ar ks .  - There is  a s ingle ,  smal l  cranidiu m - measur ing about  
3 mm.  in length - from Kallholn in  the  Upsala Museum, which possesses 
the above charaders. With the exception of the palpebral lobes and the 
postero-lateral portions of the fixed cheeks, it is rather wei l  preserved 
and appears to represent a new species of the genus Törnquistia . 

A ffi nit i e s. - The affinities of th i s  species seem to be with Törn
quistia minuta NIESZK. (NIESZKOWSKi, 1 8 5 7, p .  6or, PI. I, figs. J-8; 
SCHMIDT, 1894, p.  6o, PI. IV, figs. 46-49), but to j udge from the de 
scri pt ions and  figur e s a vai l able, the  preglabellar field in the latter i s  less 
steeply bent down, the glabella i s  not overhanging in front and is marked 
by 3 pai rs of weak lateral fu rrows, and the inner slope of  the lateral 
rolls is considerably gentler. The laterally protruding extremities of the 
occipital r ing in  our  species may perhaps earrespond to the small knobs 
( » Knötchen » ) at the sides of  the occipital ring, which according to SCHMIDT 
are a· peculiar characteristic of Törnq . minu ta . SCHMIDT has, however, 
campared the latter with the occipital lobes found in several of the 
Proetidce, and he  has explicitly stated that they do not belong to the 
occipital ring but are separated from this by the axial furrows and situated 
on the inner  ends of the posterior borders of the cheeks. In our species 
they are not marked off from the main part of the occipital ring, and 
although the portions  o f the axial furrows lying outside them are very 
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narrow and shallow, they are d istinctly separated from the posterior 
borders of  the cheeks. 

Hap!oconus Smithi BILL. (BILLINGS, 1 863 ,  p .  1 5 3, fig. 1 1 5 ;  RAYMOND, 
1 9 1 3  d, p .  62, Pl . VII, figs. 1 3 - 1 4) may also be_ compared, hut  the shape 
and convexity of  i ts glabel l a  appear to be rather different, the eye lobes 
comparatively smaller, and the fixed cheeks not so strongly convex. 

H a rizo n  a n d  L o c al i t y. - Upper Leptcena Limestone; Kallholn . 

Törnquistia depressa n. sp .  PI .  V, fig. 45 ·  

S p e c i f i c  C h a r a c t e rs .  - Glabella about as Iong as wide at  base, 
gradual ly tapering anteriorly, rounded in  front, gently convex, bounded 
by strong axial and preglabellar furrows of moderate depth ; 2 pairs of 
short  and weak lateral glabellar furrows discernible ;  the first of t hese be
giqning in axial furrows at a d istance from occipi tal furrow about equal 
to three fifths the length of glabella, slightly curved, directed obliquely 
inwards and backwards ; basal pair more strongly curved backwards and 
samewhat more strongly i mpressed than preceding pair, i ncompletely 
marking off a pair of  triaugular basal glabellar lobes about one third the 
length of  glabella . Occipital furrow strong, arehed forwards in the middle. 
Occipital ring of  moderate width, narrowing towards the sides, more 
strongly arehed transversally than base of  glabella, gently rounded longi
tud inally ; its posterior margin arehed backwards. Preglabel lar field about 
one third the length of  glabella, with gently convex surface rather steeply 
sloping to anterior horder, notched posteriorly by short, median pre
glabellar groove. Behind it laterally there are very faint traces of a pai r  
o f  lateral preglabellar groaves running from the points of  union of  the 
preglabellar and axial furrows outwards and slightly forwards towards the 
fac ial sutures. Anterior border narrow, with sl ightly rounded surface, 
marked off by distinct, though rather shallow, narrow fu rrow ; its anterior 
margin nearly transverse along its middle, slightly curved backwards at 
sides. Fixed cheeks inside palpebral lobes rather narrow, their width 
being scarcely more than one fourth that of glabella, gently convex longi
tud inally, forming low lateral rolls outside glabella with a short, rather 
steep inner slope and a longer, gentie outer slope ; behind palpebral lobes 
their surfaces slope rather steeply to posterior borders and more gently 
towards the sides. The palpebral lobes are not preserved, but they seem 
to have been very Iong, about two thi rds the length of glabellå, and 
placed considerably less than their own length from posterior margin of 
cephalon. Posterior borders of fixed cl1eeks (badly preserved) seem to 
have been narrow, gently rounded and marked off by distinct furrows 
directed nearly straight outwards and downwards .  Anterior branches of  
fac ial sutures straight, very slightly converging anteriorly ; posterior branches 
turned very strongly outwards. 



TRILOBITES OF THE LEPTA;;NA LIMESTON E 205 

Surface of cranidium except in the furrows finely granulated . 
R e m a rks .  -- The above description and this new species is based 

on one single small cranidium,  measuring 2 mm. in length, which with 
the exception of  the  palpebral lobes and the hindmost portions of the 
fixed cheeks is rather well preserved.  

I t  belongs to the old col lection in  the Upsala Museum and is only 
labelled Dalarne, but  in  the same small specimen of  rock,  which consists 
of light Leptcena Limestone, there are fragments o f  Bronteus laticauda 
and Illcenus ov zformis. This proves that the rock is Upper Leptcena 
Limestone ,  and to j udge from its general appearance and for other reasons 
- most of the fossils from the Upper Leptcena Limestorre in  the old 
collections are from Osmundsberg - it seems most probable that i t  is 
from Osmundsberg . 

A ffi n i t i e s. - This species seems to  be rather closely allied to 
Törnq. Nicholsoni . It d iffers in  the weakness of the lateral preglabellar 
grooves, the much less convex glabella, preglabel lar field and fixed cheeks, 
in the narrowness of the latter, and in  the slighter defl.ection of  their 
postero-lateral  portions ,  which indicates that the entire cephalon was rather 
gently convex. 

H o r iz o n  a n d  L o c a l i t y ;  Upper Leptcena Limestone ; Osmundsberg? 

Törnquistia cf. depressa n .  sp .  PI. V, fig. 46. 

Re m a rks .  - There is an incomplete cranid ium from Kullsberg in 
the Lund Muse u m, which in  its general characters much resembles the 
foregoing. Its glabel la is ,  however, considerably shorter and broader and 
much more broadly rounded i n  front, and has the lateral glabel lar furrows 
placed farther forward . This difference may perhaps not be of very great 
specific importance,  hut since in addition to this i t  is  from a considerably 
older stratigraphical horizon i t  does not seem very probable  that it is 
attributable to the same species .  

H o r iz on a n d  L o c a l i ty. Lower Leptcena Limestone ; Kullsberg. 

Cyphaspidre incertce sedis. 

»Cyphaspis» s p .  ind .  a. PI. V, figs. 59- 6o. 

De s c r i p t i o n . - Glabella gently convex, samewhat longer than 
wide at base, ra pidly tapering anteriorly to the poin ted front end,  bounded 
by deeply impressed axial  and preglabellar furrows forming one contin 
uous curve .  The surface of  the g label\a is very bad ly preserved in all 
the specimens known, hut it seems as if 3 pairs o f  lateral glabel\ar furrows 
situated at a bo ut the same distance apart, were present ; the anterior t wo 
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pairs very short , being little more than sl ight indications upon the lateral 
surfaces of  glabella ,  and place d very far forward ; basal pair beginn ing 
in  axial furrows a l ittle behind mid-length of glabella, curving obliquely 
inwards and backwards towards occipital furrow but dying out before 
reaching this. Occipital furrow d istinctly marked, though not as deep as 
axial furrows, nearly transverse. Occipital ri ng of moderate nearly uni
form breadth, gently rounded longitudinally, rather strongly arehed trans
versally and about as high as glabel la ,  s l ightly p rotruding laterally outs ide 
base of latte r ;  i ts posterior margin gently arehed backwards .  Preglabellar 
field measuring from back to front along the median I ine about one third 
the length of glabel la ; i ts  surface gently rounded, sloping gently to an
terior border and confluent with the surfaces of the fixed cheeks. Anterior 
border rounded , rather wide ,  narrovving laterally, marked off by distinct 
furrow ; its anterior margin gently arehed forwards. Fixed cheeks gently 
convex,  their marginal portions are very badly preserved, but the width 
ins ide the palpebral lobes seems to have been about half the middle 
width of glabella .  The palpebral lobes (which are not preserved) appear 
to have reached rather far forwards. Posterior  borders of fixed cheeks 
very narrow n ear axial furrows, increasing  in width laterally, marked off 
by distinct furrows di rected sl ightly backwards. The anterior  branches 
of  the facial sutu res seem to have been straight and nearly parallel or 
slightly diverging anteriorly and the posterior branches to have curved 
from the eyes outwards and slightly backwards at first, and then to have 
bent more strong ly backwards to cut the posterior margin of the cephalon 
at a distance from the axial furrows somewhat greater than the basal 
width of  glabel la .  

Re m a r k s  and Affi n i t i e s . - There are 3 small imperfectly pre
served cranid ia - measuring from 1,5 mm. to 2 mm. in length -- from 
Kallholn in  the Upsala MuseLim,  which possess the above characters. 
They seem to represent a new species referable to the family Cyphas
p idce,  but the generic position is uncertain and the m aterial hardly suffi
c ient to attach to it a new specilie name.  

The affinit ies of this  species seem to be with »Pro r?tu p micropy gus 
CORD .  (CORDA,  1 847, p. 78 ; BARRANDE, 1852 , p .  445 ,  PI . XV, tigs. 37-
40 ; 1 872 , p. 1 5 , PI .  XIV, tigs. 20-2 1) ,  but i t  differs i n  the somewhat 
shorter preglabel lar field and the wider anterior horder; and the eye lo bes 
see m to ha ve been placed farther forward. 

CoRD A founded his species on the pygid ium alone, of which he  gave 
a brief descripti on but no figure. The cephalon was first described and 
figured by BARRANDE in  1 8 52 ,  who a lso  gave a new description and 
figures of the pygidium and later on ( 1 872) the same author figured an 
entire, though probably immature individual ,  and described the  thorax .  
In the  cephalon first described and figured by BARRANDE the  eyes are 
broken off and only known from the traces of the i r  bases, but, according 
to the author j ust mentioned,  they are a l ittle removed from the axial 
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furrows. To judge from the figure of the entire individual afterwards 
given by him, their distance from the glabella is  considerable ,  being at 
their posterior extremities nearly one  third the basal width of the gla
bel la. The facial sutures are not drawn in  the figures nor mentioned in  
the  text, but  whether this is because they are  not developed in  the  spe
cies, or o nly indistinct  in the smal l  specimens known, it is of course im
pOssible to say, though the latter alternative seems to be most p robable. 
As pointed out above, the sutures are not distinctly observed in the form 
from the Leptcena Limestene either, but they appear to be developed 
and to have the course suggested . 

From BARRANDE's description of the pygidium of »Proetus » micro
pygus (which in this respect is samewhat vague) it seems as i f  the relief 
of the two pleural bands was rather different and, to judge from his figure 
of  the · detached pygidium (in the figure of the entire pygidium this cha
racter is less distinct), it is the posterior one which is most strongly raised . 
I have observed a. s imi lar difference between the pygidial p leural bands 
in several specimens of  Cyphaspis elegantu la ANG. , whereas among the 
Proetidce the bands have e ither about the same height or, when there is  
a difference i n  the relief, the anterior band is more strongly raised and 
the posterior one depressed. In the relative strength o f  the i nterpleural  
and pleural furrows the pygidium of  this species seems also to resemble 
speci es of Cyphas pis more than the typical Proetidce. 

There are two forms of pygidia from the Leptcena Limestone (they 
wil l  be described below as » Cyphas pis >> sp. ind. b and c) , which in their 
chief characters agree very closely with this pygidium, and it seems pro
bable that one of  them belongs to the same species as the cranidia from 
the same formation described above. 

On account of  the positi on of  the eyes and the characters of  the 
pygidium and since in its other characters i t  does not show any more 
points of resemblance with the Proetidce than with the Cyphaspidce, i t  
seems preferable t o  place CORDA's species and  the  probably congeneric 
forms from the Lept::ena Limestene in the latter family. 

These species are evidently not referable  to  Cypha spis (sens. str . ) 
since ,  among other differences, they lack the isolated basal glabellar lobes 
which characterize this genus.  From the species referred to Tömquistia 
they d iffer in the shape of the glabella and occipital ring, the posterior 
brancl1es of the facial sutures ( i f  present) seem to have a d ifferent course , 
and the thorax and pygid ium, as far as they are known,  show great 
differences .  It seems probable th�t they represent a separate genus, but 
unti l their characters and posit ion are a l i tt le clearer  it appears best not  
to i ntroduce· a new generic name. I have therefore for the present on ly 
designated the speci es from the Leptcena Limeston e as > >  Cyph aspis» .  

H o r izo n a n d Lo c a l i t y. - Upper Leptcena Limestone; Kallholn . 
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»Cyphaspis» sp .  ind .  b .  PI. V, fig. 6 1 .  

Sp e c i fic Ch a r a c t e r s . - Pygid ium semiel l i ptical t o  sub-parabolic 
in  outl ine ,  about two thirds as I ong as wide, rather strongly convex. 
Axis moderate! y convex, occupyi ng  about one third the width of pygidium 
at anterior margin and extending rather more than three fourths i ts  length, 
rapidly tapering posteriorly to bluntly pointed extremity and continued 
backwards by short, indistinctly defined postaxial 'ridge ; divided in to 6 
to 8 axial rings and a very short tr iaugular terminal piece by d istinct 
though weak furrows which grow fainter posteriorly. Ist axial ring gently 
rounded and slightly narrower ( longitudinally) than following ones ; fol lowing 
ones a lmost '>Vithout independent convexity. Axial furrows deeply im
pressed,  growing shallower posteriorly. S ide lobes sloping rather steeply 
downwards with convex surface ; in  some species (casts) the marginal 
portion forms a narrow, thickened horder, very sl ightly differentiated from 
the general surface, growing a l ittle wider and more distinct posteriorly ; 
in testi ferous specimens the border does not seem to be indicated at all .  
Each s ide  lobe with 6 pleurce defined by narrow and shallow interpleural 
furrows, which become fai nter poster iorly - the last two pairs of pleura: 
being recognizable only in some specimens - and divided by somewhat 
broader pleural furrows, which terminate a l itt le ins ide margin. Inter· 
pleural furrows generally somewhat longer than pleural ones, hut with the 
exception of the I st pair not quite reaching the margin .  Posterior pleural 
bands generally slightly bent upwards so that their posterior edges are 
sl ightly raised above the surface of the more depressed anterior bands of 
nearest following pair of pleurce. This feature is ,  however, not dist inctly 
pronounced in all of  the specimens, in som e the rel ief of the bands seems 
to  be about the same or  the difference i s  very slight .  Doublure narrow, 
widening a little posteriorly. 

The surface of  the pygidium seems to be very finely granulated .  
D i m e n s i o n s . - The pygid ia observed vary from 1 ,75 mm.  to 3 mm. 

in  length. 
R e m ar k s. - The material on which the above description is based 

consists of several pygidia from Kallholn and one from Boda in the Up
sala Museum and 3 pygidia from the latter locality and one from Öst· 
björka (Gryssen )  i n  the State Museum of Natural History. As  a l ready 
mentioned (p.  207), i t  seems possible that these pygid ia belong to the 
same species as the cranidia described a bo ve as » Cyphaspis» sp. in d. a .  
The glabel la  o f  the  latter correspo�ds in  its shape to the axis of the 
pygidia .  One pygidium is also really found in rather close association 
with one of  these cranidia ,  hut it is too !arge to have belånged to the 
same i nd ivid ual ; i t  measures 3 m m .  in length , the cran id ium only 2 mm. 
The smaller of  the pygidia seem,  however, to earrespond in size to two 
of the cranidia (which are 2 m m. 

'
Iong, the third being only 1,5 m m . )  and 
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i t  appears possible that the cranidia, o f  which such a small number is 
known,  represent young individuals .  

A ffi n i t i e s .  - This pygidium agrees in  its chief characters, as al
ready mentioned above (p. 207) , with the pygidium described by CORDA 
and BARRANDE as Proetus micropygus, but the latter differs in its dis
tinctly marked, flatterred marginal border, and it i s  more broadly rounded.  

The pygidium associated above (p .  1 9 1 )  with the cranidia described 
as Cyphaspis trigoda also shows several points of  resemblance, but it is 
much wider in  relation to its length , the side lobes are not so strongly 
bent down,  the pleural furrows, at !east posteriorly, more distinct and the 
postaxial ridge is higher. 

Ha r i z o n  a n d  L o c a l i t i e s .  - Upper Lept<!!na  Limestone ; Kallholn, 
Boda, Östbj örka.  

»Cyphaspis» sp. ind .  c .  PI .  V, fig.  5 8 .  

S p e c i fi c  C h a r a c t e r s .  - Pygidium semieliiptical to sl ightly para
bolic in  outl ine, about two thirds as Iong as wide .  Axis rather strongly 
convex, occupying rather l ess than one third the width of  pygid ium at 
anterior margin ,  and extending nearly three fourths its length, gently 
tapering posteriorly to rounded extremity ; divided by very faint furrows 
i nto 7 or 8 axial r ings and a short terminal piece, and continued back
wards by short, low, ind istinctly defined postaxial piece not reaching 
posterior margin . Axial rings without independent convexity . Axial 
furrows rather shallow, not united behind axis. Side lobes gently to 
moderately convex, the degree of convexity being rather different in 
different specimens, sloping more steeply downwards posteriorly than 
laterally, the  slope becoming mo re  abrupt n ear  the margin; with 7 pairs 
of pleur<I! separated by narrow interpleural furrows ,  which become fainter 
posteriorly - the posterior ones being scarcely recognizable - and with 
the exception of  the anterior pair dying out a little inside margin. Arr
terior 3 or 4 pairs o f  pleur<I! divided by pleural furrows, which are some
what s horter than the interpleural  ones ; the first pair strong ly marked ; 
fol lowing ones gradually growing weaker posteriorly ; on the posterior 
pairs o f  pleur<I! no pleural furrows are d iscernible. Posterior bands of  
pleur<I! generally bent slightly upwards, so  that their posterior edges are 
slightly raised above the surface of  the more flatterred anterior bands of 
nearest following pair of  pleur<I!. Doublure of pygidium narrow, increasing 
in width posteriorly. (Ornamentation not observed.) 

R e m a r k s  a n d  A ff i n i t i e s . - The material on which the above 
description i s  based consists of  4 very small pygidia, measuring from I 

mm. to 1,5 mm. i n  length ,  from Östbjörka i n  ISBERG 's collection in Lund.  
In several of  their  chief characters, especially in the characters of 

the pleurre, they agree very closely with the pygidium described above 

14-192s2. Bull. of Geol. Vol. XVII. 
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as » Cyphasp is »  sp. ind .  b and with that of »Pro etu S» micropygus CoRD .  
(cf. above pp .  207 ,  208 ) and  i t  seems probable that they represent a new 
species referable to the same genus as these. The former d iffers in the 
general outline of  the pygidium, which is. not so bluntly rounded behind,  
and in the more strongly inc l ined s ide lobes ,  the latter in the presence 
of  a d istinctly marked , ftattened marginal border, and both in  having a 
more strongly tapering and more dist inctly annulateci axis. 

As mentioned above (p. 207) it seems possible that these pygidia 
be Iong to the same species as the cranidia descr ibed as  ' '  CyphaspiS» sp .  
ind.  a .  They earrespond better in size than the foregoing, but not so wei l  
with regard to the shape of  their axis. 

H a r izo n a n d  L o c a l i t y. - Upper Lept<ena Limestone?1 Östbjörka. 

»Cyphaspis»? sp. ind .  d. PI. V, fig. 62. 

S p e c i f i c  C h a r a c t e r s . - Pygid ium sub-triangular in outl ine,  bluntly 
pointed beh ind ,  about two th i rds as Iong as w ide, strongly convex, sur
rounrled by ind istinctly defined, narrow, tumid border. Axis rather gently 
convex, narrow, its width at anterior margin sl ightly more t han one fourth 
that of  entire pygidium, extending nearly seven eighths the length of 
l atter, gradually tapering posteriorly to obtusely pointed extremity and 
continued backwards by narrow postaxial ridge not quite reaching margin; 
d iv ided into 9 longitudinally gently rounded axial rings and a short ter
minal piece by distinct furrows, which become weaker posteriorly - the 
anterior ones being relatively broad and deep. Axial furrows of moderate 
strength . Side lobes with a s l ight ftattening in  front adjacent to axial 
furrows, then curving abruptly downwards to border ; camposed of 7 pairs 
of  pleurce and a narrow postaxial piece bearing  the postaxial ridge, se
parated by distinct, narrow interpleural furrows reaching the margin . An
terior pair of pleurce curving slightly backwards laterally ; fol lowing ones 
progressively more and more backward in direction. Pleurce marked by 
strong, rather broad pleural furrows , growing weaker posteriorly, reaching 
to marginal barder. Posterior ·bands of  pleurce,  except in  the two an
terior pairs, somewhat more strongly raised than anterior bands,  this 
feature growing more pronounced laterally and posterior ly.  

Test of  pygidium very finely granulated. 
Re m ar k s  a n d  A ff i n i t i e s . - There is one small pygidium, meas

uring 2 mm. in length, from Boda in  ISBERG's collection in  Lund, which 
possesses the above characters . Its true generic position is uncertain. In 

1 As mentioned several t imes ab  o ve (cf. p .  J 3 J and p .  195), most  of  the exposures 
of  Lept::ena Limeston e  in the village of  Östbjörka are in the Upper Lept::en a  Limestone, 
although it appears as i f  the Lower Lept::ena Lim estone  too bad been exposed within this 
village, . and i t appears , als o to  j udge from the gen eral appearan ce of the rock in w h ich 
these pygidia occur, most  probable that they are of Upper Lept::ena Limestotie age . 
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some characters i t  recal ls species of Pterygome topus [e. g . Pteryg. annu 
la tus RAYM. (RAYMOND, 1905 a, p. 376, PI. XIV, figs. 24, 25)], but on the 
whole it seerus to be more closely related to the Cyphaspidce. In the 
characters of the pleurce and in some other features it reserobles rather 
closely the pygidia described above as » Cy plzaspis • s p. ind .  b and c and 
that of  »Pro etun micropy gus CORD.  (cf. above p .  207 ) ,  although the pleural 
furrows are considerably stronger than  in  any of those. It <.iiffers from 
them in its more triaugular shape, i n  its relatively longer and narrower 
axis and more steeply incl ined side lo bes ; further the margi nal border is 
less distinct, narrower and more tumid than in the latter. 

H o r i z o n  a n d  L o c a l i t y . - Upper Leptcena Limestone ; Boda. 

Family Harpedidre CoRDA. 

The Harpedidce have generally been considered to be closely related 
to the Trinucleidce on account o f  the s imi larity i n  several respects in 
the organization of the cephalon i n  the two groups.  In the characters of 
the thorax and the pygidium they show, however, great differences, and 
the fact that in both groups the eyes are reduced, the free and fixed 
cheeks fused, and the cephalon enlarged by the development o f  a wide 
bilaminar marginal portion 1,  ma y per ha ps on ly be a case of  parall el , inde
pendent evolution in the adaptation for a similar mode of I i fe . 

As a rule , among the trilobites, the reduclion of  the eyes seerus to 
be accompanied by the reduction of  the free cheeks and the increase of 
the fixed ones and a corresponding shi ft ing of  the fac ial sutures closer 
to the margins ; more seldom the fixed and the free cheeks have 
become fused . This latter change appears to have taken place in the 
Harpedidce and the Trinucleidce, but that the two groups have fol
lowed this more unusual I ine of  development need not prove a close 
relationsh ip ;  i n  Ampyx, a genus which apparently is very nearly allied 
to the Trinucleidce, the other I ine has been fol lowed.  That closely 
related species have, in  this respect, followed different I ines is also exem
pl ified among the Proetidce. In most of the bl ind forms belonging to 
this family a shifting of  the sutures has taken place, but  in a few species 
the free and fixed cheeks appear to have fused instead (cf. RICHTER, 
1 913 ,  p .  356) .  The Harpedidce are, as is weil know n, as a ru le not blind, 
though the eyes a re much reduced,  but s ince these apparently have kept 
their original place, the facial sutures could not shift towards the margins, 
but when they became unnecessary (for the ecdysis?) they grew together .  

1 I base  th is  on  the assumption that this really has taken place, and that the forms 
in question have .originated from a ncestors with normal compound eyes and  real, dorsal 
facial sutures. 
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[As is weil known a similar coalescence of  the tixed and free cheeks seems 
to have taken place i n  e .  g. Acidaspis (Ce ratocephala) Ve meuilz' BARR. 
(BARRANDE, 1 8 52, p. 7 10,  Pl .  XXXVIII, tigs. I - 9) and in Acid. (Cerato
cephala) vesiculosa BEYR. (BARRANDE, 1 8 52, p. 7 I 5 ,  PI. XXXVIII, tigs. 
1 3-21 ) , which species possess normal compound eyes] .  In at !east some 
of the Trinucleidce the condit ions seem to have been similar. 

A wide, bilaminar marginal portion on  the cephalon is  found in se
veral otherwise very d ifferent forms (e .  g .  among the Asaphidce, the 
Dikelocephalidce, in the genera Tropidocoryp Jze and Astyco ryphe among 
the Proetidce) .  In the Harpedidce and the Trinucleidce this portion is, how
ever, very similarly constructed and u nlike that o f  other trilobites, and 
this ,  together with some other s imi larities, seems really to i nd icate that 
they are rather closely related. It is  weil known that in both groups the 
u pper and lower lamellce are pitted, and, at !east i n  some cases ( in Har

pes probably always) they have partly coalasced -the hour-glass 
shaped hollow pil lars representing the opposite and communicating  pits 
on the two lamellce being continuous- and a marginal suture or  I i n e  of 
weakness is present. I t  might be pointed out, however, that in Harpes 
the latter appears to have the same course as in the Trinucleidce, running 
rather c lose to the upper edge of the marginal r im and when the rims 
of  the horns are prolonged into spines -as seems to be very seldom 
the case - cutting these off from the upper lamella. 

In l-larpes the bi laminar portion of the cephalon is  divided into an 
outer more or less horizontally extended portion (b rim) and an inner raised 
portion (cheek- roll) separated on the ventral surface of the lower Iamella 
by a sharply edged r idge, and on  the upper Jamel la generally by a 
narrow smooth band .  Something corresponding is found in most Trinu
cleids, in  which the lower Iamella is  more or less distinctly angulated at 
same distance inwards from the margin ,  and thus divided into an outer 
and an inner band.  When the angulation is  strongly developed, the for
mer is more or less harizontal and the latter i ncl ined and most often i n
wards concave, and as a rule the bands are separated not only by the 
angular j unction, but also by the marked enlargement and th ickening of 
the concentric ridge ( the »girder») along this  I ine (cf. REED, 1 9 12 b , p .  3 50 
--3 5 1 ; RICHTER, 1921, p .  190). This d ivis ion into an outer and an inner 
band is  generally not at al l  o r  very faintly marked on the upper lamel la ,  
which usual ly is e ither un iformly flat, or gent ly concave,  or weakly con
vex ; but in  some species (e .  g. Trinucleus (Tretaspis) seticornis Hrs. and 
Trin . (Tretasp is ) Bucklandi BARR.) the  division i s  indirated on this too, 
i ts marginal portion being harizontal and its inner port ion steeply inc l ined 
and more or  less convex, and in Trin. (Cr yptolithus) Lloydi MURCH. (cf. 
SAI.TER, 1 8 5 3 ,  PI . VII, tig. 3 and text p. 2) the 2d and 3d rows of pits, 
counting from the outer margin, are (except posteriorly, where the pitting 

is more i rregular) rather remote from each other, and the. narrow smooth 
band lying between them is apparently situated just above the gi rder. 
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REED ( 1912 a, p. 202) has already pointed out that the circumferen
t i al region of  the cheeks inside the marginal row of p its i n  Dion zde atra 
SAL T. recalls the cheek-roll of Harpes. 

The smooth, more or l ess semicircular areas (al:e) which occur typic
ally in Harpes close to the base of the glabella and are cut off from the 
rest .of the cheeks, seem to be represented in larva! stages at !east in 
some of the Trinucleid:e (cf. BEECHER, 1 895 c ,  PI .  III, tigs. 1 - 2; BAR
RANDE, 1 8 5 2, p .  624, PI . XXX, tigs. 4 1 -43 ) and are i ndicated i n  some 
of  the adults, where the corresponding portions are smooth or orna
mented d ifferently from the rest of the cheeks (cf. REED,  1 9 I 6, pp .  
I I9, 120) .  

Genus Harpes GOLDFUSS. 

On the strength of the hypostomal characters N o vAK ( I  884, p p .  
2 I 5 -2 I 7 )  p ut the  t wo and on ly know n Bohemian Ordavieian species of 
Harpes - viz. H. benignensis BARR . and .H. primus BARR.- into a 
separate genus or sub -genus, which h e  narned Ha�jlin a. He pointed out 
that they d iffered from the Si lurian and Devonian species also i n  another 
character of  minor importance, viz. in  having fewer thoracic segments, 
not over 1 4, the latter, as far as is known, never having less than 20. 
RAYMOND { 1 905 b, p. 377) has shown that the name Harpina was pre
occupied and has exchanged i t  for Eoh a�jJes. He (cf. RAYMOND, 1 9 1 3  a, 
p .  7 1  I) seems to be of the opinion that not on! y the two Bohemian spe
cies mentioned above, but also all other Ordavieian species of  Harpes s .  
lat .  are referable to Eoh arpes 1 and this  opinion appears be shared by sev
eral other American writers. This seems  doubtful ,  however, but as Iong 
as we are unacquainted with the hypostomata of these species this point 
cannot be decided. In H. Ho rnei REED {REED , I 914, p .  1 0, PI. Il , tigs. 
1-2) the thorax consists, according to REED, of 2 3-25  segments (most 
of the other species here under consideration are only known by their 
cephala or, at !east, the number of their thoracic segments is not known)  
and in  the characters of the cephalon too th is  species seems to resemble 
some of the Silurian and Devonian species more than it does the two Bohe
mian Ordavieian species originally referred to Ha�pin a  ( Eoh arpes) .  This latter 
fact appears a lso to  hold true of most of  the other species here in ques
t ion, decidedly of the Lept:ena Limestone species, which moreover seem 
to be rather closely a l l ied to fl. Ho rnei (cf. below, p. 223 ) .  

The  pecul iar  construction of the  cephalon of Harpes has  made it neces-

1 RAYMOl•W (Op . cit., p.  71 I ,  fig. I 360) gives a figure of  Harpes UJtg-ula STERNB . 
under the name of Eoltarpes ungula and  states it to be of Ordavieian age, but probably 
this is just a slip . As is  weil known, this specie s belongs to the Silurian (Etage E 2) 
faun a o f  Bohemia and its hypostoma (cf. BARRAl\DE, !8p, PI. IX, figs. s-6) s h o ws the 
characters typical for Harpes s .  str. 
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sary to i ntroduce some special terms to designate certain parts. In the 
following descriptions most of  those suggested by BA THER ( 1 9 1 0) and 
REED ( 1 9 1 4) have been adopted , the smooth semi-circular areas outside 
the posterior  portion of  the glabella being called the >> al<e» ,  the furrows 
bounding them the » alar furrows )) ,  the term " cheek-roll , being used for 
the raised inner part of the duplicated portion of the cephalon ,  and the 
impressed concentric Iine marking off the cheek-rol l from the cheeks 
proper (the »cheek lo bes " ) being designated the " lateral I ine " .  For the 
sharply edged ridge which on the lower Iamella separates the cheek-roll 
from the brim, I have adopted the term » gi rden , introduced by REED 
( 19 1 2  b, p. 3 5 1 )  to designate the corresponding structure found in several 
Trinucleids (cf. above, p .  2 12) . Brim,  as suggested by BATH ER, is a 
better name for the externa! horse-shoe shaped portion o f  the cephalon 
than lim b, barder, fringe or any other word which has been used ; espe
cially since it  apparently only earresponds to the outer part of the fringe 
in the Trinucleid::e, and since if -as seems most Iikely to be the case
the whole of the bilaminar portion of  the cephalon is due to the 
broadening out of  the ordinary cephalic border ( = lim b in so me authors) 
it can only be regarded as representing a part of the horder. For the 
same reason the raised margins of  the bilaminar portion are better termed 
» marginal rims » than horders, and i t  i s  preferable to use the name the 
" horns » of  the brim for the prolongations of the brim back of the gena! 
angles -as REED and some other authors do- than to call these gena! 
spines. 

D i s t i n g u i s h i n g  C h a ra c t e r s  of t h e  S p e c i es .  
Br im flattened , harizontal or sloping  gently and evenly towards the 

sides Harpes costatus ANGELIN.  
Inner  portion of  br im flattened or gently convex, nearly horizontally 

extended, outer portion steeply arehed down Harpes Wegelitti ANGELIN . 

Harpes costatus ANGELIN.  PI .  V ,  tigs. 1 - 6 ;  text· fig. r 8 . 

1 8 5 4. Harfes costatus, ANGELI N ,  p. 8 5 ,  PI. XLI, figs. 4-4 a .  
1 894. Harpes Wegelini, ScHMIDT, p.  69,  PI.  V, figs . 1 0- 1 8. 
? 1 896. Harfes Wegelini, REED,  p. 436. 
? 1 907 a. Harpes Wegelini, WIMAN, p. 1 3 9, PI. VIII, fig. 24. 

S p e c i fi c  C h a ra c t e r s .  - Cephalon horse-shoe shaped,  with broad 
flattened brim prolonged posteriorly into Iong tapering horns, which curve 
inwards at the extremities, its length along the meclian I ine about two 
thi rds the greatest width .  

Median portion of cephalon ,  inside brim , strongly convex, rising very 
steeply from brim at sides, samewhat more gently in front,  nearly two 
thirds as Iong as wide at base, sl ightly tapering anteriorly with very 
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slightly outwards convex sides, bluntly rounded in front but more strongly 
arehed and slightly protruding in the middle in front of glabella. Gla
bella sub- conical , strongly elevated above the general surface, samewhat 
campressed from the sides, so as to became sl ightly keeled in the middle ,  
measuring about three fifths the length of cephalon (minus brim) and at 
the base generally about one third its width -,-in ]arge specimens some
what more - tapering anteriorly, bluntly roun ded in front .  r st and zd 
pairs of lateral glabellar fu rrows only represented by sl ight inden tations 
on the sides of the glabell a ;  I st pair placed about two thirds the length 
of glabella from base ; 2d pai r samewh at in front  of mid-length of g Ia
bella ; basal pair distinctly impressed , arising in axial furrows at about 
one third the length of glabella from base, ru nning obliquely inwards 
and backwards for about three fourths the length to occi pital furrow, and 
generally connected with latter by shallow grooves, then curving upwards 
and continued by very narrow and shallow 
grooves, which grow weaker anteriorly and run 
in upwards convex curves forwards and then 
downwards to 2d pair  of lateral glabellar fur
rows -the anterior portions of these groaves 
only d iscern ible in a few specimens and al
ways very faint .- Basal glabellar lobes sub
triangular, slightly projecting at sides -more 
dist inctly in the !arge than in the smaller spe
cimens- extending about half-way up  on the 
sides of glabeila , their surfaces comparatively 
gently inclined and with slight independent con
vexity, the central lobe of the glabella rising 
steeply between them . Axial and preglabellar 
furrows not deeply impressed, in some specimens 

Fig. 18. Harpes costatus 
ANGELIN. Cephalon X L 
Kallholn.  Upsala Museum. 

the latter almost obsolete. Occipital furrow broad ,  shallow and nearly 
transverse behind central lobe of glabella ; its lateral portions narrower, 
deeper and d irected slightly forwards .  Occipital ring of moderate width ,  
very strongly arehed transversally an d samewhat compresed from the 
s ides, rounded longitudinally, with indistinctly defined median tubercle .  

Upper parts of cheeks (cheek lobes) and preglabellar area separated 
from lower bilaminar and perforated parts (cheek-rol ls) by narrow continuöns 
groave (lateral I ine) , which generally is very d istinctly impressed in front 
of  glabella ,  growing weaker laterally and posteriorly. Preglabellar field 
proper (above the groove) very short, sloping gently downwards, with 
both transversally and longitudinally gently rounded surface. Surface of 
cheek lobes rising from al l  s ides to the eye lobes, which are situated a 
l i ttle behind front end of glabella -nearly opposite anterior lateral gla
bellar fu rrows- and distant from i t  about one third its width. Eye 
lobes relatively !arge and prominent, hearing on their outer surface two 
separate , rounded ,  gently convex !enses, and connected with sides of 
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glabella by narrow, low, nearly transverse eye ridges increasing in width 
inwards. From the outside of the eye lobe a narrow, slightly raised ridge 
runs in a sl ightly forwards convex curve backwards and outwards down 
the steep slope of the check lobe and cheek- roll , growing weaker and 
more backward in direction posteriorly ,  and dying out near the inner 
margin of the br im nearly opposite the occipital furrow. On the ventraJ 
surface of the inner Jamella of the check-roll there i s  also a ridge corre
sponding to the one  on  the outer lamella. Behind the eye lobes on the 
sides of the glabella are smooth depressed areas (alce) each marked off 
from the rest of the check by a strong, curved furrow arising in the axial 
furrow at about the same place as the zd l ateral glabellar furrow and 
running at first backwards and slightly outwards but soon bending more 
strongly outwards and then sweeping round in  a sharp curve to unite 
with the occipital furrow at the base of the glabella .  Each ala is longi
tudinal ly divided by a weak, gently curved groave into two sub-crescentic 
portions, an inner narrower, samewhat swollen one, and an outer broader 
one, the surface of which is flattened or only very gently convex and 
distinctly depressed beneath the surface of the outer adjoining portion of 
the check. At its greatest extent the width of each ala is about half 
that o f  the glabel la .  

Check-rolls proper (not including the portion of  the roll  in front of  
glabel la)  without i ndependent convexity, steeply bent  down , highest i n  
front where they adj oin the preglabellar area, very gradually decreasing 
in  height laterally  and posteriorly to about opposite base of  glabella, 
then increasing in height again to posterior borders of checks and elong
ated backwards into broad-based, rapidly tapering, steeply incl ined pro
longations reaching nearly half the length of  the horns of the brim . Pre
glabellar portion of roll with sl ight independent convexity both longitudin
al ly and transversally. Posterior border of  check narrow raised, slightly 
thickened, directed nearly straight outwards for a short distance from 
axial furrow hut soon bending backwards · in  a wide curve to pass into 
the inner marginal r im of the free protruding arm . 

On  the dorsal surface the cheek-rol l is separated from the brim by 
a narrow smooth band which is less steeply incl ined than the cheek-rol l .  
Corresponding to this on the ventrat side i s  a sharply edged r idge or 
crista (the girder) formed by the lower (inner) lamella. They follow the 
angulation all round  the cephalon and have been observed to the base 
of the spines formed by the prolongations of the marginal rims,  hut they 
diminish in width towards the extremities of the horns and the girder 
grows lower and less sharply edged . The inner side of the girder is 
slightly inwards convex and its general direction is nearly straight down
wards except posteriorly, where it  m ight bend a little inwards ; the out· 
side is flattened and di rected obliquely inwards. The incl ination of the 
band on the upper surface and the direction of the outside of the girder 
vary a l ittle in different specimens, hut as a general rule the former seems 
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to become more steeply inclined and the latter to be directed more 
strongly inwards posteriorly. 

Brim broadest in front, measuring from back to front along the 
median I ine from four  sevenths to two thirds the length of  cephalon in
side brim, gradually tapering -in some specimens very slowly, in others 
samewhat more quickly- posteriorly to about half or two thirds the 
length of  the horn s ;  t hen the decrease in  width becomes more rapid ; its 
surface fl.attened , generally sloping gently downwards laterally so that the 
anterior margi n becomes gently arehed upwards ; extremities of horns 
gently ben t upwards. The ou ter margin of the brim · forms part of  an 
elongated oval with a narrower posterior and a broader anterior end and 
generally with rather strongly but  in some specimens only slightly con
vex sides. Generally the greatest width is across the middle of the gla
bella but in some specimens the sides are near!y paraHel from that leve! 
to about the leve! of  the occipital furrow.  Inner margins of horns nearly 
paraHel to near extremities, where they curve gently inwards. Outer 
marginal rim thickened, smooth, narrow, h igher than broad, raised above 
the surface of  the upper Iamella and extending below the surface of the 
lower lamella, becoming confluent with the inner rims at the extre
mities of the perforated flattened parts of the horns, and prolonged back
wards into relatively Iong ( for the genus) incurving spines ; its inside 
even ly round ed ; i ts outside angulated and furnished with thre·e paralle l ,  
sharply edged ridges, one near the upper and one near the lower edge 
of the rim, the third about mid-way between the two others ( these ridges 
are formed by the thickening of  the test, and are consequently hardly 
traceable on the casts) ; j ust above the uppermost ridge is a faint narrow 
groove, which rounds the extremities of the horns at the base of the 
spines and continues on the inner rims, gradual ly sh ifting farther away 
from . the upper edge. To j udge from specimens in which only the upper 
Iamella .of the brim and chcek-roll is  preserved and which evidently repre
sent exuvi�, the test, at the ecdysis, apparently split up along this groove, 
which thus seems to represent the so- cal led marginal suture. It does not 
seem as if this was a real open suture 1 bu t on ly a I ine of weakness, b ut 
the test is too badly preserved on the specimens available to decide this 
point. In the exuvi� observed the posterior portions of the horns are 
not preserved , but to j udge from the course of the grooves, the spines 
belong to the lower lamella .  Inner marginal  rim simila r to outer, but not 
extending below lower J amel la of horn, but posteriorly following upper 

1 As is  we i l  known,  the  presence of  a rea l  marginal suture in the gen us  Harpes 
has generally been assumed.  That it is present in some species of the  gen us, at !east in 
H. macrocephalus GOLDF. seems now defin ite! y to be proved by RICHTER ( 1 9 1  5) .  It is  
not inconceivable, however,  that the species are in  a different posi t ion in  this respect .  
If  the  presence of  a margin a l  suture is  a special adaptation , which seems most Iikely to 
be  the case, i t  seems q uite conceivable that  in the geologically older species  of  the 
genus i t was ·  represented by a I ine of weakness and in  the younger ones developed as a 
real open suture . 
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edge of girder and then upper edge of prolongation of cheek-rol l ,  to 
pass finally into posterior border of cheek. 

Outer and anterior sJopes of cheek lobes covered with smal l ,  closely 
set, comparatively shallow pits, the walls of which form a network of 
i rreguJar pentagons or quadrangles. In front and .outside the eye lobes 
the p its show a tendency to be arranged i n  rows, general ly running at 
nearly ri ght angles to the lateral I ine .  Inner slopes of cheek lobes with 
shallower, more sparsely distributed pits. Bilaminar portion of cephalon 
with small ,  closely set perforations, formed by the opposi t e  and commu
nicating funnel-shaped pits of  the upper  and lower lamell;:e (cf. RICHTER, 
1 9 1 5 ,  p. 147 ; 1 92 1 ,  p .  1 85 ) .  On the brim, the posterior portions of the 
cheek-rolls, and the portion of the roll just in front o f  the glabel la the 
perforations are i rregularly d istributed, the.ir walls forming on the surface 
a network of irreguJar pentagons .  On the anterior portions of the cheek: 
rol ls proper they are sometimes arranged in rather irregular sub-parallel 
rows, i n  which case the network of  the walls may consist either of irre
gular quadrangJes or of pentagons ; the rows generally form direct con
tiimations of  the rows of pits on the cheek lobes. This feature is, how
ever, never very pronounced ; sometimes a fe w rows are seen here and 
there -most often in  front of the eye lobes- separated by portions 
where the perforations are more i rregularly distributed and sometimes the 
perforations are arrranged in rows on the upper hut not on the lower 
p arts of the cheek-rol ls .  Inside the outer and inner marginal rims is  a 

single row of  larger perforations . The narrow smooth band on the dorsal 
surface and the girder  on the ventraJ surface, which separate the cheek· 
roll from the brim,  are also bordered on both sides by a single row o f  
reJativeJy !arge perforations, those i n  the  i nner (upper) ro w generally 
being somewhat smaller than those in the outer (lower) one,  which are 
of about the some size as the perforations in the intermarginal ro\v .  

D i m e n s i o n s .  - The specimens (cephala) from the Lept<ena Lime
stone which have come unJer  my notice are o f  very different sizes. In 
most of them the length along the median I ine i s  between I O  and 1 5  mm. ,  
and the greatest width between I 5 and 22  mm. In the largest on  e the 
width is 37 mm. ,  and the length seems to have been about 26 mm. In 
a very small specimen the length is not quite 4 mm . 

R e m a r k s .  - The material on which the above description is based 
consists of a little over a dozen more or less complete cephala from Kall
holn in  the Upsala Museum and one cephaJon from Lissberg in the Mu·  
seum of the GeologicaJ Survey. 

In 1 8 54 A NGELIN figured u nder the name of Harpes costatus (PI. 
XLI, figs. 4 - 4  a) a cephaJon from the Lept<ena Limeston e of Osmunds
berg, and under the name of Harpes W e gelini (PI . XLI, figs. 3-3 a) 
another  cephalon from the same formation .  Both the specimens were 
incomplete -as is  seen from the figures, the specimens are not now to 
be found- hut the figures give a fairly good i dea of the characters of 
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the two forms, which d iffer i n  the cha racters o f  the brim . In the cepha
lon figured as H. costatus the brim is flattened, in the other convex. The 
accompanying diagnosis (Op. cit. p .  8 5 ) ,  however, says the reverse, viz .  
that H. costatus has a convex, H. Wegelini a flattened brim, but  this is 
evidently owing to a miswriting or a misprint. It  is  quite clear which 
of the forms is meant to be cal led H. costatus and which H. TVegelini 
both from the references to the figures and from the rest of the brief 
diagnosis. 1 

ScH�HDT ( 1 894) was of the opinion that the two forms were not 
separable and referred them both to the same species, for which he used 
the name of  H. Wegehni -this being the form first mentioned by ANG E
LIN - and under this name he described and figured (Op. cit . , PI .  V, 
figs. IO ·- 1 8 ) several specimens from the East Baltic Lyckholm Formation 
and one from the Lept<ena Limestone of Dalarne (Unskarsheden) .  It 
seems, however, as if SCHMIDT was mistaken.  In the material now avai l 
able from the Lepta::na Limestonc there are over a dozen cephala which 
agree weil with ANGELIN 's  figure of fl costatus and several others which 
are referable to H. rVegelinz·. It i s  true that the two forms agree in most 
of their characters and that ANGELIN ' s statement that H Wegeli11i differs 
from H. costatus in the absence of  eye ridges, is incorrect, but the differ
ence in the characters o f  the brim seems to justify us in keeping the 
two forms apart .

. 
In H costatus the brim is, as mentioned above, flattened 

or i t  may be slightly concave or even sli ghtly convex, but i n  the latter 
case the surface is evenly rounded, whereas in H. Wegelini (cf.  below, 
p .  224) the oute r  portion of the brim is always strongly bent down. There 
is also a slight difference in  some others characters, as will be pointed 
out below. 

SCHMI DT (Op. cit . p p .  69, 70) ,  j udgi ng from the East Balt ic mate
rial , has alleged as one of the reasons for uniting the two forms, that it 
i s  impossible to make any sharp distinction between flattened, somewhat 
concave, and convex brims. In al l  the figures given by him the brim 
seems distinctly flattened, however, and in the diagnosis of the species 
he has stated it to be flattened or slightly concave. It appears ·p robable 
that in the former statement be  only referred to very sl ightly convex 
brims, and that he  thought that in ANGELIN 's  figure of  H Wegelini the 
convexity of the brim was exaggcrated (ANGELIN's figures are not always 
reliable) . Otherwise, to j udge from the usual correctness of  his statements, 
even if he had referred the forms to the same species he would presum
ably have gi ven a more exact diagnosis of  this, and most probably have 
figured a specimen with convex brim . It seems thus as i f  the true H 
Wegelini had not been found i n  the East Baltic Area, s ince , i f  the two 

1 In  the d iagnos i s  it i s  s tated that  eye ridges are present in  H. costatus but not in  
H. Wtgdini, and in the fi g u r e  o f  the former t h e y  are drawn hut not  in that of the 
latter. As a matter of fa ct they are, as  proved by the m aterial no\v available,  present in 
both forms,  althoLJgh they m ay be more or less dist inct in  different specimens. 
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forms are to be kept apart, the specimens figured and described by 
SCHM IDT are evidently not referable to this species but to H. costatus. 
They seem to agree wei l  w i th those from the Lept:ena Limestone .  

The  cephalon from the  North Baltic Östersj ö  Limestone which Wr
MAN ( 1 907 a, p .  1 39 ,  Pl . VIII,  fig. 24) ,  painti ng  out its agrcement with 
SCHMIDT's figures and description , attr ibuted to H. Wegelini, ought also 
evidently rather to be assigned to H. costatus. lt  d iffers, however, from 
the form from Dal arne and the East Baltic Area in the brim, which is 
widest at the sides at about the leve! of  the occipital ring and grows 
narrower anteriorly, measuri ng  from back to front along the median  I ine 
scarcely  more than one thi rd the length of the cephalon inside the brim .  
In the specimen of H .  costatus from the  Lept:ena Limestone the width of  
the brim varies a little, but in  a l l  which have come under my notice, i t  
measures along the median I ine more than half (from four sevenths to 
two thi rds) the length of  the cephalon inside the b rim. This . seerus also 
as a rule to be the case in the East Baltic specimens ; only in one of 
SCHMIDT's figures (Op. cit. Pl . V, fig. 1 2 ) does it measure samewhat less. 
Further, the brim is  always widest in front both in  the specimens from 
the Lept:ena Limestone and ,  to j udge from SCHMIDT's figures and table 
of measurements, in those from the Lyckholm Formation . This makes it 
seem samewhat doubtful vvhether the cephalon from the Östersjö  Lime
stone  really is referable to H. costatus either, although , as far as can be 
seen oh the rather badly preserved specimen, i t  shows otherwise the 
characters typical for th is species. 

REED ( 1896, p.  436) has referred, with a not e of interrogat ion , a 
portion of a cephalon from the Keisley L imestone in Engl and to H. co
status, and further reported that fragments of H. Wegelini are not very 
uneamman in this formation.  It is evident, however, from what he says 
of the former, that he has mistaken the two species for one another, 
apparently on account of  ANGELIN's  erroneous d iagnosis (cf. above, p. 
2 1 9) .  I have, moreover,  had the  opportunity to  examine, i n  the Sedgwick 
Museum in Cambridge, one of the specimens assigned by REED to H. 
Wegelini, and this ,  which consists of a portion of a rather  !a rge fta ttened 
brim, evidently does not belong to this species, but seerus referab le  to 
H. costatus. Thus it seerus probable that the species of Harpes » not very 
uncomrnon» in the Keisley L imestone is identical wi th H. rostatus, but  
until more complete specimens are available this point cannot  be decided . 

REYNOLDS and GARDINER ( 1 896, p .  593 )  and REED ( 1 897 , p. 8 5 )  
have reported H. Weg eli1Zi also from the Kildare Limeston e  of the Chair 
of Kildare in  Ireland and it seerus probable that in this case too i t  i s  
H. costatus which is meant .1  

1 T h e  determinat ion of  v e ry m a n y  of R EY N O Los' a n d  G ARDIN ER's specim ens fro m  
the Kildare Limest o n e  has appareu tly b e e n  m a d e  b y  R E E D  (cf. REYNOLDs and GARDINER ,  
o p .  cit,  p .  5 9 3 ,  foot-note). 
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H. costatus (as weil as H. Wegelini) has further been reported by 
KlAm ( 1 897,  p. 74) from Etage 5 in Norway. 

The narrow, raised ridges, mentioned above, which run from the eye 
lobes obliquely outwards and backwards are d iscernible in  al l  weil pre
served specimens. They are also found in H Wegelini and in several 
other species of  Harpes, e. g. H crassifrons BARR. (BARRANDE, 1 8 52 ,  
PI .  VIII, figs. 24 ,  2 5 ) ,  H vittatus BARR. (Op .  c i t .  PI . IX ,  figs. 7 ,  8) ,  H 
(Eoltarpes) ottawensis BILL .  ( RJI.LINGS, 1 865 ,  p. 1 82 ,  fig. 1 6 5 )  and H. 
(Eoftarpes) antiquatus BILL. (RAYMOND , 1 9 1 0  b, PI . XXXII, fig .  1 ) . It has 
been suggested that these ridges may mark the posit ion of the posterior 
branches o f  the facial  sutures, but this seems very improbable. They 
have also (cf. RAYMOND, 1 920, pp .  82 ,  83 )  been considered to be of the 
same nature as the markings or, to use RAYMOND's (Op. cit . )  term, gena! 
cceca, · found on the cheeks and preglabellar field (general! y only on the 
under surface of  the test) in  Conocoryplte, Elyx, Ptycltoparia, Parabolina 
Olenus etc. , and which have been supposed to be traces of  structures of 
some functional importance (digestive glands,  branches of the circulatory 
system ,  nerves) , and this appears more likely. They do not start from 
the  posterior extremities of  the eye  l obes, but from their outside, in  the  
Leptcena Limestone  species nearly at or just behind the  middle .  Further 
if the l ateral portions of the ventraJ lameila of the brim and cheek roll 
are formed by the doublures of the free cheeks, as seems most probable 
-j udging from the cond i tions in  other forms with a wide, bilaminar 
marginal expansion to the cephalon- the posterior branch of  the facial 
suture would probably have run inside the cheek- roll or, in any case, 
could not have cut the ventraJ lamella ,  and, as already mentioned,  there 
is a ridge on this too, corresponding to the one on the dorsal lamella. 
As is wei l  known, the » gena! cceca » on the free cheek of such forms as 
Paraboliua, Ptycltoparia, Olenus, etc. radiate from the outside of the eye 
lobe ; in Ogygopsis Klotzi Ro M. ( RAYMOND , 1 9 1 3  a ,  p. 7 1 8 , fig. 1 382) 
-where similar markings occur on the free cheek- one or  two seem to 
be more strongly developed than the rest, and in Tropidocoryphe Barroisi 
MILL.  (R. and E. RICHTER, 1 9 1 9  b ,  p .  3 1 ,  fig. 2 )  there are only two (or 
three) on each free cheek. It seems thus as i f  i n  Harpes the posterior 
branches of  the facial sutures must have run ins ide the r idges in question , 
and as if the latter consequently were situated on the free cheeks, and 
it appears probable that we may correctly compare them with the mark
ings or » gena! cceca » found on the free cheeks of other forms. 

A com parison with forms generally considered to be related to Harpis 
seerus also to support the belief that these ri dges are » gena! cceca » rather 
than the assumption that they are suture I ines. In several of  the Trinu
cleidce in whi ch the eye ridge and the » eye tubercle »  are developed (viz. 
most of the members o f  M'CoY's species Tretaspis) a similar ridge has 
been observed (cf. REED, 1 9 1 6, p .  1 2 1 ;  RAYMOND,  1 920, p.  83) running 
from the latter to the postero:lateral angle of the cheek lobe .  This seems 
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to be the » facial suture » described by M'Cov ( 1 846, p. s6 ;  1 85 1 ,  p.  1 46) 
or rather the posterior portion of the >> suture » .  REED ( 1 9 1 6, p.  1 74)  too 
has suggested that i t  may » mark the original course of the posterior 
branch of the facial suture » .  H e  seems, however, more inclined to believe 
that it is  a structure simi lar to the group of radiating markings (nervures) 
found in some other Trinucleidce (e.  g.  Trin. Murchisoni SALT.) and which 
originate from the same place in  the axial furrow as the eye ridge i n  
those first mentioned . This latter seems very probable, at any rate the 
ridge in question does not appear to be a suture I ine. In weil p reserved 
interior casts of Trin. (Tretaspis) seticornis Hrs. from the Black Trinucleus 
Shales of Dalarne this ridge running obliquely outwards and backwards 
from the » eye-tubercle » is weil developed, and in one of  the specimens 
which I have examined it is distinctly seen that it branches off at some 
distance fr<?m the postero-lateral angle of  the cheek lobe, and there are 
traces of  one branch which runs out from the main trunk farther inwards.  
There is further a seeond more faintly developed ridge (in anothe r  speci
men there seem to be 3) starting from the outside of  the » tubercle»  a 
li ttle in front of the other, at first sl ightly d iverging from this, then 
approaching it again ,  and final ly, as it  appears, merging into one of its 
branches. RAYMOND ( 1 920, p. 84) has described some  similar markings 
.(gena! cceca) observed on interior casts of Trin. (Cryptolz'thus) tesselatus 
GREEN. In this species there is, according  to this author, a short main 
trunk/ whi ch » gives rise to two pr inc ipal  branches, the first  of which in  
its turn  sends off I ines from the anter ior side » .  This is also distinctly 
seen on the figure gi ven by RAYMOND, and  to judge from this there 
seems to be a third very short branch, which lies between the two prin
cipal ones. 2 

1 This main trunk seems to occupy the same place as the eye ridge in the larva , 
but ,  as RAYMOND ( O p .  cit. pp.  8 3 ,  84) has already pointed out,  the primary trunk of the 
gena! c::eca and the eye ridge are apparently coincident  i n  other species too, and it 
appears as if  this was merely a coincidence and as i f  they were d ifferent structures. 

2 RUEDEMANN ( ! 9 1 6  c,  P· 1 4 5 )  has described these m a rkings as suture Iines, b u  t he 
seems only to ha,· e  o bserved the two principal  branches,  not  the minor ones.  He seems 
to be of  the opinion that the  two ridges found o n  the cheek lobe of  Trin. (C?ypto
lithus) Bureaui 0EH L . (cf. 0EHLERT, 1 89 5 ,  p. 303 ,  PI. I, fig. 7) Trin. (Cryptolithus) O?'
natus STERNB . (c f. BARRANDE, 1 8 5 2 ,  p. 62 5 ,  PI. XXX, fig. 5 4), a n d  Dionide formosa 
BARR. (cf. BARRANDE,  r 8p, p. 64 1 , P!. XLII, fig. 24) and the single ridge on the cheek 
lob  e o f  Dionide atra SALT. (REED, 1 9 1 2  a ,  p .  200, PI. XI) are also s u ture Iines . They 
seem, h o wever, to j udge fro m  the descriptions and figures available,  to start fro m  the 
axial furrow -at the same place as  the radiatin g mark i n gs in Tn'n. Murchisoni a n d  
the primary t r u n k  of  t h e  markings in Trin. (Cryptolithus) tesselatus- a n d  ( i n  the forms 
where there are two ridges) to unite in front  of the postero-lateral angle of the cheek 
lobe.  If the two ridges were the representatives of  the an terior and p osterior branch o f  
the facial s u ture, the  e y e  w o u l d  h a v e  been situated i n ,  o r  j ust  at,  t h e  axial furrow ,  and 
this  as well as t h e  circumstance that  the  two brancl1es of  the suture  would unite  seems 
more than doubtful .  N o r  does  it  seem probable that o n e  of them - o r  rather  the outer 
part o f  on e  o f  them a n d  the outer part of  t h e  single ridge in  Dionide atra- represents 
a branclt o f  t h e  suture and the other is a structure o f  a quite different nature, or that 
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A ff i n i t i e s ,  - As REED ( 1 9 1 4, p .  r r ) has pointed out, the affinities 
of this species 1 see m to be with the Girvan species H. Hornet" REED 
(Op. cit . p. r o, PI. II ,  figs. r -2) ,  which occurs in a formation nearly 
homotaxial to the Upper Leptcena Limestone. This author has already 
remarked that the Girvan species differs in  the division of the alce, hut he 
evidently believed -j udging  from the descri ptions and figures avai lable 
to him- that the a lce were not divided in H. costatus. This is ,  however, 
the case, at !east in the Swedish specimens, hut ·i n  the Girvan species the 
division seems to be more d istinct and the two portions of  the alce more 
equal in shape . Besides this and the other characters pointed out by 
REED ,  H. Hornei seems to d iffer in having the eye bosses more distinctly 
set off from the posterior portions of the cheek lobes, in the more semi
circular alce, the coarser perforations on the cheek- roll and brim and the 
smaller and more sparsely distributed pits on the cheek lobes. 

H. ottawensis BILL.  (BILLINGS,  r 865 ,  p. 1 82 , text- tig . 1 6 5 ) ,  as de
scribed and figured by .BI LLINGS has a relatively much w ider cephalon , a 
much narrower brim and a more pointed glabel la .  The cephalon referred 
to BrLLINGS' species by RAYMOND ( 1 905 a ,  p. 3 3 1,  PI. X, fig . 2) seems, 
to j udge trom the descripton and figure, to hear a closer resemblance to 
our  species, hut  the cephalon ins ide the brim is relatively narrower, the 
glabel la more truncated i n  front, the basal  lateral glabellar lobes have a 
d ifferen t form and no eye ridges seem to be present.  

In H Flanagani PORTL . (REED, 1 9 1 4, p .  9, PI .  I ,  figs . 7 - 9) the 
brim seems to be narrower in  the middle in  front and wider at the sides 
and its perforat ions appear to be coarser than in our species, the horns 
of the brim seem to be relatively longer, the eyes to be situated farther 
back, and the eye ridges to be oblique. 

The characters in  which H. Spass ki Ercnw. (SCHMIDT, 1 894, p .  66, 
PI.  V, figs . 3 - 9) differs have al read y been pointed out by SCHMIDT (O  p .  
cit.) and other species described do no t  seem to be  closely related .  

H o r i z o n s  a n d  L o c a l i t i e s. - This species has been found in the 
upper Leptcena Limestone at Kallholn, Osmundsberg and (according to 
SCHMIDT) Unskarsheden. 

Outside Sweden it occurs in the East Balt ic Lyckholm Formation 
and probably in  the Keisley Limestone at Keisley i n  England and in  the 
Kildare Limestone at the Chair of  Kildare in  Ireland. I t  is  further re· 

they are different structures from the radiating markings o n  the cheek lobe of other 
Trinucleidre. Finally as  regards Ampyx Hornei REED (REED 1 90 3 ,  p .  19, PI. III, figs. 
8 - 10), in which species t o o ,  according to RuEDEMA NN ,  » sutu re lines » occur, the l ines 
-they are, accordin g to REED,  9- 1 0  on each s ide,  not  o n ly 2, though 2 or 3 are said 
us ually to  b e  larger a n d m ore distinct than the rest- radiate from the axial furrow and 
are situated on the fixed cheek, and  inside the suture.  

1 REED calls the species H. Wegelini, but i t  i s  evident that H. costatus i s  m eant ; 
he refers to ScHMIDT"s description and figures (cf. above, pp .  2 1 9-220). 
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ported from Etage 5 in Norway and possibly the cephalon from the North 
Baltic Östersj ö Limestene mentioned above (p. 220) belongs to this 
species. 

�arp es Wegelini ANGELIN. PI. IV, figs. 2 1 -26. 

1 8 5 4 ·  Harpes Wegelini, ANGELJN,  p .  85,  PI. XLI, figs.  3 - 3  a .  
? 1 896. Harpes costatus A NG.?, REED p .  4 3 6 .  

R e m a r k s .  - This species i s  represented by several cephala from 
Kallholn and one  from Arvet i n  the Upsala Museum and by one cephalon 
from the former locality in the Museum of the GeologicaJ Survey. It is  
not stated at which local i ty ANGELIN 's type specimen was found .  

lt d iffers from the foregoing chicfly in the characters o f  the brim. 
The inner portion of  this is  flattened and nearly hori zontal ly extended, or 
gently convex ,  the outer portion is very strongly, generally nearly vertic
ally, arehed down . Posteriorly the inner harizontal portion decreases 
rapidly in  width , the outer portion grows less steeply incl ined,  and the 
surface of  the posterior portions of the horns - in on e specimen the sur
face of  nearly the whole of  the horns-- is flattened and rather steeply in
cl ined towards the sides.  In small specimens the outer inclined portion 
of the brim seems to be narrower than in the larger ones. Owing to its 
convexity the brim appears narrower than in  H. costatus; measured along 
the surface it is  in  most specimens relatively wider than in that species, 
but decreases more rapidly in  width behind the gena! angles, and on the 
whole the outline is very similar in  the two species. 

In the characters of the portion of the cephalon inside the brim this 
species agrees almost completely with H costatus. The only differences 
which I have found are that in the former the portion of the roll in front 
of the glabella is  samewhat more convex in both direction and less steeply 
inclined , and the alce are more semicircular in outli ne .  

One o f  the specimens (PI .  IV, fig. 22)  shows a pecul iar anomaly. 
On e of the horns of  the b rim - the other is not preserved on the spe
cimen- is very short and abruptly truncated.  The steep prolongation 
of  the check- roll extends samewhat farther  back than the horn itself, but 
not with its entire width (height), the lower margin back of  the horn 
being directed rather strongly upwards.  The inner posterior portion 
of the horn -inside the marginal  r im- is bent down, but not so much 
as the outer portion. Consequently the rim along the posterior margin 
does not lie in  the same general plane as the outer rim, but slopes gently 
u pwards from the postero- lateral angle to the prolongation of the check
rol l ;  it continues obliquely u pwards and backwards along the lower edge 
of the latter to meet the inner (upper) rim at an acute angle, and seems 
to be prolonged into a point or  spine, of which, however, only the base 
is preserved on the specimen. This posterior portion of the rim seems 
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to be samewhat thicker than the outer rim of the brim, and there is no  
row of  !arge perforations along i t s  inside. It appears as i f  the  horn and 
the prolongation of  the cheek- roll had been partly destroyed while the 
animal was sti l l al ive, and as i f  along the edge of the damaged portion 
a r im -form ing  a di rect continuation of the outer rim of  the brim- had 
been developed. 

As pointed out  above (pp. 2 1 9-220) the East Baltic form described 
by SCHMIDT as H vVegelini i s  referable to H costatus, and probably the 
specimens from the Keisley and Kildare Limestones and possibly the 
cephalon from the North Baltic Östersj ö  L imestone assigned to  the 
same species, are also attributable to H. costatus or at any rate not to 
H. Wegelini. It seems, however, as if H. Wegelini too was represented 
i n  the Keisley Limestone. As already menti oned ,  REED h as evidently 
mistaken the two species for one another, and it appears as if the spec
imen -a portion o f  a cephalon- which he  ( 1 896, p .  436) has described 
as H. costatus A NG . ?  is  attributable to H Wegelini. Besides, I have seen 
a fragment o f  a small Harpes cephalon from the Keisley Limestone i n  
the Carlisle Museum (possibly the spec imen described b y  REED) ,  which ,  
as fa r as i t  is  p reserved ,  shows the  characters typical for th i s  species. 

H Weg·elini (as weil as H. costatus) has fu rther been reported by 
KJJER ( 1 897 , p .  74) from Etage S in Norway. 

D i m e n s i o n s . - This species seems to reach samewhat greater 
d imensions than the foregoing .  In  the largest cephalon from the Lept�na 
Limestone which has come under my notice the length along the median 
I ine is 30 mm. and the greatest width 43 mm.; the length of the cephalon 
ins ide the  brim is  20 mm. and its width at the leve! of  the occip i tal 
furrow 27 mm. In the smallest cephalon  the total length along the median 
I ine is 1 8  mm. and the greatest w idth approximately 27 mm. ;  the length 
of the cephalon inside the b r im is I 1 , s  mm. and its w idth at the lev e l  
of the occipital furrow I6 mm.  In the other specimens the length of the 
cephalon inside the brim is from I 4  to I S ,s mm . . and the w idth at the 
leve! o f  the occip ital fu rrow from I 8 , s  to 2 1  m m .  

H a r i z o n s  a n d  L o c a l i t i e s .  - This species has been found i n  the 
Upper Lept�na L imestone at Kal lholn and Arvet. 

It seems further to be represented in the Keisley Limestone at 
Keisley in  England and is  reported from Etage s in Norway. 

Family Raphiophoridre ANGELIN. 

Genus A mpyx DALMAN.  

Ampyx foveolatus ANGELIN.  PI .  VI,  fig.  I O. 

1 8 54· Ampyx foveolatus, ANGELIN, p. 8o, PI.  XL, figs. 2 - 2  a. 
? r 89o. AmjJyx foveolatus, PoMPECKI,  p. r 6 ,  PI. I V, figs . 1 7- 1 7  a.  

r 5 - 1o2s2.  Bull. of Geol. Vol. X V f I. 
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S p e ci fi c  C h a r a c t e r s . - Cranidium transverse, sub-triangular ;  margin 
of anterior border rather strongly arehed forwards ( the entire outer margin 
of the · cephalon evidently forming a semicircle) ; foremost portion of gla
bella proj ecting freely beyond the remainder of the cephalon . 

Glabella sub-oval, rather pointed anteriorly; contracted at base and 
very slightly contracted in front of  lateral lobes, i ts basal width about 
half the middle width; its anterior portion strongly convex and strongly 
raised above the fixed cheeks, rounded hut with the anterior ( lower) su r
face,  which slopes steeply upwards ,  samewhat flattened, with stout, rounded, 
sl ightly upturned frontal spine (only the base i s  known) ; i ts posterior 
portion moderately convex in  the middle, h ighest a little in front of oc
cipital furrow, depressed at sides outside the lateral impressions .  2 pairs 
of  dist inct lateral impressions or furrows present .  Basal pair beginning 
in  the pits i n  the axial furrows ·- a l ittle i n  front of  base of  glabella-
curving  obliquely inwards and forwards, at first shal low and rather narrow, 
growing deeper and wider within and contin ued obliquely forwa rds and 
outwards as very shallow, sl ightly outwards con v ex grooves, w hi ch reach 
the lateral extremities of anterior pai r ;  incompletely separating off a pa ir  
of  longitudinal ,  depressed lateral l obes. The anterior pair  short, rounded 
with the longer axes di rected obliquely outwards and forwards, reach ing 
slightly farther inwards than basal pair, the inner  ends placed about one 
third the width of  glabella apart and just behind its mid- length. In front 
of the latter and in a I ine with their longer axes there are o n  each s ide 
of  the glabella 2 very faintly marked , unsculptured, scarcely impressed ,  
rounded spots placed rather close together, the foremost one situated 
j ust above the axial furrow a little behind the antero-lateral angle of the 
glabella.  Preglabellar furrow coinciding in  the middle with anterior border 
furrow, narrow and shallow, ending at sides a l i ttle in front of antero 
lateral angles of  glabella in small, very slightly impressed pits. Axial 
furrows not  impressed in front hut beginning below the anterior pair  of 
lateral glabellar spots _ (Cf. above), narrow and shallow, running i n  sl ightly 
outwards convex curves backwards and then samewhat inwards, becoming 
almost obsolete outside posterior portions of lateral glabellar lobes and 
ending in rather deep pits behind extremities of latter. Behind the pit  
on  each side is a very low sub- triaugular elevation posteriorly confluent 
with the inner portion of  the posterior border of the cheek. Occipi tal 
furrow scarcely impressed .  Occipital ring of moderate ,  nearly uniform 
width, arehed gently backwards and ciistinctly proj ecting on  posterior 
margin of cephalon, laterally continuous with posterior borders of cheeks ;  
its surface flattened with rounded posterior edge, sloping  gently upwards 
from base of glabella and more steepiy from the sides, rather  gently arehed 
(transversally) in the middle .  

Fixed cheeks broad posteriorly, the basal width of each samewhat 
greater than middle width of glabella, their inner  posterior portions gently 
convex ; the antero-lateral portions curving steeply downwards to anterior 
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border furrow. Posterior borders of cheeks s l ightly bent  upwards -more 
strongly distally than proximal ly - with gently rounded surface, of 
moderate ,  nearly uniform width and d i rected nearly straight  outwards for 
about three fourths their length, their outermost fourths gently bent 
downwards and rapidly narrowing to mere points.  Posterior border fur
rows shallow and rather narrow within ,  growing wider and deeper laterally, 
but decreasing in width again and bending s l ightly backwards near the 
extremities, to die out nearly at the postero-lateral angles of  th e cran id 
ium. A nterior border of  cranid ium narrow, of  n early unifo rm width ,  
flattened,  bent  gently downwards, marked off by narrow, sha l low furrow. 
Facia l  sutures weakly sigmoidal ,  the i r  general course at about 5 5 °  to 
posterior margin of  cephalon. 

Surface of test of  glabella, except in  the l ateral impressions and 
spots, ornamented with an i rregular n et-work of  very fine, undu lating and 
anastomosing ridges. On the other  portions of the cran id ium the orna
mentation is less d istinct, but they seem to be covered by rather  sparsely 
distributed minute pits and on  each fixed cheek is a group of very fine  
rad i ating I ines ,  which seem to arise from the s ide  of the glabel la a t  about 
its middle (their inner portions are very obscurely marked on the spe
cimen) and run obliquely backwards or outwards.  

D i m e n s i o n . - In the type specimen (cranid ium ) the distance along 
the median I ine between the anteri or and posterior margins i s  16 mm. ,  
and  the  basal width 30 mm. ; the  length of the  g labt>l l a  to the  b a se  o f  
the  spin e (be h i nd  latter) i s  I 3 mm. [to the anterior (under)  s i de  of  the 
base of the spine the length is  I4 mm. ] , and its width at about the middle 
i s  I I , 5  mm. ;  the distance from the anterior border to the under-side of  the 
base of  the spine is 2 , 5  mm .  

R e m a rk s. - The foregoing  description is based on an  examination 
of ANGELIN 's  type specimen, which is  the only one known from the 
Leptcena Limestone. With the exception of  the frontal spine, which is 
broken off some d i stance from the base, it i s  weil preserved .  

ANGELIN ' s  ( 1 8 54 ,  P I .  XL ,  figs. 2-2 a)  figures are on t he  whole fairly 
good, but unsati sfactory in some respects. On the specimen the glabella 
proj ects only slightly in front  of  the fixed cheeks and is much lower than 
in his fig. 2 a ,  the distance from the anterior border to the under-side 
of the base of the spine being less than one fifth the length of the glab
el la , and the elevations at the sides of  the base of the glabel la are very 
obscure , sub- triangular in outlin e  and posteriorly confluen t with the pos
terior borders of the cheeks. Further the postero-lateral portions of the 
fixed cheeks are not drawn on ANGELIN 's  figures, although preserved on 
the specimen.  In the figure given below (PI. VI ,  fig.  I O) the specimen i s  
viewed somewhat obliquely to show the anterior portions of  the facial  
sutures and the anterior border. 

ANGELIN (Op. cit .  p .  8o) has stated that the specimen is  from Os
mundsberg. Other fossi l s  contained in the same piece of rock, as weil 
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as the appearance of the l atter, indicate, however, that the rock i s  Lower 
Leptcena Limestone. As al read y mentioned a bo ve (p p. J 3 J , J 64) ,  i t 
appears as . i f  the whole mass of rock which forms the Osmundsberg h i l l  
consists of Upper Leptcena Limestone ,  whereas the smal l  bi l l  s i tuated j ust 
south east of the former near Lake S inksjön consists of Lower Leptcena 
Li mestone.  It appears p robable that ANGELIN did not make any dist· 
inction between the two local ities and that the specimen of rock i n  ques
tion is  from the l atter. 

The fragmentari ly preserved cranidiu rn which POMPECKI ( J 890, p. J 6, 
PI. IV, figs. 1 7- 1 7  a) has referred to this spec ies seems to agree fair ly 
weil with the type specimen, except that ,  to j udge from the figures, the 
g labe l la appears to be more highly raised above the fixed cheeks, espec i 
a l ly anter iorly, and to project somewhat farther in  front of the latter. 
POMPECKI seems to be of the opinion that the specimen, wh ich is found 
i n  a boulder, comes from the Swedish Chasmops L imestone , the upper 
part o f  wh ich i s  hornotaxial to the Lower Leptcena Limestone .  

A ffi n i t i e s . - The a ffinities o f  th is  species seern to be  w i th A. co
status BoECK . (ANGELIN , 1 8 54 ,  p. 8o, Pl .  XL, figs. 1 - 1  e ) .  The latter 
d iffers, to j udge from ANGELIN's  description and figures, i n  the characters 
of  the l ateral glabel lar . impressions ,  of  which all 4 pairs are distinctly 
marked and the  basal pair very short and not confluent with the preced · 
i ng  pair ; in the shape of  the glabella, which i s  less contracted at base , 
less pointed in front and has straighter sides ; in the d ifferently ornamented 
and nearly straight forward d i rected frontal sp ine ; i n  ha ving the posterior  
margin o f  the occip ital  r ing on  ly very sl ightly arehed ; fu rther the g labella 
seems to be separated from the anterior border by a very short preglab · 
el lar fie ld . 

The fragmen tary cranidia from the East Baltic Ech inosphcer i tes 
Limeston e w h i  ch SCHMIDT ( I  894 , p. 84, PI . VI, figs. 24- 2 5 )  ·with a mark 
of interrogation re ferred to A. costatus, seem to resernble our species more 
than does the specimen figu red by ANGELIN, in th e charac ters of the 
lateral glabel lar impression s and in the d i rection of the frontal spine ,  but 
they seem to d iffer i n  the shape of the glabe lla and they come from a 
lower strat igraph ical h orizon.  

The cranidium from Girvan described and figured by REED ( 1 903,  
p .  23 ,  PI .  III ,  fig. 1 5 ) as Ampyx cf. joveolatus i s  not referable to our 
species ,  and does not seem to be closely related. It d iffers not only, as 
REED has pointed out, in having only one pair of  lateral  glabel lar im
press ions ,  but also in  the m uch stronger anterior project ion of  the glab
el l a , in the shortness of  the fixed cheeks, in the straight posterior margin 
and in the ornamentation of the surface. Further the glabella appears to 
be relatively wider and more rounded in ou tl ine ,  the posterior portions of  
the  basa l  pa i r of glabellar impress ions seem to be deeper and the  lateral 
glabellar lobes to be less depressed .  

Ho r i z o n s  a n d  L o c a l i t i e s . - The only spec imen of this spec ies 
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known from Dalarne occurs in a piece of Lower Leptcena Limestone ,  
which probably has  been  collected a t  Sinksjön (Cf. above) .  

Probably a cranidium found in East Frussia in a boulder, possibly 
of  Chasmops Limestone ,  is referable to  this species. 

Fami ly Ityophoridre n. fam .  

Cephalon with a broad, bi laminar marginal expan sion .  Glabella Iong 
and prominent .  Facial sutures extend ing forwards from posterior margin 
of  cephalon within gena! angles ,  and  cutting anterior margin separately. 
Thorax of  few segments with furrowed pleurce. Pygidium of moderate 
size with entire margit1 . 

Genus Ityophorus n .  gen . 

Entire body sub-ovate in outl ine .  Cephalon horse-shoe shaped ,  
strongly convex,  with a broad bi l aminar marginal expansion , which is  
produced posteriorly into flat ,  tapering, pointed horns .  Glabel la convex, 
Iong ,  broadest in  front ,  with 3 pai rs of  lateral glabellar fu rrows . Eyes 
small ,  situated close to the glabella and weil forward . Thorax of  few 
segments with convex axis and furrowed pleurce. Pygidium of moderate 
size, axial and p leural portions with strong furrows. 

Ityophoru s  undulatus n. sp. PI . XI, figs. 40 - 43 .  

S p e c i fi c  C h a r a c t e r s . - Entire body sub-ovate i n  outline .  
Cephalon horse-shoe shaped ,  strongly convex, !arge, more than hal f 

the length of the en ti re animal , i ts length alon g  the median I ine about 
five sevenths the greatest width, which is  at about the leve! of  the eyes ; 
with a broad ,  bi laminar margi nal expansion di vided into an  inner ,  nearly 
vertically ra i sed roll ( cheek-rol l )  and an ou ter w ide ,  obliq u e ly inc l ined 
brim ,  which is produced posteriorly into rapidly tapering, pointed horns 
reaching back to pygidium .  

Inner portion o f  cephalon separated from outer bi laminar port ion by 
distinct furrow (lateral I ine ) which coincides anteriorly with the preglabellar 
fu rrow, strongly convex, its length rather more than half that of en tire 
cephalon along median I ine ,  samewhat longer than wide at base, gent ly 
tapering anteriorly to broadly rounded front  end .  Glabel la convex, strongly 
raised above the cheeks, broadest across the frontal lobe where the w idth 
i s  about th ree fourths the Jength, narrowing posteriorly to about five sev
enths its frontal width , b roadly rounded and gently bent down i n  front ,  
defined by distinctly impressed axial and preglabellar furrows ; w i th  3 pairs 
of very short lateral glabel lar fu rrows , which are very narrow adjacent to 
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axial fu rrows , growing  wider within ,  their outer extremities placed at 
about equal distances apart ; I st pair s ituated opposite posterior ex
tremities of eyes,  d irected nearly straight inwards, generally somewhat 
shallov,·er  and often shorter than following pairs ; zd  pair paral le l  to r st 
pair ; basa l pa i r  beginning in  axial furrows mid-way between zd pair und 
occipital fu rrow, d i rected s l ightly backwards. Occipital furrow narrow and 
shallow in the middle ,  growing wider and deeper beh ind basal glabel lar 
lobes, gent ly arehed forwards. Occipital r ing o f  moderate width,  narrow
ing lateral ly ,  rather strongly arehed transversally and slightly compressed 
from the sides, very gently rounded longitudinal ly,  with indistinctly de
fined, low median tubercle (only d iscernible i n  some specimens) ;  i ts poste
rior margin gently arehed backwards .  

Cheek lobes narrow, the basal width of  each being scarcely more 
than half that of  glabella at base, narrowing anteriorly, their surfaces 
strongly convex with a short, rather gentie inner and a longer, very steep 
outer slope.  Eye lobes smal l  and prominent, strongly convex both longi
tudinally and transversally, placed a l i ttle in front of mid-length of  glab
ella and close to this. No defined palpebral lobes present, the inner por
tions of  the lobes bei ng  formed by a pair o f  short ,  nearly transverse eye 
ridges, which are of uniform width from the glabella to the eyes and 
truncated at their distal extrem i ties ; they are marked off bot h in front 
and behind  by d istinct furrows . Eyes very small, very strongly convex 
in  both d irections ,  situated on the lower slopes of  the lobes and compara
tively far down on the cheeks ; i n  som e specimens they seem to reach to 
the l ateral I ine ,  in others narrow strips are left between their lower margins 
and this .  Poster ior borders of  cheeks o f  moderate width, strongly raised , 
increasing in width and height laterally, d irected outwards and slightly 
backwards from axial furrows, curving strongly backwards at sides to pass 
into the inner marginal rims of  the free protruding arms of  the bilaminar 
port ion o f  the cephalon. Posterior border furrows strongly impressed,  
growing narrower and shallower laterally. Anterior branches of  facial 
sutures running from the eyes in wide curves obliquely outwards and 
forwards, bending i nwards near anterior margin o f  cephalon ; posterior  
branches curving at first obliquely downwards, outwards and backwards, 
but soon bending nearly straight backwards and running j ust above lateral 
Iine, then curving sl ightly u pwards and inwards near posterior borders of 
cheeks, and then nearly straight across these to cut posterior margin of 
cephalon at slightly acute angles. 

Bilaminar portion of  cephalon angulated at some distance from its 
inner margin and thus divided into two regions : an outer obliquely in
cl ined,  wide brim and an i nner rather narrow convex band or  roll ( cheek
rol l )  of uniform width, which rises nearly vertically from the brim and 
encirc les the inner portion of  the cephalon immediately below the l ateral 
I ine .  Brim horse-shoe shaped ,  rather gently bent down in  front ,  more 
steeply at sides, of nearly uniform width in front, very grad ually tapering 
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posteriorly to opposite occipital ring and prolonged backwards into more 
rapidly tapering, horns, which end in short pointed spines formed by the 
prolongations of  the marginal r ims ; length of horn rather more than on e 
third that o f  cephalon along median I ine .  Inner margins of horns nearly 
straight ,  directed sl ightly outwards ; outer margins strongly arched, the 
entire outer margin of brim forming part of an ovate figure. Outer edge 
of brim gently upturned, forming a narrow (thin ) marginal rim, thickening 
a l i ttle posteriorly, marked off by shallow furrow .  Inner rim of horn con
siderably wider than outer rim, thickened and strongly raised ,  gradually 
increasing i n  height anteriorly, continued along posterior end of  check
roll to pass into posterior border of  cheek lobe, marked off by distinct 
furrow. Surface of  bri m  ins ide rims marked by 3 or 4 sub concentric 
rather broad ridges (or narrow rol ls ) ,  separated by distinct, narrow furrows . 
The I st rid ge (numbering the ridges from the cheek-roll and outwards) 
situated immediately below the cheek-roll (which latter might be counted 
as the i nmost ridge) and separated from this by distinct furrow, widest 
posteriorly, gradually decreasing in  width anteriorly to grow very narrow 
in front of glabella ; in  some specimens it becomes obsolete in the m iddle ; 
2d ridge generally somewhat broader and more strongly raised than I st 
ridge, posteriorly occupying the entire width of the horns ins ide the rim 
furrows ,  widest  at s ides, narrowing a l i tt le after erossing anterior branches 
of facial sutures, its anterior portion in front of  glabella of nearly un iform 
width ; 3d  ridge widest i n  the middle at front, where i t  is generally wider 
than any of the r idges behind i t ,  narrowing laterally to die out at sides 
( in outer r im furrow) generally rather soon a fter erossing anterior branches 
of facial suture�, its length, however, varying a little in d ifferent speci
men s ;  in a few specimens a 4th ridge i s  d iscernible in front of the 3d, it 
i s  very narrow,  widest in  the middle and narrowing laterally, dying out 
in  the rim furrow at the antero-lateral corners of the cephalon. Doublure 
(or ventraJ lamella) of  brim and cheek-roll separated from dorsal Iamella 
by very narrow intervening space and showing the same configuration as 
this ,  the ridges on the dorsal s urface of the latter thus being represented 
by furrows on the ventraJ surface of  the doublure and the furrows by 
r idges.  

Thorax of  6 segments, about five sevenths as Iong as wide,  gradu
ally decreasing in  width posteriorly. Axis strongly convex, i n  front wider 
than side lobes, rapidly narrowing posteriorly ; axial rings gently rounded 
longitudinally, a rehed slightly forwards at sides. Axial furrows scarcely 
impressed. Pleurce straight and nearly horizontally extended as far out 
as fu lcru m ;  their outer portions rather strongly curved downwards and 
strongly faceted, extremities pointed ; pleural furrows strong, dying out 
before reaching extremities  of pleurce ; fulerum rather weak, on the middle
most pleurce situated about half-way out, anteriorly more, posteriorly less 
than hal f-way out. 

Pygidium semiel l iptical in outl i ne ,  nearly two thirds as Iong as wide,  
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surrounded by very narrow, flattened horder. Axis strongly convex, 
narrow,  its width at anterior margin being only about one fourths that 
of  entire pygidium, gradually tapering posteriorly to  rounded extremity, 
not quite reaching the horder ; divided into 5 or 6 longitudi nally gently 
rounded axial rings and a short terminal  piece by rather strong furrows, 
which grow weaker posteriorly. Axial furrows weak. Side lobes with a 
s l ight flatten ing in front adjacent to axial furrows, then curving rather 
gently downwards to horder ; with 5 pairs of raised and rounded regular 
ribs behi nd anterior pair of half ribs, and a short, rather narrow, some
what s wo l ien postaxial piece ; the ribs growing successively weaker and 
decreasing i n  size and becoming more and more strongly turned back
wards posteriorly, the s th pair - only discernible on a few of  the spe
c imens observed- directed nearly straight backwards.  P leural furrows 
rather strong, reaching to marginal horder. Interpleural furrows very 
weak adjacent to axial furrows, samewhat increasing in strength laterally, 
reaching to horder. Posterior bands of  regular ribs narrower and lower 
than anterior ones, slightly decreasing in width laterally .  Doublure o f  
pygid ium narrow.  

The surface of the test of  a l l  parts of  the carapace appears to be  
smooth. 

D i m e n s i o n s . - In the larger cephala the length along the median 
I ine i s  from 3 , 5  to 4 mm. In one individual ,  which , w ith the exception 
of  the outer portion of the brim, i s  ent irely preserved, the length seems 
to h ave been j ust over 6 mm. ,  the length of the cephalon being approxi
mately 3 , 5  mm. ,  the length of the thorax about I 2/a mm. and the l ength 
of  the pygidium about I mm. . 

R e m a r k s. - This new species is represented by 3 nearly entire 
individuals ,  a good number of cephala, and a few pygidia and portions 
o f  the thorax ( the latter attached to t he cephala or to the pygidia )  from 
Kallholn in  the Upsala M useum .  

In the a bo v e  description some of  t he  terms suggested by  BA THER 

( 1 9 1 0) and REED ( 1 9 1 4) for certain parts of the cephalon of  Harpes (Cf. 
above p .  2 1 4) have been adopted. 

The bilaminar structure of  the bri m and cheek-roll has been proved 
by the examination of thin slides. It is easily recognizab le  otherwise too. 
As is the case in  HarjJes, at !east in  the Lept<ena Limestone specimens, 
the bilaminar portion o f  the cephalon is generally distinguished from the 
inner portion by its different colour, and the thin plate formed by the 
two lamell<e of the test and the infill ing matrix (or, when the test is not 
preserved,  by the latter alone) comes off very easi ly. 

The small number of  thoracic segments and the small size of the 
specimens, might lead one to bel ieve that none of the specimens were 
adults .  Otherwise they do not , however, show characters of  immaturity 
and in  a l l  the exarupies i n  which the thorax is preserved i t  consists of the 
same number of  segments, although the exarupies are of rather d ifferen t 
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sizes. Moreover, there is no larger trilobite known which could be the 
adult of this species. 

A ffi ni t i e s . - This peculiar l itt le species i s  so distinct from all others 
hitherto described,  that it evident ly must be referred not only to a sep
arate genus hut even to a separate fami ly.  

In the p resence of  the broad bilaminar marginal expansion divided 
into a wide horse-shoe shaped brim and a vertical ly raised cheek-roll i t  
reserobles Harpes and to a certain degree the Trinucleidce. Th is  por
tion is, however, not perforated as in those forms, and since the species 
differs so decidedly from them in most of its other characters this likeness 
must be considered to be a case of  independent paraHel evolution. 
Ityophorus appears to be a rather speci alized form, probably adapted for 
the same mode of  I ife as the Harpedidce and the Trinucleidce,  although the 
specialization has gone less far than in  these. 

H a r i z o n  a n d  L o c a l i t y. - Upper Leptcena Limestone ; Kal lhol n .  

Family Acidaspidre BARRANDE .  

Genus Acidaspis MURCH !SON. 

Several attempts have been made at a sub-division of this genus and 
the name of  the genus itself i n  its broader sense and even the name o f  
the family has been a matter of  controversy. The term Actdaspis was 
introduced by MURC HISON in  his S i l u r i a n  S y s t e m  (p .  65 8) in 1 839, and 
in the same year EMMRICH in D e  T r i l o b i t i s  (p .  3 5 )  proposed the name 
Odontopleura . During the following years the latter name was commonly 
used by German authors. It was also employed by BARRANDE in his 
earlier papers hut in  1 8 5 2  this scientist adopted MURCHISON's name and 
pointed out that this apparently was the old er on e ,  1 since i t was quoted 
in D e  t r i l o b i t i s . S ince then the term A cidaspis has been commonly 
accepted unti l  later years. 

There is ,  however, an earl i e r  name sti l l ,  viz . Ceratocephala W A RDER, 
which was proposed by WARDER in  1 838 ,  hut rejected by CoRDA ( 1 847) 
and BARRANDE ( 1 8 5 2 )  because the name Ceratocephalzts had previously 
been used for a genus of  plants .  CORDA (Op .  cit . )  pointed out also that 
WARDER had figured his type specimen - an imperfectly preserved 
cephalon -- in an inverted position and described the occi pital spines as 
antennce. This name was not adopted, even by American authors, 

1 Later o n  VoGDES ( 1 9 1 7 , p .  49) has pointed out tha t a copy o f  MURCHISON's  work 
was presented to the  GeologicaJ Soc iety London , Jan uary 9,  1 8 39 - which would indicate 
that the book was published early in Jatmary 1 8 3 9  - and that EMMRICH's paper bears 
the date,  April , 1 8 39 .  
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unti l  CLA RKE in 1 892 in N o t e s  o n  t h e  g e n u s  A c i d a s p i s  advocated 
i ts use . 1  

In this paper CLARKE proposed a sub -division of the genus. Pointing 
out that the respective type-species of Acidaspis, Odontopleura, Cerato
cephala as weil as o f  Selenopellis CORDA,  and Dicranurus CoNRAD , belong 
to d ifferent groups of  the genus, he  retained all these terms ( Ceratocephala 
in a restricted sense) as designating sub-divisions of the genus Cerato
cephala s. lat .  and as a 6th sub-division he recognized Ancyropyge CLARKE. 
His classification was in  the fol lowing years accepted by several other 
authors, mostly American, who , however, raised the sub-divisions to generic 
rank, and as a consequence of this some of them have adopted BuR
MEISTER' s family name Odontopleuridce, since this name apparently was 
proposed erl ier  than the term Acidaspidce. 

The latest writers upon th is subject ,  viz .  RAYMOND ( 1 9 1 6) and RUD .  
and E.  RICHTER ( 1 9 1 7) have accepted the  groups Selenopeltis, Dicranurus 
and Ancyropyge as restri cted -by CLARKE, but pointed out that with regard 
to the groups Acidaspis, Odontopleura,  and Ceratocephala his classification 
- based solely on the structure of the occipital ring, whether spineless, 
b ispined or unispined - is  not a natural one. 

RAYMOND considers the groups to have generic value, and i n  his 
proposed classification (Op. cit . )  he continues to use also the three latter 
names as designating separate genera but alters the definitions and limits 
of t hese and defines the m as follows : Odontopleura, glabella oval i n  out
l ine ; the pleural lobe of  each segment of the thorax has a narrow, strongly 
elevated median r idge. Acidaspis, glabella roughly triaugular in outl ine,  
tapering towards the front ; the pleural lob e of each segment is divided 
by a l inear furrow into a low anterior and an elevated posterior ridge. 
Ceratocephala, free and fixed cheeks anchylosed, eyes far forward and 
far from the glabella ; the pleural lo be  of  each thoracic segment i s  d ivided 
by a shallow median furrow into equally elevated portions. 

RUD. and E .  RICHTER � ,  who regard the groups as sub-genera, use 
the name Acidaspis (MURCH. ) BARR. as designating the genus (giving as 
their reason that the conception of the genus was not created until BARR
ANDE d id  i t) . Like CLARKE but contrary to RAYMOND they base their 
c lassification on  the characters of the occipital ring, but take also several 
other characters into consideration and propose the following new sub
genera : Leonaspis, type A. Leonhardi BARR . ,  Pseudomonaspis, typ e A.  
Brighti M URC H. ,  Primaspis, type A .  primordialz"s BARR. , Miraspis, type 
A. mira BARR . ,  and Radiaspis, type A. radiala GOLDF. ,  and they have 
also a sub -genus Ceratocephala W ARD . ,  type A .  (Ceratocephala) goniata 
WARD .  

1 VoGDES had  earlier ( 1 877)  urged the cla ims o f  WARDER's name,  but  had n o t  in  
his  later papers used i t  himself. 

2 These authors, when publisbing their paper, were apparently unacquainted with 
RAYMOND's pa per on the subject .  
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Sub-genus Leonaspis corresponds partly to CLARKE' s  sub-division 
Odontopleura, but i ncludes also a part of  his sub·divis ion Acidaspis (the 
rest of  which is  referred to Pseudomonaspis) and is defined as follows : 
Occipital ring smooth or w ith a single tubercle, or a single spine eman
ating from the tubercle ;  anterior branch of facial sutu re paraHel to the 
median l ine of  the body, diverging from the eye-ridge ; >> Outer cheek
triangle »  consequently forming a distinct and !arge triangle ; thoracic pleur� 
without or with weakly developed anterior spine. The authors remark 
that the name Odontopleura cannot be used for this group,  since EMME
RICH's type-species O. ovata has t wo occipital spines (Cf BEYRICH, I 846, 
p , I 8) . 1  

Sub-genera Pseudomonaspis, Primaspis, Miraspis, Radiaspis Ceratoce
phala and Dicranurus form the group Miraspin�, which is defined as follows : 
Facial suture bend ing strongly towards the glabella, closely following the eye 
ridge ; » outer cheek-tri angle » consequently narrow, band-l ike, disappearing ; 
occipital r ing oli:en swollen, always (except in Pseudomonaspzs) with one 
pair o f  spines,  between the spines the single Leonaspis tubercle generally 
occurs also ; anterior pleural spine often strongly developed. 

The sub-genus Pseudomonaspis is  characterized as : Aberrant sub
genus in . which a single spine, w hi ch has noth in g to do with the Leona
spis tubercle, emanates from the swollen occipital r ing characteristic for 
the group .  In addition to the type-species, A. Grayi BARR. and A. quin
quespinosa SALTER-LAKE are referred to it .  

Their sub-genus Ceratocephala corresponds to Trapelocera CORDA
NOVAK ( and to BARRAN DE's  A . vesiculosa group ) and to Ceratocephala 
s. str. CLARKE, when Miraspis, Primaspis and Radiaspis are el iminated 
and the name restored to the group for which CLARKE originally (Op .  
cit . , I 892 ,  p .  93 )  used th i s  name .  It corresponds also on  the  whole to  
RAYMOND 's genus  Ceratocephala though it i s  differently defined. 

,Neither RAYMOND's nor RuD .  and E.  RICHTER's c lassification seems 
to me quite satisfactory. The characters upon which the former bases 
his classification do not appea r to be happi ly chosen , at !east not as 
regards his genera Acidaspis and Odontopleura. It is  true that in a l l  h ith
erto described species, wh ich appear to belong to the Acidaspis Brighti 
group, the shape of  the glabell a  is about the same, but there are other 
forms, e .  g. A. deflexa LAKE ( LAKE, I 896, p. 239, PI . VII, fig. 7 ;  R EED, 
I go6, p .  I I 3, PI .  XV, fig. I 5 ) ,  w h ich have a triaugular glabella tapering 
towards the front, whose affinities evidently are not w ith this group but 
with species, which in  the outl ine of the glabella agree with O. ovala and 
by RA Y M OND are referred to Odontopleura. As regards the characters of 
the inner parts o f  the thorack pleur�, these vary considerabJy· in appa
rently closely related species. Only in  a comparatively small number of 
those, w h ich RAYMOND evident! y considers referable to Odontopleura, 

1 lt does  not agree with this group in the other characters mentioned in the defini
tion  either. 
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the strong principal ridge is really centrally situated. It appears to be 
much .more usual that the anterior band is considerably broader than the 
posterior one, which often is qu ite inconspicuous (BARRANDE has in several 
cases described it  as rudimentary or  scarcely d iscernible) .  The anterior 
band on the other hand may be as w ide or  wider than the principal r idge 
and is o ften raised into a low ridge, which in  some cases is separated 
from the higher pr inc ipal ridge by a broad groove, in  others by a quite 
narrow furrow .  Of  the type of Acidaspis only the cephalon is  known 
and with regard to the characters of the thoracic pleurce RAYMOND bases 
his diagnosis on the American species A. anchora!is MILL. and A. O'Nea!!i 
MILL. Of the former species the thorax seems never to have been figured, 
of  the latter MILLER ( 1 87 5, p .  87 ,  fig. 9) has figured an entire individual , 
bu t h is  figure i s  unsatisfactory and does not show the construction of the 
inner parts of the pleurce. RAYMOND do e s not g i ve a figur  e nor  a 
detai led description of  these portions .  It seems, however, as i f  we  were 
entitled to assume that they are simila.rly constructed as  in A. cincinnat
iensis MEEK (MEEK, 1 873 ,  p .  1 67 , PI. XIV, fig. 3 ) , which species also 
RAYMOND refers to Acidaspis. According to MEEK's description and 
figure the thoracic pleurce of  this species have each a strong pri ncipal 
r idge separated by a narrow furrow from a more slender, depressed ante
rior ridge, and behind the principal ridge is a narrow flat post€rior band .  
The difference between these pleurce and those of several o f  the  species 
w h ich RAYMOND refers to Odontopleura seems thus to  be very slig h t. 
Besides, we do  not even know whether A. Brighti and the apparently very 
closely all ied A. Grayi BARR. agree with the Americ an  species mentioned 
above in  the characters of the pleurce. In A.  asteroidea REED (REED 
1 914, p .  3 1 ,  PI. V, figs. 3 - 7) ,  which i n  the general characters of the 
cephalon recalls A. Brighti and A. Grayi, the strong principal ridge on 
the pleurce seems to be centra l ly  &ituated and both the anterior and the 
posterior bands are flattened. 

The species referable to Ceratocepha!a as defined by RAYMOND differ 
strongly from the types of  Acidaspis and  of  Odontop!eura and resemble 
each other closely in nearly all characters, and are apparently closely 
aJ i ied, hut then there are also forms which in  some characters show a great 
likeness to these, hut differ distinctly in others. A. terribi!is REED (REED 
1 9 14 ,  p .  36, PI. VI, figs.  7- 1 0) resembles them in the chief characters 
of  the cephalon ,  hut the thoracic pleurce and the pygid ium are d ifferently 
constructed . This species cannot be included in the genus Ceratocephala 
as denned by RAYMOND, and it seems really doubtfu l  whether its affinities 
are with this group, hut obviously it  cannot either be placed in  any of 
the other genera proposed by him . 

It appears quite probable to me that RAYMOND i s  right that Acida
spis Brighti, Odontopleura ovata, and Ceratoceplza!a goma/a ought not to 
be regarded as  co-generic, and that the three generic names thus could 
be retained i n  their original value ,  hut then the genera must be properly 
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defined and l imited. In any case it seems very inappropri ate to refer 
to Odontoplettra all the species ,  under consideration here, which cannot 
be included i n  an y of  the other genera . The greatest part of  the various 
descr ibed members of  the family RAYMOND refers to this genus, and 
among these are several which do not seem to be more closely related to 
Odontoplettra ovata, than this is to Acidaspi's BrigJzti. Also some of the 
species which he  places i n  Acidaspis differ very much from the type
species of this genus.  

As regards Odontopleura he remarks, however, that i t  is quite possible 
that the species, which he has grouped under this genus can and wil l  be 
arranged in  other sub-genera and genera. As seen from the above, this 
has been done by RUD. and E. RICHTER, but the type-species does not 
seem to be referable  to any of  their sub-genera. It belongs evidently to 
the group Miraspince, and the only sub-genus to which it in accordance 
with the definit ions of the sub-genera could be referred is Miraspis (which 
is regarded as typical sub-genus  of  the group ) ,  bu t i t appears to differ  
as m uch or more from the type-species A. mira than do the forms referred 
to Primaspis and Radiaspis. There are several other Acidaspids, which do 
not fit in any of their sub-genera . A. ( Odontopleura) bowningensis ETHR. 
j un .  and MITCH. (ETHERIDGE and MITCHELL, 1 896, p. 696, PI. L, tigs. 
I- 3, PI. LII, tig. 5), A. girvanensis REED (REED, 19 1 4, p.  33, PI. V, 
tigs. 8-ro, PI. VI, tigs. I-3), and A. evoluta TQT (Cf. below p .  238,  
PI. VI, figs. 5-6) for i nstance, agree with the members of their sub-genus 
Leonaspis in  having the occipital r ing smooth or with a median tubercle, 
but d iffer from them in several other characters, e. g .  in  the course of 
the anterior  branches of  the facial sutures, which, as  i n  the Miraspince,  
converge anteriorly, so that the  » outer cheek- triangeles » become very 
narrow. It seems also rather doubtfu l  to me - especially if Primaspis and 
Radiaspis are regarded as d istinct sub genera -- whether such forms as A. 
Grayre. En-IR. jun . ,  A. hystrix Wvv. THOMS., and A. lalage Wvv. THOMS. 
(Cf. REED, 1 906, pp.  I q-I I g, Pis. XV -XVI) can be placed together with 
A. Dufrenoyi BARR. (BARRANDE, 1 852, p .  74I, PI. XXXVIII, tigs.  2 5-26) 
and A. Prevosti BARR. (BARRANDE, I8 5 2, p. 739, PI. XXXIX, figs. 3 3-
4I) i n  the sub-genus Miraspis, and whether it i s  j ustifiable to group A. 
quinquespinosa SALTER-LAKE (LAKE, I896, p .  240, PI. VII, tig .  3-4) as 
done by ReD. and E. RICHTER (and by RAYMOND too ) tagether with 
A. Brighti and A. Grayi BARR. 

There are among the various Acidaspids described several other 
species, than those mentioned above, which it might be difficult to place 
in any of  the sub-genera proposed by RUD. and E. RICI-ITER. The pro
posed sub-genera seem also to be of rather differen t  value and i t  would 
perhaps be better to give some of  them generic rank Their  paper i s, 
however, only a prel iminary report, i n  which, as i t  seems, chiefly the 
Bohemian and German species are taken into considerat ion.  Presurnably 
the main work will be based upon a c loser examination of the various 
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described forms, and give more distinct definitions and l imits of the groups, 
and i t appears quite probable that the authors wil l  also suggest new ones. 

Of the species found in  the Lepta!na Limestone A. evoluta, at !east, 
cannot, as already mentioned , be  referred to a ny of their groups, and the 
true position of the other species seems also doubtfu l .  As it seems to 
me inappropriate, under the circumstances, to in troduce any new sub
generic or generic terms here or to attempt any closer appraisement of  
the ranks of the  groups, I think i t  bes t  for the present to  refer a l l  the 
species to the same genus, and to use the most commonly accepted 
generic term , Acidaspis. The older name Ceratocephala seems never 
except in CLARKE's paper of  1892, to have been used in this broader 
sense, and i t  would on ly cause c_onfusion to use it  at present in th is  sense 
- which would involve a change in the fami ly name - since it  appears 
probable that i t  wil l  prove correct to regard Ceratocephala in  a restricted 
sense as a distinct  genus. 
D i s t i n g u i sh i n g  Ch a r a c t e r s of t h e  S p e c i e s . 

1: Occipital ri ng without spines, with a single,  median tubercle. 
2d  and basal lateral glabellar lobes completely circumscribed by furrows . 
Free .an d  fixed cheeks not anchylosed . Eye lobes placed far back. 

A. evoluta TQT. 
Occipital ring bispined 2 .  
2 .  Occipital spines gently curved , very Iong. 2d and basal  lateral 

glabel lar lobes confluent. Free and fixed cheeks (probably) not anchy
losed. Eye lobes placed far back. A. Clevei n. sp .  

Occipital spines straight. 2d  and basal lateral lobes distinctly sepa
rated .  Free and fixed cheeks anchylosed.  Eye lobes placed at about 
the middle o f  the cheeks 3 · 

3 ·  Glabel la  nearly al l  occupied by the gibbous central lobe, lateral 
glabellar l obes minute, much depressed below the surface of the median 
one,  distinctly separated from this A. bispinosa M'Cov. 

Central lobe of glabella gently convex transversally, on ly slightly 
raised above the lateral lobes, lateral lobes of  moderate size, the 3d one 
confluent with the central lobe with in  A. laticapitata n .  sp. 

Acidaspis evoluta TöRNQUlST. PI. VI, figs.  5-6, 9?. 

1 8H4. AcidasjJis evoluta, TöRNQUIST, p. 2 8, PI. I, fig. 24. 

S p e c i fi c  C h a r a c t e r s. - Cephalon transverse, semiel l iptical in  out 
l ine, more than twice as w ide  as Ion g with middle part projecting behind 
base of cheeks, surrounded in front and laterally by wide flattened horder, 
which grows narrower anteriorly and i s  marked off by shallow furrow.  

Glabella sub-cordate in  outl ine, reaching to anterior border  furrow, 
depressed convex, about seven ninths as Iong as wide,  its greatest width 
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at about middle of basal lateral lobes ; lateral lobes but l i ttle depressed 
below central lobe, completely circumscribed, except anterior pai r. Cen
tral lobe of glabella sub-cyl indrical , more than one third the width of 
glabella at base, s l ightly contracted between 2d pair of  lateral lobes, 
expanding a little i n  front ,  moderately convex in both d i rections, rather 
strongly bent down in front ,  its anterior end broadly rounded, the anterior 
lateral expansions coalescing with or  indistinctly marked off from anterior 
ends o f  eye ridges. Anterior pair of lateral glabellar lobes very smal l ,  
sub-oval wi th the  longer axes d i rected obliquely forwards, imperfectly 
separated from central  l obe, without independent convexity ; 2d pair con
siderably l arger than anterior pair, rather strongly convex, sub-circular or 
subovate in outl ine ,  with the longer axes d irected obliquely outwards and 
forwards ;  basal  pair  moderately convex, !arge, about half the length and 
two sevenths the width of  glabella, sub-oval i n  outline ,  s l ightly pointed 
anteriorly and with the longer axes slightly oblique to the median I ine  
of  the cephalon .  Anterior pair of lateral glabellar furrows short, beginn ing 
at the anterior ends of the axial furrows, curving i nwards and upwards 
and then backwards ,  rathe r strongly impressed in  front, but soon growing 
very shal low and dying  out before reaching fol lowing pai r ;  2d  pair  be
ginning i n  axia l  furrows nearly at the same places as anterior pair, strongly 
impressed slightly curved and directed obl iquely inwards and backwards 
to about middle o f  2d pair of lateral  lobes, then growing shal lower curv ing 
posteriorly and join ing basal pai r ;  basal påir strongly impressed in the i r  
antero-l ateral parts, which are  directed i nwards and slightly backwards, 
shallower be h ind ,  where they curve posteriorly and joi n  the occipi tal furrow 
as rather shallow rounded furrows. Axial furrows strong and deep in 
their posterior parts, growing narrower and shall ower outside 2d pair of 
lateral glabell ar lobes to end in very shal low pits in front of  these, con 
verging anteriorly, arehed outwards but not i n  regular continuous cm·ves 
being bent imvards at basal l ateral furrows. 

Occipital furrow weil marked ,  rather broad behind central lobe of 
glabel la , becoming narrower and more deeply impressed behind basal 
glabellar lobes, nearly transverse in  the middle ,  curving slightly backwards 
at sides. Occipital ring very broad in the middle,  measuring from back 
to front along  the median Iine more than one third the length of glabella, 
narrowing towards the sides, its lateral extremities, which reach samewhat 
further outwards than base of glabel la ,  becoming mere points ; it is strongly 
arehed transverselly, gently rounded longitudi nally and bears a minute 
median tubercle situated about one third the distance from the posterior 
to the anterior margin and a pair of small ,  transverse sub-oval , posteriorly 
indist inctly defined occipital lobes behind basal glabellar lobes ; its poster
ior margin is nearly transverse i n  the middle but curves strongly for
wards at sides. 

Fixed cheeks very strongly convex longitudinally, descending very 
steeply behind eye lobes to posterior border furrow,  their anterior slopes 



ELSA WARBURG 

longer and mo re gentie ; their  inner port ions formin g elongated ,  cu rved , 
rounded rol ls ,  lying opposite the lateral g labellar lobes, very narrow and 
pointed anteriorly, i ncreasing i n  width posteriorly to about half that of 
the basal  glabel lar lobes ,  separated from eye ridges and eye lobes by 
strong furrows.  Eye ridges of  moderate, nearly un iform width, rounded,  
gently curved.  The port i on of  the fixed cheek Iying between the eye 
r idge,  the anterior  branch of  the facial suture and the anterior border 
furrow i s  very steeply bent downwards, very narrnw, e longated sub- trian
gular in out l ine ,  widest opposite antero lateral angles of glabella, where 
its width is scarcely more than that of the eye ridge ; its surface is gently 
concave and smooth, except j ust at  the outer edge, form ing a shallow 
groove or  furrow outside the  eye ridge.  Posterior wing of  fixed cheek 
very narrow from back to front ,  extended lateral ly. Posterior border of 
fixed cheek very narrow at axial fu rrow ,  expanded !aterally, rounded,  
marked off by rather strong furrow, which d ies out a l i t t le  before reaching 
the  posterior branch of  the facial suture. Eye lobes (not  preserved ) 
apparently smal l (possibly e levated) and s i tuated very far backward , lying 
beh ind the midd le  o f  basal glabellar lobes ,  and distant from glabel la about 
one sevenths the width of  latter . 

Free cheeks sub-triangular in outl ine, with outer margins moderately 
arehed outwards and forwards, descending abruptly from eyes to lateral 
border furrow .  Lateral border rather broad , thickened but flattened on 
the upper side and posteriorly depressed below the surface of  the base 
of  the gena! spine, on its lower edge furnished with series of (more than 
g, probably about 1 2 ) equid istant, rather stout spines (imperfectly pre
served) which are d i rected nearly straight downwards. Lateral border 
furrow broad and shal low, ending i n  shallow pi t  j ust i n  front of base of 
gena! spine ; from this p i t a short shallow groove runs obl iquely inwards 
to the posterior extremity of  the eye, and behind the groove the surface 
of  the free cheek slopes upwards and forms a direct continuation of the 
surface of  the gena! spine. Gena! spines ( imperfectly preserved ) rounded, 
broad-based, tapering, d i rected obliquely outwards and backwards. Ante
rior branches of facial sutures sl ightly arehed outwards, rather strongly 
converging anterior ly ; posterior branches running nearly straight outwards 
from eyes to near base of  gena! spine, then bending nearly straight back
wards to cu t  posterior m argin of cephalon at slightly acute angles. 

Thorax ( imperfectly known ) with convex, cyl indrical axis ,  which 
occupies less than one third the width of  the thorax and i s  of  uniform 
width on the 5 anterior segments (the posterior on e s are not preserved); 
axial r ings bent forwards i n  m iddle and at sides but w ithout defined 
lateral nod ules ,  gently rounded longitudinally. Pleur;e wi th inner portions  
straight  and horizon tally extended; ou te r  portions ben  t obliquely down
wards bu t not arehed backwards ; inner part of p leti ra with narrow lo w 
anterior ridge and broad ,  more strongly e levated sub-median ridge, which 
latter is separated from the anterior ridge by moderately strong furrow 
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and bordered posterior ly by a very narrow, depressed posterior band ; 
anterior  ridge produced i nto short ,  obliquely bent down,  free spine; sub
median ridge sl ightly broadening and bending a l ittle backwards near 
outer extremity, where i t  r ises into a prominent knob,  and beyond this 
produced i nto Iong,  sto ut free spine ,  which is  rather strongly bent down
wards . 

Surface of cephalon , except i n  the furrows, ornainented by dosely 
set, rather !arge tuberdes of different s izes. Surface of thoracic axial 
rings and sub-median ridges of  pleur<e ornamented with more sparingly 
d istributed and samewhat !arge r tuberdes than those on cephalon ; ante
rior ridges of pleur<e with 5ingle row of 6--8 equal and equidistan t  tu
berdes. 

D i m e n s i o n s. - This species seems to reach relatively !arge d imen
s ions .  In TöRNQUIST's type specimen the length of the cran id ium along 
the median l in e is 10 mm.  and the width between  the eye lo bes I I ,5 m m . ;  
i n  another incompletely preserved specimen - the targest which has 
come under my notice - the approximate l ength of the cranid ium i s  I I 
mm. ; the smal lest  cranidium observed has a length of about 4,5 mm. 

R e m a r k s. - In addition to the cranid ia  of this species described 
by TöRNQUIST, there are now available one imperfect cephalon with 5 
imperfectly preserved thoracic segments attached from Kallholn i n  the 
Museum of the Geological Survey, one cephalon from Östbj örka in  the 
Upsala M useum and another from Lissberg in the Museum of the Univer
sity of  Stockholm. This material has enabled me to give the above ful ler 
description . None  of the cephala are complete . In al l  of  them the eye 
lobes are broken off, and this fact makes it seem probable that the eyes 
were e levated . The gena! spines are also wanting except in  the specimen 
from Kallholn i n  which the basal part of  one of the spines is preserved . In 
the portion of the thorax observed the axis and the inner  parts of the 
side lobes are fairly weil preserved ,  but the free spines are mostly broken 
off, only a portion  of one of the Iong stout spines ,  formed by the pro
longation of  the sub-median ridges, and one of the small , anterior, spines 
being preserved.  

A fragmentari ly preserved pygidium from Unskarsheden in the State 
Museum of Natural History appears to belong to this species. It is 
broadly semicircular i n  outl ine ,  marginally spinose, more than twice as 
w ide as Iong (exduding spines) .  The axis i s  rather wide,  its w idth at 
the anter ior margin being rather more than one third that of the entire 
pygidium , sl ightly tapering posteriorly to the broad ly rounded extremity, 
not reach ing the posterior margin ; i t is  composed of 3 axia l r ings - of 
which the third i s  very obscurely defined behind - and a very short ter
minal piece ; the r st axial ri ng  is very p rominent,  the rest of the ax is 
depressed convex ; each axial r ing is  ornamented by a single row of 
tuberdes. The  side lo bes are flatten ed and hori zontally extended ; on 
each there are traces of a strong r idge running from the I st axial ring 

16 - 19232. Bull. of Geol. Vol. X V Il. 
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obliquely backwards. As i n  other species of the genus the ridges seem 
to have been produced backwards into rather stout spines, and between 
these stouter spines there have been 4 apparently rather slender  marginal 
spines of  which the bases are preserved on the specimen. The antero
l ateral portions of  the pygidium are very badly preserved but there seeros 
to be room for 2 or  3 ·smal l  sp ines on each side. 

A ffi n i t i e s . - As pointed out  by REED the affinities of this species 
seem to be with A. semievoluta REED (REED, 1 9 ro, p. 2 1 4, PI . XVII, figs. 
1 -3 ), A. convexa REED (REED,  1 896 p .  42 5  PI . XXI, fig. 6) and A. gir
vanensis REED (REED, 1 9 14 ,  p .  3 3 ,  PI . V, figs. 8- r o, PI . VI, figs. 1-3). 
Especial ly A. semiet.Joluta appears to be very closely related to our spe
cies ; possibly it i s  identical ; the formation (Dufton Shales) i n  which it 
occurs i s  nearly hornotaxial to the Upper Leptcena Limestone .  To j udge 
from the figures i t seems to d iffer  somewhat in  the shape of  the glabel la, 
which is relatively broader  i n  front and more contracted at base ; further 
the inner  port ions of the basal lateral glabellar furrows appear to be 
d i rected more i nwards and the central lobe of the glabel la to be more 
strongly contracted between the zd pair  of l ateral lobes, and the lateral 
border o f  the free  cheek is  said to be  raised .  The specimens are, how
ever, preserved in  shales, and these d ifferences may partly perhaps only 
be due to the fact that they are p ressed .  The fragmentary pygidium 
from Unskarsheden described above as probably belonging to A. evoluta, 
seems, as far as it is p reserved,  to agree fai rly weil with that of A. 
semievoluta. 

In A. convexa the glabella is comparatively narrower than i n  our  
species , the basal lateral glabellar lobes are longer  and narrower, the zd  
pair i s  smaller, the  I st pair scarcely indicated , and  there is a small nodule 
at the posterior end of the rounded ridge formed by the inner portion of 
the fixed cheek ; further the eye ridges seem to be lower and straighter, 
the occipital lobes more pronounced and the posterio r  branches o f  the 
facial sutures appear to have a d ifferent d i rection .  

A.  girvanensis seems to differ i n  the shape of the glabel l a  (which is  
truncate in  front )  in the more distinctly marked off anterior glabel la r  
lobes, the broader fixed cheeks, the  more backwardly d i rected gena! 
spines, the ornamentation of the surface of  the cephalon , the more distinct 
lateral nodules on the thoracic axial rings and in the more backwardly 
directed ple ural  spines .  

TöRNQUIST (Op. cit .  p. 29) has mentioned that REMELE had given 
the verbal information  that our species and the one reported by REMELE 
in  1 882 ,  p. 653 as Odontopleura nov. sp .  were identical . This ,  however, 
can evidently not be the case, since, according to the author last men
t ioned ,  the occipital r ing of  the  latter species i s  furnished with a stout 
occipital sp ine .  

H o r izo n a n d  L o c a l i t i e s . - Upper Leptcena Limestone ; Lissberg 
in Gulleråsen, Östbjörka, Kal lholn ,  Unskarsheden ? 
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Acidaspis Clevei n .  sp . PI .  VI, fig. I . 

S p e c i fi c  C h a r a c t e r s . - Cranidium transverse, exclusive of  occipital 
ring and postero-lateral portions of  fixed cheeks (which latter are not 
preserved on the specimen but probably were produced lateral ly )  trape
zoidal  in  outl ine ; occipital r ing project ing on posterior margi n ; the ante
rior border (only a fragment preserved) seerus to have been nearly straight, 
narrow and upturned and is marked off from the glabella by a narrow 
furrow, which is shal low in the middle but grows deeper lateral ly. Gla
bel la  samewhat less than two thi rds as Iong as wide ,  widest a l i ttle in front 
of base, narrowing anteriorly, truncate in front ,  gently convex. Central 
lobe o f  glabella  separated from lateral lobes by weak longitud ina l  grooves,  
sub-cyl indrical , samewhat longer than wide at base ,  s l ightly n arrowing 
anteriorly, suddenly expanded in  front into small lateral projections ,  which 
coalesce with the eye ridges. Anterior  lateral gl abellar lobes obsolete . 
2d  and basal pairs of lateral  glabeHar lobes depressed below central lobe, 
coalesc ing lateral ly ; bi-composite lobes obliquely sub-ovate or rounded 
s u b-triangular in  out l in e ,  narrowing anteriorly, natehed on the i n sides by 
basa l  glabe l lar  furrows, extending rather more than four  fifths the length 
of central lo be, their greatest width about h alf that of latter, their surface 
gently convex slop ing steeply downwards postero- laterally. Anter ior  
lateral glabel l a r  fu rrows obsolete ; zd pair deeply i mpressed , very short ,  
di rected obl iquely inwards ; inner extremities of basal pai r  situated a l i t t le 
behind mid- length of glabel la ,  forming a deep pit on each side - in  the 
longitudinal groove, which separates the b i -com posite lateral lobe from 
the central lobe of the glabella - from which a short, very shal low, 
rather broad groave runs obl iquely outwards and backwards about half. 
way across the bi-com posite lateral lobe .  Axial  fu rrows narrow, not strongly 
i rnpressed , curving  steeply downwards posteriorly. 

Occipital furrow weak, almost obsolete and transverse behind central 
lo be of  glabel la ; its s ide portions (not distinctly discernible on the specimen)  
seem to have been rnore stron ·gly impressed and directed obliquely forwards. 
Median portion  of  occipital ring measuring from back to front along the 
median I i ne  about two fifths the length of the glabella ,  strongly arehed 
from side to side,  with low, rather ]arge median tubercl e near anterior 
Inargin and two very Iong, broad-based , tapering, d iverging occi pital  
spines (not completely preserved) ,  which are di rected obliquely upwards 
from their bases and gently curved in  the vertical plane. (The longer of 
the spine-portions preserved has about twice the l ength of  the cranidium 
along the median I in e ,  describes an are of about 90°, and its posterior 
end, which has grown very th in ,  points samewhat downwards). Lateral 
portions of  occipital r ing (not completely preserved) seem to have been 
very short and narrow, deeply depressed below the median portion and 
the basal lateral glabel lar lobes, and s l ightly concave . 

Portions of fixed cheeks inside eye ridges sub-tri angular ,  sloping very 
steeply downwards with sl ightly convex surface to axial furrows. Eye 
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r idges Iong, prominent ,  nearly straight, making angles o f  about 45° to 
median I ine of cranidium, bounded on  their insides by distinct, narrow 
furrows . Eye lobes (not p reserved) apparently s i tuated very far back. 
Antero-lateral portions o f  fixerl cheeks (outside eye ridges) narrow, strongly 
bent upwards, with their edges slightly recurved ,  forming very narrow 
ridges separated by narrow,  deep impressions or broad furrows from the 
anterior portions of the eye ridges, posteriorly becoming confl.uent with 
the eye ridges. Anterior branches of facial sutures posteriorly fol lowing 
edges o f  eye ridges to a l ittle in front of  m iddle o f  glabella, then bending 
nearly straight forwards but very soon bending more inwards again  to 
cut the anterior margi n at about 45°. 

Test of cran id ium ornamented, except i n  the furrows and grooves, 
by relatively !arge, irregularly scattered tuberdes of two or  three sizes. 

R e m a rks .  -- The above description is  drawn up from a single small 
cranid ium (measuring along the median I ine a little less than 4 mm) from 
Arfvet in the Upsala M useum.  It is not  quite complete, the posteri or 
portions o f  the fixed cheeks ( inc luding the palpebral lobes) , the extremi 
t ies of  the occ ip i ta l  sp ines and nearly the whole of  the anterior border 
being broken off, but othenvise i t  is wei l  preserved .  

The specimen was collected  by the late professor P. T.  CLEVE, after 
whom I have narned the species .  

A ffi n i t i e s .  - This species seems to be related to A. kuckersiana 
SCHMIDT (SCHMIDT, r885 , p. 4, PI. I, figs. 2-3) and A. jurcata LINRS. 
(LINNARSSON, 1 869, p .  65 , PI. I ,  fig. r8), which both, however, occur on 
a considerably lower stratigraphical horizon .  The former differs in the 
characters of the occipital spines, which are straight  and seem to be 
nearly horizontal and mor e s lender t han i n  ou r species ; furthe r the occic 
pital furrow appears to be more strongly impressed ,  and there i s  no 
median tubercle on the occipital r ing. LINNARSSON's species differs i n  
the shape o f  the b i  composite l ateral lobes,  whose anterior a n d  posterior 
portions - the 2d  and basal glabellar lobes - are nearly of the same 
shape and size and separated by scarcely discern ible grooves, which run 
a t  right angles to the median I ine of the cranid ium ; the pits at the inner 
ends of these groaves seem further to be less  conspicious than the corre
sponding ones in our species, and to j udge from the figure the occipital 
sp ines d iverge more strongly and their basal portions ( the only parts 
preserved) appear to be  a l i tt le convex i nwardly. 

The small imperfect cranidium described by RAYIIIOND (r9ro b,  p. 
2 34 , PI. XXXIX, fig. I 5 )  as Ceratocepltala Narrawayi bears also a rather 
close resemblance to our  species ,  but  differs i n  i ts  deep occipital furrow,  
broader ( from back to front) occipital r ing and i n  the occipital spines, 
whi ch appear to be nearly straight, and whose bases are more widely 
separated .  Further the 2d pair o f  lateral glabel lar fu rrows seem to be 
more strongly developed and the p its , which represent the basal pair, to 
be p laced farther back . 
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In the general characters of  the cran id ium our  spec ies  (as wei l  as 
the other species mentioned above) much resembles the species which R. 
and E. RICHTER ( 1 9 I 7 )  refer  to their sub-genus  Radiaspis although i t  
d iffers in  some features, e .  g .  in the ornamentat ion of  the test, the 
curved occipital spines ,  and the straight eye r idges . It  recalls a lso the 
species which have been referred to Dicrauurus, v iz .  A. (Dicrmzurus) 
ltamatus CONR . (HALL, 1 8 59, p .  371, PI. LXXIX, tigs. 1 5 - 1 9) and  A. 
(Dicranurus) monstrosa BARR. (BARRANDE, I 85 2 , p .  750 ,  PI .  XXXVII, 
tig. 34; 1 872 ,  p. 77, PI . VII, tigs. 1 -2 , PI. XI, tigs .  1 9-22,  PI. XV, tigs .  
I -2) .  As  already mentioned above the  occipital spines  a re  no t  comple
tely preserved on our  single specimen , but although arehed they do not 
appear to have been spiral ly curved,  as i n  the species mentioned,  or they 
have at any rate reached a considerably greater length and grown rather 
thin before they begi n to curl underwards .  In  the characters o f  the 
occipital  spines i t  appears to have agreed more closely with A. longispina 
MITCHELL (ETHERIDGE J unr .  and MITCHELL, 1 896, p. 7 I 5 ,  PI .  Llll, tig. 
ro, PI. LIV, tigs. I - 5 ). Thi s  latter, however, agrees in  most characters 
both of  the cephalon ,  thorax and pygid ium so closely with the species 
referred to Dicranums that i t  seems as if i t  ought to be placed with 
them.1 In al l  these species the portion of the tixed cheeks inside the 
eye lobes seems, however, to be  p rominent and the lateral Iobes of  the 
glabel la to be more distinctly separated from the central lobe than in  the 
cranidium of  our  species .  As Iong as we are unacquainted with the other 
parts of  the carapace of  the latter i t  seems impossible to decide whether 
it may be placed with either the Dicranums- or  the Radiaspis-group. 

H a r izo n a n d  L o c a l i ty . - Upper Lept<:eua Limestone ; Arfvet .  

Acidaspis (Ceratocephala ?) laticapitata n .  s p .  PI. VI, tig. 4· 

S p e c i fi c  C h a r a c t ers. - Cephalon transversely sub-oval i n  outl ine,  
nearly twice as wide as Iong, strongly bent down in front and at s ides,  
flattened on top. Cranid ium with nearly straight anterior margin - only 
arehed forwards a l i tt le j ust i n  the middle - proj ecting s l ightly i n  front 
of  free cheeks. 

Glabel la  sub-cordate in  outl ine with the anterior m argin very sl ightly 
arehed forwards in the middle ,  w ider than Iong, its greatest width at 

1 EnlERIDGE a n d  MITCHELL seem incl ined to  believe that i t  m ay be  referable to  
the  group SelmojJeltis, a n d  as pointed out by them the pygidium much resembles that  
of A. (SelenojJeltis) Buclzi BARR. Dicranurus, however, seems to  have a similar pygidium 
(Cf. R AYMON D 1916, p. 138; HALL, 1859, Pl. LXXIX, fig.  19). The cephalon and  the 
thorax of  A. longispina differ strongly from th ose of  A. (SelenojJeltis) Buclli, and it i s  
ev ident  that  the  a uthors as  regards  the characters of  the cephalon have confused Seleno
peltis and Dicranurus. According to theni A. (Selenofeltis) Budti would have occipital 
spines which curl u nderwards, but  as  is weil known this  is  a chara cteristic of Dio·anurus, 
whereas Selenopellis has a sp indess occipital r ing. 
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middle  of basal lateral lobes, reaching to anterior  border furrow, nearly 
coalesc ing i n  the middle at s ides with fixed cheeks, gently convex 
transversall y ,  mo re strong! y con ve x longitudinal !  y with the anterior ha l  f 
strongly arehed  downwards, l ateral lobes slightly depressed below central 
lobe .  Anterior lateral glabel lar lobes obsolete ; zd pair coalesc ing with 
central lobe i ntern al ly, rather smal l ,  d i rected obl iquely outwards and for
wards, with b luntly rounded antero-lateral ends ,  extending about one fourth 
the l ength of  glabella, their anter ior extremities placed at a distance from 
occipita l  furrow about equal to  three thirds the  length of glabella ;  basa l 
pair !arge, about half the length and ful ly one quarter the width of gla
bel la ,  separated from central lobe by shal low grooves, proj ecting a l i t t le 
behind base o f  latter ,  s l ightly obl ique,  thei r antero-lateral ends a lmost 
coalescing with the fixed cheeks .  Central lobe of glabe l la  elongated sub
quadra ngu lar  in  outl i ne ,  s l ight ly contracted at leve!  of 3d  lateral furrows 
and expanded i n  front into small  lateral proj ections, which coalesce wi th 
the eye r idges .  Anterior l ateral glabel lar furrows obsolete ; z d  pai r  
strongly impressed, w i de  a t  the i r  antero-lateral extremities ,  narrowing 
wi th in ,  short, d i rected obliquely i nwards and backwards ; basal pair som e� 
what longer  than zd pair and directed more backwards ,  narrow and rather 
shal low at their antero- lateral extremities, wider and deeper within, con
nected with occipital furrow by narrow shal low grooves. Axial  fnrrows 
rather shal low, strongest at their j unction with occipital furrow and  i n  
front j ust beh ind lateral projections  of  central lobe o f  glabel la ,  a lmost 
obsolete outside  anterior halves o f  basal glabellar lobes. 

Occipital furrow rather  shallow and nearly transverse behind central 
lobe of  glabel la ,  much more deeply impressed and curving slightly for
wards behind basal lateral lobes. Occipital r ing composed of a rather 
broad ( long i tud inal ly)  median portion beh ind the central  lobe of glabel la ,  
a pair of  narrower occipital lobes ,  and a very narrow depressed poster ior  
band ,  which narrows to mere points at s ides and is rather strongly and 
evenly  arehed transversally and gently rounded longitudinally. The me
d ian  portion seems to have borne two nearly erect and s l ight ly d iverging 
sp ines ,  wh ich on  intern a! casts are  represenled  by a pa i r  of  broad-based ,  
high , conical tubercles ,  whose bases are  a l i ttle separated; between the 
latter ,  and si tuated a l i tt le in front o f  them, is a nither small ,  rounded 
median tuberc le .  Occipital lobes moderately convex, elongate, with the i r  
longer axes d i rected obl i quely outwards and  forwards and sl ightly down
wards, project ing at s ides sl ightly outsi de base of  glabella and rather 
obscurely defined from i nner portions of fixed cheeks , depressed much 
be low surface of  median por t ion  and i n  fron t  separated from l atter by 
short deep furrows but posteriorly connected with this by narrow necks .  

F ixed cheeks narrow, arehed outwards, their width outside b asal 
glabellar lobes about hal f  that of l atter, narrowing anteriorly, acutely 
pointed in front ,  strongly convex longitud inal ly ,  slop ing rather strongly 
downwards lateral ly, swol len except the i r  outermost portions, which in 
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front and behind the eye lobes form narrow, depressed, somewhat con
cave bands with sl ightly elevated edges. Eye r idges prominent ,  of mode
rate width, nearly straight .  Eye lobes (badly preserve

.
d) small ,  e longated, 

situated far forwards, their m iddle  points a l i ttle in front  of mid-length of 
cephalon ; e a ch see111s to have Consisted of  a narrow,  crescentic palpebral 
lobe and an elevated, in both d i rections gently convex eye . Portion of 
fixed cheek outside eye ridge exceedingly narrow, slightly concave. Po
sterior border of fixed cheek narrow, rounded, increasing in width and 
height laterally, directed sl ightly forwards , marked off by distinct furrow.  
The fac ial su tures seem to  be i n  a state o f  symphysis, but their course 
i s  marked by very fine rai sed ridges, vvhich appear to be formed by the 
edges of the fixed checks ; outside (underneath ) the ridges there seem to 
be very fine impressed Iines, which probably represent the suture Iines ; 
anterior branches strongly converging  anteriorly, and only very sl ightly 
di verg ing from eye ridges ; posterior branches di rected nearly straight 
backwards from eyes, posteriorly they seem to curve a little inwards to 
cu t the posterior margin of the cephalon j ust inside the gena! spines. 
Free cheeks (badly preserved) o f  moderate s ize ,  rounded, somewhat par
abal i c  in  outl ine -- when seen from above crescent iform - enlarged out
wards and overhanging the gena l spines, steeply ben t down ; the inner 
(upper) half o f  the surface inside the border gently convex, nearly verti
cal ly i ndined, posteriorly, apparent ly, merging  into the spi ne ; the outer 
half s l ightly concave - most so an teriorly - and somewhat less steeply 
indined ; border thickened, widest in the middle at s ides. narrowing ant
eriorly and posteriorly, its edge studded with series of smal l ,  s lender 
spines .  The gena! spi nes are broken off on the specimens,  but were 
apparently broad-based, p laced at the inner posterior extremi ties of  the 
free cheeks just inside the margin ,  and directed upwards. 

Surface of cephalon ornamented with coarse tuberdes of different 
sizes ; on the central lobe of  the glabella a l itt le in  front of its middle 
are two very !arge ones p laced n ear  each other, and behind these there 
are on each s ide a row of  !arge tuberdes and along the median l ine a 
row of  smal ler  ones ; on the anterior portion of the central lobe and on 
the other parts of  the cephalon the tuberdes seem to be more i rregularly 
scattered. 

D i m e n s i o n s . - The type specimen (cephalon) measures from back 
to front along the median I ine just over 5 mm and its greatest w idth is  
9 mm ; another fragmentari ly preserved specimen seems to have reached 
about the same dimensions ; a third cephalon measures along the median 
I i ne 3 mm. 

Re m a r k s .  - The material on which this new species is  founded 
cons ists of portions of fou r  indiv idua ls  from Kallholn in the Upsala Mu
seum. 

The specimen s are rather  badly preserved ,  but the type specimen 
is ,  wi th the excepti on of the gena! spines, nearly cornplete .  



ELSA WARBURG 

The seeond specimen is a smal ler cephalon, i n  which one of the 
dieeks and the gena! spine of the other are broken off. As mentioned 
above, the facial  sutures seem to be in  a state of  symphysis in th i s  spe
cies, the free cheek seems, however, to be broken off along the suture 
I ine, but th is  may perhaps only be a contingency. 

The third specimen shows the poster ior and middle port ions of the 
hollow i nner surface of  the cran id ium,  and in it the two rows of  large 
tuberdes (represented by pits on the specimen) on the centra l  glabellar 
lobe are very distinct. 

The fourth specimen ,  a portion of  a minute cheek, is the only one 
in  which the spines on the border are preserved . 

A ffi n i t i es .  -- In several respects the cephalon of  this spec ies 
reserobles the typical members o f  the group Ceratocep!tala s. str. , but the 
general outl ine i s  somewhat d ifferent ,  especi ally owing to the shape of 
the outer portion of the cheeks, whose outer margin is arehed outwards 
(and downwards) but not forwards , and the 2d pair o f  l ateral glabel lar 
lobes are more dist inctly defined from the basal  pair and from the fixed 
cheeks but coalesce with the central lobe of the g label la .  Its affinities 
seem, however, to be w ith these species, but  until the other parts o f  its 
carapace are known i t i s  not possible to decide how close the relationship 
real ly is .  Possibly i t is more closely related to A. terribilis REED. As 
already mentioned above (p . 236) ,  this latter agrees closely with the typical 
Ceratoceplzala in the chief characters of the cephalon but has quite d iffe
rently constructed thoracic p leu r<.e and pygidium , which makes it seem 
rather doubtfu l  whether it can be placed in the same group (whether we 
consicler this to be of generic or sub-generic rank) . The cranidium of 
A. terribilis d iffers from that of our  species i n  the shape of the 2d pair  
of  lateral glabel lar  lobes,  i n  having both this and the basal pa ir  distinctly 
separated from the central lobe of the glabel la and from the fixed cheeks, 
in having the eyes reduced ( they appear to be absent or a re very small ) ,  
t he  eye ridges weak and  short, the inner portions of the cheeks wide, 
and the outer portions narrow and with the margins arehed forwards and 
overhanging in front .  

H o r i z o n  a n d  L o c a l i  ty. - Upper Lepta:na Limestone ; Kallholn .  

Acidaspis (Ceratocephala?) bispinosa McCov. P I .  VI, tigs. 2-3 .  

1 846. Acidaspis bispinosus, McCoY, p. 45, PI. IV, fig. 7· 
1 8 53. Acidaspis bispi?tosus, SALTER, PI. VI, figs. 4-6, (text) p. 4· 
1854. Trapelocera? breviloba, ANGELIN, p. 38, PI. XXII, figs. 1 6- 1 6  a. 

S p e c i  f i c Cha r a c t e r s . - Cephalon transverse, its greatest width 
in front of  i ts middle. Anterior border of cran id ium rounded, marked 
oft by distinct narrO\.v furrow ;  its m iddle portion very narrow, nearly 
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straight ; i ts s ide portions growing thicker rather  abruptly and  curv ing 
somewhat upwards and rather strongly backwards .  

Glabella sub-ovate i n  outl ine ,  longer than wide ,  nearly al l  occupied 
by the central lobe, which i s  very strongly convex in both d i rection s ,  
sub-ovate i n  ou t l i ne ,  rather narrowly rounded and sl ightly overhanging  
the anterior border i n  front, truncate at  base, its greatest width a l i ttl e  
i n  front of  i t s  middle ,  about one and a third times the basal width , the 
so-cal led antero- lateral expansions of  the central lobe very sma l l ,  m uch 
depressed belovv the surface o f  the central  lobe proper and general ly 
separated from this by fain t  grooves and almost coalescing wi th the  eye 
ridges and with the r idges formed by the inner  portions of the  fixed 
cheeks. Lateral glabellar  lobes much depressed below the central  l obe ,  
separated from th is  by distinct, though shal low, sm ooth furrows, which 
are continued backwards half-way across the occipital ri ng ;  anterior pai r 
minute ,  rather smaller than the larger q f  the tuberdes which ornament 
the test of  the cephalon , considerab ly lower than those and  more oval  i n  
outline ,  placed j ust behind the antero-lateral extensions o f  the central lobe 
and separated from these by minute smooth pits ; zd pa i r  smal l ,  elongated 
sub-oval in out l ine ,  gently convex , separated from I st pair by deep,  
rounded pits and from basal pa ir  by more elongated deep pi ts ; 3d pair 
of abou t the same shape as zd pair ,  about twice as ! a rge . Axial furrows 
weak in the middle ,  anteriorly rather narrow but growing very wide out
side posterior portions of basal glabellar lobes, at  whose bases they curve 
strongly inwards and downwards to end in  the deep p i ts  formed by the 
side portions of the occipital furrow.  

Median portion of occip i ta l  fu rrow nearly transverse, narrow a n d  
shallow, becoming nearly obsolete a t  sides before reaching the smooth 
longitud inal grooves which separate the central lobe of the glabel la from 
the lateral g l abeliar lo  bes ; i t s  s ide portions behind basal l ateral l obes of 
glabella deeply impressed, directed sl i ghtly forwards .  Median port ion of  
occi pital  r ing projecting cons iderably beh ind the cheeks, rather narrovv 
( from back to front) convex, hearing two relatively stout ,  s l ightly diverg ing ,  
strong! y upturned spines, whose bases are  a l ittle separated ; on the me
d ian Iine behind the  sp ine  bases, and situated a l i tt le i n  front of  them, 
is  a rather strong, rounded tubercl e ; l ateral port ions of  occipital r ing 
narrower than median portion, slop ing rather steeply downwards l ateral ly 
and proj ecting a l i tt le outside base of glabella, elongated sub-oval i n  
outl ine with the longer axes directed obl iquely outwards and  forwards , 
very i ndistinctly defined from inner  swollen portions of cheeks ; sometimes 
the posterior part  of the lateral portion o f  the occipital  r ing is  slightly 
depressed forming a narrow, rou nded band separated from the anteri o r  
part ,  the occipital lobe,  by a weak  furrow, but general ly the two parts 
seem to be almost confluent ,  at !east internal ly. 

Cheeks ! arge, facial suture apparently in a state of  symphysis .  Eye 
lobes situated near the centre of  the cheeks, rather !arge ( for the genus ) ,  
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sub-oval , seem to have been prominent  (only the ir  bases are p reserved 
on  the specimens examined). Eye ridges relatively broad and strongly 
raised , nearly straight, bounded on both s ides by strong  furrows. A low,  
rather broad depressed ridge, the so·called » posterior eye· ridge » , runn ing 
in a slight downward curve backwards from the eye lobe connects this 
with the base of  the gena! sp ine ; i t  is generally rather distinctly defined 
on the inside,  hut very obscurely defined on the outside anteriorly, be
coming more elevated and better defined as i t  approaches the gena! spine .  
From the  posterior end of  the  eye, starting a l i tt le inside the  ridge, a 
faint furrow follows a backward and inward curve to its j unction with 
the posterior border furrow. The inner port ion of the cheek, bounded 
on the outside anteriorly by the eye ridge and posteriorly by this furrow, 
is convex, sub-crescentiform , acutely pointed i n  front .  Behind the eye 
and between the furrow j ust mentioned and the » posterior eye- ridge » i s  
a small triangular  area with slightly depressed surface, which slopes rather 
steeply downwards lateral ly. Outer portion of cheek broadly crescentiform 
in out l ine ,  descending abruptly to horder, enlarged outwards and over
hanging the base of  the gena! spine. Lateral border of cheek rather 
broad, elevated ,  rounded, arrned with a seri es of small marginal spines, 
which are directed obl iquely downwards and - with the exception of 
the h indermost ones - forwards. Lateral border furrow broad and shallow, 
growing narrower anteriorly, separated from posterior border furrow by 
» posterior eye ridge » .  Posterior border of cheek very narrow near occi 
pital ring, growing rapidly wider l aterally, gently rounded, almost horizon
tal ly extended to a l itt le i nside gena! spine, then bending abruptly down
wards, defined by sharp, narrow furrow,  which grows shallower as i t  
approaches the >> posterior eye ridge » ;  its posterior margin directed some
what backwards . Gena! spines (not completely preserved) not  very stout, 
rapidly tapering, s l ightly diverging, directed obliquely upwards. Anterior 
branches o f  facial sutures represented by n arrow impressed I ines running 
close to the furrows which bound the eye ridges on the outside.  Of  the 
posterior branches no traces are distingui shable hut it seems probable 
that they originally cut the posterior borders of  the cheeks at the angu
lations  between thei r  inner harizontal and thei r outer declined portions 
(Cf. above ) :  

Surface of  cephalon ornamented by c losely set, small  granules and 
irregularly distr ibuted, rather coarse tuberdes varying i n  s i ze and promi
nence. The largest tuberdes occur on the glabella and on the inner, 
swollen portions o f  the cheeks, the very largest ones are found on the 
latte r ;  rather !arge ones occur also on the eye ridges, and smaller ones 
on  the incl ined portions of  the cheeks and on the l ateral horders. On 
the occi p i ta l  r ing and on the posterior borders o f  the cheeks there are 
no tuberdes (w ith the exception of  the !arge median occipital tHbercle )  
only g ranules .  
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D i m e n s i o n s . -- In McCov's type specimen the length of the 
cephalon along the medi an Ii ne seems to have been a l itt le over 7 mm 
and in  the specimen figured by SALTER about 6 mm.  In the largest 
specimens from Kildare, w h ich I · have examined -- which are p ressed 
and incompletely preserved - the corresponding length seems to have 
been between 8 and 9 mm. In the cephalon from the Lept�na Limestone 
figured by ANGELIN as Trape!ocera ? breviloba the length along the median  
I ine  i s  not  qui te 5 mm.  

R e m a r k s . This species was  founded by McCov ( 1 846, p .  4 5 ,  P I .  
IV ,  tig .  7 )  on a fragment of the  cephalon\ showing really only the  larger 
part o f  one of  the cheeks and the bases of  the occipi tal spines. To j ud ge 
from the upper figure given by him in  natural size the specimen was 
apparently much p ressed and is moreover on this figure, which otherwise 
seems to be correct, not represented in dorsal aspect, but seen obliquely 
from the s ide .  On  account of  this the lower, en larged figure - which 
apparently i s  meant to show the origi n al shape of the cephalon (in an 
unpressed condit ion)  and i n  which the missing portions are part !  y restared 
in outl ine - is  rather misleading ; McCov himself has remarked (in the 
explanation of the p late) that it represents the cephalon rather too short 
in relat ion to the width .  

SALTER's ( 1 8 5 3 ,  PI . VI ,  figs. 4-6,  text  p .  4) description and especi
al ly his figures of the cephalon of this species are also samewhat mis
leading as to its true characters .  This is evidently partly due to the fact  
that  h is  type specimen - which I have had the opportunity of  briefly 
examining in  the Museum of  Practical Geology in  London - is badly 
p reserved and pressed. His figures 4 and 4* , which - especially the 
l atter - are rather schematical ,  are, however, in some respects really 
i ncorrect .  The eye lobes for i nstance are placed to much inwards and 
the outer portion s  of  the cheeks are too wide and too much enlarged 
forwards . In t he  specimen the l atter are very steep ly bent down and 
appear as narrow stripes when the specimen is  seen in  dorsal  aspect, and 
they do not protrude in  front  of the glabella . Moreover his description 
seems scarcely ful l  enough for a l l  pu rposes. 

The above descript ion,  based on several cephala ,  collected by the 
writer and now i n  the Upsala Museum,  from the typical locality, the Chair 
of Kildare in  Ireland, may therefore be advantageous. The specimens 
are i n  a more or less fragmentary condition and more or less pressed, so 
that it has been impossible to decide qu i te definitely the re lat ion between 
the length and the width o f  the cephalon ,  but the length alon g the me
d ian I ine seems to have been samewhat more than half the greatest w idth . 
In the bette r p reserved specimens i t  is seen dist inctly that the glabella i s  

1 A s  seen fro m  the text  (O p .  cit.  p .  4 5 )  McCoY's  origi n a l  diagnosis o f  the species  
was drawn up fro m  this  specimen. T h e  o t h e r  ent ire  specim e n s ,  which he described  
l ower d o w n  o n  t h e  s a m e  page belong a p parcntly to A. jamesi SALT.  (C f .  S ALTEil, 1 8 5  3 ,  
t ext t o  PI .  VI, p .  s ) .  
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truncated behind, but  in some of the more strongly pressed examples it 
appears rounded ,  though not so strongly or so evenly roun ded as i n  
SALTER's figures, which a s  al ready mentioned are rather schematica l .  

ANGELIN 's  species Trapelocera ? breviloba, founded on a fragmentary 
cephalon from the Lept;ena Limestone of Osmundsberg, i s  undoubtedly 
identical with Acidaspis bispinosa McCov, and since the latter name is 
old er ANGELIN 's  specitic term , w h ich date s from I 854, must ev ident!  y be 
dropped. ANGELIN 's  descri ption is ,  as usual ,  very brief and his tigures 
are bad , but his type specimen (tigured below, PI. VI, tigs. 2-3 ) , which 
is i n  the State Museum of Natural  History at Stockholm ,  agrees with the 
above diagnosis of  A. bispinosa in  all particulars as far as it is  p reserved.  
l t is  the on ly specimen of  this species known from the Leptcena Limestone.  

A ffi n i t i e s . - CLARKE ( 1 892, p .  93 ) placed this species i n  the 
group Ceratocephala in its most restricted sense and R .  and E .  RICHTER 
( 1 9 1 7 ) seem also to include i t  in the ir  sub·genus of the same name, \vhich 
earresponds to this group .  It resembles the typical members of the 
group in  having the tixed and free cheeks anchylosed and the eyes placed 
far forwards and far from the glabella ,  i n  the development  of a strong 
ridge, which connects the eye lobes with the base of the gena! spine, i n  
having two straight occipital sp ines ,  a n d  to some ext en t  i n  t h e  general 
outl ine of  the cephalon , although its greatest width seems to l ie farther 
back. It differs from these species very strongly in the characters of  the 
glabella with i ts  !arge swollen cen tral lobe and minute ,  depressed lateral 
lobes, and i t  appears rather doubtfu l  whether i t  really ought to be referred 
to the same group.  The cephalon (which is the only portion known as 
yet) does not, however, show any greater resemblance to any other de
scri bed species. 

H o r i z o n s  
berg ( Dalarne) .  

a n d  L o c a l i t i e s . - Upper Leptcena  Limestone ; Osmunds
Ki ldare L i meston e ;  Chair  of Kildare !re land .  

Acidaspis sp .  ind . a .  P I .  VI, tig .  8 .  

R e m a r k s . - A small fragmentary pygid ium , only about 1 ,5 mm 
Iong, from Amtjärn i n  ISBERG's col lection in  Lund shows some pecu l iar  
features and seems to represent a new species o f  Acidaspis. Both the 
i nterna! east and the impression are preserved, though ne i ther i s  complete. 

lt is  semicircular in outl ine ,  about twice as wide as Iong (exclud ing 
spines) ,  and provided with at  !east 5 pa i rs  of  rather s tout marginal sp in es. 
The axis i s  broad, its anterior width being about hal f that of  the ent ire 
pygid ium,  rather sl ightly tapering posteriorly to the broadly rounded 
extremity, w h ich does not  quite reach the posterior margin ; i t seems to 
be composed of 3 axial r ings and a very short termi nal piece ; the I st 
axial ring is very prominent ,  rounded longitudinally and strongly arehed 
transversall y ;  the rest of the ax is is depressed con v ex and the posterior 
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axial ri ngs are very ob.scurely indicated .  The s ide lobes are flattened 
except anteriorly, where the surface on each side is ra ised i nto a !arge, 
prominent ,  sub-conical , somewhat obl ique boss, which supports a nearly 
erect, slender spine (on ly the i mpression preserved) .  The bosses, which 
seem to correspond to the raised ridges found on the pyg id ial  side lobes 
in  other species o f  Acidaspis, are somewhat oblique and reach from the 
axial  furrows to the margin o f  the  pygidium and are immediately con
t inued by a pair  of  marginal spines ,  which seem to be somewhat stonter 
than the rest . It has not been possibl e to decide whether these spines 
are the zd  or the 3d pair .  There are 3 pairs behind them and at !east 
one pair (not drawn on the figure, Pl . VI, fig.  8) in front of them,  but  
the  front edges o f  the  s ide lobes are  badly preserved and i t  seems as i f  
there might have been one anterior pair  o f  smaller spines o r  smal l  pointed 
lateral projections. Of  the distinctly observed spines the anterior ones 
are d irected obl iquely outwards an d backwards at an angle of about 46° 
to the median I ine of the pygidi um ,  the fol lowing ones Successively more 
and more strongly backwards .  The surface is  badly preserved hut i t  
seems as i f  each of  the  axial r ings  was  ornamented w i th  a single row 
of  relatively !arge tubercles ; those on the zd r ing are most d isti nct on 
the specanen.  

H o r i z o n  a n d  L o c a l i t y. - Lower Lept�na Limestone ;  Amtjärn .  

Acidaspis? sp .  ind .  b .  PI .  VI, fig .  7 -

Re m a r k s . - There i s  a some what defective hypostoma - mea
suring about 3 mm in length -· from Kallholn in ISBERG's collection i n  
Lund ,  whose true generic position i n  uncerta in .  In  most of  its chief 
characters - especial ly i n  the lobat ion of  the central body - it shows, 
however ,  a certain l ikeness to several o f  the different described Acidaspid 
hypostomata. I t seems therefore probable that i t  belongs to  a species of 
this gen us ,  possibly to A. evoluta. 

The hypostoma is  about three fourths as Iong as wide i n  front,  
s l ightly narrowing posteriorly, with nearly straight lateral margins,  rounded 
postero-lateral angles and sub-truncate posterior end ; the anterior end is  
not perfectly preserved, hut the front margin seems to have been straight .  
The central body is  somewhat wider  than i t  is Iong ,  strongly convex, 
except the antero-lateral ends of the posterior lobe , which are much 
d ep ressed ; its greatest width lies across t hese at a bo ut on e third the 
length of the body from the anterior end ; the front  en d is  moderately 
arehed forwards and seems to have reached the anterior margin of  the 
hypostoma ; th e posterior end is  mor e bluntly round ed ; the mi d die fu rrows 
are rather Iong,  obl ique, and forming deep pits or grooves inside the 
depressed antero-lateral ends of the posterior lobe , then gradually grow i n g  
narrower and shallower proximally a n d  dying o u t  before meeti ng  i n  the 
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middle . The anterior  w ings are very short, tr i�ngular and rather strongly 
incl ined . The barder, which embraces the sides - beh ind  the anterior 
wings - and the posterior end is  sl ightly rounded , rather narrow and 
marked off by a cont inuous furrow,  which is  rather weakly marked in 
fron t  outside the depressed anterior ends o f  the poster ior lobe of  the 
body, then suddenly becoming wide and deep,  but growing shallow again 
in the middle beh ind the body. 

H a r i z o n  a n d  L o c a l i t y . - Upper Leptcena Limestone ; Kallholn .  

Family Lichadidae CoRDA.  

According  to the interpretation g iven by REED ( 1 902 ,  p. 64) of th e 
structure of  the Licbad cran id ium,  the !arge anterior pa i r  ot lateral gla
bel lar lobes ,  which by earl ier writers (BEYRICH,  BARRANDE etc. ) were 
regarded as homologous to the 1 st pair in  other tri lobites, are of compo
s i te nature and  consist of  the fused I st and 2d  pair ; the previously so 
ca l led zd lateral glabellar furrows and lobes are homologous to the 3 d  
furrows and l o  bes respecti v l y  i n  other less modified genera ; and the smal l  
l obes at  the base of the glabel la  found in most species of  the family 
belong to the occipital s'egment and are genetical ly of the nature of occi 
p ital lobes . REED (Op. cit .) has pointed out  several features which argue 
very convinc ingly i n  favour  of this hypothesis -- the disproportionable 
s ize of th e so-cal led I st lateral glabellar lobe, the occasional presence of 
a more or less d istinct furrow across th is  lobe or a notch at its inner s ide 
i n  various non-al l ied species etc. REED's hypothesis scems to have been 
accepted by most later writers on the subj ect, and in  this  paper the nomen
ciature of  the parts o f  the cranid ium is based on it .  

In  the sub-d ivision o f  the Lichadidae most modern w ri t ers have, in 
the main, fol lowed the works of G URI CH ( 1 90 1 )  and REED ( 1 902) , several 
of them, however, giving their sub-generic or sectional  groups generic rank.  
As pointed out by REED (Op .  cit . ,  p .  S r )  some of these groups are not 
so isolated as others, and  al l  are not perhaps of  equal value.  St i l l  they 
appear in the main to be as weil defined  - even i f, as seems only na
tural , in  some cases transitional  forms  can be recognized - as several · 
other groups of  tri l obites l ,  w h i  ch generally have been regarded of generi c 
value ,  and it appears to m e  j u st ifiable ,  and on the whole the most prac
t ical thing to do, to rank, at  least most of them,  as genera .  It must be  

1 Knowing only the carapace o f  these  forms, a s  w e  d o ,  i t  i s  o f  course i m p o s sible  
t o  know how fa r the d i fferences fo und i n  this  real!  y indicate ,  o r  ra ther are accompanied  by, 
imp ortan

·
t differences  in the s o ft p o rt ions  of the b o dy, and h o w  far the terms genus a n d  

speci e s ,  a s  u s e d  w i t h  regards t o  t h e s e  foss i l  forms ,  c orresp o n d  t o  the conce.pt ion of t h e s e  
t e r m s  when li ving forms are under c o n sid erati o n .  



TRI LO B I TES OF T H E  L E PTfENA LI �I ESTON E z s s  

remembered ,  however, that the term Metopolicltas cannot - as has 
been done by some American authors - be used as the gener ic  de 
signation for the group for which it was introduced by GORICH ( as a 
substitute for the preoccupied name Metopias EIC H W . ,  used in  the same 
sense by SCHMIDT i n  1 88 5 ) ,  since this includes the genotype of Licltas, 
L . ·  laciniatus WHLBG . Only i f  i t  should prove necessary to refer the 
type of JWetopolichas, Lichas ( iWetopias) Hiibneri EICHW .  ( EICHWALD 1 842 ,  
p.  62, PI. III, figs .  2 1 --22 .  SCHMIDT 1 88 5 ,  p .  65 , PI .  I ,  figs .  1 3- 1 4 ;  1 907, 
p. 37 , PI .  II , figs.  6 -7) to a distinct genus can the term be kept, but 
this seems hardly probable, s ince,  as far as can be judged from the de
scriptions and figures available ,  it appears to agree closely with L.  laci
niatus both in  the characters of the cephalon and of the pygidium. 

In the Leptaena Limestone the following genera (or groups) are 
represen te d :  Trochurus BEYR. ( Cordyocephalus CoR D . ,  Plusiarges GORIC H ) ,  
Dicranogmus CORD . (Liparg-es GlJRIC H ) , Platylichas GORICH,  Dicranopeltis 
CoRD. ( Tracltylicltas GORICI-I ) ,  Lichas DALM. s .  str (Metopolicltas GDRICH )  
and Amphzliclzas RA VM.  (Platymetopus ANG. , Paralichas REED, Aerolichas 
FOERSTE) . 

Owing to the uncertainty attaching to CoRDA's species GORICH (Op .  
cit .  1 90 1 ) would substitute the  names Plusiarges for Cordyocephalus, Lipar
ges for Dicranogmus and Tmchylichas for Dicranopeltis. It is, however, 
quite clear which species CoRDA  regarded as the types of these genera, 
although he described two of them under other specific names than those 
earl ier g iven to them .  CoRDA's  names have also been revived by  REED 
( 1 902 ) and used by other \�riters too. 

Cordyocephalus is  however, as pointed out by FOERSTE ( 1 9 1 7 p .  2 54) 
antedated by Troclmrus BEYR. This name was original ly appliecl by 
BEYRICH in  1 845  (p. 3 1 )  to a composite and artificial  species consist i n g  
o f  the cranidium of  a Staurocephalus (St. Jl;furchisoni BARR. 1 846) and 
the pygidium of a Lichad.  Of this heterodox species ,  which was cal led 
Tr. speciosus, he figured only the pygidium,  however, and the name 
Trochurus (wheel) al ludes to the general appearance of th is, which there
fore evidently must be regarded as the type .  Moreover, his attention 
having  been cal led to his error privately by BARRANDE, BEYRICH in  1 846 
(pp .  8, 1 0, PI. I ,  fig. r) defin itely designated the pygid i u m  as the type of 
his species and described and figured the proper cran idium for this. It 
is  true that BEYRICH i n  this paper of I 846 referred the species to the 
genus Arges GOLDF.  ( 1 8 39)  and declared that h is  genus Trochurus did not 
exist, but this does not seem to be reason enough for dropping the name , 
since firstly GOLDFUSS's name, be i ng preoccupied, cannot be u sed apyhow, 
and secondly his type species and the species i n  question belong to d i f
ferent genera (or groups) .  Cordycephalus was not defined by CoRDA 
until 1 847 (p. 1 39, PI. VIT, fig. 4) and founded on the same species ,  
which , however ,  was g iven a new specific name ( C.  jlabellatus) .  BAR· 
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RAND E described the same species in I 846 (p. 54 )  as Lichas paZmata 
o wing to BEYRICH's error in his original description of Troc!turus speciosus. 

The generic term Aerolichas was proposed by FOERSTE in 1 9 1 9  (p .  
72 )  for the A merican speci es, which had been referred to Amplzzlichas. 
In a later paper ( 1 920) he refers to this genus also an Irish species, v iz .  
PORTLOCK's Lzdzas hibernicus. In the structure o f  the cranidia these spe
cies are practical ly i dentical with the typical species o f  Amlulichas, but 
the pygid ia  are quite dissimilar to those, which SCHMIDT ( 1 88 5 ,  p .  5 2 ,  
PI . VI, tig. w ;  1 907, p .  26, PI. II ,  tig. 14 ,  text-tigs. 3 ,  1 2 ;  1 88 5  p .  5 5 ,  PI .  
VI, figs. 1 6 - 1 7) attributed to the type species o f  this genus, Amph. 
lineatus A NG .  and to Amph. Ho!mi SCHMIDT. It seems, however, very 
p robable that ScHMIDT was misstaken i n  associating the pygid ia  with the 
cranidia of  these species and that the East Baltic and Swedish forms 
referred to Amphiliclzus have pygidia of the same type as those of the 
species which FoERSTE refers to Acrolichas. A good many cranid ia of 
Amp!t. lineatus as weil as a very great n umber of  other Amplzilicltas era
nidia have been found in the Lept::ena Limestone in  Dalarne and also 
several pygidia of  the » Acrolichas» type, hut not a single pygidi um 
resembl ing those, which ScHMIDT attributed to Amph. lineatus and Amph. 
Holmi. In the East Baltic Area Amphilichas - although represenled by 
several species - seems to occur much more spari ngly. Of  the pygidia 
which SCHMIDT attributed to the former species only two have been 
found at the same stratigraphical horizon and at the same local it ies as the 
cranidia (one  is from a lower horizon than t�e cranidia and another bad 
been found i n  a boulder) .  O n  ly two cranidia of  Ampft .  Holmi were known 
to SCHMIDT,  and the two pygidia  which he referred to this species had 
been found at the same locality as one of  the former. The two portions 
of  the body seem never, in  either case, to have been found i n  such a 
position as to indicate that they originally belonged to the same indivi
dual . SCHMIDT associated them by reason of  the similarity in  the style 
of  ornamentation .  This, however, does not seem to be proof enough, since 
several species of  Lichadid::e belonging to different groups or genera 
show great resemblance in the ornamentation of  the test .  

The pygidia recal l  i n  their general characters those of several spe
c ies o f  Homolichas SCHMIDT. It seems rather p robable to me  that the 
pygidia attributed to Amph. lineatus are referable to Hom.  angustus BEYR . 
(SCHMIDT, 1 88 5 ,  p .  1 08 ,  Pl .  l V, tigs. 1 8-23 ) ,  which species has been 
found at the same localities as two of  these pygidia .  The incomplete 
pygidium referred to this species by ROEMER ( 1 86 1 ,  p. 76, PI .  VIII,  fig .  
8 b ;  c f.  SCHMIDT, 1 8 8 5 ,  p.  1 08)  seems, to j udge from the  tigure as  far 
as i t  is p reserved ,  to agree rather closely with them. 1  The tubercles on 

1 Cf. ScHM IDT's figures i n  h i s  paper  o f  1 907 (Pl. II, fig. 14 ,  text-figs 3 ,  1 2). T h e  
figure given b y  h i m  in 1 88 5  ( P I .  VI,  fig. 1 0), w h i c h  h a s  gen erally been repro duced as  t h e  
typical Amphilichas pygidiu m ,  i s  a reconstruct ion and a ccording to S cHMIDT ( 1 907, p .  2 6 )  
l1imse l f  n ot C O ITect .  
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the cranidium of  Hom .  angustus appear partly to be coarser, hut other
wise to be rather sim ilar to those which occur on the smaller cranidia of 
A mph. lineatus ( on  the l arger cranid ia  of this species the tuberdes seem 
to have vanished) and,  since,  as stated by ROEMER (Op. c i t .  p .  77) ,  the 
pygid ium of the former species is not so coarsely tuberculated as the cra
nidium ,  i t seems very I ikely that i t  agrees in the style of  ornamentation 
with Sci-IMIDT 's  specimens. 

The only pygid ium known from the East Baltic Area,  which seems 
referable to a species of  Amphi!ichas, is the one which SCHMIDT ( 1 88 5 ,  
p .  1 22 ,  PI. V, fig. 26) wrongly attributed t o  Lichas (P!atylt"chas) cicatricosus 
LOVEN (LOVEN, 1 845 ,  p .  56 ,  Pl .  I , fig. 8 ) . 1  On the strength of the s imi
larity of the ornamentation SCHMIDT (Op . cit .  pp .  1 22 ,  Pl .  V, fig_  2 5 )  
associated with this pygidium two small  cranidia ,  which, however, d o  not  
appear  to  belong to the same species as th i s ,  bu t to a species of P!aty!ichas 
( Cf. below p. 288) .  They came from the same harizon hut  not from the 
same local ity as the pygid ium and do not at al l  earrespond to it in size_ 
- This, as it seems, composite species, Lichas cicatricosus SCHMIDT non 
LOVEN, REED ( 1 902 , pp .  73,  82)  used as the type of  h i s  sub-seetian Me
ta!ic!tas, to which he original ly referred in addition to the type ,  Lichas 
-(Amplzilic!zas) hibenzicus PORTL. (pygid ium non cranidium) , L. (Dicranog
mus) a:qualis TöRNQ. , and with a mark o f  interrogation L. St. Matthia: 
SCHMIDT. He has later ( 1 9 14 .  p .  30) recognized that the cranidia,  which 
had been attributed to Amph. hibernicus by PORTLOCK and others real ly 
belong tagether with the pygidium  and thorax forming the original type 
of  PORTLOCK's species, and has referred this to Amphi!ichas. TöRNQUIST's 
species Lichas cequa!is seems, as far as can be j udged w ithout knowing 
the pygidium, to belong to Dicranogmus

' 
(Cf. below p .  260) . It appears 

thus as if the genetic group JWeta!iclzas did not exist. 

Genus Tt·ochurus BEYRICH .  

Trochurus Törnquisti GORICH .  P I .  VII, figs .  I -2 .  

1 884. Lichas jJalmatus, TöRNQUIST, p. :;o,  PI. I, figs . 26 - 2 7 .  
1 90 ! .  Lichas (Plusiarges) Törnquisti, GDRICH,  p .  5 26.  

S p e c i fi c  C h a r a c t e r s . - Cranidium, when viewed from above, 
sub ·semiel l iptical in  outline, very convex, strongly protuberant in front. 
Axial furrows deep and strong anteriorly, becoming shallower outside 
basal lateral glabel lar lobes, then growing samewhat deeper again outside 
occipital ring, very strongly and rather evenly arehed upwards, describing 
in  the harizontal p lane a gently convex curve from antero - l ateral extre-

1 That i t  does not be long to this species has  already been poi r1ted out by REED 
( 1 902 , p .  7 3 ) .  It differs from LovE:N's form in sev eral imp ortant characters (Cf. below p. 
280, text-fig. 1 9). 

1 7 - 19232 .  Bull. of Geol. Vol. X V I I. 
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m1t1es of central glabellar lobe to basal lateral glabellar furrows, then 
another gent ly convex curve around extremities of  basal lateral lobes and 
a third very sl ight curve around extremities o f  occipital lobes. Preglabel lar 
furrow narrow, distinctly impressed , rather gently and evenly arehed for
wards. Anterior border o f  cranid ium very narrow in  the middle ,  gent ly 
i ncreasin g  in width towards the sides, ftattened.  Glabella very gibbous ,  
overhanging anterior margin of cranid ium,  Anterior lateral glabellar fur
rows deep,  rather narrow,  curving from anterior margin of glabella upwards 
and backwards ,  and just at first rather strongly inwards , then becoming 
sub-paral lel  to opposite outer extremities of third pa ir  of  lateral furrows , 
and then converg ing sl ightly posteriorly to the inner  extremities of these 
furrows ; beyond these points the joint furrows are continued a short way 
i nwards and backwards as rather broad, shallow, smooth grooves, which 
may be connected across central lobe o f  glabella by a very narrow and 
weak impression,  which marks off the short, depressed posterior portion 
of this lobe from the gibbous main portion . 2d  pair of  l ateral glabellar 
furrows obsolete. Basal pair of  lateral furrows as strong as anterior pair ,  
curving from axial furrows inwards and slightly backwards and upwards, 
meeting anterior pa ir  at rathe r acute angles. Central lobe of glabella 
widest at anterior  margin , where its width is about five eighths that of 
the entire glabel la at its middle, rapidly n arrowlng to about four fifths its 
anterior width ,  then becoming nearly parallel-sided for the greatest part 
of its length , hut taperi ng slightly again posteriorly, where it forms the 
median third of  the g label l a  at the j unction of the anterior w ith the basal 
lateral g labellar furrows ; its main portion very strongly convex, protu
berant beyond frontal margin of cranidium and raised highly above lateral 
lo bes ; the posterior portion, b·etween basal lateral lo  bes depressed,  very 
gently convex i n  both directions. B i-composite lobes !arge, rather strongly 
convex, when viewed in  dorsal aspect sub-triaugular in outline, when from 
the s ide  or  i n  an  oblique position - so that the entire lobe is visible -
sub-ovate or pear-shaped , acutely augular behind ,  the longer axes sl ightly 
oblique to the median Iine of  the glabella ; their su rfaces generally slightly 
depressed between the more highly raised central and basal lateral lobes . 
Basal lateral lobes considerably smaller then bi-composite lobes, more 
strongly convex, narrowly sub-el l iptical or sub-ovate in outline ,  with the 
longer axes nearly at right angles to median I ine of glabella. 

Occipital furrow rather narrow, disti nctly impressed, deeper at  sides, 
than in middle where i t  is gently arehed forwards, dividing at sides, one 
division p assing in  front of the other behind the occipital lobes. Occipital 
lobes of  moderate size, sub-triaugular to sub-ovate in  outline with the 
longer axes d i rected sl ightly backwards,  the surface rather strongly raised 
hut flattened on top and sloping rather strongly downwards laterally and 
posteriorly .  Main port ion of  occipital ring rather wide in the middle ,  
growing  very narrow laterally behihd occipital lobes, strongly arehed 
transversa l ly .  Fixed cheeks (incompletely preserved ) with very narrow 
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anterior porti ons and wider, convex, rather strongly inc l ined posterior 
portions. The palpebra l  lobes (not preserved) were apparently placed 
close to the glabella opposite the l ateral extremities of  the basal lateral 
glabellar fur rows and seem to have been smal l .  Posterior  bord er of fixed 
cheeks narrow, increasing slight ly in  width laterally, m arked off by wide ,  
but not  very deep furrows. Anterior brandles of facial sutures sub-paral le l  
or very slightly converging anteriorly ; posterior branches cu rvi ng  from 
the eyes outwards and backwards.  

Surface of  test ,  except in  furrows and grooves, thickly ccvered with 
tuberdes of different sizes ; on  n ear ly all parts rather ]arge, bu t no very 
]arge, ones occur, the largest on the depressed poster ior port ion of the 
central g label lar lobe. 

D i m e n s i o n s . -- In the type specimen the d istance between the 
anterior and posterior margins  of  the glabel la is j ust over 7 mm.  and 
the greatest width of the glabella is 8,s mm. In  the other specimens 
observed the distance  between the anterior and the posterior margins is 
from a l i tt le over 2 mm. to 6 mm. and the greatest width of  the glabel la 
from 2,5  mm. to approximately 7,2 mm.  

R e m a r ks .  - TöRNQU IST ( 1884, p .  30 ,  P I .  I ,  tigs. 26- 27)  has  pre
viously figured and briefly described the cran id ium of this species as 
Lichas palmatus BARR . The specific name Törnquisti was later on  p ro
posed by GORIC H  ( 1 90 1 ,  p .  5 26) , who pointed out that the form from the 
Leptcena Limestone, although evidently cl osely related to the Bohemian 
form , cou ld  quite wel l  be  disti nguished from this .  

In  addition to the cranidia from Boda (now in the Lund Museum) ,  
which TÖRNQU IST bad at  disposal ,  there are now avai lable two cranidia 
from Kal lholn ,  one in  the Upsala Museum the other in  ISBERG's col lection 
in  Lund and two others from Osmundsberg in the l atter coll ection . The 
specimens examined are of rather d ifferent sizes, and to j udge from them 
the  convexity of  the glabel lar lobes does not seem to alter with age in  
the same way and to the same degree as it does according to BARRANDE 
( 1 8 5 2 ,  p. 6oo) i n  Tr. speciosus BEYR. (Lzdtas paZmata BARR. ) . The  only 
difference in  this respect between smal ler and larger specimens is that in  
the former the hindmost portion of the central glabel lar  lobe is more 
depressed and the portion just i n  front more distinctly raised.  

This species i s  evidently represented i n  the Kildare Limestone at 
Kildare in  Ireland too. In the collection of the GeologicaJ Survey of 
Ireland in  Dublin the writer has bad the opportun ity to examine  some 
cranidia from this local ity, which agree very closely in  character w i th  
those from the  Leptcena Limestone . The i r  bi-composite l atera l glabel lar 
lobes seemed to be samewhat more tr iaugular in  outl ine than those of 
the Swedish specimens ,  but  that they a re referable to the same species 
see m s to be  beyond d ou bt . 1  

l The spec imens  were la be l le d Lichas /a.1:atus M'CoY a n d  pas ted o n  the same piece 
of cardboard a s  same cr;mid ia  and pygid ia  of  this species .  
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A ffi n i t i e s .  - This species see m s to be very closely related to Tr. 
speciosus BEYR. (Licftas palmata BARR . ) ,  (BARRANDE, 1 8 5 2 .  p .  599, PI. 
XXVIII, figs. r - 1 3 ), but, as GDRICH has pointed out (Cf. above ) not to 
be  identical .  To j udge from the specimens hitherto known it reaches 
much smaller dimensions than BEYRICH's  species .  In the latter the 
convexity o f  the glabel lar  Iobes varies much, so that in this respect the 
ful l  grown indiv iduals  and the young ones show great d ifferences. In 
our species on the other hand this does not seem to be  the case - the 
relat ive ly s l ig  h t variation in this respect i n  the posterior portion of the 
central g l abellar Iobe,  mentioned above, need not be taken into conside
rat ion here ,  s ince i t  i s  chiefly the convexity of  the anterior and middle  
portions of  th is  lobe and  of  the bi -composite lobes ,  which vari es so much 
in Tr. speciosus - and on the whole it  seerus to hear a considerably 
greater l ikeness to the former than to the latter, but i t  d iffers from al l  i n  
some respects. To j udge from BARRANDE's  figures a n d  descript ion and 
from a specimen in  the Upsala Museum 1 ,  the main - portion o f  the central 
glabel lar lobe of the Bohemian species is i n  the larger specimens some
what more gently rounded,  in the smaller ones as strongly - or even 
more strongly - but not so evenly convex as i n  our  species ,  the hind
most portion of  this l obe i s  more depressed and more d istinctly marked 
off from the main portion -- also in Iarger specimens -, the bicomposite 
lateral glabel lar lobes are less swollen - this i s  especially the case in the 
smaller specimens ---:- and as a consequence of  this the anterior half  of 
the glabella i s  more tr iangular i n  outl ine ,  and further, the fixed cheeks 
are not so steeply bent down .  

H a r i z o n s  a n d  L o c a l it i e s . - Upper Lept�na Limestone ; Boda ,  
Kallholn, Osmundsberg. Kildare Limestone ; Chai r of Ki ldare (Ireland) .  

Genus Dicranogmus CoRDA. 

Dicranogmus requalis TöRNQUlST. PI . VII, figs. 3-4 . 

r 884 .  Lic/tas (J'qualis, TöRNQUJST, p. 3 2 , PI. I, figs.  29-30.  
1 90 1 .  Lidtas (Enargcs) requalis, GDmcH, p. 5 27 .  

S p e  c i f i c C h  a r a c t e r s .  - Glabel !a weil  defined i n  front and antero
l aterall y, posteriorly confl.uent w ith the fixed cheeks, wider  than Iong, the 
length along the median I ine being about four fi fths the width between 
lateral extremities of basal lateral furrows,  gently narrowing anteriorly, 
truncate in front, moderate ly convex, sl ightly overhanging in  fron t ;  its anterior 
margin sl ightly arehed upwards in middle. Anterior pair of lateral gla
be l lar  fu rrows very narrow and shallow for a l i ttle less than half the ir  

1 This  spec imen ,  which  is of med ium s ize ,  shows ,  as a matter of fact, the points  
of  difference more strongly than any of  the figures given by BARRANDE .  
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length from front margin o f  glabel la to basal lateral fu rrows, thence 
distinct ly impressed and sl ightly i ncreas ing in  strength to basal lateral 
furrows and continued backwards by very shal low grooves to occipital 
furrow,  at first (counting from th e i r  origin in  preglabe l lar  fu rrow) sl ight ly 
converging posteriorly for a short distance,  then c urving gently bu t cl istinct ly 
outwards to about half-way from anter ior margi n of  glabel la to basal 
lateral furrows, then making a s l ight bend and continu ing backwards d iver
ging almost imperceptibly posteriorly ; 2d pai r of lateral glabel lar  funows 
obsolete ; basal pa ir  of  moderate strength throughout, curv ing from axial  
fu rrows slightly upwarcls and backwarels t o  meet anterior  pair at angles 
of a bo ut 70° ; from the point of  j u nction of the furrows on e a ch s ide a we a k 
groave curves obl iquely inwards and backwards ,  bu t  dies out  before meeting 
its fel low or the occipital fu rrow .  Central lo be of  glabella about twice as Iong 
as  w ide  a t  base, where  i t  i s  widest ,  narrowest a l i t t l e  behind, or  more  correctly 
speaking above ,  the front margin ,  slightly n arrower at  front m argin than 
in  middle ,  its anterior portion between weak anterior  parts o f  I st l ateral 
furrows without independent convexity, i ts posterior portion growing 
gradually more d istinctly raised above the lateral lobes to abou t  the leve! 
o f  basal l ateral furrows ,  behi n d  this decreasing i n  height posteriorly ; postero
lateral parts of  central lobe slightly depressed and anteriorly separated 
from main port ion by weak grooves, which makes the lobe appear to 
grow narrower posteri orly. Bi -composite lobes near ly twice as Iong as 
wicle ,  sub-ovate in out l ine, narrowing anteriorly, rather acutely angular  
beh ind ,  the i r  greatest w idth about equal  to that  o f  central  lobe across i t s  
middle ; the  surface gently roundecl .  Basal lateral glabel lar lobes  short, 
their length ,  measured along the inside, being about equal to half the 
middle width of  central lobe, the surface very sl ightly raised and confluent 
with surface of  fixed cheeks. 

Anterior border of  cran id ium narrow, of  about uniform width , gently 
arehed upwards in  m idd le  and s loping down at sides, nearly transverse 
in  front of  centra l  glabel l a r  lobe ,  bending backwarels at sides, mark ed off 
by rather  strong furrow. Occipital furrow rather deep and broad , and 
straight i n  i ts centra l portion , d iv id ing lateral ly ,  the divisions  narrower  
and shal lower t han the central portion . Occipital r i ng of  moderate width , 
strongly arehed  transversally, s l ight ly rounded longitudinal ly, with m inu te 
median tubercle place d samewhat nearer posterior than anteri or  margin ; 
occipi tal lobes present ,  of moderate size, sub-ovate in outl i ne ,  with the 
longer axes d irected outwarels and s l ightly backwards ,  protruding a l itt le 
in front of central port ion of occipital r ing ; their surfaces very gently 
rounded, sloping downwarels l aterally and posteriorly. Fixed cheeks ( im
perfectly preserved )  convex,  narrow in front ,  apparently becoming much 
broader posteriorly, confluent wi th basal  l ateral glabel lar lobes. 

Surface of  test o f  cranid ium ,  except in the furrows, closely set with 
tuberdes of d ifferent sizes ; where the ornamentation is  d istinctly discern
ible (on the specimens available) none of the tuberdes are ]arge, but it 
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appears as if there might have been a !arge one on each side at the 
base of the central glabellar lobe. 

R e m a r k s . - The above description i s  d rawn up from the original 
specimens already described by TöRNQUJST ( 1 884, p. 3 2 ) ,  viz. two era
n id ia i n  the Museum of the GeologicaJ Survey from Lissberg in the vi l lage 
of Gul leråsen, these being the only representatives of  the species known 
as yet. In  both the specimens the fixed cheeks are incompletely pre
served ,  but otherwise the type specimen (also figured below Pl .  VU, 
figs .  3 -4) i s  very wei l preserved, except that it ,  being an interna! east, 
does not show the ornamentation  very clearly. On the other  specimen 
- which in  other respects too i s  talerably good - the test i s  partly 
preserved .  [In the one of  TöRNQUIST's figures ( Op .  c it . ,  PI . I ,  fig .  29) ,  
where the  cran idium is  seen in  dorsal aspect the  tuberdes a re  evidently 
drawn from the latter specimen] . 

A ffi n i t i e s . -- SCHMIDT ( 1 88 5 ,  p .  3 2 )  referred this species to his  
supplementary group (which i n  the main earresponds to P!atylicltas), 
GöRICH ( 1 90 1 , p .  5 27 )  referred i t  to hztarges and REED ( 1 902 , pp. 75 , 82 )  
to  lVleta!ichas (C f. above p .  257 ) .  It d iffers, however, i n  several important 
characters from the typical members of  a l l  these genera or groups, and 
as TöRNQUIST (Op .  c i t .  p .  32 )  has  already pointed out  i t s  affinities seem 
to be with BARRANDE's species Lichas simplex ( = Dicranogmus pustulatus 
CORD . ; BARRANDE 1 8 5 2 , p. 6o8,  PI. XXVIII, figs. 1 4- 1 5 )  which is the 
genotype of Dicranogmus (also the type of  Ltj;arges GDRlCH) . One of 
the characteristics of BARRANDE's  species is that the anterior portions of 
the anterior lateral glabel lar  furrows are obsolete and the central lobe of 
the glabella i s  consequently confluent with the bi-composite lateral lobes 
anteriorly. It is  true that i n  our  species the fu rrows are d iscernible al l  
the way to the front margin of the glabel la ,  but anteriorly they are very 
narrow and the glabel lar lobes without i ndependent convexity. - In the 
Bohemian species the hindmost port ions of  the anterior lateral glabellar 
fu rrows seem ,  as TöRNQUIST has already pointed out ,  to be considerably 
stronger than in ours ,  the glabel l a  i s  more gibbous, and the larger of the 
t;ubercles, which cover the surface, appear to be comparatively greater .  

H a r i z o n  a n d  L o c a l i t y . - Upper Leptcena Limesto11 e ; Lissberg 
in Gulleråsen .  

Genus  Platylichas GDRICH. 

D i s t i n g u i s h i n g  C h a r a c t e r s  o f  t h e  S p e c i e s . 
Anterio r  border o f  cranidium produced in  front in to a marginal ex-

tension .  I . 
Anter ior border o f  cranidium not produced in front .  2 .  
1 .  Marginal  extension more t han two thirds a s  lon g a s  the glabella, 

rounded in  front .  P!. p!anijrons ANG.  
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Marginal extension  less than one third as Iong as the glabella, sub -
tri angular .  Pl. nasutus WIG. 

[Marginal extens ion not preserved .  Pl. Wegelini HoLM i n  M us . ] 
2 .  Cran id ium gently or flattened convex. 3 · 
Cranid ium strongly convex, or  at !east steeply bent down i n  front.  4· 
3 ·  Glabel l a  rather narrowly rounded i n  front .  Basal lateral glabellar 

furrows weil developed. Pl. robustus n .  sp .  
Glabell a b roadly rounded in  front .  Basal lateral glabel lar furrows 

obsolete .  Pl. bottniensis WMN ? 
4· Anterior portion of  cranidium semi- el l ipt ical i n  outl ine. Central 

lobe of  glabel la raised above bi -composite lobes. Pl. latus TQT . 
Anterior portion of  cranid ium sub-triaugular i n  outline .  Bi -composite 

lateral glabel lar  lobes more highly raised than central lobe of glabella. 
Pl. angulatus n .  sp . 

[Pygidium only known .  Pl. cicatricosus LOVEN . ]  

Platylichas planifrons ANG ELIN.  P I .  VI figs. I I ,  1 2 , 1 4-23 ; P I .  VII, fig .  6 ?, 9· 

1 854 .  PlatymetojJus planzfrons ANGELII\1, p. 7 3  (pars), Pl. XXXVIII, fig . 3 (non fi gs .  3 a - 3  b). 
1 884. Lidtas planij1·ons TöRNQUIST, p. 3 5 ,  Pl. I, fig. 34 ·  

S p e c i fi c  C h a r a c t e r s . - Cranid ium sub-triangular in outl ine with 
the anterior border produced into a Iong,  broad , slightly upturned margina l  
extension. The latter about three fourths as Iong as the glabel la ,  with 
rounded anterior and lateral marg ins ,  i n  sorne specimens forming a l itt le 
more th an two thirds of a circle, i n  others - the relation between its 
length and its width being rather differen t i n  d ifferent specimens - part 
of an el l ipse with the longer ax is  al on g the median l in e of cephalon ; its 
surface flattened , except the postero- lateral portions, which slope gently 
downwards, and in  the . rniddle  in  front where i t i s  general ly raised in  to a 
smal l ,  lo w, indist inctly defined knob ; al o n g  the ou ter margin the test i s 
recurved forming a narrow doublure w idest i n  the middle in  front, gradu
ally narrowing lateral ly and posteriorly, its surface gently rounded and 
tuberculated l ike the upper surface and not sharply marked off from th i s  
-- the outer  edge of  the extension be ing rounded .  S ide  portions of ante
rior border growing rapidly very narrow from  base of extension , with 
gently rounded dorsal surface and steeply incl ined ,  longitudinally striated ,  
not  tubercu lated ,  oute r  edge.  

Glabel la wei l  defined i n  fmnt and anteriorly at s ides ,  posteriorly 
confluent with fixed cheeks, wider  than Iong,  the length along the median 
I ine being about seven n in ths the (greatest) width between antero-lateral 
extremities of  b i -composite lobes, narrowing anteriorly, i ts anterior portion 
bei ng  broadly sub-triaugular i n  outline ,  flattened on top, slightly bent 
down in the middle i n  front ,  anteriorly sloping rather steeply downwards 
laterally, posteriorly very gently. Central lobe of  glabella clavate, expanded 
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rather suddenly t ransversal ly i n  front to rather more than twice its basal 
width ; antero-lateral expansions overhanging nearly the entire bi -composite 
lobes, very narrow ( longitudinally) ,  the relative width somewhat varying,  
however ,  i n  d ifferent specimens ; anterior outl ine arehed rather strongly 
forwards,  though not forming a regular curve, but being nearly straight or 
sl ightly arehed backwarels i n  the middle of each s ide ;  neck of  central 
lobe gradually narrowing posteriorly to a l ittle in front  of its middle ,  its 
width at this place being about half i.ts anterior width, then decreasing 
slightly in  width for a short distance, then suddenly expanding at base 
aga in to about its anterior width ; i n  a few specimens this wider posterior 
port ion has a sl ight independent convexity. Bi-composite lateral l obes 
with slight i ndependent convexity, !arge, about fou r  sevenths as wide as 
Iong, their longer axes d i rected obliquely outwards and forwards, pointed 
in front, their antero- and postero-lateral s ides straight, i ns ides rounded . 
Basal lateral l obes very short within ,  decreasing rapid ly  i n  length towards 
the sides and coalescing with fixed cheeks. Anterior lateral furrows 
d istinctly impressed throughout, not very wide,  general ly widening outside 
base of central lobe, curving from their points of  origin in  axial fu rrows 
at first upwards and i nwards and very sli ghtly backwards a l i ttle more 
than half way to median I ine of glabel la ,  then making a rather  sudden , 
but not sharp, bend and continuing i n  a more backward d irection for 
about an equal length, then curving, at first slightly, but  soon strongly, 
outwarels to the ir  junction w ith basal lateral furrows, and finally nearly 
straight backwarels  to occ ip i tal furrow.  In several specimens - somewhat 
better pronounced in casts than in testi ferous ones - there is  on each 
side an extremely sl i ght notch in the outer wal l  of the anteri or furrows 
a l i ttle behind the points where they bend backwards ;  these notches proh
ably represent the inner ends of the 2nd pair of  lateral glabellar furrows. 
Basal lateral furrows rather narrow, not deeply, but very distinctly im
pressed, growing shal lower just before meeting anterior pai r ,  nearly straight 
( in  the harizontal plane) and directed at 45° a 50° to the median line of 
glabella . . 

Preglabel lar fu rrow ( anter ior border furrow) narrow and not deeply, 
but very d istinctly impressed in  the middle ,  growing wider and deeper 
towards the sides, arehed rather strongly forwards and upwards, but not 
i n  a regular cont inuous curve ,  i ts  side portions being nearly straight in  
the  midd le ,  o r  very s l ightly arehed backwarels and near  the  extremities ,  
bending more strongly backwarels than with in  and general ly sl ightly up
wards to pass into the axial fu rrows. Anterior portions o f  axial furrows 
deep and strong, running obliquely backwards and upwards and sl ightly 
outwards along antero-lateral sides of bi -composite lateral glabellar lobes, 
then bending obl iquely inwards at an angle o f  about r 1 0° and following 
the postero-l ateral edges of these lobes for about two fi fth s the i r  length 
before merging into ba�al lateral glabellar furrows. It is d ifficult to discern 
where the axial furrow ends and the basal lateral glabel lar furrow begins ,  
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bu t generally there i s  a s l ig  h t ben d i n  the compound furrow 1 to ind icate 
the place,  the outer porti on (the axial furrow) being wider and often very 
s l ightly arehed  backwards, growing narrower with i n  and curving rather  
strongly upwards from the s ides ,  th e i nner portion ( the lateral glabel lar 
furrow )  being narrower, o f  more uniform width,  straighter, rnore harizontal 
and d i rected samewhat more strongly backwards. Outs ide basal  lateral 
glabel lar lobes the axial furrows seem general ly to have enti rely d is
appeared, but i n  a few specimens they appear to be represented by 
extremely weak grooves, wh ich run  i n  sl igh t outwardly convex curves 
backwards to the occipital furrow adj acent to which they become broader 
and more d istinct ly irnpressed - these posterior port ions are d iscern ib le  
i n  several specimens. Posteriorly the axia l  furrows become strong again 
and run in  gently convex curves obl iquely outwards and backwards a long 
postero-lateral port ions of occipital lobes and near ly straight backwards 
outside main  portion of  occip i ta l  r ing.  

Occipita l  furrow somewhat broader and deeper than anter ior lateral 
glabel lar furrow and nearly transverse in  centre , becorning narrower at  
s ides where i t  d iv ides to inc lude the occi pital lobes. Occi p i tal r ing rather  
wide ,  narrowing at  s ides ,  gently arehed transversally, gently rounded 
longitudi na l ly in the centre, growi ng  more flattened laterally, the surface 
- except the surface o f  the occipital lobes - slop ing  gent ly towards 
the front, with smal l ,  i ndistinctly defined median tubercle placed rather 
close to posterior m argi n ;  i ts posterior margi n gently c u r ved forwards i n  
rnidd le  and at s ides ; occ i pi tal  lobes not  reaching qu i te  as far outwards 
as main port ion o f  occ ip i tal r ing, e longated sub·ovate i n  outl ine  w i th 
pointed extremit ies and the longer axes directed outwards and sl ightly 
backwards,  the surface s l ightly raised and,  except ing the inner anterior 
portions, s loping postero-laterally. 

Anterior port ions o f  fixed cheeks i n  fron t  of  eye lobes very short 
and narrow, forming samewhat unevenly rounded , anteriorly tapering  
rolls ,  the i r  surface confluent w i th tha t  of pa l pebral lobes, sloping steeply 
downwards towards a�terior border, separated from th is  by weak grooves,  
which run from the points where the anter ior border furrow merges i nto 
the axial furrows , j u st in  front of  anterior ext rem i t ies o f  I st l ateral gla
bellar furrows , obliquely outwards and backwards to facial sutures, and 
cont inue beyond these on free cheek below lower eyel ids .  Posterio r  
portions of  fixed cheeks rather w ide ,  narrowing anteriorly, confluent with 
basal lateral glabel lar  lo bes ; the greatest part o f  the surface gent! y con
vex , sloping gently downwards towards palpebral lobes and postero
l aterally towards inner portions o f  posterior borders and towards sma l l  
sub-tr iaugular  flattened areas, wh ich are  situ ated i n  front of  the broad 
outer portions of the border ,  marked off on the ins ide from the convex 

1 That only the  inner part  o f  th is  can b e  regarded  a s  lateral  glabel lar  furrow an d 
that the  outer p art is a p ortion o f  the axial furrow has,  with regard to other al l ied spe
c ies ,  been pointed out by ScHMIDT ( r 885 pp. 10,  1 2 ,  1 1 5 , 1 1 9). 
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parts by narrow grooves and bounded antero-laterally by the posterior 
branches of the facial sutures to\vards which their surface slopes very 
gently upwards .  Along the facial sutures from the palpebral lobes to 
these flattened areas the edges of  the fixed cheeks are - at !east in 
some spec imens - bent upwards forming narrow rims, which adj acent 
to the palpebral lobes are rather high and conspicuous ,  but  decrease 
rapidly in  height. Palpebral lobes !arge and prominent, nearly as wide 
as Iong ,  rounded at the outs ide ,  flattened on top and gently bent upwards, 
their middle points s ituated a l i ttle farther back than middle of  glabel l a ;  
palp�bral furrows strong, originat ing in  axial furrows at the  po i n t s  where 
these bend i nwards, running obl iquely backwards and outwards - their 
general d i rection a l itt le more outwards than anterior portions of  axial 
furrows - at first s l ightly arehed outwards, then samewhat m ore strongly 
inwards, and - at !east in some specimens - continued behind palpebral 
lobes, i nside u pturned edges of convex porti on of  fixed cheeks, by proxim
ally rather strong, d istally rapidly weakening grooves. Posterior borders 
of fixed chee�s flattened,  exceedingly narrow at axial furrows, rapidly 
i ncreas ing in w idth for about half their length, then growing paral lel-s ided 
and here broader than occipital ring, marked off by d istinct furrows ; their 
posterior margins  directed straigh t  outwards, Anter ior branches of facial 
sutures con verg ing anteriorly at about 90°, cutt ing anterior margin at 
a distance from each other about equal to the width o f  glabel la between 
antero- lateral extremities o f  central lo be ; posterior branches running 
from palpebra l  lobes obl iquely outwards and backwards at  about 50° to 
5 5° to median I ine o f  glabell a ,  bu  t curv ing mo re strong ly backwards n ear 
posterior margin of cephalon , which they seem to cut at slightly acute 
angles .  

Free cheeks ( fragmentarily preserved)  rather narrow,  with broadly 
rounded outer marg ins ,  produced poster iorly i nto relatively short , broad 
based, tapering, po inted spines wh ich curve obliquely backwards and out
wards ; postcepha l i c  margin forming a continuous curve from extremity of  
sp ine to facial  sutu re .  (Eyes not preserved) . Lower eyelids relatively high, 
marked off anter iorly and lateral ly by d ist inct furrows, which are con
t i nued by weak grooves running obl iquely backwards and inwards towards 
the facial sutures and the posterior border furrows but dying out or be
com ing  extremely weak before reaching these. These furrows and grooves 
represent evidently the lateral border furrows and are continued in fron t  
o f  the eye lobes on  the fixed cheeks and connected with the anterior 
bo�der fu rrow_  Posterior border fu rrows dist inct ly impressed, na rrow ,  
gen tly curved,  converging posteriorly with post cephalic margin ,  dying 
out at base of gena! spines. - Portions o f  free cheeks lying between the 
grooves just ment ioned and the fac ia l  sutures with sl ightly raised surface 
sloping upwards to  eye lo  bes ; the other port ions (borders and gena! 
sp in es) with flattened or  very gent ly convex surface and seemingly hori 
zontal l y  extencled ,  except the narrow antero · lateral port ions in front of 
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and outside  eye lobes, which are bent gently downwards. Doublure of  
free checks marked by rather course striae ,  which anteriot·ly are  sub
paraHel to the margin and posteriorly run backwards in  outwards convex 
C ll l' VC S .  

Hypostoma very !arge, sub-pentaganal  in general out l ine ,  obtusely 
pointed in front and w ith the posterior margin excavated by a broad , 
rather deep, rounded notch ; widest at a bo u t  the leve! of  posterior furrow,  
where the width i s  samewhat greater than the length along the median 
I i ne .  Anterior edge near ly vertical l:y inc lined, very narrow, with slightly 
concave surface, growing wider and flattened postero-laterally and finally 
merging into the broad, obliquely truncated anterior wings, which are 
s i tuated comparatively very far back -- the front of the body being strongly 
extended forwards. Central body sub-pentagonat in outl ine ,  gently convex, 
generally samewhat w ider than Iong, the length , however, i n  a few spe
c imens being equal to or sl ightly greater than the width, marked poste 
riorly by pair o f  strong middle furrows beginning in l ateral furrows a l i ttle 
behind anterior wings and nmning obliquely inwards and backwards rather 
more than two thirds the way to the median Iine of  central body, generally 
bending a l i ttle mor e strong!  y in  wards n ear extremities ; i n  several speci
mens (natural casts ) the furrows are seen to elivide at t hese points ,  one 
d ivision, wh ich is a lways d istinctly m arked having the d i rection just men
t ioned ,  the other ,  which i s  very n arrow and shallow, bu t  - in  the spe
c imens where i t  i s  most d i st inctly marked - slightly longer than the 
former, curving first nearly straight backwards, then obl iquely inwards .  
Posterior and l ateral furrows broad and rather deep ; the former very 
gently arehed backwards ; the latter nearly straight, start ing j ust above 
middle of anterior wings, converging posteriorly and continued behind 
posterior  furrow about half-way to posterior margin ,  i n  front meeting 
anterior furrows at s l ightly obtuse angles. Anterior furrows narrower and 
shallower than the other ones,  growing weaker anteriorly and dying out 
at margin about half- way between thei r  lateral extremit ies and anterior  
extremity of  central body,  marking  off at each s ide a narrow sl ightly, 
raised barder, which grows narrower and finally d isappears anteriorly. 
Lateral borders wide, rather strongly convex anteriorly, growing more 
flattened posteriorly, with rounded outer margins. Posterior border wide ,  
i ts anterior portion separated from lateral borders by the prolonged 
lateral furrows, swollen, appearing to form a posterior lobe of  the central 
body ; its posterior portion depressed, sometimes separated from anterio r  
portion by weak groove, deeply and �idel y natehed in the m iddle be h ind ; 
postero- lateral extremities of  border broadly rounded . 

Thoracic segments (on ly fragments preserved J with broad convex 
axis ,  seemingly about as wide as s ide lobes, separated from pleur;:e by 
strong ax ia l  furrows.  P leurae horizontally extended, w i th weak remote 
fu lcrum,  their outer portions gently cu rved backwards with pointecl extre 
m i ties ; p leura l  furrows deeply impressed , Iong,  d iagonal . 
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Pygidium wider than Iong, its length along the med ian I i ne  being 
rather more than five sevenths the greatest width ,  found between extre
mit ies of anterior pai r of pleurae. Axis rather st.rongly convex, one third 
to two fifths  the entire length of  pygid ium along median l in e ,  occupying  
a l ittle more than  one third i t s  width at anterior margin ,  taperi ng  poste
riorly to narrowly rounded or  obtusely po inted extremity, which is some
what better defined in the middle be hind t han at  sides ; erossed anteri01·ly 
by 3 axial r ing furrows, of  which the two first ones are very distinctly 
impressed and continuous across the entire width of the axis ,  the third 
one is less sharply defined and sometimes on the surface of the test ( it is 
stronger i n  casts) not continuous or extreinely weak across the midd le 
of the ax is .  Axial fu rrows rather narr0w, strongly impressed, cont i n ued 
posteri orly and bound ing the long post  axial p iece ,  hut dy ing out before 
reaching posterior margin ; convergi ng  rather rapidly posteriot·ly at sides 
of axis , then more strongly to about middle of  pygid ium, and from here 
very sl ightly to a l i tt le behind middle of  post axial piece, w here the  
width o f  latter is  generally about one th i rd  ( in a few specimens on ly 
about  one  fourth) the  frontal width of ax is ,  from here they diverge poste
riorly, at  first very s l ightly, towards their  extremit ies generally more 
strongly. Post axial  p iece gently convex and dist inct ly raised above s ide  
lobes anteriorly, growing more  flattened and sloping downwards posteriorly 
to a l i tt le be hind its middle ; its posterior portion gent! y ben t upwards 
and generally lying on  the same general plane as adjacent portions of 
third pair o f  p leurae, coalescing with these posterio rly ; i ts posterior margin 
deeply sinuate.  Side lobes with a flattem·d area i n  front adjacen t  to 
axial  fu rrows, which tapers posteriorly and generally dies out  before 
reaching leve! of  extremity of  axis, outside and behind this area the sur
face becomes gently concave ; consisting of  3 pairs of furrowed p leurae, sepa
rated by strong interpleural furrows and with rel atively Iong, acutely 
pointed, backwardly  d i rected free ends .  Bands of  pleurae i nternal ly with 
s l ightly raised surfaces,  growing flatter d i stally. Anterior pair of pleurae 
samewhat shorter than following ones ,  extend ing a l itt le behind middle 
o f  pygid ium,  sub-triangular i n  outl ine ,  wi th s l ightly rounded antero-lateral 
angles, the lateral margins nearly straight m aking angles of  about 80° 
to front edge, the inner posterior margins nearly straight to near axial 
furrows and making angles of about 45° to front edge, then curving  a 
l i t t le more strongly inwards. 2d  pair  of pleurae nearly reach ing  leve] o f  
middle-po int  o f  posterior margin o f  pygid ium,  sub- lanceolate i n  ou t l i n e  
w i th  th e longer axes d i rected a t  åbout 20° to  median l i ne  of pygidium .  
3d  pai r of pleurae samewhat triangular i n  outline ,  no t  defined on the 
ins ide posteriorly. Basal pair of free ending points shorter and broader than 
the others, apparently partly. formed by postero - lateral portions of  axial 
region ,  paint ing straight backwards ; the distance between their extrem it ies 
about equal to four  fifths  frontal w idth o f  axis .  Pleural furrows about 
equall ing interpleural furrows i n  strength, growing shallower posteriorly, 
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not reaching extremities of  p leurae .  The two anterior pairs originati ng  i n  
axi al fu rrows very dose to anterior margin of  p l eurae ; I st pa i r  gent ly 
curved ,  sub-paral lel to r st pair of in terpleu ral furrows ; 2d  pair very soon 
growing sub-median ,  nearly straight or  s l ightly arehed outvvards in  the 
middle ; 3 d  pair beginni ng i n  ax ia l  furrows m uch farther back than pre
eecd ing pair of  interp leural  furrows,  d i rected nearly straight backwards 
for the greatest part of their length, cu rving s l ightly inwards posterior ly. 
Doublm·e o f  pygid iu m very wide ,  marked by munerous rather fine ,  con
centric ,  equidistant stri ae (corresponding to r idges on the ven tral surface 
o f  the test ) .  

Surface of cephalon and pygid ium ornamented ,  except i n  the furrows, 
w ith rather ! arge , con ica l  o r  pointed tuberdes, with smal ler  ones between 
the m .  Th e tuberdes a re very crowded on  the anterior marginal  exten
s ion - where the l argest ones occur - p laced rather dose together on 
the anterior port ions  of the gl abel la and  on the median portion of  the 
occi pital r ing ,  general ly more sparingly distr ibuted on  the other  parts of  
the  cran id ium .  On  th e free cheeks the  tuberdes a re  rather closely se t  
but  rel at ively smal l .  On  the  pygidium the  largest tuberdes occur on  the 
axis and the i n ner  portions of the side l obes , towards the margins they 
grow smal ler and more crowded.  Both the size, height and frequency of 
the tuberdes vary, however , a l i ttle in different  specimens, which fact  
probably chiefty - but as i t  appears not  a l tegether - ·  depends on the 
state o f  preservation ; on  wei l  p reserved i nterna! casts the tuberdes seem 
as a general ru le to be  rclati vely higher and l arger than on the surface of  
the  rather th ick test. Thoracic axis and p leurae covered by relativcly smal l  
tuberdes of the same kind as those on the cephalon and pygidium . On 
the hypostoma, the surface o f  the body and the  inner  portions of  the 
borders are marked by smal l ,  rather deep and rather closely set pits, and 
between the  p i t s  are  ind istinctly marked, anastomosing, and often discon
t inued r idges,  which are sub-concen tric to the anterior end and on the 
antero-lateral portions of  the hypostoma broken up  into small , i rregularly 
shaped granu les ; the marginal portions of the borders are marked by a 
series o f  anastornes ing r idges sub-para l le l  to the margin , rather coarse at 
s ides ,  grow ing fi ner anteriot·ly  and behind ,  where pits also occur .  

D i m e n s i o n s :  II  III IV 

Length o f  cranidium to base o f  exten sion ) 2 ,o 111111 . 27,o 111 111 . 20,o 111 n1 . 9,o 111 111 . 
» marginal extens ion  . 1 8 ,o J 6,o , 1 2  ,s , 5 ,o )) 

Width , 2 2 ,0 20, s » J 4 ,s , 6,s , 
Greatest  width of g la  be Ila 3 3 ,o 29 ,o , 20,o » S ,s , 
Length o f  central l obe  26 ,o 2 2 ,o » 1 6 ,s , ? ,o , 
Greatest width o f  d : o  29 ,o 26 ,o » 1 8 ,o , S ,o )) 
\Vidth o f  d : o  across narrowest par t 7,o 5 ,s , 4 ,s , 2 ,o , 

, , b ase l 5 ,5 I 2 ,o  , 9 ,S , 4,o , 
Length o f  bi - c o m p osite l obe  1 6 ,s ! ) , s  , 9 ,' , 4 ,o , 
Width )) » 9,o 5 .0 , 5 ,o )) 2 ,3 )) 



D i m e n s i o n s :  

Length o f  hypostoma . . 
Width , 
Length , central body . 
\Vidth , 
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Length o f  pygidi u m  (ap p roximately) . . . . . . . 
Width •• d : o  between ends  of 2d pleurae.  . . . .  
Length , axis (arti culat ing half-ring not in cluded) . 
Width , , at front  end  . . . . . . . . . . 

, post  axial piece across n arrowest part . . . .  

v 

1 7,o 111111 . 
3 8 ,o 
27,5  
26,5 

VIII 

VI  

4 1 mm. 
42 , 
30 )) 

IX 

]O,o mm. 5 8 m m .  
68 , 

22 ,o , 1 7  , 
27 ,o , 20 , 

9.�  )) 

VII 

1 2 ,5 111111 . 
I ) ,o '' 

9;0 }) 

9,o > 

x 
20,o mm.  

6 , o  >> 
7,o » 
I ,7 » 

R e m a r k s . - The pygidium of  this species was  orig inal ly figured 
and descr ibed by ANGE L I N  in  1 8 54 (p .  73 , PI .  XXXVIII ,  fig .  3 ) and asso
ciated wi th a cran id ium under  the name of Platymetopus planifrons. The 
cran idium was not figured  but accord ing to the brief diagnosis given , it 
cannot have be longed to our speci es .  However, since ANGELIN did not  
figure the cran id ium,  I th ink we have a right to  assume that the speci
men (or specimens)  on  which he based his diagnosis was badly preserved, 
and i t  seems possib le that he mis interpreted its characters . At  any rate 
i t  is  rather improbab le  that ,  i f  a cran id ium o f  the same species should 
be found ,  we could recognize i t as s u ch : The n ame p!anifrons must there
fore be kept for the species to which the pygid ium belongs, which AN

GELIN figured under thi s  name .  The hypostomata which ANGELIN (Op .  
cit . p .  7 3 ,  P I .  XXXIII, figs. 3 a ,  3 b )  with marks of  i nterrogation re ferred 
to  this species do not belong here but to two different species of Am·  
philichas, one  o f  them probably to  Amplz . dalerarlicus (Cf. SCHMIDT, 1 88 5 , 
p p. 29, 5 3 ;  and below) .  

This species i s  very common at Kul lsberg. A good n umber of  spe
c imens have been col lected at Furudal too and it has also been found  at 
Amtjärn and Sinksjön .  No entire specimen has been found ,  but a very 
great n umber of  crani d ia ,  hypostomata and pygid ia and associated with 
these a few fragments of free cheeks and of  thoracic  segments . The 
rostrum is  not known ; to j udge from the shape of  the anterior marg inal 
extension i t  cannot have been narrow and band- l ike as i n  most other 
Lichadid.-e, but  must have been something  l ike that of Lichas platyrhinus 
SCHMIDT (SCHMIDT, 1 907, p. 34, PI .  II, figs. 1 - 4, text-fig. 5 ) ,  a large , 
b road plate rounded i n  front and deeply emarginated behind . 

V a r i a t i o n s . - On the whole most of the specimens of the different  
portion s agree rather we i l  i n  characters , although they vary a l i tt le i n  
some features. The convexity of  the  cranidium, the  anterior outl in e  o f  
t he  g label la and  the  d imens ions and  shape of t he  anterior marginal exten
sion are a l i tt le different  in d ifferent specimens ; sometimes the glabe l la  
i s  mo re pointed in  front, sometirnes mo re broad ly round ed ; in  som e spe
cimens the lateral margins of the extensions are rather strongly arehed 
ou twards, in  others very s l i ghtly so .  The pygid ia  show some sl ight d i f-
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ferences in  the course of  the axial furrows, and in some hypostomata the 
anterior lobe of the central body is  a l i tt l e more convex and samewhat 
more produced in  front  than i n  .others .  

There are ,  however, a few specimens (of d ifferent types) , which show 
some more striking d ifferences, and which perhaps ought not to be referred 
to this species at  al l ,  but most of  them are very incompletely preserved 
an d i t  appears doubtfu l  whether the d ifferences really can be considered 
as being of speci fic va lue .  

In the typical cranid ia  th e anterior marginal extension increases in  
width from the  base to about the middle and i t s  basal width i s  about 
two thirds the greatest width of  the glabel la .  In the cranid ium from 
Furudal figured below on PI .  VII, fig. 6, the extension tapers rather rapid ly 
from the base and seems ( i t  is fractured at the s ides at base)  to have 
been indist inctly marked off from the narrow side portions of the horder ; 
on the one side the edge is not preserved ,  but  on  the other it can be  
seen distinctly that  i t i s  round ed and the  ou  termost ed  ge sl ightly recurved . 
The ante rior portion of  the extension is not preserved and in other cha
racters the specimen, as far as it is  preserved , agrees vvel l  with the typical 
cranidia o f  the species. Possibly the extension is only deformed, but i t  
does not appear probable that  th is  is the case. . 

In another cranidium - from Kullsberg . in the Upsala Museum -
in which only the posterior portion of the extension i s  preserved (but 
both sides of  this) ,  the latter is only about half as wide at base as the 
glabella across its broadest portion , gently convex transversally and distinctly 
tapering anteriorly, though not as strongly as in the cran idium from Furu
dal  j ust mentioned and it is  m ore dist inctly marked off from the side 
portions o f  the border than in this .  The specimen differs also from the 
typical cranidia i n  the shape of  the glabella, which i s  very broadly 
rounded,  a lmost truncated , in  the middle in front. 

Final ly there are some fragmentary cranid ia and pygid ia  from Kulls
berg in  ISBERG ' s  col lection i n  Lund and one incomplete cranidium and a 
fragment of another from the same locality in  the Upsala Museum , which 
are much more coarsely tuberculated than the typical specimens. The 
tuberdes are both more dosely set and relatively l arger and h igher.  
Associated with the other portions there are, in ISBERG's collection , two 
hypostomata, w hi ch also are tuberculated ;  the tuberdes are rather dosely set 
on the front end and along the antero·lateral margins of  the central body ; 
they are rather coarse -- with smaller ones occurring between the larger 
ones - and of  the same types as those on the cranidium and pygid ium , 
growing smaller proximally ; on the inner and posterior portions of the 
body and on the inner port ions of  the l ateral  borders they are very small ; 
on the posterior border and the marginal porti ons of  th e l ateral borders 
no tuberdes seem to occur, but on the latter the usual raised ridges are 
to be seen. In  other characters the hypostomata seem to agree with 
those of  the typical form ,  except that, at !east i n  one of the spec imens ,  
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the midd le  fu rrows are d i rected more strongly backwards to near their 
posterior ends ,  where they turn sharply i nwards .  The cranidia appear to 
have d iffered more. They are more strongly convex transversally and 
the antero- lateral extensions of the central glabel lar lobe are wider ( longi
tud inally) . Only in one of  the specimens a port ion o f  the anterior mar
g ina l  extension is preserved, and this - it  is broken off near the base 
is  strongly convex posteriot·ly an d relatively n arrow, but does not seem 
to be very d isti nctly marked off from the s ide portions of the anterio r  
barder, which latter a re  very narrow distally and  increase rapidly in  width 
proximal ly.  The pygid ia do not ,  except i n  the coarser ornamentation ,  
appear to d iffer from the typical ones in  any characters o f  any impor
tance ; they are , however, pressed and badly p reserved .  All  the speci 
mens in question here occur in  an unusual ly dark l imestone. Most o f  
them a r e  very !arge, considerably l arger than any of  t he  correspond ing  
portions o f  the typical  form , which have come under  my notice. The 
larger size cannot, however, conceivably account for the coarser 'tubercu
l at ion ,  s i nce one of the cranid ia i s  quite small , its length to the base of 
the marginal extension being approximately 9 mm. Moreover, the form 
appears to differ from the typical Pl. planifrons also in  other characters, 
and  it seems probable that the d iscovery of more complete specimens 
wi l l  determin e  the  necessity of refering i t ,  i f  not  to a separate species, 
at  !east to a distinct variety ; perhaps i t ma y be referable to P l. validus 
LINRS.  (Cf. below) .  

A ffi n i t i e s . - Pl. validus LINRS. (LINNARSSON,  1 869 , p .  66, PI .  I ,  
figs .  1 9-20) appears to be c losely related to our species. In th is  too 
the anterior border of the cranid ium seems to have been produced in ta 
an  anterior marginal extension which, however, is broken off on the few 
cran id ia  as yet known and only the s ide portions of the border are pre
served. These are considerably longer than in our species and widen 
gradually anteriorly. Probably the anterior  extension was short and indi
st inctly marked off from the side portions o f  the border or else i t must 
have been comparatively very narrow, anyhow it must have been rather 
d ifferent  from that of  the typical cranid ia of  our species . As in these 
the cran id ium is flattened in the middle posteriorly , but i t  is  more strongly 
bent downwards at sides especially anteriorly and the flattened postero
lateral areas of the fixed checks are wider and more sharply marked off 
from the i nner portions. It further differs in the course of the preglabellar 
furrow ,  which is arehed backwards in the middle ,  in the w ider ( longitu
dinal ly) antero-lateral extensions of the central glabel lar lobe and in the 
ornamentat ion of the su t· face . Both on the cranid ium and on the pygi
d ium the tubercles are placed very close tagether and rather evenly d i stri
buted on al l  portions ; p robably they were very high, al l ,  except a few 
minute ones ,  seem to be broken off on the specimens. The pygidium 
appears to be very l ike that of our species ,  but  i t  i s  too incomplete ly  
p reserved to  a l l ow a detai led comparison . The  coarsely tuberculated form 
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from Kullsberg described above agrees, as far as can be judged from the 
portions preserved ,  much better with Fl. 11alidus than does the typical 
form of  Fl. planzfrons and,  as i s  already mentioned, i t  does not seem im
probable that i t  i s referable to the former species .  

H o r i z o n  a n d  L o c a l i t i e s . - Lower Lepta=na Limestone ; Kullsberg, 
Furudal ,  Amtjärn , S inksjön .  

Platylichas Wegelini H O L M  m Mus .  PI . VII ,  fig. 5 ;  PI .  VI ,  fig. 1 3 ?  

R e m a r ks .  - There i s  a fragmentarily preserved cranidium from 
Furudal in the o ld collection of the State Museum of Natural  H i story, 
which appears to represent a new species of  Flatylichas or perhaps only 
a var iety of  the forego ing .  On  the specimen i s  noted that  i t  was col
lected by WEGELIN and professor HOLM has label led i t  with the specilie 
nam e  of vVegelini. 

The anterior portion of  the cranidium i s  broken off, but on one s ide  
a rather Iong portion of  the anter ior border i s  preserved .  Th i s  increases 
gradually in  width and curves upwards anteriorly, which ind icates that i t  
has been extended in  front .  The  anterior extension must, however, either 
have been short and indist inctly marked off from the s ide portions of  the 
horder ,  or  else, i f  i t  has been of  the same type as in Pl. planijrous, i t  
must  evidently have been much narrower at base than in  the typical 
cranid ia  of  that species .  It d itlers further  from Fl. planifrons in the foll
owing characters ; the antero-lateral margins of  the cranid ium and of  the 
glabel la d o  not converge so strongly anteriorly ; the antero-l ateral portions 
o f  the g label la  are bent more strongly downwards ; the anterior lateral 
glabel lar furrow is more strongly and m ore evenly curved, and curves at  
fi rst from i ts  point o f  orig in  i n  the  axial furrow samewhat forwards - instead 
of nearly straight i nwards and upward s ;  the central glabellar lobe i s  
samewhat less contracted between the  posterior portions of t he  b i -compo
site lobes and i ts  antero-lateral extens ions are relatively broader (longi
tudin al ly) and curve more strongly backward s ;  the bi -composite lateral  
glabel lar lobes are relat ively shorter and broader and do not reach quite 
as far back, and as a consequence .of this the basal l ateral glabel lar  lobes 
are relatively samewhat longer. The test, which is  badly preserved ,  seems 
to have been very finely granulated or  pitted. 

Possib ly the free cheek figured bel o w on PI .  VI, fig.  1 3  belongs to 
this species .  The surfc;ce o f  th is i s  covered w ith small granules of  some
what d ifferent s izes. I n  other characters i t  seems to agree with the free 
<:heek of  Fl. planifnms, except that the surface is  more i ndist inctly raised 
behind the eye lobe and that i ts  antero-lateral portion i s  more gently 
i ncl ined.  The specimen - which i s  in the Museum of the GeologicaJ 
Survey - has been col lected by v. SCHMALENSEE and i s  l abelled Os
mu ndsberg. The appearance of the rock in  which i t  occu rs i s  very l ike 

I 8 - t 923' - Bull. of Geol. Vo!. X VII. 
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that of  the Leptcena Limestone a t  Sinksjön  and it appears probable that 
i t is from this locality (C f. ab o ve p p .  I 3 I ,  I 64) .  I t is associated with a 
fragmentary hypostoma  which also may belong to this species ,  a l though 
i t  does not seem to differ from the hypostoma of P!. planifro1ls. 

D i m e n s i o n s :  
Greatest width o f  glabell a . . . . . . . . 

» » » central glabel lar  lobe 
Width o f  do. across narrowest portion 
Basal width of  do. . . . . . . 
Length o f  b i - composite lobe . 
Width » , » » 

30,o mm. 
28 ,o  » 
7 ,o 

I 5 , 5  
g,o » 

H o r i z o n  a n d  L o c a l i t i e s .  - Lower Leptcena L imestone ; Furudal ,  
S inksjön ? 

Platylichas nasutus WIGAND.  Pl . VII, figs. 7- 8.  

1 888. Lichas nasuta WIGAND,  p.  69, P I .  VIII, figs. 7 a-7 b .  

S p e c i fi c  C h a r a c t e r s . - Cranidium sub-triaugular in outline. Ante
r ior border very narrow outside antero-lateral extremities o f  central  gla
bellar lobe, gradually increasing in width and curving upwards anteriorly 
and produced in front into a short, sub-triangular, obtusely pointed,  sl ightly 
upturned extension ,  which is rather strongly convex transversally, or 
rather, campressed from the sides, slightly rounded longitudinally and 
with a rounded outer edge ; length of  extension rather less than one fi fth 
that of  entire · cranidium. 

Glabella well defined in  front and at sides anteriorly, confluent with 
fixed checks posteriorly, wider than Iong, the length along the median 
I ine  being about three fourths the greatest width , between postero,Jateral 
extremities of  bi -composite lobes, broadly rounded in front ,  but with the 
anterior margin arehed sl ightly backwards j ust in  the middle ,  flattened 
posteriorly and in middle, its anterior slope very gentle, antero- lateral 
slopes moderately strong .  Central lobe of glabella clavate, expanded in 
front to more than twice its basal width and overhanging nearly the whole 
of  bi -composite lobes, narrowest between posterior portions of - latter, where 
the width i s  only a l ittle more than ha l f  that at occipital furrow ; antero
lateral extensions rather narrow ( longitu dinally) ; its posterior portion be
tween basal lateral lobes with sl ight independent convexity. Bi -composite 
lobes with slight i ndependent convexity, nearly twice as Iong as wide,  
pointed in  front ,  with rounded inner margins, straight lateral and nearly 
straight postero- l ateral margins, their longer axes d i rected obl iquely ont
wards and forwards. Basal lateral glabel lar lobes short, increasing i n  
length towards the  sides and coalescing with fixed checks. Anterior 
lateral glabel la r  furrows distinctly impressed throughout ,  not very wide, 



TRILOBITES OF TH E LE PT.'ENA LIMESTO N E  2 7 5 --------------------------------------------------

widening outside base of  central lobe, running in  nearly even inwards
forwards convex curves from axial furrows to outside narrowest part of  
central lobe, then curvi ng rather strongly outwards to junctions with basal 
lateral furrows, and finally rnnning nearly straight backwards to occipital 
furrow. zd pair of  l ateral glabellar fu rrows obsolete. Basal pair narrow, 
d istinctly impressed ,  growing shallower j ust before reaching an terior pair, 
nearly straight and d i rected at about 6 5° to median I ine  of  gl abella . Pre
glabel lar furrow (anterior border  furrow) rather narrow ,  shallow in front ,  
growing decper at sides, rather strongly arehed upwards and forwards ,  
but j ust in  the middle in  front arehed s lightly backwards. Axial furrows 
distinctly impressed ,  but not wi de ,  anteriorly and outsid e  occipital ring,  
obsolete outs ide basal lateral glabellar  lo bes ; their anterior portions running 
obliquely backwards ,  upwards and slightly outwards along antero-lateral 
edges of  bi-composite lobes, then bending obliquely i nwards and running 
along postero-lateral edges of  lobes ,  as i t  seerns, for about two fifths their  
length,  and final ly merging i nto basal lateral glabellar furrows. [A slight 
bend in each of the compound furrows seems to indicate the place were 
the glabellar furrow begins] . 

Occi pital fu rrow o f  moderate strength , nearly transverse in  centre, 
dividing at  sides and bonnding the occipital lobes. Main portion of  occi
pital r ing (incompletely preserved)  rather wide, narrowing at sides, gently 
arehed transversally and gently rounded longitudinal ly . Occipital lobes 
elongated sub- ovate in outl ine ,  with pointed lateral extrem ities and the 
longer axes d i rected outwards and sl ightly backwards ; their surfaces gently 
raised, s loping down wards postero-laterally. 

Anterior portions of  fixed checks posteriorly confluent with palpebral 
lobes, short and  narrow,  rather strongly convex transversally, narrowing 
and sloping steeply downwards anteriorly, separated from anterior border 
by weak obl ique furrows, which form the continuations of  the preglabellar 
furrow ( Cf. above p .  265 ) .  Posterior portions of  fixed checks ( incornple
tely preserved) rather wide ,  narrowing anteriorly, gently convex ,  sloping 
both posteriorly, anteriorly and laterally, but with their outermost por
tions i n  front of poster ior horders, flattened and marked off from inner 
convex portions by weak grooves. In front of  these flattened areas the  
edges  of  the  fixed checks are  bent  upwards and marked off by distinct 
furrows, which anteriorly merge i nto the palpebral fu rrows. Palpebral 
lobes ( imperfectly preserved}  ! arge and prominent ,  flattened on top, the ir  
rnidd le  a l i tt le behind middle of glabel la .  Palpebral furrows rather strong, 
weakest i n  the middle ,  orig inating  in axial furrows at the points where 
these bend inwards and  running in  slightly sigmaidal curves backwards 
and sl ightly outwards. Posterior border o f  fixed cheek (only the inner 
port ion preserved) rather narrow at axial furrow, widening lateral ly, gently 
rounded,  marked off by dist inctly impressed furrow. Anterior branches 
of facial s u tures converging rather strong ly anteriorly ; posterior branches 
c urving  from palpebral lobes obliquely outwards and backwards. 
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Surface of cran id ium (bad ly preserved ) ,  except i n  the furrows , covered 
with tubercles of  d ifferent s i zes ,  all  rather small ,  but the larger  ones, at 
!east, rather h igh and conicaL . 

D i m e n s i o n s . -- The dimensions of  the largest crani dium found in the  
Lept<ena Limestone (I) and the dimensions given  by WIGAND ( 1 888 ,  p.  70) 
of the type specimen (II) a.re : 

Length of cranidium . . . . 
Greatest width of glabel la . 
Length of centra l lobe . . .  
Greatest width of  do .  . . . 
Width of  do .  accross narrowest part . 
Basal width o f  do .  . . . . . . . 
Length of bi -composite lobes . 
Width » » » » 
Length » ma rginal extension . 

30,o mm.  (approximately) 

2 5 ,o 
I g, o 
23 , 5 )) 

6,o » 
l I ,o )) 
I 2 ,o >) 
6, s 
6,o 

II 

1 6  mm.  

I I mm. 
12  mm.  

3 m m .  

R e m a rks .  - This species is represented b y  two cranidia from the 
Am tjärn Quarry in the Upsala Museum. Probably two fragmentary hypo
stomata and a portion of a badly preserved pyg id ium from the same 
local i ty and in the same collection be long also to this species .  All the 
speci mens are from the shaly l imes tone, which fanns the l owest part o f  
t he  Lower L ept<ena Limestone,  and in  which no  other Lichadid<e have 
as yet  been found .  One of  the cran idia i s  rather wei l  p reserved , though 
not quite comp lete , and the above descript ion i s  nearly en tirely drawn 
up from this ; the other , w hi ch is considerably s m al ler, is very bad ly 
preserved . 

\VIGAND's  type specimen (a cranidium ) was found in Mecklenburg 

in a boulder of so-called » Backstei n »  Limestone ,  \vhich name , as is weil  

known, indicates the appearance, but not the geologica l age of  .the rock 
On the whole the cranidium from the Lept<ena Limestone described above 
agrees wei l  w ith WIGAND 's ( I 888 ,  PI . VIII , tigs .  7 a--7 b) fi gures,  but 
differs s l ightly i n  some features, chiefiy i n  the re lat ions between length 
and width of  som e portions . It seems, however, as  i f  the figures were 
n o t  quite re l iable i n  this respect, s ince the dimensions are not the same 
as in  the tab l e  of measu res which he has given in  the text (p .  70) .  Ou r  
specimen ,  on  the other hand, agrees rather closely with this i n  t he  re lat ive 
dimension s . 

The hypostomata from the Amtjärn Quarry are, as far · as they are 
p reserved, very l ike those of Pl. planifrons, but the middle furrows on 
the cen tra l  body seem to be  less ob l ique in d i rection .  

The fragmen tat-y pygidium from the same locality, which ap pears to 
be long to Pl. 11asutus, recalls a lso , a �  far as i t  i s  presen·ed , th at of Pl. 
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planifrons but  the anterior and 2 d  pleur� are more curved and their 
f re e end s relat ive ly shorter and d i rected mo re backwards .  

A ffi n i t i e s . -- This spec ies  seems to be closely related to Pl. pla
nifrons, but d iffers i n  the characters o f  the anterior marginal extension, 
i n  the anterior out l ine of  the glabella , and in the course of  the anterior 
lateral glabel lar fur rows, whose anterior portions are more evenly curved 
and bend d ist inctly backwards l aterally. Further the bi-composite glabellar 
lobes are more obl ique to the median Iine of  the body and the l ateral 
portions of the cranidium are more gently inc l ined.  The pygidiu m  which 
appears to belong to this species d iffers also in some respects, as already 
mentioned above. 

Of  the forms provi sionall y referred above (p p .  27 1 -272) to P l. plani
frons, though d iffer ing i n  some respects from the typical form , none 
appears to have had an anterior margina l  extension of  the sallie character 
as that of Pl. nasatus and they do not agree with th is  in the other cha
racters j ust ment ioned.  

Pl. Wegelini differs i n  the more strongly incl ined antero-lateral por
tions o f  the cran id ium,  in  the direction o f  the antero- lateral margins of the 
cran id ium and glabel la ,  in the broader bi-composite lateral glabellar lobes, 
and in the ornamentation of  the test ; i ts anterior border seems to  have 
been extended in  front but the extension  can a pparently not have had, 
at ] east not quite, the same character as that of Pl. nasutus. 

In Pl. validus LINRS. { LINNARSSON, 1 869, p. 66, Pl. I, figs. 1 9-20) 
the cran id ium is more strongly convex than in our species, the course of  
the  anterior lateral glabellar furrows and  the  d i rection o f  the  bi -composite 
lateral glabellar lobes are d ifferent, and the anterior marginal extension 
had probably a d ifferent  character. 

H o r i z o n s  a n d  L o c a l i t i e s . - Lowest part of Lower Leptcena 
Limestorre ; Amtjärn Quarry . 

Outside Dalarne the species has been found i n  a boulder of » Back
stei n »  Limestorre in Mecklenburg .  

Platylichas robustus n .  sp . PI . VII, figs . 1 0- 1 1 .  

S p e c i fi c  C h ar a c t e r s .  - Cranidium gently convex, flatterred on top 
posteriorly, the anterior slope steeper than the lateral ones ; i ts anterior 
margin evenly and strongly arehed forwards. A nterior border of mode
rate ,  nearly un i form width, sl ightly rounded , bent gently downwards in  
front but not at sides, where i t  curves gently upwards posteriorly, sepa
rated from glabel la by rather deep, narrow furrow, which i s  continued at 
sides by short ,  d istinctly impressed ,  though shallow, obliquely backwards 
d irected furrows separating the lateral portions o f  the border from the 
fixed cheeks. 

Glabella weil defined in front and at the sides anteriorly, posteriorly 
confluent with fixed cheeks, somewhat wider than Iong. Central lobe of 
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glabel la  cl ava te,  expanded in front  to about twice its basal width and 
overhanging bi -composite lobes ,  narrowest between posterior port ions of 
latter where the width is less than hal f that at occipital fu rrow, suddenly 
expanded at base again ; antero - lateral en tensions rather wide ( longitudi n 
al ly) w ithin, tapering l atera l ly ,  the  extremities pointed and directed 
obliquely backwards. Bi ·composite lobes with sl ight independent con
vexity, rather more than two thirds as wide as Iong, obtusely pointed in 
front ,  with irregularly rounded inner-anterior margins an d n early strai ght 
latera l  and postero-lateral margins ,  their  longer axes d irected obl iquely 
outwards .  Basal lateral glabellar lobes very short within ,  increasing rapidly 
in  length laterally and coalescing  with fixed cheeks. A nterior lateral gla
bel lar furrows distinctly impressed throughout ,  most deeply adjacent  to 
axial furrows and inside posterior portions of  bi -composite lobes, not very 
wide, running from axial furrows in gently forwards convex curves i nwards 
and upwards a l i ttle more than half-way to med ian I ine of glabella, then 
making a rather  sudden , but not sharp bend and curving convergingly 
backwards for about an equal length, then curving  at first sl ightly hut 
soon more strongly outwards to ju nction with basal lateral furrows,  and 
finally backwards and sl ightly outwards to occipital fu rrow. zd pair of 
l ateral glabellar furrows obsolete .  Basal pair rather shallow within ,  growing  
deeper distal ly, nearly straight, running from their inner extremities 
obliquely outwards, forwards and slightly downwards to merge into the 
somewhat broader axial furrows, which continue in a more downward 
and samewhat more outward direction a long the outer two fifths of the 
postero-lateral edges of  the bi ·composite lobes and then make a sudden 
bend and run obl iquely forwards, downwards and slightly inwards to ante
r ior  border furrow .  

Occipital  furrow broad and deep  and nearly straight behind central 
glabel lar  lobe, dividing at s ides ; the divisions considerably narrower than 
the median portion . Main portion of  occipital ring gently arehed trans ·  
versal ly ,  broad in the m iddle ; the side portions consi derably narrower, 
scarcely tapering lateral ly ; the surface sl ightly rounded, sloping gent! y 
downwards anteriorly. Occipital  lobes e longated and irregularly sub-oval 
i n  outl ine with pointed lateral extremities, directed obl iquely outwards, 
their surfaces sl ightly raised and sloping postero-lateral ly. 

Anterior portions of  fixed cheeks posteriorly confluent wi th palpe
bral lobes, short and narrow, sloping steep ly downwards anteriorly, 
flattened within ,  the antero-lateral portions steeply incl i ned .  Posterior por
tions of fixed cheeks of  moderate width , narrowing anteriorly, gent ly 
convex ; the outermost port ions i n  front of the borders (only a fragment  
preserved) seem to have been more flattened, hu t  no t  very d i st inctly 
marked off from the inner port ions .  The palpebral lobes seem to have 
been comparatively short and marked off from the inner port ions by strong 
s lightly sinuate furrows. Posterior borders of  fixed cheeks (only the i nner 
portion preserved) rather narrow at axia l  furrows, widening l aterally ,  slightly 
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rounded,  marked off by rather wide ,  shallow fu rrows. Anterior branches 
of facial sutures sub·parallel from palpebral lobes to anterior border, then 
bending obl iquely inwards ; the posteri or branches seem to have had 
about the same course as i n  the foregoing species .  

Surface of  cranidium, except in  the furrows, covered by conical 
tubercles of  d ifferent sizes ; most o f  these are very small , and even the 
larger ones are relati vely smal l  and not very h igh .  

D i m e n s i o n s :  
Length of cran id ium 48 ,o mm. (a  pproximatel y) 

Greatest width of glabella 44,0 
Length of central lobe . 39,o 
Greatest width of do . .  42 ,o )) 
Width of do .  across narrowest part . 9,o )) 

)) )) at base . 2 l ,o 
Length of  bi-composite lobes 2 I  . s  )) 
Width )) )} » )) I 5 ,o » 

R e m a r k s . The above descri ption i s  d rawn up  from a !arge 
cranidium from Sätra in the Upsala Museum .  The surface i s  rather 
weathered,  the test only p reserved on some  portions. With the exception 
of  the palpebral lobes and the postero-lateral portions of  the fixed checks 
i t  i s  nearly  complete and otherwise rather  weil preserved and shows the 
characters clearly. Attached to the anterior border of  the cranid ium i s  a 
fragment of the rostrum,  which shows that this was narrow and band-like 
as in other Lichadid<e,  i n  which the anterior border i s  not produced i n  
front .  The anterior and posterior  borders o f  the rostrum are raised i nto 
narrow rims and between these the surface is marked by an i rregular 
ne twork of  impressed I ines surrounding raised, broken ridges and i rregul
a rly shaped granules. 

Associated with the cranidium is a hypostoma, which apparently 
belongs to the same species. Poss ibly i t  belongs to the same indiv idual .  
It is partly covered by the cran id ium - but it  i s  not i n  its natural posi
t ion, but lies upside-down and with the. wrong end foremost i n  relation to 
th is  - so that only a port ion is vis ible .  It is apparently of the same 
type as that of Pl. planifrons, but as in the cranidium the anterior out
l ine is  rounded,  and the ornamentation of the test, though otherwise 
similar ,  i s  coarser. 

The species i s  also represented by a fragmentary and badly pre
served cran id ium from Kul lsberg i n  the Upsala Museum, which i s  some
what smaller than the one from Sätra _ 

A ff i n i t i e s . -- O f  previously described species Pl. margaritifer 
NIESZK. (SCHMIDT,  I 88 5 ,  p .  I I 8 , PI . V, figs. 1 7-24) from the East Balti c 
Borkholm Formation seems to resemble our species most closely. This 
geologically much younger species is  apparently a much smaller form. It 



ELSA WARBURG ------------------ --·-···-----

differs i n  the convexity and shape of  the glabella, wh ich is much more 
abruptly bent down in  front  and more broadly rounded anteriorly, and 
to j udge from the tigures the central lobe of the glabella does not expand 
so much at base and the tubercles on the surface do not seem to be 
conical .  The hypostoma is  also more broadly rounded in front and the 
m iddle furrows appear to begin nearer i ts  antero-lateral corners and the 
lateral borders seem to expand more suddenly. 

H o r i z o n  a n d  L o c a l i t y. - Lower Leptcena L imestone ; Sätra, 
Ku l l s  berg .  

Platylichas bottniansis WIMAN ? PI.  VII ,  tig .  1 9 . 

1 907 a . Lidtas bottniensis WIMAN,  p .  1 07 ,  PI.  VII ,  fig . 1 6. 

R e m a rk s. - A smal l  fragmentary and badly preserved cranid ium 
in  the  Museum o f  the GeologicaJ Survey seerus to belong to th i s  species. 
Its ent ire length seems to have been about 8 mm. On the whole i t  
agrees , as far as i t  is preserved, very closely with the type specimen , 
hut the anterior port ion i s  a l i ttle more strongly bent down, and as a 
consequence of this ,  the anterior outl ine i s  samewhat more broadly 
round ed ; the postero- lateral slope of  the tixed cheeks and occipital lo bes 
is  also somewhat steeper. These d ifferences are, however, very s l ight 
and do not seem to be of  specitic importance, st i l l  the state o f  preserva
tion renders the identitication somewhat doubtfu l .  

The spec imen is probably from Kullsberg. I t  belongs to an old 
collect ion and i s  kept i n  a smal l  cardboard box together with several other  
specimens o f  Lepta:na Limestone from different local it ies (according to  
an  accompanyi ng  label collected by Linnarsson) .  I t  has  no special label , 
hut is apparently broken off from a larger specimen of rock, label led 
Glistj ärna, which is the name of  the small v i l lage s ituated on the slope 
of the Kul lsberg hi l l .  

H o r i z o n s  a n d  L o c a l i t i e s .  - Our specimen is in al l prohabi l i ty 
from the Lower Leptcena Li mestone at Kulls berg. · The type specimen was 
found in  a boulder of  North Bal t i c  Chasmops Limestone .  

Platylichas cicatricosus LOVEN.  PI .  VII ,  tig .  1 7 ;  text-frg. 19 .  

1 84 5 · Lidtas cicatriwsus LovE!'-:, p . 5 6 ,  P I .  I ,  fig .  8. 
1 8 54· Lidtas cicatricosus AN GELn-!, p. 74 (pars), Pl. XXXVIII ,  ti gs . 6 b (non figs 6, 6 a). 

S p e c i fi c  C h a r a c t e r s .  - Pygidium broadly semiell i pt ical in out l ine ., 
with gently rounded antero-l ateral angles, about five ni nths as Iong as wide. 
Axis strongly convex, about half the length o f  pygid ium and anteriorly 
somewhat l ess than one third its width, gently tapering poster iorly, rounded 
beh ind with the apex obtusely pointed and the surface sloping steeply 
downwards to post axial  piece ; with 3 axial r ing furrows - the third on e 
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i ncomplete o r  weak i n  the middle - and a fourth one i nd icated faintly , 
beh ind which is a short termina l  piece.  Axial furrows of  moderate strength 
and nearly straight at sides of axis , curving  i nwards at its extremity, 
produced behind it  and at  first having  about the same strength as ante
r ior port ions and converging rather strongly posteriorly ,  then suddenly 
grow ing  weak and curving sl ightly outwards, not  reaching margin o f  
pygid ium.  Post axia l  p iece dist inctly raised above s ide lobes anteriorly 
adjacent to axis ,  poster iorly on  the same general plane as these .  Side 
lobes flattened with the marginal  portions bent gently downwards, except 
posteriorly ; camposed of  3 pairs of  fu rrowed pleurce en ding in short ,  
backwardly d i rected ,  free points ,  third pai r incompletely defined with i n .  
Interpleural and  p leural furrows of  about equal strength ; the  former sl ightly 
sigmoidally curved n ear margin ; the latter not reaching  margin .  Anteri o r  
pair o f  pleurce narrow,  of  nearly un i form width 
for the i r  i nner  halves, then increasing gently in  
width to remote fulcra, beyond these taperi ng 
rapidly to recurved free poin ts ;  the ir  p leura l  fu r
rows directed sl ightly backwards and nearly straight 
to near the bl ind ends, where they bend a l i tt le 
more strongly backwards .  Anterior interpleural 
furrows d i rected near ly stra ight outwards for about 
half their length , then curving obliquely backwards. 
2d  pair of  pleurce broader than anterior pai r ;  2d 
pleural  fu rrows beginn ing in axia l  furrows close 
to anter ior i nterpl eural furrows, soon growing nearly 
median with 2d i nterpleural fu rrows nearly paraHel 

Fig. 1 9 . Platyliclws t:ica
triwsus LovEN,  Pygid i u m .  
Probablv the  t y p e  specimen 

fro m  Vestanå .  Enlarged 
n early 3 t im es . State 

Mus.  Nat. H ist . 

to them and making angles of about 50° to anterior margin of pygid i um .  
3d pair of  p leurce much  broader than  preeecding ones,  coalesc ing w i th  
posterior portion of  post ax ia l  piece with i n ;  their p leural furrows begin 
n ing in  ax ia l  fu rrows nearly opposite ,  or  a l i tt le behind apex of ax is ,  nearly 
straight and directed samewhat more strongly backwards than 2d in ter
pleural furrows to about ha l f-way to marg in ,  then curving obliquely i n
wards, not  reaching out - turned poster ior extremities of  axi al furrows , but ,  
at !east sometimes, connected with these by s l ight depressions which 
posteriorly bound the gently raised anterior port ions of the inner pleural 
bands from the more depressed margi na l  portions. 

Test o f  pygidium, except  in the furrows, closely covered with rather  
low tuberdes o f  d ifferent  s izes .  

D i m e n s i o n s . - In the most complete pygid ium known the length 
is a l i t t le  over 6 mm. and the greatest w idth about I I mm. In another 
pygid ium (probably Lov:EN 's  type spec imen)  the length is a l i tt le over 8 
mm.  ( i f  the length of  the articulat ing hal f-r ing i s  included about 8 , 5  mm. ) . 

R e m a r k s. - This species was founded by LoVEN ( 1 845 ,  p .  56 ,  
P I .  I ,  fig .  8 )  on  a fragmentary pygid i um  from Vestanå,  which bad  been 
presented to the State Museum of Natural History by C.  H .  WEGELIN. 
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The pygid ium - as i t  appears the same spec imen - was aga in tigured by 
A NGELIN ( 1 8 54, PI . XXXVIII, tig .  6 b), and associated with a cranidium 
( Op. c i t . ,  PI .  XXXVIII , tigs. 6-6 a ) ,  which , as has al ready been pointed 
out by SCHMIDT ( 1 88 5 ,  p .  1 22 ;  1 907 , p .  44) does not belong to this spe
cies hut probably to Lichas affinis ANG. (Cf. below p. 302). 

The pygid i um tigured above (text-tig. I 9) is  probably the orig inal 
type specimen . It belongs to the o ld collection i n  the Museum j ust men
t ioned, and on a l abel accompanying the specimen is noted that i t  has 
been col lected by W EGELIN, hut not at which locality i t  has been foun d ,  
Dalarne bei ng  the on l y  locality name o n  the label . The utmost t ips of  the 
th i rd pa i r  of free end ing points are not preserved , so that these appear to 
be rather obtuse, which i s  also the case both in LOVEN 's  and in ANGE

LIN 's  tigures. LOVEN stated that the type specimen measure d 9 mm.  
in length .  The pygid ium tigured above is  somewhat shorter - including 
the articulat i ng  hal f. ring about 8 , 5  mm.  - and it differs from LOVEN 's 
tigure i n  some minor detai ls .  I t  seems probable, however ,  that LOVEN only 
gave approximate measures, and also that his tigure i s  not qu i te  correct. 

In addit ion to the one just mentioned there is now avai lable one 
other somewhat smaller , n early complete pygidiu m from Li ssberg in  the 
Museum of  the GeologicaJ Survey. In  this the posterior, recurved por
t ions o f  the 3d pair  o f  p leural furrows are weaker than i n  the former  -

possibly owing to the state of  preservati on - and the latera l  portions of  
the  interpleural furrows are  more  sl ightly , though distinctly I ,  s igmoidal .  

The pygidia which SCHMIDT ( I 88 5 ,  p .  I 22 , PI .  V,  tig. 26 ; I 907, p.  
44 , text - tigs. 1 4- 1 4  a )  referred to this species are ,  as pointed out above 
(p .  2 5 7 ) ,  o f  qu i te another type and apparently referable to  Amphilichas. 
The cranid ia which he ( I 88 5 ,  p.  I 22 ,  PI. V, tig .  2 5 )  associated with these pygid i a  
seem o n  the other hand to be referable to a species of  Platyliclzas. 
Rather s im i l ar , though apparently not specitically ident ical , cran idia (figured 
below, PI . VII, tigs. 2 8-30) have been found in the Upper Leptcena 
Limestone at Kal lholn and it is not i m poss ib le that these belong to the 
true PI. cicatricosus LOVEN , hut since th i s  seems rather i mprobable they 
will be  described below under a distinct specific n ame (PI. angulatus). It  
appears on  the whole more probable tha t a small cranid ium from Lissberg 
w h ich wi l l  be descri bed and figured below (p .  288, Pl .  VII, tig .  I 5 )  as 
Platylichas sp.  ind .  a ,  belongs to LovtN's species. This is, however, a lso 
open to doubt ,  more so since there has been found at the same locality 
another smal l  pygidium (C f. below p .  289, PI .  VII, tig. I 8 )  w h ich ma y 
belong to the same species as the cranidium .  

TöRNQU IST ( I 884, p .  3 3 )  has stated that PI. cicatricosus occurs a t  Furu
da l .  The  speci m en on which he based this statement i s  a very fragmentary 
pygid i u m .  Both th i s  and a fragmentary pygidiu m from Kullsberg (Cf. below 
PI . VII ,  ti g. I 6) i n  the Upsala Museum resemble, as fa r as they are pre-

1 This  is  not  seen in  the figure o f  the specimen given below (PI .  VII ,  fig. 1 7 ) ,  
which in this feature is  no t  correct . 
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served ,  i n  most chara cters those described above, hut  they differ i n  some 
features. Moreover they are from a lower stratigraphical hori zon . It  
appears probable that they belong to PI. latus TQT and that this and PI. 
cicatricosus are closely a l l ied .  Possibly the former ought only to be re· 
garded as a variety of the latter (Cf. below pp. 285 , 286, 289) .  

A f fi n i t i e s .  - The pygid ium of  PI. Grayi FLETCH. var. scoticus 
REED (REED ,  1 906, p .  1 00, PI .  XIV,  tigs. 5 - 1 0) recalls that of our spe
cies ,  hut it i s  relatively longer and narrower, the axis seems to be nar
rower in  relation to its length,  the 3d  axial r ing furrow to be weil marked 
throughout and the 4th one to be samewhat more distinct ; the furrows 
on the side lobes are d irected more strongly backwards, at !east the middle
most ones,  the I st i nterpleural furrows are nearly straight ,  and the 3d 
pleural furrows do not curve round .  

H o r i z o n . a n d  L o c a l i t i e s . - Upper Leptcena Limestone ;  Vestanå,  
Lissberg. 

Platylichas latus TöRNQUIST. PI .  VII, figs. 1 2- 1 4, 1 6 ?  

r 884. Lichas laxatus (var. dilatata), TöRNQUIST, p .  3 r (  p). 
1 884. Lichas laxatus var. lata, TöRNQUIST, Pi. I ,  fig.  28. 

S p e c i fi c  C h a r a c t e r s .  - Cran idi um strongly convex - more so 
in the smaller than in the larger specimens - bent down anteriorly, its 
anterior margi n broadly rounded and arehed sl ightly upwards in  centre. 
Anterior border narrow ,  widening a little at sides, sl ightly rounded and 
bent steeply downwards in the middle ,  grovving more flattened and hori
zontally extended at sides. Anterior border fu rrow very shallow and 
narrow - somestimes obsolete - in the middle, increasi ng in strength 
latera l l  y. 

Glabella wider than Iong, strongly convex i n  an antero -posterior 
d irection ,  the anterior downward slope commencing l ess than half.way 
from occipital furrow to anterior margin . Central lobe o f  glabel la with 
independent convexity ,  which is strongest j ust i n  front of the middle ,  
becoming slight posteriorly, the postero- latera l portions general ly with a 
slight convexity of  their own ,  forming proximally ind istinctly defi ned 
rounded nodules ; c lavate, expanded in  front to rather more than twice 
its basal width ; antero-lateral expansions rather narrow, pointed , over
hanging b i -composite lo bes for nearly their full width ; neck of central 
lobe rather wide anteriorly, narrovving posteriorly for about half its length 
to less than one third the frontal w idth of lobe, then becoming paral lel
sided or  widening sl ightly posteriorly for a very short way and then ex
panding again at base. Bi-composite lobes with slight i ndependent con
vexity, irregularly sub-ovate in out l ine ,  narrovving posteriorly, with pointed 
anterior extremities and the longer axes directed obl iquely forwards and 
outwards, slightly natehed on the ir  insides some distance behind their 
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middle by a s l ight bend or widening of the anterior  lateral glabellar 
furrows . Basal lateral glabel lar lobes smal l ,  sub-triangular, with obtusely 
pointed or sub-truncated inner ends ,  gently convex, sloping sl ightly down
wards lateral ly and coalescing with fixed cheeks or very indistinctly 
marked off from these . Anterior lateral glabellar furrows deeply impressed ,  
narrow (on casts wider ) ,  cm·ving from the i r  anterior points of  origin at  
firs t  i nwards, upwards and very sl ightly forwards a l i ttle less  than half
way to median I ine of glabel la, then convergingly backwards for a some
what greater d istance, then curvi ng, at first very sl ightly but soon strongly,  
outwards to j unction with basal l ateral furrows and either meeting occi
p i tal furrow at  these points, or  contin ning a very short vvay nearly straigh t  
backwards before meeting this [variations in  this respect are no t  only 
seen in  different specimens ,  but  even on the two sides of  the same one) . 
zd lateral glabel lar furrows apparently represenled by the notches on the 
inner sides of bi-composite l obes mentioned above. Basal lateral glabel lar 
furrows deeply impressed,  wider than anterior ones, generally growing 
wider and shallower just before meeting those , nearly straight ,  d i rected 
obliguely outwa rds and forwards. Axial furrows deep and narrow ante
riorly and outside occipital ring, obsolete or almost obsolete outside basal 
lateral glabel lar lobes, starting  anteriorly in small pits at the points of 
junction between preglabellar furrow (anterior border furrow) and anter ior 
lateral glabellar furrows and running backwards and upwards in  a slightly 
outwards convex curve - most strongly bent at the points where the  
palpebral furrows branch off - for about two thirds the way to occipital 
furrow, where they merge into the basal lateral glabellar furrows, which 
con tinue i n  a more inward di rection . Outside the basal lateral glabellar 
lobes the axial furrows seem either to have disappeared entirely,  or  to 
be represenled by very weak, narrow grooves - discernible i n  several 
specimens - which run nearly straight backwards to the anterior lateral 
divisions of  the occipital furrow. 

Occipital  furrow deeply impressed , not  very wide,  nearly transverse 
in centre, dividing at sides. Main portion of  occipital ring of medium,  
nearly un iform width in  centre ,  gradually narrowing laterally behind occi
pital lobes, extending at s ides a l itt le beyond latter, strongly arehed 
transversall y, s lightly rounded longitudinally ; a tubercle somewhat larger 
than most of the other ones on the cranidium , is  placed in  the median 
I ine somewhat n earer the posterior than the anterior margin ,  and on each 
side of  this on the posterior edge of  the occipital r ing is a sti l l  larger 
one.  Occipital lobes elongated sub-oval i n  out l ine ,  with the longer axes 
di rected obl iguely ontwards and backwards ,  s loping steeply downwards 
postero-lateral ly with sl ightly rounded surface. 

Fixed cheeks ( imperfectly preserved) curving very steeply downwards 
both anteriorly and posteriorly from the leve! of  palpebral lobes ; anterior 
portions narrow, short, rounded transversall y ; posterior portions mu ch 
broader, widening posteriorly, sloping gently downwards lateral ly .  The 
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palpebral lobes (only a fragment preserved )  seem to have been rather 
!arge and to have reached relatively far backwards ; palpebral furrows of 
moderate strength, s igmoidally curved , continued by d istinct furrows ins ide 
ra ised lateral edges of fixed checks. Poster ior borders o f  fixed cheeks 
very narrow at axial furrows, increasing at first rather rapidly in width 
lateral ly ,  then growing narrower again  and curving  forwards, marked off 
by strong furrows. Anterior branches of  facial sutures short, converging 
relative ly strongly anteriorly ; posterior branches curving from palpebral 
lobes obliquely outwards and backwards .  

Surface of c ranid ium,  except in  the furrows, covered with tuberdes 
of  different s izes ,  all rather smal l ,  a lthough some in  relat ion to the sur
munding ones !arge and prominent .  

D i m e n s i o n s . - In a l l  the specimens, i n  which the respective por
t ions are preserved , the greatest width of the glabel la i s  about eg ual to 
the distance along the median I ine  between the anterior  and the posterior 
margins ; in the largest specimen observed i t  is  nearly 1 1  mm.  and in  the 
smallest one i t  is 6 mm.  

R e m a r k s . - TöRNQUlST ( r 884, pp .  3 1 - 3 2) referred th i s  form to  
Lidtas laxatus McCO Y, though he  regarded i t  as a distinct variety. It 
d iffers, however, so much in several characters from the  typical form of 
this species (Cf. McCov, 1 846, p .  5 1 ,  PI . IV, fig. 9; SALTER,  1 848 ,  p .  
340 ; PI. VIII, figs. 4-6) that i t  appears t o  be necessary t o  regard i t  a s  
a distinct species .  

In  addition to the c ran idia from Furuda l  recorded by TöRNQU I ST 

there are now available a few others from Kull sberg in the Upsala Mu
seum and in ISBERG's  col l ection in  Lund and one from Sätra in  the Up· 
sala Museum .  

I t appears probable that a smal l ,  fragmentary pygidium from Kul lsberg i n  
t h e  Upsala Museum and a n  imperfcct pygidi um from Furudal ,  which TöRN

Q U IST ( I 884, p .  33) recorded as belonging to P!. cicatricosus are referable 
to PI. latus. As already mentioned above (p. 282 )  these pygidia resemble,  
as far as they are preserved ,  that o f  P!. citatricosus rather c losely,  but 
the axis i s  broader i n  relat ion to the s ide lobes and  more convex, the 
axial fu rrows converge more strongly behind the axis ,  the 3d pair of 
pleural furrows seem to curve only very sl ightly inwards posteriorly, and 
the tuberdes appear to be relatively higher, the larger ones, at !east on 
the side lobes, more scattered with a greater number of  minute ones, but 
fewer tuberdes of medium size between them.  

A ffi n i t i e s .  -- Th i s  species differs from PI. laxatus McCov (McCoY, 
1 846, p. 5 I ,  PI . IV, fig. 9; S A LTER,  1 848,  p. 340, PI . VIII ,  figs. 4-6) by 
the strong deflection of the anterior  portion of the cran idium ; the nar
rower, more ind istinctly marked off, and in the centre steeply incl ined 
anterior horder ;  the relat ive! y broader and s horter g! abei la ; the wideness 
of  the median portion of the central glabellar lo be ;  the more obl ique and, i n  
re l at ion t o  the med ian port ion of  t he  centra l lobe, narrower b i - composite l o  bes ; 
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and the generally greater convexity of the cranidium . The pygidia,  which 
seem referab l e  to this species are quite different from that of McCov's 
species .  It does not  appear to me as if the two species vvere especial ly 
closely all ied .  

The cranidium of  our species bears a much stronger resemblance to 
those of  P!. Grayi FLETCH. (FLETCIIER, 1 850 , p .  237, PI . XXVII, fig. 8, 
PI . XXVII bis ,  figs .  3-3 b) and Pl. Grayi var .  scoticus REED (REED ,  1 906, 
p.  1 00, PI. XIV, figs. 5- 1 0) .  To j udge from the descriptions and figures 
available the anterior border of the cranidium seems i n  both these forms 
to be horizontally extended or at !east not steeply bent down in front ,  and 
the glabella seems in the former to be more gently convex in  a longitud ina l  
d i rection and i n  the latter its anterior portion seems to be more abruptly 
defl.ected and more overhanging in front than i n  our species, wh ich in 
other characte rs - the shape of  the central and b i-composite glabel lar 
lobes and the course of the glabel lar and axial furrows - seems to be 
intermediate between the typical P!. Grayi and variety scoticus. The frag
mentary pygidia mentioned above, which seem to belong to our species , 
recall also the pygidia attri buted to Pl. Grayi var. scoticus (REED, Op. cit . , 
PI . XIV, figs. 8 -9), but they appear to have been considerably wider 
and shorter and to have had somewhat differently shaped pieur� ; the 
axis is wider both in  relation to i ts own l ength and to the entire width 
o f  the pygidium ; the 3d axial ring furrow is weaker � or interrupted �

i n  the middle and the 4th on e mo re faintly indicated ; the interpleural 
and pleural furrows are not directed so strongly backwards and the I st 
i n terpleural and the 3d  pleural furrows make a distinct bend ,  whereas 
they appear to be straight or nearly straight in REED's  form . 

As  already mentioned above, these pygidia are very l ike that of 
Pl. cicatricosus and p robably this species and P!. latus are very closely 
all ied ,  possibly the latter ought only to be regarded as a variety of the 
former, but until the characters of  the cran idi um of  this are definitely 
known this point  cannot be decided (Cf. below p .  288) .  

H o r i z o n  a n d  L o c a l i t i e s . - Lower Lept�na Limestone ;  Furudal , 
Kullsberg ,  Sätra . 

Platylichas augulatus n .  sp.  PI . VII, figs. 2 8-30. 

S p e c i fi c  C h a r a c t e r s . - Glabel la denned by d istinct furrows except 
posteriorly at the sides, where it coalesces or  almost coalesces with the 
fixed cheeks, wider th an Iong, fl.attened posteriorly, curving steeply down
wards anteriorly and overhangin g front  margin ;  its anterior outlin e sub-augular ; 
its anterior margin broadly rounded.  Central lobe o f  g labella with very 
s l ight i ndependent convexity in  m iddle ,  growing more fl.attened posteriorly, 
expanded in  fron t  and overhanging bi - composite lobes for nearly their 
ful l  width, narrowing posteriorly to about two sevenths the anterior width 
at some distance behind the middle, then increasing sl ightly in width to 
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inner extrem1t1es of bi-composite lobes, where it becomes abruptly wider 
and then cont inues posteriorly w i th near ly paraliel s ides to occipital 
furrow, where its width i s  about four  sevenths the frontal width. B i · com
posite lobes i rregularly sub-ovate in outl ine,  narrowing posteriorly and 
with the longer axes di rected obl iquely outwards and forwards, moclerately 
convex transversal ly,  distinctly, but not highly raised above cen tral lobe, 
strongly convex longitudi nally with the i r  an terior third steeply curved 
down and overhanging front margin .  Basal l ateral glabel lar lobes quadri
lateral in outl ine,  shortest on the i nside, their surfaces very sl ightly rounded 
and sloping very sl ightly upwards laterally, almost confiuent with the  
surfaces of  the  fixed cheeks, being marked off on the  outside by extremely 
weak narrow impressions only. Anterior lateral glabellar furrows rather 
narrow, strongly impressed , growing narrower and shal lower postetiorly 
behind j unction with basal lateral fu rrows. 2d  pair of  lateral glabellar 
fur rows obsolete, being represented only by very slight indentations in 
the inner margins  of  the bi-composite lobes at  some d istance behind thei r  
middle .  Basal l ateral glabellar furrows somewhat shallower than anterior 
ones, nearly straight and making an  angle of about 65°  with median I ine 
of glabel la .  Anterior border o f  cranidium narrow ,  rounded and bent down
wards in  front ,  growing fiattened and bending outwards at sides. Anterior 
border furrow narrow and shallow i n  the middle ,  growing stronger later
al ly. Occipital furrow relatively deep and wide and straight in  the middle ,  
divid ing at sides ; the divis ions narrower than the central  portion . Main 
portion o f  occi pital r ing ( imperfectly preserved) broad in the middle,  
narrowing lateral ly ,  strongly arched .  Occipital lobes sub-triaugular i n  
outl ine ,  with gently rounded surface sloping steeply do wnwards posteriorly .  

Anterior portions o f  fixed cheeks short and very narrow,  posteriorly 
confiuent with palpebral lobes, rounded transversally, curving steeply down
wards anteriorly. Posterior portions of fixed cheeks ( incompletely pre
served) s loping steeply downwards ( though less steeply than anterier por
t ions) posteriorly with gently convex surface. Palpebral furrows sigmoid
ally curved , strong adjacent to axial furrows, weak at about the middle ,  
growing stronger again posteriorly. The palpebral lobes seem to have 
been rather  Iong and ben t upwards .  An terior branches of  facial sutures 
converging rather strongly anteriorly. 

Surface of cranid ium, except i n  the furrows and on the anterior bor
der ,  covered by low , rouncled tuberdes of different s izes. All the tuberdes 
are rel atively small , except a single !arge one on the central lobe, situated 
on the median Iine samewhat nearer the anterior than the posterior margin 
where the surface beg ins  to slope strongly downwards, possibly this !arge 
tubercle is the base of a small spine.  

D i m e n s i o n s. -- In the two specimens observed the distance along 
the median I ine between the posterior and the anterior margins of  the 
glabel la is 1 )  6, s  mm.  2)  5 , 5  + mm. and the greatest width o f  the glabella 
r )  8 , 3  mm. 2) 7 mm.  



z 8 8  E T.SA W A R BURG 

R e m a rk s . - The material on which this new species Is founded 
consists of  two cranid ia from Kallhol n in the Upsala Museum,  In neither 
o f  them are the occip1tal r ing and the free checks completly preserved ,  
but  otherwise they show the characters d istinctly. 

A ffi n i t i e s . - The cranidium of  this species closely resembles the 
cranidia from the East and M iddle Baltic Barkho lm Formation which 
SCHMIDT ( r 885 , p. 1 2 2 ,  PI .  V , figs. 25 a --c) and WIMAN ( r go r , p. 1 70, 
PI. V, tigs, 8 - 9)  described and iigured as Lichas cicatricosus LOVEN (Cf. 
above p .  282) .  In these, however, the strong downward slope o f  the 
anter ior  port ion of the glabe l l a  commences nearer  the occipital furrow ; 
the central g label lar lobe is more contracted between the b i-composite 
lobes , and the anterior lateral gl abel lar fu rrows do not bend so strongly 
or s o  sudden ly outwards at  the bases of the latter, w h ich are more strongly 
convex and raised more highly above the cen tral l obe, and ell iptical rather 
than ovat e in outl ine ; the anterior border is relatively broader and more 
pronoutl Ced an d -- at !east i n  WIMAN's specimen,  which I have been able 
to  examine - t uberculated ; and the central lob e o f  the gl abel la  be ars 
two !arge tubercles ,  which are placed nearer the anterior margin than  is  
the s ing le  !arge tubercle i n  ou r  species. 

H a r i z o n  a n d  L o c a l i t y . - Upper Leptcena Limestone ;  Kallholn .  

Platylichas sp .  i nd .  a .  PI .  VII, fig.  I 5 ·  

R e m a r k s .  - An i ncompletely p reserved cranidium from Lissberg in  
the  Museum of the  University of  Stockholm recalls that  o f  Pl. latus, but  
differs from th i s  i n  same  features. The posterior portion of  the  glabel la 
is more flattened and the strong downward s lope of its anterior portion 
commences considerably farther forwards ;  the fixed cheeks seem to slope 
less steeply downwards posteriorly ; the anterior lateral furrows bend more 
suddenly outwards at the bases of the b i - composite lobes ; these latter 
are relatively somewhat narrower ;  and the occipital  r ing bears a median 
tubercle ,  which , though rather sma l l ,  i s  decidedly larger and higher than 
any of the other tubercles on the cranid ium,  which are of varying s izes 
bu t  a l l  small ,  none of  them appear ing especial ly !arge i n  relation to the 
surmunding ones .  The cranidium is  quite smal l ,  th e  distance between its 
anter ior and poster ior margins being about 6 mm.  only ,  hut it differs 
even more from the smal l  cran id ia of Pl. latus than from the l a rger ones, 
s ince the former as pointed out above (p .  2 83 )  are more convex than the 
l atter. 

The d ifference between the two forms ought not  perhaps to be 
regarded as having speci fic, but only varietal importance.  I have not ,  h ow
ever ,  recorded this cran id ium as representing a variety of Pl. latus because 
i t  appears probable that i t  belongs to Pl. cicatricosus (Cf. above) .  In the 
style o f  ornamentat ion of  the test i t  resembles this (the pygidium) ,  and 
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i ts l ikeness to the cranid ium of  Pl. latus and the close resemblance be
tween the pygidium,  which appears to belong to the latter form, and that 
of Pl. cicatricosus favours this belief. Should this p rove correct and the 
two forms be referred to the same species ,  the older name cicatricosus 
must of course be kep t  and TöRNQUIST's form be called Pl. cicatricosus 
var. latus. However, further proofs are needed before we can be certain 
that the cranidium in question really i s  referable to Pl. cicatricosus. Possibly 
i t  may belong instead together with the pygidium which wil l  be  described 
below as Pl. sp . ind .  b . ,  which has been found at the same locality and 
which al so shows a similar ornamentat ion .  

H o r i z o n  a n d  L o c a l i t y. ·- Upper Leptrena Limestone ; Lissberg. 

Platylichas sp.  ind .  b. PI. VII, fig. 1 8 .  

R e m a rk s . - A small  fragmentary pygidium, measuring about 5 , 5  
m m .  i n  length, from Lissberg i n  the Museum of  the University of  Stock
holm shows some interesting features. In most of  its characters it reserobles 
as far as it  i s  preserved the pygidium of Pl. cicatricosus (Cf. above p .  
280) rathe r  closely, but the axis i s  relatively somewhat longer and more 
tapering posteriorly, the 3d axial ring furrow stronger in  the middle,  the 
4th one more distinctly marked at sides, the 2d interpleural fu rrow more 
curved, and the  axial furrows do not bend outwards near their extremi t ies .  
The most striking difference, which proves i t  to be referable to a dist inct 
species ,  is ,  however, that the 3d pair o f  pleural furrows begin in the axial 
furrows close to the 2d  pair  of interpleural furrows, whereas in Pl. cica
tricosus as wei l  as in most other  Lichadidre, they begin at a marked 
d istance from these. They reach also samewhat nearer the margin than 
i n  the species j ust mentioned and are d i rected a l itt le more strongly 
backwards, curving sl ightly inwards and growing weaker near their extre
mities ,  and connected with the posterior ends of the axial furrows by very 
weak, i l l-defined depressions, which separate the gently raised anterior 
portions o f  the inner ple ural bands from the more flattened marginal 
portions. 

It is  possible, as remarked above, that this pygidium may belong 
to the same species as the cranid i um from Lissberg described as 
Platylicltas sp. ind .  a ,  although I am more incl ined to believe that the 
latter is referable to Pl. cicatricosus, and it  is also quite conceivable that 
the former belongs to Pl. angu!atus, the ornamentation of its test being 
s imilar to that of  the cran id ia  designated above (p .  286) with this spe
c ific name.  

H o r i z o n  a n d  L o c a l i  ty .  - ·  Upper Leptrena Limestone ;  Lissberg. 

19 - '"'"' ·  Bull. of Geol. Vol. X VI I. 
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Platylichas ? sp. ind. c .  PI . VIII, fig. 42. 

R e m a r k s. - A . small imperfectly preserved hypostoma from Kall 
holn in  the Upsala Museum may belong to one of the species of  Plat;•
lichas from the Upper Leptcena Limestone described above or possibly to 
Dicranopeltis elegans (See below p .  29 1 ). 

The hypostoma is broader than Iong, widest a little behind its middle . 
The central body is defined at sides and posteriorly by strong furrows,  
gently convex, wider than Iong and seems to have been broadly rounded 
or  very obtusely pointed in  front (the anterior ed ge is  not  preserved) ; 
the sides are straight and converge posteriorly, the posterior margin i s  
gently curved forwards in  the middle and a t  t he  sides ; it is marked a t  
sides at about two thirds t he  length from  the  anterior end  by a pair of  
short, nearly transverse, rather deep  middle furrows, which expand and 
grow deeper at their inner extremities. The border  i s  wide ; the portion 
behind the central body is  gently convex transversally and has the poste
rior  margin excavated by a deep rounded notch ; the lateral portions are 
rather strongly convex anteriorly, growing more flattened posteriorly. The 
marginal portions of  the lateral borders are marked by weak strice sub
paral le l  to the outer edge.  On the other portions the surface is  not wei l  
enough preserved to show the ornamentation clearly, but there seem to  
have been smal l  p i t s  and i rregular impressed I ines  with ridges between 
the m. 

H o r i z o n  a n d  L o c a l i t y. - Upper Leptcena Limestone; Kallholn . 

Platylichas sp .  ind. d .  PI. VII, figs . 39-4 1 .  

D e s c r i p t i o n . - Hypostoma about three fourths a s  Iong a s  wide, 
widest near front end, tapering rather rapidly posteriorly. Central body 
gently rounded, about three fi fths as  Iong as wide ,  the anterior margin  
very broadly rounded, the  lateral and posterior  ones forming a nearly 
continuous and even curve ; marked at sides at about the middle by short, 
sl ightly oblique furrows, which are very shallow adjacent to the lateral 
furrows - in one of the specimens quite obsolete - but deepen and 
expand a l i t t le within .  Lateral  and posterior furrows wide and rather 
shallow. Anterior furrow narrower. No real anterior border present, only 
a narrow rim, w h ich forms the front wall of  the anterior furrow and w hi ch 
disappears, or  almost disappears, i n  the middle .  Anterior wings very 
narrow ( longitudinal ly) and placed very far forwards. Lateral borders 
rather narrow, gently convex, growing  more flattened posteriorly, where 
they merge into the posterio r  horder . . Posterior border rather broad (its 
relative width varying a l ittle in  d ifferent specimens) ,  swollen adj acent to 
central body, flatten ing out towards margin ; postero lateral extremities of  
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border broadly rounded,  with shallow, narrow notch between them.  (Or
namentation not observed) . 

R e m a rk s. - The material from which the above description is 
d rawn up consists o f  3 specimens from Kullsberg - in  the Upsala Mu
seum, the State Museum of  Natural H istory, and in ISBERG's collection 
in Lund - the smallest measuring about 3 mm. i n  length, the largest 
approximately 8 or 8 , 5  mm.  They seem to belong to a species of Platy
lichas, possibly to Fl. bottniensis (Cf. above · p. 280, and belmv PI. VII ,  
fig. 1 9) , i n  which species - especially i n  the form from tne Leptcena 
Limestone ,  which seems referable to i t  - the cranidium is  very broadly 
rounded in front. 

H o r i z o n  a n d  L o c a l i t y. - Lower Leptcena Limestone ;  Kul lsberg. 

Genus Dicranopeltis CORDA .  

Dicranop eltis elegans TöRNQVIST. PI . VII, figs.  27 ,  3 1 ; PI . VIII, figs. 
9 - 1 0. 

r 884. Lichas elegans TöRNQUIST, p .  29, PI . I ,  fig. 2 5 .  

S p e c i fi c  C h a r a c t e r s . - Cranidium sub-triaugular i n  outl ine ,  very 
convex. Anterior border of moderate, nearly uniform width, fiattened , 
marked off by strong furrow ; i ts anterior margin broa dl y convex. Glabella 
wei l  defined, sub-pentagonal  i n  outl ine, widest a l ittl e in front of m iddle 
o f  bi -composite lobes, fiattened posteriorly, the anterior slope very convex 
and sl ightly protuberant .  Central gl abellar lobe wi dest at anterior margin ,  
narrowing posteriorly to about one  third i t s  anterior width at junction of  
anterior wi th  basal lateral furrows, where it occupies about one third the 
width of  entire glabella, back of  this point i t  widens a l itt le and is almost 
coalescent with basal lateral lobes ; this posterior  portion is  (at ] east i n  
some  specimens) very sl ightly raised above the anterior portion bu t  not 
separated from this by any dist inct furrow or groove ; the anterior porti on 
is very strongly curved longitudinal ly, t ransversal ly i t  is  moderately con
vex in  front and grows gradually more fiattened posteriorly. Bi-composite 
lobes rather !arge, convex, nearly twice as Iong as wide, irregularly sub
el l iptical i n  outline, with pointed extremities and the longer axes d irected 
obliquely forwards and outwards. Basal lateral glabellar lobes very gently 
convex, quadrilateral in outl ine ,  rather wider than Iong, less than hall the 
size o f  bi -composite lobes, not marked off sharply from central lobe. 
Anterior lateral glabellar furrows deep, rather narrow, converging posteri
orly and describing an outwards concave curve from their anterior points 
of origin to j unctions with basal lateral furrows, beyond which they are 
continued back to occipital furrow by slight, i l l -defined grooves. 2d  pair 
of lateral glabellar furrows obsolete. Basal pair of about the same depth 
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and width as anter ior pair and confluent with them along inner-posterior 
extremities of bi-composite lobes, from this point to their junction with 
axial furrows they are nearly straight and d i rected obliquely forwards. 
Axial furrows deep and strong anteriorly, becoming samewhat shal lower 
posteriorly ou tside basal l ateral glabellar lobes and occipital lobes ; describing 
an outwards convex curve from thei r  origination in preglabellar furrow to 
j unct ion with basal lateral glabel lar furrows, beyond which they describe 
a very slightly concave curve past outer extremities of basal glabellar  
lobes, and then another sl ightly convex curve outside occipital lobes. 

Occi pital furrow rather broad and deep and straight in the middle 
behind central lobe o f  glabella, dividing at sides ; the d ivisions samewhat 
narrower than the middle portion .  Main portion o f  occipital ring (imper
fectly preserved ) rather broad in middle ,  narrowi ng at sides behind occi
pital lobes, arehed transversally, gently rounded longitudinally. Occipital 
lobes relatively !arge, sub-triangular, their lateral extremities reaching 
farther outwards than base of glabella, flattened ,  s loping downwards 
posteriorly .  

Fixed cheeks strongly convex longitudinally, with very abrupt ante
rior s lope and samewhat more gentie posterior slope, very narrow,  band
l ike in  front of  eye lobes ,  behind latter gradually increasing in  width 
posteriorly to nearly half that of  glabella at leve! of basal lateral furrows 
and sloping gently downwards towards the s ides ; their posterior margins 
curving gently forwards laterally. [Palpebral l obes not preserved ] . Poste
rior borders o f  fixed cheeks very narrow increasing i n  width laterally, 
flattened, marked off by distinct, narrow furrows. Anter ior branches of 
facial s u tures converging rather strongly anteriorly ; posterior branches 
curving from eye lobes backwards and slightly outwards .  

Pygid ium ( imperfectly preserved) sub-semiel l iptical i n  outline ,  rather 
less than two thirds as Iong as wide.  Axis extending less than half the 
length of pygidium and occupying  anteriorly less than one third the entire 
width, narrowing posteriorly, strongly convex, with 2 rather narrow, sl ightly 
rounded axial rings - the 2d rather ind istinctly defined · behind in the 
middle - and a rather short terminal  piece, which i s  bulbously swollen 
in the middle. Behind the axis is a Iong, tapering, pointed post axial 
portion ,  which anteriorly is gently convex and slightly raised above the 
s ide lobes, but posteriorly l ies in  the same general plane as these .  Axial  
furrows deep,  narrow, converging posteriorly, cont inued behind extremity 
of  axis to posterior margin o f  pygidium bounding the post axial portion ,  
decreasi ng samewhat i n  depth posteriorly. S ide  lobes flattened, hori 
zontally extended , consist ing o f  3 pairs of  completely defined, broad , fur
rowed pleurce,  al l  ending in free, backwardly directed points. Interpleural 
and p leural furrows deep,  rather narrow, all about equally strong and 
nearly straight, except that the former grow very weak and bend slightly 
outwards j ust before reaching the margin .  Anterior pair of  furrows directed 
very sl ightly backwards, the following ones Successi vely directed more 
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and more strongly backwards. Anterior pair of pleura:: ( imperfectly p re
served) seemingly l ike 2d pair of moderate width and  increasing in width 
to a l itt le beyond middle. Free termination of anterior pairs of  pleurc.e 
relative! y Iong. 3d  pair  o f  p leura:: broad, their outl ine almost a right- angled 
triangle ; the free points approximate, shorter and more broad-hased than 
those of  preceeding pairs. 

Surface of  cranidium and pygidium , except in the furrows, covered 
with rounded tuberdes of  different sizes placed rather  close together ; the 
largest ones occur on the central and bi-composite glabellar lobes a l i tt le 
in  front of  their middle .  

D i m e n s i o n s. - In the type specimen ( cranidium) the distance be
tween the anterior and posterior margins is approximately 8 mm. (the 
specimen is  not quite complete) and the greatest width of the glabella i s  
a little over  7 mm.  The other  cranidia observed are samewhat smaller. 
In the only pygidium known the length ( the  articul ating half-ring not 
included}  i s  5 ,3 mm.  and the greatest width approximately 9 mm. 

In add i tion to the cranidia on  which TöRNQUIST faunded this spe
cies, there i s  available now a cranidium from Lissberg in  the Museum of 
the GeologicaJ Survey, and in the same Museum i s  a samewhat incomplete 
pygidium from the same local ity, Osmundsberg, as the type specimen . 1 
That the pygidium belongs to this species seems to be beyond a doubt. 
It earresponds to the  cran id ia i n  size and agrees with them in  the sty le 
of ornamentation,  and - which seems to be evidence of greater impor
tance - it is very like the pygidium of  Dicr. decipiens WINCH.  an d 
MARCY (WELLER, 1 907 , p .  2 37 ,  PI .  XXII, figs .  r o -- I I ) , whose cranidium 
closely resembles that of  our species .  

A ffi n i t i e s .  - As just mentioned this species shows a great l ikeness 
to Dicr. decipiens WINCH. and MARCY. The American species, which is 
of Silurian age (Niagaran) ,  seems to reach larger dimensions than ours ,  th e 
cranidium appears to be less convex, the glabel la to be longer in relation 
to its w idth ,  and the groaves which run backwards from the points of 
junction between the anterior and basal glabel lar  fu rrows to converge 
instead of diverge p osteriorly. The pygid ium differs, to j udge from the 
figure, i n  the more parallel-sided axis ,  the more curved r st interpleural 
furrows, the considerably shorter free terminati ans of  the two anterior 
pairs of  pleura:: , and i n  the relatively narrow 3d pair of pleura:: . 

The cran id ium from the Keisley Limestone described and figured by 
REED (I  896, p. 428, P l .  XXI, figs .  8 - 8  b )  as Lichas bulbiceps PHIL L .  MS.  
seems also to  be  an al l ied form.  This too is considerably larger than 

1 TöRNQUIST s ta tes  in the work c i ted  a bove ( 1 884, p . 30) that  the spec ies  has  been 
found at  Boda and  Gul leråsen,  but does  n ot m ention Osmundsberg.  In  the  explanation 
to  the plate (p.  99) he states,  however, that the specimen figured is from Osmundsberg 
and he  has  als o la b el led i t himself with the name of that locality.  Possibly Boda i s  (in the 
text) miswritte n  for Osmundsberg. The spec ies does not seem to be  repres ented from 
Boda in TöRNQUJs·r's coll ection ,  or  a s  far a s  I know in  any other collection , though it 
does not seem a t  a l l  unl ikely that it may occur  a t  that loca l i ty. 
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any of  the cranidia of  ou r  species, which have come under my notice ; its 
central glabellar lobe is less expanded in  front and the antero-lateral 
expansions less pointed ; the direction of  the bi-composite glabellar lobes 
i s  less oblique to the median line of  the glabella, and they reach farther 
forwards and downwards ; further the distal portions o f  the basal lateral 
glabellar fu rrows  are very weak. It appears . p robable to me that the 
pygid ium from the same formation ,  w h ich REED (O p .  cit . ,  p .  43 1 ,  PI . 
XXI,  fig. 7 )  has ca ! led Lichas bifurcatus belongs to Lichas ( Dicranopeltis) 
bulbiceps. 1  It resembles rather much both the pygidium o f  our species 
and that o f  Dicr. decipiens. It seems to have been more triangular in  
outline  than the former, the free terminatians of  the zd pa i r  of pleurce 
a re much shorter (the anterior pleurce are not preserved ) ,  the 3d pair o f  
p leural furrows are di rected more straight backwards and their extremities 
are connected by faint groaves w ith the p rolongations of the axial furrows, 
which for the greater part of their length are straight as in  our species , 
but samewhat less strongly converging posteriorly, hut from the points 
where they are joined by the grooves just mentioned they bend inwards 
anrl converge ab out twice as rapidly as before ; further t here is according 
to REED (Op.  cit . ) a fa in t  3d  ring furrow on the axis .  

H a r i z o n  a n d  L o c a l i t i e s. - Upper Leptcena Limestone ; Osmunds
berg, Lissberg in  Gulleråsen (Boda ? ) .  

Genus Lichas DALMAN s .  str. 

D i s t i n g u i s h i  n g  Ch a r a c t e r s  o f  t h e  S p e c i e s. 
Central lobe o f  giabella across its narrowest portion narrower than 

bi-composite lobes, the strong downward slope o f  its anterior portion 
commencing at about two thirds the d istance from occipita l  furrow to 
anterior margin o f  glabella. Antero-lateral angles of pygidium slightly 
rounded ; lateral margins of r st p leurce almost straight and nearly at right 
angles to anterior margins ; posterior portions of axial furrows sub-paraHel 
(or bent very sl igh tly outwards). L. laciniatus WAHLBG. 

1 ln  t h e  Museum of  Pract ical  Geology,  London , there i s ,  according to  REED (Op. 
c i t . ,  p .  4 30), a similar pygidiu m  from Kildare mounted with a cranidium of this species 
o n  a tablet  label led L bu/biceps M. S .  [There i s ,  a ccording to  the same author (Op.  
cit.), also an other tab let  labe l led with the same specific name o n  which a cranidium ot 
the  species  is associated with a d ifl'erent (Lichad) pygid ium]. REED i s  of  the opinion that 
the a ffinit ies of  the  species ,  as  represemed by the cranidium , are with Lichas verrucosus 
EicHw. [In his paper  of 1 902, pp .  7 3 ,  82, he refers it to ivfetopolicltas (= Lidtas s. s tr.)] , 
and g ives  (O p. cit .  1 896 ,  p. 4 3 1 )  as a reason for not  referring tl1 e  pygidium i n  quest ion 
to  th is  spec ies  that »no  species allied to  the la t ter  has a pygidium with such  characters » .  
The pygi d ium be  considers to  be  related t o  Lichas (Platylichas) margaritifer NIESZK. 
( [ n  1 902 , pp.  7 3 ,  82 he refers i t  to  Platylichas). Both the cranid ium and the pygidium 
i n  quest ion seem ,  however ,  to  agree m ore closely in characters with species of  Dicrano
jJeltis than with those j u st ment ioned and  appear to be referable  to this genus and to  
the same spec ies .  
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Central lobe of  glabel la everywhere wider than bi -composite lobes, 
the strong downward slope of  its anterior portion commencing consider
ably nearer occipital fu rrow than anterior margin of glabella. Antero
lateral angles of pygidium rather  broadly rounded,  outer margins of  Ist 
pleur.:e forming rather  even c u r ves from fulera to · free points of  pleur.:e : 
axial furrows distinctly d iverging posteriorly. L. afjinis ANG. 

Lichas laciniatus WAHLENBERG . PI . VIII, figs .  1 4- 1 8, 1 9 ? , 20 ; text-fig. 20. 

r 8 r 8. Entomostracites laciniatus, WAHLENBERG, p .  3 4  (pars), PI . I I , fig. 2*  (non fig. z). 
1 822 .  Paradoxides laciniatus, BRON G N I A RT, p. 3 5 (pars), P I .  III , fig.  3 (exc l .  cranid i u m ). 
1 826. Asaphus (Lichas) laciniatus, DA LMA N ,  p .  278 (pars) PI .  VI,  fig. 1 ? 1  
1 8 3 7 .  Lichas laciniatus, HISINGER,  p. 1 7  (pars), P I .  III, fi g .  7 ?2 
1 84 5 .  Lidtas laciniatus a, LovEN, p .  5 5 , PI. I, fig. 7 a .  
1 84 5 ·  Lichas laciniata, B EYRIC H ,  p .  26 , PI . ,  fig.  1 7 .  
1 846 . Lichas laciniata, BEYR I C H ,  p .  6 ,  PI. I ,  fig. 5 b (fig. 5 a ?). 
1 8 5 4· Lichas a.flinis, A N G E L! N, p.  69 ( pars), PI. XXXVI fig. z a (n on figs. z , 2 b) PI. 

XXXVIII, fig. 4 b (figs.  4-4 a ?). 
1 8 5 4. Lidtas laciniatus, A N GELJN, p .  69 (pars), PI. XXXVI,  fig. 1 (excl .  pygidium) , fig. 1 a. 
1 8 54 .  Lichas conformis, ANG ELIN, p .  74 ,  PI . XXXVIII, fig. 5 ·  
1 896. Lichas a.fjinis, R E E D .  427 (pars ?). 
1 896.  Lichas conformis var. keisleyensis, REED,  p. 4 2 7 ,  PI . XXI, fig. 1 0 .  

S p e c i fi c  C h a r a c t e r s . - Cephalon gently convex, sub-triaugular in 
outl ine ,  much wider than Iong,  broadly rounded in front ;  the anterior 
margin slightly arehed upwards in  the middle ; the border surrounding i t 
anteriorly and laterally very narrow and sl ightly rounded in  the middle 
in front, growing flattened and rapidly increasing i n  width towards the 
sides, marked off in  front of  glabella by distinctly impressed , narrow 
fu rrow, very indistinctly marked off from anterior portions of  checks, more 
distinctly along m iddle of fixed cheeks, though not by impressed furrows, 
more i ndistinctly agai n posteriorly. 

Glabella flattened posteriorly, curved downwards in  front, samewhat 
wider titan Iong, broadly rounded in front, widest a l itt le i n  front of 
middle, narrO\ving posteriorly to opposite posterior extremities of anterior 
l ateral furrows, then becoming nearly parallel-sided, its basal width about 
four  fi f ths the anterior and five sevenths the greatest width. Central lobe 
of glabel la wide in  front with obtusely pointed antero-lateral extremit ies ,  
narrowing rapidly posteriorly to opposite middle o f  palpebral lobes,  where 
i ts width i s  about one fourth that at its anterior margin and less than one 
third that  of entire glabella, then generally widening slightly to opposite 
mner extremities of bi -composite lobes, and then suddenly expanding at 
base. to rather more than hal f its frontal width and coalescing  or almost 

1 DALMAN ' s  figure seems to have been dra.wn from , a t  !east two, different speci
mens ,  belonging  to this species a n d  to L. ajjinis (Cf. be low, p.  299). 

2 HrsiN GER's figu re is a: copy of DALMA N ' s . 
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coalescing with basal lateral lo bes ; its anterior clavate portion rathe r  
strongly convex i n  both d i rections, the strong downward slope of the ante
r ior portion commencing at about two thirds the distance from occipital 
furrow to anterior margin of glabella, the neck very slightly convex 
especially posteriorly where the surface is  slightly depressed beneath the 
surfaces of  the bi-composite lobes and that of the basal , expanded port ion 
of the central lo be ,  the latter ha  v ing a s l ight  convexity of i ts  own, which 
marks it off indistinctly also from the basal lateral lobes. Bi-composite 
l obes sub-oval in outl ine ,  pointed in front ,  about twice as Iong as wide, 
with a marked though not very strong convexity of their own, posteriorly 
coalescing with basal lateral lobes. Basal lateral lobes small , sub-quadri
lateral in  outl ine,  flattened, sloping sl ightly downwards posteriorly, coalescing 
anteriorly with bi -composite lobes and indistinctly marked off i nternally 
from central lobe. Anterior lateral glabellar furrows rather  strongly im
pressed ,  more  deeply so on casts than on the surface of  the  test, rather 
wide in  front ,  narrowing posteriorly, but widening again near their poste
rior extremities, curving from the points of  junct ion of  preglabellar and 
axial  furrows in  wards and backwards ,  n ear! y paraHel to middle portions 
of axial furrows unti l  in a I ine with middle of  palpebral lobes , then curving 
sl ightly outwards, o r  running nearly straight backwards to inner extremities 
of bi -composite lobes and then making a sharp turn outwards and ending 
at about equal distances from occipital and axial fu rrows. 2 d  l ateral 
glabellar furrows represented by s l ight indentations of anterior furrows 
into inner sides of  bi-composite lobes at about the middle of their length , 
generally more d istinct on  i nterior casts, on  the surface of  the test some
t imes only indicated by the smoothness o f  the test  at these places. Basal 
l ateral glabel la r  furrows obsolete, or  in a few specimens represenled by 
exceedingly weak and narrow depressions runn ing from posterior ends of 
anterior furrows obliq u el y forwards towards axial furrows, bu t dying  out 
before reaching these . Axial  furrows of moderate strength , s igmoidally 
curved, describing a rather s l ight outwards convex curve around antero
lateral portions of bi -composite lobes, than a concave curve to posterior 
margin  o f  cran id ium .  

Occipital furrow shal low, rather broad and n ear! y straight behind 
central lobe of  gl abella ,  d iv id ing at sides, the anterior division on each 
s ide of  about the same depth and nearly as wide as central portion,  the 
posterior one narrower and deeper. Main port ion of  occipital r ing rather  
broad i n  the middle ,  narrower, but  not  very narrow and nearly paralle l 
s ided at sides beh ind occipital lobes ,  rather strongly arehed transversally, 
with the surface sl ightly rounded and sloping gently downwards anteriorly, 
and with a smal l  median tubercle - not m u ch larger than the largest of 
the other tuberdes of  the test - placed near the posterior edge ; ex
tending much farther towards the s ides than base of glabella ,  the distance 
between its l ateral extremil ies bei ng  abou t  equal to one and a hal f times 
the width of latter ;  its poster ior margin sl ightly curved forwards in the 
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middle and at the sides. Occipital lobes elongated sub-oval in outli ne ,  
with pointed lateral extremities and the  longer  axes directed slightly back
wards, produced at sides beyond base of gl abel la ,  but not  reaching as 
far outwards as main portion of occipital ri ng,  projecting  slightly in front  
of  latter, the i r  surfaces slightly raised and sloping gently downwards 
postero- laterally .  

Cheeks ( imperfectly preserved) moderately convex. Eye l obes reni 
form - the palpebral fu rrows curving strongly outwards in the middle.  
Palpebral lobes broadly crescentic, convex transversally with steep inner 
and gentie lateral slopes, gently concave longitud inally, d istinctly raised 
above adjacent portions offixed cheeks. Palpebral furrows weak in the middle , 
where their anterior and posterior portions meet at nearly right angles, grow
ing stronger anteriorly and posteriorly, continued on free cheeks by rather 
strong  furrows, which mark off the comparatively high, lower eyel ids .  
[Eyes not p reserved ] . Lateral borders of  cheeks flattened , growing very 
wide and ind istin ct ly m arked off posteriorly ; posterior borders of moderat e 
width adjacent to axial fu rrows, in creasing in width laterally, slightly 
rounded ,  marked off by distinct, though not very deep furrows, thei r 
posterior margins directed slightly forwards.  [Gen a! angles not preserved ] . 
Anterior branches o f  facial sutures diverging sl ightly anteriorly from eye 
lobes to near anterior border, then bending obliquely inwards and cutting 
anterior margi n at a distance from each other about equal  to width of  
glabel la  in front ; posterior branches runn ing from eye lo bes obliquely 
outwards. 

Rostrum narrow, band-l ike, not m uch wider than downbent  edge of 
anterior margin ,  gently rounded,  bent nearly straight downwards, with 
obliquely truncated l ateral ends ,  surface marked by a few raised ridges 
parallel to margin. Simi lar ridges occur on the doublure of the fixed 
cheeks and on the edge of  the anterior margin of  the cephalon . 

Pygidium sub-triaugular i n  outl ine, obtusely pointed behind, about 
two thirds as I ong as wide. Axis extending ful ly  one th ird the length 
of  pygidium and anteriorly occupying rather less than one third the entire 
width o f  latter, tapering posteriorly, rather strongly raised ,  with flattened 
sides and obtusely pointed apex, the surface behind l atter sloping steeply 
downwards to post axial piece ; marked anteriorly by 2 or 3 axial ri ng 
furrows, of which the  anterior one i s  rather strong and contin uous across 
the axis, the zd one weaker and  interrupted in the middle ,  in most spe
cimens a 3d furrow is represented by short and generally very weak side 
porti ons .  Axial furrows of  moderate st rength ,  near ly stra ight at s ides of 
axis, curving inwards gently at i ts  extremity, prolonged behind this but 
not reaching margin of  pygid i um ; the course of  the prolongat ions vary in 
d ifferent specimens and even in the same one the  furrow on the one side 
ma y have a somewhat d ifferent course than that on the other 1 :  in  their 

1 This l atter condition m ay, h owever, perhaps be  eaused by pressure .  I have no ticed 
it chiefly in  specimens from Västergötland preserved in shales  or  in spec imens fro m  the 
Lept.ena Limestone,  which in other features too  sh o w  signs of  pressure .  
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general course they d iverge, though not very strongly posteriorly, and as 
a rule they seem to run at first nearly straight backwards or to d iverge 
sl ightly posteriorly, then to take a turn obl iquely outwards and finally 
to run mo re straight backwards again ; the length of  the d ifferently d irected 
portions varies, however,  the difference in the directions may also be 
very sl ight, so that in some specimens the whole of  the prelangatians of 
the furrows behind the axis may be nearly straight. Post axial piece 
gently convex and raised above side lobes adj acent to axis, the surface 
sloping dist inct ly posteriorly to about the points, where the axial furrows 
take the i r outward tum ; the posterior portion  slightly keeled in  the m iddle 
and here higher than adjacent portions of  s ide lobes, laterally depressed 
below these. Side lobes flattened within ,  the ir  outer portions very sl ightly, 
nearly imperceptibly ben t down ; consisting of 3 pairs of pleurae ; the two 

anterior pa irs completely defined, with straight outer 
margins, and ending in  rather short backwards d irected 
free points ; 3d pair posteriorly confluent with post 
axia l  p i ece ,  without free points. Each pleura m arked 
by strong  pleural furrow not quite reach ing the 
margin ;  anterior pair strong! y, 2d pai r more sl ightly 
curved, 3 d  pair  beginn ing  in  axial furrows rather 

Fig. 2o. Lichas lacz?zia- close to 2d pai r of interpleural furrows and samewhat 
tus W A HLBG. Pygidlllm.  . . . 
The or ig inal  type speci- 111 front of apex of ax1s, nearly stra1ght and 
men .  S l ightly reduced.  directed sl ightly outwards for the ·greater  part of  
Bestorp .  Västergötland.  . . . . 

Upso la Museum . the 1 r  length, but  curv1ng gently mwards postenorly 
and nearly j oin ing  axial furrows, in some specimens 

they seem even to be connected with these, though the h indmost portions 
are very weak. Lateral margin of  I st pleura nearly at r ight angle to 
anteri o r  margin ,  fulerum remote, its d istance from axial furrow about equal 
to five s ixths anterio r  width of  axis, antero-lateral angle only slightly 
rourided .  Pleural bands with sl i ghtly rounded surfaces ; anterior bands o f  
3d pleurae more depressed than other pleural bands ; t i p s  o f  anterior pairs 
and h indmost portions of  3d  pair of pleurae sti l l  more flattened. Doublure 
of  pygidium comparatively narrow, widening posteriorly, concentrical ly 
str iated . 

Surface o f  cephalon and pygid ium, except i n  the furrows, ornamented 
w ith relatively sparsely distributed, rather !arge and medium sized , pointed 
tubercles, with a !arge number of  small and minute ones between them.  

D i m e n s i o n s. - The d imensions of  WAHLENBERG 's  type specimen 
(pygidi um) are : length 18  mm. ,  width 27 mm .  In the largest pygidium 
from the Leptcena Limestone ,  which has come under my not ice ,  t he  length 
is 30 mm. , and  i n  the smallest one about I 2 , s  mm .  The dimensions o f  
some cranid i a  from Borenshult ( I )  and Lissberg ( 2 ,  3 )  are : distance a Iong 
the median I i ne  between anterio r  and posterior marg ins  I ) 2 I mm.  2)  16 , s  
mm.  3 ) over  30 mm. ,  greatest width of glabella 1 ) r8 m m . ,  2 )  1 4  mm.  
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R e m a r k s . - There has been much uncertainty and confusion about 
this species w h ich was founded primarily by W A HL EN BERG ( r8 1 8), who, 
under the name of Entomostracites laciniatus, figured a pygidium from 
Mösseberg (Bestorp)  i n  Västergötland . DALMAN ( 1 826 , .  pp .  252 ,  279) 
reported the species both from Mösseberg and from Borenshult in Öster
götland ·  and gave also a figure of a pygidium (O p .  cit .  P I .  VI, fig. r ) . 
Later on LOVEN ( 1 84 5 ,  p .  5 5 ) pointed out that the original specimens 
belong to two somewhat different forms ,  which he  described and figured 
as L. laciniatus a. (O p. cit .  PI .  I ,  fig. 7 a }  and L.  laciniatus � (PI .  I, fig. 7 b ) .  
The former had, accord ing to h im ,  been  found at Borenshult , the latter 
both at this locality and at Mösseberg. Neither of the specimens figured 
by LOVEN is, however, WAHLEN BERG 's  type-specimen. Probably they 
are specimens referred to this species by DALMAN and the figure given 
by this author (Op .  cit . )  seems to be a restoration drawn from both of 
them. The original specimen ( text-fig. 20) from Bestorp (Mösseberg) be
longs to LOVEN' s  form a. (which LOVEN only reported from Borenshu l t ) .  
I t  seems as i f  LOVEN had not seen th is  and supposed i t  to belong to 
the same form (�) as DALMAN's specimen (or  specimens) which had been 
found at this locality. ANGELIN, who ( 1 8 54) referred the forms to separate 
species, apparently belived the same .  The pygidium which he referred 
to his new species L. afjinis belongs to L. laciniatus, but not the one 
which he attributed to WAHLENBERG's species. The cranidium from 
Borenshult described and figured by him (Op. cit .  p. 69, PI .  XXXVI, figs .  
2 ,  2 b) as L. af.finis does not, however ,  seem to belong to the same 
species as the pygidium, whi ch he associated with it ,  and is  thus to be 
regarded as the real type-specimen of L. ajjinis 1 To this species (L.  
ajjinis) the pygidium which ANGELIN attributed to L. laciniatus seems 
to belong, whereas the cranid ium which he re ferred to the latter species 
really seems to belong to it .  BEYRICH had earl ier ( 1 845 , p. 26) pointed 
out that the two forms in questi on ought to be  referred to d ifferent spe
cies and proposed that the name L. laciniatus should be kept for LOVEN 's 
form a. (of which he gave a ne�\ descri pt ion and a figure) and a new 
name be given the other although he apparently was unaware o f  the fact 
that WA HLENBERG's type-spec imen belonged to the former. ANGELIN does 
not seem to have noticed th is ,  at !east he h as not quoted BEYRICH.  

The two species L. laciniatus and L. af.finis have been found asso
ciated in the same beds a t  several localit ies and are undoubtedly closely 
al l ied. No entire individual  is known of either, but the somewhat d i fferent 
oroamentatian i ndicates which cranid ia and pygid ia belong to the same 
species. - Of L.  laciniatus a great number of specimens has been found 
both in the Lept<!!n a  Limeston e  i n  Dalarne (especially at  Lissberg) , in 
the Brachiopod Shales in · Västergötland and i n  the l imestone belonging 

1 The cranid ium from the Leptxn a Limesto n e  figt1 1 ed  by A !\ GELIN (Op.  c i t .  PI. 
XXXVIII , figs .  4·-4 a) as  L a.f!ims, on the o ther hand, seems,  as far a s  can be  j udged  with out  
seeing t h e  origina l ,  to  be referable to the  same species as  the  pygid ium,  viz .  L. laciniatus. 
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to the Brachiopod Shale Formation at Borenshult in Östergötland .  It has 
furthe r  been found  i n  the Keisley Limestune at Keisley in England. 

The cranidia preserved in Limestune agree weil i n  al l  features. Those 
from the Brachiopod Shales in  Västergötland,  which I have had the oppor
tunity to examine ,  are much pressed , therefore it is d i fficult to be quite 
sure  of  their characters, but  on the whole they seem to agree with the 
others .  The cran id ium from Västergötland figured by A NG ELIN ( I 8 54, 
PI.  XXXVI, figs.  I - I a) seems to d iffer slightly i n  the convexity and i n  
the  somewhat narrower bi- composite glabellar lobes ; these d ifferepces may 
partly be due  to pressure, bu t  i t  does no t  appear improbable that the 
figure is  incorrect. In the figure of the cranidium given by BEYRICH 

( I 846, PI .  I ,  fig .  5 a)  the bi-composite glabellar lobes are sti l l  narrower, 
and possibly the cranidium does not belong to L. laciniatus, but to L. 
affinis, although in other features it seeros to agree better w ith the former. 

The pygidia differ much, as already mentioned in  the description , 
i n  the course of the posterior porti ons of  the axial furrows. The !arge 
pygidium figured below on Plate VIII (fig.  I 8 ) and the one figured by 
BEYRICH ( I 846, PI .  I, fig .  5 b) represent two in this respect very different 
types, but there are a great many transi tion forms, and this d ifference 
does not appear to be even of  varietal importance. In the l ight of  this 
it is impossible to regard the pygidium from the Lept�na Limestune 
described and figured by A NGELIN ( I 8 54 ,  p .  74, Pl. XXXVIII, fig .  S) as L. 
confonnis ANG. as representing  a separate species or even a distinct variety. 
ANGELI N ' s  type specimen is in the State Museum of Natural History , 
and consists of the imprint of not quite the hal f of a pygidium. The 
axial furrow has about the same course a s  in  BEYRICH's  figure just men
t ioned,  and otherwise it  agrees, as far as it is preserved ,  closely wi th typical 
specimens of our spec ies .  ANG ELIN 's  figure i s  quite unsatisfactory. The 
pygid ium from Keisley (in the Sedgewick Museum in  Cambridge) which 
REED ( 1 896, p .  427, PI .  XXI, fig. ro) has described and figured as  L. 
conformis var. keisleyensis is consequently referable to L. laciniatus, and , 
as far as I am able to j udge,  it does not seem to represent a distinct 
variety. REED has mentioned three points of difference between this and 
ANG ELI N ' s  figure of  L.  » conformis » .  Two of  these depend only on the 
fact that ANGELIN 's  figure i s  incorrect, and the third does not seem 
either to be of  any importance . According to REED, the axial furrows 
in the Keisley form do not completely pass into the furrows which mark 
out the sides of the post axial piece but curve inwards at the posterior 
end of  the axis ,  » become l ess distinct, and do not quite meet in the 
centre . » What h e regards as the posterior portions of the (real)  axial 
furrows are ,  however, only weak grooves or  wrinkles,  not furrows in  a 
p roper sense. Similar, though generally sti l l  weaker, grooves are seen in 
several Swedish specimens too, but  not in  the best preserved ones, and 
it appears as i f  their  existence was only eaused by pressure .  - In another 
pygidium from Keisley in the Sedgewick Museum ,  mentioned by REED 
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(Op.  cit .  p .  427 ) as L. affinis the prolongations of the axial furrows have 
about the same course as in  the pygidium figured below on  Plate VIII, 
fig. 1 8 . - Of the specimens which Tö RNQUIST (Cf. TöRNQUIST, 1 884, p .  
3 3 ) has attributed to L. conformis most are referable to L. laciniatus, one 
to L. afji1lis. 

Some fragments o f  thoracic segments from Västergötland (associated 
with other portions of the carapace) and from Borenshult in the Upsala 
Museum belong evidently to this species. Most of the specimens are 
much pressed , and al l  i n  a very fragmentary condition . The axis seerus 
to have been moderately convex and strongly tapering posteriorly ;  on 
:-;ome specimens i t  appears to have been considerably wider, on  other!> 
(probably posterior segments) to be considerably narrower than the pleurae. 
The pleurae are stra ight and horizontally extended as far out as the 
fulcrum ,  which on some pleurae (apparently the anterior or m id dle-most 
ones) i s  situated about half-way out ,  and on others (posterior ones evidently) 
is very remote ; the ou ter portions of the pleurae appear to be very 
s l ightly bent downwards, and are rather strongly curved backwards,  tapering 
and ending i n  recurved points .  The oroamentatian i s  s imilar to that on 
the cephalon and pygidium . 

Two samewhat d ifferent types of Lichas hypostomata have been 
found at Lissberg associated with cranid ia  and pygid ia of  this species 
and o f L. affinis. It i s  d i fficult to decide which belongs to the former 
and which to the latter. One of  them is ,  however, more broadly rounded 
in front  and less convex than the other, and i t  appears most probable 
t hat this belongs to L. laciniatus. Its description is as follows : - Entire 
hypostoma gently convex transversally, sub-circular i n  outl ine ,  broadly 
rounded in front ,  with the posterior edge excavated by a b road and deep,  
rounded notch. Central body about as Iong as wide ,  with sub-paraHel 
s ides, rounded in front ,  truncate and very indistinctly defined behind,  
gent ly convex anteriorly, depressed behind the strong, gently cu rved 
middle furrows, which converge posteriorly at about I I 0° and extend 
about two th irds the way from lateral furrows to median I ine of body. 
Lateral borders rather wide and flattened posteriorly, narrowing and growing 
gently convex anteriorly. Anterior wings of  moderate size, steeply incl ined .  
Anterior border only represented by short, narrow side portions , marked 
off by narrow furrows. Poster ior border wide,  its surface almost confluent 
with that of  central body anteriorly. Lateral furrows nearly straight and 
strongly impressed at sides of central body, produced a short distance 
behind i t  as shallow grooves, which curve sl ightly i nwards near the i r  
extremttles. Poster ior furrow almost obsolete, only represented by slight 
transverse i mpression ,  except j ust at the sides adjacent to lateral furrows , 
where it is more strongly impressed . Surface, except i n  the furrows , 
ornamented with small rounded p i ts, and on the marginal portions o f  
anterior  and lateral borders marked also by rather fine ,  anastornasing 
ridges sub-paraHel to margins. 
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H o r i z o n s  a n d  L o c a l it i e s .  - Upper Leptcena Limestone ; Lissberg, 
Boda, Osmundsberg (Dalarne ) .  Brachiopod Shal es ; Bestorp on Mösseberg, 
Ålleberg (Västergötland , shale facies ) ,  Borenshult  (Östergötland ,  l imestone 
facies ) .  Keisley Limestone;  Keisley, England . 

Lichas affl.nis A NGELIN.  PI .  VIII ,  figs .  r - 6, 7 ? , 8, I I - I 3 , z r ,  2 3 ? 

1 84 5 ·  Lichas laciniatus �� LovE�>:, p. 5 5 ,  PI .  I, fig . 7 b .  
1 8 5 4· Lichas a.fjinis, ANGELIN,  p. 69 (pars), PI . XXXVI, figs .  2,  2 b (non  fig. 2 a). 
1 8 54 .  Lichas laciniatus, ANGELI N ,  p. 69 (pars ) ,  PI. XXXVI , fig. 1 (excl .  cranidium). · 
1 8 54· Lichas cicraticosus, A :-� GELIN,  p. 74 (pars), Pl .  XXXVIJI ,  figs .  6 - 6  a (non tig.  6 b) .  
1 884. Lichas a.fjinis, TöRNQUJST, p. 3 3 ,  PI. I ,  fig. 3 1 .  

S p e c ifi c  Ch a r a ct e r s .  -- Cephalon convex, broadly sub"triangular 
i n  outline, more than twice as wide as Iong,  rounded i n  front ,  s ides nearly 
straight ; its anterior margin s l ightly arehed upwards in centre ; border 
surrounding i t  anteriorly and l aterally very narrow and sl igh tly rounded 
in the middle in front , growing fiattened and rapidly widening towards 
the s ides, becoming very wide,  and s l ightly rounded again ,  posteriorly, 
marked off in front of  glabella by distinctly impressed,  narrow furrow,  
very ind istinctly marked off i n  front of  cheeks, more distinctly again , 
though not by impressed furrows, at sides of latter .  

Glabella strongly convex longitudinal ly, curving steeply downwards 
anteriorly, gently convex from side to side posteriorly, rounded in front ,  
wider than Iong, widest a l i tt le i n  front o f  middle, narrowing posteriorly ,  i ts 
basal width about five sevenths the greatest width and about four  fi fths that 
between antero-lateral extremites of  central lobe.  Central lo  be of  glabel la very 
wide in  front with pointed antero- lateral extrem i ti es, narrowing posteriorly 
to inner extremities of bi -composite lobes, where i t  occupies a l ittle more 
than one third the entire width of  glabel la ,  then expand ing and coalescing 
with basal lateral l o  bes, very strong ly con v ex in both d irections anteriorly ; 
the neck more gently convex especially posteriorly, but everywhere raised 
above bi -composite lobes ; the downward slope of  the anterior portion 
commencing considerably nearer occipital fu rrow than anterior margin of 
glabel l a ;  the hindmost portion with s l ight convexity o f  i ts own , generally 
in  transverse as well as in longitudinal direction ,  i ts l ateral bounderies 
being thus indicated. Bi-composite lobes elongated sub-oval in outl ine, 
pointed i n  front ,  with marked, but not very strong independent convexity, 
posteriorly coalescing  w i th the smal l  basal l ateral lobes. Anterior lateral 
glabellar furrows strong,  curving from their anterior points of  or igin i nwards 
and backwards nearly paral lel to middle portions o f  axial  fu rrows, but 
bending suddenly outwards and growing shallower near thei r extremities 
and generally ending somewhat nearer occipital than axial furrows, the 
outbent port ions being  as a rule very short .  zd  lateral glabellar fu rrows 
represented by very sl ight ( in  some specimens not  discernible) indenta-
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tians of  the anterior furrows inta inner sides of  bi-composite lobes at 
about the middle of  their l ength . Basal lateral glabel lar furrows entirely 
obsolete , or in  a few specimens their inner portions represented by very 
weak and narrow groaves running from posterior extremit ies of anterior 
furrows obliquely outwards and forwards .  Axial fu rrows o f  moderate 
strength , running from anterior border furrow (preglabel lar fu rrow) at first 
backwards and slightly outwards to the points, where the palpebral fu rrows 
branch off, then in  slight inwards convex curves to posterior margin of  

. cephalon .  
Occipital furrow broad,  but not very deep,  and nearly straight behind 

central lobe of  glabel la ,  d ividing at sides, anterior divisions of  about the 
same depth and nearly as broad as central portion ,  posterior ones narrower 
and deeper. Main portion of occipital ring rather broad,  ra ther strongly 
arehed transversally, gently rounded longitudinally ; the distance between 
its l ateral extremities about  one and a half times the basal width of  gla· 
bella ; i ts posterior margin sl ightly arehed forwards in middle and at sides. 
Occi pital lobes sub-ovate in  outl ine, with pointed lateral extremities, and 
the longer axes d i rected slightly backwards, produced at s ides beyond 
base o f  glabel la ,  but not reaching as far outwards as main portion o f  
occipital r ing, pröjecting slightly in front of  la tter ; thei r surfaces sl ightly 
raised , s loping downwards postero - laterally. 

Cheeks ( imperfectly preserved) convex, sloping rather steeply down
wards to border both anteriorly, posteriorly and laterally. Eye lobes !arge ,  
the ir  posterior extremities not  qu i te  reaching leve !  of occi p i tal fu rrow . 
Palpebral lobes sub-semic ircular i n  outl ine, sl ightly concave in middle and 
with the margina l  portions gently rounded,  not raised above adjacent 
inner port ions o f  fixed cheeks. Palpebral furrows weak i n  m iddle (almost 
obsolete on surface of test), strongly impressed anteriorly and posteriorly .  
Lower eyel id furrows strong .  [Eyes not preserved ] . Poster ior borders of 
moderate width adjacent to axial fu rrows, widening lateral l  y, gent! y rounded, 
marked off by dist inct  fu rrows, wh ich grow wirler and_  shal lower towards 
the sides ; their posterior margins d i rected sl ightly forwards. The gena! 
spine (only a portion of the doublure preserved) seems to have been 
rather narrow and short. An terior b ranches of facia l  sutures nearly paral le l  
from eye lobes to near an terior border, then bending obl iquely inwards 
to cut anterior margin at a distance from each other about equal to 
frontal width of  glabel la ; posterior branches curving from eye lo bes obliquely 
outwards and backwards. 

Rostrum very narröw , gently rounded,  with obliquely truncated lateral 
end s ;  its surface marked by a few coarse ridges paralle l to margin .  S imi lar 
ridges occur on  the doublures of  the free cheeks and on the edge of the 
anterior horder. 

Thorax (on ly the 6 posterior segments known) with moderately con
vex axis, which tapers rapidly posteriorly and occupies on the 6th segment  
from the posterior end about  three sevenths and on the h indmost one 
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a bout one third the width of entire segment. Axial rings gently rounded . 
Axial fu rrows narrow, dist inctly impressed.  Pleurae flattened, straight 
and horizontally exten ded as far out as fulcrum, which is rather weak, 
and on the middlemost segments situated a little more, on the hindmost 
ones a l i ttle less, than half-way out ; extra- fulcral portions bent sl ightly 
backwards and somewhat more strongly downwards,  ending in  very short 
backward ly directed points. Each pleura marked by a strong,  Iong, dia
gonal furrow. 

Pygid ium semielliptical in  outline ,  about two thirds as Iong as wide ; 
fulerum on anterior edge d istant from axis less than two thirds its width . 
Axis extending fully two fifths the length of pygidium, and anteriorly 
occupyi ng rather  more than one third its entire width ,  tapering posteriorly, 
rounded and i ndistinctly defined behind, moderately raised ,  with flattened 
s ides and obtusely m arked apex, the posterior slope from latter to post
axial piece generally more gentie than the lateral slopes ; marked by one 
complete axial , r ing furrow, a zd one which is very weak or interrupted 
in the middle ,  and with traces at sides of  a 3d  one. Axial  furrows of 
moderate strength, nearly straight at sides of axis, curvi ng gently inwards 
near its extremity, produced behind it ,  hut not reaching margin of pygi
d ium,  and generally at first converging very slightly posteriorly, hut soon 
bend ing outwards and diverging rather strongly to their blind ends ; the 
prolongations behind the axis generally forming contin uous, though not 
e ven,  curves - the strongest curvature being near the posterior extremities 
- hut in  some specimens their anterior and posterior portions are nearly 
straight and meet at obtuse angles. Post axial piece obtusely keeled in 
the middle and slightly raised above side lobes, the surface sloping very 
gently posteriorly, the lateral slopes steeper. S ide lobes with a flattened 
area i n  front adj acent to axial furrows, which tapers posteriorly and reaches 
a l ittle behind extremity of  axis ; outside this flattened area the surface 
slopes gently downwards to lateral margins ; consisting of 3 pairs of pleurae, 
the anterior ones completely defined, with curved outer margins and 
ending i n  very short free points, 3d pair posteriorly confluent with post 
axial piece, without free points. All pleurae marked by strong pleural 
furrows nearly reach ing the margin ;  the two anterior pairs curve d ;  those 
on the 3d pleurae beginn ing i n  axial furrow rather close to zd interpleural 
furrows, nearly straight and diverging rather slightly posteriorly to near 
their blind extremities ,  where they generally bend tnore straight backwards 
or  sl ightly inwards. Pleural bands gently rounded. Doublure of pygidium 
of  moderate width,  increasing in width posteriorly, concentrically striated .  

Surface of  test, except in the furrows, closely covered by rather 
high t nbercles of d ifferent  sizes ; the greatest part of  the tubercles can be 
characterized as medium-sized or rather small ,  whereas only comparatively 
few very smal l  ones occur. 

D i m e n s i o n s . - The d imensions of an average sized cranidi um are : 
d istance along median I ine between anterior and posterior margins J 4, s 
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m m . ,  greatest w idth of  glabella I 2 , s  m m . ;  in the largest ooe which has 
come under  my notice, the distance between the anterior ·.and posterior 
margins i s  approximately 27 , 5  mm .  and the greatest width of the glabella 
is 24 mm. In an average sized pygidium the length along the mediari '  
I ine is I 5 mm. and the greatest width 2 3  mm. 

R e m a rks .  - In the Upper Lept<ena Limestone this sp�cies seems 
to occur at !east as commonly as the foregoing - it is even known from 
some more localities i n  Dalarne - but  in  the  Brachiopod Shales more 
spari ngly thol.1gh it  has been found in this formation at the same localities 
as that onc. · No entire ind ividual has been found,  hut in the material 
available there are two cranidia ,  each of  which has a fragmentary free 
cheek attached and one the rostrum a lso ,  one pygidium with 6 thorac ic  
segments attached, and one  detached free cheek. 

In the figure of the type' specimen given by ANGELIN ( rS54 ,  PI . 
XXXIV, fig .  2 )  the glabella tapers more posteriorly than in  the specimens 
from the Lept<ena Limestone and the bi-composite lobes are comparatively 
narrower .  The type specimen i tself I have not been ab)e. to . find ,  but 
other cranid ia  from the same locality (Borenshult) agree very closely i n  
these a s  in  other features with those from the Lept<ena Limestone,  and 
I have no  doubt as to the correct identification of the latter, moreover, 
s i nce ANGELIN's figures seldom are quite correct .  The original of the 
pygidium .figured by ANGELIN on the same p late ( tig .  I )  as belonging to 
L .  laciniatus, I have nöt either been able to find,  hut to j udge from the 
figure, i t  is ,  :as mentioned above (p. 299) , referable to L. ajjinis. The 
origi nal of  the cranidium from the Lept<ena Limestone  which A N GELIN 

(Op .  c it .  PI .  XXXVIII, figs. 4-4 a) referred to L. affinis is  .also missing, 
hut the figures indicate, as is already mentioned (p.  299) , that i t  does not 
belong here but to L. laciniatus .  The cranidium attributed to L. (Platy
liclzas) cicatricosus by ANGELIN (Op .  cit . , p. 74, PI. XXXVHI, tig.  6) on 
the other  hand is apparently referable to L. afjinis, as suggested by 
SCHMIDT (I 907, p. 45 ) .  

A pygidium from Mösseberg in  the  State Museum o f  Natural History, 
according to an accompanying label collected by DALMAN, appears to be 
the one figured by LOVEN { I 84 5 ,  Pi .  I .  fig .  7 b) as L. ladniatus � - It 
agrees well with the specimens from the Lept<ena Limestone, except t'hat 
the whole of · the side lobes are flattened , which, however; p robably is 
due to pressure, · a nd as ;regar.ds  the ornamentation ,  the surfa:ce i s  not wei l  
enough� preserved to show this d istinctly. 

The hypostoma which appears to belong to this species (Cf. above, 
p. 30 I )  is  represented by several specimens from Lissberg in  the Museum 
of the University of  Stockholm and in  the Museum of the Geological 
Survey and by two small ones from Vestanå in IS B ERG's collection in 
Lund .  It has about the same general characters as that referred above 
( p .  30 1. )  to L. lacz'niatus, bu t i t i s  longer in  relation to the width and 
somewltat more convex, especially posteriorly ; i ts anterior margin i s  arehed 

20 - 19232 . Bull. of Geol. Vol. X V I I. 
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more strongly forwards, the middle furrows which mark the  centra l body 
are d i rected more backwarels and the distance between thei r inner extre
mities is much greate r ;  the lateral furrows are more curved and the lateral 
borders somewhat narrower. 

V a r i a t i o n s . - As mentioned i n  the description the pygid ia of th is 
species vary a l i ttle in the course of the prolongations of the axial fu rrows, 
though the degree of variation is  much sl ighter than in  L.  laciniatus. 

The fragmentary pygidium from Östbjörl'a tigured below on Flate 
VIII, tig. 5 differs from the typical ones in some features. The flattened 
portions of  the s ide lobes reach much fa rther backwarels and,  since the 
s lope of  the outer posterior portions thus becomes shorter, i t  becomes 
also more abrupt ; the post axial piece does not s lope at al l  posteriorly 
t i l l  near the margin , but here the surface benels steeply downwarels and , 
since the surface is rather strongly raised in  the middle to th is  po int ,  the 
latter has about the same appearance as the apex of the axis .  The 
prolongations of  the axial  fu rrows behind the axis d iverge relatively slightly 
posteriorly to near their bl ind ends, where they cu rve more strongly 
outwards . Perhaps this specimen ought to be referred to a distinct variety. 
The materi al seems, however, to be too meagre to attach a dislinet name 
to i t ,  and in  other respects the specimen agrees wei l ,  as  far as i t  i s  pre
served ,  w ith the typical pygid ia .  

A ffi n i t i e s. - This species seems, as mentioned above (p . 299) ,  to be 
closely related to L.  laciniatus. It differs from the latter : i n  the more convex 
glabel la ,  whose surface commences to slope downwarels anteriorly much 
closer to the occipital fu rrow ; the anteriorly less abru ptly expanded central 
glabellar lobe, and its broader, posteriot· ly more t apering neck, which 
everywhere is wieler than ,  and raised above, the bi-composite lobes ; the 
generally greater convexity of the cephalon ; the more rounded shape o f  
the pygid ium ; the relatively broader, and  posteriorly mo re indistinct ly 
detined pygidial axis ; the d ifferent course of the prolongations of the 
axial furrows ; the more approximately situated fu leru m on the pygidial 
(and thoracic )  s ide lobes and their more strongly bent down outer por
t ions ; the curved ou ter margins and s horter free points of the t wo anterior 
pairs of pygidial pleurae ; and by the somewhat d ifferen t oroamentatian 
of  the surface _ 

H o r i z o n  a n d  L o c a l i t i e s .  - Upper Leptcena L imestone ; Lissberg, 
Boda ,  Osmundsberg, Östbjörka, Kallholn ,  Vestanå ? (Dalarne). Brachiopod 
Shales ; Mösseberg, Ålleberg (Västergötland, sha le facies) ,  Borenshult 
(Östergötland ,  l imestone facies) . 

Lichas ? sp .  ind .  PI . VIII, tig. 2 2 .  

R e m a r ks .  - A fragmentary pygid ium,  measur ing about 20  mm .  m 
length , probably from Kullsberg (it is l abel led Glistj ern, Cf. above, p .  
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288)  in  the Museum of  the GeologicaJ Sun•ey represents apparcnt ly a 
new species .  Its generi c position i s ,  however, somewhat uncertain .  -
The axis is moderate ly convex, short, rather less than one thi rd the length 
of the entire pygidium, and seems to  have occupied scarcely more than 
one fou rth the width at anterior margin ; i t ta pers posterior ly, i s  obtusely 
pointed behind and marked anteriorly by 3 axial furrows,  o f  which the 
anterior ones are distinctly impressed and the third is very weak, almost 
obsolete in  the middle .  The axial furrows are narrow, but rather  deep,  
and continue  convergi ngly behind the axis ,  bounding the post axial piece , 
wh ich anteriorly i s  gently convex (of the posterior port ion only t he  im
print o f  the doublure is preserved ) .  The side lobes have a flattened ,  
posteriorly taperi ng  area i n  front ,  adjacent to the axial furrows and outside 
this the surface becomes very s l ightly concave ; they are marked by 3 
pairs of pleural and 2 pa irs of  i nterpleural furrows, a l l  rather deeply 
impressed , and of  about equal strength , the two anterior pairs of  pleural 
furrows, however, grow weaker posteriorly and die out at the bases of the  
free points (of the  3d  pa i r  on ly  the anterior  port ions are preserved) . Th e 
r ight anterior pleura is entirely lacking ; of the left on e the greatest part 
is preserved,  though broken off from the main portion of the pygid ium 
and somewhat d islocated - that  i t  belongs to this specimen is  evident .  
It has a ( for a Licftas) rather  Iong, broad -hased free point ,  which , how
ever, seems to have proj ected very slightly on the margin ,  s ince it  i s  
rather strongly curved a n d  evidently fol lowed the antero - lateral m argin 
of the 2d  pleura rather  closely ; the pleural  furrow i s  rather  strongly 
curved ,  as was evidently also the lateral margin o f  the p leura ,  whereas 
the anterior interpleural fu rrow is nearly straight and di rected obl iquely 
outwards and backwards .  The 2d  pleura has a shorter free poin t  than 
the p receding one and the emargination between this and the 3d  pleura 
i s  very narrow ;  the 2d  pleural furrow begins in  th e axial fu rrow rather 
close to the anter ior  marg in  of  the pleura, but becomes soon nearly me
d ian ; the 2d  i n terpleural furrow begins in the axi a l  furrow a l i tt le in fron t  
of t he  end  of  t he  axis ,  i s  a t  fi rst s l ightly s igmoidally curved ,  then nearly 
straight, and d irected a l ittle more backwards than the midd le  portion of  
the  2 d  pleural furrow. The  3d pleural furrow begins rather far behi nd  
the extrem i ty of  t he  axis and  i s  at fi rst sub-para l le l  t o  the 2d  i n terpleural 
furrow, but  bends soon s l ightly inwards.  O f  the posterior portion of the 
pygid i um only the imprint  of  the doublure is preserved , and to j udge from 
th i s  the  poster ior margin seems to have been entire. The dorsal surface 
of  the pygidium is ,  except i n  the furrows, c losely covered \Vith very 
smal l tuberdes of  d ifferent s i zes. The doublure, which is wide, i s  marked 
on the upper surface by a series of  moderately strong,  impressed I ines 
sub-parallel t o  the margin . 

A ffi n i t i e s . - In the characters of the axia l  portion this pygid ium 
much resembles that of  Platylic!tas planifrons (Cf. above ,  p .  268 and 
below,  Pl .  VI ,  figs .  1 6, 1 8 - 1 9  22-23 )  and a lso to  a certain degree i n  
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the concave side lobes. It appears,  however, as already remarked above, 
as if  the posterior margin back of  the 2d p leural points was enti re, which 
indicates that it is referable to Lichas s .  str. and in  the general outl ine 
of  the entire pygidium and in  the shape of  the pleurce it  reserobles several 
of  the members of  this genus rather closely. From the material now 
available · only ,  i t  seems  impossible to dec ide the generic position and 
affinities of the form . 

H o r i z o n a n d  L o c a l i ty .  - (In all p robability ) .  Lower Leptcena 
Limestone ; Kullsberg. 

Genus Amphilichas RAYMOND .  

D i s t i n g u i s  h i  ng  C h  a r a e t e r s  o f  t h e S p e c i e  s. 
I .  Central lo b e  o f  glabel la pear-shaped, without antero-lateral exten

sions. Anterior lateral glabel lar furrows meeting preglabellar fu rrow at 
nearly right angles . Ampft. periformis n .  sp .  

Central lobe of glabella w i th  pointed antero-lateral extensions. An 
terior lateral glabellar furrows meeting p reglabellar furrow a t  very acute 
angles. 2 .  

2 .  Glabellar furrows narrow, scarcely impressed except near the i r  
anterior extremities, no t  reaching occipital fu rrow. Glabellar l obes without 
independent convexity. Ampft. lineatus ANG. 

Glabellar furrows deeply impressed throughout ,  or  only their  h ind 
most portions weak ,  reaching occipital furrow.  Central and . tri-composite 
glabellar lobes, at least anteriorly, with independent convexity. 3 · 

3 · Central lobe of glabella narrow, occupying where i t  i s  narrowest 
scarecely more than one fourth the entire width of  the glabella ; i ts frontal 
width rather less than two thirds the greatest width of  the gl abella . 

A mplt. parvztlus n .  sp. 
Central lobe of  glabel la very wide in  front, its frontal width at !east 

five s ixths the greatest width of  the glabella, where i t is narrowest occupy
ing at !east three tenths the entire width the glabel la .  4 · 

4- Anterior  lateral glabellar furrows growing suddenly weak poste -
riorly. A mplz .  atazJUs n .  sp .  

Anter ior lateral glabellar furrows strongly impressed throughout. 5 ·  
5 .  Anterior m argin o f  glabel la arehed strong ly forwards. Distance 

along median I ine between anterior and posterior  margins of glabella 
about equal to greatest width of latter .  Central labe of  glabel la narrowest 
between middle o f  eye lobes, here considerably narrower than tri- compo
site lobes ,  markedly increasing  in  width posteriorly. 

Amplt .  da/ecarlicus ANG.  
Anteri or margin of  glabella rather strongly and  rather evently arehed 

forwards .  D istance along median Iine between anterior and posterior 
margins of  glabella about equal to eight n inths the greatest w idth of 
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latter .  Central lobe of glabel la at  leve! of eye lobes wider than tri-com
posi te lobes ,  tapering posteri OI-ly or its hindmost portion nearly paralle l 

sided. Amplt. Waft!enbergi n .  sp .  
Anterior margi n of  glabel la  forwards convex, with the strongest 

bend at s ides an d the middle-most portion broadly rounded . Distance 
along median I ine between anterior and posterior margi ns of g label la 
about equal to four  fifths the greatest width of latter. Central lobe of 
glabella at l eve !  of eye lobes narrower than tri-composite lobes, sl igh t ly 
increas i ng i n  width posteriorly, or the h indmost portion nearly parallel
sided . Amplt. latifrons n .  sp . 

Amphilichas dalecarlicus ANGELIN. PI. VII, tigs. 20-22, 2J? 24-25, 
26?. PI. VIII, fig. 44; text-tig .  2r. 

1854. Lidtas Dalecarlicus, AKGELIK, p. 74, PJ. XXXVIII, figs. 9-9 a, 9 b? 
185 4· Platymetojms planifrons?, ANGEL!:--<, p. 73, PI. XXXVIII, fig. 3 b (non figs. 3 , 3 a) . 
1885. Lichas dalecarlica, ScHMIDT, p .  53, Pl. VI, figs . 1 I-1). 
1 901 . Lidtas (Platymetojnts) dalecarlicus, GURJCH, p.  524, PI. XX, fig. 19. 
1 902 . Lidtas dalecarlicus, REED, p . So. text-fig. 1 7. 

Sp e c i fi c  C h a r a c t e r s. - Cephalon convex, sub-triaugular in out

line ,  n arrowly rounded or very obtusely po inted in front. 
G label l a  sub-pentagana l in  outl ine ,  s l ightly wider than I ong, convex 

longitud inally , with a distinct Ratten ing of the curvature from a l ittle in 
front of base to about the middle, bent down in front, the posterior slope 
to occip ita l  fu rrow short, rather steep in the middle , becoming mor.e ab

rupt laterally, the  postero- latera l slope of  the outermost portions generally 
being so steep · that the corners appear round ed or t runcated w hen the spe
cimen is vie wed i n  dorsal aspect; its poster ior half very slightly convex 
transversal ly i n  the midd le , the slope of the surface becom ing stronger at 
sides, especial ly posteriorly; composed of a .  central lobe and a single pair 
of tri -com posite lateral lobes. Central lobe strongly convex anteri orly , 
posterior ly w ithout independent convexity, widest at front margin ,  where 
its width i s  about equal to that of entire glabella at base, narrowing 
posteriorly to opposite middle o f  eye lobes , where it occupies somewhat 
less than one  th ird the width of  ent ire glabella, then increasing slightly, 
but dis tinctly , i n  width again to occipital furrow.  Tri-composite lobes 
elongate, about tw ice as Iong as wide, of nearly un iform w idth for the 
greater part of their length - widening slight!y a l itt le in front of middle 
- tapering rapidly i n  front to poi nted extremities , extending about three 
fou rths the length of gl abella, their surfaces very gently convex trans
versally. Anterior lateral glabe;l la r  furrows strong throughout, continuous 
from fmnt of tri-composite lateral lobes to occipital furrow, curv ing at 
tirst inwards, upwards and sl ightly forwards,  but soon bending backwards 
and converging posteriorly to  opposite middle of eye Jo bes , then d iverging 
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sl ightly to occipital furrow. 2d and 3 d  pairs of lateral g l abellar furrows 
obsolete, the inner  ends of  the latter, however, evidently represented by 
small notches - observable in several specimens - on the i nner sides 
of the tr i -composite lobes situated immediately behind the narrowest por
tion o f  central g label lar  lobe. Axia l  furrows about equal in  st rength to 
anterior l ateral glabellar furrows and running nearly paral l e l  to those from 
occi pita l  furrow to anterior extremit ies o f  eye lobes, then curving gently 
inwards to meet them at antero-l ateral angles of glabella and passing i n to  
anter ior border furrow. 

Occipital  furrow strongly impressed ,  
straight and horizontal beh ind central lobe 
o f  glabel la ; its side portions beh ind lateral 
glabel lar lobes directed rather strongly 
downwards and slightly backwards ,  not  
qu i te straight, but  a rehed very gently back
wards, or, at !east, bending more outwards 
near their lateral extremities. Occip ital  
r ing o f  moderate, nea rly uniform w idth 

Fig. 21. Amj;ltilicltas dalecarlicus At:W. be hind central glabellar Jo be narrowina Imperfect cephalon X 1. l\allholn. . ' b 

Museum of the Geological Survey. behmd lateral lobes, very strongly arehed 
transversally and rather  strongly convex 

longitudinal ly. Occipital lobes completely absen t .  
Anterior border  of  cranidium very narrow, wi th sl ightly rounded 

surface, bent steeply downwards in  the  midd le  i n  front, gradually bending 
more outwards postero-laterally .  Anterior border fu rrow narrow ,  but 
distinctly impressed at sides, growing weaker internall  y ,  in  som e speci
mens obsolete in  the middle .  

Fixed cheeks narrow, band- l ike i n  front of eye lobes ; their posterior 
port ions behind l atter of  moderate width,  sub-triangular ,  s lopi n g  steeply 
downwards postero-l aterally with sl ightly convex surface to posterior border 
furrows, which are strongly impressed and directed somewhat forwards. 
Posterior borders th ickened,  narrow, widening laterally. Palpebral lobes 
sub-crescentiform, very slightly convex in  both directions, but ben ding 
downwards near the extremit ies, anteriorly becoming confluent with ante
rior portions of fixed cheeks, posteriorly continued by narrow, gently 
curved , band -like portions ,  which are bent strongly downwards and in 
their turn continued by the rather h igh and convex lower eyelids on the 
free cheeks. Anterior and posterior port ions of  palpebral furrows meeting  
at s l ightly acute angles, the  anterior ones  scarcely impressed, the  posterior 
ones weak in front but soon growing very strongly impressed and being 
continued on  the free cheeks by strong lower eyelid fu rrows. Eyes h igh 
and prominent, strongly convex in  both directions ,  w i th minute !enses. 
Free cheeks sloping abruptly downwards from eye lobes to lateral mar
gins,  marked by very narrow and shallow border furrows, which posteriorly 
grow somewhat more deeply impressed and bend inwards at the gena! 
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angles and are cont inued by the posterior border furrows on the fixed cheeks. 
The portions lying between these furrows and the eye lobes a re rather 
narrow, their surfaces anteriorly rather flattened , growing gently convex 
posteriorly. The border portion  (very badly preserved) consists o f  an 
upper tuberculated part and a lower untuberculated part marked by a 
few ridges. The former i s  flattened ,  very narrow anteriorly, but widens 
considerably posteriorly and is apparently produced backwards into a spine 
( not preserved ) .  The lower part forms i n  front a rather w ide rounded 
doublure - which, as usual , i s  cont inued forwards below the anterior 
border of  the cranidium to the rostrum - bu t a little back of  the antero 
lateral extremities of the central glabel lar lobe i t  widens suddenly and 
grows flat with sharp marginal edge, posterim·ly it narrows again gradu
ally. Anterior branches of facial sutures converg ing rather slightly ante
riorly from eye lobes to a little back of antero-lateral extremities of central 
glabellar lobe, then bending more strongly inwards ;  posterior branches 
short, curving from eye lobes obl iquely outwards and backwards. 

Rostrum very narrow, bent steeply downwards with gently rounded 
surface ; its lateral extremities very acutely pointed.  

Hypostoma  transversely sub-oval in  out l ine with the posterior margin 
excavated by a broad rounded notch ; its greatest width a l ittle behind 
the middle. Central body gently to  moderately convex, reaching anterior 
margin of hypostoma,  about two thirds as Iong as wide in  front ,  gradually 
narrowing posteriorly to about three fourths its anterior  width, very broadly 
rounded in  front,  truncate be hind, sides straight ; marked posterio r! y by 
pair of  oblique, narrow and weak - on small specimens on  the surface 
of the test almost obsolete - middle furrows, which end in  small ,  shallow 
p its situated more than half the width of the body apart and rather close 
to its posterior margin .  Lateral furrows of moderate strength. Poster ior  
furrow strong, continu ed on each s ide a short distance beyond lateral furrow 
by shallower groove, wh ich is d i rected very sl ightly backwards. Anterior 
edge of  body concave, p roduced at  sides into nearly flat, pointed anterior 
wings. Lateral borders convex in  both d i rections outside body, i ncreasing 
gradual ly in  width to a little behind middle of  body, then suddenly growing  
st i l l  wider and  produced into a posterior pair of  wings, which seern to 
have been d i rected obl iquely forwards (not more than their bases are 
preserved on any of  the specimens observed). Posterior border rather 
wide, sl ightly swollen behind body. Postero-lateral portions of  barder, 
flattened, but with the surfaces slop ing gently towards the sides, produced 
posteriorly i nto pair  of  broadly rounded , flattened lobes. Surface orna
mented with punctce, and rather  coarse, longitudinally d irected, anasto
mosing ridges, the former alone occurr ing - on the specimens from the 
Leptcena Limestone observed by the writer - on the median portion of 
the body and on the posterior border behind the body, the latter on the 
s ides of  the body and on  the lateral portions of the horder. 
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Surface of  cephalon, except in the furrows, on the ,rostrum,  cloub 
Jures and  marginal portions of  free cheeks, and on the  lower eyelids ,  
ornamented .with tuberdes of different sizes, some very !a rge ; the latter 
placed at rather great distances apart in  samewhat i rregular rows, sub
paraHel to anterior margin. On  both sides of the lateral glabellar  fu rrows, 
inside the axial furrows, and along the anterior margin of the glabella 
the tuberdes seem also ,  as a ru le ,  to be arranged in a row. On most 
portions the tuberdes are placed rather dose together,  bu t n ot crowded; 
they are highest and most closely set on the posterior portions of the 
cephalon , anteriorly they grow gradually lower and more sparsely distri 
buted ,  but  grow,  in some specimens, samewhat higher again near the front 
end of the glabella. Excepting the lowest ones the tubertles are conical , 
but generally rather obtusely pointed ,  and mostly very oblique, the slope 
from the apex being much shorter on one side than on the other_ On 
the  whole the longer slope fol lows to a certain extent the general slope 
of  the surface. At the same ti m e  there seems, however, to be a general 
stronger tendency for the apex to point backwards than to point  forwards 
or towards the s ides . 

Dim e nsio n s: 

Length of cranidium (along median Iine) . .. . . 
,, glabella . . . . . 

Distance between anterior and posterior margins of 
do. (along median Iine) 

Maximum width of glabella . . . 
Width of glabella at base . . . . 

» front of central lobe . . 
» central lobe l::etween eyes . 

at base . 
Length oftri-composite lobes . . . . 
Width· of do. between eyes . . . .  
IV. Length of hypostoma (along median Iine). 

Maximum width of hypostoma .. 
Length of central body . . . . . 
\Vidth of front of central body .. 

3 5 ,o 111111. 
)O,s )) 

32,5 )) 
3 2,5 > 
2 7 ,o » 
27,o )) 

g,r, )) 
I l ,o )) 
2),o )) 
10,2 
2I,o » 

c. 36,o )) 
I S ,o )) 
2),o 

IL Il l' 
" - -- ) , .) 111111. J s ,s mm. 
22,o )) l),:; )) 

23,5 )) q,, )) 
24,o )) I4,s )) 
20,0 » I2,o )) 
20,o )) 
6,o 4 ,z mm. 

7>4 . 4,5 )) 
16,s » IO,o )) 

s,, · '  5 ,o )) 

R e ma r k s. - In addition to the smal l cran id ium from Arfvet on 
which ANGELIN (Op.  cit .) founded th is  species there are  now available 
a good number of cranid ia from other local it ies i n  Dalarne of  which one 
- from Kallholn in  the Museum of the GeologicaJ Survey - has por
tions of  both the free cheeks and of  the rostrum attached. Most of these 
cranidia are much larger than the type specimen but otherwise closely 
similar to it .  This seems also to be the case with the small cranidia 
from the East Bal tic Lyckholm Formation , which SCHMIDT (r885, p. 53, 
PI. VI, fig.  I I) referred to this species. Whether the cranidium from the  

1 This i s  the original type specimen figured b y  ANGELIN (I8S4, PI. XXXVIII, figs. 

g-g a). 
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same formation which NIESZKOWSKI ( 1857, p .  576, PI. I, figs. 18--19) 
referred to this species really belongs to i t seems rather doubtful. SCHMIDT 
attributed it in 1885 (p .  49) to EICHWAI.D's spec ies Lichas la:vzs, but  later 
pn ( 1907, p. 28), a fter he  had come to the conclusion that the latter was 
identical with ANGELIN's Lidtas (Amplulicltas) lineatus (Cf. below, p . 326), 
he referred it to our species. He pointed out , however, that i t  differed 
from the typical cran id ia by the strong deflect ion of  i ts anterior portion . 
To j udge from NIESZKOWSKr's descri pt ion and figures the d ifference in 
the convexity is very strong,  but in other characters i t  appears to agree 
rather closely. 

SCHMIDT (1885, p .  53) was o f  the op in ion that the two hyposto
mata ,  wh ich ANGELIN ( 1854, p .  73, Pl. XXXVIII, figs . 3 a- b) with marks 
of interrogation attributed to Platylz"chas planifrons (Platymetopus planifrons 
ANGELIN) were referable to Amplz. dalecarlicus. The spec imens differ, 
however, dist inctly and do not seem to belon g to the same species. Pro
hably the one shown in ANGELIN's fig.  3 b 1 belongs to Amplz. dalecar
lims. Several other hypostomata of the same type are now known from 
the Leptcena Limestone, and the larger of  these earrespond in  size to 
several of  the cran idia of this species, but appear much too !arge to be 
referable to any of the other species ,  which have been found there . The 
hypostomata appear to agree weil i n  characters with the one from the 
Lyckholm Formation , wh ich SCHMIDT (1885, p .  53, PI. VI, fig. 13) re
ferred to this species, except - as was pointed out  by the author just  
ment ioned wi th  regard to ANGELIN's specimen - that  the anterior mar
gin is more strongly arched, and that there are no longitudinal ri dges, 
only punctce, on the surface of  the median portion of the cen tral body. 
In the for.mer feature they earrespond better to the typical cran id ia than 
does the  specimen figured by ScHMIDT, but i t  appears possible that  in  
the East  Balt ic form the anterior margin of the cranidium too may be 
more broadly rounded . 

In addi t ion to the cranid ium, ANGELIN (1854, Pl . XXXVIII, fig. 9 b ) 
figured ,  as belonging to this species, the axis and a portion of  one of the 
side Jobes of a smal l pygidium, which had been found at the same 
locality as the former. In this the surface is tuberculated in the same 
fashion as  in the  c ran id ium.  The axis  is bounded lateral ly by strongly 
impressed axial furrows, moderately convex with obtusely pointed some
what protruding apex, about as Iong as wide in front ,  taperi n g  posteriorly 
and indistinctly marked off from the more depressed ,  but not quite flat-

1 The figure is not quite satisfactory. In the original- the middle furrows on the 
central body are very weak and the posterior wing is steeply incline d- not horizontally 
extended as it appears in the figure - and its anterior extremity is not preserved. The 
lateral portion of the border is broken off on the one side, only the innermost part and 
the extremity of the postero-lateral lobe being preserved, on the other side the edge is 
slightly notched and .crumpled in front of the postero-lateral lobe, but this seems to be 
an anomaly, since the latte r  is considerably shorter than its fellow. 
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tened, sub- triaugular post axial piece, which is comparatively Iong - it  
appears to have occupied more than one fourth of  the entire length of 
the axial portion ; the slope from the apex to the post axial p iece i s  
s horter and steeper than the lateral slopes ; anterio r !  y the ax is  is marked 
with one complete axial fu rrow, which i s  deeply impressed at sides and 
somewhat weaker in the middle ; and a z d much weaker and incomplete 
one, which i s  almost obsolete in the m iddl e, grows stronger laterally, but  
does not quite reach the axial fu rrows. The s ide lo be is flattened; the 
I st pleural fu rrow begins in the axial furrow c lose to the anterior margin 
and appears to have been very obl ique; the zd one originates within 
about half-way between the anterior and posterior margins  of the pleura ,  
i s  short and straight, paraHel to the zd interpleural fu rrow, and directed 
obl iquely outwards and backwards. 

It seems quite probable that ANGELIN was r ight in  assuming that 
this pygidium belongs to our species ,  but on the other hand there are 
reasons for some doubt. The fact is that there is a fragment of a larger 
pygidium, from Östbjörka, in the S tate Museum of Natural History, which 
in the style of ornamentation of the surface also agrees with the cranidia 
and in point of s ize earresponds to the larger of these, and in the charac
ters of the axial portion the two specimens differ somewhat. 1 In the one 
from Östbjörka the axis is rather more convex than i n  the other and 
has a more obtuse apex, the posterior slope from the latter to the post 
axial piece is longer and more gentle ,  equall ing the lateral slopes in length 
and steepness, the anterior axial ring furrow curves more backwards 
l aterally, and the post axial piece is flatter and shorter, occupying about 
one sixth of the entire length of the axial portion . The two anterior 
pai rs of p leurce are broken off in th is  specimen .  Of the 3d pleura the 
posterior and midd le  portion i s  preserved on one side. This is flattened, 
except that the posterior end is very sl ightly bent upwards. Apparently 
the pleurce had a rather  unusual shape; the portion preserved is Iong and 
narrow with the longer axis directed obliquely inwards and backwards, 
widens slightly antero- l ateralJy and has a slightly concave postero-lateral 
margin and a short , very obtusely pointed free end ,  which is placed rather 
c lose to the median Iine of the pygidium.  The surface of the portions 
preserved is ,  except  in  the furrows and on the artkulating half- ring, 
rather closely covered by tubercles of different  sizes similar to those on 
the cephalon . 

A ffi n i t i e s. - This species does not seem to be especially c losely 
al l ied to any other described. The most important features which d is-

1 In the figures of the two specimens given below (PI. VII, figs. 23, 26) the dif
ference appears greater than it really is. This is partly due to the fact that in the larger 
specimen the outermost portions of the axis are lacking anteriorly, and therefore the axis 
appears to be narrow in front and nearly parallel-sided. Partly it depends on the circum
stance that in the figure (26) of this specimen the shading of the posterior part of the 
axial portion has not come out weil in the printing. 
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tinguish i t  from the other species found in the Lepta!na Limestone have 
already been pointed out above and need not be repeated here .  O f  the 
foreign species which might be campared Amplt. hibernicus PoRTL. (PoRT
LOCK, I 843 , p .  274, PI. IV, figs. I a-d, PI. V, figs. I -3 ;  REED, I 906, 
p. 1 06, Pl. XV, figs. I-3) has a relatively shorter and broader and more 
convex glabella , whose central l obe grows less narrow posteriorly and is  
everywhere considerably wider than the lateral lobes, and in Amplz. ard

millanensis REED (REED, I 9 I 4, p .  29, PI. V, fig.  I )  the convexity of the 
glabella is much weaker, the central glabellar  lobe i s  more proj ecting in 
front  and its neck much narrower, at !east in the middle. 

Ha r i z o n s  a n d  L o c a l i t i e s. - Upper Lept;:ena Limestone ; Kallho ln ,  
Arfvet, Östbjörka, Born , Boda (hypostomata only) . Lyckholm Formation ; 
Swarzen in Estland.  

Amphilichas Wahlenbergi n. sp. Pl. VIII, figs. 27-35, 26? 4I? 

'190!. PlatymetojJUS jJlanifrons, LINDSTRÖM, p. 67 ,  PI IV, figs. so-s I. 

S pec i fi c  C h a r a c ter s. - Glabel la bounded l aterally by strongly 
defined axi al furrows, wider than Iong, sub-pentaganal i n  outl ine, rounded 
in front with the anterior margin rather strongly and evenly arched ,  
strongly convex longitudinally, curved down anteriorly and overhang ing 
front margin ,  the posterior slope to  occipital furrow gentle ; moderately 
convex from side to side posteriorly, growing more strongly arehed an
teriorly ; camposed of  a central lobe and a s ingle  pair of t ri-composite 
lateral lobes. Central lobe strongly convex anteriorly and in middle, 
growing more gently convex posteriorly, but generally with marked in
dependent convexity throughout, widest in front with acutely pointed 
antero-lateral extremities , its width at front margin about equal to that 
of enti re glabella at base, narrowing posteriorly to occipital furrow - or 
in some specimens its posterior portion from opposite midd le  of palpebral 
lobes nearly parallel-sided - generally occupying at base about two fi fths 
the entire width of g labe l la. Tri-composite lobes with slight independent 
convexity, strongly bent down anteriorly with general curvature of  glab
ella, elongate, samewhat less than twice as Iong as wide, pointed in front, 
truncated obliquely behind , of nearly uni form width for the greater part 
of their length , then rapidly narrowing to pointed anterior  extremities, 
extend ing about three fourths the length of glabella with the postero
lateral extremities produced beyond base of central lobe .  Anterior l ateral 
glabellar furrows rather narrow, but strongly' defined , about equal to axial 
furrows in strength, continuing backwards on either side of  central lobe 
to occip ital furrow. 2d and 3d pairs of  lateral glabellar furrows obsolete. 

Occipital furrow rather narrow ,  deeply impressed ,  straight in middle 
beh ind  central glabellar lobe; its side portions directed rather strongly 
backwards. Occipital ri ng rather wide and nearly parallel-sided behind 
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central lobe of glabel la ,  rapidly narrowing laterall y, rather strongly arehed 
transversa\ly, gently rounded longitudinally. Anterior border of cran id ium 
narrow, flattened, bent obl iquely outwarels at si des and marked off by 
narrow, but weil defined furrow, bending downwarels i nternally and fina\ly 
slightly backwarels with general curvature of cranid i um in the middle 
where i t  coalesces wit.h the glabella . 

Fixed ch e eks with narrow, band-l ike anterior portions: the posterior 
portions behind palpebral lobes (the latter not preserved) of moderate 
w idth, sub-triangular, sloping rather steeply downwarels with gently convex 
surface to posterior border fl!rrows,  which are very strongly impressed 
and directed somewhat for\vards. Posterior borders thickened, narrow, 
widening lateral ly. Anterior branches of facial sutures converging rather 
slightly anteriorly adjacent  to palpebral lobes , then bending rather strongly 
i nwards; .  posterior branches directed obl iquely outwarels and backwards. 

Free cheek (probably belonging to this species) sub·tri angular, rather 
narrow. Eye !arge and high , strongly convex in both d irections, supported 
by relatively h igh  lower eyelid, which is marked off below by strong 
furrow. Lateral border furrow of moderate width, not deeply impressed, 
growing decper posteriorly, sub-paral lel to lower eyel id furrow. The por
tion lying between these furrows rather n arrow, sloping steeply downwards 
with gently convex surface, which grows more flattened posteriorly .  Lateral 
border flattened,  obl iquely bent downwards, very narrovv anteriorly, sud
denly widcning at about m iddle of free check and produced into broad
based,  tapering spine (on ly the basal portion preserved) ,  w hi ch seerus to 
have been directed nearly straight outwards. Doublure of free cheek 
produced into a nearly vertically indined Iower horder- rim ,  which i s  
rather wide  and gently convex i n  front o f  t he  point where t he  border 
furrow meets the anterior branch of the fac ia l  suture, then growing nar
rower and more convex ,  but soon , and rather suddenly, growing wider 
again and then tapering gradually posteriorly and dying out at base of 
spine.  

Surface of cranidium and free cheek, except i n  the furrows ,  on the 
anterior border and on the doublure of the free cheek, close ly covered 
by tuberdes of d ifferent sizes, h ighest on the posterior portions, growing 
lower anteriorly and in some specimens partly co�lescing on foremost 
portion of central glabel lar lobe. On most portions relatively !arge tu
berdes of sub-equal sizes are placed rather close together, and on several 
specimens 3 very !arge, hut not very high , rounded or obtusely pointed 
ones are seen on the central lobe of the glabella, one being placed on 
the median Iine about half-way between the posterior and the anterior 
margins of the cranidium,  the others , one on each side and some distance 
in front of the former. A somewhat smaller tubercle of the. same type 
i s  often found on the median Iin e of each of the tri-composite lobes at 
about its. middle .  These tuberdes can be·located in most specimens , bu t 
i n  some of them they scarcely differ in size from several of the other 
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tubercles. Excepting those on the foremost portions of  the cranid ium 
and generally the very largest ones ,  the tubercles are ,  as a ru le ,  rather 
sharply pointed and those on the posterior portions rather high ; those 
on the down-curved portions  are more or less oblique .  Döublure of free 
<:heek marked by a number of rather  low ridges, sub-parallel to margin .  

Di m e n s i o n s: l II III 

Length of cranidium (alo n g median Iine) 2),o n1111. I4,s mm. 
» glabella 2!,o 111111. 19,0 » I I ,o " 

Distance between anterio r  and po sterior m ar gin s  of 
do. (alon g median Iin e) 2 ),5 " 2I,o " Il ,5 " 

Maximu m width of glabella 26,5 " 2),5 " l 3,o " 
Width o f  glabella at base 2 2,0 " 20,o )> l I,o » 

" fro n t  of centra l l o b e  22,o " 20,o " I I ,o. » 
» central lob e  between eyes IO,o )) S,o » 5 ,o " 

)) at base 9,o " 7,9 " 4,5 » 
Len gth of tri-composite lobes 16,o " 14,5 » 9,0 " 
Width of d o .  between eyes S,o " 7,o » 4,o » 

R e m a r ks .  - The material on  which this new species is founded 
consists of  a great numbcr of cranidia from Kallholn i n  the Upsala Mu
seum, one from the same local ity and another label led Gulleråsen -
which probably is from the h i l l  Lissberg - in  the Museum of the Geo
logicaJ Survey. Some · more or  less fragmen tary free cheeks from Kal l
ho ln and Boda in the Upsala M useum agree in the style of ornamentation 
of  the surface with the cran id ia and appear to belong to this species .  

A fragment of a thoracic segment from Kallholn in the Upsala Mu
seum shows a sim ilar ornamentation of the surface and belongs probably 
to the same species. The specimen is p ressed and distorted and consists 
of a small portion of the axis and one pleura,  of which the end is broken 
off. The axis seems to have been strongly arehed and is bounded at 
the s ide by a deeply impressed axial  furrow. The pleura is Iong and 
narrow - which i ndicates that also the gena! spine was Iong - and 
appears to have been d i rected nearly straight  outwards and to  have been , 
as far out as i t is preser ved , nearly parallel-sided ; probably i t ended in a 
short  point .  (In the specimen the distal portion is bent abruptly down
wards ,  slightly arehed backwards and grows somewhat w ider than the 
inner portion ,  but this condition appears to be eaused by pressure . )  It 
is marked by a weak pleural furrow, which appears to have extended 
about h alf its length . 

There are fu rther in the Upsala Museum some Ampftilicltas pygidia 
from Kallhol n of two slightly different types,  which p robably belong to 
this and to the following species . One of the types -- represented by 
two rather badly preserved specimens, measuring along the median I ine 
13,5 and I I ,s  mm. respectively - agrees better in the s ty le of  orna
mentation of the surface with the cranid ia  of the former than with those 
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of the l atter, and it therefore appears I ikely that it belongs to this spe
cies .  Its description is as fol lows : 

Entire pygidium nearly twice as broad as Iong. Axis moderat
ely convex, anteriorly occupying rather more than one  third the entire 
width o f  pygid ium,  somewhat wider i n  front  than Iong, taperi ng poste
riorly, rounded behind ,  but not very d istinctly marked off from the 
post axial piece, with obtusely pointed somewhat protruding apex, 
from which the posterior slope is shorter and steeper than the lateral 
slopes ; marked anteri01·ly by 2 axial ring furrows, of which the an
terior one is rather strong and continuous across the axis, and the 
posterior one is weak in  the middle and does not  quite reach the axial 
fu rrows ; behind this very fain t  traces of a 3d furrow are seen . Axial 
fu rrows narrow,  but  distinctly impressed, straight and rather gently con
verging posteriorly at sides of axi s, curving i nwards at its extremity, pro
duced behind it  and bounding the relatively Iong, depressed , triaugular 
post axial piece, beh ind which they meet at the fork between the free 
terminatians of the posterior  pa ir  of pleurce. Side lobes flattened and 
horizontally extended anteriorly adjacent to axial furrows , then almost 
impercept ib ly bent down , consisti ng of 3 pairs of pleurce, separated by 
weil marked interpleural furrows and with comparatively Iong free termina
tions.  Anterior pair of pleurce rather narrow, increasing in width to 
fulcrum ,  and beyond this tapering into backwards directed points, marked 
by short ,  narrow, obl ique pleural furrows, extending less than half their 
length. 2 d  pair  of p leurce sub-equal to anterior pair, but directed more 
backwards and with consi derably shorter pleural furrows, which converge 
distinctly distally with the 2d interpleural furrows. 3d  pa ir  o f  pleurce 
( imperfectly preserved ) ,  without pleural fu rrows, b roader than the an te
rior ones,  sub-rhomboidal  in outli n e  with the longer axes directed obl i 
quely jnwards and backwards; the i nner margins of  the free terminatians 
seem to have d i verged rather sl ightly posteriorly just at first adjacent to 
the extremity of  the post axial p i ece\ but  bend very soon strongly out
wards, and the posterior ends appear to have been produced into small 
tips (which , however, are not preserved in either of the specimens). Dor
sal surface of pygidium c losely covered by sub-conical ,  pointed, sl ightly 
obl ique tuberdes of  different si zes, a good number of  them rather !arge, 
of sub-equal sizes, and relatively high.  Doublure marked by rather 
closely placed, wavering, low ridges or terraced I ines ,  sub-paral lel  to i ts 
inner margin .  

In addition to those attributed above (p .  3 r 3 )  to Amph. dalecarlicus, 

several other hypostomata, of two somewhat different types and appa
rently belonging to two d ifferent species of  Amphilichas have been found 
In the upper Leptcena Limestone .  Neither of the forms seerus to agree 

1 In the figure given below (Pl. VIII, fig. 26) the axial portion reacl1es sam ewh at 
too far b a ckwards .  
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quite in characters with the hypostoma of  Amplt. lineatus, to judge from 
the descripton and figures given by SCHMIDT ( 1 885, p .  5 1 ,  PI .  VI, figs. 
5, 9) of specimens from the East Baltic Lyckholm Formation , and it 
appears probabl e  that one of  them belongs to the species now under 
consideration and the other to the fol lowing one. One of them is relat
ively narrower and more strongly rounded in  front  than the other, and 
most I ike ly this belongs to Amplz. Wahlenbergi. Its description is as 
fol lows: 

Entire hypostoma broadly sub-oval in outl ine ,  wider than Iong ,  with 
the posterior margin excavated by a deep, bu t not very broad ,  rounded 
notch. Cent ral body very gently convex, reaching anterior margin of 
hypostoma, about two th i rds as Iong as wide in  front ,  gradual ly narrowing 
posteri01· ly to about  three fourths i ts  anterior width, strongly rounded in  
front ,  truncate behind ,  sides st ra ight; marked posteriorly at sides by pair 
of deeply impressed furrows, which run from the lateral fu rrows nearly 
straight inwards a little more than half-way to median Iine of body, then 
turn obliquely backwards (or  divide, a short , weak anterior branch is 
d iscernible i n  a few specimens) ,  grow shal lower and d ie  out  before 
reaching posterior furrow; j ust inside the posterior portions of these 
furrows a pair o f  small ,  low, longitudinal ly elongated macu lce  have 
been observed in  some specimens.  Lateral furrows deep,  not very 
wide, continued a short d i stance behind posterior furrow by sha l l ower 
groaves directed nearly straight backwards. Poster ior furrow abou t  
equall i ng  lateral furrows in strength. Anterior edge of  body sl ightly con
cave , produced at sides into pair of flattened,  pointed anterior wings.  
Lateral borders strongly convex in  both directions  at sides of  body, in
creas ing gradual ly  i n  width to a l i t t le behind lateral extrem i t ies of  middle 
fu rrows, then suddenly growing st i l l  wider and produced into a posterior 
pair of i ncl ined , poin ted w ings, which are direcfed obliquely forwards. 
Posterior border rather wide, gently convex transversal ly, sl ightly swollen 
behind body. Postero·lateral portions of  border with more flattened sur
faces , s loping gent!  y towards  the sides. Surface of hypostoma ornamented 
by punctce on the median portions, and on the lateral portions - antero
lateral parts of body and lateral borders - marked by rather fine ana
stornasing ridges, sub-parallel to lateral margins .  

The hypostomata of  this type which have been observed , are of  rather 
d ifferent sizes. In the largest one the length along the median Ii ne  ap
pears to have been a bo ut 18 mm. ,  in  another rat her !arge on e i t is I 2 
mm. ,  and i n  the smal lest specimens i t is 6 mm.  - The hypostoma figured 
by LINDSTRÖM ( 1 90 1 ,  PI. IV, fig. 50) as belonging to Platymetopusplani

frons ANG. belongs to this type. 
Ha r izon a n d  L o c a l i t i e s . - Upper Leptcena Limestone ;  Kallholn ,  

Gul leråsen (probably from the  h i l l  L i ssberg ) ,  Osmundsberg, Arfvet ,  Boda ? 
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Amphilichas l atifrons n .  sp.  PI. VIII, tigs. 3 6 -38 ,  24-25?, 4 3 ? 

? 1854· Platymetojus jJlanifrons, Al\GELIN, PI. XXXVIII, fig. 3 a. 

S p e c i fi c  C h a r a c t e rs .  -- Glabella bounded at sides by strongly 
defined axial furrows, considerably wider than Iong, sub-pentaganal in 
ou tline, rounded in front, with the anterior margin broadly rounded in the 
middle and with the strongest bend at s ides ,  strongly convex longi tud
inal ly, curved down anteriorly and overhanging front margin; its posterior 
half sl ightly convex transversally in  the middle ,  the slope of the surface 
becoming st  ronger at sides, especially posteriorly ; composed of a central 
lobe and a single pair of tri-composite lobes. Central lobe with gentie 
independent convexity across i ts middle ,  general ly growing flatter poste
riorly, widest i n  front ,  with acutely pointed antero-lateral extensions, its 
width at front margin about equal to that of entire glabel la at base, ·nar
rowing posteriorly to opposite middle of  palpebral lobes, where i t occu
pies somewhat l ess than one th i rd the ent ire width of glabella, then in
creasing slightly i n  width again to occipital furrow, or - in  some spe
cimens - growing nearly parallel -sided .  Tri-composite lobes with gentie 
i ndependent convexity, steeply cu rved down anteriorly with general curva
ture of glabella, e longate , somewhat less than twice as Iong as wide, 
pointed in front, truncated obl iquely behind ,  widest a l i tt le in  front of  
their middle ,  slightly narrowing posteriorly, rapidly tapering in  front to 
pointed extremities, extending abou t  three fourths the length of  glabella. 
with the postero-lateral extremities produced beyond base of central l obe. 
Anterior lateral glabellar furrows strongly defined , not very wide,  about 
equal to axial furrows in strength . 2 d and 3 d  pairs of lateral glabellar 
furrows obsolete, or  in  some specimens their i nner  ends represented by 
very faint  notches i ndenting i nner  sides of tri-composite lobes ; the poste
rior pair (o  b served in several s pecimens) situated n e ar! y opposite middle 
of p al pebral lo bes, the anterior pair (on ly observed i n  a fe w specimens) 
somewhat nearer the former than anterior extremities of  lobes. 

Occipital  fu rrow deeply impressed,  not wide, straight in middle be
hind central glabellar lobe; i ts s ide portion directed rather strongly back
warels and downwards.  Occipital ring rather wide and nearly parallel
s ided behind  central lobe of glabel la ,  rapidly narrowing laterally, strongly 
arehed transversal ly, rather gently rounded longitudinally. Anterior border  
of cranid ium narrow,  flattened,  bent  obliquely outwards and d istinctly 
marked off at sides, bending · downwarels internally, and finally slightly 
backwards with general curvature of cranidium in  the middle where it 
coalesces with the glabella. 

Fixed cheeks with narrow band-like anterior portions; posterior 
portions behind palpebral lobes of  moderate width, sub-triangular, sloping 
steeply downwards l aterally and posteriorly with gently convex surface. 
Palpebral lobes sub-c rescentiform, very slightly convex in both directions, 
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posteriorly cont inued by narrow band-like portions, which curve strongly 
downwards and apparently in their turn are continued by the lower 
eyelids on the free cheeks, an teriorly confluent w ith inner portions of 
fixed cheeks ; the palpebral furrows beginning at  about the middle of  lobes. 
Posterior borders narrow, thickened, marked off by strong fu rrows .  Arr
terior branches of facial  sutures converging rather strongly anteriorly ; 
posterior branches curving obl iquely outwards and backwards. 

Surface of cranid ium,  except in the furrows, on the anterior horder ,  
and in some specimens on the foremost portion of  the glabell� , closely 
covered by pointed or rounded , obl ique tuberdes of  different sizes, al l  
relatively low, highest on the posterior portions, growing gradually lower 
anteriorly. Four very ! arge, but not very high, rounded or  obtusely pointed 
tu  hereles seem generally to occur on the central lo  be of  the glabella, two 
p laced nearly on the median I ine at a short distance from each other, 
the foremost one (generally not quite straight in front of the other) about 
half-way between posterior  and anterior margins of cranid ium,  the other 
two, one on each side some distance in  front of  this. A few other rela
t i ve ly !arge tu  hereles of d ifferent si zes are scattered on different portions 
of the cranid ium and surrounded by small and relatively small ones. 

D i m e n s i o n s : 
Length of cranidium (along median Iine) . . . . . . . . . . . 

» glabella . . . . . . . . , . . 
Distance between anterior and posterior margins of do. (along 

median Iine) . . . . 
Maximum width of glabella . . 
Width of glabel la at base . . . 

, front of cen tral lobe . 
, central lobe between eyes 

at base 
Length of tri-composite lobes 
Width of do. between eyes . 

20,o m m .  
1 6 ,o 

20,o » 
2 4 ,o 

2 1  , s 
6 ,5 
6,7 

1 4 ,5 
7 ,5 

II 

1 3  ,o m m .  

1 5 ,o 

1 9 ,o 
I ) ,o 

l 5 ,s 
5 ,4 
6,o 

I I ,o 
6,s 

R e m a rks .  - The mater ial on which this new species i s  founded 
consists of about a dozen more or less fragmentary cran id ia  from Kall
holn and one from Östbjörka in the Upsala Museum .  

Three fragmentary pygid ia ,  measuring along the  median I ine respect
i vely 5, I I and r6 m m . ,  from Kallholn in the same Muse um ,  which 
agree in the style o f  ornamentation of the test w i th the cranidia, appear 
to belong to this species . They resemble on the whole closely the py
gidia attributed above (p. 3 I 7) to  Amp!t. Wahlenberg z� bu t d iffer in som e 
features. The axis i s  more convex - especial ly i n  the smal ler specimens 
- and the slope from the apex to the post axial piece about as Iong and 
rather gentler than the lateral slopes ; the post axial p i ece is shorter and 
the axial fu rrows curve more i nwards at the base of the axis .  Except 
that the 2d pleural and i nterpleural furrows on each s ide do not converge 
d ista lly, there are no apparent d ifferences 1 11 the characters of  the side 

2 1  - 19232 Bull. of Geol. Vol. X V I I. 
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lobes, but since i n  the specimens of  both types these portions are either 
fragmentarily or badly preserved, a comparison in  every detail is  exclu ded.  
In the specimens now under consideration , the free portions of the 3d  
pair of pleura:: are produced posteriorly into small  points, and their inner 
margins diverge at first  very s ligh tly posteriorly for a short  distance -
the length varies a little in the specimens - and then curve strongly 
outwards. 1 

One of the hypostomata which ANGELIN ( 1 8 54, p. 73 ,  P I .  XXXVIII, 
tigs .  3 a ·-b) tentatively referred to Platylz"chas plan ijrons (Platymetopus 
plan if1'01Zs ANGELIN) - viz .  the one shown i n  his fig. 3 a - and several 
others of the same type, which have been found in  the Upper Lepta::na 
Limestone at difference localities, appear also to belong to th is  species. 
They resemble rather closely the hypostoma  of Amph . dalecarlicus (p . 
3 1  r )  but  differ in the following characters : the central body i s  broader i n  
relation  to  its length, tapers more posteriorly and has the postero-lateral 
corners more obtuse ; the portions of the borders lying at the sides of 
the body are less convex and not defined behind by distinct grooves ; 
and finally the middle furrows are much better defined and run from the 
lateral furrows nearly straight inwards about half-way to the median I i ne  
of  the  body, generally widening within ,  then they divide in to  two short 
weak branches, of which the an terior ones are the shorter and only dis
cernible i n  a few specimens ;  inside the posterior branches, which are directed 
obliquely backwards ,  a pair of  smal l ,  low, longitud inally elongated maculce 
have been observed in  som e specimens. In ANGELIN ' s  figure the shape 
of the central body is not correctly given and the middle furrows are 
placed too far from its hind margin and the posterior border is too narrow.  
In the original  of the figure the length a long the m edian l ine is 12 mm. ,  
the  greatest width approximately r 8  mm. ,  the  length of  the  body 8 mm. ,  
its frontal width r 6  mm. ,  and  the sides of  the  body converge posteriorly 
at about 90° . 

H o r i z o n  a n d  L o c a l i t i e s .  - Upper Lepta::na L imestone ; Kal lholn ,  
Östbjörka ( Osmundsberg, Dalby, Torsmo, at these three localities hyposto
mata only have been found ) . 

1 In the figure of the smallest specimen (PI . VIII, fig. 24) th eir posterior portions 
o u g h t  to  h ave b e e n  directed m ore outwards and the points a triile m o re rem ote ; i n  the 
figure o f  the largest one (PI .  VIII ,  fig. 2 5 )  the m argins ough t not to  have been in so 
close contact adj acent to  the extremity o f  the post axial piece, but  to  h ave diverged very 
s lightly p o s teriorly.  In the l atter figure the shading has  come out  b adly in the print
ing, the difference between the convex axis and the depressed post axi al piece n o t  
being properly pro n o unced,  an d the 2 d pleural furrow o n  t h e  left s i d e  is d irected t o  
much backward s . 
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Amphilichas atavus n. sp . ,  PI. VII, figs. 37-38 .  

S p e c i fi c  C h a r a c t e r s. - Glabella bordered by wei l  defined axial 
furrows, sub-pentaganal in outl ine, rounded in front, wider than Iong, 
flattened on  top posteriorly, the anterior slope strongly convex and pro
tuberant, lateral slopes gently convex, its postero-lateral portions curving 
steeply downwards; Central lobe of  g labella bent  down anteriorly and 
overhanging front  margin ,  expanded transversal ly in front to about three 
thirds its basal width ; the antero-lateral expansions acutely pointed and 
overhangin g l ateral lo bes for mo  re than h alf thei r width; anter ior outl i n  e 
broad ly rounded ; posterior hal f o f  central lo be with slight independent 
convexity, nearly paral le l-sided , occupying at base about one third the 
entire width of  glabella .  Lateral lobes tri · composite, about twice as Iong 
as wide, pointed in front, obliquely tru ncated behind ,  widest in front  of  
middle, gently tapering posteriorly and rapidly narrowing anteriorly t o  
poi nted anterior extremities, extending along posterior two thirds of cen
tral lobe and  with the postero· lateral extremities produced beyond this, 
bent strongly downwards and overhanging in  front ,  curved somewhat less 
steeply downwards postero-laterally, gently convex transversally and nearly 
reaching the same leve! as central lobe. Anterior lateral glabellar fu r
rows narrow, hut  deeply impressed to a l i tt le in front of  occipital furrow, 
where they suddenly become very weak. 2d and 3d pairs of lateral 
glabellar furrows obsolete. Occipital  fu rrow .narrow and deep, nearly 
straight and harizontal behind central lobe of glabella, d irected rather 
strongly backwards and downwards behind latera l glabella r  lobes. Occi
pital ring of moderate, nearly uniform width behind central lobe of gla
bella, narrowing laterally, strongly arehed transversally with a flattening 
of the curvature in centre, gently rounded longitud ina l ly, with smal l ,  i l l 
defined median tuberde near posterior margin . Anterior border narrow, 
flattened and marked off by distinct furrows at sides, growing narrower 
internal ly and final ly disappearing, or coalescing with glabella. 

Fixed cheeks ( imperfectly p reserved ) with narrow, band·like anterior  
port ions and broader sub-triaugular posterior portions, which latter slope 
rather steeply downwards with gently convex surfaces towards the s ides ,  
and posteriorly to the deep posterior border fu rrows, which mark off 
thickened borders of moderate width .  

Surface of cranidium ,  except i n  t he  furrows, dosely covered by  
tuberdes of  different sizes ; most o f  the tuberdes are relatively small , b u t  
there are also some  of  medium sizes , and  a few coarse ones occur on 
the central and lateral glabellar lobes a little in front of their middle .  

D i m e n s i o n s. - In the type specimen the distance along the me
dian I ine between the anterior and posterior margins of the cranidium is 
not quite 4 mm. and the greatest width of  the glabella somewhat le8s 
than 4,5  mm. 
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R e m a r k s  a n d Affi n i t i e s . - The above descri ption i s  drawn up  
from a s ingle ,  smal l  cranidium from Amtjärn i n  ISBERG ' s  collection in  
Lund ,  which with the exception o f  the outer  portions of the fixed cheeks 
is  weil  preserve d .  

In most of  its characters i t  bears a close resemblance t o  the eran i 
d i a  referred above (p .  320) t o  the new species Amph. latifrons. It d iffers, 
however, i n  the following characters : the difference between th e width of 
the glabella across its widest portion and that at the anterior margin and 
at the occip ital fu rrow respectively is  relatively smaller, and the greatest 
w idth of  the glabel la is  farther forwards ;  the downward curve of  the 
anterior portions of  the central and lateral glabellar lobes commences, 
especial ly in the latter, nearer the anterior margins ; the posterior porti ons 
of  the lateral glabellar lobes are fl.attened with in ,  and the downward 
slope towards the outside commences nearly half-way between the anterior 
l ateral glabel lar furrow and the axial furrow, instead of  close to the 
former ; and the anterior  l ateral glabellar furrows are parallel , or  n early 
parall el ,  for a considerably longer part of their  course - thus the shape 
of  the central glabellar lobe is  different - and they are not of  equal 
strength throughout, hut very weak in  their hindmost portions. - The 
weakness of the posterior port ions of the lateral g label l a r  furrows appears 
to be of  a primit ive or juveni le c ha ra eter (C f. REED, 1 902, p .  68 ; RAYMOND, 
1 9 1 0  a, p .  7 3 ) ,  and since the specimen i s  so much smaller than a l l  the 
known typical  cranidia of  Amph. latifrons, it m ight perhaps have been 
regarded as representing an immature ind ividual of  this species - which 
conceivably might have d iffered from the adult also i n  the other features 
mentioned - i f  i t  had not been found at a much lower stratigraphical 
horizon. This being the case, however, i t  appears necessary to refer i t  
to a distinct species .  

H o r i z o n  a n d  L o c a l i t y. - Lower Lept<ena Limestone ; Amtjärn. 

Amphilichas parvulus n. sp. ,  PI .  VII, tigs. 34-36. 

S p e c i fi c  C h a r a c t e r s .  - Glabel l a  strongly convex longitudinally, 
c u rved down and slightly overhanging  i n  front ,  more gently convex 
transversally, much wider than Iong, widest in  front of middle ,  sl ightly 
narrowing posteriorly ; its anterior outline broad ly rounded with the cen
tral lobe on ly sl ightly protruding in . front of  the tri -composite lateral 
lobes. Central g labellar lobe with independent convexity, clll·ved down 
for anterior half, widest i n  front wi th small pointed antero-lateral exten
sions overhanging lateral lobes for rather less than half their width,  
narrowing posteriorly to a l i tt le in front of  occipital furrow, where its 
w id th i s  somewhat more than one third that in front ,  and where it occupies 
scarcely more than one fourth the enti re width of  the glabella,  then 
widening a l itt le again at base. Tri -composite lobes sub-oval in outl ine ,  
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about two thirds as wide as  Iong, very obtusely pointed i n  front, obli
guely truncated behind ,  very strongly convex longitudinal ly,  being cm·ved 
down behind  as wel l as in front, gently convex transversally. Anterior 
lateral glabellar furrows rather narrow, strongly i mpressed - except 
adj acen t to occipital furrow - curving from their anterior points of orig i n  
strongly inwards j ust at first, thence rather sl ightly converging  poster ior ly 
to near base of  glabel la ,  then suddenly becoming weaker and turn ing 
gently ontwards before reaching occipital fu rrow. 2d  and 3d  pa i r s  of 
lateral glabellar furrows obsolete.  Axial furrows about egual in strength 
to anterior  lateral glabellar furrows and nearly parall el to median portions 
of latter for the greater part of  their length, curving strongly inwards  in 
fron t  around anterior ends of  lateral glabellar lobes to pass into anterior 
border furrow. Occipital furrow deep and narrow, nearly transverse be
hind central lobe of  glabella , directed obliquely backwards behin d  lateral 
glabellar  lobes. Occipital ring rather broad and of nearly uniform width 
i n  centre, rapidly decreasing in  width lateral ly ,  strongly arehed transvers
ally, gently rounded longitud inally. Anterior border  very narrow, widen
ing  a litt le  lateral ly, gently rounded,  marked off by n arrow furrow, which 
is  weak in middle ,  but, at ]east in casts, disti nc t  throughout .  

Fixed cheeks (incompletely preserved ) with n arrow, flattened ,  band
l ike anterior portions ,  and wider sub-tri augular posterior portions,  whose 
surfaces are gently convex and slope steeply dowm,·ards postero-laterally. 
Anterior branches of facial  s u tures converging very strong ly anteriorly ; 
posterior branches directed obliquely outwards and backwards. 

Surface of  cranidium, except in  the furrows, closely covered by 
tuberdes of very d ifferent sizes, most of them being very small, but a 
few relat ively very !arge ones occur also. 

D i m e n s i o n s . - In the l argest cranidium of this spec ies observed 
the d istance along the median Iine between the anterior and the posterior 
marg ins  is  about 5 mm., and the greatest width of the gl abella approxi
mately 6 m m . ,  i n  another one the d istance between the margins is just  
over 3 mm.  and the greatest w idth o f  the glabel la nearly 4 m m .  

R e m a r k s. - This new species is founded on five cranidia from 
Kal lholn - thrce i n  ISBERG ' s  collection  i n  Lund ,  one in  the Upsa la  
Museum, and one i n  the State M useum of Natural History. On  the 
whole they are a l l  rather wei l  p reserved , though the fixed cheeks are  
complete i n  none of them . 

A f f i n i t i e s . - The species i s  weil  characterized by the narrowness , 
especially in fron t, of the central glabel lar  lobe in relation to the lateral 
lobes and by the relative weakness of the posterior, outwards d i rected , 
portions of  the anterior lateral glabellar furrows: It does not seem to be  
especially closely related to  any other, hitherto, known species of  Amphi
liclzas, and therefore, a more detailed comparison with any of these seems 
unnecessary. 

H a r i z o n  a n d  Lo c a !  i ty .  - Upper Leptcena l'..i mestone ; Kallholn .  
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Amphilichas lineatus ANGELIN, P. VIII, figs. 39-40. 

1 8 54· Platymetopus lineatus, Al-iGELDI , p. 7 5 ,  PI. XXXVIII, figs. 1 2- 1 2  a (non fig. 1 3 ). 
1 884. Lichas b revilobatus, TöRNQUIST, p. 34 ,  PI. l, figs . 3 2-3 3 . 
188 5 .  Lic!ws lcevis, ScHMlDT, p. 49 (pars) , PI. VI, figs 5 -7 ,  9 (non fig. 1 0 ,  8 ?). 

S p e c i fi c  C h a r a c t e r s. - Glabella bordered laterally by narrow ,  
strongly impressed axial furrows, sub-pentaganal in outl ine, broader than 
Iong, narrowly rounded in front, posteriorly flattened convex, but with 
the postero-lateral portions rather strongly bent downwards, curved strongly 
downwards anteriorly and overhanging front margin . Anterior lateral 
glabellar furrows not reaching occipital furrow,  generally end ing a little 
behind a Iine jo in ing middle of palpebral lobes, narrow, rather deeply 
impressed i n  front ,  but soon growing very shallow - in some specimens 
their posterior portions only impressed in  casts and discernible on the 
surface o f  the test as I ines o f  different colour to the rest of the surface, 
or not marked at all - curving from their anterior points of  origin at 
first inwards and sl ightly forwards, then convergingly backwards to near 
the i r posterior extremities where · they tum nearly stra ight backwards.  
zd and 3d  pairs o f  lateral glabellar furrows obsolete. Lobes of glabella 
without independent convexity. Central glabellar lobe very wide in front 
- the width there exceeding that of  entire glabella at base - with 
pointed antero-lateral extremities overhanging l ateral lobes for the greatest 
part of their w idth, narrowing posteriorly to a l ittle in front  of a I ine 
joining the middle of the palpera! lobes, where its width is about one 
fourth its width in front and rather less than one fourth the entire width 
o f  glabella, thence growing near ly parallel-s ided, posteriorly entirely 
coalescing with lateral lobes. Lateral glabellar lobes tri -composite, nearly 
two thirds as Iong as wide ,  widest at about middle, tapering posteriorly 
and coalescing with central lobe, narrowing anteriorly, at first sl ightly 
then very rapidly, to pointed antero - lateral extremities, extending about 
fou r  fi fths the length of glabella. Occipital furrow 

. 
deep and narrow,  

nearly straight i n  the middle, curving s l ightly backwards at s ides .  Occi 
p ital ring rather narrow,  broadest and nearly parallel - s ided in the 
middle,  narrowing laterally, projecting at sides a little outside base of 
glabel la ,  moderately arehed transversally, rounded longitudinal ly. Anterior 
border very narrow, weil marked off at sides, but with the surface i n  the 
middle confluent ,  or  almost confluent, with that of glabella, the anterior 
border furrow being d ist inctly impressed lateral ly and growing weaker 
internally to became obsolete, or almost obsolete, in the middle .  

Fixed cheeks with narrow, flattened, band- l ike anterior portions ; 
posterior portions of moderate size, with gently convex surfaces sloping 
rather steeply downwards laterally and posteri orly to posterior border 
furrows. Pal pebral lobes sub-crescentic, sl ightly bent downwards, very 
gently convex longitudinally. Palpebral furrows obsolete anteriorly, be: 
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ginning behind middle o f  palpebral lobes as weak, slightly inwards d irected 
grooves, and continued by weil-marked furrows curvi tig backwards and 
outwards to fac ial  sutures and marking off narrow, upturned ,  band-like 
portions, which apparently support the eyes posteriorly and are continu
ed by the lower eyelids on the fixed cheeks. Posterior borders of 
fixed cheeks narrow, thickened, curving slightly forwards laterally, marked 
off by deep, rather narrow furrows .  Anterior branches of facial sutures 
converging very slightly forwards adjacent to palpebral lobes, curving 
more strongly inwards anteriorly ; posterior branches curving from the 
palpebral lobes obliquely outwards and backwards and finally nearly 
straight backwards. 

The surface of the cranidium i s  ornamented by low tuberdes of 
d ifferent sizes or  by m inute punct<e . These are , however, very differently 
d istributed on different specimens according, as i t appears, to the a ge of the 
individuals and the thickness of the test, which i s  thin in small specimens,  
bu t the larger the specimen is the thicker the test seems to be .  On the largest 
cranidia only punct<e, but no tuberdes are discernible on the surface of 
the test - on the casts rather indistinctly defined tuberdes are seen on 
the occipital ring and on the hindmost portions of the glabella and fixed 
cheeks ; in medium-sized cranidia the occipital ring ,  the posterior port ions 
of  the fixed cheeks and the hindmost portion of the glabella - or only 
the occipital r ing and the posterior borders of  the fixed cheeks - are 
tuberculated, but not the other parts of the surface ; in smaller specimens 
the tuberculation reaches farther forwards, but the tuberdes decrease in 
height anteriorly ; in  the smallest one observed tuberdes occur on the 
whole of  the glabella, except j ust in  the middle in fron t - and in  the 
furrows , of course - where the surface i nstead is  ornamented by punct<e . 
The tuberdes seem, as a general rule, to be higher and more d istinctly 
defined on the natural casts than on the surface of the test ; they are, 
e verywhere where they occur, placed rather close together. The punct;e 
are also placed rather dose together in the vicinity of the tuberculated 
portions , but  on other parts they are more sparingly distributed. 

D i m e n s i o n s . - The dimensions of a medium-sized cranidium are : 
distance along the median I ine between anterior and posterior margins 
18 mm. ,  greatest width of glabell a  1 8  mm. ,  frontal w idth of central lobe 
1 7  mm. In a ) a rge fragmentary cranidium - the largest observed - the 
frontal width of the central glabellar lobe i s  about 30 mm. and in the 
smallest one which has come under my notice, i t  is about 6 , 1  mm. 

R e m a r k s  a n d  A ffi n i t i e s. - The material from which the above 
descri ption is  drawn up consists of  a l ittle over a dozen cranid ia  -- i n  
different collections - from the U p pe r  Lept<ena Limestone. 

As already mentioned above, the smaller and the larger specimens 
show a marked difference in the ornamentation of the test . This seems 
to be ,  at least partly, due to the fact that the test becomes thicker with 
age and in connection with this the tuberdes grow more and more obso-
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lete and finally d i sappear entirely. Even in very !arge specimens tuberdes 
are discernible on the posterior portions in  the natural casts, although 
they have disappeared on the surface of the test. This shows that the 
hollows on the interna! surface of  the test disappear more slowly than 
the tuberdes on the upper surface. 

TöRNQUIST's species Lichas brevilobatus (TöRNQU I ST, 1 884, p.  34, 
PI . I ,  figs. 32-33 )  is ,  as has already been remarked by SCHMIDT ( 1 907 , 
p .  26) ,  evidently identical with Amph. lineatus ANG. The material on 
which he founded his species consists of  two very fragmentary, !arge 
cranidia with thick, untuberculated test. TöRNQUIST stated that the test 
was smooth , without any kind of ornamentation and that the anterior 
lateral glabel lar furrows on! y divided the anteri or hal f of the glabella, bu t 
this is not quite correct. On the best preserved portions of the test im
pressed punctce are very distinctly seen - on some parts, where the test 
is lacking, tuberdes are discernible on the east - and the glabellar furrows 
extend far beyond the middle of the glabella, although their posterior 
portions are very weak in the specimen figured by TöRNQUIST. 

SCHMIDT ( 1 907 , p .  26) was of the opinion that EICHWALD's  species 
Lichas lcez,is also was identical , but of  this I cannot feel certain . In the 
specimens (casts) from the East Baltic Lyckholm Formation, which ErcHWALD 
( 1 860, p .  1 387,  PI. LIV, figs. 16 a-b) referred to his species, the anterior 
lateral glabellar fu rrows extend to the occipital furrow, and to judge both 
from his figures and from what he has remarked in the text 1 it seems as 
i f  these were rather distinctly impressed throughout. In r 88 5  (p .  49, PI. 
VI, figs .  5 -8)  SCHMIDT described and figured a greater nu  m ber of era
nidia from the Lyckholm Formation, which he attributed to EICHWALD's 
species, bu t l ater on ( 1 907 ) after ha ving seen a cranidium of Amph. line
atus from the Leptcena Limestone he came to the conclusion that the 
two species were identical . Most o f  the specimens figured by SCHMIDT 
(figs. 5 -7 )  seem , as far as can be j udged from the figures, to agree 
dosely with the typical cranidia from Dalarne, and it appears probable 
that they really belong to Amph. lineatus. 

In  his fig.  8, however, the anterior lateral glabel lar fu rrows reach the 
occipital furrow on the side where the test is preserved as weil as  on the 
other where thi s  is removed, the neck of  the central glabella r  lobe is 
wider than in the other figures and in the cranidia from the Leptcena 
Limestone, the anteri or outline of the glabella is more evenly rounded 
and the tuberdes on the surface appear to be differently distributed than  
in our specimens. I n  the description ( p .  so) he  stated, that the anterior 
lateral glabel lar furrows are generally (N. B. not always) narrow, and on 
the surface of the test grow weaker posteriorly or disappear entirely ,  but 

1 In  the description he did no t  state anything concerning the strength of  the 
furrows, and he campared his species to Amj;lt .  dalecarlicus AN G .  and pointed out  the 
differences ,  but without mention ing anything, which indicates that the furrows grow weak 
posteriorly or show a tendency to become obsolete. 
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that ,  on natural casts, they are always distinctly discernible al l  the way 
to the occipital fu rrow .  It might be worth mentioning that SCHMIDT 
did not figure any cranidium - with part ly removed test - which i l lu 
strated this statement that  the fu rrows sometimes extented farther back
wards and reached the occi pital fu rrow on the east, but not on the sur 
face of  the test, and i t  appears I ike ly that he bad not observed th is  dif
ference in one and the same specimen . In all the cranidia from the Lep
tcena Limestone which have come under my not ice ,  i n  casts as wei l  as 
i n  testi ferous specimens, the glabellar furrows d ie  out ent i re ly,  wei l  i n  
front of the occipital furrow. I t  i s  conceivable, of  course, that variations 
in this respect may occur  inside the species. I am more i ncl ined to 
believe , however, that on ly some of the cranid ia from the Lyckholm 
Formation, which ScHMIDT in 1 907 regarded as referable to Ampk line
atus really belong to this species, and that it i s  not iden tical with Amph. 
hevis, to which species belong probably all the casts and the testi ferous 
specimens in which the an terior lateral glabellar fu rrows extend to  the 
occipital furrow. 

Two of  the cran idia figured by SCHMIDT, which really appear to 
belong to our species, have portions  of the fixed checks attached and one 
of  t hese has al so the rostrum and the hypostoma. O f  the latter SCHMIDT 
has also figured some detached specimens.  Several hypostomata, which 
in  most of  their characters agree closely with those figured by SCHMIDT,  
have been found in the Leptcena Limestone .  They differ, however, in  
some features, and it appears, therefore, more p robable that  they belong 
to one o f  the other species o f  Amphzliclzas, which occur in this formati on ,  
t han  that they are referable to Ampk lineatus (Cf. above pp .  3 1 9, 3 22) .  As  
is already remarked above ( p .  z s6) , the pygidium which SCHMIDT ( r SS s ,  
1 907 ) attr ibuted t o  Amplt. leevis or lineatus appear t o  helong t o  a species 
of Homolicltas. 

H o r i z o n  a n d  L o c a l i t i e s .  - Upper Leptcena Limestone ; Kallholn ,  
Boda ,  Osmundsherg, Lissherg, Unskarsheden, Torsmo. Lyckholm Forma
tion ; Estland .  

Amphilichas periformis n .  sp .  PI . VII, figs .  3 2-33 . 

S p e c i f i c  C h a r a c t e r s .  - Glahel la samewhat wider than Iong, widest 
a l i ttle hehind middle ,  tapering sl ightly anteriorly and posteriorly , hut 
with a sl ight expansion near the hase,  rather narrowly rounded in front, 
camposed of a central lohe and a single pair of compound lateral lohes . 
Central lohe of  glahel l a  pyr iform in shape, with the anterior margin very 
strongly arehed forwards, widest in front ,  hut without distinct antero
lateral extensions, narrowing posteriorly to  ahout fou r  fifths the distance 
from its anterior end to occipital furrow, where i ts w idth i s  ahout one 
third that at the anterior margin and about one third that of  ent ire gla-
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bell a ,  then widen i ng  sl ightly to occip i ta l  furrow ; its hindmost portion 
gently convex transversal ly and separated from anterior portion by slight 
depression across n arrowest part of  lobe ; its anterior portion strongly con
vex in both directions, bent down and sl ightly overhanging in  front, from 
the highest point, which i s  situated sotnewhat nearer the occ ip ital furrow 
th an the anterior margin ,  the surface slopes very steeply downwards 
latera l ly as weil as anter i orly , but very gently posteriorly to the depres
sion j ust mentioned . Compound lateral lobes about two thirds as Iong 
as central lobe, only reaching a l i tt le in  front of middle of  latter, but 
produced posteriorly a short distance beyond it, sub-crescentic in outl ine, 
more than twice as long as wide, widest a l i t t le behind middle, with 
po i nted ex trem i ties , strong! y co n vex longitudinally, and rather gently 
rounded transversa l ly .  Anterior pair of  lateral glabellar furrows strongly 
i mpressed ,  reaching occi pital furrow and in  front meeting preglabellar 
furrow at nearly right angles. 2d and 3d  pairs obsolete. Axial furrows 
weil marked anteriorly and posteriorly, though shallower than anterior 
lateral gl abe l lar furrows, weak in middle .  

Occip ital furrow deep and narrow, nearly transverse in middle, curving 
rather strongly backwards at sides .  Occipital r ing of moderate, nearly 
uniform w idth in middle, rapidly narrowing laterally, very strongly arehed 
transversally, s l ightly rounded longitudinally at sides, more flattened i n  
middle ; i ts su rface sloping rather steeply downwards from posterior ed ge 
to occ ip i ta l fu rrow ; its posterior margin transverse in middle, curving 
forwards at sides . Anterior border narrow, flattened, bent steeply down
wards  in  the m iddle i n  front ,  increasing sl ightly in width and bending 
outwards towarcis the sides, marked off by narrow furrow, w h ich is shallow 
in m iddle and grows deeper laterally. 

Fixed cheeks with narrow, band-like anterior portions, sloping nearly 
vertical ly downwards anteriorly ; posterior portions of moderate width , sub
t riangular , with gently convex surfaces sloping downwards laterally and 
posteriorly. Pa lpebral lobes ( incompletely preserved) marked off by rather 
weak, sinnate furrows . Posterior borders thickened, narrow adjacent to 
axial furrows, widening laterally, marked off by strong furrows. Anterior 
branches of facial sutures sl ightly converging anteriorly ; posterior branches 
running from eye lobes obliquely outwards and backwards. 

Surface of  cran ium, except in  the furrows, closely covered by tuberdes 
of different  s izes. 

R e m a r k s  a n d  A f fi n i t i e s . - This new species i s  founded on three 
small c ran id ia  (measuring from 3 to 5 mm.  in length) from Kallholn i n  
ISBERG's col lection in Lund .  I t  differs from all other, h itherto , described 
species of  Amphi!ichas by i ts pyri form , rather than clavate, central gla
bel lar lobe,  but on the whole i t  agrees in the general characters of the 
cranidi um with other members of the genus . 

H o r i z o n  a n d  L o c a l i ty. - Upper Le pt.e n a Limestone ; Kallholn. 
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Family lsocolidre A N G E LIN.  

Genus Isocolus ANGELIN. 

Isocolus Sj ögreni A N G E LTN . PI .  XI, fig. 29. 

1 8 54 .  Isocolus Sjögrmi ANGELIN, p .  5 9 ·  PI, XXXIII, fig .  8 .  

S p e c i fi c  C h a r a c t e r s . - Entire body elongated sub-ovate in out
l ine ,  nearly twice as Iong as wide .  Cephalon and thorax of  about equal 
length ; pygidium shorter, occupying about two ninths the entire length 
of  body. 

Cephalon strongly convex, semielliptical in  outl ine, the length along 
the median I ine  about fi.ve sixths the width at the leve! of  occi pital r ing ; 
surrounded anteriorly and lateral ly by very narrow border and with the 
gena! angles produced inta rather Iong, flattened , broad-based , tapering ,  
po inted spines pressed against s ides o f  thorax. 

Glabella defined by wei l  marked axial and preglabellar furrows, mo
derately convex in both d i rect ions ,  bent  down in front ,  sub-oval i n  out 
l ine ,  s l ightly longer than wide ,  round ed in front, truncated be hind ; marked 
by two pairs of strong lateral furrows ; the foremost of these s i tuated at 
about middle of glabel la ,  nearly straight and d irected nearly straight 
inwards or slightly backwards, reaching about half-way up on glabel la ,  
generally widening and growing deeper withi n ; posterior pair  beginning 
in  axial  furrows samewhat nearer to occipital furrow than to preceding 
p air, running nearly paral le l  to latter and about as far inwards as these, 
widen ing and growing deeper within so as to form small rounded pits 
from which shal low,  i nd ist inctly defined ,  narrow groaves run back to occipital 
fu rrow.  Occipital furrow deeply impressed ,  rather narrow, nearly straight 
in middle ,  bending obl iquely backwards at s ides behind basal lateral 
glabellar lobes .  Occipital ring rather broad and of nearly uni form width 
i n  middle behind central lobe o f  glabella, narrowing laterally, moderately 
arehed transversally, rounded longitudinally. 

Checks sub-triaugular i n  outl ine ,  narrowing anteriorly, steeply bent 
downwards with convex surfaces, s l ightly overhanging the margins ,  con
nected in  front by narrow rounded preglabellar band.  Eye lobes situated 
far forwards an d close to g labella ,  not very prominent ; inner portions of 
eye lobes formed by short, nearly transverse, comparatively broad eye 
ridges, which are marked off behind by deep furrows, in front by rather  
shallow ones, and appear to be  truncated at their distal extremities so  
that  no real palpebral lobes are  formed. [The I ine  of  demarkation be
tween the eye ridge and the eye proper is ,  howewer, not qu ite distinct 
in any of the specimens observed. ] Eyes very small, situated near the 
lateral margins of the cheeks. Posterior borders of cheeks of moderate 
width, widening I aterally, raised and round ed, marked off by strong furrows. 
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The anterior branches o f  the fac ia l  sutures (not d istinctly observed) seem 
to converge rather strong! y anteriorly ; the posterior  branches curve from 
the eye lobes backwards and sl ightly outwards and downwarels to the 
posterior horders, where they seem to bend slightly i nwards and upwards 
to cut  the posterior margin of the cephalon j ust ins ide the base of the 
gena! spines. Free cheeks narrow. 

Thorax of  6 segments, sl ightly tapering posteriorly. Axis convex, 
rather wide, i ts w idth being nearly half that of entire thorax, gently 
tapering posteriorly .  Axial r ings with d i stinctly marked off, sl ightly de 
pressed lateral nodes.  Pleurce straight and horizontal ly ('Xtended as far 
as rather rem o te fulerum ; the i r out er portions curved n ear! y vertical ly  
down wards and bent sl ightly backwards ,  tapering to obtuse points .  Each 
pleura marked by a deep pleural fu rrow reaching nearly to extremity 
of pleura .  

Pygid ium smal l ,  semi-oval in  outline ,  near ly twice as wide as Iong. 
Axis convex ,  anteriorly occupying about hal f the width of  enti re pygid i um 
and  extending about four fifths i t s  length, tapering posteriorly to rounded 
extremity ; consist ing o f  t wo rather b road axial rings and a short terminal  
piece ; I st axial  r ing ( in  wei l  p reserved specimens) defined behincl by 
distinctly impressed ,  though rather  shal low furrow,  and with distinct lateral 
nodes ; on the zd  one the l ateral nodes are very ind ist inctly defined , and 
the furrow which defines i t  behind i s  very weak (in  most specimens ob
served not d iscernible) . A xia l  furrows narrow, d i stinctly impressed , con
nected round extremity of  axis .  Side lobes with a small ,  flattened area 
in  front ,  adj acent to axial furrows, which tapers posteriorly and becomes 
obsolete before reaching extremity of  axi s ;  outside and behind this flat
tened area the surface slopes rather gent! y to margin ; with pair o f  hal f 
r ibs on anterior edge, followed by two pairs o f  rather broad regular r ibs ,  
defined ( in wei l  preserved specimens) by d istinct pleural furrows and 
marked by weak interpleural  furrows, and betwcen zd  pair o f  regular  ribs
a rather broad, unfurrowed post axial portion .  Anterior pair of p leural 
furrows strong, reach ing nearly to margin ; z d pair somewhat weaker and 
shorter ; 3d pair considerably weaker and shorter than preced ing ones. 

The surface of the test appears to be smooth . 
D i m e n s i o n s .  - The entire ind iv iduals observed have a length from 

about 3 mm. to about 4,5  mm.  In one ind iv idua l  in  which the entire 
length is  j u st over 4 mm. the length of  both the cephalon and of  the 
thorax i s  about I ,6 mm. ,  the length of the pygid ium about 0,9 mm. ,  and 
the greatest w idth approxi mately somewhat over  2 mm. 

R e m a r k s . - Of  th is  species a good number of more or less com
plete individuals have been found at Kallholn and Osmundsberg tagether 
with de tached portions of  the carapace and impr ints  (most of these spe
cimens be lon g to the Upsala Museum) ; i t  i s  also represented from Öst
björka and Arfvet by specimens in the State Museum of Natural History 
and from Boda by a cranidium in  the Upsala Museum.  
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The specimens are not very wei l  preserved . In the imprints the 
margina l po rt ions of  the cephalon are general ly wanting and even in  the 
nearly complete individuals - mostly natural casts - these portions are 
very di fficult to discern owing to the bad state o f  preservat ion ,  the small 
s ize of  the specimens and the strong convexity of the _cephalon . In some 
specimens portions of the very narrow marginal cephalic border have, 
however, been observed,  also the sma l l eye , the posterior branch of  the 
fac ia l  suture,  and traces of  the anterior one .  This contradiets ANGELIN's  
( r 8 54, p .  59) statement that  the form lacks both cephal i c  border, eyes 
and facia l  sutures. It seems probable that in the spec imen (or specimens) 
on which this author based his diagnosis, the narrow free checks were 
want ing or embedded in the matrix, or else very badly preserved. 

A ff i n i t i e s . - The genus lsocolus, of  which only th is single species 
is known, does not seem to be c losely related to any other, h itherto , 
d escribed form, and ANGELIN appears to have been i n  the right ,  when 
he  re ferred it  to a d ist inct farnily. The on ly species which secms to be 
comparable to i t, and w h i  ch per h a ps might be referred to the same family 
is Cyph oniscus socialis SALTER ( SALTER, I 8 5 3 , Pl. IX,  and text), which 
occurs in  the Ki ldare and Ke i s ley Lirnestones, hornotaxial w ith the Upper 
Leptc:ena Limestone. This is  also a smal l  form -- though it appears to 
attain greater d imensions than our species - with few (7) thoracic seg
ments ; a very convex cephalon ; sub-ovate, convex glabel la ; steeply down
bent, convex fixed checks, which grow narrow anteriorly  and are con
nected by a narrow,  rounded preglabel lar ban d ;  thoracic axial r ings, which 
are not sharply defined by the axial furrows, but run out a little i n  the 
pleural furrows - as do the l ateral no des in ou r species ; deep ly grooved 
thoracic p leurc:e ; and a rounded pygidium with strongly convex axis, not 
reaching the posterior margin , and convex s ide lobes. The free checks 
are not known, but were ev ident ly narrow, and seem on the whole to 
have been rather like those of our species, with smal l  eyes, situated far 
forwards and only sl ight ly i ndentating the course of the facia l  sutures. 
The glabella is ,  however, smooth without lateral furrows, there do not 
seem to be any marked eye r idges or palpebral lobes, no gena[ spines 
appear to be developed,  the thorax has one more segment than i n  our  
form,  on the  thoracic pleurce the fulerum is more approx imate , and their 
extremities are rnore b luntly rounded,  and on the pygidiurn there seem 
to be no axial ring furrows and on ly one pair o f  furrows (the I st p leural  
furrows) on the s ide lo bes .  SALTER (O p .  cit p p. I ,  3)  considered Cyph o 
niscus t o  b e  c losely related t o  Triartlzrus GREEN, and  referred it  conse
quent ly to the family Olenidc:e (s. lat . ) to which fami ly i t  bas also, l ater 
on,  been referred by REED ( 1 896, p. 4 1 0) .  The characters i n  w hi ch i t 
differs from Triartltrus ( and related spec ies ) seem, however, to be of so 
great importance ,  that i t  appears to me more than doubtfu l ,  whether i t  
real ly can be placed i n  t he  same fami ly . There seerus then to  be more 
ground far p lac ing it with lso co l1tS in the fami ly Isocol id.-e. 
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H o r i z o n  a n d  L o c a l i t i e s . - Upper Lept�na Limestone ;  Kallhol n ,  
Osmundsberg, Östbjörka, Arfvet, Boda. 

Family Encrinuridre A N G E L J N .  

Genus Eneri nnrus EMMRICH. 

Encrinurus striatus ANGELIN. Pl .  XI, figs. 30- 33 ·  

1 8 5 4 .  Cryptonymus striatus, ANGEL! N, p. 89,  PI . X LI, fig. r :; . 
r 884. Encrinu rus multisegmentatus, TöRNQwJST, p. 24, PI. I, figs . r 8- 1 9. 

S p e c i f i c  C h a r a c t e rs .  - Pygid ium triangular i n  outl ine ,  somewhat 
broader than Iong, strongly convex. Axis moderately convex in front ,  
growing lower posteriorly, Iong and narrow, occupying anteriorly less 
than one third the entire w idth ' o f  pygid ium,  gradually tapering posteri 
orly and ending i n  a narrow obtuse poi n t  between hindmost pair of pleur�, 
divided into 26 narrow, rounded axial rings and a minute terminal piece, 
by d istinct furrows, which are more strongly impressed at sides than i n  
the middle , and grow gradually weaker posteriorly. Axial furrows narrow. 
Side lobes strongly curved downwards but with the tips of the r ibs bent 
outwards ; with a pa i r  o f  very narrow hal f r ibs on anterior edge and be
hind this I I  or 1 2  pairs o f  raised , rounded, narrow regular r ibs ,  i ncreas ing 
somewhat in width Iateral ly, defined by strong pleural furrows and term i n 
ating  i n  short, outbent, obtuse free points .  Anterior pair o f  ribs d i rected 
nearly straight outwards (and downwards) from axis but curvi ng gently 
backwards near thei r ends ; following pairs directed Successively more and 
more strongly backwards, the last r ib on each side nearly parallel with 
i ts fel low.  Interpleu ral fu rrows obsolete. 

On the n atural casts no ornamentation of the surface is d iscernible 
either on the axis or  on the side lobes, but  i n  one specimen with badly 
preserved test the re are traces of  a fe w minute tu berdes or granules al o ng 
the centre of the pleural r ibs .  

D i m e n s i o n s . - In the best preserved pyg id ium wh ich has come 
under my not ice ,  the length i s  5 , 5  mm. and the anterior width 7 mm.  
A !arge, incompletely preserved pygidium - the Iargest one observed -
seems to have had a length o f  about I I mm. and a width anterior ly of  
about 14  mm. 

R e m a r k s. - This species was originally founded by ANGELIN 

( 18 54,  p. 89, P l .  XLI, fig. 1 3 ) on a samewhat fragmentary pygidium from 
Osmundsberg. Later on TöRNQUIST ( 1 884, p .  24 ,  P l .  I ,  figs. 1 8 - 19 )  
described a fragment of  a glabella and described and figured a better 
preserved pygidium from Unskarsheden which specimens he attributed t o  
En cr. multz"segmentatus PORTL. and pointed ou t  that i t  seemed doubtful ,  
whether ANGELIN 's species was separable from this .  That the specimens 
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in question  from the Lepta=na Limestone belong to the same species 1 

seems indubitable, ANG ELIN had stated that there \Vere 1 0  p leural r ibs 
and about I7 axial r ing furrows on the pygidium. In his type specimens, 
which I have had the opportun ity of examining, the foremost portion is  
broken off and the end bad ly preserved . It seems as i f  ANGELIN bad 
not  observed the  former fact and not  counted the  first pair of pleural ribs, 
of which the tip on  one side is present. Counting this there are 1 I dis
tinctly developed pairs of regular ribs and obscure traces of a twelfth 
pair .  On the axis 2 5 axial rings are traceable and i t is  evident that the  
foremost one is lacking i n  the  specimen.  In other characters i t  agrees 
c losely with the pygid ium figured by TöRNQUIST. 

In addition to these specimens there are now available two imper
fectly preserved pygidia from Boda and  another  imperfect one from Kall 
holn in  the Upsa la  Museum ,  one nearly complete pygidium, which shows 
1 I pleural ribs, from the latter locality in IsBERG'  s col lection in Lund,  
and finally one from Lissberg in  the Museum of the University of Stock
holm. The latter occurs in a piece of  red l ime-shale and is the only one 
in which the test is  preserved (though rather badly and not completely) . 
There are on this ,  as is already mentioned, traces o f  a few minute tu 
herdes a long the centre of  the p leural ribs, whereas on the other specimens ,  
which are natural casts and occur in  ordinary J imestone,  there i s  no orna
mentation visible on the sm·face. In  this specimen the side lobes hear 
I 2 d istinctly developed regular ribs, bu t the last pairs are very short an d 
narrow. In TöRNQUIST's  spec imen there are only I I .  This d ifference,  
however, hardly see m s to be of specific importance ; i t ma y per h a ps on ly 
be due to the state of  preservation, whether one pair more or less is  
discernible .  

The only specimen of the other portions of the carapace found in 
the Lepta=na Limestone is the fragmentary glabell a already descri bed by 
TöRNQUIST (Op . cit . ) which apparently belongs here .  In this the foremost 
and the postero-lateral portions are broken off. Evidently there has been 
a frontal marginal  row of !arge tubercles, hut of these only the hindmost 
one on the right s ide is p reserved in the specimen. The glabel la is 
moderately convex, not especially inflated in front; pear-shaped in outline, 
gradually widening anteriorly and not contracted in  the middle ; on each 
side are 3 short lateral furrows, di rected n ear ly straight upwards ; the two 
anterior ones are rather  strong and end in  the axial furrow i n  rounded 
pits ; the posterior on e has per ha  ps been s imilar, bu t of this on ly the 
proximal portion i s  preserved. Of the lateral glabellar lobes the anterior 
and 2d  ones at !east, have each apparently been entirely covered by a !arge 
tubercle, all of w h ich are broken off in the specimen. The tu hereles on the 
central glabel lar lobe are coarse and high, rather varying in  size,  hut 
on the whole !arge and conical with a small rounded pit on the top ;  at 

1 F o r  r e a s o n s  th a t  wil l  b e  given b e l o w  it s e e m s  t o  m e  best  to  re gard th is, for t h e  
present  a t  !east, a s  a distinct species and to k e e p  AI\ GELIN' s  name Encr. striatus. 
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the base of  the central lobe between the posterior lateral lobes there 
seems to have been only a single rather small tubercl e ;  and between, and 
on a I ine with those on the 2d lateral lobes, are two !arge ones ; on the 
middle portion of the central lobe there are also !arge, hut more irregularly 
placed tubercles, with smaller ones between them, whereas the �ubercles 
on its frontal portion are all comparatively small . The axial furrows do 
not seem to have been very deeply impressed. The occi pital furrow is, 
at !east in the middle ,  shallow and rather narrow.  

A ffi n i t i e s . - As mentioned above, TöRNQUIST (Op .  cit.) referred 
the specimens of this form described by him to En cr. mu!tisegmentatus 
PORTL. (PORTLOCK, I 843 ,  pp. 29 I ,  262, PI .  III, figs. 6, I I ;  REED, I 906, 
p. I 22 ,  PI. XVI, figs. 9__:_I  I a ;  I 9 I 4, p. 39, PI. VII, figs. I --3) ,  and it does 
not seem improbable that ANGELIN's species really may be identical with 
th is .  It i s  not possible to decide this question definitely, however, without 
hav ing more complete material from the Leptcena Limestone or any spe
cimen of the Irish and British form for comparison, and since to judge 
from the figures and descriptions available of this latter there seem to 
be some differences, it appears safer to keep the Swedish form apart 
rather than to assume a possibly non-existent specific identity. PORT
LOCK (O  p. cit . p. 29 I ) stated that in the type of h i s  species ( pygidium )  
the axial rings are � numerous, 28  being enumerated a s  far a s  the last 
side segments » (ribs) » and still continuing,  though very minute, to the 
very apex » ;  and to ju d ge from h is figure 6 b the side lo bes seem to be 
very s l ightly bent down at the sides of  the axis anteriorly, and that this 
is  the case i n  the pygidium from Girvan described and figured by REED 
( I 906) is stated by this author, and  to j udge from the figure the boun· 
daries between the inner portions and the steeply bent down outer por
t ions are dist inct ,  though there is no sharply marked fulcrum .  In the 
pygid ia  from the Lept;:ena Limestone on the other hand the whole o f  
the s ide lobes are much more evenly curved downwards. I n  the frag
mentary glabella from U n skarsheden described a bo ve the t wo anterior 
pairs of  lateral furrows are distinctly marked, hut neither PORTLOCK nor 
REED has mentioned anything about the presence of  such furrows in  the 
cranidia described by them (by the former as Ampyx? baccatus) .  This 
might, however, conceivably depend on the circumstance that in spe
c imens in which the tuberdes on the s ide lobes are preserved,  the fu r
rows are less conspicuous,  hu t  in PORTLOCK's figure of the cranidium no 
!arge tubercles occur on these places ; i n  the cranidia figured by REED 
l ateral  glabel lar furrows seem, as a matter of fact, to be present, but in  
these specimens the glabella appears to be broader in relation to its length 
than the glabella from Unskarsheden. 

Whether the form from the East Baltic Lyckholm Formation which 
SCHMIDT ( 1 88 I ,  p. 227, PI . XIV, figs. I 4- I  5 ,  PI .  XV, figs. I 9-20) hesitat
i ngly referred to En cr. 11zu!tisegmentatus - and which occurs also i n  the 
North Baltic Östersj ö  L imestone (WIMAN, I 90J a ,  p .  I 3 2 ,  PI .  VIII, fig. 34) 
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- really belongs to this species seems doubtful.  At any rate it does not 
appear to be referable to the. same species as the form which occurs in 
the Leptcena Limestone. The glabella appears to be relatively wider than 
that of  the latter and to be without marked lateral fu rrows and the occi
pital ring seems to be stronger ; the pygidial s ide lobes are less steeply 
curved down, the ribs are, on the whole ,  directed more strongly back
wards, are broader, flattened and separated by very narrow furrows, and 
their t ips are scarcely bent outwards and scarcely project on the margin . 

H a r i z o n  a n d  L o c a l i t i e s . - Upper Leptcena Limeston·e ( limestone 
and l ime-shale facies) ; Osmundsberg, Unskarsheden , Boda, Kal lholn ,  
Lissberg. 

Genus Cybele LOVEN. 

Cybele brevic auda ANGELIN. PI . XI, fig. 38 .  

18 5 4 .  Cybele bre11icauda, ANGELJ N ,  p. 89,  P I .  XLI,  fig.  J 4. 
? 1 88 1 .  Cybele brevimuda, ANG. ? ,  ScHMIDT, p .  219 , PI. XI, fi g. 2 3 ,  PI . XIV, fi gs .  7-10 ,  

P I .  XV, figs. 1 5 - 1 7. 
? 1 897 . Cybele brevicauda, KJJER, p. 1 3 ·  

R e m a r k s. - T h e  specimen from Osmundsberg, on which ANGELIN 
founded this species, i s  only a fragment showing the hollow inner surface 
of  a portion of  a pygidium .  

The  pygidium seems to have bad  the usual sub·ovate shape. The 
axis i s  gently convex, Iong and narrow, gently tapering posteriorly and 
furnished with a great number of  axial rings (probably there have been 
1 6), of which only the anterior ones are complete, the others i ncomplete 
in  the middle .  The I st axial ring appears to be smooth ; the 2d bears 
a disti nct median tubercle and traces of  a smaller one on each side of thi s ;  
on  the  following rings a t ubercle i s  situated on each side, where the  ring 
abuts against the smooth median portion of  the axis - in the specimen 
same of these are very d istinct, the others more faintly indicated. The 
side lobes are gently convex and consist of  4 pairs of curved pleurce -
the 4th pa i r  the !east curved - corresponding to the anterior axial rings. 
Each pleura is divided by, a longitudinal  furrow inta two unequally developed 
bands or r idges, the posterior one being much the stronger and hearing 
one or  two tubercles. 

Whether the specimens from the East Baltic Lyckholm and Wesen
berg Formations, which SCHMIDT in 1 88 1  described and figured as Cybele 
brevicauda ANG. ? really belong to ANGELIN 's species i s  as impossible to 
decide now as i t  was then,  since no additional specimens, which seem refer
able to the species, have been found  as yet in the Leptcena Limestone .  As 
stated by SCHMIDT the specimen from Osmundsberg resembles, as far as  
it i s  preserved ,  the pygid ia of  th is  East  Baltic form rather closely, but  

2 2 - l 9ts•. Bull. o .f G e  o l. Vol. X V I I. 



ELSA W ARBURG 

several species of the genus seem to have almost the same pygidial cha
racters. I t appears ,  however, quite probable that SCHMIDT' s assumption 
as to the specific identity of the forms is correct, since, as especially 
emphasized by him, the Lyckholm Formation and the Lept�na Limestone 
at Osmundsberg (v iz .  the Upper Lept�na Limestone) in other cases show 
a close faunistical correspondence. Moreover, a form, which seerus to be 
identical with the East Baltic one, has been recorded by KIJER ( 1 897 ,  
pp.  13 ,  5 2) from the  Etage 5 a i n  Norway and a great number of species 
are common to this formation , the Upper Lept�na Limestone and the 
Lyckholm Formation. (Cf. KL-ER, op. cit . , pp. 48 -- 5 3 . )  

H o ri z o n s  a n d  L o c a l i t i e s . - Upper Lept�na Limestone ; Os
mundsberg. 

[? Lyckholm and Wesenberg Formations ; East Baltic Area. ? Etage 
5 a ;  Norway. ] 

Cybele cf. revaliensis SCHMIDT. PI. XI, fig. 39· 

R e m a r k s. - A fragmentary and crushed pygidi um ,  about 9 mm 
wide, from Osmundsberg in the Museum of the Geol�gical Surv ey recalls 
that of  Cyb. revaliensis SCHMI D T  (SCHMIDT, 1 88 1 ,  p. 207, PI. XIII, fig. 20, 
PI.  XIV,  fig. 6, PI .  XV, figs. 6-7, PI. XVI, fig. 40). 

The pygidium i s  broadly sub-ovate in outline, narrowing posteriorly; 
the length seerus to have been about equal to the greatest width. The 
axis is sub-conical, elongated, slender, and seerus  to have been rather 
acutely pointed behind ; i t does not reach the posterior margin of the 
pygidium, but  was probably fol lowed by a smal l ,  narrow post axial piece. 
There are 16 or  17 axial r ings, of  which only the anterior ones are com
plete, the others being depressed and indistinctly defined or  interrupted 
in the middle .  The side lobes consist of 4 pairs of pleur�. which succes
sively decrease in strength of curvature, the anterior pair being strongly 
curved .  Each of the 3 anterior pleur� on each side consists of  a broad,  
raised and rounded posterior r idge and a narrower, more depressed ante
r ior one, which tapers posteriorly and does not reach the end of  the 
pleura. The anterior ridge of the I st pleura is  gently rounded and com
paratively broad ; t hat of  the z d pleura is considerably narrower and 
more depressed and that of the  3 d  one sti l l  narrower and lower. Of  the 
4th pleura only the posterior ridge appears to be developed . All the 
pleur<I! have probably ended in shor t, s l ightly upturned, free points, f01·ming 
together a backwards convex posterior  outline to the pygid ium.  [In the 
specimen only the two outermost free points are preserved on one side. ] 
The test of  the pygidium is finely granulated, anrl small tubercles are 
situated s ingly or in pairs along the median portion of the axis and in a 
single row along each of the posterior pleural bands. 

The specimen of  rock, in which this pygidium occurs ,  i s  a greenish 
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l imestone interstratified by  thin layers of greenish shales, and i t  i s  very 
similar in appearence to the lowest part of  the Lower Lepta!na Lime
stone found immediately above the Chasmops Limestone in the Am
tjärn Quarry. It has been collected by v .  SCHMALENSEE in  r 883 ,  
and on the accompanying label is quite properly noted that it is  from 
the Lower Lepta!na Limestone immediately above the Chasmops Lime
stone. In a paper published the fol lowing year, v. ScHMALENSEE ( r 884, 
p .  286) has referred to this pygid ium 1 ,  regarding, however, the part of  
the l imestone occurrence, in  which it was found, as  we i l  as  the underlying 
beds, as Chasmops Limestone.  In fact, as will be shown below in the 
chapter on the stratigraphy, the lowest Lepta!na Limestone seems to be 
hornotaxial to the Macrourus Limestone ,  which in other districts of Sweden 
(Öland ,  Östergötland ) and in some localities in  Dalarne, e .  g. Vikarbyn , 
forms the upper part of  the Chasmops Limestone .  According to v. SCHMA
LENSEE (Op. cit . ) and TöRNQUIST ( r 884 a, p .  3 1 8 ; I 886, pp. 8 1 -82) the 
beds in question occur on the southern or south-western slope of the bil l 
Osmundsberg, and are succeeded by layers of Trinucleus Shales ; and 
both authors seem to have been of  the opinion that a fau l t  exists between 
the latter and the Lepta!na Limestone (Upper Lepta!na Limestone) ,  which 
forms the main part o f  the hi! ! .  

H o r i z o n  a n d  Lo c a l i t y. - Lower Lepta!na Limestone ( lowest 
part) ; Osmundsberg (on the southern or sout-western slope of the bill) . 

Family Cheiruridre SALTER. 

RAYMOND i n  I 9 1 3  ( 1 9 I 3  a ,  p .  724) proposed a sub-division of  the 
family Cheirurida! into the sub-families Cheirurin:l!, Pliomerin:l! and Dei
phonin:l!, referring to the latte r the genera Dezphon BARR. , Sphcerocoryphe 
ANG. and StaurocepJtalus BARR. The validity of this sub-family seems 
doubtfu l  to me.  BARTON ( I 9 1  s ) places Sphcerocoryphe among the Chei ru 
r ina!,  on good grounds apparently. This  genus and Deiphon appear, 
however, to be too closely all i ed (C f. REED, I 898, p .  2 I I )  to be referred 
to separate sub-famil ies and ,  therefore, it seems  necessary to include the 
latter also in  Chei rurin:l!, i f  we recognize this as a sub - family of Cheiru
rida!. Stauro cephalus, on the other hand , does not seem to have close 
affinit ies with Dezphon and Sphcerocoryphe or with any of the other Cheiru
rids, and ought then, perhaps, to be referred to a distinct sub-family, 
or possibly i t  should not be included in the family Cheirurida! (Cf. REED, 
1 898, pp .  2 1 2  - 2 1 4) .  As  regards the sub·family Pliomerina! it appears 
questionable whether it  ought not to be raised to the rank of family. 

1 That it real ly is this  pygidium, which is meant,  is shown quite  clearly by a com
parison between the nates o n  the labels  a n d  the statements in the paper concerning the 
occurrence and characters o f  the beds . 
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Genus Cheirurus BEYRICH (RAYMOND and BAR TON). 

In his paper A R e v i s i o n  o f  t h e  C h e i r u r i n ce  1 9 1 5 , BARTON, when 
enumerating the species belonging to Cheirurus s .  str. , gives only a single 
Swedish species, Ch . c01iformis ANG . , and this with a query again st its 
name. To the genus Ceraurus s .  str. be refers, on the other hand, several 
species occurring in our country, and with the exception of  the Lower 
Ordavieian Cer. exul BEYR. , al l  of  these, viz. Ch. speciosus H rs . ,  Cft . got
landicttS LINDSTR. ,  Ch. g/aber ANG. ,  Ch. punctatus ANG.  1 and Ch. subu
latus LINRS . ,  as weil as the British Ch . .  keisleyensz's REED , seem, as far 
as I am able to judge, to be better p laced in Cheirurus. 

Before entering into a d iscussion of these species, attention may be 
called to a dissimi larity between the two genera, which seems to be of 
classificatory value, and which, although pointed out by BARRANDE ( 1 8 5 2 ,  
p .  78 5 )  with regard to the  genotypes Cheirurus insignis BEYR . (BEYRICH ,  
1 843 , p .  1 2 , PI . ,  fig .  1 )  and Ceraurus pleurexanthemus GREEN (GREEN 1 832 ,  
p .  84 ,  PI .  I.  fig .  ro) ,  appears to have been  overJooked by later writers. 
In Cer. pleurexanthemus and, as far as I have been able to ascertain from 
specimens, descriptions, and figures available to me, in al l  other species 
which seem referable to the same genus, the glabel la is surrounded in 
front by a narrower or wider anterior horder, throughout distinctly marked 
off. In Cheirurus 2, on the other hand, the anterior border of the erani
d i  u m is distinctly marked off only at the sides, and adj acent to the fixed 
cheeks bent outwards ; internally i t  bends more and more strongly down
wards, and the bounding furrow grows gradually weaker and finally obso
lete in  the midd le  i n  front, where the » horder» becomes incorporated in 
the glabella ; sometimes, however, the · boundary between the glabel la  
proper and th is  incorporated border- portion is ind icated on interna! casts 
by a very weak groove.  

Why BARTON has not referred the Silurian species Ch. speci(}sus 
(HISINGER 1 840, p. 6, PI .  XXXIX, figs. 2 a-b ; ANGELIN 1 8 54.  p. 78 ,  
PI .  XXXIX, fig .  14 )  and Ch . gotlandicus (L 1NDSTRÖM 1 88 5 ,  p .  45 ,  PI .  
XII, figs .  9 - 1 0) to Cheirurus i s  very difficult to understand ,  since the 
figures show the typical characters of  the genus ,  except that i n  the 
figures of  the former the basal  lateral glabel lar lobes differ sl ightly in  
shape, without, however, be ing like those of Ceraurus. As a matter of  
fact these portions are  not  correctly given in  the  figures ; i n  HISINGER's 

' Against this species in BARTON's list is a q uery. 
• As fa r as l have been a b  le to find out, only, one o f  the s pecies referred to Cheiru

?'US by RAYMOND a n d  BARTON (R. and B. 1 9 1 3 ;  BARTON 1 9 1 5 ), viz.  WELLER's Ceraurus 
Hydei (WELLER 1 907, p. 264, PI . XXIV, fig. 22) has a well  developed anterior border 
i n  front of  the glabella, but  this species shows also in o ther respects such typical Co·au
rus characters - the two an terior pairs of lateral glabellar furrows are very short and 
straight and the pygidium is  of the Cer. pleurexanthemus type - that i t appears to m e  t o  be 
better placed in the latter genus,  although , in some features, it  bears a doser res emblance 
t o  Cheirurus. 
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original type specimen (ANGELIN seems to have figured the same speci
men)  they are more triaugular and rather l ike those of  the genotype. 

That the species from the Leptc.ena Limestone, Ch. glaber and Ch_ 
punctatus (Cf. below, p. 3 50  and p. 347 ) have been placed in  Ceraurus is  
more easi ly accounted for ,  s ince it is  difficult to ascertain their true cha
racters from ANGELIN' s d iagnoses and figures ; they differ also in some 
features rather more from the genotype than the Sil urian species j ust 
mentioned ; moreover as regards Ch. glaber, BARTON has natural ly believed 
it to be identical with SCHMIDT's  Ch. cf. glaber (SCHMIDT I 88 I ,  p, I 5 I ,  
PI .  VII, figs. I 8  a-b), which, however, does not belong here and really 
appears to be a Ceraurus. 

As regards the other two Upper Ordavieian species, Clz. subulatus 
( LINNARSSON I 869, p. 6o, PI .  I, figs. 4-5 )  and Ch. keisleyensis (REED 
I 896, p .  4 I 7 , PI . XX, tigs. 7-9 ;  1 9 I 4, p .  4 5 )  they are apparently referred 
to Ceraurus chiefly on account of the characters of the pygidia .  These 
d iffer markedly from the pygidia of  the typical species of Cheirurus, and 
although they differ at !east as strongly from the Ceraurus pleurexant!temus 
type, they resemble,  to a certain extent, those of some of  the East Balt ic  
species of Ceraurus, and,  st i l l  mo re ,  that of C er. Ruedemanni RA VM. (RA Y
MOND I 9 1 6  c ,  p .  I 2 I ,  PI .  XXX, fig. 9- I 2 ) .  They reca l l ,  however, a lso 
the pygidium of C !t.  gelasinosus PORTI. . (SAL TER I 864 a , p .  7 I ,  PI. V, 
figs. 6 - 8) ,  which species is  regarded by BARTON (Op. cit. , p .  I 43) as a 
primitive form of Cheirurus. In the Upper Leptc.ena Limestone of Dalarne 
some pygidia have also been found,  which recall those of Ch. keisleyensis 
and Ch. subulatus, hut at !east one of them (PI .  IX , fig. 1 0) d iffers decid i 
ed ly  less from the  Ck insignis type. The  characters of  the  pygid ium 
are ,  however, as being more variable, evidently of  less importance than 
those of  the cranidium for determining the generic position of a species , 
and the cranidia of  the two species are essentia l ly of the Ch. insigJ:Zis 
type, or  rather of the Ch. bimucronatus type ( the occipital furrow is 
rather narrow in  the middle) . It i s  true that  in both,  as wel l  as in Ch. 
glaber and C!t. punctatus, the basal lateral glabel lar furrows are not straight, 
but bend more strongly backwards internally, which is not in  strict accor· 
dance with BARTON's  diagnosis of the genus Cheirurus, and they are also 
considerably sha l lower with in .  As far as I have been able to ascertain ,  
this is  the  case in a l l  species of Cheirurus, though the  depth and  di rection 
of the inner portions of the furrows - and the shape of the basal lobes 
- vary in  different species and even in  different specimens of  the same 
species (Cf. B ARRANDE I 8 5 2 , PI.  XLII, figs. 2 ,  5, PI .  XLI, figs. I ,  2, 5 ;  
SALTER I 85 3 ,  text to PI . II, p .  3 ;  below, p .  344) .  It appears, however, 
as i f  they were general ly samewhat shal lower in the Ordavieian species 
than in the Si lur ian ones, which seems only natural ,  since . this must 
evidently be considered a more primitive stage. 
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D i s t i n g u i s h i n g  C h a r a c t e r s  o f  t h e  S p e c i e s. 
Length of cephalon along median I ine somewhat m ore than half, 

but less than three fifths, the width at leve) of occipital furrow. Glabella 
moderately convex with gentle, or rather gentle, anterior slope, tapering 
posteriorly to about three fourths its frontal width ; the frontal lobe occupy
ing nearly half its length . Anterior two pairs of lateral glabellar furrO\vs 
rather narrow, gently curved and di rected sl ightly backwards, generally 
extending more than three fourths the distance from axial fu rrows to 
median Iine of  glabella. Ch. Clasoni TQT . 

Length of  cephalon along median I ine rather m ore than three fifths 
the width at leve! of occipital ring. Glabella rather strongly convex in 
front  with steep anterior slope, tapering posteriorly to rather less than 
two thirds its frontal width ; the frontal lobe occupying somewhat more 
than hal f its length. Anterior two pai rs o f  lateral glabellar furrows narrow, 
directed nearly straight inwards, extending somewhat more than half-way 
frdm axial furrows to median I ine of glabella .  Ch. Tornquisti n .  sp.  

Length of cephalon along median I ine slightly less than half the 
width at level of occipital ring.  Glabella moderately convex with moder
ately steep anterior sl0pe, tapering posteriorly to about five sixths its 
frontal w idth ; the frontal lobe occupying less than two fifths its length. 
Anterior two pairs of  lateral glabellar furrows broad, rounded in  the 
bottom, generally d irected slightly backwards at their inner extremities, 
at  !east I st pair extendi ng  more than three fourths the distance from axial 
furrows to median Iine of glabel la .  Ch. glaber ANG. 

Cheirurus Clasoni TöRNQUIST. PI .  IX, figs. r ,  3 ,  6 - 9, z ?, 4--5 ? zo ? ;  
text-fig.  22 .  

r 884. Cltirurus sjJeciosus, TÖRNQUIST, p. 1 2 .  
1 905 . Chirurus Clasonii, TöRNQUIST, p. 45 5 ,  text·figs. r -2. 

S p e c i fi c  C h a r a c t e r s . - Cephalon sub-semielliptical in outline, the 
length along median Iine somewhat more than h alf the width at leve! of 
occipital ring ;  with rather slender, tapering gena!  spines directed back
wards and slightly outwards .  

Glabella bordered laterally by strongly impressed axial furrows, 
moderately convex with rather gentie anterior slope, longer than wide, 
broadly rounded in  front, widest at anterior margin ,  tapering posteriorly 
to about three fourths its frontal width, and occupying at base about one 
third the entire width of  cephalon. Frontal lobe occupying nearly one 
half the entire length of  glabella .  Anterior lateral glabellar lobes rather 
small , roughly rectangular in  outline, with the longer axes directed out
wards, generally samewhat narrower within than at axial furrows. zd  pair 
rather smaller than anterior pair, widest within and gently tapering to 
axial furrows . Basal pair comparatively !arge, sub-triangular. Anterior 
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two pairs of lateral glabellar furrows strongly impressed, but rather narrow, 
sub-paral lel and reaching about equally far inwards, gently curved and 
d irected sl ightly backwards, general ly extending more than three fourths 
the distance from axial furrows to median I ine of  glabel la .  Basal pair of 
lateral furrows directed obl iquely i nwards and backwards and deeper than 
the others for the greater part of  their length, but growing shallower 
and bending more strongly backwards a little before reaching occipital 
furrow ; the d istance between their inner  extrem i ties less than on e third 
basal width of  glabella. Occipital furrow widest, but rather shallow, and 
arehed forwards in  middle ,  narrower and deeply impressed at sides. Occip
ital rin g  broad in the middle ,  n arrowing towards the sides, strongly 
arehed transversal ly, its surface somewhat h igher than that of glabella on 
the median I ine and sloping gently downwards from posterior edge to 
occipital furrow. Anterior border narrow, rounded , bent outwards and 

Fig. 2 2 . Cheirurus Clasoni Tcrr. Cranidiu m .  
Kallholn. Upsala Museum. 

x ' · 

distinctly marked off at sides, bending down wards internally and becoming 
incorporated i n  the glabella in  the middle. 

Cheeks sloping rather gently downwards laterally and anteriorly, 
with strongly defined rounded marginal borders - the posterior borders 
in ! arge specimens growing fl.attened and  very wide laterally - which are 
produced at the gena! .angles into rather  slender, tapering,  rounded spines 
directed backwards and slightly outwards {their entire length not known ) . 
Surface of cheeks inside the bonnding furrows gently convex. Eye lobes 
small ,  si tuated opposite 2d  lateral glabellar furrows at marked distances 
from glabella .  Palpebral l obes sub-crescentic, gently bent u pwards marked 
off on their insides by distinct furrows. Eyes smal l ,  rather high,

' 
strongly 

convex, supported by n arrow, distinctly raised lower eyel ids.  Anterior 
branches of facial sutures converging slightly anteriorly to horder, then 
bending inwards ; posterior branches running from eye lo bes outwards 
and slightly forwards, sub-paraHel to posterior margins of cheeks, to l ateral 
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horders, then bending strongly backwards to cut lateral marg ins a l ittle 
in  front of  bases of  gena! spines .  

Surface of  cheeks inside border furrows rather closely covered by 
relatively smal l ,  rounded pits . The interspaces between the pits, and the 
other portions of  the cephalon, except the furrows, granulated ; on !arge 
specimens the granulation is very fine, on smaller ones coarser. 

D i m e n s i o n s. - The cranidia of this species which have come 
under my notice, are of  very varying sizes. The dimensions of  a ]arge, 
nearly complete cranid ium are ; length along median Iine 44 mm. ,  width 
at leve! of  occipital ring 8 1 , 5  mm. ,  length of glabel la along median I ine 
37 mm. ,  width of do .  across frontal lobe 35  mm. ,  width of do.  across basal 
lateral lobes 27 mm.  In the smallest cran id ium observed the length 
along the median Iine is somewhat less than 8 mm.  

R e m a rks .  - This species is  not previously described .  TöRNQO IST 
reported i t originally ( 1 884) from the Lepta:na Limeston e as Ch. spetiosus 
His. , hut later he real ized his  mislake, and in a paper o f  1 905 he 
figured two cranid ia from Unskarsheden under  the name of Ch. Clasoni 
and pointed out some characters in which his new species differs from 
HISINGER's .  

TöRNQUIST' s type specimens are very fragmentarily preserved , hut  
i n  the  abundant material now available there are  several nearly complete 
cranidia, and in one of  them - a very small specimen i n  ISBERG's collec
t ion at Lund - one of the free cheeks is  attached i n  posit ion. On the 
whole all the cranidia examined agree very closely i n  characters, except 
that in the smaller specimens, which are weil enough preserved to show 
this character, the granulation on the surface is  somewhat coarser than 
in the larger ones.  Generally, hut not always, the glabella in  the small 
specimens seerus also to be a l i ttle more gently convex than in the larger 
ones, and in  some of the cranidia the glabella tapers samewhat more 
strongly posteriorly than in others. There are further some slight diffe
rences in the d i rection of  the hindmost portions of the basal lateral 
glabellar furrows ; these portions  vary also rather much in  strength ,  hut  
probably th is  i s  chiefly due to the state of preservation .  

A few fragments of  thoracic segments, which appear to belong to 
th is  species,  have been found at Kal lholn (at which locality a great num
ber of  cranidia have been collected) .  In the largest of these the width 
of the axis is 23 mm . ,  and thus it earresponds in point of  size to the 
larger of the cranidia.  The specimens show, as far as they are preserved, 
the typical characters of the genus.  The axis of  the thorax seems to 
have been narrow, occupying considerably less than one third the ent ire 
width o f  the thorax. The axial r ings are rather  strongly arehed and 
bounded laterally by deep, narrow axial furrows. On the pleura: the 
fulerum is situated about one third the way out. The inner portion is 
straight and horizontally extended and divided by a strong, oblique fu rrow, 
which is accompanied by a ridging-up of the surface on each side of i t ;  
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along the anterior and posterior margins of  this portion are narrow, de
pressed articulating bands ,  which continue for a short distance beyond the 
fulcrum,  where they widen into smal l  semioval articulating pieces. The 
furrow which separates the inner and outer portions o f  the pleura is di
stinctly, though not very strongly, impressed an d runs from the fulcral 
point on the anterior margin obliquely backwards, converging towards the 
axial furrow at about 20° to 2 5° , to meet the pleural furrow a l i ttle in 
front of  the posterior margin of the pleura. The extra-fulcral portion is 
rather strong! y ben t downwards ; outside the furrow just mentioned, be 
tween the articulating pieces, i t  is  s l ightly constricted and i ts  s urface raised 
into a rather low boss ; laterally i t  curves more or less strongly backwards, 
tapering to a short point (the difference in the specimens being due appa
rently as to whether they are posterior or  anterior segments) . Where 
the test is preserved it shows a fine granulation . 

A fragment o f  a pygid ium from Osmundsberg in the Museum of  the 

GeologicaJ Survey and another fragmentary pygidium from Kal lholn in  
the  Upsala Museum appear also to  belong to this species. In the  former 
the anterior  width of  the axis is  1 5 mm. , in the latter 8 mm. The axis 
is strongly convex and tapers rapidly and decreases in  height to the 
narrow, somewhat depressed terminal  piece, which in both specimens is  
incompletely preserved.  The articulati ng  half-ring on the anterior segment 
is very conspicuous, more strongly arehed than the rest of the axis, 
rounded longitudinally and marked off by a strong furrow, which is some
what shal lower in the middle. Behind it are 3 rounded rings ; the furrows 
separating these are weil marked , hut shallower in the middle ,  where 
there are » rudimentary articula ting half- rings » ,  most distinctly developed 
i n  the zd  segment. The 2d and 3d  axial rings are a l i t tle produced at 
the sides beyond the preceding transverse furrows, obtusely pointed ,  antero
lateral ly bounded by the innermost portions of  the interpleural furrows, 
and only postero-laterally by the weak, interrupted axial furrows. The 
side lobes consist of 3 pairs of pleur�, of  which at !east the anterior 
pairs -- probably also the 3d -- have free ends. The anterior pair is 
the largest in breadth and probably in length also, hut whether its spines 
have reached beyond or as far backwards as those of the following pai rs 
cannot be j udged from the specimens available, in which none of the 
pleur� are complete. The inner attached portion of each pleura of  this 
pair increases in width distally and extends to the fulcrum ,  which i s  d istant 
from the ax is by less than hal f the width o f  the latter ;  on its anterior edge 
are traces of a narrow, depressed articulating band, which seerus to have 
widened laterally. Beyond the fulerum the pleura becomes free, bends 
back at an angle of about 50° to the straight ant(;!rior edge of  the inner 
portion, and is produced into a tapering spine, which seerus posteriorly 
to bend gradually more strongly backwards. A short, strong, oblique 
furrow traverses the inner portion of  this pleura and is accompanied by 
a ridging-up of the surface on each side of  i t ;  the outer portion is un-
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furrowed and has, at !east as far as i t  is preserved , a slightly rounded 
surface. The I st interpleural  furrow is narrow and deep,  decreasing some
what in depth tow ards i ts  extremity , nearly strai ght, making an  angle of 
about 50° with the median I ine of the pygidium , and extending nearly to 
the leve] of the 3d axial ring furrow. The zd  interpleural furrow is sl ightly 
shorter than the I st one, which it equals in width and depth ,  and runs 
from the axial furrow backwards and sl ightly outwards for about half its 
length and then  turns nearly straight backwards .  Each pleura of  the zd 
segment i s  thus directed rather strongly backwards, and its attached por
tion , which is very narrow at the axial furrow, increases rapidly in width 
distally ; the width across the base of the free portion is ,  however, only 
about two thirds the greatest width of  the I st pleura .  The free portion 
consists of a rapidly tapering  spine, which seems to have been rather 
short ; its outer margin ,  which is a lmost straight, is nearly paral le l  to the 
median I ine of the pygidium . This pleura is unfurrowed and its surface 
is slightly ridged-up proximally and grows more flattened distally. Each 
pleura of the 3d pair has a short, n arrow , unfurrowed anterior  attached 
portion ,  which is  directed nearly straight backwards and separated on the 
inside from the terminal piece by a deep narrow furrow , i t s  surface is 
distinctly swollen in front ,  hut posterior ly on ly gent! y rounded ; the poste
rior portion of this pleura is not preserved. The surface of the pygidium ,  
except in  the furrows, i s  finely granulated . 

A typical Clteirurus hypostoma, measuring about I Z  mm.  in length, 
from Kallholn i n  ISBERG 's  collection at Lund seems also to belong to this 
species. The central body is moderately convex, sub-ovate i n  out l ine, 
strongly taperi n g posteriorly, distinctly rounded behind,  as weil as i n  front,  
and marked at the sides, near the posterior end,  by a pair of rather short ,  
very oblique furrows . The anterior border and the anterior wings are 
broken off. The lateral and posterior borders form a narrow, continuous 
band, which is separated from the body by a deep furrow, gently rounded 
an teriorly, growing flatter posteriorly, widest just behind the anterior 
wings and at the sharply angulated postero - lateral corners ; behind in  the 
middle the border i s  produced i nto a short point, hut this is  so steeply 
inclined that when the hypostoma i s  seen in ventral aspect the posterior 
margin appears to  be qu ite straight. The surface of the body and the 
borders is finely granulated. 

A ffi n i t i e s .  - The chief characters in which this species differs 
from Ch. speciosus Hrs. and Ch. Törnqut'sti n .  sp. ( = Ch. insig-nis TöRN
QUIST non BEYRICH ; c f. below p.  348) have already been pointed out by 
TöRNQUIST ( I 905 , p. 456 ; I 884, p .  I 3 ) and need not be repeated here. 
It does not seem to be especially closely related to either of  these spe
cies. Its affinities seem rather to be with Cheirurus keisleyensis REED 
(REED 1 896, p .  4 1 7 , PI. XX. figs. 7-9 ; 1 9 1 4, p. 45 ) .  The cranidia which 
have been referred to,  and which seem to belong to, the latter species 
(which was originally founded on the pygidiu rn ) are not very weil preserved . 
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However, to j udge from REED 's figure and  descriptions, a s  weil a s  from 
specimens from Keisley and from the Girvan district, which I have had the 
opportunity to examine  i n  different English Museums, they are very l ike 
those of  our species, but differ  i n  some features ; the glabella appears to 
be samewhat mo re strongly convex and of  a squarer shape ; the lateral 
glabellar furrows seem to have a straighter a nd more hurizontal course 
and to reach farther inwards, or at ! east to be more strongly impressed 
proximally ; and the palpebral lobes seem to be situated somewhat farther 
forwards .  To judge from REED 's figure and description of  the type spe
cimen of Ch. keisleyensis, the pygidium d iffers from that which appears to 
bel on g to Ch. C!asoni in the following characters : the more gently convex 
axis ; the more d istant fulcrum ; the somewhat broader anterior pair  of pleurce, 
whose free porti ons bend more strongly backwards beyond the fulerum 
and, as i t  appears, attain a greater length ; the curved anterior i nterpleural 
furrows, which posteriorly are d i rected very strongly backwards, and do 
not meet the outer margins of  the free portions of the zd pleurce at d i st inct 
angles ; and in  the somewhat differently shaped, more backwards d irected,  
and d ista l ly more rounded zd  pleurce. 

H o r i z o n  a n d  L o c a l it i e s . - Upper Leptcena Limestone ;  Kallholn , 
Unskarsheden , Lissberg, Arfvet, Vestanå, Osmundsberg (at the latter 
locality pygid ium only) .  

Cheirurus punctatus ANGELIN . Pl .  IX,  figs. 1 5- 1 7 ;  text-fig. 23. 

1 8 54 .  Chirurus pzmdatus, A N G ELn.; , p.  79, PI. XXXIX,  figs . 1 7- 1 7  a .  

R e m a rk s. - In  the old collection in  the State Museum o f  Natural 
History the writer has found ,  together with the specimens of Ch. glaber 
ANG. used by ANGELIN, a smal l  cranidium, which does not belong to 
this species, but appears to be ANGELIN 's  type speci
men of Ch. punctatus. The specimen i s  fragmentary 
- the formost portion of the glabella is for instance 
lacking - and in  a poor state of  preservation  and it 
is d ifficult to d iscern the characters clearly. In ANGE
LIN ' s figures some of the missing parts are evidently 
restared - if this really i s  his type specimen ,  of  which 
I feel almost certai n - and they are not quite reliable. 1 

The specimen shows, as far as i t  is preserved, a 
great resemblance to the cran id ia  of Ch. Clasoni. The 

Fig. 23 .  Clteirurus 
punctatus ANG. Im· 
perfeet cranidium.  
Pro�ably the type 
spectmen . X 2.  State 

Mus. Nat. Hist .  

glabella seems, however, to have been broader in relat ion to its length, 
the frontal glabel lar lobe to have been comparatively shorter, and the 
outer portions of the basal lateral glabellar furrows are d irected less strongly 
backwards. The i nner, h ind most, portions of these furrows are very weak, 

1 In the figures given below on PI.  I X  (figs. 1 6 - 1 7) t he antero-lateral portions are 
restared o n  the left side.  
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which may be partly due to the state of preservation .  The basal lateral 
glabellar lobes are sub-triangular rather then sub-quadrate,  as they seem 
to be in  ANGELIN 's  fig.  1 7  b, but not so truly triangular as in Ch. C!asoni. 
The surface of the glabella i s  granulated ,  and  the granulation is about as 
coarse as in small specimens of the species j ust mentioned ; on the other 
portions the surface i s  badly preserved and no granules are observable. 
The free cheek in  front of  the posterior border fu rrow is  finely pitted.  

It does not seem impossible that this specimen represents  only a 
young individual of Ch. Clasoni, but anyhow i t  seeros as if TöRNQU IST's 
name ,  although younger, ought to be kept, since it  is  not possible to 
recogn ize the true characters of A NGELIN 's species either from his figures 
and diagnosis or from this specimen. 

H o r i  z o n  a n d  L o c a l i ty . - ANGELIN stated that the species occurred 
in the Leptcena Limestone in  Dalarne ,  but did not mention at which 
local ity it had been found ,  and on the label accompanying this specimen 
(and the specimens of  Ch. g/aber) Dalarne i s  the only locality-name given. 
To j udge from the appearance of the rock it seerns to be from the Upper 
Leptcena . Limestone, and i t appears probable that it has been found e i ther 
at Osmundsberg, Arfvet or Vestanå. 

Cheirurus Törnquisti n .  sp .  PI .  IX, figs. 1 8 - 19 .  

r 884. Chirunts inszj;nis, TöRNQUIST, p. 12 , PI.  I, fig .  9· 

S p e c i fi c  C h a r a c t e r s .  - Cephalon sub-semiell iptical in  outl ine ,  
the length alon g the median I ine rather more than three fi fths the w idth 
at leve! of occ ip i tal ring ; with gena! angles prolonged into spines (imper
fectly preserved) , which appear to have been slender and directed nearly 
straight backwards .  

Glabella bordered laterally by deeply impressed, narrow axia l  furrows, 
rather stron gly corivex in front with steep anterior slope, growing more 
gently convex posteriorly, rounded in  front, broadest at anterior margin ,  
tapering  posteriorly to rather less  than two thirds i ts anterior w idth and 
occupying at occip ita l  furrow somewhat more than one third the  enti re 
width of  cephalon .  Frontal lobe occupying rather more than half the 
length of  glabel la .  Anter ior pair of  lateral glabellar lobes rather sm all ,  
sub-rectangular.  2d  pair of lateral lobes samewhat smal ler than anterior 
pair ,  w idest with in ,  gently taperi ng to axial fu rrows. Basal pair of lateral 
lobes ·comparatively !arge, sub- triangular. Anterior two pairs o f  l ateral g la 
bellar furrows strongly impressed,  narrow, directed nearly straight inwards ,  
extend ing somewhat more than half-way from axial furrO\vs to median I ine 
of  glabella .  Basal pair directed obliquely inwards and backwards, narrow, 
deeply impressed for the greater part of their length, but growing shal l 
ower  a l itt le before reaching occipital furrow ; the  d i stance between their 
inner extremities about one fourth the width of  glabel la at  base . Occi-
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pital fu rrow shallow and strongly arehed forwards in middle, deep at sides .  
Occipital ring  broad in middle ,  narrowing laterally, rather strongly arehed 
transversally, its surface higher than that of glabella on  median Iine and 
sloping downwards anteriorly. Anterior border of cranidium narrow,  
rounded and d istinctly marked off at s ides ,  incorporated in  glabella in  
the middle. 

Fixed cheeks sloping rather strongly downwards anteriorly and later
ally with convex surface .  The palpebral lobes ( imperfectly preserved ) 
seem to have been situated rather far forward with their middle points in 
fron t  of  leve! of  2d lateral glabellar furrows. Posterior borders narrow 
and gently raised within,  increasing in width and growing more flattened 
laterally, marked off by narrow, rather deep furrows, which at the gena! 
angles become confluent w ith the lateral border furrows, being joined by 
a rather gentle curve.  Posterior margins of cheeks di rected nearly straight 
outwards and downwards.  Anter ior branches of facial sutures s l ightly 
converg ing anteriorly to horder, then bending strongly i nwards ; posterior 
branches runn ing from palpebral lobes nearly straight outwards and down
wards to lateral horders, then bending obliquely backwards. 

Test of entire cranid ium ,  except in tbe fu rrows, very finely granu
lated ; surface o f  fixed cheeks, excepting bord ers ,  furrows and palpebral 
lobes, marked by rounded pits of  d ifferent s izes, though all rather smal l ,  
placed rather close together. 

D i m e n s i o n s. - The dimensions of the type specimen (cranidi um) 
are : length along median l ine 17 mm. ,  width at level of  occipital furrow 
about 26 mm., length of glabella 14 mm. ,  width of do. across frontal lobe 
14 mm. ,  width of do. at base 9 mm. 

R e m a r k s . - The above description i s  based on a s ingle somewhat 
incomplete cranid ium from Boda in the Lund Museum. The specimen 
has ear i i  er been figured by TöRNQUIST ( 1 884, PI. I ,  fig. 9) ,  who referred 
i t  to Ch. insignis BARR. (Cf. below) .  

Two fragmentary thoracic segments found by TöRNQC'IST at  the 
same local ity belong evidently to the same species ( Cf. TöRNQUIST, op .  
cit . , p .  1 3 ) .  They show, as far as they are preserved ,  the typical ch a
racters of the genus, but differ i n  some features from the thoracic  seg
ments described above (p .  344) as probably belonging to C'h. Clasoni, the 
inner portious of  the pleurce being somewhat shorter (longi tudinally) i n  
relation t o  their own width, a n d  the furrows which separate these from 
the outer portions bein g  weaker. 

A ffi n i t i e s .  - As al read y mentioned above, TöRNQUIST attributed 
this cran id ium to Ch. insignis BEYR. (BEYRICH, 1845 , p. 1 2 , Pl . , fig .  r ;  
BARRANDE 1 8 5 2 ,  p .  782 ,  Pl. XLI,  tigs. r - 1 3 ) .  It shows, however, some 
important d ifferences from the cran idia of  the Bohemian form, which seem 
to prove the necessity to refer i t  to a separate species. In Cft. inszg·nis 

the l ateral g l abellar furrows and the posterior border furrows on the fixed 
cheeks are considerably broader than in  the cranidium from Boda ,  the 
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middle portion of  the occipital furrow is much wider, the granulation of the 
cranid ium very much coarser, and the pits on the cheeks larger. To judge 
from the figures available and from a cranidium - from the same local ity 
as BEYRICH's type specimen,  St. Ivan - in  the Upsala Museum, it seems  
as i f  the  glabella of  the  Bohemian form was  somewhat less convex and  
of a somewhat d ifferent  shape, being less expanded in  front ,  but according 
to BARRANDE (Op .  cit. , p .  783) the specimens vary rather much in  these 
characters . 

The species, as represented by the cranid ium,  is easely distinguished 
from the other species found in the Lept<ena Limestone and does not 
bear a c lose resemblance to any other described form. 

H o r i z o n  a n d  L o c a l i t y. - Upper Lept<ena Limestone (according 
to TöRNQUIST in a lower bed than Ch. Clasoni) ; Boda. 

Cheirurus glaber ANGELIN. PI. IX, figs. 1 2 - 1 3 . 

1 8 5 4 .  Chirurus g/aber, ANGE l.! N, p. 79 ,  PI. XXXIX,  figs . 1 6- 1 6 a . 
1 896.  Cheirurus cf. g/aber, REED,  p . 420 
1 90 1 .  Chirurus glaber, LINDSTR Ö M ,  p .  5 0 ,  PI. III ,  fig. 1 1 .  

S p e c i fi c  C h a r a c t e r s. - Cephalon (exclusive o f  gena! spines) sub
semicircular in  outline, the length along the median I ine being sl ightly 
less than half the width at leve! of  occipital ring ; with rather slender, 
tapering, pointed gena! spines projecting obliquely backwards. 

Glabella bordered laterally by strongly impressed axial  furrows, mod
erately convex with rather gentie an terior slope, sl ightly longer than 
wide, broadly rounded in front, widest at anterior margin ,  taper ing poste
riorly to about five sixths its frontal width and occupying at posterior 
margin about one th ird . the entire width of  cephalon . Frontal lobe occupy
ing less than two fifths the entire length of  glabella. Anterior pair of 
lateral glabellar l obes small , sub-rectangular with the longer axes directed 
outwards .  2d pair rather smaller than anterior pai r ,  widest within ,  growing 
very narrow lateral ly. Basal pair  comparatively !arge, sub-triangular. An
terior pair of lateral glabellar furrows strong and deep, rounded in the 
bottom, generally sl ightly curved, and di rected s l ightly backwards at their 
i nner extremities, extending rather more than two thirds the dista nce from 
axial furrows to median I ine of glabella. 2d  pair similar to anterior pair, 
but straighter and somewhat shorter, the distance between their inner 
extremities about equal to their length .  Basal pair deeper than the others 
and runn ing from axial furrows obliquely inwards and backwards a l i tt le 
more than half-way to med ian I ine of  glabella ,  then bending more strongly 
backwards and cont inued as shallow grooves to occipital furrow 1 ;  the 

1 In the figure  of t h e  type spec imen given below (Pl . IX,  fig. 1 3) these groaves  
ought t o  have been s a m ewhat m ore pro n o unced , a n d  the a n terior portions of the furrows 
directed slightly m ore backwards .  
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distance between their inner extremities more than one third the basal 
width of glabella. Occipital furrow of moderate width, shallow and arehed 
forwards in  middle behind central gl abellar lobe ; its side portions narrower 
and deeper .  Occipital ring rather  broad in middle ,  narrowing towards 
the sides, moderately arehed transversally ; its surface samewhat higher 
than that of glabella on median I ine and sloping gently downwards from 
posterior ed ge to occipital furrow ; its posterior marg in  gent! y arehed 
backwards. Anterior border of  cranidium narrow, gently rounded and 
distinctly marked off at sides, becoming i ncorporated in glabella in the 
middle in  front, where, however, on interior casts a weak groove indicates 
the boundary between the glabella proper and the portion formed by the 
barder, which is samewhat wider  here than at sides. 

Cheeks sloping rather strongly downwards laterally and anteriorly 
with gent! y convex surface ; their posterior margins d i rected slightly for
w ards to bases of gena! spines. Eye lobes smal l ,  situated opposite 2d 
l ateral glabel lar furrows, at a marked distance from glabella. Palpebral 
lobes narrow, sub-crescentic , marked off by weak furrows. Eyes rather  
high , strongly convex, w i th  smal l  rounded !enses, and supported by 
distinctly raised lower  eyelids. Lateral borders of  moderate width, gently 
rounded ,  marked off by strong furrows. Posterior borders narrow and 
strongly raised proximally, growing samewhat wider and more flattened 
distal ly, marked off by strong furrows, which meet lateral border furrows 
at slightly acute augles at bases of gena !  spines. Gena! spines samewhat 
less than two thirds the length of cephalon along median Iine, d i rected 
obliquely backwards ;  their anterior portions, at !east, with gently rounded 
surface (only imprint of  posterior portion preserved) .  Anterior branches 
of facial sutures converging slightly anteriorly to barder, then bending 
strongiy inwards ; posterior branches running nearly paraHel to posterior 
margins  of cheeks to lateral borders, then bending strongly backwards to 
cut lateral margins at bases of gena! spines. 

The surface of  the cephalon, which is badly preserved ,  seems to 
have been very finely granulated and on most portions marked by small , 
rounded pits scattered among the granules ; on the fixed cheeks,  in front 
of the posterior border furrows, the pits are placed more closely together, 
and the largest ones occur here. 

D i m e n s i o n s . - The dimensions of the type specimen , which is 
one of the largest found , are : length of cephalon along median I ine I 5  
mm. ,  width at leve! of occipital ring 3 I , s  mm. ,  length o f  glabella a long 
median Iine r 2, 5  mm. ,  width of  do. across frontal lobe I2 mm. ,  width of 
do. across basal l ateral lobes 10 mm . 

R e m a rk s  a n d  A ffi n i t i e s .  - The above description is drawn up 
from the type specimen and the other specimens used by ANGELIN (viz .  
one nearly complete cephalon and three cranidia) , which are the only ones 
h i therto found in the Leptcena Limestone.  They consist of interna! casts , 
and i n  some cases portions of the intaglio showing the inner surface 



E LSA WARBURG 

of the test are also preserved . ANGELIN described the surface of the 
glabella as smooth , but  that i s  not the case (Cf. above), though the orna
mentation is inconspicuo).IS. 

The cranidium from the Keisley Limestone in the Sedgwick Museum 
in Cambridge recorded by REED ( 1 896, p .  420) as Ch. c f. glaber agrees 
closely in  character with those from the Lept<ena Limestone and belongs 
evidently to the same species. Its basal lateral glabel lar lobes appear to 
be somewhat better defined with in ,  but this character seems to vary a 
l ittle in most species ; moreover the difference ma y in this case depend 
on the different state of preservation .  

Ch. cf. glaber SCHMIDT (SCHMIDT r 88 r ,  p.  1 5 1 ,  P I .  VII, figs. 1 8  a-b) 
on the other hand ,  is  a quite different species and seems to be a Ceraurusj 
it shows among other Ceraurus characters a weil defined, rather broad 
anterior border to the cranid ium and weil developed eye ridges . 

Ch. glaber is easely d istinguished from Ch. Clasoni a n d Ch. Törn
quisti by the shape of the glabella ,  the short frontal glabellar lobe and 
the characters of  the lateral glabel lar furrows ,  and it  does not hear any 
close resemblance to any other described species. 

H o r i z o n s  a n d  L o c a l i t i e s . - ANGELIN did not state at which 
locality this species had been found,  but only that it occurs in Dalarne in  the 
Lepta:na Limestone ; neither is the local i ty-name noted on the label accom
panying the specimens. To j udge from the appearance of  the rock, and 
also from the c ircumstance that it occurs i n  the Keisley Limestone, it 
seems to occur in the Upper Lepta:na Limestone ,  and i t  appears probable 
that the specimens have been found either at Osmundsberg, Arfvet or 
Vestanå. 

Ou ts ide Dalarne the species has been found in the Keisley L imestone 
at Keisley in England .  

Cheirurus sp. i nd .  a .  PI .  IX ,  fig .  ro. 

R e m a r k s. - A fragmentary pygidium from Vestanå in the M u
seum of the GeologicaJ Survey recalls ,  as fa r as the same portions are 
preserved, the pygidium tentatively referred above (p .  345 ) to Ch. Clasoni, 
but it d iffers in some features and seems to belong to another species 
of Cheirurus. 

The axis, which is very fragmentarily preserved ,  seems to have been 
gently convex and is triaugular in  outline, tapering rapidly posteriorly ; it 
consists of 3 rounded axial r i ngs and a gently convex, sub-triaugular ter
minal piece. The axial furrows are weak and interrupted as in the pygi
dium j ust mentioned .  The anterior and 2d pleur<e (whose posterior ends 
are not prcserved) seem to be of the same type as in  this, but d iffer in 
the fol lowing characters : in  the anterior pleura the fulerum i s  more remote 
and the free portion is d irected more strongly backwards and is  more 
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rounded and slender ; the 2d  pleura i s  a s  a whole more slender and i ts 
outer portion more rounded . The 3 d  pleur<e are sub-paral le l ,  more gently 
rounded than the p receding ones, very narrow anteriorly and widen posteri
orly, embracing th e sides of the term inal piece of the axis ; beyond this 
they become free and are produced in to spines, which are of  about 
the same length as the anterior attached portion s ,  hut do not reach as 
far back as the spines of  the 2 anterior pairs .  The ornamentation of  the 
test consi sts of  closely set granules ,  samewhat coarser than those wh ich 
occur  on the surface of the other Cheirurus pygid ia  which have been 
found in the Lept<ena Limestone. 

This  pygidium i s  of  i nterest because , in  most characters, i t  bears a 
rather close resemblance to those of Ck keisleyensis and Clt. subulatus, 
hut at the same t ime differs less from the Clt. insignis type .  (Cf. above,  
p.  34 1 . )  

In the ornamentation of the test  th is  pygid ium resembles the cran i 
d ium of Ch. punctatus and the  small cran id ia  of Ch. Clasoni. I t  differs 
too m uch from the pygid ia  which appear to belong to the latter, to be 
attributed to this species, hut, provided that the two species are not  
identical (Cf. above ,  p .  348 ) ,  i t  does not seem i mprobable that i t  may 
belon g to the former. 

H o r i z o n  a n d  L o c a l i t y. - Upper Lept<ena  Limestone ; Vestanå .  

Cheirurus sp. ind .  b .  PI .  IX, fig.  I r .  

R e  m a r k s . - A fragmentary pygid ium ,  measuring J 3 m m .  along the 
median I ine (articulat ing hal f- r ing exc luded) ,  from Boda in the Lun d Mu
seum,  seems to represent a new species of C!zeirurus, or perhaps i t  may 
belong to Ch. Törnquisti (p .  348) . 

The axis i s  sub-tr iangular i n  outl ine and rather gently convex, and 
the 3 axia l  r ings less rounded, hut  otherwise s imi lar to those of the pygi 
d ium tentatively referred above (p .  345)  to Clz. Clasoni, and , as in  this ,  
the axial furrows are weak and i nterrupted .  Behind the 3 d  axial ring is 
a rather Iong,  narrow. terminal piece, which an teriorly i s  rather gently 
convex, nearly parallel-s ided, and bounded l ateral ly by short, deep furrows ;  
beh ind  the extremities of  the furrows i t  tapers slightly posterior ly ,  grows 
more fiattened ,  and is ind istinctly marked off, by very weak grooves, from 
the 3d  p leur<e, between whose free ends  i t  terminates i n  a very obtuse poin t .  
The s ide  lo bes  consist of  3 pairs of  pleur<e with free ends .  The i n terpleural 
furrows are nearly straight, of moderate width and deeply impressed , hut 
growing shal lower and narrower adjacent to the margins ; the I st ones 
making angles of  about 2 5° to the median I ine of  the pygidium ,  and 
extending backwards a little beyond the leve! of  the 3d  axial ri ng furrow ; 
the 2d ones extend ing samewhat farther backwards and sub-parallel .  The 

2 3 - m•• . Bull. o.f Geol. Vol. X VII. 
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I st p leura is the - largest ; its greatest width seems to have been rather 
more than twice the greatest w idth of the 2d one. Its proximal portion 
is furnished with a narrow, depressed arti culati ng  band along the stra ight ,  
harizontal anterior edge,  and is marked by a short ,  deep, obl ique furrow, 
which d ivides the s urface into two rounded p leural bands ; the d istal, free 
portion of this p leura is not preserved. The 2d and 3d pleurce are un� 
furrowed, and each consists of  a relatively Iong attached port ion and a 
short free po int ; their greatest width is across the bases of the fr e e por
t ions, the 3d pleura attain ing about half the width of the 2d one.  Their 
surfaces are gently rounded adjacent to the axis, but grow flattened posteri
orly. The surface of  the pygid ium is ,  except i n  the furrows, fine ly 
granulated .  

H o r i z o n  a n d  L o c a l i t y. - Upper  Leptcena Limestone ; Boda. 

Cheirurus sp. i nd .  c. PI .  IX, fig. 1 4. 

R e m  a r k s . - A hypostoma, measur ing I I mm.  i n  length, from Öst� 
björka in the State Museum of Natural History resembles c losely the one 
described above (p .  346) as probably belonging to Ch. Clasoni, but the 
central body has its sides a tr ifle more paral le l  and the posterior end 
broader and more obtuse. Otherwise th ere i s  n o  apparent difference be
tween the two, and poss ib ly they may be re ferable to the same species,  
but i t  seerus more probable that they belong to d ifferen t ones. In point 
of s ize this hypostom a  would su it  the cranid ia  o f  CJz. Törnquisti or C!t. 
g-laber, but  also the smal ler  ones o f  Clz. Ctasoni. 

H o r i z o n  a n d  L o c a l i t y .  - Upper Leptcena Limestone ; Östbjörka .  

Genus  Ceraurus GREEN (RAYMOND and BARTON). 

Ceraurus latifrons n .  sp .  PI. IX, figs. 2 I -22 .  

S p e  c i fi c C h a r a c t e r s . - Glabel l a  bordered at sides by strong axial 
furrows and anteriorly by n arrow, but throughout dist inctly impressed . 
preglabellar (or anterior horder) furrow,  moderately convex, samewhat 
longer t han w ide ,  widest a cross 2d pai r of  lateral lobes, sl ightly narrowing 
posteriorly and occupyi ng  at base nearly two fifths the entire width of  
cephalon , broadly rounded i n  front w i th  a flatten ing of the  curvature i n  
the middle ; marked by 3 pairs of  short, equ id istan t  lateral furrows ; the 
2 anterior pa i rs nearly tra nsverse and extend ing less than one fourth the 
width of  glabel la ; basal pa i r  samewhat longer and d i rected s l ight ly back
wards, not reaching occip ital  furrow,  but connected w i th this by very 
weak constrictions .  Frontal lobe short, occupying  only about one fourth 
the entire length of glabel la .  Anterior  and  2d pair of  lateral glabell a r  
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lobes bent down laterally with general curvature of glabella. Basal lobes 
with slight independent convexi ty, samewhat wider than precedin g  ones 
at axial furrows, narrowing proximally. Occipital furrow narrow and deep 
behind  basal lateral glabel lar lobes, wider and much shallower, but· not 
arehed forwards, in its median portion .  Occi p i ta l  ring rather narrow,  
scarcely w ider i n  midd le  than at  s ides ,  strongly arehed transversally, 
rounded longitudinal ly.  The anterior border of the cran idium ( imperfectly 
preserved) seems to have been very narrow i n  the midd le ,  widening a 
l itt le at sides ; its su rface not confluent with that of glabella in front, but  
throughout wei l  marked off from thi s .  

Fixed cheeks convex, sloping gently downwards anteriorly, sl ightly 
but distinctly raised above axial fu rrows, with a short ,  gentie i nner slope 
and a Iong,  steep outer slope. Palpebral l obes (not preserved) placed at 
a marked d istance from glabel la  and with the i r  middle points,  as  it seems ,  
a little beh ind  leve! o f  2d lateral glabellar furrows, marked off with in  by 
rathe r broad,  shallow furrows .  Eye ri dges we i l  developed,  rather broad , 
gently raised and rounded, running from axial  furrows opposite antero
l ateral extremities of frontal glabel lar lobe obl iquely backwards and out
wards to palpebral lobes, marked off by dist inctly impressed furrows . 
Borders of  fixed cheeks rounded, marked off by strong, cont inuous furrows 
and prolonged into broad-based gena! spines (not preserved) ; lateral bor
ders broad ; posterior borders narrow, widen ing sl ightly laterall y. Poste
rior  margins  of  cheeks runn ing  sl ightly forwards to bases of sp ines .  Arr
ter ior branches of fac ia l  suture!:i rather strongly converging anteriorly ; 
posterior branches running from palpebral lobes outwards ,  downwards, and  
sl ightly backwards to lateral borders, then bend ing  more strongly back· 
wards, to cut  lateral marg ins near bases of  gena! sp ines .  

Surface of  cran id ium,  except  i n  the fu rrows ,  covered wi th irregularly 
placed, rather small tubercles and  granu les of different sizes ; on the por
tions of th e cheeks lying beh i nd  and inside the eye . ridges and palpebral 
lobes and in front of  the poster ior  horders, the tubercles are rather  far 
apart and the interspaces marked by rounded pits of moderate sizes .  

D i m e n s i o n s. - In the best preserved and largest cran id ium ob
served,  the length a Iong the med i an I ine is 1 2  mm. and the width at th e 
leve! of  the occip i tal furrow approximately 2 1  mm . ;  in the smallest one,  
the length along the median I i ne seems to have been about 9 mm. 

R e m a rk s  a n d  A ffi n i t i e s .  - Two samewhat fragmentary cran id ia  
from Kul lsberg, one  i n  ISBERG's  collection i n  Lund ,  the other in the 
Upsala  Museum,  appear  to represent  a new species referable to Ceraurus . 
There is also i n  the Upsala Museum a crushed and distorted , incomplete 
cranid i um from the lowest part of  the Lower Lept�na  L imestone at Am
tjärn Quarry, which seems to belong to this species. 

On  the whole these cranid ia agree, as far as they are preserved , in 
their chief characters with those of  the typical species of  Ceraurus (Cf. 
BARTON, 1 9 1 5 ,  p .  1 3 5 ) .  The fixed cheeks are ,  however, very convex, 
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with the outer portions bent downwards nearly vertical ly, and, as a con
sequence of  this ,  the glabella i s  comparatively wide in relation to the 
enti re width of the cranid ium.  The anterior border appears to have been 
very narrow i n  front ,  but i t  is ,  throughout ,  weil marked off from the 
glabella. 

This species does not appear to be especially closely related to any 
previously described species of Cerazn�us, and therefore a more detailed 
comparison with any of them seems unnecessary. 

H o r i z o n  a n d  L o c a l i t i e s . - Lower Lepta::na Limestone ; Kullsberg, 
Amtjärn Quarry. 

Genus Pseudosphrerexochus SCHMIDT. 

Pseudosphrerexochus granulatus ANGELIN. P I .  X, figs. 8- 1 5 , 1 7- 1 8 . 

1 8 54·  Sphtl!rexocltus granulatus ANGELI N ,  p. 76, PI.  XXXIX, figs. 3 - 3  a .  
1 884. Pseudospfttl!rexocltus conformis TöRNQUIST, p. 1 8 , P l.  I ,  fig.  1 2 .  

S p e c i fi c  C h a r a e t e r s . - Cephalon strongly eonvex, roughly semi
oval in  outl ine ,  somewhat less than two thirds as Iong as wide. 

Glabella ! arge ,  oeeupying at base nearly half the width of  entire 
eephalon, bounded all round by strong furrows, strongly and rather evenly 
convex, sloping steeply downwards and overhanging anteriorly, sub-oval 
in outline, with the base truneated, somewhat wider than Iong, i ts  greatest 
width aeross seeond pair of  lateral lobes nearly equal to distanee along 
median I ine  between anterior and posterior margins ; its anterior margin 
rather narrowly rounded, but the anterior outl ine forming, when the gla
bel la is viewed in dorsal aspeet, a nearly true semieircle. 3 pairs of lateral 
glabellar fu rrows present ;  the two anterior pairs narrow and rather shallow, 
sub- paral lel ,  nearly at right angles to axial fu rrows, extending rather less 
than hal f-way up sides of  glabel la - the seeond pair the longest of 
the t wo ; first pair situated close to front end of  glabell a ;  seeond pair 
begin ning in  axial furrows about hal f.way between preceding and following 
pairs ; basal pair of  furrows longer and mueh stronger than the others, 
beginning in  axial furrows somewhat nearer preceding pair than occipital 
fu rrow and eurving obl iquely inwards and backwards ,  not eonnected with 
occi pital furrow ; the d istance between their inner extremi ties greater than 
the distance from these to axial furrows and about twice the distance to 
occipital furrow. Occipital  ring of  regu lar width, narrowing sl ightly towards 
the sides , strongly arehed transversally, and with the surface flattened , or 
very gently rounded,  longitudinally. Anterior border of  cranid ium of 
moderate width, with nearly straight anterior edge , projecting sl ightly in  
front of free eheeks. 

Cheeks sloping steeply down wards with convex surface to lateral 
border furrows . Eye lobes rather small ,  situated opposite seeond lateral 
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glabellar l obes, o r  extending a l i tt le behind these, rather close to glabella, 
but on a lower leve! ,  the portions of the cheeks inside them sloping 
rather steeply downwards laterally. Palpebral lobes sub-crescentic ,  rel a 
t ively broad , bent strongly upwards,  marked off by narrow, dist inctly 
impressed fu rrows .  (Eyes not p reserved. ] Posterior borders of  cheeks 
raised and rounded and rather narro\v adj acent to axial furrows, decreasing 
in width and stil l more so in  height laterally, marked off by deep not 
very broad furrows, which curve forwards at gena! augles to meet the 
shallower and broader lateral border  fu rrows. Lateral borders of moderate 
width , narrowing sl ightly anteriorly.  Gena! spines slender,  rounded, rela
t ively Iong for this genus, their length being mo re than on e fourth of the 
length of  glabel la ,  d irected obliquely backwards, outwards,  and u pwards .  
Anterior branches of facial sutures running obliquely forwards and i nwards 
in  sl ightly outwards comrex curves, sub-parallel to axial furrows ; posterior 
branches curving obliquely outwards, backwards ,  and downwards to lateral 
horders, then bending st rongly backwards to cut margins  just outside 
bases of gena! spines. 

Pygidium of four  segments. Axis sub-triangular, indistinctly defined 
posteriorly, rather  strongly convex i n  front, growing less convex posteri 
orly ; composed o f  two dis tinctly defined and strongly rounded axial rings, 
a third , a more gently rounded one, incompletely or indistinctly defined 
in the m iddle behind ,  and at the rear of  this a small terminal piece, 
which i s  confluent with the posterior pair of  pleur<e. Anterior two axial 
r ing fu rrows strong, nearly transverse in  m iddle ,  curving backwards at 
sides and terminating  in deep, rounded p it s ; third furrow almost entirely 
obsolete in middle ,  formin  g at sides be hind lateral portions of third axial ri ng 
deep, elongated,  slightly oblique pits or  impressions. Axial  furrows narrow, 
but distinctly impressed outside anterior axial ring, much weaker outside 
seeond ring, becoming obsolete posteriorly. Side lobes flattened and 
horizontally extended i n  front proximally, the lateral and posterior por
t ions curving obl iquely upwards ; composed of 4 pairs of pleur<e with 
short proximal attached portions - growing successively shorter poster i 
orly - and Iong d istal free portions ; the latter forming slender ,  rounded ,  
sub-equal, nearly straight ,  radiat ing spines, those of  the firs t  pa i r  bend ing  
back at an angle of  30° to 45°  to the  straight, t ransverse anteri or edges 
of  the side lobes ; the extremit ies of  the 8 spines placed at about equal 
distances apart. Inner portion of  each pleura of the first pair with short 
punctate furrow - apparently formed by two elongated and almost con
fluent punct<e - and narrow, depressed art iculati ng  band on anterior 
edge widening at fulerum into small sub-triaugular articulat i n g  p iece .  
Second pleura with faint  traces of  one or two punct<e on inner por
t ion ; fol lowing pleur<e without furrows or punct<e. First pair  of inter
pleural furrows rather strong ; seeond pair much weaker ; th ird pair almost, 
or ent i rely, obsolete . 

Surface of cephalon and pygid i um ,  except in the fu rrows,  ornamented 
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wi th rather sparsely distr ibuted small tuberdes of different sizes and 
between the tuberdes minute granules ; portions of cheeks i nside the 
bounding furrows having in add i tion small pitti ngs. 

D i m en s i o n s . - In ANGELIN's type spec i men the d istance along 
the median I ine between the anterior and posterior margins of  the glabella 
is approx imately I 7  mm . and the greatest w idth of the latter I 6, 5  mm . 
In another, smaller, cran idium the d istance along the median Iine between 
the margins is I 3 mm. ,  the width at the leve! of the occipital furrow I 9  
mm. ,  the d istance along the med ian I ine between the anterior and poste
rior margins of the glabel la  j ust over I I mm. , and the greatest width of 
the latter I I mm. In a !arge fragmentary cranidium, the very !arges t 
observed , the distance between the anterior and posterior margins  of the 
glabel la  seerus to have been 27 to 28  mm.  

Re m a r k s . - ·  This  species is one of  the most common trilobites i n  
the Lower Leptcena Limestone. I t  was  or iginal ly founded by  ANGELIN 
(Op. c i t . )  on a fragmentary cranidi um  from Furudal , which i s  now in  t he  
State Museum of  Natural History. Later on TöRNQUIST (Op .  c i t. ) under  the 
name of Ps. confonnis ANG. figured a more complete cephalon from the 
same local ity and gave a brief descript ion of its characters. He stated 
that ANGELIN's figured type specimen of Ps. granulatus could not be 
d ist inguished from Ps. conformis, hut suggested that possibly ANGELIN 's  
diagnosis of  Ps. granulatus was founded on another specimen. His  state· 
ment was ev idently correct as far as it cancerned the specific identity of 
the forms,  namely that ANGELIN's type specimen of  Ps. granulatus and 
the specimen figured by TöRNQUIST as Ps. conformis belong to the same 
species ,  but th is  species seems to be the true Ps. granulatus and Ps. 
conjirmis ANG. {ANGELIN, 1 854, p .  76, PI. XXXIX, figs. 2-2 a) - of 
which the type specimen unfortunately i s  lost - seems to be a dist inct ,  
though closely al l ied, species, which belongs to the fauna of  the Upper 
Leptcena L imestone . ANGELIN had evidently a very sharp eye for 
detect ing the d ifferences between the species, and these diss imi l arities are 
generally ind icated,  rather than correctly given, in h i s  short diagnosis and 
almost always unsati s factory figures. The difference between the two 
species is , accord ing to his diagnosis ,  that Ps. granulatus has the central 
lobe of  the glabella wider posteriorly than the basal lateral lobes - as 
is the case in the species now under consideration - whereas i t is  narrower 
i n  Ps. conformis .  He stated that the former was tubercu lated or  grann · 
lated ( »granulatus » ) and the latter fin  el y tuberculated or granulated ( » minute 
granulatus » ) ;  som e furthe r features in  w h i  ch this d iffers are indicated in  
h is  figures and shown in the form, wh ich I believe referable to this species 
(Cf. below, p. 360) . 1 

1 ScHMIDT h a d  s o m e  years earlier ( r 88 r ,  p. 1 76) than TöRNQUIST disenssed the two 
forms,  a n d  it seems as  if  h e  also was in clined to  regard them as  belonging to the same 
species , Ps. ![ranulatus possibly as a variety o f  Ps. conformis ; his statements are n o t  
quite c l e a r .  It appears t o  m e  p r o b a b l e  t h a t  the s p e c i m e n s  of  » Ps. conformis» from the 
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Some more or less fragmentary pygid ia from Kullsberg in the Upsala 
Museum belong apparently to Ps. grmzulatus, and there are also a frag
ment of a thoraci c  segment and a small ,  incomplete hypostoma from the 
same locality, which seem to belong to i t .  

The thoraci c  segment has the inner portion of the p leura strongly 
raised with a fai"nt median row of  punctce and a n arrow articulating band 
a Iong the anterior ed ge ; w hether there is a posterior articulati ng  band is 
not  clear ly discernible [the posterior  » ban d »  ind i cated on the figure (PI . 
X, fig. 1 4) may be  the lower edge of  the test, which i s  not  preserved on 
the other portions of the p leura] . The outer portion of the pleura is bent 
rather steeply downwards and very sl ightly backwards and forms a Iong 

� conical point ( i ncompletely preserved ) .  The ornamentation seerus to be 
s imi lar  to that on the cephalon and pygid ium.  

As far as  can be ascertained from the fragmentary specimen, the 
characters of the hypostoma are as fol lows : - Entire hypostoma sub
parabcl ic  i n  out l ine ,  samewhat wider than Iong.  Central body moderately 
convex, samewhat longer than wide i n  front ,  s l ight ly taper ing posteriorly ,  
very obtusely rounded in front ,  more narrowly rounded beh ind,  marked 
close to posterior end by pair o f  weak, oblique furrows nearly meeting 
in  the middle .  Anterior border nar row, rounded ,  marked off by distinct ,  
though n ot deep, narrow fu rrow .  Anterior  pair · of w ings strong ly  bu t 
not vertica l ly i nclined ,  short ( longi tudinal ly ) Lateral and posterior bor
ders conti nuous,  rather  narrow and strongly raised, growing samewhat 
wider i n  the middle behind the central body, and here produced into 
an obtuse point ; marked off by strong continuous furrow.  Surface of  
central body and borders ornamented wi th smal l  tuberdes and granu les .  

A ffi n i t i e s . - As mentioned above, Ps . conformis ANG.  seerus to 
have close affin it ies with Ps. granulatus, hut not to  be i dentical . Es. con

fon1Zis SCHMIDT (SCHMIDT, r 88 r ,  p .  1 74, PI . X,  figs. S-7  c ,  PI . XVI, 
figs. 28-29) which seerus to be a dist inct species (Cf. below, p. 362) , 
appears to d iffer st i l l  more. Its g label la i s  considerably longer i n  relat ion 
to the  width and ,  to j udge from SCHMIDT's  figures, much more gently 
convex, and the course of the basal pair of  lateral glabellar furrows seerus 
to  be samewhat d ifferent .  The form which SCHMIDT (Op .  cit . , p. 1 76, 
PI . X, fig. 9· PI .  XVI, figs. 30 a-b) regarded as a variety of the latter ,  
agrees, as pointed out  by him, better with ours i n  the relative dimensions 
of  the glabella and - as it  appears from the figures - also i n  the 

Leptrena Limestone,  which according t o  his statement differed only by reason of the ir  
s m aller s ize  from the typ e specimen of Pf. granulatus (o f  which h e ha d a plaster east), 
,,·ere in reality small  specimens of Ps. granulatus, which had been labd!ed Ps. con:formis 
on account o f  the circumstance that they agreed in point  of size with ANGELJN 's  figures 
of this s p ecies.  ScHMI DT n o t e d  the m as original specimen s ( » O riginalexemplaren» ), b u t  in 
doing so he p robably meant  only t o  indicate that they were from the Leptrena Lim estone 
in  Dalarne and not fro m  the East Baltic Area. 
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course of the basal lateral glabellar furrows, but in this form also the 
glabella is  evidently relati vely longer and much less convex. 

H a r i z o n a n d  L o c a l i t i e s . - Lower Lepta!na Limestone.  Furudal , 
Kullsberg, Sätra , Amtj ärn Quarry (a t  th e latter locality both in the thick
banded l imestone and in  the shales which interstrati fy the thin bands of 
l i mestone, underlying the former) .  

Pseudosphrerexochus conformis ANGELJN .  PI . X, figs. 1 -7 ,  1 9, 29 .  

1 8 5 4 .  Spluerexochus conformis ANGEL! N, p. 76,  P I .  XXXI X,  tigs.  2-2 a .  
1 S84. Chirurus ? tenuispinus TöRNQUIST, p.  1 5 , PI .  I ,  ti g .  1 1. 
1 896. Clteirurus (PseudosjJharexochus) conformis REED, p .  420. 
1 907 b. l'seudosjJhxroxochus conformis , \VIMA N . p. 4 .  
1 907 b. Chirurus tmuisjJimts W1MA N .  p . 3 ·  

R e m  a r k s . - A s  mentioned above, the species of Pseudosphcercxochus 
which i s  common in the Lower Lept<l!na Limestone is Ps. granulatus, 
not Ps. conformis as is assumed by TöRNQU IST ( 1 884, p. 1 8 } .  ANGELIN 's  
type specimen of the latter  is unfortunate ly lost  (and ANGELIN d id  not 
state at which local i ty i t  had been found} ,  but there i s  a species be\onging 
to the fauna  o f  the Upper Leptrena Limestone, which apparently must 
be regarded as the true Ps. conformis ANG. ,  since its crani d ium d iffers from 
that of Ps. granulatus as ind icated i n ANGELIN 's  diagnoses and figures 
( C f. above, p. 3 5 8 ) .  

Of  this species three almost complete cephala and several cran id ia  
and detached free cheeks have been found at  Kallholn by the present  
writer. In close association with these were found several more or less 
fragmentary pygidia, a few fragments of thoracic segments, and an i ncom
plete hypostoma, which ev idently belong to the same species.  (These 
specimens are now  in the Upsala Museum. ] The species has also been 
found at Bod a ;  TöRNQUIST's (Op. cit . ) species Chirurus? tmuispinus, 
founded on same pygidia from that local ity, is evidently i dentical with 
this .  The cranid ia and the pygidia reported by WIMAN (Op. c i t . )  - as 
Ps. co11jormis and Ch. tmuispimts -- from the West Baltic Lept<l!na Li
mestone, and the cranid ia - but not the pygid ium 1 - reported by RE ED 
(Op .  cit . ) from the Keisley Limestone i n  England ,  agree closely in cha
racters with the specimens from Dalarne and appear to belong to the 
same spec ies .  The East Balt ic  form which SCHMIDT (SCHMIDT, r 88 r ,  p.  
1 74 ,  PI .  X ,  figs.  5 -7 c ,  9,  PI .  XVI, figs . 28 - 30 b) attributed to Ps. con-

fonnis seems, on the other hand ,  to represent a d istinct species (Cf. 
below, p .  362) .  

Ps. co!iformis i s ,  as has been ment ioned above,  apparently closely 
al l ied to Ps. granulatus. It  differs ,  howe ver, in several characters, which , 
taken together, seem to j ustify a specific d i st inct ion ,  although most of  

1 This is a s m a l l  specimen of the pygidium of Holotrachelus jmndillosus TQT. 
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the characters considered separately may not seem to be of great impor
tance.  The glabel la is samewhat more elongated, the distance between 
its anterior and posterior margins exceeding the greatest width by about 
one tenth, or a l i ttl e more ; its anterior margin is not so truly semicircular, 
but rather parabolic ,  and its convexity is samewhat stronger, but less 
even,  especial ly so from s ide to s ide,  the lateral slopes - and generally 
also the anterior slope - being considerably straighter, in  some speci
mens so m uch so that the glabella becomes sl ightly keeled in the middle 
posteriorly ;  the neck of the central lobe between the basal l ateral l obes 
has a sl ight independent convexity and the basal lobes have also a marked 
convexity of  their own i n  both d i rections.  The anterior two pairs of  
lateral glabel lar fu rrows are weaker - narrower and especially shallower 
- and seem generally to be somewhat more curved ; in the latter cha
racter, however, both forms vary rather much .  The basal pa i r  of lateral 
glabellar furrows are as usual stronger than the preceding ones, but they 
are narrower and rather shallower than i n  Ps. granulatus and have a 
somewhat different course ; they leave the axial fu rrows at slightly more 
acute augles and run nearly straight until about half-way, or rather more, 
up the s ide of the glabella and then they bend abruptly strongly back
wards ; they do not reach the occipital furrow, but are generally connected 
with this by shallow grooves or narrow depressions, which can be rather 
distinctly impressed in casts ; the d istance between the inner  extremities 
of the furrows proper is about equal to the d istance from these to the 
axial fu rrows and rather more than twice the distance to the occipital 
furrow. Between the grooves j ust mentioned the central lobe of the gla
bel la grows narrower, and although it everywhere occu pies more than 
one third of the entire projected w idth of  the glabella, i t  is  posteriorly 
narrower than the basal lateral lobes, if the distance between the grooves 
and  the axial furrows is regarded as their width . The axial and pre
glabel lar furrows are narrower than in Ps. granulatus and are not so 
much impressed underneath the edge of the glabel la ; the former are also 
more strongly arehed in  the vertical plane .  

The fixed cheeks are more convex longitudinal ly than in t h e  species 
j ust mentioned ,  and the eye lobes are situated on a samewhat higher 
leve! s ince the portions of  the fixed cheeks inside them are a lmost hori
zontally extended. The palpebral lobes are not complete i n  any of  the 
specimens observed,  but there is one detached free cheek which st i l l  
shows the eye in a good state o f  preservation. This is  about twice as 
Iong as i t  i s  high, strongly convex i n  both directions, with smal l rounded 
! enses, and supported by a relatively wide and strongly rounded lower 
eye! id .  

The tuberdes on the  surface of the glabella, and  on the  other por
t ions of . the ca ra pace, are on  the who le smal ler than i n  the foregoing 
species and situated somewhat mo,re closely together. 
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The hypostoma i s  of the same type as that which apparently belongs 
to Ps. granulatus. 

The thoracic segments have a wide, convex axis - in  the speci
mens observed i t  occupies more than one th ird of the entire width of the 
axis  - and this is marked off by narrow, sharply impressed axial furrows. 
The inner port ion of  the pleura! is rather gently raised, ftattened on  top 
and with a faint  median row of  puncta!, i t  has a narrow, depressed arti· 
culating band along the anterior edge, which, as usual, terminates in a 

small somewhat wider articu lat ing piece ; it i s  horizontally extended, rela
t ively broad and nearly parallel-sided to some distance ins ide the articu
lating piece, i t then grows narrower, · curves slightly backwards and gener
ally somewhat more strongly downwards. Beyond the articu l at ing piece 
the pleura is  produced into a Iong,  con i cal, pointed spine ,  which is bent 
strongly downwards wi th in ,  bend ing more outwards adjacent to  the 
extremity. 

The pygid ium difters from that of Ps. granulatus i n  having the free 
port ions o f  the anterior three pairs of pleura! gently curved instead of 
their being almost straight .  

D i m e n s i o n s . - The d imensions of the best preserved cephalon 
observed are : length along median I ine between anterior and posterior 
margins I S ,:a mm. ,  w idth at leve! of  occipita] furrow approximately 23 mm. ,  
d istance between anterior and  posterior margins of  glabell a  along median 
I ine 1 4,3  mm. ,  greatest w idth of do .  13 mm.  

A ffi n i t i e s . - As mentioned above, the  East Baltic form , which 
ScHMIDT ( 1 88 1 ,  p .  1 74, P I .  X, figs .  5 -7 c,  9 ,  Pl .  XVI, figs.  28-30 b) 
attributed to Ps. cotiformis, does not seem to belong to this speci es ,  hut 
resembl es it rather cl osely in  several charaders . To j udge from SCHMIDT's 
descript ion and figures, the glabel l a  is ,  however, much more gently and 
more evenly convex, and, in  the typical form, considerably longer in 
relat ion to the width ; the ou ter portions of the basal lateral glabellar 
furrows are d i rected less backwards ; the axial furrows are wider ; the 
checks are more elevated - according to the descript ion, they slope 
steeply upwards from the axial fu rrows to the eye lobes - and the lateral 
border furrows are deeper. The gena! spines are said to be short, flat ,  
and triangular, hut possibly only thei r bases are preserved i n  the speci
mens observed hy SC HMIDT. 

H o r i z o n s  a n d  L o c a l i t i e s . - Upper Lepta!na Limestone ;  Kallholn ,  
Boda  (Dalarne) .  West Baltic Lepta!na L imestone ;  Öland ( i n  boulders) . 
Keisley Limestone ; Keisley (England ) . 

Pseudosphoorexochus conformis ANGELIN var.  major n .  var. Pl . X, 
figs. 22-23 a.  

R e m a rk s .  - There are a great number of more or l ess fragmentary 
c ranidia from Kallholn in the Upsala Museum and some glabella! from 
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Arfvet i n  the State Museum of Natural History, which seem to represent 
a variety of  Ps. co1zjormz's or possibly a new species o f  PseudospJuerexochus. 
They differ from the cran id i a  of the typical form of Ps. conformz's in the 
fol lowing characters : the glabel la  is  s l ightly more elongated and samewhat 
higher and more conically elevated , having a fain t  tendency to a hump 
at about one th ird of  the d i stance from the posterior to the anterior 
margin ,  and the slope from this leve! i s  strai ghter ; the two anterior pairs 
of  lateral glabell ar furrows are sernewhat more oblique ,  and appear gener
ally to be weaker (th is latter character m ay depend on the state of pre
servation ) ;  and the posterior w i ngs of the fixed cheeks i n  front o f  the 
border furrows have the surface - which as usual s lopes downwards later 
ally - flattened or sl ightly concave i nstead of  convex from about the 
leve! of the palpebral furrows (thei � inmost portions a re gently convex). 

This form apparently attains greater dimensions than the typical form 
of Ps. co1zjormis, but it cannot be regarded as representing the adult of 
this species, since there are some smal l  spec imens which agree closely i n  
characters with t he  larger ones. 

D i m e n s i o n s . - In the largest specimen observed, the distance 
along the median I ine between the anter ior and the posterior  margins of 
the glabel l a  i s  37  mm. ,  and i n  the smallest one I I mm . ; in the former 
the greatest width of the glabel l a  is  32,5 mm. In two other cran id ia  of 
more ordinary sizes the d imensions o f  the glabella are : d istance between 
anterior and  posterior margins I )  I 7 , 3  mm. 2 )  26 mm. ,  greatest width 
I )  I5 mm. ,  z )  22 , 5  m m .  

H o r i z o n  a n d  L o c a l i t i e s . Upper Lept�na Limestone ; Kal lholn ,  
Arfvet .  

Pseudosphrerexochus tuberculatus n .  sp .  PI . X, figs.  20, 24-25 ,  2I ?, 34 ?  

S p e c i fi c  C h a r a c t e r s .  - Glabel la  bounded a l l  round by  distinctly 
im pressed narrow furrows, rather gently convex i n  both directions, curved 
downwards in  front,  rounded in  outl ine with the base truncated by occi
pital fu rrow, width somewhat greater than length (projected ) ,  widest across 
anter ior p arts of  basal lateral lo  bes, tapering grad ual ly anteriorly to rounded 
front end ,  occupying at base about hal f the width of entire cran id ium .  
3 pairs o f  narrow, sharply impressed ,  t:hough not very deep, l ateral gla
bellar furrows presen t ;  anterior two pai rs sub - pa ral lel ,  gently curved , w i th 
their inner portions d irected obliquely backwards, short, the distance be
tween their inner extremities greater than their length ; first pa i r  the 
shortest, s i tuated n ear front  end

. of  glabella ; seeond pair  si tuated samewhat 
n earer the first than the basal pai r ;  basal pai r sernewhat stronger and 
considerably longer than the others, beginning in axial furrows nearer 
seeond pair than occipital furrow, at first running sub-paral lel to seeond 
pair ,  or  being sl igh tly more obl ique and straighter than these,  curving 
strongly backwards internally, not quite reach ing occipital furrow but  
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general ly connected with this by faint longi tud inal  depressions ; the distance 
between thei r i n ne r  extremities considerably shorter than the distance 
from these to axial furrows.  Anterior  two pairs of lateral glabel lar lobes 
without independent convexity ; basal pair with slight independent con
vexi ty, produced a litt le beyond base of central lobe. 

Occipital ring o f  moderate, almost un iform width i n  centre, narrowing 
l atera l ly, strong! y arehed transversall y, gent  ly rounded longitudinal ly . 
Anterior border ( imperfectly preserved) with, apparently, the usual cha
racters found in Pseudosphmrexochus. 

Fixed cheeks ( imperfectly known) strongly convex, slopi ng steeply 
downwards laterally. Palpebral lobes ( not preserved) apparently situated 
opposite seeond pair of  l ateral glabellar lobes. Posterior borders of cheeks 
raised and rounded,  narrow adjacent to axial furrows, w i dening l aterally, 
marked off by strong furrows ,  which curve forwards at  gena! angles to 
pass into latera l  border furrows. [Gena!  angles not preserved. ] Posterior 
branches of facial sutures curving obl iquely outwards, backwards, and 
downwards to lateral margins ,  then bend ing more strongly backwards . 

Surface of  cranid ium ,  except in  the furrows, ornamented by !arge, 
rounded tuberdes of  somewhat d ifferent sizes, and, between these, covered 
by smaller tuberdes and granules ; portions of  fixed cheeks in front  of 
border furrows, apparently having small  pits between the tuberdes. 

D i m e n s i o n s . - In two weil preserved glabel l:r, the distance along 
the median I ine between the an terior and posterior margins is  respectively 
9 mm. and IO mm. and is equal to the greatest width . In another, 
i ncompletely preserved, glabella the distance between the margins seems 
to have been IO mm. ,  and the greatest width I I mm. 

R e m a r k s. - The material on  which this new species is  founded 
consists of  five fragmentary cran id ia  from Kal lho ln ,  four  cranid ia  in  the 
Upsala Museum,  which al l  lack the fixed cheeks, and a fifth, a very smal l  
one,  in  ISBERG 's collection at Lund ,  which has port ions of  both the fixed 
cheeks preserved. The specimens vary a l ittle in the course of  the basal 
lateral furrows, but otherwise they a gree closely i n  characters . 

An incomplete cran id ium (P I .  X, fig .  2 I )  from the same local ity, i n 
ISBERG' s  col lection , seems to represen t a variety of th is species .  It i s  
somewhat larger than the  specimens j ust mentioned, the  glabella measuring 
a Iong the median I i ne between the margin s  I 3 m m .  It d iffers in ha ving 
the glabel la more elevated with straighter lateral slopes, and with a Iong,  
comparatively s teep and straighter anterior, and a short , gent ie posterior 
slope. Two other fragments o f  cranidia from Kallholn ,  i n  the Upsala 
Museum, appear to belong to the same, or  to a dosely a l l ied , form. They 
have considerably greater dimensions - the best preserved one having 
a width o f  approximately 20 mm.  - and they differ somewhat as to the 
direction o f  the basal l ateral glabel lar  furrows. In this latter character, 
however, the other specimens which seem to belong to this species vary 
also a little, as mentioned above ; moreover, in  one of the specimens (Pl .  
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X, fig.  34) now under eonsideration ,  these fu rrows have not quite the same 
eourse on  both sides. 

A ffi n i t i e s . - In some of its eharacters, the glabel la of this species 
reealls that of Ps. Roetneri SCHMIDT (SCHMIDT, x 88 I ,  p .  1 78 ,  PI .  X ,  
figs, 8 a - b ,  P I .  X I ,  figs. 2 2 ,  24) ,  b u t  the latter is  longer, more depressed 
eonvex, and slopes more abruptly downwards anteriorly ;  its lateral furrows 
appear to have a somewhat d ifferent eourse, and the test seems to be 
more fi nely tubereulated . 

H o r i z o n  a n d  L o e a l i t y .  - Upper Lept::ena Limestone ; Kallholn .  

Genus Nieszkowskia SCHMIDT. 

Nieszkowskia e f. cephaloceras NIESZKO WSKI. 

De s e r i p t i o n . - Glabel la  bounded al l  round by narrow,  distinctly 
impressed furrows, very prominent ,  gradually passing up into a stout 
eonical boss, whieh evidently supported a rounded spine ( only the base 
of the latter preserve d ) ; the posterior slope from base of spin e very steep ,  
but not qu ite vert ieal , nearly straight,  short - the posterior margin of 
the glabel la  being arehed strongly upwards ; th e  lateral and posterior slopes 
more gentle, but stil l very steep, the former nearly straight and more 
than twiee as Iong as posterior slop e ;  the anterior slope to preglabellar 
furrow about twiee as  Iong again, gently eonvex and slightly overhanging 
front  margm , the eonvexity of  the anterior portion  from side to side 
stronger ;  lateral m argins  nearly straight, eonverging very slightly anteri
orly, antro-lateral eorners broadly rounded or sub-truneate , anterior margi n  
nearly straight ; width o f  glabella a t  base in  proport ion to distanee along 
median I ine between an terior and posterior margins  as 7 to 9,5 .  3 pairs 
of n arrow,  d istinetly impressed lateral glabellar furrows present ; their  
lateral extrem i t ies s ituated at about equal d istances apart ; basal  pair 
longer and sernewhat stronger than the others, very oblique, the d istanee 
between their inner extremities s l ightly greater than their length and 
slightly more than twiee the distanee from these to oeeipital furrow ; ante
rior two pairs of  furrows less obl ique,  sub·parallel, short, extending rather 
less than half-way up sides of glabel la ; the  more anterior pair s i tuated 
close to front  end of glabella. Basal lateral g label lar lobes sub ·triangular , 
extending about as far along side o f  glabella as the two an terior ones 
together. Axial furrows sub-paral lel ,  arehed rather strongly forwards and 
upwards with Iong, steep anterior slope. 

Oecipital r ing of moderate width, nearly paral lel-sided, strong! y arehed 
transversal ly, gently rounded longitudinally. Anterior border of  eranidium 
n arrow, with nearly stra ight anterior edge apparently projeeting sl ightly 
in front o f  free eheeks ( the latter not preserved) .  Fixed eheeks (only a 
fragment preserved )  with gently rounded posterior borders of moderate 
width ( internally) and marked off by deeply impressed,  narrow furrows .  
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Surface of cranid ium, except in the furrows, rather closely covered 
with small to relatively !arge, pointed,  low sub-conical tuberdes - the 
larger ones occurri ng on  the g l abella only - the portions of  the fixed 
checks lying in front  of the posterior border furrows having in  addit ion 
small  p i ttings. 

R e m a r k s. - The above description is based on a single, fragmen
tary,  smal l  cran id ium in the Upsala Museum - measuring between the 
anterior and posterior margins 19 mm. So far as i t  is preserved,  i t  
resembles closely the cranid ium o f  N. cephaloceras NIESZK . as described 
and tigured by SCHMIDT ( 1 88 1 ,  p. 1 86, PI. IX, tigs. 9- 16 .  PI. XI, tig. 27 ,  
PI .  XVI ,  figs. 36- 37), except tha t  the  glabella is relative! y somewhat 
broader at the base and more paralle l-s ided.  This difference appears to 
be too slight to i ndicate a distinct spec ies .  The specimen is, however,  
rather too imperfect to warrant a precise determination . Moreover ,  I 
have not seen any cranidia of  the East Baltic form, but only the tigures 
available. 

H o r i z o n  a n d  L o c a l i ty. - This specimen belongs to an old col lection 
of Leptcena Limestone fossils , but  there is no statement as to the locality 
at which it has been found . The character of the rock ind icates that i t  
i s  Lower Leptcena Limestone - moreover, i t  does not appear I ikely that 
N. cephaloceras or any closely al l ied species would occur in  the Upper 
Leptcena Limestone - and i t  seems probable that i t  has been collected 
at FurudaL 

Nieszkowskia? sp.  ind. PI . X, tigs. 3 2- 3 3 .  

R e m a r k s. ·- A fragrnentary cranid ium from Kallholn in  the Upsala 
Museum shows some peculiar features. The specimen is evidently ab
normal ,  the two s ides o f  the glabel la be ing rather differently developed, 
and probably neither of them show quite the normal charaders. It seems 
to represent a new species belonging to the family Cheiruridce. Its generic 
position is uncertain, but i ts  a ftin ities seem to be with Nz.eszkowskia rather  
than wi th  any other  described genus .  

D e s c r i p t i o n . - The glabel la is  rather strongly convex with a 
tendency to a hump between the seeond lateral lobes. From this leve! 
i t  curves steeply downwards anteriorly with gent ly convex surface ; the 
short posterior s lope is much gentler, and s l ightly concave to a l i ttle in  
front o f  the occipital furrow - the h indmost portion of the cen tral g la 
bel lar lobe having a s l ight convexity of i ts  own - and the lateral slopes 
are moderately steep and nearly straigh t .  The distance along the median 
I ine between the anterior and posterior margins of the g labella (j ust over 
19 mm.) is samewhat less than its greatest width ( 2o ,5  mm.) ,  whi ch i s  
across the  anterior ends  o f  the  seeond lateral lobes. The left margin i s  
nearly strai ght ( i n  t h e  harizontal plane)  a n d  parailet t o  the median I ine 
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from the base to a little in  front of  the seeond lateral furrow, i t  then 
curves rather strongly inwards. On the right side the margin is gently 
outwards convex with a flattening of  the curvature i n  the middle. The 
anterior margin is very sl ightly arehed forwards. 

There are 3 pairs of narrow, rather deeply impressed lateral glabellar 
furrows. The anterior furrows are situated very far forward , on the front 
side of the glabella,  and are nearly straight ,  converging rather slightly 
posteriorly, and of  moderate length ; the length of  each is about equal to two 
thirds of the distance between their inner extremities .  The seeond pair of 
lateral furrows are d irected slightly backwards and sli ghtly sigmoidal ly curved, 
their outer portions being  arehed very slightly backwards, and their inner 
port ions forwards ; the right one,  which appears to be more normally developed,  
extends a little more than half-way up  the side of  the g labella ; the  left one 
is  considerably shorter. The basal  pair of lateral furrows reach the occipital 
furrow ; their courses are somewhat differen t ;  the right one begins in the 
axial fu rrow at a slightly greater distance from the occipital furrow than 
the other, and runs in  a sl ight sigmaidal curve obliquely backwards at an 
angle of about 3 5° to the axial furrow unt i l  a l i ttle in front of the occi
pital furrow, it then curves s l ightly outwards to merge into this ; the 
furrow on the left side makes a less acute angle with the axial furrow -
this difference is ch icfly due to the different course o f  the axial furrow 
on either side - l ike its fellow, i t  has the outer portion very slightly 
s igmoidally curved, hut it bends back sooner, and its posterior portion is 
directed nearly s traight backwards.  The an terior an d basal lateral lobes 
on each side have about the same length at the axial  furrow (they are 
slightly longer on the le ft side than on the right), the seeond lobes being 
considerably shorter externally, especially that on the left side. This 
latter is evidently abnormally developed ; the outermost portion is depressed ,  
forming a small ,  elongated , fl.attened area between the  axial furrow and 
the inner portion of  the lobe, from which it i s marked off by a d istinct 
groove.  The ba sal lateral lo bes are of  rather different shapes ; the left 
one is the largest and appears to be the more normally developed . They 
are both considerably narrower than the base of  the central lobe. 

All the furrows which surround the glabella are narrow. The axial 
furrows are moderately deep and rather strongly arehed in  the vertical 
pl ane. The preglabellar furrow is shallow especially in the middle .  The 
occipital furrow is rather shal low and n early transverse behind the central 
lobe of  the glabel la ; its lateral portions are decper and arehed gently 
backwards .  The occipital ring is of  moderate width, scarcely narrower 
at the sides than in  the middle, strongly arehed transversally, and gently 
rounded longitud inally. [Both the occipital ring and furrow are samewhat 
unsymmetrical . ] 

The inner portions of the fixed cheeks (incompletely preserved) a re 
rather strongly convex longi tudinally and slope gently downwards later
ally. The palpebral lobes, which are not traceable on the specimen , 
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appear to have been situated at a relatively great distance from the 
glabella. 

The surface o f  the cran id ium is ornamented with rounded tuberdes 
of  d ifferent si zes - varying from rather !arge to quite smal l - which 
are rather sparsely d i stributed  on the middle ,  and especially on the poste· 
r ior ,  portions o f  the central glabellar lobe a nd on the other parts placed 
more c losely together, and between the tubercles the test is very finely 
granulated ; the inner portions of  the fixed checks have in addition small 
pittings. 

H o r i z o n  a n d  L o c a l i ty .  - Upper Lepta::na Limestone ; Kallholn. 

Genus Pompeckia n. gen .  

Cephalon convex, sub·semiell iptical in outl ine.  Glabella !arge, con
vex, broad ly round ed ; anterior  t wo pairs of lateral glabel lar  furrows faint ; 
basal pair considerably stronger, at first running parallel to occipital 
furrow, but curving backwards internally, not reaching occipital  furrow, 
though sometimes connected with it by weak grooves. Anterior border 
of cran id ium very narrow.  Checks much reduced in size, bent steeply 
downward s ;  eyes about on median harizontal I ine and near glabella ; bor
ders o f  fixed checks produced into inconspicuous points or small spines 
situated weil inside hi ndmost portions of  facial sutures, which are directed 
nearly straight  backwards .  Thoracic segments (numbers not known) with 
moderately convex axis ; pleura:: w ithout ordinary pleural furrows ,  but 
each with a more or less d istinctly m arked furrow running from axial 
furrow some d istance in front of posterior marg in  of  pleura obliq uely for
wards towards fulerum and on the extra-fulcral portion a pair of intra
marginal furrows. Pygidium !arge ; axis, composed of 3 axial rings and 
a terminal piece ind istinctly defined from the free post axial portion ; side 
lobes with 3 pa irs of free ·end i ng  pleura:: ; free  portions of  pleura:: and post 
axial portion  wi th intra-marginal furrows. 

Genotype : Pompeckia Wegelini A NG. 
R e m a r k s. - This new genus is p roposed to i nclude A NGELIN's 

species Spha:rexochus Wegelini (ANGELIN, 1 8 54, p .  76, PI .  XXXIX,  figs. 
I - I  a ) and a new, ev i dently closely related ,  smaller species, which will 
be described below under the name of  P{lmpeckia mi11or, to which the 
pygid ium tentatively attributed by ANGELIN (Op. cit , p .  7 5 ,  PI . XXXVIII, 

fig. 1 3) to AmphilicJzas (P!atymetopus) lineatus seems to belong. No com
plete individual is  known of either of  the species, but already before any 
specimens of the smal ler  species had been found,  the writer had arrived 
at the conclusion that the pygid ium of the ] arge type was referable to 
ANGELIN's  species since it , as wei l  as the cranid ium,  evidently represented 
a new genus belonging to the family Cheirurida:: and s ince several speci
mens of  both had been collected at the same locality, Kallhol n ,  and no 
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other pygid ia  which could be associated with the cranidia ,  or  v ice versa, 
had been found i n  the Lept<ena Limestone .  Later on a great number of  
cran id ia  - two o f  them havin g  each one free cheek and the  rostrum 
attached - several pygidia, and fragments of thoraci c segments, and a 
few detached free cheeks of the smaller form were found closely associated 
in a small  piece o f  rock from Kal lholn ,  and I th ink it  can be assumed 
beyond reasonable doubt that in each case the different  portions in ques
t ion really belong to one and the same species. Associated with the other 
portions of P. minor were several hypostomata which appear to belong 
to th is  species. Probably a larger hypostoma of  the same type from 
Kallhol n ,  in ISBERG's col lection at  Lund, belongs to P. TYegelini. 

The pygid ium described and figured by POMPECKI ( r 8go, p. 3 5 ,  
P I .  II .  tig. 1 4 )  a s  Clteirurus ? s p .  belongs also t o  this genus  and seems to 
represent a third species ( C f. below, p .  373 ) .  Professor POMl'ECKI [Op. 
cit . ) ,  i n  whose honour the genus  is named, has already pointed out that 
this pygid ium closely resembles the one which ANGELIN attributed to 
Amphilicltas ( Platymetopusl lineatus, and expressed the opinion that the 
two represented a dist inct sub�genus of Cheirttrus s .  lat . 

The species, P. TVegelini, proposed above as the type of  this new 
genus was origina l ly  founded by ANGELIN ( Op. cit . )  on a very frag
rnentary cran id ium and, as already mentioned, referred by him to Scha:r
exochus. SCHMIDT ( r 88 r ,  p. 1 7 1 )  referred it to Pseudospha:rexoclzus, appar
ently on account o f  the character of t h e basal lateral glabellar furrows, 
and i n  this genus  (or sub-genus) i t has al so afterwards been placed by 
other wri ters (TöRNQUIST, 1 884, p. 1 9 ;  BARTON, 1 9 1 5 ,  p. 1 20) . Pompeckia 
has many points o f  resemblance wi th both these genera, and shows, especi
ally i n  the development of the cephalon,  in several respeds intermediate 
charaders .  On the whole i t  is most l ike Spha:rexochus; but i n  the  cha
racters of the thorac ic  and pygidial pleurce i t  d iffers strikingly both from 
th is genus and  from Pseudospha:rexochus and shows same more likeness 
to Cheirurus and al l ied genera . The obl ique  furrow on the inner  portion 
o f  the pleurce of Pompeckia seems to earrespond to the furrow or groave 
which in  these genera separates the inner and outer port ions,  but it has 
m igrated farther inwards and grown more oblique, so as to reach the axia l  
fu rrow, and  the ordinary pleu ral furrow has  disappeared .  The furrow or  
groave i n  question i s  a l so  rather oblique at !east i n  some o f  the  members 
of the Clteirurus group,  and does not qu ite reach the posterior margin 
of the p leura (Cf. above, p .  345 , and below, PI .  IX, fi gs. 8 ,  20). 

D i s t i n g  u i s hi n g  Ch a ra c te r s of t h e  S p e c i e s . 
Glabella very gibbous. Pygidial pleurce free for about h a lf  their length ; 

the free portions broad, placed rather closely together, especially those of 
the two anterior pairs ; th ird pa ir  o f  pleurce not reaching as  far backwards 
as  post axial piece P. Wegelini ANG. 

Glabella moderately convex. Pygidial pl eurce free for considerably 
more than half their length ; the free portions rather narrow, rad iating,  

24 - 1o2az . Bull. of Geol. Vol. X VII. 
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gradually tapering to pointed extremities ; third pair of pleurce reaching 
farther backwards than post axial piece P. mz'nor n. sp .  

Pompeckia Wegelini ANGELIN. PI .  IX, figs .  2 3 - 2 5 ,  27-3 1 ,  26? 

1 8 54.  Sflza:rexochus Wegelini, AKGELJN,  p. 76,  P I .  XXXIX,  figs .  1- 1 a.  

S p e c i fi c  C h a r a c t e rs .  -:---- Glabel la  ]arge, very gibbous, overhanging 
In  front, sub-circular in outl ine with base truncated by occipital furrow. 
3 pairs of  lateral glabellar fu rrows present .  Anterior two pairs very 
shallow, in  some specimens scarcely impressed . First pair p laced rather 
far forwards ,  comparatively :-vide and d i rected nearly straight upwards 
adjacent to axial furrows, then growing very narrow and running obliquely 
upwards and forwards about half-way up sides of glabella. Second pair 
starting from axial furrows samewhat nearer preceding than followi ng 
pair, general ly sl ightly stronger than the former, samewhat longer than 
these and d i rected less forwards, and, at  !east in some specimens, curving 
sl ightly backwards· near their i nner extremities, where they have grown 
very weak. Basal pair  strong,  but not very wide ,  originating in  axial 
furrows about hal f-way between preceding pair and occipital furrow, or 
rather nearer to the former, running nearly straight upwards and i nwards 
for the greater part of  their length, but curving backwards near their 
inner extremities, ending weli i n  front of occipital furrow and not con
nected with this by any grooves ; the distance between their inner ex
tremities about equal to or samewhat shorter than the distance from these to 
axial furrows. Axial furrows of moderate width,  rather strongly impressed 
outside basal lateral lobes, growing shallower anteriorly, curving down
wards anteriorly and terminating in  smal l  rounded pits .  Preglabellar fur
row shallow, relatively wide at sides, becoming l inear in centre. Anterior 
border of cranidium very narrow, thread-like, growing slightly wider at 
sides. Occipital furrow of moderate width and rather shallow and nearly 
transverse behind central lobe of  glabella ; its s ide portions narrower and 
deeper, arehed very slightly backwards. Occipital r ing of  moderate, nearly 
un iform width in the middle, narrowing laterally, strongly arehed trans
versally, gently rounded longitud inally. 

Fixed cheeks small ; portions in front o f  palpebral lobes narrow, 
band- like, sloping both anteriorly and lateral ly ; posterior portions sub
triangular, s loping steeply downwards laterally. Palpebral lobes ( incom
pletely preserved ) placed near the glabella, comparatively Iong, with the ir  
posterior ends a little behind outer extremities of basal lateral glabellar 
furrows and their anterior ends a l ittle behind outer extremities of seeond 
lateral glabellar furrows, marked off by strong furrows. Borders of fixed 
cheeks rather narrow adjacent to axial furrows, growing broad l aterally 
with flattened surface, marked off by strong furrows ; inner portions -
the true posterior borders - directed outwards and downwards ; outermost 
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portions - the » lateral horders » -- bending obliquely forwards, generally 
very slightly, but sometimes more strongly ; at the j unction of the two 
portions the borders are produced into small t ips or points, evidently 
representing the genal spines. Anterior branches of facial sutures sub
parallel to axial furrows ; posterior branches running from eye lobes obli
quely backwards to horders, then bending nearly straight backwards .  

Thoracic segments (only a s ingle i ncomplete segment preserved) with 
rather strongly convex axis, defined by distinctly impressed ,  narrow fur
rows. Pleurce sloping gent ly downwards to approximate fulerum ;  beyond 
th is  bent  more strongly downwards ( in the specimen observed very 
strongly) and sl ightly backwards ; inner portion of pleura marked by short, 
rather strong furrow, running from axial furrow a l itt le in front  of  inner 
posterior corner of p leura 1 obliquely outwards and forwards towards fule
rum, separating small ,  gently raised and rounded,  sub-triaugular inner-an
terior portion from flattened postero-lateral area. Extra-ftr leral portion 
gradually tapering to obtuse point, marked anteriorly and posteriot-ly by 
in tra-marginal furrows. (In  the specimen observed , in which the surface 
is badly preserved , the anterior intra -marginal fu rrow is  relatively wide 
and deep adjacent to the fulerum, but grows rather suddenly extremely weak 
at l ess than half the d istance to the extremity of the pleu ra ; the posterior  
furrow is very weak even proximally, but  i t  is traceable to near the ex
tremity . )  

Pygidium roughly sub-triaugular in general outline, about three fi fths 
as I ong as broad .  Axis moderately to rather gently convex anteriorly, i ts  
w idth i n  front sl ightly more than one third the greatest width of entire 
pygidium , narrowing and decreasing  in height posteriorly, obtusely rounded 
behind and indistinctly marked off from the free-ending post axial piece ; 
composed of 3 broad ( longitudinal ly) , gently rounded axial rings and a 
rather !arge terminal piece, which is gently convex in both directions . 
Anterior axial r ing ,  as usual ,  with articulating hal f-ring. » Rudiment o f  
articulati ng half. ring» on seeond ring  a lways very d istinct ,  forming a smal l  
crescent-shaped area, depressed beneath surface of preceding ring, i ndent
ing it posteriorly in middle and marked off from main portion of seeond 
r ing by shal low furrow, which i s  nearly transverse or slightly arehed back
wards. » Rudiment of articulating half-ring »  on third axial ring general ly 
also d i stinct, but narrower ( longitudinally) than that on  the second,  and 
most often less distinctly marked off i n  front and rather more d istinctly 
separated from m ain portion of  ring. Portions of  ax ia l  ring fu rrows out
side these » rudiments » deep.  Furrow behind third axial ring in some 
specimens very weak, especially in the middle ,  in others distinctly or even 
deeply impressed throughout - though always strongest at sides - a n d  

1 In the  thoracic segment figured b e l o w  (PI . IX,  fi g .  3 0) b o t h  t h e  axial  r i n g  and 
the pleura are fra ctured posteriorly adjacent t o  t h e  axial  furrow, a n d  h e n c e  t h e  figure 
gives the wron g  im pression that  the oblique fu rrow reacl1es the p osterior margin of the 
pleura.  
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then often widening a little or  arching forwards in the middle. Axial 
furrows running from anterior margin of pygidium nearly straight back
wards or  slightly diverging posteriorly to a little behind middle of anterior 
segment, then converging posteriorly to third axial ring furrow, but not 
running straight, or  in continuous curves, being bent outwards outside 
middle of seeond ring, and o ften also outside middle of third ring where 
they generally are very weak, in some spec imens scarcely impressed , 
whereas they usually are distinctly impressed, though rather narrow , out
side the two anterior rings. Between the terminal piece of the axis and 
the third pair of  pleurce the axial furrows grow deeper and stronger, and 
run nearly straight backwards ; they do not meet i n  the middle behind 
the axis, but are continued inwards and backwards respectively outwards 
and  backwards by the narrow intra-marginal furrows on the post axial 
piece and on the inner sides of third pair of pleurce. 

Side lobes o f  pygidium with 3 pairs of broad pleurce , free for about 
half their length and ending in short, falcate, backwards directed points ; 
fol lowed by a broad, obtusely pointed post axial piece, which is free for 
about two thirds i ts length and extends slightly behind third pair of 
pleurce. Anterior pair  of pleurce increasing slightly i n  width and sloping 
gently downwards to approximate fulcrum,  then bending more strongly 
downwards and gently backwards, but with the points generally bent 
sl ightly upwards,  though always s i tuated on a lower leve! than adj acent 
portions of  following pleurce ; their free portions close to those of  seeond 
pleurce and somewhat narrower than the latter. Posterior portions of side 
lobes gently concave, the inner portions of the two posterior pairs of 
pleurce sloping downwards ,  their outer portions and the post axial  piece 
curving upwards .  Free portions of third pair of pleurce about as wide as 
those of  seeond pair ,  slightly diverging from l atter and from post axial 
piece .  Each pleura of  the anterior pair with small ,  slightly swollen,  sub
triaugular area in  front adjacent to axial furrow marked off by rather 
shallow, but distinct ,  furrow,  which starts within a short distance behind  
middle of  pleura ami runs  obliquely forwards and  outwards to cut  front 
marg in  some distance inside fulcrum.  Second pleurce generally sl ightly 
swollen in  front  adjacent to axial furrows, the swollen area, howewer, 
alvvays smaller and more indistinctly defined than in the anterior pair of 
pleurce. Free portions of pleurce and post axial piece marked by distinctly 
impressed , though not deep, i ntra-marginal furrows, which converge slightly 
towards extremity of pleura, respectively post axial piece, but without 
meeting, and die out a l i ttle inside margin .  Interpleural furrows well
marked , reaching to a l ittle inside angles between free portions of pleurce,  
widening sl ightly at their extremities, and then seemingly dividing, the 
branches continning as posterior respectively anterior intra-marginal fu r
rows on preceding and fol lowing pleurce. Inner portions and middle parts 
of ou ter portions of pleurce generally with gently raised and rounded sur
face ; marginal border portions flattened. 
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The surface of  the test, which is badly preserved , seems to have 
been very finely granulated. 

D i m e n s i o n s . - The dimensions of a rather small cranidium are : 
d istance along median I i ne  between the anterior and posterior margins 
25 mm. ,  width at base 30 mm. ,  d istance along median Iine between an
terior and posterior margins of glabella 22 , 5  m m . ,  greatest width of gla
bella 24,5 mm. ( in  this specimen the glabella is  relatively broad) .  In two 
larger glabell� the distance between the anterior and posterior margins is 
3 r mm. ,  respectively 30,5 mm . ,  and the greatest width 32 mm., respectively 
30,5 mm . , and in a very !arge, samewhat incomplete glabella the greatest 
width is 41 m m .  In a !arge pygidium the length along the median I ine 
(articulat ing half-r ing excluded ) is  36 mm. and the greatest width 60 mm .  

R e m a r ks .  - As has already been mentioned above (p .  368), a great 
n u mber of  cranidia of  this species .,-- which was originall:y founded by 
ANGELIN (Op. c i t . )  on a fragment of  a cranidium - have been found at 
Kallholn and  also several pygidia and a fragmentary thoracic segment, 
which evidently belong to the same species. Further, a small hypostoma 
from the same locality i n  ISDERG's  collection at  Lund seems to belong here. 
Its descript ion is as follows : 

Entire hypostoma about three fourths as Iong as wide, greatest width 
a l ittle in front  of middle ,  gently tapering anteriorly and posteriorly, 
broadly rounded in front ; posterior edge excavated in middle by rather 
narrow, shallow notch, its side portions broadly rounded.  Central body 
moderately convex, broadly sub-trapezoidal in  outline with the an terior 
margin arehed forwards, marked posteriorly by pair of weak, sl ightly 
obl ique furrows, which die out before meeting each other. Anterior border 
n arrow, thread-like, widening sl ightly laterally, marked off by narrow 
furrow, which is shallow in middle,  hut grows deeper at sides. Anterior 
pai r of wings ( incompletely preserved) short, placed far forward , steeply 
inclined,  excavated by rather  deep furrows . Lateral borders of moderate 
width, narrowing adjacent to anterior wings, raised and thickened outs ide 
body and separated from it by strong fu rrows. Posterior border rather 
broader than lateral horders, gently convex in  m iddle and separated from 
body by broad,  rather shallow furrow ; postero-lateral portions of border 
flatten ed.  

A ffi n i t i e s .  - The pygid ium described and figured by POMPECIG 
( 1 890, p .  3 5 ,  PI . II, fig. 1 4) as Cheirurus?  sp .  resembles closely that o f  
P. Wegelini. It differs, h owever, i n  certain characters and  appears t o  
represen t  a dist inct species . According to the descri pt ion, the axial ri ngs 
are highly arehed and the surfaces of the pleur� strongly convex, and 
each pleu ra i s  ornamented by a longitudi nal row of elongated tubercles. 
To judge from the figure the free portions of the pleur� and the post 
axial piece are relatively longer and diverge more from each other than 
in  our species, and they have a rather different shape, taperi ng gradually 
to the acutely pointed extremities. In the figure the flattened marginal  
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borders are also narrower, and the furrows which mark them off appear 
to meet or alrr.J Ost meet near the extremities of the p leurce .  

H o r i z o n  a n d  L o c a l i t y. - Upper  Leptcena Limestone : Kallholn . 
[ANGELIN 's  type-specimen is probably from another locality, but there i s  
no statement as to where it has  been found . ] 

Pompeckia minor n. s p .  PI. IX, figs. 3 2 -38,  PI .  X, figs. 26-28. 

1 85 4 .  PlatymetojJus limatus l ,  ANGELI N ,  P l .  XXXVIII, Ii g. 1 3 · 

S p e c i  fi c C h a r a c t e r s. - Cephalon sub-semioval in  outl ine,  more 
than two thirds as Iong as wide, convex with the cheeks bent steeply 
down\vards . 

Glabella !arge, moderately convex, curved down and sligthly over
hanging in front ,  sub-circular  in outline with base truncated by occipital 
furrow. Anterior pair of  lateral glabellar fu rrows l inear, scarcely impressed ,  
situated rather near front end of  glabel la ,  straight, directed slightly  for
wards,  n ear! y at right an gles to axial furrows ; the distance between their 
inner extremities about equal to thei r length . Second pair beginning in 
ax ial fu rrows nearer anterior than basal  pair ,  s imi lar to the former, but 
rather l onger and d irected less forwards and generally bending slightly 
backwards near their inner extremities .  Basal pair dist inctly impressed 
and wider than the others, but not very strong, beginning at s ides nearer 
preceding pa i r  than occipital furro w, running at first almost straight in
wards and upwards, curving backwards internal ly,  not reaching occipital 
furrow, but i n  casts generally connected with this by rather dist inct 
grooves ; the distance between their inner extrem i ties generally a bo ut 
equal to the distance from these to axial furrows and more than twice 
the d istance to occipital furrow.  Basal lateral glabel lar lobes with slight 
independent convexity. A xial fu rrows narrow, moderately deep outside 
basal part of  glabel la ,  growing somewhat shal lower anteriorly. Occipital 
furrow of  moderate strength, almost strai ght behind central lobe of glabella, 
its l ateral portions arehed gently backwards.  Occipital ring of  moderate, 
almost un i form width in  m iddle ,  narrowing laterally, rather strongly arehed 
transversally, gen tly rounded lon gitudinally. Anterior border very n arrow, 
flattened, bent obliquely downwards, or  just in the middle bent a lmost 
straight downwards, marked off by narrow furrow, which i s  shal low in the 
middle and g rows somewhat deeper and wider laterally. 

Cheeks reduced in size, rounded-sub-triangular in  outl ine ,  curving 
steeply downwards with gently convex surface from axial furrows to lateral 
border furrows. Eye lobes ( incompletely preserved ) of  moderate size, 
si tuated opposite seeond lateral glabellar lobes and close to glabella, 
marked off below by distinctly impressed, rounded furrows. Fixed cheeks 
in front of eyes very narrow, band- l ike ; the portions behind the eyes 
broader, marked posteriorly by strong border furrows, which widen later-
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ally and have a nearly straight course from axial fu rrows to fac ial  sutures , 
or curve very sl ightly forwards adjacent to the latter. Borders o f  fixed 
cheeks, s l ightly raised with fl.attened surface, na rrow adjacent to ax ia l  
furrows, widening lateral ly and produced into smal l  triangular points or 
short, taperi ng, rounded sp ines s ituated wei l  i n side the facial sutures. Free 
cheeks produced posteriorly to such an extent that the facial  sutures seem 
to cut the pos terior margin of the cephalon. Lateral borders wide, narr
owing slightly in front ,  very gently rounded,  s loping less strongly down
wards than i nner portions of  checks, marked off by strong furrows. An
terior  branches of facial  s u tu res sub-paral le l to axial fu rrows ; posterior 
branches curving from eye lobes obl iquely backwards to horders, then 
bending nearly straight backwards. 

Rostrum narrow, band-l ike,  with acutely pointed lateral extremities 
and gently rounded surface. 

Hypostoma (probably belonging to thi s  species) rather more than 
two thirds as Iong as wide, tapering posteriorly with almost straight sides ; 
anterior margi n very gently arehed forwards ; posterior edge excavated in  
middle by narrow, shallow notch ; postero-lateral portions of margin broa d ly  
rounded .  Central body rather strongly convex, sub-trapezoidal in  outl i ne ,  
marked near  posterior end by pa i r  of short ,  fa in t, obl ique furrows. An
terior border thread- l ike ,  m arked off by narrow furrow. Anterior pair of  
wings ( imperfectly preserved) short , s i tuated very far forward . Lateral 
borders of moderate wi dth , raised and gently rounded outside body and . 
separated from i t  by strong fu rrows. Poster ior border wide ,  gently con
vex in  m i ddle ; postero - lateral port ions of border fl.attened.  

Thoracic segments wi th strongly convex axis ,  bou nded lateral ly by 
narrow furrows. Pleur;e slop ing  gent ly downwards to approximate fu lcrum , 
beyond th is  bending more strongly downwards and curving sl ightly back
wards, gradually tapering to obtusely pointed extremities. Inner portion 
of each pleura marked by short, rather weak, obl ique furrow, beginning 
i n  axial furrow wei l  in  front o f  posterior  margin of  p leura and  ending in 
front a l i ttl e inside fu lcrum ,  separat ing smal l ,  gently raised and rounded 
sub-tr i angular inner-anterior area from fl.attened postero-lateral area ; extra
fu lcral portion at ! east three t imes as Iong as inner  port ion,  marked by 
rather strong intra-marginal fu rrows which do not quite reach the extre
m i ty of  the pleura .  

Pygidium i rreg ularly sub-pen tagan al  in general outl ine ,  about twice 
as wide as Iong .  Axis strongly convex in  front ,  decreasing in height 
posteriorly, sub- tri angular in  outl ine ,  obtusely rounded behind and in 
distinctly marked off from the free-ending post  axial  piece ; i ts  width in 
front l ess than one thi rd of  the greatest width of ent ire pygidium ; com
posed of 3 strongly rounded ax ial r ings and a rather short termina l  piece,  
which is  gently convex in both d irections .  Second ,  and generally al so the 
th i rd ,  axial r ing with narrow » rudimentary articulati ng hal f ring » .  Axial 
fu rrows narrow and shallow, though d istinctly impressed throughout , not 
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meeting behind axis, hut continued by the intra-marginal furrows on the 
inner  sides of the third pair of pleura: and on the post axial piece. Side 
lobes com posed of 3 pairs of  rather narrow pleura: with short ,  inner,  
attached portions and longer,  outer free portions, which form gradual ly 
tapering, pointed,  gently curved,  radiating spines ; followed by a sub
triaugular post axial  piece, which is  free for the greater part of its length 
and does not reach quite as far backwards as the third pair  of pleur;e. 
Anterior pair of  p l eurce rather gently bent downwards to approximate 
fulcrum, then sloping more strongly downwards to near extremities, where 
the s lope grows more gentle. Following pleur<l! and post axial piece with 
proximal port ions sloping downwards and d istal portions  curv ing upwards .  
Free portions of p leurce and post axia l  piece wi th narrow, flattened ,  or 
very gently rounded,  marginal horders, marked off by rather narrow fur
rows ; their middle parts and the p roximal portions  with gent] y raised sur
faces. Anterior pair of p leur<l! - but not the following pairs - w ith 
short oblique furrow on inner portion, marking off a smal l ,  sub- tri angular 
nodule i n  front adj acent to axia l  furrow. 

Surface of  test of  all portions finely granulated, except in  the furrows. 
D i m e n s i o n s . - The d imensions of a !arge cranid ium - the type 

specimen,  PI. IX, figs. 3 3-34 - are : distance a Iong median I ine between 
anterior and posterior margins I I mm. , width at base I 3,5 mm. ,  distance 
along  median I ine between margins of  glabella I 0,3  mm. ,  greatest width 
of glabel la  I r mm. Most of the cran id ia  observed are much smaller, hut 
there are also several of  i ntermediate sizes and a few which have nearly 
the same size as the specimen measured. In the pygidia observed 
the length along the median Iine varies · from about 2 , 5  mm. to about 
6,7 mm. 

Re m a r k s. - The material on which this new species i s  founded 
consists of  a great number o f  cranidia - two of  them having each a 
free cheek and the rostrum attached - several more or less fragmentary 
pygida and thoracic segments, and a few detached free cheeks from Kal l 
holn in  the  Upsala Museum , nearly all t he  specimens origin ally found 
closely associated i n  a smal l  piece of  l imestone .  In this were found  also 
several small hypostomata which appear to belong to the same species. 
The pygidium - from Östbjörka - which ANGELIN ( r 854, PI .  XXXVIII, 
fig. 1 3 ) tentatively referred to Amphilichas (Platymetopus) lineatus ANG. 
seerus also to belong to this species. It agrees on the whole very closely 
with the pygidia from Kallholn,  except that the post axial piece is  re la
tively broader and rather more obtusely pointed. 1 

The cranidia appear to vary rather much in  the development o f  the 
gena! spines. In larger specimens the latter seem to be represented by 

1 In reality it  is more p o inted than what is  s h own in the figure given bdow 
(PI .  IX,  fig.  3 7), b u t  it  i s  s o  strongly curved u pwards that t he  extrem ity appears very 
obtuse when the specimen is viewed in d o rsal  aspect. M oreover ,  in the pygidia from 
Kallholn the width of the post axial piece varies a l itt le .  
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small triaugular points o r  small  t ips only, hut i n  several small cranidi a  
real, thou gh short, spines have been observed .  

H a r i z o n  a n d  L o c a l i t i e s. - Upper Lept�na Limestone ; Kallholn ,  
Östbjörka .  

Genus Sphrerexochus BEYRICH .  

This  genus is generally described as lacking pits on the  cheeks and  
as  having  the  thoracic pleur� smooth , without traces of furrows or pits . 
In the species which occur in the Lept�na Limestone, however, the central 
portions of the cheeks are pitted,  although the pits are small and shal low 
and p laced rather far apart, and these forms do not seem to be excep
t ions in  th is  respect. There are several cranid ia  in the Upsala Museum 
of  the typical  Bohemian form o f  the genotype, Sph. mirus BEYR . ,  which 
have the portions of  the fixed cheeks lying  in  front of the border furrows 
quite d istinctly pitted.  These cran id ia  have not the test preserved on the 
cheeks, hut  there is also in  the Upsala Museum a testi ferous indiv idual 
of the Engl ish Wenlock form generally referred to this species which both 
on the fixed and the free cheeks has a few wei l -marked p its. In  this 
specimen the inner portion of the an terior thoracic pleura is m arked near 
the axial furrow by a rather deep, horizontally elongated pit and outside 
this i s  a row of  a few weaker, rounded pits. The seeond p leura bears also 
a row of pits on its inner portion ,  but the pits are on the whole weaker 
than those on the first pleura. On the third pleura are a few still weaker 
pits, and on the following ones there are faint traces of  pits or short , 
very narrow, s l ightly impressed I ines .  A specimen of  Sph. calvus McCov 
from Osmundsberg in the State Museum of Natural H istory, which has 
two thoracic segments attached to the cephalon , also shows traces of 
similar pits or groaves on the inner portions of the pleur� (Cf. below , 
p .  380) . 

lt has further been supposed that Splu:erexochus differed from other 
Cheirurid� in having the free cheeks connected in fron t  by a narrow band 
instead of  having a separate rostrum. This was originally stated by 
SALTER ( 1 8 5 3 ,  PI. III) to be the case in  the Engl ish Wenlock form re
ferred by him to Sph. mirus, hut  there are reasons to believe that he  
was mistaken - very Iikely the sutures at the  s ides of  the  rostrum ,  the 
connective sutures , were indistinct in  the specimen on which he founded 
his statement. At any rate the free cheeks are not connected i n  a l l  
species o f  Spha:rexochus, and i t  does not appear probable that the mem
bers of  the genus woul d d iffer i n  this respect. That Sph. calvus has a 
separate rostrum i s  shown in the specimen from Osmundsberg j ust men
t ioned, and in the free cheek figured below (P I .  XI, fig. 4) , belonging to 
the new species Sph. tuberculatus, the course of  the connective suture 
is seen . 
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D i st i n g ui shi n g  C h a r a c t e r s  o f  th e S p e c ie s. 
Surface of test very finely granulated . Pygid ial pleurce w ith very 

short free end s, the posterior margin between the extrem i t ies of the third 
pair forming only a slight re-entrant curve Sph. calvus McCov. 

Surface of test very finely granulated. Pygidial pleurce with relati 
vely Iong free ends, the posterior margin between the extremities of  the 
third pair forming a deep re-entrant  curve Sph. Hisz.1lgeri n. sp .  

Surface of  test ornamented with rather low,  sub-conical tuberdes ot 
different  sizes ( a l l  rather smal l )  and between these finely granulated. Py
gidial pleurce with relatively Iong free ends, the posterior margin between 
the extremities of  the third pair forming a deep re-entrant curve 

Sp!t. tuberculatus n .  sp. 

Sphrerexochus calvus Mccov . PI. XI, figs. s- 1 S. 

1846. Spl11:erexoc/ws calvus, McCoY, p. 44, PI. IV, fig. JO. 
1853· .Spha:rexocltus mirus, SALTER, PI. Il[. figs. 14-15. 
1854. Sp/l{erexochus anJ[ustifrons, ANGELIN, PI. XXXVIII, fig. 16 a, fig. r6? (non. fig. 

17), PI. XXII, fig. 8? 
1864 a. Spha:rexocllUs mints, SALTER, PI. VI, figs. 26 a-b. 
188r. Sp!La:rexoclms angustifrons, SCHMIDT, p. 189, PI. IX, figs. 17 a-b, PI. XVI, fig. 38. 
1884. Sp!La:rexochus mirus, TöRNQUIST, pp. 20-21 (pars). 
1896. Sp/l{erexocltzts mints, REED, p. 423. 
1896. Spha:rexochus latiruJ[atus, REED, p. 423, PI. XX, fig. 12. 

S p e c i  fi c C ha r a c t e r s. - Cephalon sub-semielliptical i n  outl ine .  
Glabella !arge, occupying  near ly the whole width of  cephalon, sub-hemi
spherical with base truncated by occipital furrow, strongly protruberant 
anteriorly beyond frontal margin .  Anterior two pairs of lateral glabellar 
furrows scarcely impressed except close to axia l  furrows. First pair situated 
near  front end o f  glabella, almost straight and nearly at right augles to 
median Iin e  of body, short, the distance between their inner extremities 
being near ly twice the length o f  each. Second pair longer, beginning in 
axial  furrows about ha lf-way between first and basal pairs and running at 
first nearly para l le l  to the former, general ly curving slightly backwards 
i n ternally; the distance between the i r i nner extremities slightly greater 
than the 1-ength of  each. Basal pair of  lateral glabell ar furrows deep, of 
moderate width, runn ing from axial furrows at first sub-parallel to preced
ing pairs, then curving round to meet occip ital furrow, generally growing 
shallower before reaching latter. Basal pair of lateral glabellar lobes 
generally with gentie i ndependent convexity, longer than the others, 
s l ightly projecting posteriorly beyond base of central glabellar lobe, trans
versal ly sub-ell iptical to sub-rhomboidal or sub-trapezoida l  in outl ine with 
the corners rounded except the antero-l ateral ones, which are rather 
acutely poi n t  ed;  their transverse diameter generally about equal to the 
width of central glabellar lobe at occipital furrow or s l ightly less. Axial 
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furrows deep, of moderate width - wider in casts - curving strongly 
downwarels anteriorly. Occipital furrow of moderate depth and width and 
almost straight behind central lobe of  glabella; its lateral portions nar
rower and deeper and arehed gently backwards. Occipital r ing rather 
narrow, almost paral le l -sided for the greater part of  i ts length, narrowing 
adjacent to axial furrows, strongly arehed transversally, gently rounded 
longitudinally . Preglabellar furrow nearly equal l ing axial furrows in depth 
and width at sides, growing narrower and rather shallower internally, not 
connected with l ateral border furrows on free cheeks. Anterior border 
very narrow, rounded, and contioned as raised ridges along the anterior 
branches of  the facial sutures past the lateral border furrows on the free 
cheeks. 

Cheeks small ,  bent almost vertically downwards, sub-quadrilateral in 
outline with length greater than width, rather acutely pointed in front; 
the portions within the bounding furrows with slightly raised surface. Eye 
lobes ( imperfectly preserved ) small ,  sub-circu lar in outline, situatecl oppo
site distal extremities of  basal lateral glabellar furrows and close to axial 
furrows. Palpebral lobes crescentic, relatively broad, convex in  both 
directions. Palpebral furrows strong posteriorly, growing weaker anteriorly. 
Lower eyelid furrows broad and shallow. Portions of fixed cheeks lying 
in front of eye lobes very narrow, growing sti l l  narrower anteriorly and 
not marked off from anterior border o f  cranid ium.  Their posterior por
tions broader, sub-triangular, marked posteriorly by deep, wide border 
furrows, which are nearly straight and d irected slightly backwarels for the 
greater part of their length, hut generally curve slightly forwards distal ly, 
where they are shallower than within ,  and die out - or become very 
we a k·� before . reaching f a cia! s u tures. Borders of fixed checks rather 
narrow and rounded proximally, growing wieler and flatter d istall y; their 
posterior margins rounded or ( i n  i n terna! casts) obtusely angulated some  
d istance within facial sutures and ,  a t  !east in  some specimens, produced 
at the angles i nto short, triangular points evidently representing the gena! 
spines. Free cheeks sub-rhomboidal in outline ,  with broad and deep 
lateral border furrows, which do not quite reach either the anterior or the 
posterior branches of the facial sutures. Borders of free checks relatively 
wide; their posterior portions flattened with straight d istal margins; their 
anterior portions raised ,  with the distal halves, which have rounded mar
gins, bent rather strongly inwards (PI. XI, fig. 6). Beyond the anterior 
extremities of the border furrows the free cheeks grow very narrow and 
are continued on the ventraJ side obliquely inwards as narrow band-l ike 
portions  separated  from the rostrum by the conn ective sutures. Between 
these band-l ike portions and the lateral borders the margin forms on each 
side a hollow curve. Anterior branches of facial sutures sub-paraHel to 
si des of glabel la;  posterior branches curving from eye lo bes obliquely 
outwards; backwards, and downwards, bending more straight backwarels 
posteriorly: 



380 ELSA WARBURG ---- -

Rostrum transversally elongated , sub- trapezoidal in outl ine, marked 
by two rather broad, shallow grooves, of which the upper one,  which is 
sl ightly shorter than the other, does not reach the lateral margins. 

Anterior two thoracic segments (posterior segments not known )  with 
highly arehed axial rings bounded at s ides by moderately strong axial 
furrows. Inner portions of pleurce - to approximate fulerum - straight 
and horizontal and marked by faint median furrows or elongated pits 
which do not quite reach the axial furrows; outer portions bent steeply 
downwards and tapering into conical points. 

Pygidium about twice as wide as Iong. Axis sub-triangular, convex, 
more e levated t han s ide lo bes, bu t decreasing in height  posteriorly; i ts 
anterior width from about  on e t h ird to two fifths that of entire pygidium; 
camposed of two prominent, rounded axial rings defined by strong furrows ,  
and a Iong sub-triaugular terminal piece, whose anterior portion - which 
coalesces at  sides \\ith the th ird pair of pleurce - evidently represents a 
third, incompletely defined axia l  ring. Behind thi s  the sides of  the axis 
is indented by a pair of  very short, but rather deep furrows,  or elongated 
impressions, the representatives of the distal portions of the third axia l  
ring  furrow, which terminate laterally in deep pits. Axia l  furrows narrow 
and shallow outside anterior two axial rings, becoming obsolete outside 
third ring (or anterior portion of terminal p iece) to the pits just men
t ioned, and behind these, along s ides of terminal piece proper, forming 
rather shallow grooves, which generally are narrow anteriorly, but soon 
grow wide, and die out or become very shallow a l i ttle inside the posterior 
margin of  the pygidium.  Side lobes rudely tr iaugular in outline with the 
marg ins  scalloped owing to the projection of the ends of the pleurce; 
composed of 3 pairs o f  gently rounded,  unfurrowed pleurce. Anterior pai r  
o f  pleurce sl ight ly increas ing i n  width and sloping very sl ightly down
wards to approximate fu lcrum ,  beyond this growing nearly paral lel-sided, 
or very sl ightly increasing in width d istal ly, and bending rather strongly 
downwards and backwards, ending i n  short blunt points projecting  on 
margins .  Second pair of pleurce nearly strai ght, increasing in  w idth di
stally, directed more backwards ,  hut bent rather less strongly downwards, 
and attaining a greater width than distal portions of anterior pair; their  
ends forming rounded projections on margins. Th ird pair of pleurce di 
rected backwards, increasing in  width posteriorly and growing wider than 
the others, w i th  s l i ghtly concave inner sides, which converge posteriorly, 
nearly straight outer sides, and broadly rounded ends, and with their 
surfaces sloping gently downwards lateral ly; posterior margin of pygidium 
between their extremities forming a slight re-entrant curve . Interpleural 
furrows shallow and generally w ide, growing wider distal l  y; the i r width, 
however - and consequently the width of  the pleurce also - varying 
rather much in different specimens .  [In interna! casts the pleurce -
especially the two an terior pairs - generally project more on the mar
gins than in testiferous specimens, and in  some specimens the interpleural 
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fu rrows are very wide and the pleurce narrow and rather ridge-l ike, the 
t wo posterior pairs expanding distally. J 

Surface of  test Iinely granu lated, except in the furrows; portions o f  
cheeks inside bounding furrows in addit ion marked with sma l l ,  shallow 
and rather sparsely distributed, rounded pits .  

D i m e n s i o n s. - The dimensions of a rather  smal l  cephalon are: 
distance along median  I ine between anterior and posterior margins I I mm. ,  
greatest width I 3 mm., d istance al on  g median l in e between anterior and 
posterior margins of glabel la 10 mm., greatest width of do. I 1.2 mm. In 
one o f  the largest cranidi a  observed the distance between the anterior 
and posterior margins of the gl abel la i s  26 mm. and i ts greatest width 
27 mm. In a !arge pygidium the length a long the median I ine (articulat
ing half-ring excluded) i s  I I mm. and the greatest width 2I mm.; in an
other pygidium of  more ordinary size the length is 5 mm. and the width 
9,5 mm. 

Re ma r k s  a n d  A ff in i t ie s . - The spec ies Sphmrexochus calvus was 
founded by Mccov in I846 ( p .  44, PI. IV, fig. w) on cranidia from the 
Kildare Limestone at the Chair o f  Ki ldare i n  Ireland, where several py
gidi a which evidently belong to this species have also been found. 

McCov was of the opinion that the cranidium from Furudal in  
Dalarne figured by HISINGER (I840 , PI .  XXXVII, fig. I) as  Calymme clavi
frous DA LM. was referable to the same species, hut  this does not see m 

to be the case. HISINGER's specimen came from a lower stratigraphical 
horizon, the Lower Leptcena Limestone1, and a great number of other 
cranidia evidently belonging to the same species - which I propose to 
call Sph. Hisingerz· - have been found in  the same formation both at 
Furudal and at Kullsberg. There do not seem to be any distinct features 
by which to separate these crailidia from those of Splt. calvus. The 
pygidia, however, which occur in the same part of the Lower Leptcena 
Limestone and apparently are referable to the same species as the 
cran idia differ markedly from the pygidia of the geologically you n ger form 
(Cf. below, p. 384). 

In the Upper Leptcena Limestone in Dalarne, on the other hand, 
there occur  n umerous pygidia as well as cranidi a  which agree closely in  
characters wi th those from Kildare and I see  no reasons to hesitate i n  
referring these to McCov's species. I t  appears most probable that among 
the material on which ANGELIN (I854, p. 36) founded his species Sph. 
angustifrons were cranidia of both the younger and the older form . At 
any rate it is almost unthinkable that he  had not seen cranidia of the 
younger form, s ince these are among the most abundant fossils in the 
Upper Leptcena L imestone; on the other hand, be referred HISINGER's 

1 It  is  obvious from HISINGER's (18)1, p p.  8, 12) earlie r statements t hat  the cranidia 
from Furudal erroneously referred by him to DALMAN's species had been found in Lep
t:-ena Limestone, and it is the Lower Lept:ena Limestone that occurs in tha t locality. 
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specimen 1 to his species. It is impossible to decide to w hi ch of the two 
forms the cranidium primarily figured by ANGELIN ( Op. cit. , PI. XXII, 
figs. 8-8 a) as Sph. angustifrons belongs, since the specimen is lost and 
there is no statement as to whether it bad been found in the Upper or in 
the Lower Lept<ena Limestone. The same is the case as regards the 
cephalon figured by him further on in  the same work (PI .  XXXVIII, fig. 16). 
The pygidium ,  however, which he (Op. c it. ,  PI. XXXVIII, fig. 1 6  a) un 
reservedly referred to his species belongs to the younger form, Sph. cal
vus. 2 A pygidium of  the other type,  from the Lower Lept<ena Limestone ,  
was also figured by  ANGELIN (Op .  cit . ,  P I .  XXXVIII, fig. 1 7) bu t  as 
Sph. angustifrons? var. (Op. cit. , p .  75) . These being the circumstances 
it appears as if the species which occurs in the Upper Lept<ena Lime
stone must be regarded as ANGELIN's Sph. mzgustifrons, and, since it 
evidently is identical with Splz. calvus McCov, the former, younger name 
must be dropped. 

The cranidia from the East Balt ic Lyckholm Formation described 
and figured by SCHMIDT ( 1881 , p. 1 89,  PI. IX, figs.  17 a-b, Pl. XVI,  
fig. 38 )  as .Sph. angustifrons ANG. belong apparently to the younger form, 
Sph. calvu.s, and the small specimens from the Red Trinucleus Shale at 
Vikarbyn in Dalarne mentioned by TöRNQUST ( 1 884, p. 20-21 )  seem 
also to belong to it. 

REED's  species Splt. latirugatus (REED, 1896, p. 423 ,  PI .  XX, fig. 12), 
founded on pygidia from the Keisley Limestone at Keisley in England ,  
appears to be  identical with Sph. calvus. The  pygidium from Keisley 
recorded by REED ( Op. cit. ,  p .  423 ) as Sph. mirus BEYR. seerus also to 
belong to this species, as weil as the Sphmrexochus cranidia which have 
been found at the same  locality. REED (Op. cit., pp. 423-424) considered 
it  probable that some of these �so-called» Sp!t. mirus cranidia belonged 
to his species Splz. latirugatus. He also s tated that he had seen several 
pygidia from Kildare which he considered referable to this species, and 
he has later on ( 1 9 1 4, p .  48) himself suggested that Splt. latirugatus might 
be identical with Sph. angustzfrons ANG. (Cf. above). 

The cranid ia from Keisley examined by the writer agree perfectly 
with those from Kildare and from Dalarne .  The \niter has also had the 
opportunity of examining in the Sedgwick Museum in Cambridge both 
the pygidium mentioned above, which REED referred to Sph. mirus and 
two pygidia (among them his type specimen) referred by him to Sph. 
latirugatus. The former shows a much closer resemblance, to the typical 

1 In ANGELIN's work (p. 37) Calymene selerops is ev idently a m iswriting for Ca/y
mene clavifrons. The r�ferenc e  to the page and the plate is correct. 

2 ANGELIN' s  figure is quite misleading, and, without seeing the original, it would 
be im possible to recognize that it belonged to this species, which accounts for TöRl\
QUJST's (1884, p. 20) statement concerning it. The specimen is, however, fortunately in 
the State Museum of Natural History, and it shows the characters of the  species. The 
rock in which it occurs is undubitably Upper Lept<ena Limestone , but there is no state· 
men t  as to where it has been found. 
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pygidia of Spk calvus than to those of Sph. mirus (Cf. below) .  It has 
relatively narrow interpleural furrows and d iffers in  this respect from the 
pygidia referred to Sph. latirugatus, which, as stated by REED, have 
narrow ridge-l ike pleurce - the seeond and third pairs increasing i n  width 
distally - separated by wide, shallow, concave depressions. These py
gidia are to a great extent devoid of their test, and I have seen several 
specimens from Dalarne which on the interna! east show similar characters . 
As has been mentioned above, in the description of the species, the pygidia 
which seem referable to Sph. calvus vary much i n  the relative width . .pf 
the pleurce and i nterpleural fu rrows. In testi ferous specimens the boundary� 
I ines between the _furrows and the rounded pleurce are very sharp and the 
former seem always to be narrower than the latter. Sametimes the d i f
ference is ,  however, rather sl ight, i n  other cases stronger, and i n  some 
specimens considerable ,  although the furrows seem never to be really 
narrow. Among the interna! casts the variation is much greater. In these 
the boundaries between the fu rrows and the pleurce are often very in
distinct ( especially at the rear of the former) ,  and in  som e specimens the 
surface of the broad pleurce slopes very gradually downwards to the 
bottom of the relatively narrow furrows. In other specimens again with 
wide furrows on the surface of  the test the pleurce may, when the test is 
removed, appear as narrow ridges separated by wide ,  shal low, concave 
impressions as i s  the case in the specimens which REED referred to Spk 
latirugatus. 

S.A.LTER (1853, PI .  III; 1864 a ,  p .  76) united Mccov's species with 
the Si lurian species Splz. mirus BEYR. (BEYRICH, 1845, p. 21; 1846, PI. I, 
figs. 8 a-c ; BARRANDE, 1852, p. 8o8, PI. XLII, figs. 16-23), but he ad
mitted that the cranidia and pygidia from the Kildare Limestene d iffered 
in some characters from the British Silurian form , which he  referred to 
BEYRICH's species.1 TöRNQUIST (1884, p. 20) l ikewise united ANGELIN's 
Sph. angustifrons - as weil as Sph. scabridus ANG. - with Sph. mirus. 
There appears to me, however, to be no reason to hesitate in keeping 
the Ordavieian species apart, s ince !t shows several distinctive characters . 
McCov (Op . cit . )  when faunding his species s tated that it d iffered from 
Sph. mirus in the small distance between the basal lateral glabellar lobes. 
The same point was marked out by ANGELIN (Op. c it .) as dist inguishing 
.Splt. angustifrons from Spft. scabridus, and SCHMIDT (Op. cit.) has also 
emphasized this difference between the Ordavieian species and Spk 
mirus. As the authors who united the species have pointed out, the 
width of this space varies in both forms, but i t  always seems to be much 
narrower in Sph. calvus, where the lobes are transversally elongated and 
have a rather i rregular shape, whereas they are almost circular in  Spft. 
mirus. In the latter the glabella appears generally to be relatively shorter 
and wider, with the anterior outl i ne  more broadly rounded and with the 

1 lt appears questionable to me whether the British form really belongs to this 
species. !t appears to differ in  several characters from the typical Bohemian form. 
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strong downward slope o f  the surface commencing nearer the occipital 
furrow. This i s  especially the case in the Brit ish form, and in this the 
basal lateral glabellar lobes are also more steeply incl ined than in Sph. 
calvus. The pygid ia  d iffer more, however. In Spk mims - both in the 
typical Bohemian and in the British form - the hindmost portion of the 
axis i s  much more elevated than in Sph. calvus and the d istal portions 
of all the pleur;e are bent steeply downwards. In the British form the 
pygidium is  also, as stated by SALTER (Op. ci t.), shorter and wider. 

Ho r izo n s  a n d  L o c a l i t i e s .  - Upper Lepta:na Limestone ; Kall
holn ,  Osmundsberg, Klittberg, Unskarsheden, Torsmo, Lissberg, Boda (at 
the two latter localit ies in l ime-shales as weil as in hard, thick-banded 
limestone) .  Red Trinucleus Shales: Vikarbyn in  Dalarne. Ki ldare Lime
stone; Chair o f  Kildare in  Ireland. Keisley Limestone; Keisley in  Eng
land .  Lyckholm Formation ; Dago in Esthonia. 

Sph�Erexocbus Hisingeri n. sp. PI. XI, fig. 16-1 9. 

1840. Calymene c!avifrons, HISINGER, PI. XXX VII, fig. I. 
1854. 5pluerexocltus angustifrons,� var., ANGELlN, p. 75, pi. XXXVIII. fig. 1 7 .  
1 R84. Sp{l!rexochus mints, TÖRNQUisT, p p .  20-21 (pars). 

R e m a rk s . - That the cran id ium from Furudal which HISINGER 
(Op . cit . ) figured as Calynune clavifrons DA L M ., does not belong to DAL
MAN's  species but to a species of Splu:erexoclzus was already shown by 
BEYRICH (1845, p. 22), and ,  as ment ioned above (p. 38 1 ), McCov referred 
i t  to Spk calvus Mccov and ANGELIN to his species Sph. angustifrons. 
As already poi nted out ( pp .  38 1 ,  382 ) ,  it had been found i n  the Lower 
Lepta:na Limestone, and whereas the species of Sphcerexochus which occurs 
in the Upper Lepta:na Limestone, and which must be regarded as ANGE
LIN ' s  Sph. angustifrons, evidently is identical with Sph. calvus, the older 
form appears to represent a disti nct species .  This may appropriately be 
named Sph. Hisingen·. 

There have l ater been found  in the Lower Lepta:na L imestone both 
at Furudal and a t  Kul lsberg a great nu m ber of cranidia and a few pygid ia 
which evidently belong to this species. The pygidium figured by ANGELIN 
i n  1 854 (PI .  XXXVIII, fig. 1 7) as Splzcerexochus mirus? var . ,  which is in  
the State Museum of  Natural  History, is  of the same type as those found 
later at the local ities j u st mentioned. Other fossi ls (pygid ia of  Illcemts 
fallax HOLM ) , which occur in the same piece of rock, as weil as the 
appearance of the latter, show that i t  i s  from the Lower Lepta:oa Lime
stone. There i s ,  however, no statement as to the locality where it has 
been foun�, only that i t  i s  from Dalarne, but i t  appears most probable 
that it has been collected at FurudaL 

There i s  no d ist inctivc difference between the cranid ia of this species 
and those of Sp!t. calvus. The only dissimilarity woul d  be that in the 
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former the average width of  the base of  the central lobe of the glabel l a  
seerus to be somewhat smaller. I have measured a great number of 
cranid ia  of both species, and to judge from these Sph. calzJUs has the 
basal width of the central lobe about equal to or  sl ightly greater than the 
transverse diameter of  the basal lateral lobes of the glabella, whereas i n  
Sph. Hisingen· i t  never exceeds this bu t  may  be  slightly smaller. 

The pygid ium,  however, differs d istinctly from that of  Sph. calvus, 
all the pleur� having - both in testiferous specimens and in  interna! 
casts -· relatively Iong  free end s 1 separated by deep and rather wide 
emarginations; further the extra-fu lcral portions of the an terior pair of 
pleur� are directed less backwards and the terminal piece of the axis ends 
in  a more acute point. All the pygidia of  th is form exam ined by the 
writer have wide interpleural furrows. 

D i m e n s i o n s . - In the largest cranidium observed the d i stance 
along the median Iine  between the margins  o f  the glabella is 20,5 mm.  
and the  greatest width of  the  latter 2 I ,5 mm. In a smaller glabella the 
d istance between the anterior and posterior margins is  I r mm. and the 
grefltest width 12 mm. In the pygidia observed the length along the 
median I ine ( the articulating half.ring exduded) varies from about 7 mm. 
to 9 mm. 

H o ri z o n  a n d  L o c ali ti es: - Lower Lept�na Limestone; Furuda l ,  
Kullsberg, Amtjärn. 

Sphrerexochus tuberculatus n .  sp. PI .  XI, figs. I-4. 

R e m a r k s. - In the lowest part of the Lower Lept�na Limestone 
( thin-banded l imestone interstratified by shales) at the Amtjärn Quarry 
and at Sätra, there occurs a form which must be considered very dosely 
al l ied to Sph. Hisingeri. It is represented in  the Upsala Museum by 
numerous cranidia an d pygid i a  an d several detached free cheeks from the 
former locality and by one cran id inm from the l atter. 

As far as can be ju dged from the portions preserved ,  this form 
agrees exactly with Spk Hisingeri in all characters except i n  the orna
mentation of the surface. In th is respect, however, i t  d iffers so much,  
not only from Spk Hisingeri, but a lso from all other hitherto described 
species of Sphc:erexoclzus, that i t  seems necessary to refer i t  to a di slinet 
species. - The surface is  ornamented with rather low, sub-conical tuberdes 
of different sizes (al l  rather small )  and between the tuberdes it is  finely 
granulated.  The tuberdes are placed rather close together on the post
erior and middle portions of the glabella ,  and here the larger ones occur ; 
towards the sides and frontal portion of the cephalon they grow gradually 
smaller and more sparsely distributed .  On the occipital ring there i s  a fai rly 

1 In the \arger of the pygidia figured below (PI. XI, fig. 18) the seeond pleura on 
the right side is not complete. 

2 5 - 192s2. Buff_ of Geol. Vol. X V I I. 
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!arge median tuberde and a few scattered , smaller ones. On the pyg i 
d ium the tuberdes seem a s  a rule to be more evenly distributed than on  
the cephalon,  and  to be ,  on the whole, rather smaller and  placed some
what farther apart than on the posterior and m iddle portion of the gla
bella. - As in other species of the genus (Cf. above, p. 3 77) the central 
portions of the cheeks are marked by smal l ,  scattered pits , which, how
ever, are rather indistinct in most of the specimens observed. 

D im e n s i o n s . - In the type specimen (cranid ium) the distance along 
the median I ine between the anterior and posterior margins of the glabel l a  
i s  I 3 mm.  and  i t s  greatest width 14,5 mm . ;  i n  a !arge fragmentary glabella ,  
the largest observed, the  distance along the median I i ne bet\veen the 
margins seems to have been about 20 mm. In a pygidium of ordinary 
size the length along the median Iine (articulating half-ring exduded) is 
12 mm. and the greatest width 25 mm.  

H o r i z o n  a n d  L o c a l i t i e s . - Lowest part of  Lower Leptrena Lime
stone ; Amtjärn Quarry, Sätra. 

Genus Hemisphrerocoryphe REED. 

Cephalon transversally sub-semiell iptical i n  outl ine, strongly convex, 
with gena! angles produced into spines. Glabella, barring the basal lateral 
lobes, swollen into a !arge, sub-hemisphrerical or sub-ovate mass, which i n  
the middle posteriorly slopes directly down into the occipita l  furrow. 
Anterior two pairs of lateral glabellar furrows represented by weak, narrow 
grooves or shal low, rounded impressions,· not reaching axial fu rrows ; 
basal lateral glabellar furrows strong, oblique, reaching occipital furrow 
and entirely isolating a pair of small ,  nodular basal l ateral lobes. Cheeks 
convex, sub-triangular, with eye lobes nearly in the centre. Anterior and 
posterior branches of  facial s u tures making obtuse angles; posterior branches 
cutting margins just in  front of gena! spines. Glabella finely tuberculated; 
cheeks inside bounding furrows pitt�d . sometimes with small tuberdes 
between the pits. Thorax and pygid ium unknown. 

Genotype: Hemisplu:erocoryphe pseudohemicranium NIESZKOWSKI. 
R e m a rks. - SCHMIDT (188 1 ,  pp. 123, 1 65) considered NI ESZKOW

SKI's species Sphmrexochus pseudohemicranium ( NIE SZKOWSKI, I859 , p .  
3 76, Pl. II, tigs. 7-8) to form a connecting !i nk between the typical 
membets of Cyrtometopus and Sph(l!rocoryphe, placing it hesitatingly in 
the former genus.  TöRNQUIST (I 884, p .  I 7) bel i eved i t to be identical 
with ANGELIN's Sphmrocoryphe gramdata (Cf. below) and referred it to 
Spltt:erocoryphe. Later on REED ( 1 8 96a, pp. I21-122) followed out 
SCHMIDT' s suggestion ,  and p roposed i t as the type of  a new sub-gen us 
of CJuirurus s. lat. , Hemisphmrocoryphe. The pygidium ascribed by 
SCHMIDT (Op. cit. ,  p. I64, PI. VIII, fig. 1 6) to this species is qu ite d iffe
rent from both the Cyrtometopus- and the Sphmrocryphe-type of pygidia, 
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but it seems very unl ikely that it really belongs here .  To judge from 
the description and tigure it does not appear to belong to a member of  
the fami ly Cheiruridce at all ,  but rather to a Lichad . However, even i f  
only the characters of  the  cephalon are taken into consideration, the spe
cies does not seem to be referable to either Cyrtometopus or Sphcerocoryplze 
-- although i t  shows aftinities with both - and it seems justitiable to 
regard Hemisphcerocoryphe as a distinct genus (when w e  regard the other 
proposed sub-genera of Cheirurus s .  lat. as having generic rank). 

ANGELIN's Splzcerocoryphe granulata appears to be rather closely 
allied to Hemisph. pseudohemicranium and referable to the same genus .  
As mentioned above, TöRNQUIST bel ieved the two species to be  identical , 
but th i s  does not seem to be the case. At any rate the type form of Hemisph. 
pseudohemicranium (SCHMIDT, 1881, PI . VIII, figs. 13-14, PI . XVI,  fig.  
I8-I9) appears to be a distinct species. Possibly the form described 
and tigured by SCHMIDT (O p. cit. , p .  164, PI. VIII, tigs. 9, 10, I S, PI. 
XI, fig. 29, PI. XVI, figs. 20-21 ) as Cyrtometopus pseudohemicranium 
NIESZK. var. dolicltocephala is identical with ANGELIN's species. 

Whether SCHMIDT' s species Cyrtometopus Ro senthaN (SCHMIDT I 88 I, 
p. 236 , text-tigs. I S a--c; I907, p .  10) is referable to Hemispha:rocoryplze 
i s  impossible to decide from the description and tigures avai lable .  SCHMIDT 
regarded i t  as closely allied to NIESZKOWSKI's species, hut, as he himself 
pointed out, it agrees in some characters better than this does with the 
typical species of  Cyrtometopus. 

In addition to the genotype, REED (Op .  cit.) included in Hemi
splzcerocoryplte also another species which SCHMIDT with some hesi tation 
had referred to Cyrtometopus, namely Cyrt.? aries EICHW. (SCHMIDT I88I, 
p .  I6o, PI. VII, figs. I9-2I, PI. XVI, tigs. I6-I7). It seems doubtful 
to m e  w hether this species can be placed together w i th Hemisph. pseudo
lzemicranium. It i s  true that both forms show a rather strong l ikeness to 
Sphcerocoryphe, bu t i n  d ifferent respects (C f. SCHMIDT, O p .  c it. pp . I6I, 
I63, I6S). BARTON (191s, p. 127) refers also Cyrt.? aries, as weil as 
SCHMIDT's species Cyrt.? Rosenthalz", to Hemisphmrocoryphe. The tigure 
given by him as the cran idium of the genotype, Hemisph. pseudohemi
cranium, does not represent this species, but i s  an outl ine drawing after 
one of SCHMIDT's figures of Cyrt.? aries.1 His diagnosis of the genus i s  
apparently  to a great extent founded on th i s  species and  does not  quite tit  
any o f  the species which he refers to i t, as  the y are  described and tigured by 
SCHMIDT. The d iagnosis given above is  based on SCHMIDT's description 
of  the genotype and on the characters of  Hamsph. granulata ANG. , where
as the characters of Cyrt.? aries ElCHW. are not  taken into consideration. 

1 To avoid further confusion it may be pointed out in this  connection, that  the 
figures gi\'en by BARTON (Op. cit. p. 108, text·figs. 4 b-c) as representing the cephalon of 
the genotype of Cyrtometojms, Cyrt. clavifrons DALM., are drawn after two of ScHMIDT' s 
(r88r, PI. VIII, figs. r-2) figures of Cyrt. afjinis ANG., and the one given by him (Op. 
cit., p. 125, text·fig. 16) as the genotype of Sph{i!rocoryj;lte, Splt. dentala ANG., is drawn 
after one of  ScHMIDT's (Op. cit., PI. VIII, fig. 7) fignres of Sj;h. crmzium KuT. 
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Hemisphrerocoryphe granulata ANG. PI. X ,  figs. 35-39-

1854· SjJha?rocoryjJlte granulata, ANGELIN, p. 76, PI. XXXIX, fig. 4-
r869. St{mrocejJhalus (SjJa?rocoryjJhe) granulatus, L!NNARSSON, p. 61. 
1884. .':>pha?rocoryjJ!ze granulata, TöRNQUIST. p. 17-

S p e c ifi c C h a r a c t e r s. - Cephalon convex, transversally sub-semi
elliptical in  outl ine, with the gena! angles produced into stout, rounded , 
tapering, strongly d iverging spines (irnperfectly preserved) .  

Glabella, barri ng the basal lateral lobes, swol len into a )arge, broadly 
sub-ovate mass, narrowing anteriorly, with the longer axis directed obliquely 
forwards and downwards,  not very strongly contracted below, occupying 
about half the width of cephalon. Anterior two pairs of lateral glabel lar 
furrows represented by small ,  sub-ovate impressions, which are rather 
shål low on the surface of the test, generally deeper on interna! casts ; first 
pai r situated far forward, just above the terminal pits of the axial furrows ; 
seeond pai r larger, more elongated, and,  generally, sarnewhat deeper than 
the first , s ituated at about middle of glabel l a  close to axial furrows. Basal 
pair of lateral glabellar furrows very oblique,  deep and wide at axial 
furrows, growing shal lower within before reaching occipital furrow. Basal 
lateral glabellar lobes small ,  distinctly raised, narrowly sub-triangular  in 
outline, with the longest sides along lateral glabel lar furrows, strongly 
bent downwards and si tuated much below the rn iddle point of the strongly 
arehed occipital furrow, which separates them. Axial furrows not very 
deeply irnpressed , narrow outside basal lateral lobes, much wider outside 
anterior portion of glabella, terminating in  front in deep, rounded pits. 
Occip ital furrow of moderate width, rather shallow in  middle,  growing 
very deep and curving slightly forwards at s ides behind basal lateral g la
bel lar lobes .  Occipital ring narrow in  middle, widening slightly laterally, 
very strongly arehed transversally, gently rounded longitudinal ly. Anterior 
border of cranidium narrow, gently rounded ,  separated from glabella by 
rather strong furrow, and continued on fixed cheeks along anterior branches 
of facial sutures by narrow, ra ised ridges. 

Cheeks sub-triangular, rather strongly convex, but scarcely elevated, 

curving steeply downwards laterally and anteriorly; their posterior margins 

curving forwards l aterally to bases of gena! spines. Eye lobes (irnper
fectly preserved ) rather small ,  prominent, rounded, situated opposite seeond 
pair of  lateral  glabellar impressions and about hal f-way between axial 
furrows and bases of gena! spines. Lower eyel ids relatively broad, strongly 

curved .  Posterior borders rounded,  rather narrow, widening slightly later
ally; their inner port ions with narrow, depressed articulat ing bands along 
poste rior edges. Posterior border furrows rather strong (very wide on 
intemal casts), dying out at bases of gena !  spines. Free cheeks relatively 
!arge, though smaller than the fixed o nes, sub-triangular, the anterior and 
poster ior branches of the facial sutures making sl ightly obtuse angles, the 
posterior  branches cutting the margins just in  front of bases of gena! 
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spines. Borders of free cheeks rather wide , gent! y rounded ; border furrows 
weak, not connected with axial or preglabellar furrows and not quite 
reaching posterior  branches of  facial sutures. 

Surface of glabella ,  except in the furrows, covered by small, rounded 
tubercles.  Portions of cheeks inside bounding furrows pitted, with small ,  
i l l-defined tuberdes between the pits. Occipital ri ng, horders, and gena! 
spines granulated .  

D i m e n s i o n s . - The dimensions of a !arge, fragmentary cranidium 
are : distance al on g median I ine between anterior and posterior  margins 
I5 mm. ,  width between bases o f·genal spines 26 mm., distance between, 
anterior and posterior ends of  swollen portion of glabella I 5 mm. , greatest 
width of do.  1 2,7 mm.  

R e m a r k s  and A ffi n i t i e s . - A great number of more or less frag
mentary cranidia of this species have been found i n  the Lower Lept;:ena 
Limestone at d ifferent localities. One of the specimens, i n  IsBERG' s collec
tion ,  has one of the free checks attached i n  position .  The thorax and 
the pygidium are not known . Possibly two fragmentary hypostomata -
the larger one having a length of about 5 mm.  - from Kullsberg i n  the 
Upsa la Museum belong to this species ; as far as can be ascertained 
from t hese spec imens, the characters are as fol lows : 

Entire hypostoma rounded sub-triaugular i n  outline ,  about as Iong as 
wide, tapering posteriorly, broadly rounded in  front ,  sub-truncate at base. 
Central . body sub-ovate, rather strong! y convex, unfurrowed. An terior 
border ( imperfectly preserved) narrow, marked off by rather narrow furrow. 
Anterior pair of  wings very short ( longitud inally ) ,  rather steeply, though 
not vertically, incl ined. Lateral furrows strong, contin uous with the some
what shallower posterior furrow. Lateral borders narrow, raised and 
thickened, especial ly i n  front. Posterior border rather wider ,  gently recurved. 
Surface of  body (and horders ?) granulated. 

Cranid ia of this species have also been found in. the upper part of 
the Chasmops Limestone ,  the Macrourus Limestone, at Fjecka i n  Dalarne, 
and,  according to LINNARSSON (1 869, p. 6r), in the Chasmops Limestone 
at Mösseberg and Ål leberg in  Västergötland. 

As mentioned above (p . 386), TöRNQUIST (r884, p .  I 8) has expressed 
the opinion that the species described by SCHMIDT i n  I88I (p . 1 63) as 
Cheirurus (Cyrtometopus) pseudoftemicranium NEISZK. was identical  with 
our species. To the former SCHMIDT referred in addit ion to the type 
form (SCHMIDT, op. c i t . ,  PI . VIII, figs. I 3-14, PI . XVI, figs . 1 8-19) 
another form, var. dolicocephala SCHMIDT (Op. cit . , PI .  VIII, figs.  9-
IO, I 5, PI. XI, fig. 29, PI. XVI, figs. 20-21 ). Concerning this l atter form, 
he remarked ,  however, that i t  perhaps was specifical ly distinguishable ,  
and , as fa r as can ·be judged from his description and figures, this appears 
to be the case. It is this form which shows the greatest l ikeness to 
Hemisph. grmzulata, hut whether it is identical is impossible to decide 
without seeing any of the specimens. To judge from the description and 
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figures i t  appears to differ in having the base of the sub-globular portion 
of  the glabel la more produced posteriorly so as to project more distinctly 
between the basal lateral glabel lar lobes. The difference seems to be rather 
sl ight, however, and at any rate the forms appear to be closely all ied . 

The fragmentary glabel l a  from the Keisley Limestone at Keisley in  
England which REED ( 1 896, p .  423 )  hesitatingly re ferred to our species, 
does not seem to belong here, hut possibly to Sphcerocoryp he punctata 
(Cf. ,  below, p .  393) .  

The cranidia  from the East Balt ic Lyckholm Formation described 
and figured by SCHMIDT ( 1 88 1 ,  p .  1 69,· Pl . VIII ,  figs . 1 7- 1 9) as Cheirurus 
(Sphcerocoryphe) cf. granulatus ANG. differ strongly from the cranidia of  
the  true Hemisph. granulata, and represent apparently a new species of  
Sphcerocoryphe. 

H o r i z o n s  a n d  L o c a l i  t i e s. - Lower Leptcena Limestone :  Kulls
berg, Furudal, Sätra, Östbjörka, Sinksjön ,  Änderåsen, Amtjärn.  Chasmops 
Limestone (Macrourus Limestone) ; Fj ecka in Dalarne. · Chasmops Lime
stone ; Ål l eberg and Mösseberg in Västergötl and.  

Genus Spha:rocoryphe ANGELIN. 

Sphrerocoryphe punctata ANGELIN. PI . X ,  figs. 43 - 49· 

1 8 54 .  Dcz'phon punctatus, ANGELIN, p. 77, PI. XXXIX, fig. 6. 
? 1 896. Sphawocoryphe granulata?, REED , p. 4 2 3 .  

S p e c i fi c  C h a ra c t e rs . - Cephalon,  barring the protuberant glabel la ,  
gent ly convex, transversally sub-semielliptical to broadly sub-triaugular in 
outl ine,  with the gena! augles produced into spines. 

Glabella in front  of  basal lateral furrows swollen into a !arge, sub
globular mass,  protruding beyond anterior margin of  cephalon and partly 
overhanging the cheeks. Portion of  glabella lying behind the globular 
portion occupying about one th ird the width of  entire cephalon between 
bases of gena! spines, short, depressed ,  w ith small, sub-triangular ,  nodular 
basal lateral lobes. Anterior two pairs of  lateral glabellar furrows entirely 
obsolete. Basal pair of  furrows broad, hut not deep , connected across 
middle of glabel la, growing wider internally so as to reach occipital furrow, 
or, perhaps more correctly expressed, growing confluent internally with 
the short, smooth, groave-like neck of the central glabellar lobe. Axia l  
furrows narrow and shallow outside basal lateral glabellar lobes, i n  front 
of l atter wide and very deep. Occipita l  furrow of moderate width, shal low 
in middle and almost confluent with depressed neck o f  central glabellar 
lobe, growing deep at sides, s l ightly sinuately curved; its middle portion 
being arehed forwards, the lateral portions backwards .  Occipital ring of 
moderate width , narrowing slightly laterally, strongly arehed transversally. 
Anterior border of  cranidium rather  narrow, bent obliquely downwards with 
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gently rounded surface, continued on fixed checks along anterior branches 
of facial sutures by narrow,  raised ridges. Anterior border furrow of 
moderate strength (wider and shal lower on interna! casts than on the 
surface of the test) . 

Checks sub-triangular, convex, hut much lower than globular portion 
of glabella ; their posterior margins curving gent! y forwards laterally to 
bases of gen a! spines. Eye lobes small ,  high, conical, s ituated far forward 
in front of middle of globular portion of glabel la. Palpebral lobes very 
prominent, bent strongly upwards, Eyes strongly convex in both direc
tions, with numerous, rather small ,  rounded !enses, and supported by rela
tively high lower eyel ids .  Posterior borders o f  checks narrow, widening 
slightly lateral ly, marked off by deep, rather n arrow furrows ; their inner 
portions with narrow, depressed artkulating bands along posterior edges .  
Gena! angles furnished with Iong, . rather  stout, rounded , and strongly 
curved spines . Lateral borders rather wide,  narrowing anteriorly, rounded,  
bent downwards ; each with a relatively stout, tapering, pointed,  down-bent 
marginal spine near base of gena! spine and with t races of another,  
smal ler marginal point just behind posterior branch of facial suture . Lateral 
border furrows narrow and rather wide on fixed checks, hut dying out 
before reaching posterior branches of facial sutures and not quite meeting 
posterior border furrows - on interna! casts sometimes connected with 
latter by weak depressions. Border furrows on free checks rather weak, 
not connected with axial or pregl abellar furrows. Free cheeks very small ,  
bent steeply downwards, sub-triangular, placed on front side of cephalon, 
almost entirely occupied by the eyes and the horders. Anterior branches 
of  facial sutures d irected obliquely inwards, forwards, and downwards, 
making sl ightly acute angles with the posteri or branches,  which run 
slightly forwards from the eye lobes, hut generally curve more outwards 
before reaching the margins. 

Pygidium ( excluding spines) sub· triangular in  outl ine ,  broader than 
Iong, with pleur<e of two anterior segments produced into spines. First 
segment seemingly a thoracic segment which, at !east along the inner por
tions of  the pleur<e, has become fused with the front  of the pygidium 
proper (whether the axial ring is free or fused with the >> articulating»  half
ring of the fol lowing segment is not clearly shown in the specimens) . Its 
axial ring rather strongly arehed and sligh tly campressed from the sides, 
rounded longitudi nally, narrow and arehed forwards in middle ,  widen ing 
latera l ly into smal l ,  transversally sub-oval nodules, bounded at s ides by 
wel l ·marked, rather narrow axial furrows. Pleur<e of this segment with 
short, straight, gently convex inner portions, marked by faint median 
furrows and separated from ou ter portions by very weak constrictions ; 
outer portions produced into Iong, depressed semicyl i ndrical , tapering, 
pointed spines, which are bent gently downwards, and d istally curved 
rather gently backwards . Axis of  posterior portion of pygidium (pygi
d ium proper) sub-conical ,  i l l -defined ,  except anteriorly ; composed of 3 
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rounded axial rings and a short , gently convex terminal piece, separated 
by weil -marked furrows ending at s ides in rather deep pits .  Anterior  
axial r ing of  th i s  portion s imi lar  to that of  preceding segment wi th  broad, 
prominent � articu lating » half-r ing and rather distinct l ateral nodules ,  
bounded at s ides by distinct, but rather weak, axial furrows. Fol lowing 
axial rings l ess prominent, with more  indistinct l ateral swellings, and very 
indistinctly defined at sides, the axial furrows growing obsolete, or almost 
obsolete, posteriorly. Side lobes of this portion with one anterior pair of 
!arge pleurce w ith broad bases and forming Iong,  stout, rounded, d ivergen t 
spines (imperfectly preserved) , which are directed obliquely upwards . 
Posterior portions of side lo bes confluent with bases o f  spines, unfurrowed, 
very narrow, rounded, produced postero-lateral ly into pair of  short ,  trian
gular points, which are bent straight downwards and invisible when the 
pygid ium is viewed in dorsal aspect. 

Test of  glabella, except in the furrows, covered with small rounded 
tubercles.  Portions of cheeks ins ide bounding furrows with s imi lar tuberdes 
and between them small pitt ings. Test of  other portions observed more 
finely tubercu lated or  granulated . [On interna! casts the tuberdes and 
granules are genera l ly  not  observable. ]  

D i m e n s i o n s. - The dimensions o f  a medium-sized cranidium are : 
length along median I ine between anterior and poster ior margi n s  just over 
5 mm.,  width between bases of  gena! spi nes approximately 12 mm. ,  longi
tud ina l  diameter o f  g lobular portion of  glabel la  6 mm . ,  transversal dia
meter of  do .  slight ly l ess, about 5,9 mm. ,  and about equal to the 
height. Most of the specimens observed are much smal ler ;  in the smallest 
ones the diameter of  the sub-globular portion of  the glabel l a  is a i i tt le 
over 2 mm. only. There are, however, also a few much larger ones. 
In a very !arge, fragmentary cranid ium,  the largest observed, the length 
between the margins is 9 mm. and the width between the bases of  the 
gena! spines approximately 20 mm. In most specimens the relat ion be
tween l ength and width of  the sub-globular portion of  the glabel l a  i s  
abou t  the same, bu t  often th is  portion is comparatively somewhat lower 
than in  the medium-s i zed cranidium mentioned above, especial ly in the 
l arger specimens.  In one of  these i ts width is 9 mm.  and the height a 
l i tt le over 7 mm. In the targer o f  the pygidia observed , the length of 
the entire pygidium ( including the anterior segment, but not its articulating 
half-r ing) i s  just over 3 mm. ,  and the width across the bases (in front) of 
the huge seeond pair of spines 4,5 mm.  

· 

Remarks. - The smal l  sub-globular portion o f  a glabel la  which 
ANGELIN { 1 854,  p. 77, PI .  XXXIX, fig. 6 )  described and figured as Deiphon 
punctatus n .  sp.  apparently does not betong to the genus Deiplwn but to 
Spha:rocoryphe. In the old col lection in the State Museum of N a tura! 
History there are two suc� globular portions l abel led Deiphon punctatus 
ANG. Dalarne, and one of them agrees perfectly with ANGELIN's figure, 
and is  probably the type specimen .  In addition to these and numerous 
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other similar fragmentary glabellce from different localities in Dalarne there 
are now available several more complete cranidia - from Kallholn and 
Boda, in the Upsala Museum - which show the typical characters of 
Sphcerocoryphe. In one fragmen tary specimen showing the hollow, inner 
su rface, one of the free cheeks is  attached i n  position, and of  the cheek 
portion the interna! east and the eye are also preserved. There are also 
two small pygidia from Kallholn i n  the Upsala Museum which appear to 
belong to this  species .  

TöRNQUIST ( r 884, p .  22)  has assumed that ANGELIN's type specimen 
belonged to the same species as  the fragmentary cranidia from Gulleråsen 
(Lissberg)  which h e (Op.  cit . , p .  22 , PI .  I ,  figs. 1 3- 1 4) attributed t o  
Deiphon Forbesi BARR . , hu t  this is  evidently no t  the case. The latter 
belong to the genus Deiphon, bu t ,  as suggested by WIMAN ( 1 907 b, p .  4), 
apparently to a disti nct species, which wil l  be described below (p .  394) as 
Deiph. Angelini. The fragmentary cranidium from the West Baltic Lep· 
tcena Limestone recorded by W IMAN ( Op .  c it . )  as Deiph. punctatus A. 
appears to belon g . to the same species of Deiphon. 

Splz. punctata seems to occur also in the Kildare Limestone at the 
Chair of Ki ldare in Ireland .  In the Museum of the GeologicaJ Su rvey of  
Ireland the  writer has seen a small imperfect cran id ium from this locality 
( labelled Encrimtrus sexcostatus) , which shows the gl obular portion of 
the glabella and the greater part of one of the fixed cheeks, and which ,  
as far as i t  is preserved , agrees closely in characters with the cranidia 
from the Leptcena Limestone.  A fragmentary glabella ( labelled Stauro
cepftalus) from the same local ity i n  the Museum of Practical Geology in 
London appears a lso to belong to our species. 

Possibly the small fragmentary glabella from the Keisley Limestone 
at  Keisley in  England w hi ch REED in 1896 (p. 423)  hesitatingly referred 
to Sphcerocoryphe (Hemisphcerocorypfte) granulata, is also referable to Sph. 
punctata. The specimen, which I have had the opportunity to examine,  
i s  too fragmentary and too badly preserved to permit a definite determi 
nation .  There does not ,  however, at  any rate appear to be any reasons 
to regard i t  as belonging to Hemisph. granulata - which species occurs 
on a lower stratigraphical horizon (C f. above, p. 390) - bu t i t seems rather 
probable to me that it may belong to a species of  Staurocepfzalus BARR. 

A ffi n it i e s . - The cran idia from the East Baltic Lyckholm and 
Borkholm Formations described and figured by SCHMIDT ( 1 88 1 ,  p .  16g, 
PI .  VIII, figs. 1 7 - 1 9) as Cheirurus (Sphcerocryphe) cf. granulatus ANG. 
differ very strongly from those of the true Hemisphcerocoryphe grmzulata 
( Cf. above, p. 390) .  They hear a rather  close resemblance to the cranid ia 
of  Sph. punctata, and  seem to represent an al l ied species. They differ  
from these in  the shape of the  bulbous port ion of  the glabella, which is 
pressed more forwards and is less strongly constricted below. Further 
the two anterior pairs o f  lateral glabellar  furrows appear to be represented 
on interna! casts by round ed impressions; the strong spine in front of the 
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gena! sp ine seems to be situated closer to the facial  suture and to have 
a samewhat different direction and there does not seem to be any traces 
of a seeond spine or point. 

H a r i z o n s  a n d  L o c a l i t i e s . - Upper Lept<ena Limestone; Kallholn ,  
Boda, Osmundsberg, Klittberg. Ki ldare Limestone; Chai r of  Kildare, 
I re land . ? Keisley Limestone; ? Keisley, England.  

Genus Deiphon BARRANDE. 

Deiphon Angelini PI. X, figs. 40 - 42. 

? 1 8 5 4. Deiphon la;vis, ANGELIN, p. 77 ,  Pl. XXXIX, fig. 5 ·  
1 884. Deiphon Forbesi, TöRNQUIST p .  22 ,  PI. I ,  figs. r 3-- 1 4. 
1 907 b. Deiphon punctatus, WIMAN, p. 4 . 

S p e c i fi c  C ha r a c t e rs .  - Glabella i n  fron t  of basal lateral furrows 
swollen i nto a !arge ,  convex mass, sub-oval to sub-quadrilateral in outline ,  
widest at about half-way between posterior and anterior margins ; the 
width here samewhat less than the longitudinal diameter ;  its anterior 
margin sl ightly arehed forwards, lateral margins slightly arehed outwards, 
posterior margin almost straight, antero- lateral and postero-lateral corners 
rounded ; strongly convex from back to front  and overhanging front mar
gin ; more gen t! y convex from side to side, bu t with steep lateral slopes .  
Anterior two pairs of  lateral glabellar furrows entirely obsolete. Neck of 
glabella very short, depressed, with small ,  sub-triangular, nodular basal 
lateral lobes; its middle portion smooth and groove-l ike, forming a direct 
continuation of the basal lateral glabellar furrows, which are rather wide, 
but not deep. Axial furrows narrow and shallow outside occipital ring 
and basal lateral glabellar lobes, in fron t  of latter of  moderate width and 
outside base o f  swcillen portion of glabella very deep, almost straight, 
diverging anteriorly, then growing shallower again and curving at first 
slightly upwards and then steeply downwards and slightly i nwards to 
merge into the well -marked ,  almost straight preglabellar (or anterior horder) 
furrow. Occipital fnrrow narrow, nearly transverse and very shallow i n  
middle a n d  almost confluent with depressed neck o f  central glabellar lobe, 
growing deep and curving forwards at sides. Occipital ring narrow, scarcely 
wider in middle than at sides, strongly arehed transversally, gently rounded 
longitudinally. Anterior border of cranid i um narrow, flattened, bent down
wards, with almost straight anterior margin.  

Cheeks (imperfectly preserved) with , apparently, the usual characters 
found in Deiphon. 

Test of cranidium,  except in the furrows and grooves,  covered with 
small tuberdes and granules of different sizes (o ften not discernible on 
interna! casts). 

D i m e n s i o n s . -- In the largest specimen observed by the writer 
the longi tudinal d iameter of  the swollen portion of the glabella is just 
under 6 mm. ,  and its greatest width not quite 5,5 mm. 
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R e m a r k s  a n d  A ffi n i t i e s . - The material on  which the above 
descrip tion is based consists of several more or  less fragmentary cranidi a  
from Lissberg ( Gulleråsen ) i n  the Museum of  the  GeologicaJ Survey and 
one i mperfect glabel la - reported by WIMAN (1907 b, p .  4) as Deiph. 
pu11ctatus A. - from the West Baltic Lept::ena Limestone, i n  the State 
Museum of Natural History. 

Most of the specimens from Lissberg have al ready been studied by 
TöRNQUIST, who ( 1 884, p.  22, PI . I ,  tigs. 13 -14) attri buted them to the 
Silurian species Deiplt. Forbesi BARR. (BARRANDE, r 8 S2 ,  pp. 814, 931, 
PI . XXXIX, tigs. so-ss ; 1872, p. r r s, PI . II, tigs. 19-20) . There are, 
however, as already suggested by WIMAN (Op. cit . )  strong reasons to 
believe that this Ordavieian form represents a distinct species . As far 
as I know, no other Silurian species of  trilobites occur in the Lept::ena  
Limestone. Several have earlier been recorded from this formation, bu t  
a better knowledge o f  the  forms has then proved the necessity to remove 
the Ordavieian exarnples from thei r previous specitic associations. The 
same is the case, at !east to a great extent, as regards Silurian speci es 
of tri lobites recorded from other Ordavieian formations. 

As shown above (p .  392), the fragrnentary glabella tigured by AN· 
GELIN ( r 8 S4 .  PI.  XXXIX, tig. 6) as Deiph. punctatus does not, as was 
assurned by TöRNQUIST and WIMAN,  belong to the same species or genus 
as the specimens now in quest ion ,  but to Sphcerocryphe. As regards 
ANGELIN 's species Deiph. lcewis (ANGELIN, op. cit . ,  p .  77, PI.  XXXIX, 
tig. S) which, according to its author, also occurs in the Lept::ena Lirne
stone, our knowledge i s  very scanty. ANGELIN tigured only a fragmentary 
glabella and gave a short , vague diagnosis, and un fortunately the type 
specimen seerns to be lost. It seerns quite probable to me that the spe
cimen tigured by hirn was a sarnewhat incorrectly drawn in terior east -
not showing any ornarnentation on the surface - of  a glabella o f  the 
form now in question, but since this is uncertain i t  appears best to drop 
ANGELIN's name, which,  moreover, is · misleading. It appears probable , 
however, that ANGELIN had seen specimens o f  the form of  Deiphon which 
occurs i n  the Lept::ena Lirnestone and that he bad those in  mind when 
he founded h is  species - even if neither o f  his tigured specimens belongs 
to this genus - and, since it appears practical , in order to avoid confusion , 
to give the Ordavieian form, at !east provis ionally, a specific name, I 
propose to call it Deiph. A ngelz"m·. 

Unfortunately I am not able to decide detinitely in  wh ich characters 
Deiph. A ngelini differs from Deiplz. Forbesi. The former is as yet only 
imperfectly known and I have

' 
not bad the opportuni ty to see any speci

mens of the Bohemian  form. BARRANDE's description of this is rather 
vague and it  is irnpossible to know how far his tigures are rel iable, There 
appears, however, to be a difference in the developrnent of the basal 
lateral glabel lar lobes. In the cranidia  from the Lept::ena Lirnestone (in 
which these portions are preserved)  the lobes are quite distinctly discern -
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ible ,  though small , and outside them the axial furrows are shallow and narrow. 
There i s  notbing in BARRANDE'  s description indicating that such lobes occur 
in  the Bohemian form or that the axial furrows grow shallow and narrow 
anywhere in their course. Regarding the latter, it is stated , on the con· 
trary, that they are very distinct and rather deep and that one can easily 
trace their course from the extremities of the occip ital ring and forwards. 
Nor are the Iobes in  question drawn in  BARRANDE's  figures . At the j unc
t ions o f  the occipital an d axial furrows there are ,  however, i n  some of  
the  figures indications of  deep  p i t s  which seem to  earrespond to the  deep 
lateral portions  o f  the occipital furrow, behind the Iobes, in our species. 
It appears very I ikely that the lobes i n  question really are developed in 
the Bohemian species and were overJooked by BARRANDE,  but i t  seems 
most probable to me  that they are sti l l  smaller and more depressed than 
i n  the Ordavieian species. In the Si l u rian, Gotblandian form which h.N
GELIN ( 1 8 54, p .  66, PI . XXXIV, fig .  7 )  called Deiph. globifrons this i s  the 
case. LINDSTRÖM ( 1 88 5 ,  p .  5 1 ) - and SC HM I DT ( 1 907, p .  1 3 )  also -
bel ieved ANGELIN 's  species to be identical with Deiph. Forbesi, and this 
appears very probable to me. At any rate there appear to be more reasons 
to suppose that the Bohemian species would occur in  the Silurian of 
Gotbland than in  the Leptcena Limestone.  In addition to the d issimilar· 
ities in the development of  the basal lateral glabel lar lobes, the cranidia 
of the Gotbland ian form d iffer, as pointed out by TÖRNQU IST, from those 
found in  the Leptcena Limestone in having the main portion of the gla
bella more swollen . 1  

H o r i z o n  a n d  L o c a l i t i e s . - Upper Leptcena Limestone ;  Lissberg 
i n  Gull eråsen . West Baltic Leptcena Limestone ;  Öland ( in boulders) . 

Family Phacopidre CORDA.  

Sub-family Pterygometopinre REED. 

Genus Pterygometopus SCH M I D T .  

Pterygometopus Schmidti. PI . XI, figs. 27- 28 .  

S p e c i  f i c C h a r a c t e rs .  - Cephalon semiell iptical i n  outl ine, about 
five eights as Iong as wide, median portion rather fl.attened ,  cheeks steeply 
bent down outside eye Iobes with obtusely pointed or  narrowly rounded 
gena! angles. 

Glabella very weakly convex, except at base where i t  is  rather 
strongly arehed transversally, about twice as Iong as wide at base, widen ing 
anteriorly and expanded i n  front to more than twice its basal width ,  

1 In the specimens examined by the writer th i s  portion i s ,  however ,  no t  quite so 
strongly convex as  in  ANGELJN 's  figure , which rrobably is exaggerated in this respect. 
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occupying at  base about one fourth the  entire width of  cephal on,  anterior 
margin a rehed rather strongly forwards ,  sides gently eoneave outwards. 
Frontal lobe of  glabella large, m ore than hal f the length of entire glabella ,  
transversally sub-rhomboidal i n  outl ine, overhanging lateral lobes and in
dist inetly defined at  sides from lateral borders of free cheeks. Anterior 
lateral glabell ar lobes sub-triangular, narrowing proximally, not c ircum
scribed,  hut  with very slight independent convexity ( transversal ly) ,  more 
than one fourth the length of  glabella along axia l  fu rrows, and  about as 
long a s  the fol low ing lobes together. Seeond and basal lateral glabellar 
lobes oblong, transverse ( their width not mueh greater than their length) ; 
seeond lo bes slightly longer with i n  t han at axial fu rrows ; basal lo bes with 
outer portions swollen, sub-nodular, and sl i ghtly contraeted inside these 
portions .  Anterior lateral glabellar furrows slightly sigmoidally curved,  
originating in  axia l  furrows at  about three fifths the length of gl abella 
from base and curving obliquely i nwards and baekwards, making an angle 
of  about 70° with median I ine of glabel la and an angle of about 45°  wi th 
the portions of the axial furrows lying be hind t hem ; d i stanee between 
their inner extremities aböut equal to their length. Seeond lateral gla
bellar furrows arising in  ax ia l  furrows somewhat nearer oecipital fu rrow 
than anterior lateral fu rrows , direeted obliquely inwards and forwards at 
an  angle of  about 65° to median Iine of glabel la ,  extending rather farther 
i nwards than anterior pair. Basal lateral glabellar furrows about as Iong 
as preeed ing pair, hut direeted somewhat less strongly forwards, situated 
a bo ut half-way between thern and oecipital fu rrow. Axial furrows of 
moderate strength, curved inwards, eoneave outwards, very strongly d i 
verging i n  front of anterior lateral glabellar furrows to pass i nto lateral 
border furrows on free cheeks. 

Oecipital furrow strongly impressed ,  rather narrow, arehed forwards 
in middle .  Oeeipital ring rather wide in  middle ,  n arrower and sl i ghtly 
swollen at sides, strongly arehed transversally, gently rounded longitudin
ally ( in middle) ,  higher than glabella on median I ine. Anterior border 
furrow narrow and shallow,  becoming almost obsolete before reaehing axial  
furrows, m aridog off a very narrow border or rim between front of gla
bella and fae ial suture. 

Fixed cheeks with i n ner portions convex , sloping up to eye lobes ; 
posterior wings very narrow ( longitudinally) behind eye lobes, widen ing 
laterally and bent steeply downwards .  Free cheeks small ,  sub-triangular, 
sloping nearly vertically downwards from eye lobes. Eye lobes (broken 
off in the specimen) parallel to median I i ne  of  glabella, arehed outwards, 
rather less than half the length of  glabel la ,  anteri orly reaching axial fur
rows at anterior lateral glabel lar furrows and with posterior ends opposite 
basal lateral glabellar furrows. Posterior borders of cheeks narrow and 
rounded proximally, widening eonsiderably and growing flattened distal ly,  
marked off by narrow, sharply impressed furrows. Lateral borders of  
moderate width, thickened i n  front adjacent to facial sutures into trian-
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gular portions forming continuations of antero-lateral expansions of centra l 
lobe - or, i f  we prefer such a terminology, consti tuting the outermost 
parts of  the latter - the surface here gently rounded and not marked 
off from the l ikewise gently rounded doublure ,  which i s  produced intern· 
ally as a continuous band round the front of the cephalon ; posteriorly 
the borders grow less thick and are each excavated by a weak longitud ina l  
furrow reaching sl ightly beyond posterior border fu rrow and div id ing the 
surface into a narrow outer border-rim - which decreases i n  width poste · 
riorly, where the doublure i s  sharply deflexed - and a broader, gently 
rounded i nner  ridge, which grows wider and flatter posteriorly.  Lateral 
border fu rrows strongly marked anteriorly, forming direct continuations 
of the axial fu rrows, growing very shallow posteriorly. Gena\ angles 
(sl ightly fractured in  the specimen) not produced into spines, but narrowly 
rounded or obtusely pointed. Facial sutures very fine, as usual in the 
Phacopida: ; 1  anterior branches diverging strongly anteriorly, cutt ing axial 
furrows obliquely, in  front of latter curving round and continu ing parallel 
with frontal margin completely around anterior end of cephalon , the su· 
tures from the two sides being continuous ; posterior branches curving 
obl iquely outwards and forwards behind eye lobes and beyond latter 
nearly straight outwards and downwards to lateral horders, and then 
obliquely backwards to cut lateral margins a l itt le in front of leve) of 
posterior border furrows. 

Surface of  glabellar lobes ornamented with tuberdes of  different sizes 
- the larger ones sub· equal - most closely set, though not exactly 
crowded, on the frontal lobe, especially on its anterior and antero - lateral 
portions ( inside the facial sutures ) ,  more sparingly d i stributed on the 
lateral lobes. Occipital ring and inner portions of cheeks with a few 
small tubercles .  Outer port ions of cheeks inside border  furrows very 
finely p i tted. Lateral borders and lateral portions of posterior borders 
smooth . 

D i m e ns i o n s . - The d imensions o f  the type specimen are : length 
of cephalon along median I i ne 7,5 mm. , w idth of  do. at base 1 2  mm. ,  length 
of  glabella j ust over 6 mm . ,  width of  front of  glabella (between facial 
sutures) ·7 mm. ,  wid th of  glabella at base j ust over 3 mm. 

R e m a r k s  a n d  A ffi n i t i e s . - This new species i s  founded on a 
single cephalon in  the U psala Museum, which , though not complete, shows 
most of  the characters clearly. The specimen was collected by the late 

1 lt  appears doubtful whether i n  the m cmbers of this family the » facial sutures »  
are  real open sutnres o r  only vestiges, perhaps I ines  of  weakn ess a long which the test 
open a t  the ecdysis .  Already BARRANDE ( 1 852, p .  505 ) has pointt::d out that  i n  Phacops 
s. lat . BARR the porti ons which constitute the cephalon are scarcely ever  found detachcd  
and that  this ind icates a difference in the nature of  the facial sutures as  campared to the  
n ormal condition, and  wi th  regard to  Dalmanites s . lat. B ARR. he  stared (Op .  cit . ,  p .  5 3 3 )  
thal the port ions uf  t h e  cephalon are rarely found  detached. I n  the specimens (belonging 
to different species and genera) examined by the writer, the sutures haYe generally the 
appearance ·of  being in a state of  symphysi s. 
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Pr:ofessor P.· T .  CLEVE in 1 862 and is l abelled Osmundsberg. It occurs 
in  a small piece of  half-burnt limestone and it is not possible to decide 
frorn the appearante whether i t  is  Lept<I:!na Limestone. It seems j ustifiable, 
however, to assume that this is the case , as no  other kind of J imestone 
occurs at Osmundsberg or in the immediate neighbourhood,  except ing some 
minor occurrences in  the slope of  the hi l l ,  which probably have never 
been quarried . It is possible,  though , that it is from the Lower Lept<I:!na 
Limestone at S inksjön (Cf. above, p .  1 64) and not from the Upper Lepta:!na 
Limestone at Osmundsberg proper. As is  weil known , the genus Ptery

gometojJUs belongs especially to the lower part of the Ordovician , and 
therefore one would expect to find i t  represented in the Lower rather 
than in  the Upper Lept<I:!na Limestone. A few species of  the genus 
occur, however, also in the higher strata of the Ordavieian ; e. g .  Pt. 

retardatus REED (REED, 1 9 1 4  p. 49, PI .  VIII, figs. 5 -7) and Pt. Brongniarti 

PORTL.  (REED, 1 906, p .  1 54 ;  MARR 1 9 1 5 ,  p .  1 99) , and other fossi ls i n  
the Upsala M useum collected by CLEVE in  the  same year and  labelled 
Osmundsberg are evidently from the Upper Lept<I:!na Limestone .  The 
characters of  the species do not seem to give any clue as to its probable 
geological age, since i t  does not seem to be especially closely related to 
any of the species hitherto described. 

H o r i z o n  a n d  L o c a l i t y. - ? Upper Lept<I:!na Limestone ; ? Osmunds
berg . 

Genus Chasmops McCov. 

Chasmops Macrourus SJÖGREN. PI .  XI, figs. 22-24. 

18 5 1. Phacops mao·oura, SJöGREN in ANGELIN, Pa l . Svec. ,  p . 9 ,  PI. VII ,  figs . 3-4. 
? I 86o. Homalonotus e/ong-atus, EICHWALD, p . I 4 1 0, PI. LI V, fig. 3 -
? I 86o. Chasmops macrourus, ErcHWALD, p. I 4 ) 2 -

? I 86 r . Chasmops conicopltthalmus, RoEMER, p. 70 (pars), Pl. VIII, figs . 2 b-c (non fig. 2 a). 
I 88 I .  PhacojJs (Chasmops) macroura, ScHMIDT, p . I I 4, PI.  III, figs . J O  a-b.  PI. IV, 

fig. 9 (fig. 8 ?), PI. X, fig. I 9 -
? 188 I .  Phacops (Chasmops) maxima, ScHMIDT, p .  1 1 2 ,  PI. II I ,  figs . 1 I a-b,  PI. IV,  figs. 

1 - 3, 5 -7, PI. X, figs. 1 7- 1 8, Pl. XI, fig. 1 3 , PI . XV, figs . 34-3 5 , p . 2 3 5 , 
text-lig. 14. 

I 884. Phacops (Chasmops) maximus, TöRNQUIST, p. 1 r ,  Pl. I, figs . 7-8 . 
1 888. Phacops macroura, W r G AND, p. 49 (pars ?), PI. VII, figs. 1 b - c ( r  a ?  r d;). 

? r 888. Phacops maxima, WJ GAND , p .  47, PI. VI, figs . 12- 13 . 
1890. Phacops (Chasmops) macroura, POMPECKI, p. 25 (pars), PI. I, figs. 7-8, I r (figs. 

9-10 ?). 
? 1890. Pltacops (Chasmops) maxima, PoMPECKT,  p . 26, Pl. I, figs . 12-13  a . 
? 1906. Phaoops macroura?, OLIN, p. 42. 

1907a. ChasmojJs maximus, WIMAN ,  p. 106 . 
? 1907.  Phacops (Chasmops) maxima, ScHMIDT, p . 6, text-fig. 2 .  

S p e c i fi c  C h a r a c t e r s .  Cephalon broadly sub-oval i n  outl ine ,  its 
width ac ross bases of  gena! spines about twice or rather more than twice 
the length along median Iine, strongly convex but flattened on top. 
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Glabella sub-trapezoidal in outl ine, more than twice as wide in front  
as  at  base, i t s  width i n  front about equal to or  greater than length along 
median Iine of  enti re cephalon,  flattened on top posteriorly, sloping gener
al ly rather gently downwards anteriorly, more strongly antero- lateral ly.  
Its front margin in some specimens almost straight or curving slightly 
backwards at sides, in others very gently arehed forwards, in others again 
arehed s l ight ly backwards i n  the midd le ; in  the vertical plane either almost 
straight ,  or - which is ordinarily the case - arehed more or  less upwards,  
or straight i n  middle and sloping downwards at  s ides .  Frontal lobe of 
glabella l arge ,  sub-triangular, about two thi rd s  the length of  entire gla
bel la ,  rapidly narrowing posteriorly to less than one fourth its frontal 
width ; its antero-lateral extensions general ly more or less obl iquely trun
cated by the axial furrows - in some specimens more rounded - over
hanging lateral l obes and parts of the cheeks. Anterior lateral glabellar 
lobes without o r  with sl ight independent convexity, extending rather  more 
than half along sides of glabel la , sub-triangular, their inner sides making 
angles of  about 70° to 8 5° ,  their postero-lateral corners almost reaching 
occipital furrow. Second lateral glabellar lobes · represented by small 
nodules near i n ner  ends of  seeond lateral furrows. Basal lateral glabel lar 
lobes smal l ,  though much larger than seeond ones,  sub- triangular, form ing 
the free lateral extremities of a transverse., very slightly rounded , rather 
narrow band lying in front of occipital furrow .  Anterior and seeond pairs 
of  lateral glabellar furrows strong, not meeting each other, but generally 
connected by short, weak, longitudinal grooves ; anterior pair nearly twice 
as Iong as seeond  pair, slightly to rather strongly undulating. Axial  
furrows rather narrow ,  not deep, d iverging anteriorly, generally bending 
more strongly outwards in front of  lateral extremities of  anterior lateral 
glabe l lar furrows. 

Occipital furrow rather strong. Occipital r ing of moderate, nearly 
un iform width, produced laterally a l ittle outside base of  glabella, rather 
strongly arehed transversally, flattened longitudinally. Anterior border of 
cephalon narrow, arehed upwards,  its middle portion general ly upturned , 
marked off by distinctly impressed, rather narrow fu rrow. 

Cheeks sub-tri angular, their surfaces sloping upwards from axial 
furrows to eye lobes, outside and in front  o f  latter s loping very steeply 
downwards, the inner posterior portions, behind the eye lobes,  nearly 
horizontally cxtended .  Eye lobes of regular size, sub-conical , with their 
posterior ends almost oppositc occipital fu rrow and the anterior ends a 
l itt le behind middle of  glabella. Palpebral lobes very promi nent, bent 
upwards. Eyes strongly convex longitudinally, supported by narrow lower  
eyelids ,  which are  marked off below by strong furrows. Posterior borders 
narrow and gently rounded from axial furrows to opposite posterior extre
mities of eye lobes, then growing flattened and rapidly widening, their 
posterior margins  and the u pper margins of the gena! spines forming 
continuous curves. Posterior border furrows rather narrow, deeply im-
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pressed .  Lateral borders rather wide ,  flattened, bent steeply downwards.  
Lateral border furrows wide an d shal low, growing narrower and weaker 
posteriorly, curving upwards at  bases of gena! spines to meet posterior 
border furrows. Gena! angles produced into Iong,  flattened, broad-based, 
tapering, pointed spines,  d i rected backwards and very sl ightly outwarels 
and with the surfaces sloping steeply - sometimes almost vertically 
- downwards l ateral ly .  A nterior branches of  facial sutures sub-paral lel 
from eye lobes to antero-lateral corners of  glabel la ,  then curving i nwards 
to unite in  front, and at first fol lowing lower margins of  frontal glabellar 
lo bes, bu t in middle separate d from latter by narrow band-like portion ; 
posterior branches sl ightly s igmoidally curved and running in  impressed 
grooves outwarels and downwards from eye lobes to lateral horders, then 
bending sharply backwards to cut margins nearly opposite lateral extre
mities of posterior border furrows . · 

Doublure o f  cephalon rather wide, flattened, and bent upwards in 
front of median portion of glabel la ,  at s ides narrower and gent ly rounded .  

Pygidium strongly convex, sub- triaugular in  out l ine with gently 
rounded antero- lateral angles ; its length about equal to  or sl ightly ex
ceeding the anterior width ; i ts posterior margin behind the five or six 
last pair of  ribs generally bent more or less strongly upwards ,  and when 
viewed from behind  angulated i n  centre ; the pointed extremity often 
upturned.  Axis moderately convex, its width in front sernewhat more 
than one third the g reatest width of pygidium,  gently tapering posteriorly 
to rounded extremity ; composed of  16 to 1 8  axial r ings, which grow 
narrower posteriorly, and a short terminal piece. Axial furrows narrow, 
distinctly impressed anteriorly, growing weaker posteriorly, and dying out 
before reaching extremity of  axis. Side lobes with a slight flattening in  
front adj acent to axial furrows then curving steeply downwarels lateral ly 
with convex surfaces, but generally growing sl ightly concave near margins 
anteriorly ; with a pair of distally facetled hal f ribs on anterior edge, followed 
fi rst by 16 to 1 8  pairs of regular ribs - growing successively narrower 
posteriorly and directed more and more strongly backwards - and then 
by one narrow, median unpaired rib (or post axial ridge ) .  Interpleural 
furrows - excepting the hindmost ones, which often are very weak -
strongly impressed from axial furrows to inner margin of doublure, then 
growing suddenly very shallow and bending more strongly backwards, 

· not reaching margins .  Pleural furrows weak, scarcely impressed (not 
discern ib le in  al l  specimens and not observed on the hindmost pairs o f  
ribs), reaching to inner margin of  doublure. 

Surface of cephalon and pyg id ium granulated , except in  the fu rrows, 
and, in some specimens, having in addition small ,  rounded tuberdes on 
the glabella, the largest tuberdes occurring on the neck of  the central 
iobe. (The tuberdes seem to be scmewhat Jarger on intemal casts than 
on the surface of the test. ) 

26 - 19,92 .  Bull. of Geol. Vol. X V I I. 
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Dimensions .  - In the  largest cephalon found in Macrourus Lime
stene in Öland and known to the writer, the length a long the median I ine 
between the anterior and posterior margins is 32 mm.  and the w id th across 
the gena! spines approximately 6o mm. ; i n  two other cephala from Öland 
the  distance a long the median I ines between the margins seems to have 
been a bo u t  2 5 mm. ; most of  the others are considerably smal ler .  In the 
largest pygidium from Öland (which is  incomplete) the length seems to 
have been at !east 43 mm. ,  and i n  another fai rly  !arge one it seems to 
have been about 3 1  mm.  

R e m a rk s . - This species was originally founded by SJÖGREN on  
specimens found i n  boulders (o f  Macrourus Limestone) i n  Öland and  i t  
was tirst tigured and  briefly descr ibed i n  ANGELIN ' s  work of I 8 5 I (p .  9 ,  
P I .  VII, tigs . 3 -4) .  SCHM IDT has  later on ( I 88 r ,  p .  I 14 ,  P I .  III, tigs. 
10 a-b, P I .  IV, tigs .  8 - 9, PI .  X,  tig.  1 9) tigured some specimens,  f o und 
in Öland and in  North Germany, which he  considered referable to Ch. 
macrourus, and pointed ou t  in what manner he considered this species as 
differing from his species Ch . maximus (SCH M IDT,  1 88 1 , p .  I 12, PI .  III ,  
tigs. I I  a - I I  b ,  PI . IV, tigs .  I - 3 ,  5-7, P I .  X, tigs. IJ - I 8 , PI . XI, tig.  
I 3 , PI .  XV, tigs .  34 - 3 5 ,  text-tig .  14) ,  which was founded on specimens 
from the East Balt ic  Area. [See also WIGAND , I 888, p .  49,  PI . VII,  
tigs. I a-d, and POMPECKI, I 890, p .  25 ,  PI .  I, tigs. 7- I I ] . lt seems, 
however, very doubtful to me whether Ch. maximus SCHMIDT really is 
specitical ly distinguishable from Clz . macrourus SJÖGREN ; at any rate 
SCHMIDT's i n terpretation of the l atter species does not give a true con · 
ception of  its characters. The above description , therefore, based on 
numerous Ölandi an specimens, may be a dvantageous .  It may be worth 
mentinning that a great part of this material belongs to the old col lect ion 
in  the  State Museum of  Natural History, and i t  appears probable that in 
i t  there are specimens on which the spec ies was or iginal ly founded . I 
do not know, however, whether the actual type specimens ,  after which 
the tigures in ANGELIN's work were drawn, are among these , though i t  
seems quite l ike ly ; i t  appears probable that the tigures are restorations 
drawn after several specimens .  [The tigure o f  the pygi dium shows the 
characters of  the form better than th ose of  the cephalon . J  

Specimens c losely resembling those from Öland have been found in  
the Maeronrus Limestene i n  Östergötland at  several local i t ies (Ulfåsa , Ask ,  
Motala), at Vikarbyn and Fj ecka 1 in  Dalarne,  and i n  boulders from the 
North Baltic Area. 2 According to ANGELIN (O p .  c i t . ) ,  the species occurs 
at Kinnekul l e , and LINNARSSON ( I 869, p .  33) has also recorded it ,  though 
with a mark of i n terrogation, as found i n  boulders of  Chasmops Limestone 
at K innekul le .  In the old col lection i n  the State Museum of  Natural 
Hi story, t here are a few pygid ia  evidently belonging to this species and 

1 The specimens from Fj ecka which TöRNQUIST in  1 884 (p. 1 r ,  PI. I ,  figs.  7 - 8) 
attributed to Clt. maximus belong apparently to Clt. macrourus. 

• Specim ens record ed by WIMAN ( 1 907 a, P- r o6) as Clt . maximus. 
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label led Västergötland , and perhaps these are  the specimens on which 
ANGELIN based his statement. [The boulders mentioned by LINNARSSON 
seem to consist of a harder l imestone than the fragments in which these 
pygid i a  occur. ] Some cephala found in the Chasmops-beds at Röstånga 
in  Skåne have tentatively been referred to Ch. macrourus by OLIN ( 1 906, 
pp. 28 ,  42) ,  and , according to several au thors, specimens referable to this 
species have been found in  boulders in  North Germany. 

Ch. macrourus i s  representecl also i n  the Lower Leptcena Limestone  
in Dal arne, but  only a few pygi d ia ,  from Kul l sberg, have so far been 
recognized. These -- which are in  ISBERG's collection and in the Upsala 
Museum - agree closely in characters with the pygidia from the Ma
crourus L imestone. 

As already stated, I have much doubt whether Clt. m aximus SCHMIDT 
i s  separable from Ch. maerottrus SJÖGREN, but, s ince I have not seen any 
o f  the specimens on which SCH MIDT founded his species l ,  I am not i n  a 
position to decide th is question definitely. SCHMIDT' s  ( r 88 r ,  p .  1 1 4 )  
statements regarding the manner i n  which he  considered the cephalon of 
Ch. macrourus to d iffer from that  of h i s  species are as fol lows : - » Das 
Kopfschi lci unterscheidet s ich durch stärkere Wölbung  der Glabella i n  allen 
i h ren Theilen und durch geringere Breite derselben, da d iese höchstens der 
ganzen Länge des Kopfschildes gleichkommt. Der Vorderrand des Frontal
Jobus i st nicht geradl in ig ,  sondem bogenformig  convex, seine Seitentheile 
abgerundet, nicht in nach Vorn vorgezogenem Winkel ausgezogen. Dem 
entsprechend sind auch die Dorsal fu rchen gleich mässig gerade .  Der Kopf
umschlag ist in  der Mitte ebenfalls abgeflacht, aber nicht concav, der Vor
derrand n icht  so stark au fgeworfen wie bei maxim a .  Die \Vangenhörner 
s ind steil geneigt, aber n ie  h t vertical gestel l t .  » - In all t hese features the 
cephala observed by the �niter vary. Some of  them agree closely with 
SCHMIDT' s descriptions of the cephala, from the East Baltic Area, which he 
referred to C!t. maximus, and although I have noticed one or the other of 
the characters which accord ing to him dist inguish Ch. macrourus i n  several 
specimens, I have seldom seen all o f  them occurring together in  the same 
specimen.  A comparatively strongly convex glabella with forwards con
vex anterior margin and a relatively narrow frontal lobe may, for instance, 
have the antero-lateral extremities of the latter more distinctly angulated 
than another which i s  flatter, much wider in front, and has the anter ior 
margin stra ight or arehed backwards in  the middle - or, a rather strongly 
convex glabel l a  having a relatively narrow frontal lobe with rounded 
antero-lateral extremit ies ma y have the an terior margin straight or arehed 
backwa rels in  the middle.  Moreover, the shape of  the antero- lateral exten-

1 N ei ther ha ve  I ha d the opportunity to  see  the spec imens referred to Ch. m aerou
rus by ScHMIDT and figured by h im.  I see  n o  reason to doubt  that at least those from 
Öland  belong to  our species ,  but  i t  does  not  seem im probable that among  the  material 
on which he based his description there are specim ens - found in  South Germany -
which do not  be long here (Cf. below, p. 406). 
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sions of the frontal lobe and the direction of  the anterior porti ons  of  the 
axial  furrows may be very different on different  s ides o f  the same spe
cimen . To j udge from SCHMIDT's statements and figures - of  w h ich 
latter some do not in all respects agree with his description - the East 
Baltic specimens ( » Ch.  m aximus » ) also vary considerably in most of the 
features mentioned, and it may be pointed out that the glabel la is rela
t ively wider in  front in one of  the figures which according to h im repre
sents the cephalon of  Ch. macrourus, than in  one figure the orig i nal of 
which he unreservedly referred to Ch. m aximus. 

SCHMIDT remarked ,  however, that the pygidia d iffer more distinctly 
than the cephal a .  His descript ion of  the pygidium of his species is as 
follows (Op . cit . , p. I 1 3) .  » Das pygid ium von  P. maxim a  ist dreiseit ig, 
wenig länger als breit , am Ende abgestutzt, I 5 - 1 8-gliedrig. Die Rachis 
en det ziemlich breit ; d ie Glieder sin d bis zu m Ende deutl ich zu  erkennen ; 
sie ist et w a 2 1 / 2  mal schmäler als das ganze Pygidium.  Die Seitenlappen 
sind nach der Rachis zu  schwach gewölbt, fast hori zontal , nach den Seiten 
zu  stark abwärts gewölbt (T . . X, F.  1 8 ) .  Die Pleuren » (ribs ) »verlaufen 
nicht ganz bis zum Rande, sind breit und flach , ohne erkennbare M ittel 
furche. Die vorderen sind schwach nach hinten gebogen, die hinteren , 
schmäleren , verlaufen der Achse fast paral le l .  D ie  hinter dem Rachisende 
l iegende abgestutzte Spitze des Pygidiums ist meist etwas aufgeworfen 
und selten vol lständ ig erhalten .  Die Seitenlappen s ind verhältnissmässig 
selten gleichmässig gewölbt ; häufig ist der Eine seit l i ch eingeknickt, der  
andere flacher gedrlickt als es bei regelmässig ausgebi ldeten Exemplaren 
der Fall se in so l i te . » Regarding the pygidium o f  Ch. macrourus, h e says 
(Op .  cit . ,  p. I I  5 ) : » Es i st e benfal ls dreieckig, ungefar ebenso breit wie 
lang, endet aber immer spitz · und d ie  Seiten lappen fal len gleichmässig 
seitwärts ab (T.  X, F. 1 9) .  Auch ist  die Zahl der Rach isgl ieder fast eon
stant 18 und die Rachis selbst verschmälert s ich stärker nach dem hin
teren Ende z u » .  

I n  the pygidia o f  Ch. macrourus seems the relation between length 
and width to vary a l itt le ,  but ,  at !east in some, the length is  greater 
than the frontal width .  In the shape of  the axis most of those observed 
agree with the figures given by SCHMIDT as representing the pygid ium 
of Ch. maximus, but variations do occur, and in some the  axis grows 
relatively narrower posteriorly. 1 8  axial r ings and pairs of  regular ribs 
seem most often to be developed, but I have seen weil -preserved speci
mens with 1 6  or 1 7  only, and to j udge from SCHMIDT's figures 1 8  is the 
most usual number also in the pygidia which he referred to Ch. maxim u s .  

That he had not seen any interpleural fu rrows in the latter may depend 
on their state of  preservation . Moreover,  i t  seems as  i f  he had not ob
served these furrows in  the specimens which he r�ferred to Ch. maerottrus 

either, and ,  as mentioned · above (p .  40 1 ) ,  they are not visible i n  a l l  the 
specimens examined by the writer . The difference i n  the curvature of 
the side lo bes ma y also depend upon the different states of preservation .  
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In the pygidia from the Macrourus Limestene which do not appear to 
have been pressed, the side lobes a re only slightly flattened j ust in front 
adjacent to the axial furrows. I have, however, noticed several specimens 
which obviously are deformed by p ressure, and which in the curvature of  
these ·portions agree with the description o f  C"h. nza.ximus, and, to judge 
from SCHMIDT's  statements, it  appears as if the East Baltic specimens, 
which he referred to  th is species, were general ly pressed . 

Finally, as regards the shape of the hindmost portion of the pygi 
d ium,  it appears probable that the abrupt poster ior truncation shown in  
some o f  these East Baltic specimens is  also the  resul t  of  pressure. I t  
seems as  i f  on ly  relati vely few of the  pygidia which SCHMI DT referred 
to Ch. maximus had the posterior end prese rved ,  and ,  to j udge from h is  
figures, as  if  i t  was not abruptly truncated i n  al l  of these, but rather 
differently shaped in  different specimens.  The pygidia from the Macrourus 
Limestone vary also considerably i n  the character of  the posterior end.  
In  the typical pygidia of our  species the posterior margin behind the last 
pairs o f  p leur� i s  ben t more o r  less steeply upwards 1 - i n  posterior 
aspect angulated in  the centre - and the posterior slope from the end · 
of the axis i s  rather sl ight. There are, however, several specimens i n  
which the margin i s  not, o r  only slightly, bent upwards posteriorly (there 
are also in termediate forms) .  In  these the surface slopes rather steeply 
downwards either all the way from the end of the axis to the extremity 
of the pygidium ,  or, i n  specimens having  the margin  bent sl ightly upwards ,  
to near the extremity, where the slope then becomes more gent le .  In 
the pygidia of  this type the extremity appears very acutely pointed when 
the specimen i s  seen in dorsal aspect. The pygidium from Öland figured 
from behind by SCHMIDT (Op.  cit .  PI .  X, fi g. 1 9) seems to be of this 
type, and i t  appears probable that the other pygidia which he referred 
to Ch. macrourus, were similar . In the type of pygidia first mentioned 
the t ip is  also, in wei l -preserved specimens, acutely pointed,  b ut it  is 
generally bent obliquely upwards, and when the specimen is viewed in 
dorsal aspect, the end of the pygidium appears therefore rather obtusely 
pointed or even truncated . In some specimens the test i s  thickened j ust 
at  the u pturned t ip,  and,  if it is removed here, the end o f  the pygid ium 
appears much more truncated both in  dorsal and in posterior aspect. 
Pressure might probably cause a sti l l  more distinct truncation of the 
extremity, and in  the material from Öland there is a pygidium with rather 
badly preserved surface and obviously deformed by pressure, which in  
this feature agrees closely wi th  those of ScHMIDT's figures that real ly 
show an abrupt posterior t runcation .  

WIGAND ( 1 888 ,  p .  49,  PI .  VII ,  figs .  r a-d, p .  47,  PI . VI,  figs. 1 2-
1 3) and POMPECKI ( 1 890, p. 2 5 ,  PI . I, figs.  7- 1 I ,  p .  26, PI .  l, figs.  1 2 -
I 3  a) have described and figured spec imens found in  boulders in North 

1 That  this is the case  in  the type specimen of the pygidium is  indicated in AN
GELIN's ( 1 8 5 1 ,  Pl.  VII .  fig.  3 )  figure. 
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German y, some as belonging to Phacops ( C!zasmops) maerottrus S]öGR.  
others as belonging to Phacops ( Clzasmops) maximus SCHMIDT l ,  bu t their 
statements partly confirm the suppos i t ion that SCHMIDT's species is iden
tical with SJÖGREN's .  WIGAND (Op .  cit . , p .  49) states that the cephala 
which he considers re ferable to C!t. macrourus differ rather d ist inctly 
( » sich ziemlich scharf - - - untersche iden lassen » )  from those which 
he attributes to Ch. maximus. To j udge from his descri ption of  the former 
- according to which the glabella is strongly convex in a l l  parts and has, 
except in one specimen, a length exceeding the w i d th of the frontal lobe 
- it  appears , however, doubtful  whether they are referable to our species, 
and, rega rding the pygid ia ,  he (Op. cit . p .  5o) remarks : » Die  Pygidien 
von Pit. macroura zeigen eine grosse Ähnl ichke i t mit  denen von Pit. 
maxima, so dass eine Anzahl der  Funde n icht sicher einer von diesen 
beiden Arten zugetheilt werden kann . »  Of the specimens attribu ted to 
C!t. macrourus by PoMPECKI ,  the pygidia - which , accord ing to his 
description and figures , have the side lobes more or less gently convex, 
and are considerably wider than Iong - do not seem to belong to this 
species. As to the cephala , of  which at !east those figured appear to 
belong to Ch. macrourus, some do  not ,  accord ing to h is  statements and 
figures ,  strictly agree with SCHMIDT's descr iption of t h i s  species, bu t have 
the anterior margin of the glabella straight  to s l ightly concave i n  the 
middle,  thus agreeing in  this feature with his descri ption o f  Ch. maximus. 

Whether C!t. macroura SALTER ( r 864 a, p. 37, PI. IV,  figs . r S - 23 )  is 
identical w ith S]öGREN's species , I a m  not in  a posit ion to decide, s ince 
I have not seen any of the Brit ish specimens.  To j u dge from the descrip
tions and figures avai lable,  there seem to be some d ifferences. 

H o r i z o n s  a n d  L o c a l i t i e s. -'- Lower Lept�na Limestone ; Kul lsberg 
i n  Dalarne . Macrourus Limestone ; Öland ( in boulders ) ,  Östergötland (Ask, 
Ulfåsa, Motala) ,  Dalarne (Fjecka, V i karbyn) ,  Upland (in boulders from the 
North Baltic Area ) . Chasmops Beds 2 ;  Västergötland (Kinnekulle ?) , ?Skåne 
(Röstånga) . ?Jewe Formation ,  Kegel Formation ; ? East Baltic Area. North 
Germany ( i n  bou lders) . 

Chasmops augulatus n .  s p .  PI .  XI, figs. 2 5 - 26.  

S p e c i fi c  C h a r a c t e r s . - Cephalon semi-ell i p tical in outl i ne ,  i ts 
width ac ross bases of  gena! spines nearly twice the length along median 
I ine ,  med ian portion somewhat flattened, outer  portions steeply bent down . 

1 It m a y  be worth mentioning that in the  pygid ia figured by t h e m  as belongi n g  t o  
Clt. maximus the  extrem i tie s  a r e  no t  preserved. 

2 I d o  not know whether the sp ecim ens fro m  Västergötland are from beds e a r
resp a n d i n g  in age to the  Macrourus Limestone of Öland etc .  or,  p ossibly, from a lower 
part  o f  the Chasmops Limestene ; those from Skåne are from the upper part o f  the (has
mops Beds.  
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Glabella bounded at sides by s t rongly defined axial furrows, flatterred 
con vex, s loping rather gent ly downwards anteriorly, sub-trapezoidal  in 
outl ine ,  subtruncate in fron t  and with almost straight sides, n early twice 
as vvide at front end as at b ase ; its width in  front greater t han the length. 
Fron tal l o  be of glabel l a  !arge, about five e ighths the ent ire l ength of  gla
bel la ,  sub-triangular, rapidly narrowing posteriorly to less than one fourth 
its frontal width. Anterior lateral glabellar lobes gently convex , raised 
above frontal lobe ,  extend ing about hal f along sides o f  glabell a ,  sub -tr ian 
gular ,  their i nner angles, where they un i te  with the centra l  lobe ,  about 
8 5° , the poste ro-l ateral angles, at axial  fu rrows, about 65° . Second lateral 
glabellar lobes represented by smal l ,  very indistinct nodules near i nner  
ends  o f  seeond lateral glabellar fu rrows.  Basal l obes represented by faint  
swel l ings at the ends o f  a transverse, rather narrow, rounded band lying 
i n  front of occi p i ta l  furrow. Anterior and seeond  pairs o f  l ateral glabellar 
furrows strong, very sl ightly undulat ing, not connected with each  other ; 
anterior pair  about  one and a ha l f  t imes as Iong as seeond pair .  

Occip ital fu rrow of moderate width, not strongly impressed . Occi
pi tal r ing rather wide i n  middle ,  somewhat narrower at  sides,  produced 
laterally a l i tt le beyond base o f  glabella, strongly arehed t ransversal ly, 
h igher than glabel la on median I ine with the surface sloping from posterior 
edge to occipital furrow .  Cephalic border (its anterior portion  imperfectly 
preserved ) flatterred with the surface sloping obliquely downwards towards 
the sides, relatively w ide  in front ,  growing narrower posteriorly and con
tinued as narrow rims along lower edges of  gena! sp ines ;  d istinctly, though 
not sharply, defined i n  front, more i ndistinctly defined posteriorly. 

Cheeks sub- tr iaugular in out l ine ,  strongly convex, the su rface s loping 
up from al l  sides to the relatively small eye l obes ( incompletely preserved), 
which are situ ated above leve! o f  glabella, rather close to Jatter with 
the ir  posterior ends nearly opposite posteri or extremities of anterior lateral  
glabel lar lobes and their anter ior ends a l i tt le behind m iddle of  g label l a. 
Posterior borders o f  cheeks gently rounded,  rather narrow, almost parallel
sided, and nearly horizon tally extended from axial furrows to opposite 
lateral extremities of eye lobes, then growing flatter, bending strongly 
down wards and gent ly backwards, and gradually increasing in width to 
bases o f  gena! spines ; their posterior  margins meeting upper ( inner) mar
gins of gena! spines at obtuse angles. Posterior border furrows strong,  
n ot reaching lateral borders, but  ending opposite upper margins of  gena! 
spines. Genal spines ( imperfectly preserved ) relatively narrow at base , 
very gradually tapering posteriorly, wi th flattened surfaces sloping steeply 
downwards to the border-rims. Anterior branches of  fac ial sutures sub
paral le l  and runn i ng  on inner wal ls of narrow, shallow grooves from eye 
lobes to anterior border, then curving obl iquely inwards across border to 
unite in front ; posterior branches very sl ightly sigmoidal ly curved and 
runni ng  on posterior wal ls of  rath er deep and broad grooves - which 
grow weaker adj acent  to borders - ou twards and downwards to l ateral 
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barders, then bending sharply backwards to cut lateral margins at leve! 
of occipital furrow. Doublure of free cheeks narrow, increasing in  width 
anteriorly, rounded. The portion of the doublure lying in front of the 
glabella  (which is very imperfectly preserved) appears to have been more 
flattened or angulated . 

Surface of cephalon ,  except in the furrows, very finely granu lated , 
and on most portions - not on anterior and lateral borders and gena! 
spines - ornamented also with sparsely distributed ,  rather small , and 
indistinctly defined tuberc les .  

D i m e n s i o n s . - The dimensions of the cephalon described are 
approximately : length along median I ine I8 mm. ; width across bases o r  
gena! spines 34,5 mm. ,  length of g l abeila I 3 mm. , frontal w idth of do.  
I S , s  mm.,  basal width o f  do.  8 mm. 

R e m a r k s  a n d  A ffi n i t i e s .  - This new species is founded on a 
single cephalon in  the State Museum of Natural History, which, though 
fragmentary, shows the chief characters distinctly. It does not appear to 
be especially c l osely related to any spec ies of Clzasmops previously de
scribed, and therefore a detailed comparison with any of them seerus 
unnecessary . 

H a r i z o n  a n d  L o c a l i ty .  - On the label accompanying the speci
mens described , Dalarne is  the only locality-name given . The specimen 
occurs in a small piece of limestone, not containing any other fossils, 
a nd  it  i s  not possible to decide from the appearance of the rock whether 
it is from the Upper or from the Lower Leptcena Limestone, though the 
latter alternative appears the more probable .  

Genus Josephulus n .  gen .  

Genotype : Josephulus gracilis n .  sp .  

Josephulus gracilis n.  sp .  PI .  XI, fig.  2 I .  

S p e c i fi c  C h a r a c t e r s .  - Cephalon convex, sub-semiel l iptical i n  
outl ine ; i ts length along median I ine  about two thirds the width at base ; 
gena! angles produced into slender, tapering spines (their entire length not 
known ) .  

Glabella strongly convex from back to front, bent down anteriorly, 
more gently convex from side to side poster iorly, more than one and a 
half times as Iong as wide at base, sub-clavate in  outl ine, expanding 
anteriorly to about twice its basal width ; base about one third entire 
width of  cephalon ; anterior margin arehed forwards ; sides con ca v e .  Three 
pairs of short, deep l ateral glabellar furrows present, beginning in  axial 
furrows at about equal d i stances apart and extending about equally far 
inwards ;  anterior pair beginning in  axial furrows at about one third the 
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length of glabella from occipital furrow,  directed rather slightly forwards ; 
following pairs almost transverse in  d irection ; basal pair situated closer 
to occipital furrow tban to preceding pair. Frontal glabel lar lobe ! arge ,  
transverse, sub-pentaganal in  outl ine,  more than half  the length of gla
bel l a ; its antero - lateral port ions curved steeply downwards and acutely 
pointed at the extremities. Lateral glabel lar  lo bes smal l ; anterior pair 
samewhat sh orter at axial furrows than within ; seeond pair sub-quadran
gular ;  basal pair (badly preserved) apparently extending samewhat farther 
towards the sides than preced ing pair and with the outer portions very 
sl ightly swollen and sub-nodular. Axial furrows deep, of moderate width, 
curved i nwards, concave outwards ,  strongly divergent i n  front of  seeond 
lateral glabel lar lobes. Occipital furrow of moderate strength , almost 
transverse. Occipital ri ng of  moderate width , sl ightly narrO\-ving towards 
the sides, rather strongly arehed transversally, gently rounded longitudi
nally. [Whether there is  an anterior border to the cranidium,  is not ob
servable on the specimen . ] 

Cheeks (only the fixed portions known) sub-triangular, strongly con
vex in both d irections, sl ightly elevated above axial furrows and curving 
steeply downwards anteriorly and laterally. Eye lobes ( not preserved) 
apparently smal l ,  .situated far forwards, in  front of the anterior lateral 
glabellar lobes, a l i ttle below the highest points o f  the cheeks, with thei r 
anterior extremities close to the axial furrows, and marked off within by 
narrow palpebral furrows (traceable on one side of  the specimen ) . Posterior 
borders narrow, rounded, and almost horizontally extended from axia l  
furrows to leve!  of  antero- lateral extremities of  frontal glabellar lobe ,  then 
growing flatter, bending steeply downwards and slightly increasing in  width 
to bases of gena! spines. Lateral borders on fixed cheeks of moderate 
width , gently rounded.  Posterior and l ateral border furrows narrow, 
sharply impressed , meeting  at sl ightly acute angles. The course of the 
facial s u tures i s  on ly parti y observable on the specimen ; the anterior 
branches seem to have run nearly straight forwards from the eyes, very 
close to the antero- l ateral extremities of the frontal glabellar lobe, hut  
they do not cut the latter ; the posterior branches curve outwards,  down
wards, and very slightly backwards to the lateral borders - or to near 
the borders - then they appear to bend strongly backwards and to cut 
the margins a l i ttle in  fron t  of the bases of the gena! spines. 

Portions of fixed cheeks in  front of posterior border furrows marked 
by rather small rounded pits;  the i nterspaces between the pits and the 
other portions of  the cranidium, excepting the furrows, rather fine!  y gran · 
ulated . 

D i m e n s i o n s. - The dimensions o f  the cran idium examined are : 
distance along median I ine between posterior cephalic margin and  anterior 
margin of  glabel l a  4 mm. ,  width across bases of gena! spines 6 mm.  

R e m a r k s  a n d  A ffi n i t i e s. - The above description is drawn up  
from a single, sma l l  cranidium from Kallhol n  in the  Upsala Museum,  
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which apparent ly not on ly represents a new species but  a new genus as 
wei l .  1 The form, which I propose to call :foseplm!us lJraczlis, appears to be 
re ferable to the fami ly Phacopid�. but since i t  does not show any close 
resemblance to any of the previously described members of this family, 
and s ince the course o f  the sutures in front of  the glabella is not observ
able on the specimen ,  th is  point cannot be decided definitely. Its affi
nit ies seem, however, to be with PterylJorl:letopus and Chasmops rather 
than w i th any other genera hitherto descr ibed, and I have therefore pro 
vis ional ly placed it i n  the sub-fam ily P terygometopin� o f  the fam i ly 
Phacopidce .  The glabella resembles rather closely several species of Ptery
lJOmdopus in its sh ape and, except in the direction of the anterior l ateral 
furrows, i n  its lobation also, but it i s  d ist inct ly defined at the an tero
lateral corners - as in  Chasmops and in  most of the other Phacopid� -
and not cu t  by the anterior branches of the fa c ial sutures. As mentioned 
in the description of  the species, the eye lobes are apparently small and 
situated far forward, which i s  con trary to the case in PterylJometopus and 
Chasmops, but, as i l l ustrated in  other groups of  Phacopids, rather closely 
related forms - even such as appear to belong to the same genus - can in  
th is  respect show great d ifferences ( Cf. REED,  1 905 ; WEDEK I ND 1 9 1  I ,  1 9 1 4) .  

It  i s  conceivable that the  small pygid ium from Boda  described above 
(p. 2 1 0 ;  see also PI .  V ,  tig. 62) a s  » Cyphaspis » ? s p .  ind. d .  betongs to th is 
new species. As already pointed out, i t  recal ls in  some characters certain 
species of  Pterygomotopus. 

H o r i z o n  a n d  L o c a l i ty .  - Upper Lept�na Limestone ; Kal lho ln .  

1 As a diagnosis  of  the genus based on  our present knowledge o f  t he  form neces
sarily would be  very inade quate ,  I have found i t  better n ot to give o n e. 



Palreontological Evidence on the Ag e of the Leptrena 

Limestone in Dalarne, as furnished by the Trilobites. 

The Lepta::na Limestone occurs in the Pal<eozoic district north of 
the lake of Siljan in Dalarne as isolated masses, generally forming small 
elongated hills or ridges in the landscape. On account of this mode of 
occurrence, and because of the considerable tectonic distm bances that have 
taken place in this area, and of the peculiar fauna, dissimilar to that of any 
other Swedish beds, the earrelation of the Lept<ena Limeston e to other strata 
has been a matter of much dispute. In 1884 (p. 121) STOLPE suggested that 
these masses of Lepta::na Limestone might be compared to some sort of 
coral insels, and in the following year NATHORST (r885, p. 558) brought for
ward the same hypothesis expounding the facts speaking in favour of the 
Lept<ena Limestone being old coral reefs. Everytbing taken into account, 
it seems reasonable to assume that the masses of Lepta::na Limestone 
actually are old reef-buildings, though perhaps not coral reefs.1 However, 
this is not the occasion to enlarge upon the reasons in favour of this 
theory, or to enter on a discussion of the question which organisms have 
played the most prominent part as reef-builders, nor to give an account 
of certain other theorie> put forth to explain the nature of these limestone 
masses.2 

In a geological guide to the Nittsjö district published several years 
ago (1910), the present writer put forth the opinion, prevailing at that 
time, that the Lepta::na Limestone »reefs, were formed contemporane
ously with the Brachiopod Shales in other districts of Sweden, and with 
Etage F (the Lyckholm (F1) and Borkholm (F2) Formations) of the East 
Baltic Area, and that in the district in question it was substituted by the 
so called Klingkalk (»clinc-limestone» ) , or by Brachiopod Shales. When 

1 Naturally, Lept::ena Limestene is not everywhere the same as »reef>, limestone. 
The »Encrinite» Iimestones w h ich forms the substratum of the »reefs», cannot be regarded 
as »reef, rocks, and the nod shales which often occur in what appears to be the highest 
parts of the younger >>reefs» , are als o regarded as belonging to the Lept::ena »Limestone ». 

2 Summaries of the different opinions that have been brought forward concerning 
the geological age and the nature of the Leptena LimestoP.e, have been given by MoBEHG 

(1910, pp. 95-102) and TÖRNQUIST (1919). 
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publisbing that work I had collected a certain amount of fossils in the 
Leptcena Limestone, but as yet I had made no close study of any group 
of these fossils. Soon afterwards, however, when I had begun to study 
the trilobites more in detail, and had had the opportunity to make further 
collections of fossils at different localities, I found that, though part 
of the Leptcena Limestone was approximately of the geological age 
mentioned, another part obviously was formed at an earlier period. 
The same opinion has later been brought forward by RA VM OND ån d 
IsBERG (Cf. also TöRNQlJIST 19 19). RAYMOND ( 19 16 d, PI. VIII) seems 
to regard the lower part of the Leptcena Limestone as hornotaxial to the 
upper part of the Trinucleus Shales, and IsBERG (1917, p. 23 1 )  summari
zes his opinion of the Leptcena Limestone in Dalarne as follows: »that it 
is a fossil reef-building formed during the Trinucleus- and Harpes-stages, 
that certain reefs have been interrupted rather soon in their growth, while, 
on the other hand, others have had a Iong period of development, and that 
the klingkalk is equivalent with part of the Leptcena Limestone only. 
Hence it follows also that the contact of the limestone with divers younger 
beds is of a primary nature and is - generally, at least - to be attri
buted neither to exogeneous nor to endogeneous movements. » (Translated). 

I cannot, however, quite agree with either of these authors. On the 
contrary I am inclined to believe I) that the Leptcena Limestone »reefs» 
were formed during two different periods interrupted by a time when no 
reef-building took place; 2) that the older reefs (the Lower Leptcena 
Limestone) are to be correlated with the upper part of the Chasmops 
Beds and, perhaps, with the lowest part of the Trinucleus Beds also, the 
reef-building having ceased , however, before the Black Trinucleus Shales 
were deposited; 3) that the younger reefs (the Upper Leptcena Limestone) 
are approximately of the same geological age as the Bracbioporl Shales, 
the Klingkalk, and Etagt:> F. The West Baltic Leptcena Limestone, as 
weil as the Keisley Limestone in England, the Kildare Limestone in !re
land, and KIMR's Etage 5 in Norway, earrespond apparently to the Upper 
Leptcena Limestone in Dalarne, whereas at !east one of the boulders of. 
Leptcena Limestone known from the North Baltic area (Cf. below p. 
419) seems to be of the same age as Lower Leptcena Limestone. 

The bills Kallholn , Osmundsberg, Lissberg, and the hill on which 
Boda church is situated, are built of Upper Leptcena Limestone; reef-like 
masses of this limestone occur also at Vestanå, Arfvet, Unskarsheden, 
Östbjörka, Klittberg (north-east of Boda church), and in several other 
places.1 The hill Kullsberg is built up of Lower Leptcena Limestone, 
and other bills or ridges of this limestone occur at Furudal, in the village 

1 Here are mentioned only the localities occuring in the list showing the distribution 
of the species of trilobites (p. 41 '!); particulars of the· sit e of the localities w iii be f o und 
in TöRNQUIST's work of I 883, in a paper of 1910 by the present writer, and in the topo
graphical map-sheet Mora. 
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List of Species described 
showing their distribuation in the Leptrena Limestone of Dalarne.1 

* indicates that the locality where this 
species has been found, is not known. c ± =1= indicate t hat the specimens in que- 0 
stian have either (±) been found only _c 
in the lowest beds, thin-banded Iimestones "' 
interstratified with s hales, or ( =1=) bot h 111;:,::: 
these and in the »reef-rocb proper. 

Remopleurides latus OuN v. kullsber-

g-ensis n. v. . . -- --------+---- -- + 

Remop!eurides emarg-inatus To:r . . - - +--- -- --------+ 

Remop!eurides dalecarlicus HoLM in Mus. [ - + 

RemojJleurides latifrons HoLM in Mus*\- -
-------------+ -

-------- - ---- ? 
Remopleurides minimus n. sp. 

l Tele p hus We g-e/ini ANG.? . 
Brachyaspis? Lejtamarum n. sp. 
Styg-ina ang-ustifrons n. sp. 
Illamus g-ig-as HoLM 

Illamus c f. g-ig-a s H o LM . 

Illamus Wimani n. sp . . 
Illcenus Ronneri VoLB. 
Illcenus fallax HoLM 

lllcenus daleca?'!icus n. sp. 

Illcenus cf. dalecarliats . 

lllcenus Limzarssoni HoLM 
lllcenus oviformis n. sp .. 
Illcenus az•us HoLM . 

-+ - ------------+ 

-- +------------+ 

-- -------++-+-+- + 
-----------+-- + 

-------++++++- + 
++ - ? -----------+ 
-+ 

++ 

++ +------+--- --+ 
-+·-------+ + + =l= - + +.=l= 

lllcenus avzts HoLM v. fissberg-ensis n. v. -- -- - + ---------+ -
lllcenus cf. parvztlus HoLM -+ -- - -· ---------+ -
Illcemts sp. ind. a . •  

Illamus sp. in d. b .. 
lllcenus sp. ind. c. 

Bumastus mtdus ANG. 
Brontetts laticauda W AHLNB. 
Holotrachelus punctillosus To:r 
Pharostoma obtus a McCoY ( =Leptcena-

rum TQT)3 • 

----------+--- + 
-- --------+--+-- + 
-+ - ------------+ -
-+ - -  +---------+ -

++ +++-

++ ++---
++ ------ + 
+-+ -----+ -

+ + .+--+ +--------+ -
1 In this list I haYe omitted a few localities mentioned in the preceding cl1apter, 

these localities being represemed only by one or two determinable species o! trilobites 
in some collection or other. As regards most of them I do not know exactly which 
places are meant, since the locality names given on the labels accompanying the speci
mens are names of villages, and within some of these villages, at !east, Lepta:na Lime

stene has, or may very Iikely have been exposed in more than one place. -- As to the 
occurrences of Lower Lepta:na Limestene at Östbjörka and Osmundsberg see p. 416. 

• Cranidia and pygidia of the short typ e on! y (C f. above, p p. 126, 131 ). 
3 Cf. p. 423. 
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• ind icates that the locality where th is 2." 
species has been found, is not known. ::: 1:: 

± =l= ind ic ate that th e specimens in que- 0 � .g 
stian h ave e ither (±) been found only in ::5 c o 
the lowc:st beds, th in·banded Iimestones -;;; ;= ::o 
interstratified with s hales, or (=l=) bot h in � ::§ 
these and in the »reef-roc k» proper. 

Pharostoma .foveolata TQT • 

Calymene c f. ( senaria v.) Stacyi SCHMIDT 
Produs modestus Tqr . 
Proi!tus remotus n. sp .. 

++++ 
+ 

Proiftus convexus n. sp. 

Produs kullsbergensis n. sp .. 

Proiftus parvigena n. sp.. . . 
Produs pentagmzoides n. sp . . 

Proiitzts Aince n. sp .. 

Proiffzts sp. ind. a . 
Proiftus sp. ind. b . 
Produs? s p. in d. c .  

Produs sp. ind. d • 

Proiftus? sp. ind. e 
»Phai!tonides>> sp. ind. 

Isbergia p/anifrons n. s p ... 

Jsbergia parvula n. sp. 

Cyp!taspis trigoda n. sp 

Cyphaspis Holmi n. sp. 

Törnquistia Nicholsoni REED 
Tönzquistia alti.frons n. sp .. . 

Tönzquistia dej; res sa n. s p.* . 
Törnquistia c f. depressa n. sp . .  

'' Cyp!wspis" s p. in d. a . 

> Cyphaspis>> s p. in d. b . 

>>Cyphaspis» sp. ind. c .  

» Cyphaspis>> ? s p .  i n  d. d. 

Harj;es costatus AKG . •  

Harj;es Wegelini ANG ... 

AmjJyx .foveo!atus ANG.*. 

Ityop!torus undulatus n. sp. 

Acidaspis evo!uta Tqr. 
Acidaspis Clevei n. sp. 

Acidaspis latir:apitata n. sp. 

Acidaspis bispinosa McCoY 
Acidaspis sp. ind. a . • • • 

Acidasj;is? sp. ind. b . . •  

T1·oc!mrus Törnquisti GöRICH 
Dicranogmus aqualis Tqr . . 

+ ++ 

+ 

++ 

+ 

l= 
++ ? 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

:l= 
++ 

+ 

+ 
+ 

+ 
+ 

+ 
+++ 
-,-

+ 

0<1, ... d) d) --Z:J:..!:: 
V) ... 

j«: l 
-l·-
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

c >. .n 
" Q 

M �  l C( 
h .i� J-. "' .... (l) .!::.. :2,. � 
.� :e� - <n � �o� 

+ 
+ 

+ 
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+ 

l + 

+ 

+ 

-;;; "U ::; ::; l.!.., 

+ 

"' �l e 
c c .... .... ... g :� t t :c-: " " 

=t":! ...:< .... .... (/) c 
< :Ii ... ... " .. p. � p. o p .... 
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+ 
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l * indicates that the local ity where this l l l ...; ...; 2_L � U> U> s s species has been found, is not known. l c O) ., o"' bl) 0[ "' OL � >-l >-l ± =1= indicate that the specimens in que- 0 .o <.> ii v ii .;:: ... '" ;:::: "' ,c; "' "' ..c :> v "' :� � � ., "' Vl 5 > .o .o :o .o ... ·-
stian have e ither (±) been found only in i::::; .o ::l � Vl o ... Vl Vl """- :e � ... E :q ....::c " " 
the lowest beds, thin- banded limestenes 3 :l ::o "' <.> Vl ... "' � (/) c >-l >-l 

E � > :J ..:: . o ... "' ::l u... ..:: (;:j .. .. 
interstr atified with s h ales, or ( =1=) bot h in �- c l - o � " " 

6 � o. � 
these and in the »reef-rocb proper. o. o p >-l 
Platylichas jJ!anifrons ANG, • •  1- =1='=1= l _l+ J + !+ �- + + - - - ! - -

l i 
Platylichas Wege/ini HOLM in Mus ... l - - - - - - - ·+ - 1 - ? - + 
Flaty/idtas nasutus \VJGA�D . - - - - - - - - i - - - - ± i - - - ± 
Platylicltas robustus 

' + _l+ + n. s p. - - - - - - - - - - - - -
l 

P la ty lichas botiniens is WrMAN?* . •  ·- -- - - - - - - - - ? - - - - - ? 
Platylidws cicatricosus LOVE:\ l -- - - - + + - - - - - - - - - + -

Platylichas la tus To:r i - - - - - - - l - - - + + - + - - + l 
Platyliclzas angulatus n. s p. l+ - - - - - i - _,_ - - - - + -
Platyliclzas sp. in d. a . •  1- - - - - + =[ - - - - - - - + --

Platylicltas in d. b ' + - - + -s p. l_ - - - - - - - - - - -

Platylichas? s p. ind. c l+ - - - - - - - - - - - - - + -

Platylichas in d. d . .  - - - - - _ l� - -- + s p. - - =r� l =i= -
Die-r m w fe! t is elegans TQT . - + ? - - - - . - r- - + -i 
Lichas ladniatus WAHLNB. - + + - -r+ - - - - - - -

l 
- - + -

Lichas rifjinis A !o� G. + + + - ? + -[- -'+ - - - + -r - � -

Lichas,J s p. ind.* .. - - - l - - - :r= - - ? - - - - - ? l 
A mjJ!zilicltas dalecarliats ANG. + - +- - - - + - - - - - + -

l 
Am philich as U"ahlenbergi n. + + l - - , ? + l - - - - - - - + -s p. -
Amphilichas latifrons l+ l 

n. s p. ? - -- - - :+ - + - - - - - + -
A mphilichas atavzts n. s p. - - - - - - - - - - - - + - - - + 
A mphilicltas jJarvztlus n. sp . . + - - - - - - - - - - - - - - + -
Am pitiliehas lineatus Al\G • .  + + + + - + - -1 -- - - - - -l+ -
A mjJ!ziliclzas periformis n. s p. + - - - - - - - -· - - - - - -+ -

l 
Isocolus Sjögreni AKG .. 

1: + + 
- - - + - - + - - � - -�- + -

Encrinurus striatus AKG. + + + - + - - - - - ='= - - + -
l C y bele brevicauda ANG. - + - - - - - - - - - -r- + -

C y bele c f. revaliensz:r SCHMIDT 1- ± - - - - - - - - - - l - -- - ± 
Cheirurus C!asoni TQT + + - + + + t - - - - - - - - + -

Cheirurus ptmctatus A:o�G.* . •  - - - - - - - - - - - - - -- - + -

Clzeirurus Törnquisti n. s p. - - + - - -� -
- - -�- - - - - + -

C lt eirurus g laber ANG.* - - - - - - - - - - ' - - - - - + -

C!zeirurus s p. in d. a - - - - + - - - - - - - - - - + -
Cheirurus s p. in d. b .  - - + - - - - - -- - - - - - - + -

Clzeirurus s p. in d. c . - - - - - - - - - + - - - - - + · -
l _l =l= Cerattrtts lat�frons n. s p. - - - - - - - - - - + - ± - -

Pseudosj}l(erexochus granulatus A!'-IG .. - - - - - - - -l- - + + + + - - + 
Pseudosphmrexoclttts confonn is ANG. + - + - - - - - - - - - - - - + -

Pseudosjhcerexochus conformis ANG. v. J_ major n. v. + - - - - -,+ - - - - - - + -
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* indicates that the locality where this 
species has been found, is not  known.  

± =F indicate that the specimens in que-
stion have either (±) been found only in 
the lowest beds,  thin-banded Iimestones 
interstratified with shales, or  (=F) both in  
these and in the »reef-rock» proper. 

Pseudospha;rexochus tubercuiatus n. sp. 
1Vieszkowskia cf. cephaloceras NIESZK.* 
Nieszkowskia? sp. ind .. 
Pompeckia Wcg-elini ANG. 
Pompeckia minor n. sp. 
SpluErexocltzts calvus McCoY 
SphCErexoclms Hising-en· n. sp .. 

SphCErexochus tuberculatus n .  sp . . 
HemispltCErocO?yphe g-ranulata ANG. 

SphCErocO?yplte punctata ANG. 
Deiplton Ang-elini n. sp .. 
Pteryg-ometopus Scltmidti n . sp.* . 
Chasmops macrourus SJöGR .. 
CltasmojJs ang-ulatus o. s p.* 

j josephulus g-racilis n .  s p ... 

..5 o ..c: 
"' � 

ul � 
� "' <lJ "O _a <lJ "' ... ..<:: "O "O "' c o ,_, :l CJ:l ... E � 
o � 

o� b.C: � '-"' <l) �..a �13 
" 

<J c e_tJ � <lJ >. <lJ 2:;9.;3 :o "E < � .� � Q- •n � o 

...: ...:1 e e b( - � c ...:! ...:! '-:u �,:; C"$ •O ..: .: � �l§� ·;:;; c. c. ..::< .. .. 
� 

� ...:! ...:! 
U.. <t: Vi ... ... .. .. c. � c. o p ...:! 

+- -- - - -- ---- - - - + -
- - - -- -- - - - --- -- - ? 
+ - -- --- -- -- - -- -+ -
+- - -- - - - - - -- ---+ -

+ --- - - - - -+-- -- - -+ -
+ + + + - + - -+ ---- - - +-

- - - -- - - -- -++ - - - -+ 

-- -- --- --- -- ±± - - ± 
- -- - - - - - -+ ++ ++ + -+ 

+ ++ - - - - -+ - ---- -+ -
-- - --+ - --- -- -- -+ -

- ? - - - ---- - -- -- - ? -
- - - - -- - - '- - +- -- -- + 
---- -- -- ------- - ? 
+- - - - -- - 1 - --- - - -+ -

of Sätra at the south-western end of the lake Hosjön \ south-east of the 
lake Amtjärn, close to the north-eastern shore of the lake Sinksjön, and 
apparently also at Östbjörka. 

Most of the fossils which have been collected at Östbjörka are from 
the Upper Lepta-na Limestone,  but in several collections there also occur 
specimens labelled Östbjörka which represent species belonging to the 
fauna of the Lower Lept�na Limestone. As already mentioned above 
(p. I 3 I) , Lept�na Limestone has, however, been exposed in several places 
within the precincts of this village (C f. TöRNQUIST, I 883, p. 59), and the 
limestone does not seem to form a continuous mass, although som e of the 
exposures appear to be connected with each other (Cf. above, pp. 194-5). 
We are therefor entitled to assume that »reefs» of different geological 
ages are to be found at Östbjörka. Evidently the basal beds of the 
Lower Lept�na Limestone occur also in the south or south-western slope 
of the bill Osmundsberg being here overlaid with black or grey Trinucleus 
Shales, in between which and the rock forming the main part of the bill 
(the Upper Lept�na LimestoneJ there appears to be a strike fault (Cf. 
p. 339). 

1 IsBERG (I 917 ,  I 9 I 8) calls this locality Hosjön or the Hosjö-reef; however, this 
name  does not seem suitable ,  as  the bill Kullsberg, also, is in the close neighbourhood  
of  th i s  lake (its somhermost point almost touches the nonhem bank) and, consequently, 
I have fo und it advisable to keep the locality-name, Sätra , used on the labels in the 
Upsala Museum. 
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Illamus avus HOLM is one of the most common fossils in the Lower 
Lept<ena Limestone. A few unusually !arge specimens [cranidia and py
gidia belonging to the short type (Cf . above pp. 128, 1 3 1 )  and one free 
cheek ] referable to this species have been found also in the Upper Lep
tcena Limestone at Osmundsberg. This species has a Iong vertical range 
and is consequently of small statigraphical value. Also, a form which 
appears to represent a distinct variety of Illamus avus has been found at 
Lissberg. Possibly it will become evident that some specimens of Flaty
lichas found in the Lower Lept<ena Limestone and others from the Upper 
Lept<ena Limestone ought to be regarded as distinct varieties of the same 
species rather than as separate species (Cf. above, pp. 283, 286 , 288). 
With t hese exception s the Lower and the U p per Leptcena Limeston e do 
not seem to have in common any single species of trilobites (Cf. the list 
p .  413). It is true that the trilobite faunas show a certain general corres
pondence and that there are a few species which agree rather closely in 
their general characters, but this seems only natural on account of the 
lithological similarity of the two formations. With regard to the oc
currence of fossils belonging to other classes, also , the Lower and the 
Upper Lept<ena Limestone show distinct differences, even if some long
ranging species 

·
are common to both. It is , however, not possible to make 

a detailed comparison as yet, since these fossils up to now have been 
only insufficiently studied. This is especially the case with the fauna of 
the Lower Lept<ena Limestone, the forms which have been described 
being nearly all of them from the Upper Lept<ena Limestone. - No 
»reef-rocks» containing what might be considered a transitional fauna , are 
know n. 

List of Lower Leptrena Limestene Trilobites occurring in the Chasmops Beds etc. 

&J..; Q) 
( ) indicates that the identifica· "' Q) "' c:  ..c:a:l c: ::l c: p_. o {";l .... o tion is somewhat uncertain .  o..- .... o o -"' "' c: v ·-"- �� _,. � • indicates that  the species is o .....l 0 "'  u� c: .... "' 

represented by a variety in the ·- "' u c: ,.·- ;:l c: ..c: v - "'  :<::i:; Lower Lept::ena Limestone. I�·E ::S:3 -� Uv u... C!l 

• RemojJleurides la tus OLIN - l - x -
Illa:nus gigas HoLM - x - -
Illanus Wimani n. sp . .  -- - - -
Illcenus .fal/ax HoLM x x - -

l Illcemts avzts HoLM ? x - x 
l .J Platylichas bottnimsis WIMAN x - - -

H emisjJllcerocoryjJhe gr amtlata 

ANG. 

� l ? x l - ? 
ChasmojJs macrourus SJÖGR. - x ? -

�n§ c: c: c: o o _ o  ),...., ";:::: Q)·- v·;:: .D·,;:::: :::� �� bD o< c: "'  vE Q) c: Q) -�E -. ... � c "' c:  Q) ... o o o �� u... u... u... 

- - - l -
- - - l -
- - - -
- - - -
x - x x 
- - - -

? ? - -
- (X) (X) -

u . ·- � � "' -v "' -cqc: 
�� 
�ö.. O a; Z .....l 

-
-
x 
-

(X) 
-

-
-· 

' "' " Q)  c: o; ·c ...c E-<C/J "' �::l Q) Q) P:::-;:; 

l -

l -
-
-

(X) 
-

-
-

Q) •O C: ·- o �t) �v "' c: :O j 

l x 

l -
-
-
x 
-

-
- l 

The Lower Lept<ena Limestone has yielded a great number of tri
lobite species, although considerably fewer than the Upper Lept<ena. The 

27 -tom. Bull. o.f Geol. Vol. XVII. 
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majority of them are not known from any other bed, but some have, 
however, been found also in the Chasmops Limestone in different districts 
of Sweden. The affinity with the fauna of the older Chasmops Lime.;;tone, 
the Echinosphcerites Limestone, seems, however, to be very slight. TöRN
QUIST (r 884) reports I 3 ( 14) species of trilobites from this bed in Dalarne, 
of which only one, Illcenus fal/ax, has been found in the Lower Leptcena 
Limestone (it also occurs in the North Baltic Maeronrus Limestone); and 
from the older North Baltic Chasmops Limestone \VIMAN (19 17  a ,  list 
No. 6) lists I9 determinable species, of which one, Platylichas bottniensis, 
seems to occur in the Lower Leptcena Limestone. Considering the small 
number of the species known from the Maeronrus Limestone and its 
lithologically different nature, the number of trilobites species it has in 
common with the Lower Leptcena Limestone, is remarkably great. TöRN
QUIST (Op. cit.) records 6 species from the Macrourus Limestone in Da
larne, and WIMAN (Op. cit.) 4 species from the East Baltic area, of which 
3, resp. 2, occur in the Lower Leptcena Limestone. 

Echinosphcerites and Macrourus Limestones occur also in Östergötland 
and in Öland, but the faunas of these beds have been very insufficiently 
worked out as yet. From the Maeronrus Limestone in the former district, 
however, are known Illamus gigas and illamus avus, besides Chasmops 
macrourus (IIlamus avus seems also to have been found in the Echi· 
nosphcerites Limestone) , from Öland, the zone-species and apparently III. 
avus, (C f. HoLM, I886, pp. I48, I 54, MoBERG, I906, p. I 10, and above 
p. I2o); a few species not known from the Leptcena Limestone have also 
been found there. 

From the Chasmops Beds in Västergötland a considerable number 
of species are listed, but there exists no modern monograph on the sub
ject, and the beds have been very insufficiently studied from a stratigra
phical point of view. Chasmops Macrourus has been found, as already 
mentioned (Cf. above, p. 402), and HoLM (r882, pp. 70, 88) records Illamus 
gigas and Illamus fal/ax, and Hemisphcerocoryphe granulata seems also to 
occur there. According to LINNARSSON (I869, pp. 45 - 46, 6I) it seems 
as if the two latter species occured in beds containing Echinosphcerites 
aurantiuNt GYLLENH. (Echinosphcerites Limestone), and as if Illcenus fallax 
had been found in younger beds also. The two species of Illcenus just 
mentioned have also been found in boulders of Chasmops Limestone in 
Jämtland. - Finally, as regards the Chasmops Beds of Skåne, they have 
not been sub-divided, but it appears from OuN 's (I906) statements as if 
his species Remopleurides latus, of which a variety has been found at 
Kullsberg, as weil as the form recorded by him as Phacops macrourus 
SjöGR.? had been found in the upper beds only . 

As shown above (pp. 403-406),  Chasmops maximus SCHMIDT, founded 
on specimens from the Jewe and Kegel formations, appears to be identical 
with Chasmops macrourus SJÖGR. Illcenus avus occurs in the Kegel but 
also in older as weil as in considerably younger beds, and even , as has 
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already been mentioned, i n  the Upper Leptcena Li mestone.  Possi bly the 
form described by SCHMIDT as Cyrtometopus pseudohemicranium NIESZK. 
var. dolichocephala, which occurs i n  the Jewe b u t  also in the Itfer and 
Kucker Formations, is referable to  Hemisphcerocoryphe granulata (Cf. above, 
p. 389)· 

The occurence o f  lllcenus Wimani in a boulder of North B altic 
Leptcen a Limesten e is of  interest as indi cating that the bed from which 
i t  comes, m ay b e  of the same geological age as the Lower Leptcena Lime· 
stone i n  Dalarne .  N o specifically determinable fossils have been f o und 
i n  this boulder. W I MAN ( I907 a, p. I 50) mentions a very small cranidium 
o f  a species o f  Dindymene, but this genus is represented from·n either the 
Upper n o r  the Lower Leptcen a Limestone in  D alarne. 

With the exception of Remopleurides latus, which form belongs to the 
fau n a  of the Chasmops L i mestone also, and the l ong-ranging lllcenus avzts, 
not a single species o f  tri lobites known fro m  the Trinucleus Shales, t h e  
Östersjö Limestone, or  t h e  East Baltic Wesen berg Formation, has, a s  far 
as I know, been fo und in the Lower Leptcen a Limeston e. 

The fact that al l  Leptcen a Limestene has been considered to be o f  
about t h e  same geological age, has, however, evidently led some authors 
to ascribe also certain forms of tri lobites occuring in beds equivalent to 
the Upper Leptcena L i m estene to species belongin g to t h e  fauna o f  the 
Lowe r Leptcena Limestene - or vice versa. I have already, whe n  de
scribi n g  the species in q u estion, pointed out these cases of erroneous identi
fi cation , and I shall h e re add a few remarks only. I have above (p. I I4) 
expressed my doubt wheth er the speci mens recorded from the Keisley 
and the Ki ldare Li mestones as lllcenus fallax HOLM, were really referabl e 
to that species. Since the early part of t h is work h a d  gone to press, I 
h ave had the o p portunity to exam i n e  the two specimens fro m  the Keisley 
Limeston e  t h at REED (1896, p. 4I3) ascribed to HoLM's species. One of  
them,  the hypostoma, is  rather  badly preserved, and, as far as I could 
see ,  does not  bear any special likeness to that apparently belonging to 
lllcenus fallax - i t  even seerus to me t o  be an open question wheth e r  it  
belongs to any species o f  lllcenus at all . Th e other, the small pygidium, 
d iffers perceptibly from that o f  Il/. fal/ax, as i t  is shorter and broader 
and the axis is considerably n arrower and more strongly raised.  Presurnably 
the specimen (or specimens) fro m  the Kild a re Limesten e belongs to the 
same form. In his work o f  1897 (p. 74) KIJER Iisted Sphcerocoryphe cf. 
granula/a ANG. fro m  his Etage 5 a i n  Rin gerike, wh ich name probably 
refers to the species called by this name by SCHMIDT and which, as 
pointed o u t  above (p. 390), is entirely d iffere n t  from ANGELJN's species. 
In a l ater work KrAm (I902, p. 85) h as recorded Sph. granulata both from 
Etage 5 a a n d  5 b in Asker and probably he means the same form as i n  
h i s  first work. 

The basal beds of the Lower Leptcena Limestone - thin-banded I ime
stones interstratified with thin layers of shales - differ distinctly from the 
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»reef-rocks» proper with regard to the facies of the fauna. Probably the 
dissimilarity is mainly due to the lithological difference of the beds hut 
also, to same extent, to the disparity in age. The trilobites found in 
these beds do not tell us anything in this regard. The only specifically 
determinable species known from older strata that has been found here, 
is Illrenus m/Us, which occurs in great abundance, but this long-ranging 
species is of no value from a stratigraphical point of view; moreover, i t 
occurs also in other beds of very different lithological nature. Neither 
can we attach any importance to the find of the fragmentary pygidium 
described above (p. 338) as Cybele cf. revaliensis SCHMIDT. It is true 
that SCHMIDT's species is found in beds of considerably greater geological 
age, but in several characters the specimen in question resembles also the 
pygidia of the species of Cybe!e which occur in the Jewe and Kegel 
Formations. - Of the three other species of trilobites known from these 
basal beds, one is not known from any other strata, one occurs also in 
the campact Leptcena Limestone, and the third has been found in a 
boulder in North Germany, the geological age of which is undecided. 

As pointed out above (p. 417), nearly all the species described from 
the Leptcena Limestone in Dalarne - with the exception of a few trilo
bites - are evidently based on specimens found in the Upper Leptcena 
Limestone. Consequently, the faunistical resemblance, so often pointed 
out, between the Leptcena Limestone and the higher Ordavieian strata 
of the East Baltic Area, the Kildare Limestone etc. applies to the Upper 
Leptcena Limestone. It might be pointed out in this connexion that 
SCHMIDT, who several times has emphasized the correspondence between 
the Leptcena Limestone and Etage F (the Barkholm F2 and Lyckholm 
F1 Formations), seems chiefly to have known Osmundsberg, where he 
himself has collected fossils (Cf. SCHMIDT 188 1 ,  pp. 38, 40, 219, and 1882, 
p. 524) . Speaking of the faunistical correspondence between the Lep
tcena Limestone and Etage F2, SCHMIDT ( 1 88 1 ,  p. 40) has the following 
passage: »U n ter den Petrefacten des Leptcenakalks sin d man ch e die bisher 
bei uns nur in der eigentlichen Lyckholmer Schicht gefunden sind, worauf 
ich kein Gewicht lege, da die Fauna der beiden Schichten auch bei uns 
nur ein Ganzes bildet.» The Lyckholm Formation is evidently much 
richer in fossils than the Borkholm; and it seems also as if in neither of 
the beds the fauna had been adequately warked out. On ly I 3 species of 
trilobites are recorded from F2, and, in the case of several of them, a few 
specimens only seem to have been found. Only one of these species, 
viz. I!!renus Roemeri1, is known for certain to occur in the Upper Lep
tcena Limestone. However, it seems probable that also Ca!ymene Stacyi2 

1 HoLM (1886) has stated only that this species occurs in F,, bu t i t has been re
cord ed from F2 by SCHMIDT in his work of 1881 (p. 40) and  later by TWENHOFEL (1916 
p. 310). 

' 

2 This form was original ly described by ScHMIDT (1894, p. 23) as Calynzene senaria 
var. Stacyi - and under that name it has been spaken of above (p. 165) - hut later 
(1907, p. 56) he  refers i t  to a separate species, which seems to be more correct. 
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List of Upper Leptrena Limestene Trilobites occuring in the West Baltic Leptrena 

Limestone, the Keisley Limestene etc. 

l 
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Lichas laciniatus WAHLNB . 
Lichas a/finis ANG. 
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Amphilichas lineatus ANG. 

Cheirurzts glaber ANG. 
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is to be fo und there ( C f. above, p .  I 65 ) .  The form which SCHMIDT has 
refe rred to Pseudosphcerexocftus conformis ANG. may p ossibly belong there, 
although, as has been pointed out above ( p .  362 ), this does not seem 
very J ikely to j u dge from the descript ion and figures available - these 
may, however, be somewhat incorrect. Th e form described a bove (p .  
I q) as a disti nct species, Illce?Zus dalecarlicus, m ight per ha ps have been 
regarded as a variety of Illcenus angustijro11s (Cf. p. I I 7 ), a n d  on the whole 

1 According to KLER 1897,  1 90 1 .  
2 C f.  p. 423. 
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i t  shows doser a ffinities w i t h  the variety depressa, known chiefly from F2, 
than with the type form from F1. 

In the p receding ch apter several m o re instances have been gi ven of 
species from the Upper Lepta!na Limestone a ppeari ng to be closely re
lated to species that occur both in F1 and F2 , and I will now confine 
myself to a few remarks on the three species that i n  the East Balt ic  
Area have been fou n d  i n  F2 only.  SCHMIDT has recorded only two such 
species but,  as shown above ( p p .  257, 282, 288) ,  the cranidia  and the 
pygidiu m ascribed by SCHMIDT to Lichas ( Platyliclzas) cicatricosus LOVEN 
do n o t  belong to the same species .  The cranidia bear a strong resemblance 
to those d escribed above (p. 286) as Platylichas angulatus, and seem to 
represent a closely allied species . Apparently the pygi dium on which 
the identification with LOVEN 's species was based, represents a species 
of Amphilichas, and i t  probably belongs to one o f  the species of this genu s  
occurring i n  t h e  Upper Lepta!na L i m estone.  From SCHMIDT's description 
and figure of the specimen,  which is b u t  i m p erfectly preserved , one can 
form a conception o f  its general characters only.  SCHMIDT himself, how
ever,  has had the opportunity to com pare i t  with a pygidium collected 
in the Upper L ept<l!na Limestone at  Gryssen ( Östbj ö rka),  and seems to 
b e  perfectly satisfied that i t  belongs to the same species as this .  The 
latter, of  which he has given two fi gures (1907, p .  102, text-tigs. 14, 14 a), 
appears to belong to the same type as the pygidia attributed to Amphi
licltas Waltlenbergi (a bo ve p. 3 I 8) or possibly to the very si milar typ e 
which seems to belong to Amphilicltas latifrons (Cf. above p. 321) . As 
regards Platylichas margaritifer NIESZK., SCHMIDT, in the l ast part of his  
Revision ( 1 907, p .  43, 93), stated that i t  occurs i n  the Lept<l!na Li mesto n e ,  
b u t  h e  gives n o  reasons for t h i s  statement.  Earli er (188 5 ,  p. 120) he h a s  
mentioned, however, that among t h e  materi al from t h e  Lepta!na Limesto n e  
at his dispositi on ,  there w a s  a new species cl osely related to the o n e  now 
i n  q u estion .  Probably i t  i s  this o n e  which h e  l ater on has referred to 
NIESZKOWSKI's species. Whether this identi fi cation is  right or  not ,  I am 
not  i n  a posit ion to ascertai n .  I mysel f have, however, seen n o  form from 
the Lepta! n a  L i mestone that  appears to be referable to,  o r  especially 
closely all ied to Platylichas margaritijer. It is true that the cranidium 
of Pl. latus TQT ( fro m the Lower Lepta!na Limestone) i n  i ts general 
characters rese mbles that of the species in question,  and the same is the 
case, although to a lesser degree, with the cranidium from Lissberg de
scribed above (p. 288) as Platyliclzas sp.  i n d .  a. ,  but the pygidia which 
seem to b e  referable to these forms, differ markedly from that o f  the 
East Baltic species. Possibly it  may be one or the other o f  these forms 
that  SCHMIDT attributed to Pl. margaritijer. O n  the other  hand i t  is  
quite  Iikely that  the species really occurs  i n  the Lepta! n a  Limestone.  

The close relationship between the fauna o f  the Lepta! n a  Li mestone 
i n  Dalarne (viz.  the Upper Lept<l!na)  and that of th e West Baltic Lepta!na 
Limestone,  respectively those o f  the Keisley and the Kildare Limestones, has 
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already several years a go been shown by resp. WIMAN ( 1 907) and REED 
(1896,  1897) .  With regard to the tri lobites I have been able to make 
so me ad ditions to the l ist  o f  species 1 common to t hese

. 
formations and to 

correct a few errors .  In this connexion I must poi n t  out that the species 
described a bove as Pharostoma Leptcenarum TQT ou ght to be called Ph. 
obtusa MCCov. Since that p art o f  my work had gone to p ress I h ave 
had the o p portunity to examine McCov's  (1846, PI. IV, fig. 6) type 
spec i m e n  fro m  the Kildare Limestone, and I have sati sfied mysel f that 
TöRNQUIST 's  species i s  identical with McCov's .  Consequen tly, TöRN· 
QUIST 's  name m ust be dropped,  as having been proposed l ater. The species 
I isted from Etage 5 i n  Norway are those recorded by KIJER, I have, however, 
not i n cluded Cybe!e brevicauda i n  the list, o n  grounds that wil l  be clear 
from what has been said above (p. 337) .  

No trilobites have been fou n d  i n  the » K l ingkalb and the Brachiopod 
Shales  i n  Dalarn e .  In the Brachiopod Shales o f  Västergötlan d  and Ö ster
götland 2 occu r  Lichas affinis and L. laciniatus, typi cal - at !east in the 
first-named district - for the beds cal led Brachiapad Shales s .  str.  by 
LINNARSSON (1869) = the zone o f  Meristella crassa and Homalonotus ptaty
notus ( TROEDSSON, 1 921) .  The Upper Lept<ena Limestone and these beds 
have several  other fossi ls  i n  common,  among these Meristella crassa. 
No trilobite species are known common to the Lept<ena Limestone and 
the u p per part o f  the Brachipod Shales s .  l . ,  the Acidaspis Sh ales or t h e  
z o n e  o f  Assidaspis centrina a n d  Climogr. scalaris v.  norm. A s  they a r e  o f  
a very different l i thological nature,  n o  great simi lari ty can be expecte d ,  how
ever,  and n o  specifi cally determinable forms have been recorded from this 
upper part except such occurring in the lower zone also.  Neither h ave any 
trilobite known from the Lept<ena Limestone been recorded from the 
Staurocephalu s Shales (regarded b y  some as the lowest part o f  the 
Brachiopod Shales, by others as  belonging to the Tri n u cleus Beds) .  The 
Staurocephalus Shales w i l l  seem - partly,  at !east - to be e q uivalen t  to 
Etage 5 in Norway and the Lyckholm Formation,  and as the Upper Lep
t<ena Limestone shows so great a faunistical s imil arity to these l atter 
formati ons,  i t  appears as if part o f  it might b e  equivalent to the Stauro
ceph a l u s  Shales. 

An i nteresti n g  exposure, fro m  a stratigra ph ical  point of  view, o f  the 
L o wer Lept<ena Limeston e ,  is  the c u tting at  the Amtj ärn Q u arry, which 
previ ousl y has been mentioned by the present writer (1910, p. 447 )  and 
by IsB ERG ( 1 9 1 7 ,  p .  202) . This q u arry, which is q u i te small and no longer 

1 The forms from the West Baltic Lept::ena Limestone given in the list above a n d  
not mentioned in t h e  descriptions of  t h e  respective species as occurring there, a r e  such 
which I have only Iately been able to identify. (They are all in the State Museum of  
Natural History.) 

2 As often has been pointed out, the » Brachiopod Shales » of Östergötland -

to a great extent consisting of Iimestones - will probably prove to have more species 
in  common with the Leptxna Limestone ; as yet they are only insufficiently studied. 
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worked,  was opened u p  for the extraction o f  the compact ( » reef» ) l ime
stone .  A l i tt le  t o  the west of  the quarry is typically developed Echino
sph�rites L i m estone, dipping steeply towards the east .  Then comes ,  
between this a n d  the » reef• l imestone, t h e  b asal b e d s  of  t h e  L o w e r  Lept�na 
Limestone consisting o f  a series o f  green and red thin-banded Ii mestones 
interstrati fi e d  with thin layers of shales. In the shaly parts fossils of 
several kinds aboun d ,  whi le  i n  the l imestone bands few fossi ls  occ u r  other 
than j oints of  columns of Cystideans - these, however, are very plentifu l .  
The » reef» limestone has a considerable thickness north o f  t h e  quarry 
growing thinner towards the south. In the northern wall of  the quarry 
it h;1s a thi ckn ess of litt le  m ore than 6 m. only, a n d  in the south wall  
the basal beds are overlaid by » reef» l imestone o f  a thickness rather less 
t han 1 ,s  m .  A bo u t  8 m farther east, in the en trance to the quarry, we 
find Black Trinucleus Shales about 6 m .  thick, then 4 m .  gree nish-grey 
Trin ucleus Limestone with some shaly parts. A mon g the blocks east of the 
quarry there are Red Trinucle u s  Shales, which the workmen declare to h ave 
been cut through at the entrance. The beds between the » reef» l i m estone 
and the B lack Shales have evidently undergone a disturbance. Next to 
the l imestone is a bed consisting of  nodules of l i.mestone and pieces o f  
shales ; several fossils o c c u r  of t h e  sort fou n d  in t h e  basal b e d s .  T h e n  
c o m e s  thin-banded Iimestones interstratified with shales, and o n e  or a few 
bands of » reef>> l imeston e.  A couple of other » crush-be d s »  occur higher 
up, and i n  between them bands of limestone and shales, some portions 
apparently consisting of small fragments pressed together.  Some o f  the 
limestone- bands appear to be Lept�na L i m estone while the others -
among them those dosest to the B lack Tri n ucleus Shales - seem to belong 
to Trinucleus Beds . 1  Several o f  the l im estone-ban ds are b roke n ,  t h e  i n 
c l i n e  of the different layers is  a l s o  somewhat different,  an d the layers on 
the north and the south side of  the entrance do n ot quite correspond.  It  
will seem as i f  some parts o f  the beds west o f  the first » crush-zon e »  had 
been b roke n loose and squeezed down in the Trinucl e u s  bed.  Th�usts i n  
a strict sense s e e m  hardly to have taken place.  E v e n  i f  no quite definite 
conclusions can be d rawn from this part of  the section , i t  indicates that 
the ree f  building had finished ere the deposition at !east of the Bl ack 
Trinucleus Shales took place.  

A s  pointed out by several authors (e.  g.  SCHMALENSEE, 1 884, p .  289, 
TöRNQUIST, 1 8 86, p .  85), Black Trinucleus Shales occur i n  the northern 
part of K ullsberg, high up in  the h i l l .  Whether it  i s  part of the solid 
rock or not,  is ,  however,  uncertai n .  In the western slope of the hi l l ,  also,  
though consi derably lower down, Black Trinucleus  Shales have been foun d 
i n  several p laces, where holes for telephon poles had been d u g ,  and , ac-

1 The limestene here i s  petrographically rather like that which overlays the Black 
Trinucleus Shales, and in other places also within this  district i t  seems as  if the Black 
TrimJCleus Shales were underlaid by grey limestone ,  not  developed as  » Masur» Limestone .  
(Cf. WARBURG, 1 9 1 0, p. 444-) 
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cording to IsBERG ( 1 9 1 7, p p .  2 1 5 ,  227) they rest on Lept<e n a  Limestone .  
A sheet  of  Bl ack T ri nucl eus Shales  i s  fou n d  o n  top o f  the Lept<ena 
Limestone in one pl ace a t  Sätra.  I h ave previously ( 1 9 1 0) expressed the 
opinion that i t  has been brought there by the ice,  and I stil l  consicler i t  
n o t  to be i n  i ts original  place where it is n o w ,  b u t  I fi n d  i t  quite p l ausible 
that it  originally may have rested somehow and som ewhere o n  this  reef, 
and not  have been brought very far.  

Amtj ärn excepted , I h ave seen n o  exposure from which a definite 
opi n i o n  could be formed as t o  which strata over- or underlay the Lept<ena 
L i m esto n e  -"-- either the lower or the u p p er. However, apart fro m  the 
con clusi ons that can be drawn fro m  the pal<eonthological evidence,  i t  seems 
to m e  quite unthinkable that reef-buil d i n g  could have gon e  o n  anywhere 
while form ations in the n ature o f  the Black Trin u cleus Shales were being 
deposited i n  the im mediate ne ighbourhood.  
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Explanation of Plates. 

I have used the following abbreviations: 

U. M. = Museum of the Paheontological Institute of Upsala. 
L. M. = Museum of the GeologicaJ Institute of Lund. 
R. M. = State Museum of Natural History. Stockholm. 
S. G. U. = Museum of the GeologicaJ Survey of Sweden. 
St. H. = GeologicaJ Museum of the University of Stockholm. 

I. =Mr. O. ISBERG's private collection at Lund. 

Plate I. 

Fig. Page 

1-6. Remopleurides latus Ou N var. kullsbergensis n. var. . . . . . . 8 3 
I. Dorsal view of n ear ly complete individual X I. Kulls berg. I. 

2-3. Frontal and lateral views of cephalon of the same 
specimen X r. 4· Portion of thorax of the same specimen 
x 2. (Textlig. I 5· Free cheek of same specimen) . s-6. 
Dorsal and lateral views of pygidium X 4· Kullsberg. R. M. 

7--8. Remopleurides dalecarlicus HoLM in Mus. . 88 
Dorsal and lateral views of cranidium X I. Osmundsberg. 

R. M. 
9-II. Remopleurides emarginatus TQT . . . . . . . . . . . 87 

9. Dorsal view of cranidium X 2. Boda. L. M. r o-I I. 
Dorsal and frontal views of another cranidium X I. Boda. L. M. 

I2-r3. Remopleurides latijrons HOLM in Mus. . . 89 
Dorsal and anterior views of cranidium X 2. R. M. (Loca-

lity unknown. ) 
r4-I5. Remopleurides minimus n. sp. . . . . . . 89 

Dorsal and anterior views of cranidium X 4· Kallholn. U. M. 
r6-r8. Telephus Wegelini ANG.?. . . . . . . . . 90 

Dorsal, lateral, and anterior views of cranidium X 3. Boda. 
S. G. U. 

r9-20 . .llla:nus cf. gigas HOLM. . . . . . ro4 
Cranidium viewed in different aspects X r. Sätra. U. M. 

zr-zs . .llla:nus T17imani n. sp. . . . . . . . . 105 
z r. Thoracic segment. z z-z 5. Pygidium and cranidium 

seen in different aspects · X r. Furu dal. U. M. 
z6-z9. .llla:nus Romuri VoLB . . . . . . . . . . . . . . . . . .  ro8 

26. lmperfect individual X r. 27. Rostrum of såme spe
cimen X I. z8. Anterior view of cephalon of nearly com
plete, enrolled in di vidual X 1. 2 9. Lateral view of same 
specimen X r. Kallholn. S. G. U. 
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Fig. Page 

JO-JO a . .llla:nus cf. dalecarlicus n. sp. . . . . . . . . . . I I 7 

r-s . 

Cranidium with the profil in outline X r. Osmundsberg. U. M.. 

Plate II. 

Bumastus nudus ANG. . . . . . . . . . . . . . . . . . . 
I. Cranidium X 1. 2. Hypostoma apparently belonging to this 

species X r. J. Pygidium X r. 4-s. Pygidium with the profil 
in outline X I. Lissberg. S. G. U . 
.llla:nus cf. parvulus HoLM . . . . . . 

Dorsal and lateral views of cranidium X 2. Osmundsberg. 
L. M.. 

IJS 

8. Hypostoma probably belonging to .llla:nus da/ecarlicus X 2. 
Kallholn. U. M.. . . . . . . . . . . II6 

9· .llla:nus sp. ind. b. Hypostoma X 2. Kullsberg. U. M.. . IJ7 
ro-I J . .llla:nus daleearlims n. sp. . . . . . . . . . . I 14 

I o. Nearly entire individual X r. I r. Cephalon of same speci-
men X r. Kallholn. S. G. U. 12. Pygidium X r. IJ. Crani
dium X I. Kallhol n. U. M.. 

I 4- 1 8. .llla:nus Linnarsson i HOLM . . . . . . . I I 7 
q. Lateral view of cephalon of nearly complete individual 

X r. I s. Same specimen X 1. 1 6. Ventral vie w of cepha
lon of same specimen X 1. 17. Cephalon of same specimen 
X r. Kallholn. S. G. U. I8. Hypostoma X r. Kallholn. U. M.. 

1 9-24 . .llla:nus oviformis n. sp . . . . . . . . . . . . . . . . . . I2J 
I 9· Cephalon of entire, enrolled individual X r. 20. Lateral 

view of same specimen X r. Kallholn. U. M.. 2 r-24. Cra
nidium and pygidium viewed in different aspects X I. Os
mundsberg. U. M.. [The pygidium was figured by HoLM (r882, 
PI. IV, figs. 2s-26) as belonging to .lll. Linnarssoni. ] 

2s-27 . .llla:nus avus HoLM var. lissbergensis n. var. . . . . . . . .  IJ4 
2s. Cranidium X r. Lissberg. S. G. U. 26. Hypostoma 

X 2. Lissberg. St. H. :q. Pygidium showing part of doublure 
X r. Lissberg. S. G. U. 

28-JS· .llla:nus avus HoLM . . . . . . . . . . . . . . . . . .  I2S 
z8-29. Lateral and dorsal views of pygidium X r. Am

tjärn. U. M.. JO. Elongated cranidium X r. Amtjärn. R. M.. 
J2-JJ· Ventral and lateral views of cephalon X r. J4-JS· 
Short cranidium seen in different aspects X r. Kullsberg. U. M.. 

Plate III. 

Stygina angustifrons n. sp. . . . . 
r. Cranidium (type-specimen) X 1. Osmundsberg. R. M.. 

2. · Pygidium X r. Boda. L. M.. 
Bronteus laticauda WAHLNB. . . . . . . . . . • . . 

J· Pygidium. Kallholn. 4· Cranidium. Osmundsberg. S· 
Cranidium. Kallholn. 6. Pygidium. Kallholn. 7. Free cheek drawn 
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from a east of a natural mould. Kallh::Jln. 8. Restoration of cep
halon. 9· Thoracic segment. Kallholn. IO. Hypostoma. Kallholn. 
I I. Pygidium showing doublure. Probably from Osmundsberg. 
I z. Pygidium. Osmundsberg. r 3· Im perfeet free cheek. Pro
hably from Osmundsberg. I 4 · Natural mould of dorsal surface 
of imperfect free cheek with part of doublure preserved ante
riorly. Kallholn. I 5. Doublure of gena! spin e and natural 
mould of dorsal surface of portion of free cheek. Probably from 
Osmundsberg. All figures drawn in natural s1ze. The original 
of tig. 9 belongs to IsBERG's collection, the others to the 
Upsala Museum. 

437 

Pnge 

I 6-z 5. Holotrachelus punctillosus TQT . . . . . . I 4 7 
I 6- I 8. N ear! y complete individual seen in different aspects. 

X I. Kallholn. S. G. U. I 9· Pygidium X 3· Östbjörka. 
R. M. zo. Pygidium [ascribed by ANGELIN (I854, p. 9o, PI. 
XLI, fig. I s*) to his species Cheirurus conformis x 2. Probably 
from Osmundsberg. U. M. z I. Pygidium X I. Kallholn. 
U. M. z z. Portion of thoracic segment X I. Kallholn. U. M. 
23. Hypostoma turned upside-down X r. Kallholn. U. M. 
z 4 -z 5. Hypostoma turned upside-down and in usual posi
tion (zs slightly restored) X I. Unskarsheden. R. M. 

Plate IV. 

1-9. Pharostoma Lepta:narum TQT ( = Ph. obtusa McCoY. Cf. above, 
p. 423) · · · · · · · · · · · · · · · · · 155 
J. Portion of thorax X 4· Boda. L. M. z. Pygidium X 4· 
Osmundsberg. R. M. 3· Pygidium X 4· Arfvet. U. M. 4· Pygi
dium X 4· (Locality unknown). U. M. 5· Cranidium X 3· 
Osmundsberg� R. M. 6. Cranidium X 3· Kallholn. U. M. 7· 
Cranidium of young individual X 4· Kallholn. U. M. 8. Crani
dium of you ng individual X 6. Kallhol n. U. M. 9. Larva X q. 
Kallholn. U. M. 

JO. Calymene cf. Stacyi ScHMIDT. Natural mould of portion of pygi-
dium X r. Lissberg. S. G. U. . . . . . . . . . . . r65 

I I- z o. Calymme foveolata TQT . . . . . . . . . . . . . . . . I 6 I 

r r- I z. Dorsal and latenJ.! views of incomplete thoracic 
segment with the profil in outline. I 3· Cranidium with the 
postero-lateral portions restared from another specimen. I 4-
r 5. Pygidium viewed in different aspects. I 6. The typ e spe
cimen. q. lm perfeet cranidium. I 8-I 9· Pygidium viewed 
in different aspects. zo. Pygidium. All the figures are in 
natural size. The original of fig. I 6 is from Furudal and be
langs to the Museum of the Geological Survey. The others 
belong to the Upsala Museum and have been collected at Kulls
berg, except the original of fig. I 7, which is from Amtjärn. 

zi-z6. Harpes Wegelini ANG. . . . . . . . . . . . . . . 224 
z I. Cranidium X I. Kallholn. U. M. 22-23. Dorsal 

and frontal views of cranidium apparently having the brim ab-
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normall y developed on one side X r. Kallhol n. U. M. 24. 
Left eye lo be of same specimen X 4· 2 5-26. Lateral and 
dorsal views of cranidium X I. Kallholn. S. G. U. 

Plate V. 

Page 

I -6. Harpes costatus ANG. . . . . . . . . . . . . . . . . • 2 1 4  
I -z. Dorsal and lateral views of cranidium X I Lissberg. 

S. G. U. [In fig. I the brim is too broad posteriorly.] 3-5. 
Anterior, lateral, and dorsal views of cranidium X I Kall
holm. U. M. 6. Portion of brim, showing the pittings. En
larged. Kallholn. U. M. 

7. Proetus remotus n. s p. Cranidium X z. Kallholn. L . . 
8-r 3· Proctus convexus n. sp. . . . . . . . . . . . .  . 

8. Entire individual X 2. Kallholn. U. M. Io. Nearly 
entire individual X 2. Kallholn. U. M. 9· Portion of thorax 
of same specimen X 4·. I I. Lateral view of cephalon X 2. 
Östbjörka. R. M. I 2. Free cheek X 2. Kallholn. U. M. 
I3· Pygidium X 4· Boda. U. M. 

I 4, I 7. Proctus s p. in d. a. . . . . . . . . 
I4. Pygidium showing doublure X 2. Ka\lholn. U. M. 

q .  Pygidium X 4. Kallholn. U. M. 
I s-r6, I8. Proi!tus modestus TQT . . o o 

IS. Free cheek X 4· Boda. R. M. I6. The type speci-
men X 2. Kallholn. S. G. U. I8. Pygidium X 4· Liss-
berg. S. G. U. 

q o 
q o 

I8o 

I 9-2 o. Dorsal and lateral views of incomplet cephalon apparent! y be
longing to Proctus convexus X 2. Östbjörka. R. M. . q o ( 1 7  3) 

2r. Proi!tus sp. ind. d. Hypostoma X 4· Kallholn. l. I8z 
2 2. Proi!tus pentagonoides n. s p. Cranidium X r. Unskarsheden. 

R. M. . . . . .. . . . . . . . 
2 3. Proi!tus convexus. Cranidium X 2. 

24-2 S· Produs kullsbergensis n. sp. 
24. Cranidium X 2. 25. 

U. M. 

Kallholn. U. M. 

Pygidium X 4· Kullsberg. 

q 6 
q o 
q 3  

2 6-3 I. Proctus Aime n. s p. . . . . . . . . . . q 8 
26. Cranidium X 2. St. H. 27. Free cheek X 2. S. G. U. 

28. Portion of hypostoma probably belonging to this spe
cies, drawn from a east of a natural mould X 4· St. H. 
29. Cranidium X 2. S. G. U. 30. Pygidium X 3· St. H. 
3 r. Pygidium drawn from a east of a natural mould X 2. 
St. H. The originals of the figures are all from Lissberg. 

32-33. Produs parvigena n. sp. . . . . . . . . . . . . q 5 
Lateral and dorsal views of cephalon and portion of thorax 

X 4· Kallholn. L 
34-·35. Cyphaspis Holmi n. sp. I93 

34· Cranidium X 3· Östbjörka. R. M. 35· Cranidium 
X 3. Östbjörka ( Gryssen). R. M. 



Fig. 

36. 

ss. 
sg-6o. 

6r. 
62. 
63. 
64. 
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»Phai!tonides» sp. ind. Imperfect cranidium X 4· Lissberg. 
St. H. . . . . . . . . . . . . . . .  . 
Proi!tus? sp. ind. e. Pygidium X 4· Klittberg. I. 
Cyphaspis trigoda n. sp. . . . . . 

38. Cranidium X 4· Klittberg. I. 39· Cranidium X 4· 
Boda. R. M. 

4 39 

Page 

Törnquistia Nicholsoni REED. . . . . . . 2 o o 
40-4 r .  Natural moulds of cranidium and free cheek X 4· 

Kallholn. U. M. 42. Anterior view of nanidium X 4· Liss· 
berg. S. G. U. 43· Cranidium X 3· Boda. U. M. 44· 
Cephalon X 2. Kallholn. I. 
Törnquistia depressa n. sp. Cranidium X 6. Osmundsberg? U. M. 204 
Törnquistia cf. depressa. Cranidium X 6. Kullsberg. L. M. 2 o 5 
Törnquistia altijrons n. sp. Frontal and dorsal views of crani· 
dium X 2. Kallholn. U. M. . . . . . . . . . .  202 
Isbergia parvula n. gen. et n. s p. . . . . . . . . I 88 

49-50. Anterior and dorsal views of cranidium X 6. Kall· 
holn. I. 5 I-53· Anterior, dorsal, and lateral views of ce· 
phalon X 4· Kallholn. I. 
Isbergia planifrons n. s p. . . . . . . . . . . . . . . . I 8 7 

54-55. Anterior and dorsal views of cranidium X 4· Os· 
mundsberg. S. G. U. 56-57· Anterior and dorsal views of 
cranidium X 6. (Locality unknown. ) L. M. 
» Cyphaspis» s p. in d. c. Pygidium X 4· Östbjörka. I. 2 og 
»Cyphaspis» sp, ind. a. Cranidia� X 6. Kallholn. U. M. 205 
» C)phaspis» sp. ind. b. Pygidium X 4· Boda. U. M. 208 
>> Cyphaspis»? s p. in d. d. l'ygidium X 4· Boda. I. 2 I o 
Proi!tus s p. in d. b. Pygidium X 2. Kulls berg. L. M. I 8 I 

Proi!tus? s p. in d. c. Pygidium X 2. Östbjörk a. U. M. I 8 2 

Plate VI. 

I. Acidaspis Clevei n. sp. Cranidium X 4· Osmundsberg. U. M. 243 
Acidaspis (Ceratocephala ?) bispinosa McCov . . . . . . . . 2 48 

Seen in different aspects X 2. Osmundsberg. R. M. The 
specimen was figured by ANGELIN ( I 8 54, P l. XXII, tigs. I 6-
-I 6 a) as Trapelocera? breviloba n. s p. 

4· Acidaspis (Ceratocephala?) laticapitata n. s p. Cephalon X 2. 

s-6. 
Kallhol n. U. M. . . . . . 
Acidaspis evoluta TQT. . . . . . . . . . . . 

5· Cephalon X r. Östbjörka. U. M. 6. Imperfect ce· 
phalon and portion of thorax X r .  Kallholn. S. G. U. 

7. Acidaspis? sp. in d. b. Hypostoma X 2. Kallhol n. I. . . 
8. Acidaspis sp. ind. a. Pygidium X 6. Amtjärn. L. M. . 
9· Pygidium possibly belonging to Acid. evoluta X 3· Unskars· 

I O. 

heden. R. M. . . . . . . . . . . . . 238 (2.p) 
Ampyx foveolatus ANG. The type specimen X I. Sinksjön? 
R. M. . . . . . . . . . . . . . 225 
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r 3. Platylichas Wegelini HoLM in Mus.? Free cheek X r. Sink-
sjön? S. G. U. . . . . . . . . 27 3 

II-1 2, 1 4-23. Platylichas planifrons ANG. . . . . 263 

r-z. 

r r. Cranidium (the outermost portions of the cheeks re
stored). r 2. Im perfeet thoracic segment (the outer portion of 
the pleura restored, drawn after a east of a natural mould of an
other specimen). r 4· Free cheek (restored). r 5. Cranidium. 
r 6. Pygidium (right side and posterior end restored). q. 
Anterior portion of cranidium. r 8-r 9· Im perfeet pygidia, 
r 9· showing doublure. 2 o-z r. Hypostoma viewed in different 
aspects. z z. Pygidiurri ( posterior portion fractured). z 3. Im
perfect pygidium. All the specimens are drawn in natural 
size, have been collected at Kullsberg, and belong to the 
Upsala Museum. 

Plate VII. 

Trochurus Törnquisti GDRICH. • • • • • . . • . . • 
Cranidium viewed in different aspects X r. Boda. L. M. 

This specimen was figured by TöRNQUIST (r 884, PL I,· figs. 
2 6-2 7) as Lichas palmatus BARR. 

Dirranogmus aqualis TQT. . . . . . 
The type specimen ( cranidium) viewed m different aspects 

X z. Lissberg. S. G. U. 

Z 57 

260 

S· Platylichas Wegelini HoLM. in Mus. Imperfect cranidium X 1 .  
FurudaL R. M. . . . . . . . . . . . . . . . . . . . Z73 
Platylichas planifrons? Cranidium X r. Furu dal. U. M. z 6 3 ( 2 7 r) 
Platylichas nasutus WrGAND. 7. Cranidium X r. 8. Hypostoma 
X I. Amtjärn Quarry. U. M . . . . . . . . . . . . . .  274 

9· Platylichas planifrons. Hypostoma X r. Sinksjön? l. . . . .  z63 
ro-r r. 

I S· 
I 6. 

q . 

I 8. 

Platylichas robustus n. sp. r o. Cranidium X r. r r. Anterior 
portion of hypostoma X r. Sätra. U. M. . . . . . . . . 2 7 7 
Platylichas latus TQT. . . . . . . . . . . . . . . . . . 283 

u .  Cranidium X 2. FurudaL L. M. 13. The type speci-
men (cranidium) X 1. FurudaL L. M. r 4- Cranidium X r. 
Kullsberg. I. 
PlafJ'lichas s p. ind. a. Cranidium X 2. 
Imperfect pygidium probably belonging 
Kullsberg. U. M. . . . . 
Platylichas cicatricosus LOVEN 

Lissberg. St. H. . . 2 88 
to Flat. latus X z. 

. . 283 (285) 

. . . . z8o 
Pygidium X 2. Lissberg. S. G. U. The figure rs not quite 

satisfactory (Cf. above, p. z8z) .  
Platylichas s p. in d. b. Imperfect pygidium X 2. Lissberg. 
S. G. U . . . . . . . .  . 

I9- Platylichas bottniensis WrMAN? Imperfect cranidium X z. Kulls-
berg? S. G. U. . . . . . . . . . . . . . 28o 

2o-26. Amphilichas dalecarlicus ANG. . . . . . . . . . 309 
z o. Hypostoma apparently belonging to this species X r. 

Kallholn. U. M. z r-22. The type specimen (cranidium) 
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viewed in different aspects X r. Arfvet. R. M. z 3. Fragment 
of pygidium ascribed by ANGELIN (r 8 54, p. 7 4, PI. XXXVIII, 
tig. 9 b) to this species and probably belonging to it. X I. 
Arfvet. R. M. 24-25. Cephalon viewed in different aspects 
X 1 .  Kallholn. S. G. U. Fig. 24 is not quite satisfactory. 
A better figur e of the same specimen is given above (p. 3 r o, 

text-fig. zr) . z6. Fragmentary pygidium X I .  Östbjörka. R. M. 
Regarding this specimen see above p. 3 I 4, foot-note. 
Dicranopeltis elegans TQT. Pygidium X z. Osmundsberg. 
S. G. U. . . . . . . . . . . . . 
Plat_ylichas angulatus n. sp .. 

Cranidia X I. Kallholn. U. M. 29-30. The same spe-
cimen viewed in different aspects. 
Dicrmtopeltis elegans TQT. The type specimen (cranidium) X r. 
Osmundsberg. L. M. . . . . . . . . . . . . . 
Amphilichas periformis n. sp. Anterior and dorsal views of cra
nidium X 4· Kallholn. I. . . . . . . . _ . . . . 
Amphilichas parvulus n. sp. . . . . . . . . . . . . 

34-35. Cranidium viewed in different aspects X 4· Kall
holn. I. 36. Imperfect cranidium X z. Kallholn. U. M. 
Amphilichas atavus n. sp. Anterior and dorsal view of crani-
dium X z. Am tjärn. I. . . . . . . . . . . 
Platylichas sp. ind. d. . . . . . . . . . . . 

Hypostomata. 39· Fragmentary specimen X I. Kullsberg. 
R. M. 40. Nearly complete X z. Kullsberg. U. M. 4 1 . Ne
arly complete X z. Kullsberg. I. 

Plate VIII. 

Page 

r-8. Lichas affinis ANG. . . . . . . . . . . . . . . . . . . 302 
r-z. Cranidium viewed in different aspects X 1. Lissberg. 

St. H. 3-4. Pygidia X 1 .  Lissberg. St. H. 5· Pygidium 
slightly differing from the typical ones, possibly representing a 
distinct variety (Cf. above, p. 3o6) X r. Östbjörka L. M. 6. 
Free cheek X z. Lissberg. St. H. 7. Hypostoma probably be
longing to this species X 1 .  Lissberg. S. G. U. 8. Cranidium 
X r. Lissberg. St. H. 

9- I o. Dicranopeltis elegans TQT. Cranidium vie w ed in different aspects 
X z. Lissberg. S. G. U. . . . . . . . . . . . . . 291 

II-1 3. Lichas ajfinis ANG . . . . . . . . . . . . . . . . . . .  302 
r I. Cranidium X r. Östbjörka. L. M. [This specimen has 

previously been figured by Törnquist (r884, PI. l, fig. 31 ) ]  rz. 
lmperfect thoracic segment X 1. Kallholn. U. M. 1 3. Pygi
dium of same specimen X I. 

1 4-zo. Lichas laciniatus WAHLNB. . . . . . . . . .  295 
1 4· Pygidium X 1 .  Lissberg. S. G. U. I S· lmperfect py

gidium showing doublure X I. Lissberg. St. H. r6-q. Cra
nidium viewed in different aspects X 1. Lissberg. St. H. r8. 
lmperfect pygidium X 1 .  Lissberg. St. H. 1 9. Hypostoma 
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probably belonging to this species X 1. Lissberg. S. G. U. 
20. Imperfect cephalon X r. Lissberg. St. H. 

2 I. Lichas a.fjinis ANG. Cranidium X J. Lissberg. St. H. 
2 2. Lichas? sp. ind. Pygidium X r. Kulls berg? S. G. U . 
2 3. Lichas a.ffinis ANG.? Hypostoma X 2. Västanå. I 

. . .  302 
. . . 306 
. 302 (3os) 

2 4-2 S. Amphilichas latifrons n. s p. . . . . . . . . . . . 320 
Pygidia probably belonging to this species X I. Kallholn. 

U. M. The figures are not quite satisfactory (Cf. above, p. 
3 2 2, foot-note). 

z6? 27-35. Amphilichas Wahlenbergi n. sp. . . . . . 
26. Pygidium probably belonging to this species, (Cf. above, 

p. 3 I 7) X I. In the figure the axial portion reaches some
what too far backwards. 2 7-29. Cranidium viewed in different 
aspects X r. 30. Cranidium X 1. 3 r. Portion of test en
larged. 32. Free check X r. 33-34. Cranidium viewed in 
different aspects. 3 s-3 S a. Imperfect and probably pressed 
thoracic pleura (Cf. above, p. 3 q ), with profil in outline, appa
rent! y belonging to this species X J. The originals of all the 
figures are from Kallholn and bel o ng to the U p sala Museum. 

36-38. Amphilichas latiftons n. sp. Cranidium viewed m different 
aspects X r. Kallholn. U. M. . . . . . . . . . . 

39-40. Atnphilichas lineatus ANG. . . . . . . . . . . 

39· Large cranidium with the test tuberculated on the oc
cipital ring and the hindmost portions of the cheeks only (the 
marks seen farther forwards on the figure represent punctre) 
X I. Lissberg. S. G. U. 40. Smaller cranidium distinctly 
tuberculated to in front of middle of glabella X I. Kallholn. 
U. M. 

3IS 

4 I .  Amplzilichas Wahlenbergi n. s p. . . . . . 3 I S 
Hypostoma probably belonging to this species (Cf. p. 3 I 8) 

X 2. Kallholn. U. M. 
<t2. Platylichas? sp. ind. c. Hypostoma X 2. Kullsberg. U. M. 290 
43. Amphilichas latifrons n. s p. . . . . . . . . . . . . . 3 �o 

Hypostoma probably belonging to this species (Cf. p. 322) 
X r. Osmundsberg. U. M. 

44· Amphilichas dalecarlicus ANG. Hypostoma X r . Kallholn. U. M. 309 

Plate IX. 

I-g. Cheirurus Clasoni TQT. . . . . . . . . . . . . . 342 
I. Imperfect cephalon X 2. Kallholn. L. M. 2. Hypo

stoma, probably belonging to this species X r. Kallholn. I. 3. 
Cranidium X r. Unskarsheden. R. M. 4-s. Lateral and 
dorsal views of imperfect pygidium probably belonging to this 
species X r. Kallholn. U. M. 6-7. Dorsal and lateral views 
of cranidium X I. Kallholn. U. M. 8. Thoracic pleura X I. 
Kallholn. U. M. 9· Cranidium (occipital ring and postero
lateral portion of glabella restored on right side) X I. Kall
holn. U. M. See also textfig. 22. 
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1 2-1 3. 

14. 
r s-q. 

r8-rg. 

20. 
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Cheirurus sp. ind. a. Pygidium X r. Vestanå. S. G. U. 
Cheirurus sp. ind. b. Pygidium X 1 .  Boda. L. M. 
Cheirurus g/aber ANG. . . . . . . . . . . . 

1 2. Lateral view of cephalon (one of the specimens used by 
Ange/in) X 1 .  1 3. The type specimen ( cranidium) X 1 .  The 
anterior portions of the basal lateral glabellar furrows are di
rected slightly more backwards in the original, and their inner 
posterior portion somewhat more strongly pronounced than what 
appears from the figure. Both specimens belong to the State 
Museum of Natural History, and Dalarne is the only locality 
name given on the accompanying label. 
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352 
353 
35° 

Cheirurus sp. ind. c. Hypostoma X 1 .  Östbjörka. R. M. . . 3 54 
Cheirurus pundatus ANG. . . . . . . . . . . . . . . . . 347 

Cranidium, probably the type specimen. I s-r 6. Lateral and 
dorsal views of the specimen X 1 .  1 7. Dorsal view of the 
specimen X 2. 1 6-q slig h t! y restored. (The specimen is 
very badly preserved and the figures not satisfactory. Cf. p. 
347 and text-fig. 23. ) Dalarne. R. M. 
Cheirurus Tömquisti n. sp. . . . . . . . . . . . . 

Lateral and dorsal views of cranidium X 1 .  Boda. L. M. 
(This specimen was figured by TöRNQUIST (r884, PI. I, fig. 9) 

belonging to Ch. Clasoni X 1 .  Kall-
as Cheirurus insignis BEYR. 

Thoracic segment probably 
holn. I. . . . . . . . . . . . . .  342 (344) 
Ceraurus latijrons n. sp. . . . . . . . . .  354 

2 1 .  Cranidium X 1. Kulls berg. L. M. z z. Cranidium 
X 2. Kullsberg. U. M. 
Pompeckia Wegelini ANG. . . . . . . . . . . 

2 3-2 4· Cranidium vie w ed in different aspects X 1 .  2 5. 
Lateral view of other cranidium X r. 26. Hypostoma probably 
belonging to this species X 2. 2 7 -z 9. Imperfect pygidia X r. 

30. Imperfect thoracic segment (Cf. p. 37 r, foot-note) X r. 
31 . Portion of cranidium and fixed cheek showing gena! point 
X z. The originals of all the figures are from Kallholn. The 
largest pygidium (fig. zg) belongs to the Mus. of the Geolog
ical Survey, the hypostoma (fig. z6) to lsBERG's collection, all 
the others to the Upsala Museum. 
Pompeckia minor n. sp. . . . . . . . . . . . . . . . . 

3 2. Portion of cranidium and fixed cheek showing gena! point 
X 2. 33-34· Cranidium (the type specimen) viewed in diffe
rent aspects X r. 35· Hyposton1a X 4· 36. Imperfect thor
acic segment X 2. 3 7. Imperfect pygidium X z [Figured by 
ANGELIN (1 854, PI. XXXVIII, fig. 1 3) as Platymetopus lineatus?]. 
Concerning this specimen see p. 376. 38. Pygidium X z. 

The original of fig. 3 7 is from Östbjörk a and belongs to the 
State Museum of Natural History, the others are all from Kall
holn, and in the Upsala Museum. 

374 
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Plate X. 

Fig. l)age 

1-7. Pseudosplzarexochus conformis ANG. . 360 
I-3· Cranidium viewed in different aspects X I. 4· Hy

pastorna, probably belonging to this species X z. s. Im per
feet thoracic segment >< I. 6. pygidium X I. 7. Free cheek 
X 2. The originals of all the figures are from Kallholn, and 
in the Upsala Museum. 

8-I s. Pseudospharexochus granulatus ANG. 3 s 6 
8-9. Cranidium viewed in different aspects X I. I o. Pygi

dium X I. I I-I 2. Cranidium viewed in different aspects. 
I 3. Hypostoma apparently belonging so this species X z. 

I 4· Im perfeet thoracic pleura probably belonging to this spe
cies X 2. The >> posterior articulating band» indicated in the 
figure may be the lower edge of the test, which is not 
preserved on the dorsal surface of the pleura. I s. Pygidium 
X 2. Som e portions drawn after a east of the natural mould. 
The originals of all the figures are from Kullsberg and in the 
Upsala Museum. 

I6. Hypostoma X z, possibly belonging to Hemispharocoryphe gra-
nula/a ANG. Kullsberg. U. M. 388 (389) 

I 7-I 8. Pseudospharexochus granulatus ANG. 3 S 6 
The type specimen (cranidium) viewed in different aspects X I. 

FurudaL R. M. 
I 9· Pseudospharexochus con:formis ANG. Im perfeet thoracic segment 

X 2. Kallholn. U. M. 36o 
2 o. Pseudospharexochus tuberculatus n. s p. Cranidium X 4· Kall-

holn. I. . 363 
2 I. Pseudospharexochus tuberculatus? var. Lateral view of cranidium 

X I. Kallholn. I. . 363 (364) 
22-23 a. Pseudospharexochus conformis ANG. var. major. n. var. . 362 

22. Lateral view of cranidium X I. 23-23 a. Cranidium 
viewed obliquely from above with the profil in outline X I. 
Kallholn. U. M. 
Pseudospharexochus tuberculatus n. sp. 

Imperfect cranidium (the type specimen) viewed in different 
aspects X I. Kallholn. U. M. 
Pompeckia minor n. sp. 

2 6-2 7. Im perfeet cephalon viewed in different aspects X 2. 
2 8. Lateral view of cranidium showing gena! spin e X 2. 
Kallholn. U. M. 
Incomplete pleura (the end is not preserved) probably belonging 
to Pseudosplzarexus conformis. . 
Nieszkowskia cf. cephaloceras NIESZK. . 

Imperfect cranidium viewed in different aspects X I. U. M. 
Locality unknown. 

374 

32-33. Nieszkowskia? sp. ind. 366 
Imperfect and apparently abnormally developed cranidium 

viewed in different aspects X I. Kallholn. U. M. 
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34· Pseudospha;rexochus tuberculatus? var. . . . . . . . . . 363 (364) 
Imperfect cranidium, possibly representing a variety of Pseud. 

tuberculatus X 1. Kallholn. U. M. 
35-39. Hemispha;rocorJplze gramtlata ANG . . . . . . . . . . . . .  381:\ 

3 5. Im perfeet cephalon viewed obliquely from the side X r. 

I. Locality unknown. 36-38. Cranidium viewed in different 
aspects X 2. Östbjörka. U. M. 39· Im perfeet cranidium 
viewed obliquely from the side X I. Kullsberg. U. M. 

40-42. Deiplzon Angelini n. sp. . . . . . . . . . . . . . . . . 394 
40-41. Imperfect cranidium viewed in different aspects X 2. 

42. Imperfect cranidium showing portion of gena! spine X 6. 
Lissberg. S. G. U. 

43-49· Sphmrocoryphe punctata ANG. . . . . • . . . . 390 
43· Cranidium X I. Kallholn. 44· Portion of fixed cheek 

viewed in anterior aspect X 4· Boda. U. M. 45-46. Cra
nidium viewed in different aspects X z. In fig. 46 the glabella 
and the occipital ring is viewed more straight from the side than 
the cheek. In fig. 45 a portion of the gena! spine is restored 
(dra wn after another specimen). Kallholn. U. M. 4 7-48. 
Pygidium viewed in different aspects (both obliquely from be
hind) X 4· Kallholn. U. M. 49· Pygidium viewed from 
above X 3· Kallholn. U. M. 

Plate XI. 

I-4. Sphmrexochus tuberculatus n. sp . . . . . . . . . . . . . .  385 
I -z. Cranidium (typ e specimen) viewed in different aspects 

X r. 3· Pygidium X 1. 4· Free cheek X r. Amtjärn 
Quarry. U. M. 

5--I s. Sphrerexochus calvus Mc Cov. . . . . . . . . . . . . 3 7 8 
S· Cranidium X I. Kallholn. U. M. 6-8. Cephalon 

with portion of thorax attached viewed in different aspects. X I. 
Osmundsberg. R. M. 9· Portion of glabella and fixed cheek 
showing gena! point X 2. Kallholn. U. M. Io. Pygidium 
(interna! east) X z. Lissberg. S. G. U. I r. Pygidium X z. 

Osmundsberg. U. M. I z. Pygidium X 2. Lissberg. S. G. U. 
(In this specimen the portions between the posterior parts of the 
pleune are not preserved). I 3· Fragmentary pygidium X I. 
Locality unknown. R. M. This specimen was figured by 
ANGELIN (I 8 54, PI. XXXVIII, fig. I 6 a) as Sph. angustifrons. 
I 4· Pygidium (interna! east) X 2. Boda. U. M. r 5. Por
tion of glabella and fixed cheek showing gena! point X 4· Liss
berg. S. G. U. 

I6-r9. Sp!tcerexoclzus Hisingeri n. sp. . . . . . . . . . . . . 384 
I6, I9. Cranidia X r. Kullsberg. U. M. q. Pygidium 
X r. Kulls berg. L. M. I 8. Pygidium X r. Locality un
known. This specimen was figured by ANGELIN ( r8 54, PI. 
XXXVIII, fig. I 7) as Splza;rexoclzus angustifrons? var. 
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Remopleurides dalecarlicus HoLM in Mus. 
Cranidium X 2. Osmundsberg. U. M. 

Illt:enus avus. HOLM. . . . . . . . . . . 
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