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Preface.

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

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

It is a pleasant duty to express my respectful and most sincere
thanks to the late Professor H. SJOGREN and to his widow, Mrs. ANNA
SJOGREN, for the previlege of printing my work in this Bulletin.

Most of the originals of the figures in this volume were drawn by
my friend, Mrs. AINA STENSIO, who has also assisted me in preparing
the bibliography. For the great interest and patience she has lavished
upon this work I wish to thank her most cordially. My sincere thanks
are due also to Miss SIGRID OHLSSON and Mrs. TH. EXBLOM, who have
done the remainder of the drawings. — It is a pleasure to me to acknow-
ledge my debt of gratitude to Professor E. STENSIO, who has taken most

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

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

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



Terminology.

As the terminology of the parts of the trilobites in many cases is
rather confused, several terms being used with a different signification
by different authors, it may be suitable to give a brief account of the
meaning of the terms adopted in this paper (text-fig. 1). I have tried
to use the terms most commonly known, at least when they have not
received a different signification from the one in which they were first
used, or are not in any way misleading as to the morphology of the
trilobites.

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

The cephalon is divided by the facial sutures into the cranidium,
or middle shield, and the free cheeks. The middle part of the cepha-
lon, which is generally more or less swollen, is called the glabella.
This term was first introduced by DALMAN (1827), who defined it as the
sdestinct elevation which is to be seen in the middle of the head». It
is not quite clear whether DALMAN meant the occipital ring to be included
in the glabella, BARRANDE anyhow did not, whereas SALTER gave that
meaning to the term, and several later authors define the glabella in the
same way as the last-mentioned author, but in the descriptions of the
different species they use the name in the same sense as BARRANDE, in
which sense it is used also in this paper. Only in such cases, as for in-
stance in /[lenus, where there is no marked occipital furrow, it must
cover both the real glabella and the part which corresponds to the occi-
pital ring. Generally the whole of the glabella belongs to the cranidium,
but in some forms, e. g. some species of Phacops and Encrinurus, its
antero-lateral parts are formed by the free cheeks.

The glabella is generally divided by the glabellar furrows into
'several lobes. When the furrows, as most often is the case, do not

1 —a9232. Bull. of Geol. Vol. XVII.
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reach across the glabella, they are called lateral glabellar furrows
and the lobes bounded by them and by the lateral parts of the occipital
furrow lateral glabellar lobes. The term frontal or anterior lobe
is, according to the custom, used for the part of the glabella which lies
in front of the anterior pair of furrows, but as it is generally not sepa-

Anlerior border Front furrow
Preglabellar Field Glabella / Pre,3|al:ellar furrow
Frontal lobe- I st L ateral
2d
Lateral ] ;35 5 = | % 34 g'abe“ar Furrows
9"152“0" lobes ) 34 {7~ | Facial suture ant branch
Pulpebrul Jobe-~ \ i o _,_,__._._.—-—-—-'-"'E\Je ridger
Egg_._,______ K ), ™ Paffubrd Furrowr
I e e o )\ i Axial Furrow
Free r.hu.k-__._,___‘_h___—_ “———; / Lateral mars,furruw'
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Fig. 1. Diagram of trilobite to show the parts.

rated from the middle part lying behind it, it is necessary to have a term
which includes both parts, and for this the term central or median
lobe is employed. The lateral parts of the frontal lobe are called the
lateral wings. In most of the trilobites described in this paper there are
not more than 3 pairs of lateral glabellar furrows and lobes, and I have
numbered them by pairs from the anterior backwards, calling them 1st
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or anterior, 2d, 3d or basal furrows and lobes, as those are the terms
most commonly used. To call the frontal lobe or its lateral parts 1st
lobe or lobes and the following 2d, 3d and 4th does not seem practi-
cal, as it may cause confusion to use the terms in a meaning different
from the one generally adopted. To name the lobes after their corre-
sponding appendages as done by JAEKEL (1901) and BEECHER (1897) may
be suitable, when the morphology of the trilobite head is made quite
clear, but as yet it seems better to use a terminology which is more in-
dependent of the morphology. In some trilobites there are, as is well
known, 4 pairs of lateral glabellar furrows, and it seems likely that this
was the original number and that all of them represent boundaries of seg-
ments, and thus it would be more adequate, when, which is generally the
case, only the three posterior ones are developed, to name those 2d, 3d
and 4th, but then the disagreement with the prevailing terminology would
be the same as the one just pointed out. In his papers on the Devonian
Proetide (1912, 1913) R. RICHTER has counted the furrows from back to
front calling them: /lezste, sweitletzte, drittletzte and viertletste, but a cor-
responding terminology would, in most languages, sound very heavy and
informal. As mentioned above, most trilobites whose glabella is lobated
have 3 pairs of lateral furrows, or, at least when there are fewer, it is
generally easy to recognize to which they correspond in other trilobi-
tes, and therefore I think it most practical, for the present at least, to
use the common terminology, and in such cases where there are 4 pairs,
call the anterior pair of furrows frontal and the lobes separated by them
I1st and 2d frontal lobes, or else to number the furrows and lobes inde-
pendently in each case.

The posterior part of the glabella is separated by the occipital or
neck furrow from the occipital or neck ring, which latter often bears
an occipital tubercle or one or two occipital spines and the antero-
lateral parts of which sometimes form separate lobes, the occipital lobes.
The glabella and the occipital ring are bounded laterally by the dorsal
or axial furrows. The furrow just in front of the glabella is called the
preglabellar furrow and the part in front of it the preglabellar field
or band. The side parts of the cranidium form the fixed cheeks. To
these belong the palpebral lobes, which are often separated from the
inner parts of the cheeks by the palpebral furrows. The palpebral
lobe and the eye, situated on the fixed cheek, constitute together the
eye lobe. Between the eyelobe and the anterior part of the glabella
there is often a narrow, elevated ridge, the eye or ocular ridge. Be-
cause of its probable origin from a part of the palpebral lobe (an account
of which will be given further on in this paper) it would be more ad-
equate to call it palpebral ridge, but as this name might cause it to be
confused with the palpebral lobe it is best to keep the old name, which
is better than the term facial ridge used by some authors, which
term was proposed by LINDSTROM (1901) because of his misconception
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of the origin of the ridge (see below). Below the outer part of the eye
there is often a small raised border, the palpebra inferior or lower
eyelid, which also belongs to the eye lobe and is separated from the outer
part of the cheek by the lower lid furrow. The part of the facial suture
lying in front of the eye is called the anterior, the part behind it the
posterior branch of the facial suture.

The margin of the cephalon is generally raised into a border, separ-
ated from the inner parts by furrows. The different parts of these are
called anterior or front, lateral and posterior borders and border
furrows. At the genal angle the border is often produced into a genal

- spine. The posterior borders
and furrows are separated from
each other by the occipital ring
and furrow, and by some authors
the posterior borders, or in forms
where the facial sutures cut these,
the parts lying within the sutures
are referred to the occipital ring
. §| or called the pleural parts of the
{ occipital segment. I have not used
| this terminology because the post-
erior borders (or the parts of them
within the sutures) do not, at least
not always, seem to correspond to
these pleure. In Holmia Kjerulfi
LINRS. (text-fig. 2) the small ridges
prolonged into short intergenal
spines are formed by the pleural
parts of the last glabellar segment
(see below), and it appears as if the
anterior parts of the pleurz of the
occipital segment did not partake
in the building of the borders, the
inner parts of which seem to correspond to the posterior bands of the
thoracic pleure and the parts of the border furrows in front of them to
the pleural furrows. Moreover the obliterated posterior branches of the
facial sutures run outside the afore-said ridges, which indicates that also
the segment in front of the occipital one may partially be included in
the parts of the borders here in question.

The test of all parts of the trilobite body is continued beyond and
beneath the margin, forming a wider or narrower reflexed border or
doublure. The anterior part of this is sometimes transected by the
continuations of the facial sutures, the connective sutures, and the part
of the doublure lying between these is called the rostrum (text-fig. 12).
The term epistoma, used by several authors, does not seem appropriate,

Fig: 2. Holmia Kjf? ulﬁ Linrs. Recounstruc-
tion (after KJjER).
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as in the works of some scientists it indicates other parts of the trilobite.
The rostrum is generally separated from the anterior part of the cranidium
by the rostral furrow (which in some forms has disappeared). When
the rostrum is entirely reduced the anterior branches of the facial sutures
meet in front, and there is no rostral suture and only one median (con-
nective) suture, or none at all.

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

The central portion of the tho-
rax and the pygidium is called the

Anterior border Anterior furrow

. . . Anterior wing___ _Lateral border
axis or rachis and is separated from
. . Middle) ant.lobe — Lateral Furrow
the side lobes by the axial or } ~
body PDSk.lObG\.\__M ———Macula

dorsal furrows.

The thorax is composed of a
variable number of movable segments,
the axial parts of which are called bog 5
the axial rings, the lateral parts the pleurae. The anterior part of
each ring, the articulating halfring, is separated from the posterior
part by the articulating furrow and is overlapped by the preceding
outer ring. Each pleura is generally divided by a pleural furrow into an
anterior and a posterior pleural band. The inner parts of the pleure,
which are generally directed straight outwards, reach from the axial
furrow to the knee or fulcrum, from where the lateral parts are more
or less strongly bent down and generally directed more backwards. They
are sometimes prolonged into pleural spines, or else their anterior late-
ral parts are obliquely bevelled, forming the facets.

BARRANDE (1852, p. 167, Pls. IV—VI) distinguished two types of
pleurae, furrowed pleurae (plévre a sillon) and ridged pleure [plévre a
bourwlet), which latter, instead of the pleural furrow, had a median ridge,
in front and behind generally bounded by flattened borders. He con-
sidered the two types to be of different origin and of great value for the
classification, and believed the flattened borders, sometimes found in the
pleure of the first type, to be of a different nature (bourrelets accessoires)
than those of the second, and vice versa with regard to the furrows. This
does not, however, seem to be the case. It is easy to conceive how a
ridged pleura developed from a normal furrowed one in such a manner
that it grew more swollen, but if the whole of the pleura had taken part
in this swelling, the mobility of the thoracic segments must have been

Fosterior wing— ~Middle Furrow

Posterior furrow

Fosterior border””

Diagram of hypostoma.
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lessened. Therefore, it was necessary, in order to make it possible for
the animal to enroll itself, that a small border part remained flat, or was
developed either both in front and behind the swollen ridge or in one
of these places. When both the anterior and posterior pleural bands partake
in the building of the ridge, it seems natural that the pleural furrow has
become more or less effaced, which is generally the case, when not as in
some Cheiruridae, the ridge is much shortened (from side to side), its an-
terior and posterior parts forming separated lobes. In some species of
Acidaspis the furrow is very broad (e. g. Acidaspis mira BARR.), but here
it is only the posterior pleural band, which forms the real ridge, the an-
terior one being much less swollen and without a flat border in front of
it. In Acidaspis Hoernesi BARR. the anterior band is quite flattened
out and forms the anterior border. This difference in the anterior and
posterior pleural bands is also seen in some of the pleura of the pygidium
of Acidaspis, and also in some of the Lichadide, where the thoracic pleurae
are of a type intermediate between the furrowed and the ridged ones.
BARRANDE (1852, p. 170) mentions Corydocephalus palinata BARR. as
exemplifying such trilobites which have furrowed pleure with bourrelets
accessoires.

The pygidium consists, as a rule, of a number of anchylosed seg-
ments. The axis is generally divided by the ring furrows into several
rings or annulations, the anterior one is like the thoracic axial rings
furnished with an articulating halfring and an articulating furrow.
Behind the axis there is sometimes a postaxial ridge, separated from
the posterior parts of the side lobes by the postaxial furrows, which
form the continuation of the axial furrows. The pleura of the pygi-
dium have either free ends, sometimes prolonged into spines, or the mar-
gin is entire; in some forms its median part is prolonged into a caudal
spine. The side lobes are generally traversed by two kinds of furrows, of
which the pleural furrows often are most distinct but generally do not
reach the margin. The interpleural or rib furrows mark the boundaries
between the fused pleurs, and form the continuations of the ring furrows
on the axis. They generally continue to the margin of the pygidium or
to the inner parts of the spines. The parts of the side lobes lying be-
tween two pleural furrows often form raised ribs, and the part in front
of the anterior pleural furrow a separate articulating half-rib. This
is often furnished with a facet like those on the thoracic pleure. In some
species the outer part of the pygidium forms a concave border, some-
times separated from the inner parts by a border furrow. In some
cases both the interpleural and the pleural furrows are effaced, and some-
times the latter only are discernible, or at least the former are very
slightly marked. This has caused some confusion, as several authors
have regarded the ribs as corresponding to segments, not counting the
articulating half-rib. EMMERICH (1839, p. 8) and BARRANDE (1852, p.
216—217) had a right apprehension of the nature of the ribs (coste, cotes),
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and GRONWALL (1902, p. 132) and R. RICHTER (1912, p. 250) have
already pointed out the misconception of later authors. In such forms,
e. g. Bronteus, where there are mno pleural furrows, the ridges on the
pygidium evidently do not correspond to the ribs in other forms but to
the pleure, the anterior pair of ridges being of the same nature as the
following ones.



Systematic Account of the Trilobita.
Zoological Position.

Most scientists which have treated the question of the systematic
position of the trilobites, have considered them to be primitive crustaceans
and generally regarded them as most closely related to the phyllopods.
A great number of authors, however, have believed the trilobites to be
more nearly related to the merostomes, especially to Zzmmulus, and in that
case included the merostomes also in the class Crustacea, or referred them
and the trilobites to a separate group, Gigantostraca or Palaocarida, or
else brought both together with the Arachnoidea. That the Merostomata
and the Arachnoidea are rather intimately related to each other seems,
according to the researches of several scientists, brought beyond all
doubt, but on the other hand several investigators have pointed out that
the merostomes in so many characters show a likeness to the crusta-
ceans that both the crustaceans, the arachnoids, the merostomes and the
trilobites ought to be brought together, and the probable relationship of
the trilobites on one hand to the merostomes, on the other tothe crusta-
ceans seems to point in that direction (Cfr. KASSIANOW, 1914, p. 224).
The question whether the trilobites are more closely related to the crusta-
ceans or to the merostomes is, however, very difficult to settle, as the
construction of nearly all of their inner parts is unknown and the appen-
dages known only in a few cases. But as far as these latter are known,
they seem to indicate that the affinities of the trilobites are with the
crustaceans.

It has generally been considered that the trilobites had 5 pairs of
cephalic appendages, which have been regarded as homologous to those
of the crustaceans, and this correspondence has been considered as one
of the strongest proofs of the relationship between the two groups. What
is known of the ventral sides of the trilobites seems to have proved the
presence of 5 pairs of cephalic appendages, but does not prove that there
might not have been more. JAEKEL (19oI) is of the opinion that the
anterior pair of appendages found in the trilobites corresponds to the 2d
pair of antenna in the crustaceans, and believes that in front of those
there was a pair of antennules, which either are not yet observed or else
were reduced. This conclusion he has drawn from the fact that in several
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trilobites there are 4 pairs of lateral glabellar furrows and lobes, which
seems to indicate, that at least 6 originally appendage-bearing segments
were included in their cephalon.

HOLMGREN (1916) also has another conception than the general one
regarding the number of appendages in the trilobite head, which he be-
lieves was constituted homologous to that of Lzmulus. Beacause of the
construction of the brain he considers Lzmulus to have descended from
ancestors in which the antennules were developed and which may have
had the following segments in the cephalothorax.

1. Eye + Antennulary segment with appendages Antennules.

2. Cheliceral » » » Chelicerze.

3. Pedipalpal » » » Pedipalpi.
4—7y. Walking leg segments » » Walking legs.

The segments (3—) 4--7 in Limulus are, on the dorsal side of the
cephalothorax, indicated by elevations, which signify the points of attach-
ment of the big muscles of the legs. Here then the 2(—3) anterior seg-
ments are not indicated on the dorsal side, though the appendages belonging
to the 2d and 3d, the chelicera and the pedipalpi, are not reduced. Concern-
ing the corresponding conditions in the trilobites HOLMGREN says (p. 87):
»Auf der Dorsalseite des Kopfes sind nun gleich wie bei Lzmulus die
Muskelurspriinge markierende Erhebungen in segmentaler Anordnung vor-
handen. Die Zahl dieser Erhebungen wechselt. Gewohnlich sind jedoch
(mit Ausnahme der Nackenring) 3 Paar vorhanden, aber bisweilen kon-
nen vier Paar unterschieden werden. Es miissen deshalb ex analogia
" wenigstens 4 Paar wohlentwickelte Extremitdten vorhanden gewesen sein.
Uber die weniger gut entwickelten Extremitiiten, welche dem Trilobiten-
kopf zukommen diirften, geben uns diese Erhebungen keine Auskunft. Die
im ibrigen grosse Ubereinstimmung zwischen Trilobiten und Zimulus
(-Larve) berechtigt uns, fiir die Trilobiten anzunehmen, dass es vor den
dorsal markierten Segmenten von Cephalothorax noch andere Segmenten
gibt, und zwar wie bei Lzmulus noch 2.» HOLMGREN seems to assume
that the trilobites were more closely related to Zzwmu/us than to other forms,
but since this is doubtful, the passage just quoted does not prove anything
else but that there might have been a greater number of appendages in
the heads of the trilobites than what is indicated by the lobes on the
dorsal side. Moreover, it is to be observed that though there are not
more than 3 or 4 pairs of lateral glabellar lobes, the lateral wings of the
frontal lobe seem to be of the same nature as those, and therefore
JAEKEL’s assumption that the trilobites have or originally had 6 pairs of
cephalic appendages seems to be well grounded.

Whether there were more, is as yet impossible to express a definite
opinion about. It is, of course, possible that the number of cephalic
appendages was not the same in all trilobites. If this were so, one would
expect to find a greater number of these in forms which had a greater
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number of glabellar furrows. In 77zarthrus Becki GREEN there are 4 pairs of
furrows, but BEECHER hasassumed that there were only 3 pairs of appendages,
except the antennules and the pair belonging to the occipital segment.
However, this assumption does not appear to be grounded on direct observa-
tions, and a study of the figures published by him does hardly confirm it. If
comparing Pl. IV, fig. 1, with Pl. V, figs. 8 —10 (BEECHER, 1895a) one obser-
ves that the coxopodites (protopodites WALCOTT, 1918) of the posterior
pair of cephalic appendages are very different. Those figured on Pl. IV
are long and slender, very like those of the thoracic limbs, while those on
Pl. V are shorter and broader, more like the coxopodites of the anterior
appendages. One will further find that they are differently situated, the
former having their bases clearly situated beneath the occipital ring, the
latter in front of it. In front of these latter there are on Pl V, figs.
9—10, 3 pairs of coxopodites. On the left side of the specimen figured
on Pl IV there are in front of the 1st endopodite clearly belonging to
the thorax, 5 jointed pieces of appendages which seem to be endopo-
dites. This suggests that there might have been g pairs of biramous
cephalic appendages and that the posterior pair belonging to the occipi-
tal segment is wanting on the specimens figured on Pl. V. Of course
this does not necessarily prove anything, as the differences just pointed
out may be due to the bad preservation of the specimens. According to
WALCOTT (1918) the coxopodites (protopodites) were deep and narrow,
and perhaps the posterior pair of those found beneath the cephalon are
seen from different sides on the different specimens, and therefore seem
to be of different shape. It is also possible that the figures are not quite
correct (those on Pl V seem to be somewhat schematic). But even if
it should be proved that no trilobite had more than g pairs of cephalic
appendages, it appears probable that they had descended from ancestors
which originally had at least 6 pairs since the occurrence of 4 pairs of
glabellar furrows is otherwise difficult to understand, as will be further
discussed below. If one pair was reduced, it seems most probable that
it was the 2d pair. That it was one of the anterior pairs is indicated
-by the fact that in trilobites with only 3 pairs of furrows it is the frontal
one that is not developed, or in some cases developed in the larva and
not discernible in the adult e. g. Holmia Rowei WaLC. (WALCOTT, 1910,
Pl. XXIX). Since the anterior pair of appendages found in the trilobite
head seems to be constructed similarly to the antennules of the crusta-
ceans, it is natural to presume that it also corresponds to those. If the
2d pair really was reduced in some or all trilobites, this would be a point
of agreement with the Apodide, where those appendages are very dege-
nerate.

If one assumes that the trilobites originally had 6 pairs of cephalic
appendages, of which the 2d pair perhaps was afterwards reduced, and
that the 1st pair corresponds to the antennules of the crustaceans, the
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_appendages of the occipital segment would correspond to the maxillipedes
of these latter and to the 3d pair of walking legs in Lzmu/us. The trilobite
cephalon would thus have been composed of one segment more than the
cephalon of the crustaceans and of one segment less than the cephalo-
thorax of the merostomes. Since the cephalon of the arthropods, as
generally considered, is formed by the fusion of the anterior segments
of an annelid-like ancestor, a fusion which seems to have begun already
in the higher annelids, it appears reasonable to presume that in the
common ancestors of the trilobites and crustaceans proper 4 postoral
segments were fused with the preoral part of the head, and that in the
trilobites, later on, yet another segment coalesced with this original
cephalon. There seems to be much that speaks in favour of the occipital
segment being incorporated at a considerably later stage than the anterior
segments, since it shows a much greater likeness to the thoracic segments
than to the other segments of the cephalon and since also the appendages
belonging to it are very like those of the thorax (Cfr. JAEKEL, 1901, p.
135). This is also indicated in the ontogeny, since in the earliest protaspis
stage at least of ZElliptocephala (see below p. 21) and probably also of
Liostracus (p. 26) and other genera the occipital segment is not developed,
or at least not separated from the pygidium. The development of the
intergenal spines on the posterior glabellar segment in the larvae of several
trilobites, e. g. Elliptocephala asaphoides EMM. and Pedeumias transitans
WaLc. (WALCOTT, 1910, Pls. XXV, XXXII and text-figs. 4, § of this paper)
might also be considered to point in the same direction. To have the
genal angles produced into spines seems to have been a primitive charac-
ter among the trilobites, and, as shown by the ontogeny of the genera
concerned, it was originally the intergenal spines that were developed as
»genal spines». That those were not formed by the occipital segment but
by the segment in advance of it! might be due to the fact that they
were already fully developed before the former segment was incorporated.
That in some groups the intergenal spines were replaced later on by
spines belonging to the ocular segment might have depended on the
increasing of the free cheeks, and does not seem to be of any consequence
in this connection. As is well known, also among the crustaceans proper,
one or more or all of the thoracic segments may unite with the head
forming a more or less complete cephalothorax. In for instance Koonunga
SAYCE (SAYCE, 1908), a primitive crustacean referred to the Malacostracan
order Anaspidacea, the anterior thoracic segment is fixed to the head, the
posterior ones being free.

BERNARD (1894) has already pointed out that the ontogenetic deve-
lopment of Zllptocephala, which he considered to have had 5 cephalic
segments, indicates that this trilobite must have arisen from a form, which

1 RaymoND (1917, p. 207) is of the opinion that the intergenal spines, as a rule,
are formed by the 2d cephalic segment, but this is not confirmed by the figures and descrip-
tions published, as will be further discussed below.
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had only 4, since the cephalon of the youngest larva was composed of
one segment less than that of the adult. He was of the opinion that
the number of head segments varied among the trilobites and that
within this group new ones had been added to the posterior margin of
the cephalon. Except by the circumstance just referred to he considered
this confirmed by the close resemblance of the occipital segment to those
belonging to the thorax, and further by the fact that the number of seg-
ments indicated by the glabellar furrows varied. As SWINNERTON (I9IQ,
p. 104) has pointed out, this last consideration »is fallacious, for glabellar
furrows are often reduced or smoothed out, so that» if for instance »indica-
tions of four segments are left, it is not safe to say that there are not
more than four segments in the head, but it is safe to say that there
are at least four».

»With regard to the resemblance of the occipital segment to the
trunk segments» the last-named author remarks that »it may be observed
that this is merely an illustration of the principle that in segmented ani-
mals specialization of the posterior lags behind that of the anterior seg-
ments.» This may be true to a certain extent, but it does not prove that
the occipital segment could not have been incorparated with the head at
a considerably later stage than the anterior ones. That »the cephalic
segments became marked off as a cephalic ex 6/oc> and »that the posterior
limits of the head-shield became defined and the number of its segments
fixed at a very early stage in the evolution» of the trilobites is indicated,
according to SWINNERTON's opinion (1919, p. 105), by the fact that in
»so primitive a form as Marrella> (WALCOTT, 1g12a, p. 192, Pls. XXV,
XXVI), which he considers a trilobite, as well as in the widely separated
genus Zriarthrus, »five pairs of cephalic appendages occur and that the
last pair in each case resembles those in front more than it does the
trunk appendages». As I have tried to show above it is not impossible
that 7yzarthrus might have had more than 5 pairs of cephalic appendages,
and it appears as if the pair belonging to the occipital segment was
very like those of the thorax. With regard to Marrella it does not seem
to have been a trilobite, as will be further discussed below, and more-
over the cephalic appendages described in this form evidently do not
correspond to those in Z7zart/rus. It is true that WALCOTT (1912a)
defined Marrella as having 5 pairs of cephalic appendages, but according
to his descriptions and plates only 4 of these can be regarded as true
appendages since »the strong, backward-curving spine» »at each antero-
lateral angle» of the cephalic carapace, which he calls the »antennule?»,
hardly can be an appendage and certainly has not any resemblance to
the antennule or to any other of the limbs of the trilobites. Consequently
this line of reasoning cannot be accepted. On the other hand one must
agree with SWINNERTON that, since »in all trilobites, young or old, which
possess eye-lines or eye-lobes as well as a clearly segmented glabella,
the line or lobe 1is related to the palpebral segment that is the
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fifth from the posterior margin» this fact indicates that »these five
segments are homologous in all typical trilobites». Probably he is also
right in assuming »that no new segment has been added to the
cephalon since definitive trilobites came into existence». Thus BER-
NARD’s opinion that the number of head segments varied among the trilo-
bites evidently was not correct, but from this does not follow that they
could not have originated from ancestors in which, as in the primitive
crustaceans, only 4 postoral segments were included in the cephalon,
and in which the occipital one still belonged to the thorax, this segment
later on, but before they became definitive trilobites, being fused with
the head. Whether the segments of this original cephalon were marked
off »en blocs, is of course impossible to form a definite opinion about, but
it is not inconceivable that such was the case.

It is likewise difficult to tell whether the merostomes and arachnoids
also arose from ancestors with only 4 postoral fused segments, but it
seems rather probable, at least if the arthropods had a monophyletic
origin. About this there are different opinions among the scientists;
however, most modern investigators appear inclined to think that such
was the case, and it is difficult to understand the close correspondence
in several important characters especially among the more primitive forms
of the different groups of arthropods, if they had had a polyphyletic origin.

Among the remarkable fossils found by WALCOTT in the Middle
Cambrian strata of British Columbia, there are several arthropods, which,
though considered by this author to belong to different groups, Branchio-
poda, Malacostraca, Trilobita and Merostomata, in some respects show
great similarities (WALCOTT, 1911, 1912a, 1918). Some of the forms found
he evidently, at least in his earlier papers, regards as transition forms.
»In Marrella (pls. 25 and 26)» he says (1912a, p. 163) »the trilobite is fore-
shadowed and MNathorstia (pl. 28, fig. 2) is a generalized trilobite as the
trilobite appears to be a specialized branchiopod, adapted largely for
creeping on the bottom. The trilobite gives some conception of a pos-
sible form between the Branchiopoda and the Aglaspidee of the Merosto-
mata.» Both these forms he refers to the trilobites, and in a diagram
(1g12a, p. 161) all other trilobites are derived from Marrella, Nathorstia re-
presenting an early offshoot on this line of descent.

As pointed out above the cephalic appendages of Marrella, as de-
scribed, do not seem to correspond to those of the trilobites. It seems to
have been a form rather highly specialized for a planktonic life. From
the figures and descriptions, which unfortunately are rather indistinct and
incomplete, it is difficult to form an opinion about how it was constructed,
but they do hardly give the impression that it was a trilobite or
was especially closely related to the forms from which the trilobites
originated. In his last paper published (1918) the afore-said author does
not appear to regard it as representing the ancestor of these, since he
emphasizes (p. 170) that in some respects it indicates less primitive cha-
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racters than they, though it agrees with them in serveral others, and there
are some features that point »to it as a primitive form possibly ranking
in development between Apus and the trilobite». This statement seems to
indicate that he, like the present writer, considers it to represent a sepa-
rate oftshoot of the same ancestral stock from which the trilobites and the crust-
aceans proper arose. Nathorstia on the other hand probably was a trilobite.

In another diagram in his paper of 1912 (p. 164) WALCOTT makes
»the attempt» »to show the relations of Cambrian crustaceans», including
the trilobites and the merostomes, »to a theoretical ancestral stock which
for convenience is correlated with the Apodidee. From this stock it is
assumed that the Branchiopoda came, and from the Branchiopoda stock
three distinct-branches were developed prior to or during Cambrian time.»
In one of these lines »of descent it is assumed that the Trilobita are di-
rectly descendent from the Branchiopoda and forms grouped under the
order Aglaspina derived from the Trilobita. The order Limulava is con-
sidered as being intermediate between Aglaspina and the Eurypterida,
and that the two orders Limulava and Aglaspina serve to connect the
Trilobita and the Eurypterida.» From the Eurypterida he derives the
Xiphosura, while the Phyllocarida and Ostracoda are derived from the
Branchiopoda on different lines of descent than the Trilobita.

Later researches, however, seem to have made him modify this view,
as in his last paper (1918, p. 168) he says: »The Trilobita disappeared
at the close of Paleozoic time without leaving direct descendants. The
Branchiopoda, including the Ostracoda, Copepoda and Cirripedia developed
steadily during Paleozoic and subsequent geologic time, until to-day
their descendants form the subclasses Branchiopoda and Malacostraca,
each of which is equivalent to the subclass Trilobita of Paleozoic time.
Springing from a common crustacean base the three groups have many
features in common, and in details of structure of the limbs many strik-
ing resemblances occur. It does not impress me that trilobites were true
Branchiopodans or Malacostracans; they have certain characteristics in
common, but these are not necessarily the result of lineal descent one from
the other, but are the result of descent from a common ancestral crust-
acean type of pre-Cambrian time.» And after comparing the trilobite limbs
with those of Apus and of some of the forms referred to the Malacostraca
he concludes: »that the trilobite is a primitive crustacean far back on
the line of descent from the original crustacean type which existed in pre-
Cambrian or Lipalian time» (p. 174). He seems to be of the opinion that
BEECHER was right in considering that the Trilobita ought to be regarded
as a special subclass of the Crustacea equivalent to the subclasses
Entomostraca and Malacostraca and that »its affinities are with both the
other subclasses, especially their lower orders, but its position is not in-
termediate»> (BEECHER, 1897, p. 93).

In his paper »Zur vergleichenden Anatomie des Gehirns von Poly-
cheten etc. (1916)» HOLMGREN comes to the conclusion that the arthropods
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have had a monophyletic origin and that they are descendants from a
polychat-like ancestor. From this ancestor he believes that the trilobites
were developed, and from the trilobites he derives on one line of descent
the Xiphosura and Arachnoidea and on another the Phyllopoda (and
higher Crustacea) and the Myriapoda—Insecta. The higher trilobites, of
which he believes the xiphosures to have been direct descendants, he con-
siders to have had 7 pairs of cephalic appendages, as mentioned above
(p. 9), and since the crustaceans have only 5, he does not think that they
could have originated from these trilobites but that the number of cephal-
ic appendages varied among the trilobites and that »bei den niederen
Trilobiten diirfte die Zahl der Kopfextremititen geringer gewesen sein als
bei den hoheren. Von solchen niederen Formen konnten die Phyllopoden
sehr wohl abgeleitet werden (oder sind sie sogar solche niedere Trilobi-
ten?)» (p. 277). It is rather difficult to understand what he means by
saying that the phyllopods perhaps were such lower trilobites, since he
presumes that the higher trilobites, the direct ancestors of the xiphosures,
originated from the lower ones and since, as he has pointed out, the con-
struction of the brain of the xiphosures and of the lower crustaceans (Apo-
didae), though exhibiting such great similarities that the two groups must
be considered as near relations, shows that neither of them could have
descended from the other. This, however, is of less importance and does
not, of course, contradict the result of his researches that the arthropods
have had a monophyletic origin or that the xiphosures and phyllopods
are closely allied, but he has not proved that the trilobites were the an-
cestors of either of these two groups, though on account of their many
resemblances to both of them it seems probable that they came from the
same stock.

His researches appear to speak against the line of descent which
WALCOTT has given in his diagram, mentioned above. Since, however,
they only comprise recent arthropods and since the brain of the Cambrian
ones very likely was more primitive, this only seems so. On the contrary,
if HOLMGREN when saying that the phyllopods perhaps were lower trilo-
bites, had the Cambrian or other extinct forms in mind, his view would
be about the same as the one expressed in WALCOTT’s diagram, where
the phyllopods though not considered to be trilobites yet are regarded as
closely related to these and where, as mentioned above, the merostomes
are derived from the trilobites.

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

Marrella for instance might have been such a form, and perhaps also
some of the Cambrian »branchiopods», the relation of which to the recent
branchiopods does not seem to be clear. Also the »trilobites» Mollisonia
WaLc. (WALCOTT, 1912a, p. 196, Pl. XXIV) and Zontvia WaLcC. (Ibid.,
p. 198, Pl. XXIV) possibly belonged to this group. At all events it is
probable that such forms will be discovered.

Some of the Cambrian »merostomes» perhaps also belonged here.
Their likeness to the trilobites and branchiopods is indisputable. Some
of their characters indicate a close relationship, e. g the development of
the appendages and perhaps the construction of the test. Possibly such
forms as Aglaspis HALL (RAYMOND in ZITTEL's Text-book 1913, fig.
1501) and Molaria WALC. (WALCOTT, 1912a, p. 200, Pl. XXIX) might have
been trilobites, but if the latter really had g5 pairs of cephalic appendages,
of which the 2 anterior pairs were antenne, this appears rather to be a
dissimilarity than a similarity.

If the presumption is right that the 2d pair of antenna was reduced
in the trilobites and that the occipital segment did not originally belong
to the cephalon, the Cambrian merostomes might be considered to repre-
sent forms which in these respects, viz. that the occipital segment was
not incorporated in the head, and that the 2d pair of antenna were de-
veloped, were more like the crustaceans proper than the trilobites.

As to the relationship between the Cambrian merostomes and the
eurypterids and xiphosures, the likeness between these latter and the forms
referred to the Aglaspina is very slight, whereas the Limulava have more
points of agreement with them. The general form of the body is the
same in Sidneyia WALC. (WALCOTT, 1911, 1912a) as in the eurypterids
and also the number of segments in the abdomen, though in the former
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9 of them are branchial-bearing, in the latter only 6. On the other hand
the dissimilarities between the two groups are so many that it seems
possible that the points of agreement only are of an analogous nature.
One of the most important characters in which Si@dneyia, as described,
differs from the higher merostomes is that it has only 5 pairs of ce-
phalic appendages, of which the 1st pair is not chelicere but simple an-
tenna. It those really correspond to the cephalic appendages of the crus-
taceans, as WALCOTT seems to think is the case, the Limulava would
have had a less number of body segments than the eurypterids and
xiphosures, the number of abdominal segments being the same, and if it
be so, it does not seem probable that the latter descended from them.
CLARKE and RUEDEMANN (1913, p. 403) think it probable that Sidneyia
had chelicerae, but that these are not yet discovered, and that the an-
tenna correspond to the 2d pair of appendages of the eurypterids, which
pair in Slimonia PAGE is also tactile. If Szadneyia really is a merostome,
this assumption seems probable, or conceivably the chelicere were re-
duced, but in either of these cases one of WALCOTT’s chief reasons for de-
riving the Limulava from the crustaceans via the trilobites would fall, and
in the latter case the higher merostomes can hardly have originated from
a Sidneyialike ancestor. As far as the construction of the Limulava is
yet known, it seems most probable that they came from the same stock
as the eurypterids and xiphosures, but that they are not the ancestors of
these but form a separate branch.

The connection between the Limulava and the Aglaspina appears
to be rather undecided; from WALCOTT's figures and descriptions one
hardly gets the impression that they were very closely related, and, at
least with regard to the former, I cannot see that they really have any
more points of resemblance to the trilobites than to the lower crustace-
ans proper. As to the special similarities generally quoted between other
merostomes and the trilobites, they seem to be rather of an analogous than
of a homologous nature. Interesting is the reported occurrence of a facial
suture in some lower xiphosures and the indication of such a one in
Limulus. One does not know, however, if this is a structure of the same
nature as the facial suture in the trilobites. It does not seem probable
that the merostomes derived their origin from the trilobites but that they
belonged to the same stock as these and the crustaceans proper.

With our present knowledge it is not possible to decide the closer
relationship between the lower arthropods, as I have tried to show above,
but one seems to be entitled to assume that they all came from the same
ancestral stock (of which it seems as if no representative were known).
Probably the forms found in the older fossiliferous strata represent a great
number of different branches of this stock, of which some died out al-
ready during Cambrian time, some developed offshoots, which soon became
extinct and others survived for a longer or shorter period, some up to
the present time.

2 —a19me. Bull. of Geol. Vol. XV/].
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The trilobites seem to be more closely related to the crustceans than
to the merostomes, and one might be justified in regarding them as a
subclass of the Crustacea.

Classification of the Trilobita.

Among the several attempts made by different authors to construct
a general classification of the Trilobita none can be said to be successful.!
The families defined by BARRANDE and SALTER seem on the whole to
be rather natural, and have largely been adopted by later authors. But
the phylogenetic relation between the families is as yet only very unsa-
tisfactorily established.

The error in the classifications of most of the older authors is that
they are based on one or a few progressive characters generally of minor
importance from a phylogenetic point of view, so that families which
in most respects differ very much from each other are grouped together.
This is also, as SWINNERTON (1915) has pointed out, applicable to the
classification proposed by GURICH (1907).

It does not seem possible to find any special character on which to
base a classification of the Trilobita. Conceivably the construction of
their appendages would be serviceable for this purpose, as is the case
among other arthropods, but as they are as yet known only in so very
few trilobites, this is for the present of no practical significance. It seems
more probable that the question will be sooner solved along the line upon
which the scientists of the last twenty years have started, viz. by the
study of larval and transition forms, when a somewhat greater number of
these will be found than is the case at present.

BEECHER’s Outline of a Natural Classification of the Trilo-
bites (1907) is, as is well known, based upon such a principle, since by stu-
dying the larval forms he tries to interpret by means of ontogenetic facts
the phylogeny of the animals concerned. However, he does not take enough
into consideration, either that several characters, which may seem to
be very primitive, often are due to secondary reduction, or the circum-
stance that some of the stages of evolution that the species has had to
pass are eliminated in the development of the individual, or the fact that
some characters might have been adapted in different groups independ-
ently of each other because of similar conditions of life. Another error
is that in too high a degree he has, from the characters of the larva of
one group of trilobites, drawn conclusions as to the phylogeny of other
groups. This he had to do partly because only a proportionally very

t For an account of the different classifications applied to trilobites reference may
be made to the works of BARRANDE (1852), ZITTEL (1885), BEECHER (1897), RaAYmOND (in
Z1TTEL-EAsTMAN's Text-book 1913) and SWINNERTON (1915).
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small number of larval forms are known, partly because the larva at the
earliest phylembryonic stage, the protaspis, of the higher and geo-
logically younger genera is more developed than that belonging to the
more primitive Cambrian forms. Another difficulty was that apparently
he had not seen the original specimens of all the larval forms he dealt
with, but had to draw his conclusions only from the figures and descrip-
tions made by other authors. This was evidently the case regarding Sao,
the ontogeny of which played such an important part in the building up
of his theory, and it seems as if he had in some respects misunderstood
BARRANDE's figures (which will be further illustrated below).

[t may be presumed that BEECHER'’s classification is too well known
to require that a more particular account of it should be given here, since
it is adopted by most English and American authors, e. g. by RAYMOND
in ZITTEL-EASTMAN’s Text-book of Paleontology 1913. It may, how-
ever, deserve mentioning that BEECHER’s classification as well as SALTER's
(1864) is founded on the development of the eyes and the facial sutures,
and does not on the whole differ much from the one given by the last
author, being only a modification of his system, in some respects, as it
seems, inferior to it. In his order Hypoparia he brings together SAL-
TER’s groups Agnostini and Ampycini; also the family Harpedide is
referred to this order. His order Opisthoparia comprises the same fa-
milies as SALTER’s group Asaphini with the exception of Harpedida
and Calymenide and lastly the order Proparia is equivalent to SALTER's
Phacopini with the addition of the Calymenide. Inside the orders
BEECHER regards those families which show the greatest resemblances to
the larve as the most primitive, and if it can be said that his grouping
of the families within the orders, or at least within his largest order Opistho-
paria, is more natural than SALTER’s, one must say that SALTER’s gener-
al classification was better without BEECHER's modification, though SAL-
TER never claimed that his was entirely natural.

This has already been pointed out, e. g. by Wo0ODS (1909), and se-
veral authors have attacked BEECHER's classification on several points and
especially his order Hypoparia (LAKE, 1907, JAEKEL, 1909, RICHTER,
1915 etc.). In the Geological Magazine for 1915 H. H. SWINNER-
TON has given a Revised Classification of Trilobites, and in the
American Journal of Science, Vol. XLIII, 1917, P. E. RAYMOND has
tried to show that BEECHER's classification was largely correct. But be-
fore entering upon a closer examination of these papers it might be appro-
priate at first to discuss to some extent the larval development of the tri-
lobites, the origin and course of the facial suture within different groups,
and some other questions connected with these.

As is well known, BEECHER considered the earliest larval form of
trilobites, the protaspis, to have had the following characters: »Dorsal
shield minute, not more than '4 to I mm. in length; circular or ovate in
form; axis distinct, more or less strongly annulated, limited by longitud-
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inal grooves; head portion predominating; axis of cranidium with five an-
nulations; abdominal portion usually less than one-third the length of the
shield; axis with from one to several annulations; pleural portion smooth
or grooved; eyes, when present, anterior, marginal, or submarginal; free
cheeks, when visible, narrow and marginal.» (BEECHER, 1897, p. 99).

Most of these features, excepting of course the smallness and the
absence of thoracic segments, he evidently considered to have been charac-
teristics of the primitive trilobites. He also presumed that the larval de-
velopment ascertained for the single types corresponded to the phylo-
genetic evolution. The fact that in the earliest protaspis stages, the ana-
protaspis, of such comparatively primitive forms as Lzostracus, Solenopleura
and Ptychoparia one has not discerned any eyes or free cheeks on the
dorsal side of the cephalon and that these organs are marginal in the
later larval stages of these genera and in the anaprotaspis of higher trilo-
bites, led him to suppose that both in the ontogenetically and phylogene-
tically earliest stages they were situated on the ventral side and later on
migrated »first forward to the margin and then backward over the cepha-
lon to their adult position» (BEECHER, 1895b, p. 177). The younger larva
of the aforesaid Cambrian genera should still have had the eyes and the
free cheeks ventrally situated, while in the higher genera it was so far
developed that they had travelled to or over the margin df the cephalon.
The order Hypoparia, BEECHER considered to correspond in this respect
to the anaprotaspis of the primitive type, but it does not seem as if this
order was maintainable, since the forms referred to it, as has been shown
by different authors, probably had descended from ancestors with ordinary
eyes and facial sutures.! When the former were reduced, the latter grew
together (Harpes, Trinucleus) or moved towards the margin (Awmzpyx, prob-
ably Agnostus), and no trilobites with the eyes situated on the ventral
side are known, and there is no reason to believe that such forms ever
existed, since apparently the eyes were not so situated in the larva either.

In the earliest known larvae of such primitive species as Elliptoce-
phala asaphoides EMMONS (FORD, 1877, WALCOTT, 1886, 1890, 1910, and
text-fig. 4 of this paper after WaLcOTT) and Holmia Kjerulfi 1LNRS.
(KIER, 1916, text-fig. 11, Pl. VI) the eyes, or those parts of the cephalon
where the eyes later on were developed, are situated on the dorsal side and
well within the border of the head shield. BEECHER considered that the
larvae of the former species illustrated by FORD (1877), and WALCOTT
(1886, 1890) »present a number of features considerably in advance of a
typical protaspis» (BEECHER 1895b, p. 176). One of these features would
just be »the adult position of the eyes», another »the distinct and sepa-
rate pygidium». BEECHER evidently presumed that the protaspis illustrat-
ed by WaLcorT, 1886, Pl. XVII, fig. 5 (copied by BEECHER 1895b, in
text-fig. 8; the text-fig. g4a of this paper is copied from WaALcoOTT,

1 This is contrary to RaAYMOND’s opinion, but this question will be more fully dis-
cussed below.
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1910, Pl. XXV, fig. 9, which figure is drawn from the same specimen as
the one mentioned above illustrated in his paper of 1886) only represents
the cephalon and that the pygidium is not preserved on the specimen,
but this does not seem to be the case. Probably the posterior annulation
is the pygidium, from which the occipital segment is not separated. The
annulation in question is too long to be only the occipital segment, and
moreover somewhat rounded posteriorly. In the evidently much later
stage, illustrated by text-fig. 4c¢c, the pygidium and occipital ring are as
yet not separated, and in the youngest larvae of other forms the condi-
tions seem to be the same, as will be further illustrated below. The
larva concerned would thus, contrary to BEECHER's presumption, repre-
sent a more primitive stage than any of those illustrated by him. That
it is a very early stage is also shown by the circumstance that the
frontal lobe of the glabella is not separated from the larval ridge (see
below). SWINNERTON (1915, p. 492) has also pointed out that it is so
primitive that »it shows the pleural elements of the fixed cheek region
quite distinctly». This must undeniably be considered a primitive feature,

Fig. 4. Elliptocephala asaphoides EMMONS. a—c, Successive stages of the protaspis much
enlarged. d, Cephalon of nepionic individual much enlarged. e, Cephalon fully developed
slightly enlarged (after WALcoTT).

but need not prove that the larva represents the earliest protaspis stage,
since the same feature is also clearly shown in later larval stages both of
this species (text-fig. 4 b) and others, e. g. Pedeumias transitans WALC.
(WaLcotT, 1910, Pl. XXV) and Liostracus Linnarssoni BROGG. (text-fig.
6e) and also in the protaspis of Z7iarthrus Becki (WALCOTT, 1918, PL
XXX, fig. 16).

In the above-mentioned earliest protaspis of Elliptocephala asaphoi-
des, as illustrated and described by WALCOTT (text-fig. 4 a), the frontal
lobe of the glabella is not separated from the adjacent parts of the ce-
phalon. Inside the flat antero-lateral border, which surrounds the head
shield, there is a swollen, posteriorly tapering ridge, which may be called
the larval ridge. The median portion of this ridge partly corresponds
to the frontal lobe, and is continuous with the .Ist glabellar lobe, whereas
the lateral portions of the ridge arch round the pleural parts of this lobe
and of the following ones, but are separated from them by clearly marked
furrows. The posterior parts of the dorsal furrows are distinctly marked,
likewise the 2d and 3d glabellar furrows, also the segmentation of the
cheeks is clearly indicated by furrows as mentioned above. The pleural
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parts of the 3d glabellar segment are prolonged into short intergenal
spines. Between the spines lies the narrow pygidium, which is not sepa-
rated from the occipital segment and on which the axis is only indi-
stinctly marked.

WALCOTT (1910, p. 236) describes the intergenal spines as formed
by the 2d and 3d glabellar segment and judging only from the specimen
illustrated on text-fig. 4a, where the furrows separating the pleural parts
of these segments are very short, one might believe this to have been
the case, but not when comparing it with the larva on the 2d stage
(text-fig. 4b) or with the protaspis of Holnua Kjerulfi figured by KIER
(1916, text-fig. 11a and Pl VI, fig. 1).

In the 2d larval stage of ZEliptocephala illustrated (text-fig. 4 b)
the anterior and lateral portions of the ridge have flattened out, and
constitute the preglabellar field and the parts of the cheeks lying between
the borders and the postero-interior portions of the ridge, which form the
palpebral ridges and eye lobes, the middle posterior portion constituting
the frontal lobe of the glabella. The intergenal spines have grown consider-
ably. In Holmia Kjerulfi, where there is no preglabellar field, evidently
only the antero-lateral portions of the ridge flatten out, and the frontal
lobe is formed by the whole of the middle portion, which in the protaspis
figured is shorter than in ZE//iptocephala and separated by the 1st gla-
bellar furrow from the ring behind.

In the third larval stage of Elliptocephala here represented (text-
fig. 4c) this furrow is also clearly marked as well as the axis of the
pygidium. The pleural parts of the pygidium, but not the axis, are
separated from the corresponding parts of the occipital segment. The
furrows on the cheeks are obliterated with the exception of the palpebral
furrow. The posterior portions of the eye lobes are situated closer to
the glabella, the posterior parts of the free cheeks have grown a little
broader, and there are genal spines lying close to the intergenal ones,
which latter are considerably reduced in size.!

During the progressive development of the cephalon (text-fig. 4d,
e, text-fig. 5a) the genal and intergenal spines gradually separate, and
the latter finally disappear. The posterior parts of the free cheeks? and
the lateral part of the occipital segment increase in size; the posterior
margin straightens out. The posterior part of the eye lobe moves nearer

t RaymonD (1917, p. 207) evidently does not regard the intergenal spines in the
larva of this stage as homologous to the spines described in the earlier stages, but considers
them to be formed by the 2d (palpebral) segment of the cephalon. But to judge from
the figures published of the larval and later stages of this and other species of the
Mesonacidee, this assumption is not correct.

2 As there are no facial sutures found in this species, there are no free and fixed
cheeks in the ordinary sense, but their relative positions are partly marked by the eye
lobes, and one has moreover a right to presume that the free and fixed cheeks have fused
along a line which had about the same course as in other genera of the same family in
which traces of the obliterated sutures remain (see below).
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to the glabella, so that the surface of the eye finally is turned straight
outwards.

From the earlier nepionic stages of the species concerned only the
cephala are known, but judging by the position of the intergenal spines
and by later stages where the thoracic segments are preserved (text-fig.
5a), it is evident that the cephalon increased in width more rapidly than
the thorax. This feature is still more prominent in the development of
Padeumias transitans, of which species several nepionic larvae on different
stages are known (WALCOTT, 1910, Pl. XXXII and text-fig. 5b of this
paper). Here the posterior parts of the fixed cheek region inside the
intergenal spines increase much more rapidly than the thoracic seg-
ments do, whereas it seems as if the growth of these parts were more
simultaneous in ZEl/iptocephala. In the former the intergenal spines are
still very long at a comparatively late stage and never very far separated
from the genal ones, which are not developed until relatively late.

Fig. 5. Nepionic individuals. a, Elliptocephala asaphoides EmMmONs. b, Pedeumias
transitans WarLcorT. The lines at the side of each figure show the actual size of each
specimen. (After WaLcOTT.)

As the eye lobes of the Mesonacida nearly reach the frontal lobe of
the glabella, the eye ridges, when present, are very small. In some forms
they are united with the postero-lateral parts of this lobe, in others they
are separated from them by a narrow furrow. This latter is for instance
the case in the adult Z//zptoce phala (W ALCOTT, 1910, p. 272), whilst in
the young the ridges are continuous with the frontal lobe. In such genera
as Holmia Kjerulfi, where the palpebral lobe is longitudinally divided by
a furrow, the eye ridge forms the continuation of the inner part of the
lobe. The presence of this furrow is considered by LINDSTROM (1901,
p. 15) to indicate the pleural nature of the lobe; the furrow would then
correspond to the pleural furrows on the thorax and the pygidium, which
does not seem improbable.

In other forms outside this family where there is an eye ridge, this
is separated from the glabella. Since the presence of the eye ridge is
chiefly characteristic of cambrian trilobites, and since the ridge is some-
times developed in the larva, but not retained in the adult, it has been
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considered a primitive feature. BEECHER, however, did not believe that
it was developed in the youngest larva of some primitive trilobites,
Prychoparia, Solenopleura and Liostracus, but first at a later stage.
Nevertheless he considered the presence of an eye ridge to be »a very
archaic feature» (1897, p. 102). He presumes that it »first develops in the
later larval stages of certain genera (Piychoparia etc.); next in the early
larval stages (Sao); then disappears from the adult stages (Z7zarthrus); and
finally is pushed out of the ontogeny (Dalmanites)».

LINDSTROM (1901) also presumes that the eye (facial) ridge in the
primitive genera in question was developed at a comparatively late stage,
but that this also was the case in Sav and other Olenidz (s. lat.) and
related families. In the larvae of Sao illustrated by BARRANDE (1852, Pl. VII)
he does not recognize an eye.ridge in the earliest stages, but first in that
represented by the figs. 4¢,d (text-fig. 7d of this paper). It is true
that in the earliest stages, as represented by the figures, the eye ridge
does not seem to be developed as such, but forms part of the larval ridge,
but since this is also the case with regard to the specimen on fig. 4 and
since LINDSTROM does not otherwise make any distinction! between the
eye ridge and the lateral parts of the larval ridge, he has evidently
overlooked that the ridge is clearly indicated already in BARRANDE's
fig. 1 b (text-fig. 7 b). He further considers that the development of the
trilobites in question was quite different from that of the Mesonacide
(Olenellidee), since in the larvae of the latter the pleural part of the
cephalon is segmented, whereas in »the later Cambrian and older Silurian
forms» the protaspis »have a rachis but no pleura proper, as the single
facial ridge has a quite different signification and appears at a compara-
tively much later stage than the facial ridge of the Olenellidee, which is
present from the earliest stages known» (1901, ps. 21, 22) and the pleural
nature of which is indicated by the longitudinal furrow occurring for
instance in the adult of Holwia Kjerulfi (Ibid. p. 15). This as well as
BEECHER’s assumption that some trilobites in which the ridge is deve-
loped in the later stages would have been without it in the earliest larval
stages, does not seem to be correct.

In the Paradoxides shales (Zessini Zone) at Odegérden and Oltorp
in Wistergotland there is found, together with cranidia, pygidia and
free cheeks of adult Liostracus Linnarssont, a series of larve and young
individuals of the same species. Larval forms of Liostracus (Ptychoparia)
Linnarssoni are already described by MATTHEw (1888), and also the
larvee figured by BROGGER (1875, the figs. reprinted and described by
LINDSTROM 19oI1) seem to belong to this species.

All of the protaspis larve of the species concerned, found at Ode-
garden and Oltorp (text-fig. 6 a—f), have a distinctly marked larval ridge,

1 This distinction is not made by BEECHER either, which, however,is of no conse-
quence in this connection.
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the lateral parts of which do not, however, reach as far back as in
Elliptocephala and Holmia. The ridge is also comparatively narrower
than in those and obviously its middle part does not include the whole
of the frontal lobe, the posterior part of which is laterally bounded by
the dorsal furrows, which from having a nearly parallel course here take
a slightly outward turn, so that the posterior part of the frontal lobe, as
in most other early protaspis larvae of related genera, as far as they are
known, gets a triangular form. Forwards this triangular part of the lobe
is continuous with the middle part of the larval ridge. The lateral parts
of the ridge, just where they meet the dorsal furrows, reach a little
further back than the middle part, so that their posterior inner portions
become separated from the frontal lobe by the utmost ends of these fur-

Fig. 6. Liostracus ILinnarssoni BROGG. a—f, Successive stages of the protaspis, X 33.
g, Cephalon of nepionic individual, X 24. h, Cephalon of adult, X 3. a, c,, f, somewhat
from behind.

rows (see text-fig. 6 b and c;). These portions seem to be a little more
swollen than the antero-lateral parts of the ridge, and in some specimens
it looks as if, at least near the glabella, there were indistinct furrows in
front of them.

The larve at the earliest stages are very strongly arched both from
side to side and from back to front, and when viewed from above the
ridge as well as the pygidium is partly hidden. Often the lower parts
of the specimens are concealed in the rock and very difficult to extricate.
This might explain why the ridge in larvae of this and related genera at
the same early stage, where the conditions probably were similar, so often
has been overlooked, which led BEECHER to suppose that it was not
developed. In later protaspis stages the convexity is somewhat less and
the ridge easier to discern.

The ridge is very swollen and slightly overhanging, and this makes
it very difficult to find the border in front and to the sides of it. In one
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specimen (text-fig. 6f), representing a rather late protaspis stage, nearly
the whole of it is preserved. It is very narrow, and continues behind the
ridge -along the margin of the cheek. Also in a few other specimens part
of this lateral portion of the border is to be seen, and since some of them
represent such an early stage that there is no line of demarcation between
the occipital ring and the axis of the pygidium (Cf. below), it is evident
that the border was developed already in the youngest larve.

In the earliest protaspis (text-fig. 6a, b) the glabellar furrows are
very faint, the 1st generally more strongly marked than the others.
These latter are, however, all indicated in most specimens as well as the
one posterior to the glabella. Just behind this last furrow it looks as if
the dorsal furrows took an outward direction (text-fig. 6 a, the same is
to be seen in the larva of Sao /irsuta BARR., illustrated on text-fig. 7 a),
but apparently these bent-out parts do not belong to the dorsal furrows
but indicate the line of division between the cephalon and the pygidium.
There is nothing which indicates a boundary between the occipital ring
and the pygidium, and probably the occipital segment was not developed
at this stage. The pygidium is very narrow and nearly vertically bent
down, the axis is indistinctly marked, and behind it there is a short
flattened border part, ‘the posterior margin of which is concave and gener-
ally does not reach as far back as the more swollen prolonged posterior
parts of the cheeks. The larva at this stage is in several respects very
similar to the earliest larva figured of Elliptocephala (text-fig. 4 a).

During the progressive development of the protaspis (text-fig. 7 c—f),
the annulation of the glabella becomes stronger, the occipital segment
separates from the pygidium, in which the axis by this time has become
clearly marked, the posterior border furrows grow distinct, new segments
are introduced in the pygidium, which increases in width, the inner parts
of the posterior margins of the cheeks straighten out, and the whole
animal gets less strongly arched.

In one specimen (text-fig. 7e) the segmentation of the cheeks
is clearly marked. Nearly straight out from the 2d and 3d glabellar
furrows two pairs of narrow but distinct furrows run across the inner
comparatively flat parts of the cheeks; whether they continue on the
more strongly arched lateral parts I have not been able to discern.
Between these and in front of the foremost pair there are two other fur-
rows on each side, which seem to correspond to the pleural furrows on
the thorax and the pygidium. The specimen in question represents a
rather late protaspis stage, as seen from the figure, but also in some
other specimens, at earlier as well as later stages, traces of these furrows
may be seen.

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

From later larval stages only the cranidia are known. The youngest
of these, which evidently represent an early nepionic stage, are only
slightly convex, the glabellar furrows are still clearly marked, and the
larval ridge is shorter, but has otherwise about the same appearance as
in the later protaspis larvae, and reaches to the anterior border. In later
stages the glabellar furrows grow less distinct, and are in the adult only
faintly marked near the dorsal furrows, or all but obliterated. The post-
erior portions of the lateral parts of the ridge become separated by shallow
transverse furrows, or impressions,! from the anterior portions, which still
are continuous with the middle part of the ridge. At a still later stage
the antero-lateral parts of the ridge flatten out, and constitute the pregla-
bellar field and the anterior parts of the fixed cheeks. The middle of
the posterior part of the ridge becomes rounded in front and constitutes
the anterior part af the frontal lobe; the postero-lateral parts, which are
separated from the glabella by the dorsal furrows, form the narrow eye
ridges and the palpebral lobes. The specimen figured in text-fig. 6g
represents a stage in which the flattening out of the anterior portion of
the ridge has just begun. In it the furrows in front of the postero-lateral
parts of the ridge are not discernible.

During the following development the eye ridges straighten out, and
the palpebral lobes are directed more straight backwards, which implies
that the eyes get their normal position, viz. that their axis becomes
parallel with the axis of the body; the fixed cheeks grow narrower, the
glabella broader, and the preglabellar field and the parts of the cheeks in
front of the eye ridges increase in length (see text:fig. 6h).

Of the Liostracus larvae figured by BROGGER (1875, PI. XXV and
LINDSTROM 1901, p. 21) the earliest one (fig. I) is probably somewhat
younger than any of those found in Wistergétland, since it seems to be
so strongly arched that nothing of the larval ridge is seen from above
and since there are no furrows on the axis. In fig. II the occipital seg-
ment is apparently not yet separated from the pygidium, the 1st glabellar
furrow is clearly marked, the posterior ones more faintly, and the larval
ridge is indicated. In fig. III it is to be seen distinctly, though LIND-
STROM evidently has not noticed this, and it is likewise indicated in fig. IV.
Fig. V represents, with regard to the development of the cephalon, a
more advanced stage than any of the protaspis from Wistergotland,
inasmuch as the frontal lobe of the glabella is clearly defined. In fig.
VI the segmentation of the cheeks is indicated by one transverse
furrow.

Also in MATTHEW’s (1888, Pl. II, figs. 1f, 1g) figures of the
protaspis, supposed to belong to Liostracus Linnarssoni, traces of the

1 As mentioned above it appeared to me that the beginning of these furrows was
discernible already in some larva at the protaspis stage.
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ridge are to be seen, but, as the figures are very indistinct, BEECHER
obviously has overlooked this, and in his copies (1895 b, Pl. VIII, figs. 3,
4) the ridge is not laid down.

If one compares the larval development of Ziostracus with that of
Elliptocephala one will find that they agree largely with one another, even
if the larvae of the latter, the geologically older form, as is only natural, in
some respects show more primitive characters. As such primitive charac-
ters the development of the intergenal spines may probably be considered,
likewise the greater length of the larval ridge and the comparative nar-
rowness of the fixed cheeks [which latter characters are connected with
the length and situation of the eye lobe in the adult (see below)] and
also the narrowness of the thoracic segments in the nepionic larvae. Though
of Liostracus no larve with these latter preserved are known, it is possible
to conclude from the width of the anterior part of the pygidium in the
older protaspis that they were nearly as wide as the cephalon already
in the earliest nepionic stages, as is the case in other related and higher
trilobites of which complete specimens at such stages are known. In one
respect the development of El/iptocephala seems to have been more rapid
than that of Lzostracus,viz. with regard to the differentiating of thelarval ridge.

Since the lateral border, or part of it, behind the eye has been
observed in its normal place already in the earlier protaspis of Liostracus
(p. 26) as well as in those of Elliptocephala (text-fig. 4 a) and Holmia (KJER
1916, text-fig. 11a and Pl. VI, fig. 1) it is evident that the eyes, or the
germs of the eyes, and the free cheeks were situated at this stage on
the dorsal side of the head shield, though the latter were very narrow.
That the conditions in this respect were the same also in the youngest
larvae of other trilobites is likely, and there does not seem to be anything
in the larval development of the trilobites which indicates that they were
originally situated on the ventral side, as presumed by BEECHER.

When comparing the larvae of Liostracus with other larva of related
genera, one will find that the development has been very similar in all of
them. If first taking into consideration that of Sao /Airsuta, which is the
one best known through the complete series of larvae described and illustrated
by BARRANDE (1852, p. 387, PL VII), the earliest larva figured (text-
fig. 7 a) seems to be at a stage between those represented by BROGGER’s
fig. 1 (1875, Pl. XXV) and by the youngest larve from Wistergotland
(text-fig. 6a,b). It is apparently very strongly arched, and only very
little of the larval ridge is seen from above. Only one furrow on the
axis and the division between the lateral parts of the cephalon and the
pygidium are slightly indicated. In the nextstage illustrated (text-fig. 7 b) the
axis of the pygidium is divided by a furrow, the occipital ring is distinct, and
here as in the following stages the larval ridge is clearly to be seen, though
it seems narrower and shorter than in the corresponding stages of
Liostracus. The anterior pair of points apparently are the genal spines,
and that the lateral borders are not observed in this and in the
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preceding stage, is probably due to the convexity of the larvae which caused
them to be hidden by the overhanging inner parts of the cheeks, or else
made them impossible to extricate. In the description of the larvae at
the next stage BARRANDE (1852, p. 388) has mentioned these borders,
and they are also marked in the figures (text-fig. 8c). BEECHER has
taken their inner boundaries, the lateral border furrows, for the facial
sutures, but since in the original figures they do not cross the lateral
borders, as the aforesaid author has let them do in his copy (1895b, PL
VIII, fig. 9, the same alteration is made in fig. 10 which is drawn from
BARRANDE's fig. 3 b, copied in text-fig. 7 d of this paper), such a pre-
sumption does not seem to be justified, even if the sutures probably, if
developed, ran close to the border, the free
cheeks evidently being very narrow. BAR-
RANDE apparently observed the sutures first
in the larve of considerably later stages.

In the figures of the anaprotaspis of
Liostracus ounangondianus HARTT and Sole-
nopleura Robbi HARTT given by MATTHEW
(1888, Pl I, fig. 41 and PL II, fig. 3 g) it
is not possible to see if there is a ridge or |
not because of the indistinctness of the fig- |
ures, but at the right side of the glabella of Y
the latter there is something which might be
interpreted as the lateral part ofit. MATTHEW, . ‘ ,

Fig. 7. Sao hirsuta Barr.
however, does not seem to have observed g O ‘. oiioal stages much
any ridge in the larvae concerned, and enlarged. (After BARRANDE.)
as they probably were strongly bent down
anteriorly and the specimens badly preserved, it is likely that it was
difficult to discern, though presumably developed. The same might be
applicable to the youngest larvae of Ptychoparia Kingi MEEK figured by
BEECHER (1895b, Pl VIII, fig. 5). That the ridge was not seen in this
specimen was probably due to the fact that it is a cast in which the charac-
ters of the anterior part of the cephalon are on the whole very »obscurely
defined» (BEECHER Ibid., explanation of the fig.). The utmost ends of
the dorsal furrows obviously indicate the limit between the ridge and
the part of the glabella behind it, which presumption is confirmed by a
comparison with the metaprotaspis of the same species (Fig. 6 on the
same Pl), where the differentiating of the parts of the ridge evidently
has gone rather far. As in the earlier protaspis of Lzostracus the post-
erior margin of the pygidium of the anaprotaspis of the species in question
is not rounded, but has a straight outline.

In the earlier larval stages of the species treated above (and prob-
ably also of other related forms, the development of which is not known)
as in those of Elliptocephala asaphoides and Holwia Kjerulfi (and pre-
sumably of all other Mesonacide) the anterior part of the glabella was
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apparently not defined, but formed together with its lateral continuations
the larval ridge, which reached to the border of the cephalon. The lateral
parts of the ridge partly remain in the adult as eye ridges and eye
lobes. In the former they become separated from the glabella, whereas in
some of the latter they remain in connection with it.

The earliest larvae of higher trilobites seem to have been so far
developed that they had no true larval ridge, since such a one has
never been found in the protaspis of these forms. Also with regard to
the more distinct separation between the cephalon and the pygidium
-and the rounded posterior margin of the latter, they show a higher
degree of development than the larvae of more primitive forms at the
corresponding stage.

The earliest known larva of Zwarthrus Becki (BEECHER, 18gsb, PIL
VIII, fig. 12) has the frontal lobe of the glabella distinctly defined,
rounded in front and separated from the eye ridges by the dorsal furrows,
thus corresponding in these respects to the nepionic larvae of Liostracus
and Sao though in the development of other
characters showing that it is still at a rather
early protaspis stage, there being only one
A furrow on the axis of the pygidium, the side
lobes being unfurrowed, the posterior border
a b furrow of the cephalon not marked and the
Fig, 8 Protaspis larva. fixed cheeks still very wide in comparison

a, Acidaspis tuberculata C ) .

R asiﬁxclzlt::ﬂ[:r:eg ONRAD with the glabella. In the adults the fixed
o . . .

b, Corydocephalus consanguineus cheeks within the eyes are very narrow

Crarke much enlarged. (After and the eye ridges have disappeared.
BEECHER.) With regard to the development of the
ridge Paradoxides seems to represent the same
phylogenetic stage as Z7zarthrus. In the earliest known larvee, of which
at least the one illustrated by RAYMOND (1914, Pl fig. 8) must be consi-
.dered an early protaspis, there is no larval ridge, but the eye ridge
which has disappeared in the adult, is developed.

A still higher phylogenetic stage is represented by the larva of
Acidaspis tuberculata CONRAD (text fig. 8 a) and that of Corydoceplalus
consanguineus CLARKE (text-fig. 8 b), of which the former seems to be at
an early, the latter at a later protaspis stage. In thesethere are no traces
to be seen of the eye ridges, the small eye lobes are situated well within
the lateral margin, but much farther from the glabella and from the
posterior margin of the cephalon than in the adult. It is of special
interest that there is no marked eye ridge in the larva of Acidaspis
tuberculata, of which according to BEECHER (189sb, p. 172) several
specimens are found, since in most species of this genus there is a ridge
which runs from the eye lobe to the anterior part of the glabella. This
indicates that the ridge in Acidaspis is not homologous to the eye ridge
in more primitive forms. Also the fact that the ridge in some speciese. g.
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Acidaspis Verneuili BARR. and Acidaspis wvesiculosus BEYR. (BARRANDE,
1852, Pl. XXXVIII), is continued behind the eye, points in the same
direction. The development of this ridge may be due to the general
tendency shown in the Acidaspide (Odontopleuride) towards the swelling
up of ridges and lobes in different parts of the dorsal shield.

Neither in the protaspis of Dalmanites socialis BARR., as illustrated
by BARRANDE (1852, Pl. XXVI, some of the figures are copied in this
paper, text-fig. g) is a larval or eye ridge to be seen. The eye lobes
are somewhat elongate and situated at the anterior margin of the
cephalon very near to the glabella, distinctly separated from it. In the
earliest larvae of Dalmanites eucentrus ANG. found by TROEDSSON, which
seem to represent the same stage as the youngest specimen figured of
Dalm. socialis (text-fig. 9 a), the eye lobes are still more elongate and, as
far as it is possible to see on the rather badly preserved specimens, which
are inner casts, they seem to be situated close to the glabella without
being continuous with it (See TROEDSSON, 1918, p. 59, PL I, fig. 24).

e

-3

Fig. 9. Dalmanites socialis BARR. a—d, Successive larval stages much enlarged. (After
BARRANDE). e, cephalon of adult reduced (from BEECHER, after BARRANDE).

With regard to the form and situation of the eye lobes the prot-
aspis referred to Proetus parviusculus HALL (BEECHER, 18gsb, Pl. 1X|
figs. 5, 6) and Calymene senavia CONRAD (RUEDEMANN 1913, Pl IX, fig.
7, text-fig. 10 of this paper) are very similar to the earlier Dalmanites
larvaee. The two former are very like each other, and RUEDEMANN says
(Ibid.,, p. 120) that the protaspis described by him »is practically
identical with that referred to Proétus parviusculus by BEECHER», but since
it »is fairly well connected with the adult Calymmene by the neanic
stages» from the same beds and since »Proétus parviusculus has not been
found associated with it», he feels »certain of its ontogenetic connection
with the common Calymmene senarvia» of the same formation. It is
possible that it belongs to this species, though the similarities between it
and the later larvae figured in the same paper (Pl. IX, figs. 8, 9) are not
very great, and though it seems rather remarkable that in such a case
the eye lobes should be situated so much closer to the glabella in the
earlier than in the later stages. It is also possible that the larve con-
cerned, figured by BEECHER, belong to a species of Calymene, but they
and RUEDEMANN's specimen are not so completely like each other. In
the latter the lobes of the glabella are all very short, especially the
frontal lobe, the 2d glabellar lobe is larger than the others, and the eye
lobes are situated close to the glabella. Possibly the inner parts of these
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represent the eye ridges, which as yet are not entirely differentiated from
the anterior portions of the lateral parts of the larval ridge, which in
that case must be presumed to have been developed in the earlier larvae
(the specimen in question represents a late protaspis stage). In some
species of Calymene the eye ridge is found also in the adult, e. g. in
Calymene Leptenarum Tcr. (Pl IV, figs. 5, 6 of this paper), in the
nepionic larva of which it is also marked (Pl. IV, fig. 9). In BEECHER’s
specimens the lobes of the glabella are more elongate, the frontal lobe
is the longest, and also the 1st glabellar lobe larger than the 2d. As
far as one can see there is nothing that argues against the presumption
that they could belong to the species of Proétus occurring in the same
beds since there does not seem to be anything remarkable in the fact
that the protaspis of this genus and that of Calymene were rather like
each other.

That the earlier development of the cephalon was similar in all
trilobites seems presumable, and one might transcribe
BEECHER'’s doctrine, quoted above (p. 24), in this manner:

- The earlier larvee of more primitive trilobites had a larval
ridge, the lateral portions of which still partly remained
in the adults and formed the eye ridges and the eye lobes
Fig. 10. Cﬂ/)’me”"([z//zplocep/m!a Sao, Liostracus); in somewhat higher forms
senaria CONRAD. tho ove ridges were differentiated already at the protaspis
Protaspis much . . .
enlarged (After StAge and had disappeared in the adult (77zartz/irus); and
Ruepemany).  finally in the highest forms they did not even remain in
the protaspis (Dalmanites, Acidaspis).

With regard to the facial sutures they seem never to have been
observed in the anaprotaspis. As to the larvae of later protaspis stages
(meta- and paraprotaspis) it has been pointed out above (p. 29) that what
BEECHER has interpreted as such on BARRANDE's (1852, Pl. VII) figs.
2b and 3 b of Sao /ursuta are more probably the lateral border furrows.
The same might hold good for the »facial sutures» in the metaprotaspis
of Ptychoparia kingi MEEK (BEECHER, 189s5b, Pl. VIII, fig. 6). In no
other case the sutures are figured or mentioned in these stages, but first
in the larvae at nepionic stages. In the Leptana limestone at Kallholn
the writer has found a small larva evidently belonging to Calymene
Leptenarum with one thoracic segment (1st nepionic stage), and in it the
sutures are discernible (Pl IV, fig. 9). In the larvee of Dalmanites socialis
figured by BARRANDE (1852, Pl. XXVI) the sutures are laid down first
in the fig. 5b (text-fig. 9gd), where according to him there are two free
thoracic segments (2d nepionic stage). With regard to Sao Zirsuza the free
cheeks are first mentioned (BARRANDE, 1852, p. 389) in the larvae of the
same stage.

That the facial sutures are not observed in the earlier larvee need
not, of course, be taken as a proof that they were not developed, as it
must be very difficult, nearly impossible, to discern them in the small
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and generally rather badly preserved specimens. But possibly they were
not yet developed or in function. BERNARD (1894) considered, as is well
known, that the posterior branches of the facial sutures correspond to
the line of fusion between the lateral projections of the 1st segment
and the pleura of the 2d. He believed that the 1st segment was partly
bent down ventrally and that the dorsal part of it formed the preglabellar
part of the cranidium, the frontal lobe and the free cheeks with the eyes.
He evidently regarded the whole of the eye lobe in Eliptocephala as the
eye, and, partly because of this, he drew the conclusion that the free
cheeks belonged to the same segment as the frontal lobe.

BEECHER (1897) and JAEKEL (1901) consider the hypostoma to be the
Ist segment, whereas the free cheeks are regarded as the pleural parts of
the 2d segment, the middle part of which should consist of the rostrum or
the middle portion of the continuous free cheeks. According to this suppo-
sition the whole of the facial sutures and the rostral suture should follow
the posterior boundary of »an oculiferous head segment>. BEECHER
believed, as already mentioned, that the free cheeks, and thus the whole
of this segment, were originally situated on the ventral side of the ce-
phalon, and considered this proved by the larval development, which, as
just pointed out, seems to have been a misconception and is also con-
trary to BERNARD’s view. There does not seem to be anything which
indicates that any part of the dorsal side of the cephalon originally was
situated on the ventral side. On the contrary the larval development, as
far as it is known, argues against this presumption, except that the earlier
protaspis is so strongly arched that the borders are almost beneath the
other parts of the shield. With the assumption that the rostrum should
form the middle part of a segment, the pleural parts of which were the
free cheeks, the development of such forms as Holmia and Kjerulfia with
their long rostrum (hypostome attachment) and »remarkable run» of the
anterior branch of the facial suture (see below p. 35 and text-fig. 11) are
very difficult to interpret. The pleure of the »oculiferous» segment
would then, if this were right, be inserted between different parts of the
next segment. Then it appears more probable that the rostrum repre-
sents the whole of a segment, as KJER (1916, p. 83) has suggested.

WALCOTT (1910, p. 238) has, with regard to the Mesonacide, tabu-
lated the segments included in the cephalon as follows:

I. Anterior border segment.

2. Ocular segment, carrying the visual surface of the eye.

3. Palpebral or first glabellar segment, from which the large anterior
lobe of the glabella was largely developed, also the so-called »ocular» ridge
and the palpebral lobe.

4—6. Second—fourth glabellar segments.

7. Occipital segment.

»The expansion of» the ocular segment may according to the
aforesaid author »form the anterior portion of the first glabellar» (frontal)

3 —1ose.  Bull. of Geol. Vol. XV/I.
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»lobe as indicated in Olenellus logani (Pl. 41, fig. 6), where the furrows
on the glabella in advance of the palpebral segment apparently outline
the segment.» That there existed a segment anterior to this in the pri-
mitive cephalon of the Mesonacide, he thinks »is indicated by the antero-
lateral spines of the young of Olencllus gilberti (Pl. 36, figs. 11—14) and
the larvallike cephalon of Olenclloides (Pl. 40, figs. 2 and 3) and by the
cephalon of Callavia bicensis (Pl. 41, fig. 9) where there are two pairs of
furrows in front of the palpebral ridge». In the last-named species the
lateral glabellar lobes seem to be divided by transverse furrows. Probably
the »1st frontal furrow» corresponds to these, and does not seem to be of
any significance in this connection. As spines other than pleural spines,
very often occur in the trilobites, those mentioned need not necessarily
have had that character either, and thus there does not seem to be any
real ground for assuming the presence of a special border segment.

With the supposition that the trilobites originally had 6 pairs of ce-
phalic appendages (the pair belonging to the occipital segment included),
the 1st pair of antenna (the antennules) would belong to the ocular
segment; the supposedly reduced 2d pair to the palpebral segment etc.
The ocular segment would thus belong to the preoral part of the head,
all the following segments to the postoral part. That the attachment of
the muscles of the antennules was in the frontal lobe seems probable;
the posterior limit of the middle portion of the preoral part of the head
would thus have been at the frontal furrow. That this furrow is often not
developed might partly depend on the circumstance that the 2d pair of
appendages was often (perhaps always) reduced, and partly, provided that
the cephalic segments were not marked off »en bloc», on the fact that the
anterior postoral segment was first incorporated in the primitive cephalon,
and consequently the boundary between this and the preoral part of the
head earlier obliterated than the boundaries of the posterior segments,
and this at so early a stage that it was generally not marked even in the
protaspis. Often the posterior furrows are also, especially the 1st, obli-
terated in the adult though developed in the larva, and cases are known,
as already pointed out (p. 10), where the frontal furrow is marked in the
larva but not in the adult, e. g. Holmia Rowei WALC. (1910, Pl. XXIX).
This indicates that it is a primitive feature, which is also emphasized by
the circumstance that it is more often to be found in the Cambrian than
in the geologically younger trilobites.

If this interpretation of the cephalic segments is right, it is evident
that the anterior branch of the facial suture did not follow the limit of a
segment. Whether this was the case with regard to the posterior branch,
is a question connected with the one whether the facial suture is to be
considered an original trilobite-character of a homologous nature in all
forms. Most scientists seem to have been of this opinion, whereas SWiIN-
NERTON (1915) considers, apparently in agreement with WALCOTT (1912a),
that »the earliest trilobitic organisms had no facial suture» (p. 492) and
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further that »true sutures have developed independently at least three
times» (p. 539) among the trilobites.

He advances in support of the former consideration that it is not
developed in Marrella and Nathorstia and in most of the Mesonacidae. As
I have tried to show above, there does not appear to be anything which
indicates that Marrella is very closely related to the trilobites, and with
regard to Nathorstia, WALCOTT’s (1912a) description of it is based on a
specimen which is said to be flattened and to have the left side crushed,
so that it seems possible that there could have been a facial suture which
was not discernible. Even if it should be proved that it was not deve-
loped in Nathorstia, it might have been secondarily reduced.

The oldest trilobites known, the Mesonacida, which, as is well known,
are found in older strata than the forms just mentioned, evidently had no
sutures. But whether this is a primary character is doubtful. WALCOTT
(1910, p. 236) defines the Mesonacidae as having »the facial suture rudi-
mentary, or in a condition of synthesis» and in another place (Ibid., p.
242) he says: »The facial sutures are rarely represented, even by ele-
vated lines on the exterior surface or depressed lines on the interior surface
of the cephalon.» He has not described any sort of line or impression
that he considers to be the anterior branch of the facial suture. In one
specimen of Pedeumnias transitans (Ibid., Pl. XXXIII, fig. 1) he has found
an elevated line »having the usual curvature of the posterior facial su-
ture», but he does not think it probable that this line really represents
the suture, »but it suggests that conclusion» (p. 242). This line, however,
does not start from the posterior end of the eye, as it naturally would
if it represented the facial suture.

In Kjerulfia Lundgreni MOB. and occasionally in Holmia Kjerulfi
LNRS.,, MOBERG (1899) and KJER (1916) have pointed out that there is
»a fine raised line, that runs in an arc from the posterior edge of the eye
to the posterior margin in front of the intergenal spine» (KJER, p. 81).
This line the latter author has also found in Kjerulfia lata KJER (text-fig.
11), and he thinks that MOBERG's assumption seems reasonable »that this
is a case of a remainder of the obliterated facial suture» and that MOBERG
probably was right also »in giving the same interpretation to the remark-
able lines that sometimes are seen in both the above genera running from
the anterior edge of the eye to the marginal brim.»! He continues: »If
this represents the front branch of the facial suture, the latter would cer-
tainly have a remarkable course.» But at a closer examination one will
find that in these genera it must have had just this course. In trilobites
that have a rostrum, the anterior branches of the facial sutures are, as is well
known, continued on the ventral side of the cephalon by the connective
“sutures, which separate the rostrum from the doublure of the free cheeks.
In Holmia and Kjerulfia and in others, e. g. Paedenmias (WALCOTT, 1910,

1 In two of Warcorr's (1910) figures of Cavallia Crosbyi Warc. (Pl. XXVIII, figs.
1 and 4) a line is seen which has about the same run.
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Pl. XXXIV), according to KJER (1916, p. 82) perhaps in all genera of the
Mesonacida, the rostrum, or as it has been called by MOBERG and KJER
the hypostome attachment, is very broad, nearly reaching to the genal
angles (text-fig. 12a), and therefore, if the conditions were the same as
in other trilobites, the anterior branches of the facial sutures must reach
nearly as far back. Some species of Paradoxides (text-fig. 12 b) seem
in this respect to be intermediate between the Mesonacide and other tri-
lobites, as is also indicated by KjER.

In some of WALCOTT’s (1910) figures of Elliptocephala asaphoides (Pl.
XXIV), Mesonacis wvermontana HALL. (Pl. XXVI) and Callavia Brigger:
WaLc. (Pl. XXVII) lines corresponding to those running from the posterior
edges of the eyes in Holmia and Kjerulfia are to be seen, and RAYMOND
(1917, p. 206) seems to be right that these represent the posterior branches
of the facial sutures, whereas the lines in WALCOTT’s figure of Callavia

Fig. 11. Kjerulfia lata Kjer. Reconstructed
cephalon. (After KjER.)

Callave: Laprw. (Pl. XLII, fig. 1), which he evidently regards as the
anterior branches, probably are only fractures in the test, since they do
not appear to start from the foremost ends of the eyes.

It is clear that KJjER considered the Mesonacide to have originated
from forms with real facial sutures, which later on became obliterated,
especially since he is opposed to WALCOTT's view that the Paradoxid®e
would be descendants from them, just because the sutures in that case
must have been reformed, which he does not think probable (1916, p. 88).
It is, however, not clear whether WALCOTT really considers the sutures
to have been secondarily reduced in the Mesonacide. To be sure he says
(1910, p. 242): »If we accept BEECHER’s view that the sutures are in a
condition of symphysis (BEECHER, 1897, p. 191), and that the elevated
and depressed lines represent the suture between the cranidium and
free cheeks, the latter bear the visual surface of the eye», but it is un-
certain whether he really believes that BEECHER'’s view is correct. SWIN-
NERTON (1916, p. 492) thinks that WALCOTT is leaning towards the same
point of view as himself, »viz. that the facial sutures were not necessarily
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present in primaeval Trilobites and that the Mesonacide exhibit the Tri-
lobite organization just when these lines are coming into being». SWIN-
NERTON seems to take »the depressed and elevated lines» for some sort
of elementary facial sutures, and in such a case they might perhaps be re-
garded as lines of weakness along which the test would have split at the
ecdysis, and which later on were developed into real open sutures. But
then there ought to have been found in the beds where these forms occur
a great number of cranidia and free cheeks separated along these lines,
since the fossil remains probably represent not only dead animals but also
moulted tests. To judge from published descriptions and figures, this
seems not to have been the case. If these lines did not function as facial
sutures, it is difficult to interpret them as incipient, and it is more likely
that they ought to be considered as vestiges of sutures that were nor-
mally developed in the ancestors of the forms concerned.

That the object of the facial sutures was to facilitate the ecdysis is,
as is well known, a generally accepted opinion, and also that they are in-
timately connected with the position and development of the eyes. In
forms where the latter are reduced, the sutures appear partly to lose
their significance. In some blind forms they still remain, but have altered
their original position and moved towards the margin of the cephalon, so
that the free cheeks have become very narrow and the fixed ones broader.
This seems to be the case in Conocoryphe, Ampyx, Placoparia, Dindymene
and in some species of Phacops and Illenus etc. In Phacops Volbortli
BARR. (BARRANDE, 1852, Pl XXIII) that is not blind but where the
eyes are very much reduced, this has also happened with the free
cheeks, and similar conditions are to be seen in other forms. Presumably,
when during the ontogenetic development the eyes were never formed
or were checked at an early stage, the growth of the free cheeks was
also checked. In Conocoryple they have about the same relative size as
in the larvaee of the related genus Sao, and in Phacops Volborth:i as in
the larvae of Dalmanites.

It is evident that in these forms the sutures were still functional at
the ecdysis. In Harpes and Zrinuclens on the other hand, where, accord-
ing to the opinion of most modern investigators, the eyes were also se-
condarily reduced — the vestiges of them, where they still remained,
holding their normal position — but the free cheeks were fully developed
and the facial sutures lost by fusion, the test opened along the margin of
the fringe, so that the ventral part of it became separated from the dorsal
part. It is said that there was a marginal suture, and this has generally
been considered as a secondary adaptation (see below).

In the Mesonacida it does not seem to have been necessary to de-
velop a new suture at the presumed disappearance of the facial suture,
as the test probably opened along the rostral suture, which here runs
along nearly the whole of the margin.
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That no trace of the facial suture is found in the forms supposed to
be the most primitive of the known Mesonacidz, e. g. Nevadza, need not be
taken as a proof that their ancestors also were devoid of it, as its reduc-
tion might have been accomplished more rapidly in some genera than in
others, and as there is no need to believe that Nevadia, even if it agreed
with those ancestors in most characters, could not in some features differ
from them. It is not impossible either that further researches will show
that this genus and other Mesonacide in this respect were similar to
Holmia and Kjerulfia, viz. that traces of both the anterior and posterior
branches will be found, especially as it seems as if the American forms
were generally in a considerably worse state of preservation than those
found in Scandinavia.

If, however, one adheres to the view that the facial sutures were not
originally developed in all trilobites and, as SWINNERTON evidently pre-
sumes, had come into existence only in some of the Mesonacida, but still
regards the mentioned lines as traces of obliterated sutures, Nevadia must
be taken as a representative of those forms in which they were never
developed, whereas Holmia and Kjerulfia would represent that part of the
family that originally had real sutures, later on lost by fusion. But this
seems rather improbable.

SWINNERTON further considers, as mentioned above, that the facial
sutures »have developed independently at least three times, viz. among
Mesonacida, among other Opisthoparia, and among Proparia» (1916, p.
539). He arrives at the conclusion that they developed independently
among Mesonacida and among other trilobites, since he considers the ab-
sence of sutures as primary both in Marre/la and in Nathorstia, and further
that, if the former »’foreshadows’ any one type more than another, that
type is Newvadia», and »on the other hand Nathorstia»> according to him
»is a persistent member of the stock which foreshadowed the type of
Trilobite represented by Conocoryphe, Ellzpsocephalus, and Burlingia». As
pointed out above (p. 13) the relationship between Marrella and the trilo-
bites seems rather doubtful. With regard to Nathorstia, though evidently
belonging to the trilobites or at least closely related to them, it seems
doubtful if it really was devoid of facial sutures, and, this being the case,
if it was not rather a degenerate than a primitive character. Besides, the
genus apparently was rather highly developed respecting several of its
characters, and can therefore hardly be regarded as representing the an-
cestral stock from which all trilobites except the Mesonacida arose, as
intimated by SWINNERTON. In consequence of the reasons advanced
above, the occurrence of such forms as Marrella and Nathorstia cannot be
taken as a proof that the facial sutures have developed independently
among Mesonacida and among other trilobites.

Whether they were developed independently or not in Opisthoparia
and Proparia, is a question connected with the one of the »genal spines»
being homologous in the two groups. This is, however, not the view of
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for instance WALCOTT and REED (1916, p. 172), of which the former
says (1910, p. 237) that the »genal spine» in the Proparia »is in fact the
prolongation of one of the fused segments of the cephalon and corre-
sponds in this respect to the intergenal spine of the Mesonacide». If
this is correct, which seems probable, there does not seem to be anything
which indicates that the facial sutures had not the same origin in the
two groups.

To judge from the larval development of such forms as Z//iptoce-
phala, Pedeumias and other members of the Mesonacide, in the earlier
ancestral stock of this family only the intergenal spines were developed;
then followed forms that had both intergenal and genal spines; and ul-
timately the former were reduced. If all other trilobites came from the
same ancestral stock, all Opisthoparia probably went through the above
stages of development, whereas the Proparia might either have branched
off already before the true genal spines were formed or else at a later
stage, when both kinds of spines were developed, in which case the genal
ones were afterwards reduced and their places taken by the intergenal
spines.? The opisthoparian and the proparian conditions seem to have been
evolved at so early a stage, that it appears quite natural that it is not
shown, in either the larval or in the phylogenetic development of the
higher members of the two groups, how this came about, and that the
development of the free cheeks here followed quite different lines.

There does not seem, then, to be any real ground for assuming that
the posterior branches of the facial sutures were not homologous in all trilo-
bites; and if, moreover, they really correspond to the lines of fusion be-
tween the pleural portions of the preoral part of the head and the pleura
of the following segment (or segments), this seems to speak also against
the assumption that they arose independently in different groups. The
course of the facial sutures apparently depended on the position of the
eyes, so that these were always situated on the free cheeks. In forms
where they were normally developed, the sutures followed their inner limit.
And it seems most plausible that the remaining parts of the sutures, as
far as it was possible and convenient for the ecdysis, should also have
followed the limit of a segment, or, in other words, an original line of
weakness.

With regard to the anterior branch of the suture, which according
to the above presumption did not follow the boundary of a segment (see
p. 34), it is conceivable that it was developed independently and partly
at non-corresponding places in different groups. There are indeed some
facts which might be considered to indicate that this had been the case.
On the ventral side of the cephalon there is, as is well known, a flat rim

! Such a displacement of the spines apparently occurred in several of the Mesona-
cide, e. g. in Olenelloides armatus Peacu (Peach, 1894, Pl. XXXII, WaLcoTT, 1910,
Pl. XL) and Wanneria Halli Warc. (WaLcoTT, 1910, PL XXXI), in which latter the
intergenal spines, however, had disappeared in the adult.
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along the margin, the doublure or reflexed border of the cephalic shield.
In most trilobites its middle portion forms a separate plate, the rostrum,
which is divided from the cranidium by the rostral suture, from the free
cheeks by the continuations of the facial sutures, the connective sutures,
and from the hypostoma by the hypostomal suture. The size of the
rostrum is very different in different genera, as illustrated by the text-fig.
I12a—h, and in connection with this the course of the anterior branches
of the facial sutures varies also, so that in some forms where there is no
rostrum they unite in front of the glabella, in which case the doublure
of the cephalon is either continuous (Phacopide text-fig. 12k, Aeglinide
etc.), or transected by a median suture (Asaphidea, text-fig. 12i). In
Paradoxides (text-fig. 12b) there is no separate rostrum, though the ante-
rior branches of the facial sutures do not meet, but are continued by the
connective sutures, since the portion of the doublure between these is not
separated from the dorsal part of the cranidium.

It is of course conceivable that these differences are of a primary
nature and that all the sutures in question were developed independently
in different groups, and that some of these originally had a very large
rostrum, some a comparatively narrow or a very narrow one, while in
others it was never developed, the median part of the doublure being
either separated from the cranidium but not from the free cheeks (forming
together with these a continuous piece or divided in the middle by a
suture), or continuous with the cranidium but separated from the free
cheeks. It seems then very remarkable that the conditions are so alike
in different groups which otherwise do not appear to be very closely
related, while they are different in such groups that in other characters
show great similarities to each other. It is further very difficult to
understand in what manner and for what purpose the different sutures
have developed, especially with regard to such forms as Encrinurus (text-
fig. 12 h) where the two connective sutures run close to one another.

If, on the other hand, one presumes that all forms originally had a
large separate rostrum like that in Holmia and Kjerulfia (text-fig. 12 a)
the whole matter becomes much simpler. It appears, as mentioned above,
as if in several genera of the Mesonacide, according to KJER (1916, p. 82)
perhaps in all of them, there had been such a large rostrum, and the
author just mentioned thinks it probable that this is »a primitive state
and gives evidence for the supposition that» the rostrum »represents a spe-
cial anterior segment of the cranidium, which segment in the course
of further development has either fused with the doublure or been re-
duced to varying degrees» (1916, p. 83).! If this supposition is right, the
rostral and the connective sutures would follow the original boundary of
a segment, and thus of all the sutures in the cephalon only the anterior
parts of the facial sutures must be regarded as really new constructions.

1 The possibility that the rostrum represents a special segment is also pointed out
by REED (1916, p. 172). Cf. also Raymoxp, 1917, p. 208.
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But whether it is justified to assume the existence of such an external
anterior segment in the preoral part of the head, seems doubtful because
of the supposed composition of the brain of the primitive arthropods (Cf.
HOLMGREN, 1916). But even if the rostrum does not represent a special
segment, it might nevertheless from the beginning have been developed
as a separate plate, or else the rostral and connective sutures might have
developed at an early stage to facilitate the ecdysis. Both Apxs and
Limulus are said to moult by splitting along the frontal edge, and that
sutures were formed at corresponding places in the trilobites does not
seem inconceivable.

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

%&

Fig. 12. Cephala of trilobites to show the progressive development of the rostrum.
a, Kjerulfia lata KjER. b, Paradoxides bohemicus BOECK. c, Plychoparia striata EMMR.
d, Jllenus Bouchardi BARR. e, Calymene Blumenbachi BRONGN. f, Pliomera Fischeri

Eiwcaw. g, Placoparia grandis Barr. h, Encrinurus Seebacki ScamIDT. i, Asaphus

platyce phalus STOKES. k, Dalmanites socialis Barr. (a after KjEr; b—e, g, i, k after
BarRRANDE; f, h after ScumIDT.)

beforehand, must be connected, was of course necessary, and this was
done by the anterior parts of the facial sutures, which one has a right
to presume originally had the »remarkable» course which is seen in Holmza
and Kjerulfia. During the progressive evolution the rostrum became more
and more reduced; and at the same time also the anterior parts of the
fixed cheeks did so, while the free cheeks increased in size until they, or
at least their ventral parts, finally met and grew together.! Among the
trilobites there is a series of types which represent this evolution, though
they are not to be regarded as representing a phylogenetic series, as the
reduction of the rostrum and the fixed cheeks and the corresponding
growth of the free ones no doubt were more rapid in some groups than
in others. Next to such forms as Holmia and Kjerulfia (text-fig. 12a)

1 In his paper of 1917 (p. 208) RAYMOND suggests a similar explanation of the de-
velopment of these parts, an explanation which, however, he evidently does not adopt
himself.
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stands, as far as it is known, Paradovides (text-fig. 12b). Here the anterior
parts of the fixed cheeks and the rostrum (which latter has grown to-
gether with the dorsal part of the cranidium) are still very broad, broader
than the hypostoma. This seems also to have been the case in FPtyclo-
paria striata (BARRANDE, 1852, PL II, B, fig. 26), in which the rostrum
(text-fig. 12c¢c), however, is considerably narrower than the anterior part of
the cranidium, and the ventral parts of the free cheeks reach nearer to
the median line than their dorsal parts do, which is also the case in many
other forms. In a great number of genera, e. g. Conocorypiie (BARRANDE,
1852, Pl II, B), Bronteus (Ibid.) and /lenus (text-ig. 12 d), the posterior
margin of the rostrum (the anterior one is often broader) has the same
width as the anterior margin of the hypostoma. In Calymene (text-fig.
12e), Proétus (BARRANDE, 1852, PL. II, B) and others, it is narrower, and
considerably so in Pliomera (text-fig. 12 f). In Placoparia the rostrum
forms a small triangular plate, in Placoparia grandis (text-fig. 12g) only
reaching half along the doublure so that the connective sutures partly
unite to a median suture. In Encrinurus (text-fig. 12 h) it is still narrower,
and pointed at the ends, so that it becomes entirely enclosed between the
free cheeks, which meet both above and below it. Inthe Asaphidae (text-
fig. 121i) it has entirely disappeared, but the free cheeks are still separated
by a median suture, which finally in the Phacopide (textfig. 12k),
Aeglinidee and several more has become obliterated. With regard to these
latter forms, it is of course conceivable that it is the connective sutures
which have disappeared, and that the rostrum has been fused with the
free cheeks, but this must then have taken place at a comparatively late
stage, since the course of the facial sutures must otherwise have been
different. There does not, however, seem to be any real ground for assum-
ing that the development in this case has followed a different line than
in others.

It is presumable that during the phylogenetic evolution, the rostrum
was very rapidly reduced in some groups, as already in several Cambrian
trilobites, e. g. Peltura and Lurycare, the free cheeks meet in the median
line of the cephalon, which indicates that the rostrum has disappeared or
at any rate has grown very small. There is of course also the possibility
that it still remains, but has become separated from the cranidium by the
free cheeks. It seems, however, more probable that it is reduced and that
the conditions in this respect are as in the Asaphide.

As already mentioned, it occurs very often that the reflexed parts of
the free cheeks have grown farther towards the middle line than the dorsal
parts. This is especially the case in such forms where the free cheeks
meet or have grown together. Often the foremost portions of the dorsal
parts have increased in size as fast as the doublure but not the portions
behind. Sometimes this may have depended on the fact that the glabella
was in the way and prevented the growing of these posterior portions,
but in many forms where the rostrum is reduced also considerable pot-
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tions of the anterior parts of the fixed cheeks and of the preglabellar field
remain. This is very often the case in geologically older trilobites, and
is especially to be noted in such Cambrian forms as Peltura and Eury-
care, where the free cheeks meet in front. The same is to be seen more
or ‘less pronouncedly among the Asaphide. In younger forms the reduc-
tion of the fixed cheeks in front of the eyes seems to have followed the
reduction of the rostrum more closely, so that they have often quite
disappeared at the sides of the glabella also and in some species of Pa-
cops (s. lat.) and in Ewncrinurus parts of the free cheeks even are included
in the glabella. The development of the anterior part of the free cheek
at the expense of the fixed one does not, however, seem to be only de-
pendent on the reduction of the rostrum, but was presumably connected
with the development and migration of the eyes. Possibly the reduction
of the rostrum and the anterior part of the cranidium is also due to the
shifting of the eyes.

If the development really was as outlined above, this might be taken
as a proof that the anterior branch of the facial suture, as well as the
posterior one, was of the same origin in all trilobites, and thus speak
against SWINNERTON's presumption that the »dorsal facial sutures ap-
peared independently in several distinct lines of descent» (1919, p. 109).
On the other hand it might seem to strengthen his opinion (Ibid.) that
the earliest members of the trilobite group had no such sutures, but
underwent ecdysis along a line which he calls the marginal suture, and
which, with regard to the Mesonacida, is the same as the one called rostral
suture in this paper, and that only later on dorsal facial sutures were
developed »to facilitate the removal of the covering of the eye in moult-
ing» (RAYMOND, 1917, p. 208). He emphasizes »the fact that taken as
a whole the true facial suture is composite, being made up of a new
dorsal portion intimately associated with the eye, and an anterior portion?!
which is probably a section of the marginal suture», and further points
out that »the posterior section of the latter seems to have been completely
replaced functionally by the newly instituted line running behind the vis-
ual area». It does not seem improbable that the need of a dorsal facial
suture first arose when the rostrum and the rostral suture became re-
duced, and the eyes were better developed, and had moved farther away
from the margin. That the posterior branches of the facial sutures all
the same opened at the division line between segments which already
were fused, is not inconceivable, since at some time during the ontoge-
netic development there must have been here a line of weakness. In ana-
logy with this, it might possibly be presumed that the facial sutures were
not yet developed in the younger larval stages.

! He evidently does not recognize any special rostral suture but regards this as
part of the facial suture in forms where it is not so extensive as in the Mesonacide and
~where there are open dorsal facial sutures.
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SWINNERTON bases his opinion chiefly on the conditions in the
Mesonacidae, among which he considers the absence of facial sutures to
have been primary, some of them exhibiting the stage when the sutures
were just »coming into being». Even if this is not quite impossible, there
are several things which speak against such a supposition. In the first
place it is, as pointed out above, difficult to believe that »the elevated
and depressed lines» in these latter were fresh constructions, and
secondly, such being the case, and provided that the sutures were deve-
loped only once in the history of the trilobites, all trilobites with true
facial sutures must have descended from these or closely related forms,
which does not seem very probable. Apparently all the genera referred
to the family Mesonacide are closely allied. The forms concerned, though
on the whole primitive, are rather specialized in some characters, and
since other trilobites with true facial sutures, which are specialized in
other directions, are found in the same or even older strata, it seems
probable that these latter and the Mesonacide already at a very early
period followed different lines of development.

To form a more definite opinion of this matter does not seem pos-
sible with our present knowledge, but it appears to me most probable
that even if the ancestors of the trilobites had no facial sutures (possibly
at first no rostral suture either), these were formed at a very early period
and that all known trilobites originated from forms in which both the
facial and rostral sutures were developed as true sutures.

It may be a matter of choice whether, like SWINNERTON, one regards
the rostral suture as a part of the facial suture or gives it a separate name.
The latter is, however, more in accordance with the general terminology,
and seems also to be most practical especially with regard to the condi-
tions in the Mesonacidae. To call their rostral suture facial suture might
cause confusion but to give it a different name here and in forms where
it is more reduced, is very inconsistent and just as confusing. SWINNER-
TON (1919, p. 110) is of the opinion that in such forms as 77inucleus
which »became blind secondarily and thus had no special use for a dorsal
suture», sthe whole of the marginal suture was liable to be resuscitated».

He also suggests that the suture near the margin in Conocoryplhe and
Ampyxr might not be a true facial suture but a »marginal> one. The
»marginal suture» in the Mesonacida, however, only separates the rostrum
from the other parts of the cephalon, and since Conocoryplhe also has a
separate rostrum, only the part of the suture in question in" front of it
can be homologous to that. That the posterior parts of the suture are
the facial sutures and the parts of the cephalon outside of them the free
cheeks, is indicated by the close affinity between Conocoryphe and Piy-
choparia, in which latter the eyes and free cheeks are normally developed,
and by the corresponding conditions in several other forms, e. g. among
the Illeenidee. That the facial sutures really move nearer to the margin
when the eyes become reduced, seems to be proved by the occurrence
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of such forms as Phacops Volborthi, where the eyes, though not entirely
reduced, are very degenerate, and where the sutures, which, since they
run inside these, beyond doubt are the facial sutures, have moved very
near to the margin, though the removal has not proceeded as far as in
Conocoryphe. With regard to Ampyx it is true that it has no rostrum,
but to homologize its continuous free cheeks with the rostrum in other
forms seems quite impossible, since the former, apart from such charac-
ters which probably are connected with the reduction of the eyes, are
normally developed with long genal spines and generally with a typical
border and sometimes, e. g. in Ampyx Rouaultr BARR. (BARRANDE, 1852,
Pl. XXX), with comparatively wide dorsal parts. There does not seem
either to be any reason to believe that the suture is secondarily instituted
and not formed by the facial sutures, which have united in front, the
rostrum being entirely reduced.

The »marginal suture» in Z7znuclens and Harpes on the other hand
cannot be homologous to the facial sutures in other groups, which seems
to be proved beyond doubt by different investigators (RICHTER, 1915,
REED, 1916, SWINNERTON, 1919, a. o.), though these proofs do not seem
to have convinced RAYMOND (1917). Both REED (1916) and RICHTER
(1915) regard the marginal suture in these genera as a secondary adapta-
tion for facilitating the moulting when the ordinary facial sutures had
disappeared. REED (p. 171) has, however, also suggested another ex-
planation of its nature, according to which the ventral side of the fringe,
which bears the genal spines, is an anterior underbent segment, which
might be regarded as corresponding to the rostrum in other forms, their
rostral suture being »the abbreviated representative» of the marginal suture.
If we accept the existence of a special rostral segment (Cf. p. 41) this
last explanation is not inconceivable, and, since the »genal spines» of the
Opisthoparia and of the Proparia evidently belong to different segments,
it is conceivable that they might have been borne on yet another segment
in the genera concerned, as is also emphasized by REED. His suggestion
that this anterior segment would be the questionable »anterior border seg-
ment», which WALCOTT (1910, p. 238) considered might have existed in
the primitive cephalon of the Mesonacida, cannot be accepted, since, if
it corresponds to the rostrum in other forms, it must of course also cor-
respond to the rostrum of the Mesonacide.

The explanation first mentioned, viz. that the suture is secondarily
instituted, seems, however, more acceptable. A fact which seems to
confirm this is that an open marginal suture probably did not exist in all
species of Z7zuuclens. It appears as if REED had only observed it in
some of the species examined by him, and to judge from RAYMOND’s
statements in his paper of 1917, this author has not observed the suture
in any entire specimen, but concludes that it existed because the ventral
plate evidently is separable along a cléarly defined line. The present
writer has examined several specimens of 77. setzcornis HiS. with exceed-
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ingly well-preserved tests, and in them there does not seem to be an
open suture, but along the same line as where the suture is seen in 77.
concentricus EATON and 77. Bureaui OEHL. according to REED (1912 a, p.
347) and OEHLERT (1895, p. 317), there is only a very thin outer layer
of the test, the inner part of which is pierced by a fissure. As seen
from isolated ventral plates and cranidia, the splitting takes place along this
line. It is of course conceivable that the fusion is secondary, just as the
fusion of the pillars representing the communicating pits on the upper
and lower surfaces of the fringe is considered to be (Cf. REED, 1916, ps.
173, 175), but it seems more probable that the fissure is secondary, and
only in some forms fully developed as an open suture. REED (1916, p.
172)has made a comparison with Lznulus and Apus, which »are said to moult
by splitting along the frontal edge of the carapace». RAYMOND (1917,
p. 202) observes that in Zzmulus »the crack extends only around the front
and sides of the cephalothorax, does not extend to the angles, and does
not cut off a separate plate», and: »If the marginal suture in the Tri-
nucleidee were a.similar makeshift cracking, there seems no reason why
it should not be similarly incomplete». But if the way of splitting in Lznulus
and 77inuclens is independently and secondarily evolved, why should it
take place exactly in the same manner? In Lzmulus there is no fringe, and
it is possible for the animal to moult when only the anterior and lateral
parts of the margin opened. In Z7inuclenus (and Harpes) on the other
hand it is evident that the whole of the dorsal and ventral parts of the
fringe must separate, to enable the thin part of the body between them
to free itself from the old test.

As has already been mentioned several times, the course of the facial
sutures is dependent on the position of the eyes, and the development
goes on the whole in the direction that these migrate nearer and nearer
to the glabella and to the posterior margin of the cephalon, while the
free cheeks increase at the expense of the fixed ones. This is seen in
the development of the larveae, and is also largely exhibited by a com-
parison between lower and higher forms. From the relative size of
the free and fixed cheeks in different species one cannot, however, always
conclude which is the most primitive. In the oldest known trilobite
family, the Mesonacid®, the fixed cheek is very narrow compared with
the free cheek, and this character is very pronounced already in its
geologically oldest representive, Nevadia, which is also considered the
most primitive, whereas in other ancient forms belonging to other groups
the conditions are reversed.

As shown in the larval development, the Mesonacida, like all other
trilobites, have descended from forms with very narrow free cheeks. The
fixed cheeks are, however, already in the earlier larve also comparatively
narrow, and the growth of the free ones during the progressive develop-
ment does not on the whole seem to have taken place at the expense
of these, except with regard to their hindmost parts. The backward and
inward migration of the eyes in higher trilobites never goes farther than
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that their inner margins come in a line with the outmost parts of the
frontal lobe, and their posterior ends never lie farther in than the anterior
ones, neither of which would be practical with regard to the sight. In
forms which have a wide frontal lobe the portion of the fixed cheek lying
within the eye lobe is also rather wide, even when the part in front is
very much reduced, as for instance in Phacops and Bronteus. In the
Mesonacide with their elongate eye lobes, that nearly reach the frontal
lobe, it is only the posterior parts of these which can move more
inwards, and this is just what happens during the larval development. In
its later stages it is only the portions of the free cheeks lying outside
these parts of the eye lobes which increase in size. At least this is the
case in ZFElliptocephala; in Pedeumias the conditions in this respect are
somewhat different. Also in the larva of other trilobites the axis of the
eyes (or of the germs of the eyes) has an obliquely outward direction, and
only in later stages their posterior ends have come as far inwards as the
anterior ones. Possibly this might indicate that it is the posterior parts of
the eyes which are earliest developed.

In this respect the adult Nevadia seems still to remain on a larval
stage, as here the anterior part of the eye, or at least the eye lobe, the eye
itself is not observed, reaches considerably farther inwards than the post-
erior part. In most other adult Mesonacide the eyes seem to have the
ideal direction, and seem to have reached the utmost degree of develop-
ment with regard to their position,

The circumstance that in other Cambrian trilobites the fixed cheeks
are so much broader and the eye lobes situated more forward and farther
away from the glabella, does not prove that these are more primitive
than the Mesonacidae, but is apparently connected with the form of the
eye lobes. Elongate eye lobes have been considered a primitive charac-
ter, as indicated by the fact that most of the oldest trilobites have this
kind of eye lobes. Also the occurrence of eye ridges in forms with short,
or relatively short, eye lobes might perhaps be taken as a proof that
they have arisen from ancestors in which the eye lobes reached nearer
to the glabella, since the eye ridges may be considered as more or less
reduced palpebral lobes, even if they were possibly later on adapted to
serve other purposes. That the possession of eye ridges must be con-
sidered a primitive character, is shown by the fact that they have disap-
peared in higher forms, and are sometimes developed in the larva, but
not in the adult.

The shortening of the eyes might conceivably have occurred in two
different ways. Either the whole of the originial eye lobe, that is to
say nearly the whole of the pleural part of the palpebral segment 4 the
eye, was shortened, or else only the eye became shorter, and the palpebral
lobe was partly transformed. Probably both these things actually happened,
and in some Mesonacide, e. g some species of Olenellus (WALCOTT,
1910, Pl. XXXVII) and Wanneria (Ibid. Pl. XXX, XXXI), only the former



48 ELSA WARBURG

seems to have been the case, but generally it appears as if what first
happened was that the anterior parts of the eyes became reduced, and
the corresponding parts of the palpebral lobes were transformed so asto
constitute the eye ridges. This is indicated by the fact that in most
Cambrian trilobites, with the exception of the Mesonacide, the eye lobes
are situated at rather a great distance from the glabella and that between
them and the frontal lobe there are eye ridges. At this reduction of
the anterior parts of the eyes the remaining parts could not very well
hold their original position, since in that case they would have been
directed obliquely backwards. But at the same time as they became
shorter, the eye lobes apparently curved outwards and forwards so as to
keep their right adjustment. In connection with this the eye ridges were
turned more straight outwards, and the fixed cheeks increased in size.
In such forms with very short eyes, as Olenus and Eurycare, the eye
ridges are directed nearly straight outwards, while in other primitive tri-

Fig. 13. Olesus mundus Laxg, Cephala. a-b, Successive larval stages much enlarged.
¢, Adult enlarged. (After LAKE.)

lobites where the eye lobes are less reduced, e. g. Strenuella and Ellipso-
cephalus, they are still directed more backwards. Piychoparia represents
in this respect evidently an intermediate stage of development. HoOLM
(1887) has pointed out that the fixed cheeks in Holmia Kjerulfi are
comparatvely broader than in most other Mesonacide, and he puts this
in connection with the direction of its eye lobes, the posterior parts of
which do not reach so close to the glabella as in the latter. This seems
partly to be due to the width of the frontal lobe, but might partly depend
on the circumstance that the anterior ends of the eye lobes are situated
at a little distance from the frontal lobe and connected with it by the
short eye ridges. Kjerulfia corresponds in this respect with Holwua,
whereas it seems as if in most other Mesonacide there were hardly any
eye ridges, since the eye lobes reach nearly to the frontal lobe. This
indicates that the shortening and outbending of the eye lobes had already
begun in the mentioned genera.

Partly simultaneously with the outcurving movement of the eye
lobes and ridges, it seems as if these parts also were shortened. At first
the shortening apparently did not take place as rapidly as the outbending
movement, and consequently the eye lobes became situated farther away
from the glabella at the same time as they moved more forwards.
In the earliest larva of Olenus mundus LAKE (text-fig. 13 a) figured by
LAKE (1908, PL. VI) the eye ridges are still relatively long and rather
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curved and the eye lobes situated at a great distance from the glabella.
In the larva of a somewhat later stage (text-fig. 13 b), the latter have moved
farther forwards and inwards, and in connection with this the eye ridges
have grown shorter and straighter. In the adult (text-fig. 13c) the eye
lobes are situated still nearer to the glabella, and have got their normal
adjustment, and the ridges are directed straight outwards. In this case
the shortening of the ridges has evidently, during the later stages of the
larval development represented by the specimens figured, proceeded more
rapidly than the outbending, and probably continued after this was ended.

With regard to such forms where the eye lobes are situated close
to the glabella and far forwards, it is conceivable that the shortening of
the ridges and the outbending movement was finished at the same time,
but this is contradicted by the circumstance that in primitive trilobites
with short eye lobes, these are situated at a comparatively great distance
from- the glabella, even when far forwards; and it is only among less
primitive forms that they have moved close to it. It is likewise con-
tradicted by the fact that the distance between the eye lobes and the
glabella varies considerably in species belonging to the same genus,
though the former are situated as far forwards as exemplified in Olenus,
Eurycare and other Olenid®. In Olenus they are, however, always situated
rather far outwards, whereas in some species of the younger genus Ewury-
care they have come close to the glabella. It seems, thus, as if the
shortening of the eye ridges partly was simultaneous with the outbending,
partly was continued after this was finished. The result of the outbending
movement appears then generally to have been that the eye lobes became
situated more forwards and outwards than they originally were, on
the presumption that the Mesonacide in this respect represent the condi-
tion in all primitive trilobites. But as the evolution on the whole evidently
tended towards their coming near to the glabella and the posterior margin
of the cephalon, they have later on remigrated inwards and backwards, or,
perhaps, more correctly speaking, as the eyes were better developed, the
free cheeks increased in size while the fixed cheeks diminished, the result
of which was that the eye lobes came closer to the glabella and the
posterior margin. This seems to have occurred in a somewhat different
manner in different groups. In the larva of Acidasprs tuberculata (text-fig.
8a) the position of the eye lobes is rather near the lateral and anterior
margins of the cephalon; in most of the geologically younger species of
Acidaspis (s. lat.) where the eyes and eye lobes are normally developed?,
their position in the adult is near the glabella and the posterior margin,
while in several of the older species they have an intermediate position.
This indicates that the eye lobes migrated inwards and backwards at the
same time. In the larva of Dalmanites socialis (text fig. 9) on the other

! In such forms where the eye lobes are prolonged into spines or where the eyes
are very degenerate, the conditions in this respect may be different.

4—10232. Bull. of Geol. Vol. XVII.
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hand, the eye lobes, though situated far forwards, lie very near the
glabella, and in the adult they have only shifted farther back. Here the
evolution apparently has gone in the direction that they moved first
inwards and later on backwards.

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

As long as the eye lobes reached nearly to the posterior margin of
the cephalon, only the hindmost parts of the fixed cheeks could grow
farther to the sides. When they moved more forwards a larger portion
of the latter was at liberty to increase in width. In forms where the
genal spines belonged to the free cheeks, they seem to have impeded
this growth to a certain extent. In proparian forms on the other hand it
could go farther, so that the largest part of the cheek region was formed
by the fixed cheeks, while the free ones were rather short. During the
following remigration backwards of the eye lobes the free cheeks again
increased in size. This explains why the larve and the geologically older
forms of the Proparia have shorter free cheeks than the adults and the
younger forms, and also the different development in this respect in the
Pro- and Opisthoparia. On this point it ought to be remarked that in
proparian forms, where the genal spines have disappeared, the growth of
the free cheeks seems to have been stronger than in forms with spines;
or perhaps they were never so much reduced in the former. The result
of this is that in several of them the posterior branch of the facial suture
cuts the border at or near the genal angle. On the other hand in some
spineless Opisthoparia the fixed cheek may have become so broad that
here also the point of section is at the genal angle or even a little in
front of it. Because of this it might often be difficult to decide whether
forms which are devoid of spines belong to the one or the other of the
two groups, if no related forms with spines are known.

It appears as if the eyes were rather weakly developed in most
Cambrian trilobites, no matter whether they were elongate or short. In
younger trilobites, where they are not secondarily reduced, they seem to
be better developed and often rathér elongate, if not in comparison with
the eyes of the Mesonacide. In some of the Phacopide for instance
the eyes are long though of a different shape than in the Cambrian
trilobites. To judge from the ontogeny of Dalmanites socialis they have,
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however, originated from ancestors with short eyes situated near the an-
terior margin of the cephalon (and probably also originally at a great
distance from the glabella). This is also confirmed by the fact that in
the geologically younger and more highly developed members of this
family, the eyes are generally longer than in the older ones.

In other cases the development might have been different. In some
lines of descent the eyes probably never were so much reduced or so
far removed from their original position, but only grew better developed,
and it is often very difficult to judge which line the evolution has
followed. In types with primarily rather long eyes and in which the
anterior parts of the fixed cheeks never were so very much reduced, the
anterior branches of the facial sutures diverge, and this must in this
case be considered as a primitive feature. But these parts of the sutures
might have had about the same course in types which during the pro-
gressive evolution have passed a stage where the eyes were small and
situated near to the anterior and the lateral margins, later on increasing in
length at the same time as they remigrated closer to the glabella and to
the posterior margin. If not (as the conditions appear to have been in
Acidaspis) the fixed cheeks in front of the eyes decreased in width
simultaneously with the remigration of the latter. It is, however, probable
that primarily and secondarily elongated eyes would be of a somewhat
different shape (in the latter case most likely more curved), but in some
extreme cases it might be difficult to decide whether the course of the
facial suture indicates a higher or lesser degree of primitiveness.

If, then, it is not always possible to judge from the relative size of
the free and fixed cheeks whether a form is more primitive than another,
it is still conceivable that one might be guided by the relative size of
the free cheeks in different forms, provided that, as confirmed by the larval
development, all trilobites originated from ancestors with narrow free
cheeks, and that the increased growth of the fixed cheeks, in connection
with the altered position of the eye lobes, must not necessarily have
taken place at the expense of the free ones, but that the whole of the
cheek region might have become broader, the free cheeks having retained
their original size or even increased when the eyes were better developed,
since their growth apparently is connected with the development of these.

This last statement, though correct to a certain extent, must,
however, be taken with some reservation, since this growth evidently also
depended on other causes. The width of the free cheeks in most of the
Mesonacida cannot very well be due only to the degree of development
of the eyes, which presumably were rather imperfect, and the difference
in size between the free and the fixed cheeks in comparison to other
groups can just as little be explained only by the different position of
the eye lobes. One must presume that the width of the cheek region
in this case is an adaptation to a special mode of life, and is so to speak
of a more fortuitous nature. It is nearest to be compared to the develop-
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ment of the broad fringe in such forms as Harpes and Trinuclens, though
in the more primitive forms first mentioned no special fringe was deve-
loped. In some of the Mesonacide e. g. Mesonascis, the cephalon and
also the other parts of the body are narrower, which shows that the
conditions in this respect might vary among rather closely related forms,
which moreover is exemplified in several other cases. In most of the
Cheiruridae, for instance, the free cheeks are rather large, but in such forms
as Deiphon and Spherocoryphe, which presumably were highly specialized
for a planktonic mode of life, they are extremely small, though the eyes
seem to have been fairly good.

Because of the circumstance that the free cheeks are so very nar-
row in the larve, one need not expect to find among the normally developed
adult trilobites forms in which the conditions are quite the same. In
the former the segments of the thorax and the pygidium are also at first,
as is well known, fewer than in the adults, and though this indicates that
the trilobites have developed from ancestors with few body segments,
this goes so far back in time that is impossible to expect that it could
be seen in the phylogenetic evolution after they had became trilobites.
The case might, to a certain extent, be the same with regard to the free
cheeks, but only to a certain extent, since their continued growth during
the progressive evolution of the trilobites is exemplified in several instances.
SWINNERTON (1919, p. 109) has suggested that »the backward shifting
of the eye during development has no phyletic significance, but is
merely associated with the cessation of the larval planktonic mode of life
and the assumption of the benthic habits of the adult». This suggestion,
though rather attractive and probably applicable to some cases, does not,
however, explain the fact that in several phylogenetic series the eyes in
the younger forms are situated more backwards than in the older, or the
circumstance that the eyes are situated so far backwards in such forms
as Acidaspis, which in other respects shows characters generally regarded
as indicating planktonic habits; in consequence of this it does not seem
acceptable.

When attempting to give a natural classification of the trilobites, the
actual course of the facial suture and the relative size of the free and
fixed cheeks must not be too one-sidedly emphasized, as has been done
by BEECHER. On the contrary one must bear in mind that a great
number of different causes has swayed the evolution.

The Suggestions for a Revised Classification of Trilobites
given by SWINNERTON (1915), though partly based on BEECHER's, differs
from this in several respects and must be considered as decidedly better,
even if it is not entirely satisfactory. As a result of his researches he
has given the following table. The names Micro-, Hetero- and Iso-
pygous are the names of some of GURICH’s (1907) suborders, which
names SWINNERTON has adapted for describing the stages in the process
of caudalization. For the earliest »Trilobites and Trilobite-like organisms
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Fig. 14. Table showing the main lines of modification which occur amongst Trilobites
and the probable general relation of Trilobite families to one another (According to

SWINNERTON 19I§).

in which», according to the last-named author, sthe absence of facial
sutures is primary», he considers that »the Order Protoparia may be
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instituted» (1915, p. 493), which order apparently is not regarded as
having the same classificatory value as the others, as it is based on a
progressive character. As is seen from the table, SWINNERTON rejects
BEECHER's order Hypoparia but keeps the two orders Opisthoparia
and Proparia. To the former he refers the same families as BEECHER
did and further the Calymenide and the whole of -BEECHER’s order
Hypoparia excepting the family Agnostide, which, with some doubt,
is referred to the Proparia. As already mentioned, RAYMOND (1917) has
tried to show that the order Hypoparia ought to be retained, since »it
hardly seems that there is strong evidence. at the present time for
removing any of the families» (referred to it by BEECHER) »from that
order» (p. 205). In a later paper (1919) SWINNERTON has met most of
RAYMOND’s arguments, and I agree with him that this order is not
acceptable, and that the families referred to it must be regarded as de-
generate Opisthoparia and Proparia. I also agree with SWINNERTON that,
if BEECHER had »given more attention to the larvae of the Mesonacide,
he would never have instituted the division Hypoparia> (1919, p. 109),;
and one might add that probably he would no more have done so, had
he studied the larvae of other groups more closely, since they largely
agree with the larvae of the Mesonacide.

According to the assumption that all known trilobites descended
from forms which had true facial sutures, the order Protoparia can, of
course, not be retained. With regard to the orders Opisthoparia and
Proparia, as established by BEECHER, SWINNERTON (1915, p. 438)
says that they »are almost above reproach», but with regard to the former
he can hardly mean that it is a quite natural order, since he refers to it
also those trilobites with true facial sutures which he supposes to be
descendants of the Mesonacida, and since he considers the sutures to be
formed independently among these and among other trilobites. Truly
this objection cannot be applied if one does not assume this to have
been the case, but at the same time the aspect of the question becomes
different. The dissimilarity between the Opisthoparia and the Proparia is
not to be found in the development of the facial sutures but in the
question which of the two pairs of spines, with regard to the Mesonacida
called the genal and intergenal spines, became dominant. To judge
from the ontogeny of the Mesonacide, the intergenal ones were first
developed, and probably there have been forms which had both kinds
remaining more or less unreduced in the adult. Evidently no such species
have been found, since the forms which have been given the specific name
Olenelloides armatus seem to have been larvae. It does not appear
probable, however, that all groups in which the genal spines became
dominant adopted this character at the same time. On the contrary it
seems more likely that the opisthoparian conditions were evolved inde-
pendently and at different times. If this was the case, there is no reason
to regard the Proparia as a natural group in opposition to the Opisthoparia.
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All the different families referred to it do not, in other characters, show
very great similarities to each other. If, all the same, one wishes to
keep the divisions Opistho- and Proparia, which may be convenient, one
must remember that probably they are not to be regarded as phylogenetic-
ally natural groups.

As the first suborder of the Opisthoparia SWINNERTON has estab-
liched the Mesonacida, to which he refers the families Mesonacide,
Paradoxidaz, Zacanthoidee and Remopleuride, of which the three latter are
supposed to have descended from the former. The Mesonacide comprises,
as is well known, the oldest known trilobites, and represents with regard
to most characters a very primitive group, which in several respects
differs from other trilobites. The forms to which they offer the greatest
resemblance are, as often remarked by different authors, Paradoxides,
Zacanthoides, Redlichia, Olenopsis, and Albertella. All these, however, have
true facial sutures, and cannot because of this, as pointed out by KJER
(1916), be regardad as descendants from types in which the sutures were
lost by fusion.! They probably separated from the ancestral stock of
the Mesonacidee before the sutures had disappeared. In Redlickia
CossMANN (WaLcoTT, 1913, Pls. VII, XXIV) and Zacanthoides WALC.,
(WavrLcorT, 1908, Pl III, 1913, Pl. XXIV) the eye lobes have the same
shape and position as in the Mesonacide, but the anterior parts of
the free cheeks are more reduced than is the case in Hol/wia and
Kjerulfia. In Redlichia the reduction has not proceeded very far. In
Redlichia chinensis WALC. (WALCOTT 1913, p. 104, Pls. VII, XXIV), which
is the best known species, probably of Lower Cambrian age (Ibid., p.
104), the anterior branches are directed nearly straight outwards, and also
in other characters it is very primitive; the glabella is elongate, tapering
anteriorly, there are a great number of thoracic segments, the g5 posterior
ones with strong median spines, and the pygidium is very small and plate-
like. In all these characters it shows resemblances with the Mesonacidz.

Zacanthoides, of the Middle Cambrian fauna, appears to be rather
closely related to Redlickia though the glabella is of more uniform breadth,
the thorax consists of fewer segments, and the caudalization has proceeded
farther, but the pleure of the pygidium are still produced into spines.
There are generally shortintergenal spines remaining in the adults. Such have
not been found in Red/ickia, but this might be due to the defectiveness of
the specimens, since, to judge from the figures, the posterior lateral parts of
the cephalon are not preserved in any of them. It does not seem improbable
that Zacanthoides, which genus seems to be geologically younger than Red-
lichia, might have descended from this or from some closely related form.

SWINNERTON refers the early Middle Cambrian genus Albertella
WaLc. (WALCOTT, 1908) to the family Zacanthoide (WALCOTT has re-
ferred both it and Zacanthoides to Paradoxid). In Albertella Bosworthi

t This presumption is not made by SWINNERTON, since he regards the absence of
sutures in Mesonacidae as primary.
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Warc. (WALCOTT, 1908, p. 22, Pl I) the eye lobes are somewhat shorter
and situated a little farther away from the glabella and the posterior
margin than in Zacanthoides. In Albertella Helena WALC. (Ibid., p. 19,
Pl. II) the shortening and removal of the eye lobes have proceeded
considerably farther. In both species the glabella reaches to the anterior
border, whereas, at least in most species of Zacanthoides as in Redlickia,
it is separated from this by a short preglabellar field. In Albertella the
thorax only consists of 7 segments, the pleurae terminating in short spines,
those of the 3d (AWM. Helena) or 4th (Alb. Bosworthi) in longer spines.
In Zacanthoides there are g thoracic segments all with comparatively long
spines; in the young of Zacanthoides idahoensis WALC. (WALCOTT, 1908,
p. 26, Pl III) the spines of the 3d segment are also more extended
than those of the others, a character which has disappeared in the adult.
In Albertella as in Zacanthoides there is a rounded elongate tubercle in
the inner end of the pleural furrow. In the pygidium of the latter genus
all the pleurse are produced into spines, as has already been mentioned.
In Albertella there is only one pair of pygidial spines, and the border of
the posterior part of the pygidium is smooth. It seems as if Alberzella
in most characters was less primitive than Zacanthoides, and since it is
found in older strata, one cannot presume either of the two genera to have
descended from the other. Since they show so many similarities, it is
probable that they had the same origin from a Redlic/za-like ancestor,
and that the Albertella line at an early stage was specialized in some
directions, while Zacanthoides remained more primitive. Albertella Bosworthi
might be regarded as representing a stage intermediate between Zacanthoides
and Albertella Helena.

RAYMOND (1913) refers Albertella to the family Ceratopygidee, evi-
dently on account of the pygidium of Ceratopyge also having a pair of
caudal spines. But since such spines are also found in several other trilobites
of different groups, this need not prove that the two genera are very
closely related, especially as they disagree in some other characters, even
if it is not inconceivable that the latter genus might have descended
from an Albertella-like ancestor in which the number of thoracic segments
was greater than in Albertella, since at least in Ceratopyge canadensis WALC.
(WALCOTT, 1912b, p. 233, Pl. XXXV) the thorax consists of 10 segments.

In the adult Paradoxides the eye lobes are, as a rule, comparatively
short and somewhat removed from the glabella and the posterior margin
of the cephalon, but in the larvae their anterior ends reach close to the
glabella, though always distinctly separated from it, and their hindmost
parts nearly attain to the posterior border. The anterior branches of the
facial sutures are also in the larvae generally directed more outwards than
in the adult, their course being about the same as in the adult Zacanthoides.
In this respects Par. rugulosus CORDA (BARRANDE, 1852, Pls. IX, XIII),
Par. Hicksiz SALT. (SALTER and Hicks, 1869, Pl III, LINNARSSON, 1882,
Pl. III) and some allied forms seem to be more primitive than other
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species of this genus. (Cf. RAYMOND, 1914 a, ps. 235, 241). In the allied
genus Centropleura ANG. (Anopolenus SALT.) (ANGELIN, 1878, Pl. III,
Hicks, 1865, p. 481, 1872, Pl. VII) the eye lobes are also very long and
the anterior branches of the facial sutures directed nearly straight outwards.
In the larvae of Paradoxides the intergenal spines are developed, but
have disappeared in the adult, and the pleural spines of the two anterior
thoracic segments, expecially those of the 2d, are larger in the larve
and the young individuals. As seen from what is stated above, and
which could be further exemplified, Paradoxides and Zacanthordes agree in
several characters. There are, however, also several dissimilarities. The
frontal lobe of the former is always very broad, a character which is
pronounced already in the earlier larvae, the thorax consists of several
more segments etc. The two genera can hardly be regarded as very
close relations, but it seems probable that Paradoxides as well as Zacan-
thoides and Albertella descended from a Redlickia-like ancestor.

It is conceivable that Olenopsis BORN. (BORNEMANN 1891) came
from the same stock. With regard to the construction of the thorax and
the pygidium it agrees rather closely with Redlic/kia. At least in some
species the form of the glabella is about the same as in this genus, but
the eye lobes are considerably shorter, and in connection with this
the fixed cheeks have increased in width, and the anterior branches of
the facial sutures are directed more forwards. The reduction of the eyes has,
however, proceeded to a very different extent in different species. In O/.
Zoppiz MENEGH. (MENEGHINI, 1888, BORNEMANN, 1891, Pls. XXXVI, XL,
WALCOTT, 1912 ¢, Pl. XXXVI) and O/. Bornemanni MENEGH. (MENEGHINI,
1888, BORNEMANN, 1891, Pls. XXXV, XXXVI, XL) they are still still rather
elongate and situatad comparatively close to the glabella. In O/ Roddy:i
WaLc. (WaLcoTT, 1912¢, Pl XXXVI) they are much shorter and
situated at a great distance from it. In the larvae and young specimens
figured by BORNEMANN (1891, Pl. XXXV), of which at least some probably
belong to Ol Zoppii or Bornemanni, the eye lobes are more elongate
than in the adult of these species. Another primitive character of this
genus is that the segmentation of the lateral parts of the cephalon is
distincly indicated in the larve even on the nepionic stages.

POMPECK] (1901) considered it probable that Olenopsis was derived
from Paradoxides; WALCOTT (1912 c) thinks it more likely that it is »a
form intermediate between Holmia (restricted) and Paradoxides, or that
the two genera are descendent from the Ho/miza type of the Mesonacidee»,
since there does not appear to be any evidence that Olenopsis occurs
in younger formations than ZFaradoxides, but on the contrary is found
below the horizon of the Middle Cambrian or at the base of this in
America. The age of the beds in which the genus is found in Sardinia
does not seem to be quite clearly made out, but WALCOTT thinks it pro-
bable that they are beneath the Middle Cambrian Paradoxides beds.

With regard to the shape of the glabella Ho/mia seems to be more
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specialized than Olenopsis. And as there are true facial sutures in the
latter, it cannot be regarded as descendent from any of the Mesonacide.
The reduction of the eyes has proceeded farther than in Paradoxides.
In other characters it is not more like this latter genus than Red/lickia
is, except perhaps that in some forms (O/ /longispinatus BORN.) the
pleural spines of the hindmost thoracic segment are more extended
than the others, as is also the case in some of the Paradoxidee. MATTHEW
(1899) has compared Olenopsis to Protolenus MATTH. The possible
relationship of these two genera will be further discussed below.

The Remopleuridae have generally been considered as related to the
Paradoxide on account of the form and position of their eye lobes, their
comparatively wide free cheeks, the small thoracic pleurae and the telson-
like pygidium. As mentioned above SWINNERTON derives them also from
the Mesonacidee. With regard to the eyes they are, as is well known,
situated quite close to the glabella, only separated from it by the narrow
palpebral lobes. This is not the case either in Mesonacidee or in Para-
doxidee. And evidently the position as well as the shape and largeness
of the eyes, here as in Aeglina, is due to the adaptation to nocturnal
habits, which is also pointed out by the author just mentioned. The
free cheeks of the Remopleuride, especially in the genus Caplyra BARR.
(Remopleurides radians BARR. and allied species) are very different from
those in Paradoxide and Mesonacidee. The thorax, at least in some
genera of the latter family, e. g. Holmia and Kjerulfia (Cf. KJER, 1916,
p. 79) shows in the articulation of the segments some correspondence
with Remopleurides (s. str.). In the latter there is sometimes (R. later:-
spinifer PORTL.) a pair of extended pleural spines, but they never belong
to the 2d segment, as in some of the young Paradoxides, or to the 3d,
as in Zacanthoides, Albertella, and some of the Mesonacida, but to the 7th.
In R. dorsospinifer PORTL. the 8th thoracic ring has a long median
spine, and such spines are, as is well known, also found on the thoracic
rings of some of the other forms just mentioned. But since thoracic spines
occur among other groups of trilobites, this character need not be taken
as a proof of a close relationship between the forms concerned. The
pygidia of Caphyra and Remopleurides (s. str.) are rather unlike each
other, and, except their being small, neither of the two types are similar
to the pygidia of the other families here in question.

If, on the one hand, there does not seem to be much that indicates a
close relationship between these and the Remopleuride, there are on the
other hand several things which speak against such a presumption. Apart
from what has just been pointed out, the following characters, in which
the latter family differs from the former, might be mentioned: the com-
paratively small number of body segments, the quite differently-shaped
glabella, and especially the complete reduction of the rostrum, the increasing
and fusion of the free cheeks, and the differently-shaped hypostoma.

HADDING (1913) has pointed out the close correspondence in several
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characters between Remopleurides (s. lat.), Aeglina and Telephus. To a
great extent these are probably due to the adaptation to the same mode
of life, but possibly some of them might depend on a near relation-
ship. With regard to forms thus specialized for a certain habit, it does
not, with our present knowledge, seem to be possible to form a decided
opinion about their relation to other groups. As to their mutual relation,
I agree with HADDING that each of these genera must be regarded as re-
presenting a family. This question as well as the one regarding the relation
between the Remopleuridee and Apatocephalus will be further discussed below.

To his second suborder, Conocoryphida, SWINNERTON refers the vast
majority of other opisthoparian families. Among these he regards Cono-
coryphidae (Conocoryphe, Ctenocephalus, and Atops) as the most primitive;
all the others he derives from a Conocoryphid-like stock. Also the sub-
orders Trinucleida and Odontopleurida he apparently believes to have
originated from the same stock, though, on account of the absence of
connecting links, he thinks it necessary to refer them to special suborders.
He (1915, p. 539) quotes BEECHER (1897, p. 191) in saying that »from a
phylogenetic standpoint the family Conocoryphida is at the base of this
extensive order» (Opisthoparia), and continues: »Its narrow marginal free
cheeks, the diminution anteriorly and clearly marked segmentation of its
glabella, the presence of eyelines, the great number of free segments, the
micropygous condition, all indicate its primitive character.» With regard
to the character first mentioned, to which BEECHER evidently attached
the greatest importance, it is probably secondary and due to the fact
that all the Conocoryphidae are blind, since, as pointed out above, in
many higher trilobites also the free cheeks have been reduced simultan-
eously with the eyes. BEECHER apparently regarded the blindness of
the Conocoryphide as primary, whereas SWINNERTON considers »the
absence of eyes» as »probably secondary» (p. 496), but he has evidently
not thought of putting the narrowness of the free cheeks in connection
with the reduction of the eyes, at least not in the paper of 1915 just
quoted.! Otherwise the genus concerned, though undoubtedly a primitive
form, does not seem to be more so than several other Cambrian trilobites
(outside of the Mesonacidae). That it is not advisable to start from a
secondarily reduced form, when attempting to establish a natural classi-
fication, is evident. )

Just because SWINNERTON considered all the Opisthoparia, except
the Mesonacida, to have originated from a Conocoryphid-like stock
descendent from a Nathorstza-like ancestor, the chasm between these and
the Mesonacida becomes, according to his opinion, so great, much greater
than it seems to have been. One might say that Alberte/la and
Oleno psis, with regard to several characters, represent intermediate forms
between this latter suborder and other Opisthoparia, and that they illu-

1 As to the explanation of the nature of the suture in this genus suggested by him
in 1919, see above (p. 44).
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strate stages in the progressive evolution of these. Neither does it seem
improbable that several of these originated from the same ancestral stocks
to which Albertella and Olenopsis respectively belonged. In both genera
the shortening and the removal of the eye lobes from the glabella and
the posterior margin of the cephalon have proceeded comparatively far.
In the former the process of caudalization has also gone rather far, and
the number of thoracic segments is reduced to such a high degree that
the genus, in this respect, must be regarded as more specialized than
several younger genera.

MATTHEW (1899) thinks it likely that Olenopsis, especially Ol Zoppi,
is closely related to Profolenus, and only represents a higher stage of
development of this genus. POMPECK] (1go1) and WALCOTT (1912 c)
reject MATTHEW’s conception, and I agree with them that it does not
seem probable that there existed a close relationship between the two
genera. In Protolenus the eye lobes are very long, situated at a great
distance from the glabella, their posterior ends reaching to the posterior
border furrows. The parts of the fixed cheeks (only comprising the poste-
rior borders) behind the eye lobes do not reach farther outwards than
they, and the free cheeks are narrow. In the species of Olenopsis which
have elongate eye lobes, the portions of the fixed cheeks within them
are narrow, the portions behind them extended rather far outwards and
the free cheeks wide. The position and direction of the parts formed by
the eye ridges + eye lobes in the former genus are about the same as those
of the lateral parts of the larval ridge in the protaspis of Elliptocephala.
If the foremost parts of the eyes in the ancestors of Protolenus originally
reached close to the glabella, which is presumable, it is probable that
the inner anterior portions of them were reduced at such an early stage
of the phylogenetic evolution that the posterior portions never had
grown close to the glabella (i. e. that the eyes had not yet got their
ideal adjustment) or the posterior parts of the fixed cheeks past the
eye lobes. This indicates that the Prozolenus line separated from the
Mesonacide —Red/lichia line at a very early period. It is also confirmed
by the fact that there are forms corresponding to Protolenus with regard
to these characters which occur in still older strata, viz. some of the
Ellipsocephalidee. According to the line of development which KJER
(1916) has demonstrated in this family, the younger genus Ellipsocephalus
ZENKER is derived from the older Stremuel/la MATTH. The same author
(Ibid., p. 54) suggests that Profolenus might be connected with primitive
forms of the Strenuella group, which seems very likely.

SWINNERTON considers Protolenus to lie at the base of one offshoot
of trilobites, »to which the family name of Olenida (s. str.) should be
strictly limited» (1915, p. 540), and he refers to it the genera which PERS-
SON (1904) and LAKE (1908) have grouped into the Continuz, Abrupte,
and Inermes. Ptychoparia he regards as the basal type of another group,
family Ptychoparide, which according to him includes the genera Ptyc/io-
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parta, Protypus, Euloma, Sao, Triarthrus, Liostracus, Bavarilla, and Ne-
seuretus. The restriction of the family Olenidae seems to be justifiable,
except that 77zart/rus most likely ought rather to be referred to it than
to Ptychoparidee. Whether all the other genera included in the latter
family really belong here, appears doubtful. According to REED (1918,
p. 319) it seems as if »/NVeseuretus must be regarded as a composite and
heterogeneous assemblage of species», and had »no right to be retained
as a separate generic designation». With regard to Protypus, its relation
to the others seems doubtful.

SWINNERTON presumes that Profolenus and Ptychoparia arose from
the same (Conocoryphid-like) stock, and that the two genera had followed
different lines of development. The chief characters in which the latter
differs from the former, are that the eye lobes are shorter and situated farther
away from the posterior margin, that the outline of the cephalon is semicir-
cular (in Protolenus it is short and wide, and of a more tetragonal out-
line), and the posterior branches of the facial sutures are directed more out-
wards, cutting the posterior margin of the cephalon just inside the genal
spines. In most of these characters and also with regard to the form of
the glabella and the course of the anterior branches of the facial sutures,
Ptychoparia shows more likeness to Olenmopsis than Protolenus does. It
does not seem improbable that it originated from the Redlichia— Olenopsis
stock though it is a narrower form.

If the Olenidae really originated from Protolenus-like forms, which,
however, does not seem quite certain, they and the Ptychoparide presum-
ably separated at a very early period. That the two families resemble
each other in several characters might be due to parallel development;
there are moreover several dissimilarities. In the latter the thoracic pleurze
are not spinose, as is generally the case in the former family, and in
Ptychoparia the caudalization has proceeded farther than among the
Olenidee. In the latter the eye lobes are very small and situated far
forwards, in most of them at a considerable distance from the glabella,
but in some, generally younger forms, they have moved close to it. But even
in such forms where the eye lobes lie rather far from the glabella,
the reduction of the rostrum and of the anterior parts of the fixed cheeks
seems to have proceeded very far, the corresponding parts of the free
cheeks have increased in size, and in several genera their foremost por-
tions meet each other in front of the glabelia at the dorsal side of the
cephalon. It has evidently not been observed whether in other genera
where the anterior branches of the facial sutures cut the anterior border
at a relatively great distance from each other, the doublures of the free
cheeks meet or not. To judge from the free cheeks figured, this generally
seems not to have been the case, since the doublure most often is only
slightly more extended than the rest of the free cheeks; possibly it might
have been broken off, but it does not seem improbable that the condi-
tions were different in different genera, viz. that the reduction of the
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rostrum had proceeded unequally. It is not known how Profolenus stood
in this respect, but, to judge from the specimens figured, it appears as
most probable that it had a rostrum of about the same width as the anterior
part of the cranidium

In the Ptychoparide the shortening of the eye lobes has not
proceeded as far as in the Olenide in general, and at least in P#ychoparia
striata (text-fig. 12 c) there is a broad rostrum, which, however, is nar-
rower than the anterior part of the cranidium. In some other species
.belonging to this genus the foremost portions of the dorsal parts of the
free cheeks have extended rather far inwards, but in no case, either in
this genus or in others referable to this family, are they known to
meet, which makes it seem probable that, as a rule, the rostrum was
developed. Generally the glabella tapers anteriorly, whereas it is more
parallel-sided in the Olenidee. In this respect Z77artArus is more like the
latter and also with regard to the fact that the rostrum seems to be
completely reduced to judge from the figures of the ventral side of 77
Becki and from LAKE’s (1913, p. 70) assumption that the facial suture in
Tr. shinetonensis RAW. is probably marginal in front. That in several other
respects also Z7iarthrus much resembles some of the Olenide con-
firms the conception that it is more closely related to these than to the
Ptychoparide.

SWINNERTON regards it as probable that the Proétide have arisen
from an Olenid stock. BEECHER (1897) derives them from Aretfusina
BARR. (Awlacoplenra CORDA), which sometimes has been referred to
Proétidee, sometimes (e. g. by RAYMOND, 1913 a) to Olenida. In Aret/usina
as in the Olenide the eye lobes are short and situated far forwards, the
eye ridges are distinct, the number of thoracic segments is great, and the
pygidium small. The pleurz, however, have straight furrows, not oblique
ones as in the Olenide, and are not spinose. The preglabellar field is
considerably longer than in these, where it generally is very short or
where, in some forms, the glabella reaches close to the anterior border.
The glabella tapers anteriorly, and the anterior branches of the facial
sutures are more divergent than is generally the case among the
Olenidee. In some of these characters it resembles the Ptychoparide more
than the Olenide. If it really came from the same stock as the latter,
it must have separated from them at a very early stage, and it does not
at any rate seem justifiable to refer Arethusina to the Olenide.

Neither does it seem correct to refer it to the Proétidee on account
of the different shape and position of the eye lobes, or on account of
the different course of the facial sutures connected with these. In these
characters it agrees more or less with Cyplaspis and also with regard to
the shape and lobation of the glabella, and the construction of the
thoracic segments and of the pygidium. In the latter genus, however, the
eye ridges, as a rule, have disappeared, and the eye lobes moved farther
backwards, the number of thoracic segments is less, the pygidium gener-
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ally consists of more segments, the hypostoma is rather different and
the preglabellar field often shorter. OEHLERT (1886) has excluded both
Arethusina and Cyphaspis from the Proétide, and regards the former as a
» Cyphaspis chez lequel tous les charactéres se sont exagérés». It seems
as if the two genera might be brought together, at least provisionally,
and Arethusina be regarded as a primitive member of the family Cyph-
aspidee. In Cyphaspis as well as in the Proétidae (s. str.) there is a
rostrum. The chief differences between the two families are that in the
latter the eye lobes are elongate and situated close to the glabella and
the posterior margin of the cephalon, the posterior branches of the facial
sutures cut the posterior margin farther from the genal angles, and the
thorax consists of fewer segments (8—10). Their number is, however,
rather varying among the Cyphaspidae; in Aret/usina there are 22, in
Cyph. Halli BARR. 17, and in Cyph. Barrandei CORDA only 11. The
two families, however, resemble each other in so many respects that they
must be regarded as closely allied. It is quite conceivable "that the
elongate eyes in the Progétide developed from short eyes of about the
same type as those in C(yphaspis; there are also some Proétidae, e. g.
Pr. (Phaet)) striatus BARR., which have comparatively short eyes. That
the eye lobes in Cyphaspis are situated at such a great distance from the
glabella, might probably be put in connection with the convexity of the
cheeks, since of course the eyes must lie either on their highest parts or
on their outer slope. As OEHLERT (1886, p. 123) has pointed out, Are-
thusina has many points of resemblance with Zarpes. Otherwise it seems
difficult to find any connections between the families Proétidae and Cyph-
aspide and other groups of trilobites.

SWINNERTON is of the opinion that the family Oryctocephalide
smust be regarded as a separate branch of the same» (Olenid) »stock, a
branch in which caudalization began early and rapidly reached its acme»
(1915, p. 541). This is not quite inconceivable, but it seems to be more
natural to look for their ancestors among Albdertella-like forms. To the
family in question RAYMOND (1913 a) has referred the genera Oryctoceplalus
WALC., Zacanthoides W ALC., Olenoides MEEK, and Neolenus MATTH.. Dory-
pyge DAMES, which genus by some scientists (GRONWALL, 1902) has been
considered as congeneric to Olenoides, also belongs here. The genus
Vanuxemella WALC. WALCOTT (1916) has also referred to this family
and pointed out that it »has some features suggesting Albertellar.
With the exception of Zacanthoides, which in several respects shows different
and more primitive characters, all these genera seem to constitute a very
natural group, which in many features resembles A/bertella, or shows a
somewhat higher stage of development. The glabella is wide, generally
expanded in front, its furrows do not continue across, but are more or
less strongly marked, in some cases (e. g. species of Neolenus) there is
a pair of furrows dividing the frontal lobe as in A/b. Helena. The eye
ridges are developed, and the eye lobes reach comparatively near to the
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glabella and to the posterior margin of the cephalon. With regard to
this character most of the genera concerned have, however, reached a
higher degree of development than Aléertella. There are 7 thoracic seg-
ments, except in Vanuxemella which has only 4, but according to WAL-
COTT (1916, p. 22I) in this genus 3 »otherwise true thoracic segments»
have fused with the pydigium. Axial rings, as in Albertella and Zacanithor-
des, with median tubercles or short spines. Pleurae more or less strongly
spinose. Pygidium comparatively large, formed by a varying number of
segments (sometimes their number varies much in the same genus, e. g.
Neolenus). One or several pairs of the pygidial pleure extended into
spines. The hypostoma, as far as it is known, is also rather like that of
Albertella, and possibly this genus ought to be included in the family in
question on account of its many similarities with the genera referred to
it. Zacanthoides, on the other hand, can hardly be regarded as belonging
to the Oryctocephalide, since in several characters it differs so much
from them. At any rate it seems justifiable to presume that the Orycto-
cephalidee and Albertella were closely allied.

As pointed out by WALCOTT (1916), the Oryctocephalidae appear
to stand close to the family Corynexochoide, to which he refers the
Lower and Middle Cambrian genera Corynexochus ANG., Dolichometopus
ANG., and Bathyuriscus MEEK, and which according to him (p. 308) has,
among others, the following characters. »Glabella usually expanded an-
teriorly and with only narrow limb and border in front. Eyes of medium
to large size, with strong palpebral lobe and with palpebral (ocular) ridge
crossing fixed cheek. Thorax with 7 to 11 segments». »Pygidium more
or less strongly ribbeds. The form of the glabella, the size and the
position of the eye lobes vary much even inside the same genus, but
there are transition forms and also such forms which in these characters
are similar to some of the Orycthocephalide. In Dolichometopus and
Bathyuriscus there is a short median spine or tubercle on each thoracic
axial ring. The pleural furrows are broad, and, in some species of the
two genera last mentioned, there is an elongate triangular ridge extending
from the axis and out into the pleural furrows, as in Albertella and Zacan-
thoides. The thoracic pleure of Corynexochus are more like those of
Dorypyge. The pygidium consists of a varying number of segments, the
pleural furrows are more or less strongly marked, the margin is generally
smooth, but in some species there is one or more pairs of pleural spines
(see WALcCOTT, 1916, Pls. XLVII, LV, LVI and LVII). The hypostoma
recalls that of the Oryctocephalidee. The forms and lobation of the
glabella, the eye lobes and the course of the facial sutures in some species
of Bathyuriscus and the long eye lobes in Dolichometopus show more
resemblance to Zacanthoides than to the Oryctocephalidee. WALCOTT's
(1916, p. 308) presumption that the three genera might have arisen from
the same early Lower Cambrian ancestor seems acceptable, and it appears
probable that it belonged to a Zacanthoid-like stock, that A/bertella and the
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Oryctocephalidae originated from the same or from closely allied forms,
and that the Corynexochoide separated from the Oryctocephalide line at
an earlier period than Albertel/a.

From the Ptychoparidee SWINNERTON derives several families, viz.
Solenopleuridee, Dikelocephalidae, Bathyuridee, Asaphide, and Illenida,
which three latter he regards as belonging to the same line, and further
the more distantly related Calymenide and Homalonotidae.

Of these the Solenopleurida appear to be closely allied to the Ptycho-
paridee. They differ chiefly in having a shorter glabella, which, like the
whole of the cephalon, is more convex and situated closer to the anterior
border. The eyes are generally short and the free cheeks wide.

SWINNERTON (1015, p. 542) agrees with RAYMOND (1911) in tracing
»the main lines of Asaphid development» back to Ogygopsis WALC. of
the Middle Cambrian, and considers that the strong resemblance between
the young of this genus and Bathyuriscus (as pointed out by WOODWARD,
1902) »proves the Bathyuride to be an early offshoot of the ancestral
Asaphid stock», which he thinks probably must »be looked for among
the Ptychoparide, for ZBathyuriscus differs from the latter only in the
degree of progressive development». It seems, however, to be more justi-
fiable to refer the last-named genus to the Corynexochoida than to the
family Bathyuridae, since in so many respects it differs from the other
genera referred to this family, and as I have just tried to show, it appears
probable that the Corynexochoidz belong to the same stock as the Orycto-
cephalidee, viz. the Zacanthoides—Albertella stock. From the Ptychoparidae
Bathyuriscus differs in several characters,as for instance in the form and
lobation of the glabella, the absence of a preglabellar field, the form and
position of the eye lobes, the course of the anterior branches of the
facial sutures, the construction of the thoracic segments, and the tendency
to spinosity both in the thorax and in the pygidium. In several of these
characters Bathyuriscus seems to be more primitive than the Ptychoparida.

Whether Ogygopsis is closely related to Bathyuriscus or even has
the same origin, is difficult to say. It is true that there are many points
of resemblance, but on the other hand there are also many dissimilarities,
as has also been pointed out by WOODWARD. Further it does not seem
appropriate to refer Ogygopsis to the family Asaphide. One of the
characteristics of this family is, as is well known, the absence of a rostrum,
whereas it appears as if Ogygopsis had a comparatively broad one, to
judge from the figure given by WaLcorT (1916, PI. LXVI, fig. 1b) of
a hypostoma probably belonging to Ogygopsis klotzi ROMING. which
is connected with a plate that must be the rostrum. It is true that the
Asaphide must be regarded as descendants from ancestors which had a
rostrum, but also with regard to other characters Ogygopsis differs from
them. Apart from the difference in the glabella, the different shape and
position of the eye lobes, and the development of eye ridges, which all
might be regarded as more primitive features, the pleural furrows in

5 — 238, Bull. of Geol. Vol XVII.
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Ogygopsts are broad and comparatively straight, and in the Asaphida
narrow and oblique, the axis of the pygidium does not taper so strongly
posteriorly in the former, and, to judge from the figures, it seems as if
the doublure both of the cephalon and of the pygidium was considerably
narrower. It is, of course, not precluded that the Asaphide arose from Ogy-
gopsis-like ancestors, but there is nothing to prove that this was the case.

The Cambrian genus Asaphiscus MEEK has also-been referred to the
Asaphida (e. g. by BEECHER, 1897, p. 193, and by WALCOTT, 1916, p.
375). In several characters it reminds one of the true Asaphidz, espe-
cially with regard to the large pygidium, which, however, evidently is
formed by a less number of segments, and since there is only one thoracic
segment more (at least in the more typical species), this cannot only be
due to the fact that the process of caudalization has not proceeded so
far in the older genus as in the younger ones. The construction' of the
thoracic segments seems to be about the same, and also the course of the
facial sutures, apart from what depends on the circumstance of the eye
lobes being situated farther away from the glabella in the older genus and
on its probably having a rostrum. Other characteristics to be mentioned
here are that the cephalon of Asaphiscus is surrounded by a strongly
and clearly defined border, the glabella convex, conical in outline, strongly
defined from the cheeks and from the comparatively long preglabellar
field, and the hypostoma rounded behind. The rostrum is not figured or
mentioned in the descriptions, but probably it was developed. At all
events the genus in question seems to differ so much from the true
Asaphide that it ought not to be referred to the same family; possibly
it might have originated from the same stock. That the pygidia resemble
each other need not prove anything in this respect, since the same
type of pygidium is found in many other forms evidently belonging to
different groups.

The same tendency towards the rapid reduction of the rostrum and
of the foremost part of the cranidium, independent of the changes in the
parts behind, is found in Olenidee and Asaphide, but with regard to
other characters the similarity is not great, and the relation between the
latter and other families seems on the whole to be very difficult to decide.

The Illeenide are generally considered as relations, or even as descen-
dants of the Asaphide, but they differ from them in several characters, as
for instance in the development of a rostrum, in the shape of the hypo-
stoma, and in the number and construction of the thoracic segments. With
regard to some characters there are species of Dolichometopus which
resemble the Illaenide rather closely. The form of the hypostoma is about
the same, and the Illenid pygidium might conceivably have developed
from that of Dolichometopus, where in some species it chiefly differs from
that of //lenus in having a more elongate and more strongly defined axis.
The form and number of the thoracic segments, however, are different,
and also the cephalon shows several dissimilarities.
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The Bathyurida have also been regarded as rather closely allied to
the Asaphida (this is, as just mentioned, SWINNERTON's opinion), which
on account of the correspondence of several characters does not seem
improbable, though the connecting links are wanting. WaLcoTT (1916,
p. 308) regards »the Bathyuridae as an offshoot from some Batkyuriscus-
like ancestors in late Cambrian or eai'ly post-Cambrian time».

As mentioned above, SWINNERTON derives also the family Dikelo-
cephalidee (to which he refers Crepicephalus OWEN and Dikelocephalus
OWEN) from the Ptychoparid stock, chiefly on account of the resemblance
in the construction of the cephalon of the former and of Ptychoparia striata.
WarLcorT (1914) has eliminated Crepicephalus from the Dikelocephalida,
and in a later paper (1916) referred it to the family Ceratopygide.
From Ceratopyge CORDA it differs, however, considerably in the form of
the glabella, whereas there are greater similarities in the position of the
eye lobes, the course of the facial sutures, and the form of the pygidium.
It seems doubtful, though, whether the two genera are really closely
related to each other. The relationship between Ciepiceplialus and the
Ptychoparidae appears more acceptable. The greatest differences are that
in the former the postero-lateral margin of the pygidium extends back-
wards on each side in a shorter or longer spine, and that the pleura
generally have a more or less strongly marked backward direction. In
these respects Crepicephalus agrees to a certain extent with some species
of Dikelocephalus, though in this genus the pleura are most often directed
still more backwards, and the pygidial spines, when developed, shorter
and of a different type. With regard to the cephalon the latter genus
differs very much from Crepicephalus and-from the Ptychoparidee. The
glabella is sub-quadrangular in outline, with a broadly rounded front; the
posterior glabellar furrow extends across. The anterior branches of the
facial sutures meet in front, at least in some species, e. g. Dik. minneso-
tensis OWEN (WALCOTT, 1914, Pl LXI, fig. 1). The eye lobes are rather
elongate and the fixed cheeks narrow. The doublure of the pygidium is
wide and with imbricating lines; in the more typical species of the genus
there is no defined border round the cephalon, and the doublure of the
free cheeks also appears to be wide. In several of these characters
Difkelocephalus resembles to a certain extent the Asaphida, especially
Nzobe, but the form of the pygidium is different and its axis shorter. Also
the direction of the thoracic pleura is different, the pleural parts of the
whole body are wider and the marginal parts more decidedly flattened.
Thus there does not seem to be any close relationship between Dikeloce-
phalus and the Asaphidae. Whether the former is more closely related
to Crepicephalus and the 'Ptychoparidae, appears also doubtful.

PoMPECK] (1898) has derived Calymene through Pharostoma from
Bavarilla, and Homalonotus from Neseuretus. SWINNERTON evidently
accepts this presumption, and considers the two families Calymenidae and
Homalonotidee as descendants of the Ptychoparid stock. The former
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author, however, does not regard ZBawvarilla as the ancestor of all the
species previously referred to Calymenec, but believes that some of them, in-
cluding the oldest known forms (the C. 77zstanz BRONGN. and the C. Arago
RAU. groups and the subgenus Ptychometopus SCHMIDT), like Homalonotus
have descended from WNeseurctus, and refers them to a separate genus,
Synhomalonotus. As mentioned above, REED (1918) has pointed out that
Neseuretus is not a separate genus. Consequently the line of descent
traced back to it cannot be accepted. ZBavari/la on the other hand really
seems to be rather like Calymene, but whether or not this indicates a
close relationship, is difficult to say. With regard to the species referred
to Synhomalonotus, it is true that they differ rather much from the true
Calymene and Pharostoma in several characters, but at least some of
them show more points of resemblance with these than PAavarilla
does, and seem at any rate to be more closely related to them than to
Homalonotus. They appear to represent a special offshoot of the Caly-
menida (s. str.) which at a comparatively early stage followed a different
line of development. That they are more like the Homalonotidae than
the younger members of the family are, seems only natural, if the
two families arose from a common stock, which appears probable. REED
(1918, p. 320) has also pointed out that the earlier species of Homalonotus
»undoubtedly come unearest to Calymene», and he expresses the opinion
that the former genus »may be linked with Calymenc by means of
Synhomalonotus, though it must have diverged at an early period or more
probably have originated from a common stock» (p. 327). He seems to
be of the opinion that ZHomalonotus ought to be referred to Proparia,
since »some of the Devonian species had the point of section» (of the
posterior branches of the facial sutures) »in front of the genal angles,
and it is not improbable», according to him, »that some of those from the
Gres de May» (i. e. some of the oldest known members of the genus)
»possessed the same character» (p. 319).

BEECHER (1897) and RAYMOND (1913a and 1917) also refer Caly-
menida (s. lat., including the Homalonotide) to the Proparia. According
to the latter (1917, p.210), BEECHER should have declared that the genal
spines in Plarostoma belonged to the fixed cheeks. This does not,
however, seem to be the case. It is true that the statements of some
authors concerning these things are rather obscure. BARRANDE (1852) at
any rate has clearly stated that in Calymene (Pharostoma) pulchra BARR.
the spines are borne on -the free cheeks, which is also distinctly to be
seen both on his (Pl. XIX) and CoRrDA’s (1847, Pl. V, fig. 49) figures, and
ScHMIDT (1894) has defined Plharostoma as having the posterior branches
of the facial sutures cutting the border within the spines. Since the pos-
session of genal spines seems to be a primitive character, one must pre-
sume that all the Calymenide have arisen from ancestors which, with
regard to this feature, were like Plarostoma, and when the spines became
reduced, the points of section of the facial sutures shifted to the genal
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angles, as also evidently was the case with regard to other spineless
trilobites both among the Opistho- and Proparia. If they really are to
be considered as related to Bawvarilla, this fact would also confirm the
above presumption, and, if the Homalonotidee came from the same stock
as the Calymenida, which appears probable, they must have gone through
the same stages of development, though in some of the younger species
it had proceeded so far that the points of section came to be situated
somewhat in front of the genal angles. Consequently SWINNERTON appar-
ently is right in referring both the families concerned to Opisthoparia.
Their relation to other families does not seem possible to decide, but it
is not inconceivable that they originated from the Ptychoparia stock. Their
direct ancestor must evidently have been a form in which the shortening
and migration of the eyes had proceeded farther than in Bavarilla, since
the larval development of Calymene senaria indicates that at least the
Calymenide have passed a phylogenetic stage where the eyes were short
and situated near the glabella and the anterior margin of the cephalon.
The special characteristics which Calymene (s. str.) and Pharostoma have
in common with Bavari/la need not depend on a lineal descent, but might
be due to parallel development, perhaps the result of the same hereditary
tendencies, if they came from the same stock.

The families Trinucleidae, Raphiophoride, and Harpedidee SwiN-
NERTON includes in the suborder Trinucleida, to which he places Ellipso-
cephalide, Aeglinidee, and Shumardiidae provisionally as an appendix.

The three former families have generally been considered related to
each other, and the genera which RAYMOND (1913a) includes in Raphio-
phoridee (Ampyx DALM., and the closely allied Rapliophorus ANG., and
Lonchodomas ANG.) have often been referred to the family Trinucleida
(s. lat). The thorax aud the pygidium of Z7znuclens and Ampyx are
really very similarly constructed, and also the cephala of the two genera
resemble one another in several characters. Both are, as is well known,
blind forms. In the latter there is still an open facial suture, situated
near the lateral margin, whereas in the former it is lost by fusion,
and the cephalon is surrounded by a wide pitted fringe. It is, however,
not devoloped in the earlier larvae, which indicates that 77znuclens ori-
ginated from ancestors that in this respect were like 4mpyr. LAKE (1907)
has pointed out the great similarity between these genera and the Camb-
rian and Lower Silurian genus Orometopus BROGG., which he refers to
the Trinucleidae, and in which the eyes and the course of the facial sutu-
res are normal, wherefore it might be regarded as representing the an-
cestral type from which Ampyxr and 7rinuclens have developed along
different lines (Cf. also SWINNERTON, 19I5, p. 543, and 1919, p. 107).
To the Trinucleide the genus Dionide has also been referred. It is also
a blind form, but differs from the genera just mentioned with regard
to several characters. But since there are also many similarities, and
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since there seems to be transition forms, it might be justifiable to in-
clude it in this family.

With regard to the construction of the cephalon, Harpes resembles
Trinuclens in many points. Perhaps these similatities ought, however,
to be regarded rather as adaptations for the same mode of life than as
indicating a close relationship. The many-jointed thorax and the small
pygidium in ZHarpes differ very much from those in Z7znuclens and Am-
pyx. SWINNERTON emphasizes that Dionide here, as partly also with
regard to the construction of the cephalon, »bridges the gap, for, whilst
some species» of the latter »have an almost typically Trinucleid trunk
and tail, others» »are like //arpes in outline, and though the pygidium is
large, show clear indications of numerous segments». The thoracic seg-
ments are, however, very unlike in character in the two genera and the
hypostomata of too different a type to make it seem probable that they
were very closely related to each other. In some respects Harpes, and
the probably closely allied Harpides, resemble Arethusina and also to
a certain extent Ptychoparia, but if this indicates any close relationship
is doubtful. The affinities of Harpes will, however, be further discussed
below in connection with the description of the species found in the
Leptena Limestone. Anything indicating that the Trinucleidae (s. lat.)
were nearly allied to any other groups, I have not been able to find.

SWINNERTON points out that the Ellipsocephalidee have »an almost
Trinucleid shape of body». He does not consider that they can be
regarded as the ancestors of the Trinucleidae but that »it is not unreason-
able to regard» them »as an early offshoot of the same stock, and there-
for subject to the same morphological tendencies». I cannot see that the
similarities are so very great, however, and already the oldest genus
referred to the Trinucleida, Orometopus, has a cephalon that is so very
different from that of the Ellipsocephalide that there does not seem to
be any reason for such a presumption.

The Aeglinidee have also, as the Trinucleida, few segments in the
thorax and a small pygidium. This latter is, however, of a rather differ-
ent type, somewhat like the Asaphid pygidium but evidently including
a less number of segments. Another character in which they resemble
the Asaphide and also the Trinucleidee is the absence of a rostrum. The
cephalon is, however, on account of their presumably nocturnal habits so
very specialized that it is not possible, at least not with our present
knowledge, to judge about their possible relationship to other more norm-
ally developed trilobites, as has already been pointed out (p. 59).

The points in which the Shumardiida agree with the Trinucleide, are
chiefly that they have few thoracic segments and a small pygidium, but
both the latter and the cephalon are rather differently constructed and
some of the thoracic pleure in Shwumardia prolonged into spines. There
does not, then, exist anything indicating a relationship. But they do not
show any closer connection with either the Agnostidee or the Olenida
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(s. lat.), in one of which families they have been placed by different
authors (Cf. LAKE 1917, p. 40), or with any other group of trilobites.

The two families Acidaspide (Odontopleuride) and Lichadide are
generally grouped together. SWINNERTON (1915, p. 544) emphasizes that
»the tendency to develop numerous spines is an adaptation characteristic of
planktonic forms», and that »the thinness of the carapace in the latter
family is also characteristic of pelagic animals», wherefore these features
may »be left out of account». On the other hand he considers that
sthe usual stability of the glabella in other families and sub-orders em-
phasizes the genetic and classificatory value of the strong tendency to-
wards the breaking up of the glabella into separate lobes shown in these
two families», for which he provisionally institutes the suborder Odonto-
pleurida. There are also some other points in which the two families re-
semble one another. As indicated by the larvae of Acidaspis tuberculata
(text-fig. 8 a) and Lickas (Corydocephalus) consanguineus (text-fig. 8 b), both
families originated from forms with small eye lobes situated far forwards
and outwards. The hypostoma of some species of Acidaspis is rather like
that of some of the Lichadide. The thoracic pleurz, it is true, are gener-
ally of a different type, inasmuch as the Lichadide have grooved, the
Acidaspide ridged pleura, which character BEECHER (1897) mentions as
one of the chief differences between these »closely related» families. As
I have tried to show above (ps. 5, 6), the difference between the two
types of pleurae is not so very important, and some of the Lichadide,
e. g. Corydocephalus palmata, have pleure which are of a type intermediate
between the furrowed and the ridged ones, and rather like those in some
of the Acidaspide. In the former the posterior bands of the pleura
of the two foremost pygidial segments form swollen ridges, The same
is the case with regard to the anterior segment of the pygidium in those
members of the latter family in which the posterior pleural band of the
thoracic segments is also more swollen than the anterior one. Whether
these similarities prove a close relationship between the two families,
which in many other features are rather differently specialized, is difficult
to say, but it seems probable.

BEECHER (1907, p. 196) has also pointed out that many species of
Bronteus have a glabella which is broken up into separate lobes. In this
genus the axis of the pygidium is very much reduced and the lateral and
posterior parts expanded. The author just mentioned considers that
Lichas and Acidaspis show »the decline of these characters» (»the pygi-
dial limb becoming more or less deeply lobed and finally the lobes are
represented by spines»).

As SWINNERTON (19I5, p. 545) points out, the Bronteidee have fewer
segments in the thorax and more in the pygidium than the Lichadide,
i. e. that the caudalization has gone farther in the first-named family,
which consequently cannot be regarded as representing the ancestral type
of the latter. He does not consider that the Brontcide have descended
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from the Lichadidae either, but that »they carry the Lichadid type of
organization along lines parallel to and quite as advanced as some of
those which characterized the Asaphida», and that therefore they »may
be provisionally relegated to the sub-order Odontopleurida». Like the
Acidaspide, the Bronteide have ridged pleure but of a rather different
type. Their hypostoma is very unlike that of the former family and
of the Lichadide, and the points of agreement between them and the
two latter families are too slight to justify any conclusions as to their
relationship.

The genus Bronteopsis Wyv. THOMPS. has also been placed in the
family Bronteide. The genotype Br. scotica SALT. (REED, 1904, p. 94,
Pl XIII, figs. §—13, 1914, p. 26, PL IV, fig. 6) resembles Bronteus in
most of its chief characters, though its pygidium has a longer axis, which,
however, is continued by a narrow postaxial ridge as in this genus, and
the ridges on the side lobes do not radiate from a centre, and die out be-
fore reaching the margin. Both in regard to the cephalon and the
pygidium, this species seems to represent a transition form between Bron-
teus and Bronteopsis ardmillanensis REED (REED, 1904, p. 92, Pl. XIII,
figs. 1—4, 1914, p. 26, Pl. IV, fig. 7). The latter has many points of
resemblance with Szygina latifrons PORTL., and, as pointed out by WIMAN
(1906, p. 294) and REED (1914, p. 27), especially with the species de-
scribed as Holometopus limbatus ANG. and Holometopus nitens WMN, which
species perhaps, as possibly also Br. ardmillanensis, ought to be referred to
the genus Stygzna, a question which will be further discussed below. Sry-
gina has been placed by several authors in the family Illeenide. Already
SALTER (1864) has pointed out that »in the partial obliteration of the
glabella, number of body rings, and course of the facial suture, it is clo-
sely allied to //l@nus»>. Other points of resemblance are to be found in
the form of the pygidium, the wide striated doublure of this and of the
cephalon, and the broad rostrum [which is broader in Stygzuia latifrons
than in ///enus (Cf. REED, 1914, p. 19, PL III, fig. 7)]. The hypostomata
also seem to be of almost the same type. In the species referred to Holo-
metopus, especially in Holometopus limbatus, the glabella is more strongly
defined, and sometimes the furrows on the side lobes of the pygidium are
slightly indicated.

Bronteus has also, as is well known, a broad rostrum and wide striated
pygidial and cephalic doublures. Its hypostoma is somewhat different from
the Illeenid hypostoma, but is on the whole of the same type. The num-
ber of thoracic segments is the same as in some species of ///@nus, and
their pleurae are without, or have only very slightly indicated furrows. The
same tendency to the shortening of the pygidial axis is found in the Bron-
teide and in the Illeenide. In consequence of the facts stated above, it
seems probable that the two families have arisen from the same ancestral
stock. Stygina and Holometopus probably also came from this stock. With
regard to the long axis of their pygidium, the shape of their glabella,
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and its stronger limitation in the latter, they are evidently more primi-
tive than JBronteus and [llenus. They cannot, however, be regarded as
representing the ancestral type from which either of the two latter genera
arose, since the obliteration of the furrows on the side lobes of the pygi-
dium has gone farther than in Bronfens, and the position of the eye lobes
seems to be less primitive than in ///enus. It does not therefore seem
appropriate to refer them either to Bronteidae or to Illeenidae. Neither
can they be referred to Asaphide, in which family Szygina has been
placed by some authors, since they evidently had a normally developed
rostrum, though they agree with the Asaphida in regard to several other
" characters. Consequently they must be placed in a separate family, which
then ought to be called Styginide (Szygina being the name earliest in-
troduced, by SALTER 1852), which family appears to be rather closely
allied to the Bronteide and to the Illenida, and further seems to form
a connecting link between these and the Asaphide.

To the order Proparia SWINNERTON refers the families Encrinuridee,
Cheiruridee, Phacopide, and Burlingiidee, and further, with some hesitation,
the Agnostidee. In this order WALCOTT (1916) has also placed the fami-
lies Menomonida and Norwoodiide, described by him after SWINNERTON's
paper of 1915 was published. With the exception of Agnostida, Burlingii-
da is represented in older strata, Middle Cambrian and lower part of the
Upper Cambrian, than any of the other families of this order, and the two
genera referred to it, Burlingia WALC. (WALCOTT, 1908) and Schmalensecia
MBG (MOBERG, 1903), are also with regard to several characters the most
primitive types. Both are very small, the length of the dorsal shield only
about 7 mm. or less, which might indicate that the specimens found were
larvee; but of both genera, each only represented by a single species,
there have been found several specimens, and no larger form which might
be regarded as the adult of the same species evidently occurred among
them.! The eye lobes are narrow and elongate and apparently primarily
situated near the glabella. In Buwrilingza their foremost parts nearly reach
to the glabella, while the distance between their hindmost ends and the
posterior margin of the cephalon is somewhat less than half their length.
The eye lobe is directed a little outwards, which also might indicate that
they were not full-grown. In Schmalensecia the eyes are shorter and situ-
ated farther away from the glabella, and it is thus in this feature less
primitive than Burlingia, whereas its narrow glabella, which tapers ante-
riorly and has clearly defined furrows, is more larval in character than
that of the latter, which is wider and more parallel-sided and where the
furrows are indicated only by two pairs of pits. In both genera the an-
terior branches of the facial sutures are directed obliquely outwards, so
that the foremost part of the cranidium is very wide. The posterior bran-
ches of the sutures run nearly parallel to the anterior ones, and cross the

! The same is the case with regard to the very small forms referred to the genus
Norwoodia WALC.
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lateral margins of the cephalon at rather a great distance from the genal
angles, so that the free cheeks become very short. Burlingia has a thorax
of 14 segments and a small elongate pygidium without defined furrows or
side lobes; the anterior part, the axis, is more convex than the posterior
part. In Sc/zmalensecia the number of thoracic segments is unknown. Pygi-
dium large, axis with 6 furrows, side lobes divided by 6 pairs of ridges,
according to MOBERG (1903) probably formed by the hindmost edges
of the pleurae of the pygidium. It is easy to conceive that this pygidium
was formed by the fusion of the posterior thoracic segments and the pri-
mitive pygidium of a Burlingia-like ancestor.

The genera referred to the family Menomonide (WALCOTT, 1916)
have no genal spines, the genal angles are rounded, and the posterior
branches of the facial sutures cut the borders rather far backwards. Since
these genera have many points of resemblance with the partly older, partly
contemporaneous genera Acrocephalites WALLERIUS (see WALCOTT 1916,
Pls. XXIV—XXVI) and Alokistocare LORENZ (Ibid. Pls. XXV —XXVI), of
which at least some species have genal spines and the posterior branches
of the sutures cutting the border within these, it seems as if the Meno-
monide ought rather to be regarded as belonging to Opisthoparia than
to Proparia. It appears as if this family and also the two genera just
mentioned might have belonged to the same stock as Plychoparia and
Solenopleura, though, in regard to the great number of thoracic segments
(23 —42) and small pygidium, they are more primitive than these latter.

In the Norwoodiida, only genus Norwoodia WALC. (1916), the pro-
parian conditions are distinct. They have genal spines, and the posterior
branches of the facial sutures cut the margins well in front of the genal
angles. Their anterior branches are directed nearly straight forwards.
The eye lobes are rather short and situated far forwards and at a com-
paratively great distance from the glabella. At least some species have
eye ridges. The glabella is conical, generally marked with three pairs of
short lateral furrows. Thorax with 8—9 segments. In several species some
of the axial rings of the thorax and the neck ring bear spines. The py-
gidium is rather broad, including 4—6 segments. Like the Burlingiidee the
Norwoodiide are, as already mentioned, very small. The largest complete
dorsal shield found is 11 mm. long.

As is well known, BEECHER (1907) referred the Agnostide (s. lat.)
to the Hypoparia, whereas JAEKEL (1909) considered them to be highly
specialized forms, in which, however, the small number of body segments
was primary. WALCOTT (IgIza, p. 195) thinks it »highly probable that
the new genera Mollisonia and Tontoia will come within the family Micro-
discide Coquin, 1896» (Agnostidae s. lat. pars), and points out that in
Moll. symmetrica WALC. the presence of eyes and facial sutures is sug-
gested, and, since the course of the latter seems to be of the proparian
type, SWINNERTON (1915) has referred the Agnostide to that suborder.
Whether the genera in question are really closely related to the Agnostida,
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is difficult to say, though it seems possible. That the Middle Cambrian
genus Pagetia WALC. (WALCOTT, 1916) belongs to these, appears beyond
doubt. It differs from the typical members of this family only*in having
eyes, eye ridges, and true facial sutures on the dorsal side of the cephalon.
The fixed cheeks are very broad, the eye lobes small, situated on a line
with the middle part of the glabella, just inside the lateral border, of which
the facial suture cuts out a short and narrow semicircular-shaped portion,
the free cheek. The two branches of the suture are directed strongly
outwards, the posterior one cutting the border well in advance of the
genal angle. This confirms SWINNERTON’s assumption that the Agnostida
arose from true proparian ancestors. These evidently had normally de-
veloped eyes and free cheeks, and since there does not appear to have
existed any adult trilobites with fully developed eyes in which the free
cheeks were as small and situated as in Pagetza, it seems probable that
the reduction of the eyes and free cheeks had already begun in this genus,
and that it had proceeded farther in other Agnostida, so that the former
had entirely disappeared. RAYMOND (1917) agrees with BEECHER's (1907)
opinion that the Agnostidee had ventrally situated free cheeks, and that
this was a primitive character, and claims to have found intra-marginal
sutures in some species of Agnostus. The part of the body in which he
has observed the suture has, however, generally been considered to be
the pygidium. Even if it should be proved that it is the cephalon, which
does not seem probable, it is more likely that the position of the suture
is secondary, the free cheeks never having become entirely reduced but
part of their reflexed portions still remaining.

If Mollisonia and 7ontoia belong to the same stock as the Agnostide,
they would, with regard to the development of the parts concerned, re-
present an intermediate stage between Pageria and other Agnostide, but
with regard to the greater number of thoracic segments, of which there are
7 in Mollisonia, 4 in Tontoia, they are more primitive than the former,
since presumably the Agnostide like all other trilobites arose from an-
cestors with many segments in the thorax.

None of the younger proparian families are very similar in character
to the Cambrian ones, and thus cannot be regarded as descendants from
these. In the less modified forms the glabella is elongate, rather parallel-
sided and the furrows strongly marked. The Cheiruride and the En-
crinuridae agree in generally having ridged thoracic pleurz, which like the
pygidial ones as a rule have free ends; the cheeks are pitted, and this
is also the case in some of the Phacopidee. The hypostoma in the latter
is of about the same type as in Cheiruridee and in the genus Cybele ILOVEN,
generally referred to Encrinuride. In Ewncrznurus EMM. it is rather differ-
ent. With regard to the entire reduction of the rostrum, the develop-
ment and position of the eyes, and the construction of the pygidium, in
which the caudalization generally has proceeded very far, the Phacopide
have reached the highest stage of development. In Ewucrinurus and in Cybele
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bellatula DALM. the rostrum is also very much reduced, whereas other
species of Cybele, like the Cheiruride, have a broad rostrum.

Among the spegies which BEECHER (190y) referred to Proparia, he
considered Placoparia CORD., Areia BARR.,and Dindymene CORD. as the
most primitive ones, because of their being blind and their having narrow
free cheeks. These characters, however, are here, as in other cases, evid-
ently secondary. The aforesaid author refers these genera to the family
Encrinuridee presumably on account of the circumstance that in several
species of ZEncrinurus, which have small (probably secondarily reduced)
eyes, the free cheeks have grown rather narrow. Of the former genera
Dindymene shows the greatest similarities to Zwncrinurus and Cybele;
especially its thorax and pygidium resemble those of the latter, though
in Dindymene there are only 10 thoracic segments and two pairs of pleura
in the pygidium, whereas Cybde/e has 12 segments in the thorax and 4
pairs of pleura in the pygidium.

Areia resembles the Cheiruridee more than any other family both
with regard to the construction of the thoracic segments and the pygidium,
though the latter apparently consist of only 2 segments. The cephalon
is very like that in Cheirurus, but the direction of the glabellar furrows
is different. As a peculiarity should be mentioned that in Areza
bohemica BARR. (BARRANDE, 1872, Pls. II, XVI, XXXII) the latter are con-
tinued by furrows across the cheeks similar to those found in several
larvee, e. g Liostracus (text-fig. 6e), Elliptocephala (text-fig. 4a, b) and
Holmia (KJER, 1916, text-fig. 11 a). Whether these furrows really corre-
spond to the original limits of the pleural parts of the segments or have
developed secondarily, is difficult to say. It might appear strange if these
limits were still indicated in the adult of such a geologically young and
otherwise rather specialized form. On the other hand the development
of the cheeks has evidently, on account of the reduction of the eyes,
partly remained in the larval stage, and consequently it is not quite in-
conceivable that also this larval character had remained. No free cheeks
are known in this genus, and it is of course possible that they were not
reduced, but that the sutures had disappeared. But to judge from the
figures (BARRANDE, 1872, Pls. II, XI, XII, XVI and XXXII) it does not
seem improbable that it had narrow free cheeks, which have not yet
been found.

RAYMOND (1913a) places Placoparia together with Pliomera ANG.,
(Amplion PAND.) and Pliomerops RAYM. in the family Cheiruridee, subfamily
Pliomerinaze. The three genera agree with regard to their chief characters,
except that the latter ha've eyes and normally developed free cheeks.
From the other Cheiruridee they differ in having the eyes, even when fully
developed, situated farther from the glabella, in having a more reduced
rostrum and a greater number of segments both in the thorax and in the
pygidium. The ridges of the pleure are not furrowed; the posterior
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branches of the facial sutures cut the border farther back! than is
generally the case in other Cheiruridee, but this might be put in connec-
tion with the absence of genal spines. In the spineless species of ZEn-
crinurus the point of section is also situated farther back than in the spine-
bearing species, and in Cybele, where the genal spines generally are not
developed or very short, the point of section is very near the genal angle,
and the same is the case in the spineless species of the Phacopide. In
some of the above-mentioned characters, the Pliomerinae agree more or
less with the Encrinuridae, and the denticulate frontal border of Pliomera
Fisher: Eicuw. forms also a point of resemblance with members of this
family. It is questionable whether the Pliomerine ought not to be re-
garded as a separate family, though closely related to the Cheiruride and
more distantly to the Encrinuridee. Their existence indicates that the two
latter families originated from the same ancestral stock, which assumption
is confirmed by their resemblance in so many characters.

The similar construction of the exopodites in Ceraurus pleurexantiie-
mus GREEN, Calymene senaria CONR., and Acidaspis (Odontoplenra) tren-
tonensis HaLL (WALCOTT, 1918, ps. 148, 151, 153, Pls. XXVII, XXXIV)
suggests that the Calymenide and the Acidaspidae were more closely
related to the proparian families just treated of than to some of the opistho-
parian forms, in which the construction of the appendages was of a rather
different type, as for -instance Neo/enus and 7riarthrus (Cf. WarLcorT,
1918), which confirms the presumption that the Proparia and the Opistho-
paria are not to be regarded as phylogenetic groups.

The Phacopide differ in most characters rather much from the
Cheiruridee and the Encrinuride, and,if they came from the same ancestral
stock, they must have separated at a very early stage. It is not inconceiv-
able that they are more closely related to some of the opisthoparian
families than to other proparian forms, but they do not show particular
affinities to any special group among them.

As shown by the statements made above, it does not seem possible,
with our present knowledge, to establish any definite natural classification
of the different trilobite families, and only an attempt is made to point
out some facts which suggests that some of them are more closely related
to each other, and may be grouped together. In agreement with this,
BEECHER’s order Hypoparia cannot be retained, and the same seems to

U In Placoparia the point of section is even somewhat in front of the genal angle,
which might lead one to regard them as having originated from opisthoparian ancestors,
it they were not in other characters similar to true proparian forms. In a young speci-
men of Pl Zippe: Corp. (BARRANDE, 1872, Pl VIII, fig. 36), where the test is preserved,
which according to BARRANDE (1872, p. 100) is generally not the case, the genal angles
arc continued by small points directed straight outwards. To judge from the figure (from
the description one gets a conception contrary to this) they belong to the free cheeks.
Lvidently they do not, however, correspond to the genal spines in other trilobites, but
are of the same nature as the denticules to be seen along the whole of the lateral border
of P/ grandis BARrR. and on the frontal border of Pliomera Fisheri Eicuw.
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be the case with SWINNERTON's order Protoparia. With regard to
Opisthoparia and Proparia they might be considered natural groups in
one way, but probably not from a phylogenetic point of view, though the
opisthoparian and proparian characters presumably were evolved at a
very early period.

Among the oldest opisthoparian forms the Ellipsocephalidee seem to
represent one line of descent, to which probably Protolenus, possibly also
the Olenide, belonged. Another line is represented by the Mesonacida
and Redlichia. From the Redlickia stock the Paradoxidae, the Zacanthoida:
(Zacanthoides and Albertella), and Olenopsis may be derived. From a
Zacanthoid-like stock the Oryctocephalidae and the Corynexochoide prob-
ably came, whereas the Ptychoparide, the Solenopleuride, and the secon-
darily blind forms referred to the family Conocoryphide seem to be more
closely related to Olenopsis. The Calymenide and the Homalonotidae form
one group, possibly descended from the Ptychoparid stock. Another group
includes the families Cyphaspidae and Proétidee. The Styginide, the
Bronteida, and the Illeenidee seem to be related to each other and perhaps
to the Asaphida, with which the Bathyuride possibly ought to be brought
together. Likewise the Acidaspidee seem to be related to the Licha-
dide, and the Trinucleide to the Raphiophoridae. That the Harpedida
belong to the same line of descent as these latter, is hardly probable, but
does not seem quite inconceivable. There are "also some facts which
suggest a relationship between the families Remopleuride, Telephide,
and Aeglinidae, though it appears more probable that the points of re-
semblance between them are due to adaptation for the same mode
of life. The earlier proparian families, Burlingiide, Agnostide, and Nor-
woodiide, do not seem to be closely related either to each other or to
the younger ones. Of these latter it appears as if Cheirurida, Pliomerida,
and Encrinuride had the same origin, and it is possible that the Phacopida
came from the same stock.

I have only had occasion to deal with a comparatively small number
of trilobites in this paper, and it is probable that when the numerous Cam-
brian forms which are now known, principally owing to WALCOTT's re-
searches, are more thoroughly examined and described, it will be possible
to arrive at a better knowledge of the interrelationship of the trilobites,
and it seems quite likely that several of the groupings suggested above
will prove untenable.



Description of Genera and Species.

Family Remopleurida CorpaA.

RAYMOND (1913 a) refers to this family the two genera Renwpleurides
PorrL. and Caphyra BARR. (Amphitryon CORD.) of which the latter also.
by most authors, has generally been included in the genus Renio-
plewrides.

Under the name of Caplyra radians BARRANDE (1846) first described
as a tail the reversed glabella of this species, which in a later paper (1852)
he has referred to Remopleurides, thus disagreeing with CORDA (1847) who
had considered it a representative of a separate genus and changed the
name to Awmphitryon Murchisonii. SALTER (1853) retains BARRANDE's
original name, and regards Caphyra as a subgenus of Remopleurides (s.
lat.). According to him the difference between Caplyra and Remopleurides
(s. str.) should consist in the former having 3 pairs of glabellar furrows,
the furrows on the glabella of the latter being quite obsolete. This fea-
ture is, however, of minor importance, and besides there are some species
which on account of their other characteristics must be referred to Keuzo-
pleurides (s. str.), in which the glabellar furrows are quite distinct.

The chief characters in which Caphyra differs from Remopleurides
(s. str.) are that it has broad, flat, free cheeks, the continuous anterior
portions of which form a comparatively broad (from back to front) band
in front of the glabella, broad and flat thoracic pleure without fulcral
tubercle or notch, and a long pygidium with very short axis and elongated,
backwards-directed, flat pleural part, evidently consisting of two pairs of
pleure ending in short spines, the outer pair reaching farther backwards
than the inner one. According to CORDA (1847) the number of thoracic
segments should be different in Remopleurides and Capliyra (Amphitryon),
the former having 13, the latter 11, but as BARRANDE (1852) has pointed
out, this is evidently a misconception. It is true that PORTLOCK (1843,
p- 254) states that Remopleurides has 13 thoracic »articulations, including
the first, which appezirs a true thoracic segment, and the last, which is
a small caudal segment». It is obvious that »the first articulation» is the
occipital ring and the posterior borders of the cheeks and that there are
only 11 thoracic segments both in the species on which he founded his
description and in other species of Remopleurides, as far as they are known.
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All the same, the differences between Remopleurides (s. str.) and Caphyra
are so great that it seems correct to refer them to different genera, though
it might be difficult, in such cases where only the cranidia are known, to
decide to which of them they belong.

As already mentioned (p. 58), HADDING (1913) has compared Remzo-
pleurides (s. lat.) with Zelephus and Aeglina. He states that on account of
their many similarities the three genera must be regarded as representing
a special type and that one might be tempted to refer them to the same
family, but as on the other hand there are several rather essential dissi-
milarities, he comes to the conclusion that it seems most appropriate to
let them represent different families. He is of the opinion that Telephidae
and Aeglinidee are most closely allied to each other, whereas Remopleu-
ride »through its finely, faceted eyes and lobated tail stands a little more
isolated» (p. 45).

There can hardly have existed a very close relationship between
the three families, but there are some points of agreement in addition to
those pointed out by HADDING which deserve to be mentioned. The
strong development of the eyes at the expence of the cheeks seems to
be of less importance, since this character must be considered an adapta-
tion for the same mode of life, and might have been attained indepen-
dently. HADDING emphasizes in support of their relationship that the
genera concerned appear simultaneously, and reach about the same vertical
range. This seems, however, rather to explain their independent analo-
gous evolution, since it indicates that they lived under similar external
conditions. HADDING states further that Aeg/zna differs from the others
in being devoid of a palpebral lobe, but this is not altogether correct, as,
at least in most species of this genus, there is one, though it is very narrow.

In Zelepius the fixed cheeks are rather broad, whilst the free ones are
much reduced. In the Remopleuridee the conditions are reversed, though
the width of the free cheeks is rather different in the two genera of this
family. In Aeglina, where the eyes are larger than in any of the other
genera here in question, the fixed cheek as well as the dorsal part of the
free one is very narrow. In Ae¢glina and in Remopleurides the rostrum
appears to be entirely reduced, and the ventral parts of the free cheeks
meet in front, forming a comparatively broad (from back to front) portion
underneath the anterior part of the glabella, which generally is more con-
vex than and clearly defined from the lateral parts of the doublure.
Whether in Zeleplius the free cheeks meet in front, is not known, but it
does not seem improbable that the conditions are the same as in the two
genera just mentioned and that the median part of the doublure protrudes
between the two downwards directed ’spines’, thus having a strongly
convex limit against the cranidium as in several species of Aeglina, e. g.
Aegl. prisca BARR. and Aegl. speciosa CORD. (See BARRANDE, 1872, Pls.
III and V.)

With regard to the short and wide form of the glabella the three
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genera resemble each other. As a rule the glabella is flatter in the Re-
mopleuridee than in the Telephide and Aeglinide, but in this respect
the variations are rather great in the different genera. This is also the
case with regard to the. presence or absence of glabellar furrows, which,
however, never are very strongly marked. As is well known, the anterior
part of the glabella of the Remopleuridee is produced into a tongue; this
is, however, not so very strongly marked in all species, and also in some
of the Aeglinide, where the eyes do not meet in front, the anterior part
of the glabella is bent down and narrower than the posterior part. In
Teleplus the anterior spines correspond to this tongue. The thoracic seg-
ments in 7e/eplus have no fulcral tubercle or notch; they resemble, however,
those of Remopleurides (s. str.) more than the latter do those of
Caphyra. The pygidium of Zelephus granulatus ANG. (HADDING, 1913,
PL. I, fig. 10) somewhat resembles that of Rewopleurides (s. str.), while
the pygidia of other species of 7e¢/eplius show more likeness to the Aeg-
linid pygidium. In Ze/ephus the occipital ring and the axial rings of the
thorax bear median spines, and in several species of Remopleurides there
is a spine on one of the thoracic rings. In other species of this genus
the pleure of one of the thoracic segments are prolonged into spines,
which feature is also to be found in some species of Aeg/ina.

Whether the points of resemblance pointed out indicate a close
relationship, is difficult to decide, since there are also so many dissimila-
rities. That the eyes are finely faceted in the Remopleuridee while the
facets are large in Zelephus and Aeglina, seems to speak against a rela-
tionship between the former and the two latter, and so does the great
difference in the number of thoracic segments in the Remopleuride and
in Aeglina. The number of thoracic segments in 7e/¢phus is not known.

Under the name of Remopleurides microphthalmus LINNARSSON (1875,
p. 494) described a Remoplenrides-like cranidium that was found to-
gether with pygidia which, according to him, probably belonged to a spe-
cies of Dikelocephalus. Together with cranidia of the same type have
been found later on at the same locality pygidia and free cheeks which
both HOLM (1897) and WIMAN (1903b) associate with the cranidium in
question, and the latter points out that the pygidia mentioned by LIN-
NARSSON probably also belong to the same species.

On account of the close resemblance between these pygidia and
those of Apatocephalus (Dikelocephalus) serratus ANG. and Apatocephalus
(Dikelocephalus) finalis WALC.! HOLM refers the species to the genus
Dikelocephalus, and he also points out that the cranidium differs from that
of Remopleurides, but is like the cranidium of Apatocephalus serratus.
WIMAN is also of the ‘opinion that the species concerned cannot be refer-
red to Remopleurides, on the other hand he does not find that it resembles

1 BROGGER (1896) has removed these and some other species from the genus
Dikelocephalus and referred them to a separate genus, Apatocephalus.

6 —10e38. Bull. of Geol. Vol. XVII.
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Dikelocephalus resp. Apatocephalus so very closely, but refers it to a new
genus Robergia. REED (1903, p. 33) seems to be of the opinion that the
species, as represented by the cranidium, ought to be kept in the genus
Remopleurides, and points out its close resemblance to the cranidium of
R. Barrande: NICH. and ETHER., though in the latter there is no band
in front of the tongue of the glabella, »but a similar band has», according
to him, »been noticed in some Girvan specimens of R. colbiz».!

REED (Ibid. p. 31) does not appear to believe that the pygidium
described by HOLM and WIMAN belongs to the same form as the crani-
dium. But as far as one can see, there does not seem to be much reason
to doubt that their presumption is correct. If it be so, the species in
question cannot very well be referred to Remoplenrides, since the pygi-
dium evidently consists of more segments than in that genus, there being
3 pairs of pleural spines, whereas in the pygidium of Remwopleurides there
are only 2 pairs. The cranidium also differs from that of the latter genus
in having a clearly defined anterior border, as is best shown in the figure
given by MOBERG (1907, Pl I, fig. 4), which is very unlike the indistinctly
marked anterior band seen in R. Nickolsonz REED and in some other
species of this genus (Cf. below ps. 83, 87).

Robergia seems to be more closely allied to Apatocephalus, though
in most species referred to the latter genus there is a greater number of
pygidial pleure ending in free spines and though there is a preglabellar
field between the glabella and the anterior border of the cranidium and
the anterior branches of the facial sutures are more divergent. Because
of this it seems best to keep Robergia as a separate genus, at least for
the present. This in correspondence with MOBERG's (1907, p. 86) opinion,
who, however, points out that the difference between Apatocephalus and
Robergia on the one hand and between the latter and Remopleurides on the
other, is not so very great and who regards the three genera as belonging
to the same line of descent, with Apatocephalus as the first and Remo-
pleurides as the last link.

REED (1914, p. 15) comes to a similar conclusion regarding the rela-
tionship of the two latter, and calls attention to several points of agreement
between the species of the two genera, the principal points of distinction
being the presence of a preglabellar area on the cephalon of Apazocepralus
and the absence of deflection in the tongue of its glabella. He further
emphasizes that »there appears to be reason to believe that the pre-glabellar
area has only been much reduced in Remopleurides»>. This presumption
seems rather acceptable, especially as the reduction of this part (and
perhaps of the rostrum) conceivably depended on the growth of the eyes
brought about by the altered mode of life. On the whole there seems
to be more reason to believe that the Remopleuridee were allied to
Apatocephalus than that their affinities were with 7eleplius or Aeglina.

1 This Girvan form REED (1914) has later referred to a separate species A.
Nicholson:.
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Genus Remopleurides PORTLOCK.

Of the 5 species of this genus found in the Leptena Limestone 4
are represented only by isolated cranidia, which makes it difficult to decide
whether they belong to Remopleurides (s. str.) or to Caphyra, but the
former seems to be most probable, wherefore I have referred them to
that genus.

Distinguishing characters of the species. —

1. Anterior tongue less than half as wide as posterior part of glabella 2.
Tongue more than two thirds as wide as posterior part of glabella 4.
Length of glabella about four fifths the width. Tongue strongly convex,
about three fourths as long as wide 3.
Length of glabella two thirds the width. Tongue slightly convex
(from side to side), about half as long as wide
R. latus OLIN var. kullsbergensis n. var.
3. Posterior part of glabella very slightly convex. Test of all parts of
cranidium distinctly striated R. emarginatus TQT.
Posterior part of glabella rather strongly convex. Test of cranidium
not striated R. dalecarlicus HOLM in mus.
4. Glabella and occipital ring finely striated. Length of glabella seven
eighths of width R. latifrons HOLM in mus.
Glabella and occipital ring not striated. Glabella as long as wide
R. minimus n. sp.

W

Remopleurides latus OLIN var. kullsbergensis n. var. Pl. I, figs. 1—6,
text-fig. 15.

Specific Characters. — Cephalon sub-semicircular. Glabella
slightly convex, two thirds as long as wide, widest just behind middle;
anterior tongue strongly arched down, rather slightly convex, parallel-sided,
about one third the length of posterior part of glabella and less than half
as wide as this; antero-lateral parts of tongue flattened, forming parts of
narrow border, marked off by furrow interrupted in the middle; posterior
part of glabella constricted at base. 3 pairs of lateral furrows present,
placed at about the same distance from each other, all extending inwards
to about the same distance, leaving an unfurrowed band down the middle,
about one fourth the width of glabella. Anterior pair of furrows very
short, directed obliquely backwards and inwards, its inner ends situated at
about two thirds the distance from the occipital furrow to the tongue of
the glabella. 2d pair directed more straight inwards, slightly curved,
situated opposite middle of eye, ending at a little distance from lateral
margin of glabella. Basal pair not reaching quite so far outwards as 2d,
its outer parts parallel to it, the inner parts directed more backwards,
ending at a distance from the posterior margin about equal to the distance
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between the furrows. Palpebral lobes, marked off by strong furrows;
narrow, widest at base, their anterior parts, at sides of tongue, very nar-
row. Where the test of the glabella is preserved, it is seen to be finely
striated except on the middle of tongue, where the test is smooth. Occi-
pital furrow narrow, well marked. Occipital ring flattened, slightly arched
from side to side, narrowing at each side outside base of glabella, finely
denticulated on posterior edge; test not preserved, but presumably stri-
ated as on other parts of the body. Posterior parts of facial sutures ab-
ruptly bent outwards. :

Eyes large, vertically bent down, semi-annular. At the front end as
wide (high) as the tongue is long, gradually narrowing towards base of
glabella, composed of numerous very small, closely set lenses. Below the
eye there is a narrow, raised lower eye lid, marked off from the outer part
of the free cheek by a strong furrow. Outside this the anterior dorsal part of
the free cheek forms only a narrow border. Posterior
part of cheek (text-fig. 15) triangular, slightly bent
down, ending in slender tapering spine, the length
of which is not known. Inner part of cheek gently
arched, outer (lateral border-part) and spine flattened.
As in several other species of this genus, spine not
arising from true genal angle, which is slightly pro-
longed, but in front of it, its inner margin meeting

lateral margin of hindmost portion of cheek (posterior
des latus Oun var, border) at acute angle. This hindmost portion at a
kullsbergensis n, var. lower level than spine and anterior part of cheek,
Free cheek X4. from which latter its inner part is separated by strong
furrow. Its posterior edge near dorsal furrow with
deep notch, the margin of which is raised, to receive fulcral tubercle of an-
terior thoracic pleura, just as in the pleura of the thorax. On the whole
this posterior portion of the cheek is shaped very like the anterior bands
of the thoracic pleura, the furrow in front corresponding to the pleural
furrows and like these not reaching the margin. Test of cheek ornamented
with sub-parallel striee, towards the margin the parts between the strize
are raised, forming narrow ridges; direction of strize longitudinal except
on hindmost portion of cheek, where they bend and take an inward di-
rection. Doublures of free cheek meet in front, underneath tongue. They
do not seem to have grown quite together, since there are traces of a
median connective suture to be seen. Whether it is a real open suture or
only a groove, I have not been able to decide. Middle portion of doublure,
underneath tongue, clearly set off from lateral parts, broader (from back
to front) than they, and gently convex with anterior margin arched for-
wards and posterior edge produced into short rather bluntly ending tip.
Doublure striated as dorsal part of cheek, but, except at anterior half of
median part, the ornamentation is coarser, the ridges being higher and
broader.

g. 15.  Remopleuri-
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Only 8 thoracic segments and part of the oth preserved (probably
there were 11 as in other species of Remopleurides); they decrease gradu-
ally in size posteriorly. Axis moderately convex, tapering towards pygi-
dium, 8th axial ring having three fourths the width of 1st one, which
is about as wide as occipital ring; along the whole of its length about
three fourths the width of thorax. Rings flattened, with transverse, slightly
sinuous strize (where the test is preserved), lateral parts of posterior edge
finely serrated. Side lobes narrow, diminishing in width posteriorly.
Pleura falcate, directed downwards and backwards with short, free, recurved
points; pleural furrows oblique, deep, and broad, not reaching margin;
anterior pleural band near dorsal furrow with strong projecting fulcral
tubercle; posterior edge of pleura with corresponding notch, the margin
of which is raised all round. Surface of pleure ornamented by striz,
sub-parallel to margin.

Pygidium as wide as long (from articulating furrow to ends of posterior
pleural spines). Axis composed of 2 segments, convex, gradually slop-
ing posteriorly, a little less than half the length of pygidium and more
than two thirds the width, backwards continued by indistinctly defined,
triangular post-axial portion. Axial furrows outside foremost part of axis
indistinctly marked, posteriorly becoming deeper and broader, reaching to
post-axial portion. 1st axial ring with clearly defined articulating half
ring; posterior part very short in the middle, widening towards the sides.
Posterior part of axis consisting of a pair of slightly swelled sub-elliptical
portions, anteriorly almost meeting in the middle line, posteriorly sepa-
rated by a more flattened triangular piece, separated from post-axial por-
tion by very fine furrow uniting axial furrows. Side lobes composed of
2 pairs of pleurae. 1st pair falcate, directed nearly straight backwards,
ending in short spines and with rather weakly marked pleural furrows;
front edge with fulcral knobs, fitting into notches on last thoracic seg-
ment.! 2d pair of pleure separated from 1st pair by weak interpleural
furrows and directed backwards, ending in longer and more sharply point-
ed spines, enclosing an acute angle; no peural furrows present. Surface
of pygidium ornamented with fine striations, the posterior and median
parts also by minute tubercles; on 1st pair of pleura the striz are longitu-
dinal, on axis and on anterior parts of 2d pair of pleurz, transverse, but
on the spines of the latter they bend, and take a more longitudinal di-
rection.

Remarks. — The material on which the above description is based
consists of the specimen of the cephalon and part of thorax figured on
Pl I, figs. 1—4, the pygidium figured on the same plate, figs. 5—6, and
an inner cast of part.of the free cheek with rather a large portion of the
spine preserved. All three specimens are from the same locality, Kullsberg

! This feature has not come out distinctively in the figures (PL I, figs. 5, 6), but
the knobs are like those on the last thoracic segment seen in the same figures and those
in the figure of the pygidium given by Wman (1907, PL. VIII, fig. 20).
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(the pygidium and cast of cheek found in the same piece of rock), and
that they belong to the same species, seems to be beyond doubt.

In OLIN’s figures of K. /atus OLIN (OLIN, 1906, p. 55, PL II, figs.
§—g) from the Chasmops beds in Skdane, the glabella is broader, the
tongue especially, which is about as wide as the base of the glabella, in
var. kullsbergensis considerably narrower; the striation continues all over
the tongue, and is said to be coarse; the palpebral lobes are broader, and
the side lobes of the thorax also seem to be broader. At least one of
the thoracic rings bears a median spine, but as this probably was the
oth as in the allied R. Nickolsoni REED (REED 1903, p. 36, Pl V, figs.
17a,b and 1914, p. 12, PL II, figs. 3—0, in the earlier paper described
as R. Colbii PORTL.), this fact is of no consequence, since the segment
in question is not preserved in the specimens from Dalarne. Otherwise
these seem to correspond rather well with the form from Skdne, as far
as this one is known.

The pygidium appears to be very like that figured by OLIN on Pl
I, ig. 29 as Lichas quadrispinus ANG., which beyond doubt is a Renzo-
pleurides, and, as WIMAN (19o7a, p. 134) has pointed out, probably be-
longs to R. latus. It also very much resembles the pygidium of this spe-
cies found in Ostersjo Limestone from the North Baltic Area figured by
WIMAN (1907, Pl. VIII, fig. 26); in fact, the agreement is closer than it
appears from the figures. In WIMAN's figures (Ibid. figs. 25, 27) of the
cranidium, the glabella is narrower than in OLIN’s, and it has also a com-
paratively much narrower tongue, thus being more in correspondence
with the variety from Dalarne, though the form of the posterior part of
the glabella is a little different and the tongue seems to be more pro-
truding.

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

ANGELIN's species Lickas quadrispinus was founded only on the
pygidium, the figure of which (ANGELIN, 1878, Pl. XL, fig. 20) agrees
rather well with the pygidium of the species in question; quite likely it
belongs to it. Since, however, other species of Remopléurides have simi-
lar pygidia, it is not certain, wherefore it seems best to allow his specific
name to be forgotten and keep the name given by OLIN.

Affinities. — This species appears to be very closely allied to the
Grivan form R. Nicholsoni. The greatest difference is to be seen in the
pygidia, that of R. Nickolson: having the side portions of the posterior
axial part much more swollen and the post-axial portion forming a di-
stinctly marked,  narrow, pointed ridge. The posterior part of the free
cheek of this species does not seem to end in a produced tip as in the
form from the Leptena Limestone. The tongue of the glabella and the
side lobes of the thorax are wider than in this. In these characters it
agrees more with the type form, and the form of the glabella is rather
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like that in OLIN's PL II, fig. 6, but it does not appear to be striated,
and the strie on the occipital ring are said to be very delicate. There
are only 2 pairs of lateral glabellar furrows present; this, however, may
depend on the 1st pair not yet being observed. It is possible that the
Girvan form belongs to A. /atus, but until this latter is more completely
known, this is impossible to decide.

The presence of a median spine on one of the thoracic segments,
recalls R. dorsospinifer PORTL. (SALTER, 1853, Pl. VIII, figs. 3, 4), though
in this species the spine belongs to the 8th segment, not to the gth as
in R. Nicholsoni and probably also in R. /atus, since in the var. Awulls-
bergensis the 8th is not spine-bearing. As REED (1914, p. 14) points
out, the pygidium in both the two latter species also resembles SALTER’s
figures of the pygidium of R. dorsospinifer.

The presence of a subgenal notch on the free cheek, is a character
found both in R. /Zatus and R. Nickolsonz, and also in other species of
Remopleurides, e. g. R. sexlincatus ANG. (OLIN, 1906, p. 55, Pl II, figs.
3—4), R. (Teratorynchus) bicornis REED (REED, 1903, p. 33, Pl. V, figs.
5—16). It is also met with, though less pronounced, in Apatocephalus,
e. g A pecten WMN (WIMAN, 1905, p. 6, Pl: I, figs. 7—12), which, as
emphasized by REED (1914, p. 15), confirms the presumption that the two
genera are allied to each other.

REED also points out that a similar feature is found in some of the
Mesonacide, »and therefore it is to be regarded as of a primitive or re-
versionary nature». In these, however, the conditions do not seem to be
the same. In the former both the genal angle and the spine belong
to the free cheeks, whereas in the latter the genal angle, inside the spine,
appears to belong to the fixed-cheek region, and probably indicates the
vestige of the reduced intergenal spine, as confirmed by the comparison
of different forms where the genal spine is not situated at the genal angle
and in which the reduction of the intergenal spine has proceeded diffe-
rently far [Compare for instance WALCOTT's (1g10) figures of the cephala
of Wanneria Halli WaLC. (Pl. XXXI), Olenellus Gilberts MEEK (Pl. XLIII)
and Olenellus fremonti WALC. (Pl. XXXVII, XXXVIII)).

Locality. — Kullsberg.

Remopleurides emarginatus TORNQUIST. Pl I, figs. g—11.

1885.  Remopleurides emarginatus, TORNQUIST, p. 37, PL. I, fig. 39.
21894. Remopleurides emarginatus, Scamiot, p. 89, Pl. VI, figs. 37—38.

Specific Characters. — Glabella very slightly convex, three fourths
as long as wide, widest in middle of posterior part; tongue strongly arched
down, rather convex, about one third the length of posterior part of gla-
bella, nearly parallel-sided, about half as long as wide, anterior edge
slightly excavated in the middle, its lateral parts flattened, marked off by
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short furrows, which do not meet; posterior part of glabella transversely
sub-oval, constricted at base. Surface of glabella with fine, but very di-
stinct, transverse, sinuous stri@. On some specimens the striation is inter-
rupted so as to indicate the course of the 3 pairs of lateral glabellar fur-
rows not otherwise marked and having about the same position and
direction as in R. latus var. kullsbergensis. Palpebral lobes marked off
by strong furrows, somewhat broader than in the form just mentioned,
gradually decreasing in width anteriorly, finely striated. Occipital furrow
sharply marked. Occipital ring flattened, narrowing towards the sides,
middle part behind occipital furrow slightly arched, lateral parts, which
are cut obliquely by posterior parts of facial sutures, more strongly bent
down. Surface striated as glabella and minutely serrated at posterior
edge, except just in the middle. Minute median tubercle near anterior
margin.

Remarks. — The above description is based on the same speci-
mens as TORNQUIST’s, 10 cranidia all from the same locality, Boda. There
is another badly preserved cranidium from Skattungbyn, which probably
belongs to this species. Whether the specimens referred to R. emargina-
Zus by SCHMIDT (1894) belong here, is not possible to decide from his
brief description and rather indistinct figures, but as far as one is able to
judge, it seems probable.

Affinities. — Since of this and of the following forms, which will
be described below, only the cranidia are known and since these are of
about the same type in several of the Remopleuride, it is not possible
to decide their affinities, not even to say for certain whether they belong
to Remopleurides (s. str.) or to Caplyra, though the former seems most
probable.

Localities. — Boda, Skattungbyn(?).

Remopleurides dalecarlicus HOLM in mus. Pl I, figs. 7—38, Pl XI. fig. 34.

Remarks. — In the State Museum of Nat. Hist. Stockholm, there
is a cranidium of a Remopleurides from Osmundsberget labelled by HoLM
Remoplenrides Darlecarlicus nov. sp., and at the same locality the present
writer has found another cranidium similar in character, though much
smaller. They differ from the cranidium of R. emarginatus chiefly in hav-
ing the posterior part of the glabella and the occipital ring comparatively
strongly convex, the glabellar furrows more distinct, though not im-
pressed, and a smooth test, except that there is a small tubercle on the
occipital ring and that the posterior edge of this latter is denticulated.
The denticules are coarser, and continue farther inwards than in R. emar-
ginatus, and to judge from the largest specimen, which is 14 mm. long,
this form seems to reach larger dimensions than that species.

Locality. — Osmundsberget.
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Remopleurides latifrons HOLM in mus. Pl I, figs. 12—13.

Specific Characters. — Glabella slightly convex, about seven
eights as long as wide, widest behind middle; tongue rather strongly bent
down, moderately convex, nearly one third as long as posterior part of
glabella and more than two thirds as wide, about one third as long as
wide, decreasing somewhat in width towards anterior margin, which is
gently arched upwards. Posterior part of glabella transversely sub-oval;
basal portion comparatively broad, but very sharply set off. Surface of
glabella with fine, transverse, sinuous striz strongest marked at basal
and lateral parts, hardly discernible on middle of tongue. 3 pairs of la-
teral glabellar furrows directed nearly straight outwards, indistinctly marked
by interruptions in the striation, similarly placed as those in the species
described above, all extending about equally far inwards, leaving a com-
paratively wide unfurrowed portion down middle of glabella. 1st pair
very short, nearly straight; 2d pair slightly curved, reaching near to
lateral margin of glabella; 3d pair somewhat shorter than 2d, rather
strongly curved. Palpebral lobe marked off by strong furrow; rather
narrow, decreasing in width anteriorly; not striated. Occipital furrow
deep, but rather narrow. Occipital ring flattened, slightly narrowing to-
wards the sides, gently arched, striated as the glabella, but, as far as can
be seen on the specimen, which is not perfectly preserved, without median
tubercle and with smooth posterior edge.

Remarks. — The cranidium described above belongs to the State
Museum of Nat. Hist. Stockholm, and is labelled by HOLM, Remopleurides
latifrons nov. sp. Dalarne (Lept. k.). It seems probable that it is from
Osmundsberget or possibly from Boda.

Remopleurides minimus n. sp. Pl I, figs. 14—15.

Specific Characters. — Glabella sub-elliptical in outline, slightly
convex, about as wide as long, widest near base, tapering anteriorly to
tongue, which is not very distinctly set off but distinctly arched down
and rather strongly convex (from side to side). It is about one third as
long as posterior part of glabella and, at the base, about four fifths as
wide, tapering slightly towards edge, about three fourths as long as middle
width; margin slightly arched upwards. Basal part of glabella rather indi-
stinctly set off. Under a high magnifying power the anterior portion of
the glabella is seen to be ornamented with transverse sinuous strie, the
posterior portion with minute tubercles. No traces of lateral glabellar
furrows to be seen. Very little of the palpebral lobe is preserved, but it
seems to be of the type common in this genus. Occipital furrow strongly
marked. Occipital ring flattened, comparatively broad (from back to front),
and gently arched. It is badly preserved, so that one cannot see whether
it was ornamented.
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Remarks. — The smallness of the cranidium described above, of
which only a single specimen is found, suggests that it might have be-
longed to a young individual, but because of its rather unusual form, it
cannot be referred to any species yet known. Of the species from the
Leptaena Limestone it most resembles K. /atifrons, which probably is from
the same locality, but the glabella is comparatively longer, its basal parts
and the tongue not so sharply set off.

Locality. — Osmundsberget.

Family Telephidee ANGELIN.

Genus Telephus BARRANDE.
Telephus Wegelini ANGELIN. Pl I, figs. 16—18.

1854.  Telephus Wegelini, ANGELIN, p. 91, Pl. XLI, fig. 23.
1885.  Telephus fractus, TORNQUIST, p. 89.
1913, ZTelephus Wegelini, HADDING, p. 40, PL. 1I, figs. 18—19.

Characters of cranidium from the Leptana Limestone. —
Cranidium about two thirds as long as wide. Axial furrows outside
occipital ring very shallow, outside glabella deep and gently arched up-
wards, at first slightly, but gradually getting more strongly convergent;
at the anterior margin of glabella they bend nearly straight inwards and
somewhat downwards, and are united by the short, nearly straight, and
considerably narrower preglabellar furrow. Glabella slightly more wide than
long, oval, truncated at base, rather swollen, highest just in front of occi-
pital furrow, posteriorly slightly keeled, front part somewhat overhanging.
On the sides of the glabella rather far forwards, there is a pair of very
shallow, hardly discernible impressions recalling the more distinct impres-
sions in some other species of this genus, e. g. 7. Mobergi HADD.
(HADDING, 1913, p. 37, PL 11, figs. 12—17), 7. americanus BiLL. (Ibid.
p. 41). Another slight impression is seen near the base of the glabella on
one side, on the other the test is not preserved at the corresponding
place. Probably these impressions represent the glabellar furrows. Occi-
pital furrow shallow, rather broad, not reaching axial furrows, its middle
part slightly arched forwards, its lateral parts backwards. Occipital ring
broad in the middle (from back to front), tapering towards the sides;
convexity of anterior edge about the same as of posterior part of glabella,
postero-lateral portions more strongly bent down and flattened, antero-
lateral portions gently rounded; different portions separated by fine furrow,
which disappears at base of median spine, which latter is broken off in
this specimen. Glabella and occipital ring ornamented with sparse tu-
bercles and net of very fine ridges, except at impressed places on glabella,
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in the anterior pair of which are a few rounded pits irregularly distributed.
Doublure of occipital ring with fine transverse striae.

Fixed cheeks gently bent down, rather narrow, widest just behind
front of glabella, gradually decreasing in width posteriorly to posterior
margin; this continues far outside part in front, is rather strongly bent
down and obliquely cut off by posterior branch of facial suture, which
here takes a sharp turn outwards. Anterior margin of cheek directed
somewhat backwards; antero-lateral angle rounded. Inner part of cheek
rather flat in the middle, sloping down towards the margin. Inner anterior
portion with net of ridges coarser than on glabella, a more strongly raised
ridge along lateral and posterior margins. Palpebral lobe set off by clear-
ly marked furrow, extending round anterior and lateral margins of inner
part of cheek, flattened, slightly bent down at antero-lateral angle, rather
broad in front, gradually tapering posteriorly. Anteriorly it continues
underneath overhanging anterior portion of glabella along foremost part
of dorsal furrow. Where this furrow meets preglabellar furrow (which
here is the same as the anterior border furrow of cephalon, since there
is no preglabellar field), the palpebral lobe bends steeply downwards, form-
ing, together with lateral part of narrow, more swollen, and strongly
arched anterior border, the small anterior spine characteristic for this
genus.

Remarks. — Only one imperfect cranidium of this species is known
from the Leptaena Limestone. It belongs to the Museum of the Geol
Survey of Sweden, and is labelled by LINNARSSON Zelephus superstis n.
sp., but since it is very similar in character to 7. Wegelini from the Black
Trinucleus Shales in Dalarne, there does not seem to be any reason to
refer it to a separate genus.

The difference as to the form of the glabella and the direction of the
margins of the free cheeks, of the .occipital furrow and of the anterior spines
to be noted between HADDING's and my figures, is evidently due to the
fact that the former are drawn after specimens which are very much pres-
sed. I have examined several specimens in Black Trinucleus Shales from
Amtjirn in Dalarne and found that some of them, which are not so much
pressed, agree very closely in these characters also with the specimen from
the Leptaena Limestone. This latter has about the same size as the
larger of those found in the shales.

Affinities. — Only the cranidium of 7. Wegelini is known as yet,
but as far as one can judge from this one, the species seems to be very
closely allied to 7. fractus BARR. (BARRANDE, 1852, p. 891, Pl. XVIII, figs.
30—134), and TORNQUIST has even referred the Swedish form to that
species, but, as HADDING has already pointed out, this does not seem
correct. In 7. fractus, as figured, the glabella is shorter and broader,
more parallel-sided, its anterior end is more truncate, and there does not
appear to have been any lateral impressions (Cf. HADDING, op. cit.).
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Moreover the Bohemian form seems to attain much larger dimensions than
the Swedish one.

Localities. — The species is only known from Dalarne, where it
is found in the Leptana Limestone at Boda and in the Black Trinucleus
Shales at Amtjarn, Skattungbyn, and Vikarbyn.

Family Asaphidee BURMEISTER.
" Genus Brachyaspis SALTER.

Brachyaspis? Leptenarum n. sp. Pl XI, fig. 20.

Specific Characters. — Pygidium rounded in outline, about three
fourths as long as wide, slightly convex. Axial furrows very shallow,
dying out posteriorly. Axis in front about one third the width of the
pygidium and extending fully six sevenths its length, tapering rather ra-
pidly at first; posterior part nearly parallel-sided, very slightly convex,
ending with a hardly raised apex; front margin gently arched forwards;!
faint traces of 5 axial furrows to be seen, the 1st, the articulating fur-
row, a little more strongly marked than the following. Side lobes gently
and gradually bent down, without concave border; 1st pair of pleural
furrows rather broad but shallow, in front of them anterior edges of side
lobes slightly raised. In a certain light traces of posterior furrows may be
seen. Fulcrum situated at about one third the distance from axis to lateral
margin. Doublure ornamented with closely set sub-parallel strie, rather
wide, at middle of pygidium extending about halfway underneath side
lobe; marginal portions of anterior parts slightly concave, inner portions
of these and posterior part convex. Test not preserved.

Remarks. —- This single pygidium from Osmundsberget is the
only representative of the family Asaphide found in the Leptana Lime-
stone. I have been rather doubtful what genus to refer it to. It cannot
be an /Zsote/us DEKAY, since its surface does not show any traces of a
concave border, but may belong either to Brackyaspis SALT. or to Own-
chometopus SCHM. (Cf. RAYMOND, 1912, p. 115, 1914b, p. 258).

In the genotype of the latter Onck. Volborthi SCHM. (SCHMIDT, 1901,
p. 82, PL. X, figs. 9—12) from the East Baltic Silurian Area, the pygidium
is, however, much more convex, and this seems to be the case also in the
American species referred to this genus (RAYMOND, 1910a, p. 64, RAYMOND
and NARRAWAY, 1910, p. 51). Moreover SCHMIDT’s form, which is the only
European species -of Onchometopus known, is found in much older strata (B,).

1 A little more of the anterior edge of the pygidium is preserved than is scen
on the figure. After this was printed, I have been able to extricate part of the right
side (to inner margin of doublure) from a piece which was broken off when the rock
was split.
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Brachyaspis, on the other hand, occurs in strata of about the same
geological age as the Leptena Limestone of Osmundsberget both in Eu-
rope and America, and the convexity and general appearance of the py-
gidium in question, is more in accordance with the pygidia of the species
referred to this genus than to that of Onchometopus. 1t is narrower than
the pygidia of Br. /evigaius ANG. (ANGELIN 1878, p. 53, Pl. XXIX, fig.
1) and Br. rectifrons PORTL., SALTER’s (1866, p. 166, Pl. XXV, figs. 6—10)
genotype — which, according to SCHMIDT, is identical with Br. rodustus
RoMm. (ScuMmipT, 1901, p. 93, Pl XI, figs. g—11, PL XII, figs. 3—4) —
the ratio of the length to the width being about the same as in Br. notans
BILL., as figured by RAYMOND (1912, PL I, fig. 1). In this latter, however,
the course of the facial sutures seems to be somewhat different, and there
does not appear to be any traces of ring furrows on the axis. These
facts seem to indicate that the pygidium from Osmundsberget belongs to
a species of Brachyaspis, though it cannot be referred to any of those
previously described.

Locality. — Osmundsberget.

Family Styginidee n. fam.

Cephalon and pygidium sub-equal. Glabella expanding in front,
without distinct furrows. Eyes small and close to the glabella and to the
posterior margin of the cephalon. Rostrum large. Facial suture cutting
the posterior margin of the cephalon well inside genal angle. Thorax of
9 segments, with smooth pleur®. Pygidium with long, indistinctly annu-
lated axis, continued by narrow post-axial ridge, and generally smooth
side lobes.

Remarks. — To this family the species attributed to the genera
Stygina SALT. (1852) and Holometopus ANG. (1854) are referable, possibly
also the form described as Brouteopsis ardmillanensis REED (REED, 1904,
p. 92, Pl. XIII, figs. 1—4, 1914, p. 26, Pl IV, fig. 7).

In a paper on Holometopus ANG. WIMAN (1900) points out the close
resemblance between Holometopus limbatus ANG. and Stygina latifvons
PORTL. on the one hand and between the former and Bronteopsis ardmilla-
nensts on the other. When describing the latter species REED (1904, p.
93) had emphasized the great similarity between its pygidium and some
(PL. V, figs. 17, 19) of those found in Borkholm Limestone and attributed
by WIMAN (1901) to Stygina latifrons. According to REED the latter
might also be referable to Bronteopsis, which WIMAN (1906) »auch unter
gewissen Bedingungen fiir moglich halte». WIMAN expresses the opinion
that » Holometopus limbatus A. entspricht ganz gut dem, was die Englander
unter Bronteopsis verstehen», but points out that ANGELIN’s generic name
is older than the name of Bronteopsis and that there is still another name
which might be thought of, viz. Szyg7zza, which name was introduced
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already 1852. He comes, however, to the conclusion that the whole dis-
cussion had better be postponed until there is found more of the species
concerned, the purpose of his paper being only to draw ANGELIN's genus
into notice, which was rather needful, as it was impossible to get a true
apprehension of its character from ANGELIN's figures and descrip-
tions only.

Even if it is not possible as yet to solve the question of the inter-
relationship of these forms, the new material gathered since WIMAN's
paper was published, might justify some further discussion.

One of the characteristics of Br. ardmillanensis is that the axis of
the pygidium is continued by a narrow post-axial ridge. This feature is
also distinct in the pygidia mentioned above, which WIMAN has attributed
to St. latifrons, and this fact seems to be REED’s chief reason for regard-
ing them as belonging to Aronteopsis, since a ridge evidently is not
observed in the English specimens of St /atzfrons (SALTER, 1864a, REED,
1904 etc). Neither can it be seen in the one figured by LINNARSSON
(1869, PL. II, fig. 41). As WIMAN (1901, p. 172) has pointed out, this
might, however, be due to the state of preservation. LINNARSSON’s spe-
cimen, which I have had occasion to examine, is rather pressed, and the
same appears to have been the case with those figured by SALTER (Cf.
SALTER, 1866, explanation of Pl. XVIII). In the individual figured by
WIMAN in his paper of 1907 (Pl VIII, fig. 1), this part of the pygidium
is broken off, but in another small pygidium, which, like the specimen
just mentioned, is found in Ostersj6é Limestone from the North Baltic Area,
the ridge is clearly to be seen. That it belongs to the same species, is
evident, and it is likewise indubitable that this form is identical with the
English Sz latzfrons, or at least very closely allied to it. The only
difference worth mentioning is that the genal spines are a little longer,
otherwise the characters are the same. In the large cranidia the glabella
is very obscurely defined anteriorly, but in a very small one it is more
distinctly marked, which is quite in accordance with SALTER’s description.

REED was evidently of the opinion that one of the pygidia (Pl. V,
fig. 18) and the cranidia (PL. V, fig. 16 and Pl. VII, fig. 17) figured by
WIMAN 1901 belonged to Sz latifrons (Cf. REED, 1904, p. 93 and 1914,
p. 27). The only difference between this pygidium and those (Pl V, figs.
17, 19) which, according to his opinion, might be referable to Bronteopsis,
is that in the former the posterior part of the border is removed so as
to show the striation of the underside of the doublure, and consequently
the post-axial ridge cannot be seen on it. That all the pygidia and crani-
dia here in question belong to the same species, seems beyond doubt, and
likewise that this form is very closely allied to S7 /latzfrons PORTL. even
if possibly not identical, there being some slight differences, which, how-
ever, hardly seem to be of specific value.

The pygidium of Holometopus limbatus ANG. is of quite the same type
as those just mentioned, and also its cephalon resembles very closely
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that of Sz /latifrons, though the glabella is less expanded in front and
more convex — its anterior as well atits posterior part being very sharply
defined — and though the genal spine is not so sharply set off, the cranidium
ornamented with transverse sinuous strize instead of pits, and the occipital
furrow more strongly marked. This form seems to have been smaller
than Sz /atifrons, the largest cranidium found has about two thirds the
length of that figured by SALTER, 1864a, Pl II, fig. 1.

In Holometopus nitens WMN (WIMAN, 19o7a, p. 112, Pl. VII, figs.
19, 20) and in the form found in the Leptena Limestone which I have
called St. angustifrons (This paper, Pl III, figs, 1, 2), the post-axial ridge
on the pygidium is distinct, and it appears as if this ridge was present
also in St. Murchisonice MURCH. (SALTER, 1866, p. 173, Pl. XVIII, fig. 11).

In Sz angustifrons the ratio between the frontal and basal width of
the glabella is about the same as in Ho/l. /imbatus, though the glabella
is comparatively longer and less convex, its anterior part less strongly,
though quite distinctly, defined. The cranidium, of which only one spe-
cimen is found, has about the same length as that on SALTER's figure
just mentioned. In the single cephalon of Hol. nitens the cranidium is
about half as long, the form and limitation of its glabella is about the
same as in the young specimen of St /atifrons from the East Baltic Area
mentioned above, which, however, is considerably smaller, but the form
of the free check is more like that of /Hol. limbatus.

The test both on the cranidium and on the pygidium of Hol. lim-
batus, is striated, but in some places the ridges between the strie have
grown together so as to include rounded pits. The same kind af orna-
mentation is seen on the pygidia from the Borkholm Limestone, though
in these the pits, except on the border part, are rather more abundant
than the uninterrupted strie. On the cranidia associated with these as
well as on the cranidia and pygidia of most other forms here in question,
as far as their ornamentation is known, the fusion of the ridges has pro-
ceeded still further, so that the whole surface is pitted, or only a few striae
are to be seen.

Nothing of the thorax is known of the two species here mentioned,
previously referred to Holometopus, as little as of the form which I have
called S¢ygina angustifrons, but to judge from the material available, there
does not seem to be any reason why they should not be included in the
genus Stygina SALT., since they evidently agree with the genotype in their
chief characters. As to the other forms included under Holometopus, Hol.?
elatifrons ANG., which species ANGELIN (1854) placed under this genus
with a mark of interrogation, is referred by BROGGER (1896) to the new
genus Orometopus BROGG., and of the others only the pygidia are de-
scribed. Some of these might possibly be referable to Szygina [Hol.? l@vis
Powmr. (POMPECK] 1890, PL. V, fig. g) is probably, as WIMAN (1906, p. 204)
has pointed out, identical with Sz. (Hol.) limbatus ANG.] but until more
of them is known, this seems impossible to decide.
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Regarding the relation between Stygina and Bronteopsis, the geno-
type of the latter, Br. scofica SALTER (REED, 1904, p. 94, Pl. XIII, figs.
4—13, 1914, p. 26, PL. IV, fig. 6), is evidently, as is generally considered,
much more closely allied to Bronteus than to Siygina though not refer-
able to that genus. Br. ardmillanensis, on the other hand, seems to agree
in most characters with the species referred to the latter genus. The
chief points of difference appear to be that the pleure (or ribs?) on the
pygidium are much more strongly marked and that the thoracic pleurae
probably are furrowed. Since this species is not entirely known, and since
I have not seen the original material, only the figures, I cannot form a
decided opinion about its affinities.

Genus Stygina SALTER.
Stygina angustifrons n. sp. PL III, figs. 1, 2.

Specific characters. — Glabella clearly defined, elongated
pyriform in outline, slightly rounded anteriorly; width at occipital furrow
three fifths that across frontal lobe, which is less than two thirds the
length; anterior part flattened convex, posteriorly more strongly raised
and slightly keeled in the middle, highest near base; no traces of glabel-
lar furrows to be seen. Axial furrows outside occipital ring directed obli-
quely inwards, then somewhat divergent, slightly curved, strongly arched
upwards, and sharply impressed along occipital ring and along seven
eighths the length of glabella, as far as the cheek is convex; their an-
rerior parts as well as preglabellar furrow not impressed, only indicated
by sharp limit between convex glabella and flat border — the limits be-
tween them and the preglabellar furrow not marked by rounded impressions,
as is the case at least in the North Baltic form of Sz latifrons. — Occi-
pital furrow shallow, but rather broad, in the middle (where the test is
not preserved on the specimen) distinctly marked, towards the sides hardly
indicated. Occipital ring strongly arched, somewhat wider than base of
glabella, with indistinctly set off median tubercle. Fixed cheeks narrow;
inside palpebral lobes (which are not preserved on the specimen) about
one third as wide as glabella at base, widening somewhat anteriorly,
sharply raised to palpebral lobes, here higher than glabella; posterior
parts nearly vertically bent down; posterior borders indistinctly defined
by obscurely marked furrows; part of cheeks in front of eye lobes more
gradually sloping to flat foremost portions, which pass into flat compara-
tively long preglabellar field. Anterior margin without raised border,
slightly rounded. Eye lobes placed very far back. Posterior branches
of facial sutures directed obliquely outwards so as to cut posterior mar-
gin of cranidium at very acute angles; anterior branches at first divergent,
very slightly curved outwards, foremost portions nearly parallel. Test of
cranidium ornamented with minute rounded pits.
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Pygidium (probably belonging to the same species) nearly semi-
circular, length (articulating half ring not included) to width as g to 16,
gently convex with rather narrow concave border. Axis narrow, width
at articulating furrow about one fourth that of pygidium, gradually taper-
ing posteriorly to half its frontal width, extending about two thirds the
length of pygidium and continued by narrow, pointed, obscurely defined
postaxial ridge reaching to posterior margin; foremost part gently con-
vex; posteriorly nearly flat; anterior margin gently arched forwards.
Articulating furrow and 1st ring furrow distinct; 2 d ring furrow more
indistinctly marked; 6 posterior furrows indicated by faint impressions on
lateral parts of axis (the test is only preserved on the posterior and la-
teral parts of the pygidium). Side lobes with distinctly raised fulcrum
situated about halfway out; 1st pair of furrows broad, behind them faint
traces of a 2d pair. Surface ornamented as cranidium.

Remarks. — The cranidium described above is from Osmunds-
berg, the pygidium from Boda, but since both are of a Styginid type
and since no other cranidia or pygidia which can be associated with
either of them are found in the Leptena Limestone it seems probable
that they belong to the same species.

The cranidium is well characterized by its elongate, distinctly defined
glabella and comparatively long preglabellar field.

Horizon and Localities. — Upper Leptcena Limestone; Osmunds-
berg, Boda.

Family Illeenidee CorDA.

With the elimination of some genera (e. g. Symplysurus, Nileus
and Stygina) which sometimes have been referred to this family but ge-
nerally have been recognized as belonging elsewhere, the Illenide form
a very homogeneous and well defined group. If the generic name of ///e-
nus DALM, is taken in the wide sense in which for instance BARRANDE,
SALTER and HOLM use it, all the known species of the family might be
referred to this genus. A great number of generic and subgeneric
names have, however, been proposed by different authors.

SALTER (1867) divided /Z/lenus (s. lat.) into eight subgenera.! HoLM
(1882, 1886) only accepts //l@nus (s. str.) and Bumastus MURCH. but
points out (1886, p. 152) that ///. Linnarssonz HOLM and some other
species seem to form a quite natural and well defined group and sug-
gests that this ought to be separated from ///@nus (s. str.) and regarded
as a third subgenus, for which he in that case proposes the name of
Stenopareia. This suggestion has not been taken up by other writers,

1 One of these, //i@nopsis SALT., SALTER himself considered as »probably a distinct
genus», and, as already pointed out by Horm and other writers, it is evident that it does
not belong to the Illenida at all, but is an Asaphid.

7 —ome. Bull. of Geol. Vol. XVII.
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whereas Bumastus and 7Thaleops CONR. [the latter included in Zlenus
(s. str.) by HoLM] are generally regarded as distinct genera.

The latest attempt to classify the Illenide has been made by
RAYMOND (1916). After a careful investigation of the genera and sub-
genera proposed by earlier writers, be comes to the conclusion that in
addition to [llenus (s. str.), Bumastus, and Thaleops generic rank might
be assigned also to Dysplanus BURM., Octillenus SALT., Actinolobus
Eicuw., and //l@noides WELLER; further he erects the new genus Wos-
sekia RAYMOND.

The genera which are characterized by having a narrow axial lobe
and a cephalon and pygidium without concave border — viz. [lenus
(type, [/l crassicanda WLB.), Thaleops (type, Thal. ovata CONR.), Dys-
planus (type, 1l. centrotus DALM.). Wossekia (type, I/l Katzeri BARR.),
and Octillenus (type, 1/l Hisinger: BARR.) — are referred to the sub-
family //l@nine RAYMOND.

In his other subfamily, Bumastine RaYMOND, he includes Bumastus
(type, Bum. Barriensis MURCH ), Actinolobus (type, Ill. atavus EICHW.),
and /llenoides (type, /ll@noides trilobus WELLER) and defines this sub-
family as »Illenidee with (usually) concave border on one or both shields,
axial lobe generally wide, though sometimes narrow».

If all these genera should be retained, it seems as if Stenopareia
Horwm also ought to be accepted as a distinct genus and that, further, a
number of other new genera must be set up in order to include the species
which cannot be referred to this genus or to any of those proposed by
RAYMOND, at least not as he now defines them?.

His classification is designed partly to remove »the forms with a
more or less Isotelus-like pygidium» (the Bumastinz) »from the typical
Illl@enus group», partly »to separate the species with long more or less
flattened shields» (Dysplanus, Wossekia and Octillenus) »from the more
typical Illenids with short and abruptly deflected cephalon and pygidiumce
(lllenus, Thaleops).

His division into subfamilies of a family in which all the species appa-
rently are so closely allied to each other seems rather unnecessary,
not to say unwarranted. Moreover it seems rather doubtful if the pre-
sence or absence of a concave border on the pygidium is really a cha-
racter of especially great classificatory value (if the purpose is to make a
natural classification).

Actinolobus, in which genus RAYMOND includes //.. Mascke: HOLM,
as well as [/l afavus, hardly appears to be more closely related to
Bumastus and Illenoides than to the other Illenidee. HoOLM (1886, pp. 22,
142) considers [/l Masckei as a transition form between /llenus (s. lat.)

1 It ought to be mentioned, however, that RAYMonD himself points out that the
genera which he recognizes, »are based primarily upon the more conspicuous peculiari-
ties of the type-species of each» and that »it is still too early to make any natural clas-
sification».
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and Bronteus, and it is undeniable that in many characters it resembles
the latter genus and that its existence confirms the presumption that the
Illzzenidee and the Bronteide are closely allied.! The pygidium of 7Z.
atavus is also of a more or less Bronteus-like type and very unlike that
of Bumastus, although it has a concave border.

In 7/, angustifrons HoLM (HoLM, 1886, p. 130, Pl VIII, figs. 14—
22, Pl IX, figs. 1—3) there seem to be traces of a concave border on
the pygidium, and in the probably closely allied new species 7/ Dale-
carlicus (See below, Pl. I, fig. 30, PL. I figs. 10—13) this feature is quite
distinct, though the border is rather narrow. It is true that the cepha-
lon of both these species resembles rather closely that of Bumastus
nudus ANG. (See below, Pl II, fig. 1) and also to a certain extent that
of 7/l. Masckei (Cf. HOLM, 1886, p. 134), but in other characters they are
so very unlike both these and other species referred to Bumastus and
Actinolobus that it seems very improbable that the points of resemblance
are due to any particularly close relationship. Anyhow the species in
question cannot be referred either to Bumastus or to Actinolodus.

On the larger pygidia of 7//. oblongatus ANG. var. excellens HOLM
(HoLm, 1886, p. 120, Pl VIII, figs. 1—3) too there is a narrow con-
cave border, which gradually disappears anteriorly, while no such border
is found on the smaller pygidia of this variety or on any of the pygidia
of the other varieties of this species, but it is indicated on the larger
ones of the apparently closely allied new species //.. Wimani (See below
p. 106 and PL I, figs. 23). As far as I am able to judge, these species,
at any rate, seem to be more closely allied to the typical Illeenids than
to Bwmastus or to any of the other genera which RAYMOND refers to
the Bumastinz.

As to RAYMOND’s second discrimination, it is rather questionable
whether the form and convexity of the cephalon and pygidium is a good
basis for classification, when dealing with a group in which these charac-
ters vary so much in evidently very closely related species, sometimes
even within the same species. RAYMOND seems to base his reasoning
on the supposition that all forms which have a strongly convex cephalon
also have the pygidium strongly convex, which is by no means always
the case, just as little as the short and wide shields are always more
abruptly deflected than the more elongated ones.

I do not mean to say that the genera proposed by RAYMOND might
not be acceptable;? only as it now stands his classification is of rather

! HoLm regards the Bronteide as probable descendants of the Illenidae, but I
agree with RAYMOND (1916, p. 11), who also emphasizes the near relationship between
the two families, that it seems highly improbable that either of them should have been
derived from the other (Cf. p. 72 above).

2 I am not so sure, however, of the value of his genus Wossekia. RaymoND (op.
cit. p. 12) himself points out that the type species, 7/.. Katzer?, differs chiefly from other
Illeenids in its eyes, which are small and situated far forward. He regards it as a pro-
bably degenerate form, and it seems doubtful whether the circumstance that the eyes have
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little practical value, as it makes it necessary to erect new genera. Some
at least of his also need redefinition so that species which are very closely
related should not be separated.

Of the species which are found in the Leptena Limestone only /7//.
gigas HOLM and possibly the new species /. Wiman: fit into [ll@nus as
restricted by RAYMOND. J//. parvul/us HoLM does not really answer the
definition of the genus, but RAYMOND himself apparently thinks it
referable to it (Cf. op. cit. p. 8). 7/.. Roemeri HOLM and 7//. fallax HOLM
do not fulfil the conditions of having a very convex pygidium with a high
axis, but cannot be referred to any of the other genera proposed either,
and as far as I can see they ought probably to be kept in Zl/@nus. 1//.
Linnarssons HoLM, 7/l. avus HOLM, and the new species ///. oviformis be-
long to Stenopareia, if this genus is accepted. DBumastus nudus ANG.
is evidently a Bumastus. 1ll. Dalecarlicus should, according to RAYMOND’s
definition of the subfamilies, also belong to the Bumastine, though it does
not fit into any of his genera. It is highly probable that it will prove
suitable to refer it and //. angustifrons and possibly some other species
to a separate genus. On the other hand 7/. angustifrons especially re-
sembles in so many characters other species which seem to be referable
to [llenus (s. str.) that I do not like to make such a proposition. To
get a true idea how far a subdivision of the family is really justified
would require a very careful investigation of most of the known species,
a thing I have not had the opportunity to do. As the matter now stands
I have thought it best not to introduce any new genera or subgenera but
to refer all the species which I have to deal with to the old genera 7/
lenus and Bumastus, although I have found it appropriate to draw atten-
tion to HOLM's name Stenopareia, since RAYMOND has not referred to
it nor to the group of species for which it was proposed.

Genus Illeenus DALMAN.

Distinguishing characters of the species.

I. Thoracic segments 10 (or their number not known but probably
10). Palpebral lobes (and eyes) large or rather large 2}

Thoracic segments 9. Eyes small. Palpebral lobes very small 6.

become reduced (and as a result of this their position altered) is reason enough to refer
it to a separate genus. As is well known, there are several other Illenids in which the
eyes have become reduced, and all of these do not seem to be more closely allied to
Ill. Katzeri or to each other than to other species of the family. Anyhow, it seems
more reasonable to place them together with other forms which they resemble in other
characters than to refer them to separate genera. If one does not take the reduction
and the removal of the eyes into consideration it is evidently as justifiable to refer 77/,
Katzeri to lllenus as to include ///. advena BARR. in this genus, as RAYMOND (op. cit.
p. 12) does, since the convexity of the cephalon is about the same in the two species
and the pygidium of the latter is flatter than that of the former.
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Number of thoracic segments not known, probably 8. Palpebral

lobes and eyes rather large 1/l ¢f parvulus HOLM.
2. Pygidium strongly convex. Doublure of pygidium increasing
considerably in width posteriorly 3.

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

3. Axial furrows on cranidium only extending about one fourth the
length of latter. Posterior branch of facial suture meeting posterior mar-
gin of cephalon at very acute angle. Distance between fulcrum and axis
of pygidium more than one third the width of latter 7/ gigas HoLM.

Axial furrows extending about half the length of cranidium. Pos-
terior branch of facial suture meeting posterior margin of cephalon at
nearly right angle. Distance between fulcrum and axis of pygidium
about one fourth the width of latter 1ll. Wimani n. sp.

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

border 5.
Axial furrows extending about two thirds the length of cranidium.
Pygidium flattened with concave border 1ll. Dalecarlicus n. sp.

5. Axial furrows extending at least one third the length of crani-
dium. Free cheeks longer than wide. Pygidium very slightly convex
with flattened doublure 1ll. fallaxr HoLM.

Axial furrows extending less than one third the length of cranidium.
Free cheeks sub-quadrangular. Pygidium moderately convex with convex
doublure 1ll. Roemeri VOLB.

6. Width of glabella between the eyes at least half that of crani-
dium. Different portions of posterior branch of facial suture meeting at
an angle of at least 150°. Doublure of pygidium narrow, but forming a
long forwards directed, sharply pointed projection in the middle line;
inner portion convex, directed nearly straight downwards; outer portion
bent outwards 7.

Width of glabella between the eyes less than half that of cranidium,
Different portions of posterior branch of facial suture meeting at