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A b s  t r a  c t. The present studies on trilobite morphology succeed a first part 

dealing with the thoracic appendages and their phylogenetic signiflcance. In preparing 

a second part on the cephalic appendages and the afflnities of trilobites, it became 

obvioU3 that !hese subjects could not be satisfactorily treated without a detailed study 

of the larva! development. Consequently I have carried out an investigation of the 

literature available, and have reexamined important ontogenetic series preserved in 

the Paleontological Museum of the University in Oslo. The studies have suggested 

new conceptions of the structure and origin of some of the more important trilobite 

characters. For this reason the present research on the larva! development is pub

lished before the description of the cephalic appendages and the general discussion 

of the trilobite afflnities. 

The ontogenetic studies have indicated a new division of the earliest larva! 

period. In spile of considerable difference in the structure of the protaspis, it seems 

possible to homologize the larva! characters in the Olenellidae ( = Mesonacidae) with 

those in the typical opisthoparian and proparian trilobites. The protaspis of the 

Olenellidae has a well-developed preantennal segment, the dorsal development of 

which is considerably delayed in the ontogeny of the members of the other groups. 

The primitive segmentation of the protaspis is discussed and the existence of merely 

primary somites in the cephalon is emphasized. The oblique direction of the cephalic 

segments exposed in the primitive larvæ have led to the assumption that the trans

verse suture between the cephalon and the transitory pygidium, and later also between 

the thoracic segments, are secondary joints or hinge-lines crossing the primary 

segmentary borders i ndicated in the pleural furrows. The ontogeny also suggests a 

new interpretation of the cephalic sutures which have been of primary importance 

to the current classiflcation of trilobites. It seems possible to derive the facial su ture 

of the Proparia and Opisthoparia from the primary marginal suture apparently present 

in all protaspis, and maintained in the adults of the Olenellidae and probably the 

Hypoparia. The Olenellidae form apparently a primitive, more or less ancestral 

group of trilobites which might be distinguished as a special Order for which 

Swinnerton's name Protoparia is suggested. The differentiation of the Class Trilobita 

into several Orders, according to the Salter-Beecher system, seems largely to be 

due to the arrested development of the preantennal segment, a phenomenon here 

jnterpreted as due to partial neoteny or merostasis. The arrested development seems 

at the same time to illustrate another evolutionary principle according to which new 

morphological characters first appear in the earl y ontogenetic stages .. 
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INTRODUCTION 
The larva! development of trilobites early attracted the attention 

of students in paleontology and zoology. Many writers have pointed 

out the phylogenetic importance of the larva of these old and primitive 

arthropods. There has, however, been some divergence of opinion 
as to the degree of the phylogenetic value of the larva. While certain 
workers have meant to trace detailed phylogenetic characteristics 
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Fig. l. Early larvæ of Liostracus from the Middle Cambrian 

of Øxna, Norway. 15 x. l- Il =anaprotaspides. Ill-VI= metaprotaspides. 

After Brøgger 1875 pl. 25 fig. I-VI. 

through all the different larva! stages, others have referred the larva! 

features to chiefly external influences and thus representing larva! 

adaptions only. As pointed out by Raw, the truth Iies somewhere 

between and it seems largely possible to identify both kinds of 
characters. 

Classical in the research on trilobite ontogeny are the works of 
Barrande published in his great memoir from 1852. It was the merit 
of Barrande to give, for the first time, a detailed description of the 

larva! development of a trilobite. A considerable number of larva! 

stages were figured and described of the Cambrian species Sao 

hirsuta Barrande, but in addition to this form the ontogeny of several 

other genera such as Agnostus, Cryptolithus, and Dalmanitina was 
elucidated. Barrande found that the larva! development took place 
along different lines which might be confined provisionally to four 
divisions. Only two of these divisions he thought would remain as 
permanent groups. The first includes forms in which the pygidium 
is not differentiated (Sao-type) and the other comprises forms with 
a distinct pygidium ( Trinucleus and Agnostus-type) . Barrande's 

divisions are based on late Protaspid stages and evidently include 
forms of remote relationship and therefore are of minor value according 

to our present knowledge. 

In 1875 Brøgger presented a valuable illustration of the earliest 

larva! stages of Liostracus linnarssoni Brøgger, from the Middle 

Cambrian of Norway. As shown in text-fig. l he describes a fairly 

complete series comprising earlier protaspides than those described 

by Barrande. 

The American Paleontologist Ford (1877) described the first larva! 

stages of the Lower Cambrian Olenellidae. One of his figures is 

depicted in text-fig. 3. His first descriptions were followed by numerous 

important illustrations by Walcott. Especially in his extensive monograph 
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on "Oienellus and other genera of the Mesonacidae" (1910), Walcott 
throws new light on the primitive protaspis of this group. Meanwhile 

Matthew (1884, 1887) had described the early Iarvæ of Middle Cambrian 

species, and Bernard (1894) had discussed the protaspis in connection 
with the cephalic segmentation of the trilobites. 

The first special treatment and general discussion of the trilobite 
larva were carried out by Beecher who published his results in 1895. 

Beecher points out that the earliest larvæ of all trilobites form small 
discoid bodies in which the cephalic portion greatly predominates. 
In spite of the considerable specific variation he was able to demon
strate a common type of larva which he called the protaspis and 
which he compared with the nauplius of the Crustacea. In his 

later pa per ( 1897, p. 99) he gives the following definition of the 
protaspis: 

"Dorsal shield minute, not more than 0.4-1.0 mm in Iength; 

circular or ovate in form; axis distinct, more or less strongly annulated, 
limited by Iongitudinal grooves; head portion predominating; axis of 
cranidium with five annulations; abdominal portion usually less than 
one-third the length of the shield; axis with from one to several 
annulations; pleural portion smooth or grooved; eyes when present 
anterior, marginal or submarginal; free cheeks, when visible, narrow 
and marginal. "  

Beecher was aware that the trilobites possessed several succeeding 
Protaspid stages, and having in mind the conditions in the Crustacea, 

he suggested the presence of an anaprotaspis, metaprotaspis, and 
paraprotaspis representing succeeding stages in the early larva! devel
opment. For the later larva! period he introduces the terms nepionic, 
neantic, ephebic, and gerontic. All these names have more or less 
been used by later authors, but the terms were not exnctly defined. 

All the protaspides figured by Beecher belong, however, to more 
advanced stages in which postcephalic segments were developed. On 
account of the presence of intramarginal eyes and well-developed 
cheeks in the first Iarvæ of the Olenellidae, he did not recognize 
these as early protaspides. He demonstraied in several trilobite Iarvæ 

the migration of the lateral eyes from th anterior margin backwards 
to their intramarginal position in the adu t. He claimed also that the 
eyes bad migrated from the ventral side forward to the margin, but 

no direct evidence was presented to support this assumption. I t  is 
the merit of Beecher to have described i� detail the structures of the 
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protaspis, and to have attempted to arrive at a natura! classification 
based on the ontogenetic and phylogenetic development. 

Lindstrom (1901) stressed the phylogenetic importance of the 
characters expressed during the larva! development. Particularly the 

development of the eye ridges was regarded as being of primary 
value in decicling the phylogenetic relationship. 

Like Lindstrom, more recent authors such as Swinnerton (1915, 

1919) and Raymond ( 1917) paid more attention to the young !arv æ 
of the Olenellidae which bad been more neglected by Beecher and 
had become better known through works of Walcott (1910) and 
Kiær (1916). 

During more recent years larva! stages of trilobites have been 
described by numerous scientists, but the descriptions mostly deal 
with singular finds presenting little general information on the ontogeny. 
A more complete list of the descriptions is given by Raw ( 1925) and 
many of the papers are mentioned in the special part of the present 
paper. Among these papers might be mentioned the description of 
the larvæ of Peltura scarabaeoides (Wahlenberg) by Paulsen. Paulsen 
( 1923, 1927) was a ble to demonstrate that during the larva! development 
Peltura and other opisthoparian trilobites passed through early post
protaspid stages in which a proparian suture was present. This seemed 
to indicate that the Opisthoparia evolved from proparian ance stors. 

In an important discussion on the zoological position and classi
fic

.
ation of the Trilobita, Warburg (1925) considers the knowledge of 

the trilobite ontogeny and tries to homologize the rather different 
structures in the larvæ of the Olenellidae and typical Opisthoparia. 
From the knowledge available and from new studies on the ontogeny 
of Liostracus, Warburg arrived at the conclusion that the larvæ 01 

both groups possessed a " larva! ridge " at the frontal border of the 

protaspis. More recent studies, however, have shown the structures 
to be more complicated. Thus Strand (1927) was able to demonstrate 

the presence of ridges in front of the eye-ridges in the larva of 

Olenus. 
A valuable contribution to our knowledge of the trilobite ontogeny 

has been given by Raw ( 1925, 1927) in his pa per on the larva! 

development of Leptoplastus. Only post-protaspid stages are known, 

but Raw gives a detailed account of previous research, and presents 
the results of personal studies on foreign material. He is especially 

interested in the ontogenetic and phylogenetic development of the 
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cephalic spines and introduces a new hy p thesis on the origin of the 

spines, a hypothesis, however, which h s met with considerable 

criticism as mentioned below. Raw intro uces a new division of the 
post-protaspid larva! development. He rep aces the names of Beecher 
by the terms Meraspid and Holaspid Periods of growth, the latter 
comprising the stages after the complete num ber of thoracic segments 

is attained. 
Stubblefield ( 1926) presents an important description of the larva! 

development of the small and peculiar trilobite Shumardia. He demon
strated the subterminal origin of new segments during the growth. 
New studies on the larva! development of Paradoxides were carried 
out by Suf ( 1926) in addition to previous descriptions by Barrande 

and Raymond (1914). 

More recently several papers have been published which have 

proved to be of considerable interest in revealing a series of early 
protaspides previously little known in trilobites. Pou1sen ( 1932) 

describes very early protaspides of Olenellidae from Greenland, and 
Endo (1935 a, 1935 b) illustrates numerous larvæ of an opisthoparian 

trilobite from Manchukuo. In spite of repeated descriptions of early 

Paradoxides larvæ, the protaspis of this genus remained little known 
until Westergård ( 1936) describes a very interesting series including 
both early and late protaspides. The presence of eyes and facial 
sutures in the protaspis of Cambrian trilobites was claimed by 

Lalicker ( 1938), but it seems possible that a certain misinterpretation 
of the larva! structures might have taken place. 

Special attention has recently been drawn to the trilobite ontogeny 
by the arthropod stu dies of the zoologists I va nov ( 1933), Shulze 
(1935), and Snodgrass (1938) , by whom the trilobite is compared 
with the primitive Chelicerata. 

In the present paper I have tried to recapitulate and combine 
our present knowledge on trilobite ontogeny, and attempted to arrive 
at a general conception on the structures of the trilobite larva. As 

far as possible I have tried to complete the previous knowledge by 
new research. More careful studies have be en carried out on Nor
wegian material of Holmia, Liostracus, and Olenus previously described 

by Kiær, Brøgger, and Strand. By means of more satisfactory technical 
equipment it has become possible to demonstrate new details in the 
early larvæ of these genera. I wish to express my best thanks to 

Dr. T. Strand for placing at my disposal the interesting material of 
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Olenus collected by him. I am also indepted to Dr. A. H. Wester
gård for valuable information concerning the early larvæ of Para

doxides. In preparing the illustrations of the present paper I have 
had valuable assistance by Mrs. Kirsten Arneberg, Miss Bergljot 

Mauritz, and Miss Lily Monsen. 

TERMINOLOGY 
It might prove useful to discuss and denne the different terms 

applied in the following desc•·iption of the larva! stages. Following 

Raw the larva! development of the trilobites comprises the Pr o t a s p i d ,  
M e r  a s  p i d ,  and H o  l a s  p i d  P e r  i o d  of growth. The growth takes 

place through a great number of ecdysis. In the smallest larvæ the 
stages might be separated by size such as indicated in Tretaspis 

(St�?rmer 1930, p. 59), but normally the morphological structures 
form the base of classification. 

The Pr o t a s p i d  Pe r i o d  includes all the earliest stages from 

the hatching to the appearance of the first transverse suture dividing 
the dorsal shell into two separate shields, the cephalon and the 
transitory pygidium (see below). In the first part of the Protaspid 

Period the number of segments seems to be constant, but in the 
later part postcephalic segments are gradually added. A division of 
the Protaspid Period is therefore suggested. The An a pr o t a s p id 

Pe r i o d  comprises the earliest stages in whic h the axis has only 
five segments, and the M e t a p r o t a s p i d  Pe r i o d  includes the later 
stages in which new segments are added beyond those present in the 
anaprotaspis. A number of stages or Degrees might be distinguished. 

The different stages of the Meraspid Period are designated as 
Degree O- (n -;-- l), n being the num ber of free thoracic segments. 
Degree O represents the stage in which the cephalon and transitory 

pygidium are separated , but no thoracic segment developed. It is 

probable that extra moultings take place within one Degree, and in 
this case sub-stages, e. g. Degree 2 a, b, c, might be distinguished. New 
segments might also be formed in the pygidium after the Holaspid 
Period is reached. 

As shown in text-fig. 2, the terms distinguishing the morphological 

characters of the protaspis largely correspond to those previously 

applied. The dorsal shield of the protaspis includes a series of 

succeeding segments which are easily distinguished especially in the 

Lower Cambrian form (2 a). It seems natura! to base the terminology 
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Fig. 2. Diagrammatic drawing of protaspis (metaprotaspis Degree l) 
of 0\enellidae and Olenidae (Protoparia and Opisthoparia). Every second segment 

is shaded in order to demonstrate the homology 

of the segments in the two protaspides. 

to a great extent on this primary segmentation. The lower surface 

of the protaspis is unknown, but we might assume that a labrum or 
hypostoma was present in front of the mouth, and this plate was 
attached to a doublure (or rostrum if forming a separate plate). On 
the dorsal surface the segments are more or less concentrically 

arranged. The study of the cephalic appendages and their relation 
to the glabellar lobes and furrows in the protaspis, has indicated that 
of the five pairs of appendages the antennæ belong to the frontal 
lobe, and the four pairs of legs to the four posterior lobes. The legs 
were apparently attached to muscles leadin g from apodems formed 
by the transverse furrows in front or in the frontal portion of each 
lobe. Concerning the fron tal lobe, the furrows serving as apodems 
for the antennæ appear at a later stage and might be termed a n  t e n
n u a r y  p i t s such as in the Trinucleidae. Sin ce the anten næ belong 
to the segment forming the frontal lobe in the anaprotaspis, the 
segment in front, the pr�glabellar area, might be called the 

p r e a n t e n n a l  s e g m e n t. In the previous literature it has been 
referred to as the ocular segmen t (eye segment of Henriksen), but, 

although this might prove to be correct, the protaspis does not 
demonstrate whether the rudimentary visual surface belongs to the 
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frontal segment (it belongs to the free cheek in specimens with dorsal 
facial suture) or to the palpebral lobes belonging to the following 
segment. The name suggested seems more neutral. 

The a n t e n n a  l s e g m e n t comprises the frontal lo be (or the 
major portion of it), the eye ridges and the rest of the segment 
behind them as well as the palpebral lobes. The term antenna! 
segment has probably been avoided by several writers for the reason 
that they believed the trilobites to be typical crustaceans and therefore 

presumed them to have two pairs of antennæ of which one pair 
was more or less reduced. Since only one pair of antennæ has been 
found, it seems appropriate to use the term antenna], segment which 
refers to the actual condition in trilobites. 

The four post-antenna! segments of the cephalon might be called 
the f i r s t  t o  fo u r t h  l e g-s e g m en t.  Of these the last one is known 
as the o c cip i t a l  s e g m e n t ,  and the third leg-segmen t as the 
p r e o c c i p i t a l  s e g m e n t . 

The preantennal, antenna! and preoccipital segments seem, at 
!east in the pleural area, to be best developed, and the first and last 
of these may have their distal points prolonged into spines, the 
former being the g e n  a l s p i n e , the latter the i n  t e r g e  n a l s p i n e. 

In the Meraspid stages of certain trilobites a pair of frontal marginal 
spines is found which Raw (1925) describes as p r oer a n  i d  i a l s p in e s. 

Raw claims three pairs of cephalic spines to be essential to the 
trilobite larva, and has in accordance with this little accepted view 
changed the name of the genal and intergenal spine into paria! and 
metacranidial spines. Richter introduces the terms: Librigenalstachel 
and Fixigenalstachel, which might be convenient terms with regard 
to the development of the postlateral spine in the Opisthoparia and 
Proparia, but it indicates also that the genal spine of the Olenellidae 

primarily belonged to a free cheek. In accordance with the views 

set forth in the present paper, I prefer to maintain the common 
terms genal an d intergenal spine. 

The glabella is generally well marked in the protaspis. In the 

present paper the term glabella is used in the sense applied by Salter 
and Stubblefield (1926) i. e. includin g the occipital segment. This is 
done not only in order to avoid confusion in forms lacking a weU

marked occipital segment, but primarily because the ontogeny has 
indicated that a five-segmented axis is a characteristic primary feature 

in the early trilobite larva. The five limb-bearing segments evidently 
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form a primary unit, the occipital segments not being added at a 

later stage. 

The postcephalic portion of the metaprotaspis forms the pr o to
p y g i d  i u m.  In the Meraspid Period the pygidium, through which 

the thoracic segments pass forward, is ca lied the t r a n s  i t  o r  y 
p y g i d i u m. 

PRESENT KNOWLEDGE OF TRILOBITE ONTOGENY 
In the following the more important investigations and the major 

results are recorded. A more complete account of the earlier studies 
on trilobite ontogeny is given by Raw (1925) in his extensive paper 
on the larva! development of L e p t o p l a s t u s. PI. l demonstrates 
the more well-known representatives of the Iarvæ of different trilobite 

groups. It appears that C am brian forms are far better known than 
species from later formations. In the sequel the different trilobite 
families and genera are dealt with in succession. 

Order Protoparia Swinnerton (emend.). 
Family Olenellidae Moberg. 

As pointed out by Raw ( 1937) and by Resser and Howell ( 1938) 

the generic name Mesonacis Walcott can hardly be maintained, and 
I have therefore followed these authors in adopting the family name 
of Moberg. 

Our knowledge of the ontogeny of the Lower Cambrian Olenel
lidae is chiefly due to American workers. Already in 1877 Ford 
( 1877, 1878, 1881) was a ble to describe and figure earl y larva! stages. 
One of his flgures which demonstrates an interesting specimen with 
the postcephalic segments preserved is refigured in text-fig. 3. 

In his well-known paper on "Olenellus and other genera of the 
Mesonacidae " Walcott (1910) presented a new and far more complete 
material. The early larva! development is known to a considerable 

extent in the genera Elliptocephala, Olenellus, and Paedeumias (most 
of Walcott's Paedeumias are identical with Olenellus), but many 
details are also known in other genera. Larva! stages of Olenellidae 

were a few years later described by Kiær (1916) from Norway, and 

more recently from East Green! and by Paulsen ( 1932). An important 
discussion on the Olenellid ontogeny was given by Raymond ( 1917). 
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the Lower Cam

brian of Troy, 

N.Y.S, U.S.A. 

7 x. After Ford 

1877 pl. flg. 2. 
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have made a new study of the interesting 

protaspis described by Kiær. By means of more 

modern technical equipment it has been possible to 

reveal more details and to arrive at a more complete 

conception of the structures of this important specimen 

which is described below. 

Holmia kjerulfi Linnarsson.(?) The specimen 

figured in text-fig. 4, 5 e and pl. 2 fig. 6, 7 was 

collected by j. Schetelig in the Lower Cambrian 

Holmia shale of Tømten in Norway. It was described 

and fig u red by Kiær ( 1916, p. 66, text-fig. Il and 

pl. 6, fig. l). The preservation is good and the ori

ginal relief largely maintained. The median Jength 

of the shield is 1.52 mm and the width 2.0 mm. 

With this size one might also consider the possibility 

of the specimen belonging to the larger species Kjerulfia lata Kiær 
occurring less commonly in the same beds. The size of American 
and Greenlandian larva of related genera, however, does not exclude 

the possibility of the more com mon species. 
The outline of the shield is formed by a combined semi-elliptic 

anterior portion and a subtrapezoid posterior portion with the corners 

protruding into short spines. A slightly concave, broad rim borders 
the central portion in front. The postlateral corners of the rim project 

into short spines directed backwards. These genal spines had escaped 
notice in the previous description, but Raw ( 1925, p. 295) remarks 
that the sharp curvature of the sides may indicate the loci of the 
genal spines. The spine is preserved on the left side. Medially in 
the frontal portion of the rim two faint lines are indicated, which 
converge backwards towards a point or faint crest at the transverse 

glabellar furrow behind the antenna! segment. l t is not possible to 

decide, however, whether these details are accidental or belong to 

special structures. 

The median more elevated portion of the cephalon is distinctly 

divided by four transverse furrows in to five transverse or concentrically 

arranged segments. The frontal swollen ridge forming the antenna! 

segment is curved parallel to the rim in front. The antenna! segment 

is broadest in front where it forms the frontal lobe of the glabella. 

In this segment the axial furrows are very faint and become obliterated 
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Fig. 4 Early larva (metaprotaspis 

or early Meraspid stage) of Holmia 
kjerulfi Linnarsson {?) from the 

Lower Cambrian of Tøm ten, Rings

aker, Norway. 22 x. (Comp. pl. 2 
fig. 6, 7). No. 22935 Pal. Mus. 

Oslo Coll. 

in front. In the pleural area 
the antenna! segment in
creases somewhat in width 
towards the middle of the 

eye lobes, and from here 
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on the width diminishes towards the distal point at the lateral border 
of the intergenal spine. The shell is broken off at the palpebral 
lobes, but no traces of rudimentary eyes are indicated. 

The four leg-segments behind the antenna! segment are mutually 
much alike. The narrow glabella is weU-marked by distinct, parallel 
axial furrows. The four transverse glabellar furrows border four 
distinct glabellar lobes of a subrectangular outline, the width exceeding 
the length. The third leg-segment, the preoccipital segment, differs 
from the two in front of it in having the lateral portions projected 

into distinct intergenal spinas. The pleural furrows bordering the 
segments extend only half way across the pleural area, and it is 

therefore difficult to decide whether some parts of the two frontal 
leg-segments take part in the formation of the intergenal spine. There 
remains no doubt, however, that the main portion of the intergenal 
spine belongs to the preoccipital segment. The distal portion of the 
intergenal spine is broken off, but the shape indicates a moderate 
length as shown in the text-fig. 4. The occipital segment is laterally 
bordered by the intergenal spines and has posteriorly a more trans
verse border. The transverse border might suggest that more seg
ments were present behind the occipital one. Since the postcephalic 
segments are not preserved, it seems probable that the specimen 
described represents the earliest Meraspid stages rather than a protaspis, 

but it cannot be decided with certainty. 
Olenellus, Paedeumias, a n d  Elliptocephala w i t h  r e 

m a r k s  o n  o t h e r  g e n e  r e  o f  Ol e n e l l i.da e. There has been some 
confusion in the descriptions of species belonging to the two first 

genera. Since post-"telsonic" segments evidently were present in 
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Olenellus as shown by Resser ( 1928); Raw ( 1937) and Resser Howell 
( 1938) point out that a num ber of specimens referred to Paedeumias 
by Walcott might belong to species of Olenellus. 

The youngest Olenellid larva known is evidently an early protaspis 
of Paedeumias hanseni described by Poulsen from the Lower Cam
brian of Greenland (text-fig. 5 a). The anaprotaspis, which measures 
about l mm in length, is strongly arched. The rim forming the 
preantennal segment is well-defined, but comparatively more narrow 
than in the later stages. No genal spines, only two posterior points 
indicate the presence of the intergenal spines, possibly including the 
rudiments of the genal spine. Of importance is the Jack of an external 
segmentation of the glabella such as in later stages. The glabella is 
broad, vaulted and well-bordered by distinct axial furrows extending 
forwards to the antenna! segment. 

Later stages correspond to early stages of other species. Pleural 
furrows mark the segmentation, and the intergenal spines are seen to 
originale from the preoccipital segment. In an early stage (Poulsen 
l. c. pl. Il fig. 6) the genal and intergenal spines seem to be united 
such as was assumed by Ford and Walcott. In later stages (text
fig. 5 f) the genal spine probably migrated outwards and partly forward. 

Young larvæ described by Walcott as Paedeumias transitans 
show a strong development of the intergenal spines. They appear 
as long spines already in the Protaspis Period, and remain powerful 
up to late Meraspid stages (Walcott 1910, pl. 25, fig. 22; pl. 32 fig. 1-8). 

Elliptocephala asaphoides Emmons is known in greater detail. 
Walcott (1910) describes and figures a number of small stages of 
which some are reproduced in text-flg. 5 b, c, d and pl. l, flg. l, 2, 3. 
The length of the smallest specimen (b) is 0.8 mm and the next one 
(c), which is not much different, has a median length of not less than 
1.4 mm. Since a further advanced stage (d) measures only 1.0 mm, 
it is possible that the second stage belongs to another species. The 
two earliest stages belong to the Anaprotaspid Period and the third 
one to the Metaprotaspid Period Degree l, on account of the add
ition of one postcephalic segment. In the smallest specimen the 
preantennal segment has a broad marginal rim, and the segment cannot, 
according to Walcott's flgure from 1910, be separated from the an
tenna! segment. In the original illustrations of Walcott from 1886 
and 1890, however, the anterior border of the antenna! segment is 
suggested by a Jack of shading such as shown in the present text-fig. (b). 
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Fig. 5. Early larva! stages of different species of Olenellidae from the Lower Cambrian. 

a= anaprotaspis of Paedeumias hansen iPoulsen from Elia Island, Green land. 9.9 x, 
(after Poul sen 1932 pl. li fig. 4). b- d = anaprotaspides (b, c) and metaprotaspis 

(d) of Elliptocephala asaphoides (Emmons) from Troy, N. Y. S., U.S. A. b=13.8x, 
c=8.5 x, d =8.8 "'. (after Walcott 1889 pl. 88 fig. l, l a, 1916 pl. 25 fig. l, 9, 10). e = 
earl y larva of Holmia kjerulfi (Linnarsson) (?) 12.7 x (comp. text-fig. 4). f= cephalon 

of Merspid Period of Paedeumias hanseni Paulsen from Elia Island, 

Greenland. 9.9 x (after Poulsen 1932 pl. Il fig. 7). 

The anaprotaspis demonstrates in an interesting way the primitive 
concentric arrangement of the cephalic segments. The intergenal 

spine belongs to the preoccipital segment, but the pleura of the second 

leg-segment seems to take part in the formation of the spine. In 
the Iarger protaspides the antenna! segment is well bordered. It is 
possible that the smallest specimen might represent the last but one 

of the Anaprotaspid stages, and this possibility is indicated in the 

plate by an arrow suggesting a possible different position of fig. 2. 
In the first Metaprotaspid stage the axis is not indicated in the 

protopygidium (d), but this might be due to preservation. The gla
beila and antenna! segment are very distinct, but the pleural furrows 
have become obsolete. The postlateral portions of the preantennal 
segment have increased in size, but the genal spines are not yet 
separated from the intergenal spines, such as in somewhat Iarger 
specimens (pl. l, fig. 3). 

The beginning of the Meraspid Period is difficult to determine 
with certainty. The presence of separate cephala at a median Iength 
of 1 .3 mm and with the genal and intergenal spines just separated, 

suggests that only one, two, or at !east a few Metaprotaspid stages 

occurred. Postcephalic segments are preserved in a small specimen 

figured by Ford ( 1877) and depicted in text-fig. 3, but it is not possible 

to decide whether it represents a late Metaprotaspid or an early 

Meraspid stage. In the plate two Metaprotaspid stages are suggested. 

Future research and a more accurate determination of the size of 
each stage might determine the number. 
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The larva! development of other Olenellidæ described by Walcott 
corresponds in general characters to those described above. (Only 
o ne drawing of Wanneria (I. c. pl. 3 I, fig. 8) suggests an extra glabellar 
segment, but this drawing is hardly correct). The early Meraspid 
stages are demonstrated in Holmia rowei Walcott (1910, pl. 29, fig. 
9), Wanneria halli Walcott (I. c. pl. 31, fig. 5-8) and Olenellus 

lapworthi ( Peach) (I. c. pl. 39, fig. 6). 
Th e d e  v e  I o p m  e n  t o f  c e p h  a I i c s p i n  e s .  During the Mera

spid Period the development and reduction of cephalic spines might 
be studied. The origin and homology of the cephalic spines have 
recently been subject to considerable discussion. In several recent 
papers Raw (1925, 1927, 1937) has presented a new interpretation 

of she cephalic spines, an interpretation which also involves new 
conceptions of the cephalic sutures. In the following the marginal 

spines are dealt with in connection with the views set forth by Raw. 
As mentioned above the intergenal spine of the metaprotaspis 

of Elliptocephala (pl. l, fig. 3, 4, text-fig. 5 d) appears to include also 

the genal spine. A line indicates the border between the two portions. 
In a next stage the two spines are just separated. Although the 
accurate division is not demonstrated in the material described, it 
seems highly probable that Ford and Walcott were right in assuming 
that the primary spine became divided and the lateral spine migrated 
outwards and remains as the genal spine. 

In Paedeumias (or Olenellus) (text-fig. Sa, f, and Walcott l 910, 
pl. 25, fig. 22; pl. 32, fig. 1-8; pl. 34, fig. 1-4) the intergenal spines 
are strongly developed in the earliest stages, and the genal spines 
appear already in the protaspis as sharp points and remain as such 
through the Meraspid Period or perhaps early Holaspid Period. 
There seems to be hardly any reason to doubt that the reduced 
intergenal spines are represented by the small points just inside the 
genal spines. 

In Wanneria (I. c. pl. 31, fig. 1-8) the intergenal spines are 
well-developecl in early stages and become reduced in later stages. 

The genal spine Iies near the intergenal spine in a small cephalon 
measuring about I.l mm in Iength, and in later stages the genal 
spine seems to migrate forward. 

Olenellus gilberti Meek (I. c. pl. 36, fig. 13, 14) has in the earl y 
Meraspid stage both spines situated near each other at the genal 
angle, but in addition to these a pair of small antelateral marginal 
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points occur. The points, which are called procranidial spines by 
Raw, are much reduced already at a cephalic length of 3.5 mm. 
There is no evidence of a posterior migration of the procranidial 
spines. 

In Olenellus fremonti Walcott (l. c. pl. 37, fig. 1-20) the earliest 
stages are not known, but in a cephalon measuring 2.0 mm (?) in 
length the genal spines are already well-developed and have a lateral 
position with the spines directed outwards and backwards. In further 
stages the genal spines migrate forward to the anterior border where 
the y remain in certain species O. bristolensis Resser ( 1928, pl. 2, 
fig. 5-8) while in others, O.fremonti, they migrate slightly backwards 
again in the latest stages. A considerable individual variation seems 
to occur. 

As pointed out by Beecher, Raymond, and others, the small 
Olenelloides, with only seven thoracic segments, probably represents 
a larva of an Olenellid. In this form the procranidial, genal and 
intergenal spines are equally well-developed, the cephalon measuring 
2-2.5 mm in length (pl. 40, fig. 2-3). 

It was the structures in Olenelloides and particularly an early 
Meraspid stage of the Olenid Leptoplastus (see below) which led 
Raw to a new conception of the nature of the spines and sutures in 
the Olenellidæ. Raw presented his views in his important paper on 
the larva! development of Leptoplastus salteri (Callaway). The work 
gives a detailed description of the post-protaspid development of this 
species, and at the same time presents a detailed account of the 
ontogeny of other genera and species which he has personally ex
amined. In the early Meraspid Period, Degree I (pl. l, fig. 31), three 
pairs of spines as well as a nuchal spine are present. Raw postulates 
that this "Heptacicephalic Stage" demonstrates a primary plan of 
construction of the trilobite head and therefore is of great phylogenetic 
importance. 

In Olenelloides Raw sees a representative of this arcaic structure. 
He regards the small form to be essentially adult on the somewhat 
vague grounds that Olenellus gilberti has attained more adult charac
teristics at the corresponding size. Since certain Olenellids have three 
pairs of spines, Raw raises the question which of these three remain 
in forms with only one or two pairs of spines. 

The intergenal spine (metacranidial) Raw finds to belong to the 
occipital - not preoccipital- segment. He bases his opinion on what 

Norsk geol. tidsskr. 21. 5 
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then was known of the larva of Paradoxides (see below) and at the 
same time on the general resemblance of the occipital segment and 
the first segment of thorax. Recent studies of the mentioned genus 
have strongly indicated that the spine belongs to the preoccipital 
segment, but on the other hand I agree with Raw that the intergenal 
ridge of Kiær is similar to the anterior border of the pleural furrow 
in the thoracic segment. This difficulty is, however, eliminated by 
assuming a secordary division of the segments such as presented 
below (p. 124). 

The procranidial spine occurs on the median side of the facial 
suture in Leptoplastus, and this would correspond to a position just 
above the connective sutures in forms where such sutures were 
present. Raw deduces logically that in Olenellida, with its very broad 
rostrum, the procranidials would be expected to be located near or at 
the place of the genal spines. He finds a support for this assumption 

in the faint line running from the front of the eye backwards towards 
the genal spine (comp. p. 137). A backwards migration of the pro
cranidial spine is, however, not demonstrated in the ontogeny. The 
opposite case, the forward migration of the genal spine in Olenellus 

fremonti, is explained away by Raw by doubting that the smaller 
larva belongs to this species. The similar conditions in Wanneria 
halli are not commented upon. As regards the larva of Elliptocephala 
he indicates that instead of a separation of primarily fused spines, 
as presumed by Ford and Walcott, a secondary fusion of the pro
cranidial and genal (paria!) spine took place so that the genal spine 
of the adult actually was composed of both the procranidial and genal 
spines (text-fig. 5). In Olenellus thomsoni, described by Walcott 
as Paedeumias transitans, Raw claims that the genal spine is formed 

by the procranidial only and that both the other spines are reduced. 
The conclusions drawn by Raw met criticism by Swinnerton (in 

Raw 1925) who points out that too much importance was attached 
to the particular cephalic spines which are common among planktonic 
larva! forms of crustaceans and which are so rare among the trilobite 
larvæ that their occurrence rather is an exception than a rule. The 
conditions in the Olenellidæ (Mesonacidæ) indicate that the spines 

actually migrate forward and thus contradict Raw's hypothesis. 
Raymond ( 1928) ex presses similar views. 

Stubblefield (in Raw 1936), in commenting upon a later paper 
by Raw, points out that the intergenal spine in the Olenellidæ was 
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connected with the preoccipital segment and not with the occipital 
segment as claimed by Raw. Stubblefield ( 1936) discusses in a 

separate paper the theory set forth by Raw and finds little support 
to his interpretation of the cephalic spines. 

In reply to Stubblefield's criticism concerning the interpretation 
of the intergenal spine, Raw ( 1937, p. 580) points out the resemblance 

between the transverse furrows in the cheeks of the 1arvæ, and the 
pleural furrow both in thoracic segments and in the pygidium. Since 
they must be regarded as homologous formations, he consequently 
arrives at the conclusion that the transverse or oblique furrows in 

the cheeks of the larva do not represent segmentary division lines, 
but are intersegmental. For this reason he finds it natura! to regard 
the intergenal spine as belonging to the last cephalic segment. 

Concerning the interpretation of the intergenal spine, I find that 
both views might be subject to certain criticism. It seems highly 
reasonable, as did Walcott, Kiær, and Stubblefield, to regard the 
cheek-furrows in the early larva of Olenellids as division-lines bor
dering the primary segments. On the other hand it is less logical, 
as pointed out by Raw, to interpret these furrows in another way 
than those of thorax and pygidium. Following Raw's interpretation, 

however, which is based on the structure of the thoracic pleura, we 

are lead to the little satisfactory conception of the larva! cheek-furrows 
being but intersegmental furrows serving as apodemes of muscles. 
As shown below, the two views might be combined by regarding the 
pleural segmentation in the thorax as a secondary formation (p. 124). 

With regard to the origin and homology of the cephalic spines, 
I agree with Swinnerton, Raymond, and Stubblefield in their criticism 
of the theory presented by Raw. It deserves to be strongly pointed 
out that in the trilobite larvæ the three pairs of marginal spines are 
hitherto only found in Meraspid stages. Pl. l demonstrates the Jack 
off such spines in all known Protaspid stages. Spines of the ordinary 
type (intergenal or genal) are present in the Protaspid Period of 
many species, and are probably strongly developed in Tretaspis. 

The procranidial spines occur in a small number of species, although 
they may to a certain extent have been overlooked, as pointed out 
by Raw, on account of their different direction. 

It seems natura! to assume that the development of spines in 

the early larva! stages was due to the floating habits of the small 
larva. Concerning the revolving backwards of the procranidials in 
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the Olenellidæ, the development of Wanneria and Olenellus fremonti 

seems to contradict this assumption. The interpretation of the genal 
spine in Olenellus thompsoni ( =Paedeumias transitans pars) as a 
procranidial spine is difficult to follow. It seems more probable to 
assume that the intergenal spine was maintained through a number 
of Meraspid stages before it became reduced and functionally replaced 

by the genal spine. The small indication of a point within the inter
genal spine (Raw 1927, fig. 23) does not need to be regarded as a 
vestige of a reduced spine. 

In interpreting the cephalic structures of the Olenellidae, Raws' 
major grounds for his new views are the long rostrum and the faint 
line which he explains as an obliterated anterior branch of the facial 
suture. The long rostral plate and the marginal suture might be 
explained as a primary structure as shown below. The faint line 
leading from the eye does not cross the margin and is of little 
importance as discussed below (p. 138). 

Order Hypoparia Beecher. 

Family Cryptolithidae Angelin. 

Larva! stages of Cryptolithus and Tretaspis have been described 
by Barrande ( 1852, pl. 30 fig. 41-50), Stormer ( 1930, pl. 7, pl. 8, 
fig. 1-4) and Whittington ( 1940, pl. l fig. 1-3, pl. 2 fig. 1-3) from 
Ordovician beds of Bohemia and Sweden. Unfortunately no protaspis 
stage is known, but the Meraspid stages are known in detail both in 
Cryptolithus (Onnia), ornatus (Sternberg) (text-fig. Il, 6, 7) and 
Tretaspis seticornis (Hisinger) (pi. l fig. 41). 

In the earliest Meraspid Period the cephalon is much broader 
than what is characteristic of all other known trilobites (Corydocephalus 

is also broad). A special fea ture is also the lack of glabellar furrows. 
As l have pointed out in Reedolithus and Tretaspis (1. c.), the glabellar 
furrows do not appear until a comparatively late stage of development. 
The glabella of Tretaspis has a well-developed median tubercle which 
has be en interpreted by H anstrom ( 1934) as identical with special 
structures in recent Syncarida among the Crustacea. 

Already in Degree O of the Meraspid Period the marginal rim 
and the long genal spines are well-developed. The cephalic suture 

is marginal, but runs on the dorsal side of the genal spine, not on 



STUDIES ON TRILOBITE MORPHOLOGY. Il 69 

the ventral side as in the Olenellidae. The rudimentary lateral eyes 
Iie well within the margin. 

The segmentation to the transitory pygidium is not distinct in 
the early Meraspid stages, but, as may be seen in text-flg. Il, 7, the 
pleural furrows form a distinct angle to the transverse surure separ
ating the cephalon and transitory pygidium. Transverse lines marking 
borders of the in future free segments are not seen in the pleural 
areas. 

? Family Agnostidae McCoy. 

Barrande ( 1852, pl. 49) figures larva! stages of several Middle 
Cam brian genera and species of which o ne is reproduced in fig. 42 
on pl. 2. No protaspis is described, but the earliest stage pro ba bly 
represents Degree O of the Meraspid Period. No segmentation is 

expressed in the axis of cephalon or pygidium, but it is interesting 
to notice that the glabella is far from reaching the anterior border. 

A smaller specimen described by Matthew (1896, p. 216), measures 
only 0.5 mm in length. Neither in this early stage the axis or 
glabella reach the anterior border, but has the same extension as 
in the adult. The axis has apparently three crossing furrows. 

Future discoveries of protaspides of Agnostidae might solve the 
problem of the systematic position of this peculiar group. It is, 
however, interesting to notice that the early larvæ seem to deviate 
considerably from the protaspis of Microdiscus, a feature which might 
suggest that they belong to different Orders. 

? Family Shumardidae Lake. 

The genus Shumardia, comprising quite small forms from the 
basal Ordovician, has been compared partly with the Agnostidae and 
Trinucleidae, and partly with the Olenidae and Conocoryphidae. The 
larva! development of the genus has become known through the 
detailed study by Stubblefield ( 1926) on Shumardia pusilla (Sars) 
from Shropshire, England. As might be seen from the figures repro
duced on the plate (fig. 43-45) the larva! stages are very small, the 

earliest one measuring only 0.24 mm in length. 
The strongly arched earl y protaspis (text-fig. 6, 1 ,and pl. l ,  fig. 43) 

has an axis of six segments. Of these only four are referred to the 
cephalon because of a faint line across the cheeks behind the fourth 
segment and because of the apparently four-segmented glabella in 
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Fig. 6. 1-5 =earl y larvæ of Shumardia pusilla (Sars) from the Lower Ordovician 

of Shropshire, England. Magnification given in the figures. l= metaprotaspis, 

2-5 o= Meraspid stages (after Stubblefield 1926 pl. 14 fig. 1-5). 

6-7 =Earl y larvæ of Cryptolithus (Onnia) ornat us Sternberg, from the Ordovician 

of Bohemia. 6 = Meraspid Period Degree O, x 23; 7 = Meraspid Period Degree 2, 

23 x. (After Whittington l 940 pl. l flg. l, 3.) 

later stages. lf this was the case Shumardia would deviate from the 
other known trilobites. I am more inclined to believe that the faint 
line across the cheek represents an oblique or pleural furrow marking 
the border between the pleuræ of the preoccipital and occipital seg
ments. The line would thus indicate the posterior border of the 
pleura projecting into the intergenal spine. In that case the described 
protaspis must be interpreted as a metaprotaspis of Degree l .  

The next stage found (text-fig. 6, 2 and pl. l ,  fig. 44) exceeds 
the former considerably in size by ha ving an average length of 0.37 mm. 
Probably at !east one intermediate stage occurred as suggested on 
the plate. 

Stubblefield mentions that the cephalic portion of the protaspis 
has a pair of anterior projections and an antemedian depression 

which quickly becomes obsolete. 
The specimens of Degree O of the Meraspid Period show a 

remarkable variation both in size (0.3 I -0.50 mm) and in the devel
opment of the segments of the transitory pygidium. The smaller 
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specirnens had three segments and the larger ones four. The same 
variation occurs in late Meraspid stages. This indicates that an extra 

moulting took place within one Degree of the Meraspid Period. 
The major result obtained through Stubblefield's studies is the 

demonstration of the manner in which new segments are formed at 
the posterior border and from here on successively migrate forward 

during the growth and the further addition of new segments. This 
is shown by the gradual forward migration of the long-spined pleura 
belonging to the fourth thoracic segment in the adult. The spine 
might be followed, as shown in text-fig. 6 3-5, through the transi
tory pygidium befare it becomes released as part of a free thoracic 
segment. 

Order Proparia Beecher. 

Family Phacopidae Corda. 

The larva! development of the Ordovician species Dalmanitina 
socialis Barrande was described by Barrande ( 1852, pl. 26, fig. 1-4). 
The length of the first three stages is stated to be: 0.75, 0.75, and 
1.0 mm. In fig. 36-38 of the plate the stages are reproduced cor
responding to these sizes, but the measurements probably were only 
approximate and the second stage therefore probably was inter
mediate between the first and third. Barrande's figures are depicted 
by Beecher ( 1895, pl. 9, fig. 8-1 0), but they are not correctly redrawn 
as pointed out by Warburg ( 1925 ). Thus in the earliest stage Beecher 

indicates three segments in the protopygidium while only two were 
faintly shown and two fused segments were mentioned in the text. 
Beecher describes the three earliest stages (fig. 36-38 on the plate) 
as belonging to an anaprotaspis, metaprotaspis, and paraprotaspis stage. 
Since already the youngest stage has postcephalic segments developed, 
it is obvious that these stages belong to the Metaprotaspid Period. 
A fourth stage figured by Barrande (I. c. pl. 26, fig. 4) is said to have 
one free thoracic segment, and the preceding stage, which apparently 
had the same number of segments, rnust therefore be regarded as 
Degree O of the Meraspid Period, such as is indicated in the plate. 
The transverse suture is difficult to distinguish, but for the reasons 
mentioned it is natura! to regard the two first stages as belonging to 
the Metaprotaspid Period and the third to the Meraspid Period. The 
metaprotaspid stages seem to belong to Degree 2 and 3, or 3 and 4, 
on account of the development of the axis of the protopygidium. 
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The protaspis of Dalmanitina exhibits several characteristic fea
tures indicating an advanced stage of development. The intergenal 
spines which remain as "genal" spines in the adult are well-devel
oped in the early metaprotaspis. As in Calymene no trace of the 
preantennal segment is visible. The lateral eyes are situated at the 
frontal margin where they remain for a considerable part of the 
Meraspid Period. In the adult the facial suture has a typical proparian 
course. Following the course of the suture backwards through the 
Meraspid stages, Barrande's drawings indicate that the facial suture 
in the earliest stages was more or less marginal, and then migrated 
inwards across the antelateral corners. 

The protopygidium is well-developed in the early stages. In the 
last metaprotaspis both pleural furrows and division-lines marking 
future thoracic segments are indicated. 

? Family Eodiscidae Raymond. 

Matthew ( 1 896) describes a protaspis which he refers to the 
species Microdiscus pulchellus Hartt. The protaspis measures slightly 
over 0.5 mm in length. The outline is almost circular, the distinct 

axis reaching the anterior border and divided in to a num ber of annul
ations, the five anterior anes belonging to the cephalon which is 
separated from the protopygidium by a faint transverse furrow. The 
protaspis probably belongs to Degree 2 of the Metaprotaspid Period. 

In general characters the protaspis of Microdiscus corresponds 
closely with the protaspis of the typical Proparia and Opisthoparia. 
This is of interest in suggesting that the Eodiscidae belong to the 
Proparia as indicated in the facial sutures of Pagetia. 

Order Opisthoparia Beecher. 

Family Paradoxididae Emmrich. 

Series of larva! stages of Paradoxides were described by Barrande 
in his classical memoir on Bohemian trilobites (1852), but on account 
of the very particular development of the glabella in the early stages, 
Barrande described them as belonging to a special genus which was 

called Hydrocephalus. Later authors, Raymond ( 19 14 a ) , Raw ( 1925), 
Suf ( 1926), and Westergård ( 1936), have succeeded in identifying the 
different "species" of Hydrocephalus and refferred them to respective 
species of Paradoxides. An abnormal spheric development of the 
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glabella is characterist ic of P. spinosus (Boeck) in particular, but also 
P. rugulosus Corda shown in text-fig. 7, g, h, dilfers considerably 
from other tribol ite larva. 

T ill recent years l it tle was known of the earliest larva! stages of 
Paradoxides. Raymond (1914 a) described an interesting protasp is 
specimen from Bohemia ( text-fig. 7, f, and pl. l, fig. 6) which is not 
u11like the protasp ides of the Olenellidae. The protaspis has an ovate 
outl ine wi th the intergenal spines partly broken off. The glabella is 
div ided into d is t inct segments of which the frontal lobe and the next 
segments are d ivided by a median furrow charac ter is t ic of all Para

doxides larvæ. The frontal lobe is stronger developed than the three 
following which are mutually al ike. According to Raymond (1. c. p 
232) a small posterior projection behind the occipital segment seems 
to represent the protopyg idium. Th is would indicate that the specimen 
represents a first metaprotaspis as suggested in the pl. l fig. 6. The 
palpebral lobes are strongly developed and reach as far as to the 
occipital segment. O f  part icular interest is the development of the 
preantennal segment. It is exposed in front of the gla beila and the 
palpebral lobes, but is not v isible laterally in the posterior half of 
the cephalon. The broad r im characteristic of the Olenellidae does 
not occur, only a part of it is maintained in front. 

More complete knowledge of the ontogeny of the Paradoxididæ 
has been obtained recently through the detailed and interest ing de
scr ip t ions of Westergård ( 1936) of Paradoxides larvæ from O land in 
Sweden. Text-fig. 7 a-e illustrates some of his more important 
youngest stages which probably belong to the species P. pinus 

Holm MS. 
The smallest protaspis (a) measures 0.60 mm in length. The 

c ircular sh ield is strongly vaulted especially in transverse d irection. 
The glabella is dist inct with the ax ial furrows diverging in front so 
that the frontal lobe of the glabella is broader than the four succeed
ing segments which are mutually al ike. From the frontal lobe, which 
is divided by a median furrow into two hemispheres, the palpebral 
lobes extend outwards and backwards as two arcs following the lateral 
margin and reaching to the posterior margin not far from the axial 
furrows. The preantennal segment is only exposed in front of the 
glabella and the palpebral lobes. 

S ince the described protaspis has five d istinct segments in the 
axis, it must be regarded as a late anaprotaspis. 
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Fig. 7. Early larvæ of Paradoxides from the Middle Cambrian. 16 x. 

a-e=Paradoxides pinus Holm MS (?) from (Hand, Sweden. a=anaprotaspis, 
b-e= metaprotaspides, d-e= Meraspid stages. (After Westergård 1936 pl. 4 fig. l b• 
4 b, 8, 13 a, b. f= Paradoxides sp. from Teirovic, Bohemia. Metaprotaspis. (after 
Raymond 1914a pl. fig. 8, median furrow somewhat shortened according to description). 
g, h = Paradoxides rugulosus (Barrande) from Skreje, Bohemia. Meraspid stages. 

(g after Suf 1926 pl. I fig. l; h after Barrande pl. 49 fig. l b.) 

A later protaspis stage demonstrated in two specimens flgured 
in text-flg. 7, b, c, (Westergård 1936, pl. 4, flg. 3, 4 a, b) is of parti
cular interest because of the presence of three pairs of spines. The 
stage apparently represents Degree 3 of the Metaprotaspid Period. 
In the first specimen (b) the preservation of the anterior portion is 
not satisfactory. In order to obtain further details on the structures 
of the specimen, I wrote to Dr. Westergård who kindly informed me 
that he and Dr. P. Thorslund on my request had submitted a new 
investigation of the specimen. I am very thankful to Dr. Westergård 
and Dr. Thorslund for the new information which I have used in the 
following description. 

In the two mentioned specimens the glabella, especially the frontal 
lobe, is not well preserved. The drawing of the first specimens by 
Westergård (1. c. pl. 4, flg. 4 b) might indicate a rim in front of an 
only four-segmented glabella. Westergård has informed me that the 
traces of a lobe might be seen on the right side in front. This 
indicates, what would be expected, that the frontal lobe is lost or 
buried in the matrix. Traces of it is therefore indicated in text-flg. 7 b. 
The glabella is, however, demonstrated in so many specimens (e.g. 
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text-flg. 7 c) that there remains no doubt as to the shape and segment
ation o f  the glabella. Text-flg. 17 c and flg. 7 on the plate show a 
reconstruction o f  the glabella in the metaprotaspis. The frontal lobe 
is broader than the succeeding three segments which again are slightly 
broader than the occipital ring. A median furrow divides the glabellar 
lobes into two halves. The palpebral lobes follow the lateral margin, 
cross the basis o f  the genal spines and are traced as far as to the 
intergenal spines. 

The three pairs o f  spines are easily identifled as the genal spines 
(in front), the intergenal spines and the pleural spines of what later 
becomes the first free thoracic segment. The short genal spine is 
directed outwards and backwards from its base lateral to the third 
glabellar lobe. The drawing (text-flg. 7 b) indicates a line across the 
base o f  the genal spine. Westergård flnds that the preservation does 
not permit an identiflcation o f  the structure as a marginal suture. 

The intergenal spine is very distinct and situated at the post
lateral angle o f  the cephalon. In contrast to what previously was 
assumed to be the case in the Paradoxididae, the intergenal spine 
apparently is connected with the preoccipital, not the occipital segment 
o f  the gla beila. In his description Westergård states that the spines: 
"seems to form the pleural terminations o f  the penultimate (?) cephalic 
segment." A fter the new study o f  the specimen, Westergård informed 
me that it might be said with fairly great probability that the spines 
belong to the preoccipital segment. In that case the structures corre
spond very well with those in the Olenellidae. In the Bohemian 
specimens o f  Paradoxididae (Su f  l 926) the abnorm al development o f  
the glabella has con fused the structures (text-flg. 7, g ,  h), but even 
in young stages o f  P. Spinosus (Su f  l. c. pl. 3, flg. 2) a preoccipital 
origin o f  the spines is suggested. 

The pleural spine, following immediately behind the intergenal 
spine, is very similar to it. The occipital ring, with its small median 
tubercle, has on either side a pleural lobe corresponding to that o f  
the preoccipital segment. These lobes are separated from the pleural 
spines by a faint transverse furrow. The transverse furrow or line 
evidently corresponds to the course o f  the transverse suture dividing 
the transitory pygidium from the cephalon in the first Meraspid stage. 

Since both spines appear to be homologous structures and to 
belong to succeeding segments, we must regard the first one, the 
intergenal spine, as belonging to the preoccipital segment, and the 
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second one as belonging to the occipital segment. But then we are 
forced to assume that the transverse line, later becoming a suture, 
is a secondary formation, a secondary suture crossing the primary 
segment with its pleural portion directed backwards. A pointed out in 
a later chapter, the pleura of the so-called occipital segment would 
thus be composed of parts of two segments: an antelateral po rtion 
belonging to the preoccipital segment and a postmedian portion formed 
by parts of the occipital segment. 

In the early Meraspid Period the Swedish Paradoxides (text
flg. 7, d, e) have well-developed intergenal spines, but already in Degree 
4 the spines are reduced into a pair of blunt points. In the 
transitory pygidium the lay-out of a transverse suture might be 
observed in the segments of the transitory segments before they arrive 
at the anterior border. This is seen in Degree 4 (l. c. pl. 4, flg. 22), 
but it is not signiflcant in Degree l (text-flg. 7 e). 

During the Meraspid development the median furrow of the 
glabella becomes reduced. In the Protaspid Period the glabella is 
divided into five distinct segrnents such us in other trilobites. In the 
earliest Meraspid stages a new pair of glabellar furrows, the antennuary 
pits, appear on the frontal lobe of the glabella. The furrows might 
unite medially as in the specimen shown in text-flg. 7 e, and this 
gives the impression that the glabella includes six segments instead 
of five as demonstrated in the earliest larva! stages. A similar 
condition is found in adult specimens of the Lower Cambrian Callavia 

belonging to the Olenellidae. The larva! development of Paradoxides 

and Olenus shows, however, that the anterior furrows come into 
being at a certain later la rva! stage and therefore hardly can be said 
to belong to the primary segmentation of the glabella. As discussed 
below, it is probable that the frontal impressions are apodemes 
belonging to the muscles of the antennæ which represent the appen
dages of the first glabellar segment. 

The prostaspis of Paradoxides differs considerably from the same 
larva! stage in the Olenellidae. This is especially the case with the 
Swedish protaspis (text-flg. 7 a). Raymond ( 1914) and others, on the 
other hand, have pointed out that the protaspis described by him 
(text-flg. 7 f) exhibits unmistakable Olenellid resemblance. The main 
difference is found in the presence o f  a well-developed preantennal 
segment in the Olenellidae. In Paradoxididae this segment is little 
developed in the dorsal shell. Only in front a portion of the segment 
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is exposed. The palpebral lobes, which in the Olenellidae Iie well 
within the marginal rim or preantennal segment, form the lateral 
borders in the Paradoxididae. 

The course of the facial suture is well demonstrated already in 
the earliest Meraspid stages, occurring as cranidiæ (text-fig. 7 d). In the 
metaprotaspis (7 c) the suture cannot be distinguished with certainty, 
but the presence of the genal spine close to the palpebral lobe Ieaves 
no doubt that the facial suture at this stage was practically marginal, 
thus forming a marginal suture crossing the base of the genal spine. 
In the anaprotaspis the suture was evidently marginal, and no genal 
spine was apparently developed. It seems probable that this larva! 
marginal suture was confined to the anterior half of the protaspis 
shield. This is supported by the condi tions in the Olenidae where 
the suture of the early Meraspid larva crosses the antelateral corners 
of the cheeks and thus is of the proparian type ( Poulsen, 1923). 
Also in Limulus the marginal suture serving the ecdysis is confined 
to the frontal half of the shield. 

During the Meraspid Period the preglabellar field develops 
rapidly. Especially the antelateral corners of the cephalon grow faster 
than the rest of the cephalon. This results in a new course of the 
preocular branch of the suture. From having an antemedian direction 
in the protaspis, it runs straight forward in the early Meraspid Period 
and is directed forward and outwards in later stages. During the 
Meraspid Period the area outside the palpebral lobes, the free cheeks, 
increases in width. The suture keeps its connection with the palpebral 
lobe, or more correctly, the eye, and therefore crosses the cephalon 
as a typical cephalic suture instead of being marginal as in the 
earliest larvæ. 

It appears from what is set forth above, that the larva! development 
of the Paradoxididae is pretty well known. The ear1y larvæ differ 
in certain respects decisively from !hose of the Olenellidae. 

Family Olenopsidae Kobayashi. 

The genus Olenopsis was established by Bornemann ( 1891) to 
include species which in several features show both Paradoxidid and 
Olenid characteristics. According to Cobbold ( 193 1) the genus seems 
to occur in late Lower Cambrian or possibly slightly younger beds. 
In his monograph on Cambrian fossils from Sardinia, Bornemann 
als o describes a num ber of young stages of Olenopsis. The p u b!ished 
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drawings appear to be somewhat schematic as might be judged from 
those redrawn in fig. 25 and 26 of pl. l ,  but there are certain distinct 
features which are present in many specimens and are evidently 
characteristic of the species. 

The small protaspis shows the characteristic five-segmented axis 
just as in the anaprotaspis of other trilobites. The exact nature of 
the long palpebral lobes is not clear. Of special interest is the 
presence of four pairs of oblique furrows crossing the cheeks. Each 
furrow runs from the corresponding glabellar furrow in an are 
outwards and backwards forming a distinct angle to the hind border. 
The described furrows are evidently homologous with the furrows 
across the cheek of the protaspis in Olenellidae and Olenidae and 
apparently represent primary segmentary division lines. 

Family Damesellidae Kobayashi. 

Endo (1935a, 1935b) has described the larva! development of 
Blackwelderia quadrata Endo from the Middle Cambrian of the 
Fengtian Province in Manchukuo. A nnmber of protaspis specimens 
are figured and referred to different stages in the larva! development, 
but the variation in size is so considerable that all specimens can 
hardly be referred to the same species. 

Of special interest is a very earl y protaspis refigured in pl. l ,  
fig. l O. The earl y anaprotaspis appears as a circular vaulted disc 
with only indications of a short unsegmented axis or glabella. 
A somewhat later stage (fig. I l )  has, according to the drawing pre
sented by Endo, a broad glabella reaching from the anterior to the 
posterior border and provided with faint transverse furrows. A late 
anaprotaspis (fig. 12) shows considerable resemblance to the same 
stage in Paradoxides. The circular shield has the same long marginal 
palpebral lobes and the frontal lobe of the glabella is expanded. 
Already in this early stage a pair of small pits on the frontal lobe 
is indicated which might represent the antennuary pits appearing in 
later stages in other genera. The drawing is, however, rather schematic. 

Family Liostracidae Angelin. 

Already in an early paper from 1875 Brøgger figures a fairly 
complete series of early larva! stages of Liostracus linnarssoni Brøgger 
from Middle Cambrian beds of Øksna in Norway. His illustrations, 
which are shown in text-fig. ! of the present paper, were reproduced 
by Lindstrorn ( 1901) who added a theoretical earlier stage. 
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Fig. 8. Protaspides of Liostracus (?) from the Middle Cambrian 
of Øksna, Norway. 47x. (comp. pl. 2 fig. 2). a=anaprotaspis, b=metaprotaspis. 

Nos. 27162 a, b Pal. Mus. Oslo Coll. 

Matthew ( 1888) has described an ontogenetic series of an 
American form, but the youngest stages were not present. More 
recently Warburg (1925) figures Swedish specimens, and arrives at 
the conclusion that the protaspis has distinct swollen eye-ridges which 
the author caps the "larva! ridge" and compares with the antenna! 
segment in the protaspis of Olenellidae. It has become evident from later 
studies, however, that the larva! ridge does not form the anterior margin 
of the shield (Strand 1927) and that it neither represents the entire width 
of the antenna! segment or "larva! ridge" such as in the Olenellidae. 

Warburg describes the traces of a segmentation of the cheeks, 
but the author points out that some of the lines might be pleural 
furrows and some segmentary division lines. The furrows of the 
protopygidium are not distinct (1. c. text-fig. 6). 

In order to obtain further information on the larva! structures 
in Liostracus, I have tried to locate some of Brøgger's type material. 
Among the collections of the Paleontological Museum in Oslo I have 
succeeded in finding a few specimens from Øxna which are apparently 
not the types, but are similar specimens. Text-figs. 8 a, b and pl. 2, 
fig. 3 illustrate two specimens of which the one (8 b) at !east with 
great probability belongs to L. linnarssoni. The younger stage (8 a), 
representing an anaprotaspis, is comparatively larger than the other 
being a metaprotaspis, and it is therefore possible that the form might 
belong to another species. 

The anaprotaspis (text-fig. 8 a) is moderately vaulted with a 
circular outline and a glabella bordered by distinct axial furrows. 
The glabellar furrows are very faint except those behind the frontal 
lobe. It is of particular interest to notice that the frontal lobe also 
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is bordered in front, distinguishing a preantennal segment in front 
of the glabella and the well developed eye-ridges. 

The metaprotaspis (text-fig. 8b) appears to have a three-segmented 
axis of the protopygidium, and therefore probably belongs to Degree 3 
of the Me taprotaspid Period. The shield has an elliptical outline and 
the surface of the cheeks is strongly vaulted. The glabella is divided 
into five distinct segments of which the frontal lobe is expanded in 
front. The frontal lobe is but slightly marked off from the preantennal 
segment, only exposed as "tapering ridges" in the median portion in 
front of the axial furrows. The cheeks have traces of furrows near 
the glabella. The direction of the furrows is apparently more trans
verse than in Olenus and Olenopsis. The protopygidium has an 
indication of a posterior rim as shown in the drawing. 

Family Solenopleuridae Angelin. 

The ontogeny of the Middle Cambrian Sao hirsuta Barrande from 
Bohemia has become famous through the detailed and excellent descrip
tion by Barrande already in 1852. He was able to distinguish a large 
num ber of evolutionary stages from the protaspis up to the adult. 

The earliest stage described (Barrande 1852, pl. 7, fig. l )  (fig. 27 

on the plate), consists of a circular shield. The surface is arched, 
but not necessarily very strongly arched as stated by Warburg on 
account of the absence of the larva! ridge. The profile of the following 
stage (1. c. pl. 7, fig. l c) indicates that this stage at !east was moder
ately convex along the median line. 

The glabella is well marked already in the earliest stage, but 
dis tinet glabellar furrows do not appear until later stages (pl. l. 

fig. 29, 30). As stated by Barrande, the occipital ring is separated 
from the rest of the glabella and, by comparing the earliest with 
the somewhat later stages, it seems possible to distinguish the occipital 
segment also in the first stages. It then appears that the smallest 
specimen (pl. l ,  fig. 27) is no anaprotaspis as assumed by previous 
authors, but represents an earl y metaprotaspis probably of Degree l ,  
since one segment is suggested beyond the occipital ring. As indicated 
in the position of the stages on the plate (fig. 27-30), the Anapro
taspid Period is not known in this species. The slight differentiation 
of the dorsal structures in the earliest metaprotaspis might suggest 
that the larva was hatched at a comparatively late evolutionary stage. 
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Most of the Anaprotaspid stages might have been passed through 
with in the egg. 

In the next stage (pl. l ,  fig. 28) two axial rings are present beyond 
the segment interpreted as the occipital segment. The posterior margin 
of the circular protaspis has three pairs of points or spines of which the 
two posterior pairs belong to the protopygidium. Concerning the first 
pair of spines, I agree with Raw ( 1925 p. 258) in presuming that these 
spines represent the intergenal spines rather than the genal spines. From 
Barrande's series it is not possible to determine the stage at which 
the intergenal spines were replaced by the genal spines. It is, however, 
to be remembered that in Paradoxides the change took place very 
rapidly through a few moults in the Meraspid Period. 

Family Olenidae Burmeister. 

. Larva! stages of Olenids have been described by a considerable 
number of writers. Most of the descriptions, however, comprise 
single specimens giving but little information on the general onto
genetic development of the species. Among Scandinavian writers 
might be mentioned Holtedahl ( 19 1  0) and Poulsen ( 1923), the latter 
describing the ontogeny of Peltura scarabæoides (Wahlenberg). Special 
papers dealing with the ontogeny of the Olenidae have been published 
by Raw ( 1925) on Leptoplastus salteri (Callaway) and by Strand 
( 1927) on Olenus gibbosus Wahlen berg. Kaufmann ( 1933) h as 
described the ontogeny of Olenus transversus Linnarsson. In the 
following the larva! development of the different genera is discussed 
and new studies on Protaspid stages of Olenus are presented. 

Ole n u  s. Strand ( 1927) has presented a ca re ful description of 
the larva! development of Olenus gibbosus Wahlenberg. He describes 
three different stages in the Protaspid Period, and it is his merit to 
have shown the presence of the "tapering ridges" in front of the eye 
ridges on either side of the frontal Jobe of the glabella. Strand 
arrives at the conclusion that the anterior border of the cephalon 
is formed by the frontal lobe and the ridges proceeding from its 
anterior portion. More recently Kaufmann ( 1933) has described the 
ontogeny of the related species O. transversus from Scania. The 
development, illustrated by photographs (1. c. fig. 3), corresponds to 
that of O. gibbosus, except for the presence of a lateral marginal 
rim in the protaspis. 

Norsk geol. tidsskr. 21. 6 
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I have had the opportunity of studying the interesting material 
described by Strand. Among the type material now preserved in 
the Paleontological Museum, I have identified two more Prata
spid stages in addition to the three described by Strand. The two 
new stages seem to complete a series of five succeeding stages, 
of which two belong to the Anaprotaspid Period and three to 
the Metaprotaspid Period. Text-figs. 9, a-e illustrate the five 
specimens of which those in 9 c and 9 e were figured by Strand 
(I. c. pl. figs. 2, 3 ), and 9 b replaces a similar stage figured by Strand 
(pl. fig. l). 

Although the preservation is very good, the protaspis specimens 
are so small that it is exceedingly difficult to obtain a correct im
pression of the finer structures in the dorsal shell. The present 
drawings were made by means of a drawing-apparatus, and carried 
out after a careful study in the binocular microscope under light from 
different angles. The · faint furrows on the cheeks are difficult to 
distinguish except in certain angles of light. I have tried in vain to 
obtain good photographs of the small specimens. 

l. The smallest specimen noticed (text-fig. 9 a) measures 0.33 mm 
in length. The shield has a circular outline and is not very 
strongly vaulted. The morphological characters are less distinct 
than in later stages. The glabella is well marked, but the axial 
furrows are shallow and the glabella does not reach the posterior 
border. In front the glabella increases in width, and projects into 
lateral tapering ridges from which it is not separated such as in 
later stages. The exact lateral extension of the tapering ridges 
are not possible to decide. The glabella is divided by four faint 
transverse furrows into five segments, of which the first one, the 
frontal lobe, is larger than the others which are of equal length, 
the occipital ring being apparently a Iittle more narrow than the 
rest. The cheeks have faint indications of furrows forming a 
continuation of the glabellar furrows, and running across the cheeks 
forming an angle of about 60° with the axial furrows. The lines are 
sl ightly curved with the convex side forward, and the frontal lines 
more transverse than those in the posterior half of the shield. 
Only faint traces of eye ridges are developed. The eye ridges 
appear to be formed by the ariterior half of the pleural portion of 
the antenna! segment. 



STUDIES ON TRILOBITE MORPHOLOGY. Il 

a 

\ 

83 

O,t, 

o 
7nm 

Fig. 9. Series of protaspides of Olenus gibbosus (Wahlenberg) from the Upper 
Carnbrian of Ringsaker, Norway. 70 x. Specirnens coilected by Strand, who has 
previously figured the specirnens c and e. a-b = anaprotaspides, c-e = rnetaprota
spides. Nos. 3023la (a), 3023lb (b), 30225 (c), 30265 (e), of Pal. Mus. Oslo Coll. 

The described protaspis represents an early anaprotaspis. Among 
the primitive characters of this stage might be pointed out: the com
paratively short glabella, the 

·
little differentlation of the frontal lobe, 

and the rudimentary eye ridges. 

2. The second stage (text-fig. 9 b) measures 0.36 mm in length. 
It probably belongs to the same stage as the earliest protaspis des
cribed by Strand. Since the present specimen has a rounded posterior 
border, it might be possible that it belongs to a slightly younger stage 
but it does not seem likely. 

The present stage is only approximately circular in outline. The 
anterior border is straightenc:;d out and the rest has a more parabolic 
outline. The surface is strongly arched, particularly the most posterior 
portion, which has the median portion bent down as indicated in the 
schematic drawing in text-fig. 10. The glabella is well marked, but 
not much vaulted in transverse direction such as in later stages. The 
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glabella, extending to the posterior margin, contains five distinct seg
ments of which the frontal lobe is larger than the others. The 
antelateral sides of the frontal lobe are somewhat steeper than the 
tapering ridges from which it therefore might be separated. The 
distinct tapering ridges, which we might interpret as belonging to the 
preantennal segment, diminish in width outwards, but reach almost 
to the broadest part of the shield. In contrast to the preceding 
stage the eye ridges are well developed, runnnig from the axial 
furrows at the middle of the frontal lobe, in an are outwards to the 
margin at the broadest part of the shell. In Strand's drawing the 
eye ridges are depicted mor(as narrow rims with a flat area between 
them and the tapering ridges in front. From the present studies the 
frontal border of the eye ridges seems to decline more evenly down 
to the tapering ridges in front, thus leaving no space between. Distinct 
palpebral lobes along the lateral margin cannot be distinguished, but 
apparently the eye ridges pass gradually into these lobes. 

As in the earliest stage the cheeks have faint oblique furrows 
passing from the glabellar furrows towards the margin. The posterior 
furrows form an angle of about 60° with the axial furrows, while 
the frontal pair, be hind the antenna! segment, forms an angle of about 
70°. As discussed below, the oblique furrows evidently mark the 
division lines between succeeding segments in the head. 

Both this and the preceding stage belong to the Anaprotaspid 
Period, on account of the presence of five segments in the axis, 
indicating five pairs of limb-bearing segments. The two described 
stages seem to suggest that the five segments were developed more 
or less simultaneously, the occipital segment not being added at a 
later stage than the others. 

Characteristic of the last anaprotaspis are the more distinct gla
bellar furrows and the well developed eye ridges. 

3. The third stage (text-flg. 9 c), which was described and flgured 
by Strand (1. c. pl. flg. 2), has according to my measurements a length 
of 0.40 mm in dorsal projection. The shield is strongly vaulted, 
especially at the posterior border which is bent down almost verti
cally as indicated in text-flg. 1 O c. The gla beila is well marked by 
strong axial furrows. In addition to the five distinct segments of the 
glabella a new one is added at the posterior steep portion. The glabella 
is divided by strong transverse furrows, each segment being more 
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Fig. 10. Series of protaspides of Olenus. Semidiagrammatic drawings 

in dorso.Jateral view. a- b = anaprotaspides, c-e = metaprotaspides (comp. text-fig. 9). 

strongly vaulted than in the earliest stages, thus giving the axis its 
characteristic annulated appearance. The second to fourth segments of 
the gla beila are mutually alike, while the frontal lobe is a little larger and 
the occipital ring somewhat more narrow. The frontal lobe is separated 
from the tapering ridges which are shorter than in the preceding stage, 
reaching but half the way to the lateral margin. The eye ridges are 
distinct with a sharper upper edge, which might give the impression 
of more isolated ridges such as indicated in Strand's drawing. 

The cheeks, or pleural areas, have indications of oblique furrows 
of the same type as those of the earlier stages. Along the postlateral 
margin indications of a rim occur. The rim runs backwards to the 
hind border, where it projects into a small delicate spine directed 
backwards and downwards as indicated in text-fig. l O c. The structures 
are too minute to show exactly from what point the spines project, 
but from a comparison with the two following stages, it seems probable 
that the spines are situated at the border between the preoccipital 
and occipital segments, according to the oblique furrows interpreted 
as segmentary division lines. In this case it is natura! to assume 
that the spines represent true intergenal spines, being the distal points 
of the preoccipital pleuræ. Later stages show, as pointed out by 
Strand, that the spines develop into intergenal spines, but these stages 
do not demonstrate the connection with the axial segments. 
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The posterior portion forming the protopygidium is bent down 
mainly along a line running from the base of the intergenal spine 
towards the transverse furrow beyond the occipital ring. 

The presence of an extra segment shows that the described pro
taspis represents Degree l of the Metaprotaspid Period. Character
istic features are, in addition to the new segment, the presence of 
intergenal spines and the faintly developed postlateral marginal rim. 

4. The fourth stage in the series (text-fig. 9 d) measures 0.43 mm 
in length (dorsal projection). The cephalon has the same lenght, 
0.38 mm, as in the previous stage, but this is partly due to a some
what different angle of preservation. Also in the general morpho
logical characters the present stage is not much different from the 
former. 

The outline of the shield is almost circular, the surface a little 
less vaulted except for the hind portion which is directed downwards 
as shown in text-fig. 10 d. The glabella is a little broader than in 
the former stage and the frontal lobe less prominent. A new feature 
is the presence of a pair of small pits on the frontal lobe. These 
pits later develop into the foremost pair of glabellar furrows. The 
structures are quite similar to those found in early Meraspid stages 
of Paradoxides and possibly in the late anaprotaspis of Blackvelderia. 

Behind the shorter tapering ridges the distinct eye ridges reach 
to the broadest portion of the cephalon. The cheecks are smooth 
with faint traces of oblique furrows in the posterior portion. Traces 
of two pairs of furrows might be recognized, the posterior ones 
leading from the occipital furrow outwards and backwards to the 
intergenal spine. There is good reason to believe that this line forms 
the border between the preoccipital and occipital segments. Behind 
this line another, more transverse line, marks an edge behind which the 
posterior portion of the protaspis is bent down (text-fig. l O d). It seems 
very pro bable that this line marks the course of the later developing 
hinge-line or suture between the cephalon and transitory pygidium. 

The postlateral rim is more distinct than in the previous stage. 
The rim decreases in width towards the broadest part of the cephalon. 
Posteriorly the rim projects into more powerful intergenal spines 
directed partly downwards as indicated in text-fig. l O d. (The spine 
shown in text-fig. 9 d, was destroyed during the further preparation 
of the specimen.) According to their position in relation to the cheek 
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furrows, the spines apparently belong to the preoccipital segment and 
thus represent true intergenal spines. 

The protopygidium is not well exposed on account of its declined 
position. Two segments seem to be present in the axis. The described 
protaspis apparently represents Degree 2 of the Metaprotaspid Period. 

Characteristic new features are the pits on the frontal lobe of 
the glabella, the stronger development of the intergenal spines and 
the rudimentary transverse hind border of the cephalon. 

5. The fifth and latest protaspis observed (text-fig. 9 e) was also 
described and figured by Strand (1. c. pl. fig. 3 a, b ). It measures 
0.52 mm in length in dorsal projection with a cephalic length of 
0.41 mm. The outline is subcircular with the posterior portion forming 
a triangle projecting between the intergenal spines. The surface of 
the cephalon is moderately convex. The five-segmented glabella has 
a well rounded frontal lobe, provided with lateral pits and a small 
circular depression in front which, however, might be accidental. 

The tapering ridges representing the preantennal segment are 
shorter than in the previous stage. The eye ridges are distinct, but 
no special palpebral }Qbes are developed at their lateral terminations. 
The cheeks have no traces of oblique furrows, but the surface has 
numerous shallow pits similar to those found in later growth stages. 
Along the lateral margin the postlateral margin is well developed and 
projects into powerful intergenal spines which are now broken off 
in the specimen, but which are depicted in Strand's drawing (l. c. 
pl. fig. 3a). From the base of the intergenal spine the rim continues 
in median direction to the posterior portion of the occipital ring. 
The posterior border has the same position as the transverse line 
present in the preceding stage. This posterior border of the cephalon 
has practically attained the same structure as in the Meraspid stages. 
As shown in the previous stages, the transverse line or posterior 
border of the cephalon has a direction which differs decidedly from 
the course of the oblique furrows indicating the primary segmentation 
of the protaspis. It seems therefore probable, as was the case in 
Pardoxides, that the transverse hind border of the cephalon is a 
secondary formation crossing the original segmentation. 

The protopygidium is strongly declined as indicated in text· fig. l O e. 
The outline seems to be more triangular than indicated in Strand's 
drawing. The axis has three segments indicated, and it is therefore 
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probable that the present stage belongs to Degree 3 of the Meta
protaspid Period. 

Characteristic of the described stage is the appearance of a surface 
sculpture, and particularly the formation of a posterior rim or post
erior border in the cephalon. 

It is pro bable that the present stage forms the last protaspis in 
the ontogeny of Olenus gibbosus. The lenght of the cephalon of the 
earliest Meraspid stage figured by Strand (l. c. pl. fig. 4a, b) is 
namely only 0.03 mm. longer than in the last protaspis described. 
The described ontogenetic series of five succeeding protaspides there
fore seems to be very complete, and probably forms the best early 
larva! series hitherto known. 

The development through the Meraspid Period is described and 
illustrated by Strand (1. c.), and one of his earliest stages is depicted 
in fig. 24 on pl. l .  The following major features in the development 
might be recognized. An anterior border is gradually formed by an 
anterior and lateral growth of the area in front of the glabella and 
eye ridges. This area corresponds to the preantennal segment, which 
in the early ontogenetic stages was presented by the tapering ridges 
primarily not separated from the frontal lobe of the glabella. The 
lateral pits on the frontal lobe are strongly developed in the early 
Meraspid stages such as in Paradoxides, but later become reduced. The 
intergenal spines are rapidly reduced at a cephalon length of 0.53 mm, 
corresponding to one of the earlier Degrees of the Meraspid Period. 

The development of the facial suture is not clear, but, from the 
development of the postlateral rim, we might arrive at certain con
clusions concerning its oirgin. In the last protaspis stages the post
lateral rim extended forward to the broadest point of the cephalon. 
Through the Meraspid Period the frontal point of the rim in the 
cranidium gradually moves backwards towards the rudimentary inter
genal spine. This means that the facial suture, or rather the posterior 
branch of it, migrated backwards towards the posterior margin. In the 
earlier Meraspid stages the suture evidently crossed the antelateral 
portion of the cephalon. We thus had a typical proparian head plan 
with the intergenal spine serving as genal spine such as pointed out by 
Poulsen, Raw, and Stubblefield. The free cheeks were evidently narrow 
sigmoid in shape. judging from the structures in the protaspis stages, 
it seems reasonable to conclude that the suture at an early stage had a 
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marginal course (a ventral one is less likely), occupying the frontal 

part of the protaspis as far as to the broadest part or the terminal 
points of the eye ridges. 

P e l t u ra. Poulsen (1923) has described and figured certain 
larva! stages of Peltura scarabæoides (Wahlenberg) from the Upper 
Cambrian of Bornholm. The youngest stage has an axis of six 
segments according to the somewhat schematic illustration. This 
metaprotaspis has intergenal spines like Olenus, but differs in having 
a distinct marginal rim along the entire margin except in the proto
pygidium. An early Meraspid stage figured is of interest in showing 
the Proparian facial sutures crossing the antelateral corners of the 
cephalon. Through later stages the posterior branch of the facial suture 
migrates backwards towards the intergenal spine which becomes reduced. 

L e p t  o p l a s  t u s . A detailed descri ption of the ontogeny of Lepto
plastus salteri (Callaway) from the basal Ordovician in Shropshire, 
England, has been published by Raw ( 1925). The earliest stage at 
his disposal belongs, however, to the first Degree of the Meraspid 
Period. Raw's reconstruction of this stage is reproduced in fig. 31 
on pl. l .  In his reconstruction the free cheeks are turned up into the 
horizontal plane, not much of them are visible in normal dorsal view. 

The smallest stage found has not less than seven postcephalic 
segments, and therefore represents a comparatively late stage. In the 
cephalon both the genal and intergenal spines are about equally 
developed, and in addition to these a pair of procranidial spines are 
present which are situated at the front margin just inside the anterior 
branch of the facial suture. It is of interest to notice, with regard 

· to the present studies, that the free cheeks with the genal spines are 
directed largely downwards so that the facial suture more or less 
had a marginal course, such as appears to be typical in earlier stages 
of other trilobites. 

Tr i a r thru s. Already in 1879 Walcott described the larva!) 
development of Triarthrus eatoni (Hall) (described as T. becki Green 
from the U p per Ordovician of New Y ork State (Walcott 1918, pl. 30, 
figs. 1-15). But no protaspis was known until Beecher (1893, 1895, 
pl. 8, figs. 12, 13) described two late protaspis stages and later Walcott 
(1. c. p. 143, pl. 30, fig. 16) found a similar form. 
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The two protaspides reproduced in figs. 32 and 33 on pl. l 
have an elliptical outline similar to that of Liostracus (text-fig. 8 b). 
In his first paper Beecher meant to recognize six annulations in the 
glabella, but in his later paper he points out that the normal number 
ot five is present. The specimens are described as anaprotaspides, 
but the presence of a protopygidium of two or three segments shows 
that the specimens betong to Degree 2 or 3 of the Metaprotaspid 
Period. The protopygidium is marked off by a faint transverse line. 

In contrast to other Olenid protaspides described, the preglabellar 
field of the preantennal segment is well developed already in these 
young stages. At the same time the drawings indicate that the eye 
ridges were very broad, and apparently comprised the entire width 
of the antenna) segment such as in the Olenellidae. 

Family Asaphiscidae Raymond. 

From the Upper Cambrian of Alabama, U. S. A., Lalicker (1935) 
has recently described a series of larva) stages probably belonging 
to the species Blainia gregaria Walcott. Lalicker arrives at con
clusions which deviate considerably from the general conception else
where obtained. Raymond ( 1935) finds the results to favour Beecher's 
view that the "Hypoparia" were primadly blind forms. Stubblefield 
( 1936, p. 427, footnote) regards the results presented by Lalicker as 
due to a possible misinterpretation of the structures, or based on 
inadequate data. I have not personally seen the material, but, judging 
from the drawings, I am inclined to believe that the facial suture 
claimed to be found already in the earliest (protaspis) stage might 
be a transverse furrow only. 

Lalicker describes and figures six or seven protaspis stages, but 
at !east two of them (1. c. figs. 4, 5) seems to belong to the same 
stage, and a late stage (fig. 7) might only with doubt be referred to 
the Protaspis Period. Figs. 13-18 on pl. l illustrate the probable 
stages represented. The two first stages ( 13, 14) apparently belong 
to succeeding stages of anaprotaspides. The shell is vaulted with a 
circular outline except for a small posterior reentrant in the last 
stage. The glabella Jacks transverse furrows, and the anterior part 
of the frontal lo be projects into lateral tapering ridges. similar to those 
in Olenus, and therefore signifying a preantennal segment rather than 
a "larva! ridge" belonging to the antenna! segment. Lalicker states 
that faint eye ridges and palpebral lobes are present already in the 
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earliest stages, but from the drawings it appears that eye ridges are 
absent even in more grown-up stages, and in the youngest stages 
they must have been very faint. 

Lalicker claims to flnd facial sutures already in the earliest stages, 
where they are "obscurely developed". In later protaspis stages the 
suture is said to follow the lateral border of the frontal lobe as far 
as to the eye ridges, which it follows to the lateral margin of the 
cheek. The suture thus conforms with the furrow bordering the 
glabella and the eye ridges, and this might raise a certain suspicion 
as to the actual presence of a true suture in these small specimens. 
On the other hand the drawings indicate that the eyes have a distinct 
intramarginal position already in the Metaprotaspid stages. Through 
the Metaprotaspid Period the eyes migrate inwards from their almost 
marginal position at the antelateral corners of the cephalon. If the 
presence of eyes can be demonstrated with certainty in these small 
stages, one might assume that a facial suture had migrated in from 
the margin already at this larva! stage. 

In flgs. 13-18 on the plate the different larvæ described by 
Lalicker are referred to their respective stages of development. . The 
accurate stage of the Meraspid cephalon (flg. 18) is not possible 
to decide. 

Family Proetidae Corda. 

To the genus Proetus Beecher ( 1895, pl. 9, flgs. 5, 6) referred 
two protaspis specimens from the Upper Ordovician of New York 
State, U. S. A. The larger of the two is shown in flg. 34 of pl. l .  
A similar protaspis was flgured by Troedsson ( 1918, pl. l, flg. 25) from 
corresponding beds in Scania, Sweden. Both the American and Swedish 
specimens were described as anaprotaspides. The presence of several 
postcephalic segments, however, shows clearly that they belong to 
the Metaprotaspid Period, the flgured specimen (pg. 34) apparently 
representing Degree 4. 

Characteristic of the metaprotaspis is the more or less circular out
line, the narrow flve-segmented glabella and the large eyes which have 
an antemarginal position. The large eyes evidently migrate backwards 
during the further development, and probably there existed a period of 
Proparian course of the facial su ture. The protopygidium has, according 
to the published drawings, both pleural and intermediate furrows. This 
might indicate that the lay-outs of the division into separate thoracic 
segments are indicated already in the late Metaprotaspis. 
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Family Calymenidae H. M. Edwards. 

Calyme ne . From the Upper Ordovician beds of New York State, 
U. S. A. , Ruedemann (1912, pl. 9, fig. 7) has described a large pro
taspis (pl. l ,  fig. 35) which he refers to Calymene senaria Conrad 
var. He points out the great resemblance to the protaspis of Proetus 
above described. The drawing is somewhat schematic, but it appa
rently reveals the most characteristic features. With a length of 1.30 
mm the protaspis attains a considerable size. In the five-segmented 
glabella the third segment is greater than the others, but this might 
be due to incomplete preservation. The eyes (or rudiments of them) 
have an antemarginal position just as in Proetus and in Dalmanitina. 
The latter genus remain Proparian while Calymene, though referred 
to the proparian trilobites by American authors, might betong to the 
opisthoparians (comp. Stubblefield, 1936, p. 429). 

The protopygidium apparently contains not less than eight seg
ments, indicating that the present specimen represents Degree 8 of 
the Metaprotaspid Period. At this stage of development most other 
trilobites were far advancid into the Meraspid Period. The formation 
of a transverse suture is thus delayed in this genus, although rudi
mentary division lines are suggested by the furrows between the 
pleural furrows. 

Ph a r  o s t  om a. From the U p per Ordovician Leptæna Limestone 
Warburg ( 1925, pl. 4, fig. 9) figures a y o ung larva of Pharostoma 
leptænarum Tornquist measuring 0.95 mm in length. According to 
the description the larva has one free thoracic segment thus belonging 
to Degree l of the Meraspid Period. Of particular interest is the 
presence of facial sutures crossing the lateral border at the genal 
angle. (Warburg mentions that the lateral eyes have a more ante
lateral position than indicated in the drawing.) Apparently only five 
postcephalic segments are present indicating that the larva belongs to 
Degree 5, i. e. the Meraspid Period was introduced much earlier than 
in the larva referred to Calymene senaria Conrad. 

Family Odontopleuridae Burmeister. 

Beecher ( 1895, pl. 9, fig. l) describes and figures a metaprotaspis 
of Acidaspis tuberculat a Conrad (pl. l, fig. 39) from the Lower 
Devonian of Albany, New York State, U. S. A. With its two (?)post
cephalic segments the metaprotaspis of 0.9 mm length appears to betong 
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to Degrer 2. In spite of its numerous spines the general characters are 
similar to those found in other trilobite larvæ, except for the small 
lateral elevations interpreted by Beecher as lateral eyes. It seems 
possible, however, that these structures also might be mere sculpture 
like the rest of the points and spines. The postlateral spines probably 
represent the intergenal spines. 

The protopygidium is strongly declined as shown in Beecher's 
profile drawing and is thus similar to Olenus. 

Beecher (1895, l. c. pl. 9, fig. 4) also described the species Cory
docephalus consanguinensis (Clarke) from the same beds. The 
metaprotaspis probably represents Degree 4 on account of the four 
pairs of spines in the protopygidium (pl. 1, fig. 40). The cephalon 
is exceptionally broad, but resembles in general characters the similar 
stage of Dalmanitina. The postlateral spines are apparently intergenal 
spines. Also in this species small lateral eyes are indicated, but it seems 
possible that in this case also they might have been tubercles only. 

Family Asaphidae Burmeister. 

U nfortunately little is known of the earl y larva! stages of Asaphidae 
and other larger Post-Cam brian trilobites. Raymond (1914 b) described 
Meraspid stages of the Ordovician Isotelus gigas De Kay from Trenton 
Falls, New York State, U. S. A. The large pygidium of the earliest 
stage (Degree 3) suggests that the last metaprotaspis must have had a 
comparatively large protopygidium, indicating a considerable Meta
protaspid Period such as in Calymene. 

GENERAL RESULTS 

The Structure of the Protaspis. 

After ha ving presented our present knowledge on trilobite ontogeny, 
we shall attempt to arrive at a general conception of the structure 
of the trilobite protaspis. Our present rather comprehensive knowledge 
of the protaspis permits us to draw certain conclusions regarding the 
homology of the structures within different groups, and to suggest 
an interpretation of the segmentation expressed in the protaspis. 

Pl. 1 illustrates the more important protaspis series depicted in 
the same size. At first sight the protaspis stages of different forms 
differ considerably both in size and structure. 

Concerning the size it appears that the smallest protaspis known 
measures 0.24 mm (Shumardia, fig. 43), and since earlier stages 
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might be expected in this form, the smallest protaspis might have 
had a length down to a bo ut 0.2 mm. The )argest protaspis ( Calymene, 
fig. 35) measures 1.3 mm, but there seems to be reason to believe 
that protaspides of large asaphides such as Isotelus might have been 
bigger. The size of the protaspis seems largely to correspond to the 
size of the adult. Large forms such as Paradoxides have protaspides 
of greater size than those of small species such as Olenus and 
Shumardia. But on the other hand species of the early Olenellida 
seem to have a relatively large protaspis compared with later forms 
i. e. Dalmanitina. The early Meraspid stages of Trinucleidae and 
Agnostidae als o indicate comparatively large protaspides. It is not 
possible to trace a definite connection between the size and the 
phylogeny, although the more primitive forms according to my 
interpretation, (comp. p. 150) seem to have a comparatively large pro
taspis in relation to the adult. (Acidaspis forms an exception. ) 

Since the larva) development of the trilobite takes place through 
ecdysis, one would expect that each stage correspond·ed to a certain 
size group. In fact this is demonstrated in the early Meraspid Period 
of Tretaspis (Størmer 1930, text-fig. 28). A similar measurement of 
the Protaspid stages is difficult to carry out chiefly on account of the 
small number of specimens generally available, and because of the 
convexity of the shields. Yet the series of Olenus (text-fig. 9) indi
cates successive stages in size. 

Concerning the structure of the dorsal shell, the protaspides 
of the many different genera all have a circular or ovate shield which 
might be provided with spines. Distinct spines usually do not appear 
until later Protaspid stages. It is interesting to notice that in the 
development of the larva the spines have a tendency to develop at 
a length of the dorsal shell of about l mm. The spines are most 
characteristic of the Meraspid Period, but occur also in the later part 
of the Protaspid Period. The spines comprise the procranidial, genal, 
intergenal and occipital as well as the pleural spines. In Acidaspis 
additional short marginal spines are present. Procranidial spines have 
never been found in the protaspis. The conditions in the protaspis 
thus give no support to the hypothesis of Raw (p. 65) on the presence 
of a seven-spined early phylogenetic stage in the larva! development 
of the Trilobita. Our present knowledge on trilobite ontogeny speaks 
in favour of regarding the development of spines chiefly as an adaption 
to a pelagic mode of life. Similar views have been expressed by 
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several earlier writers. Analogous adaptions are found in numerous 
pelagic larvæ of different invertebrate groups. The development of 
floating structures runs parallel to the increase in size. The development 
and homology of the trilobite spines are discussed below. 

The trilobite larva apparently hatched from small spherical or 
elongate eggs measuring less than 0.2-0.5 mm in length. The eggs 
might have been kept afloat in the water layers or were lying on the 
bottom. Structures interpreted as trilobite eggs have been described 
by Billings (1870), Barrande ( 1872, pl. 11, fig. 6), and Walcott (1880-
81). Raymond (1931, p. 172) states that the structures håve not been 
proved to be trilobite eggs, but recently Schulze (1936) has pointed 
out that the position of the eggs on the glabella of the trilobite de
scribed by Barrande corresponds closely with the position of the eggs 
in recent Ixodidae. The exact nature of the fossil structures is not 
clear. Dr. R. Macdonald has suggested to me that the small bodies 
described by Walcott might have been foecal pellets similar to those 
occurring in abundance on the bottom of the present seas. Since the 
trilobite eggs apparently had some kind of shell, it seems, however, not 
impossible that the favourably preserved structures described by Bar
rande and Walcott actually might re present the remains of tri! o bite eggs. 

During the Protaspid Period the dorsal shield undergoes distinct 
changes in its morphological characters. Most significant is the addi
tion of new segments in the axis. While the earliest stages have 
only five segments expressed in the axis, the later ones have six or 
more. In the later stages one extra segment is apparently added in 
�ach new stage, but ecdysis might also have taken place within each 
well-defined stage as indicated in Shumardia. The present studies 
have shown that in the earlier Protaspid stages the number of seg
ments is constant, and the different stages therefore have to be 
distinguished by the size and by distinct morphological characters. 
The characteristic five-lobed axis appears to be a primary feature 
which is expressed as soon as the dorsal morphological features have 
become more distinct. As pointed out in the chapter on segmentation, 
the five-lobed axis evidently signifies a primary segmentation the lay·· 
outs of which are different from the teloblastic secondary segments. 

For these reasons it seems natura! to divide the Protaspid Period 
of the trilobite ontogeny into two subperiods. Beecher indicated that 
the protaspis might include ana-, meta-, and paraprotaspides, but he 
gives no definition of these stages and they have been used without 
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regard to the degree of segmentation. Since certain terms have been 
applied by Beecher, I propose to maintain two of his terms which 
are here defined. 

l. The A n  a p r  o t a s  p i d  Pe r i o d .  The earl y Protaspid Period 
comprising only primary somites, axis with five segments. 

2. The M e t  a p r  o t a s  p i d  Per i o d. The late Protaspid Period 
comprising both primary and secondary somites, axis with 
more than five segments, primary somites forming the cephalon, 
secondary somites the protopygidium. 

The early protaspis might consequently be called the anaprota
spis and the later one the metaprotaspis. 

On pl. l the different Protaspid stage are arranged according to 
the present division. Within the Anaprotaspid Period the stages of 
different species are not so easily compared, but in the Metaprotaspid 
Period stages with the same number of somites are placed in a 
common vertical column. It appears from the plate that Anaprotaspid 
stages are lacking in many forms (none were described by Beecher). 
This might be due to an incomplete fossil record, but on the other 
hand certain features might suggest also another explanation. In Sao 
the youngest known larva (pl. l ,  fig. 27) has very indistinct dorsal 
features although it apparently belongs to the Metaprotaspid Period. 
In Paedeumias (pl. l, fig. l )  and Blainia (pl. l, figs. 13, 14) a similar 
Jack of annulation of the glabella is significant of the Anaprotaspid 
or early Anaprotaspid Period. It seems therefore very possible, as 
indicated also by Beecher, that the different trilobites hatched at 
different stages of development just as other groups of Arthropoda 
e. g. the Crustacea. The Anaprotaspid Period, or a great part of it, 
might have been accomplished within the egg in more advanced forms. 
It might even be expected that parts of the Metaprotaspid Period 
might have been reached before hatching in some of the highest 
trilobites. In fact the Anaprotaspid stages are only known in the 
more primitive trilobites belonging to the Protoparia and Opisthoparia, 
and the fin ds are restricted to the C am brian. 

T h e  A n a p r o t a spi d Pe r i o d . 

This early larva! period has become better known in recent 
years. In several opisthoparian species it has been possible to 
distinguish more than one separate stage. PI. l illustrates some of 
the more typical species. It appears from the plate that anaprotaspides 
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are known only among the Protoparia and Opisthoparia. Since the 
earliest larvæ are best known in the latter group, this will be dealt 
with first. 

O r d e r  O p i s  t h o  p a r  i a .  Among the very young trilobite larvæ 
described, the earliest stage of the Middle Cambrian Blackwelderia 
(pl. l, fig. 10) appears to be the most primitive or most recently 
hatched. In the published drawing, which, however, is fairly schematic, 
a pair of short axial furrows in the middle of the convex shield is 
the only morphological character visible. In a more advanced stage 
(pl, l, fig. Il) the gla beila has attained its full length and three trans
verse furrows are indicated. The length of the posterior lo be indicated 
that this includes two segments thus giving a total number of five 
segments in the axis. The next stage is well developed with the dorsal 
characters very distinct. 

Early Anaprotaspid stages might also be studied in the ontogenetic 
series of Olenus (text-fig. 9 and pl. l, figs. 19, 20) and Blainia (pl. l, 
figs. 13, 14). The earliest stage in both species might correspond to 
the second stage in Blackwelderia. The circular shield is not very 
much vaulted, and the dorsal features are but feebly marked. The 
shallow axial furrows border the glabella, which might either Jack the 
glabellar furrows or they might be present as four faint furrows 
across the glabella. In the earliest stage the glabella does not reach 
the posterior margin. The frontal lobe of the gla beila is not bordered 
in front and projects laterally into tapering ridges forming the anterior 
border of the shield. Th

.
e eye eye ridges are but faintly developed. 

Their strong development in a similar stage in Olenopsis (pl. l, fig. 25) 
might be doubtful since the drawing seems little reliable. 

The last anaprotaspid stage is well studied in many species. The 
shield has become more convex, and this seems partly due to an 
increase in the length of the glabella which now reaches the posterior 
margin. The glabella is more convex than in the previous stage, and 
the four transverse furrows are generally very distinct, separating the 
five glabellar lobes. The four posterior lobes are mutually much 
alike, the posterior one has not the character of a telson. The fron
tal lobe is generally slightly bigger than the others. In Paradoxides 

(text-fig. 7; pl. l, fig. 5) the lo be is divided by a median furrow, but 
this is apparently a special characteristic of the genus. In Black

welderia the frontal lobe has indications of small lateral pits, which 
probably are homologous with the antennuary pits developing in later 

Norsk geo!. tidsskr. 21. 7 
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larva) stages of other genera. When the glabella becomes more vaulted, 
the frontal lobe is separated from the tapering ridges (the area in 
front of the eye ridges). The tapering ridges outside the glabella 
form the preglabellar field or preantennal segment. In Olenus the 
preantennal segment is little exposed, and in Blainia it is not shown 
in the drawings. The narrow field is easily overlooked and, before 
it was demonstrated by Strand, the eye ridges or "larva! ridge" 
(Warburg) were regarded as forming the anterior border. In the 
more primitive Paradoxides the preantennal segment is visible not 
only in front of the eye ridges but also in front of the glabella. The 
same is indicated in Liostracus (?) (text-fig. 8) and Triarthrus (pl. 1, 
fig. 32, 33). 

The pleural portion beyond the preantennal segment is strongly 
vaulted in the last Anaprotaspid stage. Certain forms such as Olenus 
and Olenopsis show an interesting segmentation of the pleural area. 
Faint oblique furrows form a lateral continuation of the glabellar 
furrows. The frontal pleura behind the preantennal segment develops 
differently from the posterior ones. The earliest stage of Olenus 
shows how the eye ridges develop in the anterior portion of the 
segment. This shows that t h e  e y e  r i d g e s ,  l e a d i n g  i n t o  t h e  
p a l p e b r a l l o b e s, r e p r e s e n t  o n l y  a p a r t  o f  t h e  p l e u r æ  o f  
th e a n ten n a) s e g m e n t. 

In the Middle Cambrian genera, Paradoxides, Blackwelderia and 
Olenopsis, the eye ridges and palpebral lobes reach the posterior 
border. The palpebral lo bes form narrow marginal ri ms em bracing 
the cheeks. 

Order Protoparia .  Anaprotaspid stages of Oienellidae (=Meso
nacidae) are known in several different genera. The most primitive 
stage described is evidently an early anaprotaspis of Paedeumias 

(text-fig. 5 a; pl. 1, fig. l). The strongly vaulted shield has a well 
marked, broad and unsegmented glabella, reaching from the hind 
margin forwards to a point well beyond the frontal margin. Distinct 
eye lobes project from the frontal portion of the gla beila and extend 
almost to the hind margin. A preglabellar area or preantennal seg
ment is well developed in front of the glabella and the eye lobes, 
and continues also backwards outside the palpebral lobes. 

A somewhat later stage is demonstrated in a protaspis of Ellipto

cephala (text-fig. 5 b; pl. l, fig. 2). In the plate it is referred with 
doubt to the last anaprotaspis, but it might belong to an earlier stage. 
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Another specimen, which is of about the same size (text-fig. 5 c) , 
has more distinct structures in the frontal portion. 

In the anaprotaspis of the Olenellidae the gla beila has distinct 
axial furrows except in front where the frontal lobe is not separated 
from the eye lobes. In the earliest stage of Elliptocephala the frontal 
lobe is not well separated from the preglabellar field, but this might 
be due to the mode of illustration, and other anaprotaspides have the 
glabella well bordered in front. The first transverse furrow of the 
glabella is absent in Elliptocephala, but is seen in Paedeumias. The 
shape of the frontal lo be in later stages of Elliptocephala (text-fig. 5 d; 
pl. l, fig. 3) shows clearly that also in the anaprotaspis the gla beila 
included five segments, the two anterior ones not being separated 
by a transverse furrow. 

A well developed preglabellar field or preantennal segment is 
found in the anaprotaspis of the Olenellidae. As mentioned above 
it reaches as far as to the hind margin , and thus surrounds the 
complete central portion of the shield. 

Beyond the preantennal segment the pleural portion is segmented 
by transverse or curved furrows forming continuations of the gla
bellar furrows. The anterior pleura forms the eye lobe which thus 
differs from the eye ridge occupying only a part of the pleura. 
Powerful intergenal spines project from the preoccipital segment. 

A c o m p a r i s o n  o f  t h e  a n a p r o t a s p i d e s  o f  P r o t o p a r i a  
an d O p i s t h o p a r i a . At first sight the young protaspides of the 
two groups differ considerably. In the Opisthoparia the narrow gla
beila usually reaches the anterior margin, and only a narrow prean
tennal segment is visible in front of the eye ridges and palpebral 
lobes forming the lateral borders of the shield. In the Protoparia 
the glabella does not reach the anterior margin, and an extensive 
preantennal segment is found also lateral to the eye lobes. Intergenal 
spines are developed in the anaprotaspis. 

Warburg ( 1925, p. 28) compares the protaspis of the two gro up 
and arrives at the conclusion that they agree largely with one another. 
The comparison is however, partly based on an incomplete knowledge 
of the anterior portion of the opisthoparian protaspis. 

In spite of certain differences, however, the anaprotaspis of the 
two groups agree in the major characteristics. The glabella has five 
segments (some part of the preantennal segment might gradually be 
included in the frontal lobe), the palpebral lobes belong to the segment 
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of the frontal lobe of the glabella i. e. to the antenna! segment, a pre
antenna! segment occurs in front of the glabella (or is partly included 
in it), and the pleural portion is segmented in accordance with the 
glabella. The comparison shows that t h e  e a r l y  p r o t a s p i d e s  o f  
d i f f e r e n t  t r i l o b i t e  g r o u p s  a g r e e  i n  t h e  e s s e n t i a l  c ha r a c
t e r s; t h e  d i f f e r e n c e s  o b s e r v e d  a r e  c h i e f l y  d u e  t o  a 
d i f f e r e n t  d e v e l o p m e n t  o f  t h e  p r e g l a b e l l a r  f i e l d  o r  p r e
a n t e n n a !  s e g m e n t, a n d  o f  t h e  i n t e r g e n a l  s p i n es .  

Anaprotaspides are not known in the Proparia and ? Hypoparia, 
but certain characteristics might be deduced from the metaprotaspis of 
these forms. In the Proparia the preglabellar field was hardly 
developed on the dorsal side. In the other group, on the other 
hand, there is reason to believe that an extensive preantennal seg
ment was present. 

T h e  M e t a p r o t a s p i d  P e r i od . 

As stated above the present period is distinguished by the 
successive additon of new secondary segments in the protaspis. The 
larva remains a protaspis as long as the protopygidium has not 
become moveable against the cephalon. The length of the period is 
very different within different trilobite groups. Simultaneously with 
the increase in size and the addition of new segments several charac
teristic morphological features develop, partly as larva! adaptions and 
partly as preparations to structures characteristic of later growth 
stages and of the adult trilobite. 

The addition of new segments might be well studied in the 
probably fairly complete ontogenetic series of Olenus. The first 
Metaprotaspid stage has a slight reentrant at the hind border. As 
shown in the semi-diagrammatic drawing in text-fig. 1 O the reentrant 
is formed by a bending downwards of the postmedian portion of 
the shell. At the same time a new segment is added to the five-lobed 
axis of the anaprotaspis. Apparently one segment is added at each 
ecdysis, but the possibility cannot be excluded that further ecdysis 
take place such as in Meraspid stages of Shumardia (Stubblefield, 
1926). During further stages new segments are added forming the 
protopygidium. While the axis of the cephalon is considerably convex, 
the axis of the protopygidium is more straight, but it is bent down 
almost vertically so that the segments are seen only with some 
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difficulty in dorsal view. The strong bending down of the proto
pygidium suggests that the dorsal side of the protoaspis grows more 
rapidly than the ventral side. The new segments are not curved in 
transverse direction such as the cephalon. The pleural furrows of the 
protopygidium are not distinct in Olenus. In Elliptocephala (pl. l, fig. 3) 
even the axis is not distinct according to the published figure. In other 
forms such as Paradoxides, Sao, and Dalmanitina the pleural struc
tures are more expressed. Both pleural furrows and transverse lines 
suggesting the borders of future thoracic segments are present. 

During the Metaprotaspid Period certain morphological changes 
take place in the cephalon. In the last stage of Olenus the frontal 
lobe of the glabella is provided with a pair of small lateral pits. 
Similar structures might have been present already in the last ana
protaspis of Blackwelderia, and appear in the early Meraspid Period 
of Paradoxides and several other trilobites. On account of their 
appearance decidedly after the five-lobed glabella is established, it 
seems safe to conclude as indicated by Beecher (1895), that the pits 
have nothing to do with the primary segmentation of the glabella, 
but represent muscular apodemes apparantly in connection with the 
antennæ as suggested below. During the Meraspid Period, however, 
the pits might increase in size and even unite across the glabella 
just as the true glabellar furrows (text-fig, 7 e). In certain primitive 
trilobites such as Callavia, the antennuary pits remain as "glabellar 
furrows" in the adults. 

In the pleural areas of the cephalon the primary segmentation, 
expressed by the oblique furrows, becomes obsolete. In Olenus the 
shell atains a pitted sculpture (apparently in order to support the thin 
shell as demontrated by Richter in adult forms). In Acidaspis and 
Corydocephalus (pl. l, figs. 39, 40) the cheeks are provided with 
short spines. 

The development of the eyes and the facial sutures are treated 
in a special chapter below. In the Olenellidae distinct eye-lobes are 
present, but a distinct palpebral lobe and a visual surface seem hardly 
to have been developed in the protaspis (Holmia). A rudimentary 
palpebral lobe is present in Paradoxides, but the presence of a 
functional lateral eye is not indicated. Indications of eyes are neither 
found at the distal points of the eye-ridges in Olenus and Sao. Lalicker 
(1935) claims to have found palpebral lobes and facial sutures in 
the metaprotaspis of Blainia (?), but their presence might possibly 
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be due to misinterpretations. As pointed out by Beecher and others, 
the eye-ridges are characteristic of more primitive trilobite larvæ. 
It is absent in more advanced Ordovican forms such as Proetus, 
Calymene, and Dalmanitina, the latter belonging to the Proparia. 
Both in the Proparia and Opisthoparia the rudimentary lateral eyes 
have a marginal position. In the Olenellidae (Protoparia) on the other 
hand the rudimentary eyes are distincly intramarginal and the same 
appears to be the case in the Trinucleidae (? Hypoparia) of which 
the first Meraspid stage is the earliest larva known. 

During the late Metaprotaspid Period the hind border of the 
cephalon is prepared. The formation of the hinge-Iine between the 
cephalon and the transitory pygidium is dealt with in a special 
chapter below. 

Of particular interest is the formation of spines during the 
Metaprotaspid Period. The ontogenetic development of the different 
marginal spines is of primary importance to the study of homologies 
in the spines and sutures in the cephalon of the adult trilobite. In 
recent years the nature of the cephalic spines has been subject 
to considerable discussion among writers on trilobite morphology 
(comp. p. 65). 

In the trilobite larva five kirrds of spines might be distinguished 
(sculptural short spines such as in Acidaspis are not included). 

l. Procranidial spine. 
2. Genal spine. 
3. lntergenal spine. 
4. Occipital or nuchal spine. 
5. Postcephalic pleural spines. 

Of the se the procranidial (l ) and the occipital ( 4) spine develop 
after the Protaspid Period. They are not common and might be seen 
in Meraspid stages of Leptoplastus (pl. l, fig. 3 I) . 

T h e  i n t e r g e n a l  s p i ne .  This structure appears very early 
in the trilobite ontogeny. The nature of the spine has been much 
discussed, and conflicting opinions on the subject have caused 
considerable difficulties in the general conception of the cephalic 
segmentation. Recent and present studies give new evidence towards 
a general interpretation of these important structures. 
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As mentioned above the intergenal spines are well developed 
already in the anaprotaspis of the Olenellidae. In Paedeumias (or 
Olenellus) (Walcott 1910, pl. 25, fig. 22) the intergenal spines are 
nearly as Iong as the diameter of the protaspis. It is evident that 
the intergenal spines of the Olenellidae belong to the preoccipital 
segment. It is possible that some parts of the more frontal segments 
might take part in the formation of them. As mentioned below the 
genal spine in the metaprotaspis apparently is released from the 
intergenal spine, which therefore seems to have included the former. 
The pleuræ and the antenna! and second leg-segments might also 
have joined, but the major portion of the intergenal spine of the 
Olenellidae belong to the preoccipital segment. 

Among the Opisthoparia the larva of Paradoxides has well 
developed intergenal spines. The homologi es of the spines have been 
much discussed. The new description of the larvæ of Bohemian 
species by Suf ( 1926) left the impression that the spines belonged to 
the occipital segment and thus deviated from those in the Olenellidae. 
On account of the abnormal development of the glabella the structures 
are not clear and might easily be confused. Valuable new information 
was obtained by the recent studies of Westergård (1936) on Shwedish 
Paradoxides. The larvæ, which show no abnormal expansion of the 
glabella, have intergenal spines which, according to the published 
drawings and from verbal information obtained from Westergård, 
"with fairly great probability" project from the preoccipital segment 
of the glabella. judging from the published illustrations it seems 
hardly possible to arrive at another conclusion. 

Intergenal spines have been demonstrated in larva! stages in 
numerous opisthoparian trilobites. The present studies of Olenus 
(text-fig. 9, l O; pl. l, figs. 19-24) indicate that also in this genus the 
intergenal spine probably projects from the preoccipital segment such 
as in the Olenellidae and Paradoxidae. 

One arrives at the conclusion that wi t h i n  d i f f e r ent  groups 
o f  t h e  T r i l o b i t a  the i n t e r g e n a l  s p i n e s  e v i d e n t l y  a r e  
h o m o l o g o u s  s t r u c t u r e s ,  r e p r e s e n t i n g  t h e  p r o l o n g e d  
p l e u r a l  s p i n e s  o f  t h e  p r e o c c i p i t a l  s e g m e n t . In the Trilo
bita the pleural spines of the preoccipital segment are stronger devel
oped than the corresponding spines of the segment in front. In the 
protoparians the intergenal spines develop very early in the Protaspid 
Period. In the opisthoparians and proparians (?) the intergenal spines 
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are noticed in the Metaprotaspid Period and thus having a somewhat 
later development. In the H ypoparia (?) ( Tretaspis) the strong larva l 
spines probably represent the genal spines and the intergenal spines 
are not noticeable. 

During the Meraspid Period the intergenal spines are in general 
rapidly reduced and replaced by the genal spines. This is the case 
in the opisthoparians and the protoparians (Olenellidae), but in the 
latter the reduced spines are preserved also in the adults (pl. 2, figs. 
3-5). As pointed out by various authors the intergenal spines 
remain as "genal spine" in the proparians. In the ontogeny of Dal
manitina (pl. 1, figs. 36-38) the spines are strongly developed in 
the Metaprotaspid Period. As an exception both intergenal and genal 
spines might be present in certain trilobites such as Proboloides 

pessulus Clark (comp. Kobayashi 1935 text-fig. 6). 
Th e g e n a l  s p i n e. The development of these spines might 

also be studied in the Metaprotaspid and early Meraspid Periods. 
In the Olenellidae it is probable, as pointed out by Ford, Walcott, 
and others, that the intergenal and genal spine are fused together in 
the Protaspid Period and that the genal spine is gradually released 
and migrates outwards (pl. l, figs. 3, 4). Among the opisthoparians 
the genal spines are rarely preserved in the young larva! stages on 
account of their more ventral direction as pointed out by Raw. In 
a late metaprotaspis of Paradoxides (text-fig. 7; pl. l, fig. 7) the gen al 
spine have a lateral position originating just below the rudimentary 
palpebral lobes. A particular development of the genal spines is 
found in the larva of the Cryptolithidae. The first Meraspid stage 
(text-fig. 6; pl. 1, fig. 41) has long spines which show that they must 
have been well developed already in the Protaspid Period. 

Concerning the nature of the cephalic spines, Raw has recently 
presented a new hypothesis which has been discussed in detail above 
(p. 65). It appears from this discussion that the present studies 
hardly seem to give any support to his views. 

The duration of the Metaprotaspid Period is different within 
different groups of trilobites. The number of segments in the 
axis minus five gives the minimum number of ecdysis. In pl. l a 
vertical line indicates the division between the Metaprotaspid and 
Meraspid Period. Among the Cambrian species only two or three 
Metaprotaspis stages are found. This means that the Meraspid Period 
is rapidly reached. Among the Ordovician genera certain forms such 
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as Shumardia and Tretaspis have few stages, while more advanced 
genera such as Proetus, Dalmanitina, and Calymene have a langer 
Metaprotaspid Period, in the last genus comprising at !east nine 
ecdysis. (In the related genus Pharostoma the number was appa
rently only four, indicating considerable variation.) 

A short Metaprotaspid Period indicates that the larva soon ob
tained an open suture between the cephalon and the protopygidium, 
and this means that the larva rapidly attained a greater moveability 
and more rapidly attained the characters characteristic of the adult 
trilobites. 

The presents studies of the protaspis might suggest a modification 
of the diagnosis presented by Beecher (p. 53) of the P r  o t a s  p i s: 

Minute circular or ovate dorsal shield with a length from 0.2-
1.3 mm; dorsal shield without transverse su ture separating ce
phalon and abdomen; axis distinct and strongly annulated except 
in youngest stages; rudimentary eyes intramarginal in Protoparia 
and H ypoparia (?) and marginal in Proparia and Opisthoparia. 
An a p r  o t a s  p i s  with five-lo bed axis forming primary lim b-bearing 
somites of cephalon. M et a p r  o t a s  p i s  with postcephalic secondary 
somites forming a protopygidium. 

The Segmentation of the Cephalon in the Protaspis 

and in the adult Trilobites. · 

Previous Conception of Cephalic Segmentation in Trilobites. 

Although this problem has been touched upon on numerous 
occasions in the extensive trilobite literature, more detailed investig
ations and discussions on the subject are scarce. Different opinions 
have been presented, but they are in general to a great extent 
influenced by the assumption of a crustacean nature of the trilobites. 

It was the descriptions of the young larvæ of Olenellids, and 
particularly the discovery of well preserved appendages in Triarthrus, 

that made possible a special study of the segmentation of the trilobite 
cephalon. Bernard (I 894) discussed the segmentation in the protaspis 
of Elliptocephalus, and arrived largely to a correct conception of the 
fusion of succeeding segments, the pleuræ of which form the cheeks 
of the cephalon. He reckoned with four segments behind the first 
one which, with its lateral projections due to the hending round of 
the segment, had caused a metameric repetition in the. succeeding 
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four segments. The last occipital segment is, however, expected to 
have been incorporated at a later stage as claimed also by several 
recent authors. judging from the variation in the num ber of glabellar 
furrows in adult forms, he erroneously deduced that the number of 
cephalic segments differed in different trilobite groups. 

In his paper on trilobite !arvæ Beecher (1895) points out that 
throughout the larva! period the axis of the cephalon has five seg
ments; when an additional pair of glabellar furrows is present it is 
not an indication of an additional pair of limbs, but is due to a 
secondary division of the frontal Iobe of the glabella. The free cheeks 
are supposed to be the pleuræ of an ocular segment otherwise lost. 

jaekel (1901) interpreted the hypostoma as the first cephalic 
segment and the free cheeks including the rostrum as the second. 
The antennu1es were presumed to have been reduced. 

Walcott (1910, p. 237 -238) discusses the cephalic segmentation 
and arrives at the conclusion that the trilobite cephalon contains six 
or seven clearly defined segments. 

l. Anterior border segment, the reflected margin of which supports 
the hypostoma. 

2. Ocular segment carrying the visual surface of the eye. 
3. Palpebral or first glabellar segment. 
4-6. Second to fourth glabellar segments, the latter may be 

continued as an intergenal spine. 
7. Occipital segment. 
When Walcott mentioned six or seven segments, he was appa

rently in doubt concerning the presence of the first segment. The 
l"resence of a preocular segment is found "not improbable" on account 
of the procranidial spines in the larva of Olenellus gilberti Meek and 
Olenelloides, and because of two pairs of glabellar furrows in front of 
the palpebral ridge in Callavia. The ocular segment is said to include 
the anterior portion of the frontal Iobe of the glabella. 

In a later pa per ( 1918, p. 126) Walcott omits the anterior border 
segment, but apparently on account of a "six-lobed glabella" in 
some species erroneously introduces four instead of three glabellar 
segments between the palpebral segment and the occipital segment. 
With the ocular segment in front he counts seven segments. 

From his detailed studies on Holmia and Kjeruljia Kiær (1916, 
p. 83) was inclined to interpret the rostrum as a special segment in 
front of the ocular segment. Raymond (1917, p. 207) claims six 
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segments in the cephalon of the Olenellid protaspis. Swinnerton 
(1919) points out strongly that in all trilobites the eye-lobes or eye
lines which are related to the palpebral segment always belong to 
the fifth segment reckoned from the posterior margin. 

A more extensive and important discussion on the cephalic 
structures in trilobites is presented by Warburg (1925). The author 
largely bases her conclusions on Walcott's researches, and states that 
these "seem to have proved that the trilobites were closely related 
to the crustaceans". In accordance with this view the trilobite head 
is supposed to have had the following segments and appendages. 

l .  Ocular segment with antennule (antenna in trilobite). 
2. Palpebral segment with antenna (reduced in trilobite). 
3-6. Second to fifth glabellar segments with biramous appendages. 
Concerning an extra preocular segment represented by the rostrum, 

Warburg (1. c. p. 41) finds this less probable. As assumed already 
by Kingsley ( 1897) the antenna (A 2 ) is regarded as being reduced. 
The occipital segment is presumed to have been incorporated at a 
later growth-stage and thus corresponds to the maxilliped segment 
in the crustaceans. The interpretation of the antennules as belonging 
to the ocular segment is hardly right, as pointed out by Schulze 
(1936, p. 193), since this segment of the acron has no appendages. 

Henriksen (1926) has published a special paper on "The Segment
ation of the Trilobite Head". His views chiefly follow those of the 
previous authors, and like Warburg he assumes that the trilobite 
possessed a crustacean head-plan with originally six pairs of appen
dages, but he regards the antennules as belonging to the palpebral 
segment. In the protaspis with its five-lobed glabella he finds no 
A2 segment, and assumes that the second pair became reduced in 
most trilobites just as in recent copepods. As a support to his belief 
that the A2 segment might have disappeared in some forms only he 
mentioned the six-lobed glabella of Callavia He is apparently not 
aware that the extra lo be is form ed by a later division of the fron tal 
lobe such as pointed out by Beecher. The last segment in the 
anaprotaspis is regarded as a telson, and consequently he finds the 
occipital segment to have been added later in front of the telson. 

In several papers Raw (1927, 1937, p. 579) has discussed the 
cephalic segmentation in trilobites. Like Henriksen he finds the 
glabella originally to include six segments as demonstrated in several 
Meraspid larvæ and certain adul forms. Raw claims that the furrows 
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suggesting the segmentation of the inter-ocular cheeks in the protaspis 
of the Olenellidae are not segmentary limits, but represent p1eural 
furrows similar to those in the thorax and pygidium, furrows which 
he regards as having relation to muscles. 

Richter ( 1932) follows Warburg and Henriksen in assuming a re
duction of the second antenna, but he is inclined to refer the eye-ridges 
and at !east a part of the palpebral lo be as belonging to this A2 segment. 
The anterior part of the frontal lobe belongs to the A1 segment. 

In an earlier pa per ( 1930, p. 92) I have discussed the relation 
between glabellar furrows and cephalic appendages. The larva! devel
opment in the Trinucleidae shows that the glabellar furrows, serving 
as apodemes to muscles, appear at a later larva! stage and therefore 
not necessarily mark the primary borders between succeeding 
segments. Instead of signifying six glabellar segments, the five glabellar 
furrows or pits in the adult indicate five pairs of app.endages. This 
view was supported by Schulze (1936, p. 194), who regards the 
trilobites as having only one pair of antennæ and being related to 
the Merostomata such as has been emphasized by Ivanov (1933) and 
the present author (Størmer 1933, 1939). 

Ivanov (1933) points out the primitive nature of the five limb
bearing segments in the trilobite head. The early ontogenetic stages 
of Limulus indicate the presence of four primary cephalic segments 
in this form which has the antennæ completely reduced. The number 
therefore corresponds to the number of the pastoral segments of the 
trilobite head. 

Recently Opik (1937) discusses the cephalic segmentation and 
bases his conception on the supposition that the trilobites possessed 
six pairs of "crustacean" appendages. At the same time he points 
out in accordance with my studies, that each glabellar segment includes 
both the lobe and the furrow in front of it. Following Walcott, 
Swinnerton, Warburg, and Henriksen he regards the eye-ridges and 
palpebral lobes as belonging to the fifth segment reckoned from behind. 
Like Richter he assumes that the anterior portion of the frontal lobe 
in the glabella of the Olenellidae belongs to a special segment, the 
antennule segment. Opik differs from other writers on trilobites in 
claiming the possibility of six instead of five glabellar furrows. This 
is based on the indication of a double second furrow in Cybele, a 
structure which seems to be of minor importance since irregular 
glabellar furrows are common among various trilobite groups. 
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Like most recent students of trilobites, Opik claims the reduction 
of the second an

.
tennæ (A2), but he presents a new explanation of 

this in presuming that the lateral eye was formed by the elaboration 
of the nerves belonging to the reduced antennæ (A2). This assumption 
would necessitate the belonging of the lateral eye to a postoral segment, 
a condition quite different from that in- other arthropods, where the 
lateral eye belongs to the preantennular or ocular segment innerved 
from a protocerebrum. 

In a recept pa per on the "Evolution of the Annelida, Onychpora, 
and Arthropoda" Snodgrass ( 1938) also deals with the segmentation of 
the trilobite head. He points out in accordance with Ivanov and Schulze 
the primitivness of the five larva!, limb-bearing segments (antennæ 
and four pairs of legs) in the cephalon, but he does not separate any 
further segments in the acron carrying the eyes and the antennæ. 

It appears from this brief review that the conceptions of the 
cephalic segmentation in trilobites are chiefly based on the number 
of segments expressed in the glabella of Meraspid stages and certain 
adult forms. The knowledge of the cephalic appendages has also 
been recognized, but the conclusions have apparently been too much 
influenced by the current opinion of a crustacean nature of the tri
lobites. The presence of six glabellar lobes in certain forms has led 
to the assumption that the cephalon originally possessed six pairs of 
appendages, although only five pairs are known in the appendage
bearing species. Concerning the interpretation of the frontal portion 
of the glabella, the opinions deviate considerably. It remains to be 
given a satisfactory explanation of the segmentation of this part of 
the glabella, an explanation which agrees with the structures of the 
earl y protaspis and with the present knowledge of the ventral appen
dages of the cephalon. 

Present Interpretations of the Segmentation in the Protaspis 

and in the Cephalon of the adult Trilobite. 

Studying the segmentation in fossil arthropods one has to bear 
in mind that the conclusions have to be based on the external shell 
only. Nothing of the internat structures except muscular markings 
on the inside of the shell is left in the fossil. 

The numerous somites building up the arthropod body might 

form unites, tagmata, in which the somites are of a uniform character, 
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or might be coalesced into one shield. The somites of the anterior 
portion of the body are always combined in one head-shield or head. 
The number of somites included in the head is, however, subject to 
considerable variation within the different arthropod groups. Before 
we discuss the cephalic structures in trilobites, it might be useful to 
consider briefly the general features in the segmentation of recent 
arthropodes. The views presented in the sequel are chiefly based 
on publications by Snodgrass ( 1935, 1938). 

T h e  c e p h a l i s a t i o n  i n  r e c e n t  a r t h r o p o d e s .  In the poly
chaete annelids the primitive head or prostomium comprises the part 
of the trunk not invaded by the blastopore, i. e. the portion of the 
trunk anterior to the mouth. The prostomium has two pairs of 
appendages, the tentacles and the palpi (often also a median tentacle) 
and bears the eyes and the nuchal organ. The mouth is situated 
between the prostomium and the first segment of the body. The 
prostomium is innerved from a suprastomodeal nerve-mass or brain. 
The somites posterior to the prostomium are innerved from the 
ventral nerve cord. 

In the arthropodes the head is always a more complex structure. 
The large cephalic lobes of the arthropod embryo probably correspond 
to the prostomium of the annelids. In certain primitive crustaceans 
the head is composed of the preoral portion and only one postoral 
somite. This primitive arthropod head which is called the procephalon, 
bears the labrum, the eyes, the first antennæ or antennules (A1) and 
the second antennæ or antennæ (A2), the latter belonging to the 
postoral somite. In other crustaceans the head includes 3-5 more 
somites with the following appendages: the mandibles, the first and 
second maxillæ, and the first and second maxillipeds. The cephalon 
of the Trilobita has evidently four postoral somites and the prosoma 
of the Merostomata six-seven postoral somites. 

The postoral segments of the head might be easily distinguished 
at !east in the early ontogenetic stages. A possible segmentation of 
the preoral portion, on the other hand, is more difficult to trace. 
It has been assumed by most zoologists that the preoral portion of 
the head primarily consisted of separate somites which had been 
incorporated when the mouth migrated backwards on the ventral 
side. As a chief support to this conception might be mentioned the 
occurrence of coelomic sacs in the mesoderm of this region. The 
coelomic sacs correspond to the first antennæ (A1) and in some cases 
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certain extra sacs, corresponding to a pair of transitory preantenna1 
appendages and the labrum, might be distinguished. Traces of rudi
mentary preantennal appendages have been described in the embryo 
of a centipede and insect, but their actual presence cannot be said 
to have been established. 

The development of the brain gives little information on the 
segmentation of the preora1 portion of the head. In the procephalon 
the bra in is genera li y divided in to three parts: the protocerebrum, 
the deutocerebrum, and the tritocerebrum. The first innervates the 
eyes, the second the first antennæ (A1) and the third the second 
antennæ (A2). The tritocerebrum is derived from the first postoral 
somite. Nerves from the tritocerebrum innervate, however, the 
preoral labrum, and this, according to Snodgrass ( 1935, p. 48 1 ), "has 
led some entomologists to conclude either that the labrum belongs to 
the tritocerebral head somite or that the roots of the labral nerve 
have their origin in the protocephalon. Neither alternatives seems 
to be supported by facts". Concerning the tri! o bites, Hen;·iksen 
( 1926, p. 1-2) states that the hypostoma is homologous with the 
labrum which, since it is innervated from the tritocerebrum, commonly 
is considered as belonging to the antenna! (A2) segment. Snodgrass 
remarks that also the distribution of cephalic nerves to more posterior 
parts of the body indicates that the nerves are not restricted to their 
primary somites. 

Several recent authors are not inclined to regard the preoral 
portion of the head as being formed by the combination of different 
primary somites. Holmgren ( 19 16) and Hanstrom ( 1928) assumes 
that the division of the preoral portion of the brain into a protocere
brum and deutocerebrum is a secondary differentiation from an un
divided archicerebrum. Sollaud (1923, 1933) points out that the first 
antenna appears as a uniramous appendage in contrast to the bira
mous second antenna and this, as well as the Jack of an external 
segmentation of the preoral portion of the head, indicates that the 
A1-somite hardly should be regarded as a separate, primarily postoral 
som i te. Snodgrass ( 1938, p. 92) agrees with this conception, and 
claims that coelomic sacs might be formed for physiological purposes 
only and might therefore not have been developed by metamerism. 
Like the other authors mentioned, he regards the somite of the second 
antennæ (A2=cheliceræ), innerved from the tritocerebrum, as the 
first true somite. 
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The present problem on a possible segmentation of the preoral 
portion of the head in arthropods might to a certain extent be elucid
ated by the studies of the early trilobite larvæ, which apparently 
show more primitive features than any of the l iving forms. Naturally 
only external traces of a segmentation might be expected in the 
fossil. 

Before we discuss the segmentation of the protaspis it has to 
be mentioned that recent embryological research on the origin of the 
separate segments in the Annelida and Arthropoda seems to indicate 
that there are two different types of somites. From ontogenetic studies 
on polychaetes and Lim u lus, I vanov ( 1928, 1933) arrived at the 
conclusion that in the early larva metamerism first appears as a sub
division of the body into a small num ber of somites. These somites, 
which appear more or less simultaneously, form the p r i m  a r  y 
s o m  i t  e s  or larva! segments. New segments are subsequently added to 
the primary somites by teloblastic growth in a subterminal generative 
zone (text-fig. 12 T). These new somites are called the secondary 
s o m i t e s .  lvanov points out that among the polychaetes the different 
groups might have a different number of pastoral primary somites. 
He finds that among the Arthropoda the Trilobita and Xiphosura 
have four pastoral somites, white the Crustacea apparently have only 
two (only two pastoral pairs of appendages in the nauplius). Ivanov 
draws the conclusion that the different arthropod classes are derived 
independently from various annelid groups with the same number of 
primary somites. Schulze (I 936) and Snodgrass ( 1938) are of the 
same opinion, and the former has introduced the term larvatum to 
signify the unite formed by the primary segments. It is to be under
stood that the larvatum in general is not identical with the head of 
the adult. The head of the Trilobita corresponds to the larvatum, 
but in the Merostomata two or three more segments are added. 
Among the Crustacea some branchiopodes have a head corresponding 
to the few primary somites, but in most groups several secondary 
somites are incorporated in the head. 

Returning now to the g e n e r  a l a r t  h r  o p o d  s o m  i t  e, this is 
best studied in the postcephalic portion of the body where a fusion 
of segments have not taken place, or at !east is less complex than in 
the cephalic region. Of interest in the present connection is the 
development of muscles and their apodemes on the inside of 
the shell. 
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Fig. Il. Primary and secondary segments in the 

arthropod body. a= external shell not chitinized. 

b-e= Chitinisation (black) causes a secondary 

segmenta ti on of the body. d= body-segments of 

trilobite. (a- c after Snoddgrass 1935.) a c= 
anticosta or internal ridge forming the inside of 

the articulating furrow, act= acrotergite or arti

culating half ring, isgm = intersegmental mem

brane, lm = Jongitudinal muse les, pr. seg.= pri

mary segment, rb = reflexed border, sec. seg<= 

"' a 
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secondary segment. 

Text-fig. Il a illustrates primitive 
somites of the type found in the body of 
polychaetes and in the abdomen of insect 
larvæ. Each somite is bordered by a 
transverse furrow or intersegmental 
groove (isg) which on the inside serves 
as an attachment of the longitudinal 
muscles. In arthropodes with a chitinous 
shell the borders of the separate movable 
segment do not necessarily correspond 
to the borders of the primary segment 
(pr. seg.) bordered by the intersegmental 

l l l l : sec. seg. i 
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grooves (not to be confused with the primary somite defined above). 
Text-fig. 1 1  b illustrates the common secondary segmentation by 

which some part of the somite in front is incorporated, and appears as 
an acrotergite or articulating half-ring in the trilobite terminology. By 
means of the soft intersegmental membrane (isgm) succeeding secondary 
segments are telescopically inserted into each other (c). In trilobites 
( d) the dorsal shell is divided in this way white the ventral integument 
apparently is thinner and softer resembling the type found in the 
worms. A very complex secondary division o f  the body segments 
is found in the thorax of insects, and in a later chapter a secondary 
division and fusion of thoracic segments in trilobites are discussed. 

The separation of succeeding primary segments has externally 
to be based on the transverse furrow marking the attachment of the 
longitudinal muscles. In the previous part of the present work 
( 1939, p. 172) I have tri ed to reconstruct the course of some of the major 
muscles of the trilobite body. The dorso-ventral muscles leading to 
the appendages were apparently attached to the inside of the shell 
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below the articulating furrow (intersegmental groove) and the area 
just behind it. In several forms such as Ceraurus, powerful apodemes, 
"appendifers" project from a point just beyond the articulating furrow 
with which they communicate. The apodemes are very similar to the 
glabellar furrows which apparently belong to the cephalic appendages. 
Since they must be regarded as homologous structures, the glabellar 
furrows probably are situated in the anterior portion of the corre
sponding somite. The glabellar furrows, however, do not necessarily 
mark the anterior border of the somites. The ontogeny of Reedoli
thus carinatus (Angelin) has shown that the glabellar furrows might 
appear at a comparatively late larva! stage, and thus mark the mus
cular apodemes rather than the primary division lines of succeeding 
somites (Størmer 1930, p. 95 ). Concerning the transverse furrows 
of the glabella in the early larvæ, however, these lines although 
absent in the earliest protaspis, apparently in the main features 
distinguish the division lines of the united segments. 

T h e  s e g m en t a t i o n  of t h e  a n a p r o t a s p i s  a n d  t h e  
t r i  l o bit e c e p h  a l o n. The segmentation is expressed in the axis 
and in several cases also in the pleural region. As pointed out in 
the previous chapter, the protaspides of the different trilobites agree 
in the major characters of the dorsal shell. 

T h e  a x i s  appears very earl y in the ontogeny, but the trans
verse furrows are absent or very faintly developed in the earliest 
stages. As soon as the glabellar furrows appear they divide the axis 
or glabella into five lobes. The four transverse furrows are mutually 
alike and equally spaced. Since they appear so early in the dorsal 
shell, the furrows evidently mark the borders of succeeding segments 
and thus form the intersegmental grooves. The grooves divide the 
axis into five separate lobes. We have to consider whether the frontal 
and occipital lobes are of the same type as the remaining three which 
are bordered on both sides by glabellar furrows.· 

T h e  f r  o n  t a  l l o b e  is somewhat differently developed in the 
various genera. In the earliest stages of Blainia (?) (pl. l, figs. 13, 
14), and Olenus (text-fig. 9 a) the frontal lobe is not separated from the 
preglabellar field or preantennal segment. In later Protaspid stages, 
however, the frontal lobe becomes more vaulted than the preglabellar 
field from which it therefore might be separated. The same seems 
to be the case in certain Olenellidae such es Elliptocephala (text-fig. 
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5 b). Here, however, the confluence might not have been so significant 
as indicated in later illustrations. 

In other forms such as in the primitive (though not very earl y) 
larva of Holmia (?) (text-fig. 4) the frontal lobe abuts clearly to the 
preglabellar field, and has the same dimensions as the following lobes. 
The same is indicated in the bilobed frontal lobe of Paradoxides 
(text-fig. 7 a). In the very early anaprotaspis of Paedeumias (text
fig. 5 a) the glabella is well bordered in front although the glabellar 
furrows are not yet developed. 

The structure of these forms strongly suggests that the frontal 
lobe of the axis primarily comprises the axial portion of one segment 
such as the following lobes. 

During later larva! stages the frontal lo be of the gla beila undergoes 
important changes. Already in the last anaprotaspis stage of Black
welderia (pl. l, fig. 12) the expanded frontal lo be has a pair of pits 
according to the somewhat schematic drawing of Endo. In Olenus 

I have had the opportunity to study the development of the lateral 
pits of the frontal lobe. The pits appear in the second Metaprotaspid 
stage and become more and more distinct until they form distinct 
glabellar furrows in the Meraspid stages as shown in Strand's figures. 
In Paradoxides the lateral pits appear for the first time in the 
Meraspid Period. The p its become very distinct and unite across 
the glabella, and are thus quite similar to the four primary transverse 
glabellar furrows (text-fig. 7 e). In adult stage the anterior furrows 
are maintained in certain species e. g. P. insularis Westergård, and 
P. sjøgreni Linnarsson (Westergård 1936, pl. 8, fig. 9; pl. 9, fig. 8). 
Similar conditions are found in the Olenellidae where the furrows 
are found in the adults of several species such as Elliptocephala 
asaphoides Walcott (1890 pl. 89, 90), Callavia brøggeri Walcott (1910 
pl. 27, fig. l) and C. callavei (Lapworth) (Raw 1936 fig. l, p. 252). 
In C. bicensis Walcott (1910 pl. 41, figs. 9, 9 a) and in one drawing 
of C. callavei by Walcott (1. c. pl. 42, fig. 2) even six pairs of glabellar 
furrows are indicated, but the extra pair seems only to represent the 
anterior border of the eye lo bes which are connected with the gla beila. 
An extra pair is also claimed by Opik ( 1937 p. 124, pl. 7 fig. 3) to 
occur in certain species of Cybele, but the extra furrow appears only 
as a part of a bifurcated second glabellar furrow, and hardly represents 
the apodeme of a special appendage. 
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The first glabellar furrows or antennuary pits are situated in the 
axial furrows almost at the antelateral corners of the glabella. Also 
in Trinucleus (Størmer 1930, text-fig. 39) the antennuary pits are 
situated far in front Ieaving little space to an extra segment in the 
frontal lobe of the glabella. 

The pits of the frontal lobe have been differently interpreted by 
various writers. As mentioned in the historical introduction, Beecher 
( 1895, p. 179) claimed that the six glabellar lo bes did not indicate 
an additional pair of limbs, but are due to a divis ion of the frontal 
lobe either by the greater or lesser extent of the eye-line across the 
axis, or by the marked development of muscular fulcra (apodemes). 

The major part of more recent writers have, however, regarded 
the anterior pits as bordering an extra frontal segment in the glabella. 
Warburg, Henriksen, R ichter, Raw, and Opik have followed Kingsley 
( 1897) in claiming a reduction of the antennæ (A2) in most trilobites. 
The frontal Iobe is expected to include both the A1 and A2 segments, 
the latter, in which the antenna is supposed to be reduced, is represented 
laterally by the eye-ridges and the palpebral Iobes. 

As pointed out above this view is apparently influenced by the 
assumption of a crustacean nature of the trilobite. It finds its support in 
the presence of six glabellar lobes in several trilobites. The hypo
thesis meets, however, with considerable difficulties: 

l. Our present knowledge of a great num ber of protaspides shows 
that primarily the glabella includes five lobes, the frontal pairs of 
furrows indicating a sixth Iobe appears but later in the ontogenetic 
development. 2. In several species in which the ventral appendages are 
known only one pair of antennæ occurs, and the antenna is uniramous 
and preoral and apparently represents the antennule. In Cryptolithus 

the five cephalic appendages correspond to the five pairs of glabellar 
furrows or pits, and since, from an analogy in the thorax, the apodemes 
occur in the anterior portion of each segment, the antennules betong to 
the fifth segment reckoned from behind. A reduction of one pair of 
appendages would therefore have taken place i n  f r  o n  t of the 
antennules and could therefore not have been the antennæ (A2). 

In explaining the anterior pits and the lobe in front of it, it 
seems natura! to consider two possibilities. Either the two frontal 
lobes are homologous with the frontal Iobe in the anaprotaspis, or 
the original frontal lobe has incorporated some part of the preglabellar 
field during the growth. 
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The anterior or antennuary pits evidently form the apodemes of 
muscles leading to the uniramous antennæ as indicated in Trinucleus 
and Cryptolithus (Størmer 1930, text-fig. 39). As mentioned above 
the apodemes are situated in the anterior portion of the corresponding 
somite. It might have been possible that the apodemes of the frontal 
lobe have migrated backwards as far as to the middle of the somite, 
which thus would comprise the complete frontal lobe. 

The other explanation seems, however, more probable. A strong 
development of the frontal lobe of the glabella is a common feature 
in many trilobite forms. This is especially significant in certain 
"hydrocephalic" species of Paradoxides (text-figs. 7 g, h). In P. pinus 
(text-figs. 7 a-e) it is possible to study the development of the frontal 
lobe in relation to the eye-ridges on either side of it. In the late 
metaprotaspis (c) the lobe reaches further forward than in the ana
protaspis (a), a feature showing that the frontal lobe is expanding 
forwards during the larva! development. In Olenus and Elliptocephala, 
where the frontal lobe is not bordered anteriorly in the earliest 
anaprotaspis, the forward expansion across primary segmentary borders 
might have been easily realized. 

The strong development of the frontal lo be is apparently dependent 
on the more powerful development of the alimentary canal, which 
probably extended forwards from the mouth in a fold below the 
gla beila just as in Limulus. As pointed out by Raymond, (1920, p. 81) 
it seems likely that larger stomachs were required when the larvæ 
changed their habits from a pelagic to an omnivorous more benthonic 
mode of life. 

It seems therefore probable that during the larva! development 
some part of the preglabellar field or preantennal segment was gradually 
incorporated in the frontal lobe. From comprising a single somite 
in the early protaspis, the frontal lobe in later stages apparently also 
includes a larger or smaller portion of the somite in front. In the 
reconstructions of the cephalic segmentation ( text-figs. 2, 15, 16) some 
part of the preantennal segment is therefore tentatively indicated in 
the frontal portion of the glabella. 

T h e  o c c i p i t a l  s e g m e n t  of the glabella is very similar to the 
segments in front. In the anaprotaspis the last segment, the fifth 
lobe of the glabella, corresponds in its position to the axis of the 
occipital segment. Several authors such as Henriksen (1926 p. 4) 

have, however, interpreted the last segment of the anaprotaspis as 

• 
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a telson in front of which new segments were successively formed. 
The occipital segment was thus formed at a later stage and was 
incorporated in the cephalon after the frontal segments had become 
united. This view is chiefly based on the fact that the occipital segment, 
especially the pleural portion of it, closely resembles the succeeding 
thoracic segments. 

The present studies do not support the assumption mentioned. 
As pointed out in the following chapter, the pleural portion of the 
occipital segment must be regarded as a partly secondary formation 
caused by the transverse joint crossing the primary, oblique pleuræ. 
There seems therefore to be little reason for regarding the occipital 
segment as being later incorporated in the cephalon. In the early 
Protaspid stages of Olenus (text-fig. 9) the five glabellar lobes with 
their respective pleuræ are mutually so much alike that the last one 
can hardly be interpreted as a telson with the generative zone of 
growth in front of it on the dorsal side. Also the strong hending of 
the dorsal shell during the Metaprotaspid stages (text-fig. 10) seems 
to indicate that the formative zone had a ventral position. 

In recent arthropodes the anus and the generative zone of growth 
have a ventral and subterminal position in the earliest stages of 
development. This might be seen in e. g. the nauplius of Copepoda 
and in the embryo of Limulus. In his detailed description of the 

ontogeny of Limulus moluccanus (Linnaeus) ( = Tachypleus gigas 
Muller) Ivanov (1933) has clearly demonstrated the formation of new 
segments. He shows that primarily four somites besides the preoral 
portion of the head are formed simultaneously in the larva. These 
segments form the primary cephalon or larvatum. During further 
development new segments or somites are successively added to the 
larvatum. The new segments are not differentiated in front of a telson 
such as indicated in larva! stages of crustacea, but are formed, one 
by one round a telepore at a subterminal point on the ventral side 
(text-fig. 12). The so-called telson in Limulus is not a real telson, 
in the sense of being situated beyond the segment-forming zone, but 
represents the fused terga! portions of several rudimentary segments 
in front of the telopore. The telson might therefore be compared, 
as indicated by lvanov, with the dorsal spine in posterior segments 
of certain primitive trilobites such as Olenellus ( =Mesonacis). 

I t s e  e m  s t h er e f o r e  p r  o b a b l e  t h a t  t h e  n e w  (s e c o n  d a  r y) 
seg m e n t s  i n  t h e  t r i l o b i t e  l a r v a  wer e f o r m e d  i n  f r o n t  o f a 
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Fig. 12. Embryo of Limulus. Postlateral view 
showing the formation of secondary somites round 

a posterior telopore (T). (After lvanov 1933.) 

subterminal and ventral telopore 
su c h as in L i m u lus. The last seg
ment in the axis of the anaprotaspis is 
consequently interpreted as belonging to 
the primary somites rather than forming 

V 

119 

a telson. T 

It might also be mentioned that 
Opik ( 1937 p. 127 footnote) suggests the 
presence of a double occipital ring in 
Holmia, and claims that the ontogeny (Kiær 1916 p. 66-67) presents 
sufficient evidence for this view. Opik apparently bases his conclusion 
on a more schematic drawing by Kiær :o. c. fig. 11 e), but in the 
adult specimens figured in the plates the occipital segment in the axis 
is not much broader than the segments in front, and therefore hardly 
is composed of two segments. As sh<?wn in text-fig. 14 a transverse 
line divides the occipital segment of the glabella into two parts; but 
if they should be regarded as belonging to different segments the 
same must have been the case with the thoracic segments having the 
same transverse line (trl) leading to the median spine. It seems far 
more likely that the transverse line only is part of the sculpture 
within one somite and does not distinguish separate segments. 

O ur knowledge of the earl y larva l development . of the gla beila 
in trilobites makes it very probable that th:e glabella primarily 
is composed of five similar primary somites. During the 
larva! development some part of the preglabellar field might probably 
become vaulted and united with the anterior glabellar segment for
ming an expanded frontal lobe. 

The p le ur a l are as of the cephalon in several ca ses als o 
demonstrate the segmentation. As shown in pl. l this is shown in 
early larvæ of the Olenellidae and in the genera Olenopsis and Olenus, 
and to some extent in the posterior cephalic segments of Paradoxides. 

A young larva of Holmia (?) (text-fig. 4) gives the best indication 
of the segmentation. The glabellar furrows continue laterally into 
pleural furrows directed outwards and slightly backwards. The pleural 
furrows are less distinct in the lateral parts, but the pleuræ corre-
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sponding to the five glabellar lobes are easily distinguished. As shown 
in the schematic drawing in text-fig. 2 and 13 the pleura of the first 
and second lobe is more extended than the second, third, and sixth. 
The pleuræ and the lobes between them are more or less concentric
ally arranged with the longest pleuræ projecting backwards. Most 
significant is the segment including the eye lobes and the frontal lobe 
of the glabella. As mentioned above this segment evidently bears 
the uniramous antennæ (A1) and thus forms the posterior preoral 
somite. The segment might naturally be called the antenna!  seg 
m e n t .  The four dosterior segments of the cephalon carry the bira
mous appendages and might consequently be term ed the f i r s t  t o  
f o u r t h  l e g  s e g m e nts. 

In the early larvæ also of other Olenellidae the antenna! segment 
is surrounded by a flat rim bearing the genal spines and the lateral 
eyes along the border towards the antenna! segment. In relation to 
the flat or slightly concave rim the antenna! segment forms an elev
ated roll inside it. 

As mentioned in the historical introduction the rim outside the 
lateral eyes (the free cheeks) and the portion in front of the glabella 
have by most authors been interpreted as belonging to the ocular 
segment. Several zoologists have, however, claimed that the preoral 
portion of the head is not primarily segmented, and one of their 
arguments is the Jack of an external segmentation in the recent ar
thropod em bry os. 

The primitive protoparian larva has a distinct segmentation of 
the dorsal shield, and the following features speak in favour of regard
ing the preoral portion as composed of several segments. l. The 
roll here described as the antenna! segment corresponds in width 
(longitudinal) closely to the typical postoral somites or leg segments. 
2. The antenna! segment is separated from the surrounding rim by 
the steeper anterior border of the roll. 3. The rim projects into short 
spines which originally were coalesced with the distal portions of 
the antenna! and preoccipital pleuræ. 

Although a flat rim might possibly develop from a preoral ce
phalic lobe, t h e  m e n t i o n e d  c h a r a c t ers  seem to suggest  that  
t h e  p r e o r al p o r t i o n  o f the t r i l o b i t e  c e p h a l o n  i s  c o m
p o s e  d o f  m o r e  t h a n  o n  e s e g m e n t. Since the rim or pre
glabellar field possibly forms a segment in front of the anntenal seg
ment, I would prefer to call it t h e  p r e a n t e n n a l  s e gme n t .  
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Fig. 13. Pro bable segmentation of the anaprotaspis a= somites with the pleural 

portions isolated. b =generalized type of primitive protoparian anaprotaspis. c= lateral 

view. an= area of attachment of muse! es leading to the antenna. an. seg.= antenna! 

segment. l. eye =lateral eye. pr. an. seg.= preantennal segment. 

The term ocular segment might prove less useful because the visual 
organs might possibly alter their position in relation to their respective 
somites. As pointed out below, the preantennal portion of the cephalon 
might include several different elements, and it seems therefore possible 
to call this portion the p r e a n t e n n a l  s e g m e n t  c o m p l ex. The term 
acron has been used for different portions of the head, and is there
fore less applicable. 

The preantennal segment is very little developed on the dorsal 
surface of the protaspis of the opisthoparian and proparian trilobites. 
In later stages and in the adult the preantennal segment is, however, 
well exposed on the dorsal surface. The preantennal segment has a 
reflexed border forming the rostrum, which is separated from the 
dorsal shell by the marginal su ture. Kiær ( 19 16) ass u med that the 
rostrum formed a special segment, but later authors (Warburg, Hen
riksen) have found this less probable. In accordance with the views 
presented below on the significance of cephalic sutures, I find it less 
probable that the rostrum represents a special segment. 

The hypostoma is separated from the reflexed border or doub
lure by a hypostomal suture, which might be absent in certain forms. 
The hypostomal structures in trilobites are only known in late larva! 
or adult individuals, and the origin of the plate in front and below the 
mouth therefore remains unknown. It seems natural to homologize 
the hypostoma with the labrum of other arthropodes as emphasized 
by several writers. The labrum forms the first element in the sagittal 
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p1ane through the cephalon. Since it is innerved from the tritocere
brum, i. e. from the gangliæ of the first postoral somite, Henriksen 
( 1926), however, fin ds it not pro bable that the hypostoma belongs 
to the fore most portion of the head. Snodgrass ( 1935) on the other 
hand has pointed out that this might be of minor importance since 
the nerves might lead to somites outside their own. At present our 
knowledge of the hypostomal maculæ, though described in detail by 
Lindstrøm ( 190 1), is too scarce to judge a possible homology with 
the "ventral eyes" in Limulus as discussed by Hanstrøm ( 1926) and 
in the Eurypterida (Størmer 1934 ). The "median eye", or median 
tubercle of the glabella, is well developed in the Cryptolithidae (Størmer 
1920). Recently Hanstrøm ( 1934) has made an interesting comparison 
between the "median eye" of the trilobites and the combined dorsal 
organ and four-celled sense-organ in primitive crustacea. This sence 
organ is innerved from the tritocerebrum and the "median tubercle" 
might therefore belong to the first leg-segment. 

In the trilobite larva it seems very difficult to assume that the 
preoral hypostoma belongs to the postoral first leg-segment. If that 
is the case one would have to interpret the hypostoma as a modified 
sternite across which the mouth had migrated backwards (or the 
sternite moved forwards), an explanation which seems hardly possibly 
to maintain. A frontal position of the hypostoma is expressed in the 
general character of the anaprotaspis of the primitive protoparian 
tri lo bites. As indicated in text-fig. 13 the concentric arrangement of the 
segments is significant. In lateral view one gets the impression that 
the different somites with their axial and pleural portions, were tur
ned over so that their longitudinal axis, from being horizontal, became 
more and more declined forwards until they attained a nearly vertical 
position as indicated by arrows in the drawing. The frontal segment 
was accordingly flattened out with the pleurae curved backwards. Of 
the six segments visible on the dorsal surface the two frontal ones 
are almost completely turned over while the rest have an axis but 
slightly declined. This explains how the distal points of the preanten
nal, antenna! and preoccipital pleuræ unite in the earliest stages. 

The structures observed might support the earlier theory by 
Bernard ( 1894) on the ventro-posterior migration of the mouth by 
which the anterior cephalic segments turned over and to some extent 
attained a ventral position in front of the mouth. The problem can
not be elucidated by paleontological evidence alone, but the structure 
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in the primitive trilobite larvæ might give evidence concerning the 
external segmentation of the dorsal side of the arthropod head. 

The present studies seem to indicate the following segmentation 
of the adult cephalon in the Trilobita. 

1. Preoral elements. 

O. T h e  p r e a n t e n n a l  s e g m e n t  c o m p l e x  (acron, ocular 
segment) comprising the hypostoma (?), the marginal doublure with 
the rostrum, the preglabellar field, the extraocular cheeks with the 
genal spines and secondarily probably the anterior portion of the 
frontal lo be of the gla beila. The c om p lex including the lateral eyes 
and the hypostomal maculæ (?) is probably innerved from a pro
cephalon or part of an archicephalon. 

l. T h e  a n t e n n a !  s e g m e n t  (palpebral segment) comprising 
the primary first or frontal lobe of the glabella, the eye-ridges with 
a portion of the interocular cheek behind it, the palpebral lobes and 
a narrow, wedge-shaped portion behind them. The somite carries 
the uniramous antennæ (A1) which probably are innerved from a 
deutocerebrum (or part of an archicephalon ). 

I I. Postoral Elements. 

2. T h e  fi r s t  l e g-s e g m e n t  compnsmg the second glabellar 
lobe with the pleuræ on the interocular cheeks. The somite, including 
possibly a dorsal organ with a four-celled sense organ, carries the 
first pair of biramous appendages which evidently are innerved from 
the tr itocerebrum. 

3. Th e s e c o n d  l e g-s e g m e n t  comprising the third glabellar 
lobe with the pleuræ on the interocular cheek. The somite carries 
the second pair of biramous appendages. 

4. T h e  t h i r d  l e g-s e g m e n t  or p r eo c c i p i t a l  s e g m e n t  
comprising the fourth glabellar lobe with the pleuræ projecting into 
the intergenal spines. The somite carries the third pair of biramous 
appendages. 

5. T h e  fo u r t h  l e g-s e g m e n t  or o c c i p i t a l  s e g m e n t  com

prising the fifth glabellar furrow or neck-ring with the pleuræ of 
which theposterior part forms the antelateral portions of the pleuræ 
of the first thoracic segment. 

The present results strongly indicate that the trilobite cephalon 
includes four pastoral somites such as emphasized by previous authors. 
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As mentioned above, Ivanov, Schulze and Snodgrass assume that 
these four segments belong to the primary larva! somites (p. 1 12). 
Ivanov points out that the four primary, postoral somites in the trilo
bites correspond to the same number of primary somites in the 
Xiphosura, a feature which might indicate a more intimate relation
ship between the two arthropod groups. Our present knowledge on 
the earliest tri1obite larvæ makes it very pro bable that the four postoral 
segments (as well as those in front of them) appear more or less 
simultaneously, while the following segments do not appear until the 
Metaprotaspid Period. The studies on the trilobite ontogeny thus 
present valuable support to Ivanov's view according to which t h e  
t r i l o b i t e  c e p h a l o n  i s  c o m posed o f  pr imary somites,  while 
t h e  t h o r a x  a n d  p y g i d i u m  is  formed by secondary somites 
(except the antelateral portions of the pleuræ of the first thoracic 
segment, as shown in the following chapter). 

The segmentation of the adult trilobite is indicated in text-figs. 
14, 15 og 17. The new conception of the segmentation of the thora
cic segments is based on the studies of the transverse suture separating 
the transitory pygidium from the cephalon, and is therefore dealt 
with in the following chapter. 

The Development of the joint between the Cephalon 

and the Transitory Pygidium, and the Segmentation of the Thorax 

and the Pygidium. 

All previous writers have regarded the suture between the cephalon 
and the protopygidium, and in later stages between the thoracic 
segments, as primary division-lines between successive segments of 
the body. During my studies on trilobites I have gradually arrived 
at another conception concerning the segmentation of the thorax and 
pygidium, a view slightly touch ed upon in my previous pa per ( 1939, 
p. 169). 

In studying the segmentation of the thorax and pygidium one 
has to bear in mind that characteristic of the trilobites is the extensive 
lateral expansion of the body. The lateral lobes with their ventral 
doublures are thin terga! outgrowths from the lateral margin of the 
axis. The essential part of the trilobite body is restricted to the narrow 
axial portion bordered by the dorsal furrows. 
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Fig. 14. The probable relation between the primary and secondary segmentation in 

the cephalon and two thoracic segments of Holmia kjerulji (Linnarsson). Every 

second of the primary segments is shaded. (Cephalon based on specimen pl. 2 flg. 3.) 
an. e. l=anterior eye line, ans=antennal segment, arhr =articulating half ring, 

gsp = genal spine, igsp = intergenal spine, Is= leg segment ( 1-2), ocs = occipital 

segment, o es p = occipital spine or tubercle, pa l = palpebral lo be, p ans= preantennal 

segment, pif= pleural furrow, plsp = pleural spine, pob= posterior border, pocs= 

preoccipital segment, p o. e. l� poste ri or eye line, tri= transverse line 

of axial segments, vie=visual surface of lateral eye. 

In the trilobite literature it has often been pointed out that the 
occipital segment, comprising the occipital ring and the posterior 
border of the cephalon, bears a considerable resemblance to the 
thoracic segments. The general resemblance has lead to the common 
assumption that the occipital segment was incorporated in the cephalon 
at a later phylogenetic stage just as the maxilliped segment in the 
head of certain groups of Crustacea. 

Several recent authors (Swinnerton, Schulze) on the other hand 
have pointed out that the thoracic characters of the occipital segment 
are merely secondary formations, and do not give evidence of a later 
incorporation in the cephalon. 

The occipital segment is well demonstrated in the larva! stages 
of Paradoxides (text-figs. 7 e, 15 c). Compared with the thoracic 



126 LEIF STØRMER 

segments, the posterior border forming the pleural portion of the 
occipital segment corresponds largely to the posterior pleural band 
of the thoracic segment. The furrow in front of the posterior border, 
the lateral continuation of the occipital furrow, corresponds to the 
pleural furrow o f  the thoracic pleura. The anterior pleural band of 
the thoracic segment would then be expected to find its counterpart in 
the posterior portion of the cheek or pleural area of the cephalon. 
The anterior portion of the pleura of the occipital segment is thus 
not marked off from the rest of the pleural portion of the adult cephalon. 

In Holmia (text-fig. 14) the pleural furrow of the occipital segment 
is broad especially near the axial furrows. In the occipital segment 
a similar broad furrow is visible in front of the posterior borde (pob). 

In Holmia the intergenal rib (the continuation of the intergenal spine 
igsp) forms, however, an antelateral border, which therefore might 
be compared with the anterior pleural band of the thoracic segment. 

Turning now to the early ontogenetic stages of Holmia or similar 
genera of the Olenellida (text-fig. 5), it becomes apparent that the 
intergenal rib forms the lateral portion of the preoccipital segment. 

The oblique furrow behind it is interpreted as the division-line 
between the pleura of the preoccipital and occipital pleura. In the 
adult stage the oblique furrow runs from the occipital furrow in a 
postlateral direction towards the posterior margin. The posterior 
margin, forming the transverse joint between the cephalon and the 
first thoracic segment, thus forms a distinct angle to the direction of 
the oblique furrow appearing as a segmentary division-line in the 
protaspis. Since the furrow apparently is homologous with the pleural 
furrow of the thoracic segments, we must assume that also in the 
separate thoracic segments the transverse anterior and posterior borders 
of the pleuræ form an angle to the primary segments. 

In his last paper on the Olenellidae Raw ( 1937, p. 580) evidently 
is aware of the homology between the interocular oblique furrows 
in the Protaspid cephalon and the pleural furrows of the thorax and 

pygidium. Following the current views on the segmentation of the 
trilobite body, he is forced to postulate that the interocular furrows 
in the larva! cephalon, just like the pleural furrows, are merely adaptions 
in close relation to the muscles. This leads to the impossible con
clusion that the interocular furrows of the early larva in primitive 
trilobites have nothing to do with the intersegmental division-lines, 
i. e. with the original segmentation. 
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Fig. 15 Primary and secondary segment

ation in different trilobites. Every 

second of the primary segments is 

shaded. a= two thoracic segrnents of 

Paradoxides. b =the same of Acidaspis 

bue hi Barrande (after Barrande). c= 

posterior portion of cephalon and two 

thoracic segrnents of Meraspid stage of 

Paradoxides. Letters the same as in 

text-flg. 14. 

In order to elucidate the 
connection between the primary 
segmentation and the transverse 
joints in the trilobites, we shall 
now consider the ontogenetic 
development of the transverse 
suture appearing at the close of 
the Protaspid Period. 

p1al Z11.s pocs ocs v1e 
, l l 

The early protopygidium is 
little known in the Olenellidae. 
A first metaprotaspis of Ellipto

cephala has been figured (text
fig. 5 d), but of the slightly older 
stages only one fairly incomplete c 
drawing by Ford is at hand (text-
fig. 3). The pleural furrows of the 

l 

127 

protopygidium are directed outwards and backwards, and correspond to 
the direction of the primary segments in the cephalic portion of 
earlier stages. In earl y Meraspid stages (pl. l, fig. 4) the transverse 
posterior border of the cephalon thus forms a distinct angle to the 
direction of the pleural furrows of the protopygidium. 

Recent studies by Westergård on Paradoxides !arv æ ( text-figs. 
7 a-e) are of considerable interest in the present connection. As 
stated above (p. 75) the larva! development strongly suggests that 
the intergenal spine belongs to the preoccipital segment just as in 
the Olenellidae. The following spine, which is of distinctly the same 
type, forms the pleural extension of the occipital segment. In a late 
metaprotaspis (7 b ) the present pleura, which has an oblique direction, 
seems to be crossed by a transverse furrow, which later in the first 
Meraspid Stage develops into an open suture or hinge-line between 
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cephalon and the transitory pygidium. A reconstruction of the structure 
is attempted in text· fig. 17 c and pl. l, fig. 7. The postlateral portion 
of the occipital pleura thus becomes a part of the first "segment" 
of the transitory pygidium, while the antemedian portion remains in 

the cephalon. 
In Paradoxides we thus find considerable evidence for the 

assumption that the joint or hinge-line between the cephalon and the 
transitory pygidium represents a secondary transverse suture crossing 
the primary segmentation. 

Among other trilobite groups distinct pleural furrows are seen 
in the interocular cheeks of the protaspis of Olenopsis and Olenus. 

The present studies of Olenus have demonstrated in the main features 
the development of the transverse hinge-line. The evolution is 
indicated in the semidiagramatic drawing in text-fig. 10. The intergenal 
spines apparently form the postlateral projections of the preoccipital 
segment just as in the mentioned trilobite genera. A characteristic 
feature is the strong convexity of the early Metaprotaspid stages. 
On the convex interocular cheeks the pleural furrows are directed 
outwards and ba�kwards in a curve. The postcephalic segments have 
an almost vertical position. They are bent down chiefly along a 
transverse line between the bases of the intergenal spines. Through 
the Metaprotaspid stages one observes how the line becomes more 
and more distinct and in the last stage a posterior marginal r im is 
formed along it. Along this posterior border the transverse suture 
between the cephalon and the transitory pygidium appears at the 
entrance of the Meraspid Period. 

The structures observed seem to demonstrate that the transverse 
suture crosses the primary segmentation and therefore does not 
conform with the segmentary divisions. The conditions in Olenus 

thus agree with those in the Olenellidae and in Paradoxides. Parti
cularly in Olenus the formation of the transverse suture might be 
explained as due to technical reasons. The convex surface of the 
protaspis, as well as the oblique direction of the segmentary borders, 
did not furnish amlpe conditions for the formation of a functioning 
hinge-line between two separate solid shields. 

A conception of a secondary line of division between the cephalon 
and the transitory pygidium involves considerable consequences as to 
the segmentation of the thorax and pygidium in the adult. It means 
that all the thoracic pleuræ of primitive multisegmented trilobites 
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Fig. 16. Primary and secondary segmentation in Limulus. 
a=embryo, b ="trilobite" stage, c=adult. 1-XII=primary segments, jl=jointline 

between prosoma and opisthosoma, le= lateral eye, Te = telson. 
(Siightly modified after lvanov.) 

such as the Olenellidae and Paradoxidae were secondary formations 
developing partly by fusion and partly by secondary division of 
succeeding primary pleuræ. 

At first sight this seems to be a highly specialized feature in the 
otherwise very primitive trilobites. It is, however, to be remembered 
that all the postcephalic segments, originally formed at the subterminal 
point, migrate forward through a coalesced protopygidium 
or trans it o ry p y gid i u m (shown by Stubblefield in Shumardia), 
and only secondarily become free thoracicsegments. Anumber 
of segments remain fused in the true pygidium at the close of the 
Meraspid Period. 

Among recent Arthropoda intrasegmental division of the body 
into movable parts is known in the Xiphosura and in many insects 
(Snodgrass 1938, p. 114). Also in the common arthropod tergite a 
secondary segmentation takes place as shown in text-fig. Il. A valuable 
support to the present conception of the secondary segmentation of 

Norsk geo!. tidsskr. 21. 9 
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the trilobite body is found in the structure of the joint or hinge-Iine 
between prosoma and opisthosoma in Limulus. Thanks to the detailed 
ontogenetic studies by lvanov ( 1933) it has been possible to demon
strate how the transverse joint-line crosses the primary segmentation. 
The primary segmentation is similar to that in trilobites. On the 
larger pleural area the segments are directed outwards and backwards 
as might be se en in text-fig. 16. In the larva the seventh lim b-bearing 
segment (the pregenital or chilaria-segment) is seen to be considerably 
reduced. Only the median portion of the somite is visible on the 
dorsal surface (text-figs.!Sa, c). In the earl y stages the em bry o is 
strongly vaulted, and later it becomes more flattened out such as is 
characteristic of the earliest free larva. During this development the 
distribution of the yolk apparently influences the further development 
of prosoma and abdomen. The prosomal yolk developing into the 
hepatic cæca reaches back to a transverse line crossing the sixth 
somite (text-fig. 16 a). At this line the dorsal and ventral integument 
Iie close to each other, and here the transverse joint-line between 
prosoma and opisthosoma gradually develops. ( Ivanov 1933, p. 282.) 
In the axial portion the joint-line, which has a certain extension in 
longitudinal direction, does not deviate so much from the segmentary 
division line, but in the pleural area the transverse hinge-line crosses 
the oblique primary pleura just as in the trilobites. 

In Limulus, which in many ways has proved to be related to 
the trilobites, we thus find structures confirming the views presented 
above. 

Th e m e n t i o n e d  f a c t s  m a k e  i t  p r o b a b l e  t h a t  i n  t r i l o
b i t es t h e  t r a n s v e r s e  j o i n t s  b e t w e e n  t h e  p l e u r æ  of t h e  
t h o r a c i c  s e g m e n t s ,  o r  b e twe e n  t h e s e  a n d  t h e  c e p h a lo n  
o r  p y g i d i u m, a r e  s e co n d a ry for m a t i o n s  c r o s s i n g  t h e  p r i

m a ry s e g m e n t s .  Ea c h  t h o ra c i c  p l e u r a  p r o b a b l y c o n t a i n s  
por t i o n s  o f  t w o  s u c c e e di n g  s e g m e n t s  c o a l e s c e d  alo ng  the 
p l e  u r a  l f u  rr o w s. 

In the thoracic segments and in the pygidium the articulating 
half-ring of the axis apparently belongs to the segment in front, 
according to the secondary segmentation found in recent arthropodes 
(text-fig. 1 1  ). 

The present view of a secondary segmentation of the dorsal shell 
in trilobites is expressed in text-figs. 14, 15, 17. This conception gives 
a natura! explanation of the much disputed occipital segment and 
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intergenal spine in trilobites. It also explains in a satisfactory way 
the interocular furrows in the earliest larva! stages, and the occurrence 
of characteristic pleural furrows not only in the thoracic pleuræ but 
also in large pygidiæ (i. g. Asaphidae and Phacopidae), where no 
particular development of muscular apodemes seems to be necessary 
within each segment. In flat forms the strong ribs of the pygidium 
migh t serve as supporting structures forming "corrugated plate" as 
demonstrated by Richter ( 1923), but the strong pleural furrows also 
occur in strongly vaulted pygidiæ such as in Chasmops. 

It might be objected that transverse furrows, corresponding in 
position to the transverse sutures, are present already in the transitory 
pygidium. This seems, however, to be of little importance since one 

. might expect to find the lay-outs of the suture before tbe thoracic 
segments are detached. Concerning small and larger pygidiæ, it seems 
therefore logical to regard forms with large pygidiæ not as forms in 
which a greater num ber of the posterior segments have become fused, 
but to regard them as types in which the releasing of free thoracic 
segments has become delayed and not fulfilled. 

Among the numerous types of trilobites the thoracic segments 
show considerable difference. Barrande ( 1852) tried to di vide the 
trilobites into two different groups based on the structure of the 
thoracic segments. According to the morphology of the pleuræ the 
trilobites were placed in ;two groups: l. "plevre a sillon" and 2. 
"plevre a bourrelet". As mentioned by Warburg and others the latter 
group is to be regarded as derived from the former. Among the 
many different types of pleuræ figured by Barrande (1. c. pl. 4�6) 
the type represented by Paradoxides (text-fig. IS a) and many other 
genera seems to be the most primitive and most common type. Such 
forms as Ceraurus :(included in group l.) have, in spite of the 
elaboration of the test, an oblique pleural furrow indicating the same 
composition of two half segments. 

In certain forms such as Lichas the pleural spine seems to be 
formed by both segments, since the pleural furrow extends into the 
spine itself. Also in the spineless pleura of Sao both segments seem 
to form the distal portion. 

The detachment of the thoracic segments, previously coalesced 
in the transitory pygidium, might have taken place somewhat differ
ently within different trilobite groups. Especially in the more aberrant 
genus Acidaspis (Barrande l. c. pl. 1, figs. 15, 16; pl. 37, fig. 25) the 
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course of the spine deviates considerably from that in other trilobites. 
The primary segments seem to have been directed outwards and 
slightly forwards before they turn backwards at the pleural spine. 
Text-fig. IS b illustrates the possible connection between primary and 
secondary segments. 

In the family Olenellidæ several genera have the third thoracic 
segment strongly developed. According to my present interpretation 
of the joints, the powerful pleural spine belongs to the second thoracic 
segment, i. e. the sixth leg-bearing segment. It is of interest to notice 
that in Limulus the same sixth segment is strongly developed and 
forms the "intergenal angle" in the prosoma. (Ivanov also includes 
the genal angles of the prosoma in the sixth segment, but I agree 
with Snodgrass ( 1938, p. 1 12) that the acron or preantennal segment 
em braces the other segments just as in trilobites.) The strong devel
opment of the pleural portion of the second thoracic segment in 
primitive trilobites might possibly suggest a connection with the pro
soma of the Chelicerata. 

In this connection might be mentioned that the so-called Pan
derian organs, forming excretory (?) openings in the lateral doublure 
of the pleuræ (Siegfried 1936), are situated below the pleural furrow, 
and thus apparently have a more or less intersegmental position 
according to the present interpretation of the segments. The anterior 
pairs of openings occur in the cephalon, probably between the pre
occipital and occipital segment. 

The Development of the Cephalic Suture and their 

phylogenetic and systematic Signifi.cance. 

The present investigation and conception of the cephalic segment
ation in trilobites might throw new light on the much disputed problem 
on the origin and nature of the cephalic sutures. The partly "mechanic 
principles" suggested in the formation of the transverse hinge-line 
or suture might be applied also in explaining the development of the 
cephalic sutures during the larva! period. 

Primarily we shall briefly mention the various sutures and the 
different opinions concerning their origin. The problem is dealt with 
in a great number of papers, but in this pl?ce l shall only refer to 
the recent articles by Richter ( 1932 a) and Stubblefield ( 1936), the latter 



STUDIES ON TRILOBITE MORPHOLOGY. Il 133 

having critically quoted the various Opinions in a special paper on 

the cephalic sutures. 

Concerning the function of the sutures their importance to the 

ecdysis is generally assumed, while their use in facilitating the move

ments of the dorsal shell seems less convincing. 
In classification the sutures have been of primary importance. 

The sutures have been the only single character in the trilobite 

morphology which have proved useful in establishing a general system 

of classification. The Salter-Beecher system is generally adopted in 
spite of considerable criticism and modification. Of Beecher's three 
Orders: Hypoparia, Proparia and Opisthoparia, the former has been 

rejected by most writers chiefly on the grounds that it included 

degenerate forms of the two remaining orders, and therefore cannot 

be regarded as ancestors of these. Swinnerton erected the Order 
Protoparia to include forms with a primary absence of facial sutures, 
but, since his group includes very different, even non-trilobite forms, 

it has not been adopted by recent writers. Neither has the separation 
of the Olenellidae into a special Order (Poulsen) met with much 
approval. At present the great number of trilobite genera are placed 
in the two Orders Proparia and Opisthoparia, and of these the former 
comprises only a small number of genera compared with the latter. 

But even this broad systematic division has its weak points. Hence 
the Family Calymenidae, with its suture crossing the genal angle, 

has been referred both to the one and the other of the mentioned 
Orders. Quite recently Kobayashi (1936) has described a genus }uju
yaspis, which in spite of proparian sutures evidently belongs to the 
Family Olenidae of the Opisthoparia. The primary taxonomic value 
of the facial sutures has been doubted by several recent authors, and 
the systematic division has more and more been based on a combin
ation of morphological characters, by which a number of genera 
have been united in separate Families or Suborders (Kobayashi 1935). 

Concerning the phylogenetic value of the facial sutures, it has 

been demonstrated that opisthoparian genera have passed through a 
proparian larva! stage, and therefore might have had proparian ances

tors. It has also been hinted that the facial sutures might have had 
something to do with the primary segmentation. 

The different cephalic sutures are brietly mentioned in the follow
ing. The hypostoma is attached to the doublure by a transverse 

h y  p o s t  o m  a l s u t  u r  e, which, however, is lacking in the Olenellidae 
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and several other C am brian genera. A m a r g i n  a l s u t  u r  e separating 

the dorsal shell from the doublure is found in several trilobite groups 
such as Olenellidae, Harpidae and Cryptolithidae. In the Olenellidae 
the suture is to a great extent ventromargina1, crossing the genal 

angles below the spines, not above, such as in the Cryptolithidae. 

The ventromarginal suture in the Olenellidae has been called the 
p e r r o s t r a l  s u t u r e  by Richter (1932 b, p. 139), because it remains 
uncertain whether it represents a rostral (Kiær, Warburg, Raw) or 

marginal (Swinnerton) suture. 

The doublure in front of the hypostoma is pierced by two longi
tudinal sutures, the c o n n e c t i v e  s u t u r e s, which might be confluent, 

forming a m e d  i an  s u t  u r  e. The portion of the doublure between 
the connective sutures and in the hypostomal suture might be bor

dered in front by a transverse r o s t  r a  l s u t  u r  e, which thus separates 

a special plate which is called the r o s t  r u  m .  From the anterior 
corners of the rostrum the f a c i a l s u t  u r  e s  run backwards on the 

dorsal surface of the cephalon. The sutures pass along the inside 
(median side) of the visual surface of the eye, and cross the lateral 
or posterior margin either anterior to the spine (Proparia) or post
erior to it (Opisthoparia). 

Different interpretations have been given of these sutures. The 
classical conception of Barrande ( 1852) ela i ms that the facial sutures 
were united in front through the transverse rostral suture, thus form
ing "la grande su ture" homologous with the marginal su ture. The 
connective and hypostomal sutures were regarded as independent 
stn.jctures (the suture of the Olenellidae was unknown). 

From the studies on the ventromarginal suture and large rostrum 
in the Olenellidae, Kiær (1916) and Warburg (1925) arrived at another 
explanation. They claim that the ventral suture, formed by the 

connective and rostral suture, was the primary suture separating the 

rostral segment or sclerite from the rest of the cephalon. At the same time 

the facial suture of the Olenellidae was regarded as being obliterated. 
Among the more recent writers, Henriksen ( 1926) and Richter 

( 1932 a) re gard the connective sutures as direct continuations of the 
facial sutures. Richter supposes that these combined sutures might 

either unite in front forming a median suture (which might become 

fused and obliterated), or in connection with a secondary rostral 

suture border the rostrum which is thus interpreted as a secondary 

formation instead of a primary as claimed by Kiær and Warburg. 
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On! y Beecher ( 1897) has pa id serious attention to the larva! 

development when judging the nature of the cephalic sutures. At 

his time, however, the early trilobite larvæ were little known in detail, 
and up to the present an early protaspis of one species has often 

been compared with a late protaspis of another. 

It was the merit of Beecher to point out the migration, during 

the earliest larva! stages, of the lateral eyes from the margin towards 

their more median position in the adult. Simultaneously with the 

appearance of the eye, the facial suture and the free cheek outside 

it developed and travelled over the margin. Since the eyes first 

appear at the margin, Beecher made the hypothetical conclusion that 

the free cheeks had a ventral position in the early stages, and in 

the earliest larvæ even the lateral eyes were supposed to have had a 

ventral position. Following Bernard, who assumed that the crustacean 

head was formed by the hending under of the anterior segments in 
an annelid, Beecher was inclined to interpret the free cheeks as a 

preantennal (ocular) segment, which in the primitive larvæ had a 
ventral position in accordance with the views of Bernard (Beecher 

1897, p. 1 10). In "higher" trilobites the eyes were supposed to attain 
their intermarginal position more rapidly during the early ontogeny. 

Accordingly Beecher regarded the trilobites with a typical marginal 
suture (Harpes, Trinuclens and others) as being the most primitive 

types on account of their presumed ventral free cheeks (Hypoparia). 

According to this conception the Olenellidae with their intermarginal 

eye lobes in the anaprotaspis, would be the most advanced trilobites. 
The conclusions of Beecher have met with criticism. The possession 

of ventral eyes in the larvæ is purely hypothetical, and Stubblefield 
( 1936, p. 4 17) points out the inconsistency in argument when Beecher 
postulates that the suture borders the ocular segment or free cheecks, 
while at the same time the functional visual spots of Harpes are 
situated well within the marginal suture. Beecher claims the Cambrian 
trilobite larvæ to have ventral and marginal eyes; he omits the Lower 

Cambrian Olenellidae. In this old and primitive group the rudimentary 

lateral eyes of the protaspis have a distinct intermarginal position 

not much different from the position in the adult. When Beecher 

claims that the eyes have a less marginal position in the "higher" 

trilobites, he apparently means the larvæ of the Devonian Acidaspis 

and Corydocephalus (pl. l, figs. 39, 40), but these eye-structures seem 

little convincing. In Calymene and Dalmanitina the eyes are marginal 
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even in late protaspis stages. It is also to be mentioned, as pointed 

out by Warburg ( 1925, p. 29), that in the case of the C am brian 

larvæ of Sao and Ptychoparia Beecher erroneously traced the facial 
suture to the posterior margin, and thus interpreted the probable 

intergenal spine as the genal spine. 
In considering the cephalic sutures, Warburg ( 1925), Raw ( 1925) 

and especially Stubblefield ( 1936) have pa id attention to the ontogeny 

as regards the primitiveness of the proparian contra the opisthoparian 
head-plan of the trilobites. The presence of proparian sutures in the 
larva of the opisthoparian genus Peltura (Paulsen 1923) was interpreted 

as suggesting that the proparian type was ancestral to the opistho

parian. Stubblefield looks upon the adult proparian trilobites as 
permanently neotenous opisthoparians. 

Concerning the Olenellidae, apparently all writers except Raw 

regard this group as having an opisthoparian headplan. Most authors, 

such as Ford, Walcott (early papers), Beecher, Moberg, Kiær and 
Warburg, interpret the presumed traces of a facial suture to result 

from a secondary fusion of a normal opisthoparian suture. A number 

of other writers, however, such as Walcott (later papers), Swinnerton, 
Paulsen and Stubblefield, look upon the structures as sutures "in being". 

Raw's theory of a revolving backwards of a procranidial spine is 
discussed and criticised above (p. 65). 

We shall now consider the evidence in favour of an opisthoparian 

head-plan in the Olenellidae. 
Primarily the general structures of the cephalon of the Olenellidae 

bear a striking resemblance to Cambrian opisthoparians such as 
Redlichia and Paradoxides. Particularly the glabella, the eyes, the 
expanded cheeks with the genal spines, the doublure with the hypo

stoma, the thorax and pygidium are much alike. It might, therefore, 

seem natura! to homologize the structures, and to claim the presence 

of a rudimentary or obliterated suture with the same course as the 

true facial suture in the typical opisthoparian trilobites. 

In fact certain structures might appear to confirm the presence 
of an incomplete suture. Moberg ( 1899) pointed out the presence in 

Kjeruljia of a faint raised line, which in its position corresponds to 

the course of the posterior branch of the facial suture. The discovery 

of Moberg was confirmed by Kiær (19 16, p. 8 1) who found: "a fine 

raised line, that runs in an are from the posterior edge of the eye to 
the posterior margin in front of the intergenal rib." And in addition 
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to this line another sometimes occurs which Kiær describes as "runn

ing from the anterior edge of the eye to the marginal brim, in a 
marked! y receding are". While the former is interpreted as traces 
of the posterior branch of the facial suture, the Jatter with doubt is 
referred to the anterior branch, which in its course recalls the facial 

the suture in Paradoxides rugulosus Corda. 
In order to study in detail these important structures, I have 

examined a large number of specimens of Holmia kjerulfi (Linnars
son) and Kjerulfia lata Kiær from the Lower Cambrian at Tømten in 
Norway. The best specimens are illustrated in pl. 2, figs. l, 3-5. 
The posterior line, which might be called the posterior eye-line 

(pl.), is visible in many specimens, but not in all. The line appears 
on the internal mould as a faint raised line, as mentioned also by 

Raw ( 1936, p. 24 1 ). On the dorsal sur face the ridge reaches the 
occipital furrow, but is not found to cross this segment as might be 

seen in the reproduced photographs. In a specimen showing the 
surface-sculpture and thus i'epresenting the upper surface of the test 

(pl. 2, fig. 4), the line forms only a boundary between the smooth 
cheek postlateral to the eye and the more reticulated surface of the 

interocular cheek. 

In Kjerulfia lata Kiær (pl. 2, fig. I) the line is also faintly visible, 

running in postlateral direction and becoming obliterated before it 
reaches the margin, which is not marked off by a posterior marginal 
furrow such as in Holmia. The line or ridge is not so distinct as 

shown in the reconstruction presented by Kiær ( 1 9 16, text-fig. 12). 
In Callavia the line coalesces with the intergenal ridge (Raw 1936). 

On account of its position it might seem reasonable to interpret 
the ridge as representing traces of the posterior branch of the facial 
suture, which has a similar course in opisthoparian trilobites. This 
explanation has, however, met with criticism. Both Lindstrom ( 190 l, 

p. 15, 16) and Stubblefield ( 1936, p. 421) explained the ridge as a 
postocular remnant of the antenna! segment or larva! ridge in the 

sense of Warburg. Stubblefield points out that the locus of fused 

sutures is never represented by a raised line or ridge, but in the 
case of supposed vestigal cephalic sutures usually appears as a groove. 
Since the raised line apparently belongs to the internal mould, the 

last argument seems to be of little value, but it might be mentioned 
that in the Cryptolithidae certain raised lines on the internal mould run 

from the lateral eyes towards the genal angles, and these lines Raymond 
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( 1920, text-fig. 25) presumes to be the gen al cæca and not facial 
sutures as claimed by Ruedemann ( 1916). Concerning the posterior 
eye line in the Olenellidae Raymond ( 19 17, p. 208) also considers a 

segmenta! origin of the line, and speaks of "a natura! line of weak

ness, because it was the line of division between the original first 

and second segments of the dorsal side". This large ly agrees with 

the present studies on the cephalic segmentation. As shown in text

fig. 14 the preantennal and antenna! segments apparently abut against 
each other along the mentioned line, and near the margin the distal 

portion of the preoccipital segment touches the preantennal segment. 

The so-called posterior branch of a facial suture in the Olenellidae 

might therefore just as well represent the division-line between the 

distal pleuræ of the preantennal and antenna! segment. The anterior 
border of the intergenal rib would then represent the division-line 

between the distal pleuræ of the antenna! and preoccipital segment, 

and at the posterior border, between the preantennal and preoccipital 
segment. This interpretation offers an explanation also of the fact 
that the posterior eye-line, bordering the postlateral portion of the 
antenna! segment, does not cross the hind border. 

Concerning the "anterior branch of the facial suture" in the 

Olenellidae, it is much less significant than the posterior branch. The 
anterior eye-line (al) is visible as a faint line in a num ber of spe
eimens of Holmia and in the figured specimen of Kjerulfia (pl. 2, 
figs. l, 3, al). The line appears as a faint furrow running from the 
anterior point of the eye outwards and backwards in an are as far 
as to the broad marginal rim. In the Swedish species Kjeruljia 
lundgreni (Moberg 1899) the line is described as a raised line, but 

in the specimens figured in the present paper it has more the charac
ter of a very faint furrow. There is little evidence in favour of inter

preting the line as a remnant of a suture. Primarily the line does 

not extend to the margin. Secondarily a line of this type might be 

explained as due to preservation. A slight compression of the cheeks 
with the elevated lateral eyes might probably create a hending line 

in this place. The preservation might also to some extent cause an 

imprint of the posterior border of the rostrum. In this connection 

might be mentioned the supramarginal su ture which Resser ( 1928) 

meant to find in the cephalon of Olenellus ( = Mesonacis) fremonti 
Walcott. Although such a suture also seemed to be indicated in some 

of Walcott's figures of Olenellus (=Paedeumias) and Wanneria 
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( 1910, pl. 34, fig. 3; pl. 30, fig. 20), it is pro bable that the observed 

supramarginal line is merely the imprint of the normal submarginal 

suture on the inner surface of the dorsal shell, as pointed out by 

Raw ( 1936). 
From the mentioned reasons I find no direct evidence of the 

anterior and posterior eye-lines representing traces of a facial suture 

in the Olenellidae. 
T h e  m a r g i n a l  s u  t u r e  (or perrostral suture) has clearly been 

demonstrated in several different genera of the Olenellidae. As shown 
in text-fig. 18 the suture is submarginal except in the genal area 
where it runs inwards across the doublure. A specimen of Olenel

lus (=Paedeumias) described by Walcott (1910, pl. 34, fig. 6) illu
strates as shown by Swinnerton the mechanism of the moulting. The 

rostrum (the greater part of it is not preserved) with the hypostoma 
is loosened along the marginal suture, and turned backwards round 

the postlateral corners of the cephalon. A marginal suture of this 

type is a common feature among the Arthropoda. It is found in the 

Branchiopoda, Xiphosura and Eurypterida as well as in many other 

animal groups. 
In the young larva we do not know the course of the marginal 

suture, but it seems possible to draw certain conclusions as to its 

presence and position. As soon as the first ecdysis took place in 

the Protaspid Period the marginal suture was evidently developed, 

and during the numerous later growth stages it must have been present 

to facilitate the ecdysis. Following the stages backwards it seems 
highly probable that the early protaspis with its subcircular outline 

had a simple marginal suture, which did not necessarily extend as 
far as to the hind margin. From analogy with Limulus (comp. text
fig. 25 in Størmer 1934) the marginal suture might reach only some 
distance beyond the broadest part of the cephalon as suggested in 
text-fig. 18 (Olenellidae larvæ). During the ontogeny the cephalon 
of the Olenellidae changes in outline from subcircular to semicircular 

by the further growth of the postlateral portion of the head. The 
genal spine develops in the late protaspis after the marginal suture 

was established. As pointed out above the preantennal segment is 
well developed on the dorsalside of the head in the earliest Iarvæ 

of the Olenellidae. During the further growth stages only the genal 

angles with the genal spines are subject to more extensive develop

ment. They develop and migrate from a medioposterior position out-
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outwards where they form lateral outgrowths of the dorsal shell. 

I t  s e e m s  t h e r e fo r e  p r o b a b l e  t h a t  t h e  v e n t r a l  c o u r s e  o f  

t h e h i n d p o r t i o n o f t h e m a r g i  n a l s u t u re i n t h e a d u l t O l e
n e l l i d a e  i s  d u e  t o  a p o s t l a t e r a l  o v e r g r o w t h  o f t h e d o r s a l  
s h e l l  d u r i n g  t h e  l a r v a !  develo pment. 

In the Paradoxidae and other typical opisthoparian trilobites the 
preantennal segment was only to a small extent developed on the 

dorsal side in the protaspis. The lateral or extraocular portion was 
not present, and the larva thus had not attained the broad and 

marginally flattened cephalon characteristic of the typical trilobite head. 
Evidently the larva, just as in the embryological stages of Limulus 

(lvanov 1933) (comp. text-fig. 12), was more convex and the pleural 
portions were little developed or at !east they bad a ventrolateral 
position. The ontogeny has shown that the dorsal development of 

the preantennal segment chiefly began in the late Protaspid Period 

and was very significant in the early Meraspid Period. 

It is natura! to assume that also the earliest larva of the Para

doxidae possessed a suture to facilitate the ecdysis. Since no facial 
suture is visible across the dorsal surface the suture was either marginal 

or vent ra!. It seems most like! y that the su ture followed the 

broadest part of the head and hence was marginal, and in fact the 
position of the genal spine close to the palpebral lobe in the meta
protaspis of Paradoxides (text-fig. 7 b) indicates this. Being marginal 
the suture bad to run along the palpebral lobe or rudimentary lateral 
eyes which were marginal in the protaspis of the Opisthoparia and 
Proparia. Since the pleural portion of the preantennal segment is not 
developed on the dorsal side in the protaspis, the marginal suture 

had to cross, more or less diagonally, the pleural portions of the 
preantennal segment. During further larva! development the extra

ocular portion with the genal spine gradually appears outside the suture 

preliminarily marginal. Compared with the Olenellidae this portion 
is developed from the ventrolateral portion of the shield and there

fore develops below instead of above the suture, i. e. by undergrowth 
instead of overgrowth of the shell. During the Meraspid Period 

the extraocular portion of the preglabellar field develops rapidly 

and increases in size. The preglabellar field shows a special rapid 

growth in antelateral direction. The different degree of development 

of the various parts greatly influences the course of the suture. From 

being marginal in the protaspis the suture becomes straightened out in 
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the early Meraspid Period where the marginal suture thus has attained 

a dorsal, facial position, and in later stages the dorsal or facial 

suture becomes more or less S-shaped with a deep reentrant at the 

lateral eye. T h e  o n t o g e n y  t h u s  i n d i ca tes  that  the  marginal  
su t u r e  o f  the  p r o t a s p i s, d u r i n g  t h e  l a r v a !  d e v e l o p m e n t, 

i s  t r a n s f o r m e d  i n t o  a f a c i a l  s utu r e . 

To the present conception might be objected that one would 
expect the marginal suture to maintain its marginal position, i. e. to 

migrate outwards simultaneously with the development of the extra
ocular portion. This objection seems, however, to be of little value. 

During the ecdysis the elevated lateral eyes, with their nearly vertical 
visual surface, form a difficult point by the removal of the shell. 
During the larva! development the suture probably becomes intimately 

connected with the lateral eye, and the suture maintains its position 
across the eye also after the eye has attained a distinctly intermarginal 

position. The migration of the suture towards the margin in forms 

with reduced lateral eyes (Richter) might be seen as confirming the 
present conception. 

The structures of the Olenidae are similar to those described in 
the Paradoxidae, but the palpebral lobes are much shorter. Also in 

the Olenidae it seems natura! to assume the presence of an early 
marginal suture crossing the primary preantennal segment. During 

the Meraspid Period the antelateral portion of the cephalon is first 

developed, hence the suture first appears on the dorsal surface at 

this place. As pointed out by several scientists the larva passes 
through a proparian stage of development. Gradually the suture 
migrates further backwards by the increase in size of the postlateral 
angles. 

Concerning the Proparia the lateral eyes of the protaspis are 
situated along the anterior margin, and are less lateral than in the 
Opisthoparia. During the larva! period the preantennal segment devel
aps in front and outside the lateral eyes which thus become inter

marginal. Simultaneously the probable marginal suture changes into 

a facial su ture. In later stages the postlateral portion of the prean

tennal segment apparently remains little developed, so that the suture 
remains outside the genal angle with the intergenal spines. 

In the Harpidae and Cryptolithidae the suture is marginal or 

supramarginal. In the former group the suture is marginal and 
follows the outline of the broad perforated brim. In the latter the 
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suture is also marginal and follows the outline of the perforated brim, 
but at the genal angles the suture crosses the genal spine on the 

upper side as shown in text-fig. 17. Characteristic of both trilobite 
families is the perforation of the fringe by numerous hour-glass
shaped hollow pillars. All the pillars are intersected at their most 

narrow portion by a horizontal suture forming an internat conti

nuation of the marginal suture (Richter 19 16, Størmer 1930). The 
horizontal suture separates the ventral doublure from the dorsal 
shield. 

U nfortunately we do not know the protaspis of the Harpidae 
or Cryptolithidae. In Degree O of the Meraspid Period the suture 

is marginal and therefore, as I have pointed out earlier (1930 p. 93), 
does not elucidate the problem of the relation between the marginal 

and facial suture. (I only mentioned that the supramarginal course 

of the postlateral portion of the suture might perhaps suggest that 
the suture was not marginal in the protaspis.) 

With regard to the nature and origin of the marginal suture in 
the Harpidae and the Cryptolithidae, the following conceptions might 
be considered. 

l. The facial suture is completely reduced and a secondary 

marginal suture is developed. 
2. The facial suture has migrated to the margin and is thus 

converted into a marginal suture. 
3. No facial su ture was ever present, the marginal developed as 

a primary suture. 
The first interpretation is especially advocated by Lake ( 1907), 

Swinnerton ( 1915), Reed ( 1916) and Richter (1915, 1921), and appears 
to be the current explanation by most paleontologists. Lake stressed 

the relationship between Trinucleus and the opisthoparian genus 
Orometopus, and assumed that the facial suture and lateral eyes had 
become reduced in the former. Reed (1916) is inclined to find remnants 

of a facial suture in a hending-line across the cheek in Trinucleus. 

Richter (1. c. p. 200) argues that when the eyes of Harpes are homo
logous with those of other trilobites the free cheeks are found on 

the upper side of the cephalon, and the facial suture therefore is to 

be expected at the place of the eyes. The marginal suture is conse

quently explained as a new formation. 

To the mentioned arguments might be objected that the relation

ship between Orometopus and Trinucleus is purely hypothetical as 
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stated also by previous authors. Concerning the oblique bending-line 

of the cheeks in Trinucleus, I have previously (Størmer 1930, p. 93) 

pointed out that the line probably bounds the reticulated posterior 
portion from the steep and smooth anterior portion. The line of 
argument offered by Richter is based on the assumption that the 
facial suture has a fixed position in relation to the cephalic seg

mentation, an assumption which is not based on facts. On the 
contrary, the migration of the facial suture together with the reduction 

of the eyes in the Phacopidae (see below) rather indicates their 
labile position in relation to the dorsal shield. 

The second conception has been little considered. From their 
elaborate studies on Upper Devonian Phacopidae, Rud. and E. Richter 
(1926, p. 9, 184-190) were able to demonstrate the migration of the 
facial suture towards the margin with the reduction of the compound 

eye. The development is illustrated in series including the subgenus 

Dianops (Rud. and E. Richter l. c. , Richter 1932 a and Stubblefield 

1936). From this point of view it seems probable that the supramar
ginal suture in the Conocoryphidae also has originated from a lateral 

migration of a previous facial suture in secondarily blind forms 
(Warburg 1925, p. 45, 59, Raw 1925, p. 261 and Richter 1932b, p. 

182). The slightly supramarginal course of the marginal suture in 

the earliest larva of Tretaspis gives no real indication of a lateral 

migration of a facial suture. In certain Cryptolithid genera such as 

Reedolithus (Størmer 1930) the lateral eyes apparently were functional, 

and in this case a migration of the suture seems very unlikely. 
The third conception has been advocated by the Danish scientists 

Henriksen ( 1926, p. 29) and Poul sen ( 1927, p. 31 I). Paulsen assumes 
that the marginal suture is primary, that it is homologous with the 
marginal or perrosteral suture in the Olenellidae and that this suture 

existed before the facial suture in trilobite phylogeny. On the other 
hand he does not homologize the marginal and facial suture, and his 
assumption of the primitiveness of the marginal suture is apparently 
based on its presence in the primitive Olenellidae. 

Following the views offered in the present paper, it is natura! 
to explain the marginal suture and the Jack of the facial suture in 
accordance with the third conception. This conception of a primary 

marginal suture finds a certain support in the larva! development. 

As mentioned earlier, the first Meraspid larva has a very broad 

cephalon with distinctly intramarginal lateral eyes (pl. l, fig. 41 ). 
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This suggest a larva! development different from that in the Opistho

paria and Proparia, but approaching that of the Olenellidae, which 

also have the extraocular portion of the cephalon developed in the 
early larva. Concerning the facial suture, one would expect that if 

the Harpidae and Cryptolithidae, or their ancestors rather, had had 

a facial suture of the opisthoparian type, the facial suture also had a 
similar ontogenetic development, i. e. that the lateral eyes or palpebral 
lobes were marginal in the protaspis. This would mean that the 

broad extraocular portion with the powerful genal spine, present in 

the first Meraspid stage of Tretaspis, had developed very rapidly 
through a few moultings in the late Protaspid Period. With our 

present knowledge of trilobite ontogeny i t  t h e r e fo r e  s e e m s  i m
pro b a b l e  t h a t  t h e  H a r p i d a e  a n d  C r y p t o l i t hid a e, o r  t h e i r  

a n c e s to r s ,  h a d f a e i  a l s u t u r e  s w h i c h l a t e  r b e  c a m e o b
l i t  e r  a t  e d. The bro ad larva! cephalon with its intermarginal eyes 

suggests that the marginal suture was primary and homologous with 

the marginal (perrostral) suture in the Olenellidae. 

The views here presented lead to a new conception on the 

nature and origin of the cephalic sutures in trilobites. 

The marginal suture was apparently present in the larva of all 

trilobites. In the Olenellidae and probably in the Harpidae-Crypto
lithidae the preantennal segment is well developed on the dorsal side 
of the head-shield already in the Protaspid Period, and the marginal 
suture is parallel to the outline of this segment. In the Opisthoparia 

the larva! suture is also marginal, but the preantennal segment 
develops on the dorsal side not before the Meraspid Period. The 
previously marginal suture therefore becomes intramarginal in the 

Meraspid Period, and, since the suture maintains its connection with 

the lateral eye (in order to facilitate the ecdysis of this protruding 

point), the suture is transformed into a facial suture. In the Proparia 

a similar development takes place, but here the dorsal development 

of the preantennal segment is even more arrested. The postlateral 

portions of the preantennal segments develops but slightly, and the 

suture accordingly maintains a position corresponding to a certain 

larva! stage in the development of the Opisthoparia. 

T h e  p r e s e n t  s t u d i e s  t h u s  l e a d  t o  t h e  c o n c l u s i o n  

t h a t t h e f a ei a l s u t u r e i n t h e T r i l o b i t a is h o m o l o g o u s 

w i t  h t h e  p r i m  a r  y m a r g i n  a l s u t  u re, a n d  t h e  d i f f e r e n t  

c o u r s e  o f  t h e  c e p h a l i c  s ut u r e s  is d e p e n d e n t  o n  a r a p i d  
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Fig. 17. Primary and secondary segmentation of protaspides and adult stages of 

trilobites from the Lower, Middle and Upper Cambrian. Every second of the pri

mary segments is shaded. a-b = Holmia kjerulji (Linnarsson) (the protaspis might 

possibly belong to Kjeruljia lata Kiær). c-d=Paradoxides pinus Holm MS (the 

protaspis, probably belonging to this species, is reconstructed after illustrations 

published by Westergård). e-f= 0/enus gibbosus (Wahlenberg). 

o r  a r r e s t e  d d o r  s a  l d e v e l  o p m.e n t o f  t h e  p r e  a n t e n n a  l s e g
m e n t  i n  t h e  l a rv a . 

The development of the different sutures is suggested in text-fig. 18. 
The present interpretation has the advantage to previous views 

because it is based on the ontogenetic development, and at the same 
time satisfies the mechanical principles and agrees largely with the 
successive geological appearance of the different evolutionary stages. 

The explanation to some extent corresponds with the views of 
Barrande according to which the facial, rostral and marginal sutures 
form part of a common "grande su ture." Like Barrande I interpret 

the connective sutures as secondary formations, while the hypostomal 
su ture possibly coincides with primary segmenta! Iimits. The connective 

Nouk !(eol. tidHkr. 2!. 10 
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sutures probably developed largely from mechanical reasons in order 
to permit the body to pass out of the slough during the ecdysis. 
On the other hand the occurrence and course of the connective suture 

do not, however, give a convincing support to an assumption of a 
merely mechanical origin of these sutures. The connective sutures 
show a variable development in the different trilobite groups, and 
in the Eurypterida similar sutures seem to be present simultaneously 
with a marginal suture (Størmer 1934, p. 17-28). This might perhaps 
indicate that the connective sutures not merely facilitate the ecdysis, 
but the elaboration of these structures might possibly have taken 
place at a later phylogenetic stage independent of the other sutures. 
Future studies might elucidate the origin and nature of the connec
tive sutures. 

Beecher's interpretation of the cephalic sutures was also based 
on the ontogeny, which, however, at that time was very limited. In 
contradiction to the present studies, he claimed that during their 
phylogenetic development the lateral eyes migrated "from the ventral 
side, first forward to the margin and then backwards over the cephalon 
to their adult position" . In the larva! development this means that 
the more advanced forms have the lateral eyes rapidly appearing on 

the dorsal surface, while in the primitive forms they remained on 
the ventral side. As Raymond (I 917) points out, Beecher's system 
cannot explain the conditions in the Olenellidae where the eyes are 
dorsal in the earliest larva! stage. The present conception is more 
or less opposite to that of Beecher. On account of the arrested 
development on the dorsal surface of the preantennal segment, the 
eyes, phylogenetically, approach the margin more and more in the 
first larva! stages. 

The views of Poulsen ( 1927, 1932) agree in several points with 
those set forth in the present paper. As mentioned above he argues 
that the marginal suture is phylogenetically older than the facial 
suture, and he therefore places the Olenellidae in a separate Order 
beside those proposed by Beecher. He does not, however, consider 

the marginal and facial suture as being homologous. 
We shall now briefly consider the s y s t e m a t i c  v a l u e  of the 

cephalic sutures. As mentioned above, diverging opinions have been 

expressed with regard to the importance of a trilobite classifictaion 
based on the course of the cephalic sutures. Recent workers especi
ally, have strongly criticised Beecher's system of classification. His 
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Order H ypoparia is rejected by most writers, and even a division 

into the two Orders Proparia and Opisthoparia is discarded by cer
tain scientists. 

Swinnerton's Order P r  o t o  p a r  i a was established on theoretical 
grounds comprising "Trilobites and Trilobite-like organisms in which 
the absence of facial suture is primary" . He includet in this group 
the little known Nathorstia (which has been interpreted as a fresh

moulted Neolenus) and Marella, which in spite of trilobitean append
ages belongs to a separate group related to the trilobites. 

As pointed out by several authors (Warburg, Raw and Richter), 
a group including non-trilobite forms is of little use to the trilobite 
classification. With the present interpretation, however, of the cephalic 
sut u res in the trilobites, the Olenellidae fulfill the requirements of 
Swinnerton's Order Protoparia. It might therefore seem reasonable 
to maintain the Order Protoparia in a restricted sense, comprising 
only very primitive trilobites with a primary marginal suture. Since 
the Lower Cambrian Olenellidae, with their primary marginal suture 
and characteristic larva! head-plan, apparently fulfill the requirements 
of such a group, i t  s e e m s  n a t u r a !  t o  e s t a b l i s h  a s e p a r a t e  

Tri lobite order ,  t h e  Protoparia, inc luding t h e  Olenel l idae. 
The name Mesonacida suggested by Paulsen does not seem appro
priate since the family name is changed into Olenellidae, and in 
addition to that, the more neutral name Protoparia might prove more 
useful if other families have to be included in the Order. 

In spite of frequent criticism of the O r d e r  H y p o p a r i a ,  it 
seems to me there are certain reasons for maintaining at !east provi
sionally this order of Beecher. Unfortunately our knowledge of the 
larva! development is too scarce to permit a more definite conclusion 
as to the presence of a special Order. As advocated above, the 
marginal suture of typical members of the group is probably homo
logous with the marginal suture of the Olenellidae, i. e. the members 
of the Protoparia. In this case the families of the Hypoparia must 

either be placed in the Order Protoparia or constitute a separate 
Order for which Beecher's name Hypoparia is naturally maintained. 

In fact Raymond ( 19 17, p. 209) mentions this possibility although 
he would place the Hypoparia as the most primitive members of the 

Protoparia. The members of the Hypoparia seem to differ from the 

typical Protoparia in having a decided marginal, or, if a genal spine 
is present, a partly supramarginal, suture. The intergenal spines are 
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absent already at the beginning of the Meraspid Period. They also 

differ in lacking distinct glabellar furrows in the early Meraspid 
stages. A special characteristic seems also to be the reduction or 

absence of lateral eyes, a feature which is unknown in the Protoparia. 
For these reasons I am inclined provisionally to maintain the 

Order Hypoparia, and regard it as forming an early offshoot of the 
trilobite stem as suggested in text-fig. 18. 

It remains also to be settled which families should be included 

in the Hypoparia. Besides the typical Cryptolithidae it seems natura! 
to include the Harpidae, which have so many peculiar characters in 
common with the former group. The much larger num ber of thoracic 
segments seems to be of minor value since up to 17 segments have 
been counted in the pygidium of Cryptolithus (Størmer 1930, p. 41 ). 
Also the Raphiophoridae have many characters in common with the 
Cryptolithidae. The suture is supramarginal or intramarginal and 

generally regarded as a true facial suture. In spite of this I am in
clined to follow Raymond ( 19 17) in including the Raphiorphoridae 

in the Hypoparia. Poul sen ( 1932, p. 3 13) also placed the Conocory
phidae in the Hypoparia, but I agree with Stubblefield ( 1936, p. 4 16, 
p. 4 19) who, like several previous workers, places this group closer 
to the Ptychoparidae. The Eodiscidae probably belong to the Pro
paria on account of the sutures in Pagetia and the proparian-
opisthoparian type of protaspis. The position of the Agnostidae is 
more doubtful. Their relationship to the Eodiscidae is not convin
cingly demonstrated. On the contrary the early larva shows little 
resemblance to young proparian trilobites and recalls more the larva 
of the Cryptolithidae. Provisionally I am inclined to include the 
Agnostida in the Hypoparia. The peculiar genus Shumardia was 
included by Richter ( 1932 a) in the su border or superfamily Crypto
lithidae. Other writers such as Broili ( 1924) and Stubblefield seem 

more inclined to place the genus in the Conocoryphidae. It is diffi
cult to decide, but, since the early larva! stages seem to deviate from 

the normal proparian-opisthoparian development, I might suggest 
with doubt referring the genus, with its apparently marginal suture, 
to the Hypoparia. 

The O r der  P r o p a r i a  comprises a small heterogenous group 

of minute Cambrian and Iarger Ordovician-Carboniferous forms. The 
ontogeny might suggest that the opisthoparian trilobites have devel
oped from proparian ancestors, and Stubblefield ( 1936) gives the 
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Fig. 18. A suggestion for a trilobite classification based on the development of the 

preantennal segment and the cephalic sutures. In the trilobites figured the solid 

black lines indicate the course of the marginal or facial sutures. The black arrows 

connect different growth stages of the same form. The strong black line indicates 

the probable relationship of the different trilobite orders. The white arrows suggest 

a secondary derivation of certain forms on account of a reduction of the lateral 

eyes or genal spines. a=antennal segment, g=genal spine, 

i= intergenal spine, pa= preantennal segment. 



150 LEIF STØRMER 

interesting suggestion that the small Cambrian members of the Pro
paria are to be considered as neotenous forms. As shown in the 
last chapter, however, the Proparia, in spite of their proparian larva, 
might be regarded as the most advanced trilobite order. 

As pointed out by Warburg and others, the Phacopidae, inclu
ding the Families Cheiruridae, Encrinuridae and Phacophidae, appa
rently have little to do with the Cambrian families. Also the Cambrian 
forms belong to families of remote relationship. In discussing the 
Proparia, Kobayashi ( 1935) points out that each gro up suggests a 
relationship to earlier opisthoparian trilobites, and he therefore de
duces that the Proparia merely might represent the terminals of 
evolutionary lines. This gives an interesting support to the views set 
forth in the last chapter. Although the opisthoparian trilobites pass 
through a proparian stage of development, the general phylogenetic 
development suggests that the Proparia forms the most advanced group. 

Richter (1932 a) includes in the Proparia the four superfamilies 
Eodiscidae, Norwoodiidae, Burlingidae and Phacopidae. In the 
Eodiscidae he also places the Agnostidae, but provisionally I prefer 

to separate this family as mentioned above. Besides these four groups 
several others have been considered in connection with the Proparia. 
In forms without lateral spines the systematic position is difficult to 
decide. The Calymenidae form a well-known case. The Family has 
been referred to both the Proparia and Opisthoparia, and has also 
been regarded as forming a link between the two orders. Pharostoma, 
however, appears to belong to the Opisthoparia and the typical Caly
menidae are therefore generally referred to this group. In this 
connection it might, however, be remembered, as pointed out by 
Stubblefield (1936, p. 4 16), that true proparian families such as the 
Cheruridae might include opisthoparian genera. 

With the absence of a genal spine it seems probable that a 
proparian suture might be s�condarily attained among the Opistho
paria. Walcott ( 19 16) describes and figures the C am brian genera 
Menomonia, Dresbachia and Millardia which show proparian ten
dences in the development of the sutures, but yet seem to be true 

opisthoparians. Secondarily attained proparian characters are well 
demonstrated by Kobayashi ( 1936) in the genus jujuyaspis. In spite 
of proparian sutures this early Ordovician form evidently belongs to 
the Olenidae, and belongs to the Peltura-Acerocare line of devel
opment in the uppermost Cambrian. 
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Also in genera with genal spine proparian sutures might be 

indicated. The Cambrian Cedaria (Walcott 1925) has a "typical" 
proparian cranidium, but the shape of the free cheek with its genal 
spine shows the opisthoparian nature of the genus. 

In text-fig. 18 the development of a secondary proparian struc
ture is indicated by a white arrow. Another arrow signifies a secondary 
development towards hypoparian structures such as demonstrated in 
Eodiscidae and Phacopidae. 

The O r d e r  O p i s  t h o  p a r  i a inc! u des all the remaining tri! o bite 
families and thus constitutes by far the !argest Order. At just menti
oned certain opisthoparians might attain proparian characters by the 
loss of the genal spine. On the other hand a secondary hypoparian 
structure might develop by the reduction of the lateral eyes just as 
in the Proparia. An opposite development might possibly have taken 
place in the Raphiophoridae. If they are typical hypoparians the 

marginal suture has migrated inwards in these convex forms, but it 
has no connection with a development of lateral eyes. 

T h e  pre s e n t  r e s e ar c h  i n d i c a t e s  th a t  a m o d i f ied Sal ter
Beecher classif icat ion of tr i lobites has  a natur a! foundation 
in t h e  e ar l y  l ar v a !  d eve l o p m e n t . 

Each of the trilobite orders has apparently its specific larva! 
development. The Protoparia is evidently the most ancestral group. 
The Hypoparia branched off from the main stem (possibly more 
than once) at an early phylogenetic stage. The proparian-opisthoparian 

line of development probably evolved from the Protoparia, or closely 
related forms in the Precambrian. This trend gave rise to different 
groups of Proparia and to the most potential trilobite order, the 
Opisthoparia. Text-fig. 18 illustrates in the main features the lines of 
development suggested above. 

If we regard the arrested development of the dorsal portion of the 
preantennal segment as a major feature in the trilobite development, the 
Proparia might represent the main evolutionary trend and include 

the most advanced forms among its last members, the Phacopidae. 
In the following is suggested a provisional classification of the 

Class Trilobita based chiefly on the ontogenetic development. 

I. Order Protoparia. 

Primitive trilobites with ventromarginal or marginal cephalic 
su ture; lateral eyes well developed; preantennal segment well devel-
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oped on dorsal side of protaspis; intergenal spines present in Ana
protaspid, Metaprotaspid, Meraspid and partly Holaspid Periods. 
Lower Cambrian. Superfamily Olenellidae ( =Mesonacidae). 

Il. ? Order Hypoparia. 

Tri! o bites with marginal, supramarginal or ventromarginal? su ture; 
lateral eyes absent or litt le developed; protaspis broad with prean
tennal segment pro ba bly well developed on dorsal side; intergenal 
spines absent in Meraspid and later Periods. 

Middle Cambrian?-Upper Devonian. Superfamilies: Crypto
lithidae, Harpidae, Raphiophoridae?, Agnostidae ?, Shumardidae ?. 

III. Order Opisthoparia. 

Trilobites with facial suture crossing the margin behind genal 
angles, at the corners of which genal spines might occur; protaspis 
with preantennal segment slightly or not developed on dorsal side; 
intergenal spines present in the Metaprotaspid and Meraspid Periods. 
Lower Cambrian- Permian. All remaining superfamilies exclusive 
of the Proparia. 

IV. Order Proparia. 

Trilobites with facial suture crossing the margin in front of 
gen al angles, at the corner of which intergenal spines might occur; 
protaspis with preantennal segment not developed on dorsal side, 
intergenal spines present in Metaprotaspid and later Periods. 

Lower Cambrian-Lower Carboniferous. Superfamilies: Eodi
scidae, N orwoodidae, Burlingidae, Phacopidae. 

Evolutionary Principles indicated in the phylogenetic 

Development of the Trilobites. 

The present conception of a probable phylogenetic classification 
of the trilobites might prove to be of same interest in elucidating 
certain general principles in organic evolution. In the following the 

present results are discussed in relation to the current views on 
arrested development, and the establishment of particular morpho

logical characters. 
A characteristic principle in organic evolution is the general retar

dation or hampering of the ontogenetic development known as n eote ny. 
In neoteny the general development of the larva is arrested, so that 
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the individual reaches sexual maturity without attaining the morpho
logical characters expressed in adult specimens of other members of 
the group. As mentioned a bo ve Stubblefield ( 1936) has interpreted 
the small C am brian proparian genera as being neotenous opistho
garians. 

The present studies seem to indicate that, during the phylogene
tic development of the Trilobita, one character, namely the dorsal 
development of the preantennal segment, is retarded or arrested at an 
increasing degree from the more primitive to the more advanced 
forms. O ne might speak of a "partial neo ten y" , indicating the 
retardation of one character in the morphological development. The 
arrested development of this single character has, according to the 
present conception, greatly influenced the entire development and 
radiation of the trilobite stock. The arrested development has caused 
the ramification of the trilobite class into four separate orders. The 
different orders are distinguished by the various development of the 
ecdysial sutures which, in spite of their largely mechanical origin, 

seem to express in the major features the general phylogenetic 
development. 

The mentioned evolutionary principle indicated in the phyloge
netic development of the Trilobita is apparently described by Schulze 
( 1936, p. 195) in re cent genera of the Acarina. Schulze demonstrates 
a partial retardation in the development of Eriophyes. He points 

out that since a general arrested development has not taken place, the 
development cannot be interpreted as a case of neoteny, and he 
introduces the name m e r  o s t  a s  i s  for this "Organ- oder Teilepistasis". 
The mentioned author emphasizes that this evolutionary principle 
plays en important part in the differentiation of species and genera 
in the animal kingdom, and the retardation might take place during 
the embryonic or postembryonic stage of development. Previous 
authors seem to have expressed similar views. 

T h e  p h y lo g e n e t i c  d e v e l o p m e n t  o f  t h e  T r i l o b i t a  
s e e m s  therefore to  a great  extent  t o  have been inf luenced 
b y  t h e  e v o l u t i o n a ry p r i n ci p l e  k n o w n  as m e r o s t a s i s .  

Among the trilobites, however, the merostasis apparently has not 
only caused a differentiation into species and genera, but even into 
separate orders. 

It is of interest to notice that the retardation in the dorsal 
development of the preantennal segment seems to have appeared 
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rather suddenly in the phylogenetic development of the trilobites. 
In the Lower Cambrian the Pasific genus Redlichia bears consider
abie resemblance to the Olenellidae amongst other things in the 
structure of the posterior part of the body. Redlichia belongs, how

ever, to the opisthoparians, and we might therefore assume that the 
retardation in the ontogenetic development appeared rather suddenly 
in the early Lower Cambrian or more probably in late Precam
brian time. 

We might consider the retardation or merostasis in the devel
opment of the preantennal segment as a new character of evolution 
appearing rather suddenly among the protoparian trilobites. By doing 
so we might compare the present case of merostasis with the evolution 
of new morphological characters in other animal trends. In this 
connection it seems fruitful to consider the studies of Schindewolf 
( 1936) and others on the evolution of special morphological characters. 

This author discusses the appearance of new morphological types 
in various animal groups. Paleontological evidence indicates that the 
development of a new morphological character of a higher order 
first appears in the earliest ontogenetic stages, and is depressed in 
later stages by the dominant characters of the ancestral type. 

This development is well demonstrated in certain graptolites 
(Bulman 1933, fig. l) where the elaboration of the thecæ first appears 
in the proximal end of the rhabdosome. The same feature is well 
studied in other invertebrates where the ontogeny also is demon
strated "within the shell" . 

Schindewolf ( 1936) has described and figured several inverte
brate series, three of which are shown in text-fig. 18 a-i. Only 
three phylogenetic stages are indicated in each of the series, com
prising genera of Foraminifera and Cephalopoda (N auti1oidea and 
Ammonoidea). 

In certain Foraminifera a new character represented by a double 
row of chambers (white) appears primarily only in the earlier onto
genetic stages. In presumably later phylogenetic stages the double 
row is found also in adult stages. Since the development apparently 

is not verified by occurrences in distinct succeeding strata, the present 
line of evolution is not quite certain, and some authors claimed an 
opposite direction of the development in order to satisfy the current 
recapitulation theory. Series of other invertebrate groups, however, 

seem to corroborate the conception presented by Schindewolf. 
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Fig. 19. The early ontogenetic appearance of new morphological characters. The 

new character not shaded. a= Nodonnella, b = Bigenerina, c= Textularia; d = 

Rhynchorthoceras, e = Ancistroceras, f= Cyclolituites; g = Soliclymenia, h, i= Kampto

clymenia; (a--i after Schindewolf); j-r= Protaspid, Meraspid and Holaspid Period 

of growth of Elliptocephala (j-1), Olenus (m-o) and Dalmanitina (p-rl. 

gesp= gen al spine, insp = intergenal spine. 

The development of the coiled nautiloids from nearly straight 
forms is indicated in text-fig. 19 d-f. In this case the knowledge of 
the development is Iargely supported by the stratigraphical occur
rences. The two first stages (d, c) occur in the same beds of the 
Swedish-Baltic Orthoceras Limestone (Piatyrus Limestone), but the 
first one is also found in an older zone (Vaginata Limestone). The 
coiled forms occur in younger, Middle Ordovician beds (Chiron Lime
stone) and the typical coiled forms are common in the U pper 
Ordovician. The coiling of the shell thus first appears in the larva) 
stages only and only in later forms the new character is present 

also in the last growth stages of the shell. 
Among the ammonites Schindewolf has demonstrated an interesting 

development of a subtriangular shell in one group of the Upper 
Devonian Clymenidae. The studies are based on careful stratigraphical 
collections and it has been possible to distinguish several evolutionary 

trends. From the normal Clymenia-type (g) a new type differentiated, 
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which deviates from the normal type in having a triangular outline 
of the earliest whorls in the shell (h). In later forms (i) the triangular 
whorls are not restricted to the initial portion of the shell, but comprise 
the entire shell which therefore deviates considerably from the ordinary 
Clymenia-type. 

Schindewolf seems to have succeeded in demonstrating how a 
new morphological character of higher order primarily appears only 
in the earlier ontogenetic stages, and, since the new character is 
absent in the later growth stages, this is probably due to its depression 
by the characters inherited from the ancestors. In later phylogenetic 

forms the new character dominates also the later growth stages. 
The presence of this evolutionary principle might also be traced 

in the ontogenetic and phylogenetic development of the trilobites. 
We might consider the retardation in the dorsal development of the 

preantennal segment as the new morphological character of higher 
order in the evolution of the trilobites. In text-fig. I 8 i-r the devel
opment of the Protoparia, Opisthoparia and Proparia is indicated. 
The Hypoparia is not included since this group might be regarded 

more as an early off-shoot of the Protoparia. In contrast to the 
other invertebrate groups figured, the ontogeny of the trilobites cannot 

be studied within the shell of the adult, and three characteristic stages 
of development are therefore figured. 

In the Protoparia the arrested development has not taken place 
in any of the growth stages. In the Opisthoparia, on the other hand, 
a distinct retardation is found in the protaspis, but already during 
the early Meraspid Period the preantennal segment gradually appears 
in a greater extent on the dorsal surface. This would mean that the 
characters inherited from the ancestors (the Protoparia) in later stages 
depress the new character. In the Proparia the preantennal segment 
is not at all present on the dorsal side of the protaspis, and in the 
Meraspid stages it is just visible in front. Even in the adult the 

development is arrested to such an extent that the preantennal 
segment does not occupy the genal angles, which evidently are formed 
by the pleural spines of the preoccipital segment. In this case the 

inherited characters have only to a small degree hampered the 
evolution of the new character first appearing in the early ontogenetic 
stages. The three trilobite orders might therefore Iargely be compared 
with the different phylogenetic stages of the other invertebrate groups 
illustrated in text-fig. 18. 
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T h e  p h yl o g e n e t i c  d e ve l o p m e n t  o f  t h e  Tr i l o b i t a  s e e m s t o  
i l l u s t r a t e  t h e  p r i n c i p l e  o f  e v o l u t i o n  a c c o r d i n g  t o  w h i c h  

a n e w  c h a r a c t e r  o f h i g h e r  o r d e r , a n e w  t y p e, f i r s t  a p p ea r s  
i n  t h e  e a r l y  l a r v a! s t a g e s  a n d  i s  e s t a b l i s h e d  i n  t h e ad u l t  
o n l y  i n  l a t e r  f o r m s .  

According to this interpretation, the Proparia, with regard to 
this special but important character, form the most advanced trilobites. 
We thus arrive at the conclusion that although the opisthoparians 
pass through a proparian stage of development the Opisthoparia are 
more primitive than the Proparia. The present conception is largely 
supported by the stratigraphical appearance of the trilobites. The 
Protoparia are restricted to the Lower Cambrian. The Opisthoparia 
occur in all formations of the Paleozoic, but they played their most 
important part from the Middle Cambrian to the close of the Ordovician. 
The Proparia appears already in the Lower Cambrian, but the most 
important and typical superfamily, the Phacopidae, is characteristic 
of the Middle Ordovician-Devonian formations. 

In general the evolution of the trilobite stock seems to a large 
extent to have been guided .by the arrested dorsal development of 
the preantennal segment, a line of evolution which simultaneously 
was influenced by more mechanical structures such as the develop
ment of sutures in the shell. 

SUMMARY OF CONCLUSIONS 

l. The earliest trilobite larva, the protaspis, is known in a great 
num ber of species. The larva passes through several Protaspid stages, 
of which the earliest ones have a constant number of segments 
corresponding to those forming the cephalon in the adult. In the 
Iatest part of the Protaspid Period new segments are successively 
added to the primary segments. The two phases might be called the 
Anaprotaspid and Metaprotaspid Period of development. In more 

primitive trilobites several Anaprotaspid stages occur and the Meta
protaspid Period appears to the brief. In higher trilobites the first 

period seems to be more or less lacking (the larva might pass through 
these stages within the egg), and the last period contains a greater 
number of stages. 

2. The protaspides of various trilobites differ considerably, but 

it is possible to distinguish and homologize the main morphological 
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structures characteristic of a common protaspis type. The protaspis 
of the Olenellidae (Protoparia) is different from those of the Opistho
paria and Proparia, and the difference is found to be due to a 
delayed dorsal development of the preantennal segment during the 
ontogeny of the latter groups. The protaspis of the Cryptolithidae 
is not known, but the earliest Meraspid stage indicates conditions 
similar to those in the Olenellidae. 

3. The development of cephalic spines take place largely at a 
certain size of the protaspis and the degree of development seems 
to a considerable extent to be due to a floating ha bit of Iife. Several 
types of spines might be distinguished, and among these the genal 
and intergenal spines are the most significant. The genal spines 
belong to the preantennal segment, and the intergenal spines evidently 
belong to the preoccipital segment and are thus homologous in all 
known trilobite forms. 

4. Previous interpretations of the cephalic segmentation have 
largely been influenced by the assumption of a crustacean head-plan 
in the trilobites. In accordance with the observed presence of one 
antenna and four biramous legs in the cephalon, the primitive trilobite 

larva has a five-segmented axis. In later stages the axis might appear 
as six-segmented, probably on account of a partial incorporation of 
the preantennal segment in front of the axis. The last segment in 
the anaprotaspis probably represents a true segment and not a telson. 
The pleuræ of the cephalic segments are directed outwards and 
backwards, and the preantennal, antenna! and preoccipital pleuræ are 
more prolonged than the others. The cephalon might include the 
following elements: The preantennal segment complex, the antenna! 
segment, the first to fourth Jeg segments. The leg segments are 
postoral and form the posterior primary somites differing from the 
secondary somites of the thorax and pygidium. 

5. The transverse joints, bordering the thoracic segments in the 
trilobite, form an angle to the direction of the oblique pleuræ demon
strated in the protaspis. The ontogeny of Paradoxides and Olenus 
indicates that the first transverse suture, appearing in the first Meraspid 
stage, develops as a secondary suture crossing the primary segment

ation. During the ontogeny the thoracic segments, which pass through 
the transitory pygidium and are detached as free segments in front 

of the Jatter, are regarded as containing the portions of two succeed-
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ing pleuræ coalesced along the pleural furrow. The structures in 
Limulus support this conception. 

6. The more mechanical interpretation of the transverse sutures 
between the thoracic segments might also be applied as regards the 
cephalic sutures. The ontogeny of the Opisthoparia and Proparia 
'
indicates that the facial suture is marginal in the protaspis. The 
marginal suture in the adult Olenellidae is evidently present also in 
the protaspis and there appears to be no real evidence of a 
rudimentary facial suture in the adult as claimed by most authors. 
Rudiments of a facial suture neither occur in the Harpidæ and 
Cryptolithidæ which have a marginal suture not only in the adult, 
but probably also in the protaspis. The marginal suture is found to 
be the primary cephalic suture in trilobites. The facial suture is 
probably homologous with the marginal suture and the different 
development of the cephalic sutures is evidently dependent on a rapid 

(Oienellidæ, Cryptolithidæ, Harpidæ) or arrested (Opisthoparia, Pro
paria) dorsal development of the preantennal segment in the larva. 

7. The different development of the preantennal segment and 
the cephalic sutures seems to form a natura! foundation in the 

classification of trilobites. The Olenellidæ probably belong to a more 
or less ancestral order for which Swinnerton's name Protoparia 

might be adopted. The order Hypoparia is provisionally maintained 
and regarded as comprising early offshoots of the Protoparia. The 

Protoparia probably gave rise to the Opisthoparia and Proparia, 
the latter forming the apparently most advanced trilobites. 

8. The division of the Class Trilobita into four orders is due 
mainly to the rapid or delayed dorsal development of the preantennal 
segment in the larva. The arrested development or "partial neoteny" 
of one morphological character is found also in recent groups to be 
of considerable importance in forming new genera and species, 
Schulze has introduced the name merostasis for this principle of 
evolution. The conditions in trilobites might also be considered in 

relation to the evolutionary principle of Schindewolf according to 
which a new important morphological character, phylogenetically first 
appears in the larva and is absent in the later growth stages. In the 
trilobite trend of development the arrested dorsal development of the 

preantennal segment might be regarded as the new character which 
thus follows the principle demonstrated by Schindewolf. 
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EX PLANAT I ON OF P LATES 

Plate l. 
Young trilobite larvæ arranged according to their mutual stage of 

development. The Anaprotaspid Period comprises the stages with only 

primary somites (V-V). The Metaprotaspid and Meraspid Periods also 

include secondary somites (VI-X). As shown by the vertical line the 

Meraspid Period is attained at different stages of development in the various 

forms. Since several genera are depicted on the same horisontal line, in 

some cases, more than one vertical line are indicated. Fig. 3 1, 35 are 

placed too far to the left on account of the limited space. Magnification 

given by the scale (12 x ). 
I= Paedeumias hanseni (after Pousen), 2-4 = Elliptocephala asa

phoides (after Walcott), 5, 7-9=Paradoxides pinus (?)(after Westergård), 

6=Paradoxides sp. (after Raymond), 10-12=Blackwelderia quadrata 

(after Endo), 13-18 = Blainia gregaria (?) (after Lalicker), 19-24 = Olenus 

gibbosus (24 after Strand), 25-26= Olenopsis sp. (after Bornemann), 

27-30= Sao hirsuta (after Barrande), 31 = Leptoplasus salteri (after Raw), 

32-33 = Triarthrus sp. (after Beecher), 34 = Proetus parviusculus (after 

Beecher), 35 = Calymene sp. (after Ruedemann), 36-38 = Dalmanitina 

socialis (after Barrande), 39= Acidaspis tuberculata (after Beecher), 40= 
Corydocephalus consanguinensis (after Beecher), 41 = Tretaspis seticornis 

(after Størmer), 42=Agnostus (Peronopsis) integer (after Barrande), 43-·45 = Shumardia pusilla (after Stubblefield). 
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Plate 2. 
Fig. l. Kjerulfia lata Kiær. 4/3 x. Left portion of cephalon demon

strating the anterior and posterior eye lines (al, pl.). Lower 

Cambrian of Tømten, Ringsaker. No. 61376 Pal. Mus. Oslo Coll. 

(Kiær 1916 pl. 10 fig. l). 
2. Liostracus linnarssoni Brøgger (?) 20 .5 x. Metaprotaspis. Comp. 

text-fig. Sa. Middle Cambrian of Øxna. Brøgger coll. No. 27162 b 

Pal. Mus. Oslo Coll. • 3-5. Holmia kjerulfi (Linnarsson). 2 x. Fig. 3 shows the anterior 

and posterior eye lines (al, pl) and the intergenal spine (Kiær 

1916 pl. 6 fig. 1). Comp. text-fig. 14. Fig. 4 demonstrates the 

relation between the occipital and thoracic pleuræ. Fig. 5 indi

cates the different sculpture on either side if a line leading from 

the lateral eye to the intergenal spine. Lower Cambrian of 

Tømten, Ringsaker. Nos. 22926, 22978, 23611. Pal. Mus. Oslo 

Co l l. 

" 6--7. Holmia kjerulfi (Linnarsson) (?). 22.2 x. Young larva. Comp. 

text-fig. 4. Lower Cambrian of Tømten, Ringsaker. J. Schetelig 

co!!. No. 22935 Pal. Mus. Oslo Coll. 
The reproduced photographs are not re touch ed. The specimens in fig. l, 

3-5 have been whitened. 
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