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INTRODUCTION.
Fish remains from the Trias of Spitzbergen were described for the first time in

1873

by Hulke among the material collected by

A. E.

Nordenskiold during the expeditions

of 1864 and 1868.
In 1896 a few Triassic fish remains and a Labyrinthodont skull (Aphaneramma rostratum
A. S. Woodward) were found by Gregory and Garwood (Woodward 1912, p. 292) in the
Sassen Valley, and in

1898 fragments of fishes were discovered by Nathorst in the

Trias at Bell Sound (Bohm 1912, p. 12).
In 1908 Wiman found a horizon which, owing to the common occurrence of fishes,
has been called by him the fish horizon (Wiman 1910, p. 126;

1914b, p. i)1) and from

this horizon a collection was brought to Upsala both that year and the following- one,
when a small expedition was sent out by Wiman under the leadership of Bertil Hogbom
(Wiman 1910, p. 124). As this expedition was mainly devoted to the collecting of Saurians
the fish material collected was, however, rather limited. The fish material both of 1896
and of the Swedish expeditions in

1908 and 1909 was described by Woodward in a

paper published in 1912.
During the summers of 1910 and 1911 too B. Hogbom had the opportunity to make
collections of Triassic vertebrates, though his time was mostly occupied by practical
work in the

coal fields. From the summer of 1910 there are in addition

a few fish

remains from the Trias, discovered by Dr. J. Oppenheimer and Professor Dr. W. Salomon
during the excursions of the XIth Geological Congress (cf. Stolley vigi 1, p. 115).
The material on which this monograph

has

been

based

was,

however,

mainly

brought together by the small expeditions, which on the initiative of Professor Wiman
were sent out from Upsala in the summers of 1912,

igi3, 1915, 1916 and 1917 (Wiman

1914b, pp. 1—3; 1916b, pp. 209—210; 1917, p. 229; Stensio 1918a, pp. 65 — 66^. Further¬
more a smaller collection was made in 1918, and finally in 1820 a few specimens were
purchased.
In 1917 Hoel and Rovig discovered a bone-bed with Triassic fish remains at the
north-east corner of Horn Sound; the material from this locality was kindly sent over
to me for investigation by Professor Kiaer in Kristiania (Stensio, 1918 b, p. 75).
For the acquisition of the material not only of fishes but also of Labyrinthodonts
Saurians and plants from the Triassic deposits in Spitzbergen we are in the first place
indebted to Professor C. Wiman at Upsala. He is not only the initiator of all the ex¬
peditions that have started from Upsala from the year 1909, but he has to a very great
extent made

these expeditions possible by his personal experience and by procuring

x) This horizon in fact coincides, as later investigations show, with the Posidonomya horizon.
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money for them. He even delivered a special series of lectures on the geology and
natural conditions of Spitzbergen and on the equipment of Arctic expeditions so as to
prepare the members of the expeditions in the most careful way for their tasks.
I

am personally very greatly indebted to Professor Wiman,

in the first place for

the great confidence he has shown in me by entrusting to me the leadership of the
Spitzbergen expeditions from the year 1912, and for his very obliging action in handing
over to me the investigation of the large material of fishes. For all the kindness I have
experienced during my work and for all the stimulus that I have received from him
I must also tender him my most hearty thanks, but I feel especially grateful to him
for his close personal friendship and support during the years I have had the pleasure
and privilege of being his pupil.
I am also greatly indepted to the friends and colleagues who accomparied me on
the expeditions to Spitzbergen; several of them have not only been members of the
expeditions in the ordinary sense but have

at

the same time helped to

defray the

expenses connected with the expeditions. The following is a list of their names arranged
according to the expeditions in which they took part.
1912: Lieutenant Count Hugo B.M. Hamilton, Fil.Mag.FoLKESjosTRAND, Kand. TorSjunnesson.
1913: Docent Dr. Erik Asplund, Pharm. Kand. Axel Stensio.
1915: Docent Dr. Erik Asplund, Dr. Birger Sjostrom.
1916: Pharm. Kand. Axel Stensio.
1917: Kand. Adam Reuterskiold, Fil. Mag. and Theol. Kand. Sven Yden, Fil. Kand. Carl
Samuelsson.
To Professor A. G. Hogbom, who kindly allowed me the use of a room for my
work at the Geological Institute and who has always followed my work with interest I
wish to offer my most sincere thanks.
I obtained much help and good advice and information with regard to the expeditions
from Professor G. de Geer and Dr. Bertil Hogbom, of Stockholm, whom I should like
to thank most sincerely for their kindness.
Through my respected teacher, Professor A. Wiren, I obtained from the collections
of the Zoological Institute very valuable material of recent ganoids and both for this
and for the interest he has otherwise taken in my work it is my very pleasant duty to
tender him my very best thanks. A valuable collection of recent fishes for the purposse
of comparison was also obtained from Docent S. Bock, whom I have also to thank for
much good advice ad many interesting views. In this connection I should like also to
thank most respectfully Professor G. Holm, who in the most obliging manner put the
Spitzbergen Collections of the State Museum at my disposal.
During our expeditions I received much kind assistance from Mr. K. Bay, Director
of the «Store Norske Spitzbergen Kulkompani«, and Mr J. Bay, manager of the «King’s
Bay Kulkompani», and it is a great pleasure to offer them my most sincere thanks.

I

recived great support during the expeditions from Swedish quarters as well, in the first
place from the Isfjorden-Bellsund» Company and later in 1918 from the Aktiebolaget
Spetsbergens Svenska Kolfalt and I must express my gratitude for this support especially
to Director E. Kinander, Director B. Granholm, and B. Johnsson, engineer.
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I wish finally cordially to thank Dr. E. Wiren and Phil. Mag. L. Faxen for their
good cooperation

during the

Spitzbergen

expedition

of 1918.

I am also very much

obliged to Dr. Wiren and my brother Pharm. Kand. A. Stensio for a small collection
of Triassic fossils made during the summer of 1920.
During my work on the Triassic fishes it proved to be necessary to undertake a
closer study of the primitive fossil fishes in general and for this purpose I made special
journeys to the following museums and institutions.
British Museum of Natural History, London (1916); Museo Civico di Storia Naturali,
Milan (1916); Alte Akademie, Miinchen (1916, 1919); The Geological Institute of Tubingen
(1919); The Naturalienkabinett of Stuttgart (1919); The Geological Institute of Heidel¬
berg

(1919);

Naturkunde,
addition

The

Senckenberg

Berlin (1916,

Museum at Frankfurt am

1919);

The

Main

Geological Institute

I had the great advantage to

(1919);

Museum

of Greifswald

(1919).

fur
In

study the very fine collection of fishes from

Muschelkalk belonging to Redacteur H. Konig of Heidelberg.
During my investigations of these collections I have continually

experienced the

very great kindness and it is exceedingly pleasant duty for me to acknowledge here
my very deepest gratitude. This is especially great in the case of Dr. A. S. Woodward,
who in the most

obliging way made

it

possible

for me

to go through the unique

collections of the British Museum. I wish to thank him and Dr. F. A. Bather especially
for all the other kindness shown to me by them. It was through them that I had an
opportunity to become acquainted with a great deal of English scientific activity and I
also had an opportunity of discussing with them many questions outside the region of
pure science. Moreover, during my stay in London I had the gread privilege of being
a guest in Dr. Bather’s family and it is impossible for me adequately to express my
gratitude for all the kindness I experienced there. The period I spent with this family
remains as one of my brightest and most pleasant memories.
The originals of the text figures in this work — with a few exceptions (figs. .6,
11,

20)

for

which

Laurell, who
troublesome

I

have

to

thank

Dr. O. Zdansky

—

were

drawn by

Miss Aina

also took a great many of the photographs for the plates. For all this
work

I wish

to thank her

most

sincerely.

I have to thank my friend

Kand. A. Reuterskiold for much valuable help with the typewriting of the manuscript
and in proof reading.
The work has been translated by Mr. H. Alexander, Lecturer in English
University of Upsala, to whom my best thanks are also due.

at the

SOME REMARKS ON THE GEOLOGY OF THE
TRIASSIC OF SPITZBERGEN.
Historical.
In his work «Beitrage zur Geologie der Baren-Insel, Spitzbergens» etc. Nathorst
(pp. 350—36o) gave a summary of the literature published up to 1910 on the Trias of
Spitzbergen and at the same time communicated his own important observations. During
1910 and after this year papers dealing with the Triassic formations of Spitzbergen
were published by De Geer (1910), Wittenburg (1910, 1912), Stolley (1911), Bohm (1912),
Wiman (1914a, 1914b, 1916a, 1916b, 1917, 1920), Diener (1916) and myself (1918b).
Scarcely any detailed attempts to draw parallels between the Triassic of Spitzbergen
and that known in other regions were made before 1886, when Mojsisovics published
his large work «Arktische Triasfaunen», in which the ammonites especially are dealt
with.

Mojsisovics then came to the conclusion that the series of Spitzbergen Triassic

strata that consisted of black shales was equivalent to the Muschelkalk.

He also included

in this series the horizon with Posidonomya, but felt a little uncertain whether this horizon
could be older.

He confused the evertebrate-bearing horizons situated in the sandstone

series above the shaly series, partly because of the incorrect determination of Halobia
cf. neumayeri as H. zitelli by Lindstrom1) and partly because of the, incompleteness of
Nathorst’s information as to the localities

of the finds.

He first takes these upper

horizons to be of Karnic age (cf. Bohm, 1903, p. j3) and later on (1886, p. 152) of Noric.
With Bohm’s work, published in

igo3, on the Triassic fauna of Beeren Eiland a

fixed starting-point was also obtained for a more exact parallelization of certain of the
strata in the Triassic of Spitzbergen.
Beeren

For it appeared that in the Myophoria strata of

Eiland there occurred, inter alia, the forms known from the upper Triassic

series of Spitzbergen, Lingula polaris Lundgren, Pecten Obergi Lundgren and Lima spitsbergensis Lundgren.

The upper Triassic series of Spitzbergen ought thus, at least to

some extent, to correspond to the Myophoria strata of Beeren Eiland and, like them
to be of karnic age.

Later on Wittenburg (1910) was able to show in material collected

from East Spitzbergen that the number of common forms in the upper Trias of Spitz¬
bergen and Beeren Eiland is rather considerable.
*) Cf. Bohm, 1903, p. 73.
S ten si 6, Triassic Fishes from Spitzbergen.
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In

1904 and

1907 Smith took the Daonella and Posidonomya beds of Spitzbergen

to be homotaxous with the middle and lower Muschelkalk respectively.
In 1905 (p. 221) Noetling gave the following scheme for the horizons then known
from the Ice Fjord:
[ Noric stage

.

. Limestone with Halobia

1

cf.

neumayeri, Spiri-

ferina lundgreni and Pseudomonotis spitzbergensis.

Upper

Karnic stage.

. Limestone with Lingula polaris and Lima spitz¬

Ladinic stage

. Limestone with Halobia Zitelli.

bergensis.

Limestone with Daonella (D. lindstromi).
Middle Trias

Limestone with Posidonomya.

In 1910 (p. 126) Wiman published the following section measured in the Ice Fjord
district by B. Hogbom.

The lowest horizon in this section is denoted by o.

The other

figures indicate the height of the different horizons above this horizon.
Probably Jurassic.
Triassic.
Mainly yellow sandstones.
Bed of sandstone.504 m
Rhaetic? fauna of Bivalves.about

450 »

Bed of sandstone.345 »

Mainly black shales.
1315 »
Diabase.U
(3oo »
Ironstone...

220 »
(210 »

Daonella shales proper, with D. lindstromi (Upper saurian horizon)

.

Horizon with «aufgeklappter» Daonella..184 »
Fauna of Bivalves..

[170 >
{
_
U57 *

.'..

93 »

Fish horizon (Posidonomya shales).

o »

Lower saurian horizon .

The

names

upper

and

lower Saurian

horizon and fish horizon are chosen by

Wiman because of the abundant occurrence of Saurians and fishes respectively.

With

regard to the lower Saurian horizon Wiman says that even if stratigraphically it should
belong to the Posidonomya shale and thus be homotaxous with the lower Muschelkalk,
yet it cannot belong to the older part of this.

Wiman points out in the Posidonomya

shale the occurrence of a flat «Ceratites»-like ammonite, which, as we shall see, is of
considerable interest from a stratigraphical point of view.
Nathorst in his account of 1910 (pp. 350—36o) follows Mojsisovics with regard to
the age of the different horizons.

He considers, however, that he lias found that a
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plant-bearing horizon, discovered in
was of Rhaetic age.

1909 in the upper , series above the black shales,

In addition he points out the incorrectness of Mojsisovics’s statement

that the fossils from series of black shales as a rule are derived from limestone, and
finally he also quotes the preliminary results at which Bohm had arrived in his investiga¬
tions of the evertebrate material from Bell Sound.
Upper

Trias:

with Pseudomonotis

spitzbergensis

Bohm had then distinguished:
Bohm,

Aviculopecten

mriiani

Bohm,

Avicula cfr. sola Oberg, Pseudomonotis ochotica Kays.
Middle Trias:

»

Halobia

de geeri Bohm, Lingula lindstromi Bohm,

Monotis albertii

Goldf. sp. var.
Lower

Trias:

»

Meekoceras (Gyronites) nathorsti Bohm,

Posidonomya sp. and Lin¬

gula sp.
In 1911 Stolley, who the previous year had had the oppertunity of taking- part in
the excursion of the Eleventh International Geological Congress to Spitzbergen, published
an important paper on the Trias strata at Middelhook in the Ice Fjord.

He came to

the conclusion that the fauna described from the Posidonomya shale was not a unit, but
that it came from two different horizons.

Thus, according to his observations, Ceratites

costatus Oberg belongs to a horizon above the Posidonomya shale, and in his opinion the
same is true of C. vega Oberg and C. lindstromi Mojsisovics.

The

Posidonomya

shale

proper is characterized, he says, especially by the smooth Arctoceras species, Meekoceras
(Gyronites) aplanatum

White and a form resembling Prionolobus waageni Hyatt et Smith,

i. e. species that support the view that in this case we are most probably concerned
with deposists of lower Triassic age.
In connection with this he emphasizes the view that the Posidonomya bed did not
represent

the bottom of the

however, that no

details

Triassic

deposits in

the Ice

Fjord

district,

but added,

could be established with regard to the boundary between

the Permian and the Triassic. He also

mentions that Prof. W. Salomon found in the

upper part of the «Permian» a bone-bed,

which, as we shall see below,

is of no little

interest from a stratigraphical point of view.
In a horizon situated somewhat above the Daonella beds he was able to ascertain the
occurrence of some Nathorstites species, including, among others, probably N. lenticularis
Bohm.

This, he holds,

makes it possible to conclude (p. 120)

«dafl das Narthorstiten-

Niveau am Middlehook Spitzbergens dem Schieferniveau mit N. lenticularis J.. Bohm am
Urdberg der Bareninsel entspricht und dal3 der fossilreiche sandige Myophorien-Horizont
nur den oberen, auch am Kap Thordsen vorwiegend sandigen, aber fossilarmeren Schichten,
mit denen er Lingula polaris, Lima spitzbergensis und Pecten Oebergi gemeinsam hat, zu
parallelisierenist.» And at another place (pp. 117—118) he adds: «Die Vermutung Nathorst’s,
dafi die untersten 140 m dunkler fossilleerer Schiefer am Urdberg usw. der Bareninsel ihren
Platz zwischen den Daonellen-Schichten und dem Lingula-Sand stein Spitzbergens haben
mochten, kann also nicht zutreffen; vielmehr miissen erstere den tieferen Triasschichten
vom Kap Thordsen entsprechen und konnen nicht obertriadischen, sondern nur mittel-

J) This is apparently the flat «Ceratites» form mentioned bv Wiman (1910, p. 127).
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triadischen und vielleicht z. T. auch noch untertriadischen Alters sein.

Es scheint mir

noch keineswegs wahrscheinlich, dal3 der Bareninsel die untere Trias vollig fehlen sollte;
mindestens miissen aber Aquivalente der Mitteltrias in dem unteren machtigen Schichtenkomplex enthalten sein. Auch kann ich in dem Komplex des Myophorien-Sandsteins und
des 44 m fossilfuhrenden Schiefers unter ihm, deren Fossilfauna von J. Bohm beschrieben
worden ist, keinen faunistisch und stratigraphisch einheitlichen Horizont sehen, sondern
halte ihn fur das Aquivalent aller oberen Horizonte der Spitzbergener Trias.»
Stolley’s views on the whole with regard to the different divisions of the Triassic
of Ice Fjord can be summarized as follows:

Upper

Trias {Carnic staf;e'

'

Horizon with Lingula polaris etc.
»

[ Ladinic stage

»

Nathorstites etc.

. Daonella beds.
Fauna of Bivalves.
Lower saurian horizon.

Middle Trias <

Horizon

with

Ceratites costatus and possibly

also C. vega and C. lindstromi.
Posidonomya horizon
Lower

characterized especially

by Gyronites aplanatum and weakly sculptured

Trias j

Ceratites species.
In

1912 appeared a paper by Wittenburg in which «Werfener Schichten» were

shown to exist on the Axel Island. The same year Bohm also published his investigations
on the Triassic evertebrates from Bell Sound;

his paper does not,

however,

contain

anything new of importance beyond his preliminary communication to Nathorst in 1910.
In

1914 Wiman

(1914a,

pp. 17— 22), in

Carboniferous Brachiopods of Spitzbergens,

connection

with

the description of the

dealt with the series of strata up till then

taken to be Permian. After a detailed examination of the fauna in this series of strata
he comes to the

conclusion that the

question of the age must

still in the main

be

considered an open one. He considers, however, that we most probably ought to look
upon a part of the series of strata above the Hustedia limestone as lower Triassic.

In

a paper on the Stegocephalians from the Triassic of Spitzbergen published the same
year Wiman gives (1914 b, pp. 3—9) a number of newer stratigraphical observations and
makes important contributions to our knowledge of the fish horizon (Posidonomya bed)
and he

also mentions a new

Mt Lundbohm.

vertebrate-bearing horizon in the uppermost Triassic at

Two year later (1916 b) Wiman still continues to uphold his view of

1910 as to the upper and middle Triassic.

With regard to the lower Triassic he holds

the same view as in 1914. In 1917 Wiman published some fresh additional stratigraphical
observations.
In 1916 Diener in a rather long treatise dealt, among- other things, with the Trias
of Spitzbergen. He criticises (pp. 413—414} the view put forward by Stolley as to the
age of the Daonella beds and follows Mojsisovics with regard to them.
he adopts Stolley’s view as to Posidonomya strata.

On the other hand

His views as to the conditions of

age of the different strata may as a whole be summarized in the following table:

XIII

TRIASSIC FISHES FROM SPITZBERGEN
Rhaetic stage ....

Horizon with plant fossils.

Noric

»

....

Horizon with Pseudomonotis spitzbergensis, Halobia cf. neu-

Karnic

»

....

Horizon with Lingula polaris, Halobia zitteli etc., Nathor-

Anisic

»

....

Daonella beds.

mayeri, Spiriferina lundgreni etc.

stites etc.

(Muschelkalk)

Fauna of Bivalves.
Lower Saurian horizon.
Horizon with Arctoceras costatum.

Skytic stage

....

Posidonomya beds.

I have myself mentioned (Stensio, 1918b, p. 75) the occurrence

of Triassic fishes

in the bone-bed found by Salomon in 1910 (Stolley 1911, p. 115), which, as has already
been pointed out, was formerly considered to belong to the Permian. Wiman’s assumption
that at least certain of the strata between the Hustedia limestone and the fish horizon
in the Ice Fjord region

belonged to the Triassic has thus been shown to be correct.

With regard to the fish fauna in the fish horizon I pointed out on the same occasion
that on the whole its composition was of such a nature as rather to suggest lower
Triassic age.
When in

1910

Nathorst published

his

«Beitrage zur

Geologie

der Baren-Insel,

Spitzbergens» etc. Triassic strata were known in the following regions in Spitzbergen.
A) Ice Fjord region, comprising the south side and the inner end of Sassen Valley
and the south side of Sassen Bay, the south part of Dickson Land, the field west of
Ekman Bay between Cape Svea and Sefstroms glacier, a sweep of raised strata on the
west side of the Ice Fjord extending down towards Bell Sound.1)
B) Bell Sound region.

A sweep of raised strata

on the north

side of Van Mijens

Bay, on the Mitterhuk and the south side of Van Keulen Bay at Reindeer Point and
Cape Ahlstrand.
C) Stor Fjord region comprising Stans Foreland (Edge Island), Barents Lands, the
stretch of coast on the north side of the inner end of the Stor Fjord and on the peninsula
between this end and the south part of the Hinlopen Strait.

D)

North East Land region

comprising

a part

of the south-east

corner of North

East Land at the southern end of Hinlopen Strait.
On the basis

of material

collected

by Hoel and Rovig during the Norwegian

expedition to Spitzbergen in 1917 I recorded in

1918 (Stensio, 1918b, pp. 75—77) the

•occurrence of Triassic strata in the north-eastern
cases it seems

corner of Horn Sound,

and in this

evident that we have here a continuation of the Trias sweep at Bell

Sound.
Finally with regard to the relation between the Triassic series of Spitzbergen and
other occurrences

of Triassic I shall

only give

a very brief account.

Mojsisovics (1886, pp. 147—153) grouped the Trias formations
I) The geological map published by G. IDE Geer in
■concerning this region.

As we know,

of Spitzbergen together

1910 is important for our knowledge of details
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with those at Olenek and Verchojansk and the circumpacific ones, into a great ArcticPazific faunistic province. Later on (p. 154) when he enters on the question of the relations
between this province nda the one he calls the Mediterranean he makes the following
statements:
«In
einige

den

norischen Ablagerungen

wenige arktische Typen

arktischen Typen

derivirte

umgekehrt konstatieren,

(aus

und

von

konnten

wir

einige mediterrane Gattungen zur norischen Zeit in

die

Gattungen

da(3

der mediterranen Triasprovinz finden sich nur
der Gruppe
(ein Teil

pazifischen Gewasser eingedrungen waren.

der Dinarites spiniplicati)

der Arpaditen). . Auch

Es haben also jedenfalls zeitweise Verbin-

dungen zwischen ben beiden Territorien bestanden, welche Wanderungen der pelagischen
Tiere gestatteten. Es ist aber bezeichnend fur den Zeitpunkt des Bestandes dieser Verbindungen, daft nur Gattungen und Typen der unteren Abteilungen (der Olenekschichten
und des unteren Muschelkalks)

die

Verbindung dei

mediterranen

und

der arktisch-

pazifischen Trias anzeigen.*
In 1904 Smith (pp. 331—333, 365—36y) came to the conclusion that the Triassic strata
in Idaho, California and British Columbia did not belong to the Arctic-Pacific Triassic
province as Mojsisovics had maintained, and he is also doubtful whether this province other¬
wise formed a faunistic unit. He groups the Triassic strata in Idaho, California and British
Columbia into a province by themselves and with regard to this he states that its fauna
showed an admixture both of Mediterranean-Oriental and Arctic elements. According to
his

opinion

there

existed

communications in lower and middle Triassic between the

region he calls Oriental on the one hand and the Arctic-Pacific on the other.
Noetling (1905, pp. 206—208) lays great stress on the faunistic differences between
the Triassic series of Spitzbergen and those of North Siberia and comes to the conclusion
that they must belong to different faunistic provinces,

a view that was contested later

on by Diener (1916).
Wimans description of the Triassic Ichthyosaurians of Spitzbergen in 1910 clearly
showed that the Saurians are also of considerable interest from a faunistic and stratigraphical point of view and as early as 1911 Merriam published a paper on this subject,
in which he arrives at the following conclusion (p. 327): «On the whole, such evidence
as is available suggests that the saurian fauna of the Spitzbergen Triassic is not far
removed in time from the Cymbospondylus fauna of the Middle Triassic of Nevada, and
that it is also near the age of the Mixosaums fauna of the Besano Beds of Italy. It may
also

be assumed that at the period in which these faunas flourished there

was free

communication between the sea areas of the Spitzbergen, Nevada, and north Italian regions.»
In 1916 the same subject was dealt with in detail by Wiman (1916 a, pp. 71 — 72)
who also points out the difference between the Saurian fauna in the Triassic of Spitz¬
bergen and that known in other Triassic regions. In the chapter below on the composi¬
tion and the stratigraphical distribution of the vertebrate fauna I shall have a further
opportunity to discuss the views put forward by Merriam and Wiman with regard to the
vertebrate fauna.
Finally in 1916 Diener (1916, pp. 412—424) grouped the circumpolar Triassic for¬
mations — including those in Alaska and British Columbia — into a «Boreales Reich»,
and he says that the fauna in this indicates the existence of a communication of the
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Arctic ocean with that of the Pacific region over Bering Strait and the east of Asia.
He is of the opinion that this communication was developed already in the Skytic time.
While during the Anisic time this would have been the only communication even
for

a region

situated

as far to the west as Spitzbergen,

with

regard to the Skytic

time, on the other hand, he comes to the conclusion that, to judg-e from the conditions in
Spitzbergen, ad least a second one was then in existence, namely with the ocean of the
Mediterranean region. He writes as follows about this (pp. 514—515): «Die Entwicklung
der Untertrias auf der Axelinsel (Spitzbergen) stimmt vollstandig iiberein mit der Werfener
Entwicklung im Mediterrangebiet, die ihren ostlichsten Vorposten bis in das Quellgebiet
des Jenissei am Zusammenflufl der Teplaja und des Uss aussendet. Es ist nicht ausgeschlossen, dafl jenes Meer, das wahrend eines so langen Zeitraumes der Anthrakolithischen
Periode

das

zentrale Gfirtelmeer Eurasiens fiber Nowaja Semlja mit

dem Arktischen

Meere verband, selbst wahrend der skythischen Epoche noch nicht vollstandig trocken
gelegt war.
Oberjura,

Ein schmaler Mceresarm

am Ostabhang

an der Perm- und Triasperiode

des Urals mag,

ahnlich

wie im

den Angarakontinent von Fenoskandia zeit-

weilig getrennt haben. Zur Zeit der anisischen Stufe war eine solche Meeresverbindung
zwischen Russisch-Turkestan, beziehungsweise dem Gouvernement Jenisseislc, und dem
Polarmeer

durch

die

Obi-Niederung,

wofern

sie

wahrend

der

skythischen

Epoche

fiberhaupt bestanden haben sollte, jedenfalls erloschen.»
During the Skytic time he does not consider it impossible either that there was
a second communication between the ocean of the Arctic and Mediterranean regions
much farther to the west (p. 535).
mit der alpinen so

«Ein solcher Zusammenhang wfirde», he says,

«die

aufierordentlich nahe fibereinstimmende Entwicklung der Werfener

Schichten auf der Axel-Insel (Spitzbergen) erklaren». He considers, however, that this
communication ceased during the Anisic time.

Stratigraphical observations made by the author.
My own work on the Triassic formation was devoted chiefly to collecting vertebrates
from the fish horizon, and it was therefore on the whole only more or less in exceptional
cases that I had opportunities for stratigraphical studies. Consequently the account given
below makes no claim at all to completeness.
General remarks. — All the Triassic localities investigated by me belong to the
Ice Fjord district and are as follows:

The tract of land on the west side of Ekman

Bay between Cape Svea and Sefstrom’s Glacier, Dickson Land, the south coast of the
Sassen Bay, and the land surrounding the Sassen Valley. The position of these places
is shown by the sketch map in fig. a, which also contains the names of the most important
localities of the finds. These are as follows, enumerated from west to east:.
Mt Bertil, Mt Lundbohm, Cape Svea (the cuttings of the streamlets on the tundra)
Mt Congress, Mt Tschermak, Mt Sture, Mt Saurie, Mt Rotunda (with student Valley),
Corrie Down (the mountain between De Geer Valley and Flower Valley)*), Mt Marmier,
'*) The name of this mountain was introduced into the literature already by Conway in 1897 but, curiously
enough, it has not been accepted by de Geer, who leaves the mountain unnamed both on the map of 1910 and
•that of 1912. In many other cases too de Geer has omitted several names introduced by Conway.
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Mt Viking (Mt Hamilton Wiman 1914) *), Mt Sticky Keep, Mt Trident, Mt Milne Edwards,
Mt Andersson (Wiman 1914b)* 2), Mt Wallenberg.
The Trias strata are on the whole all undisturbed in the localities mentioned above.
Important disturbances have occurred only west of Mt Bertil and Mt Lundbohm, where
the strata are a little affected by folding,

in Flower Valley,

where a large fault

has

taken place in the direction from north to south, and finally east of Mt Andersson on
the north side of Rabot’s Glacier,

where a rather large fault from north to south can

also be observed. 3) The fault in Flower Valley has a certain interest as it presumably
forms the

direct

continuation

southward

of the one that has

affected the southwest

corner of Biinsow Land and the west coast of Billen Bay (Stensio 1918a,

pp. 79—80;

cf. also the map text fig. a in the present work). A number of smaller faults are found
at the north-east corner of Mt Bertil and Mt Milne Edwards.
West of Ekman Bey the complex of strata has on the whole a slight dip towards
the south-west.

At Dickson Land this

still weaker, and this is also the

case

dip. is practically in the same direction,
along the south

but is

side of Sassen Bay until one

arrives at the fault line in the Flower Valley. On the eastern side of this line the dip
has on the whole a southerly direction with a certain tendency to the south-east as far
as about to the valley between Mt Trident and Mt Milne Edwards, where it turns and
becomes slightly south-westerly once more.
The lower Triassic series. — As I have already pointed out in 1918 (1918b,
pp. 75—76), a part of the sandstones below the black shales must now also be ascribed
to the Triassic. This lowest Triassic series is,

however, little exposed and is therefore

still only slightly known. So far I have found in most accessible in Dickson Land.
On the steep shore there about half-way between Mt Congress and Mt Tschermak
about

1 m above

sea-level I fouud

a

calciferous

stratum of sandstone

with

Discina

spitzbergensis, a Lingula and a number of other poorly preserved evertebrate fossils, which
seems to show that we have here a horizon equivalent to the Hustedia limestone and
Pseudomonotis shales (cf. Nathorst 1910, p. 349).

Immediately above this horizon there

follows another consisting of shaly sandstone with
fishes.

remains,

probably

of Palaeoniscid

There then follows higher up still more shaly sandstone with beds of harder light

sandstones, sometimes with ripple marks. Concretions occur in certain of the lower strata
but do not seem to contain fossils. Bright coloured loose sandstones are found highest
up towards the fish horizon and the transition between th’em and the rock of the fish
horizon takes place gradually, the sandstones becoming darker (bituminous) and more
shaly upwards and beginning to contain concretions. Farthest downwards the concretions
have no fossils, but ammonites and especially Posidononiya soon begin to appear in them
in great quantities. The rocks which form the main part of the fish horizon and in which
the

concretions

are

embeded

consist as a rule

of rather sandy shales more

closely

resembling the underlying series of sandstone than the real black Triassic shales, from
') Called Mt Viking already in 1911 by Dubois and the name Mt Hamilton proposed by Wiman 1914,
(1914b, p. 4), is therefore not to be used.
2) The name Mt Andersson also seems inapplicable, as there seems to be a mountain with this name on
the east coast of Spitzbergen (cf. Wittenburg 1910, p. 33), although I have been unable to find it on any map.
3) This fault is probably the same as that discovered by the «Vorexpedition» to Spitzbergen of W. Filchner
in 1910 (Philipp, 1914, pp. 15—17).
Stensio, Triassic Fishes from Spitzbergen.
c
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which they are in the field bounded in a strikingly sharp manner.

The vertical height

from the Hustedia limestone to the upper boundary of the fish horizon at the

locality

in question is, according to barometric measurements, about 90 m. It was not possible
to find any bone-bed corresponding to the one discovered by Salomon in 1910 (Stolley
19nl not far from this place.

The fish horizon,

which

seems to

coincide with the

Posidonomya shales, probably has an approximate thickness of about 15 m or more.
The series of strata between the Hustedia limestone and the fish horizon seems to
show a development that is similar on the whole in all the Ice Fjord region to that
just described in Dickson Land.

Detached blocks from a bone-bed with Triassic fishes

were found by Dr. E.Wiren and Pharm. Cand. A. Stensio during the summer of 1920 on the
east side of Mt Bertil and the character
of the blocks shows
that

the

bone-bed

must have been situa¬
ted somewhat beneath
the fish horizon in the
bright sandstones.
The fish horizon is
very "well characteri¬
zed by its abundant
fauna

of both ever-

tebrates

and

verte¬

brates. It seems to be
thickest and most rich
in fossils in the moun¬
tains

of the

Sassen

Valley district.
Text fig. b. Part of Mt Bertil from Ekman Bay. Photo A. StensiS, 1920.
Upper Carboniferous in the steep shore. Then a slope, covered with vegetation and consisting
of Permo-Carboniferous strata, after which comes the so-called Permian-and the lower Triassic
(the lightest part forming the base of the real mountain-cliff). The lowest line denotes the' upper
boundary of the.fish horizon. The other two the approximate position of the lower and upper
Saurian horizon respectively. N. B. shaly bed above the fish horizon. •

It is

thinnest and least rich
in fossils atMt Bertil.
It also contains very
sparsely with fossils

and is probably rather unimportant at Mt Hogskolan and the most northerly parts of
the field at Dickson Land.

It is on the whole rather sandy,

as on the west side of

Dickson Land, but in spots, as on the south side of Sassen Bay, it may have a more
purely shaly character.

Sometimes, as on the east side of Mt Marmier, a couple of rather

thin bone-beds are found in it.
Its upper boundary is everywhere sharply marked by a black shaly cliff, which
is also very well seen in the togography (see text figs, b, c, in which the upper boundary
of the fish horizon is marked).
Like the underlying sandstones the fish horizon is seldom exposed or accessible
in a firm cleft. It is therefore only possible as a rule to collect loose weathered con¬
cretions,

split off by frost and mostly scattered about after sliding down the rather

steep slopes. The finds are consequently almost always

fragmentary. The appearance
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under normal conditions of the fish horizon itself is shown in text fig. c, where we can
see fragments of shale, limestone and croncretions on the slope.
The

occurrence and

state of preservation of the fossils from

this horizon were

described by Wiman in 1914 (1914 b, pp. 8—-10).
With regard to the evertebrate fauna of the same horizon I have little to say, as
the material of evertebrates brought home during the last few years has not been
investigated. It is noteworthy, however, that Gyronites aplanatum White is very common.
For the vertebrate fauna I may refer to my account in the next chapter.
Middle Triassic.series. — In this work I have like Stolley provisionally reckoned
the middle Triassic series from the upper boundary of the fish horizon,

a view which.

Text fig. c. Part of Mt Trident with Sticky Keep in the background. In the nearest foreground is the fish horizon,
bounded above by the shaly cliff. In the portions of the mountain farther back the upper boundary of the fish horizon
and the lower and upper Saurian horizons is marked.
as we shall see, is supported also to some extent by the vertebrates. In order to decide
with full certainty whether the boundary is to be drawn in this way we need, however,
a more detailed knowledge of the evertebrate fauna than we have at present.
In the middle Triassic series the rocks
bituminous shales that often
beds appear in the shales

consist mainly of black or more or less

easily split into thin laminae.

Here and there limestone

and these may contain phosphorite, especially up towards

the upper Saurian horizon. Below the lower Saurian horizon there also appear in certain
strata numerous large and rather flat concretions, often situated so close together that
they form real banks (Mt Congress, Mt Tschermak, Mt Bertil), some of which are often
rich in fossils.

The fossils are chiefly Ichthyosaurians, which are always, however, in

a bad condition because of frost weathering, so that scarcely anything but the vertebrae
S ten si 6, Triassic Fishes from Spitzbergen.
d
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can be identified.

Two

of these horizons

seem to te especially rich in fossils — one

situated 61 m, the other 82 m above the fish horizons at Mt Viking.
Of the real bone-beds known in the middle Triassic series one that is apparently
of a rather local nature is found at Mt Viking and Mt Marmier at a height of about
33 m above the fish horizon,1) while another,

which coincides approximately with the

lower boundary of the Saurian horizon, has been found with certainty from Sticky Keep
in the east to De Geer Valley in the west. Both these bone-bed are situated in a thin
stratum of sandstone.
The lower Saurian horizon seems to have been rich in fossils only at Dickson Land.
At Mt Bertil, Mt Lundbohm, Mt Viking, Sticky Keep and Mt Andersson I have not found
any vertebrates in the corresponding level.
A short distance, about 18—20 m beneath the upper Saurian horizon there follows,
at least at Mt Congress and Mt Bertil, at sratum with «aufgeklappter» Daonella.
The proper upper Saurian level consists of calciferous shales and beds of limestone.
At the top

is found a bed with

very

large concretions, not infrequently containing

Ichthyosaurians. The Ichthyosaurians occur most abundantly, however, in the calciferous
shales. Daonella and ammonites are, on

the other hand,

most frequent in the strata of

limestone and in the concretions. Only in more exceptional cases are they found in shale.
The horizon seems to be thickest in the mountains of the

Sassen Valley,

where

in

Mt Viking, for instance, it is about 14 m, while at Dickson Land and at Cape Svea
it is not 10 m.
Upper Triassic series. —- I had no opportunity of studying in any detail the
boundary between the upper and middle Triassic series.
Above the
ironstone
series.

upper

and these

Saurian level we soon

get very soft shales

with

nodules of

shales form an important part of the lower half of the upper

They alternate, however, with beds of sandstone, which become predominant

towards the top.

In the very uppermost part at Mt Bertil and Mt Lundbohm I found

a bed of green very soft shale.
The evertebrates
thoroughly

collected in the upper Triassic have not yet been investigated

and little can

therefore be said as to the horizons in which they appear.

They seem however, as Nathorst has stated to

be mainly restricted to two horizons.

The plant horizon already noticed by Nathorst is, as Wiman 1914 (1914b, p. 8)
mentioned, discovered at Mt Bertil, Mt Tschermak and Sticky Keep. In 1916 Dr. E. Lundstrom found a plant-bearing horizon in the upper Triassic at Mt Trident as well, but
it is uncertain whether this is the same horizon as the earlier known one.
As the south end of Mt Tschermak,

the only locality where I have been able to

measure it in profile, the plant horizon is situated at a height of about 134 m above the
upper Saurian level between the horizon with Lima spitsbergensis, Pecten Obergi, etc. and
the horizon with Spiriferina lundgreni, etc.
Some centimetres above the plant horizon2) we find a thin band of coal and other¬
wise the conditions are as follows:
q cf. foot-note on p. XXI.
2) The plant fossils have been sent to the Palaeobotanical department of the Royal State Museum at Stock¬
holm for investigation but have not yet been described.
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Sandstone.
Soft sandstone..

ucm

Yellow clay.

2

»

Coal.

5

»

Yellow clay.

2

»

Grayish clay.15

»

Horizon with plants (in sandstone).25

»

Sandstone.
In the uppermost part of the upper Triassic series two bone-beds are known, one
of which is found at Mt Bertil and Mt Lundbohm at a height of 350 m above the fish
horizon, the other only at Mt Bertil about 263 m above the
of them was

mentioned by Wiman in

1914 in

fish horizon.

The former

connection with his description of the

Stegocephalians (1914 b, p. 8)
Profiles. — I publish here some of the profiles that have been measured during
the

expeditions

of recent

years, but

must

preface

them

with

the

remark that the

statements as to the thicknesses cannot lay claim to any very great degree of accuracy,
as all the measurements are made with ordinary aneroid barometers.

Mt Viking.
Upper

Triassic

Sandstone and shaly sandstone with ironstone .

.

66

Upper Saurian horizon.

14

Black shale.151
Sandstone with bone-bed.

Middle Triassic

Black shale.
Sandstone with bone-bed.
Black shale.

Lower

Upper

Triassic

Triassic

J Fish horizon (.Posidonomya bed)

I

I

.

o-c
48
o-c
33
15;

Soft sandstone.
Corrie Down.

j Bed with Pecten Obergi, etc.

?

| Sandstone and shales with ironstone.100
Upper Saurian horizon.

14

Black shale with phosphorite and a fauna of Bivalves

63

Black shale.
Bone-bed in sandy shale.
Black shale.
Lower

Triassic

J Fish horizon (Posidonomya bed).
I.• .

l) By a mistake on my part this bone bed has been given by Wiman, 1918 (p. 81)
18 m above the fish horizon.

.

.

5°
0-02
50
15?
?

being situated merely
d*
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Mt Tschermak.
Diabase

.....................

Sandstone

....................

?
23

m

11

»

Bed of calcareous sandstone with Brachiopods (pro¬
bably the horizon with Spiriferina lundgreni etc.
Horizon with plants

...

0*25 »

Bed of sandstone, partly calcareous and containing
Upper

Triassic

Pecten Obergi, Lima spitzbergensis, etc.

18

»

33

»

sandstone at the top ..............

66

»

Upper Saurian horizon..

?

Argillaceous

sandstone with

.....

interstratified beds

of harder sandstone and sometimes shales with
ironstone....................
Shales

Middle Triassic

with

ironstone

passing into argillaceous

Mt Congress.
Upper Saurian horizon.
Black shales with beds
' Middle Triassic

6

thin strata of phosphorite

...........145

Lower Saurian horizon..

5 ?

. Black shales with thin beds and nodules of limestone

Lower

Triassic
[

? Permian

»

of black limestone and

Fish horizon (Posidonomya bed)

.........

Soft

66

»
»
»

15

»

somewhat

shaly sandstone,

sometimes with ripple marks

.........

75

»

Hustedia and Pseudomonotis bed

..

?

....................

17

sandstone

and

Mt Bertil.
Sandstone

Green very soft shale and sandstone with bone-bed
Mainly sandstones.
Upper

Triassic

yg

Sandstone with Lingula polaris and bone-bed.
Sandstone

interstratified

with

shales

.

.

Black shales

with

beds of black limestone

Stratum with «aufgeklappter» Daonella

5?

.....

..

11
1 ?

Lower

Triassic

.........

Soft sandstone and somewhat shaly sandstone .

»
»
»

?

Black shales with thin beds and nodules of limestone
Fish horizon (Posidonomya bed)

»
»

and

Black shales ..113
Lower Saurian horizon.

»
»

o°o3 »

83

.............

thin strata of phosphorite ...........
Middle Triassic

»

containing

ironstone nodules.
Upper Saurian horizon.

3 ?

.

50
?
?

»

TRIASSIC FISHES . FROM SPITZBERGEN

XXIII

Composition, stratigraphical distribution and relations of the
vertebrate fauna.
Altogether,

including the fishes,

no less than 60 species of vertebrates are now

known from the Triassic of Spitzbergen. The species are as follows:

Reptiles.
Phalarodon nordenskioldii (Hulke)
Pessosaurus polaris (Hulke)
Pessopteryx nisseri Wiman
Ichthyosauria1)2).

.

.

»

arctica Wiman

»

pinguis Wiman

»

minor Wiman

Ichthyosaurus sp.
Sauropterygia3)

.

.

.

A vertebra of a Plesiosaurian.

Parasucliia 4).

A Belodon-like vertebra.

Incertae- sedis5)

Omphalosaurus.

.

.

.

Amphibia.
Lyrocephalus euri Wiman
Loncliorhynchus obergi Wiman
*

SP-

Aphaneramma rostratum A. S. Woodward
Platystega depressa Wiman
Stereospondyli6)

.

,

Tertrema acuta Wiman

.

Capitosaurus polaris Wiman
Cyclotosaurus? spitzbergensis Wiman
Peltostega erici Wiman
A number of remains of indeterminable
species.

Pisces.
j

Family Cestracionidae.

jHybodus rapax n. sp.

*)
2)
3)
*)
5)
6)

|

»

sasseniensis n. sp.

I

»

microdus n. sp.

Wiman, 1910; 1916 b; 1920, p. 12.
Huene, 1916, Pachygnosaurus, p. 39, fig. 70; Broili, 1916, p. 494.
Wiman, 1916, Bull. Geol. Inst. Upsala, Yol. XIII, 2, pp. 223—226.
Wiman, 1918.
Merriam, 1911; Merriam and Bryant, 1911; Wiman, 1916 a.
Wiman, 1914a; 1916b; 1917; Moodie, 1915, Journ. of comp, neusrol. vol. 25, pp. 319—322; Huene, 1920.
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Acrodus spitzbergensis (Hulke)
»
Elasmobranchii.

.

.

.

vermiformis n. sp.

»

scaber n. sp.

»

oppenheimeri n. sp.

Polyacrodus pyramidalis n. sp.
».

angulatus n. sp.

Palaeobates polaris n. sp.
»

sp.

Various Selachian species undefinable
in detail.
Dipnoi.

Ceratodus sp.
Fam. Coelacanthidae.
Wimania sinuosa n. sp.
?
»

sp.

? multistriata n. sp.

Sassenia tuberculata n. sp.
»
Crossopterygii .

? guttata (A. S. Woodward)

... . Axelia robusta n. sp.
»

elegans n. sp.

Mylacanthus lobatus n. sp.
»

spinosus n. sp.

Scleracanthus asper n. sp.
Certain undefinable fragments probably
referable to new species.
Fam. Palaeoniscidae.
Birgeria mougeoti (Agassiz)
»

sp.

Glaucolepis gyrolepidoides n. sp.
Pygopterus de geeri n. sp.
Boreosomus arcticus (A. S. Woodward)
»

reuterskioldi n. sp.

»

sp.

»

? scaber n. sp.

Acrorhabdus bertili n. sp.

Actinopterygii .

... ■

»

asplundi n. sp.

»

latistriatus n. sp.
Fam. Platysomidae.

Platysomus nathorsti n. sp.
«

SPFam. Catopteridae.

Perleidus woodwardi nomen nov.
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Fam. Saurichthyidae.
Saurichthys ornatus n. sp.
«

wimani (A. S. Woodward)

«

hamiltoni n. sp.

«

elongaius n. sp.
Fam. Semionotidae.

An undefinable species.
The species referred to are distributed in the Ice Fjord district in the following
way in the different horizons.

Bone-bed in the lower Triassic, Mt Congress.
(Discovered by Salomon in 1910.)
Hybodus sasseniensis?, Acrodus scaber, Polyacrodus angulatus, detached dermal denticles,
detached scales

of Glaucolepis gyrolepidoides,

Boreosomus spp.,

and

detached teeth

of

Birgeria mougeoti and Saurichthys spp.

Bone-bed in the lower Triassic Mt Bertil.1)
Hybodus cfr. rapax?,

Acrodus spitzbergensis

(teeth

most

closely resembling those

from Horn Sound), Acrodus scaber? and Saurichthys sp. (detached teeth).

Fish horizon.
Lyrocephalus euri, Lonchorhynchus obergi, Lonchorhynchus sp., Aphaneramma rostratum,
Platystega depressa, Tertrema acuta, Cyclotosaurus? spitzbergensis, Peltostega erici, Palaeobates
polaris, remains of hybodontid fin-spines, Wimania sinuosa, Wimania? sp., Wimania? multistriata, Sassenia tuberculata, Sassenia guttata, Axelia robusia, Axelia elegans, Mylacanthus
lobatus,

Mylacanthus spinosus,

Scleracanthus asper,

Birgeria

mougeoti,

Glaucolepis gyro¬

lepidoides, Pygopterus de geeri, Boreosomus arcticus, Boreosomus reuterskioldi, Boreosomus?
scaber, Acrorhabdus bertili, Acrorhabdus asplundi, Acrorhabdus latistriatus, Platysomus nathorsti,
Platysomus sp., Perleidus woodwardi, Saurichthys ornatus, Saurichthys wimani, Saurichthys
hamiltoni, Saurichthys elongatus together with a couple of forms not definable with certainty.

Scattered occurrence of vertebrates not high- above the fish horizon.
Detached dermal denticles, undefinable bones of Coelacanthids, Saurichthys elongatus.

Bone-bed 33 m above the fish horizon, Mt Viking and Mt Marmier.
Ichthyosaurians (detached bones),
small

undefinable Tetrapod,

Hybodus

one vertebra of a Parasuchian,
rapax,

Acrodus spitzbergensis, Acrodus vermiformis,

Hybodus

sasseniensis,

Palaeobates sp., dermal

remains

Hybodus

of a

microdus,

denticles, fin-spines

T) The material from this bone-bed was brought home in the autumn of 1920 by Dr. Wiren and my brother
Kand. Pharm. A. Stensio when my description of the Selachians had already been sent to the press, and it could
therefore not be taken into consideration.
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and cephalic spines of Selachians, Glaucolepis gyrolepidoides, Boreosomus? scaber, Birgeria
mougeoti and a number of undeterminable remains of ganoids.
Two

fossiliferoiis

horizons

between

the

lower

saurian

horizon

and

the

bone-bed 33 m above the fish horizon at Mt Viking.
As far as is known, these horizons contain only Ichthyosaurians and Omphalosaurus.
Bone-bed immediately below the lower Saurian horizon.
Ichthyosaurians, dermal denticles of Selachians, Ceratodus sp., tooth-bearing plates
of Coelacanthids, Glaucolepis sp., Boreosomus? scaber, Saurichthys sp.
Lower Saurian horizon.
Omphalosaurus, Pessopteryx nisseri, Pessopteryx arcticus, Pessopteryxpinguis, Pessopteryx
minor, Acrodus spitzbergensis.
Upper Saurian horizon.
Phalarodon nordenskioldi, Pessosaurus polaris, Acrodus oppenheimeri, fragmentary bones
of gigantic Coelacanthids, Boreosomus sp.
Lower bone-bed in the Upper Triassic of Mt Bertil.
(Horizon with Lingula polaris.)
Polyacrodus pyramidalis, Birgeria sp., scales of a Boreosomus-Yike type.
Upper bone-bed in the Upper Triassic of Mt Bertil.
A number of undefinable bone-fragments, at least partly of Stegocephalians.
Uncertain horizons.
Vertebra of a Plesiosaurian and Capitosaurus polaris, both of which probably come
from the upper Triassic;

the former seems to

originate from

some stratum of shale

with ironstone and the latter from a bank of sandstone.

In this connection it may alse be of interest to have a list of the fossils in the
bone-bed of the Horn Sound Triassic and so I give one here:
Vertebrates of the Horn Sound Triassic.
Hybodus sasseniensis?

Acrodus spitzbergensis,

Glaucolepis gyrolepidoides, Saurichthys sp.

Palaeobates sp., Boreosomus

arcticus,
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If we first glance at the Ichthyosaurians it is

exceedingly

noteworthy that they

could not be established within the series of the Triassic that I took as the lower one.
A statement made by Wiman (1910, p. 127)

to the effect that they occur even in the

fish horizon is incorrect, but is due to the fact that a number of gill-arches and sclerotic
fragments belonging to giant Coelacanthids (Wimania? multistriata) were formerly inter¬
preted as Ichthyosaurian remains. As is known, Ichthyosaurians are not known outside
Spitzbergen either earlier than in the middle Triassic.
As has been pointed out by different authors (Merriam 1911, Merriam and Bryant
ign; Wiman 1916a;

Huene 1916), a large number of resemblances

exists between the

marine Saurian fauna in Spitzbergen and the corresponding fauna in Europe and America.
It is specially noteworthy,

inter alia, that the genus Omphalosaurus, whose systematic

position is very uncertain (cf. Wiman 1916 a, pp. 70—71), seems, like Phalarodon as well,1)
to be common to Spitzbergen and America.
If the resemblances between the Saurian forms
thus very great, there are also,

however,

of Spitzbergen and America are

as Wiman

(1916 a) points out, considerable

differences as well, and Wiman continues his argument thus (1916a, pp. 71—72): «These
differences appear among the ichthyosaurians.

In

western North America are found

numerous species of the genera Cymbospondylus, Toretocnemus, Merriamia, Delphinosaurns
and Shastasaurus, which do not appear in Europe or Spitzbergen. The Central European
Muschelkalk no

doubt also

contains one or two

specific types

and Pessosaurus and

Pessopteryx are characteristic of Spitzbergen.» 2)
«If we turn to other reptile groups that are not adapted to pelagic mode of living
in such a high degree as the ichthyosaurians the dissimilarities of course become greater.
In the Alpine Trias two

nothosaurians,

Pachypleura (Neusticosanrus) from Besano and

the somewhat younger Lariosaiirus of Perledo, are found. In the middle European Muschel¬
kalk are found numerous nothosaurians and placodonts. The marine Trias beds in Spitz¬
bergen

also

contain several

evidently marine labyrinthodonts, and in western North

America are found thalattosaurians to which one now here has found any analogy.»
The labyrinthodonts in the Triassic of Spitzbergen are, as Wiman (1914 b) pointed
out, all marine ones. Except for Capitosaurus polaris

the

more closely defineable

ones

are from the fish horizon. Capitosaurus and Cyclotosaurus are quoted from South Africa
(Broom 1909 b, p. 286) in addition to Spitzbergen and the continental Triassic of Europe.
Although even the other labyrinthodonts of the Spitzbergen Triassic show rather close
relations to certain forms, from Europe especially, a number of them show, however, a
striking tendency to a marked lengthening of the snout, to which may also

be added

that in almost all of them the eyes are, independently of the width of the head, farther
displaced from each other towards the sides than is generally the

case in other forms

(Wiman 1914b, pp. 25—26). Wiman is of the opinion that these characters have

arisen

in connection with specialization for a marine mode of life*
x) According to Wiman’s observations on recently prepared material (Wiman 1920, p. 12).
2) In a work published in 1916 von Huene considers that he found Pessosaurus in the lower Muschelkalk
of Germany. His material is, however, insignificant and his determination seems, as in various other cases, to be not
quite reliable (cf. Broili, 1916).
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Finally if we turn to the fish fauna we are immediately struck by the fact that it
lacks almost entirely or even perhaps quite entirely forms belonging to the Protospondyli
and Isospondyli,

while the Coelacanthidae and Chondrostei play a very important part in

it. This gives it a character that is on the whole rather ancient.
In the fauna of the fish horizon this ancient character is especially striking owing
to the appearance of the genera Platysomus and Pygopterus, both

of which are late

Palaezoic. Their appearance seems to me an argument in favour of the view put forward
by Stolley in 1911 and adopted by me, namely that the fish horizon (Posidonomya bed)
ought to be assigned to the lower Triassic. With regard to the Platysomids it is noteworthy
in this connection that they are now known from lower Triassic in South Africa (Broom,
igi3 a, pp. 4—5) and from formations that are either of late Palaeozoic or lower Triassic
age bouth at Madagascar (Lemoine 1911, p. 5)

and in Canada (Lambe 1914, pp. 17—23).

On the other hand they are hitherto not found in the middle Triassic. Pygopterus is, as
we know, a form that really belongs to upper Permian in Europe, although, according
to recent observations, it seems to occur in the Bunter Sandstone of Germany as well
(cf. Stolley, 1920, p. 81).
In its relation to other known Triassic fish faunae the one described here from
Spitzbergen undoubtedly shows the closest relationship to that of the Alpine and conti¬
nental Trias of Europe,
Palaeobates
(cf. Jaekel

a fact that is shown

(cf. Jaekel 1889,

especially by such common

pp. 327—33o; Wilckens 1909,

pp. 187—188),

forms as

Polyacrodus

1889, pp. 321—326), Pygopterus (Stolley 1920, p. 81), Birgeria (cf. Stensio,

1919, pp. 177—181) and Perleidus (cf. De Allessandri 1910, pp. 49—51). The genera Hybodus, Acrodus, Ceratodus and Saurichthys are certainly also common to the Triassic strata
of Spitzbergen and Europe, but we cannot ascribe to them the same value in deciding
the

relationship

between

the

faunae

as to the abowe-mentioned genera, since, as is

known, they have a very extensive geographical distribution (cf. Wemple 1906; Jordan
1907; Broom 1909 a, b; Stromer 1910; Woodward 1890 a; 1895 b). It is obvious, however
that all the Hybodus species, certain of the Acrodus species, and the Ceratodus species
from the Triassic of Spitzbergen are most closely related to the species from the Triassic
deposits of Europe.
On the other hand the number of fish genera that are known exclusively from the
Trias of Spitzbergen is considerable, and the fauna has on the whole a rather special
character.

The most characteristic of these genera are Axelia, Mylacanthus and Sclera-

canthus among the Coelacanthids and Boreosomus and Acrorhabdus among the Palaeoniscids.
As will easily be seen from the facts given, the fish fauna in the lower Trias of
Spitzbergen forms a very strong argument in favour of Diener’s view (1916) mentioned
above, that during the Skytic time the Arctic Ocean was in communication with the
ocean in which the Alpine and continental Triassic strata of Europe were deposited.
That at the same time the Arctic Ocean was also in communication with the Triassic
Ocean covering the west of America seems to be beyond doubt from certain elements
in the evertebrate fauna (Gyronites aplanatum, etc.).

In opposition to Diener I suppose

in accordance whit Merriam (1911) that both communications persisted also during the
Anisic time.

DESCRIPTION OF THE FISH FAUNA.
Subclass Rlasmobranchii.
Family Cestracionidae.
Genus Hybodus

Agassiz.

Synonyms: See Woodward, A. S., The Wealden and Purbeck Fishes, etc. Palaeontogr. Soc., Vol. 69, p. 3.
Under the generic name Hybodus Agassiz grouped together (xSSy, vol. 3, p. 41,
p. 180) a number of species which he had established on the basis of a material consisting
mainly of detached teeth and fin-spines. As the state of preservation only allowed him
in exceptional cases to decide with certainty which teeth and fin-spines belonged to the
same species, he described them separately under different names.
The knowledge

of the genus Hybodus increased rather slowly

during the four

decades after Agassiz’s description. The most important works during this period are
those of Egerton (1845, pp. 197—199) and Day (1864, pp. 57—65). It was not until the
beginning of the eighties that the knowledge of this genus began to increase more
rapidly.

1889 was a particularly important year in this respect,

as

Woodward then

published the first volume of his large «Catalogue of Fossil Fishes in the British Museum»,
in which both the genus Hybodus and the fossil sharks in general were thoroughly treated
on the basis of an abundant material. In the same year there appeared Jaekel’s valuable
work on the Selachii in the upper Muschel-kalk of Lorraine (1889, pp. 294—3og), in which
Hybodus forms were also dealt with in detail.
Among the numerous works that further

have followed

during the last thirty

years I may mention those of Jaekel (1890; 1898; 1906 a), Fra as (1889), Brown (1900),
Koken (1907), Broom (1909a), Vidal (1915) and Woodward (1915; 1917).
As has been pointed out by Day (1864) and Woodward (1889 a, pp. 267, 279, 3oo),
Hybodus is closely related to Acrodus.

Certain of the teeth may be

developed

fairly

similarly in both genera, and in the case of detached cephalic spines and fin-spines it
is impossible to decide to which of the two genera they belong.
The earliest representatives of the genus Hybodus appeared in the Triassic1). They
occur frequently in the continental Triassic of Germany, France and England. They
have been shown to exist in the alpine Triassic deposits (de Alessandri, 1910, pp. 3i—34;
Zugmeyer, 1875, pp. 79 — 80; Bittner, 1898, pp. 3z3—3z6; Wilckens, 1909, p. 188) 2) though
J) A tooth from the Kupferschiefer of Germany is described by Geinitz (1861, p. 27, pi. IV, fig. 4) as
belonging to Hybodus, but his determination may be doubted. As far as one can judge from his figure the characters
of the tooth seem to point to a relation with Polyacrodus.
2) The species described by Bittner as Hybodus austriacus cannot really be a Hybodus. It seems also certain
that it cannot belong to Polyacrodus, as Wilckens (4909) has supposed. Probably it may represent a new genus.
Stensio, Triassic Fishes from Spitzbergen.
I
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they are only rarely found there. Isolated finds of Hybodus species are also described
from
pp.

the Triassic
98—99)

of North-West America (Wemple,

and South Africa (Broom, 1909 a,

1906,

p. 252),

pp. 72—75;

Jordan,

1907,

and I have myself shown the

existence of a species in the Triassic of Spitzbergen (Stensio, 1918b, p.76). In the Jurassic
the genus is represented by numerous species and in the lower Cretaceous several
species still seem to have existed. With a few exceptions the Jurassic and Cretaceous
species are all described from Europe.
Almost all the better known Hybodus species are obtained from the Jurassic and
the Cretaceous (Wealden). Among the Triassic ones H. africanus (Broom, 1909 a) is the
only one that is somewhat completely preserved and that shows the general shape of
the body with parts of the axial and fin skeleton. In all the Triassic species the dentition
is so far known only from detached teeth, and there is consequently not a little un¬
certainty about this in several respects, a fact that has caused and still causes great
difficulties, for the determination of the species.
As we know, Agassiz had originally grouped together a number of rather different
types of teeth from the Triassic into one common species, for which he chose the name
of H. plicatilis. When later on, some remains of jaws of the Jurassic species H. reticulaius
came into his hands, he was struck by the fact that the teeth on these remains appeared
to be of a very homogeneous character. Under these circumstances he considered that
it Wjas, impossible to retain the species name H. plicatilis in its earlier sense. He limited
it to one of the types of teeth and suggested for the others the names H. mougeoti,
H. polycyphus and H. angustus. In addition of these species he also described a number
of others from the Triassic; of these H. longiconus, H. obliquus and H. cuspidatus ought
to be mentioned in this connection.
At the present time there is certainly agreement in considering Agassiz’s division
as being carried too far in this case and that some of the names proposed by him
ought to be regarded

as synonyms,

but with regard to the actual

limits of species

there is still a great difference of opinion. Schmid has suggested (1861, pp. 18—20), if I
understand his exposition correctly, a grouping of all the Triassic species, described by
Agassiz, under the name of H. plicatilis and this view is maintained later on by Erech
(1903, pp. 10—11). Woodward, on the other hand, proceeds more cautiously. Thus in
his «Catalogue» of 1889

we find that of Agassiz’s species he has adopted H. plicatilis

and H. longiconus under the common name of H. plicatilis and in the same way H. mougeoti
and H. obliquus under the name of H. mougeoti, while the other species are provisionally
retained as defined by Agassiz 1843. At the same time Woodward emphasized the im¬
possibility of arriving at any certain view as to the precise character of the dentition
merely, with
in

its.

the

new species,
no

help

restricted

H. multiconus

objection

H. mougeoti

of

to
into

detached

signification

at fusion
one

and

a later work (1898)

he has

conus,

and

H. multiconus

pp. 495—496)

H.

Jae^el

on

with
which

definitely

and still other views

but

he

base's
to

Another

incorporated

He

also

remarks

H. longiconus-,

decided

H. multiplicatus.

(1889)

longiconus.

H. multiplicatus,

of these

species,

teeth.

with

he

the

H. plicatilis

established

that

there

was

two
really

unites' H. polycyphus

new

unite

the

view

is

genus
three

held

Polyacrodus.
species

by

and
In

H. longi¬

Sauvage

(i883,

could be, mentioned, but what has already been
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said ought to be sufficient to. show the difficulties in

dealing with Hybodus material

consisting only of detached teeth.
From the preceding it is clear that Jaekel already in 1889 had tried to undertake
a partial revision of Hybodus as a genus. Nine years later (1898) he submitted the same
genus as a whole to a closer investigation. He then suggests that the name Hybodus
should be used only for fin-spines while the teeth should be divided among the genera
Polyacrodus Jaekel, Orthybodus Jaekel, Nemacanthus Agassiz and Parhybodus Jaekel.
Koken in 1907 justly objects that Jaekel has gone too far in his revision. He holds
that H. reticulatus must be taken as the type species for the genus Hybodus, and that
the name Hybodus must therefore not be restricted in the way maintained by Jaekel.
Nor has Woodward followed Jaekel, but considers, like Koken, that H. reticulatus As the
type species for Hybodus (1915, p. 4). Finally Schlosser (1918, p. 58) has adopted the
g'enus Polyacrodus, though with a somewhat more restricted significance than Jaekel.
Apart from this he retains in other respects the genus Hybodus as limited by Agassiz.
The view I have arrived at myself with regard to this question and that I have applied
in this work agrees fairly well with that of Schlosser. Like him, I consider,
seen

from

my

exposition below,

teeth from the Triassic

alone.

as will be

that we ought to restrict the genus Polyacrodus to

It is beyond

all doubt that the name Hybodus

ought

not to be used as Jaekel suggested and still seems to uphold in 1911b (p. 19). I am
therefore quite in agreement with Koken/ and Woodward in
species H. reticulatus

considering the Jurassic

as the type species for the genus Hybodus, so that this genus

should comprise in the first place Jurassic and Wealden species. Our present knowledge
of H. africanus seems to show that the species described from the Triassic ought, at
least temporarily, to be also included in this genus. This seems perhaps to be contra¬
dicted by the fact, pointed out in the literature, that the Triassic species have a more
heterodont dentition than the geologically younger ones.

But with regard to

this

it

must be remembered that even certain Jurassic species, e. g. H. delabechii, have teeth
that have a rather different shape according to their position in the jaws (cf. Woodward,
1888, pp. 58—60; 1889a, pp. 259^264).
In the Triassic of Spitzbergen there occur Hybodus teeth together with those of
Acrodus in various bone-beds. In the same bone-beds one also finds fin-spines, cephalicspines and dermal denticles, a number of which probably belong to Hybodus. In no
case, however, have I found them together .with teeth in such a way that their connection
with these could be established, and I have described them in a special chapter after
my accounts of the Hybodus and the Acrodus teeth.
Finally in this connection it is worthy of mention that the Hybodus species from
the Triassic of Spitzbergen seem to be closely related to certain of the species from
the continental Triassic strata in Central Europe, while on the. other hand they seem
to be more decidedly differentiated from the American ones.
Hybodus rapax n. sp.
(Pl.' i, figs. 1, 2.)
Of this species there are only two detached teeth (P. 41 a, P.yi b) which are
both defective.-
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■The dimensions of these in their present state of preservation are as follows:
P. 41 a.
Height (with the principal cone partly preserved)

.

.

P. 41 b.

32 mm

3o mm

Length.23

„

35

„

The greatest height of the root.n

,,

11

„

The breadth of the root at the middle.—

„

15

„

The breadth of the crown at the middle.10

„

10

„

'

It is certain, however, that both the height and the length have been considerably
greater than is indicated by the above measurements. The real height may be estimated at
about 35 mm and the length at least 40 mm (cf. Pl. 1, figs. 1 a, b). It is thus evident that
these teeth are larger and more powerful than any other Hybodus
teeth so far found.
The crown on both teeth is bent basally in such a way that
its lower margin is strongly concave, as is shown by PI. 1, figs. 1, 2.
The greatest breadth and height of the crown are at its middle
part and decrease from there continually towards the ends. The
lateral cones are quite absent. The principal cone, on the other
Text fig. 1.
Hybodus rapax n. sp.
A). Transverse section through
the tooth P. 41 a. i/i. B). Section
through a lateral part of the
tooth. P. 41 b. 1/1. The lateral
side of the teeth in the two
figures is situated to the left.

hand, is strong and seems to have occupied a nearly symmetrical
position. It is, however, not vertical but inclined somewhat back¬
wards and at the same time also medially. It is flattened in the
latero-medial direction and a horizontal section through it con¬
sequently becomes ellipsoidal in shape. A sharp longitudinal keel
is developed along both its anterior and posterior edges, but to

judge from specimen P.41CI, this keel extends only on the posterior side right out to the
point. On the anterior side it fairly soon becomes more delicate and finally disappeares
altogether. From the principal cone the keel continues out over the rest of the crown
to each of its ends.
The sculpture of the crown consists of numerous vertically running striae, all of
which issue from the basal margin. These striae
the crown than on the lateral one and,
thickened proximal end.

On the

as a

principal

are coarser on the medial surface of

rule,

longer too and have a distinctly

cone they extend on the

medial

surface

up to about the middle, while dorsally of this the sculpture is quite lacking. In front of and
behind the principal cone several of the striae of the medial surface reach the longitudinal
keel.

On the lateral surface,

on the

other hand,

the striae are short throughout the

whole length of the crown and limited to its basal parts; the rest of this side is smooth.
The other characteristic features of the sculpture are clearly shown in PI. 1, figs. 1, 2.
The root is high and powerfully developed. Seen from the lateral or medial side
it appears, like the crown, to be bent so that its basal border is concave and its distal
border convex to a corresponding extent.

The curvature

of the root seems, however,

to be somewhat weaker than that of the crown. The root has its greatest height at its
middle part;
the

toward the ends it gets gradually lower.

It is

considerably

wider than

crown, and, as the latter is not situated right above it, but more above its lateral

part, the medial part appears as a powerful torus on the medial side (text figs. 1 A, B).
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On the root one can distinguish a medial, a lateral and a basal surface. The lastmentioned surface

is

divided lengthways into two fields (text figs, i

A, B), a medial

and wider one, above which the axis of height of the principal cone is situated verti¬
cally, and a lateral one,, which forms an angle of about 450 with the former. The lateral
surface is fairly low and

a little

concave from

the

distal to the basal border (text

figs. 1 A, B). The medial surface on the contrary is convex in the same direction and
is developed especially at the ends in such a way that we are quite justified in speaking
of two fields there, a medial and a dorsal one (text fig. 1 B)..

.

With regard to the microscopical structure the two teeth now described

do not

differ in any respect from other typical ones (cf. Jaekel, 1889; Koken, 1907)1). On the
root numerous Haversian canals with rounded pores open in the usual way.

Remarks.

— H. rapax undoubtedly resembles the type of teeth that was

de¬

scribed and figured by Agassiz (1843, vol. 3, PI. 24, figs. 19, 20, 21, 23), Plieninger (1844,
Tafel XII, figs. 54, 56) and Quenstedt (1852, Tafel i3, figs. 3o, 3i) and others under the
name of Hybodus longiconus, as it differs from

that type

only

by its larger

size and

the extension of the ornament on the lateral side of the crown. With the type of teeth
for which Jaekel 1889 has chosen the name Hybodus longiconus, on the other hand, the
species in question from Spitzbergen does not agree so well.
Hybodus rapax in several respects also seems nearly related to the new species
Hybodus sasseniensis

described below,

and

we

must therefore

take

into

account the

possibility that in future with more complete material it may perhaps show itself to be
identical with the latter.
Geological occurrence and locality. — A bone-bed about 33 m above the
fish horizon, Mt Viking.

Hybodus sasseniensis n. sp.
(PI. 1, figs. 3—10.)
Synonym: 1918. Hybodus sp. Stensio e. a : son, Norsk Geol. Tidskrift, Bd. V, p. 76.
I have established the species H. sasseniensis for six detached teeth (P. 3g a—f),
five of which (a—e) are in

a

comparatively complete

state of preservation.

To this

species may be added with a fairly great degree of probability three more teeth (P.38,
P.

40, P.

633) and,

at

least

provisionally,

the

tooth

from

Horn

Sound

previously

described by me (Stensio, 1918 b) and another tooth, mentioned at the same time, from
Middle Hook in the Ice Fjord,

which is

the property

of Prof.

Dr.

W. Salomon in

Heidelberg. — The tooth from Horn Sound belongs to the Palaeontological Collection
of the University of Christiania.
The largest (P. 3gb) of the six teeth given as typical of the species in question
is about

12 mm long,

the

smallest

(P. 3gf) about

6

mm.

The height

can

only be

l) It may be mentioned here that Jaekel 1889 and several other palaeontologists have used the term
vaso-dentine for the tissue we now callosteo-dentine (Tomes, 1914, p. 102) or trabecular-dentine (Rose, 1898, p. 42)
in the teeth of Selachians.
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ascertained in the case of one tooth (P.

3p

a), - which, including the principal cone, is

9 mm high. All the other teeth have their principal cone more' or less defective.

3pa).

The best preserved tooth is the one figured in PL i, figs. 3 a and 3 b (Pi

The crown on this is low with an almost straight basal margin. The principal cone is
considerably high and is sharply pointed at the distal end. It is not situated vertically
but is inclined both posteriorly and medially. The lateral cones are low but distinct.
There are three of them in front of the principal cone. Behind it the tooth is somewhat
injured and only one of the lateral cones is preserved there. The lateral cones are all
of a bluntly conical shape.
The

principal

cone is

somewhat flattened in

the latero-medial

horizontal section of it is consequently elliptical in shape.

direction

and a

Its anterior and posterior

edges are furnished throughout their length with a sharp cutting keel, which continues
as a longitudinal keel forwards and backwards to the ends of the crown.
The sculpture of the crown consists,

as usual,

of striation.

The striae run from

the basal margin nearly straight upwards as in H. plicatilis. They reach both in front
of and behind the principal cone to the longitudinal keel.

The principal cone itself is

only striated throughout its height on the medial surface. On the lateral surface it is
smooth in its distal third. It is also noteworthy with regard to the principal cone that
the striae are more numerous and more close on its lateral than on its medial surface.
The root is fairly low, but is strongly developed.
lateral side it is straight, like the crown.

Seen from the medial or the

It is considerably wide and

forms on the

medial side a projecting longitudinal torus («Wulst») in the usual way (cf. Jaekel, 1889).
The basal surface is large and broad and practically quite plane. The axis of height
of the principal cone meets it at an angle of about 450.
A tooth agreeing in most respects with the one just described is figured in PI.
figs. 4 a, b (P.

3p

1,

b). The two ends are here preserved but the principal cone is missing

to a great extent. It is clear,

however, that it has been situated on the middle of the

tooth. Both in front of and behind it there are remains of two lateral cones. There are
two more teeth of the same type (P.

3p

c, d; PI. 1, figs. 5, 6); one of these, however*

(fig. 5) has had the principal cone situated more vertically than the
resemble the

types that Jaekel,

1889,

called H. plicatilis (1889,

other. All three

PI. VII, fig. 3)

and

H. longiconus var. minor (1889, PI. VII, fig. 7).
The

tooth

figured

another type than the

in PL 1,

figs. 7 a, b

preceding ones. Both

(P.

3p

e)

represents in various respects

the root and the

crown of it are bent

in the way that they both have concave basal and correspondingly convex distal out¬
lines.

The principal cone is broken off but it has apparently had an

almost vertical

position. It seems to have a narrower shape than that of the other teeth. The lateral
cones are low and not very prominent, but at least on one side of the principal cone
no less than four can by observed. It is also probable that one or more was present
on the other side, but the tooth is incomplete there and no remains of these are now
preserved. With regard to sculpture and other details the crown agrees entirely with
those of the

previously described teeth. The root is relatively higher and narrower

than in these. — As far as can be judged from the present state of preservation this
tooth resembles most closely the form called H. longiconus by Jaekel 1889.

7
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The tooth P. 40 is of rather considerable size but is only preserved as an impression
of the lateral side, which in its turn is incomplete and weathered (PI. 1, fig. 10). If it
was developed symmetrically, its length may probably have been about 20 mm.
The crown is bent in the same direction as that of the preceding tooth but not
quite so much. The principal cone is sharply pointed but strikingly short in relation
to the presumed length

of the tooth.

relatively high and slender.

The

lateral

cones

on the preserved end

They are six in number. With

regard to

are

sculpture the

crown shows complete agreement with the typical teeth. The root is low, especially
towards the ends, and is characterized in addition by its straight basal line.
The tdoth just described bears a resemblance to the types distinguished by Jaekel
under the name

of Hybodus

multiconus and H.

multiplicatus

and has

probably been

situated fairly far back.

633

The tooth P.

(PL 1, fig. 9) is better preserved than the former one. Only the

principal cone is broken off. But its medial side is fixed to the stone and it is therefore
accessible for investigation

chiefly from

the lateral side.

It is

scarcely

9 mm

long.

Both the crown and the root are curved in the same way as in tooth
P.

3p

a. The principal cone is short and inclined somewhat backwards.

The lateral cones are small,

bluntly shaped,

and are four or five in

number. The sculpture consists of relatively coarse and rather sparse
striation as on the typical teeth.
The root

is low and very

broad.

The axis of height

of the

principal cone has a vertical position in relation to the basal surface.
The tooth
Acrodus.
with

The

P.

root

633

shows

in

clearly shows,

a Hybodus species.

several

respects

however,

an

that we

approach

are

Owing to its elongated shape,

to

concerned
the

Text fig. 2.
H. sasseniensis n. sp.
From bone-bed in the
sandstone series below
the fish horizon. Orig.
belongs to W.Salomon,
Heidelberg. 4/1.

feeble

development of the principal cone and the comparatively large number of lateral cones
it resembles most closely tooth P.-40 and seems to have occupied a position similar to
this or has probably been situated still farther backwards.
Specimen P.

38

agrees rather well, as PI. 1, fig. 8 shows, with the type form, but

the sculpture is very much more sparse and delicate.
Of the teeth that I have included, with more ore less hesitation, under the

name

H. sasseniensis, the one from Horn Sound is, as I have mentioned, figured and described
earlier (Stensio, 1918 b). The tooth from Salomon’s bone-bed (text fig. 2) is incompletely
preserved, but appears to bear the closest correspondence in shape to Jaekel’s H. longiconus
'type. The root and the crown both seem to be nearly straight. The lateral cones on
the end that is preserved are comparatively low and blunt. The principal cone is only
a little inclined backwards and medially. The sculpture of the crown consists of vertical
striation as in the typical teeth, but the striae are more sparse and comparatively coarser.

Remarks. — The types that have been grouped here in a common species —
H. sasseniensis — show a, close resemblance to several of those that Jaekel, 1898 (p. 143)
includes lender the name Parhybodus longiconus. In the Spitzbergen types, however, the
lateral cones are generally lower and blunter and resemble more those of the H. cuspidatus

8
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type. Other clear differentiating- characters are difficult to state, but, in spite of that it
seems fairly certain, from what I have been able to make

out by direct comparisons,

that the Spitzbergen types described here represent a new and independent species for
which I have suggested the species name sasseniensis after the place of discovery of the
type-teeth, Sassen Valley.
Geological
all

are

occurrence

obtained from

and localities. — The six typical teeth (P.

the bone-bed,

found

33 m above the fish horizon,

From the same locality and horizon the teeth P.
the two others, about whose determination

38,

P. 40 and P.

633

3g;a—-f)

Mt. Viking.

also originate. Of

I am not quite certain, one, as has been

mentioned, was found at Horn Sound, the other at the Ice Fjord in a bone-bed which
was
the

discovered by Salomon

in

the

sandstone series below the

fish

horizon

during

excursion of the Geological Congress to Spitzbergen in 1910 (Stolley, 1911, p. 1x5).

Hybodus microdus n. sp.
The available material of this species consists of two crowns of teeth (P. 53, P. 54).
Both teeth have been very small. The length of the crowns is only 1-5 mm and
the height about 1 mm.
The crowns are. somewhat bent, as shown in text figs. 3 A and B. Their principal
cone is strikingly powerful, with a broad base and a sharply pointed distal end, and
seems to be fairly flattened from both the medial and the lateral
side.
Text fig. 3.
Hybodus microdus n. sp.
Teeth A, after P. 5s; 4/1.
B, after P. 54; 6/1.

In

addition

it is somewhat inclined both

in

posterior

and

medial direction and has a sharp anterior and posterior edge. On
the tooth P. 53 lateral cones seem to be absent in front of the
principal one,
vation,

but this fact may be due to the state of preser¬

which in this part does not seem to be quite perfect. Be¬

hind the principal cone two lateral cones are found on the same tooth, and this is the
case on the other tooth both behind and in front of the principal cone.
The tooth P. 54 in quite smooth,

at least

on the lateral surface. On the other

tooth some long striae can be observed on the corresponding surface; they reach almots
to the distal end of the principal cone, Neither tooth has the medial side accessible for
a close investigation.

*

*
*

Remarks. — H. microdus resembles in several respects both
and H. apicalis Agassiz (cf. Agassiz, 1843,

H. minor Agassiz

vol. Ill, p. i83, PI. 23, figs.

21—24;

p. 195,

PI. 23, figs. 16—20), but seems, however, to be related most closely to tjie latter. It is
characterized especially by the smallness and slight ornamentation of the teeth.
Geological occurrence and locality. — Both teeth were found at Mt. Viking,
in the bone-bed about 33 m above the fish horizon.

Genus Acrodus Agassiz.
Synonyms: See Woodward, A. S., The Wealden and Purbeck Fishes, etc., Palaeontogr. Soc. Vol. 69, p.14.
The genus Acrodus was established by Agassiz, i838 (vol. Ill, p. i3g). Many investigators
have since helped to extend our knowledge of this genus and among them we may
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specially mention Day (1864, pp. 57—65), Eck (1865, pp. 60—62, 116—118), Jaekel (1889,
pp. 3io—329; 1898, p. 145), v. Meyer (1849 b, pp. 229—233), Plieninger (1844, pp. 115—117),
Sauvage (i883,pp.4g3—494), Schmid (1861, pp. 15—18), and Woodward (1889a, pp.279—3o6).
The material at Agassiz’s disposal consisted practically entirely of detached teeth.
Only a couple of fragments of jaws with a number of teeth in situ seem to have been
known to him. Although the finds made after his time have thrown some new light on
the organization of these sharks, still our view about them is very incomplete. Remains
of Acrodus species

are

certainly not infrequent

formations in Europe (cf. Woodward,

in

several horizons

1889a, loc. cit.; de Alessandri,

of

the

mesozoic

1910, pp. 34—-35;

Zugmeyer, 1875, pp. 79—80), but the state of preservation of these remains, as we know,
makes it impossible in most cases to study them in detail and in many cases even does
not permit of any certain determination.
Agassiz considered that there was a close relationship between Acrodus and the
recent Cestracion,

for which reason he included Acrodus

among

his

«Cestraciontes»,

while Hybodus was put in another family. This view was for a long while the prevailing
one

and

it is still found

as late as in Zittel’s

*Handbuch»

(1887—1890, pp. 67, 76).

There had however been earlier authors (Charlesworth, i83g, p. 245; Owen, 1845, p. 57;
Mackie, i863, p. 243) who maintained that Acrodus ought to be connected with Hybodus,
but it can scarcely be said that any proof of this was put forward before Day (1864,
pp. 63—65). More recent investigations, especially those of Woodward and Jaekel, have
now fully made it clear that this latter view is the correct one. — Jaekel has

also

pointed out the relations between Acrodus on the one hand and the genus Polyacrodus
founded by him on the other (1889, pp. 321—324).
The genus Acrodus is known with certainty earliest in the Triassic*) and in the
definition given it by Woodward it seems to have persisted nearly to the end of the
Cretaceous formation. The great majority of species are known from Europe, where,
as I have mentioned, they occur in all three mesozoic formations. Only one species
has previously

been found in Spitzbergen (Hulke, 1873, p. 10; Stensio, 1918b, p. 76);

three species are described from the Triassic of North America (Jordan, 1907, p. 100;
Wemple, 1906, pp. 71—72) and one from its Cretaceous;

finally one species is known

from the upper Cretaceous of South America (Woodward, 1889 a, p. 297).
On account of the fragmentary

state in

which they are preserved the Acrodus

species have always been and still are, as has already been pointed out, difficult to
treat from a systematic point of view. Just as in the case of the Hybodus species the
different authors are very different opinions with regard to the actual limits of species.
Now-a-days, especially in the case of the Triassic ones, there is, however, a tendency
to consider, with good reason, that a number of species names proposed by Agassiz
and several succeeding authors may to a considerable extent be regarded as synonyms.
From the Spitzbergen Triassic we now have, as the subsequent description will
show,

four species,

of which one, A. spitzbergensis Hulke,

is,

as has been pointed out

above, already known previously. The relationship between these four and the other
known ones

is of course not yet fully ascertained, but as far

as

can

now be seen,

1) Philippi and Frech (1903, p. 11) also refer Woodnika althausii (Munster) to Acrodus. Although the genus
Woodnika is undoubtedly closely related to Acrodus, at least at present it seems as if it ought not to be included in the latter.
Stensio, Triassic Fishes from Spitzbergen.
2
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A. oppenheimeri, one of the newly-established species, resembles in certain respects the
tooth-type from the continental Triassic of Europe which is called A. gaillardoti Agassiz,
while A. spitzbergensis and the other species seem to resemble more closely the North
American forms.
As has been 'pointed

out above

in

the introductory

description

Hybodus (p. 3), fin-spines, cephalic spines and dermal denticles

of the

genus

of this genus and of

Acrodus are often found detached in the same horizons as the teeth. But these conditions
of occurrence of the spines and dermal denticles do not of course permit of any decision
as to which of them ought to be referred to Acrodus or Hybodus, since, as we know
(Day, 1864; Woodward, 1889 a; Jaekel, 1889), they are similarly developed in both these
genera. Because of this I have described them all below in a special chapter (p. 25).

Acrodus spitzbergensis Hulke.
(PI. 2, figs. 1—19.)
Syn.

1873. Acrodus spitzbergensis Hulke, I.W., Stockholm K. Yet. Akad. Handl. Bih., Bd. 1, no. 9, p. 10.

1889. Acrodus spitzbergensis Woodward, A. S., Catalogue of Fossil Fishes in the B. M., Part I, p. 299.
1918. Acrodus spitzbergensis? Stensio, E. A : Son, Norsk Geol. Tidskrift, Bd. Y, pp. 76—77.
In the material of the Triassic vertebrates collected by A. E. Nordenskiold during
the Spitzbergen expedition of 1864 Hulke (1873, p. 10) was able to recognize a tooth
of an Acrodus species also, which he described under the name of A. spitzbergensis. His
description is as follows in extenso:
and having a greatest breadth

«A single, but characteristic tooth

o-g inch long

of not more than 0-12 inch, imbedded in a thin piece

of limestone labelled (95 Is fj. 1864, Saurie Hk.) plainly belonged to an Acrodus. The
striae rather coarse, and separated by proportionately wide intervals, pass off from the
lips of a sunken groove instead of from a raised line as in all hitherto known species.
I am

indebted to Mr. Davies, Senior,

for calling my attention to

this distinguishing

character, and a comparison which I made of this spitzbergen fossil with a large series
of acrodus teeth in the British Museum, has confirmed its

distinctiveness.* The tooth

in question belongs to the State Museum in Stockholm, but could not be found, having
either got lost or being missing at the time.
The material of this species now available shows that the distinguishing character
of the type tooth, the longitudinal groove from whose raised lateral «lips» the striae
issue, is as a rule only found on the teeth of the posterior and median transverse rows
of each jaw.

Those of the anterior transverse rows are developed, as we shall see,

with a number of cones and sometimes have a decided resemblance to those of Hybodus.
I have provisionally grouped under the name of A. spitzbergensis about 20 detached
teeth from the Ice Fjord district (P. 98 a—m, P. 99 a—e, P. 100), all belonging to the Palae¬
ontological Institute of Upsala. I have previously described with some hesitation a number
of teeth from Horn Sound under the same species name (Stensio, 1918 b), and the view
I put forward then has been confirmed on the whole, at least by the facts known up
to the present. The teeth from Horn Sound, which I shall deal with again here, belong
to the Palaeontological Collection of the University of Christiania.
Teeth of the anterior transverse rows. — The transition between the teeth
of the anterior and middle transverse rows of each jaw apparently takes place gradually,
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which is probably also the case between those of the middle and posterior transverse
rows. For practical reasons, however, I have grouped here under the heading «teeth
of the anterior transverse rows»

all those teeth that have

somewhat distinct lateral

cones,, while the rest are described as belonging to the middle and posterior transverse
rows. It is true that it sometimes happens (cf. A. anningiae Woodward, 1889a, p. 2g3,
text fig.; Pl. XIV, fig. 4, PI. XV, fig. 1) that small lateral cones are found developed
even on the teeth of the middle and posterior transverse rows, but in the species under
consideration there seems

to be no risk of this being the case,

as the sculpture on

the teeth of the anterior transverse row is, as we shall see, developed in another way
than in those of the posterior and middle ones.
I take the teeth P. 98 a, P. 99 a—e (PI.
Sound as belonging to

the

2, figs. 1—7) and one tooth from Horn

anterior transverse

rows.

To

this

category

I have also

referred the tooth P. 98 b, though not without hesitation.
The tooth P. 98 a (PI. 2, fig. 1) is defective at one end, otherwise it is well preserved.
In its present state of preservation it is 10 mm long. Its greatest height is about 7 mm.
If it has been developed symmetrically there seems to be no reason why it should
not have belonged to the unpaired symphyseal row.
Seen from the lateral or medial side the crown is much bent in the way that its
distal outline is convex from end to end, while its basal one, on the other hand, is
concave (PI. 2, figs. 1 b, c). Another special characteristic of the crown is the low and
blunt, but nevertheless powerful principal cone and the distinct lateral cones, four of
which are preserved on one side of the principal cone and one on the other.

The

appearance of the crown as seen from above is shown in PI. 2, fig. 1 a.
From one end of the crown to the other there passes off over all the cones a
longitudinal crista (PI. 2, fig. 1 a)

and over the principal cone a distinct transversal

crista is also developed. The . latter crista reaches both on the lateral and the medial
surface of the tooth almost entirely to the basal border of the crown, in the neighbour¬
hood

of which it is ramified.

Laterally of the longitudinal crista

(PI. 2, fig. 1 c) this

ramification is considerably stronger than medially of it (PI. 2, fig. 1 b).

Apart

from

these cristae the principal cone has no ornament. Anterior and posterior to this cone
both on the lateral and the medial surface there is on the basal half of the crown a
rather

coarse vertical striation. None

of the

striae

on the lateral surface reach the

longitudinal crista, but there is a fairly smooth interspace between their distal ends
and that crista;

on the

medial surface,

on the

other hand,

there is for each lateral

cone a stria longer than the other ones, extending from the basal margin of the crown
to the longitudinal crista.
and medial side,

Short fine striae issue from this crista both on its lateral

without becoming attached to the longer ones described, which are

mainly developed on the basal halves of the crown (PI. 2, fig. 1 a).
The

root

is

with the height.
much.
so

that

The
one

high,
It

lateral

especially

is bent

in the

and the medial

cannot

speak of any

its

middle

same way

part,

but

as the

rather
crown,

thin

surface meet basally, forming
real

basal

surface.

— A

in

though
a

comparison

not

quite

rounded

cross section

so

angle,

through

this tooth, clearly showing this and the relation between the root and the crown, is
seen in text fig. 4 A.
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A tooth which, although considerably smaller (about

2 mm in length), is

very

like the one just described, occurs among the material from Horn Sound.
The tooth P. 99 a (PI. fig. 2)

is

rather fragmentarily preserved and under these

circumstances one cannot get any exact idea of its shape. In its present state of preser¬
vation it is about 5 mm long.
The

crown

was

almost straight with a somewhat powerful principal cone

and

prominent lateral cones. A longitudinal crista is developed as on the tooth before, but
a transversal crista is here not only a distinguishing feature of the principal cone, but
is also present on the lateral ones. Between each pair of the latter cristae there are
one or two short striae, which do not reach as far as the longitudinal crista.
The two teeth P. 99 b (PI. 2, fig. 3)
similar to the

one just described.

and P. 99 c (PL 2, fig. 4) are

The former differs somewhat,

also of a type

however,

by being

more bent and having smaller lateral cones. — With regard to a third tooth, P. 99 d,
which also resembles in shape the teeth of the anterior transverse rows, it does not
seem to be

possible to

decide

with

certainty,

from the

development

of the

crown

(PI. 2, fig. 5), whether it belongs to Acrodus or Hybodus. But the root clearly indicates
that the former alternative
certainly broken
position,

off,

but

but has been

is the

all the

correct one.

The principal

cone of this tooth is

same it is evident that it did not have a vertical

inclined somewhat towards the caudal

end

of the tooth.

The

sculpture of the crown is considerably finer than on that of the other teeth.
An evident transition type between the anterior teeth and those following them
farther posteriorly is seen in the tooth P. 99 e (PI. 2, fig. 6). This is 14 mm long and
its greatest height is about 4 mm. Both the crown and the root, seen from the lateral
and medial sides, are bent in the usual way, so that their dorsal contour is convex
from one end to the other and the basal contour is concave to a corresponding degree.
The bend is most evident from the lateral side (PI. 2, fig. 6 c).
The principal cone is scarcely discernible here except as a marked angle above
the middle of the tooth. Lateral cones are present but are very small. Seven can be
observed on one

side of the principal

cone, six

on

the

other.

Between

both

ends

of the crown extends the usual longitudinal crista, which, for the reason given immediately
below, I call the primary longitudinal crista. On the principal cone there is, in addition,
a well developed transversal crista. This is not ramified medially until near the basal
margin of the crown, laterally, on the other hand, its ramification already begins at
the place where it crosses the primary longitudinal crista and, as the ramification

is

abundant, the principal cone obtains a rather dense sculpture on this side (PI. 2, fig. 6 c).
From the primary longitudinal

crista there issues on the medial surface one or two

sharp striae for each lateral cone; these striae pass off to or close to the basal margin
of the crown. Between them appear other shorter ones, which are not connected to
the primary longitudinal crista. On the lateral surface practically all the striae end in
a similar way a short distance from the primary longitudinal crista, so that there arises
a sculptureless surface close to this almost throughout the whole length of the tooth.
On one half of the tooth

— it is not possible to decide whether it is the posterior or

the anterior one •— all the striae of the lateral surface have their distal ends curved
in the direction of the principal cone and are then attached to each other, so that a
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secondary longitudinal crista is formed, which passes along the primary one and nearly
parallel to it. We thus find here the character developed that is specially characteristic
of Hulke’s type-tooth. On the other half of the lateral surface of the tooth this tendency
to curvature of the striae is evident only close to the principal cone. In other respects
the striae on this half have a rather vertical position and fairly often reach, especially
towards the end of the crown, the primary crista, so that under these circumstances
the smooth longitudinal zone does not exist at this place.
The root has its basal surface placed horizontally in relation to the axis of height
of the principal cone.
The tooth P. 98 b, which is represented only by a small part (PI. 2, fig. 7), has had
a rather large number of lateral cones, all of which, however, seem to be very small.
A tendency towards the development of a secondary longitudinal crista can be observed
laterally of the primary one. Between both there is a sculptureless longitudinal groove.
The root is low and the basal surface is developed in correspondence with that of the
tooth just described.
Teeth belonging to the middle and posterior transverse rows.

—

Under

this heading I have grouped together the teeth P. 98 c—m, P. 100 and in addition some
of those found at Horn Sound.
The tooth P. 98 c (PI. 2, fig. 8) has been comparatively large. Its length especially
seems to have been considerable. What is now preserved, however,

is only an

end

part, and consequently it is impossible to obtain any exact idea of the appearance and
proportions of the tooth as a whole.

Both the root and the crown are curved

as in

the tooth P. 98 a, but the curvature is much less. The crown has a primary longitudinal
crista clearly developed, and in addition there is a rather long secondary longitudinal
one present laterally of the former.

Between the two the

surface

of the

crown is

slightly sunk and forms, as in the tooth described by Hulke, a real longitudinal groove.
The rest of the sculpture consists of transverse striation.
striae are

On the medial surface the

restricted to the neighbourhood of the basal margin of the crown except

for a few that issue from the primary longitudinal crista. They are all very short. On
the lateral surface the striae are coarser and longer, but are discontinous at the middle
part, so that proximal stumps of them are situated close to the basal edge of the crown,
while the distal ones are attached to one another and form the secondary longitudinal
crista (cf. PI. 2, fig. 8 a). — The appearance of the crown and the root in cross section
is seen in text fig. 4 B. The basal surface

of the root is placed obliquely so

that it

faces ventro-laterally.
The tooth P. 98 d (PI. 2, fig. 9) is very incompletely preserved,
be

seen,

it has resembled P. 98 c. It

transverse striae attached

but,

as far as can

differs from this only by having some of the

to the primary longitudinal crista both on the lateral and

medial side and in not having any secondary longitudinal crista developed — at least
not on the small part present.
Of the tooth P. 98e (PI. 2, fig. 10) a part is preserved that originally had a position
somewhat to the side

of the middle. It is impossible to establish whether this part

belonged to the anterior or posterior half of the tooth. As far as can be judged, this
tooth

was probably

about as large as P. 98 c.

Both

the root and

the

crown

seem
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presumably to have been bent in the way described above for several teeth, i. e. so
that the distal contour of the tooth was convex from one end to another and its basal
contour was correspondingly concave. The crown
by a very sharp

primary longitudinal

crista;

is characterized in the first place

a secondary longitudinal crista is not

developed on the part present. Otherwise the sculpture of the crown consists of the
usual transversal striae. These

are

strong on the medial side and a number of them

extend right from the basal margin of the crown to the primary longitudinal crista,
to which they are attached at almost a right angle. On the lateral side, on the contrary,
they are finer and only comparatively few reach continuously from the basal margin to
the primary longitudinal crista.
as a rule

As PI. 2, fig. 10 c shows, the majority are

only at the basal and distal parts,

developed

while the middle part is weak or is

absent. Both the discontinuous and the continuous ones join the primary longitudinal
crista

c0

^ e(}

at

a right

noteworthy with

angle,

as

regard to

on

the medial

side.

It is also

the sculpture of the crown that

a large number of shorter striae, which have nothing corres¬
ponding to them -at the basal margin of the crown, are inter¬
calated between the distal ends of the striae previously de¬
scribed and, like these, are connected with the primary longi¬

Text fig. 4.
Acrodus spitzbergensis Hulke
All the sections have the medial
side ,to the right.
A, section through tooth P. c,
C,

tudinal crista. The number of striae is in this way consider¬
ably larger

close to

the primary longitudinal crista than at

the basal margin of the crown.

—

The

appearance

of the

crown and root in section is shown in text fig. 4 C. The basal
surface of the root is only slightly oblique.
In the material from Horn Sound I found several fragments

All the sections ii

of teeth which, apart from their small size, seem to differ from
the tooth P. 98 e only by having almost all the striae, even those on the lateral side,
extended continuously from the basal margin of the crown to the longitudinal crista.
The tooth P. 98f (PI. 2, fig. n) also resembles P. 98 e considerably. It has, however,
a less sharp primary longitudinal crista, a secondary longitudinal crista is present and
the greater number of the striae, even on the lateral side too, are continuously developed
and attached to the primary longitudinal crista,

or, nearer the preserved end, to the

secondary one.
The fragment of tooth P. 98g (PI. 2, fig. 12) agrees in all essentials with P-98f and
no special description of it is necessary.
The tooth P. 98 h (PI. 2, fig. 13) is represented in its present state of preservation
only by its middle part. It

has

certainly been somewhat smaller than,

for instance,

P.g8c and P. 98 e. An indication of the principal cone can still be detected and across
it there is developed a transversal crista which sends out shorter striae to both sides
and which shows rather strong ramification both at the lateral and the medial end.

A

fairly sharp primary longitudinal crista is present, but there are no signs at all of a
secondary one,
the

sculpture

at least on the part of the tooth that is preserved. In other respects
of the

crown

seems,

as far as

one

can see,

to have resembled most

closely that described on the tooth P. 98 c. ■— A transverse section through this tooth
is shown in text fig. 4 D.

This shows

that the

crown

extended on the medial side
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considerably out over the root and formed with this a rather marked notch. The basal
surface of the root is oblique and faces ventero-laterally. Both the root and the crown
seem to have been somewhat bent in the usual way, so that, seen from the medial or
the lateral side, their basal contour was concave and the distal contour convex.
The tooth P. 98 i greatly resembles in all essentials P. 98 h,

as is

seen in PI. 2,

fig. 14, but the transversal crista is coarser, as are its ramifications too, and the striae
on the lateral side of the primary longitudinal

crista have their distal ends curved

towards the slightly indicated principal cone and seem to have formed

a secondary

longitudinal crista, although this is now in a bad state of preservation.
The tooth P.p8k (PI. 5, fig. 15) has the principal cone marked only by a distinct
angle that is clearly seen both from

the medial and the

lateral

side.

A transversal

crista is situated above this angle in about the same way as in tooth P. 98 h. There is
a primary longitudinal crista clearly developed as usual,

and besides this there are

two secondary longitudinal ones present, both situated laterally of the primary one.
The one of these two that lies nearest the primary one is the longest and strongest.
The position
transversal

and

extension

of all the longitudinal cristae and their relation to the

crista are clearly shown in PI. 2, fig. 15 a.

In

other respects the sculpture

has the usual character and the striae on the medial side reach from the basal margin
of the crown

to the primary longitudinal crista without interruption. On the lateral

side they are also uninterrupted

and

near the transversal

crista they run for

some

distance together with the lateral one of the two secondary longitudinal cristae; farther
from the transversal crista, on the other hand, they join the medial one of them.
three longitudinal cristae have between them two

The

sculptureless longitudinal grooves,

whose extension and position is clearly shown in PI. 2, fig. 15 a. Otherwise with regard
to the crown it is only necessary to mention that it is obviously somewhat bent in
the usual way.
The root is very incompletely preserved and its conditions are rather uncertain
in many respects.
The

tooth P.981 (PI. 2, fig. 16)

is

very

fragmentarily

preserved

as

there

now

remains only a portion of its middle part. There is no sharp angle present, as was the
case on the three teeth just described. A transversal crista is evident, however,

but it

is ramified both at its medial and lateral end rather close to the primary longitudinal
one and consequently seems strikingly short. Its ramification is most abundant at the
lateral end. -— A cross section through this tooth is seen in text fig. 4 E.
The axis of height through the crown seems in its prolongation to have met the
basal surface of the root almost at right angles.
Another tooth that shows great agreement with P.981 is P.98VI (PI. 2, fig. 17).
Both the crown and the root seem

on this tooth to

have been bent in the vertical

plane through the axis of length in the usual way, although not particularly strongly.
A primary longitudinal crista is clearly developed, whereas the transversal one seems
to have not been prominent, owing to its abundant ramification even in the immediate
neighbourhood of the former. The striae are somewhat more feeble on the lateral side
of the

crown than

on the medial

one and have their distal

ends

distinctly

curved

towards the transversal crista, so that long pieces of them run parallel to the primary
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longitudinal crista. But notwithstanding this it can scarcely be said that there is any real
continuous secondary longitudinal crista developed on this part of the tooth, but it is not
impossible that there has been one nearer the transversal crista, • i. e. towards the middle
part of the tooth. On the medial side of the crown most of the striae reach continuously
from the basal margin to the primary longitudinal crista. Towards the end of the tooth
they run quite transversally, while more towards its middle part their distal ends are
curved considerably towards the transversal crista. Under these conditions they conse¬
quently meet the primary longitudinal crista at an acute angle. In this way the middle
part of the crown acquires a very characteristic feature, as all the striae converge, as
it were, towards the point where the primary longitudinal and the transversal crista
cross each other. The details of the sculpture are further shown in PI. 2, fig. 17 and
will be treated more thoroughly below in a similar tooth which

(P. 98 j).

is better

preserved

On the medial side the crown projects rather considerably out over the root,

with which it forms in this way a notch like that on the tooth

P. 98 h.

The basal surface

of the root is oblique in the usual way, so that it faces ventero-laterally.
In the material from the Triassic of Horn Sound there is a tooth which, as far

P. 981.

as it is accessible for investigation, seems to resemble

It is, however, consider¬

ably smaller.
The tooth
previously

P. 100

(PL 2, fig. 18)

described and

is

better

preserved

there is rather more than the

original length seems to have been about 24 mm.

than

the

majority of those

one half of it present.

The

Its greatest height is about 8 mm.

The crown has a rather distinct and comparatively long, though low, transversal
crista,

which is abundantly ramified both

enough,

no

at the lateral and medial

angle is developed at the place where the transversal

ends.

Curiously

crista is situated,

but the outline of the actual masticatory surface is well rounded in the longitudinal
direction both in medial and in lateral aspect. A primary longitudinal crista is present
and at the end part of it there is on both sides a short secondary crista as well.

The

striation is developed approximately equally on both sides of the primary one and the
striae extend

continuously from this to the basal margin

of the crown.

Their distal

ends all curve towards the transversal crista and meet the primary longitudinal one at
an acute angle,
tooth

as was the

case

with

certain of the

striae on the above-described

P. 98 m.
Seen from the medial side, both the root and the crown have been fairly straight.

From the lateral side, on the other hand, the crown seems weakly bent. The crown
projects out over the root on the medial side

and forms a considerable notch. The

basal surface is very oblique and forms an angle of about 450 with the prolongation
of the axis of height of the crown. It faces ventro-laterally in the usual way.
The tooth

P. 98]

(PI. 2, fig. 19) is the best preserved of all the teeth that I have

included here among those

of the middle and posterior transversal rows. Its length

may be estimated at about 25 to 28 mm and its greatest height is about 9 mm. Both
the root and the crown are bent in the vertical plane through their axis of length in
the same way as has already been described in a number of teeth and the curvature
is strikingly strong

in

the

case

of the

crown.

The

crown is

somewhat higher and

broader in the middle than towards the ends. As it is somewhat injured in the middle

TRIASSIC FISHES FROM SPITZBERGEN

17

part one cannot decide with certainty whether a transversal crista has existed. At any
rate, however, it is certain that, if it existed, it must have been short. The primary
longitudinal crista is distinct. On the medial side the striae extend continuously from
the base of the

crown to the primary longitudinal

crista, which they meet at right

angles. They are all straight on this side and equally thick throughout their length.
Between their distal

ends there

issue here

and there from the

primary longitudinal

crista a few very short striae. On the lateral side of the same crista, on the contrary
a great number of such short striae are sent out. The rest of the striae on the lateral
side

are all long and their distal ends are

crown,
long

and

way

run together
towards

the

into

a

middle

few.

curved towards the highest part of the

Each

of the

of these

tooth,

being

in
in

its

turn

this

then

course

continues

at

first

a

rather

parallel to the primary crista, then curving towards and finally joining this crista. This
relation between the striae gives us a good idea of the origin of the secondary lon¬
gitudinal cristae. And, if one likes,

one

can here speak of a secondary longitudinal

crista subdivided into several sections. All the transversal striae of the lateral side are,
however, not of equal length basally. Only every second or every third one reaches
right down to the basal margin of the crown (PI. 2, fig. 19).

These longer striae are

apparently thickened at their proximal ends; this is due to the fact that they really
send out fine branches on both sides (PL 2, fig. 19 c).
The root, like the crown, is highest and thickest at the middle.

Its basal surface

is about as oblique as that of the tooth P. 100 and like all other teeth in which this
is oblique, it faces ventro-laterally. On the medial side the crown and root form together
a notch which is developed most strongly at the middle part of the tooth. — A cross
section through the lateral part of the tooth in question is shown in text fig. 4 F.
Microscopical
A.

spitzbergensis

show

structure.
normal

—

The

conditions

teeth

included

of microscopic

here

under

structure

a

the

name

fact that it

of
is

important to observe, as the teeth in question are partly rather distinctly differentiated
from the usual Acrodus type by their macroscopical appearance (cf. Jaekel, 1889).

Remarks. — Although the teeth described above sometimes show rather great
mutual deviations, there

seems to be no doubt, in my

opinion, that the majority of

them belong to the same species and, as we have seen, I think I can identify this with
the species A. spitzbergensis founded by Hulke. A few

of the teeth

in

question

may

perhaps belong to the species A. vermiformis described below, although with our present
incomplete knowledge of this species they cannot be kept separate from A. spitzbergensis.
It is not improbable that this is the case, for instance,

with such teeth as P. 98 b and

P. 99 c. If we leave out A. vermiformis, A. spitzbergensis seems to be well differentiated
from most of the other known species. Such teeth as P. 98j, P. 981 and P. 98 m certainly
bear a rather great resemblance to the A. pulvinatus type (Schmid, 1861, PI. 2, figs 2, 3;
Woodward, 1889a, p. 2gg), but this is still too little known for us to venture to draw
any conclusions as to its closer relationship to the Spitzbergen species in question. To
a certain extent it also seems as if we could find some distant resemblance between,
Stensio, Triassic Fishes from Spitzbergen.
3
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e. g. the teeth P. 98 c and P. 98 d of A. spitzbergensis and the tooth that Miss Wemple
(1906) has described from the Triassic of Western America under the name A. alexandrae.
Geological occurrence and localities. — The i3 teeth P. 98a-—m were found
by Dr. J. Oppenheimer during the excursion of the Geological Congress at Spitzbergen
in 1910 and were kindly handed over to the Palaeontological Institute of Upsala. A ccor¬
ding to the labels they come from the lower Saurian horizon, Middlehook, which seems
to indicate that they were either collected on the mountain that is called Mt Tschermak
on de Geer’s latest map or on Mt Congress. The teeth P. 99 a—e and the tooth P. 100
were found in the bone-bed

33 m above the fish level at Mt Viking.

No details are

known as to the circumstances under which Hulke’s type-specimen was found.
The teeth from Horn Sound were found by Hoel and Rovig in a bone-bed 10 m
above the boundary towards the Carboniferous. The locality is at the north-east corner
of Horn Sound.
Acrodus vermiformis n. sp.
(PI. 2, figs. 20, 21.)
Under the species name A. vermiformis I group at present only two teeth (P.9811, P. 101).
The best and most completely preserved of these (P. 101) is relatively long and
low (PI. 2, fig. 20). In its present state of preservation with one end (portion) broken
off it is about 24 mm long, while its greatest height does not amount to more than 5 mm.
Both the crown and the root are straight when seen from the medial or lateral
side. Regarded from the crown, they are both, on the contrary, somewhat bent in the
way shown in PI. 2, fig. 20 a, i. e. the median part is weakly convex at the medial side,
the two

ends,

on the

other hand,

at the lateral

side.

The

curvature

of the root is

weaker than that of the crown.
The crown has the same width almost throughout its entire length. At the median
part it is higher than towards the ends, but the difference is, however, rather slight.
A longitudinal crista which for the same reasons as in A. spitzbergensis,

ought to be

termed the primary longitudinal crista, seems to have been developed throughout the
entire

extent

of the

crown. It is somewhat stronger than

characterized especially by its irregulary sinuated course.

in A. spitzbergensis and is

On both the medial and the

lateral side of'it there is at certain parts a discontinuous secondary longitudinal crista
that is also rather strong and that resembles in its
teeth

belonging to A. spitzbergensis,

development the

one on

certain

such as, e. g., P. 98j and P. 98 m, i. e. the striae

running from the basal parts of the crown towards the longitudinal crista in the species
in question are attached to each other in groups at their distal ends and form a number
of short cristae in the longitudinal direction of the crown. Of these latter cristae each
in its turn runs for a bit towards the middle part of the tooth, to finally fuse with the
primary longitudinal crista, or possibly, in the case of the middle part of the tooth,
with the transversal one. This latter crista most closely resembles in its development
the similarly situated one on the tooth P. 98 h (PI. 2, fig. i3a) in A. spitzbergensis, but it
is coarser and has a ramification that differs in its details.
Besides the longitudinal and transversal cristae the sculpture of the crown consists,
as has already been pointed out, of the same sort of striation as was found in A. spitz-
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bergensis. The striation of the medial side appears on the whole to be coarser than
that of the lateral side, but otherwise it is

considerably more similar on both sides

than was the case in A. spitzbergensis. It is possible to distinguish two types of striae,
short and long, which show great differences in their arrangement. The long ones have
their basal ends situated close to the basal margin of the crown and extend from there
in a distal direction towards the primary longitudinal crista. They are connected directly
with this only farthest out at the end of the crown.

Otherwise they run together in

groups, as has been described, and form a discontinuous secondary longitudinal crista
both on the lateral and medial side of the primary longitudinal one. The short striae,
which at the same time are fine, issue from the transversal crista, the primary longitu¬
dinal crista, the stumps of the secondary longitudinal cristae

and the basal parts of

several of the longer striae just described. Characteristically

G

enough, they issue from these cristae and striae as a rule
almost at right angles. On the transversal and primary longi¬

Text fig. 5.
Acrodus vermifonnis n. sp.
Transverse section through the tooth
P. ioi. ill. Medial side to the right.

tudinal crista they are generally developed on both sides,
on the stumps of the

secondary longitudinal

cristae and

on the longer vertical striae, on the contrary, only on the
side that is turned from the primary longitudinal crista. As they occur in great numbers
they
tooth

are

very

prominent

and

help

essentially to give the general sculpture

a very characteristic appearance.

medial side is small.

The notch between

The root is low and the basal

crown

surface is

so

and

of the

root on the

situated that the

axis of height through the crown meets it at right angles. Text fig. 5 shows a cross
section through the tooth in question.
The tooth P. 98 n (PI. 2, fig. 21) consists in its present state only of a fragment.
It seems to agree well with P. 101 and does not need any special description.

Remarks. — Acrodus vermifonnis appears in several respects to be closely related
to

A. spitzbergensis,

but it is still too incompletely known to be

separated from this

species with certainty. As I have already pointed out, it is accordingly not improbable
that among the teeth that I have provisionally grouped

under the

species name

of

A. spitzbergensis there may also be a few belonging to A. vermifonnis.
The species name vermifonnis refers to the long and narrow shape of the crown,
which together with the characteristic sculpture gives the teeth at a hasty glance a
certain resemblance to the larva of an insect or to a worm.
Geological

occurrence

and

localities.

— The

tooth P. 98 n

was found by

Dr. J. Oppenheimer during the excursion of the Geological Congress to Spitzbergen in
1910

and was presented , by him to the

Palaeontological Institute

of Upsala.

As is

shown by its number, it was found together with teeth P. 98 a—m of A. spitzbergensis
and it is therefore probable that it comes from the same horizon and locality as these,
i. e. the lower Saurian horizon at Mt Congress or Mt Tschermak.
The tooth P. 101 was found at Mt Viking in the bone-bed 33 m above the fish
horizon.
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Acrodus scaber n. sp.
(PI. i, fig. 20.)
Under this species name I have

distinguished a

collected by Professor Dr. W. Salomon of Heidelberg

number of fragments of teeth
from

the bone-bed

discovered

during the excursion of the Geological Congress to Spitzbergen in 1910 (Stolley, 1911,
p. 115). All the fragments belong to the collector.
In two

cases the fragments

consist of fairly complete

crowns.

Otherwise there

are mostly parts of crowns. Parts of roots are only preserved in two cases.
All the remains

so

far present are 'from

small teeth.

seems in most cases to be not much more than
length can be established with any certainty it

The height of the crown

1 mm. In the two cases where the

amounts to 2 and 3-5 mm respectively,

but it has often certainly been somewhat greater.
The 2 mm long crown (text fig-. 6) seems to have belonged to a tooth that was
situated rather far forward, though not in the formost transversal
rows. It is somewhat bent in the vertical plane through the axis
Text fig.' 6.
Acrodus scaber n. sp.
Tooth from a specimen
belonging to Professor
Dr.W. Salomon of Heidel¬
berg. Magnification 20/1.
and

is not

of length in the same way as several of the teeth in A. spitzbergensis
described

above (text fig. 6),

i. e. it is arched so that

its basal

contour is concave from one end to the other and its distal contour
is correspondingly convex in the same direction. The highest part
of the

rounded

but

crown is situated about half way between the two ends

angular.

A

longitudinal

crista is present.

sculpture, which is available for investigation only from one side,

The

rest of the

consists of a few

strikingly coarse striae running from the basal margin of the crown to the longitudinal
crista. Their course is, howrever, not entirely transversal but is oblique in such a way
that their distal ends are nearer the highest part of the crown than their basal ends.
Some of the striae that are situated closest to the highest part do not reach directly
from the basal margin to the longitudinal crista like those situated towards the ends
but fuse more

or less in

the way shown by text fig. 6 with their distal

ends to

a

secondary longitudinal crista.
The 3;5 mm long crown is developed with a longitudinal crista and the striation
is of essentially the same type as was described on the preceding tooth.

The striae

are, however, more sparse and feeble.
Three or four fragments of teeth resemble rather closely, as far as can be judged,
the tooth P. 98 f of A. spitzbergensis described above (cf. PI. 2, fig. 11). They show, how¬
ever, a coarser sculpture with sharper striae.

In one of them I also observed that on

one side — probably the medial one — there was a smooth surface close to the basal
edge of the crown. It was also evident that the striae with their basal ends close to
the smooth surface were split up into

fine

branches that formed a network. — On

teeth of this type the root seems to be fairly high.
Finally there is also a fragment from the middle part of a tooth (PI. 1, fig. 20)
which

in

its

general

features

resembles

the

teeth

P. 98 j

and

P. 100

among

those

described above as belonging to A. spitzbergensis (cf. PI. 2, figs. 18, 19). It has, however,
a stronger transversal crista and the striae of the lateral side are considerably coarser.
A further characteristic of this tooth

is that the striae of the lateral side

send out
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numerous small branches, directed obliquely and basally, throughout their length, while
such

branches are sparse

on the above mentioned teeth of A. spitzbergensis and are

always restricted to the basal ends of the striae. The conditions of the sculpture on
the medial side are unknown and similarly nothing

can be said as to the primary

longitudinal crista or possible secondary longitudinal cristae.

Both the root and

the

crown have been rather wide.
With regard to the microscopical structure the

conditions of the teeth of this

species seem to have been normal (cf. Jaekel, 1889).

Remarks. — The teeth described here are all of about the same size and have
various features in common with regard to their sculpture, so I considered it proper,
at least

provisionally, to group them

in one species.

On account of their relatively

strong sculpture I have suggested the species name scaber for them.
Acrodus scaber seems, as far as is known, to be a well defined species, resembling
A. spitzbergensis most closely.
Geological
already mentioned,

occurrence

and locality.

— The material of A. scaber was,

as

collected by Prof. Dr. W. Salomon in the bone-bed found by him

at Mt Congress. It thus comes from the lowest Triassic.

Acrodus oppenheimeri n. sp.
(PI. 3. figs. 1 —11.)
The material of this species that is present consists altogether of almost 40 teeth,
most of which, however, are very fragmentarily preserved. Except for a tooth that was
among the material from Nordenskiold’s Spitzbergen expedition (1864) kept at the State
Museum, Stockholm, all the teeth (P. io3—105) belong to the Palaeontological Museum
of IJpsala.
Somewhat over 3o teeth occur together on a slab of slate (P. 105) in such a way
that they undoubtedly belong to one and the same individual.
cide whether they

come

Together with them are

from the

palatoquadrate

found badly

number of dermal denticles.

or

the

preserved remains of

It is impossible to de¬

mandibula

or from both.

calcified cartilage and a

When nothing is said to the contrary the following de¬

scription is based on specimen P. 105.

Teeth.
The teeth of the most anterior transverse rows are characterized, as in A. spitz¬
bergensis, by the presence of a principal cone and distinct lateral cones on their crowns.
In the present material there are only two such teeth.
One of* them, the one figured on PI. 3, fig. 1, is only preserved as an impression
of one side and even this impression is in its turn greatly destroyed. The crown has
probably had a total length of about 1 x mm.

It is weakly bent so that its distal con¬

tour is convex from one end to the other. Its powerful, comparatively high and sharply
pointed principal cone is a very characteristic feature.

On one side of the principal
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cone one can observe close to it a small lateral cone and it is probable that a similar
one also existed on the other side, as everything seems to indicate that the tooth was
developed symmetrically. The basal margin of the crown has three small sinus appearing
basally on the preserved half. The sculpture is mainly restricted to the principal cone
and consists of a few fine vertical striae. — The root seems to have been comparatively
low and has probably been bent in about the same way as the crown.
The other of the anterior teeth (PI. 3, figs. 2, 3)

is considerably better preserved

than the former and its two sides are known. It is somewhat more than xi mm in length
and its greatest height is 5 mm.

Both the root and the crown are bent in the same

way as in the preceding tooth, but somewhat more strongly.

The crown has a broad

blunt principal cone and a very small blunt lateral cone ■ on each side of this.

The

basal margin of the crown is without such sinus as are found in the above described
tooth.

A marked longitudinal crista extends over the principal cone from one end of

the crown to the other.
short striae.

From this crista there issued on both sides a number of very

Apart from these the sculpture consists of fine striae, situated sparsely,

occurring both on the principal cone and the rest of the crown.

The striae are fairly

parallel to one another, vary in length, and have a transversal (vertical) course. Those
on the basal part of the crown are best developed.
As far as one can judge, ,the root seems to be somewhat narrower than the crown.
Its two ends are truncated and comparatively high.

The basal edge is concave, the

dorsal one correspondingly convex.
There are several teeth preserved which seem to form transitional types between
the two just described and those of the middle transverse rows.
One tooth of this category is about 1 x mm long. Its crown is strongly bent in the
same plane as in the two teeth described above and is higher at the middle than towards
the ends. Avery slight bluntly rounded principal cone is present. Lateral cones on the
other hand are quite absent. From the middle the crown grows continuously narrower
towards the ends, which are fairly pointed. The sculpture agrees closely with that we
have already seen on the two anterior teeth, but it appears to be somewhat more power¬
ful, especially in the case of the striae that issue from the longitudinal crista.
A somewhat

larger tooth

measuring

about

i3 to 14 mm in length

and

with

a

maximum height of almost 5 mm (PI. 3, fig. 4) shows a great resemblance in several
respects to the last-described tooth.

It differs from this by an asymmetrical develop¬

ment — its highest part is situated somewhat towards one end — and by the absence
of a rounded angle.

Another tooth (PI. 3, fig. 5) of about the same size as the former

is symmetrically developed, and has, as will be seen, a fairly wide crown with rather
strong sculpture, which is, however, incompletely preserved. The sculpture consists on
the middle part of one side — whether it is the medial or the lateral side cannot be
decided — of transversal striae, extending from the basal margin of the crown up to
and joining the well developed longitudinal crista. On the remaining part of the same side
and probably the whole of the other there seem to be short stumps of striae issuing
from the longitudinal crista, while other similar stumps were probably present close to
the basal margin of the crown. The striae consequently appear to have been disconti¬
nuous in their middle.
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As in the Liassic species of the genus in question A. oppenheimeri may probably
have had two or three transversal rows among the middle ones which consisted of long
and robust teeth.

That this was the case is clearly shown by the comparatively con¬

siderable number of such
found. The largest

teeth that are present in the material of the fish hitherto

of these teeth

have

a

length

of

3o—33 mm,

the

smallest about

21—25 mm. The greatest height varies between 7 and 10 mm, and it is often as great in
the shorter teeth as in the longer ones. One finds also not infrequently that the former
are somewhat wider than the latter. Seen from the medial and lateral, side (PI. 3, figs. 6,
8 b, c, 9,

10), i. e. in the vertical plane through the axis of length, they are

arched

in such a way that their distal outline is convex and the basal one correspondingly
concave.

Often, however, this curvature is not strongest at their middle,

but some¬

what to the side of this towards one end, and in such cases the highest part of the
crown is consequently situated asymmetrically. Certain teeth show in addition curvature
in the horizontal plane in such a way that their middle part is convex at the medial
side and correspondingly concave at the lateral side, while their end parts show quite
contrary conditions (PI. 3, figs. 8 a, 10).
In the great majority of these larger teeth the crown is long and low (text figs. 7,
8;

PL 3, figs. 6, 8, 9, 10). On several of them its width is fairly small and in several

cases it is almost the same from one end to the other (PL 3, fig. 10). The narrowing
towards the ends is, however, always continuous and gradual,
so that there are no sudden contractions or similar appearances
of the breadth of the crown, as is often the case in the type
of

teeth

described

in

the

literature

under

the

name

of

A. gaillardoti.
The crown has no trace of cones.

Its highest part is

always well rounded, has never any marked angle,

and,

as

has already been pointed out, is often somewhat asymmetri¬

"0 V V
Text fig. 7.
Acrodus oppenheimeri n. sp.
Cross-section through teeth from
the middle transversal rows. Medial
side to the right. A, through the
tooth belonging to State Museum,
Stockholm; B and C, two teeth
from specimen P. io5. V..

cally situated towards one end.
The sculpture is rather similar on all the larger teeth in question. A longitudinal
crista, which may either occupy a median position or may be situated more or less to
one side, is always developed.

On the other hand a transversal crista is quite absent.

Numerous striae issue at right angles on both sides of the longitudinal crista. Every
second or every third one of these is very short, fairly straight and always unramified,
The

others

are long,

weakly sinuated,

and send

out

fine branches,

often

directed

obliquely and basally. The majority of them also extend right to the basal edge of
the crown both on the lateral and the medial side. On the lateral side they are not
infrequently thickened close to this edge. — Sometimes on certain of the shorter teeth
belonging to this category one can find a certain indication of a radiating arrangement
of a number of striae on the highest part of the crown, and at the same time the rest
of the sculpture somewhat resembles that of the most anterior teeth.
On the medial side the crown forms with the root a notch, often
(text figs, 7 A, B, C).

rather strong

In most cases the root is probably at least somewhat narrower

than the crown and is strikingly high in relation to the latter.

Its basal surface does

not seem to be oblique on the few teeth in which it can be observed.
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Finally of the teeth belonging to the posterior transversal rows only a few seem to

be preserved in the material so far known. A small tooth, about 5 mm long and 2 mm
high (PL 3, fig. 11), certainly belongs to this category and, to define it more closely,
probably to the most posterior transversal
all.

row of

The crown and root on this tooth are straight.

The crown is low and has had a sculpture of delicate
transversal

striae.

A

couple

of other

incompletely

preserved teeth, which are characterized by their weak
curvature both in the vertical and horizontal plane and
also by their comparatively small size, but which other¬
wise closely resemble the teeth of the median trans¬
versal rows in sculpture and other respects, may have
possibly been

situated

in the transversal row

next

to the most posterior one or in the third one count¬
ing from the last-mentioned row (PI. 3, fig. 7).
The present material of A. oppenlieimeri has been
able, as we have seen, to afford us a more certain
and complete knowledge of the dentition than is usually
the case in the Triassic Acrodus species. If we assume
Text fig. 8. Acrodus oppenlieimeri n. sp.
Schematic restoration of the dentition in one
half of a jaw, as indicated by the teeth be¬
longing to specimen P. 10S and the Acrodus
species from the Lias. 1/2.

that this species, like certain other of the same genus
that are known from the Lias, had 8 transverse rows
of teeth, the dentition in it ought probably to appear
about as is shown in text fig. 8. It must however be

expressly mentioned that there is still much unknown and that this figure is only intentended
to give an idea of the approximate position of the most important types of teeth so
• far known.
The teeth of A. oppenlieimeri show the same conditions as to microscopic structure
as are usual in the genus Acrodus (cf. Jaekel, 1889).
Dermal denticles.
As has already been mentioned there occur together with the teeth of A. oppenheimeri a number of dermal denticles, practically all badly preserved.

They are not

conical in shape as in A. nobilis and A. anningiae (Woodward, 1889, p. 284, p. 289), but
are as shown in text fig. 9.
*

Remarks. — The dentition in A. oppenlieimeri is,
partly of rather different teeth.

as

we have seen,

composed

The teeth of the anterior transversal rows possess in

the comparatively strong development of the principal cone and the sculpture of the
crown characters that remind us very much of Hybodus. Certain of them, e. g. the one
figured in PL 3, fig. 2, have also a rather great resemblance to a number of types of
teeth of A. minimus (cf. especially the tooth figured by Schmid, 1861, Pl. 2, fig. 38),
The teeth of the median transversal rows and to a certain extent those of the
posterior ones as well in A. oppenlieimeri are, both with regard to their general shape
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and their sculpture, closely related to the type of teeth to which Agassiz and the majo¬
rity of the subsequent investigators have given the species name A. gaillardoti (Wood¬
ward, 1889 a, p. 279), but they differ very distinctly from this, especially in the uniformly
narrow and low shape of the crown.
The teeth

of the middle

and posterior transverse rows in Acrodus oppenheimeri

also resemble to a certain extent the tooth to which Miss Wemple (1906) gave the name
of A. oreodontus, but this has a little and prominent cone on the
crown, which, to judge from her figure, has an additional special
characteristic in the

coarseness of its longitudinal

crista.

The

relations between A. oppenheimeri and A. wempliae Jordan (Jordan,
1907, p. 100) are still very uncertain.
Acrodus oppenheimeri is named after Privatdozent Dr. J. Oppenheimer of Briinn. I

intended

originally

to

name the teeth he

had collected himself after him, but it turned out, as we have
seen, that practically all

Text fig. 9.
Acrodus oppenheimeri n. sp.
Dermal denticles. A. From
the lateral surface. B. From
the dorsal or ventral edge.
Magnification i5/i.

of them were identical with Hulke’s species A. spitzbergensis.

Geological occurrence and localities. — Acrodus oppenheimeri rarely occurs
in the upper Saurian horizon. So far it has only been found at Mt Tschermak, Mt Saurie
and south of Sassen Bay on the mountain between De Geer Valley and Flower Valley.

Cephalic spines, fin-spines and dermal denticles belonging to Hybodus,
Acrodus or closely related genera.
Cephalic spines.
Of cephalic spines only a basal plate (P. 351) has been found so far. Its appearance
and size are shown in PI. 1, fig. 11.

Geological

occurrence

and

locality.

—

Bone-bed

33 m

above

the

fish

horizon, Mt Viking.
Fin-spines.
At present only four fin-spines are known of the type characteristic of Hybodus
and Acrodus (P. 42, P. 102, P. 282, P.

883).

The best preserved of these is P. 282, of which only a small part is missing at
each. end.

In its present state of preservation it is 91 mm long, but originally it was

probably about 100 mm. The maximum width between the anterior and posterior edges
is 10 mm. PI. 1, fig. 17 clearly shows its shape and sculpture and makes a special de¬
scription superfluous.

It ought, however, to be pointed out that the ridges are better

separated than the figure suggests; this is due to the fact that the interspaces could
not be quite freed from stone in the preparation. For the same reason the ridges also
seem here and there to be a little varicose, which as a matter of fact is not the case.
They all grow gradually and uniformly narrow towards their distal ends.
The fin-spine P. 42 (PI. 1, fig. 18) is represented in its present state of preservation
by a portion of the distal part. At the proximal end this portion measures about 3o mm
Stensio, Triassic Fishes from Spitzbergen.
4
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from the anterior to the posterior edge, at the distal end in the same direction only
about 18 mm. The appearance of the cross section at both ends is seen in text fig. io A, B.
The posterior edge (PI. i, fig. 18 a) has been equipped with denticles, but only the
basis of a few of these are preserved. The lateral surfaces are without the usual ridges
and

all

coarse

ornament,

but this

is

probably

a

secondary condition

and

due

to

weathering. The fine longitudinal striation that is present and whose character is clearly
shown by PL i, figs. 18 a, b, is presumably found in all the fin-spines that, like this one.
are built up in their external parts of trabecular-dentine.
This outer layer of trabecular-dentine is in the present case
thick and strong (o, text fig. io A). Inside it there follows a layer
of ortho-dentine (d, text fig. 10A), which becomes thicker towards
the

distal

end

of the spine

in the way Agassiz

has

described

(1843, vol. Ill, p. 215). The tubules of this ortho-dentine are somewhat
irregularly and strongly ramified. The pulp cavity is much reduced
in the part present (p, text figs. 10 A, B) and really consists only
of a fine vertical canal. The space between this and the ortho¬
Test fig. IO.
Cross section through
fin-spine P. 4.2. 1/1.
A. Cross section through
the proximal end of the
preserved part. B. Cross
section through the distal end
of the same part, d, dentine
of normal character (ortho¬
dentine); o, trabecular-den¬
tine, outer layer; o„ trabe¬
cular-dentine, inner layer;
P, pulp cavity.

dentine

is filled up with a layer

of trabecular-dentine (cq, text

fig. 10 A) of the same type as in the outermost layer.

As far as

one can judge, this inner layer of trabecular-dentine has, however,
been thinner towards the point of the spine,

while,

as has been

mentioned, the ortho-dentine is thicker there.
According to Agassiz (1843, pp. 212, 215, Tab. A, figs. 8, 9) the
Hybodus-Yike fin-spines lack the central layer of trabecular-dentine
that

was

found

in

the fin-spine P. 42 described

above.

knowledge of the structure of fin-spines in general is very in complete,

As our

it is not yet

possible to decide whether this layer is of any importance from a systematic point of view.
The fin-spine P. 102 is the one mentioned by Woodward

1912 (p. 291).

It is re¬

presented by three fragments, one of which shows the shape of the pulp cavity at its
proximal part.
The spine has'been rather large and its maximum width (from the anterior to the
posterior edge) is, as Woodward states, about 3o mm. The sculpture is of the usual type.
Its appearance is seen from PL 1, fig. 15.
With regard to its finer structure it is noteworthy that no traces of any central
layer of trabecular-dentine are found.

It is also worthy of mention that the layer of

ortho-dentine is absent round the proximal part of the pulp cavity, while it is present
further distally and becomes rather thick towards the point. — I have also been able
to ascertain that at least the fin-spine P. 282 described above has no layer of ortho¬
dentine at its proximal end.
The fin-spine P.
can be given.

883

is very incomplete (Pl. 1, fig. 16) and no reliable measurements

The posterior edge has, as usual, a double row of thorn-like denticles.

The ridges are finer than on the preceding fin-spine. The pulp cavity in the preserved
part is rather large and is surrounded by a distinct and fairly thick layer of ortho-dentine.
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Remarks.

Of the fin-spines mentioned

here P. 102,

P. 282

and P.

883

belong

undoubtedly to the Hybodus and Acrodus type; P. 42 differs by having a partly diverg¬
ing

microscopic

structure, but it is

not yet possible to ascertain the importance of

this. It is of course also conceivable that P. 42 showed different conditions with regard
to sculpture, etc. from the typical spines.

But, at least for the present, I thought I

could group it together with them.
The fin-spine P. 282 seems to resemble rather much the spine described by Jaekel
under the name of Hybodus laczkoi (Jaekel, 1911b, p. 18, text fig. 7), but it is curved in
another way. It is well differentiated from H. dimidiatus by its general shape

and the

appearance of the denticles (cf. Jaekel, 1889).
The other fin-spines are too incompletely known to be compared with the ones
described earlier.
Geological occurrence and localities. — The fin-spine P. 282 was found on
the east side of Mt Marmier in a bone-bed in the fish-horizon; the fin-spine P.42 was
found at Mt Viking in the bone-bed 33 m above the fish-horizon.

The two other fin-

spines belong to the material collected by Dr. B. Hogbom and the locality is given on
the labels only as «Middelhook». P.
some metres below the
P. 102

in

the

«Daonella

lower

883

Saurian

layers*,

i. e.

was found
level
in

and

or near

the upper Saurian horizon.
Dermal denticles.
Detached dermal denticles are present in great

Text fig. II. Dermal denticles.
A, from P. 57«/i; B, from P. 77"A; C, from
P. 6096/,.

numbers and it seems certain that at least a part
of them belonged to Hybodus and Acrodus. Certain
of them

even

resemble

those

described

by

me

above

in

A. oppenheimeri

(p. 24).

Others, as'Pl. 1, fig. 14 and text figs. 11 A, B, C show, have partly another appearance.

Geological

occurrence

found in all bone-beds.

and

localities.

—

Detached

dermal

denticles are

In two of these, namely the one 33 m above the fish-horizon

and the one in the lower Saurian horizon,

they are exceedingly common. The

one in

PI. i, fig. 14 and the two in text figs, n A and C come from the former horizon, while
the one in text fig. 11 B comes from the latter.

Genus Polyacrodus Jaekel.
Synonym: Hybodus (in part) Jaekel, 1889.
The genus Polyacrodus was founded by Jaekel in 1889 (p. 321)

for certain teeth

from the Triassic, which were considered by Agassiz and subsequent authors to belong
to Hybodus.

Jaekel’s characterization

of the genus at that time can be summarized as

follows: The teeth agree with Acrodus with regard to the root. The crown in its general
development is like that of Hybodus, with

a principal cone and lateral cones, but all

these cones, unlike those of Hybodus, have a short skittle-like shape. The crown has a
longitudinal keel. The striae issuing from this on both sides and passing off fairly trans-
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versally

are somewhat

coarse

and sparse and

do not reach the basal margin of the

crown. Other striae, also transversal, in the neighbourhood of this margin are finer and
situated

closer

together.

There

is

usually a

stronger stria crista running in a basal

direction on the lateral and medial sides of the cones, giving these a more or less distinct
pyramidal shape. — The dental crown is almost entirely formed of ortho-dentine, con¬
trary to what is the case in Hybodus and Acrodus.
The microscopic

structure of the crown is considered by Jaekel as the most im¬

portant characteristic of the genus, but he adds at the same time it may easily be thought
that this structure has arisen from the one found in Acrodus. «Man hat eben nur anzunehmen», he writes, «daS die auch bei Acrodus vorhandene Dentinzone bei Polyacrodus
sehr machtig entwickelt ist.»
In a paper published in 1898 Jaekel

somewhat modified his original definition of

Polyacrodus. He now limits it (pp. 137—138), as he says, to the teeth, «bei denen sich ein
zusammenhangender Langskiel

fiber samtliche Zahnkegel zieht und

die Faltelung der

Seitenflachen von den Zahnspitzen ausgeht*. Eight years later he considers (1906 a, p. 158)
that,

on

account

of the nature

of the teeth,

he ought also to include in the genus

Polyacrodus the species from the Lias described by Fraas as Hybodus hauffianus.
As has

already been pointed out in this work (p. 3 above) Koken found (1907)

that H. hauffianus had the teeth developed as in the typical Hybodus species with regard
to the microscopical structure and that H. hauffianus in all other respects as well could
not be separated from the genus Hybodus.

He further remarks that we must attribute

a greater scope of variation not only to the outer shape of the Hybodus teeth but also
to their microscopical structure, especially with regard to the degree of development of
the dentine.

In accordance with this he has considered Polyacrodus as a synonym of

Hybodus in his treatise of the fishes in the second edition of Zittel’s «Grundzfige der
Palaontologie» (1911).
Finally Schlosser (1918, p. 59) has adopted the genus Polyacrodus, but restricted it
to include teeth from the Triassic alone.
Polyacrodus has hitherto only been known from Germany and the east of France,
where it has been found especially in the Muschelkalk and the lower Keuper (cf. above
p. 1, note 2).
It is now very remarkable that in the Triassic

of Spitzbergen two species occur

which in their characters resemble both Hybodus, Acrodus and Palaeobates.

As far as I

can see they come within the bounds of Jaekel’s definition of the genus Polyacrodus and
I thus consider it certain that this genus ought to be maintained.

At the same time it

seems to me also necessary to confine it to Triassic forms, as Schlosser did.
The new material from Spitzbergen affords of course a somewhat extended know¬
ledge

of Polyacrodus

and

I have therefore to add

to Jaekel’s original definition the

statement that the dentition was probably rather heterodont. With regard to the ornament
of the teeth it ought to be expressly stated that this may be very feebly developed or
be quite absent, and that it consists of striation mainly issuing from the longitudinal keel.
In this connection it is worth nothing that one of the Polyacrodus species described
below, P. angularis, resembles especially closely certain of the types of teeth that Quenstedt
(1852, p.179), Eck (1865, p. 118) and Woodward (1889a, p.282) have grouped together
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under the name of Acrodus minimus. This makes it very desirable to have a microscopical
investigation of all the types of teeth referred to this species. I did not have the material
to carry this out myself.
Polyacrodus pyramidalis n. sp.
(Pi. i, figs. 21—26.)
The material of which I have
teeth (P. yi3—717)-

established

this species

consists of 12 incomplete

With a few exceptions it is only crowns or parts of crowns that

are present. They are usually so embedded in the stone that only one side is accessible
for investigation.
The

smallest tooth

is scarcely 2 mm long;

the maximum height of its crown is

somewhat over 1 mm. In the largest teeth the length may be estimated at about 8 mm,
while the crown has a maximum height of 2-5—3 mm.
The teeth that I

group here

under the species name Polyacrodus pyramidalis are

of at least three types, mutually rather different, and the dentition must therefore have
been rather heterodont if my view is correct. Only a very vague idea can be obtained
of the position of the different types of teeth in relation to each other when they were
in situ in the jaws.
were arranged

in

To judge from their shape it seems probable, however,
somewhat

the same way as in Acrodus and

that they

the Palaeobates species

described below.
The crown {P.717 a) figured in text fig. 12 A and

in PL 1, fig. 21

is about 2 mm

long and its greatest height is somewhat more than 1 mm. Even towards the well rounded
ends the height is strikingly great.

The crown is not quite straight but shows, as the

figures indicate, a slight bend in the vertical plane through its longitudinal axis in the
same way as several of the above-described Hybodus and Acrodus teeth. It has a broad,
relatively high and rather sharp principal cone, but this is situated somewhat towards
one end of the crown. Between the principal cone and this end there are two fairly low,
blunt lateral cones. On the other side of the principal cone there are, on the contrary,
no lateral cones at all. A longitudinal keel seems, as far as one can judge, to have ex¬
tended between the two ends over the three cones.
gation — probably the lateral side — the sculpture

On the side accessible for investi¬
consists

of delicate, sparse striae,

which issue from the longitudinal keel and pass off in a basal direction.

They do not

nearly reach the basal margin of the crown, however, but between this and their basal
ends there is a sculptureless stretch. The striae often show a certain convergence towards
the distal ends of the cones. — Only fragments of the root are preserved.
The tooth figured in text fig. 10B and PI. 1, fig. 22 (P. 714a) resembles very closely
in all respects the one just described.
lateral cones.

The root

is partly

It is, however, larger and has lower and blunter

preserved.

As in Hybodus and Acrodus

a

number

of Haversian canals open on its surface.
Another type of teeth is represented by five crowns (P.712 a, P.7i4b, P.715 a and
b, P. 717b), all of which resemble each other very closely. None of them is completely
preserved.

The largest one was probably

about

8 mm long and about 2^5 mm high,

while in the case of the smallest these measurements were 6 mm and 2 mm respectively.
They have all been slightly bent (text figs. 12 C, D; PI. 1, figs. 23, 26) in the same way
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as in the preceding type. The curvature is strongest on the side I take to be the lateral one
(text fig. 12D;

PI. 1, fig. 23c).

Above

or . in the neighbourhood of the middle of the

crown there is a principal cone, certainly rather low but all the same quite prominent,
and on both sides of this there is towards each end a very blunt and low lateral cone
in the way shown by the figures.

The principal cone often has a markedly pyramidal

shape and is in a characteristic way considerably wider from the lateral to the medial
side than the crown is otherwise, so that, seen from the distal end, it appears as a distinct
thickening at the middle of the crown (PL 1, fig. 23a). This thickening is strongest on
the side that I take to be the lateral one (text fig. 12D; PI. 1, fig. 23 c), where it con¬
tinues in a basal direction right to the basal margin of the crown.
The two ends of the crown are rather high and rounded. Between them a median
longitudinal keel extends over all the cones.
and

medially

The surface of the crown both laterally

of this keel is divided lengthways into a dorsal and a basal half, the

former of which faces dorso-medially, the latter ventro-medially.
in

a

not

very

prominent

The two halves meet

longitudinal

edge

(text

figs. 12 C, D). The whole appearance seems to me to
indicate that a notch

here

between

the root and the crownboth on the medial

was

developed

and the

lateral side.
The
Text fig. 12.
Polyacrodus pyramidalis n. sp.
Teeth of the three types present. A, B‘, from
P. 717a. and P. 714a respectively; C, D, from
P. 7/5 a and P. 715 b respectively; E, from
P. 716 a. All teeth with magnification 4/1.
consists

sculpture is most developed on the lateral

side and closely resembles that described on the two
teeth P.yi^a and P.yiya.

The striae are, however,

considerably shorter (text fig. 12D).

On

the medial

side the sculpture is limited to the principal cone and

of a few rather coarse striae.

Both

on the medial and the lateral side the

striae of the principal cone exhibit a slight convergence in distal direction.
Of a third type
and P.716CI

of teeth the present material contains only two crowns, P. 712 b

(text fig. 12E;

PI. 1, figs. 24, 25).

The larger of these (P.yi2b) has been

about 8 mm long and its maximum height has been 3 mm; for the other the same mea¬
surements amount to
way

6mm

and 2'5mm respectively.

as the preceding ones and

also

show

Both teeth are bent in the same

with regard to their shape some obvious

resemblances to them. They have a strong and broad but bluntly rounded principal cone.
One of them, P. 716a (text fig. 12 E, PI. 1, fig. 24), has on each side of the principal cone only
one lateral cone, while the other, on the contrary, seems to have had two.

The deve¬

lopment and position of the lateral cones is the same as on the teeth belonging to the
type described just above.

As in these, so here too the principal cone is thicker than

the rest on the tooth. The thickening on the medial side is, however, still more marked
in this type

and its continuation in the basal direction even forms a distinct swelling

on the basal margin.
A notch between the root and the

crown has been

developed

at least on the

medial side.
The sculpture is nearly quite lacking, but if this is due to weathering or ought to
be considered as a primary condition cannot be decided. As far as one can see it consists
only of some indistinct striae on the principal cone.
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On

all

peripheral

the

layer

Palaeobates. As

teeth
of

in

question

enamel' (cf.

has already been

the

crown

Tomes,

1914,

pointed

out,

consists

entirely,

pp. 50—59),

of

apart

from its thin

ortho-dentine,

as in

the root consisted of ordinary trabe¬

cular-dentine (cf. Tomes, p. 192; Rose, 1898, p. 42).
*

Remarks. — The types of teeth dealt with here have so many common charac¬
teristics that, in spite of their rather great differences, I feel justified in combining them
in one species. I have suggested the name P. pyramidalis for this species on account of
the shape of the principal cone.
As far as is known P. pyramidalis seems to be most closely related to P. angiilaris
described below. It is well differentiated from P. polycyphus (Agassiz) — cf. Jaekel, 1889.
Geological

occurrence

known from Mt Bertil,

and

locality. — Polyacrodus pyramidalis is

only

where it occurs in a bone-bed belonging to the upper Triassic

(the upper sandstone series).

According to barometrical measurements the bone-bed is

situated about 263 m above the fish level, but on account of the slope of the strata this
figure is probably somewhat too low.

Polyacrodus angulatus n. sp.
(PI. 1, fig. 27.)
Under this name I

have provisionally

grouped five

detached

crowns of teeth,

belonging to the material collected by Salomon in 1910 and in his possession. None of
the crowns is accessible on both sides for investigation. They are all very small, their
length varying between about 1*5 to 2 mm and the height between 0*5 to 075 mm.
As in P. pyramidalis, so here one finds teeth of at least three types.
The crown which is shown in text fig. i3 A is the only one known of its type.
It is nearly straight and has a powerful, rather high

and somewhat blunt principal

cone, wfiich is symmetrically situated between both ends of the crown. The principal
cone and the part basally of it are very much thickened in comparison with the other
parts of the crown and this thickened part also forms a swelling on the basal margin
in the same way as in the type of tooth figured in text fig. 12 E belonging to P. pyramidalis
though not so much prominent as in this latter. There is only an indication of a lateral
cone on one side of the principal cone.
A longitudinal crista seems to be developed and probably also extended over the
principal

cone.

On the side

accessible

for

investigation

the

crown

is

nearly

quite

smooth or has at least no striae clearly discernible.
Another type is also represented by one crown (text fig. i3 B). This is bent in
the vertical plane through its axis of length in the usual way, so that its base is concave
in the longitudinal direction and its dorsal contour is correspondingly convex. It has
a principal cone that is certainly not high but all the same very distinct;

this cone is

bluntly rounded and is situated somewhat asymmetrically on the side of the transversal
middle axis. A lateral cone is very faintly indicated on each side of the main cone by
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an angular swelling. The side accessible for investigation — appearently the medial one
— is divided lengthways by means

of a blunt longitudinal edge into a basal and a

distal longitudinal part about in the same way as in P. pyramidalis.
A median longitudinal keel seems to have been present.
developed from the

distal end

of the principal

cone

A transversal keel is

to the longitudinal edge of the

medial side. Otherwise the medial side is quite without sculpture.
The

crown has been wider than the

root

and between them there has been a

notch at least on the medial side.
The third known type of teeth is represented by three crowns, all of which are
bent in the usual way in the vertical plane through

the axis

of length.

In this case,

however, the curvature is fairly strong (text fig. i3 C; PL i, fig. 27). There is no real
principal cone, although the crown has a very distinct angle and is strongly thickened
at the

place for this cone on the lateral side.

Lateral cones,

on the other hand, are

indicated on one of the crowns and corresponding to each of them
there is a thickening on the lateral side.
A median

longitudinal keel

is present and there seems to be

also a transversal keel over the highest part of the crown, at least
on the medial side. This side, which is without any other sculpture,
Text fig. 13.
Polyacrodus angulatus n. sp.
Three types of dental

is

developed in the same way

scribed

as in

the type just

(cf. text figs. 13 B and C). The

lateral

side

previously de¬
has

also

been

smooth. The crown has been wider than the root and a notch was
formed between them, at least medially.

With regard to the microscopic

structure P. angulatus agrees with P. pyramidalis.

Remarks. — I am of the opinion that the three types of teeth described here
ought to be grouped under a common species name, as, in spite of a large number of
differences, they still have important features in common.
Polyacrodus angulatus seems undoubtedly to be rather closely related to P. pyramidalis.
It differs from this, inter alia, by a different development of the cones, the almost total
absence of striation, and probably also by its smaller size.
It is also noteworthy in this connection that P. angulatus resembles to a rather great
extent certain of the types of teeth that have been incorporated with Acrodus minimus
Agassiz.

This is true,

for instance,

of the teeth

described by Agassiz (1843, vol. Ill,

p. 146; PL 22, figs. i3—15) under the name of Acrodus acutus and also Plieninger’s (1844,
p. 116; Pl. X, figs. 20—22, 27) so-called Thectodus species. Whether the resemblance ex¬
tends further than the

exterior is, however, not known, but this would certainly be

worth further investigation.
The name angulatus for this species refers to the fact that the tooth crowns have
not infrequently an angle developed in the highest part.
Geological

occurrence

and locality.

— P. angulatus is so far

known only

from the bone-bed found by Salomon in the lower Triassic at Mt Congress, where it
seems to be rather common.
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Genus Palaeobates H.

v. Meyer.

Synonyms: Psammodus (in part) Geinitz H. B. (ex Agassiz M. S.) 183?, Strophodus (in part) Agassiz i838Teeth belonging to Palaeobates are found mentioned in the literature for the first
time in

1837

under the

generic name

of Psammodus (Geinitz, p. 22, PI. Ill, figs. 6, 7;

Hogard, pp. 214, 235). In 1838 Agassiz considered that he ought provisionally to include
these teeth in the genus Strophodus and in connection with this he says in his description
of the teeth of S. angustissimus: «leur extreme petitesse qui sort des limites que l’on
observe habituellement dans les dimensions des especes d’un meme genre, me porterait
meme a crOire qu’elles proviennent d’un poisson qui constituera un jour un genre a
part, quand il sera mieux connu» (i838, vol. Ill, p. 128).
The generic name

of Palaeobates was introduced in 1849 by H. v. Meyer (1849 b,

pp. 233—234) for those of Agassiz’s Strophodus species that were known from the Triassic.
Among the investigators who have worked on teeth of Palaeobates may be mentioned,
in addition to those already given: Schmid (1861, pp. 6—9), Eck (1865, p. 62), Woodward
(1889 a, p.248) and Jaekel (1889, p.327; 19x1 b, p. 17). Jaekel especially has made a study
of the microscopical structure of the Palaeobates teeth.
In his family
prising in it,
Palaeobates,

«Des Cestraciontes»

among others,

together

with

also

the

Cesiracion

Agassiz included his
teeth we now

Cuvier,

genus

distinguish

Ptychodus Agassiz,

Strophodus,

com¬

under the name
Acrodus,

of

Psammosteus

Agassiz, Ceratodus Agassiz and a number of other genera. A similar view was also held
by Pictet (1845), Giebel (1848) and Quenstedt (1852) among the older authors.
H. v. Meyer (1849 b) was

of the opinion that the Palaeobates teeth

most closely

resembled those of Myliobatis and Zygobatis, i. e. that they were teeth of rays, and the
same view was taken by Schmid in 1861.
Zittel in his «Handbuch der Palaontologie» (1887—1889, p. 77) includes Palaeobates
in Strophodus,

which,

together with

Cestracion,

Orodus Agassiz,

Campodus de Koninck

Acrodus, Ptychodus and a couple of other genera, he groups in the family Cestracionidae.
Woodward (1889 a, p. 248) placed Palaeobates as an independent genus among the
Cestracionids, to which he also referred the genera Orodus, Campodus, Diclitodus Davis,
Sphenacanthus Agassiz, Tristychius Agassiz, Wodnika G. von Munster, Hybodus, Asteracanthus
(Strophodus), Bdellodus Quenstedt, Palaeospinax Egerton and Synechodus A. S. Woodward.
In

1889, after thorough investigations

of teeth belonging to Palaeobates, Jaekel

was able to separate this genus from others better than preceding investigators, and,
while emphasizing its relationship to Acrodus, he follows the view that it ought to be
included among the Cestracionids. Palaeobates is now usually found
textbooks, e. g.
(1911,

1918),

in the two later editions of Zittel’s

«Grundziige

der

among these in
Palaontologie»

while Orodus, Ctenacanthus (Sphenacanthus), Hybodus, Tristychius, Acrodus,

Polyacrodus, Asteracanthus and Wodnika are separated from the Cestracionids and grouped
in the family Hybodontidae.
Palaeobates was for a long time known only from

upper Bunter Sandstone and

the Muschelkalk in Germany and the east of France. In 1890, however, Tommasi (p. 3)
mentioned Palaeobates in the Triassic of Raibl. In 19x1 Jaekel described a Palaeobates
species from the Bakony-Wald (1911b, pp. 17—18) and I have now myself ascertained
beyond all doubt that this genus is represented in the Triassic of Spitzbergen as well.
S ten si 6, Triassic Fishes from Spitzbergen.
5

ERIK A : SON STENSIO

34
It is

also possible that the teeth from the upper Tiriassic

in North

California,

described by Bryant under the name of Strophodus shastensis (1914), belong to Palaeobates.
At any rate these teeth show a rather considerable resemblance to Palaeobates teeth in
their general shape and the same seems to be true of their sculpture.

In this case the

microscopic structure would certainly show quite distinctly if we were concerned with
teeth of Palaeobates or Strophodus, but this is still unknown.
The material from Spitzbergen now makes it possible to give a somewhat more
complete

definition- of the genus Palaeobates than previously.

known can be summarized as follows:

Mandible

short and

The

high

characters

so far

with comparatively

few, probably only five or six transversal rows of teeth; possibly an unpaired symphyseal
row is also present. The third and fourth transversal rows, counting from behind, each
consists of long, large teeth, the rows that follow anteriorly and posteriorly consist of
smaller teeth, the most posterior row having even very small teeth. The anterior teeth
have a more strongly arched crown than those following posteriorly.

The dentition in

the palatoquadrate is not known in detail, but it possibly differs somewhat from that
of the lower jaw. All the teeth, both in the palatoquadrate and the mandible, have a
flattened, long and narrow crown without lateral cones, but sometimes with a principal
cone. A longitudinal crista is often present, but may also be absent.

The sculpture of

the crown consists of fine, very much ramified striae, in certain species anastomosed
with each other and forming a network. The crown has a rather thin layer of enamel,
apart from which it is entirely formed of ortho-dentine; the root consists of trabeculardentine. There is often the remains of a pulp cavity between the root and the crown.
The Spitzbergen material confirms the view that we have in Palaeobates a genus
differing distinctly from all other known Selachian genera. It is also clear that Palaeobates
most closely resembles Polyacrodus with

regard to the microscopic structure

of the

teeth, while on the other hand, to judge from the general shape and arrangement of
the teeth, it seems to occupy an intermediate position between Acrodus and Aster acanthus.
If a family Hybodontidae is accepted with the definition of Koken and Schlosser in the
later

editions

of

Zittel’s

«Grundziige

der

Palaontologie»,

there

is

no

doubt

that

Palaeobates ought to be included in this family.

Palaeobates polaris n. sp.
(PI. 3, figs. 12—18.)
This species is represented by two specimens (P. ioy and P. 108).

On both there

are remains of teeth and dermal denticles. One (P. ioy) has also a number of parts of
the visceral skeleton preserved.
Visceral skeleton.
The visceral skeleton is calcified in the usual way in its peripheral layers.

The

calcified layer seems to be about o-5—1 mm thick.
Only small portions of the palatoquadrates are preserved.

The right mandibula

is fragmentary, the left, on the other hand, is almost perfect, as only its postero-dorsal
corner is absent (text fig. 14; PI. 3, figs. 16 a,- b).
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The mandibulae are strikingly high in relation to the length,

as the length was

about 10 cm and the greatest height about 4. cm. The lower margin is strongly convex
and passes over without any definite corner into the posterior one. The anterior margin,
on the other hand, is better defined and passes into the ventral one by means of a
rounded angle. The upper margin has an obtuse-angled process in front of the articulatory
fossa, otherwise it seems to have been straight and to have occupied an almost horizontal
position. In the direction from the anterior to the posterior margin the mandibulae are
concave on the lateral side and correspondingly convex on the medial side.
The

cartilage

in

the mandibulae

has had a total thickness of about

10 mm. Its

uncalcified part is in its present state of preservation replaced by calcite.
Between the two
somewhat arched.

mandibulae there is a paired, long skeleton element which

It seems as if we were concerned here with the

is

ceratohyal (Chjr,

PL 3, fig. 16 a).
A number of poorly preserved cartilaginous fragments, situated between, behind
and ventrally of the mandibulae, have probably belonged to the gill-arches.
Dentition.
The arrangement and shape of the teeth.—
Specimen

P. 107

shows

on

the

left

mandibula

five

transversal rows with teeth that are rather well preser¬
ved in situ (text fig. 14; PI. 3, figs. i6a,b). As the most
anterior
edge

of these rows lies rather near the

anterior

of the mandibula, it is clear that the space for

further rows in front of those that are preserved is
very restricted. We can therefore conclude with rather
great probability that the total number of transversal rows was at most six. It

can¬

not be decided with full certainty whether any unpaired symphyseal row was present,
but it seems very probable that this was the case.
I

have

denoted

the

most

anterior

of the

preserved

rows

by

the

letter

af

the one following behind it by b, etc. (text fig. 14, PL 3, figs. 16 a,b).
The tooth-row a is composed of at least 6 teeth, having on an average a length
of about 10 mm and a maximum breadth of 2—2*5 mm. As text fig. 14 shows, they are
situated rather obliquely in such a way that their anterior end is nearer the labial
margin of the jaw than is the case with the posterior end. The tooth nearest to the
labial margin has the masticatory surface of the crown turned dorsally, the tooth farthest
from it,

on the other hand,

has the same surface turned ventrally.

The teeth inter¬

mediate between these two occupy transitional positions.
The teeth in row a are fairly strongly bent, so that the masticatory surface is
convex from one end to the other.

The most raised part of the crown is at about the

middle of the teeth or sometimes a little in front of the middle; the greatest width of
the crown is also situated at the same place. The anterior half of the crown grows more
narrow than the posterior half, and the anterior end is therefore rather pointed.
other characteristic
medial side.

of the anterior end-part

An¬

seems to be that is arched towards the
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The

sculpture

of the

crown is incompletely preserved.

It is

evident,

however,

that a longitudinal crista has been present and that this crista was situated somewhat
on the lateral side of the median line of length.

One can also see that dense trans¬

versal striae have issued, at least anteriorly, from the longitudinal crista to both sides.
The root, though preserved on a number of teeth ' in the row in question, is not
accessible for any detailed investigation.
Row b (text fig. 14, PI. 3, figs. i3, 16 a, b) consists of seven teeth, which are consider¬
ably larger than those in row a.

Their length

is

about

14—15 mm,

the

maximum

breadth 3—3’5 mm and the greatest height about 5 mm.
Their arrangement is such that the axis of length through each of them is fairly
parallel with the labial margin of the mandibula. Their relative positions are the same
as in the teeth in the row in front.
Seen from the lateral or the medial side they are bent in the usual way so that
the masticatory surface is convex from one end to the other and the basal surface of
the root is concave in the same direction. The curvature is strongest, however, somewhat
caudally of the middle and the highest part of the crown is also
situated at this place, as shown in text fig. 14.
Text fig. 15.
Palaeobatespolaris n. sp.
A. Cross section through
tooth belonging to the trans¬
versal row b. Medial side to
the left. 1/1. B. and C. Two
teeth belonging either to one
of the most anterior rows
or more probably to an un¬
paired symphyseal row.

The caudal end of the

crown is truncated.

From

it to the

highest part the crown is of uniform width (PL 3, fig. 13); in front
of the highest part it grows gradually narrower and the
end thus gets rather pointed.

The

anterior

crown and the root are both

of about the same height. With regard to width, however, the root
is far exceeded by the

crown and in

connection

with it a very

prominent notch is developed on the medial side (text fig. 15 A).
The part of the surface of the crown that forms this notch faces medially and at
same time

basally and is separated by a sharp

real masticatory surface

(PI. 3, fig. 15).

the

angular longitudinal edge from the

When I speak of this below I shall call it the

baso-medial surface of the crown. The real masticatory surface is only weakly arched
from side to side. It passes in a well rounded edge into a lateral surface (PL 3, fig. 14)
that is fairly vertical and that I shall call in the

subsequent description,

the lateral

surface of the crown.
On the real masticatory surface we find fairly close to the edge between it and
the lateral surface a fine longitudinal stria or, if one likes to call it so, a longitudinal
crista. From this there issue to both sides dense fine striae with abundant ramifications.
Laterally of the longitudinal crista all the striae pass off quite transversally and continue
on the lateral surface of the crown right to

the basal margin. Medially of the same

crista, on the other hand, they only reach the angular edge between the masticatory surface
itself and the medial surface of the crown. Their course is such that their part situated
nearest to the longitudinal crista bends round towards the highest part of the crown and
in this way meets the longitudinal crista at an acute angle.

Those situated in front of

the highest part, on the other hand, are bent forwards. All the striae, both medially and
laterally of the longitudinal crista, form only a few anastomoses (Pl. 3, figs. i3, 14, 15).
The root (text fig. 15 A, Pl. 3, fig. 15) has a plane,

well developed basal surface,

which is so situated that the axis of height of the crown meets it at right angles.
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of the same order of magnitude as in row b1 but

somewhat narrower than these in relation to the length. Their length is generally on
an average about 15 mm, while the greatest width is only 3 mm. The greatest height
is 4—4’5 mm.
The majority of the teeth in this row have their anterior end situated lower than
the posterior one in relation to the labial
arrangement is the same as

margin of the

mandibula.

in the two rows in front of them.

All

Otherwise the

seven teeth

are

bent in the usual way, so that the masticatory surface is convex from one end to the
other,

while the basal surface

of the

root is

correspondingly

concave.

Contrary to

what is the case with teeth belonging to row b the curvature here is strongest in the
anterior half. The highest and broadest part

of the

crown

is

consequently also

in

this half (PI. 3, fig. i3).
Anteriorly

the

crown

has

a

broad,

truncated end

(PL 3, figs. i3, 16 a, b) which

meets with the posterior end of the teeth in the preceding row.

From this end the

width of the crown is maintained fairly unaltered posteriorly to its highest part and
then gradually grows narrower right to the caudal end, which is rather pointed. The
crown appears, when seen from the masticatory surface, to be also weakly bent in the
shape of an S, so that its anterior half is convex on the lateral side and its posterior
half on the medial side.

In other respects it shows the same conditions as in the row

in front, which is also true of the sculpture.
The root is also developed in a way that resembles very closely what we found
in row b.
The five teeth in row d are considerably smaller than in rows b and c. The length
varies between 5—6 mm, the greatest width is about 2 mm and the greatest height is
2—2-5 mm. Their position is the same as in row c and the curvature and the highest
part of the crown also show the same conditions as in this row, i. e. they are situated
nearer the anterior than the posterior end. The widest part coincides with the highest
part of the crown and the crown grows narrower both to the anterior and the posterior
ends

(text fig. 14),

but mostly to

the latter end.

Otherwise the shape and sculpture

of the crown closely agree with what we know of the teeth in rows b and c.' The
root was also developed in them in a similar way.
The most posterior row,

e,

consists in its present state of three or four teeth,

measuring in length about 3—4 mm and between i‘s—2 mm in height. From the medial
or the lateral side both the crown and the root are fairly straight or at any rate only
weakly bent. The conditions of these teeth in other respects cannot be established.
Among the number of detached teeth that occur on specimen P. 107 there are
some that, apparently, must have been situated still farther forward in the mandible
than row a or more probably may have belonged to an unpaired symphyseal

row.

These teeth (text figs. 15 B, C; PL 3, fig. 12) are 4—5 mm in length and their greatest
height is somewhat more than 3 mm. The crown is strongly bent in the way that it
is convex from one end to the other, while the base of the root, on the other hand, is
straight.

The two ends of the crown are sometimes bent distally too in the manner

shown in text figures 15 A, B and PL 3, fig. 12. A further characteristic of the crown is
that on

one side it has some round protuberances.

The

sculpture

consists of fairly
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sparse, straight and unramified striae, passing off transversally. These teeth resemble
in their entire shape and development certain types of teeth belonging to Aster acanthus,
e. g. those figured by Agassiz, vol. Ill, PI. 17, figs. 1—5.
Nothing

certain can be

said as to the dentition

of the palato-quadrate,

but it

does not seem improbable that its teeth were partly somewhat more robust than those
of the mandible. There seem also to be certain reasons for believing that the shape
of these teeth

too

may

have

been to a

certain

degree

different

from

that

of the

mandibular teeth.
The

microscopic

structure

of the

teeth.

—

In

accordance

with Jaekel’s

observations in P. angustissimus (Agassiz) we also find in the species under discussion
from Spitzbergen (PI. 3, figs. 17, 18) that the crown is entirely composed of ortho-dentine,
with the exception of the peripheral layer, while the root consists of trabecular-dentine
(cf. Jaekel, 1889).
According to

their positions in the transversal rows the teeth have

of course

different ages and are therefore at different stages of development. Thus, for instance,
we find that in the transversal row b of the mandible described above only the crown
is developed in the youngest tooth, and the crown there seems to consist, apart from a
distinct layer of enamel, of only a very thin layer of ortho-dentine formed in immediate
connection with the enamel.

The crown thus has a large pulp cavity,

which is open

basally. On the next tooth of the same row the layer of ortho-dentine in the crown is
thicker and the root is developed, although it consists only of a rather thin peripheral
layer of trabecular-dentine. Its interior thus has a large pulp cavity which communicates
with the still present pulp cavity in the crown. In the succeeding teeth of the same
row the pulp cavity

decreases more and more through the growth

of the layer of

ortho-dentine in the crown and the trabecular-dentine of the root, but still it does not
disappear entirely in the oldest teeth (p, PL 3, fig. 17). In these it is found as a narrow
longitudinal cavity between root and crown.
Jaekel (1889, p. 329) also described and figured a longitudinal cavity of this sort
in P. angustissimus, but he definitely denies that it has the nature of pulp. Everything
clearly indicates,

however, that even in this species we are

concerned

with

a

last

remnant of the pulp cavity and not, as Jaekel maintained, with Haversian canals or
cavities arisen from a certain expansion of one or more of these that have met together.

Dermal denticles.

Dermal denticles occur in rather great numbers among the teeth and the carti¬
laginous parts, but they are poorly preserved. They are all relatively small, the length
and height amounting to about i-5 mm and 075—1 mm respectively. In shape they
resemble nearest those described by me in Hybodus and Acrodus, but they differ from
these by having the ridges on their lateral extended as rather long, slender processes
backwards. The number of these processes cannot be stated with certainty, but it is
probably not more than three or four as a rule.
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Remarks. — Palaeobates polaris is well separated by the sculpture of its teeth
from both P. angnstissimus and P. balatonicus Jaekel (1911b). Both these species have a
far more copious formation of anastomoses between the striae, the result of which is
that the whole sculpture of the crown gets a reticulated appearance, which is not the
case in P. polaris. It is true that a longitudinal crista also occurs,
observations,

according to

my

in a number of teeth belonging to P. angustissimus, but it is not found

regularly as in P. polaris; P. balatonicus is still too incompletely known in this respect to
be compared with the two species mentioned.
Geological occurrence and locality. —P. polaris is only known with certainty
from the fish horizon, where it is rather rare. The two present examples come from
Mt Andersson.

Palaeobates n. sp.
(PL 1, figs. 28, 29.)

I have grouped here

provisionally

four teeth (P. 96, P. 97 and two

teeth from

Horn Sound, belonging to the Palaeontological Collection of the University of Christiania).
Two of these are accessible for investigation only from the lateral side (P. 97 and one
of those from Horn Sound). Of the two others one (P.96) is present only as an im¬
pression of the lateral side. The other is so embedded in the stone that only the root
is discernible.
In spite of a considerable difference in size the tooth P. 97 and one of the teeth
from Horn Sound

are

developed very similarly.

The former is

8-5 mm and

2*5 mm

respectively in length and maximum height, the tooth from Horn Sound 3‘5 mm and
i*5 mm respectively.

They are both bent so

that the masticatory surface

is

convex

from one end to another and the base of the root is concave in the same direction
(PL 1, figs. 28, 29). This curvature is not symmetrical, but is stronger towards one end,
as in the majority of the teeth described
crown has a distinct, blunt principal cone.

above in P. polaris,
This

and at this place the

cone is most strongly

developed

on

the tooth from Horn Sound (PL 1, fig. 29).
The crown of the two teeth first mentioned has a more prominent longitudinal
crista than in P. polaris. The striae issuing from it are very much ramified and anastomose
with each other with their branches, forming in this way a close network. The surface
of the crown

consequently gets pitted as in P. angustissimus

also noteworthy that the striation or,

and P. balatonicus.

It is

more correctly speaking, the network of striae,

at least on the medial side is not developed nearest to the basal margin of the crown,
but that close to this there is a narrow sculptureless region.
The tooth P. 96 has no indications of any cone on the crown, and with regard to
its shape it seems to have resembled most closely the teeth in row b of the mandibula
of P. polaris. The sculpture of the crown is not preserved.
The remaining tooth from

Horn

Sound

has

an

elongated

preservation does not permit of any detailed description.

shape.

Its

state

of
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Remarks. — The sculpture of the two best known of these four teeth shows a

considerable resemblance to that of P. angustissimus and P. balatonicus. They differ from
these two species by the distinct cone on the crown and a rather strong longitudinal
keel. They differ distinctly from P. polaris both by their cone and their sculpture.
The two other teeth are, as we have seen, too incompletely known to be charac¬
terized in detail, and I have included them here because they are the only ones found
at the same horizons as the two preceding ones.
It seems impossible as yet to decide whether’we are concerned here with a new
species, as so far we scarcely know anything about the dentition of the palatoquadrate
in P. polaris, and it also seems as if there were certain indications that this was some¬
what different from that of the

mandible.

We must consequently always take

into

account the possibility — even if it does not seen probable —• that the teeth described
here could have belonged to the palatoquadrate in P. polaris.
Geological

occurrence

and localities.

—

The teeth P. g6 and P. py were

found at Mt Viking in the bone-bed 33 m above the fish horizon.
The two teeth from Horn Sound belong to the material collected by Hoel and
Rovig in 1917 and come from the north-eastern corner of this fjord, where they were
collected about iom above the upper limit of the Carboniferous.

Generically indeterminable fin-spines of Cestracionids.
(PI. 1, figs. 12, 13, 19.)
In the present material of Elasmobranchii from the Triassic of Spitzbergen there
are also

fin-spines that differ

in a number of respects from those

Acrodus. So far remains of three of these (P.

35,

of Hybodus

and

P. 4.3, P. 44) have been found, representing

two different types.
The best preserved of these fin-spines (P.3s; PI. 1, fig. 19) is the
single representative

P
Text fig. 16.
Cross section through
fin-spine P. 35. 1/1.
Thesection runsthrough the
proximal end of the exposed
part of the spine, e, enamel
list on the anterior edge;
p, pulp cavity.

of its type. In its present

condition, with a

part of the root and the point missing, it is 43 mm long, but its total
length was probably at least 50 mm.
spine,

The maximum width of the

from the anterior edge to the posterior surface, lies within

the basal half and is about 8 mm. The
one lateral

maximum thickness from

surface to the other lies immediately in front of the

posterior surface and is approximately 4 mm.

The fin-spine in question is only slightly arched backwards" It grows gradually
and uniformly narrower distally and has apparently passed off in a rather sharp point.
Its cross section is triangular (text fig. 16). The anterior edge is rounded, the postero¬
lateral edges are sharp, and the posterior surface is consequently well marked off from
the lateral ones. All the surfaces are nearly plane.
The anterior edge apart from that of the

root is

covered with a

wide

list

of

enamel, which also reaches out somewhat over the adjacent part of the lateral surfaces,
in the way shown in PI. 1, fig. 19 b and text fig. 16. The exposed part of the lateral
surfaces

following

caudally of this

is

furnished

arranged in rather distinct longitudinal rows.

with rounded

These rows,

tubercles

of enamel,

six or seven of which are
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found close to the root, run parallel to the anterior edge .of the spine, the .result of
which is that the most posterior ones are rather short, as in their course distally they
meet

the

postero-lateral

edge

fairly

soori;

The

number

of rows

of tubercles

thus

gradually decreases in this way towards the distal end of the spine.
It is noteworthy with regard to the tubercles that on closer inspection they appear
to

be flattened,

with

an

obvious point,

directed postero-dorsally.

They also have

a

sculpture of fine ridges and in all respect much resemble dermal denticles.
It is specially worthy
denticles

or formations

whether this

of attention that the

corresponding

to

these.

posterior

It is

surface

impossible,

condition is primary or is due to the state

is

quite

without

however, to decide

of preservation.

The pulp

cavity opens on the basal half of the posterior surface in the usual way.
The
root,

outer layer of the spine consists of trabecular-dentine and,

this layer is the

only

one present,

as was also the

case

in

at least in thl

certain

of the fin-

spines described above belonging to Hybodus and Acrodus. As in

,o

these, so here too the layer of trabecular-dentine has on its surface
the usual fine striation that is due to the microscopic structure.
The two remaining spines (P. 4S, P. 44) are poorly preserved
(PI. 1, figs. 12, i3). The most complete one of them (P. 44) consists
of a fragment of the root with an adjacent piece

of the

exposed

part. The other is represented only by a fragment from the anterior
half of the exposed part. Both belong in the same species.
The spine P. 44 has a maximum width (measured from the
anterior to the posterior edge) of about 10 mm and a maximum

Text fig. 17.
Cross' section through
fin-spine P. 44. 1/1.
The section has proceeded
through the proximal end of
the exposed part of the spine.
p, pulp cavity; o, trabeculardentine ; d, layer consisting,
at least most centrally, of
ortho-dentine.

thickness (measured from one lateral surface to the other) of about
5 mm. The

greatest

other spine seems to

thickness

is* situated

have been

in

the

posterior

half

smaller, but it is impossible to

of the

spine.

obtain any

The

certain

measurements of it.
A transverse section through the spine P. 44 at the proximal end of the exposed
part (text fig. 17)

shows that all the edges -— both the anterior one and the postero¬

lateral ones — are only slightly marked and the different surfaces consequently merge
into

each other without any very

distinct boundaries.

The

same

cross

section

also

shows that the posterior surface is strongly convex in the transversal direction.
The anterior edge has no enamel list. The lateral surfaces have on the exposed
part a tubercular sculpture
although it differs

from

(PI. 1, figs. 12, i3).

Further

closely resembling that described

that by being
differences

developed

are

that

quite

the

on the fin-spine P.

close to

the

tubercles in the

discussed here are coarser than those of the spine P.

35

and that,

anterior
two

3y

edge

fin-spines

contrary to

what

was the case in this spine, they do not seem to be arranged in distinct rows.
The posterior surface has no trace of denticles, at least

in the preserved part,

but it cannot be decided whether this condition is primary or secondary.
With regard to the microstructure we find that the basal part of both the spines
consists only of trabecular-dentine around the large pulp cavity. Farther distally the
spine P- 44

shows

a rather reduced irregular pulp

cavity (p, text fig. 17),

which is

almost surrounded by a thick and, to judge from the macroscopical appearance, compact
Stensio, Triassic Fishes from Spitzbergen.
6
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layer (d). It is probable that, at least at its most central part, this consisted of ortho¬
dentine.

Outside the more compact layer the trabecular-dentine follows in the

usual

way, and text fig. 17 shows that this was developed especially thickly in front of the
pulp cavity.

Remarks.

— The fin-spine P. S5 closely resembles both Nemacanthus (cf. Wood¬

ward, 1891b, pp. 115 — 117; Jaekel,
described

under

the

generic

1892, pp. 145—151; etc.) and

names

Cosmacanthus

and

certain

Geisacanthus

of the spines
(Davis,

i883,

pp. 355—358; St. John and Worthen, 1875, pp. 440—442; Woodward, 1891b, pp. 111 — ii3;
Evans, 1904, pp. 397—402). Until it has been decided whether denticles were present in
its posterior surface or not its relations will, however, remain very uncertain.
The two fin-spines P. 43 and P. 44 seem to belong to a rather special type, but
they are not sufficiently well preserved to be fully compared with previously known types.
If one might venture to express a supposition as to the teeth to
spines

described here belong, it looks most probable that these

which the fin-

are Polyacrodus and

Palaeobates.
Geological occurrence and locality. — All three fin-spines (P. 35, P. 43 and
P. 44) come from Mt Viking, where they were found in the bone-bed 33 m above the
fish horizon.

Subclass Teleostomi.
Order Dipnoi.
Genus Ceratodus

Agassiz.

Ceratodus sp.
(PL 3, fig. 19.)
The material hitherto discovered consists of a right mandibular tooth (P. 350), on
which the lateral part with the processes is broken off (PI. 3, figs. 19 a—d). The tooth
is still connected basally with a piece of the so-called splenial (Spl, text fig. 18).
It seems to have agreed very well in size with the mandibular teeth in C. sturii
Teller (1891, pp. 22 — 3i; PI. Ill, figs. 3—6; PL IV, fig. 4). It has had the usual triangular
shape, and its medial and caudal borders meet at a marked angle, the so-called angulus
internus.
As in

C. sturii and

C. kaupii (Stromer

masticatory surface is fairly plane.
rise.

A fourth,

farthest posteriorly,

and Peyer,

Laterally

of this

1917) the
three

medial part of the

distinct ridges gradually

is only slightly indicated. The first and the third

have their axes of length converging towards a point situated just antero-medially of
the angulus internus. The axis of length through the second runs so that the medial
prolongation passes some

distance behind the angulus internus.

The fourth ridge is

situated close to the caudal margin of the tooth and runs about parallel to the third.
The groove between the first and second ridge is in the usual way wider than that
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between the second and the third (Stromer and Peyer, 1917). In addition it is worthy
of note with regard to the former groove that it extends farther medially and is deeper
than the others.
The medial surface of the most anterior ridge faces also much dorsally,

which,

according to Peyer (1917, p. 54), is one of the more constant characters by which the
teeth of the mandibles differ from those of the palatines. Text
fig. 18 shows the different ridges in transverse section and this
figure, like PI. 3, fig. 19 a as well, indicates that a pulp cavity
P—P4) was developed under every ridge.
The masticatory surface has the «narbenahnlichen» depressions,
often

found in the Ceratodus teeth. Nothing is preserved of the

enamel. On the medial border, just in front of the angulus internus,
can be seen a small facette (a, PI. 3, figs. 19 b—d), with which

'

P5

Po

\c ,
Spl

Text fig. 18. Ceratodus n.sp.
Section through tooth. 2/3.
Spl, so-called splenial; p,—p„,
the pulp cavities of the different
ridges.

the tooth came into contact with that of the opposite side.
Concentric lines of growth are clearly seen on the part of the tooth that extends
downwards and covers the inner side of the so-called splenial ventrally of the medial
and caudal borders (PI. 3, figs; 19 b—d); on the transverse section a similar

striation

can also be distinguished (text fig. 18).
Remarks. — The tooth

described here

seems in

all respects to agree

closely

with the correspondingly situated teeth of C. sturii and C. kaupii. It is not possible as
yet to decide whether it represents a distinct species or is identical with either of the
two species mentioned.
Geological

occurrence

and

locality.

•—

The

Ceratodus

tooth

P. S^o

was

found in the bone-bed of the lower Saurian horizon at Mt Viking (Mt Hamilton).

Order Crossopterygii.
Family Coelacanthidae.
Historical.
In G. Mantell’s work, «The fossils of the South Downs* (p. 23g), published in 1822,
we probably find the first description and reproduction of the remains of a Coelacanthid fish
under the name of Amia? lewesiensis. In 1829 Sedgwick (p. 118) mentions and figures a Coela¬
canthid form under the indefinite term «Fossil fish*, and another one,

also unnamed,

is described three years later by Berger (i832, p. 18). In 1834 Munster (p. 539) introduces
the generic name Undina for a species from the white Jurassic of Bavaria; in 1835 we
find

Amia? lewesiensis of Mantell

under the generic name

Macropomar)

in

Agassiz’s

«Feuilleton», to his «Recherches» (Feuilleton additionnel p. 55), and the year afterwards,
also in the «Feuilleton» (i836, p. 83), the generic name Coelacanthus is used for the first
time. It was not until 1844 (vol. II, part 2, pp. 168—180), however, that Agassiz published
0 The name Macropoma is already used by Agassiz 1*833 («Recherches», vol. II, part. 1, p. 2.), but there
is no statement to the effect that this name refers to the so-called Amia? lewesiensis (see Woodward and Sherborne,
Catalogue of British Fossil Vertebrata, p. XXV).
6*
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a description of the two genera , and in connection with this established his family «des
Coelacanthes*. As the name itself indicates, the type genus for this family was Coelacanthns.
Among his «Coelacanthes» Agassiz now includes a number of different forms. Besides
Coelacanthus and Macropoma he mentions the following genera: Holopthychius Agassiz,
Glyptosteus Agassiz, Phyllolepis Agassiz, Glyptelepis Agassiz, Psammolepis Agassiz, Hoplopygus
Agassiz,

Uronemns Agassiz,

Undina Munster,

Ctenolepis Agassiz,

and Gyrosteus Agassiz.

The forms mentioned were for the most part preserved in a very fragmentary manner
and the definition of the family that Agassiz was able to give was consequently, as he
points out himself, very incomplete. For this reason alone it is therefore easy to explain
why the family should have a certain heterogeneous composition, apart from the principles
on which Agassiz in other respects based his classification. It is curious, however, that
he considered it possible to incorporate Macropoma with the «Coelacanthes» only with
hesitation, while he places even Placoderms among them without any reservation.
certainly points

out the

considerable analogies between Macropoma

He

and Coelacanthus,

but at the same time he believes he can show differences between them of a profound
nature. The close mutual relationship between Coelacanthus, Undina and Macropoma was
thus not clear to Agassiz,

a fact that

appears still more in a

later work,

his «Mono-

graphie des poissons fossiles du vieux gres rouge*- (pp. 59—109), published in 1844.
In this work Agassiz considers that he has gained a somewhat deeper insight into
the organization of his «Coelacanthes». He puts forward as their most important character
the cycloid ,«enamel-coated* scales and the «hollow» nature of the bones. In other res¬
pects he finds them closely connected with his «Sauroids». From the latter he has now
also transferred the following to the

«Coelacanthes»: Platygnathus Agassiz,

Dendrodus

Owen, Lamnodus Agassiz, and Cricodus Agassiz; and from the Cephalaspids Chelonichthys
Agassiz, which he now gives under the name of Asterolepis Eichwald. Glyptosteus is now
called Bothriolepis Eichwald and Psammolepis is termed Psammosteus Agassiz. He does not
restrict himself in this conqection to asserting more decidedly his previous views on
Macropoma, but goes considerably farther. It is not only Macropoma that in his opinion
fits in badly with the

real

«Coelacanthes»

but also Undina as well,

and he is also

doubtful whether a number of other forms such as Bothriolepis, Asterolepis and Psammosteus,
did not in fact represent a special type, quite different from the Coelacanthus-type.
In an appendix, published in the work just mentioned together with the last part
of the description of the «Coelacanthes», Agassiz, 1844, pp. 107—109, considers that he
could with certainty add to
similarly

recent

genera

them even the recent genus Arapaima and probably the

Heterotis,

Osteoglossum

and

Ami a,

as

well,

a

view

that

is

emphazised more strongly by Vogt in 1845 (pp. 53—68). Moreover AgasSiz has in letters
expressed the opinion that Ceratodus Agassiz too would belong to the «Coelacanthes»
(Gunther, 1871, p. 559). Finally Egerton in 1861, pp. 51—55 adds to the «Coelacanthes»
as defined by Agassiz Tristichopterus Egerton and Dipterus Sedgwick and Murchison.
In 1845 Pictet (pp. 23i—236)
in his

closely follows

the views

put forward by Agassiz

«Recherches». On the other hand Giebel (1848, pp. 219—227, 270—280), three

years later, had apparently already perceived to some extent the heterogeneous character
of the «Coelacanthes-»

as conceived by Agassiz: The fossil forms included among them

by the latter are thus found

in

Giebel’s «Fauna der Vorwelt»

divided

among three
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iDipterini heteroCercn.

It is

also obvious that G'iebel had a certain feeling of the close mutual relationship between
Coelacanthus, Undina and Macropoma, in as much as these three, together with Ctenolepis and Gyrosteus,

are the

only genera that are brought together in

his

* Dip ter ini

homocercn. The genus Libys, founded by Munster (1842, p. 45), as to whose relations
Munster himself felt uncertain,
the representatives

is placed by Giebel (1848, p. 209) hesitatingly among

of his «Monostichin. In 1852 Quenstedt (1852, p.219, pp. 228 — 231)

places Macropoma among his <Ganoidae homocercn, while the other «Coelacanthes»,

to

which, curiously enough, he also seems to assign Saurichthys, is referred in his appendix
to the ganoids.
The first who really strongly emphasizes the mutual relationship between Coela¬
canthus,

Undina and Macropoma is,

however,

Thioliere

1858 (pp. 782—-793).

He also

points out how these three genera form together a natural family, for which he suggests
the name «Ortho-coelacanthes».
in revising the

Together with Huxley,

classification of the Devonian fishes,

who,

three years later (1861),

arrived at a similar result, he

may therefore be looked upon as the founder of the family Coelacanthidae in its modern
signification.

In

addition Reis

(1888,

1892)

and

Woodward (1891b,

1898 a, b;

1907a,

1908 b; 1909; 1910 b) especially have made important contributions to our knowledge of
•the anatomy and

classification of the

Coelacanthidae.

Besides these

authors

Gunther

(1871, 1880), Heinecke (1907), Schmalhaussen (1913), Wellburn (1902) and Zittel (1887)
deserve mention.
The

differentiation of the various genera of the family Coelacanthidae

seems in

many cases to have caused rather great difficulty. Thus in 1866 Huxley (p. 16) feels
rather

uncertain as to the

difference between

Coelacanthus and

Undina, and in

1869

Willemoes-Suhm (1869, p. 86) gives Undina and Graphiurus Kner as synonyms of Coela¬
canthus,

while

Holophagus

independent genera.

Egerton

With regard to

and

Macropoma

are

considered

as

distinct

and

the relation between Diplurus Newberry on the

one hand and Coelacanthus, Holophagus and Macropoma on the other, Newberry in 1888
(p. 71) makes the remark that if all these genera occurred

in the

same

geological

formation we should hardly be justified,, with our present knowledge, in regarding them
as more widely separated than different species of the same genus,
put

forward

by

Lutken

already

in

1868

(p. 61).

Zittel

in

his

a view which was
«Handbuch»

(1887,

pp. 171—176) retains the genera Coelacanthus, Diplurus, Graphiurus, Heptanema Belotti,
Undina, Holophagus, Libys, Coccoderma Quenstedt and Macropoma, and at the same time
he gives a short

and

clear

definition of these.

Reis (1888, p. 5,

pp. 68—73)

in his

monograph on the Coelacanthids of the white Jurassic, published in 1888, also maintains
the same genera as Zittel,

but with the difference that he restricts the generic name

Coelacanthus principally to the Permian forms,

while

for

the

great majority of the

Carboniferous ones he introduces the new generic name RhabdodermaI).
Woodward,

on the other hand,

adopts in

1891 (1891b, pp. 394—423) a point of

view partly different from that of Reis. He incorporates Holophagus with Undina,

but

does not accept Rhabdoderma. He considers that Graphiurus, Diplurus and Coccoderma
J) Among the genus Coelacanthus Reis (1888, p. 5, p. 71) also placed one Carboniferous species, C. elongatus
Huxley (cf. Woodward, 1891b, p.406).
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are, as far as one could judge from the facts then known, distinct from Undina only
in certain less important characters. His clear and concise definitions of the different
genera have made it possible to remove many of the earlier difficulties in the deter¬
mination of the genera, and his opinions have been adopted by the majority of later
investigators,

such

as,

for instance, Alessandri (1910),

Eastman (1907),

Koken (1911)

and Schlosser (1918). In a paper published in 1900 Reis (p. 191) however,

defends his

old point of view with regard to the genera Coelacanthus and Rhabdoderma and seems
to

have arrived at about the same view as Newberry and Lutken as to the mutual

relations of the various genera. «Es ist kein Zweifel,» he says, «dafi, wenn man die Gattung
Macropoma aufrecht erhalt, man auch das gleichebei Rhabdoderma etc. tun mufi; der Systematiker der Zukunft wird wahrscheinlich, um die Verhaltnisse richtig auszudriicken, nur
eine Gattung gelten lassen und die ubrigen Gruppen als Untergattungen anreihen.»
In 1907 Woodward established the genus Mawsonia (1907 a, pp. i34—137) and the
same year Eastman (1907, pp. 259—264) described, under the name of Palaeophichtlvys,
an

eel-shaped fish which,

on very weak grounds, he places provisionally among the

Coelacanthids.
Our view of the systematic position of the Coelacanthids

and their affinities with

other fishes is of course very closely connected with the development of the classification
of fishes in general. Agassiz’s classification was based, as we know, in many cases on
a

few

characters,

taxonomically

of little

widely separated forms with one another.

importance,

and

it

fairly often

We have already seen

connected

above that in this

case the forms brought together by Agassiz under the term «Coelacanthes»

were no

exception. His conception as to the relationship of his <Coelacanthes» with his «Sauroids»
has also been sufficiently emphasized in the preceding.
No really clear view as to the relations of the Coelacanthids to other Teleostomes
was obtained before 1861, with Huxley’s revision of the classification of the Devonian
fishes. Huxley then placed the Coelacanthids as an independent family together with
five others1) in his now established order «Crossopterygidae», which at that time also
comprized a number of forms now assigned to the Dipnoi. He expresses his view as
follows:

«The Coelacanthini as thus understood, are no less distinctly separated from

other fishes than they are closely united to one another. In the form and arrangement
of their fins; the structure of the tail and that of the cranium; the form

and number

of the jugular plates; the dentition; the dorsal interspinous bones; the pelvic bones; the
ossified

air bladder;

Glyptodipterini,

the

Coelacanthini differ widely from either the Saurodipterini,

or the Ctenodipterini;

but,

on the

other hand,

the

they agree with these

families and differ from almost all other fishes, in the same respects as those in which
the several families just mentioned have been shown to agree with one another; viz.,
the number of the dorsal fins, the lobation of the paired fins, the absence of branchiostegal rays, and their replacement by jugular bones.
Their special affinities among these three families appear to me to lie chiefly with
the Ctenodipterini: the scales, the arrangement of the teeth, and the form of the lower
jaw in the two families presenting many curious analogies.»

l) Polypterini, Saurodipterini, Glyptodipterini, Ctenodipterini and Phaneropleurini.
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cases a considerable agreement between the Coela-

canthids and Lepidosiren, and, moreover, as he included Dipterus in the family <Ctenodipterini»

and

with

hesitation

Ceratodus

and Tristochopterus

considered the Coelacanthids to be most

as

well,

he

apparently

closely related to the forms we now look

upon as primitive Dipnoi.
Lutken 1868 (pp. 60—64) considers the Coelacanthids most closely related to his «C'yclodipterini», to which he assigned, among others, Dipterus, Glyptolepis, Holoptychins, Gyrop tyc hius M’Coy, RhizodopsisYoung,RhizodusOwen, StrepsodusYovNoandPhaneropleuronHuxL-EY.
The discovery

of the recent Ceratodus in 1870

played an important part in the

conception of the relationship of the Coelacanthids. Krefft (1870) already considered
Ceratodus as being most closely related to Lepidosiren, and in 1871 Gunther definitely
proved it to be a dipnoan. At the same time Gunther (p. 557) also showed that at least
one of the forms included by Huxley among his <Ctenodipterinu, namely Dipterus, had
to be placed among the Dipnoi, a view that was confirmed some years later by Traquair
(1878, pp. 1—12).

Gunther (1871)

also includes the genus Phaneropleuron

among his

Dipnoi, although with hesitation.
In connection with this revision Gunther also enters on the question of the relation¬
ship

between

the

Coelacanthids

and

other

fishes.

After

first

criticizing

the

family

«Coelacanthi-» in the definition given to it by Agassiz he continues (p. 559): «Thioliere
and Huxley have independently come to the conclusion that Agassiz’s family of Coelacanths comprises too many

heterogeneous

forms to allow us to regard the affinities

of a fish as determined by its being referred to it. Both have limited the term to the
genus Coelacanthus as type and a few other forms closely allied to it. The family thus
restricted appears to
pterygians».

Fin-rays

me
in

even more remote from the Dipnoi than the other «Crossodefinite numbers, joined to

paired fins as in Polypterus,

a

the

interspinous bones,

obtuse

double pelvis, developed upper jaws with small conical

teeth, external nostrils, are characters sufficient to prevent us from associating Ceratodus
and its allies with the Coelacanths,

which form not only a distinct family, but belong,

according to my view, to a distinct suborder®1).
In 1873 Lutken (pp. 46—49), in accordance with the new facts,
Ctenodus

Agassiz

and

Coelacanthids he has
as

well

as

in the

Phaneropleuron

from

his

«Cyclodipterini».

excluded Dipterus,

With

regard

to

the

nothing to add and in his new synoptic table of the ganoids,

earlier

one,

they

are

Zittel later on (1887) in his «Handbuch»

put

immediately

after

placed them between

the «Cyclodipterini».
«Phaneropleurini»

and

« Cyclodip terini».
Curiously enough, even as late as 1888, when publishing his «Monographie» Reis
seems to have been unaware of the discussion on the systematic relations of the Coela¬
canthids that had been introduced into the literature in consequence of the discovery
of Ceratodus.

At least he does not mention any paper of this sort and even Lutken’s

work on the limitation of the ganoids was apparently not very well known to him.

It

is consequently not so strange that he sticks to and even thinks that he was obtained
additional proofs for the view put forward by Huxley as early as 1861.
J) The order Ganoidei was divided by Gunther into the following sub-orders: Amioidei, Lepidosteidei,
Polypteroidei and Dipnoi.
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Huxley (1861), Zittel (1887), Gunther (1871; 1880) and later Koken. (1911),. Schlosser

(1918) and Abel. (1919) gave the different Crossopterigian families without any attempt
to range them in groups according to their mutual affinity. Lutken, on the other hand,
as early as 1868, grouped them in two sub-divisions,

«Cycliferh, and «Rhombiferi» and

assigned the Coelacanthids to the former. Cope, in connection with his outline of a new
classification of fishes, published in 1871 (pp. 450—451), suggests, among other things, the
foundation

of certain

«orders*

canthids as the type and the

within the Crossopterygians.
single

He

then puts the Coela¬

family in the «order» that he called Actinistia.

In

a few later papers he has also discussed the classification of the Crossopterygii.
Traquair 1875 (1875 a, p.394) divides the Crossopterygians in two sub-divisions,
one of which contained the Polypterids, the other all the fossil forms.

The latter sub¬

division was still further divided by him into three groups,, the first of which comprised
the Coelacanthids,

the, second

the Rhombodipterids and Cyclodipterids,

and the third

Holoptychids and Phaneropleurids.
In 1891 Woodward (1891b) partly accepted the views put forward by Cope but,
supported by a large amount of material,
Crossopterygii
Cladistia,

into

four

equivalent

he was able to go farther.

sub-divisions,

Haplistia,

Rliipidistia,

He divides the
Actinistia

and

of which Actinistia, in accordance with Cope’s suggestion, contained only the

Coelacanthids. To Haplistia he referred the family Tarassidae, to Rhipidistia the families
Holopthychidae, Rhizodontidae, Osteolepidae and Onychodontidae, and to Cladistia the family
Polypteridae.

He looks upon the Coelacanthids as a group that has been

very much

specialized by degeneration (1898 a, pp. 78—80).
In

1904 Bridge (pp. 476—485)

seems to have been influenced to some extent by

Traquair’s view, as, like this author, he divides the Crossopterygii into two sub-orders,
one of which comprised the Polypterids alone and the other all fossil forms.
former he adopted

the name Cladistia-,

the

other he

called

For the

Osteolepida and to

it he

assigned the families Osteolepidae, Rhizodontidae, Holoptychidae and Coelacanthidae. Gregory
(1907, pp. 437—458), on the other hand, retains Rhipidistia and Actinistia as defined by
Woodward,

but places them together in one

order,

for which he

chooses

the name

Osteolepida. He then sets up this order as of equal rank to the orders Haplistia and
Cladistia, which he too retains with the same definition as Woodward.
Goodrich in

1909

(pp. 280—302) represents a view that differs rather essentially

from all the preceding ones.

In his «Division I»

of the Teleostomes is included only

the order Osteolepidoti, which in its turn comprises the sub-orders Haplistia and Rhipidistia
with the same signification as in the

case of Woodward. To

«Division ,II» he assigns

the order <tCoelacatithini», to «Division III» «Polypterinh, and as «Division IV» he gives
the Actinopterygii.

As will be seen, he avoids the term Crossopterygii, and one is also

struck by the unusually independent position which he assigns to the Coelacanthids as
opposed to other forms with which they are usually more or less intimately grouped
together, a view that, was ulso to some extent taken by Watson in. 1912 (1912 a, p. 5).
Finally Pompeckj' (igi3, pp. n36—n38) lays stress on the fact that our views about
the Crossopterygii are still very incomplete. He looks, upon them only .as a provisional
order. He considers Cope’s, Woodward’s and Goodrich’s classification of them not very
successful

and

instead

of these

he

suggests the

foundation

of the four

sub-orders.
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Holoptychii, Osteolepidi, Coelecanlhidi and Polypteridi. To Holoptychii he then assigns the
families Holopthychidae and.Rhizodontidae and, with reservation, Onychodontidae ; to Osteo¬
lepidi he refers the families Glyptopomidae and Osteolepidae and eventually also Tarrassiidae.

The geological range and geographical distribution of the
Coelacanthids,
The Coelacanthids appeared as early as in the upper Devonian and persisted to
the upper Cretaceous. Thus, as Huxley (1861) and Woodward (1898a) have pointed out,
they seem to have existed for a longer time than any other known family among the
extinct fishes and, as these investigators also emphasized, they have probably remained
pretty well unchanged at least from tbe Carboniferous period.
They were rare in Devonian and,
rather

limited

geographical

as far as one can ascertain,

distribution in

this

formation.

described, provisionally assigned by Woodward (1898 b)

The

they also had a

only

species

so

far

to the genus Coelacanthus, is

obtained from the neighbourhood of Gerolstein in Germany. According to Jaeicel (1906b)
however, an additional form is found

at Wildungen,

and in

a letter in

1917 Jaeicel

tells me that this form is certainly closely connected with the earlier known one from
Gerolstein, but that it undoubtedly must be considered as belonging to a new genus.
During

the

Carboniferous

Europe and North

America

period

by

a

the

number

Coelacanthids
of

species.

A

were

represented

Carboniferous

both

in

or Permian

species is also known from Madagascar (Woodward, 1910 b, pp. 5—6)1).
We may very well take it as probable that Coelacanthids were fairly
even in Permian time, although at present we only know

a little

common

about this,

since,

apart from the above-mentioned species from Madagascar, the geological age' of which
it not quite certain, we only find one or perhaps a few European species (Woodward,
1891b, pp. 399:—408).

All

the

Carboniferous

and Permian species

are

described

by

practically every investigator under the generic name Coelacanthus. As has been pointed
out in the preceding

chapter,

it is

only Reis

(1888;

1900)

who

has suggested the

generic name Rhabdoderma for the great majority of the Carboniferous forms, while, in
his opinion, Coelacanthus ought to be restricted to the Permian ones.
While the Coelacanthids so far found in the Carboniferous and the Permian seem
to be rather uniform in their development, those in the Triassic appear, .on the other
hand, to exhibit a little more variation. Besides Coelacanthus the genera Diplurus (New¬
berry, 1888, pp. 70—76; Woodward, 1891b, p. 409; Eastman, 1911, pp. 42—45), Graphiurus
(Woodward,

1891b, p. 409),

Heptanema

(de Alessandri,

1910,

pp. 36—42)

and

Undina

(Andersson, 1916, pp. 14—16) are described from the Triassic. It is, however, probable that
at least some of, or even all, the Triassic species included under the name Coelacanthus will.
actually turn out to belong to other, and perhaps in several

cases even new, genera.

To the five Triassic genera given a number of new ones are now to be added,
of which not less than five, described below, Wimania, Sassenia, Axelia, Mylacanthus and
1 ■ According to later views (cf. Lenoine, 1911, pp. 5—6) this species comes from deposits of lower Triassic age.
Stensio, Triassic Fishes from Spitzbergen.
7
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Scler acanthus,

come from Spitzbergen. A sixth new genus is probably represented

in

Redakteur Konig’s collection from the Muschelkalk at Heidelberg, and in this connection
it is worthy of mention that the Coelacanthids apparently played a greater part in the
Central European continental Triassic than was earlier thought to be the case. Agassiz
(1844,

vol. II,

part 2,

p. 173) has

given Coelacantlius

C. gracilis may also possibly come from

minor for the Muschelkalk

the same formation.

and

Berger (i832) describes

as pointed out above in the historical chapter, a Coelacanthid fish from the Keuper in
the neighbourhood of Coburg, and Reis mentions (1888, p. 6) a number of Coelacanthid
fragments from different horizons of the German Triassic. In various German museums
which I had the opportunity of visiting I also found a number of more or less fragmentarily preserved remains of Coelacanthids from this formation.

Thus the Stuttgart

museum has a piece of a ceratohyoid ossification labelled Ceratodus sp. from the Keuper;
the

Senckenberg

museum

in

Frankfurt am Main

has an isolated

urohyal

from the

Muschelkalk at Bayreuth and the Berlin museum two jugular plates from the Muschel¬
kalk. Besides these specimens there are in the possession of Redakteur Konig remains
of a

couple

locality,

of pieces from the Muschelkalk

belong to

at Heidelberg

the Palaeontological Institute at Upsala.

and two more, from this
As to

the

specimens in

Redakteur Konig’s collection it is obvious that they have been of considerable size, as
is also certainly the case with one of the Upsala specimens.
As I shall show below it is also of great interest to find how the three genera
Axelia, Mylacanthus and Scler acanthus appear to be more specialized in certain respects
than other known Coelacanthid forms.
In Europe Triassic Coelacanthids are found in Germany, France, Austria (Reis,
1900),

Hungary

(Jaekel,

1911b, pp. 20—21),

Switzerland (Andersson,

1916 a, loc. cit.),

Italy (de Alessandri, 1910, loc. cit.). At Spitzbergen they are also found and seem there
to be especially common. Furthermore a species is known from the east of the United
States (Eastman, 1911, loc. cit.), another from South Africa (Broom, 1909 b, p. 253) and
a third is described from Canada (Lambe, 1916, pp. 38—3g) from deposits whose Triassic
age can, however, be scarcely considered as having been clearly shown.
In the Jurassic too the Coelacanthids seem to have been somewhat common.

In

this formation there appear the genera Undina (Reis,'1888; Woodward, 1890b; 1891b;
Eastman,

1914b, p. 358), Heptanema (Reis, 1888; Woodward,

1891b), Libys (Reis, 1888;

Woodward, 1891 b) and Coccoderma (Reis, 1888; Woodward, 1891 b) with altogether more than
ten species. With the exception of Undina gulo (Egerton) and U. barroviensis. A.S. Woodward,
which both occur in the English Lias, and Coccoderma substriolatum (Huxley) which is de¬
scribed from the Kimmeridge clay, also from England, they are limited to the lithographic
stone of South Germany, France and

Spain (Vidal, 1915, p. 33). In addition Woodward

(1895 a, pp. 3—4) has described remains of an undeterminable form from Australia, and
from material belonging to the Palaeontological Museum of Christiania it is evident that
the Coelacanthids were also present in the Jurassic of Spitzbergen. It is even probable
that in the latter case we are concerned with a previously unknown genus.
From the Cretaceous there are described only the two genera Macropoma (Reis,
1888;

Woodward,

1891b)

England and Bohemia,

and Mamsonia (Woodward,

1907a;

1908b),

the

former from

the latter from the district of Bahia in Brazil. A fragment of
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a Coelacanthid from King’s Bay in Spitzbergen, found, according to the label, some¬
what below the Tertiary

coal-bed,

also

seems, if this statement is

correct, to be of

Cretaceous age1).
From what has been said it would appear that, as

far as

we know at

present,

the Coelacanthids had obtained a considerably greater distribution in the Carboniferous
than during the Devonian, and that they had also become much more common. They
seem to have attained their greatest flourishing in the Triassic. They are also represented
by

a number

of genera in the Jurassic,

while in

the Cretaceous

they become more

rare and finally disappear.

Description of the Spitzbergen forms.
g.

Genus Wimania n.

Svn. Leioderma Stensio, 1918.
The genus in question is previously mentioned under the name of Leioderma in
my description of Dictyonostus 1918 (Stensio, 1918 c, p. 121), but as it turned out later
on that the name Leioderma was already used,

I have suggested instead of it Wimania

after Professor C. Wiman, my respected teacher and friend.
The type species of the genus Wimania, W. sinuosa described below, is partly very
incompletely known,

as apart from the head there

are present

only

certain parts

of

the shoulder-girdle and a number of scales. Under these circumstances it is of course
very

difficult

to

decide whether

one

or

two

other

species,

which

are

represented

practically exclusively by scales and parts of the axial and fin skeleton, belong to the
genus in question. As a criterion of relationship one would in this case have to rely
merely on certain common features in the sculpture of the scales, but anyone who has
studied the Coelacanthids will realize that this cannot afford sufficiently certain evidence
for deciding this question.

It appears too that although the two doubtful species

in

question agree with each other pretty well with regard to the sculpture of the scales,
they differ fairly considerably with regard to the development of the lepidotrichs and
it seems to be most probable that we have in them representatives of different genera.
But, as it appears from the above, it is impossible to decide which species should in
this case with most justice be assigned to the genus Wimania and so for the present
I have provisionally retained both in this genus.
On the other hand one cannot also quite help feeling that one of the two species
mentioned, the one described below as Wimania? sp.,

might possibly really turn

out

to be identical with W. sinuosa, which it resembles, at least with regard to the sculpture
of the scales.
Under these circumstances it is evident that a definition of the genus in question
ought for the present to be based exclusively on the type species. A summary of the
most distinctive characters of the genus will therefore appear as follows: Fairly large

q This fragment belongs to the Riksmuseum in Stockholm.
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fishes. The skull without or with very delicate ornament. The frontals long; the supraorbitals probably narrow. The cheek plates not joined by sutures but fairly free from
one another, partly even separated by wide interspaces; the jugal articulating with the
middle post-orbital plate,
The

but not reaching- the

pterygoid with a broad posterior limb

triangular.

The

ossification

in

the

dorsal

and

ceratohyal

one.

The parasphenoid broad.

a long anterior one.

long;

the

opercular

The

coronoid

very large.

The

dentition consisting of rather large conically pointed teeth on the margins of the jaws;
otherwise

the jaws,

small bluntly

the parasphenoid

conical

ones;

and the membrane bones

the gill-arches with teeth

of the

on the

same

copula with

shape

as

on the

Text fig. 19. Wimania sinuosa n. sp.
The neurocranium from the left side with the cheek bones removed. The cartilaginous parts (dotted) of the orbito-temporal region
restored chiefly after Diclyoiiosteus. The bones from P. 25 j. 3I,.
Bsph, basisphenoid; Fr. dsph, frbnto-dermosphenotic; Pa. it, parieto-intertemporal: Pethm, preethmoid; Pro.o. prootico-opisthotic
Psph, parasphenoid; .Stamp, ext, supratemporo-extrascapular; at, forward pointing lamella from the basisphenoid-corpus; c, posterior
process from the prootico-opisthotic; e, basipterygoid process; f, anterior end of the prootico-opisthotic; fu dorsal process from
the prootico-opisthotic; fen, fenestration in the interorbital wall, probably corresponding to the entrance of the supposed mj'odome;
h. ventral process from the supratemporo-extrascapular; v, ventral process from the basisphenoid-corpus; II, for. opticum:
III, for. n. oculomotorii; IV, for. n. troclilearis; V±e outer opening of the canal for n. ophthalmicus profundus; Vi3, sijius trans¬
mitting ramus maxillaris trigemini, n. mandibularis trigemini, n. buccalis lateralis and n. ophthalmicus superficialis; n. ophthalmicus
lateralis had its exit a little above, these nerves through the some sinus; VII, for. facialis; 1X7 supposed position of the inner
opening of the canal for n. glossopharyngeus.

margins of the jaws but much smaller and finer. The sensory canals well developed.
The

scales

oval

with

ornament, consisting

of a

rather

large

number

of fine

and

rather short striae, generally running horizontally.
In many respects Wimania resembles the Carboniferous and Permian Coelacanthid
type more than the
the

type

specimen.

Jurassic und Cretaceous
The

most

shape of the parasphenoid
and the metapterygoid,
siderable
and
on
is

the
the

size

of the

Triassic
whole

concerned.

striking

and the pterygoid,

the

general

opercular.

forms

ones,

common

On

previously

the relation

arrangements
the

other

described

at least if we are to judge from

characters

of the

hand the

is

still

in

this

respect are

between

the

cheek plates and the con¬
relation

very

between

uncertain,

exceedingly incompletely known as far as the osteology
Of the

Spitzbergen

that reminds us of Wimania-,
specialized forms.

genera

described below

as has already been

pointed

the

latter bone

as

Wimania
these

of the

are
skull

it is really only Sassenia
out,

the

others are

more
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Wimania sinuosa n. sp.
(Pis. 4, 5, 6, 7 and PI. 8, fig. 1.) ,
Synonym: Leiodenna sinuata, Stensio, Eriic A : Son, Upsala, Geol. Inst., Bull. vol. 1
So far as can be seen, Wimania sinuosa is with
certainty

represented

only

by

three

incomplete

specimens (P. 257, P. 255, P. 677). The best preserved
one of these "(P. 257) consists of a head with some
scattered scales.
some

remains

lepidotrichs
head

Of the two other specimens only
of

scales

(dermal

mentioned

and

fin-rays)

a

few

are

fragmentary

preserved.

(P.257) measures about

length, with the opercular apparatus included,
its

greatest height is about 10 cm.

The

20cm

in

and

The following-

description of the cranial skeleton is based entirely
on this specimen.
The

primordial

neurocranium

and

its

ossi¬

fications.
The primordial neurocranium is on the whole
(text figs. 19, 20, 21) rather high and relatively narrowin comparison with its length. The ethmoidal region
is wide and low and of average length. The orbito¬
temporal region,

on

the

other

hand,

is specially

distinguished by its great length. In its anterior and
middle parts it has been narrower than both the
ethmoidal and the labyrinth region. Its middle part
at least formed ventrally a rather thin interorbital
vrall and it is strongly open to question wfiether at
one place this was not even fenestrated,

as I shall

try to explain later on. In the most posterior part
the orbitotemporal region is wdde and passes wfithout
any very decided boundary into the labyrinth region,
wdiich is of moderate length. The latter region in¬
creases rapidly in width

posteriorly and probably

passes in its turn rapidly into the occipital
which,

as

far as

one

can judge,

region,

must have been

rather short (text fig. 21).
In profile the dorsal contour line of the prim¬
ordial neurocranium probably corresponded approxi¬
mately to that of the dermal bones. In the labyrinth
region and the posterior part of the orbitotemporal
region

it has

consequently been

fairly horizontal.

Text fig. 20. Wimania sinuosa n. sp.
The neurocranium from the dorsal side with
the cranial roof removed above the occipital
region, the labyrinth region, and the posterior
part of the orbitotemporal region. From specimen
P. 25~. */,.
Alsph, alisphenoid, joined to and forming a
ventrocaudal process irom the fronto-dermosphenotic; Bsph, basisphenoid; Fr. dspli, frontodermosphenotic; Na. ant, nasalo'-antorbital;
Pro. o, prootico-opisthotic; Psph, parasphenoid;
Plr, postrostral; So, supraorbitals; pi, forward
pointing lamella from the basisphenoid-corpus;
c, posterior process from the prootico-opisthotic;
e, basipterygoid process;/,, dorsal process from
the corpus of the prootico-opisthotic; lab. car,
cavity in the posterior part of the prooticoopisthetic, probably enclosing an anteriorportion
of the labyrinth; m, the opening of the myodome
a-,, sulcus for n. facialis; v, ventral process from
the basisphenoid; V2, 3, see the explanation of
the preceding figure.

Along by far the greater part of the orbitotemporal and the whole of 'the ethmoidal
region, on the other hand,

it slopes forward.

The snout has probably been

fairly low-
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and rather pointed in profile, but, when looked at from the dorsal or the ventral side,
it is bluntly rounded, as is usual in Coelacanthids. The basis cranii is straight, at least
from the snout and as far back as the anterior part of the labyrinth region.
The primordial neurocranium has con¬
sisted of cartilage to a considerable extent.
The nerve

exits have

in most

cases been

situated in the cartilaginous parts, and as of
course all the cartilage has disappeared in
the present

state

of the skull under

con¬

sideration it is not easy to make any exact
division of the different regions from each
other. This is especially the case with regard
to the boundary between the occipital and
the labyrinth region.
By far the greatest part of the occipital
region has certainly been cartilaginous, and
the chorda dorsalis has extended into it and
perhaps still farther forward. Whether there
were any ossifications present, as is the case
in Undina, where a basioccipital was found
(Heineke, 1907, p. 8), cannot be decided (cf.
the

chapter

«Remarks

on

previously

de¬

scribed Coelacanthids»). It is also very un¬
certain where the foramen vagi was situated.
In

the labyrinth region of the Coela¬

canthids two

ossifications

have

previously

been described, an anterior one, interpreted
by earlier investigators as the prootic, and
a posterior one, taken by Huxley (1866, p. 35)
to be the opisthotic + the lateral occipital
and by Reis (1888, p. 26, p. 63; 1892, p. 23)
as the opisthotic. It now appears in Wimania
A. The neurocranium from the dorsal side. The cartilaginous
parts of the occipital and labyrinth region restored. The cartilage
dotted. The bones from specimen P. 257. 3/4.
Fr. dspli, fronto-dermosphenotic; Na. ant, nasalo-antorbital.
Pa. it, parieto-intertemporal; Pro. o, prootico-opisthotic ; Ptrl
postrostral; So, supraorbitals; Stemp. ext, supratemporo-extra,
scapular; /. temp, temporal fossa; h, antero-ventrally pointing
process from the supratemporo-extrascapular, joining the
prootico-opisthotic.
B. Cross-section through the left supratemporo-extrascapular
in its posterior part. 3/4
/e, 1 sensory canal.

sinuosa that

only the latter of these

region, and that, as we shall see from the
subsequent description, it has such a position
and

such

an extension that it ought prob¬

ably to be taken as the prootic fused with
the opisthotic (cf. my exposition of Birgeria
mougeoti below).

be termed the prootico-opisthotic.

ossi¬

fications really quite falls within the labyrinth

It must be noted,

It may

however,

thus

conveniently

in this connection that

the opisthotic component seems to be rather small.
The prootico-opisthotic (Pro. 0, text figs. 19, 20, 21, 23; PI. 7, figs. 1, 2; PI. 8, fig. 1)
forms a rather considerable part of the lateral wall of the labyrinth region, which is
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otherwise composed of cartilage. Similarly the roof and floor of the same region seem
to have been principally cartilaginous.
On the prootico-opisthotic there can be distinguished a corpus and two processes,
a dorsal one (fi) and a caudal one (c). The corpus is situated in the anterior basal half
of the labyrinth region and is shaped like a four-sided pyramid, with the bluntly rounded
point directed forward and somewhat medially,

and the

basal surface

latero-caudally.

Of its side-surfaces one is turned medially, one ventrally, one antero-laterally and one
dorsally.
hand,

is

Its anterior half consists of compact bone,
developed

with

a

its posterior part,

large cavity (lab. cay, text fig. 20),

which

on the other
is

open

both

dorsally and caudally.
The side-surfaces are really not very sharply marked off from one another,
the edges between them are rather rounded;

this is chiefly the case with

as

regard to

antero-lateral and ventral ones. The medial one has an almost vertical position and is
rather high posteriorly1). Its posterior margin has a small sinus in its ventral part near
the angle between itself and the posterior process (c)
sinus

might

have

some

connection

with

the

exit

and it is

for

conceivable

that

this

the nervus glossopharyngeus

(IX? text fig. 19). The ventral side-surface (text fig. 23; PI. 7, fig. 2) is triangular, and
its posterior margin has, besides the process c, a couple of smaller convex bends. Its
medial margin is weakly and its lateral one rather strongly concave and the anterior
corner is blunted. The antero-lateral side-surface (text figs. 19, 20) has an anterior part
that is vertical and faces directly laterally and a posterior part that faces rostrally but
at the same time somewhat dorsally as well. Its lower margin is concave, its posterior
one convex, and its anterior corner is blunted. The upper one is convex in front of the
process fh concave behind it, and the posterior upper corner projects upwards in the
shape of a broad triangular part, which is covered by a process (li) from the dermal
cranial roof.
The cavity of the corpus of the prootico-opisthotic has the ossified walls (lateral,
medial and ventral) thick and strong. Immediately in front of the cavity there issues
on the dorsal side-surface

of the corpus the process ft

(text figs. 19, 20; PL 4, fig. 1;

PI. 5, fig. 1; PI 8, fig. 1) which in the species under discussion is wide and powerful
and almost or quite reaches the cranial roof. Close to its base there runs on the medial
side a distinctly marked longitudinal furrow (sj, text fig. 20). The part of the dorsal
side-surface of the corpus situated in front of the same process fj is convex from side
to side and bluntly rounded at the front.
The

posterior process

(c, text figs. 19, 20, 23; PI. 7, fig. 2)

is sent out from

the

corpus at about the angle between the medial and ventral sides and is thus situated
close to the supposed cranial base. As will be seen from the figures already given, it
is fairly long and its breadth is also fairly considerable,

whereas its

height,

on the

other hand, is small. In Undina, as is clearly shown by a specimen in the British Museum
(B. M. P. gi3o), by

the original

of Reis’s (1888) figs. 21

and

22, PI. 1,

and also

by

Heineke’s (1907) type specimen of his fig. 1, PI. 6 and text fig. 1, the process in question
is joined to the lateral surface of the basioccipital, which in this way becomes attached

') Its characters are well displayed by the detached prootico-opisthotic figured on PI. 7, fig. 4.
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between the processes of the two sides. As we know, the basioccipital both in fishes
and in other vertebrates extends as a rule a considerable distance forward in the basis
cranii, and the fact mentioned need not therefore indicate in any way that the lateral
occipital,

as Huxley thought,

includes the

bone interpreted by me

as the

prootico-

opisthotic. In addition it seems also probable that the basioccipital in Undina represents
only the most anterior part of the bone that in the Teleostomes we call under ordinary
circumstances the basioccipital.
The bone in the Coelacanthids that was taken by previous authors (Huxley, 1866,
p. 35; Reis, 1888, pp. 25, 62—63; 1892, p. 21; Heineke, 1907, p. 12) to be the prootic is
unpaired and, as I have said in a previous work (Stensio. 1918 c, p. 120), corresponds
to a basisphenoid. In Dictyonosteus its homologue forms an integral part of the large
unpaired bone which extends there through the whole orbitotemporal region and which
now,

in accordance with the conditions in Polypterus, I consider ought to be termed a

sphenoid (Traquair, 1871). Besides the basisphenoid there is also in the Coelacanthids a
paired bone homologons, to the dorso-caudal part of the sphenoid of Dictyonosteus and
this bone in Coelacanthids is apparently most closely comparable with an alisphenoid al¬
though, as we shall see, it is coalesced secondarily with a bone in the dermal cranial roof.
By far the greater part of the basisphenoid in W; sinuosa is situated (Bsph, text
figs. 19, 20; PI. 4, figs. 1 — 2; PI. 5, fig. 1; PI. 6, figs. 3, 4; PI. 7, fig. 5; PI. 8, fig. 1) in the
caudal

part

of the

orbitotemporal

region,

but at the

same time

it

reaches

a short

distance into the most anterior part of the labyrinth region, as we shall see from the
nerve exits and the configuration of the cranial cavity. The anterior end of the prooticoopisthotic reaches

a short distance forward along the lower part of its lateral surface

on each side and in this way forms a decidedly projecting part (f), which was described
by Huxley,

1866,

in

Macropoma,

although in his opinion it belonged to the prootic,1')

i. e. the bone termed by me the basisphenoid.
The basisphenoid

in Wimania sinuosa is,

seen

from

the

side (Bsph,' text fig. 19),

rather short and high. It rests ventrally against the parasphenoid (Psph); dorsally it
reaches up to and probably even partly comes into contact with the membrane bones of
the cranial roof. Seen from above (text fig. 20) it appears short and wide. On it can
be distinguished a corpus, and lamellae and processes issuing from the corpus.
The corpus is composed of a cancelleous, the processes of a distinctly radiate,
bony substance. The latter substance continues from all the processes into the corpus
to a centre situated in the dorsal part of the latter. In shape the corpus is most compar¬
able to a triangular plate, fairly
point is directed ventrally,

thick at the top, thinner below. Its bluntly rounded

but does not reach down to the parasphenoid bone (text

fig. 22). Otherwise it is placed in such a position that it slopes backwards (text fig. 19).
The large posterior surface consequently faces downwards to some extent, the anterior
surface, which is narrower and hollowed out into a dorsi-ventrally directed g-roove, in
the same degree upwards.

The upper surface (fig. 20) is situated strikingly high, at

about the same level as the upper part of the process fi on the prootico-opisthotic,
and has about the shape

of a rectangle with the margins somewhat concave.

*) The same opinion was still held by Reis in 1892.

It _is
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also deepened into a groove in the longitudinal direction of the skull. The two lateral
surfaces are high and narrow and are hidden in their lower part by the anterior ends
of the prootico-opisthotics, as has already been pointed out.
At the anterior corner of the upper surface, on the right and left sides of the
corpus, there issues in a forward, upward and somewhat lateral direction a powerful
process e (text figs. 19, 20, 22; PI. 4, figs. 1, 2; PI. 5, fig. 1; PI. 6, figs. 3, 4; PI. 7, fig. 5;
PI. 8, fig. 1)

which

increases in

truncated at its end.

width

and

thickness

distally and is rather abruptly

The ventral processes (v, text figs. 19, 20, 22) are sent out from

the corpus near its ventral

corner.

They

exhibit a

slight

divergence in the ventral

direction and like the dorsal ones they also increase both in width and thickness distally.
Their ventral ends rest on the parasphenoid bone, and since, as has already been pointed
out, the corpus does not reach so far down,

there arises between them a rather high

but fairly short square longitudinal canal (m, text figs. 20, 22), which
is bounded dorsally by the corpus of the basisphenoid and ventrally
by the parasphenoid. The anterior surface of the ventral processes
is smooth, like the lateral one, which is bounded from the former by
a sharp vertical edge.
The anterior face of the corpus of the basisphenoid is

free
Rsph- -

only in its median part. Its right and left borders form a fastening
for a lamella

which points forward and at the same time some¬

what laterally (al, text figs. 19, 20, 22; PI. 4, fig. 1; PI. 5, fig. 1, PI. 8,
fig. 1). From the lateral sides and partly ventrally as well the two
lamellae together bound a large
and

upwards

(text figs. 20, 22).

fossa that is open

at the front

The lamellae are rather thick at

their postero-dorsal parts and form there a support for the proximal
end of the process e on its ventral side. Their antero-dorsal parts
are situated against the antero-medial border of the same process
and attain the same height as the dorsal surface of the latter. Seen
from above, they themselves are consequently visible on each side

Text fig. 22.
Wimania sinuosa n. sp.
The basisphenoid in anterior
aspect. From P. 25j. »/4.
Bsph, basisphenoid; Psplt,
parasphenoid (in cross-sec¬
tion); al. forward pointing
lamella from the basisphe¬
noid corpus; c, basipterygoid process; in, the anterior
opening of the myodome:
v, ventral process from the
basisphenoid corpus; V, e
outer opening of the canal
for n. ophthalmicus pro¬
fundus; V,> inner opening
of the canal for n. ophthal¬
micus profundus.

as a long narrow process, situated close to the antero-medial border
of the process e (text fig. 20). The ventro-caudal process, from the dermal cranial roof, which
corresponds to the alisphenoid (.Alspli, text fig. 20; PI. 4, fig. 1; PI. 5, fig. 1; PI. 8, fig. 1)
joins their upper anterior corner on each side. Anterior to and at a level just below the
process e on the lateral surface of the lamellae in question, where these are thickest, there
is a little cavity in which a rather fine canal opens {Vj e_ text figs. 19, 22). The inner opening of
this canal (Vllt text fig. 22) is found on the medial side of each lamella in its postero-dorsal part.
From the description and the figures given it is thus shown beyond all doubt that the
basisphenoid is an unpaired bone, which cannot in any way be considered to enclose or sur¬
round the labyrinth. On the contrary it seems certain that the labyrinth stood in relation to
the prootico-opisthotic and under these conditions it is most probable that its anterior part
was situated in the backward and upward opening cavity in this bone. Behind the corpus of
the prootico-opisthotic the capsula auditiva has been cartilaginous, probably to the extent
shown by text fig. 21, and the posterior part of the
situated in this cartilage.
S ten si 6, Triassic Fishes from Spitsbergen.

labyrinth

has

apparently been
8
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As we have seen, the basisphenoid corpus is considerably high.

The floor of the

cranial cavity is situated above it on a level with the dorsal part of the process fh on
the prootico-opisthotic (text figs. 19, 20, 22). Immediately in front

of the basisphenoid

corpus there then follows the deep fossa, open at the front and dorsally, that has just
been described, and behind the same corpus the floor of the cranial cavity seems also
to have sloped downwards, though not so rapidly. According to Heineke’s view (1907,
p. 8) the fossa hypophyseos followed in front of the basioccipital, and the unossified
gap in the cranial base in front of this bone is termed by him the hypophyseol fenestra.
With

the

described

interpretation I have
here,

the

given

above

of the

fossa hypophyseos should,

different

if Heineke’s

bones

view

in

were

the

species

correct,

be

bounded by the basisphenoid anteriorly, the prootico-opisthotic laterally and the basioccipital posteriorly when the latter bone is developed. It is clear, however, without
further discussion that this view is not tenable. The forward opening fossa on the basi¬
sphenoid seems instead to have such a special shape and otherwise to. be in such a
position that it has undoubtedly had some relation to the hypophysis and the ventral
parts of the diencephalon in general. Thus the corpus of the basisphenoid would be
situated behind the hypophysis in the same way as the corpus of the corresponding
bone in Stegocephalians and reptiles. In other words the basisphenoid corpus probably
belongs to the chordal part of the neurocranium.
Apart from the basisphenoid and the above-mentioned process (Alsph) from the
dermal cranial roof, by far the greater part of the rest of the orbitotemporal region
in Wimania might have

consisted, as in other Mesozoic Coelacanthids,

principally of

cartilage (text fig. 19), which was attached to the corpus and the lamellae of the basi¬
sphenoid. The ventral processes (v) on the same bone are so even and smooth at the bottom
on the anterior side that it looks as if the cartilage had not joined them at this surface,
but that a fenestration had been present under the fossa hypophyseos of about the same
extent as I have tried to indicate in text fig'. 19 (fen), The cranial cavity has certainly
extended a considerable distance in

front of the basisphenoid,

probably

as far as to

the ethmoidal region, which was also the case in Dictyonosteus (Stensio, 1918 c).
Judging from the size of the eye, the optic nerve (II) must have been strong. It
has penetrated

into

the

orbit probably

fairly far forward,

in

about the way I have

hypothetically marked in text fig. 19.

In the same figure I have

drawn the foramina for n. trochlearis

(IV)

and

n. oculomotorius

also hypothetically
(III),

which

nerves

must both have emerged into the orbit in front of the basisphenoid.
The above mentioned paired canal, which passes from the postero-dorsal part of
the fossa hypophyseos (Vlt) through the lamellae of the basisphenoid
lateral direction

and whose

outer opening (Vlc)

is situated

in

an

antero¬

somewhat ventrally and

antero-medially of the process e, has its exact equivalent in Dictyonosteus in the canal
that I have there indicated by the letters fo (Stensio, 1918 c, PI. VI). Latero-caudally
of this foramen there follows in Dictyonosteus the process Bp, which probably corresponds
to e in Wimania and other Coelacanthids, although it is situated lower than in these.
The relation of the canal to the fossa hypophyseos is also similar in both cases.
It seems rather probable that the canal in question both

in Dictyonosteus and in the

Coelacanthids was traversed by the trigeminus nerve or, more correctly speaking, by
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some of its branches. That there can be no question of the nerve as a whole (cf. Huxley,
1866, p. 35; Reis, 1892, p. 21), seems to be shown partly by the rather slight width of
the canal and partly by its position

in relation to

the fossa hypophyseos,

as it is

difficult to imagine the ramus maxillaris and mandibularis or the nervus ophthalmicus
lateralis
branch

with a

course

of this sort.

On the

that is somewhat equivalent to

other hand

the

ramus profundus

or

this' can often have its exit far forward,

a
in

front of the other trig-eminal branches, sometimes together with or immediately behind
the oculomotorius (Allis, 1897a, pp. 532—534;

1909a, pp. 80—83;

Gaupp, 1911, p.419;

Veit, 1907, p.162, fig. 2, p.187; 1911, p.2o3; Lehn, 1918, figs. 2—4, pp. 353—355, pp. 3gi—3g3;
Pinkus, 1895, pp. 296—299; Bridge, 1898, pp. 347—348; van Wijhe, 1882, p. 299). Conse¬
quently in my opinion it seems rather probable that

in

this

case we

are

concerned

with the canal for the r. ophthalmicus profundus.
Immediately behind the proximal

part

of the process

e there now

follows

in

Wimania sinuosa a broad but distinct sinus in the latero-dorsal edge of the basisphenoid
corpus (V2, 3 text figs. 19, 20; PI. 4, fig. 1; PI. 5, fig. 1). If my explanation of the cranium
is correct in other respects this sinus has formed the ventral boundary of the foramen,
through which the ramus maxillaris, r. mandibularis and the ophthalmicus trigemini as
well as the n. ophthalmicus lateralis had their exits. In any case this foramen, or,

if

two or three foramina were present, these foramina, ought to have been situated in the
cartilaginous part immediately above this incisure (cf. Bridge and Pinkus). It is certain
that a

comparison

with

other Teleostomes

and

with

Tetrapods as well would

also

support this view with regard to the relations of the branches of the trigeminus.
Thus in Polypterus (Lehn, 1918, loc. cit.; van Wijhe, 1882, PI. XV, fig. 6) the foramen
of the ramus maxillaris and mandibularis trigemini lies immediately behind the sphenoid,
and a special foramen for the ophthalmicus lateralis is situated a little above and some¬
what in front of the former, but in the sphenoid. In Amia (Allis, 1897 a, pp. 591 — 614)
the foramen for the truncus maxillo-mandibularis is found considerably in front of the
prootic anteriorly bounded by the alisphenoid and posteriorly by cartilage. The ophthal¬
micus lateralis in Amia has its exit by a special foramen in the alisphenoid above that of the
truncus maxillo-mandibularis. In Lepidosteus (Veit, loc. cit.)

there is a single foramen

developed for all the branches of the trigeminus with the exception of the profundus.
The foramen for the latter is surrounded by the anterior part

of the prootic and this

is also, as a rule, the case in the Teleostei. As we shall find below in the description
of the Palaeoniscids, the exit of the trigeminal branches is bounded, at least in certain
forms, to a considerable extent by a large sphenoid. In the Stegocephalians (Huene, igi3,
pp. 320—322; Watson, 1916, pp. 612—618; 1919; pp. 22—29; Abel, 1919, pp. 23g—243)
and among reptiles, at least in Lacertilians and Rhynchocephalians, the ramus maxillaris
and mandibularis trigemini have their exits in front of or above the anterior part of
the prootic in close relation to or in contact with the upper portion of the basisphenoid
(cf. Gaupp, 191.1). In Mammalia these trigeminal branches penetrate the ala magna.
As I shall show in more detail later, the palatoquadrate of W. sinuosa and other
Coelacanthids

articulates with

the process e on the basisphenoid.

This process thus

corresponds, at least functionally, to a basipterygoid process. In relation to the cranial
cavity itself it occupies a somewhat normal position, but is situated, on the other hand,
8*
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considerably dorsally of the basis cranii.

The explanation of this seems to be that the

basal parts of the cranium have increased greatly in height

at this place, a fact that

may possibly, at any rate to some extent, be connected with the development of the
basal canal m

described above, which,

for reasons to be given later, perhaps ought

to be interpreted as a myodome.
In Dictyonosteus there is also apparently a basipterygoid process (Stensio, 1918 c,
Bp, PI. IV, fig. 3, PI. V, fig. 1, PI. VI).

There,

however,

it seems

to

occupy

a

more

primitive position, as it issues farther ventrally on the lateral side of the neurocranium
than in the Coelacanthids, without, however, being situated at the cranial basis itself.
Another primitive feature in Dictyonosteus is that the cranial cavity over the part of
the sphenoid that corresponds to the basisphenoid corpus is considerably higher in a
vertical direction than in Coelacanthids and that consequently the basal parts of the
cranium in this region are comparatively lower.
While the ramus maxillaris and ramus mandibularis trigemini in IP. sinuosa, after
their exit from the cranial cavity, presumably passed behind the basipterygoid process
or over its posterior part in a lateral direction,

the nervus ophthalmicus lateralis must

have crossed over this process in a forward direction close to the lateral wall of the
brain-case. If my interpretation of the process in question is correct, the jugular vein
(v. capitis lateralis) should also
mentioned nerve (cf. Allis,
pp. 625—637).

have proceeded in a similar way to that of the

1909 a,

p. 44,

pp. i83—208;

1914 a,

pp. 225—253;

last

1914b,

That the relations of the trigeminal branches in the Coelacanthids have

agreed in the main with those in Dictyonosteus seems to be evident from my description
of this

form

and

the reproductions published in

connection

with

it (Stensio,

1918 c,

PL IV, V, VI). Ramus maxillaris and r. mandibularis must thus in Dictyonosteus have
penetrated the cranial wall postero-dorsally of the basipterygoid process at one part,
which is not, however,
its exit

at

preserved.

about the same place

The nervus ophthalmicus lateralis must have had
and after that in

its forward

course been

situated

for some distance in a rather short canal in the lateral wall of the pars alisphenoidea
of the sphenoid, not for below the posterior part of the frontals (cf. Axelia).
With regard to n. facialis it may possibly be thought that in Wimania sinuosa it was
transmitted together with the trigeminal branches (cf. Gaupp, 1911, p. 421), but this viewdoes not seem probable. On the other hand it might also possibly have had its exit
behind

the

process fj.

The

furrow

si,

described

above

on

the

prootico-opisthotic

medially of the process just mentioned has, however, such a forward,

downward and

lateral direction that at least the ramus palatinus must probably have been in relation
to it.

A

comparison

with

Lepidosiren

(Bridge, 1898, pp. 348 — 349)

and Eryops (Abel,

1919, fig. 188; Huene, igi3, pp. 320—322; Watson, 1916, pp. 612—618; 1919, pp. 22—29)
suggests that in these forms the nerve as a whole has had its exit at the corresponding
place. If this is correct, it thus has in IT. sinuosa, with the present state of preservation
of the cranium, its foramen in such a position (VII, text figs. 19, 20) that it is bounded
anteriorly by the basisphenoid corpus,

posteriorly by the process fj on the prootico-

opisthotic, and ventrally by the anterior part of the corpus of the latter bone.
The possible

position

of the

foramen

nervi glossopharyngei

mentioned. It must be expressly stated that in this case, however,

has

already

been

we are only con-
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cerned with the inner opening of the canal of the nerve. From this opening the canal
probably had its course obliquely posteriorly and laterally through

the cartilaginous

part of the lateral wall of the labyrinth region, and the outer opening would consequently
be situated

more caudally than the inner one.

On the other hand the

foramen

vagi

cannot be localized with any degree of certainty, as I have also
sufficiently shown above.
fijfhm

In the ethmoidal region we find poorly preserved remains
of a

paired

which,

as I

robusta,

bone

(Pethm,

think I

represents

text figs. 19, 23;

can show

in

the

PI. 7,

description

figs. 1, 3 ),
of Axelia

the so-called preethmoid (septomaxillary,

Allis, 1897 a, PI. XXI, figs. 8 — 10; 1898, pp. 446—450; 1909 a,
pp. 17 — 22; SaGEMEHL, 1884, p.204; SwiNNERTON, ig02, pp. 53o—
532). It is impossible to say anything as to the shape of this
bone

in the species in question.

It is partly covered on the

ventral side by the parasphenoid and seems medially to reach
the median line pretty closely or altogether; it has thus perhaps
entered into connection with the corresponding bone on the
other side (text fig. 23). Otherwise by far the greater part of
the ethmoidal region has been composed of cartilage.
The membrane bones of the neurocranium.
The ventral

side

of the

neurocranium is covered for a

considerable part by a large, broad parasphenoid (Psph, text
figs. 19,20,22,23; PI. 4, fig. 2,

PI. 7, figs. 1—3). This is situated

chiefly under the orbitotemporal region, but reaches also to
the front under the ethmoidal region and, although only to
a trifling extent,

backwards under the

anterior

part of the

labyrinth region. At its anterior extremity it is obtusely pointed,
at its posterior end it is truncated. It is broadest in the neigh¬
bourhood of the former end,
narrower

backwards,

and second quarter

to

from which it grows gradually

about

the

of its length

place between the

first

measured from behind,

increase again somewhat in breadth

to

in the hindmost quarter.

The centre of ossification about corresponds in its position to

Wimania sinuosa n. sp.
Parasphenoid, prootico-opisthotic,
preethmoid and autopalatine, in
ventral aspect. From P. 257. 5/4.
Aup, autopalatine; Pethm, pre¬
ethmoid ; Pro.o, prootico-opisthotic;
Psph, parasphenoid; c, posterior
process from the corpus of the
prootico-opisthotic.

the narrowest part of the bone.
A transverse

section

through

the parasphenoid

taken in front of the centre of

ossification shows a horizontal, thick median part, and thinner dorsally inflected lateral
parts (text fig. 24 A). The thickening of the median part appears exclusively upon the
ventral side of the bone, and as this thickening is sharply bounded laterally and also
carries small teeth it becomes a prominent feature of the bone. Behind the centre of
ossification, on the contrary, a transverse section shows a somewhat different appearance
(text fig. 24 B).

In this part the bone

surface and correspondingly

is

convex

from side to

concave on the dorsal surface.

thickened, or only slightly so in relation to the lateral parts.

side

on

the

The median part

ventral
is not
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An especially noticeable fact is that in the species in question as well as in all

the rest of the Coelacanthids the processus ascendentes of the parasphenoid are wholly
missing, which is probably the case in Dictj'onosteus too (Stensio, 1918 c).
A little

in

front of the

basisphenoid in W. sinuosa there appears on the dorsal

side of the parasphenoid, a shallow, fairly broad, longitudinal furrow, that continues
backwards in between the ventral processes of the basisphenoid (text fig. 22) and forms
with its bottom

the ventral boundary for the above-mentioned canal in.

may suggest that we have here some special formation.

This furrow

One might perhaps at first

sight feel inclined to accept the canal m and the furrow mentioned as having originated
in relation to the hypophysis. If now one compares the facts just stated with those
given above concerning an eventual fenestration of the interorbital wall immediately
in front of the ventral processes of the basisphenoid, one cannot avoid suspecting that
in

reality it might be a question of a myodome. This suspicion

gains in probability if one takes into consideration the considerable
size of the eyeball

in all the Coelacanthids,

makes it probable that the recti muscles

a

circumstance that

of the

eye were

well

developed and had extended backwards into the basis cranii.

An

additional support for this view seems to me to be found in the
fact that the supposed myodome would occupy the same position
Text fig. 24.
Wiiriania sinuosa n. sp.
Crossisection through the
parasphenoid. FromP.iSj.^.
A) Section anterior to the
centre of ossification.
B) Section posterior to' the
centre of ossification.

as that

of the

n. opticus

Actinopterygians,

ought to have

for,

emerged

as far as

one

dare judge,

into the orbit anteriorly to the

fenestration of the interorbital wall,

and the fenestration itself has

such a position ventrally of the. fossa hypophyseos that it must be
regarded as coinciding with the place where one would have the
right to expect the homologue of the canalis transversus of the

Elasmobranchii (pituitary canal,

Allis,

1909a, pp. i83—208;

1914a, pp. 225—253); and

it is, as known, in relation to this canal, as Gegenbaur (1872, pp. 75-^79), Sagemehl (1884,
pp. 215—217;
loc. cit.;

1885, pp. 85—87;

1918a,

pp. 241

246)

1891, pp. 574—575) and Allis (1909 a, loc. cit.; 1914a,
have

shown,

that

the myodome has developed in the

Actinopterygians. — It thus seems fairly plausible that a myodome should occur in the
Coelacanthids, though of course not strongly developed.
Nothing is yet known about the vomeres of W. sinuosa.
The membrane bones of the

cranial roof in this fish have on the whole

been

closely attached to the dorsal surface of the primordial neurocranium. As I have had
an opportunity of showing above, the posterior part of this surface lies horizontally,
and for.ms an angle with the anterior, longer, forward

sloping part, as is usual in the

Coelacanthids.
On the posterior horizontal part we can now observe in 1C. sinuosa two bones on
each

side

of the median

line

(text figs. 19, 20, 21, 25; PI. 4, fig. 1;

PI. 5, fig.-1;

PI. 6,

figs. 3, 4; PI. 7, fig. 5; PI. 8, fig. 1) as in other Coelacanthids. Of these bones the larger
anterior one

(Pa.it) has been

considered

by

previous

authors

(Huxley,

1866;

Reis,

1888; Woodward, 1891b; o. a.)1) as a parietal, the smaller posterior one as a squamosal

q In 1892 Reis on the contrary was of the opinion that the «parietal» and «squamosal» a

illy fused (p. 20).
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or,

according to

Huxley’s

view

(1866, p. 34) as the

squamosal +

the

post-temporal.

I myself must, on grounds which I shall give later on, propose new terms for the two
bones under consideration. The longer anterior one I shall call in the continuation the
parieto-intertemporal, the posterior one the supratemporo-extrascapular.
In W. sinuosa the parieto-intertemporal bones are

only imperfectly preserved, as

their median and posterior parts are totally missing. Under such conditions one cannot
define their precise extension backwards but an eventual deviation in this respect from
my restoration in text fig. 21

may not be very important. The parieto-intertemporais

ought to have been of a rectangular shape, and in breadth were probably rather more
than half the length. At the postero-lateral corner each of them has a large sinus into
which

the

supratemporo-extrascapular

(Stemp. ext)

fits.

The

centre

of ossification

of

each parieto-intertemporal bone lies near the antero-lateral corner.
A perpendicular longitudinal lamella, which covers a stretch of the upper cartila¬
ginous part of the labyrinth region on the lateral surface, issues on the ventral side
a little medially of the lateral margin of the anterior part pf the parieto-intertemporal
(text fig'. 19).

With its ventral border this lamella anteriorly comes very near to,

or

even in touch with the process f, on the prootico-opisthotic and the dorsal parts of the
basisphenoid. The horizontal part of the bone, which lies laterally of the line along which
the perpendicular longitudinal lamella issues, is always in the Coelacanthids pierced
by a sensory canal, but this canal has not been preserved in the species here under
consideration.
On each postero-lateral corner of the dermal cranial roof the supratemporo-extra¬
scapular bone forms a powerfully projecting process [Stemp. ext, text figs. 19, 20, 21, 25;
PI. 4,

fig. 1;

PI. 5, fig. 1;

PI. 6,

fig. 4;

PI. 8, fig. 1).

Seen

from

the

lateral

side

the

supratemporo-extrascapular (text fig. 19) is shaped like a triangle with the apex pointing
backwards and the base partly in connection with the parieto-intertemporal bone. The
antero-ventral corner is extended to a long antero-ventrally and at the same time some¬
what medially pointing process (h), which covers the postero-dorsal corner of the antero¬
lateral side surface of the prootico-opisthotic. In dorsal aspect the supratemporo-extra¬
scapular bone appears to have a somewhat more complicated form (text fig. 21 A). One
can observe, as before,

its lateral surface, but it is now. clearly understood that the

direction of this surface is not purely lateral, but is also somewhat dorsal and even
partially rostral;

the process h can

also be

observed from the dorsal

side,

and

the

relation it bears to the prootico-opisthotic. Furthermore one finds a dorso-medial surface,
which is only developed in the posterior part of the bone and of course is a good
deal smaller than the lateral or, as it ought perhaps to be called, the dorso-lateral one.
While
forms

the

anterior

nearly

a

part

direct

of

the

posterior

bone

laterally

continuation

occupies
of

the

such

a

position

perpendicular

that

it

longitudinal

lamella of the parieto-intertemporal bone and also, like that lamella, covers a dorsal
and anterior part of the cartilaginous side wall of the labyrinth region, on its lateral
surface this relation is changed posteriorly in such a way that the posterior half of
the bone rests instead totally upon the dorsal surface of the same region. A transverse
section of this posterior part, which shows plainly the relation between the dorso-medial
and the dorso-lateral surface and at the same time makes it evident that the thickness
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of the bone substance was not particularly great,
is pierced throughout its length by a sensory

is given in text fig. 21b.

The bone

canal and has the centre of ossification

situated in the posterior half, rather near the posterior end.
The presence of a dorso-medial surface on the supratemporo-extrascapular bone,
taken in connection with the shape of the bone otherwise, speaks strongly in favour,
it seems to me, of a paired muscle fossa (fossa temporalis, Allis, 1897 a, PI. XXI, fig. 8;
1909 a, pp. 8—12) having been developed on the posterior part of the labyrinth region.
Text fig. 21 a shows how one can imagine such a muscle fossa (f. temp.) would appear.
Of course this figure can make no claim to be accepted as fully correct, as one has
no point from which to judge of the extension of the fossa either forwards or medially.
It it also clear from the same figure that the dorsal surface of the primordial neuro¬
cranium in this region was not directly covered by the dermal bones, but that these
bones

—

muscles,

the

extrascapular

bones — were situated loosely

in the skin

above

which reached into the two fossae described to take their insertion

the

in them.

Nothing is, however, preserved of the extrascapular bones referred to here.
In the labyrinth region too, but on its side wall, one finds certain hints of the
presence of another fossa, which certainly must have been shallow, but in other respects
of considerably larger dimensions than the dorsal one just described. This lateral fossa has
been bounded dorsally by that part of the parieto-intertemporal bone which lies laterally
of the line along which the perpendicular longitudinal lamella issues, and further by the
most anterior part of the supratemporo-extrascapular bone; posteriorly by the process li
and also

by the posterior part of the

corpus

of the

prootico-opisthotic.

and anterior boundaries are, on the contrary, very vague.

Its ventral

In connection with my de¬

scription of the visceral skeleton below, I shall return to this fossa and what it may mean.
As we have seen, in the part now dealt with of the dermal roof of the cranium
in W. sinuosa and other Coelacanthids the number of bones is limited to two on each
side of the median line, if one excepts the bones of the extrascapular (supratemporal)
row. The Rhipidistidia are in this respect more primitive, as the investigations of Traquair
('1875 a, 1881, 1896), Watson and Day (1916), and also Goodrich (1919) have proved. The
number of membrane bones in the corresponding part of the cranial roof of these fishes
is, as a rule, three on each side median line, which have been called by Watson, Day
and Goodrich the parietal, the intertemporal and the supratemporal respectively. Of these
the intertemporal has such an extension and is pierced by a sensory canal in such a way
that its homologue in the Coelacanthids cannot be an independent bone (cf. the descrip¬
tion of Axelia robusta below) but may be fused with the parietal and in consequence
the term parieto-intertemporal bone, as I have proposed, must be quite justified.
The supra-temporal of the Rhipidistidia corresponds to the anterior part only of
the supratemporo-extrascapular bone

of the Coelacanthids.

supratemporo-extrascapular of Coelacanthids belongs,

The posterior part of the

as ought

already to be

under¬

stood from the name, to the extra-scapular series, and has its nearest homologue, asI can show below in the description of a species belonging to the genus Axelia, in the
lateral extrascapular bone of the Actinopterygians, or in a lateral part of that bone
in the Rhipidistids, which Watson and Day, and after them Goodrich, have called the
tabular bone.
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It cannot be proper to retain the earlier name squamosal for such a compound
bone as that now under consideration in Coelacanthids, as the so-called squamosal or
dermopterotic in the Actinopterygii may according to our present knowledge correspond
to the supratemporal and intertemporal of the Rhipidistia fused into one bone. The name
supratemporo-extrascapular proposed by me thus seems to be the only one justifiable.
I shall have further reason to return to the question of the homologues of the supra¬
temporo-extrascapular later .on in this work.
Fusions of a kind similar to those

now described between the

membrane bones

of the posterior part of the cranial roof of Coelacanthids have also taken place in the
anterior part. Thus the «frontal» bone according to the terminology of earlier palaeonto¬
logists seems first and foremost to comprise the dermosphenotic- (dermal postfrontal),
which is normally found in the Rhipidistia as an independant bone, though among them
it may also sometimes fuse with the frontal,
(Allis,

1919b,

p. 76).

The

course

of the

as is found to be the case in Rliizodopsis
sensory

canal

shews plainly,

as

can

be

seen from the description of Axelia robusta given later, that in Coelacanthids the homologue of the dermosphenotic of the Rhipidistia forms the postero-lateral corner of the
so-called

« frontal*.

It

is also

plain that this so-called

«frontal»

has

become

fused

ventrally with a part of cartilage bone, the above-mentioned alisphenoid, which belongs
to the postero-dorsal part

of the orbitotemporal region.

has thus been formed through
in the

The

compound bone

which

the fusion of the three bones mentioned, I shall

continuation, for the sake of shortness, the fronto-dermosphenotic,

call

although it

ought properly to be called the fronto-dermosphenotico-alisphenoid.
In W. sinuosa the two fronto-dermosphenotic
25; PI. 4,

figs. 1, 2;

PI. 5, figs. 1, 2;

PI. 8, fig. 1),

bones (Fr. dsph, text figs. 19, 20, 21,
are

long and

separated

from

each

other by a straight median suture. At their posterior end they are considerably broader
than the parieto-intertemporal bones; they are narrowest at their middle part, where
they are of about the same width as the last-mentioned bones. They are situated for
the most part over the orbitotemporal region and even stretch forward to some extent
over the ethmoidal region, but reach no farther backwards than over the anterior part
of the basisphenoid,
transverse
pterygoid

suture,

where they meet the

which, to be

more

parieto-intertemporal bones

exact,

lies

in

over the anterior end

a straight

of the basi-

processes (text figs. 19, 20). The centre of ossification in each fronto-dermo¬

sphenotic bone (text fig. 21) lies very far back and rather nearer to the lateral border
than to the medial one. From this centre on the ventral side of the bone, in a ventrocaudal and somewhat medial direction, there issues a process (Alsph, text fig. 20; PI. 4,
figs. 1, 2;

PI. 5, fig. 1;

PI. 8, fig. 1),

lamella al of the basisphenoid.

which

meets

the

upper

anterior

corner

of the

The topographical position as well as the structure of

the process in question seem to me to indicate that it is the homologue of that part
of the sphenoid of Dictyonosteus which corresponds to the alisphenoid in the higher
Actinopterygii. Further proofs of the correctness of this view will be given later in the
description of Axelia robusta.
The anterior greater part of the lateral margin of the fronto-dermosphenotic

is

concave. In front of the somewhat projecting postero-lateral corner, which, as I have
demonstrated, represents the dermosphenotic, there are placed along the lateral margin
S tensio, Triassic Fishes from Spitzbergen.
9
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a number of supraorbitals, the so-called «Parafrontalia» according to the terminology
adopted by Reis (1888). As the state of preservation of these supraorbitals is not very
good it is impossible to determine their exact number,

but it was probably not less

than four or more than six. As far as one can make out they are rather narrow, and
have been attached lengthways to the fronto-dermosphenotic with their medial margins. To
what extent they have overlapped the lateral part of the fronto-dermosphenotic is uncertain.
The supraorbital row of bones is continued in front over the ethmoidal region by
a large plate of bone (Na. ant, text figs. 20, 21, 25; PI. 5, fig. 1), which to some • extent
covers the

antero-lateral corner of the fronto-dermosphenotic. The relation

which the

bone-plate has to the sensory canal and the external nasal opening in this species is
not yet

clear,

but a

comparison

with

other,

better preserved forms,

which

are de¬

scribed later on, seems to point to the fact that it may correspond to the nasal elements
and a great part of the antorbital bone (adnasal) of the primitive Crossopterygii and
Actinopterygii (cf. the description of Axelia and at the same time my description of
the Palaeoniscidae, Catopteridae and Saurichthyidae in this work).

I have

consequently

called it the nasalo-antorbital.
Between the nasalo-antorbital of both sides there is found anterior to the frontodermosphenotics and partly covering their anterior ends, a paired rather large plate of
bone

(Ptr,

text figs. 20, 21, 25;

PI. 4. fig. 1;

PI. 5, fig. 1;

PI. 8, fig. 1),

which

I have

called the postrostral. The two postrostral plates meet medially in a rather long suture
which forms

a

direct anterior continuation of the suture between the fronto-dermo¬

sphenotic bones. With regard to the homologues of the postrostral plates and the rest
of the membrane bones on the dorsal side of the ethmoidal region, I shall return to
this question in

my description of Axelia robusta and in the

chapter headed,

«Coela-

canthids compared with some other fishes, and certain Tetrapods*.
As all the membrane bones of the cranial roof are preserved as impressions of
the medial side or else are found in a much weathered condition nothing can be decided
in respect to their ornament.
Although not belonging directly to what has preceded in this part,

it ought to

be mentioned that a sclerotic-ring is found developed in W. sinuosa, and consists

of

about twenty quadrangular bone-plates (Scr, text fig. 25; PL 5, fig. 4; PI. 6, fig. 2).
The membrane bones of the cheek.
The dermal bones of the cheek in W. sinuosa are partly well preserved and lie
pretty well in situ. One finds the three boneplates, which in general are a distinguishing
feature in the Coelancanthids, lying in a vertical row postorbitally, and anterior to them
the long bow-shaped bone,

called in the current terminology of palaeontologists the

suborbital, as indicated by the name, below the orbital opening. As it is more convenient
to put off giving an account of the homologues of the four bones mentioned until it can
be done in connection with a description of the sensory canals of the head, I shall only
remark here that in the subsequent description I shall confine the term postorbital to
the dorsal of the three postorbital plates and that I shall introduce for the middle one
the term squamoso-preopercular and for the ventral one the term preoperculo-quadratojugal.
The suborbital I shall call the lacrymo-jugal.
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In W. sinuosa the postorbital (Po, text fig. 25; PI. 5, figs. 2, 4; PI. 6, figs. 1, 2) has
a somewhat rounded quadrangular shape and is a little

broader than it is high. Its

posterior margin is convex, its anterior margin is concave; its lower margin is straight
or very slightly convex and so is also its dorsal one with the exception of the part
farthest forward, where there is a well marked sinus. The antero-dorsal corner is extended
to a broad, obtuse process. The antero-ventral corner forms a pronounced angle while
the

postero-dorsal as well as the postero-ventral ones are well rounded off. Near the

antero-ventral corner the anterior margin has a blunt little process and one or a pair of

lines and shading. From P. s57. 3lt.
Co, coronoid; De, dental; Fr. dsph, fronto-dermosphenotic; G, jugular plate; La. ju, lacrvmo-jugal; Mx, maxillary; Na. ant, nasaloantorbital; Op, operculum; Pa. it, parieto-intertemporal; Po, postorbital; Pop. quj, preoperculo-quadratojugal; Ptr, postrostral; Sang,
ang, supraangulo-angular; Scr, sclerotic plates; So, supraorbitals; Spl, splenial; Sq. pop, squamoso-preopercular; Stemp. ext,
supratemporo-extrascapular; X, dermal bone-plate, probably corresponding to the dorsal part of the posterior end of the jugal
of the Rhipidistia.
similar processes are discernible at the bottom of the sinus in the dorsal margin, just behind
the base of the antero-dorsal process. — A sensory canal (ifc) traverses the postorbital
from the dorsal to the ventral margin in the way shown by text fig. 25 and PI. 5, fig. 2.
The squamoso-preopercular (Sq. pop, text fig. 25; PL 5, figs. 2, 4; PI. 6, figs. 1, 2)
is larger than both the preoperculo-quadratojugal and the postorbital. Its area is probably
about three times as great as that of the latter bone. In shape it is somewhat irregularly
four-sided. One can distinguish a posterior, an anterior, a dorsal and a ventral margin.
The antero-ventral corner is much rounded and in other respects only slightly marked,
the remaining corners are also rounded but are at the same time more pronounced,
which is especially the case in reference to the postero-ventral one. The posterior margin
is vertical, has a considerable height, and is slightly convex. Both the upper and lower
margins are straight and converge towards the front, which makes the anterior margin
9*
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much shorter than the posterior one. The anterior margin is characterised also by two
narrow, deep sinus with an anteriorly projecting process lying between them.
obtuse

end

At the

of this process a sensory canal enters the squamoso-preopercular, where

it continues in anarch backwards and downwards (jc, PL 5, fig, 4) to the lower margin,
which it reaches not far in front of the postero-ventral corner.
The preoperculo-quadratojugal (Pop. quj, text fig. 25; PI. 5, figs. 2, 4; PL 6, figs. 1,
2, 3, 4; Pl. 7, fig. 5) is situated externally of the ventral part of the palatoquadrate. Its
breadth is probably

about twice as

great as its height. Its shape, in respect to the

lines of the contour, is not fully known with certainty. From the squamoso-preopercular
a sensory canal has continued in a ventral direction and ought, according to what one
can judge,

to

have

also

entered

the preoperculo-quadratojugal in

its posterior part.

Concerning this bone it is further to be remarked that it is of a considerable thickness,
and has a well discernible centre of ossification in the postero-ventral half.
The lacrymo-jugal (La. ju, text fig. 25; Pl. 5, figs. 2, 4; Pl. 6, fig. 2) is a long and
on the whole narrow bone arched in such a way that it has the concavity dorsally and
the convexity ventrally. Is is highest (broadest) in its posterior part for about a third
of its length. In front of this there follows a lower middle part, lying under the orbital
opening, and yet again still more forward there is a somewhat higher but shorter part
lying preorbitally, after which the remaining anterior part rather slowly decreases in
height to the end, which becomes pointed. The posterior end, which is turned dorsally,
is, on the contrary, blunt.

In

its posterior part the bone probably came into contact

with, or in any case has lain very near to the process of the anterior margin of the
squamoso-preopercular. Dorsally, on the other hand, it does not by a long way reach
to the postorbital, but is connected with the latter, as far as one can understand, by a
little four-sided plate (X, text fig. 25, Pl. 6, fig. 2), situated in a sinus open in front,
which is bounded dorsally by the postorbital bone, caudally by the squamoso-preopercular,
and ventrally partly by the latter and partly by the upper end of the lacrymo-jugal.
The anterior end of the lacrymo-jugal has probably extended a good bit forward along
the lateral surface of the ethmoidal region, as text fig. 25 shows. A part of a sensory
canal pierces the plate X as well as the lacrymo-jugal.
All the cheek plates are, as far one can see, quite without ornament of ganoine.
The postorbital and the squamoso-preopercular show plainly concentric lines of growth,
while the preoperculo-quadratojugal, on the contrary, as already mentioned, has a well
developed radiate bone structure.
The

cheek plates of the species under consideration

have

not

fitted with their

margins towards each other so as to form a continuous covering of bone, but must have
lain losely in the corium in about the same way as they are found in the fossil. Partly
they are even separated from each other by considerable interspaces. A specially large
interspace seems to have existed behind the postorbital plate, as the squamoso-preoper¬
cular does not reach so high upwards as in Coelacanthus

(Wellburn,

1902, p. 475, fig.

pag. 483) and no independent smaller plate seems to have existed here, which is the
case in

the species Sassenia tuberculata, described later on.

seems to have

been

developed between

the

Another large interspace

squamoso-preopercular,

quadratojugal, and the posterior part of the lacrymo-jugal bone.

the preoperculo-
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It is very probable that in respect of the membrane bones of the cheek, some of
the

previously

known

Coelacanthids

may show the same tendency to

reduction

as

W. sinuosa, although nothing is yet known with certainty in this matter. The fact that
the bones in question often are very poorly preserved or even quite missing in most
Coelacanthids seems to me to speak in favour of such a suspicion being correct.
The visceral skeleton.
The cartilage of the palatoquadrate persisted presumably to a rather considerable extent,
although one cannot prove that such was the case as plainly as in certain of the forms
I shall describe below. The three replacing bones in the palatoquadrate cartilage, the auto¬
palatine the quadrate and the metapterygoid are all well developed and preserved in situ.
The autopalatine (Aup, text figs. 23, 26; PI, 4, figs. 1, 2; PI. 6, figs. 1, 4; PL 7, figs. 1,
5; PI. 8, fig. 1) is a rather small, solid bone, shaped something like a three-sided pyramid,
with the point lying forwards and the basal surface straight caudally. Is has a dorso¬
lateral, a dorso-medial, and a ventro-medial side surface, of which the two last-mentioned
ones pass into each other without any distinct boundary. A rather thick but short process
issues from the ventral part of the caudal surface backwards. The ventro-medial sidesurface lies against the anterior and of the pterygoid, the dorso-medial one has articulated,
as far as one can judge, with the

ethmoidal region.

— It ought to be mentioned in

connection with this that Huxley (1866, p. 37, PI. 8, fig. 3) has already described an
autopalatine in Macropoma, calling it the palatine, and that Reis (1888, pp. 85—87) has
described the same bone in Jurassic genera, though he uses the term «propterygoid» for it.
The quadrate (Qm, text figs. 26 A, B, PI. 4, fig. 2) is of rather considerable size. It
is broadest in its dorsal part, and narrowest a little above the ventral end, which is
developed as a condyle for the articulation with the mandibula. In the species in question
it is imperfectly preserved and its contours in text fig. 26 A and B are therefore partly
restored according to what is known in other species. That its appearance did not differ
essentially from my restoration is, however, tolerably certain. The dorsal part of the
medial surface, of the quadrate lies against the ventro-caudal corner of the pterygoid,
but stretches at the same time a little behind the posterior margin of that bone.
The metapterygoid (Mptg, text figs. 26 A, B; PI. 4, figs. 1, 2; PI. 5, fig. 2; PI. 6,
figs. 1, 3, 4; PI. 7, fig. 5; PL 8, fig. 1) lies at the dorsal end of the palatoquadrate. It
is a rather thick plate, rhomboidal in shape, situated on the lateral side of the pterygoid
bone, but united firmly with that bone only with its anterior margin. Besides this margin,
which is slightly concave, a dorsal one

can also be distinguished, which

concave, as well as a posterior and a ventral margin,

is likewise

which are both convex and merge

into each other in a postero-ventral corner that is much rounded off and thus is not
distinct. The antero-dorsal corner is extended to a point, while the postero-dorsal one
is rather rounded. The anterior lower corner forms almost a right angle. The centre of
ossification lies near the dorsal margin of the bone, a little in front of the middle of
that margin. The bone substance is clearly radiate.
With its dorsal, rather broad surface the metapterygoid articulates with the basipterygoid process (e) and because of this articulation between the palatoquadrate and neuro¬
cranium most authors (Huxley 1866, pp. 35—37; Woodward, 1891b, p.395; 1898a, p. 79;
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1909, p. 175; Wellburn, 1902, pp. 476—477; Goodrich, 1909, p. 289; Pompeckj, igi3, p. 1138;)
have been of the opinion that the hyomandibula might have fused with the pterygoid.
That is to say the suspension of the mandibula would, if this be true, be hyostylic and
closely resemble that of the Teleostei. Reis (18

, p. 41) seems to have come nearest the
truth, in considering the mode of sus-

Mplg

pension of the mandibula as an autostylic one, and at the same time em¬
phasizing the fact that the

palato-

quadrate was not coalesced with the
neurocranium.
That the bone in Wimania sinuosa
interpreted by me as the metaptery¬
goid cannot belong to the hyoid arch,
is shown by the following facts. As
we have seen, it articulates with the
basipterygoid process situated on the
basisphenoid, while the hyomandibular
always articulates with or is attached
to the capsula auditiva. The ramus
maxilaris and the ramus mandibularis
trigemini seem either to have passed
along

the

posterior

border

of the

basipterygoid process and then across
the dorsal margin of the basipterygoid
bone or to have crossed the dorsal
surface of the basipterygoid process
obliquely in an antero-lateral direction
-j and then to have passed downwards and forwards along the
lateral surface of the meta¬
pterygoid bone. The nervus
facialis has had its exit from
the
Text fig. 26. Wimania sinuosa n. sp.
A. The bones of the palatoquadrate in lateral view. From P. sSy. 3/t.
Aup, autopalatine; Mptg, metapterygoid; Pt, pterygoid; Qu, quadrate.
B. The bones of the palatoquadrate in relation to the mandibula. The figure also shows
the relation between the substitution bones of the palatoquadrate and the pterygoid.
From P. 257. 3/4.
Co, coronoid; Md, mandibula; Otherwise the lettering as in figure A.

neurocranium

postero-

medially of the metapterygoid,
and the position of this bone
in relation to the pterygoid
bone is such that

it cannot

possibly be imagined to have
been connected by ligaments

with the ventral elements

of the

hyoid arch.

In

some Spitzbergen

species

described

below I think I can also show with full certainty that the metapterygoid and the quadrate
were connected with each other by a thick cartilage.
It ought thus to be considered as pretty certain that the palatoquadrate of Coelacanthids
articulated with the neurocranium in the posterior part of the orbitotemporal region at
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about the

corresponding place

consider it very probable too

7

as in Megaliclitliys (cf. Watson,

1912 a, pp.

9—10).

I

that the palatoquadrate of Dictyonosteus articulated with

or was in some way attached to the basipterygoid process. A connection of this sort
between the palatoquadrate and the neurocranium thus seems to have been developed
in several forms among the Crossopterygians and there may be every reason to ask
whether this was not a character common to all of them.
Although the palato-basal articulation of the Elasmobranchii is rather variable in
its position (Gegenbaur, 1872, pp. 186—192; Luther, 1909, pp. 105—ii3) it seems, however,
in essentials to correspond to that between the methapterygoid and the orbitotemporal
region in the Coelacanthids and other Crossopterygians. It seems also to be probable
that in both cases we are concerned with the primary articulation of the mandibular
arch against the neurocranium, a view that has already been put forward by Watson
(19x2 a) in the case of Megaliclitliys

and primitive Tetrapods.

Moreover in

the more

recent literature there is a fair degree of unanimity as to the palato-basal articulation,
even in sharks, being an old formation that seems to represent the primaiy connection
of the mandibular arch with the- neurocranium, or that this articulation in any case was
situated near the present palato-basal articulation (Allis, 19x5; Huxley, 1876, pp. 43—45;
Goodrich, 1909, p. 98; Luther, 1909, pp. 112—ii3; Sewertzoff, 1899, pp. 299 — 3oo; Veit,
1911,

pp. 217—218);1) Swinnerton, (1902, pp. 568—573) also believes that he has found

that the palatoquadrate in the ancestors of the Actinopterygii must have articulated against
the posterior part of the trabecular section of the neurocranium between the exits of
the optic and the trigeminus nerves.
To return now to W. sinuosa, the medial side of the palatoquadrate is covered in
this species in the' way characteristic for the Coelacanthids, by a large pterygoid (Pt,
text figs. 26 A, B; PI. 4, figs. 1, 2;

PI. 6, figs. 1, 3, 4; PI. 7, figs. 2, 5;

PI. 8, fig. 1).

On

this bone one can distinguish a posterior vertical and an anterior horizontal limb, which
are so connected that an angle, open antero-dorsally, is formed between them.
The posterior limb

is strikingly broad

and reminds

one

in this respect of the

corresponding limb of the Palaeozoic Coelacanthids. It is broadest at its dorsal part.
At the ventral part the breadth decreases considerably. The ventral corner is bluntly
rounded off.

The posterior margin is high and very convex,

other

slightly

hand

postero-dorsal
antero-dorsal

becomes

concave.

forms

corner

lateral surface
it

one

an

there

The

extends

a rounded ridge,

gradually

of the

quadrate.

surface

of the bone,

lower

Posteriorly

antero-dorsal

obtuse

downwards

which is

ventrally
it

whereas its

is

corner

the

is

dorsal

acutely

one

not

and

somewhat

finally

sharply

anterior border

disappears

marked
is,

near

off from

along

the

From

backwards

strongest in its. dorsal parts,

and

greater

on

from

the

the

on the

pointed,

angle and is not very conspicuous.

part

the

where

upper

other

the
the

end

lateral
of its

length; it is accordingly convenient to take the latter border as the boundary between
the posterior and anterior limbs.
x) Gegenbaur (1872, p. 186), as we know, was of an opposite view; he maintained that the primary articulation
of the mandibular arch against the neurocranium was to be seen in the postorbital articulation between the palato¬
quadrate and the auditory capsule in Notidanids. Jaekel (1899 a, pp. 249—258; 1899 b, pp. 56—60) also came
to a similar conclusion.
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The metapterygoid is attached dorsally for a rather considerable distance to the

posterior

border

of the

above-mentioned ridge

and

otherwise

the

position

of

the

metapterygoid in relation to the posterior pterygoid limb is seen from text figure 26
and PL 4,

fig.

2; PL 6, figs. 3, 4.

Text fig. 26 B shows in addition to what extent the

ventral part of the posterior pterygoid limb was covered by the quadrate.
The anterior limb of the pterygoid issues along the anterior border of the posterior
limb and is at the posterior end nearly as high as the latter, which consequently has
the anterior border free only farthest dorsally for about a fourth of the height.
As is the case in Carboniferous and Permian Coelacanthids the anterior limb is in
the species under consideration long and,

on the whole, low;

only quite close to the

posterior one does it, as has already been said, attain a more considerable height. Its lower
margin is concave and rises gently anteriorly. Its dorsal margin is, on the whole, also
poncave but its course is in detail decidedly more complicated than that of the ventral
one. Farthest back from the place where it meets the anterior margin of the posterior
limb it slopes rapidly forwards and downwards for a rather short distance, after which
it turns in a more postero-ventral direction and forms a marked sinus, open dorso-rostrally;
in front of this sinus it slopes down again fairly rapidly for a short distance, to continue
its subsequent course forward wih only a very slight slope downwards.
The posterior limb occupies such a position that its lateral side faces somewhat
dorsally and forward, its medial side in the same degree somewhat ventrally and backwards.
The anterior limb is so twisted that its lateral surface is turned a good deal upwards
and its medial surface correspondingly

downwards, a condition

that is more marked

anteriorly than towards the posterior limb. The pterygoid as a whole'is concave on the
lateral side and convex on the medial one both in the direction from the anterior end
to the posterior margin and from the dorsal to the ventral margin. The medial surface,
apart from the teeth, is smooth. There are no formations corresponding to such ridges
as are described by Reis (1888) in certain Jurassic Coelacanthids. The centre of ossification
is situated near the postero-ventral corner of the boundary between the two limbs and
is covered

from

the outside by

the quadrate. — It

seems

not

improbable

that the

pterygoid of the Coelacanthids corresponds both to the large high entopterygoid and
to the smaller ectopterygoid of Rhipidistids (Glyptopomus Watson and Day, 1916, p. 11).
It is really very uncertain whether a dermopalatine has been present as an independent
bone in W. sinuosa or whether it is fused with the pterygoid. The narrow bone with
large teeth that is situated beneath the anterior part of the lacrymo-jugal, laterally of
the

anterior pterygoid limb (Mx, text fig. 25; Pl. 5, fig. 4), could perhaps be taken as

the dermopalatine but on the other hand it cannot be denied either that this bone can
equally well be taken as a maxillary, as I have provisionally interpreted it here, supported
chiefly in this view

by

Coelacanthus and the

exposition

Wellburn’s

(1902,

pp.

475—476)

statements

of Allis, 1919 (1919 a, pp. 379—382).

with

regard

to

The Macropoma

specimens described by Huxley (1866) and Woodward (1909) give in this case, as I have
had an opportunity of becoming convinced, no positive proof for one view or the other.
The material described by Reis (1888,

1892) shows that an independent dermopalatine

was undoubtedly present in certain forms, but that it was always very closely connected
with the pterygoid, so that it might easily coalesce with it; indications of a maxillary
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are on the contrary not to be observed. Besides, even if a dermopalatine occurs in certain
Coelacanthids, this fact has not yet enabled us to prove that the presumed maxillary in
Macropoma and Wimania is really identical with the dermopalatine.
With regard to the mandibula of the Coelacanthids it has been necessary,

as in

the case of the bones of the cranial roof and the cheek, to introduce other terms than
those

previously used.

Branson’s

(1905,

pp.

Gregory’s

(1915,

Wills (1916) and

In

doing this I have followed chiefly the results gained from

601—6o3),

pp. 325—334),
Woodward’s

Broom’s

(igi3d,

Watson’s
(1898 a,

(1912 a,

pp. 73—78;

igi3e,

pp. 10—12;

pp. 123—140;

1907 b,

1912 b,

pp. 563—595),
pp. 573—587),

pp. 298—3oo) works

on

the homologues of the bones of the mandibula in primitive fishes and Tetrapods, but
at the same time I have also gone farther in the direction opened up by these investigators,
for reasons that will be given below.

I now give the infradental of the Coelacanthids

as the splenial, the large post-splenial plate as the intercoronoideo-prearticular, and the
anterior splenial plates as the precorofioids; further I consider it probable that the bone
formerly described as the angular (sometimes as the articulo-angular) may be composed
at least of the supra-angular, the angular, and possibly also the pre-angular, so that it
ought to be called the supraangulo-angular.*)

The coronoid is situated quite on the

medial side of the mandibula and ought thus to be only partly homologous
bone termed in the same way
I ought to retain this name,

in Tetrapods.

especially as,

For the present,

however,

with
1

the

thought

according to Watson’s (1912 a, pp. 11—12)

statement, the coronoid in certain primitive Stegocephalians (Loxomma) was developed
in a similar way.
In W. sinuosa the mandibula is very incompletely preserved and it is therefore not
possible to ascertain its shape with certainty to any great extent. The reconstruction of
it in text figs. 25 and 26 B is consequently given with the reservation that many details
may really be

different.

It seems possible,

however,

to make one certain statement,

namely that the mandibula as a whole has been rather large and powerful. Of its bones
the dental (De, text fig. 25; PI. 5, fig. 2; PI. 6, figs. 1, 4), the supraangulo-angular (Sang,
ang, text fig. 25), the intercoronoideo-prearticular (Icor. pra, PI. 4, fig. 2; PI. 6, figs. 1, 2, 3;
PI. 7, fig. 3) and possibly the autangular (A. ang, PI. 4, fig. 2; PI. 7, fig. 4) as well are
represented only by fragments. The coronoid (Co, text figs; 25, 26 B; PI. 6, figs. 1, 2, 3, 4;
PI. 7, fig. 5), on the other hand, is completely preserved and lies fairly well in situ in
relation to the intercoronoideo-prearticular, with which it has been closely connected. Its
shape is triangular with a somewhat rounded upper and anterior corner. Two precoronoids
(Pco, PI. 5, fig. 2; PI. 6, figs. 1, 4) are also fairly well preserved.
The large mandibula presupposes a powerful adductor muscle.

This has certainly

had its origin partly on the palatoquadrate, but it is probable that it has also arisen on
the neurocranium, in the shallow fossa on the lateral wall of the labyrinth region, which
has been described above. If this is correct, the arrangement of the musculature would
thus in this respect have resembled that of the recent Dipnoi (Luther, 1913, pp. 33—45;
Adams, 1919, pp. 80—83), although specialization has gone considerably farther in the
latter than in the Coelacanthids (cf. Reis, 1892, pp. 21—22).
x) The bone m of Woodward’s description of 1907 (1907 a, p. i36, PI. VIII, figs. 2, 8) and x of his description
1909 (p. 176, PI. XXXV, fig. 9; PI. XXXVII, fig. 5), may, I suppose, be the homologue of the autangular.
Stensio, Triassic Fishes from Spitzbergen.
10
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In the hyoid arch we find in W.sinuosa the two elements characteristic of Coelacanthids

well developed and apparently in their original position in relation to each other.

Of

these the ossification in the ceratohyal (City-, text fig. 27; PI. 4, fig. 2; PI. 7, fig. 3)

is

unusually long and powerful, and, as usual,

slightly arched in

convex on the ventral side and concave on the dorsal one.

such a way that it is

The ends, which in their

present condition are truncated, have been furnished with cartilaginous

epiphyses. The

lower margin has a broadly rounded projection somewhat behind the middle. The posterior
end of the bone reaches a good distance behind the pterygoid; the opposite end extends
almost as far forward as the anterior limb of the latter bone.
The second ossified element of the hyoid arch (Eph, text fig. 27), which is usually
called the stylohyal in the current terminology, I have here interpreted as the epihyal.
It is short and fairly thick and truncated at the ends. In its interior it was cartilaginous
— the ossification forms only a thin perichondral covering — and this cartilage was
undoubtedly continuous with the epiphyses of the bone, which were also cartilaginous.
The epihyal ossification is widest at
its dorsal end, from which it narrows
fairly gently in ventral
increasing

direction,

again in width

in

the

neighbourhood of the ventral end.
Its narrowest part is consequently
situated

near

the

latter

end.

Its

dorsal end lies close to the basis
cranii, postero-medially of the ptery¬
goid bone,
Text fig. 27. Wimania sinuosa, n. sp.
The two ossifications of the hyoid arch. From P. 257. */«
Eph, epihyal ossification; Chy, ceratohyal ossification.

but in such a relation

to the latter bone that, as has been
pointed out above, it cannot have
been connected with the metaptery-

goid. It must thus have joined the neurocranium, but it is impossible to decide whether
this took place directly or whether another cartilaginous dorsal element corresponding to
a

pharyngobranchial was developed.*)

skeleton of the hyoid arch in the

As

is

clearly shown by this

exposition,

the

Coelacanthids thus presents striking resemblances

with that of the Dipnoi, both by the reduction in its dorsal part and with regard to the
shape

of the

ceratohyal

ossification

(cf. Gaupp,

1904,

pp. 920—*g3i;

van Wijhe, 1882,

pp. 295—297; Ruge, 1897, pp. 257—-284; Furbringer, 1904, pp. 490—495).
In the species in question the operculum is particularly high and broad. Its contours
are, however, to a great extent badly preserved, so that the shape cannot be established
with certainty. Similarly it is impossible to decide whether there was sculpture or not.
There are five pairs of gill-arches, which are ossified in two segments. The ventral
of these segments, which I take to be a ceratobranchial (text figs. 28 A, B; PI. 4, fig. 1;
PI. 7, fig. 3) is particularly long and arched in such a way that it has the convexity
backwards and downwards and the concavity upwards and forwards. Its ventral end is
q On the left side of the head in question (P. 257) there is a detached bone (y, PI. 4, fig. 2) laterally of
the posterior end of the ceratohyal ossification. This bone probably belongs to the pectoral girdle or the endoskeleton of the pectoral fin.
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truncated, its dorsal one has posteriorly a rather strong and pointed process. Interiorly
all the ceratobranchials were partly cartilaginous (text fig. 26 B) and their two ends also
undoubtedly had cartilaginous epiphyses. Their posterior surface is grooved longitudinally.
The anterior edge, on the other hand, is rounded.
The
certain

dorsal

how

it

ossified
was

segment

attached

(text

to

the

fig. 28 C)

how it is to be oriented in other respects.
as to its interpretation.
and if the ventral
it does

not

branchial

improbable

possibly

small
and

and

bifurcate.

similarly

it

It

is

is

not

un¬
clear

It is still difficult to take any definite view

But if one starts out from the conditions found in Polyp ter us

element really represents a

seem

or

is

ceratobranchial

this

that

the

element

ceratobranchial,

dorsal element

together

with

a

as I

corresponds
strongly

have
to

a

reduced

assumed,
pharyngo-

epibranchial

(van Wijhe, 1882, pp. 257—258; G-aupp, 1904, pp. 907—gi3; Allis, 1918b, pp. 258—261).
The gill-arches of the two sides
were joined ventrally by means of

a ft

cartilaginous copula, but as nothing is
preserved

of this

it is

impossible

to

decide whether it formed a single piece
or was

sub-divided

into

several

seg¬

ments. It was covered dorsally by one
or

a few tooth-bearing dermal plates,

which are thin and consequently much
crushed.

The bone hitherto generally

interpreted as a copula is,

as pointed

out by Reis already in 1892 (pp. 26—27),
a dermal bone that has been situated
ventrally

of the

real

copula

and

The ossifications of the gill-arches. From P. 257. 3/4.
.. Ceratobranchial.
B. Cross-section through a ceratobranchial.
C. Pharyngo or epipharyngo-branchial.

in

other respects shows a complete corresspondence with the urohyal of the Teleostei (cf. Goodrich, 1909, p. 350). In the species
in question it is very large and long, and has, from the ventral side, the shape shown
in text fig. 29 and PI. 4, fig. 2 and PI. 7, fig. 3. It consists, like other plates of membrane
bone, of a very compact substance.

The centre of ossification is at about the middle,

and corresponds to the narrowest part of the bone. A cross-section at this place (text
fig. 29 B) shows that the lateral margins
upper surface

became

developed on this surface a
corresponding

bone

in

were turned somewhat upwards,

so that the

grooved longitudinally and moreover it is clear that there was
median

longitudinal

crista in

the

same way as

on

the

a number of the Teleosts. Just as in these the anterior end is

bipartite in certain of the Coelacanthids studied by me, e. g. Coelacanthus elegans New¬
berry and Undina penicillata Munster,

but it is impossible to decide with

certainty if

this was the case in W. sinuosa too, as the anterior part of the bone in this species is
incompletely preserved.
Dentition.
Larger, acutely conical teeth, bent slightly backwards, are found on the precoronoids
and the supposed maxillary bone;

smaller

ones of the

same shape

occur partly on
10*
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the bones mentioned, partly on the gill-arches. Small or even very small teeth, usually
blunt, are characteristic of the parasphenoid, pterygoid, coronoid, coronoideo-prearticular
and the plates covering the copula.
The ventral surface of the parasphenoid has, in front of the centre of ossification,
as I have shown above, a thickened median part, to which the teeth are limited. Behind
the centre of ossification its teeth are very sparse and the thickened part is, as we have
seen, quite absent.
The pterygoid has the medial surface of the anterior limb funished with teeth practically
all over. The posterior limb of the same bone also bears teeth to a considerable extent,
but the teeth do not extend quite as far as to the posterior margin and they are also absent
farthest dorsally on a surface which corresponds in height to a third of the limb itself.
It

is

impossible

to

make

out whether the

teeth

of the

branchial arches are free or coalesced at their bases into small
plates, as is usual in the Coelacanthids.
The sensory canals of the head.
The sensory canals of the head are well developed and en¬
closed as usual in membrane bones, which they consequently pene¬
trate as tubes. The pores have presumably been small.
Nothing is preserved of the sensory canals of the cranial
roof and

mandibula.

On

the

other hand,

as has been partly

shown above, we find the sensory canals rather well preserved
on the cheek in the postorbital, lacrymo-jugal and the squamosopreopercular.
In

the

the

infraorbital

canal

(text

fig. 25)

antero-ventral corner.

Ventrally of the postorbital it has passed for a short distance

has

has

fronto-dermosphenotic

Text fig. 29.
Wimania sinuosa n. sp.
Urohyal. From P. s5y. • */«.
A. In ventral aspect.
B. Cross-section at about its
narrowest part. Note the crista
on the dorsal surface.

probably turned laterally and with this course it

presumably

left

this

bone

and

entered

the

antero-dorsal

corner of the postorbital. In the latter bone (text fig. 25; PI. 5,
fig. 2; PI. 6, fig. 1) it runs first for a short distance in a posteroventral direction after which it takes a directly ventral course
and reaches the lower margin of the bone not far behind the

through a membranous interspace, then penetrated the plate v, and afterwards continued
through another short membranous interspace, finally entering the lacrymo-jugal, which
it traverses to the anterior end.
From the postorbital part of the infraorbital canal there issues posteriorly between
the lacrymo-jugal and plate v a sensory canal (text fig. 25;^ PI. 5, fig. 4) which immediately
enters the process on the anterior margin of the squamoso-preopercular and then runs
downwards and backwards through this bone to the lower margin, just in front of the
postero-ventral

corner. In its continuation ventrally it seems first to have

passed a

membranous interspace and after that to have transversed the posterior part of the
preoperculo-quadratojugal. It may possibly have also anastomosed with the mandibular canal.
It can scarcely be doubted that this last-mentioned sensory canal is homologous
with the similarly situated one in Osteolepsis (Goodrich, 1919). It seems also probable
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that it may correspond, at least partly, to the hyomandibular canal and partly to the
mandibular line of pit organs of the Selachii (cf. Ewart, 1892, pp. 71—72; Allis, 1902,
p. 108;

Johnson,

1917,

pp. 20—21).

In Amia

(cf. Allis,

1889,

p. 506,

PI. XLII;

1905,

pp. 406—407) and Polypterus (Allis, 1900 a, p. 445) it seems to be represented by the
horizontal cheek line of «pit organs» together with the ventral part of the preopercular
canal and in the Stegocephalians by the

«jugal canal»

of Modie’s description (Modie,

1908, p. 515; 1915 a, p. 320).
As far as is known its agreement with the latter canal is very great and on this
ground I have in the subsequent exposition used the term jugal canal for it (cf. Wiman,
1914 b, PI. Ill, fig. 3; PI. V, fig. 2I
While in W. sinuosa the jugal canal has, as

we have seen, anastomosed with the

infraorbital canal between the lacrymo-jugal and plate x, in Osteolepis (Goodrich, 1919)
this anastomosis on the contrary takes place in the jugal bone. Consequently, as far as
one can judge, the lacrymo-jugal in W. sinuosa extends not so far dorsally in its postorbital
part as the jugal in Osteolepis, and the part that is lacking corresponds to the plate x.
If, however, the restorations of Coelacanthus (Wellburn, 1902, p. 483), Diplurus (Dean, 1895,
p. 154, fig. 156), Undina (Reis, 1888, PI. V, fig. 12; Woodward, 1898a, p. 80, fig.6o) x) and
Macropoma (Woodward, 1909, p. 173) are correct, the jugal part of the lacrymo-jugal ought
in these forms to reach the postorbital and thus in this respect to agree with the jugal
of the Rhipidistia, i. e. the plate x ought to be comprised in the posterior part of the
lacrymo-jugal, of which it has probably been originally an integral part.
As I have shown, the lacrymo-jugal extends in W. sinuosa a good way in front of
the orbita along the lateral surface of the ethmoidal region and this is also the case in
other Coelacanthids. This makes it probable that the lacrymal bone of the Rhipidistids
(Watson and Day, 1916; Goodrich, 1919), which is normally situated under the anterior
part of the orbital opening, is contained in the lacrymo-jugal of the Coelacanthids in
general together with the jugal, as I wished to indicate in my terminology here used.
The postorbital of W. sinuosa seems, on account of the course of the supraorbital
canal and also because of its extent, to be undoubtedly the homologue at least of the
postorbital of the Rhipidistids (Watson and Day,

1916), which also may be the case

with the postorbital in the carboniferous Coelacanthus-species, if Wellburn’s (1902) view
is correct, while, on the other hand, in Diplurus (Dean, 1895), Undina and other Jurassic
forms (Reis, 1888, 1892, Woodward, 1898 b) and Macropoma (Woodward, 1909) the same
plate would extend backwards right to the preopercular. In this connection it is interesting
to find how the upper part of the squamoso-preopercular in the Carboniferous forms
projects upwards between the postorbital and the opercular and thus shows exactly the
same conditions as the dorsal part of the squamosal sometimes does in the Rhipidistids.
On the

other

hand it is

also

noteworthy when one finds,

tuberculata described below, remains of a small independent

for

instance

in

Sassenia

plate situated behind the

postorbital, and the squamoso-preopercular at the same time does not reach up dorsally
between the latter and the opercular. It is also remarkable that this independent plate
l) In 1892 Reis gives another restoration of Undina (PI. I, fig. 1; PI. II, fig. 14) that differs rather considerably
in this respect from that published by him in 1888. If this new restoration were correct the homologue of the plate
x would probably be included in the squamoso-preopercular.
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may sometimes be reduced to a certain extent or be quite absent as is the case in
W. sinuosa, so that there is a large interspace between the postorbital and the opercular.
To judge from what has been mentioned, this whole state of affairs seems to support
the

idea

that the dorsal

portion

of the

squamoso-preopercular,

which

in

primitive

Coelacanthids projects upwards dorsally behind the postorbitale, has in Mesozoic ones
become detached from its connection

with the other parts of the bone. It may then

either have persisted as an independent element (Sassenia) or have coalesced with the
postorbital (Diplurus, Undina, Macropoma, etc.) or else have been reduced (Wimania).
Besides the jugal and the postorbital the cheek in the Rhipidistids in general is
covered with a fairly varying number of bones. Thus Holoptychius is said to have five,
Glyptopomus, Tristichopterus, Rhizodopsis and Megalichthys to have three, and Osteolepis to
have two, while in Diplopterus, Gyropthychius and Eusthenopteron only one large plate seems
to occur (Traquair, 1875a, PL XXXII, figs, x, ii; 1881, p. 172, fig. 2, pp. 176—177; 1896;
Watson and Day, 1916, pp. 1—27; Goodrich, 1919; Woodward, 1891b, pp. 3ig—32o; 1898a,
pp. 70, 72, 75—77; Wellburn, 1900, pp. 62—63; Pis. XIII, XV; Birks, 1916, pp. 307—327).
It is pretty clear, as Watson and Day (1916) have shown, that we are here concerned
with various more or less advanced stages of fusion in the different forms and that
forms with a larger number of these bones ought in this respect to be taken as more
primitive than those with a smaller number. In Holoptychius, Glyptopomus, Tristichopterus
and Rhizodopsis one can regularly identify the preoperculum, quadrato-jugal and squamosal;
in Holoptychius, however, if Watson and Day’s observations are correct, the last-mentioned
bone consists of three independent plates; in Osteolepis, according to Goodrich, a small
independent preoperculum seems to be present besides the large postorbital plate, where¬
as this small plate was not observed by Watson and Day (1916).
If now we examine the Rhipidistids that have a preoperculum, quadrato-jugal and
.a squamosal, we may state the following facts about these bones: the preoperculum is
situated close to the anterior margin of the operculum, along which it projects more or less
far upwards in different forms; usually it is high and narrow. In front of it follows the
squamosal, which is attached anteriorly to the jugal and the postorbital, ventrally to the
maxillary and the quadrato-jugal, posteriorly to the preoperculum and to a little plate
following in front of the anterior upper end of the operculum, or, if this is united with
the operculum, to the antero-dorsal part of the latter. It reaches upwards right to the
cranial roof, and seems to be pierced by the jugal canal, which enters it from the jugal
and subsequently passes backwards and downwards towards the postero-ventral corner.
The quadrato-jugal forms the postero-ventral part of the cheek and is attached dorsally
to the squamosal and the preoperculum, anteriorly to the maxillary, and posteriorly with
its upper part to the preoperculum. The remaining part of its posterior margin, like its
whole

ventral one,

is free.

In

Osteolepis the postero-ventral part of the jugal canal

pierces the preoperculum (Goodrich, 1919); in other forms we do not know for certain
the relation of this canal either to the preoperculum or to the quadrato-jugal, but it seems
most probable that the last-mentioned bone has been situated in front of this canal.
If now we try to apply the experience gained by our examination of the region
of the cheek in the Rhipidistids to the conditions found in the Coelacanthids it is evident
that both the squamoso-preoperculum and the preoperculo-quadratojugal would comprise
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the

components indicated by their names,

primitive Rhipidistids the dorsal
squamosal and the

part of the preoperculum

ventral part of the
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i. e. of the bones

covering the

would be

cheek of

fused with the

preoperculum with the quadrato-jugal to the

squamoso-preopercular and preoperculo-quadratojugal respectively.

In Mesozoic

Coe-

lacanthids we find, as I have pointed oyt above, that a dorsal part of the squamosopreopercular has become detached secondarily from the other parts of the bone, to be
then reduced more or less or perhaps in certain cases to fuse with the postorbital.
There still remains to be made a

comparison between the

cheek plates of the

Coelacanthids on the one hand and certain of the bones in the cranial roof of Stegocephalians
later on

on

the

in the

other,

but

I have

found it more

convenient

to put this off till

chapter «Coelacanthids compared with some other fishes

and certain

Tetrapods».
The shoulder girdle.
Together

with

the

head

of W. sinuosa

described

above

(P. 257)

there

occur incompletely preserved remains of the dermal bones of the shoulder girdle.

also
Of

these the cleithral {Cl, PI. 7, fig. 3) was, as usual, long and large, but
nothing else can be said in detail with regard to its shape. The clavicle
{Id, PI. 7, fig. 3) on the other hand, is somewhat better preserved. It
has a long slender dorsal limb, with which it joins the cleithral, and a
ventral one which is developed as a rather large plate, lying horizont¬
ally and attached to the corresponding plate on the opposite side by
a median

suture.

In

shape the

clavicle

thus

bears

a

considerable

Text fig. 3o.
Wimania sinuosa.
Scale from P. 25 y. */,>.

resemblance to that of Rhizodus (Woodward, 1891b, PI. XII, figs. 4, 7).
Squamation.
The squamation in W. sinuosa is very incompletely known. All that is preserved of
it is some detached scales on the specimens P. 257 and P. 255.
In shape the scales (text fig. 3o) are oval with the anterior margin rounded and
the posterior one somewhat pointed. The covered area is considerably larger than the
exposed one. The latter has a sculpture (text fig. 3o; PI. 5, fig. 3) of numerous rather
short and at the same time fine longitudinal striae, the middle ones of which are as a
rule somewhat longer than those situated dorsally and ventrally.
*

*

*

Remarks: — As, from a linguistic point of view, the earlier name of this species,
sinuata, is incorrect, I have altered it here to sinuosa. This name refers to the characteristic
sinus on the upper margin of the anterior limb of the pterygoid bone.
Geological occurrence and localities. — W. sinuosa is only known from the
fish horizon. Identifiable remains of it have so far been found at Mount Congress and
Mount Andersson.
Wimania? sp.
(PI. 9, figs. 2, 3.)
As Wimania? sp. I have grouped here a few remains that come from the caudal
region of a fairly large Coelacanthid fish {P. 253, P. 256).
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As is shown by PI. 9, fig. 2, the neural and haemal arches are of the usual Coe-

lacanthid type. The neural and haemal spines are long and narrow, and are attached to
the lepidotrichia of the caudal fin in the usual way (Schmalhaussen, igi3a, pp. 47 — 59X
While in the anterior caudal region these spines form, both dorsally and ventrally, a
somewhat big angle with the chorda, they are so inclined backwards that this angle
gradually becomes more acute.

The most posterior

of them

consequently take up a

position almost parallel to the longitudinal axis of the fish. Their distal free segment
about corresponds in length to the proximal one, which was continuously

connected

with the arch. Both in the neighbourhood of and at the place where the two segments
are connected with each other they are somewhat thickened. The

bone substance in

them only forms a thin perichondral layer. The interior undoubtedly consisted of cartilage
and both the distal end of the proximal segment and the two ends of the distal segment
were furnished with a cartilaginous epiphysis.
The caudal fin is not completely preserved at its posterior part and it is thus
uncertain if the so-called supplementary fin («Pinselflosse») has been developed. In the
other parts the lepidotrichia are long and fairly robust but not expanded distally. Their
number is about the same dorsally and ventrally — as far as one

can judge about

twenty. On one side — it is not possible to say if it is the dorsal or the ventral'one —
they are distinctly more robust than on the other, and, except for the three or four
most anterior ones, they are jointed, although the proximal joints are of considerable
length.J) Even the distal joints are fairly long, which is also the case in the lepidotrichia
on the opposite side, but the latter lepidotrichia, on the other hand, have long unjointed
proximal parts. With the exception of a piece of the proximal part all the lepidotrichia
of the caudal fin have on

their lateral sides a row

of fine,

short

striae,

or,

if the

expression is preferred, a row of somewhat lengthened tubercles.
The scales (PI. 9, fig. 3) seem most closely to resemble those of W. sinuosa in their
sculpture. As in this species, the sculpture consists of a rather large number of fine,
but not specially long, striae.

A few

of the middle

striae on each scale run, as in

W. sinuosa, fairly horizontally in the longitudinal direction of the scale, the rest, situated
dorsally and ventrally of these, show a certain concentric arrangement along the posterior
margin and consequently their posterior ends are directed towards the longitudinal axis
of the scale. — Nothing is known in detail as to the shape of the scales.
*
*
Remarks: With regard to the sculpture of the scales the two Goela'canthid remains
just described resemble, as has already been pointed out, W. sinuosa more closely than
any of the other Spitzbergen species so far known. At the same time the deviations
are very obvious, and as in other respects we are without any points of departure for
a comparison, it is impossible at present to decide whether these two fragments really
belong to W. sinuosa or the genus Wimania at all. Under these circumstances I have
only hesitatingly included them in this genus.
Geological occurrence and localities. — The fish horizon at Mt Milne Edwards
and Mt Trident.
z) The material at hand does not show whether these rays too have been longer than those on the
opposite side.
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Wimania? multistriata n. sp.
(PL 8, figs. 2-7; PL 9) fig. I.)
Under the

name of W. multistriata I have grouped together a number of pieces,

mostly fragmentary, of a large Coelacanthid (P. 238, P. 244—250, P. 252, P. 254, P. 674,
P. 691). I have also provisionally included under this name a detached bone-plate (P. 2o3),
for reasons given below. Besides these, all of which belong to the Geological Institute
of Upsala, there were found in the material investigated by Hulke, 1873, which is kept
in the Natural History State Museum, Stockholm, several fragments of a huge Coelacanthid,
probably belonging to the species in question.
W. ? multistriata has attained a very considerable size and in this respect it seems
to be about equivalent to Mawsonia

gigas

Woodward (1907 a).

One jugular plate,

for

instance, measures 12 cm in width, and may have been about 40 cm long. A number of
other remains of the bones of the head, fins etc. are correspondingly large, although in
most cases the state of preservation makes it impossible to give any figures of measurements.
Nothing is known with regard to the shape of the body, but if this did not differ to
any very great extent from the usual type,

one might venture

to estimate the total length of the larger specimens as about a
couple of meters or perhaps even more.
Membrane bones of the neurocranium and cheek-plates.
The substitution bones of the primordial neurocranium are
not preserved. Of the membrane bones there are the parieto-intertemporals in a small specimen (P. 252) together with the supratemporo-extrascapulars

and

a

number

of fragments

of

other

indeterminable plates.
The two parieto-intertemporals (text fig. 3i A; Pa. it, PI. 8,
fig. 2) are relatively long and narow.
little more than

half their

length.

Their greatest width

They meet

medially

in

is

Text fig. 31.
Wimania ? multistriata n. sp.
Parieto-intertemporals.
From P. 252. */,.
A. From the dorsal side.
B. Cross-section through the
anterior half.

a

straight median suture, and the lateral margin has posteriorly

a marked sinus, into

which the antero-medial part of the supratemporo-extrascapular is inserted. The ventral
longitudinal lamella issuing from the ventral surface is well developed (text fig. 3 x B)
though it is not vertical as in W. sinuosa, but is directed more ventro-laterally. I cannot
say at present whether this is primary or is to be considered as having arisen through
the effect of pressure during or after fossilization.
The supratemporo-extrascapular bones (PI. 8, fig. 2) do not seem to show any essential
deviation from those in W. sinuosa with regard to shape, but they are not well enough
preserved for a detailed description to be possible.
Both the parieto-intertemporals and the supratemporo-extrascapulars and probably
also the other bones of the cranial roof are without ornament. On the other hand the cheekplates (P. 252, P. 674) are furnished with fine tubercles, which may be rounded or somewhat
lengthened, sometimes, too, bent into the shape of a kidney or an S. On certain bone-plates,
especially in larger specimens, the tubercles seem to be present rather densely and the
character of the sculpture consequently agrees pretty well with that of the scales, which I
shall describe below. On other bones, on the contrary, the tubercles are distinctly sparse.
S ten si 6, Triassic Fishes from Spitzbergen.
U
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Visceral skeleton.
Of the

visceral skeleton only the

quadrate is completely preserved.

there are fragments of the pterygoid, supraangulo-angular,

In addition

dental, splenial, opercular,

jugular plates, and a number of fragmentary gill-arches.
The quadrate (P. 252, P. 238) has about the same shape as in W. sinuosa and the
same is true, to a certain extent, of the postero-ventral part of the pterygoid as well
(text fig. 32). — The other parts of the pterygoid are not preserved. — It seems, however,
as if the posterior

limb

has

been

comparatively

narrower

than

in

W.

sinuosa.

The

supraangulo-angular (P. 674) had a rounded corner dorsally and seems to have been
rather high. Anteriorly it projects with a point a short distance in between the dental
and the splenial;
these

and

the

these

two

bones have

supraangulo-angular

are

only their
without

posterior

parts preserved.

Both

sculpture.
The opercular (P. 252) is very in¬
completely preserved. It is quite clear,
however, that it was large and prob¬
ably of a rounded triangular shape.
The jugular plates too are incomplete¬
ly known. As far as one
they

were

without

can judge

sculpture,

while

on the other hand the opercular had
a sculpture of the same kind as that
of the cheek-plates.
Text fig. 32. Wimania multistriata n. sp.
The postero-ventral part of the pterygoid. From P. 238. »/2..

The conditions of the gill-arches
are as in W. sinuosa. The ceratobranchials

have

a

fig. 33 A).

very

deep

furrow

posteriorly and were partly

The pharyngo or perhaps more

cartilaginous interiorly (text

correctly the epi-pharyngobranchials have

about the same bifurcate shape as I have described in W. sinuosa.
Dentition.
The dentition on the pterygoid does not differ, as far as one can judge from the
material at hand, very noticeably from that of W. sinuosa. The teeth

in the presumed

precoronoids are large, conically pointed (text fig. 33 B; PI. 8, fig. 3), but, unlike those
of W. sinuosa, probably straight.
Sensory canals of the head.
The sensory canals of the head were considerably stronger in this species than in
W. sinuosa. The pores too are rather large and distinct. I found three of them on the
supratemporo-extrascapular, one on the parieto-intertemporal (P. 252).
Axial skeleton.
With the exception of an unimportant part of the caudal region (P. 254) nothing
is known with regard to the axial skeleton. This part shows, however, that the distal
segments of the neural and haemal spines have been considerably thickened at their
proximal ends.
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Girdles and fins.

The fins are still extremely incompletely known in this species, as they are mostly
represented only by detached lepidotrichia or parts that cannot be exactly defined. The
lepidotrichia are often long- and always taper gradually distally. They are unjointed for a
fairly long distance proximally, but it is uncertain ho^ great a part of their total length
this distance represented. The joints (PI. 9, fig. 1) are mostly rather short and wide,
sometimes even very short.

I have not found any tuberculation or. striation on them,

nor on the proximal unjointed part. The latter part often has, however, on each lateral
side a longitudinal furrow with small rounded pits lying close together, and these pits
possibly indicate that we have had free spines here articulating against the lepidotrichia
in the same way as, for instance, in Macropoma. —

A loose pelvic plate (P. 20S) may

also belong to W.? multistriata. This has, as shown in PI. 8, fig. 7, a shape that resembles
that of Coelacanthus granulatus (Reis, 1888, PI. IV, fig. 7) very closely, and since, as I
pointed out in the general description above, the type species of the genus Wimania
at. least resembles

in

several respects the typical Coelacanthus

^

species, it is also most probable that the bone-plate in question
belongs to some Wimania species, and, to judge from its size, it
could in this case scarcely be any other than W. ? multistriata.
Squamatiou.
Together with the other remains of this species there are
often found scales which sometimes attain a length of close upon
5 cm.

A

distinguishing

feature

of the

scales is

the

posterior

margin, which has a definite though rounded corner (textfigs.34 A,

Text fig. 33.
Wimania? multistriata n. sp.
From P. 238.
A. Cross-section through a gill-

B, PI. 8, figs. 4—6; PI. 9, fig. 1). In other respects their appearance
is pretty variable. In some of them (e. g. those figured in text
fig-. 34 A

and Pl. 7, fig. 4),

the

exposed

part of the

lateral surface is rather small

compared with the covered part, and at the same time the upper and lower margins
run in a continuous arch backwards to the corner mentioned. Other scales, on the con¬
trary, have the

exposed

part

of the lateral surface strikingly larger in

comparison

with the covered part and at the same time the appearance of the dorsal and ventral
margin is also different, as is clearly shown in text fig. 34 B and PI. 8, fig. 5.

Transi¬

tional forms between the two extreme types just described are common. The sculpture
consists of a very large number of fine striae, lying close together, which generally run
parallel to the longitudinal axis of the scales. Not infrequently the striae may, however,
be so long that they reach across the whole exposed surface. They are all, as a rule,
somewhat undulating.

Remarks. — W.? multistriata is well characterized as an independent species by
the nature of the ornament of its superficial head-bones and scales, the development
of its lepidotrichia, and lastly also by its considerable size. It certainly reminds us, as
we have seen, of the type species of the genus Wimania in a great many respects, but,
on account of the deficient character of the material at our disposal, it is impossible as
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yet to decide with certainty whether it really belongs to the same genus as this. It is
also worthy of mention that the lepidotrichia of W.? multistriata and those of the Wimania? sp.
described above are rather different, a fact that seems to suggest that one of these two
species really does not belong to the genus Wimania.
Geological occurrence and localities. — W. ? multistriata occurs fairly commonly
in the fish horizon.

It is found at Mt Congress, Mt Rotunda (Student Valley), Sticky

Keep, Mt Trident and Mt Milne Edwards.

Genus

Sassenia n. g.

The genus Sassenia is still incompletely known and the diagnosis can consequently
not lay claim to any completeness. The characteristics so far known can be summarized
as follows: Fishes probably of average size or fairly small. The head with a sculpture
of flattened tubercles situated

more

or less closely together.

The parasphenoid wide.

The postorbitally situated cheek-plates three in number with a small accessory one behind
the dorsal one. Infraorbital long and arched. Pterygoid thin;

its anterior limb with a

high

and

at the same time

relatively broad caudal part.
Coronoid

probably triangu¬

lar in shape. The ceratohyal
ossification long; the opercular
large, triangular, with rounded
corners.

The labial margins

of the
Text fig. 34. Vfimania? multistriata n. sp.
A. Scales from P. 244. Vi- B. Scales from P. 247. >/i.

probably

with

conically pointed rather large
teeth;

smaller ones, of a similar shape;

jaws

the

gill-arches

with

otherwise the teeth small, bluntly conical or nearly

spheroidal, often furnished with a small point set off as a verruca. The sensory canals
developed normally. The scales oval with a rounded posterior margin and sculpture
of rounded

or somewhat lengthened tubercles,

sometimes

partly

also

of striae

and

tubercles together.
Like Wimania, Sassenia too shows in certain respects striking resemblances to the
Carboniferous and Permian Coelacanthids, as, for instance, in the shape and size of the
parasphenoid, the opercular, and to a certain extent in the development of the pterygoid
as well, further, in the general arrangement of the cheek-plates

and partly also with

regard to the sculpture of the scales and the cranial bones. Sassenia is easily distinguished
from Wimania by the shape of the opercular and the pterygoid. An additional important
difference between them is that the sculpture of the head is, as we have seen, absent
or weak in Wimania, while in Sassenia it is well developed.
A
of the
with

circumstance
two

Sassenia

regard

fontane in
pp. 14—16).

to

the

that

deserves

species

special

described

sculpture

of

its

mention

below,
scales

in

namely
with

the

this

connection

S. tuberculata,
species

from

is

that

agrees
the

one

closely

Cava

Tre-

Tessin described by me under the name of Undina sp. (Andersson, 1916 a,
An obvious

resemblance

of the

same

sort

can

also

be

observed

bet-
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ween

S. tuberculata

and

Undina gulo.
the

of the

scales

and

also

at

same

time

both

the

seems

also to occupy

a

In other

words,

cranial sculpture

the

Coelacanthus

similar

85
regard

Sassenia resembles in

and

intermediate

with

the

to

the

sculpture

certain

Undina-Macropoma

position with regard to

respects

type,
the

and

it

shape

of

the posterior pterygoid limb.
The resemblance between

Sassenia

tuberculata

and the

Undina species

from the

Cava Trefontane referred to is so great that one may even feel doubtful whether fte
have not really two

species of the same genus present here,

i. e. that the supposed

Undina species from the Cava Trefontane would really belong to Sassenia. As at least
one Actinopterygian genus,

Perleidus,

seems to

be

common to the Triassic

of both

Spitzbergen and Lombardy, this may to a certain extent indicate that with a complete
knowledge of the two faunae we may expect to find still more common forms. But the
fact that, if we judge merely from the sculpture of the scales, we have pretty much
the same right to group

together Undina gulo in the same genus with S.

shows us how careful we must be in deciding a case of this sort. The
whether

Sassenia

also

includes

the

species from the

Cava

tuberculata

question as to

Trefontane

described

as

Undina sp. must therefore be left undecided.
The name Sassenia for this genus is derived from the Sassen Valley.

Sassenia tuberculata n. sp.
(Pi. io),
Sassenia tuberculata is represented only by three incompletely preserved specimens
(P. 224—P. 226) with portions of the head and the squamation. These three specimens all
come from individuals of rather average size. The maximum height of the head — the
only measurement at all reliable that can be obtained — may thus be probably estimated
at about 6—7-5 cm.

The ossifications of the primordial neurocranium.
Of the ossifications of the primordial neurocranium the prootico-opisthotic (Pro. o, text
fig. 37) and the basisphenoid (Bsph, text fig. 37) are only preserved fragmentarily. As
far as can be seen, they have both been developed essentially as in W. sinuosa, but the
nature of the material does not permit of any detailed comparison.

The membrane bones of the neurocranium.
Posteriorly beneath the labyrinth region the parasphenoid (Psph, text fig. 37) has
had the same slight extension as in W. sinuosa. In its anterior parts it is incomplete,
but all the same it is obvious that it had lateral parts that were bent upwards and
between these a somewhat thickened horizontal portion with teeth; just as in W. sinuosa,
this thickened portion is not developed behind the centre of ossification.
The membrane bones of the cranial roof are not known, except for the supratemporoextrascapular (Stemp. ext, text fig. 35; PL 10, fig. 1) and the parieto-intertemporal {Pa. it,
text fig. 35, PI. 10, fig. 1). These two bones, though partly deformed by pressure and
incomplete in other respects, seem to have been in the main similar to those in W. sinuosa.

•
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The membrane bones of the cheek.
Of the cheek-plates the following are present in a more or less fragmentary con¬

dition:

the lacrymo-jugal (text fig. 38 x^;

La. ju, PI. io,

fig. 3),

postorbital (.Po,

text

%• 35; PI. 10, figs. 1, 3) squamoso-preopercular (Sq. pop, text fig. 35; PI. 10, figs. 1, 3),
a smaller plate {a, text fig. 35; PI. 10, fig. 1) situated behind the postorbital, and probably
also the preoperculo-quadratojugal Pop. quj?, text fig. 35; PI. 10, figs. 1, 3). Their mutual
relationship with regard to position and size seems to be essentially

the same as in

W. sinuosa, and this seems broadly to be true of their shape as well. It is also evident
that they have been situated fairly loosely in relation to each other, but whether to the
same extent as in W. sinuosa, is, however, uncertain. With regard to the plate a situated
behind the postorbital I have already shown above (cf. Wimania sinuosa p. 77) that it
seems

to

correspond

preopercular.

It is

to

a

dorsal

part

of the

squamoso-

triangular in shape. — All the

cheek-

plates have a characteristic sculpture of flat, rounded tubercles
situated exceedingly close together and sometimes arranged
concentrically (PI. 10, figs. 1, 3, 6).
Visceral skeleton.
Of the metapterygoid (Mptg, text fig. 35; PI. 10, fig. 1)
only a posterior part is preserved. The shape is accordingly
rather uncertain, on the whole, nor can its position relative
to the pterygoid be
posteriorly in
Sassenia tuberculata 11. sp.
Portions of the cranial roof, cheek
plates and visceral skeleton. The sculp¬
ture not drawn. From P. 22S. */=• ■
Mptg, metapterygoid; Op, opercular;
Pa. it, parieto-intertemporal; Po, post¬
orbital; Pop. quj?, possibly a part of
the preoperculo-quadrato/ugal; Pt, ptery¬
goid; Sq, pop, squamoso-preopercular;
Stemp. ext, supratemporo-extras'capular;
a, accessory plate originally belonging
to the squamoso-preopercular; jc, jugal

a

decided' exactly,

whether it

extended

caudal direction a little behind that bone

in the way seen in the type specimen of text fig. 35, and
PI. 10,

fig. 1

or whether the conditions

were the same as

in W. sinuosa.
The pterygoid (Pt. text figs. 35, 36;

PI. 10, figs. 1, 4)

is so preserved that a part of its posterior limb is present
in thespecimen P.225, and practically the whole of the anterior
limb in the one P. 226. In text fig. 36 I have tried to recon¬
struct the appearance of the bone as a whole with the help
of the remains mentioned, but it must be pointed out that the

width of the posterior limb, like its height too, is rather uncertain in relation to that of
the anterior one. The posterior margin of the posterior limb is slightly convex. The dorsal
margin is on the contrary slightly concave and slopes rather rapidly backwards, i. e. it
faces dorso-caudally. The postero-dorsal corner is obtuse-angled; the ventral corner is prob¬
ably well rounded off. The posterior part of the anterior limb is very high, and this high part
is also strikingly broad. The upper margin of this limb has a very characteristic course. Farthest
posteriorly it is fairly horizontal for a short distance, then it bends round downwards and for¬
wards, continuing in this direction for a considerable distance, then rather suddenly taking
a direction almost straight forward and, with this direction, then continuing to the anterior
end of the limb. The lower margin runs in a slightly concave arch from the lower corner of
the posterior limb in

an upward and forward direction. Otherwise, as far as one can

see, the pterygoid is distinguished by the thin nature of its bone substance ;(text fig. 37)

87

TRIASSIC FISHES FROM SPITZBERGEN

In the lower jaw are found remains of the supraangulo-angular {sang, ang, PL 10,
fig. 3), coronoid (text fig. 38B; Co, PI. 10, figs. 3,
pra,

text fig. 37; PL

4) intercoronoideo-prearticular {Icor.

10, fig. 4) and one precoronoid plate (Pco, PL

10,

fig. 4).

The

intercoronoideo-prearticular extends in the usual way far forward on the medial side of
the mandible and at least the most posterior precoronoid-plate is joined to its upper
margin; this latter plate was comparatively long and low.
The

ossification in the ceratohyal (text fig. 38 Cj is considerably more powerful

than in W. sinuosa, to judge from the parts of it that are present. In addition the part
that is situated behind the large ventral projection is shorter than in the latter species.
The epihyal (text fig. 38 D), on the other hand,
The opercular {Op, text fig'. 35; Pl.

is longer and narrower than in this.

10, fig. 1) is large and triangular in shape

with one side at the front, one dorsally and one postero-ventrally. Of these the anterior
and the dorsal ones, the latter of which is also the shortest of the three, are fairly
straight, while the postero-ventral one, on the other hand, is convex. All the corners
are well rounded, the antero-dorsal one, however, least.

As on

the cheek-plates the sculpture consists of small tubercles situated
close together.
The jugular plates {G, text fig. 37) are incompletely known,
as they are
in relation

only partly present as impressions. Their position
to

the lower jaws,

gill-arches and

the urohyal

is

seen pretty well in text fig. 37, which is drawn directly from
nature.
The
section
found,

exact number

of gill-arches is still

through specimen P. 226

unknown.

(text fig. 37)

but as this section was taken rather

only
far

On a

seven

are

forward

and

also obliquely it is quite possible that one or two have not been
included. The ceratobranchials of course resemble

Text fig. 36.
Sassenia tuberculata n. sp.
Metapterygoid (Mptg) and ptery¬
goid (Pl) reconstructed from
P. 225 and P. 226. Vs- (The
unbroken line according to
P. 226.)

the same bones in W. sinuosa and

W. ? multistriata very considerably, but differ, however, distinctly from these by having
a perichondral layer of bone that is as a rule considerably thinner, and a distinct endo¬
chondral ossification in the form of a spongy mass. Their position relative to the urohyal
(Uhjr) is illustrated by text fig. 37,
crista

on the

and in the same figure is also

dorsal side of the latter bone,

development otherwise resembles

which

both

clearly seen

the

in this respect and in its

most closely that of W. sinuosa.

The suprascapulars

are thin and weak.
Dentition.
The dentition has in the main the same character as in the Wimania species, i. e.
the parasphenoid, pterygoid, coronoid, coronoideo-prearticular, and the membrane bones
on the copula have small bluntly conical or somewhat rounded teeth placed close together;
the labial margins of the jaws, on the contrary, are furnished with rather large and
conical teeth;

those of the gill-arches are small,

fine and

conically pointed,

and

are

grown together into small plates at their bases.
The postero-dorsal corner of the anterior pterygoid limb is without teeth over a
rather considerable surface, and this toothless surface, though gradually becoming narrower,
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continues forward and downward for a good way. On the posterior limb the relation
between the tooth-bearing and toothless parts is about the same as in W. sinuosa. In
addition it is noteworthy that in the more blunted teeth on the pterygoid I found an
indication of a small, verruciform apex, which causes these teeth to resemble rather
closely

certain of those in Mawsonia gigas (Woodward,

1907 a, p. 135; Pl. 8,

fig. 4 b).

Sensory canals of the head.
The sensory canals seem to be well developed, but our know¬
ledge of them is still very incomplete. Only the part of the infra¬
orbital

canal that lies

in the

posterior

and

middle

part of the

lacrymo-jugal (jfc, Pl. 10, fig. 3) and a postero-ventral part of the
jugal canal (text fig. 35; jc Pl. 10, fig. 1) near to the lower margin
Text fig. 37.
Sassenia tuberculata n. sp.
Cross-section through the head
at about the boundary between
the labyrinth and orbitotem¬
poral regions. From P.22 6. */2.
Bsph, basisphenoid; G, jugular
plate; Icor.pra, intercoronoideo-prearticular; Br, ceratobranchials; Chy, ceratohyal
ossification ; Pro. o, prooticoopisthotic; Psph, parasphenoid; Pl, pterygoid; Uhy,

of the squamoso-preopercular are present.

No pores are observed.

Squamation.
The

scales

dimensions.

are

strikingly

large in relation to the

animals’

Their shape is purely oval and both the anterior and

the posterior margins are well rounded.

The

covered part seems

as a rule to be large compared with the exposed part. The sculp¬
ture consists of small tubercles situated close together and small,
fairly parallel, longitudinal striae (Pl. 10, figs. 2, 5). Generally there
are striae dorsally, ventrally and anteriorly on the ex¬
posed surface,

while the tubercles are more or less

restricted to the middle and posterior part of the same
surface. Irregularities in this respect are, however, not
infrequent.

As

I

have

already

pointed

out

in

the

general description of the genus Sassenia, the sculpture
of the scales in this species resembles in
that

of

Tessin
Text fig. 38. Sassenia tuberculata n. sp.
A. lacrymo-jugal from P. 226;
B. Coronoid from P. 226;
C. Ceratohyal ossification from P. 226.
D. Epihyal ossification from P. 226.
All the figures in the size ?/s.

the

species

described

by

also mentioned above,

from
me

the
as

Cava

Trefontane

Undina sp.

it shows in

character

As

I

at

have

the same respect

considerable similarities to Undina gnlo too.

Geological occurrence and localities. — S. tuberculata occurs rather infrequently
in the fish horizon and has so far been found only at Sticky Keep, Mt Trident and
Mt Andersson.

Sassenia? guttata (A. S. Woodward).
Synonym: Coelacanthus guttatus WoodWard, A. S., Upsala Geol. Inst. Bull. II, 1912.
The species is represented only by the type specimen (P. 219).
I have only the following facts to add to the description given by Woodward, 1912
(pp. 291—292). The pterygoid has the posterior limb rather narrow; otherwise its shape
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is much
and

the same

this

tively

high

low.

preserved

as in

part

Of
and

is,

its
it

described

mention

that

coronoids.
small

seems

if

corner.

one

was

The

With

see,

limb

broad.

elongated

dentition

regard

is

to

canals

is . very
The

with

a

to

the

however,

same

it

is

are, at

least

as to

in

posteriorly,

jaw
be

rounded

was

rela¬

fairly

but

well

not

espe¬

type

as

in

worthy

of

special

conically pointed

certain can be said

high

lower

appears

of about

it,

rather strong,

sensory

Nothing

anterior

can

supraangulo-angular

it

distinct,

pores of the

and rounded.

as

the

as

above.

there are

The

far

elements

cially decided dorsal
species

S. tuberculata; the
as

teeth

the

on the pre-

the lower jaw,

rather

their number.

Remarks. — This species was founded and described by Woodward 1912 (loc. cit.)
under the name of Coelacanthus guttatus and it cannot be denied that in many respects
it agrees with Coelacanthus.

On the other hand I have been able to observe distinct

agreement between it and Sassenia tuberculata and because of this I have, though with
hesitation, considered it proper to refer it to the genus Sassenia.
Geological occurrence and locality. — S. guttata is found in the fish horizon.
The single specimen known comes from the cliff on the shore of the south side of Sassen
Bay between Flower Valley and De Geer Valley.

g.

Genus Axelia n.
The
Fishes

most distinctive

of average

'fairly broad,
rather

short.

reduced,
sphenoid

with

size
a

the

and

adapted

most

high,

on

its
the

short

as

striae.

fins

whole

The

quadrangular.

of very

small

The

pterygoid

with

a

strong.

The

closely

broad

teeth.

The

very

high

but

caudal

The sculpture

and
fin

furnished

with

two

para-

a

The

long

ossification

known

about

strong

canals

and

strongly

paired fins rather small.
The

same time

caudal

fin

long. The

unjointed for a long distance proximally;

of the scales

much

The

and

dentition

sensory

short-based.

and ventral lobes are at the
narrow

and

posterior limb with

Nothing

otherwise the

to the exterior by large pores. The
fin

posterior

of the

large.

follows.

plates

plates.

and triangular.

opercular

arranged

Cheek

scale-like

dorsal margin

as

robustly built

fronto-dermosphenotics

number,

with

dorsal

a

in

but

dorsal

of the first dorsal and
the lateral sides.

and

the labial margin of the jaws;

anterior

of all

four

head

The supraangulo-angular high

crushing

though

trichia

The

by a number

thick.

developed and opening
The

large.

for the most part low; the

ceratohyal

for

of this genus may be summarized

of tubercles

The supraorbitals

broad

dentition

rather

sculpture

a deep angular sinus.

the

or

represented only

anterior limb,

in

characters

rows

of small

consisting of rather

also

lepidothose

tubercles

coarse striae,

on
the

median ones of which are often the most developed.
Axelia, like the two genera Mylacanthus and Scleracanthus described below, is especially
distinguished from other Coelacanthids so far known in detail by its dentition. Otherwise
it differs from the ordinary Coelacanthid type only in some rather unimportant morphoS ten si 6, Triassic Fishes from Spitzbergen.
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logical characters. The most striking of these is the cranial skeleton, which is,

as a

rule, more robustly and coarsely built, a fact which in its turn is of course due to the
nature and strength of the dentition.
The
Heptanema.

sculpture

of

the

scales

Both genera also

(Reis, 1888, pp. 64—66),

of Axelia

resembles

in

certain

respects

that

of

agree in the strong development of the sensory canals

but whether a close relationship existed between them it is

still impossible to say. A strongly developed system of sensory canals is also found,
as we know, in Libys (Reis, 1888, p. 50).
Axelia is named after my brother Axel Stensio, Pharm. Cand., who, as mentioned
in the introduction, has participated in two Spitzbergen expeditions and has also been
one of my patrons.
Axelia robusta n. sp.
Pis. II —15; PI. 16, figs. 1—5).
A. robusta is represented by a considerable number of remains (P. 187—ig3, P. 195,
P. 214, P. 222,

P. 227—23i,

P. 233—236, P. 708).

—

It is not quite comparable with

Alspli, alisphenoid joined to and forming a ventro-caudal process from the fronto-dermosphenotic; Bsph, basisphenoid; Fr. dsph,
fronto-dermosphenotic; Na. ant, nasalo-antorbital; Pa.it, parieto-intertemporal; Pethm, preethmoid; Pspk, parasphenoid; Ptr, postrostral; R, rostrals. So, supraorbitals; Stemp. ext, supratemporo-extrascapular; at, forward pointing lamella from the basisphenoid
corpus: e, basipterygoid process ;/<?«, fenestration in the interorbital wall corresponding to the entrance to the supposed myodome;
lat.for, foramen for the most anterior branches of n. buccalis lateralis and n. maxillaris trig.; ms, groove for n. buccalis lateralis
and n. maxillaris trigemini along the lateral side of the preethmoid; nax, anterior nasal aperture; nav posterior nasal aperture;
p, pores of the supraorbital canal; r. ophth, furrow on the lateral side of the alisphenoid indicating the course of n. ophthalmicus
lateralis; v, ventral process from the basisphenoid corpus; II, for. opticum; III, for. oculomotorii; IV, for. trochlearis; V',e, outer
opening of the canal for n. ophthalmicus profundus; V2,3, place of exit for r. mandibularis, r. maxillaris and n. ophthalmicus trige¬
mini and n. ophthalmicus lateralis.
W. sinuosa in size. The largest and at the same time best preserved head (P.195) is about 18 cm
long; the greatest height of this head is about 11 cm and the breadth, measured on the
cranial roof over the posterior part of the orbitotemporal region, is about 5-5 cm. With
regard to the general proportions of the body in other respects no details are known.
The following description of the skeleton of the head is based on the specimens
P. 187, P. 189, P. 190, P. 193 and P. 199.
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The primordial neurocranium and its ossifi¬
cations.
The primordial neurocranium is on the whole
wider and more powerfully built than in W. sinuosa
and relatively to its length it is not inconsiderably
higher than in this species (text figs. 3g, 40, 43, 44).
The snout has probably been rather blunt and so
resembles in profile to a certain extent that of the
Palaeoniscids.
Nothing is preserved of the occipital region.
The

labyrinth

region

is

fairly

long

and

at •

the same time considerably wide. It seems to have
consisted of cartilage to about the same extent as
n W. sinuosa and presumably had, as in this species,
a paired muscle groove (temporal fossa») on the
posterior part of the dorsal surface. A number of,
remains of the

prootico-opisthotic (Pro. 0,

Pis. 11,

12, 13); indicate that this bone has been well de¬
veloped,

but nothing

more can be

said as to

its

shape. A posterior smaller part of the basisphenoid
also belongs to the labyrinth region.
The orbitotemporal region is somewhat shorter
and broader than in W. sinuosa. The breadth especi¬
ally is greater, if one pays attention to the ventral
parts (text figs. 40, 41, 42; PI. 14, fig. 5; PI. 16, fig. 1).
The basisphenoid is situated, as usual, in the pos¬
terior

end of the region in question but is rather

low and, contrary to the case in W. sinuosa, by no
means

reaches

to

the

cranial

roof

dorsally.

A

considerable part of the lateral wall of the neuro¬
cranium above it has been cartilaginous. The ante¬
rior

and by

far

the

greater

part

of the

orbito¬

temporal region, which forms the real interorbital
wall, has probably been composed entirely of carti¬
lage.

With

which

is

ventral

part

supposed to
the
to

regard

situated!
of

show

in

the

supposed

the

in

basisphenoid

correspond to the

myodome,

be added to

to

immediately

according

W. sinuosa,

to

and

of the

which

is

orbital opening of

what

nothing

what has already

fenestration
front

I

have

particular

been

said

in

tried

Text fig. 40. Axelia robusta n. sp.
Neurocranium from the dorsal side with the roof
removed above the occipital region, the labyrinth
region, and the posterior part of the orbitotemporal
region. From P, ig5. »/,. (The prootico-opisthotic
incompletely preserved in this specimen and there¬
fore not drawn.)
Alsph, alisphenoid, joined to and forming a ventrocaudal process from the fronto-dermosphenotic;
Bsph, basisphenoid; Fr. dsph, fronto-dermosphe¬
notic; Ir, interrostral; Na. ant, nasalo-antorbital;
Psph, parasphenoid; Plr, postrostral; R, rostrals;
So, supraorbitals; al, anterior lamella from the
basisphenoid corpus; e, basipterygoid process;
nalt anterior nasal aperture; na2, posterior nasal
aperture; p, pores of the sensory canal; furrow
on the lateral side of the alisphenoid, indicating
the course of the n. ophthalmicus lateralis; s, ver¬
tical furrow leading down to the entrance of the
supposed myodome; V2,3, sinus in the basisphe¬
noid corpus situated under or in relation to the
foramen or foramina transmitting r. maxillaris
trigemini, r. mandibularis trigemini, n. ophthal¬
micus trigemini and n. ophthalmicus lateralis.

can
the

description

of the

latter

species.

The basisphenoid {Bsph, text figs. 3g, 40, 41; Pis. 11 — 13; PI. 14, figs. 2, 3, 5) consists
partly of cancellous, and partly of radiate, bone substance. The latter sort, however, is
12*
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limited to the ventral processes and a part of their dorsal extension.
these processes

the

bone has, as in W. sinuosa,

In addition to

basipterygoid processes and anterior

lamellae, all of which are joined to a powerful corpus.
The corpus forms, in the same way as I have described in W. sinuosa, a triangular
plate with its rounded point ventrally and its base dorsally. From side to side, however,
it is wider and in an antero-caudal direction it is thicker than in the species just mentioned
and it also takes up a more vertical position than in that species. On the corpus can
be distinguished one anterior, one posterior and two lateral surfaces. Of these the dorsal
one (text fig. 40; PL 14, fig. 3) has almost a rectangular shape, with its anterior and
posterior margins long and the lateral ones short. All the margins are concave,
posterior

ones least, the lateral ones most.

the

The postero-lateral

corners are comparatively slightly pronounced; the basipterygoid
processes (e) issue in the antero-lateral corners. The median part
of the dorsal surface is somewhat deepened in the longitudinal
direction of the animal.

The two lateral surfaces (text fig. 3g,

PI. 13) are relatively wide and low and pass into those
anterior lamella and ventral processes
Text fig. 41. Axelia robusta.
Basisphenoid in anterior aspect.
From P. ig5. 3/„.
Bsph, basisphenoid; Psph, para¬
sphenoid (cross-section); al, for¬
ward pointing lamella from the
basisphenoid corpus; e, basi¬
pterygoid process; m, the entran¬
ce of the supposed myodome; r,
longitudinal ridge on the medial
side of the forward pointing
lamellae; s, unpaired . vertical •
furrow leading down from the
fossa hypophyseos to the myo¬
dome: ventral process from the
basisphenoid corpus; V,e, outer
opening of the canal for n. oph¬
thalmicus profundus; Vti, inneropening of the canal for n. oph¬
thalmicus profundus.

The posterior surface is large and has the shape of a triangle
with the well rounded point ventrally. It faces not only back¬
wards but at the same time

from

basisphenoid
each

somewhat ventrally as well.

The

anterior surface (text fig. 41; PI. 14, fig. 5) is freely visible only
on a very small portion of its dorso-median part. Otherwise the
anterior lamellae al issue with a broad base from its lateral and
ventral

parts.

Finally

it

is

noteworthy

that

the

surface

in

question also faces somewhat dorsally.
The two

basipterygoid processes (e text figs. 3g, 40, 41;

Pis. 11—13; PI. 14, figs. 2, 3, 5)
the

corresponding

project from the
the

of the

without any boundary.

corpus

in

an

ones

agree

fairly well in shape with

in W. sinuosa,

but

are

antero-lateral parts of the

antero-latero-dorsal

direction,

so

stouter.

dorsal
that

They

surface

they

other considerably more than in the Wimania species mentioned.

of

diverge
In other

respects it is worthy of special mention with regard to this that in the species in question
they

issue

strikingly low

on

the

lateral

wall

of the neurocranium

(text fig. 3g),

in

which respect they thus somewhat resemble these of Dictyonosteus.
The

ventral

processes (v)

of the

basisphenoid

are,

seen

from the

lateral side

(text fig. 3g; PI. i3), short and broad. Seen from in front (text fig. 41; PI. 14, fig. 5),
they appear to be far apart and do not pass straight downwards but somewhat laterally
as well, and in addition appear comparatively thick also in a transverse section.

The

ventral ends of these processes are attached to the parasphenoid.
Finally, with regard to the lamellae (al) of the basisphenoid these are distinguished,
first, by a rather considerable thickness, especially in their posterior parts attached to
the corpus (text fig. 41;

PI.

14, fig. 5).

each other in the median line.

Their

Their ventral parts bend towards and meet

dorsal parts are posteriorly connected with the

antero-medial border of the basipterygoid processes and so form a strong support for
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the proximal parts of these. While in W. sinuosa they reach anteriorly as high
dorsal surface

of these processes,

here

in A. robusta, on the

as the

other hand,' they

only

extend to the ventral one.
The posterior part of the fossa hypophyseos, bounded by the basisphenoid corpus
and the anterior lamellae, is strikingly broad (text figs. 40, 41; PL 14, figs. 3, 5). From
its base there passes vertically downwards

to the

supposed myodome (m)

a median

furrow (s) which has obviously formed the posterior part of an unpaired canal,

whose

anterior part has been surrounded by cartilage. This canal seems
to have been in relation with the hypophysis.
surface

of the

running

On the

medial

anterior lamellae we notice a rounded torus (r)

anteriorly

and

somewhat

downwards and immediately

above it a furrow, also running anteriorly and downwards, which
becomes

deeper as it

continues anteriorly and leads into the

canal for n. ophthalmicus profundus (Vn, text fig. 41), which canal
penetrates

the

dorsal part

of the lamella in

an outward

and

somewhat downward direction and has its external opening F,e,
(text figs. 3g, 41;

PL 14,

anterior end of the
The

cranial

fig. 5)

about

ventro-medially

of the

basipterygoid process.

cavity in this

species seems in the main to

have been similar to that of W. sinuosa, except that is was broader
and

higher.

The exits

of the nerves,

at least in the

orbito¬

temporal region, have also had a similar position in both species.
The canal for n. ophthalmicus profundus has, as we have seen,
about the same position as in W. sinuosa and the same is true of
the other trigeminal branches and the r. ophthalmicus lateralis,
all of which have their exits (V3,s, text figs. 3g, 40) in A. robusta
above the lateral margin of the dorsal surface of the basisphenoid
corpus

either in

relation

to

this

margin

or

a

short

distance

dorsally of it, totally in cartilage. The n. ophthalmicus lateralis
(and

possibly n.

had its

ophthalmicus trigemini as well)

has probably

exit through a separate foramen somewhat dorsally of

the other or else it has been transmitted through the dorsal part

Text fig. 42.
Axelia robusta n. sp.
Parasphenoid and preethmoid in
ventral aspect. The parasphenoid
with teeth. From P. ig5. %.
Pethm, preethmoid; Psph, para¬
sphenoid; f. pal, foramen for
the dorsal branch of n. palatinus
anterior; lat. for, foramen for
the most anterior branches of
n. buccalisand r. maxillaristrigemini; ms, furrow along the lateral
side ot the preethmoid for n.
buccalis lateralis and r. m axillaris
trigemini.

of the same foramen with these. After its exit it has in all prob¬
ability had its course anteriorly along the lateral wall of the neurocranium above the
basipterygoid process and in this course it has crossed the ventro-caudal process (Alsph)
of the fronto-dermosphenotic.

Its course

is

indicated in the fossil by a well marked

groove (r. ophth, text figs. 3g, 40; Pl. 11, PL 14, figs. 2, 3).

Other nerve formina in the

cartilaginous parts are hypothetically drawn in text fig. 3g in accordance with Dictyonosteus,
as in the case of W. sinuosa.
The ethmoidal region of the species in question is high

and rather broad (text

figs. 39, 44; Pis. 11—13; Pl. 14, figs. 1, 4) and has consisted mainly of cartilage. Only a
paired bone (Pethm, text figs. 3g, 42; Pis. i2; 13; Pl. 16, fig. 1) is developed. The nasal
capsule has probably been situated in the cartilage

above

the posterior

and medial

part of this bone, but, as will be seen, without having any direct relation to it so as to
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modify its form in any way. The bone in question is only half as high as the part of
the region in which it is situated. It is shaped almost like a three-sided prism with a
ventral horizontal surface, a lateral one that is vertical, and a dorso-medial one that
has been attached to the

cartilage. The posterior and

anterior ends have also been

joined to cartilage, as text fig. 39 shows. The bone is considerably broad and it is open
to question whether it has not met that of the opposite side in a median suture. The lateral
side has throughout its length,

close to the ventral margin,

a distinct, rather broad

and deep groove (ms, text figs. 3g, 42; Pis. 12, 13; PI. 16, fig. 1), which towards the
anterior end of the bone, leads into a canal (lat. for) which in its turn continues in
an antero-medial direction.
The
foramen

ventral

side has in its anterior part

towards the

(f. pal, text fig. 42; Pis. 12, 13; PI. 16, Eg. 1)

cally ascending,

canal.

medial

which leads

by the parasphenoid as shown in text fig. 42, and PI. 16, fig. 1.
the

bone

and the

margin

into

a

small

a fine,

verti¬

The ventral side of the bone is in its median parts covered

cartilaginous parts of the ethmoidal region is

The relation between
easy to understand

from text fig. 3g. It may, however, be specially emphazised that it by no means reaches
backwards to the orbit.
It thus seems probable that this bone bears a close resemblance to the preethmoid in
Amia, although it is considerably more powerfully developed than in this form (Sagemehl x 884,
p.204; Allis 1897 a, PL XXI, figs. 8—10; 1898, pp. 446—450: 1909a, pp. 17—22; Swinnerton
1902, pp. 530—531).

In

the groove on the lateral side branches

of ramus

maxillaris

superior trigemini and buccalis lateralis have apparently had their course, the latter for
the innervation of the most anterior sensory organs of the infraorbital canal. The fine
vertical canal ascending from the ventral side seems to have
nervus palatinus

anterior running through it.

a dorsal branch

of the

In Amia this nerve does not penetrate

the preethmoid but is situated close to its medial margin.

Thus it might easily be en¬

closed in this bone if there were a medial growth of this(cf. Allis 1897 a, PI. XXI, figs. 8,10).
The membrane bones of the neurocranium.
The parasphenoid Psph, text fig. 3g, 40, 41, 42; PI. i3; PI. 14, fig. 5: PI. 16, fig. 1)
has the same extension as in

W. sinuosa, i. e.

it covers

the whole basal surface

of

the orbitotemporal region and also stretches anteriorly under the ethmoidal region and
posteriorly, although only to a slight extent, under the most anterior part of the labyrinth
region.
far as

Its anterior end does not reach forward under the ethmoidal region quite so
to the

anterior end

of the preethmoid (text figs. 3g, 42, PI. 16, fig. 1),

and it

covers only the posterior medial part of the latter bone (cf. W. sinuosa text fig. 23). It
is much thicker and stouter than in W. sinuosa and is also of a different shape.

Its

most distinguishing feature is, on the whole, its great breadth. The anterior end forms
an obtuse angle, the posterior

end is truncated and slightly

concave.. The

greatest

breadth lies near the anterior end and behind that comes a somewhat narrower part,
while about and just behind the middle it becomes broader again, but not so broad as
in the

anterior part,

after which it gradually grows narrower towards the

posterior

end, immediately in front of which lies the narrowest part. The centre of ossification is
so situated that it corresponds to the posterior of the two broadest parts.
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The parasphenoid in its anterior halves

is

flat

and
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lacks the

upward-curving

lateral parts, which otherwise are so usual in the Coelacanthids. Such upward-curving
lateral parts are, on the contrary, to be found in its

posterior half (text figs. 3g, 41;

PL 13; PI. 14, fig. 5), where most posteriorly they are considerably high. A transverse
section through the parasphenoid posteriorly (text
fig. 41; PI. 14, fig. 5) shows plainly that these up¬
ward-curving parts have likewise been thick and
strong

and

were formed of typical

radiate bone

substance of the same appearance as in the ventral
processes (y) of the basisphenoid. The horizontal part
lying between them also has a similar structure in
its dorsal half. The upward-curving parts, together
with the ventral processes of the basisphenoid which
rest against their dorsal surface, form lateral boundaries
of the anteriorly open canal (in) which,

as I have

tried to show before, should correspond to a myodome. Dorsally this canal is bounded anteriorly by
the ventro-lateral parts of the basisphenoid lamellae
and behind them by the basisphenoid corpus; ventrally by the median horizontal part of the parasphe¬
noid. Anteriorly the canal in question is broad and
rather high and has a typical six-sided transverse
section, posteriorly it diminishes rapidly in height
so that at last only a low cavity remains. That the
canal

has

not

had

its

present

circumference

in

reality, but has been partly filled by cartilage, is
seen from the appearance of the surrounding bones.
While the

parasphenoid

in W. sinuosa was a
'-Stemp.exr

dermal bone in the whole of its extension, there is
much that suggests that in A. robusta it was partly 5stQp__^j ;
developed as a primary bone in the posterior part.
This

view

is

favoured in

the first

place

by

the

characteristic radiate structure of the bone in the
upward-curving parts and partly also in the hori¬
zontal
way

part

in

lying

which

between

these

them,

further

upward-curving

by

parts

the

unite

with the basisphenoid, and lastly by the relatively
important

Text fig. 43. Axelia robusta n. sp.
Dermal cranial roof from the dorsal side. The
sculpture is not drawn. Sensory canals with dotted
lines and shading. From P. ig5. V,.
Ext, Extrascapulars, Fr.dsph, Fronto-dermosphenotic; Ir, interrostral; Na. ant, nasalo-antorbital;
Pa. it, parieto-intertemporal,' Plr, postrostral ;
R, rostrals; So, supraorbitals; Sscap, suprascapular;
Stemp.ext, supratemporo-extrascapular; nax, anterior
nasal aperture; na„ posterior nasal aperture; p, pores
of the sensory canal (belonging to the supraorbital

extension in the way of height in the

upward-curving

parts

at the

expense of the ventral processes

of the basisphenoid.

It is uncertain whether vomeres were to be found. If such was the case they ought,
however, to have partly covered the anterior end of the parasphenoid bone with their posterior
parts, and for the rest have borne the same relation to the preethmoidea as in Amia (Allis).
If we now turn to the cranial roof we naturally find in A. robusta, in respect to
its membrane bones, that taken on the whole it is in agreement with that in W. sinuosa.

g6
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Certain differences in form and extent in the various bones are, however, plainly established.
In

some

roof,

ways A. robusta offers an

as the

especial interest in respect to the dermal cranial

bones are considerably more fully

preserved than in any

Coelacanthid

before known, with the exception possibly of Macropoma.
The parieto-intertemporals (Pa. it, text figs. 3g, 40, 43,44; Pis. 11 —13; PI. 14, fig. 1)
ie nearly horizontally and, in relation to the total length of the cranial roof, are rather
large. They are four-sided and nearly rectangular in shape and their breadth is about
half their length. They cover a posterior part of the orbitotemporal region, and about
the anterior half of the labyrinth region. Medially they,meet in a somewhat undulating

mandibula). J/4.
De, dental; Ext, extrascapulars; Fr. dsph, fronto-dermosphenotic; G, jugular plate; Na. ant, uasalo-antorbital; Op, opercular; Pa.it,
parieto-intertemporal; Ply, postrostral; R, rostrals; Sang.ang, supraangulo-angular; Scr, sclerotic ring; So, Supraorbitals; Spl,
splenial; Sscap, suprascapular; Stemp. ext, supratemporo-extrascapular; nau anterior nasal aperture; nav posterior nasal aperture;
p, pores of the sensory canals.
longitudinal suture; their posterior margin is concave, their anterior and lateral ones are
pretty nearly straight. The sinus in the lateral one for the supratemporo-extrascapular
is short. The perpendicular lamella on the ventral side is

well developed. The centre

of ossification is plainly seen and lies close to the antero-lateral corner, just dorsally of
the perpendicular lamella.
The supratemporo-extrascapulars [Stemp. ext, text figs. 3g, 40, 43, 44; Pis. 11—13;
PI. 14, fig. 1) are united in the usual way to the parieto-intertemporals and correspond
closely in shape and extension with the same bones in W. sinuosa.
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behind the parieto-intertemporals

and bounded laterally on each side by the dorsal edge of the supratemporo-extrascapular,
there is a transverse row of six, scale-like, rounded, extrascapular plates («supratemporals»)
{Ext, text figs. 43, 44; Pis. 11—13; PI. 14, fig. 1) which did not lie in contact with the
primordial neurocranium but formed a roof over the muscle fossae on the dorsal side
of the labyrinth region, i. e. over the so-called temporal fossae. At the same time it is
clear that they have not been closely united with the neighbouring bones, nor with
each other either.
The fronto-dermosphenotics (Fr. dspli,

text figs. 3g, 40, 43, 44; Pis. 11 — 13; PI. 14,

figs, i-—4) are situated in the usual way over the anterior

and middle

parts

of the

orbitotemporal region. They slope, as usual, downwards and forwards and posteriorly
they meet with the parieto-intertemporals in an obtuse angle. The suture between them
and the latter bones falls at a vertical plane
(text fig. 39) and is obviously straight.

somewhat in front of the basisphenoid

They are shorter in length than in W. sinuosa

and only slightly longer than the parieto-intertemporals.

In their posterior third they

are a little broader than the latter,- otherwise, on the contrary, they are a little narrower.
The medial and posterior margins are straight; the lateral margin has a posterior convex
part corresponding to the broader third of the bone and an anterior slightly concave
part, which in its turn shows two or three smaller concavities and convexities of the
second rank; the appearance of the anterior margin is unknown at present. The centre
of ossification is found in the same position as in W. sinuosa and from it there issues
on the

ventral

side

the large

process, especially long- here (Alsph,

text figs. 39, 40;

Pis. 11—13; PI. 14, figs. 2, 3) which represents the alisphenoid. The process in question
is, for the rest, broad and powerful. It is directed postero-ventrally and has been joined
to the cartilaginous parts over the anterior lamella of the basisphenoid, as well as to
the dorsal surface of the basipterygoid process.

On its lateral side

it is,

as

already

pointed out above, crossed by a distinct furrow which must be considered to indicate
with the greatest probability the course of r. ophthalmicus lateralis and possibly even
r. opthalmicus trig-emini, if the latter has been united with it.
Along the lateral margin of each fronto-dermosphenotic for about two thirds of its
anterior part lie a row of four comparatively large, broad, four-sided supraorbitals (So,
textfigs. 3g, 40,

43, 44;

PI. 14, figs. 1 — 4), which all have straight lateral and rather irregularly,

curving medial margins, and are mutually united by somewhat undulating sutures.
Anterior of the supraorbital row there follows a rather large bone (Na. ant, text
figs. 3g, 40, 43, 44; Pis. 11—13; PI. 14, figs. 1—4) which I have called the nasalo-antorbital.
In lateral view (text figs. 3g, 44)

its shape seems to be almost that of an equilateral

triangle with the apex lying rostrally and a little dorsally, the base lying caudally and
a little ventrally.

Its dorso-medial part rests upon the

dorsal side

of the

ethmoidal

region and thus covers the nasal capsule from above. All the other parts belong entirely
to the lateral surface of the same region and surround the nasal aperture rostrally,
ventrally and caudally, forming at the same time a septum that divides this aperture
into an anterior (na 2) and posterior (nas) foramen, of which the first lies a little lower
than the last. Both seem to have a rather rounded shape. The slightly concave posterior
margin of the bone in question has probably formed part of the anterior boundary of
Ste.11 si6, Triassic Fishes from Spitzbergon.
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the orbital opening; its antero-ventral and dorso-medial margins bound the bones that I
shall describe immediately below. The centre of ossification lies dorso-medially of the
anterior nasal aperture.
The ethmoidal region is covered between the nasalo-antorbital of both sides by a
rather large paired plate which, as I have

already mentioned in. describing IF. sinuosa,

I propose to call the postrostral (Ptr, text figs. 3g, 40, 43, 44; PI. 11-—13; PI. 14, figs. 1 — 4).
The two postrostrals are oval in shape and their maximum breadth is about half their
length. With their longitudinal axis they converge a little
with their

in

medial margins they meet in a rather short median

anterior direction
suture that

forms

and
the

direct anterior continuation of the median suture between the fronto-dermosphenotics.
The)’ rest with their posterior portions on the anterior ends of the last-mentioned bones
and with their lateral margin each of them meets the nasalo-antorbital of its side and
the anterior supra-orbital. plate. The centre of ossification is situated a little in front of
the middle. Otherwise there is nothing else to remark about these bones, except that
they lie in a plane that forms the direct continuation of the fronto-dermosphenotics and
consequently face dorsally and somewhat anteriorly.
In the angle between the anterior ends of the postrostrals there has been, as far
as one can judge, a little double or single bone plate (Ir, text figs. 40, 43; PI. 14, figs. 1—4;)
which I have called the inter-rostral.
In front of the nasalo-antorbitals, postrostrals and interrostrals is found a transverse
row of four-sided bone-plates (R, text figs. 39, 40, 43, 44, Pis. 12, i3; PI. 14, figs. 1—4)
which might properly be called rostrals. The middle ones in their posterior part reach
up to the dorsal surface of the ethmoidal region, while their anterior part covers the
forward pointing surface of the same region and thus faces straight forward or even a
little ventrally. The lateral rostral plates on the other hand belong more to the sides
of the ethmoidal region. The total number of the rostrals cannot yet be fixed but there
were probably not less than four or more than six of them. The centre of ossification
is plainly marked in most of them.
It is evident merely from their topographical position that the
I have

mentioned respectively

as the

bone-plates which

rostrals, the interrostrals and the

postrostrals

correspond to a large extent to a number of bone-plates found in the same position in
the Rliipidistia (Watson and Day 1916) and the so-called «supraethmoid» of the Teleosts.
I shall not, however, in this connection deal with the question of their homologues.
All the bones in the cranial roof of A. robusta have a very characteristic sculpture
(PI. 16, fig. 4), consisting of fine, close, transversal striae and tubercles. A similar transversal
also distinguishes the four middle extra-scapulars, while each lateral one

is

striated

text fig. 44; Pis.

11 —13;

longitudinally in the same way as the scales.
As far as one can judge from the sclerotic ring (Scr,

PI. 15, figs. 1, 5), the eye was larger than in IF. sinuosa. The sclerotic ring was probably
formed by about twenty plates of the usual four-sided shape.
The membrane bones of the cheek.
The membrane bones of the cheek must have been much reduced and are subdivided
in a great number of small scale-like plates (PI. 15, figs. 1, 2). The sculpture on these

TRIASSIC FISHES FROM SPITSBERGEN

99

plates consists of longitudinally placed striae, which in size and length correspond most
closely to those of the scales.
The visceral skeleton.
The autopalatine is incompletely preserved and it is not impossible that this is due
to a slight development of the bone itself,

but one cannot form a definite conclusion

from the material at hand.
The quadrate (Qu, text fig. 45 A, B; PI. u; PL 15, figs, x, 2) covers, as usual, the
ventrocaudal corner of the pterygoid on the lateral side. It has a very thick posterior
part that can conveniently be called

the

corpus and a lamella that issues

from the

anterior border of the corpus. The centre of ossification lies in the ventral part of the corpus.
The corpus (PI. 15, fig. 2) is rather high, but its longest axis does not stand vertically
but slopes a little backwards. Its greatest breadth, which is about the same as half its

Mptg, metapterygoid; Pt, pterygoid; Qu, quadrate.
15) The bones of the palatoquadrate with the cartilage connecting the metapterygoid and the quadrate restored. Lettering as in fig. A.
height, is at its upper end. From here it gradually grows narrower in the ventral direction,
while at the same time it decreases a little in thickness up to the vicinity of the ventral
end, where it swells out to a condyle for the articulation with the mandibula. This end
is somewhat rounded, but otherwise it is too imperfectly preserved to make a closer study
of the shape of the articulating surface possible. The dorsal end is, on the contrary, abruptly
truncated, and extends posteriorly a little beyond the caudal margin of the pterygoid as
in W. sinuosa and the majority of the Coelacanthids. While the part of the corpus lying
on the ventral side of the centre of ossification, i. e. the condyle, is formed of compact
bone, the remaining part dorsally of the centre of ossification has, on the contrary, been
partly cartilaginous in its interior and united dorsally to cartilage. The anterior lamella,
the shape and position of which are quite clear from text fig. 45, is united to the corpus
for pretty nearly the whole of its height.
The metapterygoid {Mptg, text figs. 45, A, B; Pis. 11,

12;

PI. 15, figs. 1, 2) is a

rather large and thick bone, which, as in the case of W. sinuosa and S. tuberculata, covers

oo
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the dorsal part of the posterior pterygoid limb from the lateral side. One can distinguish
a dorsal,
are

an

anterior,

a ventral,

slightly

concave,

the

vex.

The

much

antero-dorsal

as

contrary,

in
are

corner

W. sinuosa;
both

and a caudal margin,

two last-mentioned
is

the

sharp

pointed

and

antero-ventral

and

almost

of which the two first named

being,

on

rather

and

the

right-angled,

the

drawn

contrary,
out,

postero-dorsal

and

the

greatly

although
ones,

con¬

not
on

postero-ventral

one

so
the
is

well rounded off, so that the caudal and ventral margins merge into each other with
out any distinct boundary.
in

the vicinity of the

case

in

11'. sinuosa,

by means

of its

The

centre of ossification is plainly seen and is situated

dorsal margin towards

the

bone

anterior

in

the

question has

margin;

we

antero-dorsal

been

corner.

united firmly

shall find the

same

to

relation

As

the

is

the

pterygoid

existing

in

the

majority of the Coelacanthids.
It is plain that the posterior and ventral margin of the metapterygoid were joined
to cartilage, and, as I have emphasized abbve, this was also the case with the dorsal
end of the

quadrate.

It is

an

obvious supposition that

the bones in

question were

mutually joined by a continuous piece of cartilage and this supposition is strengthened
by the fact that the

quadrate must have

been connected dorsally with an especially

thick cartilage, which undoubtedly was of considerable extent in a dorsal direction. The
metapterygoid too,

by reason of its function,

requires

a more fixed union ventrally

than the suture with the pterygoid affords it. In other words, a firm connection ventrally
is a necessity if the metapterygoid is to be the means by which the

palatoquadrate

articulates with the neurocranium, and such a connection is in this case only conceivable
by means of cartilage continuously joining the metapterygoid and the quadrate. As far
as one can judge, the palato-quadrate cartilage has thus persisted in its posterior part to
a rather large extent. Whether this was also the case with its anterior parts cannot,
on the contrary,

be decided. In text fig. 45 B

I

have

tried to make clear how the

cartilage in question may have appeared.
The pterygoid ■(Pt, text figs. 45 A, B; Pis. 11 —13; PI. 15, figs. 1, 2) is large and
considerably thicker and stronger than in any of the species known before. The centre
of ossification lies, as usual, on the boundary between the two limbs but considerably
higher than in W. sinuosa, and is not covered, as in that species, by the quadrate, but
can be seen plainly anteriorly of the dorsal part of that bone. The limbs occupy the
usual position in relation to each other.
The posterior limb is strikingly broad.
partly even

rather

sinus,

stretches

that

straight.

Its

downwards

dorsal

Its posterior margin is slightly

margin

almost

so

far

has

a deep

that

it

and

broad

corresponds

to

convex,

acute-angled
the

antero-

ventral corner of the metapterygoid (text fig. 47). The antero-dorsal as well as the posterodorsal corner is acute-angled,

although it is

more so in the latter, and on account

of the deep sinus lying between them, they appear to some extent as dorsally directed
processes, of which the posterior one is broader and also somewhat higher than the
other. Towards the ventral end the limb in question narrows a little and its ventral
corner is rounded off.

A decided ridge runs from its antero-dorsal corner, downwards

and somewhat backwards across its lateral surface; the metapterygoid is connected with
this ridge in the same way as in 11*. sinuosa.
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The anterior limb is rather long and for the most part very low. It is high only
in the immediate neigbourhood of the posterior limb, with which it is connected along
the anterior margin of the ridge just mentioned. Still it does not reach the same height
as .the posterior one, but farthest dorsally a small extent of the anterior margin of the
ridge is free.

The dorsal margin of the limb,

as

well

as its ventral one,

is concave.

From its connecting place with the posterior limb the former margin runs first in a sharp
concave arch downwards and somewhat forwards, but afterwards in the larger anterior
part it takes a more straight direction;

the latter margin rises throughout its length

rather gradually forwards and upwards.
The mandible in A. robusta is preserved in a much more complete condition than
in W,'sinuosa, and it is plain that its posterior part was distinguished by a considerable
height, while anteriorly it was comparatively low (text fig. 44).
The

supraangulo-angular

remarkably high,
straight,

the

and

(Sang,

ang,

text

has a nearly triangular

antero-dorsal

one

is

slightly

fig. 44; PI. u;
shape.

concave,

The
and

PL 15,

ventral
the

figs.

margin

postero-dorsal

1, 2) is
is

fairly
one

is

slightly convex. The anterior and posterior corners are acute-angled, the dorsal corner
also forms an angle and projects rather decidedly, but yet it is
more rounded than the other two. The lateral side of the bone,
dorsally of the pores of the

sensory canal,

is sculptured with

fine striae, running lengthways.
The dental (De, text fig. 44;

PI. 11; PI. 15, figs. 1, 2) and
Text iig. 46.
Axelia robusta n. sp.
Ceratohyal ossification.
From P. i95.

splenial (Spl, text fig. 44; PI. 15, figs. 1, 2) are only preserved in
fragments; it can be plainly seen, however, that they were com¬
paratively low, and without sculpture.

Between their posterior

ends the supraangulo-angular projects anteriorly to a slight extent. The intercoronoideoprearticular (Icor. pra, text fig. 44; Pis. 11 —-13 ; PI. 15, figs, x—2) is large and probably
had about the same shape as the supraangulo-angular.
The coronoid is fragmentarily preserved and the precoronoids are unknown.
The ossification in the ceratohyal (text fig. 46; Cliy, Pis. 12, i3, 15) is short in com¬
parison with that of Wimania sinuosa and Sassenia tuberculata. On the ventral margin it has
the usual broad, rounded projection. The epihyal is still unknown.
The opercular (Op, text, fig. 44; Pis. 11-

i3; PL 15) is a large, triangular bone-plate,

which has an anterior, an upper and a postero-ventral margin;

its antero-dorsal corner

is rather markedly angular, its postero-dorsal and ventral corners, on the contrary, are
well rounded off. The anterior margin is concave in the upper part, but convex in the
lower; the dorsal margin is, on the whole, slightly concave; the postero-ventral margin
is markedly convex in the dorsal two thirds; in the remaining ventral third it is concave.
The maximum breadth of the opercular is about two thirds of its height. The sculpture
consists of rather short, horizontal, mutually parallel striae.
The branchial arches are, as far as their shape is concerned, in the main like those
. found in IP. sinuosa, although they are more robust. Their number is as yet uncertain.
The membrane bones on the dorsal side of the copula are most essentially stronger and
thicker than in any of the Coelacanthids before known, a condition which is obviously due
to the character of the dentition.
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Dentition.
The dentition in .4. robusta is, in its general character, typically adapted for crushing.
The parasphenoid, the pterygoid, the intercoronoideo-prearticular, the coronoid and the
membrane bones on the copula are furnished with spheroidal flat teeth which are largest
and strongest on the parasphenoid and the membrane bones on the copula, smallest on
the

intercoronoideo-prearticular.

On

the

last-mentioned

bone

they

are

also

mainly

confined to the dorsal parts. Their distribution on the parasphenoid is seen in text fig. 42
and PI. 16, fig. 1 and on the pterygoid in text fig. 47.
The dentition of the precoronoids, maxillary and premaxillary is unknown.
The branchial arches were,
bearing plates.

Large numbers

as far as one can judge, furnished with small teethof such

plates

are

often

seen,

scattered

among the

different parts of the visceral skeleton. The teeth on these plates, the majority ol which
are small, are sometimes conically pointed, sometimes, and that is probably most general,
they are blunt or spheroidal. The small plates which Reis (1888, pp. 47, 51; PI. II, fig. 2)
has described in the Jurassic forms as «Scleroticalpflaster» were probably tooth-bearing plates belong¬
ing to the branchial arches.
As far as one can see, the pointed conical teeth
are smooth.
have

a

fine

The spheroidal
striation

ones,

radiating

on the
from

a

contrary,
centrally

placed, wart-shaped little protuberance (PL 16, fig. 2);
in this way they strongly remind one of the typical
spheroidal Colobodus-teeth. Their agreement with the
latter,

as

I

have

pointed

out

in

an

earlier work

(Andersson, 1916 a, pp. 27—28) is so great that if one
met with
Pterygoid with dentition.
From P. 'iSy. P. iSg and P. ig5. 3/„.
The

them

detached

one

would

consider them

undoubtedly as pertaining to Colobodus.
sensory

canals

of

the

head.

The sensory canals of the. head were strongly developed and opened outward with
large, generally oval pores. In the cranial roof and the mandibula they are preserved
almost completely. In the cheek they are found in a more fragmentary condition, but
their course is also there partly well shown.
The anterior end of the supraorbital canal (text figs. 43, 44) is situated in the most
lateral one of the rostral plates, a little antero-ventrally of the anterior nasal aperture.
From here it rises

in an arch

upwards

and

dorsally of the nasal capsule, runs through

backwards,

the whole

enters the

nasalo-antorbital

length of that bone

and then

between the supraorbitals and the fronto-dermosphenotic, till at last in the postero-lateral
part of the latter bone it anastomoses

with the infraorbital canal. If this anastomosis '

was formed with its posterior end or whether this end continued in a posterior direction
medially of the infraorbital canal as an anterior head line of pit organs it is not possible '
to

say.

In the

part

of the canal situated between the supraorbitals and the fronto-

dermosphenotic three large oval pores are found (p, text figs. 39,40,43, 44; PI. 14, figs. 1—2.)
It is also evident that one or more pores of a similar kind must have been developed
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on the anterior parts of the canal above the ethmoidal

region,

although

the

state

of

preservation makes it impossible to give a more detailed account of the conditions there.
With regard to the extent of the infraorbital canal I have here given it in the
definition of Ewart (1892), Ewart and Mitchell (1892) and Cole (1896; 1898), i. e. I restrict
it to the parts which are innervated by the r. oticus lateralis and n. buccalis lateralis.
The

canal in the

supratemporal part

of the

supratemporo-extrascapular,

which

was

probably innervated by the r. dorsalis glossopharyngei, comes in this way to be assigned
to the cranial section of the main lateral line of the body.
The mo^t anterior part of the infraorbital canal is incompletely preserved in this
species.

There are, however, remains that indicate that

an ethmoidal commissure was

present, situated in the rostrals. From this commissure the canal has certainly continued
backwards through the membrane bones on the lateral surface of the ethmoidal region
ventrally of the nasal capsule, but in the material present there is nothing now preserved
of this part. The sub- and postorbital parts, on the other hand, are preserved; and it is
clearly seen (cf. PI. 15, fig. 1) that they were enclosed in a tube of bone. When leavingthe cheek the infraorbital canal enters the fronto-dermosphenotic at about the posterior
margin of the most posterior supraorbital plate. From here the canal passes off medially
and backwards

in the dermosphenotic component of the fronto-dermosphenotic,

turning straight backwards.

then

Just at the point where it takes the last-mentioned direction

it anastomoses with the supraorbital canal. Continuing in a caudal direction, it reaches
the suture between the fronto-dermosphenotic and the parieto-intertemporal. In its further
course backward it was first quite surrounded by

membranous tissue on the ventral

side of the lateral part of the parieto-intertemporal, then entered the lateral part of the
bone,

finally passing over into the ventral lamella furthest backwards. Guided chieflv

by the exits of the cranial nerves I place its posterior end at the suture between the
parieto-intertemporal and the supratemporo-extrascapular.
The foramen trigemini, as we have seen above, is so situated that the r. oticus
lateralis must have been sent off from n. buccalis lateralis beneath about the median
part of the parieto-intertemporal; on the other hand, the n. glossopharyngeus ought to
have had its exit in such a position that its ramus dorsalis may be supposed to have
met the anterior half of the supratemporo-extrascapular, if it ascended somewhat vertically.
As far as one can see from this, the region of innervation for r. oticus lateralis would
thus be

restricted to

a part of the sensory canal in the parieto-intertemporal, while

r. dorsalis glossopharyngei would innervate the anterior part of the canal in the supra¬
temporo-extrascapular
482;

1919,

p. 73;

(cf. Allis,

1889, p.516,

Herrick, 1901, p.207;

PI. XLII; 1900 a, p.449;

Pollard

1892 a,

p. 397;

1905, pp. 405,

1892 b,

pp. 529, 532,

535, 536, 538).
The number and position of the pores of the infraorbital canal are not yet known.
The jugal

canal (jc, PI.

15, fig. 1) has the same course as in Wimania simiosa.

As we have seen, the cheek plates , in this region are reduced to small scale-like plates
and the canal is preserved only because it was enclosed in a tube of bone.
The mandibular canal (me, PI. 15, figs. 1, 2) passes through the whole length
the supraangulo-angular and then

continues forward in the

splenial.

In

of

its passage

through the former bone it has opened outwards with five large pores (p), which

are
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situated some distance ventrally of the canal itself. The tubes are wide and unbranched.
There seem to be at least two pores in the splenial.
According to the definition of the infraorbital canal above,

the cranial section of

the main lateral line of the body extends in the Coelacanthids up to the suture between
the parieto-intertemporal and the supratemporo-extrascapular.
it forms a continuous junction with the infraorbital canal,

From this suture, where

the cranial section of the

main lateral line first passes through the supratemporo-extrascapular, which it leaves on
the

medial

edge

near to the posterior

end.

Afterwards,

as

far

as

one

can

traversed a small membranous interspace. Here it has a supra-temporal branch,

see,

it

which

continues through the extrascapulars towards the median line and there presumably joins
that of the opposite side, forming a continuous supratemporal commissure (text figs. 43, 44.
.v. com, Pis. 11—13; PL 14, fig. 1). Immediately behind this commissure the section in
question of the lateral line

has turned in a more purely caudal direction, being in its

course just for a short distance situated close to the medial edge of the supratemporoextrascapular. Near the posterior end of this bone it leaves the membranous interspace
and enters' a small rounded

scale-like

plate probably

representing the suprascapular

(.Sscap, text figs. 43, 44; Pis. 11, 12, i3; PI. 15, fig. 1). — Nothing is known with regard
to pores in this part of the lateral line.
Neither on the cranial roof nor on the cfieek have I been able to observe «pitlines» or anything- corresponding to these.
If we now examine the Rliipidistia as regards the sensory canals,
in them,

at least to judge from Osteolepis (Goodrich

we shall find

1919), Eustlienopteron (text fig. 57)

and Dictyonosteus (text fig. 58), a very great resemblance to A. robusta, W. sinuosa and
other Coelacanthids. A comparison between the same forms with regard to the relation
between the sensory canals and the dermal bones, on the other hand, also clearly shows
that several of the elements that are found separate in the Rhipidistids must in the Coela¬
canthids, on the contrary, be united to one another in about the way I have tried to
indicate by the nomenclature used in this work. From the relations of the infraorbital canal
it is thus easily understood that the homologues of the parietal and the intertemporal of
the Rhipidistids have coalesced to form the parieto-intertemporal of the Coelacanthids, and
that in the same way the homologues of the dermosphenotic and frontal of the Rhipidistids
together have formed the fronto-dermosphenotic of the Coelacanthids. The conditions of
the supraorbital canal also show clearly that the homologue of the nasal of the Rhipidistids
and that of their antorbital may be united to the nasalo-antorbital of the Coelacanthids,
and finally the cranial section of the lateral line together with its supratemporal commissure
shows that in the Coelacanthids the homologue of the supratemporal of the Rhipidistids
has incorporated with itself certain parts of the

lateral-extrascapular

(«tabular»), so

that it may quite correctly be called the supratemporo-extrascapular.
The course of the mandibular canal indicates that the row of independent elements
that,

at least in

a

number

of Rhipidistids,

usually

follow

in

front

of the angular

(«infradentals», of Traquair’s descriptions) is divided in Coelacanthids among the splenial
and supraangulo-angular. It is, however, impossible to establish more closely which of
these in this case forms part of the one or the other bone mentioned.

On account of

its considerable extension dorsally it is probable, as I have already pointed out,

that
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the supraangulo-angular comprises,
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besides possible infradental components, both the

homologues of the angular and the supraangular of the Rhipidistia.
The homologues of the cheek-bones have already been dealt with in connection
with the description of W. sinuosa.
The axial and fin skeleton.
The neural and haemal arches with their spines are, as usual, only ossified perichondrally. Otherwise the spines are narrow and fairly long. Only in the caudal region at the
transition between the proximal and distal segments are they somewhat thickened in the
same way as in Wimania? sp. described above.
The

caudal fin

has

apparently

been large

(PI. 16, fig. 3),

but

apart

from

this

nothing is known in detail about its shape or whether a supplementary fin had been
developed. The number of its lepidotrichia seems to have been about twenty both dorsally
and ventrally and all were long, narrow, and not expanded distally. On their lateral
surface the lepidotrichia are furnished with a

distinct

longitudinal

furrow,

and both

anterior and posterior to this furrow there are to be found small tubercles. At least
on one lobe of the fin — it cannot be decided whether it is the dorsal or ventral one
— the ten to twelve anterior lepidotrichia are undivided in their proximal parts for a
long distance, while the posterior eight to ten show a few long joints at the corresponding
parts.
Some
fin
had

of the

proximal

are preserved in
about

the

same

ends

connection
shape

as

of

with
in

the

lepidotrichia

of

a supporting bone-plate,

Coelacanthns

granulatus

(cf.

the

anterior

which

dorsal

seems to have

Willemoes-Suhm, 1869,

PI. 11, fig. 1).
The shoulder girdle is badly preserved. It is true that remains of the cleithral and
the clavicle can be distinguished,

but little can be said as to their shape and their

relations in general.
The pectoral fin consisted of several fine, long lepidotrichia,

which were jointed

and branched dichotomically only in their distal parts. The joints seem in most cases
to be fairly short.
Squamation.
In A. robusta the scales are comparatively large and are oval in shape with a rounded
posterior margin.

The exposed surface certainly varies fairly considerably in size in

scales from different regions, but all the same it may be considered,

on the whole, to

be rather small.
The sculpture (PL 16, figs. 3, 5) consists of a number of fairly coarse striae, running
horizontally; some of these are long and even stretch right across the exposed surface,
others, again, are short, not infrequently almost tubercle-shaped. Sometimes some of the
middle striae are thicker than the others situated dorsally and ventrally of them, and
very often all or a number of these middle striae, too, are coarser and higher posteriorly
than anteriorly.

As far as one can see, the sculpture of the scales also varies somewhat

according to their position. Thus it seems to be coarse on the middle and upper part
of the sides of the body, while ventrally it is finer and weaker.
*
*
Stensio, Triassic Fishes from Spitzbergen.
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Geological occurrence and localities. — A. robusta is only known from the

fish horizon. It is undoubtedly more common in Sasseti Valley than any of the other
Coelacanthids, while, on the other hand, it is found more sparsely in Dickson Land and
on the west side

of Ekman Bay.

The finds are divided among the following places:

Mt Congress, the cliffs of the shore south of Sassen Bay, Mt Marmier,

Mt Hamilton,

Mt Trident, Mt Milne Edwards and Mt Andersson.
Axelia elegans n. sp.
(PI. 16, figs. 6, 7; PI. 17, figs. 1, 2.)
Besides A. robusta, described

above, there are remains of another Axelia species,

for which I have proposed the species name elegans. The species in question is at present
represented only by three incontestable specimens (P. 220, 221, 223), wich are all very
incompletely preserved.

Thus of the bones of the head only a few are present and of
the rest of the body only remains of some fins and a
number of scales.
With regard to size at least the specimens so far
discovered

are smaller than A. robusta.

Thus the length

of the head in the specimen P. 223 cannot be estimated
as more than about 10 cm.
The

membrane

bones

the
Axelia elegans n. sp.
Remains of the cranial roof and the visceral
skeleton. Sculpture not drawn. Sensory
canals with dotted lines and shading. From

of the

visceral

neurocranium

and

skeleton.

The membrane bones of the cranial roof show in
most respects close

P- 223. i/,.

agreement with those of A.

(text fig. 48; PI. 17, figs. 1, 2).

Fr. dsph; fronto-dermosphenotic; Op, oper¬
cular; Pa. it, parieto-intertemporal; Pt, ptery¬
goid; Qu, quadrate; So, supraorbitals;
Stemp. ext, supratemporo-extrascapular.

scapular

(Stemp. ext)

differs,

robusta

The supratemporo-extrahowever,

inasmuch

as it

also includes the lateral end of the supratemporal com¬
missure of the cranial section of the lateral line, while in

A.

robusta,

as we have seen, the whole of this commissure is situated medially of the

supratemporo-extrascapular.
coarser than in

A. robusta

The sculpture

and

on

all the

superficial

consists of rather sparse,

lengthened tubercles. Unlike what is the case in A.

robusta,

edged,

bones

is

relatively

sometimes somewhat

the tubercles have, however,

no special orientation but are generally scattered in an irregular manner.
With regard to the parasphenoid (Psph, PL 17, fig. 1), pterygoid {Pt, text fig. 48;
PI. 17, fig. 1) and quadrate (Qu, text fig. 48; PI. 17, fig. 1) there is nothing to add beyond
what has been said about A. robusta. The opercular {Op, text fig. 48; PL 16, fig..6; Pl. 17,
fig. 1), on the other hand, is higher than in this species and has also a considerably
stronger concave part on the dorsal portion of the anterior margin. Its sculpture (Pl. 16,
fig. 6) consists of somewhat coarse striation. The striae are fairly short and run, chiefly
horizontally, on the greater part of the dorsal portion of the bone from the anterior to
the posterior margin. Towards the ventral end of the bone

on

the

other hand,

they

are arranged,unlike in A. robusta, in a characteristic way in curved lines, the convexi¬
ties of which are turned dorsally. The arrangement of the striae is in other respects
more irregular than in A. robusta.
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Skeleton of the fins.
The caudal fin has probably been similar to that of the preceding species.

The

anterior dorsal fin (Dly PI. 17, fig. 1) has a short base and was very high in relation
to the size of the fish. Several of its lepidotrichia are in their present condition not less
than 9 cm in length and seem

when complete to have been considerably longer (text

fig. 49). Their exact number cannot be

established with certainty,

but in the present

condition of the fin they amount to nine or ten. They are all slender and not expanded
distally. At least in the distal parts their lateral sides had a weak tuberculation. The
proximal parts are unjointed for a fairly long distance. The joints are short and almost
square. The pectoral fins were probably rather

weakly developed. Their lepidotrichia

are all fine, and are jointed in about the distal two thirds (Pc, PI. 17, fig. 2).
Squamation.
The sculpture of the scales bears a fairly

considerable

resemblance to

that of

A. robusta (PL 16, fig. 7) but there are fewer striae, their number generally not exceeding
eight and fairly often being only four or five. As a rule the striae
are not so long that they reach across the free surface, but, on the
other hand, short and more tubercle-like striae are also infrequent.
Another difference from A. robusta is that the striae

often

show a

slight divergence posteriorly.

Remarks.
A. robusta
the

but

sculpture

—
is

A. elegans

also

clearly

is

undoubtedly

distinguished

closely

from

this

on the cranial roof and the opercular.

differences can also be observed between the two

related
species

Other

species,

to
by

minor

e. g.

in

the extent and shape of certain elements in the cranial roof and the
opercular apparatus.
Geological

occurrence and locality.

—

A. elegans occurs

sparsely in the fish horizon. All the specimens come from Mt Congress.

Text fig. 49.
Axelia elegans n. sp.
Lepidotrich from the
anterior dorsal fin. From
P. 223. %.
Note the height in
relation to the head in
text fig. 48.

Genus Mylacanthus n. g.
The genus Mylacanthus is very incompletely known with regard to the skeleton
of both the head and the body. Its most important peculiarities, so far known, are as
follows: Rather large fishes. The skeleton of the head robustly built. Sculpture of the
head consisting of somewhat elongated strong tubercles or short striae, arranged longi¬
tudinally and fairly parallel to each other. The posterior pterygoid limb is high and
rather narrow; its upper margin has a deep angular sinus;

the anterior limb, on the

other hand, is comparatively low. The jmetapterygoid and the quadrate are high; the
latter also particularly strong. The angular is high and triangular. The opercular large
with a spiny or lobed postero-ventral margin. The dentition is strong and adapted for
crushing. The sensory canals are much

developed, with large pores.

The scales are

oval, with a sculpture consisting of short striae, diverging somewhat posteriorly.
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With regard to dentition and the strong

development of the sensory canals this

genus resembles Axelia, as has already been pointed out above. The pterygoid also has
many features in common in the two genera, though at the same time it shows rather
great differences. The chief characteristics of Mylacanthus, as far as we know, are the
lobed or spiny postero-ventral margin

of the

opercular

and the high

shape

of the

metapterygoid, quadrate and posterior pterygoid limb. With regard to the scale sculpture
Mylacanthus resembles Libys to some extent.

Mylacanthus lobatus n. sp.
(Pi. 18, figs, i, 4).
There

are

only three

incomplete specimens

of this

species

(P. 216-—218),

with

remains of the visceral skeleton and a number of scales. To judge from the specimens
present, M. lobatus seems, with regard to size, to correspond
approximately to W. sinuosa or it has perhaps been some¬
what larger than this species.
Visceral skeleton.
The pterygoid

(Pt, text fig. 50;

PL 18, fig. 4)

most

closely resembles that of Axelia in its general configuration,
but the posterior limb is strikingly narrower and higher,
the anterior one,

on the

contrary,

considerably lower or

— to express it in another way — the anterior limb does
not reach so far upwards along the anterior border of the
posterior limb as in the Axelia species. The upper margin
of the posterior limb
Mylacanthus lobatus n. spThe bones of the palato-quadrate, with
the exception of the autopalatine, in
lateral view.
From P. 217 and P. 218. 7,.
Mptg, metapterygoid; Pt, pterygoid;
Qu, quadrate.

is

characterized by having

deep sinus, which at is lower part
of the

antero-ventral

The

quadrate

corner

of the

even

a very

comes ventrally

metapterygoid

(Qu, text fig. 50; PI. 18, fig-. 4)

bone.
is

ex¬

ceedingly powerful and thick and also high. Its dorsal part
covers in the usual way the postero-ventral corner of the

pterygoid from the lateral side. It reaches considerably farther ventrally than was the
case, for instance, in Axelia. In addition the corpus and the anterior lamella on it are
distinguished in the usual way, as has been described in A. robusta. The corpus
not consist of compact bone in its dorsal half, but it has

undoubtedly been

does

cartila¬

ginous in its interior. Farthest dorsally only a fairly thin perichondral layer of bone
seems to have been present.
The metapterygoid (Mptg, text fig. 50) is rather higher than broad. In other respects
it has the usual shape, with a

concave

dorsal and almost straight, anterior margin.

The caudal and ventral margins are strongly convex and pass into each other without
any very distinct boundary. The anterior upper corner is less drawn out than in both
A. robusta and W, sinuosa.
Of the

substitution bones of the Meckelian

cartilage

only

one,

the autangular

(.Aang, PI. 18, fig. 4) is present, though poorly preserved. It forms the most posterior
corner of the lower jaw and is undoubtedly identical with the bone denoted by Woodward
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1907 (1907a, p. i36, Pl. VIII, figs. 2, 8) with the letter m in Macropoma and Mawsonia
and 1909 with the letter a in Macropoma (p. 176; Pl. XXXV, fig. 9, Pl. XXXVII, fig. 5).
The supraangulo-angular (Sang, ang, PL 18, fig. 4) is, as in A. robnsta, triangular in
shape

and its height

is. fairly great.

The base is straight,

the

antero-dorsal

margin

perhaps concave and the postero-dorsal one convex. Unlike that of A. robnsta, however,
the latter has a broad and rather large process. Both the dental (De, Pl. 18, fig. 4) and
splenial (Spl, Pl. 18, fig. 4) are poorly preserved.
The sculpture of the mandibula is restricted to the supraangulo-angular and on
this,

as in A. robusta,

canal.

It

consists

to

the part dorsally of the pores of the

of strong

and

somewhat

elongated tubercles,

mandibular

sensory

which

situated

are

fairly close to one another and are as a rule arranged parallel to the longitudinal axis
of the mandibula.
As in other Spitzbergen Coelacanthids the opercular is of considerable size. It is
only preserved, however, in its ventral half but even this fully shows that it had a
very characteristic shape, distinctly different from that of all other known species (Op,
Pl. 18, fig. 4).

At least the ventral half of the

anterior margin is weakly convex or

almost straight. The postero-ventral margin has a broad, fairly deep acute-angled sinus
in its ventral part; on account of it the ventral part of the
and rounded but fairly well defined process.

bone appears as a broad

Dorsally of this larger sinus there follow

on the postero-ventral margin a number of smaller sinus,

which decrease, however,

rather rapidly in depth and size upwards. By means of these sinus the postero-ventral
margin is divided into lobes, which

in their turn are split up by other smaller sinus

into lobes of the second order. Along the anterior margin of the bone there extends
a rather broad zone without sculpture.

The other part of the lateral surface has

a

sculpture which, as on the supraangulo-angular, consists of somewhat elongated strong
tubercles with a horizontal arrangement.
Nothing is preserved of the branchial arches. On the other hand remains of strong
and thick plates, which have probably covered the copula, are found. A part, possibly
of a jugular plate (G? Pl. 18, fig. 4),

has the tubercular sculpture characteristic of the

species, but. the tubercles are arranged so that they show a certain radiation from a point,
which was probably the centre of ossification.

Dentition.
The dentition is adapted for crushing and agrees very closely on the whole with
that of A. robusta. (Pl. 18, fig. 4 shows a number of scattered remains of the supracopular
plates and smaller plates from the branchial arches.)

Sensory canals of the head.
The sensory canals have apparently been strongly developed, but only the mandibular
canal (Pl. 18, fig. 4), is partly preserved. This has pierced the supraangulo-angular and
the splenial in the usual way and, as in A. robusta, it was developed with large oval pores
(p, Pl. 18, fig. 4), four or five of which were situated on the supraangulo-angular and
at least two on the splenial.
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Squamation.
As- far as one can judge from the few scales present, these were oval and rather

low (PI. 18, fig. i). Both their anterior and posterior margins are .well rounded, the upper
and lower ones, on the other hand, are fairly straight or at any rate only weakly convex.
The exposed part of the lateral surface is somewhat large. The sculpture consists of a
rather large number of sharp, short striae,

which are situated close together on the

anterior middle part of the exposed surface and run in an antero-caudal direction, fairly
parallel to each other. In a zone along the dorsal, posterior and ventral margins they
are sparse and are so arranged that they diverge posteriorly in about the same way
as in Libys.
*
Geological occurrence and localities. —M. lobatus occurs rather infrequently
at the fish horizon. So far it has only been found at Mt Andersson and Mt Wallenberg.

Mylacanthus spinosus, n. sp.
(PI. 19, fig. 3; PI. 20, fig. 2)
There are two opercula (P. 687, P. 703) of a second species, called by me M. spinosus.
A specimen with remains of a jugular plate and some of the bones of the mandibula
(P. 215) probably belongs to this species as well.
This species has certainly been at least about as large as M. lobatus.
The two opercula are large. The best preserved one (P. 703) is about 9 cm high
and almost 6 cm broad (PL 20, fig. 2). In general shape it resembles that of A. robusta
very

closely.

Thus one

can

distinguish an

anterior,

a postero-ventral

and a

dorsal

margin. The last-mentioned of these is, however, not preserved. The anterior margin is
slightly concave in its upper part, slightly convex at the lower part; the postero-ventral
margin, on the other hand, is quite the reverse, so that its upper part is convex and its lower
part chiefly concave.lt is also noteworthy about this margin that all the large sinus of the
sort described in M. lobatus are quite absent. Instead, however, it is furnished with a large
number of fine, pointed spines in the way shown in PL 20, fig. 2. The antero-dorsal corner
seems to have been fairly distinctly developed and almost right-angled; the ventral one is
rounded, but has a more prominent angle than in the Axelia species and M. lobatus. The
sculpture resembles in all essentials that of the latter species, but has perhaps been some¬
what finer.
The specimen P. 215

(PL 19, fig. 3), on which parts

of the

supraangulo-angular

(Sang, ang), dental (De), splenial (Spl) and jugular plates '(G) are to be seen, differs from
M. lobatus chiefly by having a weaker and finer sculpture on the supraangulo-angular,
and a considerably stronger development of the pores of the mandibular sensory canal.
*
Remarks. — It is not yet possible to decide with certainty whether the specimen
P. 215 belong to M. spinosus. Accordingly this species can be considered as distinguished
only by the spiny postero-ventral margin of the opercular, a character which is sufficient,
however, to keep it apart from M. lobatus, to which it is rather closely related otherwise
with regard to sculpture and probably also in other respects.
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Geological occurrence and localities. — M. spinosus is only known from the
fish horizon, where it occurs sparsely. Of the three specimens here referred to P. 2/5 is
from Mt Andersson and the other two from Mt Congress.

Genus Scleracanthus n. g.
The genus for which I have chosen the name Scleracanthus is,

like the preceding

one, still very incompletely known. Its most typical characters may be summarized as
follows:

Large fishes.

The neurocranium

probably robustly built on the

whole.

Its

sculpture is strong, consisting of long, sharp striae. The pterygoid is thick and robust,
probably with a high posterior and a low anterior limb; the anterior limb with a deep
sinus on the dorsal margin. The dentition is strong, adapted for crushing; the tooth¬
bearing parts of the medial surface of the anterior pterygoid limb are raised in relation
to the toothless parts. The sensory canals are strongly developed and have large pores.
The anterior dorsal fin is large, consisting of about 15 broad lepidotrichia, unjointed for
a long way proximally;

each of the lepidotrichia has two rows of sharp tubercles on

the lateral surfaces. The scales are rather triangular in shape with a high, pretty straight
or weakly convex anterior and a pointed posterior margin. The sculpture of the scales
consists of strong, fairly long longitudinal striae, somewhat parallel or sometimes slightly
converging posteriorly.
As far as one can judge from the facts so far known, Scleracanthus seems in several
respects to be related to

Mylacanthus in

the

same

way

as

the

latter

in

its

turn

appeared to be closely allied to Axelia. But it is well distinguished from Mylacanthus
by having a stronger pterygoid, stronger dentition, a very different shape of the scales
and also a different sculpture.

Of course it also offers certain clear resemblances to

Axelia, but the differences from this genus are, however, rather marked. In this case
the development of the fins is especially different.
In addition it may be pointed out that the sculpture of the scales in Scleracanthus
partly resembles that of certain Carboniferous Coelacanthus species (cf. Huxley, 1866, PI. II,
figs. 3, 4; PI. Ill, figs. 1 a, 3 a), as is also the case with the shape of the scales, though
this has also certain similarities with the shape described above for Wimania? multistriata.
Scleracanthus asper n. sp.
(PI. 17, fig. 3; PI. 18, fig. 2; PI. 19, figs. I, 2; PL 20, fig. I.)
S. asper is represented by a few incomplete specimens (P. 2Sg—242, P. yog) with
remains of the visceral skeleton, axial skeleton, fin skeleton and squamation.
With regard

to size this species certainly

immediately followed W.? multistriata

among the Spitzbergen species. But it is not possible to obtain any reliable measurements
which can give us an exact idea of its proportions.
Visceral skeleton.
The pterygoid (Pt, PI. 18, fig. 2), which is incompletely preserved, is very thick and
strong, especially at the anterior limb. The posterior limb was apparently high, with a
deep sinus in its dorsal margin. This sinus was, however, broader than in Mylacanthus
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and in this respect rather resembled Axelia. The upper part of the anterior margin of
the posterior limb is free for a considerable way, about as in Mylacanthus,
still more,

or perhaps

and the anterior limb seems thus to have been comparatively low even at

the most posterior part.
Like the pterygoid the metapterygoid (Mptg, PI. 18, fig. 2) is also very thick and
strong. Only its anterior part, however, is preserved, so that no details can be obtained
as to its shape.
position as in

In relation to

the pterygoid it has occupied the same independent

Spitzbergen species,

i. e.

it is

connected with

this bone only by its

anterior border.
The autangular (Aang, PI. 19, fig. 1) is about the same as in Mylacanthus, but is
more in situ.
A part of the articular (Art?, PI. 19, fig. 1) is also possibly present.

The curious

shape of this bone in its present state of preservation does not, however, at first sight
seems to support this view. In a Carboniferous Coelacanthus species in which I have
observed the articular in a very good state of preservation its articulating fossa is, how¬
ever, divided into a lateral and a medial part by a ridge and both parts are relatively
deep. As the supposed articular in S. asper is only accessible in cross-section its curious
shape

may easily be

explained in

connection with

my

observations

on the above-

mentioned Coelacanthus species. For it is conceivable that the part that is present forms
a section just through the articulating fossa and that consequently what appear here
to be process-like parts really constitute the lateral boundaries and parts of the medial
ridge mentioned.
The supraangulo-angular (Sang, ang, PI. ig, fig. x) was probably large but it is im¬
possible to establish whether it had a high and triangular
Axelia and Mylacanthus, or if it was long and low.
long and fairly coarse striae,

some

also sharp.

shape similar to that of

Its sculpture consists of numerous

All

these

striae

are situated

close

together and run horizontally in the longitudinal direction of the bone. As is the case
in Axelia and Mylacanthus, they are limited to the part above the pores of the mandibular
sensory canal and here it is more obvious than in these other genera that the part
that has been situated ventrally of these pores has partly been directed downwards, i. e.
has belonged to the ventral side of the mandible.
A couple of fragments of some larger bone, possibly the opercular, are furnished
with exceedingly powerful sculpture of the same type as on the supraangulo-angular
(PL 20, fig. 1).
The jugular plates (G, PI. 19, fig. 1) are narrowly oval, with the lateral and medial
margins weakly convex. Their anterior ends are rounded off;
not preserved.

The

sculpture

their posterior ones are

consists of longitudinal striae as on the

supraangulo-

angular, but seems to be somewhat weaker than on this bone.
Dentition.
The dentition

is of the same typ'e

as in Axelia and Mylacanthus. The teeth are

generally, however, larger and stronger, while at the same time tooth-bearing bones
are thicker and more powerful to a corresponding degree- On the pterygoid the teeth
are obviously restricted in the main to the anterior limb and the antero-ventral part of
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the posterior limb. The tooth-bearing parts of the medial surface of the bone do not
lie in the same plane as the toothless ones but are somewhat raised in relation to these.
The bone-plates on the copula have strong,

spheroid teeth and the tooth-plates of the

branchial arches have smaller and blunt ones or partly spheroid ones. — The shape of
the teeth on the whole closely resembles that of Colobodus.
Sensory canals of the head.
The sensory canals were strongly developed. The mandibular canal (me, PI. 19,
fig.

1) on the supraangulo-angular has four or five large pores (p) as in Axelia and

Mylacanthus.
Axial- and fin skeleton.
To judge from a small specimen (P. 23 g. PI. 17, fig. 3) the neural arches with their
spinal processes are weak and fine, at least in the abdominal region. The same specimen
also shows the first dorsal fin fairly well preserved and also remains of the supporting
bone of the posterior dorsal fin.
The most anterior

dorsal fin (Du PI. 17, fig. 3) is exceedingly large and strong

compared with what is usually the case in the Coelacanthids previously known. The
number of lepidotrichia is about 15, all,

except the most anterior one or possibly the

two most anterior ones, long, broad and powerful. But they are not preserved in their
original length.

Their proximal part is unjointed for a long

distance. The remaining

distal part is closely jointed and the joints are short and broad. On the lateral surface
the

lepidotrichia

had

a

characteristic

sculpture in

the

form

of pointed, fixed small

tubercles or spines, which may sometimes be scattered irregularly, sometimes more or
less distinctly arranged in two longitudinal rows.
of the

lepidotrichia

this

arrangement

of the

Especially towards the distal parts

tubercles in

two

rows becomes

more

distinct. At the proximal end all the lepidotrichia are forked so as to articulate against
the

supporting plate

(Sp.jjl

The

dorsal

end

of this

plate (PI. 17, fig. 3) is broad and

comparatively thick, the ventral end, on the other hand, is thinner, considerably narrower,
and divided by a dorsally ascending sinus into two processes.
The supporting plate for the

posterior

dorsal

fin

(Sp2,

PI. 17,

fig. 3) resembles

most closely in shape that of Undiha and Macropoma, i. e. its distal part is fairly small,
while its proximal part consists of two long,

narrow

processes,

the

anterior one

of

which is directed fairly horizontally, the posterior one antero-ventrally.
A number of detached lepidotrichia or, more correctly, fragments of these, show
the same sort of sculpture on the lateral surfaces as is seen on the anterior dorsal fin.
Others,

on the other hand,

have

no

such

sculpture

at all

and,

as far as

one can

understand, have belonged to some of the paired fins or the posterior dorsal fin.
The claviculae had their ventral limb developed as a rather broad horizontally
situated plate (Icl, PI. ig,

fig.

1) as in Wimania sinuosa.
Squamation.

The scales (PI. 19,

fig. 2) have a very characteristic shape.

For the most

part

their height and breadth is fairly similar, less often the breadth is greater. The greatest
Stensio, Triassic Fishes from Spitzbergen,
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i4
height

is

situated

only

slightly

caudally

margin. From this the upper and lower

of the high

and

weakly

convex

anterior

margins converge fairly strongly backwards

and meet in a fairly prominent, but still somewhat rounded angle. The

shape

of the

scales can therefore be conveniently compared to an isosceles triangle, with its angles
rounded

off and

its base

directed forward.

On

most of the scales

there

is

strong

sculpture consisting of sharp striae, mostly fairly long and situated close together; the
striae may sometimes run horizontally and fairly parallel to each other, sometimes, on
the other hand, they converge backwards. They are never quite straight, however, but
are

more less

undulating,

nor are they situated

alternate in a fairly irregular way.

in a line one

The middle ones are

not

after the

other,

but

infrequently somewhat

stronger than those situated dorsally and ventrally of them, being about as strong as in
Axelia. The exposed part of the lateral surface of the scales
is rather considerable compared with the size of the scales.
*
Geological

*

occurrence

und localities. — Scler-

acanthus asper occurs in the fish horizon, where it is rather
rare.

It has been found

at

Mt

Congress,

Mt Milne

Ed¬

wards and Mt Andersson.
Mylacanthus? or Scleracanthus ? sp.
(Pi. 18, fig. 3).
Under this heading I place provisionally a part of a
cranial roof (P. ig8)

that originates

from

a

rather

large

Coelacanthid. This part comprises the fronto-dermosphenotic
and a number of the dermal plates on the dorsal side of
Mylacanthus or Scleracanthus? sp.
The anterior part of the cranial roof.
From P. ig8. V*.
Fr. dsph, fronto-dermosphenotic; Jr,
interrostral; Pa.it, parieto-intertemporal; Ptrv anterior postrostral plate;
Ptr2, posterior postrostral plate; li.

the ethmoidal region.
As far as can be judged from the specimen present,
the head has been strikingly broad and short, at least in
its orbitotemporal and ethmoidal regions (text fig. 51).
The fronto-dermosphenotics (Fr. dsph, text fig. 51; PI. 18,
fig. 3) were short and broad.

The postrostrals

are

divided

into two independent bone-plates, a smaller anterior one (Ptrlt text fig. 51; Pl. 18, fig. 3),
triangular in shape, and a considerably larger posterior one (Ptr3, text fig. 51; PI. 18,
fig. 3), pentagonal, which is attached to the posterior plate of the opposite side by a
short median suture. The interrostral (Ir) is, as far as can be seen, paired and is almost
quite wedged in by the anterior and posterior postrostral plate on each side. The two
interrostrals meet in the median line in a straight suture and are attached anteriorly
for a short distance to the rostrals (R, text fig. 51). The latter are four-sided, arranged
bilaterally

symmetrically,

and

were probably represented by four plates on each side

of the median line. Of these the most lateral one, which has been situated antero-laterally
of the nasalo-antorbital, is the next largest one. The largest one is situated nearest to the
median line.

The latter one is attached posteriorly partly to the interrostral, partly to

the anterior postrostral plate; the two rostral plates situated between the lateral and
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median one on each side are also joined posteriorly to the most anterior postrostral
plate. The centres of ossification are clearly discernible in all the bone-plates now described
with the exception of the interrostrals.
Nothing is preserved of the sculpture of the bones or of the sensory canals.
*

*

Remarks. — At present it is impossible to decide with certainty whether this
specimen belongs to any of the genera that have been described above or whether it
represents a new one, but as, in spite of considerable deviations from the Axelia type,
it still seems to be most closely connected with this, it is most probable that it will
turn out to belong to some Mylacanthus or Scleracanthus species.
Geological occurrence and locality. — Fish horizon, Mt Trident.

Some remarks on previously described Coelacanthids.
With the help of the experience gained from the material now described from the
Spitzbergen Triassic it may be of use also to discuss briefly some questions of detail
with regard to the previously described Coelacanthids.

This seems to be all the more

justified because I have had an opportunity to study the more important type specimens
of Coelacanthids preserved in European museums. At the same time as I briefly mention
in this connection some new observations I must, however, show to a considerable extent
the mistakes in certain older views, and the following short exposition accordingly not
only forms an addition to previously known facts but also partly takes the form of a
criticism.
The primordial neurocranium and its ossifications. — Heineke in 1907 (p. 8)
described a basioccipital in Undina and the correctness of his interpretation of this bone
seems to me obvious,
specimen belonging to

partly from
the

his own

British Museum

type

specimen and partly

from

another

(B. M. P. gi3o). Other occipital bones are

not developed, as far as I could find out. It is true that in 1888 Reis (pp. 24—25) also
described a supraoccipital and a paired exoccipital (lateral occipital) in Undina, but an
investigation of the specimen on which he based his description shows, however, quite
evidently that his supraoccipital is really identical with the basioccipital and his exoccipital
with the posterior parts of the very much flattened prootico-opisthotic, seen from beneath.
The detached fragments of bones that lie between the basioccipital and the prooticoopisthotics and which Reis takes to be vertebral arches, cannot be exactly defined (cf. Reis,
1888, p. 25, PI. I, fig. 22).

With regard to the bone or the part of that bone of Macro-

poma that Huxley interpreted in 1866 (p. 36)

as a possible

opinion, corresponded to one of the «vertebrae»

«vertebra»,

which,

in his

that are coalesced with the occipital

region in the recent ganoids, it is impossible to pronounce any quite definite opinion. But
it does not seem improbable that this bone, as Heineke (1907, p.8) has also pointed out,
might be the basioccipital, which in this case has come loose from its original position.
The prootico-opisthotic and the basisphenoid seem apparently, at least in the majority
of Coelacanthids, to have been developed as in the Spitzbergen forms described above.
Besides in these, the bones in question are partly or entirely preserved in Macropoma
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(Huxley, 1866, pp. 35 — 36; Reis, 1888, pp. 62—63; Woodward, 1909, p. 172), Coccoderma
(Heineke; 1907, pp. 12—13), Undma(R.eis, 1888, pp. 24—26; 1892, pp. 22—23), Libys (Reis,
1888, PI. II, fig. r);

Coelacanthns (a couple of specimens from

the Carboniferous) and

Matvsonia (Woodward, 1907 a, p. 134). In Mawsonia, however, there are only remains of
the basisphenoid (B. M. P. 10355, M. gigas; one
description 1907),

of the type specimens of Woodward’s

which has strong basipterygoid processes as usual and, with regard

to the development of the anterior lamellae, closely resembles the corresponding bone
in Axelia. Woodward’s (1907 a, p. 134) view that the parts of bone that are present belong
to the otical region is thus only correct to a very slight extent, but it ought in justice
to be pointed out at the same time that the explanation of these,
strongly flattened and

crushed

remains

must

have been

very

difficult without a deep knowledge of material such as that ob¬
tained from Spitzbergen.
The interorbital wall, as Woodward (1891b, p. 395;
p. 172) and Wellburn (1902, p. 476)
forms so
Text fig. 52.
UndinapenicillataMijNSTER.
Sketched from the type specimen
of Reis, PI. I, fig. 9, 1888. */,.
Mptg, metapterygoid; Pt, ptery¬
goid; Qli, quadrate.

far known unossified.

scriptions of Undim.

have pointed

out,

1909,

was in

The orbitosphenoid of the de¬

by Reis (1888, PI. 1, fig. 22)

and

Heineke

(1907, fig. 1, p. 8) is in fact only an upward-bending lateral part
of the parasphenoid and this is also true in certain cases of the
bone in Macropoma described by Huxley, 1866 as the prefrontal
(cf. Huxley, 1866, PI. VIII, fig. 1, Pr.f).
In other cases, on the contrary, I have found that Huxley’s
prefrontal

in

Macropoma corresponds

to

my

preethmoid,

and,

as far as one can judge from Woodward’s description of Macropoma
1909,

the latter author (1.909, p. 174) also gives the preethmoid

of my

nomenclature as the

by Reis (1888) from the

prefrontal.

The material described

white Jurassic is very

incomplete as

regards the ethmoidal region, so that his interpretations of the
Text fig. 5.3.
Coccoderma suevicum
Quenstedt.
Sketched from the type specimen
of Heinekb’s text fig. 2 and
PI. VI, fig. ii. 3lt.
Mptg, metapterygoid; Pt, ptery¬
goid ; Qu, quadrate.

elements there is unreliable

and

in many respects undoubtedly

incorrect. I myself have really little to add with regard to this
material,

as the

state

of preservation

scarcely enables one to

come to any certain conclusions as to how the different frag¬
ments

of bone

fig. 1) has

belonged

called

the

together.

prefrontal is,

What

Reis

however,

(p. 48;

PI. II,

contrary to the

bone so called by Huxley and Woodward, the remains of a membrane bone belonging
to the sensory canal category and may possibly correspond to my nasalo-antorbital or
perhaps, more correctly, to the nasal component of this bone.1)
The

membrane

bones

of the

neurocranium. — In all the nearer known

Coelacanthids the membrane bones of the cranial roof seem, on the whole, to resemble
those of the Spitzbergen forms, and in this connection I have nothing to add to what
has been put forward above in the descriptions of these.
r) In this connection it may be pointed out that the view of Allis, 1919 (1919 a, pp. 379—382) with regard
to the primordial neurocranium of Macropoma is erraneous, which, however, is due to the fact that he based his
exposition on the old interpretations of the cartilage bones.
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In the Jurassic and Cretaceous forms the parasphenoid is in most cases rather narrow
between the orbits, while — at least in the majority of Palaeozoic forms and in the Triassic
forms from Spitzbergen \— it is distinguished on the whole by a considerable breadth.
The question of the vomeres ought at present to be considered an open one. The
material so

far available

scarcely permits of any

certain conclusions.

The

plates in

Undina called vomeres by Heineke (1907) may very well be remains of detached tooth¬
bearing plates from the copula or the branchial arches. Such plates, as we have seen,
are often found scattered about in great numbers everywhere among the head bones
of Coelacanthids. The unpaired tooth-bearing bone found in the mouth of Macropoma
and Coelacanthus (Huxley,

1866, p. 36; Wellburn 1902, p. 477; Woodward 1909, p. 174,

PI. XXXVII,

may,

figs. 3,

3 a)

as Huxley pointed

out,

be

interpreted either as

an

unpaired vomer or a premaxillary, with about the same degree of correctness in either
case.

A third possibility

with

regard to this unpaired

bone also seems to me worthy of attention, namely that
it might represent both vomeres and premaxillae fused
into

one bone.

Goodrich 1909

In any
in

case the

view

put forward by

his text figure 261 B is untenable, as

he figures both vomeres and premaxillae in Macropoma as
paired, independent elements. On the other hand nothing
certain can be said about the parts of the skeleton that
Reis

(1888, pp. 6, 7, i3, 43, 44, 56, 59)

vomeres and

premaxillae in

has

described

as

certain Jurassic forms.

The membrane bones of the cheek.
majority of Coelacanthids the

membrane

— In the

bones

of the

cheek are incompletely preserved or quite unknown. Coela¬
canthus,

Text fig. 54.
Mawsonia gigas. A. S. Woodward.
Sketched from Woodward’s type specimen
1907. About 3/„. B. M. P. 10355.
Mplg, metaptervgoid; PI, pterygoid.

Undina, Libys and Macropoma are, as we know,

the forms that,

from this point of v1ew, are the best preserved. Dean has also given

a restoration of Diplurus,

according to which the plates in question seem to bear the

closest resemblance to those

of the Jurassic forms (Dean,

species Coelacanthus trelleri from the

Carboniferous,

1895, text fig. 156).

In the

Eastman (1908, pp. 251—-252)

has

described three postorbital cheek plates situated in a vertical row, the ventral one of
which

he

considers to

modern opinion).

be the Huxleian

«postmaxillary» (coronoid, according to

our

As far as one can judge from his exposition there seems, however,

not to be the slightest doubt that this plate is identical with my preoperculo-quadratojugal, and that in this respect Coelacanthus welleri closely agrees with the Carboniferous
Coelacanthid type.
A number of peculiarities with regard to the shape and degree of development
of the cheek plates

in different forms have already been pointed out in

connection

with the descriptions of the Spitzbergen material above.
Visceral skeleton. — Both in the Carboniferous and Permian Coelacanthids the
pterygoid is,

as far as we know,

developed

in

a fairly uniform way.

It seems to be

more variable in the Triassic, Jurassic and Cretaceous forms.
The metapterygoid, quadrate and autopalatine are not infrequently preserved and
fairly often easy to observe. The metapterygoid has,

for instance, been found by me

118

ERIK A : SON STEXSIO

more or less distinctly in the following- species: Coelacanthus elegans, Newberry, (B. M.
P. 7912), C. granulatus Agassiz (cast at Greifswald from an original at Marburg), Undina
acutidens Reis (original specimen ofHEiNEKE’s text fig. I och PI. VI, fig. I, 1907), Undina
penicillata Munster (orig. spec, of Reis, PI. I, fig. 9, in 1888), Libys snperbus Zittel, Coccoderma
siievicnm (probably orig. spec, of Quenstedt,

PI. 100, fig. 14

in

«Der Jura»

1852;

and

orig. spec. ofHEiNEKE’s PI. VI, fig. n in 1907), Macropoma mantelli (a number of specimens
in the British Museum, as P.

36,

spec, of Reis, PI. IV, fig. 2,

1888) and Mawsonia gigas

P. 4219, P. 4247 and 4548), M. speciosnm Reuss (orig.
(B. M. P.,10355, orig. spec, of

Woodward, PI. VII, fig. j; 1907 a).
It is interesting to find, as shown by text figs. 52, 53, 54, that at least in a number
of the geologically younger Coelacanthids the metapterygoid was comparatively low and
more also closely connected to the pterygoid than is the case in the Palaeozoic and older
Mesozoic forms. Even the ventral margin of this
bone, which, contrary to what was the case in the
Spitzbergen forms, passes into the anterior margin
without any real boundary, seems in these younger
Text fig. 55. Coelacanthus sp.
Sketch of a posterior part of the mandibula from the
medial side. Original in Museum f. Naturkunde, Berlin.
About »/4.
Art, articular; Icor.pra, intercoronoideo-prearticular;
Sang, ang, supraangulo-angular.

forms to

have been closely

connected

with the

pterygoid, and in certain forms, as, for instance,
Mawsonia

(text fig. 54) this connection may be

very intimate.
The

autopalatine

has

been

misinterpreted

as

sense

of cartilage

bone),

probably

the

sometimes

prefrontal

as,

for

(in

instance,

the
by

Heineke (1907, p. 8) in his description of Undina
acutidens.
Text fig. 56.
Coccoderma suevicum Quenstedt.
Sketch of the lower jaw from the medial side. Original
in Naturalienkabinett, Stuttgart. About 3/4.
Art, articular; Icor.pra, intercoronoideo-prearticular;
Sang, ang, supraangulo-angular.

The same bone may possibly also be

represented by Reis’s (1888, p. 43; PI. 2, fig. 2)
maxillary in Libys superbus. It is noteworthy that,
at least in some
palatine

has

forms

(Macropoma),

articulated

(Huxley, 1866, p.

37;

with

the

the

auto¬

preethmoid

PI. VIII, fig. 3).

There seems to be no doubt, as Reis’s figures also show, that in certain forms a
dermopalatine has been developed. I have observed it especially distinctly in Coccoderma
nudum (orig. spec, of Reis,
though

1888, PL III, fig. 16) and in Libys superbus it is also found,

closely connected with the autopalatine (Reis, 1888, Pi. II, fig. 1).

With regard to the maxillary I refer to what has been said about it above in the
description of W. sinuosa pp. 72—72.
In the mandibula of Mawsonia the articular has been shown by Woodward as an
independent bone.

In Macropoma,

on the other hand,

the same

bone

is

said by him

(1909, p. 176) to be fused with the supraangulo-angular; in spite of a careful examination
of his material I can neither confirm nor deny this. Both in Coelacanthus (one specimen
in the Berlin Museum labelled Coelacanthus sp. from Linton, Ohio) and in Coccoderma I
have found it as a clearly independent ossification (text figs. 55, 56).
What Reis called the hyomandibular in Libys polypterus (Reis, 1888, p. 41; PI. Ill,
fig. 1) really consists of remains belonging to the neurocranium, either the prootico-
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opisthotic or the basisphenoid. — In 1888 (pp. 46, 55—57) Reis took the epihyal to be
the metapterygoid.
In all the Coelacanthids in question the urohyal seems to have resembled that of
Wimania and Sassenia. In the majority of Jurassic and Cretaceous forms, however, it is
considerably narrower than in the two Spitzbergen genera just mentioned and in the
Palaeozoic Coelacantluis species. I have been unable to come to any conclusion as to what is
really represented by the cruriform bone that Huxley (1866, p. 19, PI. IV, fig. 1) has described
and figured in a specimen*) of Coelacantluis lepturus Agassiz;
ossified mass

which

On

the other hand the

Davis (1884, p. 430; PL 47, fig. 1) compares in a specimen (J3. M.

P. J7S4) of C. tingleyensis Davis with the above-mentioned cruriform of C. lepturus consists
exclusively of ossifications belonging to the primordial neurocranium, which have been
strongly compressed. Immediately to the left of the anterior end on the urohyal I can
thus identify the lower surface of the prootico-opisthotic, and farther forward between
the two jugular plates there is a part representing the compressed basisphenoid.
The sensory canals of the head. —- The sensory canals of the head are, as
we known, developed to a different degree
pores too may show considerable variations

in different

Coelacanthid

forms

and the

both in size and number. In Coelacantluis

Undina and Macropoma the pores often seem to be rather small and numerous. Thus,
for instance, on the supraangulo-angulare of Coelacantluis elegans Newberry I have found
no less than twelve and on the same bone of Undina gulo the number is probably still
greater.
In Macropoma speciosum Reis has taken the sensory canal
extrascapular

and

the

in the supratemporo-

parieto-intertemporal as a fossa temporalis

(Reis

1888,

p. 62,

PI. IV, fig. 2). '

Some remarks on the different genera of the Coelacanthids.
The present state of our knowledge of the Coelacanthids seems to indicate that
these

fishes

show

a rather

greater

variability than we have been inclined to think,

and also that their generic characters as a rule are somewhat more strongly marked
than was thought to be the case by a number of authors (Lutken, .1868, p: 61; Newberry,
1888, p. 71; Reis, 1900, p. 191). In my opinion it is therefore necessary to maintain the
majority of the species described earlier, in spite of the fact that in a number of cases
we cannot yet fully define them. On the whole I agree on this question most closely
with Woodward’s view, as put forward in his «Catalogue» of 1891.
Although I do not think it improbable that with more extensive knowledge of the
Carboniferous and Permian Coelacanthids it may be necessary to divide them into two
genera, as Reis (1888) has suggested, still a present a division of this sort cannot be
conveniently carried out,

as

our knowledge of the differences between them is very

incomplete. On the other hand, even under present conditions it seems to be necessary
to exclude at least certain of the Triassic species from the genus Coelacantluis, as for
instance C. lunzensis Reis (cfi Schlosser, 1918, p. 87).

1 I have not had an opportunity to study this specimen.
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Of the Jurassic forms Cpccodenna gigas cannot, as Reis (1900, p. 191) has pointed

out, be taken any longer as a Coccodenna species. According to the conclusions I have
been able to draw, it certainly represents a new genus.

The organization of the Coelacanthids. Summary.
The

primordial

neurocranium

and its

ossifications.

—

Looked

at as a

whole the primordial neurocranium of the Coelacanthids is high and often relatively
narrow.

Its basis is

straight from

the

snout

and backwards

anterior part of the labyrinth region, while its roof,

at least as far

as the

on the other hand, is developed

with an angle that is in most cases' prominent, as the posterior part is horizontal and
the anterior part slopes more or less forward.

The angle between the two parts is

situated above the posterior part of the orbitotemporal region.
In most cases the ethmoidal regio.n is broad and moderately long and, seen from
above, bluntly rounded. In profile, on the other hand, it is either relatively high and
blunt anteriorly (Coelacanthiis, Axelia) or else relatively lower and more pointed (Macropoma, Undina, Wimania).
The orbitotemporal region is characterized in most cases by a considerable length
and is also always high. It is only in certain forms of the Axelia type that it seems to
have been more distinctly shortened. It was narrowest (thinnest) at the ventro-medial
part, at which farthest posteriorly beneath the fossa hypophyseos it probably had a
fenestration immediately above the parasphenoid. While in such forms as Coelacanthus,
Sassenia,

Axelia

its

ventral

parts

seem to

have

been

comparatively

wide,

in

others

(e. g. Undina and Macropoma), on the contrary, these parts must have been considerably
narrower.
Posteriorly the orbitotemporal region has passed without any sharp boundary into
the labyrinth region. This latter region forms the broadest part of the neurocranium,
is well developed in other respects, and seems to have had a fairly normal length. On
its dorsal side a paired muscle fossa («fossa temporalis*) was apparently developed in
the posterior half.
The occipital region is very incompletely known but was most probably short.
It is true that a large number of ossifications appear in the primordial neurocranium,
but the main part of these undoubtedly consisted of cartilage in the forms nearer known.
In Undina (Heineke,
too

1907) and possibly in Macropoma (Huxley, 1866; Heineke, 1907)

we only know one basioccipital in

the

occipital region. In these forms no other

ossifications seem to exist in this region. At present it is impossible to ascertain whether
the other Coelacanthids also showed the same conditions or whether there

were also

forms that had a quite cartilaginous occipital region. In all the Coelacanthids the chorda
dorsalis extended into the occipital region and possibly still farther forward.
The lateral

walls

of the labyrinth

region are formed

extent by a paired prootico-opisthotic, which seems to
part of the labyrinth.

to

a

rather considerable

have surrounded

The main part of the bone is really situated

an anterior

in the anterior,

ventral part of the labyrinth region and from this main part, which can conveniently be
called the corpus, there issues a strong process dorsally and, as a rule, a long one in

I2I
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a caudal direction as well. The latter process runs horizontally near the base of the
neurocranium and its posterior end joins the lateral side of the basioccipital when this is
developed.
As the corpora of the prootico-opisthotics are situated far apart,

there is thus at

the basis cranii between them an unossified interspace which in its continuation backwards
is bounded on the lateral sides by their posterior processes, posteriorly by the basioccipital,
when there is one, and anteriorly by the basisphenoid. In this interspace, which was at
least partly filled with cartilage, the chorda dorsalis has extended.
Behind the corpus of the prootico-opisthotic of either side the lateral wall of the
labyrinth region was cartilaginous, apart from the small part consisting of the posterior
process of the bone mentioned. Dorsally of the corpus of this bone on both sides of its
dorsal process there have certainly been cartilaginous parts. The whole roof of the region
has also consisted of cartilage, except for possible fontanels.
The anterior and larger part of the orbitotemporel region, the part that forms the
real interorbital wall, was unossified throughout and apparently cartilaginous; the posterior
part of this region, on the other hand, is occupied to a rather considerable extent by
an unpaired ossification, which can be called the basisphenoid. This bone also reaches,
however, somewhat backwards into the most anterior part of the labyrinth region, but
for practical reasons I prefer to describe it as it if was entirely within the orbitotemporal
region. In extent it really corresponds fairly closely to the basisphenoid in Stegocephalians
(Watson,

1912a;

1916;

1919;

Huene,

19i3;

etc.)

and

Dictyonosteus (Stensio, 1918 c) and Polypterus (Traquair,

Reptiles.

As

comparisons with

1871) indicate, one is probably

justified in considering it as the postero-ventral part of a large sphenoid, which originally
extended

forward

to

the

ethmoidal

region.

While

an

additional

component of this

sphenoid, situated postero-dorsally and corresponding about to an alisphenoid is still
present in Coelacanthids, although it is fused with a dermal element of the cranial roof,
the homologue of the orbitosphenoid component of the sphenoid, on the other hand, is
quite reduced.
The corpus of the basisphenoid is situated behind the fossa hypophyseos and ought
thus to belong to the chordal part of the cranium.

Strong

basipterygoid

processes,

situated high up, against which the metapterygoid of either side articulates, are developed,
and besides these there issues from the corpus anteriorly on each side a lamella which
bounds the posterior part of the fossa hypophyseos laterally and partly also ventrally,
and, in addition, a paired process issues in a ventral direction and is attached to the
parasphenoid.
Between the last-mentioned processes from the basisphenoid corpus and the para¬
sphenoid there is found a more or less strongly developed, forward open canal, so situated
that it may have had its exit through the supposed fenestration in the interorbital wall.
Both on account of this position and because of the strong

development

of the

eye

bulbs in all Coelacanthids, this canal ought, it seems, to be interpreted as a myodome.
In the ethmoidal region we only find one paired ossification, which, as far as can
be judged, constitutes a preethmoid (septomaxillary in the same meaning as in Amici),
while

homologues

of

the

exethmoids

were

not

developed.

Each

preethmoid

bone

is situated in the ventral part of the region in question and extends so far medially
Stensio, Triassic Fishes from Spitzbergen.
16
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that it seems to meet that of the opposite side in the median line or at any rate to
come very near this. Otherwise the ethmoidal. region was cartilaginous throughout, both
anteriorly, posteriorly and dorsally of the preethmoids.
In the posterior part of the orbitotemporal region and the anterior part of the
labyrinth region, i. e. above the basisphenoid corpus, the cranial cavity is situated very
high above the basis cranii. In front of the basisphenoid corpus it sinks rapidly, forming
a deep and long fossa hypophyseos, and even at the back, towards the occipital region,
it seems to have sunk down, though more slowly. Thus behind the fossa hypophyseos
one has a large dorsum sellae, formed by the basisphenoid corpus. In an anterior direction
the cranial cavity has probably, as in Dictyonosteus, extended through the whole orbito¬
temporal region.
It is impossible at present to localize exactly the place of exit of the vagus nerve
and this is also the case to a certain extent with the n. glossopharyngeus, although this
cannot, however, in any case have had its exit far behind the corpus of the prooticoopisthotic. Finally the relations of the n. acusticus to the cranial wall are also rather
uncertain. On the other hand n. facialis seems to have penetrated the cranial wall between
the basisphenoid corpus aud the dorsal process of the prootico-opisthotic. Of the trigeminal
branches probably r. maxillaris, r. mandibularis and with them r. ophthalmicus superficialis
have emerged through a foramen above the basisphenoid corpus immediately behind the
basipterygoid process.
n.

Either

together

with

these

or

immediately

dorsally of them

ophthalmicus lateralis has left the cranial cavity and in certain forms, e. g. Axelia,

the course of this nerve

can be clearly traced in a fine horizontal sulcus across the

lateral surface of the alisphenoid (the ventro-caudal process from the fronto-dermosphenotic).
R. ophthalmicus profundus or a partly corresponding nerve may have issued in
orbit in

front of the

basipterygoid process through

the

the

upper part of the forward

pointing lamella of the basisphenoid. The places of exit for n. trochlearis, n. oculomotorius
and n. opticus have,

as

far as can be understood, been situated in the cartilaginous

part of the interorbital wall.

Nothing certain is known with regard to n. abducens. It

is conceivable that this nerve had its exit together with r. maxillaris and mandibularis
trigemini, which may sometimes be the case in a number of recent fishes.
The nasal capsule was situated above the posterior part of the preethmoid and
opened outwards with two foramina situated close together, an anterior and a posterior
one.

The preethmoid has on its lateral side at the base a distinct longitudinal furrow,

which continues anteriorly in a somewhat
furrow

and

the

canal

have

certainly

medially and upward

been

related

to the

directed

canal.

The

anterior branches of the

n. buccalis lateralis and the r. maxillaris trigemini, both of which, as is usual in fishes,
continued along to the most anterior part of the nose. The preethmoid is penetrated
from the ventral side by a dorsally ascending fine canal,

probably for a

branch of

r. palatinus anterior.
The eye-bulbs

were

large,

as already

mentioned,

and

a bony sclerotic

ring is

always developed.
The membrane bones of the neurocranium. The parasphenoid is large and
in the majority of Carboniferous Permian and Triassic forms it is wide, while in a large
number of Jurassic forms and at least in Macropoma among the Cretaceous ones it is
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strikingly narrow at one place between the orbitae. A special characteristic of it is the
absence of processus ascendentes and the fact that its extension backwards is exceedingly
slight, as its posterior end is situated beneath the most anterior part of the labyrinth
region. Sometimes it has on its anterior half upward-bending lateral parts, which have
covered the lateral surfaces of the interorbital wall ventrally.

Sometimes, on the other

hand, as in e. g. Axelia and probably also other of the forms related to this, the posterior
part of the bone in question is in stead powerful and thick under the basisphenoid and has
there on each side a similarly thick dorsally directed lamella, which is connected with the
ventral processes from the basisphenoid corpus. These lamellae and the dorsal portion of the
part

of the

parasphenoid

situated between them may perhaps,

to judge

from

their

structure, be developed in cartilage.
Nothing certain is yet known about the vomeres.
A characteristic feature of the dermal cranial roof in Coelacanthids
that

fusions

have

taken

that are independent

in

place
more

Day, 1916; Goodrich, 1919;

between
primitive

Allis,

the

homologues

Crossopterygian

of certain
forms

is the

bone

{Rhipidistia;

fact

elements
Watson

1919b). Thus the following bones of the Rhipidistia

may in Coelacanthids be fused: the supratemporal with a part of the lateral extrascapular
plate (tabular), the parietal with the intertemporal, the frontal with the alisphenoid and the
dermosphenotic, and the nasal elements with the antorbital. According to the elements
fused I have called the compound bones formed in this way in the Coelacanthids by the
double names of supratemporo-extrascapular, parieto-intertemporal, fronto-dermosphenotic
and nasalo-antorbital.
On each side of the median line the supratemporo-extrascapular forms the postero¬
lateral, usually strongly projecting corner of the dermal cranial roof. By a generally
well developed forward and downward pointing process it is connected with the posterior
upper part of the corpus of the prootico-opisthotic of its side. Its posterior part forms the
lateral boundary of the paired muscle fossa («fossa temporalis*) on the posterior part
of the roof of the labyrinth region.
The parieto-intertemporals are generally large, somewhat rectangular bones, meeting
in a median suture. They always occupy an almost horizontal position, while the bones
in front of them all belong to the

part of the cranial roof that slopes forward. The

angle of the cranial roof is thus always between them and the fronto-dermosphenotic
bones. In a number of forms they are somewhat narrower at their anterior end than at
the posterior (Wimania, Axelia), in others, on the contrary, they seem to be of nearly
equal width throughout their length. From their ventral surface they send out in the
neighbourhood of the lateral margin

a ventrally

pointing rather

low

lamella,

which

covers a dorsal part of the lateral wall of the labyrinth region from the outside.
Behind the parieto-intertemporals and bounded at the sides by the supratemporoextrascapulars a transversal row of extrascapular plates has been situated. These plates
are only preserved, however, in Axelia, where they are six in number and have a rounded
scale-like shape. They have been loosely situated in the corium above the muscles that
had their insertion into the so called «fossae temporales*.
The anterior

ends of the fronto-dermosphenotics seem as a rule to reach to the

ethmoidal region, while the posterior ends are situated above or just in front of the
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basisphenoid. Only Macropoma seems, as far as is known, to be different, inasmuch as in
this species the fronto-dermosphenotics are possibly subdivided into two parts, an anterior
and a posterior one,

the former of which is

the

longer.

The

fronto-dermosphenotics

come into contact with each other medially and posteriorly as

already pointed

out,

they meet the parieto-intertemporals. Anteriorly they have been covered to some extent
by

bone-plates

belonging

to the

ethmoidal

region. Their

greatest

width is situated

towards the posterior end, where the dermosphenotic component is included. In this
posterior part there issues from their ventral side in a downward and backward direction
a

powerful

process

which,

as far as one

can

see,

represents

the

alisphenoid.

The

process of each side joins either the anterior lamella of the basisphenoid (Wimania), or
the upper surface of the proximal part of the basipterygoid process (Axelia). In the
latter case it has also been closely joined to the cartilage that followed immediately
dorsally of the anterior lamella.
The fronto-dermosphenotics differ rather considerably in their extension in different
forms. Thus

while in Wimania, Coelacanthus and possibly Undina too they are longer

than the parieto-intertemporals, in Axelia and closely related forms they are more or
less shortened, which is also the case to a certain extent in Macropoma, where in addition
they are strikingly small.
A row of supraorbitals follows along the lateral margin of each fronto-dermosphenotic
in front of the part that represents the dermosphenotic component. As far as is hitherto
known this row of supraorbitals seems to be confined to the orbitotemporal region. The
number of these as well as their shape seems to be subject to considerable variations.
The smallest number observed was four (Axelia).
The ethmoidal region is covered with a number of plates, arranged, as in Wimania>
Axelia and other genera,

according

on

a

common basis,

even

detail have been considerable between the different genera.

though

deviations

in

It is not yet possible to

establish whether Macropoma can also be included on the same basis with regard to
this. If this is not the case then, however, it seems to be certain that in this fish we
are concerned with a secondary condition.
Anteriorly of the fronto-dermosphenotics but covering to some extent the anterior
ends of them there follows on the ethmoidal region a paired,

fairly large bone-plate,

the postrostral (Axelia, Wimania), which in certain forms is subdivided into a posterior and
an anterior part by a transversal suture (Mylacanthus? or Scleracanthus? sp.).

The two

postrostrals meet on a comparatively short stretch in a median suture. Between their
anterior
them

ends there is a small paired

and

the interrostrals

there

is

or unpaired interrostral,
a

transversal row

and in front of both

of several small

bone-plates,

which have been pierced by the ethmoidal commissure of the infraorbital canal. These
plates, called by me rostrals, may have been bounded anteriorly by the premaxillae if
these were developed.
The nasal capsule is covered both dorsally and laterally by the nasalo-antorbital,
which also forms a septum between the two external nasal apertures (Axelia).1) Posteriorly
the dorsal corner of this bone is connected to the most anterior supraorbital plate, while

z) There is

internal nasal aperture.
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otherwise its posterior margin has to a considerable extent formed the anterior boundary
for the orbital opening. Medially, where the bone reaches up on the dorsal surface of
the ethmoidal region, it joins the postrostral and is attached anteriorly to the lateral
rostral plate, which seems as a rule to be larger than other rostral plates.
The membrane bones of the cheek. — With regard to the membrane bones
of the

cheek in the

Coelacanthids it is

possible to

observe,

as

in

the

case

of the

cranial roof, certain fusions of elements that were independent in the Rhipidistia. The
homologues of the lacrymal and the jugal of the Rhipidistids both probably form together
the lacrymo-jugal of the Coelacanthids and the homologue of the preopercular of the former
is probably

so

divided in the latter that the

the squamosal and

the

complex bones have

ventral part with the

dorsal part

of it has been fused with

quadratojugal.

The two last-mentioned

for these reasons been called by me the squamoso-preopercular

and the preoperculo-quadrato-jugal respectively.
The lacrymo-jugal is an arched bone, whose anterior part reaches forward on the
lateral surface of the ethmoidal region, while its

posterior

posterior boundary of the entrance to

It is generally

the orbit.

portion

partly forms

the

attached posteriorly

both to the squamoso-preopercular and to the dorsal one, called by me the postorbital,
of the three postorbitally situated cheek plates. In Wimania and possibly in Sassenia
too, its conditions are somewhat different, as in these species it is joined only to the
squamoso-preopercular, while its connection with the postorbital is made by means of
a small independent plate.
The postorbital, squamoso-preopercular and preoperculo-quadrato-jugal are situated
in a vertical row behind the orbit.
The anterior margin

of the postorbital forms the

boundary of the orbital entrance.

In

bone

is

filled

either

by

a

dorsal

upper

part

Coelacanthus, Wimania and

reach backwards to the opercular, but the
part

space

of the

between it

of the

Sassenia it

posterior
does

not

and the last-mentioned

squamoso-preopercular

(Coelacanthus,

Welburn 1902) or by an independent bone-plate (Sassenia), which in its turn may also
sometimes be strongly reduced or be absent (Wimania). On the other hand in Macropoma
(Woodward 1909) and if Reis (1888; 1892) and Woodward’s (1898a) view is correct, in
Jurassic forms as well,

the postorbital comes into direct contact with the opercular,

and thus in all these latter forms it seems not quite equivalent to the bone that is denoted
by the same name in the older ones.
The squamoso-preopercular is the largest of the three postorbitally situated cheek
plates and in the oldest forms (Coelacanthus) it has a more primitive character than in
the younger ones on account of its extension behind the postorbital. Wimania and Sassenia
occupy in this respect a typical intermediate position.
The preoperculo-quadratojugal is so situated that it corresponds to the lower part
of the palatoquadrate and the articulation between this and the mandibula.
While in Coelacanthus and, as far as we know up to now,

in the Jurassic and

Cretaceous forms too, the cheek plates have, at least to some extent, had their margins
closely joined

together

and

have

fitted

others, as e. g. Wimania and Sassenia,
more or less large interspaces,

rather

well together

with

one

they have been separated from

another,

in

each other by

which means that they were more or less in a process
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of reduction. In at least certain species of Axelia they are still more reduced, and are
represented merely by a number of small scale-like plates.
Visceral skeleton.
considerable
caudal

extent. In

corner

—

The palatoquadrate

its anterior

end an

we always find a powerful

cartilage

was

present to

autopalatine is developed.
quadrate,

and in its

a rather

In its

ventro-

dorso-caudal

end

a

metapterygoid, generally also powerful.
The autopalatine is a rather small bone, which, at least in a number of forms,
has articulated against the preethmoid (Macropoma). The quadrate is always large and
powerful and generally also thick, with a well developed condyle in the ventral end.
The metapterygoid usually consists of a

fairly

large

bone-plate,

which

has

without

doubt been continuously attached ventrally to the quadrate by a persisting part of the
palatoquadrate cartilage. While the metapterygoid is large and well developed, especially
in the earlier forms (Coelacanthus, Wimania, Axelia, Mylacanihus, Scleracanthus), it seems
in a number of younger ones to be more or less reduced and more intimately connected
with the pterygoid (Undina, Mawsonia).
The palatoquadrate articulates against the basipterygoid process of the basisphenoid
by means of the dorsal border of the metapterygoid and we have here apparently a
correspondence to the so called palato-basal articulation of the sharks. This articulation
must certainly be looked upon as a very old formation, since, as far as can be discovered,
it is also present in other fossil Crossopterygians (Megalichthys, Watson, 1912 a; Dictyonosteus,
Stensio 1918) besides the Coelacanthids. We probably have in this the primitive connection
of the mandibular arch with the neurocranium.
The palatoquadrate has on the medial side a very large pterygoid which probably
corresponds both to the ecto-

and

the

entopterygoid of the Rhipidistia (Watson and

Day 1916) and probably sometimes also to the dermopalatine of those fishes. In shape
it is an angular bone with a posterior limb situated vertically and an anterior horizontal
one issuing from this. They both show in detail in different genera and species considerable
variation with regard to width, height, the course of the margins, etc.
The dorsal part of the posterior limb is covered externally by the metapterygoid,
which, as pointed out, is more or less intimately connected to it. The usual conditions
of this connection are that the anterior border of the metapterygoid is firmly attached
to only the

dorsal part

of a ridge along the

anterior margin of the posterior limb

(Coelacanthus, Wimania, Axelia, Mylacanthus, Scler acanthus, etc.). It seems to be more rare
for the firm connection to be extended to the ventral border of the metapterygoid as
well,

or for a fusion

between

the

two

bones

in

question

to

have

begun

(Undina,

Mawsonia). — The lower corner of the posterior limb is covered from the lateral .side
by the dorsal part of the quadrate,
existed.

The anterior limb,

but

no firmer

which is always turned

connection between the
so

that

two

has

its medial surface faces

somewhat downwards and its lateral one somewhat upwards, is anteriorly in connection
with the lower surface of the autopalatine.
In

certain forms the

dermopalatine

is present as an independent narrow

along the lateral margin of the anterior pterygoid

limb in the

anterior

part

bone

of the

latter (Coccoderma, Libys, Undina). In other forms, on the contrary, it may perhaps, as
already mentioned, have been fused with the pterygoid (Wimania, Axelia, etc.) or be reduced.
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Only two ossifications are known in the Meckelian cartilage, namely the articular
and the autangular,

both comparatively small. The membrane bones of the mandibula

consist of a supraangulo-angular, dental, splenial, coronoid, intercoronoideo-prearticular
and two or three precoronoids.
The supraangulo-angular is a large bone, apparently arisen by fusion of thehomologues
of the angular and supraangular of the Rhipidistids and possibly one or more of their socalled infradentals as well. Sometimes it has a fairly high, triangular shape (Axelia, Mylacanthus), sometimes, on the other hand, it is low and long. The dental and the splenial are
both fairly short and low. The coronoid is fairly large and often triangular. The intercoro¬
noideo-prearticular covers the inside of the mandible from the symphyse almost to the posterior
end. To its upper margin the coronoid is joined posteriorly and the precoronoids anteriorly.
The conditions of the maxillary and premaxillary are still rather uncertain.

As a

maxillary I have, however, provisionally interpreted a narrow bone in Wimania sinuosa,
which lies loose in relation both to the pterygoid and the

lacrymo-jugal.

It

is

also

possibly present in Coelacanthus (Wellburn 1902).
In the hyoid arch

there appear two

ossifications,

a long and powerful one in

the ceratohyal and a smaller vertical one in a segment situated dorsally of this, which
may probably be

considered to

correspond

to the epihyal.

If a hyomandibular was

developed, it must have been cartilaginous, relatively small and probably only corresponded
to a pharyngobranchial (cf. Allis 1915). The ceratohyal ossification always has a typical
rounded projection on the ventral margin.
The opercular apparatus consists only of a large plate called the opercular. This
plate is especially large in the Palaeozoic and Triassic forms. Its postero-ventral margin
may sometimes show a spiny or lobed shape (Mylacanthus).
Between the mandibles there are always two large, well developed jugular plates,
more or less elongated in shape.
Five pairs of branchial arches are usually present. In Macropoma, however, there
are said to be only four. In them there constantly appears a long ventral ossification,
probably corresponding to a ceratobranchial and a dorsal one, possibly representing
both the epi- and the pharyngobranchial. Both ossifications have generally had cartilaginous
epiphyses. The ceratobranchialia are characterized by

a deep longitudinal furrow on

their posterior side.
The ventral ends of the branchial arches have been connected by a cartilaginous
copula. It is of course impossible to decide whether this in its turn consisted of a uniform
piece of cartilage or was divided into segments. It was covered by a number of tooth
bearing plates, sometimes very thick and strong as is the case in Axelia, Mylacanthus
and Scler acanthus.
As in the Actinopterygii a large and strong urohyal is found developed.
Dentition. — The precoronoids and the bone interpreted as a maxillary has, at least
in the majority of Coelacanthids, rather large conically pointed teeth. The parasphenoid,
the plates on the copula, the pterygoid, the dermopalatine, the intercoronoideo-prearticular
and the coronoid generally have small teeth more bluntly conical or sometimes even
rounded. The dentition of the branchial arches consists of small plates furnished with
small and more or less pointed conical teeth.
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The three genera Axelia, Mylacanthus and Scleracanthus differ from the usual type

and are distinguished by a dentition adapted for crushing. In these forms the parasphenoid,
the plates on the copula, the pterygoid, the coronoid and the intercoronoideo-prearticular
are furnished with low, often even flattened, spheroidal teeth, which greatly resemble
those of Colobodus in their shape and sculpture.
supracopular

Those on the parasphenoid and the

plates are largest and most strongly developed.

The conditions of the

maxillary and the precoronoids with regard to dentition are not yet known. Te teeth
of the branchial arches are, as usual, small and fused with their bases into plates as
in the other forms. In most cases they are spheroid in shape.
The sensory canals of the head. — The infraorbital canal, as I have taken it
in agreement with the definition of

Ewart

(1892),

Ewart

and

Mitchell

(1892) and

Cole

(1896, 1898) etc. may have its posterior end on the boundary between the supratemporoextrascapular and the parieto-intertemporal. It passes in a forward direction throug'h
the latter bone, reaches the fronto-dermosphenotic, which it pierces in the dermosphenotic
component. There it turns off laterally and then enters the postorbital on the cheek. It
penetrates this bone near the anterior margin, after which it passes off downwards and
forwards in the lacryma-jugal under the entrance to the orbit. Anterior of the lacrymojugal it has continued

ventrally of the nasal apertures, forward to the snout, where,

situated in the rostralS, it has formed a commissure with the corresponding canal of
the opposite side. In the fronto-dermosphenotic it anastomoses with the supraorbital canal.
The supraorbital canal continues from this anastomosis with the infraorbital canal
in the dermosphenotic component of the fronto-dermosphenotic fairly straight forward and
after a short distance arrives between the supraorbitals and the lateral margin of the
frontal component of the fronto-dermosphenotic. In this position it continues along to
the ethmoidal region, where it passes through the nasal part of the nasalo-antorbital
dorsally (medially) of the nasal apertures. In front of this last-mentioned bone it enters
into the

lateral rostral

plate,

bending at the same time

first

downwards

and then

backwards. It is uncertain whether it anastomosed there with the infraorbital canal.
In the posterior part
immediately

dorsally

of the lacrymo-jugal

of this (Wimania,

(Undina, Libys,

Sassenia) a

Macropoma,

canal issues in

a

etc.)

backward

or
and

downward arch from the postorbital section of the infraorbital canal. This, for which I
have adopted the term jugal canal

ofMoomE

in all essentials to the similary situated
squamoso-preopercular to

the

lower

(1908, 1915 a), and which seems to correspond

one

in the Stegocephali, runs first through the

margin not far from

the posterior corner, after

which it presumably continued in a ventral direction through the posterior part of the
preoperculo-quadratojugal. It is impossible to decide whether it anastomosed with the
mandibular canal.
The mandibular canal penetrates the supraangulo-angular

and the splenial and

extends almost to the symphyse between the two mandibulae.
The most anterior part of the main lateral line on the head extends, according to
the definition I have followed for the boundaries of the infraorbital canal, along through
the supratemporo-extrascapular. Close to or in this bone there issues from it the supratemporal commissure that pierces the extrascapular row of plates.
It has not yet been possible to observe «pit lines* either on the cranial roof or the cheek.
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In Libys, Axelia,. Mylacantlius and Scleracanthus the sensory canals are strikingly
powerfully developed and the pores are large. Little is known of the number and position
of the pores in many of the forms. It is clear, however, that there is much variation in
this respect in different genera. In Coelacanthus, Undina and Cocoderma, for instance, the
pores are probably very numerous; in the forms that have the sensory canals strongly
developed they are on the other hand, relatively few and much enlarged.
Axial skeleton. — As I have nothing fresh to add to our knowledge with regard to
the axial skeleton I merely refer to earlier accounts of it (Reis, 1888, 1892; Schmalhaussen,
1913 a). As to the caudal region I mention below, in connection with the description of
de caudal fin, the views that have recently been put forward by Schmalhaussen (igi3).
Skeleton of girdles and fins. —The primordial skeleton of the shoulder girdle was,
at least partly, ossified (Reis, 1892). Parts of its ossifications are known in Undina, Libys, Macropotna. The dermal skeleton consists ofthe clavicle («infraclavicula»), cleithral, supracleithral
and suprascapular («posttemporal»). It is uncertain whether a postcleithral was developed.
The clavicle was probably on the whole rather high and narrow. In certain genera,
however, as shown by Wimania,

it was fairly wide in the ventral horizontal limb and

connected to that of the opposite side in a median suture. The cleithral is higher than
the clavicle

and generally narrower too.

The

supracleithral

is

short

and seems

to

exhibit a rather great variety in shape. Finally the suprascapular is known in detail
only in Axelia, where it is represented by a little scale-like plate.
The pectoral fins are bluntly lobed and the inner skeleton in each (Woodward, 1895 a,
pp. 3—4; Wellburn, 1901, pp. 71—72) consists, at least in certain genera (Coelacanthus,
etc.) of a number of ossified endoskeletal radials arranged radially in relation to a centre
situated in the primary girdle skeleton, with which as a matter of fact they articulated.
The lepidotrichia are usually unjointed for a longer or shorter distance proximally.
The pelvic girdle is

represented by a paired

bone-plate,

closely resembling

in

shape the so-called basale metapterygii of the Teleostei. This plate is generally loosely
attached to the one on the opposite side and is sometimes, as, e. g. in Coelacanthus,
developed with spines on the medial margin. At the postero-caudal part it has on the
lateral side a wide postero-lateral projection with which the inner skeleton of the ventral
fin has articulated. The homologues of the plate are of course not yet quite clear, but,
as far as one can venture to judge, it seems on the whole to correspond well to the
pelvis in Eusthenopteron (cf. Goodrich, 1901).
The ventral fins) like the pectoral ones, are bluntly lobed. Their inner skeleton was
cartilaginous throughout and nothing is known about it so far. The lepidotrichia show
the same conditions as in the pectoral fins, but they are generally somewhat weaker and
shorter than in these.
As in the Rhipidistids so in the Coelacanthids

one finds an ossified supporting

plate both in the two dorsal fins and the anal fin. In the anterior dorsal fin the lepidotrichia
are in direct articulation with the plate, while in the posterior dorsal and anal fin the
articulation must have been by means of cartilaginous elements.J) The supporting plates
l) According to Dean the lepidotrichia of the second dorsal fin of Diplurus were directly attached to the
supporting plate (Dean, 1895, fig. 156, p. 154), but this must certainly be a mistake, as is also confirmed by
Newberry’s figure 1, pi. 20, in his monograph on the Triassic fishes from New Jersey and Connecticut Valley 1888.
Stensio, Triassic Fishes from Spitzbergen.
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of the two last-mentioned fins are

also characterized by being always more

or less

strongly bifurcated in their proximal part, while that of the anterior dorsal fin is generally
rounded and triangular. In exceptional cases, however (Scleracanthus), it is bifurcated
in about the same way as the other two but not so much. It has generally been considered
that the plates in question have been formed by fusion of the proximal segments of the
endoskeletal radials, and it is probably pretty certain that this is true of those of the
posterior dorsal fin and the anal fin. With regard to that of the anterior dorsal fin, on
the other hand,

it seems most probable that this comprises not only the proximal but

also the middle segments of the endoskeletal radials.
Both the

posterior

dorsal fin

dorsal fin, on the contrary,

and the

anal fin are weakly lobed.

The

anterior

is not lobed and in consequence has a straight basal line.

In all three fins the lepidotrichia usually grow narrower,

in most cases

continuously,

towards the distal ends. In certain Mesozoic forms, however, they expand first in distal
direction, decreasing then towards the ends. A longer or shorter proximal part is most
often unjointed. All the lepidotrichia of the anterior dorsal fin are furnished in Mesozoic
forms with tuberculation or spines on the lateral surfaces.
The caudal fin generally consists of three lobes,
a ventral one,

and has

nearly

a diphycercal shape.

a dorsal one, a middle one and
It is however practically never

quite symmetrical, but the ventral lobe has generally a few more lepidotrichia than the
dorsal one. The middle lobe, the so-called supplementary caudal fin (called «Pinselflosse»
in German works),

is developed nearly as a small independent fin,

less far backwards

caudally

of the two

other lobes.

It may,

reaching more or

however,

also be quite

reduced as is the case in Macropoma and Heptanema.
The lepidotrichs of the caudal fin show the same conditions as to shape, joints,
etc., as the ones of the other unpaired fins. Like those of the anterior dorsal fin they
are furnished in the Mesozoic forms with spines or tubercles on the lateral surfaces.
The only exceptions in this case are, as I have hitherto found, the so-called Coelacanthus
africanus Broom and C. gracilis Agassiz, where instead of tuberculations they have some
fine longitudinal striae of a shining ganoine-like substance. z)
For our views on the inner skeleton of the caudal fin Schmalhaussen’s investigations,
published a few years ago (igx3a) are of great importance and I may consequently be
allowed in this connection to give some of his most important results.
After Schmalhaussen by means of embryological investigations (1912) came to the
conclusion that the supporting endoskeleton of the unpaired fins had arisen phylogenetically without connection with the axial skeleton he set to work to study the Dipnoans,
Coelacanthids and Cyclostomes, all of which had previously been considered as presenting
evidence in favour of the view of the endoskeleton of the unpaired fins having originally
been developed from the axial skeleton.
The endoskeleton of the caudal fin in Dipnoi has its «Anlage», as Schmalhaussen
has verified, in connection with the axial skeleton, and because of this he looks upon
it

as only

being

distal

parts

of the

neural

and

hemal

spines.

The

anatomy

etc.

of the muscle shows moreover that the caudal fin is progressively developed forward

x) This is clearly shown by the specimens in British Museum.
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on both the dorsal and the ventral side with a simultaneous reduction of the unpaired
fins. Like Reis

(1892)

and

Dollo

(1895),

he

considers the

diphycercy in the

recent

Ceratodus to be secondary, and he finds evidence for this view of his in the fossil forms,
in Ctenodus among others.
While in the

primitive Dipnoi and

heterocercal shape,

vve find,

the

Crossopterygii

as he also points out,

the

caudal fin

was

of a

in the somewhat more spezialized

representatives of these fishes a number of types in which it is rather symmetrically
developed. Among the Crossopterygii he pays the closest attention to Eusthenopteron in
this respect, and he considers, like Dollo (1895), that the caudal fin of the Coelacanthids
is developed from a type of this sort. He then continues as follows (pp. 55—56):
«Die Schwanzflosse der Coelacanthidae ist derselben der Rhizodontidae sehr ahnlich,
wir konnen sie nur als ein weiteres Umbildungsprodukt in derselben Richtung ansehen.
— Ausbildung einer vollkommenen Symmetric und

progressives Wachstum der Dorn-

fortsatze, welche auch dorsal eine Abgliederung erworben haben, zeichnen das Skelett
dieser Flosse aus. — Was die Bedeutung der Pinselflosse anbelangi, so scheint es mir,
dafi

sie vollkommen

dem

mittleren

Schwanzlappen

des Eusthenopteron entspricht und

dafi folglich die sekundare Symmetric genau in derselben Weise ausgebildet wurde. »
The

diphycercal shape

of the

caudal

fin

in the

Coelacanthids should thus

be

secondary and the endoskeletal supporting elements connected with the axial skeleton
are to be considered as distal segments of the neural and haemal spines.
Air-bladder. — With regard to the air-bladder I have

only to remark that it

has been impossible so far to trace it in any of the Triassic forms from Spitzbergen.
Squamation. — The most important
from a number

characters

of the

scales

are well known

of earlier works and as I have nothing of importance to add here I

shall simply refer to these (Huxley, 1866; Reis, 1888, 1892; Zittel, 1887; Williamson, 1849;
Woodward, 1891b; 1909).

Coelacanthids compared with a number of other fishes and
certain tetrapods.
Coelacanthids and other Crossopterygians.
Coelacanthids and Rhipidistids.

— In

the Rhipidistids

the

ossifications

of

the primordial neurocranium are very seldom preserved. It is really only in Dictyonosteus
(Stensio, 1918c) and Megalichthys (Young, 1866; Cope, i883; Watson, 1912a; Birks, 1916)
and to some extent in Dendrodus and Cricodus (Rohon,

1889) that we know a number

of them more or less incompletely.1)
In the

occipital region in Megalichthys,

according to Young’s description (1866,

p. 605), only a basioccipital seems to ba developed in the same way as in Coelacanthids.

z) Pander (i860, pp. 15—16) described fragments of substitution bones from the anterior portions of the
head of Osteolepis.
The primordial neurocranium of Rhizodopsis is said by Watson and Day, 1916 (pp. i3—14) to have
consisted of cartilage. I do not feel convinced, however, that this is really the case, but consider it more probable
that the «cartilage* was bone of a similar structure as in Dictyonosteus.
17*
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The chorda dorsalis also in both cases probably continued into the neurocranium and
at

any

rate pierced the

occipital

region.

Cope

(i883,

p. 628)

described —

also

in

Megalichthys — «ossified parachordals» occupying the basal parts of the neurocranium
and, if I interpret his brief description correctly, these parachordal ossifications should
correspond most
autosphenotic

closely to the paired

is absent

in

prootico-opisthotic in the

Coelacanthids

and

probably

in

Coelacanthids.

Rhipidistids

as

The

well.

In

Megalichthys Watson (1912 a, pp. 9—10) mentions a basisphenoid which seems to agree
in all essentials with that of the Coelacanthids. As in these, it consequently corresponds
to

the postero-caudal

improbable

part of the large sphenoid in

that in addition a large

developed in a number of Devonian

sphenoid

Dictyonosteus.

similar

to

forms as well. The

It does not seem

the one in this
conditions

in

form

was

Dendrodus,

if

Rohon’s figures (PI. 1, figs. 1, 9) are correct, would, inter alia, support this view. It is also
noteworthy that in Dictyonosteus the homologues of the alisphenoid of the Coelacanthids
forms an integral part of the sphenoid without any signs of fusion with the membrane
bones in the cranial roof.
Both in Dictyonosteus and in Megalichthys the basisphenoid has distinct basipterygoid
processes with which the palatoquadrate

probably

articulated

(.Dictyonosteus)

or

was

fixed (Megalichthys according to what is indicated by Watsons statement 1912 a, p. 9).^
The basipterigoid processes in Dictyonosteus are situated, as I have pointed out, not close
to the basis cranii but somewhat higher up and thus show in this respect a certain
resemblance to those in the Coelacanthids (specially those in Axelia). As far as one thus
can see, the Coelacanthids and the Rhipidistids agree, inter alia, in having an articulation
or a connection developed between the palatoquadrate and the posterior part of the
orbito-temporal region, a fact that is of great importance for our judgement

of the

relations of these fishes.
The ethmoidal region is certainly preserved in both Dendrodus and Cricodus, but,
as Rohon’s (1889) interpretation of it is incorrect throughout (cf. Traquair 1889),

no

great reliance can be placed in his figures either. In Dictyonosteus we find this region
practically entirely occupied by a large paired ossification,

which

to judge

from

its

extent, ought to comprise the homologues of both the preethmoid and the exethmoid.
The shape and extent of the cranial cavity and the position of the nerve foramina
seem to show strikingly great agreements in Coelacanthids and Dictyonosteus, as I have
had occasion to point out in detail above and as is shown in my proviously published
work on Dictyonosteus (1918 c).
The parasphenoid agrees in Dictyonosteus, Sauripterus (Eastman,

1917, PI. 7, fig. 8,

and possibly Glyptopomus too with the same bone in the Coelacanthids.
hand it seems, if we can believe the figures published

by Rohon

On the' other

1889,

that it

was

strikingly narrow in Dendrodus.
With regard to the membrane bones of the cranial roof the Coelacanthids can, as
we have already seen above, be derived from a Rhipidistid-like type. Their supratemporoextrascapular has arisen by fusion of the homologues of the supratemporal and a part
of

the

lateral

extrascapular

plate of the

Rhipidistids,

and

in

a similar way their

parieto-intertemporal is formed by the fusion of the homologues of the parietal and the
intertemporal, and their fronto-dermosphenotic by the fusion of the homologues of the
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frontal and the dermosphenotic. And the following facts show that the Cbelacanthids
also,

with regard to the arrangement of the

bone-plates

on the

dorsal side

of the

ethmoidal region, have in the main several features in common with the Rhipidistids.
In Eusthenopteron (text fig. 57) we find, as I have been able to show after careful
investigations

of a

well-preserved

specimen

in

the

museum

here,

the

rostrals

(R),

interrostrals (Ir)1) and the postrostrals (Ptr) with about the same conditions as in the
above described Coelacanthids from the Triassic of Spitzbergen. On the other hand the
antorbital (Ant) is an independent bone, situated in the normal way between the entrance to
the orbit (orb) and the external nasal aperture (na), and the nasal bone (Na) is, as in
Teleosts,

a narrow bone,

pierced by the supraorbital canal and

situated on the dorsal side of the nasal capsule along the lateral
margin

of the postrostral.

represented

by

one long,

She

supraorbitals (So) are probably

narrow bone

on the lateral

side of

each frontal (Fr).
According

to

Watson

and

Glyptopomus and Osteolepis show

(1916)

reconstructions

on the whole

Day’s

an arrangement

very similar to Eusthenopteron and Coelacanthids in this respect.
But what these two investigators have interpreted as the prefontal
(Watson and Day’s text fig. 2) is presumably a posterior nasal ele¬
ment, and their nasal corresponds to my postrostral. Further, the
lacrymal of their interpretation seems to represent both the
lacrymal and the

antorbital of Eusthenopteron.

real

In Osteolepis (cf.
Text fig. 57.

Watson

and Day’s text figs. 5, 9), on the other hand, the nasal

may be correctly determined, but probably the plate

situated

in front of it belongs to it as well. The postrostrals seem to be
represented by at least two separate elements on each side of
the median line, which, as we have seen, may also be the case
in certain Coelacanthid forms.
In Megalichthys, as far as

one can judge from the figures

given by Birks’ (1916), there are also probably conditions corres¬
ponding to what we have just described in the three preceding
Rhipidistids. The nasal -f- ethmoid of Birks’ description (cf. his

Eusthenopteron fordii
Whiteaves.
Cranial roof from a specimen
belonging to the Palaeontological
Institution Upsala. ViAnt, antorbital; Dsp/i, dermo¬
sphenotic; Ext, lateral extrascapuiar plate; Ext. in, median
extrascapular plate; Fr, frontal;
Ir, interrostral; It, intertempo¬
ral; La, lacrymal; Mx, maxilla¬
ry ; Na, nasal; Pa, parietal; Pmx,
premaxillary; Ptr, postrostral;
R, rostrals; So, supraorbital;
Stemp, supratemporal; na, nasal
aperture; orb,, orbit.

PI. 14, fig. 2) corresponds in any case at least to the postrostral,
while, if his figures are correet,
The nasal may
Eusthenopteron.

be

an

the rostrals probably form

independent bone

Wellburn’s

situated

laterally

exposition of Megalichthys (1900)

part of his premaxillaris.
of the postrostral

as

in

seems in many respects

to be unreliable.
By a new investigation of Dictyonosteus I was able to verify, as seen in text fig. 58,
that this

form

too

shows

in

all

essentials the same

conditions

as

the

other fossil

Crossopterygians here considered with regard to the mebrane bones on the dorsal side
of the ethmoidal region. We can thus discover without difficulty the postrostrals (Ptr), an
unpaired interrostral (Ir), the rosfrals (R), nasal (Na) and antorbitals (Ant). It is noteworthy,

[) The interrostrale has probably been developed here as a paired bone.
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however,

that the postrostral of each side ot the median line is represented by two

plates, an anterior one (Ptr i) and a posterior one (Ptr3), and the nasal by three plates
(Na 7-Na s), all pierced by the anterior section of the supraorbital canal.
is probably represented by two plates,
immediately behind the
which

also

seems

to be

of which

the larger

one,

forms

The antorbital

the anterior one (Ant j) is

external nasal aperture (na),

while

the

posterior

part of the boundary

situated

one

(Ants)

of the

aditus

orbitae. — I am practically certain that the considerable number of independent elements
in the dermal cranial roof of the ethmoidal region is a primitive feature (cf. Watson
and Day 1916, pp. 21—23).
We can thus,

Pm«

in the present state of our

knowledge, refer all the Rhipidistids and Coelacanthids with

regard to

common type,
resemble.

which

the cranial roof to a

they still

rather

The same is also true

closely

of the bone-

plates of the cheek, as I have been able to show
above in the description of W. sinuosa.
In at least Tristichopterus, Rhizodopsis and
Glyptopomus among the Rhipidistids we find a
large pterygoid element, which probably corres¬
ponds most closely to an entopterygoid. An ectopterygoid

is

also

shown

to exist

at least in

certain forms (cf. Traquair, 1875 a, pp. 38y—388;
1881, p. 171; Watson and Day, 1916, pp. n, 14,
23). The strong development of the entoptery¬
goid

posteriorly

in

Rhizodopsis

is

especially

noteworthy, as the bone almost comes into contact
with
Text fig. 58. Dictyonosteus arcticus Stensio.
The anterior part of the cranial roof. Sensory canals
with dotted lines and shading. From P. j>55. */2.
Ant1, anterior antorbital element; Ant2, posterior ant¬
orbital element; Dsph, dermosphenotic (dermal post¬
frontal); Fr, frontal; Ir, interrostral; Nat-Nay nasal
elements; Pmx, premaxillary ; Ptrv anterior postrostral
element; Ptr , posterior postrostral element; R, rostrals;
So, supraorbitals; na, external nasal aperture; orb,
orbita; y, accessory bone-plate.

the

p. 14)

cranial

roof (cf.

Watson

and

Day,

A similar state of affairs is also seen in

the Coelacanthids, where, as I have shown above,
the posterior limb of the pterygoid is in most
cases high and strongly developed. On the other
hand, as i have also pointed out, the Coelacan¬
thids have no independent ectopterygoid.
We have seen that in the Coelacanthids the

hyoid arch is weakly developed in its dorsal part and it is even uncertain wheter a hyomandibular was present. Among the Rhipidistids, on the other hand, according to Traquair’s
1881, p. 171) and Watson and Day’s (1916, p. 16) investigations, there seems to have been
a rather powerful hyomandibular, at least in certain forms. Like the hyoid arch, the oper¬
cular apparatus of the Coelacanthids, unlike that of the Rhipidistids, is also somewhat
reduced, since, as we know, only one large opercular plate is preserved in the former
The teeth show, as far as we know, a simpler structure in the Coelacanthids than
in the Rhipidistids, but it seems at present difficult to decide whether this difference is
to be considered as a primary or a secondary one. In this case it would be of interest
to undertake a microscopical investigation of the teeth of the Devonian Coelacanthids.
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sensory canals Osteolepis (Goodrich, 1919) and

Ensthenopteron (cf. text fig. 57) agree completely with

the Coelacanthids and probably

this is also the case with the majority of the other Rhipidistids as well.
Finally, as has already been known for a long time, the Coelacanthids are most
closely related to

the Rhipidistids

with regard

to

the

fin skeleton as well. This is

especially true of the dorsal fins and the anal fin, and to some extent of the paired
fins

too,

while

the

caudal

fin

apparently

differs

considerably.

But

Schmalhaussen’s

investigations (igi3a), as mentioned above, seem to show that this fin too is probably
more closely related to that of the Rhipidistids than has been known.
As the result of this comparison we thus find

that the

Coelacanthids

and the

Rhipidistids are really closely related. It is true that there are a number of differences
between them, but these cannot be regarded as being of a profound nature and in any
case are of little significance in comparison with the series of obvious agreements that
are observed in other respects. Accordingly, as far as we can decide from the facts
now known, the Coelacanthids ought to be taken as a highly specialized group, the
ancestors of which are to be sought for among the primitive Rhipidistids.
Coelacanthids and Tarassids. — Tarassius in still too incompletely known for
auything in detail to be discovered as to its relationship with the Coelacanthids. As far
as we know at present,

the only common feature are the bluntly lobed form of the

pectoral fins.
Coelacanthids and Polypterids. — The account given above ought to show
that neither the Coelacanthids nor the Rhipidistids are so closely related to the Poly¬
pterids as has been believed previously. The Polypterids represent rather, as Goodrich
(1909, pp. 298—3oo) has pointed out, a type that is more closely allied to the Actinopterygii,
although in my opinion they cannot be grouped with these either.

Coelacanthids and Dipnoans.
As has already been pointed out several times before in this work, the Coelacanthids
present several similiarities to the Dipnoans. This fact was observed early, as we have
seen from the historical introduction, and the Coelacanthids have even for a long time
been considered as being closely related to forms which we now definitely place among
the Dipnoi.
The most important resemblances between the Coelacanthidae and Dipnoi are briefly
the following-: the general shape of the mandible and the development of its membrane
bones (cf. Huxley 1861, p. 20), the reductions in the hyoid arch and in the opercular
aparatus, the development of the axial skeleton and the diphycercal shape of the caudal
fin as well as the character of the endoskeleton of this fin. — In addition it has been
considered that in Coelacanthids as in Dipnoans the air bladder has had a respiratory
function (Reis 1888, p. 33) and finally the branchial arches of the Coelacanthids also
show in their segmentation similarities to those of the Dipnoans (cf. Gaupp, 1904, p. 920—g3i;
Furbringer,
do

1904,

not know

the

pp. 483—488;
conditions

mentioned character, it
teristic for them.

van Wijhe,

1882,

pp. 295—297).

As,

however,

we

of the other Crossopterygians with regard to the last-

is still uncertain

whether this peculiarity is not also charac¬
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In the first place with regard to the mandible the agreement between the Coelacanthids

and the Dipnoans is not as great as was originally thought probable, but is limited al¬
most to the general shape. The bones described in the mandible of the Dipnoi certainly
show at first sight fairly similar conditions to certain bones in the Coelacanthids, but a
closer examination shows immediately that they are fewer and have probably been formed
by fusion of other elements than in Coelacanthids. Besides as a matter of fact the bones
in question show rather different conditions in different Dipnoi, e.g. in Dipterus and Ceratodus.
In Dipterus the bone called «angular» by Traquair (1878, p. 7, PI. Ill) has probably
its nearest equivalent in the supraangulo-angular of the Coelacanthids, while his «dental»
certainly also includes the homologues of the splenial of the Coelacanthids (the most
anterior or some of the most anterior infradental elements of the Rhipidistia),

a fact

which is clearly shown by the course of the mandibular canal. Conditions different from
those in Coelacanthids are found also in the bones of the coronoid series, which, as we
know,

is

represented

usually called the

both in Dipterus and other Dipnoans

by

a

single large

bone,

«splenial». In addition Traquair describes, an articular in Dipterus.

In the recent Ceratodus (cf. Gunther, 1871, pp. 521—526; Huxley, 1876, pp. 33—34;
van Wijhe,

1882, pp. 295—297, PI. XVI, fig. 14; Teller,

1891, pp. 18,

22, PI. Ill) the

«angular» of Huxley’s description in 1876 may possibly include both the homologue of
the dental and supraangulo-angular of the Coelacanthids, while the «dental» of the same
description seems in fact to represent one or more of the most anterior infradentals of the
Rhipidistids. Thus the latter bone may in my terminology used here be provisionally
called the splenial.I) It seems as if the reduction both in the hyoid arch and opercular
apparatus has taken place independently in Coelacanthids and Dipnoans, as the primitive
Rhipidistia generally may have been normally developed in this respect.
In a number of Rhipidistids too the axial skeleton was developed in somewhat
the same way as in Dipnoans and Coelacanthids, which in this case thus do not occupy
any special separate position. As is shown by the investigations of Schmalhaussen (1913 a)
summarized above, the diphyceral caudal fin of the Coelacanthids is probably developed
secondarily from a Rhipidistid fin of the type

found in Eusthenopteron and

thus need

not imply any direct relationship with the Dipnoans.
Finaly it ought also to be mentioned that in the Coelacanthids an internal nasal
aperture situated similarly to that of the Dipnoi is quite absent, while on the other hand
such an aperture is found in

the

Rhipidistids

(Stensio,

1918 c,

p. 120;

Dollo,

1895,

p. 109; Watson and Day, 1916, p. 24), e. g. Dictyonosteus, Osteolepis, Diplopterus, Rhizodopsis
and Megaliclithys. The nasal apertures of the

Coelacanthids

show

instead almost the

same conditions as those of the Actinopterygians, a fact that thus does not seem to
support the view that their air bladder had a respiratory function.
The facts mentioned here and what has been said of the caudal fin above (p. i3i)
ought to show sufficiently clearly that characters indicating a very close affinity between
Coelacanthids and Dipnoans really do not exist. Several of the resemblances between
them are, as can clearly be seen, parallelisms.
l) As will, be seen from the works cited above and from K. Furbringer’s exposition in 1904 (pp. 442—444),
there has been much discussion in the litterature on the homologues of the membrane bones of the mandibula in
Ceratodus.
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Before leaving- the Dipnoans there is, however, one more matter that is worthy of
attention. As now it seems to be practically proved that not onty Coelacanthids but
also certain of the Rhipidistids had an articulation between the palatoquadrate and the
posterior part of the orbitotemporal region, this fact removes, in my opinion, one of the
most important differences between the Dipnoi on the one hand and the Rhipidistids and
Coelacanthids on the other. We have in these Crossopterygian forms simply the original
type from which the autostyly of the Dipnoi must have arisen, and not only is this true, but,
if Watson’s statement 1912 (1912 a, p. 9) with regard to Megalichthys proves to be correct
there are also forms among the Crossopterygians which bear a considerable resemblance
to the Dipnoi inasmuch as they have a rather firm connection between the palatoquadrate
and the neurocranium.
The study of the Coelacanthids thus seems also to be of help in throwing fresh
light on the relationship of the Dipnoi to the Crossopterygians. According to our present
knowledge (cf. Dollo, 1895, pp. 105—no; Watson and Day, 1916, pp. 41—45) the latter
or forms very nearly allied to them must be considered as the ancestors of Dipnoans,
and must consequently be grouped closely together with them from a systematic point
of view (cf. Dean,
Dipnoi from the

1900, p. 29).

There is thus no justification at all for separating the

other Teleostomes, as has hitherto often been done (cf. Dollo,

1895,

p. 113).

Coelacanthids and Actinopterygians.
In the primordial neurocranium of primitive Actinopterygians we find, as will be
seen from the description of Birgeria mougeoti (Agassiz) given below in this work, at
least the following bones: a basioccipital, a paired prootico-opisthotic,

comprising also

the homologue of the epiotic, a paired autosphenotic and an unpaired sphenoid.
Of these the two

prootico-ophisthotics are

certainly on the

whole

considerably

larger and stronger than is the case in the Coelacanthids, but as in these, they only extend
forwards to the posterior boundary of the exit for nervus facialis.1) The sphenoid is also
large and corresponds in its extension rather closely to the similarly termed bone in Dictyonosteus (Stensio, 1918 c) having, as in this form, its pars basisphenoidea extending into
the labyrinth region behind the fossa hyphophyseos and thus belonging with this part
to the chordal region of the cranium. Basipterygoid processes are present, but are situated
low, and there is no connection between them and the palatoquadrates. As far as one
can see from the facts mentioned, the primitive Actinopterygii thus show,

in spite

of

great differences, a decided approach to the Crossopterygian type.
As I have tried to show*, the Coelacanthids, like the higher Actinopterygians, seem
to have had a myodome developed, and, if my opinion is correct, this, although it has
arisen quite independently of that in the Actinopterygians,

has still been developed in

close relation to the so-called

is

canalis transversus,

(Gegenbauer, 1872, pp. 75—79; Sagemehl,

which

1884, pp. 215—217;

pierced by v. pituitaria
1885, pp. 85—87;

1891,

pp. 574—575; Allis 1909 a, pp. i83—208; 1914 a, pp. 225—253; 1918 a, pp. 241—246).
T) In higher Actinopterygians the prootic generally extends, as is known, forward to the exit of the trigeminus
and often surrounds the foramen prooticum.
Stensio, Triassic Fishes from Spitzbergen.
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In primitive Actinopterygians we still find,

as we

shall see,

the myodome

in a very

primitive stage of development.
The parasphenoid of the primitive Actinopterygii, unlike that of the Coelacanthids
and the Rhipidistids,
Several of the
found

fused

with

ever, taken

place

is characterized by the strong and high

processus

ascendentes.

membrane bones that were independent in the Rhipidistids
one

another

in

the

Actinopterygians.

partly in another way than in

These

fusion

the Coelacanthids.

have,

Thus

are

how¬

while the

membrane bone-plates on the dorsal side of the ethmoidal region in the Coelacanthids
have comparatively well preserved their primitive arrangement and to a certain extent
their mutual independence as well, they exhibit in Actinopterygians in general a stronger
degree of specialisation.

It is however,

detailed

homologues

account

of the

the Actinopterygii,
pterids

and

but

I

refer

Saurichthyids

the

given

of

not

reader

below

convenient

the

in

to

elements
the

this

in this
on

the

connection to
ethmoidal

give a

region

description of Palaeonicids,

work,

where

the

recent

of

Cato-

forms

are

also dealt with.
Further it seems to be evident that the so-called dermopterotic («squamosal») of
the Actinopterygii or its equivalent (the dermal component in the so-called pterotic of
the Teleosteans) corresponds both to the supratemporal and the intertemporal of the
Rhipidistids (cf. Regan, 1904, p. 33g; Allis, 1919 b, pp. y3—77). On the other hand it
is more

difficult to be quite certain as to the homologues of the cheek-plates of the

Actinopterygians as the course of the sensory canals and the so-called «pit-lines» in the
primitive forms among them is inadequately known. It seems, however, to be certain that
at least the posterior part of the large «preopercular» in the Palaeoniscids, Platysomids
and Catopterids (cf. my description of these forms below, and Gregory, 1915, p. 332)
and the whole

of the bone

that is termed the preopercular in higher Ganoids and

Teleosts are homologuous to the similarly termed bone in the Rhipidistids. In addition
we also find, as will be seen from the account given below in this work, in Saurichthyids,
Chondrosteids and Acipenserids an independent element probably corresponding to the
quadratojugal of the Rhipidistids. It seems probable too that this element is contained
in the posterior

part

of the

maxillary if Palaeoniscids,

Platysomids

and

Catopterids,

while in other Actinopterygians it may either be reduced (certain higher Ganoids and
at

least

the

postorbital-

majority of Teleosts)

(suborbital-)

plates

or represented by* one

(Semionotids,

Eugnathids

or

and

more

of

the

ventral

other higher Ganoids).

In higher Ganoids the post- and suborbital sections of the infraorbital canal may
generally run through the so-called «circumorbitals», which to judge at least from the
conditions in Semionotids and Lepidosteus (Allis, 1905, pp. 407—417), seems to me most
probable.1) Then the circumorbital plates

situated behind,

beneath and in front of the

orbit should together correspond to the postorbital, jugal and lacrymal of the Rhipidistids.
For the same reason the bones in the infraorbital chain of the Teleostei ought together to
correspond to some extent to the bones mentioned in the Rhipidistids.
z) According to Cqllinge (1894 a- PI. I, fig- 4) the sections in question of. the infraorbital canal in Dapedius
pass off through the postorbitals (suborbitals) and the maxillary. This view does not, however, seem to be supported
by the knowledge we now possess of the course of this canal, e. g. in Lepidosteus (Allis, 1905). The course of
the anterior part of the supraorbital canal in Dapedius as given by Collinge seems also very doubtful.
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As we know, there is no cheek-plate"’ in the Actinopterygians that can be directly
compared with the squamosal of the Rhipidistids. Watson and Day (1916) have shown,
as has been pointed out above,
squamosal

that in primitive

forms

among the Rhipidistids

the

consists of several independent elements, and I now think that this fact can

guide us in judging of the conditions in the Actinopterygians.

Thus one may venture

the supposition that all the homologues of the elements forming the squamosal in the
Rhipidistids

have

never

been

fused

with

one

another into

one

bone-plate

in

the

Actinopterygians, but that they were either distributed among the surrounding bones
or with partial transformation had been fused into certain larger units which afterwards
preserved their mutual independence or else were finally more and more reduced. In the
Palaeoniscids, Platysomids and Catopterids it is conceivable that the original squamosal
elements were divided up between the maxillary and the

preopercular and

have even possibly provided material for the so-called postorbitals;

that they

in certain Proto-

spondyli, such as the Semionitids and Eugnathids, they all probably provided material
for

the

majority

of the

so-called postorbitals

(suborbitals);

—

the ventral

one,

some of them, can probably, as we have seen, be considered as corresponding to
quadratojugal;

in

the

Teleosts

the

homologues

of

the

or
the

squamosal elements usually

seem to be reduced. Sometimes, however, it is possible that parts of them may persist
in the plates of the infraorbital chain, in the cases when these plates are much developed
and cover the cheek between the orbit and the preopercular to any great extent.
The large

pterygoid of the Coelacanthids together with

the

quadrate and

metapterygoid usually resemble the suspensor)r apparatus in the Teleosts.

the

Owing to

this fact it has hitherto been thought that the hyomandibular was intimately fused with
the palatoquadrate, a view that I have been able entirely to refuse in this work.
In the presence of a strong
(Goodrich,

urohyal

the

Coelacanthids

resemble

the

teleosts

1909, p. 350) and, as I shall show below, also certain Palaeoniscids (Acro-

rhabdus).
As far as

can be judged

at present from the

skeleton

of the head,

the fossil

Crossopterygians have undoubtedly a more primitive appearance than the Actinopterygii
(Abel, 1919, p. 155). *) These latter appeared as early as in the middle Devonian well
differentiated from the Crossopterygians and so far no Crossopterygian form
from which the Actinopterygians could have arisen.

is known

Since, however, as we have seen,

it is evident that the more primitive forms among the Actinopterygians resemble the
Crossopterygians in certain r.espects with regard to the skeleton of the head, and in a
number of other respects can from a theoretical point of view easily be derived from a
Crossopterygian-like type, it seems not improbable that they originate from some early
Devonian

or Upper Silurian form,

from which the

Crossopterygians have also been

developed (cf. Abel, 1919, p. 184; Stromer, 1920).
It seems fairly

certain that this common

ancestral form resembled the Crosso¬

pterygian type with regard to the cranial skeleton,
pp. 185 —186; Braus, 1901,

p. 287;

and several authors (Abel,

Gegenbaur, 1873, 1876,

1894, 1898;

1919,

Goodrich, 1909,

pp. 106—109; Stromer, 1920, p. 17; Jaekel, 1909a, b; Simroth, 1891, pp. 842—351) have

3) An opposite view is maintained by Regan (1904, p. 347) and several other authors.
18*
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maintened that this is true of the development of the paired fins as well. The reductions
which according- to a view of this sort have taken place in the skeleton of these fins
are caused, according- to Abel (1919, p. 185) by the adaption of the Actinopterygians
for rapid swimming at a very early phylogenetic' stage.
The pectoral fins of the Coelacanthids have a certain interest in this connection,
as their skeletons, as Woodward (1895 a, pp. 3—4) and Wellburn (1901, pp. 71—72) have
emphasized, resemble that of the Actinopterygians to a certain extent, a fact that seems
to support the view that a developing of the paired fins of the Crossopterygians in the
direction towards the Actinopterygian type could probably take place fairly easily.
In the continuation of this work I shall have a further opportunity to enter on a
number of theoretical questions with regard to the skeleton of the paired fins and so
I confine myself here to what has been said (cf. my description below of the skeleton
of the ventral fins in Birgeria mougeoti and Saurichthys ornatus).

Coelacanthids and Tetrapods.
According to the
to

descend more

forms

that

were

or

view now prevailing the Tetrapods are supposed as we know,
less

closely

directly from some
allied

to

the

Crossopterygian forms or at any

Crossopterygians

(Baur,

1896;

Birks,

rate
1916;

Broom, 1913c, d; Dollo, 1895; Gregory, igi3, 1915; Modie, 1908; Pollard, 1892; Smith,
1912;

Thevenin, 1910;

Among the known

Watson,

1912a; igi3b;

Crossopterygii

Woodward,

1898a,

pp. 123 —125,

the Rhipidistids are justly considered to

etc.).

show the

closest relationship to the Tetrapods. We have seen above that the Coelacanthids, on
account of their specializations, have been thought to differ greatly from the Rhipidistids
and thus from the ancestral forms of the Tetrapods as well. The Spitzbergen Coelacanthids
described above have, however, helped in this case to give us to some extent another
view; it is certain that in spite of their specialization the Coelacanthids have preserved
a number of primitive characters and that because of this they show obvious resemblances
to the primitive Tetrapods.
It is not my intention within the limits of this work to embark on an exhaustive
account of the relations between Coelacanthids and Tetrapods and I have accordingly
confined the following exposition merely to certain details with regard to the structure
of the head. I have taken the Stegocephalians as types

of the Tetrapods and among

them especially the two sub-orders Tetnnospondyli and Stereospondyli.
The

Coelacanthids and also the Rhipidistids have,

with

regard to the general

shape of the primordial neurocranium, resembled the Tetrapod type more closely than
other known fishes. Tis is due, in the first place, to absence of a real postorbital process,
but in addition a number of other

common features, although less prominent and at

the same time less important, can also be traced with regard to the mutual relations
and the shape of the different regions. Further there is often a certain habitual agreement
between the Coelacanthids on the hand one and certain Temnospondyli and Stereospondyli on
the other with regard to the distribution of the ossified and cartilaginous (possibly also
membranous) parts of the primordial neurocranium. But in this case it is, at least to
some extent, not a question of any primary resemblance, but a secondary one, due to
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a reduction of originally stronger ossifications. In the case of the Stegocephalian orders
mentioned a reduction of this sort has been clearly shown by Watson (1919) and with
regard to the Coelacanthids I have myself already pointed out in this work that the
same thing can be observed, at least in the orbitotemporal region.
In the Temnospondylous and the Stereospondylous Stegocephalians and especially
in the more primitive forms among them, the occipital region is well ossified. As Watson .
(1919, pp. 62—63) has pointed out, everything indicates that this was also the case in
their ancestors too. On the other hand, in the Mesozoic Coelacanthids, as we have seen,
the same

region has, to a very great

extent,

been cartilaginous.

A basioccipital

is

known with certainty only in one genus, Undina, and it is impossible to decide whether
a slight degree of ossification like this is to be regarded as primary or secondary, as
we do not know the conditions either in the more primitive Palaezoic representatives
of the Coelacanthids or in the Rhipidistids.
With regard to the occipital region it is thus impossible to decide with certainty
whether it offers any common features of a more special nature in fossil Crossopterygians
and primitive Tetrapods.
If, on the other hand, we pass to the labyrinth region, we undoubtedly find better
agreement. In the more primitive Temnospondyli and Stereospondyli both the prootic and
the opisthotic are as a rule developed, but in more specialized, youger forms, on the
contrary, these bones are reduced (Watson 1919, pp. 62—63; Broom igi3 e, pp. 573—
574, 583—588). The opisthotic, when present is,

however,

often found fused with

the

lateral occipital or in exceptional cases (Pteroplax) with the prootic (Watson,

1912 a,

p. 7;

1913 e,

1916, pp. 612—618, 63o—632;

1919, pp.

14, 26,

50—59,

62—63; Broom

PP- 573, 574, 583, 584, figs 6 B).1) The prootic of primitive forms (Huene, igi3, pp. 3i8
—322, 378;
fig. 1;

1919,

Broom,
pp. 19,

1913 e,
23, 26,

pp. 574,
52,

587;

Watson,

55, figs. 11,

12,

1912 a,

14,

16;

p. 7;

Wiman,

1916, pp. 615—616,
1914 b, pp. i3,

19;

PI. II, fig. 5,6; PI. V, fig. 4)2) extends in a dorsal direction up towards the cranial roof
in such a way that its uppermost part bears a considerable resemblance both in shape
and position to the dorsal process (fj), from the prootico-opisthotic of the Coelacanthids.
The lower part of the same bone, on the other hand, may even in the primitive forms not
infrequently be thin and weakly developed but it seems from Watson’s exposition 1919 (pp.
51— 59) that it originally in the earliest Stegocephalians ought to have been strong and to have
at least to some extent resembled its homologue in Coelacanthids. Finally it is especially note¬
worthy that the autosphenotic («postorbital ossification*,

«postfrontal» in the sense of

substitution bone), which is otherwise so distinctive a feature for the majority of the
Teleostomi, is lacking both in the Coelacanthids and Rhipidistids just as in the Tetrapods.
J) The opisthotic of Wiman’s descriptions (1914 b; 1916 b, 1917) may after all be only a ventral process from
the tabular. At least in Platystega and Lyrocephalus I have found the opisthotic as an independent bone, lying
immediately anterior to the exoccipital. In Lyrocephalus (PI. 20, fig. 4) however, it is very small.
2) In PI. 20 fig. I have figured the prootic of Lyrocephalus euri. In the specimen figured it is undoubtedly
an independent rather thin and short plate of bone pierced by a foramen probably for the facialis nerv. After all
this plate has had no direct relation to the labyrinth and might correspond to a dorsal part of the same bone in Eryops
The prootic and sphenotic of Wiman’s description 1916 (1916 b, pp. 21^—218; PI. XVI, fig. 4) are only parts of
the otic process of the epipterygoid, as can clearly be seen from the figure published by me on PI. 20, fig. 3 (cf.
Watson, 1919, pp. 28, 52, 58, figs. 12, 14).
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The most striking resemblance between the Coelacanthids and the Temnospondylous
and Stereospondylous Stegocephalians with regard to the ossifications of the primordial
neurocranium is seen in the orbito-temporal region. If we first examine the basisphenoid
we find that in such forms as Loxomma, Eryops, Laccocephalus, Capitosaurus1) etc. (Huene,
1913, pp. 3ig—322, fig. 6; Broom, igi3e, p. 587, fig. 14; Broili, 1917, pp. 572—574; 1918,
p. 173; Watson, 1912a, pp. 2—3, 7—9; 1916, pp. 6x2—618, 63i—632; 1919, pp. 10, ig, 27,
51—59, figs, xi, 12)

it showed

is situated with its

corpus behind the fossa hypophyseos and as the corpus is often

the same conditions

as

in the Coelacanthids.

Thus it

rather high it forms a high dorsum sellae. To judge from this position it seems probable
that the corpus belongs to the
cesses are often

developed in

Actinodon, Archegosaurus,

chordal

position

of

primitive

forms

such

the
as

cranium.

Basipterygoid

Loxomma,

pro¬

Pteroplax, Eryops,

Cacops, Broiliellus, etc., but are generally lacking in younger

and more specialized forms.

— Watson (1912 a, pp. 9—10) has shown in Megalichthys

that with regard to the basisphenoid the Rhipidistids are developed in about the same
way as the Coelacanthids and thus present a good resemblance to the Stegocephalians.
I have myself pointed out above (p. 60) that this was also true in Dictyonosteus, although
in this species the basisphenoid is not, however, an independent bone but forms a part
of the large sphenoid.
The ossified part of the interorbital wall which constitutes the alisphenoid in the
Coelacanthids is part of the so-called sphenethmoid in Eryops (Broom,

19i3 e, pp. 587

588, figs. 14—17; Watson, 1919, fig. 11 A,B; Broili, 1917, pp. 572—574), Pteroplax (Watson
1912 a, p. 7), Lyrocephalus (Wiman, 1916 b, pp. 216—219, PI. XVI, fig. 4) and probably
other allied forms (cf. Broili, 1918, p. 173) in exactly the same

way as the pars ali-

sphenoidea in Dictyonosteus is part of the sphenoid. It seems also probable that in certain
primitive Stegocephalians the basisphenoid too was
sphenethmoid (Pteroplax, Watson 1912 a, p. 7;
consequently have

also

in this respect

an integral

1917 p. 981),

a remarkable

part

and,

of the

if this

so-called

be true,

we

agreement between them and

Dictyonosteus. Finally it is also worthy of mention that both in primitive Stegocephalians
and in Dictyonosteus the middle and anterior parts of the so-called

sphenethmoid and

sphenoid respectively seem to correspond most closely to the orbitosphenoid.
With

regard

to the

skeleton

of the ethmoidal

region it is of interest in this

connection to find how in such forms among the Stegocephalians as Eryops, Trimerorhachis. and Zatrachys the septomaxillaries seem to occupy almost the same position in
relation
igi3 e,

to the nasal
figs.

11,

19,

capsules
21;

Abel,

as the
1919,

preethmoids
p.

237,

figs.

in the
185,

202,

Coelacanthids
211).

(cf.

Broom,

According to the

prevalent view, however, the septomaxillaries are supposed to belong to the category
of membrane bones, while the preethmoid, as we have seen, forms an ossification in the
ventral and middle part of the cartilage of the ethmoidal region. Gaupp (1905, pp. 617,
746, 756, 773) also states very definitely with regard to the recent Amphibia and Reptilia
that the septomaxillaries are not to be homologized with the preethmoids.
Huene’s (igi3), Broom’s (igi3e) and Watson’s (1916; 1919) descriptions and figures
of

Eryops

and

Capitosaurus

(£f. also

Broili,

1917;

Abel,

1919)

[) According to Watson (1919, p. 27) the basisphenoid is paired in Capitosaurus.

show

very

clearly
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that there
the

cranial

one hand
find,

were

inter

considerable

resemblances

in

many

respects between the shape

of

cavity in Temnospondylous and Stereospondylous Stegocephalians on the

and Coelacanthids and Rhipidistids on
alia,

formed by the

a deep

fossa hypophyseos with

basisphenoid

corpus.

In

the

other. Thus in

a well-developed

addition

there follows

both cases

dorsum., which

in the

cranial

we
is

base,

caudally of the basisphenoid corpus, another deeper fossa, which was presumably filled
with

cartilage to a great extent or even

entirely, and

the

farthest

posteriorly,

the

basioccipital. Finally it is also interesting to find that the portion of orbitotemporal region
that is situated between the canalis transversus and the foramen opticum is rather long-.
The nerve exits in the Crossopterygians and Stegocephalians in question, at least
in the orbito-temporal region and the anterior part of the labyrinth region, have also
shown rather similar conditions. In this connection it is of special importance that the
exits

of the trigeminal branches were situated

immediately above

the

basisphenoid

corpus in front of the prootic. While all the trigeminus branches were probably trans¬
mitted at this place in the Stegocephalians, this does not seem to have been the case
in the, Rhipidistids and the Coelacanthids. For in these the ramus ophthalmicus profun¬
dus, as far profundus as we can judge, has pierced the cranial wall considerably farther
forward and has emerged into

the

orbit antero-medially of the basipterygoid process.

In several Rhipidistids there is undoubtedly an inner nasal aperture developed as
in the Tetrapods, while this is lacking, as we have seen, in the Coelacanthids.
A characteristic common feature of the parasphenoid of Stegocephalians, Rhipidistids
and Coelacanthids is the absence of processus ascendentes, while as we shall see, such
processus are, on the contrary, strongly developed in the primitive Actinopterygians.
One of the

grounds for

considering the Rhipidistids as

ancestral forms of the

Stegocephalians is, as is known the resemblances of their membrane bones above the
labyrinth and orbitotemporal regions. As is clear from my exposition in this work the
Coelacanthids are in this respect rather specialized and thus cannot be directly compared
with the Stegocephalians.
The parietal, supratemporal, intertemporal, tabular, postparietal, frontal and post¬
frontal (dermosphenotic) of Rhipidistids usually seem to have been taken as homologues
or approximate homologues of the similarly denoted bones in Rhipidistids (cf. Allis, 1899,
pp. 58, 67—70; 1919b, pp. 82—86; Baur, 1896, pp. 658—662; Goodrich, 1919, pp. r86—187;
Gregory, 1915, pp. 325—338; Moodie, 1908, pp. 511—538; Pollard,

1892a, pp. 408—412;

Watson and .Day, 1916, text fig. 9; Woodward, 1898 a, pp. 123—125, fig. 81).
Among the Stegocephalians the intertemporal occurs,
element only in certain primitive forms;

however, as an independent

as a rule in the other forms it seems most

commonly to form part of the bone that is called according to the current terminology
the supratemporal, which, under these circumstances, would be a supratemporo-intertemporal as in the Actinopterygii (cf. Allis, 1919 b, loc. cit.). In certain forms, however,
it may have fused with some other of the bones situated close to it.

The postparietal

is paired in the Stegocephalians, unpaired, on the other hand, in the Rhipidistids. Finally
the postfrontal of the Stegocephalians has practically always a considerable extension
above the orbit. As anteriorly it is attached to the bone that is sometimes called the
lacrymal, sometimes the prefrontral and independent supraorbital 'elements are lacking,
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it looks as if it comprises both the homologue of the dermosphenotic of the Rhipidistids
(the postfrontale in the sense of a membrane bone) and the homologues of one or more
of the posterior supraorbitals Of these fishes.
Neither in Coelacanthids nor in Rhipidistids have

we

previously had sufficient

knowledge of the membrane bones on the ethmoidal region to enable us even approximately
to compare them with those of the Stegocephalians. It is true that Watson and Day’s
observations on the Osteolepis and Glyptopomus published in 1916 and Birks’ paper on
Megalichthys published the same year constitute a great advance in this respect, but it
is only on the basis of the results given above, arrived at by my

investigations

of

Eusthenopteron, Dictyonosteus and the Coelacanthids, that we are able to attain to some
extent a real understanding of the arrangement and morphological value of the bone
elements in question. — It is especially noteworthy in this connection,

as we have

seen, that the Coelacanthids too have preserved a rather primitive character, in this respect.
As far as we know (cf. text figs. 43, 44, 51, 57, 58) the membrane bones on the dorsal
surface of the ethmoidal region both in Rhipidistids and Coelacanthids are arranged in
the following way. 1) Farthest laterally we find on each side a number of rather small
nasal elements or one larger nasal plate, apparently formed by fusion of a number of
originally inedpendent elements. In Dictyonosteus there are three nasal elements on each
side; in Eusthenopteron, on the other hand, they seem to be fused into one plate and in
the Coelacanthids not only in this the case but the nasal elements may also have fused
with the antorbital elements as well. As the original number of nasal plates on each
side seems to have been at least three, I shall speak of a nasal series

of elements in

the continuation. This series is pierced by the supraorbital canal and is also characterized
by its position on the dorsal side of the nasal capsule and by the fact that it always
forms the

dorso-medial boundary of the external nasal aperture(s).

2) Medially of the

nasal series there is usually one paired, fairly large bone-plate, the postrostral, which meets
that of the opposite side in a median suture. In Dictyonosteus and certain Coelacanthids the
postrostral is represented on each side by an anterior and a posterior plate, in Eusthenopteron
and a number of Coelacanthids, on the contrary, only one larger plate is present. It is
probable, however, that the original number on each side was at least two, a view that
seems to be also supported

by Watson and Day’s restorations of Osteolepis, provided

that these are correct. 3) A paired or unpaired bone-plate, generally rather small,
always
anterior
usually
rostrals,
nasal

wedged

elements).
consisting
extends

series,

paired).

in

the

between
I
of

have
a

the

number

across the

the

of

and

the rostrals

ends

name

rather

anterior end

postrostrals

Anteriorly

anterior

chosen

the

of
of

the

small

elements

of the snout

interrostral

are bounded

by

postrostrals

interrostral

which

(or

their

this.. 4) A
I

have

is

most
series

termed

immediately in front of the

(possibly
the

for

interrostrals,

premaxillae and an

if

it

was

additional

characteristic of them is that they are pierced by the ethmoidal commissure between
the infraorbital sensory canals.
It is of special importance to note in this connection too that the premaxillae in
both Dictyonosteus and Eustenopteron

do

not extend on

to the

dorsal surface of the

ethmoidal region or do so to only a very slight extent; they are very low and give
the impression of having arisen by fusion of bases of teeth (cf. Allis 1919 a).
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In certain Stegocephalians we find a distinctly developed ethmoidal commissure
between the infraorbital canals (Tertrema, Wiman, 1914 b, PL VII; Loxomma,
and Atthey,

Embleton

1874, PI. IV). This commissure is situated there on the premaxillae. In a

number of forms the supraorbital canal also extends into

the premaxillary

on

each

side and may anastomose there with the ethmoidal commissure as in Tertrema (Wiman,
loc. cit.). Now since, as we know, the premaxillae of the Stegocephalians often have a
rather considerable extension backwards over the dorsal surface of the ethmoidal region,
and also always form part of the dorso-medial boundary of the nasal apertures, it can
of course scarcely be doubted that these bones are not homologous with the similarly
termed bones in Dictyonosteus and Eustlienopteron. For, as far as one can see, they seem
in the first place to correspond not only to the premaxillae of the Rhipidistids but also
to the rostrals of these fishes (cf. Allis, 1898, pp. 450—456), and it is also very probable
that in their posterior part, medially of the external nasal apertures, the most anterior
elements of the nasal series are included. In certain Stegocephalians, as e. g. Keraterpeton
(Fritsch,

i883,

vol. I,

p. i3g, fig. 83),

it seems,

at least to judge from their extension

backwards, that even the homologues of the interrostrals might occasionally be fused
with the premaxillae. On the other hand the homologues of the postrostral elements on
each side, by fusion with the homologues of the middle element of the nasal series of
its side and often probably with the homologues of the interrostral as well, has given
rise to the large paired bone-plate, called

«nasal»

in the

Stegocephalians. The most

posterior nasal plate in Stegocephalians is, to judge from the course of the supraorbital
canal, probably fused with the bone that is sometimes called the adlacrymal, sometimes
the lacrymal.
The conditions just described also seem to explain the appearance of certain un¬
paired elements in the cranial roof of Stegocephalians.

Thus Watson’s internasal (cf.

Wiman, 1917, pp. 232—-236; Broili, 1917, pp.571—576; Watson, igi3a, p. 340; Gregory, 1917,
pp. 977, 979, 980) seems apparently to correspond to a rostral element, and the so-called
interfrontal might eventually correspond to a pair of fused postrostral plates. It is more
probable, however,

that the interfrontal is homologous with a bone of Dipterus valen-

ciennesi lettered by Pander 1858 in his PI. 3, fig. 1 with the figure 3.
With regard to the membrane bones of the cheek I must first of all strongly con¬
trovert the view

of Baur (1896) ,and a number of succeeding authors

(Moodie,

1908;

Allis, 1898, pp. 439—445; 1919b, pp. 81—86) that the squamosal (paraquadrate, Gaupp,
1895) of the Stegocephalians corresponds to a preopercular and their quadratojugal to a
subopercular or preopercular.1) The knowledge we now possess of the skeletal elements in
the cheek of Rhipidistids and Coelacanthids and the course of the sensory canals, shows us
that Baur’s homoligization cannot be correct. Similarly it is evident that the quadratojugal
of the Stegocephalians cannot correspond to an interopercular, as Gregory (1915, p. 335)
has maintained. It seems instead to be fairly certain that the bone termed the squamosal
in the Stegocephalians is a squamoso-preopercular and the quadratojugal a preoperculoquadratojugal in the same sense as in the Coelacanthids. It is also probable that in the
same way as in the Coelacanthids the jugal of Stegocephalians includes both the homo1) That Pollard’s view 1892 (1892 a, p. 410) in this case is still more wrong is easy to understand from
the facts put forward above.
S ten si 6, Triassic Fishes from Spitzbergen.
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logues of the jugal and the lacrymal of the Rhipidistids, according to the terminology
used by Watson and Day (1916) and Goodrich (1919). Finally with regard to the postorbital
of the Stegocephalians it is not possible to establish whether it corresponds to that of
the Rhipidistids alone or whether it has other components as well.
As is seen, the cheek plates of the Coelacanthids thus practically all show a similar
composition to those in the Stegocephalians.

It appears most probable,, however, that

this is not a primary agreement but a secondary one, originating in both cases from a
Rhipidistid-like type.
We have found that the palatoquadrate of the Coelacanthids and probably of the
Rhipidistids is attached to the posterior part of the orbitotemporal region in about the
same way as in the primitive Stegocephalians. In addition it is also striking that in the
majority of Coelacanthids and at least in certain Rhipidistids the entopterygoid has been
exceedingly high and wide at its posterior part,

owing to which it has a considerable

resemblance to that of the Stegocephalians.
The mandible of the Coelacanthids is, as we have seen, more specialized than that
of the Rhipidistids and therefore different from that of the Stegocephalians in various
respects.

It still preserves

certain primitive features, however, and such bones as the

coronoid and the compound splenial (infradental) show relations somewhat like those
of the similarly termed bones in the Stegocephalians.
With

regard to

show at least a

the hyoid arch

superficial

the

resemblance,

Coelacanthids and the primitive Tetrapods
inasmuch as its dorsal part is considerably

reduced. In Rhipidistids, on the other hand, according to Traquair’s (1881, p. 171) and
Watson and Day’s (1916, p. 16) statements, a hyomandibula which, if not strongly ossi¬
fied, is still somewhat large is developed,

and it seems very probable that under such

circumstances the reduction of the hyoid arch in the Coelacanthids ought to be con¬
sidered as an independent specialization not implying any relationship with the Tetrapods.
Finally the sensory canals in Stegocephalians shows in their course considerable
resemblances in several respects with those both of Coelacanthids and Rhipidistids, as
is clearly shown by Goodrich’s (1919) figures of Osteolepis and my own figures in this
work of Dictyonosteus, Eusthenopteron, Wimania and Axelia.
*
The facts mentioned above ought to show that the Coelacanthids too have contri¬
buted essentially to a correct understanding of the fossil Crossopterygii and of the affi¬
nities of the latter with the Tetrapods. We can now see more clearly than before that
the Stegocephalians most closely resemble in several

respects the fossil Crossopterygii

and among them specially the Rhipidistids. I consider it improbable, however, that the
Tetrapods

originate from

Ripidistids

of any known type.

It is true that among the

primitive Teleostomi the ancestral form of the Stegocephalians has apparently resembled
most closely the Rhipidistian type,

but it must,

however,

have been still more primi¬

tive than this. We must suppose, for instance after what we have seen with regard to
the relations of the membrane bones in the roof of the ethmoidal region, that this primi¬
tive ancestral form had the dermal skeleton of the cranial roof over the labyrinth and
orbitotemporal region

developed somewhat as is

found

in Dipterus valenciennesi,

and
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according to
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pattern still seen more or less distinctly

persistent in Dictyonosteus, Eusthenopteron and Coelacanthids. Moreover, the bone-plates
of the cheek must also have

consisted

of a larger number of independent elements

than is found in, e. g., Holopthychius (cf. Watson and Day, 1916, pp. 2—7, 22, fig. 1).—
In other words,
the

dermal

in this theoretical

skeleton in the

ancestral form

large number of fairly small plates,
or perhaps all
ahd

of the

of Tetrapods and Crossopterygians

cranial roof and cheek

would have consisted of a rather

arranged in a certain regular way.

The majority

elements for which we now use the same names in Tetrapods

fossil Crossopterygii would not be inherited as

such

from

a

common ancestral

form, but might have arisen independently in both cases.
If my view with regard to the common ancestral form of the Rhipidistids and Tetra¬
pods is correct, it also implies that the Tetrapods were developed very early probably
in lower Devonian or even in upper Silurian (cf. Sromer,

1920; Broili,

1918,

p. 165).

Concluding remarks on the systematic position of the Coelacanthids.
I have been able to show in this

work the

untenability

of the view maintained

by Goodrich 1909 and to some extent by Watson (1912) as to the mutual relations of
the Coelacanthids and the Rhipidistids.

On the other hand Goodrich’s assumption as

to the relationship of the Polypterids has partly received additional support, and because
of this I have considered that I ought to

separate these

from the fossil Crossopterygii

and place them as an independent order between the latter and the Actinopterygii. My
suggestion for a provisional classification will therefore appear as follows:
Order Crossopterygii
Sub-order Haplistia
Fam. Tarassiidae
Sub-order Rhipidistia J)
Fam. Holopthychidae
»

Rhizodontidae

»

Osteolepidae

»

Onychodontidae

Sub-order Actinistia
Fam. Coelacanthidae
Order Brachiopterygii
Sub-order Cladistia
Fam. Polypteridae
Order Actinopterygii.
*) Watson and Day. (1.916, p. 26) point out the great difficulty now present with regard to the subdivision of
the Rhipidistids into families. The prevalent classification in this request has not turned out to correspond to the
natural relationship between the different forms. Both these investigators consider it most convenient at present to
refrain provisionally from any attempt at a classification into families. Birks (1916, p. 327) also came to the con¬
clusion that the subdivision of the Rhipidistids hitherto used is unsatisfactory.
19*
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Order ActinopterygiL
Family Palaeoniscidae.
Historical remarks.
In 1873 Martin (723—734) had grouped the genera Palaeoniscus Blainville, Acrolepis,
Agassiz,

Amblypterus

Agassiz in

Agassiz,

one family to

Pygopterus

which he gave

obtained its present defination

Agassiz,

Saurichthys Agassiz and Cheirolepts

the name

of Palaeoniscidae.

But the family

by Traquair’s works and it is Traquair’s

great

merit

that he has elucidated in detail its systematic position in connection with a thorough
study of the osteology of the forms belonging to it. Traquair’s numerous works on this
subject (cf. Dean,
monograph

1917, Bibliography of fishes, pp.

551 — 557)

and especially his large

on the Palaeoniscids of the British Carboniferous formations (1877—1914)

constitute a great advance in

our knowledge of the

anatomy

of the

more primitive

Actinopterygii in general.
In the work just mentioned Traquair dealt also
Palaeoniscids,

and so

with

the earlier history of the

I merely refer to his account (1877 a,

pp.

1 —13,

34—42)

for

information about this.
In
i8g3 a;

addition to Traquair it is especially Woodward (1889 b, c, d; 1890 a; 1891 b;
1895 a;

1898 a;

igo3; 1906 a, b;

1908 a;

1910 a;

1912

etc.,

cf. Dean

1917,

Bibliography of fishes, pp. 645 — 653), who has devoted his attention to the study of the
Palaeoniscids during

the last few

decades.

Among

other investigators who have also

been occupied with them recently may be mentioned Abel (1919, pp. i83—190), Bridge
(1878, pp. 719—724), Broom (1909 a; igi3 a, b), Dames (1888), Eastman (1907, pp. 256—
274),

Fritsch (1895, vol. 3, pp. 76—80, 83—126),

Goodrich (1909, pp. 210—223;

3o2—

32i), Lambe (1910; 1916), Modie (1915) and Tornquist (1904).
The majority of the investigators who have worked at the Palaeoniscids have in the
main treated their material from the point of view of its classification and stratigraphical
distribution. Besides Traquair, Woodward and Bridge it is thus really only Abel, Broom,
Fritsch and Modie who have made contributions of any great importance to our know¬
ledge of the anatomy.

It is true that in many cases the state of preservation

of the

material present has not been suitable for a more detailed investigation, but sometimes
at least better results could surely have been attained; this is my experience from the
study of the Palaeoniscids from the Triassic of Spitzbergen.

Some remarks on the geological appearance and the geogra¬
phical distribution of the Palaeoniscids, with special reference to
the Triassic forms.
The Palaeoniscids appeared, as has already been mentioned, already in the middle
Devonian with Cheirolepis (Woodward, 1891 b, pp. 451—457) and Rhadinichthys (Traquair,
1910, pp. 126—127; Eastman, 1907, pp. 258—260, 282; Stensio, 1918 a, p. 71) and perhaps
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also other genera).* 1) In the Carboniferous they soon flourished exeedingly and became
wide-spread and during the Permian they were also represented by many forms. They
are still not unusual in the Triassic, but become rare in the Jurassic and extinct in the
Lower Cretaceous

(Wealden)

with

Coccolepis Agassiz

(Woodward, 1898 a, pp. 84—86;

1915, p. 23; Traquair, 1911 b, pp. 9—15).
From
following

the

Triassic,

genera

are

which

is

described:

of special interest
Acrolepis

Agassiz

to

us in this

(Woodward,

connection,

1912,

the

pp. 292—293;

Lambe, 1916, pp. 42—44),2) Apatheolepis A. S. Woodward (Woodward, 1890 a, pp. 12—15),
Atherstonia A. S. Woodward (Woodward, 1889 d; i8g3 a, pp. 3g3—397, Broom, 1913 a, p.3),
Helichthys

Broom (1909 a, pp. 254—258), Gyrolepis Agassiz (Stolley,

1920, pp. 25—29,

75, 79, 83), Myriolepis Egerton (Woodward, 1890 a, pp. 7—11; 1891 b, p. 515)3), Oxygnathus
Egerton (Broom, 1909 a, pp. 259—262), Palaeoniscus Blainville (Woodward, 1908 a, p. 22),4)
Pygopterus Agassiz

(Stolley,

1920,

p. 81)

and

Urolepis Belotti

(De Alessandri,

1910,

pp. 42—49). From strata which might possibly be Triassic but whose age is not quite
certain we have in addition the genera Elonichthys Giebel
Psilichthys Hall (Hall,

1900),

and

(Lambe,

1916, pp. 3g—42),

a supposed Palaeoniscid fish Turseodus Leidy (cfi

Woodward, 1891 b, p. 527) really not determinable.5)
In the Triassic rocks of Spitzbergen are found several genera of Palaeoniscids and
it is evident that the Palaeoniscids there constitute an important part of the fish fauna.
In

1912

Woodward

described

a

number

of Palaeoniscid

remains

in

the

material

collected by B. Hogbom. The new material now present contains a number of additional
forms and at present we know no less than five genera, Birgeria Stensio (1919, pp. 177
—181), Glaucolepis n. g., Pygopterus Agassiz, Boreosomus n. g. and Acrorliabdus n. g.
Birgeria is,

as we shall see,

established for a species that is identical

with or at

any rate very closely related to the species Saurichthys mongeoti Agassiz. As far as one
can judge at present, Glaucolepis seems to resemble Gyrolepis. The species mentioned by
Woodward 1912 (p. 293) under the name of Myriolepis? sp. has with the more complete
material

now

present,

turned out to belong to the genus Pygopterus, while the forms

that he referred te to the genus Acrolepis on the same occasion have revealed themselvet as

JJ Cf. Woodward, A. S., 1916, Quart. Journal, Geol. Soc. vol. 72 p. LXXX.
z) The species described by Lambe as Acrolepis laetus from deposits of probable lower Triassic age in • the
district of Alberta, Canada presumably does not belong to the genus Acrolepis. The Acrolepis species described
from Spitzbergen undoubtedly represent a new genus as we shall see.
I cannot say anything as to the conditions of the two Tasmanian species A. hamiltonii Johnstone and Morton
and A. tasmanicus Johnstone and Morton as the literature about these was not accessible to me (cf. Chapman, 1914).
3) The doubtful Myriolepis from Spitzbergen, noticed by Woodward in 1912 (p. 293), seems in fact to
belong to Pygopterus Agassiz.
*) Woodward is doubtful (1908 a, p. 22) and probably with justice, whether the species from the Triassic
described as Palaeoniscus really belong to this genus.
5) Chapman in 1914 (p. 264) put Psilichthys among the Jurassic fishes. On the other hand in the same work
(p. 263) he considers that all the fish genera described from the Hawkesbury series at St. Peter’s (Woodward.
1908 a) are of upper Triassic age. Thus he even includes the species that Woodward expressly states to be of
Permo-Carboniferous age. With reeard to the Palaeoniscids this means that, besides the genera mentioned above,
Elpisopholis A. S. Woodward ougth also to occur in the Triassic. In this case, however, Chapman’s view does not
seem probable.
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representatives

of a new genus,

Boreosomus. The species noticed by myself in 1918

(1918b, p. 77) as Gyrolepis? sp. also undoubtedly seems to pertain to the new genus for
which I have suggested the name Glaucolepis.
The Triassic of Spitzbergen has thus at least two genera of Palaeoniscids, Birgeria
and Pygopterus,

in

common

with

the

continental

European

Triassic

formations

(cf.

Stolley, 1920, pp. 75—83).

Genus

Birgeria

Stensio.

Synonym: Saurichthys (in part) Agassiz, Poissons fossiles, 1844, Vol. II, part II, p. 85.
As I have had occasion to mention in an earlier notice (Stensio, 1919, pp. 177—178)
we find in
identical

the Triassic

with

of Spitzbergen remains of a large fish, which is apparently

or at any rate

very

closely related to Agassiz’s

Saurichthys mougeoti

(Woodward, 1895 b, pp. 20—21). A closer study of these remains clearly showed, as I
had

also mentioned, that the so-called S. mougeoti is distinguished from

the typical

Saurichthys species, and that it is impossible to refer it to the same genus as these, but
it must be set up as the type of a new genus, for which I have suggested the name
Birgeria after Dr. Birger Sjostrom my friend and
expedition of 1915.

It has appeared, in addition,

companion

during the Spitzbergen

as is also pointed out in my notice,

that the relationship between Birgeria and Saurichthys cannot be particularly close,

and

that the former apparently cannot be referred to the Saurichthyids, but must belong
to the Palaeoniscids.
The Rhaetic species S. acuminatus Agassiz (cf. Woodward 1895 b, pp. 21—22) ought
also to be incorporated provisionally with the genus Birgeria, and with much hesitation
I include in it another species, the so-called Saurichthys annulatus Winkler (Winkler,
1880, pp. i32—135). For the reasons for this I refer to my critical revision of the genus
Saurichthys below in this work (Part 2).
Agassiz’s description of B. mougeoti was published in 1844 (vol. II, part 2, pp. 85—86).
Already in 1837, however, the species in question was mentioned by Hogard (p. 405).
Afterwards a large number of investigators, e. g. Giebel (1848, p. 257), V. Meyer (1849 a,
p. 2o3; 1849b, p. 235), Quenstedt (1852, p. 23i), Schmid (1861, pp. 21—22, erraneously called
S. apicalis),

Eck (1865, p. 120),

Martin (1873, pp. 723—735), Reis (1891,

and Woodward (1895 b, p. 20) have given more or less detailed

pp. 153—154)

descriptions of it. All

the authors mentioned have, however, only been able to extend our knowledge of it very
slightly, because of the very incomplete nature of the material available for them.
The most important characters distinguishing the genus Birgeria can be summarized
as follows:

Large fishes.

The head low

and broad.

Ossifications

neurocranium and the visceral skeleton strongly developed.
stage

of

development.

Mouth large;

suspensorium

oblique.

in

the

primordial

Myodome in a primitive
Maxilla

of

the

usual

Palaeoniscid-type with a sculpture of tooth-like tubercles. Dentition well developed; teeth
pointed and conical with a vertically striated, two-edged enamel cap; basally of this
sometimes only a vertical very fine striation; sometimes in addition rather coarse vertical
ridges, which then in their turn have the fine striae; no plici-dentine is developed. Along
the lateral margin of the maxillary and the dental there is a row of rather small teeth;
medially of them is found another row of much higher and stronger teeth. The pterygoid and
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the mixicoronoid have small teeth. The axial skeleton has a well-developed chorda, and,
at least in the caudal region, ossified neural and haemal arches. From the latter ossified
parts extend dorsally on both side of the ventral half of the chorda forming a sort of
hypocentra. The unpaired fins are strong. The caudal fin is strongly heterocercal, deeply
forked and nearly equilobate. The dorsal and the anal fin with numerous (more than 50)
lepidotrichia. The endoskeletal radials of the dorsal fin with ossifications in the proximal
and middle segments; those of the ventral fin have, only posteriorly, separate ossifications
in the proximal and middle segments; otherwise only a single long ossification in each
endoskeletal radial, extending from the haemal spines to the lepidotrichia. The anal fin
opposite at least the posterior half of the dorsal fins. The ventral fins large with a rather
long base and

consisting of a large number (about 50) of lepidotrichia. In all the fins

the lepidotrichia are unjointed for a short distance proximally; the other parts are closely
jointed. The ganoine ornament is totally lacking on all of them. The rige scales are very
powerful on the upper lobe of the caudal fin; fulcra are not known. The squamation
is reduced except for the dorsal lobe of the caudal fin, where the scales are narrow and
high and without ganoine. The lateral line of the body was surrounded by fine bone-tubes.
Little has as yet been ascertained as to the relationship between Birgeria and other
known genera of Palaeoniscids. It is, howover, presumable that, at least in certain respects,
Birgeria was more specialized than several of the earlier Palaeozoic Palaeoniscids.

Birgeria mougeoti Agassiz.
(PI. 20. fig. 6; PI. 21; PI. 22, figs. 1—3; PI. 23, figs. 1—3; PI. 24, figs. 1, 2.)
Synonyms; Saurichthys mougeoti, Agassiz, i 844, vol.II, part 2, p. 85; for extensive list of synonyms see Woodward A. S.
Catalogue of Fossil fishes in the British Mus., part III, 1893, p. 20.
Detached teeth

of this or possibly of a couple of closely related species as well

are found in several horizons within the Triassic rocks of Spitzbergen (P. i—5, 11, 15,
Si, 48, 52, 603, 62S—624, 626—628,

633—634,

795, 878; some detached teeth in the possession

of Prof. Salomon of Heidelberg). At the fish horizon there occur not infrequently, together
with such teeth, more or less well preserved parts of heads (P. 165, 169, 171, 840—342,
345, 348—849). In addition there were fairly often found in this horizon remains from the
abdominal and caudal regions of a large Palaeoniscid fish, which I am unable to refer
to any species other than B. mougeoti. It is true that I have never found these remains
(P. 148, 144, 150—198,

160—164) in

but the other circumstances

connection

of the finds

with teeth

or crania

and the size suggest very

of B.

mougeoti,

decidedly

that

they belong to this species. Confirmation of this is afforded to some extent by a large
Palaeoniscid-like maxilla with typical teeth

described by me in an earlier paper from

the German Muschelkalk (Stensio, 1919).
B. mougeoti attained

a very

considerable size.

The greatest height

of the body

between the dorsal and the anal fin in specimen P. 1558 was thus no less than 25 cm.,
and a couple of caudal fins (P. ig3, 155c) were probably more than 40 cm high from
the extremity of the dorsal lobe to that of the ventral one. The smallest caudal fin so
far found is more than 20 cm high. The maxilla from the German Muschelkalk is, I have
already stated in my earlier description of this, over 18 cm long. Assuming that B. mou¬
geoti did not differ essentially from

other Palaeoniscids in the shape of the body, we
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may, according to

our

present knowledge, venture to estimate its length in large spe¬

cimens at between i and 2 m.
The primordial neurocranium and its ossifications.
The best and most completely preserved neurocranium (P. 165; text fig. 61; PI. 20,
fig. 6; PI. 22, figs, i, 3; PI. 24, fig. 2)
part.

Its length in

was probably about 11 —12 cm wide at its widest

its present state of preservation

is only about 11 cm, but has un¬

doubtedly been much greater, as both the occipital and the ethmoidal are lacking. When
nothing to the contrary is stated the following description is based on specimen P. 165.
The greatest width

of the neurocranium

was about between the well developed

postorbital processes or was at least not far behind these (text fig. 61). The conditions
of the anterior orbital boundary are impossible to state, but it is evident, however, that the
orbits had a rather considerable size. The interorbital wall is in the wohle thick and strong.
The labyrinth region is wide in its anterior part; the posterior part grows fairly rapidly
narrower and in this way passes, very much

narrowed, into the occipital region.

The

greatest height of the neurocranium seems to be relatively slight, only 3.5 cm., which is
probably partly due to the state of preservation of the cranium in question, as this is
somewhat compressed

in a dorso-ventral

direction.

The maximum height (text fig. 62)

is situated in the posterior part of the labyrinth region; then there follows a somewhat
lower part at about the boundary between the labyrinth and the orbitotemporal regions,
and then once more a somewhat higher portion in the middle part of the last-mentioned
region, after which the height continuously decreases anteriorly. The dorsal side of the
neurocranium slopes gently and uniformly forward and the variations in height present
here are due, as text fig. 62 and PI. 20, fig. 6 show, to sinuations in the basal surface.
The lateral surfaces of the labyrinth region face strongly downwards in the anterior
part. Backwards, on the other hand, this state of affairs gradually changes, so that they
first turn directly laterally and then,

towards the boundary

of the

occipital region,

somewhat backwards as well owing to the rapid narrowing that, as already pointed out,
takes place here. The lateral surfaces of the orbito-temporal region are directed in the
same way as the anterior part of those of the labyrinth region.
The

primordial

neurocranium is

to

an unexpectedly great

extent occupied by

substitution bones. These are often considerably thick and massive and in several places
they have undoubtedly

corresponded to the entire thickness of the cranial wall.

The

smooth periostal lamellae that characterize the exposed surfaces on the substitution bones
in the majority of Teleosts are here in B. mougeoti (P. 165) very thin and usually wea¬
thered away,

so that the

characteristic granulated

other,
surface.

cancelleous substance appears
The centres

and gives the bone a

of ossification, which in most cases are

very distinct in the substitution bones of the Teleosts cannot be traced in this species.
The macroscopic appearance of the bone substance might possibly give the impression
of calcified cartilage. A close investigation shows, however, immediately that this cannot
be the case, but that we are concerned here with real bone substance. This bone sub¬
stance is formed of thin lamellae, connected with each other and surrounding small cavities,
which are filled with calcite, infiltrated during the process of fossilization.

Afterwards,

when the lamellae between these cavities are weathered, and the contents, which have
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greater powers of resistance, remain, this gives the surface of the bones the granular
appearance we have mentioned. I was able to observe cell spaces (lacunae) here and
there in the lamellae.
Substitution bones of a similar structure are found in Saurichthyids, in Dictyonosteus
among

the Rhipidistids,

p. 3g, p. 44) has

and partly in the Coelacanthids

found a bone

substance

with

as

well.

Woodward

(1915,

a similar structure in Lepidotus to. It

is thus not improbable that this structure is characteristic both for lower Actinopterygii
and

Crossopterygii. On the other hand the

in this respect are

uncertain.

conditions

I myself have not had

of the fossil Dipnoi (Dipterus)
an

opportunity to

investigate

an^ cranium of these, and no definite information on this matter is found in the litera¬
ture at my disposal.
At least a basioccipital was present in the occipital region

of B. mougeoti.

The

anterior end of this bone is still preserved, as it extended in anterior direction under
the most posterior part of the labyrinth region {Bo, PI. 20, fig. 6; PI. 22, figs. 1, 3). In
cross section {Bo, text fig. 59) this end of it is almost semicircularly curved with the
concavity dorsally.

In the concavity there probably

rested the

anterior

part

of the

chorda dorsalis, which probably extended through the entire occipital region, from which
it probably also continued some distance into the caudal part of the labyrinth region.
In the labyrinth region

are found two paired substitution bones, one of which

(Ausph, text fig's. 61, 64 A, PI. 22, figs. 1, 3) is situated in the postorbital process, while
the other occupies the posterior and middle parts of the region (Pro.o, text figs. 59, 60,
61, 62; PI. 20, fig. 6; PI. 22, figs. 1, 3; Pl. 24, fig. 2.).
In a caudal direction the latter bone extends farther than the present Cranial part
is preserved and it is therefore impossible to decide as to its conditions in its most
posterior part. In a rostral direction it extends nearly to the exit of the facialis nerve,
where it is separated by a cartilaginous interspace from another ossification situated in
the orbitotemporal region (text fig. 62);

this

cartilaginous interspace forms the

most

anterior part of. the labyrinth region. The height of the bone in question equals the
whole lateral wall of the neurocranium. From its medial upper edge there issues dorsally
of the cranial

cavity

a horizontal longitudinal

list (k, text figs. 59, 60; PI. 24, fig. 2)

which towards the posterior end of the bone meets the corresponding list of bone of the
opposite side in the median line, but it is impossible to decide whether a fusion has
taken place there between them or whether a suture still exists. The dorsal surface of
this list forms the upper surface of the roof of the primordial neurocranium and is covered
directly by membrane bones.

The ventral surface of the list on the other hand, has,

as far as can be seen, been joined to cartilage, and this has also been the case with
the rest of the medial surface of the whole bone in question. Consequently, as I have
tried to show in text figs.

59 and 60, the cranial

cavity was in

this

region mostly

surrounded by cartilage.
To judge from its extension, the large bone just described corresponds not only
to the opisthotic but also the epiotic and prootic. Below I shall give a more detailed
account of its homologues. I shall only add here that in the following, for the sake of
brevity, I shall call it the prootico-opisthotic, and that among the recent forms it seems
most to resemble Traquair’s, opisthotic -j- epiotic in Polypterus (Traquair, 1871, p. 168).
Stensio, Triassic Fishes from Spitzbergen.
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If we now

examine

this

peculiar prootico-opisthotic

of B. mougeoti in

detail we

find the following. The cranium P. 165 is certainly split both along and across and can
therefore be investigated in several different sections,

but in spite of this there is not

much to observe in the labyrinth region,, as part of this is much affected by pressure,
so that the cavity for the labyrinth and certain foramina can

no

longer be

clearly

distinguished. To this is to be added the fact, which has already been emphasized, that
it consisted partly of cartilage, which is of course not preserved.
Farthest

caudally

the

prootic-opisthotic (Pro. o, text fig. 59) is

rather thin

and

was situated with the ventral half of its medial surface apparently against a strong
ascending lamella (pi) of the parasphenoid. In the present state of preservation of the
cranium, it is true, the prootico-opisthotic does not show the same conditions, but is
somewhat

removed

from

the

parasphenoid

lamella, pi. Everything goes to

however, that this is a secondary

condition,

due to

indicate,
the com¬

pression of the cranium. The parasphenoid lamella, pi, which is
paired, is about half as high as the neurocranium. Dorsally and
partly

also

cranial
these

medially

cavity

and

circumstances

of it

partly
it

is

cartilage
round

was

the

impossible to

of the extent of this cartilage and the

present

chorda

obtain
size

around

as

and

well.

the

Under

an exact idea
shape

of the

cranial cavity. Text fig. 59 is only intended to give an approxi¬
mate representation of the conditions with regard to this.
Cross-section through the pos¬
terior end of the labyrinth region.
After P. i65. 3/4. Cartilaginous
parts dotted.
Bo, basioccipital; Pro. o, prooti¬
co-opisthotic; Psph, parasphe¬
noid; ch, chorda canal; cv,
cranial cavity; k, medial list
from the prootico-opisthotic in
the roof ofthe primordial neurocrauium; pi, profound lamella
of the parasphenoid; si, super¬
ficial lamella ofthe parasphenoid.

A transverse section somewhat farther forward than the
one described is shown

in text fig. 60.

Contrary to wrhat was

the case in the preceding section, the medial list of each prooticoopisthotic
rapidly

(k)

does

not

thinner medially.

reach
The

the

median

line

lateral surface

and

becomes

of the prootico-

opisthotic of either side is covered in a dorsal part by a ventral
longitudinal

lamella

(vl)

from

the

supratemporo-intertemporal

(«squamosal»). Anteriorly each prootico-opisthotic has joined the
cartilage

in the

anterior part of the labyrinth region.

On the

medial surface of this bone cartilage has certainly been present, and the labyrinth recess
{lb, text fig. 60) was partly contained in this cartilage but,
nothing

certain

can be

etablished

as to the shape

as has already been said,

of this recess

or its

connection

with the cranial cavity. The parasphenoid lamella pi is strongly developed, although
it is here of another shape and not quite so high as in the cross-section further back just
described. It is impossible to decide whether the space between it and the ventral part
of the prootico-opisthotic was filled with cartilage or bone.
not improbable that the labyrinth recess

As a matter of fact it is

extended a little way down between them.

On the right side of the cranium we find in the most posterior part of the prooticoopisthotic a partly exposed canal, running dorso ventrally, which cannot have contained
anything but the canalis semicircularis

posterior {c. sem. post. PI. 22, figs.

1, 3).

The

canal is situated with its ventral half laterally of the parasphenoid lamella, pi, which I
shall call in the subsequent description the profound lamella. I have also been able to
verify, beyond all doubt, that the can. semicircularis externus (c. sem. ext, PI. 22, fig. 3)
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has also pierced the prootico-opisthotic and has been situated entirely in
Both te

saccplus

and the utriculus seem to have

been

situated

this

in the part

bone.
of the

labyrinth region occupied by the prootico-opisthotic, but it is difficult to say to which
extent they were directly surrounded by this bone.
We shall now briefly consider the ossifications of the capsula auditiva in a number
of other Teleostomes for the sake of a comparison with the

conditions in B. mougeoti.

In the Teleostei the prootic, pterotic1) («squamosal>>), epiotic, lateral occipital, basioccipital, supraoccipital and, although rarely, the sphenotic2) may help to surround the
labyrinth

(Vrolik

1873,

pp. 278—290;

Sagemehl

1884,

pp. 81 — 85;

1891

pp. 573—574;

Goodrich 1909, pp. 266; Allis 1899; 1909a, pp. 47, 56, 57, 59, 60; etc.). Among these bones
the lateral occipital, epiotic and sometimes the supraoccipital are related to the posterior
semicircular canal, the pterotic and the lateral

occipital to the external one,

and the

prootic and sometimes the autosphenotic as well to the anterior one. The sacculus and
utriculus are situated in a recess, formed anteriorly by the prootic, posteriorly by the
lateral occipital and not infrequently by the

Shmp.il

k

Ffr

basioccipital as well. The so-called opisthotic
has nothing to do with the labyrinth (Vrolik)
and, apart from
veloped.

the Gadidae is weakly de¬

In the Gadidae,

however, it forms

part of the boundary of the foramen vagi,
is pierced by n. glossopharyngeus and ex¬
tends

considerably

forwards in the lateral

wall of the labyrinth region.

Otherwise in

the Teleostei it is generally a small bone,
situated on the edge between the posterior
and

lateral

surfaces

of the

neurocranium,

without any great extension forwards on the
latter surface. It is loosely attached to the
adjacent bones

and

easily falls

of during

maceration. On it there is attached a ligament from the ventral process of the supra¬
scapular and
pp. 49—60)

in

its reduced

and Sagemehl

condition

(1891,

it

is

probably

pp. 556—558)

have

to

be

taken,

emphasized,

as Allis (1899,

only

as

a

fibrous

p. 688;

1897b;

ossification.
In Amia,
1899,

according

pp. 60—62),

only

to
the

the

view put forward

prootic

has

been

by Allis (1897a,

related to the labyrinth.

Sagemehl (1884, p. 188; 1885, p. 45) he considers the

opisthotic

Contrary to

in this fish to be an

investigating bone. The opisthic there extends from the lateral occipital, together with
which it sourounds the foramen vagi, forwards on the lateral wall of the neurocranium for
a considerable distance and joins a backward pointing process from the prootic (Sagemehl
1884, PI. X, figs. 2, 3, 6; Allis 1897a, PI. XXI, fig. 10; Goodrich 1909, fig. 237). Ventrally
of this process the cranial wall,

which

at this

place is

cartilaginous,

is pierced by

*) We only deal here with its primary component.
2) We consider here only the autosphenotic or, where this is fused with the dermosphenotic («postfrontal»),
the corresponding component of the compound bone.
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n. glossypharyngeus. The lateralis branch, that has its exit together with this nerve, runs
quite close to the lateral surface of the opisthotic for some distance in a dprsal direction
and finally pierces the opisthotic and extends in this way on to the dorsal surface of
the neurocranium. The posterior semicircular canal, according to Sagemehl (1884, p. 206)
almost always comes into immediate contact with the epiotic.
In

young specimens of Lepidosteus Veit

prootic in
this

was

close

connection with

also the

case with

(1907, pp. 173 —188) has only found the

the labyrinth. In older specimens, I have found that

the epiotic and the lateral occipital, both of which were

pierced by the posterior semicircular canal.

While in younger individuals of a long-

nosed Lepidosteus species I found

a rather large

lateral

in adult specimens of a

occipital and the prootic,

same genus I observed that these

cartilaginous interspace between the

bones meet in

short-nosed species of the

a suture on the lateral wall of the

labyrinth region, and, according to Agassiz, the same bone seems to have had a similar
extension in the large specimen of Lepidosteus osseus investigated by him (Agassiz 1843,
vol. II, PI. B", fig. 2). In the adult specimens mentioned both of the bones in question
have grown until they meet each other, and it is noteworthy that in the short-nosed
species — the only one I had an opportunity of testing with regard to this — n. glossopharyngeus pierces the posterior part of the prootic.

In older specimens the foramen

vagi is quite surrounded by the lateral occipital. Parker (1882, p. 481) says that he found
an independent opisthotic, but I was unable to find anything of this sort in the specimens
investigated by me.

In his explanation of fig. 321, in «Cyclostomes and fishes» (1909,

p. 342! Goodrich says that the opisthotic of Lepidosteus may possibly by fused with the
lateral occipital, a view to which I shall return later on.
In Polypterus Traquair describes (1871, p. 168),

as is mentioned above,

only

one

paired substitution bone in the labyrinth region, which he interprets as the opisthotic
+ epiotic. Traquair also points out that this bone is pierced both by the posterior and
the external

semicircular

canals,

and that it is also

closely related to the sacculus

(«aids in the support of the otholithic sac»). On the other hand Wijhe (1882, pp. 257—
258, PI. XV, fig. 6) states that besides this bone he observed a small independent prootic,
which was intimantely connected with the parasphenoid. Goodrich (1909, p. 295) holds
a similar view too and considers that the prootic might be fused to the parasphenoid.
Both Pollard
statement

(1892 a) and Lehn (1918)

mentioned

above;

at

any

seem,

rate

they

however,
accept

to

have

Traquair’s

overlooked

Wijhe’s

view without any

criticims. Recently Supino (1914, p. i83) has mentioned the occurrence in Calamoichthys
calabricus Smith of a large

prootic,

an

epiotic and a small opisthotic,

so that Wijhe’s

observations obtain a certain importance.
With

regard to

the

describing Traquir’s view,
this

connection:

which are,

opisthotic

in

Polypterus' Allis

makes the following remark,

«It seems to me that it must include

respectively,

the intercalar and

in

1899

(pp. 55—56),

after

which is very interesting in
not only those

exoccipital of my

two

elements,

description of Amia but

also the so-called primary part of the squamosal of teleosts».

It is therefore of great

importance to know in more

detail the relations of the squamosal, the opisthotic and

the prootic in Calamoichthys,

but unfortunately

investigating this form

I have

not

had any

and Supino has almost confined himself merely

opportunity
to

of

giving the
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of the

different bones.

On a

large Polypterus
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cranium

at my

disposal I have

seen that the part of the parasphenoid which according to Van Wijhe and Goodrich
corresponds to the prootic has a greater extension backwards and upwards than in the
specimen figured by Traquair (1871).

For while in this the lateral wall of the neuro¬

cranium between the opisthotic, the lateral margin of the parasphenoid and the process
running dorso-caudally from the parasphenoid which is pierced by n. facialis consisted
only of cartilage, this is not the case in the specimen investigated by me. The part of
the parasphenoid

that

occupies the

place

of the

supposed prootic here

covers the

lateral side of the bulla acustica saccularis in its anterior half and only a small amount
of cartilage is visible behind it. I was able to observe with certainty, however, that this
part was not attached in any very intimate way to the capsula auditiva, i. e. it is not
to be looked upon as a replacing bone, and there is consequently no prootic component
in it. On the other hand I was able
independent prootic

in the

More closely defined,

wall

to

observe a weak

remains

of a much

reduced

of the primordial neurocranium (Pro, PI. 20, fig. 5).

this rudimentary prootic is situated in the anterior lower corner

of the bulla acustica saccularis.

But it does

not come into

direct

contact

with

the

labyrinth, as it is considerably thinner than the cranial wall.
The conditions of the substitution bones in the labyrinth region
have

hitherto been

in fossil Ganoids

somewhat well known in Lepidotus alone.1) According to Wood¬

ward (1893 b, p. 560; 1915, pp. 37—3g) the prootic and epiotic are there joined together
here by means of a suture.
usual extension.
labyrinth

One or both of them must therefore have more than the

Consequently it

can be different from

does not seem improbable that their relations to the
what

is

otherwise the rule.

In

this case

the

most

probable assumption would be that the external semicircular canal pierced one or both
of them. If the epiotic had a considerable extension antero-ventrally and if this alone
was pierced by the

external semicircular canal,

it would seem as if it

contained

the

homologue of that part of the pterotic of the Teleostei that consists of cartilage bone.
On the other hand this last-mentioned pterotic
be

fused

direction

with the

prootic,

component would of course

if this bone had a greater extension in the

than usual and if at the

same

probably

dorso-caudal

time it could be shown that it enclosed the

main part of the external semicircular canal. If, finally, the epiotic and the prootic had
grown

together

and

both

helped

to

surround

the

external

semicircular

canal

the

conditions would be more complicated and difficult to explain.
From the account given, without a more detailed analysis of the conditions one
might perhaps be inclined to overestimate the differences with regard to the relation .
between the labyrinth and the substitution bones in the capsula auditiva in different
Teleostomes. To some extent (Sagemehl 1884, p. 207) it seems to be fairly certain that
these different relations are due to a different degree of development of the labyrinth
itself. They seem, however, to be chiefly more apparent than real, as they are presum¬
ably due to an incorrect idea as to the homologues of the different bones or to unsuitable
z) That the primordial neurocranium was well ossified in both Dapedius and other fossil forms is certainly
well known (Woodward 1893b, pp.563—564; 1895 b, pp. 128, 190, 287, 33o etc.; Frost 1913, pp. 219—222), but it
has not been possible to establish anything' in detail about the extension and relations of the different ossifications
in these forms.
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terminology. That this is the case may already be clear to some extent from what has
been said above. But in order to obtain a somewhat deeper insight into the question
it is necessary to discuss here briefly the different views that have so far been put
forward about certain homologues of the so-called pterotic («squamosal») and opisthotic
(intercalar) of the Teleostei.
Schmid-Monnard
he found the
components.

(i883, pp.

«squamosal»

109—m,

116—123,

127—134)

is of the opinion that

(pterotic) of the Teleostei, to be composed of three or four

These components are said to arise separately during the ontogenetical

development and are as follows:
1) a sensory canal component, which arises round the sensory canal;
2) a component of cartilage bone, which is formed round the external semicircular
canal and occurs regularly together with the former;
3) in addition a fibrous component, formed in connection with the tendons that
are attached on the posterior part of the bone in question, and finally
4) a fibro-cartilag-inous component appearing in relation to the articulating surface
for the hyomandibula.

—

Components 3 and 4, however

are

said to be inconstant.

Schmid-Monnard’s view is followed in essentials by Allis (1899).

Thus the latter

describes in Scomber three of the above-mentioned components. Only the fibro-cartilaginous
one is stated not to be present. With regard to the relations of the components in the
«squamosal»

(pterotic) in fishes in general Allis

speaks

as

follows

in

1899

(p. 59):

«We thus see that the squamosal of fishes is composed of a canal component and a
deeper-lying component which may be. either a so-called membrane bone, or such a
bone fused with a so-called primary ossification. The primary ossification may be wholly
wanting, and perhaps the canal component too. Furthermore the canal component may
be found entirely separate from the underlying bone, may be found fused simply with
an underlying membrane component or may be found fused with such a component
and with a so-called primary ossification, which latter ossification, alone, is traversed
by the external semicircular canal.

The

canal

component apparently

always

united

with the underlying dermal bone may as a so-called dermal bone be fused with other
adjoining dermal bones; while the primary ossification may be fused with other primary
ossifications (Ctenodus) or with such ossifications and the intercalar (Polypterus). It is the
primary part of the bone and not its «Deckknochenteil» that gives articulation to the
hyomandibula».
Sagemehl (1885, p. 59; 1891, p. 507) describes in the Teleostei two components in
the «squamosal» (pterotic), a dermal and a primary one.
Turning to the opisthotic we find that Huxley (1864, 1871) saw in it an integral
ossification in the capsula auditiva.
Sagemehl (1884, pp. 191 —192; 1885, pp. 45—-46; 1891, pp. 556—-558) also followed
Huxley inasmuch as he considered the opistotic as a bone that was originally developed
phylogenetically in the cartilage of the capsula auditiva.

Afterwards, according to his

view, a secondary component could in certain cases be added to it, a fibrous ossification,
which had arisen

in the ligament fastening the suprascapular process to it.

according to his view,
the Teleostei,

Further,

a partial or total reduction of the primary part took place in

so that the fibrous

component alone is present in these.

The reduction
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would according to Sagemehl be caused by the «squamosal» developing more and more as
a substitution bone in the capsula auditiva,
would be thrust aside and could not be

so that the primary part of the opisthotic

developed.

As has been pointed out above,

he took the opisthotic in Amia to be a substitution bone.
Several years before Sagemehl-Vrolik (1873) had already shown convincingly that
the bone called the opisthotic in the Teleostei is only a membrane bone, and because
of this he introduced the new name of intercalar of it. Later on Allis (1899) especially
adopted this view, and he too, as has already been pointed out, definitely states that
he found that the opisthotic of Amia belonged to the category of membrane bones. The
embryological investigations so far carried out on some Teleostei seem to show that the
so-called

opisthotic (intercalar) in

these is formed exclusively as a membrane bone1)

Schleip, 1904, pp. 379—38o; Gaupp, 1905, pp. 677—678, Boxer, igi3, p. 385).
It is clear from what has been stated that we ought to adopt the name intercalar
in the sense of a membrane bone for the so-called opisthotic of the Teleostei and Lepidotus.

If Allis’s account is correct the

same term ought also to be used for the so-

called opisthotic in Amia. In Polypterus, according to Allis (1899), the intercalar seems
to be fused to the cartilage bone that forms the caudal part of the labyrinth region. —
Because of its nature as a fibrous ossification the intercalar cannot possibly be homo¬
logous with the opisthotic in the Tetrapods (cf. Allis, 1897 b, p. 21; 1899) which, as we
know, is a cartilage bone that is developed in relation to the posterior part of the labyrinth.
Among the recent Teleostomes it is easiest in Polypterus2) to find a homologue to
the

opisthotic

of the

Tetrapods,

as

we have seen from the above

summary

of the

literature. In this fish the opisthotic seems, together with the epiotic and intercalar, to
form part of the large ossification that occupies the labyrinth region and is pierced by
n. glossopharyngeus.3)
In the Teleostei the conditions of the pterotic and lateral occipital are such that a
component of the opisthotic seems to form part of each of these bones. The opisthotic
component in the pterotic would then be represented by the part that consists of car¬
tilage bone. In the lateral occipital the opisthotic component would have its correspon¬
dence in the part that extends forwords in the lateral wall of the labyrinth region. The
opisthotic might thus be divided over two of the adjacent bones.
It seems rather probable that the dorsal part of the opisthotic is reduced in Lepidosteus. The ventral part, on the other hand, might perhaps be divided over the lateral
occipital and the prootic.
In Amia the reduction of the opisthotic has proceeded much farther, and it is very
uncertain whether anything is left of it. If this were the case the remaining part would
perhaps have fused to the prootic.
Among the fossil Teleostomes we find in the Coelacanthids nothing developed of
the dorsal part of the opisthotic. On the other hand the ventral part seems to have been
present in these fishes, as has been shown above (p. 54—61) although fused to the prootic.
r) The bone described by Woodward (1915, P- 38) in Lepidotus under the name of opisthotic seems in all
respects to show almost the same conditions as the intercalar (so-called opisthotic) in the majority of the Teleostei.
2) I except here the conditions in Calamoichthys, which are still very incompletely known.
3) This is evident in the large specimen investigated by me.
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In Lepidotus the opisthotic might perhaps heve been divided into a ventral and a

dorsal part, .of which the former would, as in the Teleostei, be fused to the lateral occi¬
pital, while the latter would have been distributed over both the prootic and the epiotic
or eventually only over one of them.
Instead of the view now put forward it might also be maintained that in several
of the fishes mentioned the opisthotic might have been reduced, and that its place might
have been occupied secondarily by adjacent bones. In this way, for instance, one might
suppose

could be

explained the

extension

of the lateral occipital and the prootic in

Lepidosteus, the lateral occiptal, the prootic and the epiotic in Lepidotus, the prootic in
the Coelacanthids and the lateral occipital in the Teleostei. With regard to the pterotic
of the Teleostei one is compelled to assume, if it is desired to carry these views through
consistently, that the cartilage component of this bone is a new formation.
It is of course possible that objections of this sort are more or less justified,

but

is seems „difficult to me at present to accept them for the following reasons:
1) Elements of bones equivalent to the opisthotic of the Tetrapods exist in lower
Teleostomes, e. g. Polypterus and Birgeria. To assume, under these circumstances, that
the cartilaginous bone component of the pterotic in the Teleostei would be a new for¬
mation,

seems to be unjustified so long as no certain evidence of this is put forward.

2) The conditions in Birgeria which will be described below, seem to indicate the
way in

which

fusion between the

opisthotic

and the membrane bones of the cranial

roof would have taken place, and how after this the dorsal part of the opisthotic may
be supposed to have become loosened from the ventral part by mechanical processes.
3) If in connection with the facts mentioned we remember that in Tetrapods (cf.
Gaupp,

1905,

pp. 711—712,

772,

780,

786 etc.; cf. also p. 141 above) the opisthotic is

often fused with the lateral occipital, we ougth not to find it especially curious that the
ventral part of the opisthotic may be fused with the lateral occipital in certain of the
Teleostome fishes. On the other hand there seems to be an example

in the Tetrapods

(cf. p. 141 above) to show that the opisthotic can be fused to the prootic, and so the
conditions that I think I have found in the Coelacanthids do not seem to be so excep¬
tional either as one might perhaps be inclined to think.
In order now to connect the description with Birgeria mougeoti we find that the
opisthotic component of the prootico-opisthotic of this fish is presumably pierced by
n. glossopharyngeus (IX, text fig. 61). It is obvious that this component in its entirety
corresponds well to the similarly named component in Polypterus. This is also true in the
main of the epiotic component in the two genera.
The prootic component in the prootico-opisthotic of B. mougeoti is not particularly
strongly developed. Forwards it only extends to the facialis canal. Its most anterior
part is pierced by a fine canal, which rises from the facialis canal and has its exit on
the dorsal side of the primordial neurocranium under the supratemporo-intertemporal
antero-medially of the ossification centre of this bone.

In my opinion we are probably

concerned here with the canal for r. oticus lateralis.
Whether the prootico-opisthotic of B. mougeoti also had any intercalar component
incorporated with it cannot be established because of the deficient state of preservation
of the present material. With regard to the very interesting relation between the prootico-
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opisthotic and the supratemporo-intertemporal, of which something has been indicated
above, I may refer to the description below of the membrane bones of the cranial roof.
The above-mentioned (p. 153) paired cartilage bone in the postorbital process of
B. mougeoti apparently represents the autosphenotic (Ausph, text figs. 61, 64 A, PI. 22,
figs. i,3). Its length is about 2 I/2 times as great as its minimum breadth and its two
ends are blunt. The posterior
end

and the medial margin

have been joined with cartilage
in

the

way

shown in text

figs. 61 and 64 A.
The

cartilaginous part

in the anterior portion of the
labyrinth

has

been

pierced by n. facialis

region

(VII,

text figs. 61, 62; PI. 20, fig. 6;
PI. 22, figs. 1, 3),

and prob¬

ably by the spiracular canal
as well, if this was developed.
Farthest anteriorly this car¬
tilage

forms

boundary
through

of

which

the

posterior

the

foramen

the

trigemi¬

nus roots had their exit (V,
text figs. 61, 62; PI. 20, fig. 6;
PI. 21, fig. 3).

Moreover the

hyomandibula must apparent¬
ly have articulated with the
same cartilage at least to some
extent. The places of exit for
trigeminus and facialis are de¬
scribed in detail below.
The
between

actual
the

boundary

orbitotemporal

and the labyrinth regions is,
as usual, not sharp. The auto¬

Text fig. 6i« Birger ia mougeoti Agassiz.
The neurocranium from the ventral side. After P. i65. ?/4. The cartilaginous parts
are dotted,
Ausph, autosphenotic; Pro. o, prootico-opisthotic, including the epiotic as well;
Psph, parasphenoid; Splien. sphenoid; a, corner on the edge between the laterodorsal and lateral (ventro-lateral) surfaces of the sphenoid; ca, cartilage joining
the autosphenotic with the latero-dorsal surface of the sphenoid; my. trig, open¬
ing of the myodome and trigemino-facialis chamber; bphth. lat2, anterior opening
of the canal for n. ophthalmicus lateralis; pr. asc, processus ascendens of the
parasphenoid; t, nerve or blood vessel foramen; vl, ventral lamella from the
supratemporo-intertemporal; vp, ventral process from the supratemporo-inter¬
temporal ; v3, vs, foramina presumably for vessels and nerves to the cranial
roof; VII, the posterior opening of the facialis canal; IX, foramen for n. glosso- ■
pharyngeus.

sphenotic extends dorsally a
long way forward over the orbit and has been attached medially (text figs. 61, 64 A), to
cartilage that passes over into the interorbital wall. This cartilage (ca, text fig. 61), which
was situated immediately beneath the dermal bones of the cranial

roof certainly grew

thinner rostrally. While the boundary in the dorsal parts of the cranium is thus found
far forward, in the middle and ventral parts, on the other hand, it is situated consider¬
ably more backwards.
really to be

For reasons that will be given below most ventrally it ought

drawn through

the postero-ventral parts

occurs in the orbito-temporal region,
Stensio, Triassic Fishes from Spitzbergen.

of the

but for practical

large

ossification

reasons I have

here in
21

that
my

i62
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description placed it at the line between

this ossification and the cartilage following

behind in the anterior part the labyrinth region.
As has already been mentioned, the orbito-temporal region is occupied chiefly by
a powerful bone,

which,

curiously enough, is unpaired (Sph, text figs. 61, 62, 63, 64;

PI. 20, fig. 6; PI. 21, figs. 1—3; PI. 22, figs. 1, 3). From the place of exit of the trigeminus
roots (V) this bone extends forwards to the ethmoidal region or ought at any rate to
have reached fairly near this region with its anterior end. Apart from its anterior and
posterior parts its height is equal to or only slightly less than that of the primordial
neurocranium. In position and extension it thus seems to correspond most closely to a
sphenoid in the same sense as in Polypterus, or Dictyonosteus (cf. pp. 56—60, 121, 142 above),
and the account given below will
show that this view is correct.
I have accordingly used the term
sphenoid for this bone.
For a more exact descrip¬
tion
on

it is proper to
the

distinguish

sphenoid of B. mougeoti

an unpaired pars basalis and two
partes laterales, one issuing along
the right and one along the left
Text fig. 62. Birgeria mougeoti Agassiz.
A somewhat schematized sagittal section through the lateral wall of the neurocranium. After P. i65. 3,4. Section surfaces through cartilage bones marked
with a fine reticulum. The restored cartilaginous parts are dotted:
Pro. o, prootico-opisthotic; Psph, parasphenoid; Sph, sphenoid; at, anterior
portion of the pars lateralis of the sphenoid; a. opt, foramen for art. optica?;
b, process on the posterior margin of the pars lateralis of the sphenoid; bsplt,
portion of the pars basalis of the sphenoid between the fenestra optica and
canalis transversus; c, process on the posterior margin of the pars lateralis
of the sphenoid; c. transv, canalis transversus (pituitary canal); d, portion of the
pars basalis of the sphenoid anterior to the fenestra optica; fen, opt, fenestra
optica; my, fossa in which muse, rectus externus had its origin. The fossa
correspondends to a part of the median section of the myodome in Amia
and Teleosts; oplith., lat, probable exit of the n. ophthalmicus lateralis;
pc, basal parachordal plate of the sphenoid ; pi, profound lamella of the para¬
sphenoid; v4, foramen probably for vena cerebralis anterior; II, foramen
opticnm; III, foramen oculomotorii; IV, foramen trochlearis; V, place of
exit for the trigeminal roots; v,, canal for n. ophthalmicus profundus or a
somewhat equivalent nerv (longitudinal section); VII, assumed position of
the exit for n. facialis.

border of the
the

pars

63,

64;

PL 20,

Its

anterior half (d) is in

the

(text

figs. 62,

figs. 6;

PI. 21,

figs. 1—3; PI. 22, figs. 1, 3).
The pars basalis
pc) extends

caudally

(d,

bsph,

somewhat

farther than the partes laterales;
rostrally, on the other hand, it is
considerably

shorter than these

(text figs. 62, 63 A, B, C; PI. 20,
fig. 6;

PI. 21, figs. i — 3;

figs. 1, 3).
truncated.

dorsal surface of

basalis

Its

anterior

PL 22,
end

is

anterior portion much more narrow farthest

ventrally than dorsally and a transverse section through it consequently shows the shape
of a triangle with the point ventrally and the^ base dorsally.
of the

same half (d), however,

plicated, owing to

In

the

posterior portion

the appearance of the cross-section is somewhat

com¬

a fenestration (fen. opt, text figs. 62, 63, 64 A; PL 20, fig. 6; Pl. 21,

figs. 1—3) between the two orbits, and this fenestration, as we shall see, corresponds
to a ventral part of the fenestra optica in the Teleostei and higher ganoids. Dorsally this
fenestration is separated from the cranial cavity by a thick and fairly wide mass of bone
(text figs. 63 C, 64 A), ventrally, on the other hand, it is bounded only by a narrow rib
of bone lying against the dorsal surface of the parasphenoid (Psph). — As will be obvious
from what has been said above, the ventral surface on the anterior half of the sphenoid
is reduced nearly to an edge (text figs. 63 B, 64 A; Pl. 21, figs. 1—3; Pl. 22, figs. 1, 3).
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The posterior half of the pars basalis of the sphenoid (bsph, pc), which begins im¬
mediately behind the fenestra optica, has quite a different shape from that of the anterior
half. The width is about as great dorsally as ventrally. The transverse section has conse¬
quently a somewhat rectangular shape, and we can distinguish a dorsal and a ventral sur¬
face besides a right and a left lateral (text figs. 63, 64 B; PI. 20, fig. 6; PI. 21, figs. 1—3).

Text fig. 63. Birgeria mougeoti Agassiz.
The sphenoid. After P. 16S, 3/4. The section surfaces shown by reticulation.
A) Sphenoid from the right side; B) from the ventral side; C) in a median sagittal section.
Psplt, parasphenoid; a, ap corners on the edge between the latero-dorsal and the lateral surfaces; a. car. ini, foramen for arteria
carotis interna; a. opt, foramen presumably for arteria optica; al, anterior portion of the pars lateralis of the sphenoid: b, c,
processes on the posterior margin of each pars lateralis of the sphenoid; bp, basipterygoid process; bsph, portion of the pars
basalis of the sphenoid between fenestra optica and canalis transversus; c. transv, canalis transversus (pituitary canal); d, portion
of the pars basalis of the sphenoid anterior to the fenestra optica; dors, sell, dorsum sellac; fen. bas.post, remains probably of
fenestra basicranialis posterior; fen. opt, fenestra optica; Ji, incisur probably pierced by n. abducens; /. hyp, fossa hypOphyseos;
my, fossa in which musculus rectus externus has originated. Corresponds to a part .of the middle part of the myodome in Amia
and Teleosts; ophth. lat, probable place of exit for n. ophthalmicus lateralis, ophth. latv posterior opening of the canal for
ophthalmicus lateralis; ophth. lat2, anterior opening of the same canal; pc, the basal parachordal plate of the sphenoid; r, canal
for vessel and nerve branches to the cranial roof; vp v2, v3, vs, foramina for vessels and nerve-branches; v4, canal probably for
vena cerebralis anterior; II, for. opticum; III, for. oculomotorii; IV, for. trochlearis; V, incisur indicating the place of exit for the
trigeminal roots; V±e, outer opening of the canal for n. ophthalmicus profundus as a somewhat equivalent nerve; Vti, inner opening
of the same canal.
In the posterior half of the pars basalis of the sphenoid we can distinguish an
anterior portion, bsph, comparatively high and massive, and a posterior one, pc, lower
and more plate-like. On the dorsal side these portions pass into each other without any
very distinct boundary, whereas this is not the case on the ventral side. For, correspond¬
ing to the anterior part of the plate-like region pc, we find on this side a rather deep
and broad transverse furrow (c. transv, text figs. 62, 63; PI. 20, fig. 6; PI. 21, figs, r, 3),
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which is bridged over by the parasphenoid ventrally so that a transversal canal arises.
The diameter of this canal had, as is shown by text fig. 63 C, its greatest height immediately
behind the region bsph, from which it follows that this region becomes very sharply
cut of from the one following behind it.
Along the ventro-lateral margin of the region bsph there issues a paired, large but rather
thin process (bp, text figs. 63 A, B, 64 B; PI. 22, fig. 1, 2). The process extends in caudal
direction past the transversal canal (c. transv.) in the basis cranii, forming the ventral
boundary for the exit of this canal. Because of the

development of the processes bp

the posterior margin of the region bsph appears in ventral aspect very concave, while
the anterior margin, in the same aspect, appears convex (text fig. 63B; PI. 21, fig. 1).
A median sagittal section through

the

sphenoid (text fig. 63 C)

shows that the

region bsph dorsally of the fenestra optica is closely attached to the regions of the pars
basalis situated in front of it.

As a similar section also shows, the floor of the cranial

cavity has its highest point in the orbitotemporal region situated about over the posterior
end of the fenestra optica and from this sinks more slowly forwards than backwards.
Immediately behind the region

bsph

there follows on the

dorsal surface of the

pars basalis of the sphenoid, i. e. on the floor of the cranial cavity, a deep and rather
narrow fossa (/. hyp, text fig. 63 C; PL 21, fig. 2), which

pierces the basis

cranii and

opens into the above described transversal canal (text fig. 63 B,C; PI. 21, fig. 1; PI. 22,
fig. 3).

Posteriorly this fossa is bounded by

a

fairly thin bony part (dors, sell, text

fig. 63 C), which forms the most anterior end of the region pc.
region sinks backwards

until its

ventral

surface is

ventral surface of the region bsph and this sinking

From this place this

at about the

same level as the

also affects the basal surface of

the cranial cavity, which as a matter of fact is also hollowed out in the longitudinal
direction of the cranium

so that

lateral ones. With regard to the

its

median parts are situated more deeply than its

region pc of the pars basalis of the sphenoid it is

noteworthy in this connection too that it is pierced by a large oval foramen (fen. bas.
post, text fig. 63 B, C; PI. 21, figs. 1, 2; PI. 22; fig. 3), and that in its posterior part it
is sharply cut off from the partes

laterales of the same bone (here the processes c)

by a paired, narrow but deep incisur (fi) penetrating from the back.
The fossa described above (f. hyp), which opens into the transversal canal, undoubtedly
represents the fossa hypophyseos and the region of the pars basalis of the sphenoid
situated in front has, as far as can be judged, a partial correspondence in Amia in the
cartilage lying between the hypophysis and the fenestra optica, called the transversal
«Wulst» (Allis, 1897 a, p. 493; PI. XXI, figs. 9, 11, w) and in Teleosts in their so called
basisphenoid. At least the upper and the middle parts of the fossa have certainly been
occupied by the infundibulum. The hypophysis would therefore have been situated in
its ventral parts and probably extended also down into the basal transversal canal. It
seems very probable that the saccus vasculosus too was situated with it in this canal.
Under these circumstances it is clear that the anterior part of the region pc in the pars
basalis of the sphenoid would correspond both in function and position to the roof of
«cavum sacci vasculosis in Polypterus l) (cf. Lehn, 1918, p. 36^, fig. 4), and to the anterior
J) The name cavum sacci vasculosi for the space in question in Polypterus is incorrect, as both the hypo¬
physis and the saccus vasculosus are situated in it (cf. Lehn 1918, p. 064, figs. 9—12; Tafel.XVII),
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part of the «prootic'al bridge*

in Amia and Teieosts (cf. Allis,

I&5
1897, a, pp. 492—497;

PL XXI, fig. 11; 1909 a, pp. i83—2o3). Nor does it seem impossible that the anterior part
of the

region pc should

also

of the transversally situated

have

cavity

a

corresponding

that is

part

considered by

in

Lepidosteus in the roof

Sagemehl

(1885,

be homologous with the canalis transversus of the Elasmobranchs (cf.

p. 86)

Allis,

to

1909 a,

pp. 188—189). With regard to this it is noteworthy that the roof of the cavum sacci
vasculosi consists in Polypterus of a bone
B. mougeoti, while the

«prootic bridge«

lamella belonging to

the sphenoid as in

in Amia and Teieosts and its

equivalent,

the

roof of the mentioned transversal cavity, in Lepidosteus, are formed by a medial process
from the prootic of each side.
While the cavum sacci vasculosi in Polypterus is, as we know, fairly large and
has a rather great extension in the rostro-caudal direction and communicates with the
cranial cavity by means of a wide opening, the fossa hypophyseos in B. mougeoti forms
a fairly narrow, vertical pit in the floor of the cranial cavity and it is only this pit that,
as we have seen, is, by means of a foramen in its floor, in communication with the
transversal canal in the basis cranii.
In Lepidosteus the transversal cavity in the basis cranii is,

as we know, closed at

both ends, and the vena pituitaria (sinus transversus) pierces the cranial base rostrally
of it (Allis 1909a, pp. i83—190; 1914a, pp. 241—243; Veit 1907, p. 199; Sagemehl 1885,
p. 86). In Polypterus, on the other hand, we find the wall of the «cavum sacci vasculosi»
pierced on each side by a foramen

that obviously

transmits v. pituitaria (Lehn 1918,

p. 364), and this vein seems to occupy a somewhat corresponding position in relation
to the fossa hypophyseos in fishes in general (Allis 1909a, pp. i83—208;

1911, p. 291;

1914a, pp. 225—253; 1914b, p. 627; Allen 1905, p. 81, PL II, fig. 15; Greil igi3, p. 1260;
O’Donoghue

1914,

pp. 440—441).

It

is noteworthy that in Elasmobranchs it has been

found to pierce the transversally running canal in the basis cranii for which Gegenbaur
(1872, pp. 75—79) introduced the term canalis transversus.1)
If we now examine the conditions in the pars basalis of the sphenoid in B. mougeoti
with reference to the course of v. pituitaria it is clear that this vein must have pierced
the transversal canal (c. transv.) beneath the anterior end of the region pc.

The

trans¬

versal canal itself must certainly be homologized with the canalis transversus of the
Elasmobranchs,
difficult to
sphenoid
cartilage.

and I shall accordingly refer to

decide

alone or

sequel.

It is

with certainty whether it was bridged over ventrally by the parawhether its ventral boundary besides

It seems, however,

smaller gap,

it by this term in the

consisted to

some

extent of

beyond all doubt that at any rate there was a larger or

probably corresponding to a fenestra basicranialis anterior,

ventrally

of

the canalis transversus.
If my view referred to above of the position of the infundibulum and the hypo¬
physis of B. mougeoti is correct, the mesencephalon and the anterior part of the medulla
oblongata must have been situated above
sphenoid.
which,

The

foramen

(fen. bas. post,

as has been mentioned,

the

region pc of the

pars basalis

of the

text fig. 63 B, C; Pl. 21, fig. 1, 2; PL 22, fig. 3)

pierces this region,

can

clearly not be

placed in any

q Allis (1914a,b;) lias tried later on to establish the name «pituitary canals for this canal on account of
its relations to v. pituitaria.
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relation to the ventral parts of the diencephalon. Ventrally it is covered by the parasphenoid. Whether we are to see in it only a secondary fenestration or we are to take
it as a remaining part of the fenestra basicranialis posterior between the anterior ends of
the parachordals (cf. Gaupp 1905, p. 663) is of course difficult to establish, but the latter
alternative seems most probafile. It seem certain that the region pc of the pars basalis
of the sphenoid, on account of its position in relation to the fossa hypophyseos, belongs
to the parachordal section of the neurocranium, so that in the continuation I shall call
it the basal parachordal plate of the sphenoid. In the Coelacanthids it seems to have its
equivalent in the basisphenoid

corpus and this is also

the

case

in the Lacertilians,

where the basisphenoid is formed in the crista sellaris (cf. Gaupp 1905, p. 759,

fig.

382;

Allis 1909 a, pp. 191 —192).
In the most posterior part of the lateral surface of the pars basalis of the sphenoid
there is in B. mougeoti a paired fossa (pry, text figs. 62, 63 A, B;

PI. 20, fig. 60;

PI. 21,

figs. 1, 3), which I have not mentioned above. As will be seen from the figures quoted,
this fossa is low and oval in shape. In the anterior end of it the canalis transversus has its
exit and the two

fossae

are thus in

communication

with

each

other here,

while the

parts situated posteriorly are separated by the median parts of the basal parachordal
plate (pc). Dorsally each fossa is bounded by this plate and the process c (text figs. 62,
63 A, B, C; PL 20, fig. 60; PI. 21, figs. 1, 3), rostrally by the posterior surface
region

bsph

and

ventrally by the

parasphenoid.

The

posterior

boundary

of the

was partly

formed the by basal parachordal plate and partly by cartilage belonging to the most
anterior

part of the labyrinth region.

Finally it is also noteworthy in this connection

that the above-mentioned incisur ji (text fig. 63; PI. 21, figs. 1—3; PI. 22, fig. 3) is situated
in the roof of the fossa (my) in question.
The ventral half of the caudal part of the sphenoid seems to have been narrower
than the cartilaginous part following behind in the labyrinth region. Now as the para¬
sphenoid has been situated close to the lateral surface of this cartilaginous parts and in
its forward

extension over the most posterior part of the

orbitotemporal region

has

retained its position in the same plane as in the labyrinth region, there has arisen on either
side between it and the basal half of the sphenoid an anteriorly open cavity which, as we
shall see from my account given below, seems to include the homologues of the trigeminofacialis chamber and myodome. The fossa my described above now occupies such
a position that it must have

formed the

posterior

end of the

myodome part in

this

cavity and, for reasons that will be given in more detail later in this description, ought
to represent at least an antero-lateral part of the myodome of the Teleostei.

In

other

words the myodome is in a very primitive phylogenetic stage of development. For here
we seem to have a fossa merely for m. rectus externus, and this muscle would thus, in
relation to the exit for the canalis transversus, have penetrated in to the basis cranii in
a medial and posterior direction.
have seen,

still widely separated,

The two
but,

fossae (my) formed in this way are,

as we

if extended more in a medial direction,

would

have met the fontanel in the cranial base, which I interpreted as the fenestra basicra¬
nialis posterior. The conditions present in the basal part of the orbitotemporal region
in B. mougeoti thus seem
and

well to

embryology as to the

support

the view

phylogenetic origin

attained by comparative

of the myodome

anatomy

(cf. Gegenbaur 1872,
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pp. 75—79; Sagemehl 1884, pp. 215—217; 1885, pp. 85—87; 1891, pp. 574—575; Gaupp 1905,
pp. 667, 669; Allis 1909 a, pp. i83—208; 1914 a, b; 1918 a).
Having examined the pars basalis of the sphenoid rather completely let us turn to its
partes laterales. These issue in a dorso-lateral direction from the pars basalis. Their ventral
part is fairly thin, but their thickness increases dorsally and soon becomes rather con¬
siderable, still farther dorsally suddenly beginning to decrease again (text fig. 64 A, B).
Towards their posterior ends the thickest part is situated half way between the base of the
neurocranium and the dorsal surface, towards their anterior ends this part is displaced gradu¬
ally upwards, and finally at their most anterior parts it is situated quite close the to cranial roof.
As has already been pointed out, the partes laterales of the sphenoid extend considerably
farther forward than the pars basalis, while, on the other hand, they do not reach quite
so far backwards as this. The anterior margin of either of them is almost vertical. The pos¬
terior one, on the other hand, passes off obliquely backwards and downwards in its upper
part, becoming vertical in its lower part. By a marked and rather deep and wide sinus
(r, text fig. 63 A,B, C; PI. 20, fig. 6; PI. 21, figs. 1—3; PI. 22, figs. 1, 3) the posterior margin
is divided into a dorsal (b) and a ventral (c) process,

both of which

are blunt and

robust. The ventral process (c), as already mentioned above, is well marked off ventrally
from the basal parachordal plate (pc) by the deep incisur fi, penetrating from behind.
In the pars lateralis of each side we can distinguish four surfaces, well marked
off from each other, a medial, a dorsal, a latero-dorsal and a lateral one, of which the
last in fact really faces ventro-laterally. The medial and the lateral ones are the largest,
the dorso-lateral one the smallest.
The dorso-lateral surface (text fig. 63 A; PI. 21, figs. 2, 3) is fairly wide at its caudal
end and meets the medial surface here in a distinct edge. Anteriorly it grows continously
narrower. It is also separated from both the dorsal and the lateral surfaces by distinct
longitudinal edges, the most prominent of which is the one between it and the lateral
surface, which has two rounded corners (a, a.j) in its posterior half. This edge corresponds
to the place where the partes laterales again begin to decrease in thickness upwards,
and thus at each point of its extension it coincides with the position of their thickest
place, as is shown by text figs. 64 A, B.
The dorsal surface is plane; the lateral one is concave both in the direction from
front to back and from above to below, the medial one only in the latter direction. The
latero-dorsal surface, apart from smaller and very shallow concavities, is convex from
the anterior to the posterior end.
The dorsal surface was directly covered in its posterior half by the membrane bones
of the cranial roof. Its anterior half, on the other hand, was separated from these by a
very thin layer of cartilage. The latero-dorsal surface has been connected by cartilage
throughout its extension and cartilage has also been attached to the medial one at its
anterior and posterior ends and along a longitudinal zone close to the dorsal margin
(text fig. 64).

Further we find that cartilage must have been

attached

to the partes

laterales along the posterior and anterior borders and along the ventral border, in the
part situated in front of the pars basalis. J)
*) The surfaces to which cartilage has been attached are very easy to identify by their appearance and there
is consequently no doubt as to the relations of the sphenoid to surrounding cartilaginous parts.
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From what has been said it thus seems evident that, apart from possibly existing

fontanels, the roof of the primordial neurocranium between the two partes laterales
consisted

of cartilage.

As we

shall see,

a fontanel

is found in the Saurichthyids,

in

which it extends from the labyrinth region into the most posterior part of the orbito¬
temporal region (cf. Part II).
The cranial cavity continues forwards through the whole sphenoid and even in the anterior
part of this bone it still seems to have had a fairly considerable size. Text fig. 64 A, B
shows the

conditions

transverse

section

in a

in

the

middle and posterior part of
this bone.
From the forward ex¬
tension just described of the
cranial cavity it ought to be
evident
had

that

n. olfactorius

an intracranial course

(right) until it reached the
nasal capsule.
The foramen opticum
(II, text figs. 62, 63 A, B, C;
PI. 20, fig. 6; PI. 21, figs. 1
—3; PI. 22, figs. 1, 3) is situ¬
Psph

ated not far above the pos¬

bsph

Text fig. 64. Birgeria mougeoti Agassiz.
Cross-section through the orbitotemporal region. After P. 16S.
The cartilaginous parts are dotted.
A) through the middle part of the orbitotemporal region.
B) through the posterior part of the same region.
Ausph, autosphenotic; Dsph, dermosphenotic; Fr, frontal; Psph, parasplienoid; Spli,
sphenoid; Stemp.it, supratemporo-intertemporal; bp, basipterygoid process; bsph,
portion of the pars basalis of the sphenoid between fenestra optica and canalis
transversus; cv, cranial cavity; fen. opt, fenestra optica; myv myodome portion, of
the postorbital cavity; oplith. lot, canal for r. ophthalmicus lateralis, pd, process on
the medial side of the' parasphenoid probably indicating the position of the homologue
of the alisphenoid pedicle oiAntia; pr. asc, processus ascendens of the parasphenoid;
trig. fac. cli, portion of the postorbital cavity, corresponding to a trigemino-facialis
chamber; vl, ventral lamella from the supratemporo-intertemporal.
Danforth,

1912,

pp.258—262;

p. 443;

cf. also

Allis,

1909a, p. 186; 1911, p. 290;

1897a,

terior end of the fenestra op¬
tica (fen. opt.) and thus has
its normal position.

Imme¬

diately in front of it there
is another smaller foramen,
which

has probably

been,,

pierced by some vessel, the
most probable one being arteria

pp. 498—499;

optica
1908a,

(a.
p.223;

retinalis,
1908b,

1912, pp. 119—120; Allen 1905, pp. 56—57).

N. oculomotorius (III, text figs. 62, 63 A, B, C; PI. 20, fig. 6; PI. 21, figs. 2, 3; PL 22,
fig. 3)

apparently had its exit in the orbit through a foramen a short distance behind

the for. opticum and slightly higher than this.
High up

dorsally

and

somewhat rostrally of the latter foramen there are three

foramina in a group (IV, v2, v4, text fig. 62, 63 A, B, C; PI. 20, fig. 6; PI. 21, figs. 1—3;
PI. 22, figs. 1, 3). The most posterior of them fpg) does not lead into the cranial cavity
but into

a

canal that pierces the pars lateralis of the sphenoid in a dorsal direction.

The two others form the outer exit of two canals, situated close together, which pierce
the pars lateralis in a postero-medial direction and consequently have their inner openings
situated somewhat caudally of their outer ones. One of these two canals must have been
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pierced by n. trochlearis, and as this nerve is always rather narrow, it does not seem
improbable that it was the smaller one (IV). The anterior and larger one (v4) seems to
have transmitted a vessel and its position seems to suggest that this vessel was v. cere¬
bralis anterior.
In Elasmobranchs

this vein is developed (Rex 1891, PL 25, fig. 10; PI. 26, fig. 21;

Burckhardt 1907, PI. 3, fig. 5; Allis 1902, PI. 12, fig. 6; O’Donoghue 1914, pp. 439—440;
T. J. Parker 1887,

p. 712). In Amia Allis (1897a,

PI. XXI, figs. 9, 10, 11;

1909a, p. 3g)

found it and, according to his statements (1909a, p. 187), it is also found in Lepidosteus and
Teleosts (1909a, p. 3g;
two

vein

p.207).1)

In Polypterus Lehn

foramina in the neighbourhood

caudally, the

of for.

(19x8, p. 38o, figs. 3, 4) has found

trochlearis, one of which is situated

other dorsally of the nerve foramen mentioned. Lehn does not give any

detailed description of the veins that passed through these foramina and it is therefore
uncertain which of them transmitted the v. cerebralis anterior.
Allis (1909a, pp. 51—55) has described in certain Teleosts a fine arterial branch
that pierces the alisphenoid, and, according to Demme (i860, p. 10) in Accipenser ruthenus
a couple of small rami perforantes are sent off from art. carotis externa during its for¬
ward course «an der inneren Wand der Schlafen und Augenhohle». I have been unable
to

establish whether any foramen for such a branch was present in the sphenoid of

B. mongeoti. In any case it seems to me highly improbable, however, that the foramen (v4),
should have transmitted such an arterial branch instead of the vena cerebralis anterior.
The place of exit for the trigeminal roots in B. mougeoti was, as already shown by
my account above,

situated on the

boundary between

cartilaginous part of the labyrinth region.

the sphenoid and the anterior

It appears accordingly,

in the present state

of preservation of the cranium, only as a considerable incisur (V) on the posterior margin
of the sphenoid between

the two processes b and c (text figs. 62, 63 A, B, C; PI. 20,

fig. 6 ; PI. 21, figs. 1, 3; PI. 22, figs. 1—3).
In
the

the

anterior

posterior

boundary

opening

(Vu,

of the trigeminus incisur

text fig.

63 C)

passes off forwards and somewhat laterally.

of a

fine

on the

canal

sphenoid

we

(Fj, text fig. 62)

find

which

The anterior opening of this canal (VIe, text

fig. 63 A, B; PI. 21, figs. 1, 3) is situated about half way between the anterior boundary
of the trigeminus incisur and the foramen oculomotorii (III) and is divided by an in¬
complete

septum into

a dorsal

and a ventral part. As is shown by comparisons with

recent Elasmobranchs, Ganoids and Teleosts, it cannot in this case be anything but the
canal for r. ophthalmicus profundus or a nerve fairly equivalent to this.
to say with certainty what is the signification
of the

canal into two parts.

It is difficult

of the division of the external opening

It may of course be

connected with a bifurcation of the

ophthalmicus profundus itself into two branches and, on the other hand, it is not incon¬
ceivable that it may be

caused by some vein corresponding to v. encephalica of the

Teleostei (Allis 1909 a, pp. 44, 48; Allen 1905, pp. 84—85; PI. Ill, fig. 24), which has left
the cranial cavity together with r. ophthalmicus profundus. I consider it impossible that
n. oculomotorius should have
p. 170;

PI. VI,

fig. 3;

had its

Pollard 1892a,

exit

this way

pp. 394—395;

as in Polypterus (Traquair 1871,

PI. 28, fig. 12;

*) The same vein is also noticed in Lepidosteus by Veit 1907, p. 193.
Stensio, Triassic Fishes from Spitzbergen.

Lehn 1918, p. 38o,

22
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figs. 3, 4) and in certain Teleosts (Allis 1909a, pp. 82—83), as the canal in question is
too narrow to be able to contain, in addition to r. ophthalmicus profundus, the presumably
rather powerful oculomotorius nerve
account above,

there is

as well,

found a special

and moreover, as we have seen in my

foramen (III) which can

only be related to

this last-mentioned nerve.
From a small incisur (ophth. lat, text fig. 62, 63 C; PI. 21, fig. 2)

on the posterior

margin of the sphenoid dorsally of the trigeminus incisur a shallow furrow {ophth. lat.
PI. 22, fig. 3) extends in

a rostral

direction.

Straight

above the outer opening of the

profundus canal, between it and the corner ah this furrow proceeds through the aperture
ophthal. l'atlt into a canal that continues in a rostro-dorsal direction to a position below
and somewhat behind the corner a, where it has its anterior opening {ophth. lat3, text
figs. 61, 63 A, B; PL 21, figs, i, 3). The position of the canal in the sphenoid is shown in
text fig. 64 B (ophth. lat). In a dorsal direction there issues from this canal another one
of finer calibre, which

opens

on the latero-dorsal surface of the pars lateralis (r, text

fig. 63 A; PI. 21, figs. 2, 3) in the present state of preservation of the cranium. Originally,
however, this finer canal has continued in a dorsal direction through the cartilage that
was attached to this surface and has consequently had its exit on the dorsal surface of
this cartilage, immediately beneath the membrane bones of the cranial roof.
The fairly coarse canal, ophth. lat, now described has, as far as can be understood,
been pierced by the n. ophthalmicus lateralis (perhaps by ophthalmicus trigemini as well)
and the

shallow furrow leading to the small incisur on the process b may also have

been developed in relation to the same nerve (cf. Gegenbaur 1872, pp. 67—69; yan Wijhe
1882, pp. 229—23o). The fine canal that proceeds in a dorsal direction from the ophthal¬
micus lateralis canal may have contained some nerve branch to the supraorbital canal,
and it is not impossible that vessels have also passed through it. This seems to be sup¬

2

ported by the fact that the foramen v

forms the ventral opening of a canal that pro¬

ceeds dorsally and probably opens into the ophthalmicus lateralis canal about opposite
the fine
The

canal r just mentioned issuing from

the

dorsal side in an upward direction.

abducens nerve was probably transmitted through the incisure fi described

above (text fig. 63 A, B, C; PL 21, figs. 1—3; Pl. 22, fig. 3).

For this

incisure seems to

have been situated slightly in front of the place where n. abducens must have left me¬
dulla oblongata, and it is also in the right position in relation to the suppossed place of
origin

of m. rectus

externus

(fossa my).

N.

abducens would thus have had a short

straight course in a rostro-lateral direction as in Teleosts. That it cannot have had its
exit together with
other recent fish

or in close

connection

forms (Gegenbaur

1872,

p. 188; Lehn 1918, pp. 372, 3gi) seems to
would first have had to

with the trigeminus branches as in certain
p. 73; Allis

1902,

pp. i32—133; Veit 1907,

be shown by the fact that in such a case it

turn off in a dorsal direction to arrive at the trigeminus exit

situated high above the floor of the cranial cavity and then to reach m. rectus externus
in a ventral direction.
As has been pointed out above, the n. facialis has pierced the anterior cartilaginous
part of the labyrinth region. In the description of the myodome and the trigemino-facialis chamber below I shall have an opportunity to enter in more detail upon the question
of its course through

the cranial wall, and in this connection I may therefore confine
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myself to

a brief orientation with

regard to

its main portion,

17
the

truncus hyoideo-

mandibularis.
After having separated from the palatinus portion this truncus must have turned
off in a caudal direction entering a latero-caudally running canal, which is bounded by
the prootico-opisthotic,

the cartilage

anterior of this bone, the processus ascendens of

the parasphenoid and a process (vp) from the supratemporo-intratemporal. The position
of the posterior opening (VII) of this canal is seen in text fig. 61 and PI. 22, figs. 1, 3.
On the sphenoid there occur a few additional foramina for vessels and nerves that
have not so far been mentioned. The most important of these is the paired foramen
(a. car. int, text fig. 63 B; PI. 20, fig. 6; PI. 21, figs. 1, 2; PI. 22, figs. 1, 3) found on the
ventral surface of the portion bsph of the pars basalis. Each of these foramina forms
the ventral opening for a vertically ascending canal, whose dorsal opening (a. car. int,
text fig. 63 C; PL 21,. fig. 2) is situated rostro-laterally
behind the foramen opticum

of the fossa hypophyseos just

of its side. As I shall show in more detail in part II of

this work, this canal, which is also found in Saurichthys, has been pierced by arteria
carotis interna (cf. Allis 1897 a, pp. 497—498; 1908a, pp. 222—223; 1908b, pp. 257—258,
260—262;

1909a, pp. 54,

186;

1909b; 1911, p.290; 1912, pp. 119—120;

1912a, p.489;

1914a, pp. 228, 238, 247; Danforth 1912, pp. 442—445; Demme i860, pp. ir—14; Allen
I9°5> PP* 56—57; T. J. Parker 1887, p. 694; Veit 1907, p. 189, fig. 3; etc.). This artery
has, as is clearly seen, occupied its usual position.

3

Through the foramina v

5

and v

(text fig. 63 A, B; PI. 21, figs. 1—3) both of which

are situated on the border between the latero-dorsal and the lateral surface of the pars
lateralis of the sphenoid, vessel and nerve branches to the cranial roof may have had
their course. Foramen Vi on the latero-dorsal surface forms the present dorsal opening

3

for the canal of which v is the ventral one. From Vi the canal has undoubtedly continued
a short distance through cartilage until it reached the cranial roof.
With regard to the distribution of bone and cartilage in the orbitotemporal region
in B. mougeoti I refer to the text figs. 61, 62, 64, where I have tried to reconstruct the
cartilaginous parts.
A comparison between the orbitotemporal region in B. mougeoti and a number of
other Teleostome fishes shows the following features.
In the Teleostei (Allis 1909a; Sagemehl 1885;

1891; Ridewood 1904a; 1904b; etc.)

the cranial cavity is in the interorbital wall somewhat displaced to the dorsal side as
is usual in Actinopterygians, and the ventral part of the interorbital wall is thin.

The

cranial cavity is often reduced also in the anterior part of the interorbital wall, and
this part is then also thin and continuous with the thin ventral part. Under such circum¬
stances the anterior and basal parts of the interorbital was are thus reduced to a more
or less thin interorbital septum. A fenestra optica is always present. The myodome is
a rule well developed. The portion of the basis cranii, situated between the fossa hypo¬
physeos and the fenestra optica, is veryjthin and always considerably shortened.
The ossifications present in the orbito-temporal region of the Teleostei are, as we
know, a paired alisphenoid, a paired or unpaired orbitosphenoid and an unpaired socalled basisphenoid. The anterior part of the prootic also undoubtedly falls within this
region. Of these bones the orbitosphenoid is very inconstant. The so-called basisphenoid,
22*
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which is weak, may also sometimes be quite absent. The hypophysis is situated in a
foramen that is bounded anteriorly by the basisphenoid, if this bone is present, posteriorly
and laterally by a medial process from the prootic of each side.
When the orbitosphenoid is absent or is reduced, the side walls and the floor of
the cranial cavity consist farthest anteriorly of membranous tissue connected ventrally
with the membrane that occupies the fenestra optica and farther ventro-caudally some¬
times also with the membrane that forms the floor of the fossa hypophyseos and in addition
represents to some extent the roof of the myodome. Under the same circumstances by
far the greater part of the interorbital septum below and anterior of the cranial cavity
may consist either of cartilage or membranous tissue or of a combination of these two.
In those Teleostei in which the anterior part of the cranial cavity is reduced n. olfactorius has its course free through the orbit, afterwards entering the ethmoidal region
through the foramen olfactorium advehens on the planum antorbitale (cf. Gaupp 1905,
pp. 585—586). N. opticus has its exit into the orbit through the posterior part of the
fenestra optica, and in certain forms n. oculomotorius has also emerged into the orbit
through this fenestra. It seems however to be more common for this nerve to have
pierced the antero-lateral part

of the medial process of the prootic which forms the

«prootic bridge* with that of the opposite side, or for it to have passed through the
suture between the same medial process

of the prootic

and

the basisphenoid.

The

n. trochlearis has its exit through or just in front of the alisphenoid, and the trigeminus
either through the most anterior part of the prootic or on the boundary between this
and the alisphenoid, or else so that its main portion passes through the prootic or on
the boundary between this and the alisphenoid, while an anterior portion (cf. Sagemehl
iggi, PP- 568—599) pierces the alisphenoid.
In the Teleostei the arteriae carotides internae or their equivalents, art. encephalica,
if they have been fused into one vessel, have their course immediately behind the socalled basisphenoid upwards to the cranial cavity.
From

what has been

mentioned it ought easily to be seen that in Teleosts the

prootic has encroached upon certain of the parts of the neurocranium that are occupied
by the sphenoid in B. mougeoti. The so-called basisphenoid of the Teleosts corresponds
in B. mougeoti only to the part of the pars basalis of the sphenoid that is situated bet¬
ween

the

canals for the arteriae

carotides internae

and the fenestra optica.

On the

other hand it is evident that in B. mougeoti the fenestra optica forms only the ventral
part of the fenestration with the same name in the Teleosts.
Amia

(Allis,

several respects

1897a;

with

Sagemehl,

1884) is,

also shows some features that seem to
prootic

does not

as we know,

related to the Teleostei in

regard to the development of the orbitotemporal region,
resemble Birgeria mougeoti.

extend so far forward as in Teleosts,

but it

Thus in Amia the

but the most anterior part of

the labyrinth region consists of cartilage. Finally it is also noteworthy that r. maxillaris
and r. mandibularis trigemini together with n. buccalis lateralis have left the trigeminofacialis chamber on the boundary between the alisphenoid and the anterior, cartilaginous
part of the labyrinth region (cf. p. 164 above).
In Lepidosteus (Allis, 1909a, pp. i83 —190; Veit,
temporal region is,

as

we know,

1907, pp. 188—ig3) the orbito¬

very much lengthened in its anterior part, and the
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interorbital wall forms there

only a

fenestra

Only two

optica is

developed.

thin septum.

A myodome is lacking,

of the substitution bones

of the

while the
primordial

neurocranium fall exclusively within the orbitotemporal region, namely the orbitosphenoid
and the alisphenoid. The anterior part of the prootic, however, as in the Teleostei, also
extends into the orbitotemporal region and joins the alisphenoid by means of a suture.
The ventero-lateral part
process of each

side.

of the prootic forms the

greatest part of the basipterygoid

Allis (1909 a, p. 189) has described the conditions immediately

round the fossa hypophyseos as follows: «Immediately anterior to the cross-canal there
is, in the floor of the cranial cavity, the pit like and slightly oval pituitary fossa. The
lateral and anterior walls of this fossa are of cartilage,
forated by a nearly

the floor of the fossa is per¬

circular opening, the opening being closed ventrally by the para-

sphenoid.»
The foramen trochlearis is situated in Lepidosteus in the alisphenoid,
trigemini in the anterior part of the prootic, the foramen

oculomotorii in

the foramen
the suture

between this bone and the alisphenoid, while the foramen for the profundus branch is
situated immediately behind the foramen oculomotorii,

also in the suture between the

prootic and the alisphenoid. N. olfactorius has a free course for a long distance through
the orbit.

The carotis interna enters the cranial cavity through the

cartilaginous floor

in front of the fossa hypophyseos. The vena pituitaria traverses the fossa hypophyseos
in a transversal direction, and in order to

emerge into the

orbit of each side pierces

the cartilaginous part of the cranial wall that lies between the

posterior boundary

of

the fenestra optica, the prootic and the alisphenoid.
The part of the floor of the orbitotemporal region in Lepidosteus that corresponds
to the region bsph in B. mougeoti is, as can easily be seen from the facts given above,
preponderatingly cartilaginous. It is also noteworthy that it is fairly weakly developed.
V.

pituitaria seems in Lepidosteus to

occupy pretty

nearly the

same position

as in

B. mougeoti, and I cannot see any special reason to assume that it should not occupy
its normal position (cf. Allis, 1914 a, p. 242).
Lepidosteus that is formed by the prootic

The part of the basipterygoid process in

seems to

be homologous at least with the

posterior part of the process bp in B. mougeoti.
In Polypterus (Traquair, 1871, pp. 169—171; Lehn, 1818, p. 384) an unpaired sphe¬
noid extends, as we know, through the whole orbitotemporal region and forms, as has
been pointed out above, the roof for the cavum sacci vasculosi. The sphenoid is pierced
by the nervus opticus, n. oculomotorius,

n. trochlearis,

r, profundus trigemini,

arteria

carotis interna1) and a number of veins, inter alia v. pituitaria. The roots of trigeminus
have their exit from the cranial cavity trough

a foramen situated on the boundary

between the sphenoid and the anterior cartilaginous part of the labyrinth region.

The

lateralis fibres, with the exception of those destined to the preoperculo-mandibular sensory
canal, all emerge behind the sphenoid through a special foramen quite surrounded by
cartilage. (Lehn, 1918, pp. 394—895). N. abducens accompanies the trigeminus roots.
The sphenoid in Polypterus thus shows in many respects a striking agreement with
the similarly termed bone in Birgeria mougeoti.

In spite of this,

however, it is evident

x) Arteria carotis interna in Polypterus enters the cranial cavity on each side through or close, behind the
foramen opticum, thus far anterior of the cavum sacci vasculosi.
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that with regard to the development of the orbitotemporal region Polypterus represents
a far less specialized type than B. mougeoti, which has evidently started to develop in
the direction of Lepidosteus, Amia and Teleosts. For in Polypterus the cranial cavity not
only extends trough the whole orbitemporal region but has also about the same width
dorsally as ventrally. The floor of the cranial cavity in Polypterus is therefore compa¬
ratively wide and the cranium gets a certain platybasic character. Under these circum¬
stances the

interorbital wall is of course relatively thick.

It is also noteworthy that

both the myodome and the fenestra optica are absent. The distance between the foramen
opticum

and v. pituitaria is long and not shortened

as in the Teleostei and in Amia,

Lepidosteus and Birgeria. In this respect Polypterus thus resembles Dictyonosteus and the
Elasmobranchs.x)
It is also evident that with regard to the general characters of the orbitotemporal
region B. mougeoti is considerably more specialized in the direction of the Teleostei than
the sturgeons.
Among

fossil

ganoids

only Dapedius

and Lepidotus

are so far known

to

any

extent with regard to the development of the orbitotemporal region. As far as one can
understand, the general characters of this region have in

them been fairly like those

in the Teleostei.

details

Ossifications have been present but no

are known as to the

boundaries of these (Woodward, i8g3 b, pp. 560—-565; 1915, p. 3g; Frost, igi3, pp. 219—222).
The fenestra optica is well developed.
Among the Crossopterygians Dictyonosteus (Stensio, 1918 c) shows a striking resem¬
blance to B. mougeoti by its large sphenoid, which extends into the most anterior part
of the labyrinth region, and this is also the case to a certain extent which the Coelacanthids, where the basisphenoid corpus is situated in the labyrinth region in a similar
way to the pars basisphenoidea of the sphenoid in Dictyonosteus.

For further

details

with regard to this I refer to my description of the Coelacanthids in this work above
(pp. 56—60, 91—92, 132). It is, however, evident that with regard to the development
of the

orbitotemporal region both Dictyonosteus

and the Coelacanthids show in

other

respects rather different conditions from B. mougeoti, and that in this respects they pro¬
bably resembled Polypterus in essentials.
We thus see that with regard to the

development of the

orbitotemporal region

Birgeria mougeoti has started to develop in the direction of the Teleostei, but that it also
has certain characters in common with Polypterus and Crossopterygians. It also

seems

to me fairly evident that these characters are primitive and indicate a close relationship
between the primitive Actinopterygii and the Crossopterygii (cf. pp. 137—140 above).
It is also

worth mentioning in this

connection that our

view of the relationship

of the Polypterids to other Teleostomes has become rather clearer because of the more
exact knowledge gained with regard to the development of the orbitotemporal region
in B. mougeoti on the one hand and in Dictyonosteus and Coelacanthids on the other. It
certainly seem

evident that with

resemble Dictyonosteus and the
reason

to

refer them to

the

regard to the

orbitotemporal region the Polypterids

Coelacanthids very much,
Crossopterygii

because

but there

of this,

as,

seems to be no

on account of the

*) In Calamoichthys there are in the orbitotemporal region according to Supino (19x4, p. i83) a paired basi¬
sphenoid, alisphenoid and orbitosphenoid, but no details are given as to their extension or relation.
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conditions described in B. mougeoti, we may now expect the region in question of the
primordial neurocranium to be like that of the Crossopterygii even in the most primitive
Actinopterygii (cf. p. i3g above).
Finally the account given here ought to show that in primitive forms among the
Teleostomes the prootic did not extend farther forward than to or at any rate a very
little in front of the facialis foramen.

The

the Teleostei in front of this foramen ought,
be

looked

upon

as

secondary.

It

seems

extension of the prootic in the majority of
to jugde from the facts so far known,
to

have

taken place

to

with a simultaneous

reduction of the most posterior part of the sphenoid or of corresponding ossifications
in case the sphenoid was divided into several bones.
The membrane
Parasphenoid.
powerful

bones

of the primordial neurocranium.

The primordial neurocranium is covered ventrally by a wide,

parasphenoid (Psph, text figs. 61, 62, 64; PI. 20, fig. 6; PL 22, figs, x, 3; PI. 23,

fig. 2), the two end parts of which are not preserved. The anterior end has undoubtedly
been situated under the ethmoidal region, the posterior one has at least reached as far
as the anterior part of the occipital region. The greatest width is under the anterior,
cartilaginous part of the labyrinth region and to some extent under the posterior end
of the sphenoid. On the boundary between the orbitotemporal and the labyrinth region
a large

processus ascendens (pr. asc)

text figs. 61, 64; Pi. 22, figs. 1, 3) is

either lateral surface of the neurocranium.

sent out on

From the posterior end of the bone a deep

median sinus, rounded anteriorly, has extended forward (P. iyi, text fig. 65).

A similar

sinus is found in Acipenser (Parker 1882, PI. 16, fig. 3; Woodward, 1895 b, fig. 8, p. 36),
Scaphirhynchus (Ivanzow, 1887, PI. I, fig. 2), Gyrosteus (Woodward, 1895 b, fig. 7, p. 36) and
the Saurichtliys species described below.

In the recent ones of these forms we find that

the sinus in question contained the arteria dorsalis. It is therefore probably correct to
conclude that this artery in Birgeria, Gyrosteus and Saurichthys also had a similar position.
A bifurcation of the posterior end of the parasphenoid by a sinus also occurs in
Polypterus and a number of other forms. The anterior end of the sinus is, however, not
rounded off but has an acute angle.

In such cases

the sinus is occupied by the basi-

occipital and has nothing direct to do with the arteria dorsalis.
As has already been pointed out above (p. 154) the parasphenoid in the labyrinth
region

shows

very special

conditions.

From its

dorsal surface there issues a paired

longitudinal lamella (pi, text figs. 59, 60, 62; PI. 20, fig. 6; PL 22, fig. 1, 2)

in a

direction. This lamella, called by me the profound lamella of the parasphenoid,

dorsal
is on

either side situated between the prootic-opisthotic and the basioccipital in the posterior
part of the

labyrinth

region (text fig. 59),

but extends somewhat higher up than this

last-mentioned bone, so that it has presumably come into direct contact with cartilage
dorsally and medially. At about the middle part of the labyrinth region the profound
lamella has in tranverse section the appearance shown in text fig. 60. At this place it
is

also

situated

medially

of the

prootico-opisthotic

but

did not

come

into

direct

contact with this bone, probably being separated from it partly by the labyrinth recess,
partly by

cartilage.

Its relations medially to possibly existing

cranial cavity cannot be made

out.

In

the

anterior

cartilage

part of the

and

labyrinth

to the

region

it

i?6
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decreases rapidly in height

and finally disappears entirely at the posterior end of the

basal parachordal plate of the sphenoid. Its approximate height and extension through
the whole labyrinth region are shown in text fig. 62 and PI. 20, fig. 6.
The parasphenoid in the whole has its dorsal surface concave throughout its length
and its ventral surface convex from one side to the other. This character is most pro¬
minent in the orbito-temporal region, where the ventral parts of the sphenoid are sunk
as if in a groove (text figs. 64 A, B);

Cross-sections through the parasphenoid on the

one hand and the prootico-opisthotic and cartilaginous parts on the other are shown in
text figs. 59 and 60.
The exit for n. glossopharyngeus has been situated so low that even the para¬
sphenoid

(IX, text fig. 61) helped

to

form

the boundary

of the

outer

opening

for

its canal on the ventral side.
The
figs. 1, 3)

processus ascendens of the parasphenoid (pr. asc. text figs. 61, 64 B; PI. 22,
is,

as already

mentioned,

powerful and

extends

dorsally almost up to

the

cranial roof. Immediately behind this process there is in the lateral border of the para¬
sphenoid a characteristic sinus, which indicates the position of the posterior openig for
the canalis facialis (VII, text fig. 61; PI. 22, figs. 1, 3).
The parasphenoid as a whole consists of a compact radiate bone substance than
can be split up

into

thin

lamellae;

it also has a well

situated under the canalis transversus.

developed

ossification

centre

In the profound lamella it has a very special

character to which no parallel can be found in recent forms. Among fossil forms there
are perhaps found indications of a lamella of this sort, as we shall see in Saurichthys.
Whether this was also the case in other forms is not yet known (cf. Day 1915, pp. 422
—434; Fritsch 1895, pp. 79, 91, 99, 116; Jaekel 1903; pp. 46—50; Traquair 1877 a, p. i6)i
Apart from the

profound lamella the parasphenoid in B. mougeoti seems to be of

a similar type to that of the recent Sturgeons.

It would thus be rather

considerably

different from the corresponding bone in Palaeoniscids in general, which, as far as we
know,

would

Teleosts

and

ossification
that are

not

have

which,

in

very wide.

extended

so far

addition,

has the part that is situated behind the

An

so far known,

additional

backwards

characteristic,

is that the parasphenoid

as in the

at least for

on the

recent

Ganoids and
centre

of

certain Palaeoniscids

dorsal surface has a fossa

developed at about the place of the centre of ossification, and also that the part behind
this centre sends out on

either side two

processes in a latero-dorsal direction.

Jaekel

and Day are of the opinion that the hypophysis was situated in the fossa, and the latter
investigator even

says that because of this the basisphenoid may be' fused

posterior part of the parasphenoid.

The

anterior of the two

with the

processes is accordingly

interpreted by him (Day) as a basipterygoid process, and he considers that he has found
it developed with a facet for articulation with the palatoquadrate.
It ought however

to be noted that Day’s view

does

not seem probable in

preceding case. The fossa present on the dorsal surface of the

parasphenoid

the

in Palae¬

oniscids might, it seems to me, very well have been related to the hypophyse without
for that reason the basisphenoid forming part of the parasphenoid.

As an instance we

may mention that the fossa hypophyseos both in Polypterus and Lepidosteus was bounded
ventrally by the parasphenoid and that, at least in young specimens of the former genus,
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the hypophysis was in connection with the mucous membrane of the mouth cavity by a
foramen

in

the parasphenoid (cf. Lehn 1918,

figfs. 9—12).

In

addition the ontogenetic

development of the hypophysis also of course supports the idea that certain forms it may
remain in more or less direct contact with the parasphenoid,

or be partly surrounded

by that bone. Nor do I consider that Day's interpretation of the anterior process as a
basipterygoid

process

can be maintained

either.

For a process with

about the

same

position as this one in the Palaeoniscids also occurs in Lepidosteus, where it undoubtedly
belongs to the parasphenoid, in spite of the fact that, together with an

antero-ventral

part of the prootic, it is developed with a facet for articulation with the metapterygoid
(Allis, 1909 a, p. 184; Veit, 1907, p. 186).

It thus seems presumable that at least certain

Palaeoniscids showed in this respect about the same conditions as Lepidosteus.

Others,

on the contrary, such as, e. g., B. mougeoti seem to have been without any articulation
between the palatoquadrate and the neurocranium.
The trigemino-facialis
had an opportunity above
situated behind the orbit.

chamber and the myodome. — I have already

(p. 166) to describe
In connection with

a paired,

large,

this I have also

forward

presumably corresponds to a great extent both to the trigemino-facialis
the myodome.

open

noted that this

cavity,
cavity

chamber

Now that we have got to know the relation between the

and

primordial

neurocranium and the parasphenoid it may be convenient to look more closely at this
postorbital cavity.
It has extended rather considerably rostro-caudally, reaching from the anterior part
of the labyrinth region forward to about the boundary between the posterior and the
middle third of the sphenoid.

Its most posterior part,

which falls within the labyrinth

region, was probably surrounded on all sides by cartilage. Its anterior and incomparably
much larger part, which belongs to the orbitotemporal region, is bounded in its present
state

of preservation

entirely by

bone (text fig. 64 B).

The

basal part,

bsph, of the

sphenoid and the basal parachordal plate (pc) form together the medial wall, arid the
parasphenoid with its processus ascendens forms the lateral (ventro-lateral) one.

The

dorsal (dorso-medial) wall consists of the pars lateralis of the sphenoid, and the ventral
wall in the anterior part of the basipterygoid process (bp) and in the posterior one of
the parasphenoid. It is, however, rather probable that a lamella of cartilage may have
continued forward from the labyrinth region both along the lateral wall of the cavity
and

along

its

ventral

wall

to

the

posterior

especially if we may judge from Saurichthys,

margin

of the

basipterygoid

as we shall see below (Part II).

were the case the parasphenoid would in reality not at all or perhaps
(farthest forward on the lateral side) have

formed part

of the boundary

process,
If

this

only slightly
of the post¬

orbital cavity.
The postorbital cavity is low and wide in shape. The width in greatest anteriorly
and decreases continuously posteriorly. In cross section the anterior part of the cavity
(niyi; trig. fac. ch, text fig. 64 B) has an irregularly quadrangular shape, while its posterior
part is more oval.
At least from a functional point of view the postorbital cavity can be devided
into a ventro-medial and a dorso-lateral half, the former of which functioned as a myodome>
the latter presumably as a trigemino-facialis chamber (cf. Allis
Stensid, Triassic Fishes from Spitzbergen.

1897 a, pp. 492—506;
23
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1909a, pp. i83—208; 1914a, pp. 225—253; 1918a, pp. 241—246). For it is evident that the
musculus rectus externus must have extended throughout the entire ventro-medial half
of the cavity to reach its supposed place of origin in the fossa my. Since, as far as
can be judged, the other three musculi recti of the eye may have originated principally
on the lateral surface of the basal region (bspli) of the sphenoid and the dorsal surface
of the basipterygoid

process,

the posterior ends

of these too have extend into the

cavity and been situated in this medially and presumably also somewhat ventrally of
the m. rectus externus. Further, n. oculomotorius and n. abducens had their exit in the
same half of the cavity, the former nerve far forward, the latter far backward. Finally
it is very probable (cf. Saurichthys ornatus part II) that v. jugularis
course

also entered this half,

where,

in its backward

however, it would have turned fairly soon in a

dorsal direction reaching the dorso-lateral half of the cavity.
At the posterior part of this dorso-lateral half of the cavity the trigeminus and
lateralis roots have pierced the medial wall of the cavity, which was rather thick at
this place. A part of the ganglionic complex that was formed by these roots must
presumably have been situated in the medial wall (incisure V in my figures), another
part, on the contrary, probably had its position laterally of this in the cavity itself.
Of the branches sent out from the ganglionic complex at least r. maxillaris, r. mandibularis and n. buccalis lateralis have had an anterior course through the dorso-lateral
half of the cavity throughout its length. R. ophthalmus profundus or (a somewhat corres¬
ponding nerve) has had its exit far forward rather in the dorso-lateral than in the ventro¬
medial half or at the boundary between the two. Whether, finally, the roots for n. facialis
closely accompanied the trigeminus roots and thus entered the most posterior end of
the cavity or whether they pierced the cranial wall behind the cavity, must still be
considered an open question. The trigeminus incisure (V, text figs. 62, 63; PI. 20, fig. 6;
PI. 21, figs. 1—3; PI. 22, figs. 1, 3)

on the posterior margin of the sphenoid certainly

seems by its size to indicate that the trigeminus and facialis roots might have had their
exit together or in close proximity, but there is no real proof of this.
As far as one can judge there has been at least no osseous or cartilaginous septum
between the dorso-lateral and ventro-medial halves of the postorbital cavity, for on the
lateral surface of the sphenoid there is no trace of a fastening for a septum of this
sort. Whether, on the other hand, a membranous septum was present or not is very
difficult to decide, except just at the very opening to the orbit. For at this opening
we find on the medial side of the parasphenoid quite close to the lateral edge of the
basipterygoid process a small

dorso-medially directed process pd (text fig. 64 B) with

about the same position as the ventral end of the process in Amia that Allis (1897 a,
pp. 492—497; 1909a, pp. 3g—41, 48;

1914a, pp. 246 — 248;

1918a,

alisphenoid pedicle. In Amia this process has its ventral end

in

244—245) called the
contact partly

with

the cartilage laterally of the orbital opening of the myodome, partly with the processus
ascendens of the parasphenoid. In the Teleostei Allis (1909 a, pp. 3g—41, 45) has shown
that a correspondence to the alisphenoid pedicle is present, although it is often represented
only by a ligament issuing from a process or a ridge-like swelling of the alisphenoid and
extending to the processus ascendens of the parasphenoid. The ligament may be partly
or entirely ossified by «invading growths* from the alisphenoid and the parasphenoid.
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and

I now

imagine that the above-mentioned process pd in

B. mougeoti indicates that

a ligament homologous with the alisphenoid pedicle in Amia was present and that an
-invading growth* of bone had taken place from the parasphenoid in the ventral end
of the ligament. But I have not found any distinct traces of a fastening for such a
ligament on the pars alisph'enoidea of the sphenoid.
As has been pointed

out above, it is .rather probable

B. mougeoti did not form part of the
so

possibly only farthest forwards.

that the parasphenoid in

direct boundary of the postorbital cavity or did
As I mentioned, a cartilaginous lamella probably

extended from the cartilage in the anterior part of the labyrinth region some distance
in a rostral direction along the medial surface of the parasphenoid both on the lateral
and the ventral sides of the cavity. Consequently, if this were correct, the cavity would
have been to a considerable extent a space in the cranial wall itself or, to put it more
briefly, an intramural space (Allis).

The medial wall of the trigemino-facialis part of

the cavity would then correspond to the ossified wall that, at least in several Teleosts,
(cf. Allis, 1909a, pp. 45—47, 207—208;
separates the real trigemino-facialis
mino-facialis recess.

This recess

1914a, pp. 243, 246—248;

chamber (or trigeminus

1918a, pp. 244—246)

chamber) from the trige¬

would apparently have been present in B. mougeoti

partly bounded by the large trigeminus incisur (V) in the posterior border of the sphe¬
noid, partly by the cartilage following behind this bone and belonging to the labyrinth
region. In Amia and probably in Lepidosteus as well, according to Allis (1909a, loc. cit.;
1914a, loc. cit.; 1918a, loc. cit.) the trigemino-facialis recess has probably fused with the
trigemino-facialis

chamber, and the wall between them

has been resorbed.

assumption the trigemino-facialis part of the postorbital

With this

cavity of B. mougeoti, leaving

out of consideration the possible extra-cranial part, would thus be homologous with the
trigemino-facialis chamber of Teleosts or at least with the trigeminal part of this chamber.1)
If the trigemino-facialis part of the cavity were in addition separated from the myodomic
part have by a membranous septum, the agreement with the Teleostei would have been been
rather great; if, on the other hand, both parts had been in open communication with
each other, the conditions would have

formed an intermediate stage between those in

Amia and in Teleosts.
If the postorbital cavity in B. mougeoti has to a great extent been an intramural
space it is
would on

also

evident that its myodome, apart from the extra-cranial, anterior part,

either side be homologous with

an

antero-lateral part of the myodome in

Amia and the Teleostei. It would presumably represent only a small part of the com¬
partment of the myodome
one.
wall

If the basal
formed

broken
its

by

through

in the Teleosts that Allis (1918 a, p. 243) called the dorsal

part bsph
the

of the sphenoid

basal

and partly

parachordal
resorbed,

we

were

plate

to be somewhat reduced
(pc)

should get

essential parts, would be homologous with

between
a

the

myodome

and the

myodomes
that,

at least

was
in

that in Amia. If the basal part bsph of

the sphenoid were reduced to a thin septum too and the origin of the musculus rectus
externus extended into the fenestration (fen. bas. post, text fig. 63 B; PI. 21, figs. 1—3;
PI. 22, fig. 3) that might represent fenestra basicranialis posterior,

and if this

muscle

*) As we know, at least in several cases the trigeminus part alone of the trigemino-facialis chamber may¬
be developed in many Teleosts (Allis, 1914a, p. 246).
23*
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continued to extend backwards between the parasphenoid and the basis of the primor¬
dial neurocranium, a myodome would arise that was in all respects homologous with
that of the Teleostei (cf. Gaupp, 1905; pp. 667 — 669; Allis, 1909a, p. 195; 1918a).
Finally the possible extra-cranial part that would form the most posterior part of
the postorbital cavity would be situated between the sphenoid on the one side and the
parasphenoid and the anterior part of its processus ascendens on the other, as is evident
from the
course

be

account given
added

to

by me

the

above.

myodome

An extra-cranial part

and

the

trigemino-facialis

of this

sort would of

chamber in

Amia,

if

the parasphenoid of this fish were wider and its processus ascendens extended farther
forward.
If we now start out instead from the

alternative that the postorbital

cavity in

B. muogeoti was preponderatingly an extramural space, the trigemino-facialis part pro¬
bably showed about the same conditions as in Polypterus, i. e. it would have corresponded
to a trigemino-facialis

chamber

regard to the myodome it too
chiefly from

only functionally

(cf. Lehn, 1918, pp. 403—404). With

could, -under similar conditions, be termed a myodome

a functional point

of view.

This would

also be true of its anterior and

middle parts. The posterior part, on the other hand, seems, as we have found, on account
of the development

of the

fossa my to

present such

conditions that it is difficult not

to regard it as homologous to at least a small antero-lateral part

of the myodome in

Amia and the Teleosts.
The view that the postorbital cavity in Birgeria mougeoti is chiefly an extramural
space does not, however, in my opinion, fit in well with the development of the orbito¬
temporal region as a whole. It is true
region has

that in Birgeria mougeoti, as we have seen, this

a number of features in common whith the

pterids and Crossopterygians,
as Actinopterygian-like.

In

but as a whole it

several respects it

corresponding region in Poly-

can be unconditionally characterized
even appears to be considerably more

specialized than that of the sturgeons and approaches that of the higher Ganoids and
Teleosts. It would consequently be rather strange if this spezialisation had not appeared
with regard to the postorbital cavity as well, so that not only functionally but also in
reality it corresponded to more

or less considerable parts

of the myodome and trige¬

mino-facialis chamber of the higher Ganoids and Teleosts.
A rather important support for the correctness of this view would be afforded by
my interpretation, given above, of the small process pd on the medial side of the sphe¬
noid, provided that this interpretation could be shown to be the right one.
As in any case I consider that I have proved that the progress leading to the
development of myodome had already definitely begun in B. mougeoti, there is nothing
surprising in

this.

For according to

what we know

of the myodome in

primitive

Teleosts (Allis, 1909 a, pp. 201—202) and Semionotids (Allis, 1909 a, p. 201; Woodward,
1893 b, p. 564; Frost, igi3, p. 221), we must expect it to occur in more primitive forms
than the higher

Ganoids,

and in

that case most probably already in Palaeoniscids,

a

view, which, according to the observations made on B. mougeoti, seems to be correct.
But I do not mean to suggest by this that a myodome is found in all Palaeoniscids.
As I have tried to show above in this work (pp.62, g3, 121) a myodome was probably
developed in Coelocanthids too.
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The membrane bones of the cranial roof. — The cranial roof in B. mougeoti
(PI. 24, fig. 2) as far as it is preserved, seems to show on the whole Palaeoniscid-like
conditions. One can identify the paired frontal (Fr, PI. 24, fig. 2), dermosphenotic (der¬
mal postfrontal, Dsph, PI. 24, fig. 2), supratemporo-intertemporal («squamosal», Stemp. it,
PI. 24, fig. 2) and probably the parietal (Pa), and a supraorbital (So) as well. All these
bones are, however, only fragmentarily preserved and their bone substance is to a great
extent quite weathered away, so that in most cases only impressions of the lower side
are left. Some of them are also partly much broken.

It is not possible

under these

conditions to fix quite acurately in details the course of the sutures between them.
The frontals are long and relatively narrow. Their posterior end is situated above
the anterior half of the labyrinth region. Their anterior one is not preserved but must have
extended on to the ethmoidal region. The centres of ossification are above the posterior
half of the

partes laterales of the sphenoid.

Medially they meet each

other in the

normal way, and the suture between them was probably fairly straight.
The dermosphenotic is a rather large bone, on either side of the cranial roof, with
its centre of ossification over the

anterior part of the autosphenotic.

Its lateral and

rostral extensions cannot be established.
The parietals,

normally situated above the posterior part of the labyrinth region,

are presumably represented merely by the anterior ends.
The supratemporo-intertemporal of either side seems to have been a large and
rather wide bone extendig forward as far as over the most posterior part of the orbit,
where it meets the dermosphenotic in the usual way.
frontal and parietal.

Medially it was bounded by the

A considerable posterior portion of it is not preserved, and its

extension backwards cannot therefore be established.

The centre of ossification is not

preserved either, but, to judge from the radiation of the bone substance, it was probably
above the lateral edge of the prootico-opisthotic, fairly far back. A line drawn between
the ossification centres of the two supratemporo-intertemporals would in its middle part
have almost coincided with the suture between the parietals and frontals.
Each supratemporo-intertemporal extended laterally out past the lateral edge of
the primordial cranium, but it is impossible to ascertain how far.
there issues from each of them a perpendicular, long,

On the ventral side

but not especially high lamella

(pi, text figs. 60, 61, 64B) which is closely actual in its posterior part to the upper part
of the lateral surface of the prootico-opisthotic.
ventral lamella, however,

The anterior and larger part of this

has rested against cartilage and reaches forward nearly to

the posterior end of the autosphenotic.
From the posterior part of this lamella there issues in a forward,

downward and

medial direction a long process (vp, Pl. 22, fig. 3) which in the present state of pre¬
servation is somewhat broken and squeezed in the gap between the prootico-opisthotic
and the processus ascendens of the parasphenoid. It is evident, however, that this process
cannot be much displaced from its original position, at its ventral end must, on account
of its shape, have helped to form the dorsal boundary of the posterior exit of the facialis
canal. It ought therefore to have beeri situated in about the way shown in text fig. 61 (vp).
As it was rather thick it must of course have been sunk in cartilage to some extend. Its
posterior edge was situated close against the anterior margin of the prootico-opisthotic.
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In sturgeons the supratemporo-intertemporal has a lamella that closely resembles

the one (vp) in B. mougeoti, though it has not the long forward, downward and medially
directed process, and

Sagemehl (1884, foot-note pp. 188—189) also describes a rather

similar one in Amia. In Coelacanthids too, as is shown by my description in this work
(pp. 63, 81, 96 above), I found a lamella in a similar position, issuing from the supratemporal
part of the supratemporo-extrascapular and the intertemporal part of the parieto-intertemporal. In addition the Coelacanthids have on the supratemporo-extrascapular, as we
have seen, a process (h) that, at least at a hasty inspection, appears to have about the
same conditions as the process vp in B. mougeoti. If, however, n. facialis in Coelacanthids
has had its exit from the cranial cavity in front of the process f,, as I consider most
probable at present (cf. p. 60), the process h in them would be situated somewhat caudally
of the process vp in B. mougeoti. If, on the other hand, n. facialis in Coelacanthids has
had its exit behind the process fh the two processes in question here might possibly be
homologous.
As

we shall see from the following description

(part. II),

in Saurichthyids too

there seems to be a certain correspondence to the process vp in B. mougeoti.
The relation we found in B. mougeoti between the supratemporo-intertemporal and
the prootico-opisthotic is noteworthy from

another point of view

as well.

For the

fixation between the supratemporo-intertemporal and the primordial neurocranium that
has arisen in this case seems to afford us an idea as to how the pterotic was developed
in Teleosts

and

of the homologue of the cartilaginous bone component in this bone

(cf. pp. 154—161 above;
For

if we

assume

cf. also Sagemehl 1884, foot-note pp. 188—189).
that

the

prootico-opisthotic,

for instance,

extended

farther

forward on the dorsal side of the posterior exit of the facialis canal, it would, at least
partly,

have surrounded the process vp,

so that the supratemporo-intertemporal would

have obtained a very fixed connection with the primordial neurocranium. From a stage
of this sort a fusion between the prootico-opisthotic and the supratemporo-intertemporal
can

easily be thought to have

arisen,

and if this is so,

then finally,

owing

to the

influence of musculus constrictor superficialis 2 or muscles derived from this (cf. Vetter
1878; Ruge 1897), the supratemporo-intertemporal together with a dorsal part of the
prootico-opisthotic would have been broken loose from the other parts of the prooticoopisthotic. This dorsal part of the prootico-opisthotic would form about the dorsal half
of an opisthotic. The cartilaginous bone component in the pterotic would thus, as I have
tried to show above, be homologous with the dorsal part of the opisthotic.
With regard to the membrane bones of the cranial roof in B. mougeoti it ought finally to
be noted that, as far as one can judge, they rest close against the dorsal surface of the
primordial neurocranium and that apparently no muscle fossae have been developed beneath
them. Above the anterior part of the labyrinth region the frontals are broken off and some¬
what pressed down into the cranial cavity (see PI. 24, fig. 2), which may perhaps indicate
that a fontanel had been situated at this place

as in Saurichthys ornatus (cf. PartII)i

Visceral skeleton.
Specimen P. iyi has several elements of the visceral skeleton well preserved. The
account given here is entirely based on this specimen.
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The palatoquadrate and mandibula were very long'. The mouth was consequently
large and

extended so far backwards that its posterior end was

situated

caudally of

the orbital entrance, as in the Palaeoniscids in general.
It is impossible to ascertain to what extent cartilage was present in the palato¬
quadrate.

Of its membrane bones two are preserved,

one of which I interpret as an

ectopterygoid (Ecpt), the other as an entopterygoid (Enpt).
The ectopterygoid {Ecpt, text fig. 65, PI, 23, figs. 1, 2) is. a long bone situated along
the lateral margin of the palatoquadrate. In its present state of preservation it is defec¬
tive medially,

anteriorly,

and to

some exent also laterally, so that its width

and

its

extension forwards cannot be ascertained with certainty. Backwards it extended to the
quadrate. It occupies such a position that one of its surfaces is directed ventro-medially,
the other dorso-laterally. The dorso-laterally directed one is weakly concave in a trans¬
versal direction the ventro-medially directed

one

correspondingly convex.

The lateral

margin is almost straight. The bone substance is strikingly thin. The centre of ossifi¬
cation is situated towards the posterior end of the bone rather near the lateral margin.
The entopterygoid {Enpt, text fig. 65; PI. 23, fig. 2) is represented by a small portion,
situated between the

anterior end of the

ectopterygoid and the

parasphenoid (Psph).

Medially it is in direct contact witht he latter bone. The preserved part is rather narrow.
It may possibly have had a considerable extension backwards as in other allied forms.
Along the lateral margin of the

ectopterygoid

are found

slight remains

of the

maxilla {Mx, text fig. 65; PI. 23, fig. 2). It is evident that this bone was very long and
that it presumably extended as far as the pars quadrata of the palatoquadrate, covering
this on the outside. In its present state of preservation a posterior and longer part of
it is situated

close to the

ectopterygoid without coming into connection with it. In the

anterior part, on the other hand, its medial edge has been covered with a thin lamella
from the

ectopterygoid,

and it also seems probable that this lamella existed farther

posteriorly. That in this case we are not concerned with an accidental covering due to
displacement of the two bones in question towards each, is shown by the fact that the
lamella of the ectopterygoid that covers the maxilla is definitely distinguished from the
rest of the ectopterygoid by the absence of teeth or any indication of them.
I have previously shown (Stensio 1919) that the maxilla in B. mougeoti is typically
Palaeoniscid-like in its general shape. I have further been able to show here that it was
firmly attached medially to the ectopterygoid. Traquair (1877 a, p. 18) also surmised that
a connection of this sort existed in Palaeoniscids. Woodward (1889 b, p. 3oi) has described
in Birgeria acuminata on the medial side of the maxilla a

«palatal plate*

that seems

apparently to have been covered by the ectopterygoid. In Chondrosteus, (Traquair, 1887,
pp. 258—256) as in the recent Acipenserids and Polyodontids, the maxilla is also closely
joined

to

the

palatoquadrate

and this is

also the

case in

Saurichthys.

In

the

last-

mentioned form there occurs, as we shall see (cf. Part II), as in B. acuminata, a medial
lamella or list that is covered dorsally

by the

ectopterygoid. Finally we also find, as

is known, a firm connection between the palatoquadrate and the maxillary in Polypterus,
a connection which is formed posteriorly in the same way as in B. mougeoti and Saurichthys,
but is due farther anteriorly, on the other hand, to the so-called maxilla covering the anterior
end of the so-called ectopterygoid.
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Of the bones of the lower jaw only the mixicoronoid («splenial») (Mco, text fig. 66;
PI. 2 3, fig. i) is preserved in the material of B. mougeoti so far found. This bone is very
long and seems to have

been strickingly low.

It probably covered the medial side of

the Meckelian cartilage throughout the whole length.

Its most posterior part,

which

was situated about medially of the insertion of musculus adductor mandibulae, is some¬
what lower than the incomparably longer part in front. The anterior part is otherwise
very distinctly differentiated from the posterior part by its tooth-bearing labial margin.
Some large teeth embedded in stone just laterally of
the mixicoronoid show that the dental had its normal posi¬
tion.

The

dental

itself is,

however, completely weathered

away.
Nothing is preserved of the hyoid arch and the fifth
branchial arch. The four remaining
figs. 65, 66; PI. 23, figs. 1, 2),

branchial arches

(text

on the other hand, are fairly

complete. They are all long- and slender and are ossified to
a

considerable

extend.

Thus

in

the three

most anterior

pairs of them one finds the hypo-, cerato- and epibrancials
occupied by ossifications,
has an ossification

in

and in

addition the second pair

the infrapharyngobranchial.

In

the

fourth pair only a ceratobranchial ossification is preserved,
and it is uncertain whether an epibranchial ossification was
also developed. The different ossifications in each arch were
connected with one another by means of cartilag-inous epi¬
physes.
The hypobranchials I—III

3

(.Hbri—Hbr

text fig. 66;

PI. 23, fig. 1) are embedded in the stone in such a way that
they are only accessible for investigation from the ventral
Text fig. 65.
Birgeria mougeoti Agassiz.
Parasphenoid and parts of the visceral
skeleton, seen from the dorsal side.
After P. ip. 3/t.
Ei>r,-Efer3)epibranchialsofthegill-arches
I-1II; Ecpt, ectopterygoid; Enpt, entopterygoid; Ifbr2, infrapharyngobranchial
belonging to gill-arch II; ,4v, maxillary;
Psph, parasphenoid, incompletely pre¬
served.

side.

They grow narrow towards the ventral ends,

which

are distinctly bent in a medial direction towards the copulae.
Towards the posterior end of its anterior third hypobranchial II has

a

small process (pr. int, text fig. 66;

PI. 23,

fig. 1), which may either have been developed in connection
with the insertion for the ligamentum interarcuale ventrale
(cf. Allis 1897a, PI. XXXIII, figs. 49, 50) or may represent
a broken ventro-medially pointing process which has been

attached to the copuale, i. e. the anterior end of the hypobranchial II would, if the latter
alternative were correct, have been befurcated. It is impossible to decide whether hypo¬
branchials I and III had similar processes. Hypobranchial IV must have been cartila¬
ginous if it was present as in independent segment.
Ceratobranchials I—IV (Cbrj—Cbr4, text fig. 66) are long and slender, each with a
rather deep longitudinal furrow on the posterior surface.
Epibranchials I—III (Ebri—Ebr3, text fig. 65) are

in the same way as the cerato¬

branchials long and slender and have on the posterior surface a relatively deep longi¬
tudinal furrow.

The dorsal side of those of branchial arches I and II is divided by a

TRIASSIC FISHES FROM SPITZBERGEN

l§5

sinus into an anterior and a posterior short truncate process. Whether that of branchial
arch IV was ossified

or consisted

of cartilage is a question

Shat cannot be answered

from the present material.
At least in the second and probably also in the first pair of branchial arches the
pharyngobranchials were

divided into infra- and suprapharyngobranchial, all of which,

except the infrapharyngobranchial II
cartilaginous.

(Ifbr2, text fig. 65; PI. 23, fig. 2),

Infrapharyngobranchial II

somewhat like in hour-glass,

which had

laginous epiphyse at either end.

consists of a relatively large

were probably
bone,

shaped

a carti¬

The pharyngo¬

branchials of the third pair of branchial arches,
and presumably

also

Hbr,_

of the fourth pair as well,

do not seem, at least if we judge from the dorsal
end of epibranchial III, to have been divided into
infra- and suprapharyngobranchials, and it is also
probable that they had no ossification.
The gill filaments have had in their interior
ossified or calcified supporting gill-rays, some of
which are still preserved. As far as can be seen,
the gill-rays are not comb-shaped.
The

ventral

ends

of the branchial

arches Cbr2--

were joined in the usual way by a row of copulae.
The material present does not show the conditions
of

this row in front

of the first gill-arch pair.

Behind this pair and between it and pair IV it
was strong.

In this part it was

also

strikingly

well ossified, as we find there no fewer than three
well developed ossifications (Coj—Cos, text fig. 66;
PI. 23, fig. 1). The most anterior of these, which
is at the same time the shortest, is situated bet¬
ween

the

first

and

second

pairs

of

branchial

arches, the following one between pairs II and III,
and finally the most posterior one, which is also
the longest,

between

ossifications were

pairs III and IV.

separated from

each

All the

Text fig. 66. Birgeria mougeoti Agassiz.
Parts of the visceral skeleton from the ventral side.
After P. 171. »/4.
Cbrt-Cbr4, cefatobranchials; CorCo3, ossifications iu
the copulae; Ecpt, ectopterygoid; Hbrt-Hbr3, hypobranchials; Mco, mixicoronoid; pr. int, process
possibly representing a fastening for ligamentnm
interarcuale ventrale.

other by

short cartilaginous interspaces and caudally of the last one there

was

also certainly

cartilage. It is of course impossible to decide the relations of these ossifications to the
segmentation of the row of copulae1).
The investigations of Traquair (1877 a, p. 22), Fritsch (1895, vol. 3, p. 79) and others
have already shown that the branchial skeleton in

the Palaeoniscids was well ossified,

*) As Gaupp (1904, pp. 910, 914) has pointed out, our knowledge of the copular skeleton of the Ganoids
and the Teleosts is very incomplete. Moreover he name copula or basibranchial has been used as a term both for
each of the cartilaginous segments of the copular row and for each of the ossifications that appear in this, even if
two or more of these ossifications corresponded to one cartilaginous segment. It is easy to understand that such
a method of procedure has caused a great deal of confusion. In this work I have consequently followed Gaupp and
avoided calling the copular ossifications copulae.
Stensio, Triassic Fishes from Spitsbergen.
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but hardly anything was known as to the conditions of its different elements. From the
description
arches

given by me above we see,

can as a

however,

that the skeleton

of the branchial

whole be looked upon as typically Actinopterygian-like.

recent Actinopterygii, B. mougeoti seems, at least with

Among the

regard to the ossifications in the

branchial arches and copulae, to approach most closely to Amia and the Teleosts.

Dentition.
All the teeth are more or less pointedly conical in shape.
The

labial border of the maxillary and dental are furnished with

two rows of

teeth, a medial row of large powerful ones and a lateral row with considerably smaller
ones. The teeth situated nearest to the lateral margin of the ectopterygoid and on the
upper margin of the mixicoronoid are of about the same order of magnitude as those
in the

lateral row of the

maxilla.

The

ectopterygoid and the mixicoronoid together

with the entopterygoid are, in addition, densely provided on their medial surfaces with
strikingly small teeth.
premaxilla

are

The

unknown.

conditions of the
The

branchial

dentition on the

arches had

parasphenoid

numerous fine

and

and the
relatively

long teeth.
On the smallest teeth (e. g. the majority of those belonging to the pterygoid and
the mixicoronoid) only few details can be observed. As a rule, however, it is possible
to verify that the pulp cavity was present and the point was covered with a cap of enamel.
The largest teeth present (P. 5^5) are about 15 mm high with their distal part not
infrequently bent a little like a thorn towards the medial side. They seem to resemble
most the shape of tooth that Munster (i83g, p. 119) and Agassiz (1844, vol. II, part 2, p. 87)
have

distinguished

under the name

of Saurichthys semicostatus,

but which Woodward

(1895 b, p. 20) and previously v. Meyer (1849 b, p. 235) and Eck (1865, p. 120) adopted as
a synonym of Sauriclitfiys mougeoti, i. e. of Birgeria mougeoti. The enamel cap that covers
the point is 1/s—1/4 of the total length of the teeth and is divided into a medial and a
lateral half by a sharp edge placed sagittally. This cap is also furnished with a sculpture
of some raised and fairly sharp striae (Pl. 21, figs. 5, 6), placed sparsely and generally
developed in about the same way on both sides of the sagittal edge. If these are sometimes
weaker on one side, then it always seems to be the medial side. They proceed from the
basal edge of the enamel cap and extend distally to about the middle of its height or
slightly farther.

The

remainder of the cap is therefore

striae it may further be
undulating,

added that they are

smooth.

With

regard

to

the

often not quite straight but somewhat

and that generally they are of rather

different height on the

same tooth.

A macroscopic investigation of the big teeth shows clearly that the enamel is not
restricted to the cap

alone but that it

teeth as a thin covering.

continues from there towards the bases of the

This covering can be seen extending about to the boundary

between the middle and proximal thirds of the total heights of teeth but is exceedingly
thin nearest this place.
The larger teeth

from the fish

horizon (PI. 21, fig. 5)

all seem to

have had the

enamel-covered part furnished, basally of the real enamel cap, with a very fine vertical
striation. The same conditions are also shown by a number of larger teeth (PI. 21, fig. 6)
found in the bone-bed 33 m

above the

fish horizon at Mt Viking,

while

others

from
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the latter bone-bed present a partially different appearance (PI. 21, fig. 7). These deviating
teeth have the enamel-covered part basally of the enamel cap developed with fairly coarse
vertical ridges, and these ridges have then in their turn fine striae or fine folds in the
longitudinal direction. There are, however, several transitional forms between this type
of tooth and the others.
Of special interest are the teeth of the branchial arches that are preserved in situ
on one specimen from the fish horizon (P. iji). These are of about the same height as
those on the lateral part of the ectopterygoid and the dorsal edge of the mixicoronoid.
Relatively to their length they are, however, more slender than other teeth and also have
a longer and more pointed enamel cap than these. Their enamel caps is also characterized
by the fact that, unlike that in the

other teeth,

is seems to be without striation.

We thus see that the teeth of the branchial arches differ considerably from the
other teeth in the

same

species,

probably not have ventured to

and the

difference is even so great that we should

refer them to the same species as the others if they

had not been found in the same individual as these. We thus get an idea of the diffi¬
culty

of distinguishing different fish

species

from

each

other

merely

by

means

of

detached teeth.
Nothing certain

is known

as to

the

arrangement of the teeth on the branchial

arches.
All the teeth of the fish
into

the enamel

which

cap.

is rather thin

in question

This cavity is
towards

the

have

a large pulp

surrounded

cavity

mostly by a

base a fact that

explains

that extends up

layer of ortho-dentine,
why detached teeth of

Birgeria species practically never have their basal parts preserved. Outside the layer of
ortho-dentine there follows in the distal part of the teeth the enamel cap,

and this is

continued basally, as I have mentioned above, by the thin enamel covering which seems
to stop at the boundary between the middle and basal thirds of the teeth. At any rate
it does not reach

as far down as to the base.

This enamel covering seems to have

been overlooked by Agassiz (1844, vol. II, part II, p. 153).
The Birgeria teeth show, as we know, a great resemblance to the Saurichthys teeth,
which

has also

caused B. mougeoti to be adopted as a Saurichthys species.

We shall

see, however (cf. part II), that a very characteristic quality of Saurichthys teeth is that
they have the dentine somewhat folded (plicidentine) in their basal parts, which is not
the case in Birgeria, and in addition that their enamel cap generally lacks striation. If
striation is developed it is, however, extremely delicate and abundant.
Axial skeleton.
The axial skeleton in B. mougeoti is represented by a number of remains from the
caudal region and the most posterior part of the abdomial region.

The remains from

the latter region are very incomplete and little suited for a more thorough investigation.
I have therefore been compelled to confine myself almost entirely to a description of
the axial skeleton in the caudal region.

Where

nothing else is stated the description

is based on specimen P. 155.
It is evident that the chorda dorsalis has played an important part and has been
well

developed.

A thin brownish

layer

(the brown

colour

due to the infiltration of
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bitumen) found in the place occupied by the chorda may possibly constitute remains of
its sheath.
The neural and haemal arches are preponderatingly ossified and are situated fairly
well in situ both relative to each other and to the space occupied by the chorda (text
fig. 67 A; PI. 21, fig. 4).
The neural arches consist in each segment of two paired elements.

One of these

elements (Id) is trapezoidal in shape with the shortest margin directed dorsally and the
longest,

which

rests

against

the

chorda,

ventrally,

while

the

anterior

and posterior

margins are so situed that they converge upwards.

In the segments belonging to the

most anterior part of the caudal region the height

of the elements Id is only slightly

smaller than the length, and in these segments the antero-dorsal corner of each of these
elements has also a rather deep sinus.

Posteriorly, towards the middle and posterior

parts of the caudal region the height of the elements Id decreases gradually with each
segment,

and the above-mentioned sinus becomes larger and

more

shallow,

finally

occupying nearly the whole of the dorsal margin.
The other element (Bd, text fig. 67, PL 21, fig. 4) in each neural arch is considerably
more strongly ossified than the one just described and, unlike it, very much drawn out
in height.

It is no placed vertically but is inclined backwards and this inclination in¬

creases the closer one approaches to the caudal fin.
conveniently distinguish
part

of the

neural spine.

bouudary

in this element a short,
of the

neural canal,

Both these parts pass into

With regard to function we may

widened proximal part,

and a distal

part,

which

each other without any

which forms
forms

a long

distinct boundary,

and the element as a whole has a shape that most closely resembles a rifle

with the

butt towards the chorda. The proximal part extends in between two adjacent elements
Id and has presumably reached down to

the

chorda,

direct contact with this only over a rather short stretch.

though it can have come into
Its relations to the elements

Id are shown in text fig. 67 and in PL 21, fig. 4.
In the anterior part of the caudal region we find that the elements Bd have on
their caudal (ventro-caudal) margin a weak, though distinct, sinus, situated opposite the
sinus on the anterodorsal corner of each element Id following immediately behind. On
the elements Bd that fall within the middle and posterior part of the caudal region the
sinus gradually becomes indistinct and finally can no longer be distinguished.

In the

abdominal region, on the other hand (P. 157; text fig. 67 B; Pl. 22, fig. 2), the sinus is
very strong and is bounded dorso-caudally by a narrow downward-pointing process (pi).
On the anterior (antero-dorsal) margin too the proximal part of the element Bd has
a sinus, bounded posteriorly and at the top by a small process (p). This sinus is found
clearly developed both in the abdominal an the whole caudal region.
The sinus in the antero-dorsal corner of each element Id together with the sinus
in the

caudal margin

of each

element Bd situated in front, has obviously formed a

foramen, which has apparently been pierced by the ventral spinal nerve root. The dorsal
root may have been transmitted dorso-caudally of the ventral one presumably close to
the anterior margin of each element Bd. It is not impossible that it may then have had
some connection with the sinus on the anterior (antero-dorsal) margin of the proximal
part on the element Bd.
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The exit of the roots of the spinal nerve in each segment shows that in the ele¬
ments Id we are concerned with interdorsals (cranial neural elements) and in the ele¬
ments Bd with basidorsals (caudal neural elements) in the signification given to these
terms by Schauinsland (1905).
If we now turn to the haemal arches,

we shall find these represented partly by

robust four-sided skeletal elements (Iv, text fig. 67 A.; PI. 21, fig. 4) and partly by long
ventro-caudally pointing elements, Bv. To each skeletal element Iv corresponds an ele¬
ment Bv. In the most
anterior part of the
caudal

region

element

Bv

connection

each
is

in

with

the

ventralmargin of each
element Iv. Towards
the

back,

however,

this

state

of affairs

is

altered,

nection
placed

the

being
first

to

con¬
dis¬
the

postero-ventral

cor¬

ner

still

and

then

farther backwards to
the posterior margin
of the elements Iv.
Each elements iV
has

a

dorsal

part

that extends upwards
along the chorda (pc,
text fig. 67 A; PL 21,
fig. 4), and a ventral
part situated entirely
under this. The dorsal
part, consisting of a
spongy

bone

sub¬

stance, is best deve¬
loped in the anterior
part of the caudal region, where it has a characteristic four-sided shape, and a height
corresponding to about half the diameter of the chorda. As one approaches the caudal
fin it becomes gradually lower with each segment and consequently assumes a somewhat
rectangular shape.

The ventral part of each element Iv is also highest in the anterior

end of the caudal region, and its shape is rectangular there, gradually becoming trapezoidal
in the segments following backwards, because the anterior margin decreases in height.
■Contrary to the dorsal part the ventral one consists of a rather compact bone substance
like the elements Bv and the elements of the neural arches. Both parts are incompletely
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separated from each other by a horizontal sinus penetrating from the back. The sinus is most
strongly developed towards the posterior part of the caudal region, as is seen intextfig.67 A.
The elements Iv are not in

contact with each other but are separated by fairly

large gaps, through which the intersegmental vessels may have had their exit from the
haemal canal. As far as can be discovered each element Iv is situated opposite an inter¬
dorsal and each element Bv opposite a basidorsal. From this one might conclude that
the element Iv represented an interventral and the element Bv a basiventral,

but the

conditions are probably more complicated than this. For it seems to me probable that
the element Iv in each segment also includes a proximal part of the basiventral, while
the element Bv would, if this were correct, represent only the distal part of a basiventral,
i. e. it would represent only a haemal spine. This view is, at least to a certain excent,
supported by the relations stated above between the elements Bv and the elements Iv
in the anterior part of the caudal region.
With regard to this last-mentioned element {Iv) it ought finally to be remarked
that I was unable to ascertain whether it was fused with that of the opposite side. In
any case, however, it has formed with this a semicircle which has surrounded the ventral
half of the chorda in each segment. We thus have the beginning of the formation of a
vertebral body, a hypocentrum, but the chorda was certainly very little affected by this.
As will be seen from what has been mentioned, the vertebral column in B. mougeoti
has retained its original segmentation as in the sturgeons. It is however somewhat more
specialized than in these in the following respects: 1) a stronger degree of ossification;
2) indications of the formation of vertebral centra; 3) the beginning of reduction in the
contact between

the

basidorsals

and the chorda;

4) the assumed fusion between the

interventral and the proximal part of the basiventral in each segment. In these respects
Birgeria resembles most closely Amici and certain of the higher fossil Ganoids.
The skeleton of the unpaired fins.
The anal fin

(A,

PI. 21,

fig. 4)

is

only preserved

in

specimen P. 155.

apparently well developed and had in this specimen at the base

It was

a length of at least

20 cm. The lepidotrichia were very numerous; their total number was probably about 70.
Their distal parts are not preserved, and the shape of the fin cannot therefore be seen
from the material present. They are, as is usual in Palaeoniscids, situated close together,
but while in Palaeoniscids in general they are closely jointed throughout their length, in
B. mougeoti they have here a short unjointed proximal part, which is also found in the
dorsal and caudal fins. Birgeria mougeoti thus shows in this respect a certain specialization
in the direction of the higher ganoids. The lepidotrichia of the anal fin were, however,
as usual, far more numerous than the endoskeletal radials, and /it is also noteworthy that
they had no ganoine covering.
The endoskeleton of the anal fin may have consisted of about 25 radials, 22 of
which are partly preserved. The anterior 16 (Ps -f- Ms, PI. 21, fig. 4) are each practically
occupied throughout their length by a single ossification, extending from the distal ends
of the haemal spines to the basal ends of the lepidotrichia, while the remaining 5 have
two ossifications, the proximal one (Ps, PI. 21, fig. 4), which reaches close to the distal
ends of the haemal spines, being the longest.
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As we know the endoskeletal radials of the dorsal and anal fins are generally divided
into three segments (cf, Schmalhaussen 1912, igi3a,

igi3b), it now seems probable to

me that the proximal ossifications in the five posterior endoskeletal radials of the anal
fin in B. mougeoti were situated in the proximal segments, while the distal ossifications
(Ms) belonged to the middle segments. The distal segments have been small and carti¬
laginous, as in the Actinopterygii in general. Thus we have in the posterior part of the
anal fin both ossified axonosts and baseosts, to use Cope’s (1887, p. 1016) and Woodward’s
(1891b) terminology.
The long ossifications in the 16 most anterior endoskeletal radials of the anal fin
must either have been situated entirely in the proximal segments, which would then be
very much lengthened at the expense of the middle ones, or have arisen by a fusion
of the ossifications of the middle and proximal segments in each radial. If the former
alternative is correct both the middle and the distal segments would of course have
been small and cartilaginous.
In certain primitive Palaeoniscids, e. g. Elpisopholis (Woodward, 1908 a, p. 20), both
axonosts and baseosts are present, though the baseosts are short. On the other hand in
Coccolepis, which is geologically the youngest representative of the Palaeoniscids, baseosts
are absent, at least as independent bones (Woodward, 1895a, pp. 4—8; Traquair, 19x1b,
pp. 13—14). The modification of the endoskeleton of the unpaired fins thus seems in
the Palaeoniscids to go in such a direction that the baseosts disappear either by being
fused with the axonosts or being reduced. Birgeria mougeoti shows in

this respect an

intermediate stage between Elpisopholis and Coccolepis.
Another circumstance with regard to the endoskeletal radials in the anal fin of
B. mougeoti ought also to be noted in this connection. It is evident that the endoskeletal
radials correspond to
anterior part

of the

some

extent to the number of the haemal spines

anal fin.

In the middle

only in

the

part of the fin we find two and in its

posterior part two or three inner radials to each haemal spine.
Similar conditions have already been shown by Traquair for the

dorsal fin

of

Phanerosteon (1911a, p. 167) and seem also to occur in Palaeoniscids in general, both in
dorsal and anal fins (Psilichthys, Hall, 1900, p. 147).
The dorsal fin (D, PI. 21, fig. 4; PI. 22, fig. 2)

in Birgeria mougeoti

rather far caudally and had a large posterior part opposite the

was situated

anal fin.

It

is

very

incompletely preserved, so that nothing is to be seen with regard to its shape. It is
evident,

however, that it was large and had a considerable number of lepidotrichs,

which showed in all respects the same conditions as those of the anal fin. The endskeleton
consists, as is usual in Palaeoniscids, of axonosts and baseosts (Traquair, 1877 a, p. 24;
Woodward, 1891b, p.427;
(Traquair,

1898 a, p. 84;

1908 a, p. 20), which seem, as in Phanerosteon

1911a, p. 167, fig. 9) to have been of about the same length.

This

would

apparently mean that the proximal and middle segments of the endoskeletal radials were
equally strongly developed, a condition that, according to Schmalhaussen’s investigations
(1912—xgi3), is to be considered as rather primitive. As in the anal fin, the number of
the endoskeletal radials was greater than that of the neural spines.I;)
l) A fragment either of a dorsal or an anal fin, probably belonging to B. mougeoti, has a certain interest,
as it shows that endoskeletal radials were also present in front of the fins in question (cf. TRAQUAIR, 1877 a, p. 24).
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The caudal fin is large and strongly heterocercal (PI. 24, fig. 1), deeply cleft and

nearly equilobate. The lepidotrichia are very numerous, situated close to each other and
are ramified dichotomically in their distal parts. Apart from a shorter proximal part
they are densely jointed throughout. The joints are always longer than broad and are
often somewhat sinuated into the shape of an hour-glass at the middle. The dorsal lobe
has a row of strong ridge-scales on its dorsal edge. All the lepidotrichia of the fin lack
ganoine covering.
The haemal spines (Jisp, PI. 24, fig. 1) were long and strong in the most anterior
part of the ventral lobe, but slightly flattened from the sides. Towards the middle and
posterior part of the same lobe they decrease in size but seem to maintain the same
shape as in the anterior part.
The skeleton of the girdles and the paired fins.
The pectoral fins in B. mongeoti are still unknown, as is also the

case with the

shoulder girdle.
The pelvic girdle and the ventral fins. Two ventral fins, found together in a
nodule (P. 154) seem to have certainly belonged to the species in question. As these
fins do not occur together with other parts of the skeleton it is impossible to decide
their original position in relation to other fins. Nor is it possible to say which of them
was originally the right and which the left one, and of course under such circumstances
one

cannot

decide

either which

of their

surfaces

was

situated

dorsally and which 1

ventrally. This state of affairs is, however, of no importance at all for the description
and interpretation of the different skeletal elements.
The two fins are fairly well preserved, but one of them — the left one as they
now lie — has both its lepidotrichia and inner skeletal elements turned

1800 from its

original position, in the way seen from text fig. 68 A and PI. 23, fig. 3. They seem to
have had a rather long base, a character that is also found in many other Palaeoniscids,
e. g. Clieirolepis (Woodward, 1891b, p.451;
Nematop thy chius (Traquair,

1898 a, p. 85,

igog, p. 118—119,

fig. 62;

Regan,

1904, p.334),

PI. XNVI, fig. 1) Cryphiolepis (Traquair,

1907, p. 105, fig. 4, Elpisopliolis (Woodward, 1908 a, pp. 17, 20, PI. IV, fig. 2), Atherstonia
(Woodward, 1891 b, p. 514), Coccolepis (Traquair, 1911 b, p. i3, fig. 2, PI. I, fig. 1); Woodward,
1895 a, p. 7; PI. I, fig. 16; 1898a, p. 86; 1915, p. 33) etc. The lepidotrichia are very numerous.
No less than about 50 are preserved, but it is probable that the total number has been
somewhat larger. They are all incomplete at the distal ends and nothing certain can there¬
fore be discovered as to the shape of the fins. They are also strikingly fine, are situated
close together and are without ganoine covering. Apart from a proximal part they are
fairly closely jointed and towards the distal ends they are also possibly dichotomically
ramified. The joints are, it is true, not specially long, but their length is still considerably
greater than the breadth.
The endoskeleton in each fin is represented in its present state of preservation by
a large bone-plate (Pv) and ossified remains of radials (po, do, text fig. 68 A; PI. 23,

fig.

3).

The bone-plate Pv is represented in the present state of preservation only by an
incompletely preserved impression.
narrow anterior part,

which

To judge from this it had a wide posterior and a

passed

fairly rapidly into each

other.

It

is

impossible.
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however,
whether

to

establish

with

certainty

certain lateral portions

of the

whether

this

shape

anterior part of the

is

the

original

one

plate have been

or

broken

off. I call the plate in question preliminarily a pelvic plate. I shall return to its homologues below.
As far as one can judge,

the

endoskeletal radials were

16 or 17 in

number,

which the most anterior 4 or 5 seem to have articulated with the pelvic plate,
the remainder were situated

caudally of this plate.1) They were all

of

while

divided into two

segments, a proximal and a distal one, the latter being very short.
The proximal segments have had a small cartilage epiphyse on each end. Otherwise
each of these segments is occupied by a compact,
cation (po, text figs. 68 A, B, PI. 23, fig. 3), which,

somewhat hour-glass shaped ossifi¬

apart from a thin peripheral layer of

lamellar character, consisted entirely of the same concellous substance as the replacing

Text fig. 68. Birgeria mougeoti Agassiz.
Skeleton on the ventral fins. Alter P. 104. */4.
A) Skeletal elements as preserved in the fossil. B) Reconstruction of the endoskeleton. The cartilaginous parts dotted.
Mt, metapterygeal elements; Pv, pelvic plate; do, ossification in the distal segments of the endoskeletal radials po, ossification in
the proximal segments of the endoskeletal radials.
bones of the neurocranium, a fact that seems to show that we are here concerned mainly
with endochondral bone. In Polyodon and possibly also in certain recent sturgeons, where
a corresponding ossification
radials of the ventral fins,

of the

endoskeletal

this ossification consists only of a rather thin

is found

in each

proximal

segment

perichondral

bone layer (v. Rautenfeld, 1882, p. 26, PI. I, fig. 5; Regan, 1904, PI. VII, fig. v).
The distal segments, unlike the proximal ones, practically all consist of cartilage.
It is intereting, however, that some few ot them, belonging to the middle radials,

had

a little ossification developed {do, text figs. 68 A, B; PI. 23, fig. 3)
*) Similar radials have been observed in Elpisopholis and Coccolepis. In Elpisopholis, according to Woodward
(1908 a, text fig. on p. 17), they are developed to about the same number as in B. mougeoti. In Coccolepis macropterus
(Traquair, 1911 b, p. 14) there are only 9, in C. australis (Woodward 1895 a,
b fig- 1 b)> on the other hand, about 25.
Stensio, Triassic Fishes from Spitzbcrgen.
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Together with the pelvic plate and the endoskeletal radials, now treated, a larger
or several smaller cartilaginous elements must also have been present in the endoskeleton
of the ventral fins. For the io or 12 radials that

did not articulate against the pelvic

plate occupy such a position that their proximal ends must have articulated with one
or several cartilaginous elements situated behind this plate. In other words, there must
have been one or,
pterygeal

elements.

according to my view, most probably several cartilaginous metaIn my reconstruction of the

text fig. 68 B I have

drawn a number

of such

endoskeleton of the ventral fins in
elements (Ml) but of course in this

respect I cannot claim to have hit on the correct number , or shape. In such a case as
this a reconstruction must always be more or less arbitrary.
Guided chiefly by the conditions in Coccolepis, Regan (1904, p. 334) and to some
extent Woodward (1895 a, p. 7) have expressly stated that the Palaeoniscids must have
been developed to some extent in the same way as the recent sturgeons with regard to
the endoskeleton of the ventral fins. The conditions in Birgeria mougeoti now show that
this view was partly correct. For it is easy to see that in the pelvic plate in this species
we have an element that in certain respects resembles the plate in the sturgeons that
v. Rautenfeld (1882) calls the «Basalplatte» and Wiedersheim (1892, p. 63, text fig. 11)
«vorderes (proximales) Basale»,

and,

further,

that the metapterygoid elements in the

same species had a position in relation to the surrounding elements corresponding to
that of the so-called «basalsegmente» (v. Rautenfeld, 1882) or «distalen basalia» (Wieders¬
heim, 1892) in the sturgeons. Common to both B. mougeoti and the sturgeons is the sub¬
division of the inner radials into two segments,

of which the proximal one may show

an ossification in the sturgeons as well.
On the other hand the present material also seems to make clear that the endo¬
skeleton of the ventral fins shows, at least in certain Palaeoniscids, several deviations
from that of the sturgeons.

Not only has B. mougeoti, for instance,

ossifications in a

greater number of elements than the sturgeons, but the ossifications in these elements
are more strongly developed and mainly of an endochrondal nature, and further, the pelvic
plate is without any indications of subdivisions in the lateral parts, which, on the other
hand, is often the case in the sturgeons in their so-called «Basalplatte».
As Goodrich pointed out (1909, p. 3o3), the endoskeleton of the ventral fins of the
recent sturgeon fishes resembles to some extent that of the Cladodontids. And the same
may be said with equal justification about that of the Palaeoniscids, according to what
we have seen in B. mougeoti. We can even say that the skeleton of the ventral fins
possesses a certain, at least a habitual, agreement with that of the Elasmobranchii in general.
If from these g-eneral comparisons we now pass on to attempt to

discover the

homologues of the different elements in the endoskeleton of the ventral fins in B. mougeoti,
we shall find considerable difficulties. In order to have a general view of the questions
that emerge

in

connection

with

this attempt

at homologization

it is,

however, first

necessary to give a brief historical account of the different views that have been put
forward with regard to the inner skeleton of the ventral fins in the Actinopterygii in general.
Gegenbaur was really the first to start to make a comparative anatomical investi¬
gation of the skeletons of the extremities in the lower vertebrates — and especially in the
sharks. In this he paid attention preferably to the phylogenetic points of view, and his
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attempt to show a common plan of organisation in the skeleton of the extremities in
all vertebrates resulted, as we know, in his very much debated Archipterygium theory.
As early as 1865 then and later in several

works he

expresses,

with regard to the

skeleton of the paired fins in the ganoids and Teleosts, the view that it had probably
originated by reduction of an Elasmobranchian-like one. Gegenbaur’s work in this depart¬
ment aroused general interest for the study of fish fins in general and the result of this
soon became apparent in the literature.
In 1876 the fin-fold theory was clearly put forward for the first time by Balfour
(1876, pp. 132—135) and was supported not long afterwards by Thacher (1877 a, b) and
Mivart (1879, pp. 458—482)

as well.

As the endoskeleton in the ventral fins of the

sturgeons resembled in a number of respects that of the unpaired fins, this was inter¬
preted by Thacher as an argument for the correctness of the fin-fold theory. The skeleton
of the ventral fins

of the sturgeons was considered to be very primitive,

even more

primitive than that of the Elasmobranchs.
Starting out from the views put forward by Gegenb'aur and putting before himself
the question of what had become of the different elements in the abdominal fins of the
Selachians, v. Davidoff (1879, 1880, 1884) undertook an investigation of the ventral fins
in the Teleostomes, in which he paid attention not only to the osteology, but also the
myology and neurology.

He then thought that he was able to show that the plate in

Amia, Lepidosteus, Polypterus and Teleosts that preceding authors had interpreted as the
pelvis, really corresponded most closely to the basale metapterygii of the Elasmobranchs,
while the pelvis was reduced or rudimentary (Polypterus).1)

According to v. Davidoff

the sturgeons, to judge from the development of their ventral fins, had entered on quite
a different direction of development from that of the above-mentioned Teleostomes. For
he considered that in the sturgeons the basale metapterygii was absent,

but that the

pelvis was present, although its caudaDpart in different genera and species showed a
more or less strong subdivision into segments, a phenomenon that he considered to be
secondary. In the last-mentioned point, however, he fairly soon modified his view, owing
to a work published by v. Rautenfeld in 1882.
In this work v. Rautenfeld (1882, pp. 3o—32, 44—45) came to the conclusion that
the process of subdivision that v. Davidoff considered he was able to verify in the pelvis
of the sturgeons, was really the operation of a process of fusion of basal segments of
the endoskeletal radials. Farthest anteriorly a number of basal segments had, accordingto his opinion,

already fused to a single plate,

which he

calls the basal plate

and

homologizes with the basale propterygii of the Elasmobranchs. In general he considered
the skeleton of the paired fins of the Ganoids Teleosts as reduced. The so-called pelvis
of the Teleosts, which v. Davidoff took to be the basale metapterygii, he considers as
a basale propterygii arisen in the same way as in the sturgeons.
Olga Metschnikoff (1880, pp. 426—427)

was

of the

opinion

that the pelvis and

metapterygeal stem together formed the elements of a single branchial arch.
Wiedersheim (1892, pp. 60—84) in his work
tiere® appears as an

eager partisan

«Das

Gliedmafienskelett der Wirbel-

of the fin-fold theory.

He

maintained

that the

J) v. Davidoff took the little paired or unpaired piece of cartilage between the anterior ends of the basale
metapterygii of either side in Polypterus as a rudiment of the pelvic girdle.
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skeleton of the ventral fins in the sturgeons is primitive, even more primitive than in
the Elasmobranchs. The skeletal element that v. Rautenfeld called the «Basalplatte» is
termed by him, as already mentioned above, the «vorderstes (proximales) Basale», and
he believed that he had also discovered that this skeletal element not only corresponded
to a basale propterygii but that it also comprised the pelvis and the most anterior part
of the basale metapterygii. «Kurz», he writes (p. 71), «es handelt sich bei jener Knorpelplatte gleichsam noch um einen indifferenten, basipterygealen Mutterboden, in welchem
in der Regel auch noch das Becken latent bleibt. In manchen Fallen aber gliedert sich
dasselbe mehr Oder weniger vollkommen ab, verbindet sich in Form einer primitiven
Symphyse und unter mehr Oder weniger vollkommener Verknocherung, resp. Verkalkung
mit

seinem

Gegenstiick.»

v. Rautenfeld’s description)

The

cartilaginous

elements

(the

free

basal

segments

of

following behind this most anterior basale together form,

according to Wiedersheim’s view, a polymerous metapterygeal axis.
In order to explain the skeleton the ventral fins in Polypterus,

Amia,

Lepidosteus

and Teleosts Wiedersheim starts out from the conditions in the sturgeons. The skeletal
element of Polypterus, Amia, Lepidosteus and Teleosts termed by v. Davidoff the basale
metapterygii is taken by him
sturgeons,

to be homologous with the «vorderstes Basale» of the

if the pelvic part of this «Basale» was excluded.

In the Teleosts, however,

the «Basale» is said to include also the complex of endoskeletal radials situated distally
of it in sturgeons and

other ganoids.

In Polypterus he thought, like Thompson

(i§86,

p. 534), he could discover an equivalent to the pelvis in the paired or unpaired little piece
of cartilage between the anterior ends of the «vorderstes Basale» of either side. In Amia,
Lepidosteus and Teleosts, on the other hand, a pelvic element or a pelvic part would be
absent. The absence of the pelvis in these forms he was of course inclined to take to be
most probably primary, i. e. the higher Ganoids and the Teleosts would originate from
forms in which a pelvis was not yet developed. On the other hand he emphasizes, how¬
ever, that the possibility must also be taken into consideration of the pelvis being reduced.
Mollier (i8g3, p. 121 —128; 1897, pp. 53 — 60) has in his general considerations of
the paired extremities of the vertebrates also dealt with the ventral fins of the sturgeons.
He states that

all the

endoskeletal

radials of either of the ventral fins in Polyodon

sometimes articulate with a large plate, which, in accordance with the results that he
considered he had attained with regard to the fin skeleton in general, he called the
primary basal. This large primary basal he considers to comprise,

if I interpret his

account correctly, the homologues of the basale pro- and basale metapterygii and parts
of the pelvic girdle

as well.

On the

other hand in

the cases when a skeletal plate

towards which radials articulate is present only in the anterior part of the endoskeleton,
he holds the posterior part of the primary basal to be partly reduced and this inter¬
pretation of the conditions is maintained by him for sturgeons in general, thus approach¬
ing rather near to Wiedersheim’s view with regard to the interpretation of the elements
of the fin skeleton.

Contrary to Wiedersheim, however,

he upholds the view that the

inner skeleton in the ventral fins of the sturgeons must be considered to be strongly
reduced, a conclusion to which Gegenbaur, v. Rautenfeld and Emery (1894) also arrived.
Like Gegenbaur he too states, contrary to Wiedersheim, that the same must be the case
with the endoskeleton in the corresponding fins in Polypterus.
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Gegenbaur in his work «Vergleichende Anatomie der Wirbeltiere» (1898, p.567—571)
has adopted the interpretation given by v. Rautenfeld for the skeleton of the ventral
fins

of the sturgeons,

though he still

continues to

hold fast to

his archipterygium

theory. With regard to the pelvis in Polypterus he naturally follows, under these circum¬
stances, v. Dayidoff’s view, i. e. he takes it to be rudimentary. He explains the loss of the
pelvis in Ganoids an Teleosts as due to an alteration in the function of the ventral fins. «Sie
(the ventral fin) hat», he says, «bei den Ganoiden den bei Selachiern so machtigen Apparat
des Mixipterygiums verloren, jedenfalls nicht ausgebildet, und damit schwand auch der
Flossenstamm, und nur die Radien des Flossenskeletts erhielten sich. Das Schwinden des
Stammes erklart auch den Verlust des Beckens, an welches er gestiitzt war.»
Braus (1901, pp. 251—252) in connection with his extensive investigation of the
paired

fins

in Ceratodus also entered upon the question of the skeleton of the ventral

fins in fishes in general. According to his view both in sturgeons and higher Ganoids
and Teleosts the pelvis and all the basals were completely reduced and replaced by
new formations, which would have arisen by the fusion of proximal parts of the endoskeletal radials. These now formations would be homologous with the middle segments
in the endoskeletal radials of the Elasmobranchs. The radials that had then taken part
in this new formation of basal elements would only be those that had originally been
situated in front of the basale metapterygii;

the others would be quite reduced.

The view that the pelvis in Ganoids and Teleosts had been reduced
opposed by Goodrich (1902; 1909, pp. 276—277) especially

has

been

among other writers; in this

he supports his opinions chiefly by facts from the fossil forms. He believes he can show
a pelvis in primitive fossil Crossopterygii and also believes it probable that the so-called
basal of primitive fossil Elasmobranchs corresponds to one. Starting from this he comes
to the conclusion that the pelvis is a very old element, which ought to have existed
even in the ancestors of the

Teleosts and Elasmobranchs.

He

enters

further on the

difficulties that arise when one tries to explain the processes that would have lead to
the reduction of the pelvis. In the main he tries to prove that so far no decisive proofs
have been put forward to

compel us to take the pelvic-like

element in the recent

Ganoid and Teleosts as being anything but a formation homologous to the pelvis of
the Elasmobranchs, fossil Crossopterygians and Dipnoans.
A view similar to that

of Goodrich’s was

arrived

at later on by Derjugin and

Rozhdestvensky on the basis of embryological investigations inTeleosts (1912, pp. 645—647).
The brief survey I have given shows how little agreement there has been and there
still is with regard to te interpretation of the different elements in the endoskeleton of
the ventral fins in the recent Brachiopterygii (Polypterids cf. p. 147 above) and Actinopterygii. It is true that after what has been seen from Derjugin’s and Rozhdestvensky’s (1912)
exposition we may hope that a careful study of the ontogenetic development of the
ventral fins may afford us a number of new views on the

present problems, but one

can scarcely expect to arrive at a solution 01 these problems merely from the evidence
of recent fish fins. As in so many other cases we must wait to see what the primitive
fossil forms have to tell us.
In this connection I shall briefly give only certain of the views to which I hawe
come myself.

I

do not intend to

enter here

on the arguments for these views but
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have postponed these till below (Part II) in

connection

with the

description of the

Saurichthyids, in which the skeleton of the ventral fins is more completely preserved
than in B. mougeoti.
As far as I can see the pelvis in different Elasmobranchs is not equivalent.
must

presumably assume that to the primitive

pelvic

plate,

as it

appears

We

e. g.

in

Cladodontids and Pleuracanthids, there was added during the phylogenitic development
more or less of the proximal parts of the radials. To the primitive pelvic plate — called
by various

authors a basal — a secondary component would thus have been added.

In other words, in the fishes in which this process took place we can discern in the
pelvic plate a primary component representing the primitive pelvic plate and a secondary
component, arisen from proximal segments of the endoskeletal radials.
A process of the same sort as this in the Elasmobranchs seems, to judge from the
conditions in Saurichthys (cf. Part. II), to have taken place in primitive fossil Actinopterygii
and even to have proceeded rather far.

At the same time as this has happened the

primary pelvic component has been more or less exposed to reduction. The metapterygoid
elements seem entirely or partly to have fused with one another and with the secondary
pelvic
size.

component,

When

at the

same time

as they lost their importance

and decreased in

the process continued later, the conditions have finally appeared that we

find in higher Ganoids and Teleosts.
The skeleton of the ventral fins in B. mougeoti — to connect our description with
this — has probably been developed in a somewhat similar way to that of Saurichthys,
and the plate that I referred to preliminarily as the pelvis probably consists here too
both of a primary and a secondary component,

which is probably also the case with

the corresponding formations in the sturgeons. It is impossible to decide what were the
conditions of the metapterygeal elements in B. mougeoti — whether one or more of them
were

fused

to the pelvic plate.

It is noteworthy, however, that they form together a

rather long row, and thus that they could not have been much reduced,

a fact that

gives the .fin skeleton as a whole, as we found, an Elasmochanchian-like character.
The

occurrence

of a

long

metapterygeal

axis in the paired

fins

in

primitive

Elasmobranchs and Actinopterygians and a more or less centrally situated axis in the
same fins in Crossopterygians and Dipnoans now seems, as has been put forward from
several quarters (Abel 1919, pp. ii3, 185; 1920, pp. 335—336; Stromer 1920, pp. 17, 18;
Jaekel 1919a, pp. 27, 3o; Simroth 1891, pp. 340—351), to indicate that the usual paired
fish-fins

are

something secondary and have most probably originated from

a trans¬

formation of supporting or crawling organs. This transformation is due according* to
Abel (1919; 1920), to an adaptation from a benthonic to a nectonic mode of life.
additional argument in favour of the

An

view mentioned here seems to be present in the

curious pelvis of the Coccosteids, in which, as we know,

this element was probably in

connection with the vertebral column (Stromer 1920, p. 17).
As far as the fin-fold theory is concerned in this connection, it cannot of course,
so well founded
by the

facts

that

as it undoubtedly is,
have

be

considered as

being essentially

so far arisen from the palaeontological side.

remain of the opinion that it affords the best explanation of the origin
extremities.

disturbed

We must still
of the paired
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An

attempt to modify somewhat the

contradiction that has

arisen between this

theory and the more recent theory advocated by Palaeontology has been made by Abel,
as

he

points

out

that

the theory of the lateral

fold must perhaps

be

considered

applicable to such forms as the Acanthodes (1919, pp. u3, 147, 148). But in my opinion
it is open to question whether these, like the Actmopterygii, were not adapted to a nectonic
mode of life and whether under such circumstances a transformation of their paired fins
did not take place.
Squamation.
The squamation was almost entirely reduced. As in Phanerosteon (Traquair, i 9 i i a,
pp. 165—166, text fig. 9; Fritsch, 1895, pp. 98—94, text fig. 287), Elpisopholis (Woodward,
1908 a, p. 17) and Psilichtliys (Hall 1900, p. 148), scales were present only on the dorsal
lobe of the caudal fin. These scales (PI. 24, fig. 1) are high and narrow and are arranged
in the way that is characteristic for the Palaeoniscids. The evidence seems to show that
they are without ganoine covering.

Main lateral line

of the body.

The lateral line of the body (/, PI. 21, fig. 4) was enclosed in small, narrow tubes of
bone, arranged in a series one after the other. In the caudal fin the lateral line passes
off, as in the sturgeons, along the lower margin of the dorsal lobe,

quite close to the

bases of the lepidotrichia.
#
Remarks.
described

— I consider that I have established with certainty that the remains

here as Birgeria mougeoti belong to the same genus as the species

adopted

by Agassiz under the name of Saurichthys mougeoti.
The

determination as to

species,

on the

other hand,

can

only be

regarded

as

provisional, as it is based almost exclusively on the teeth. Nor'was it possible to decide
with certainty whether the material present represents one or two closely related species.
Geological

occurrence

and localities. — Detached teeth of the Birgeria

mougeoti type occur in the bone-bed found by Salomon in the lower Triassic, in a bonebed in the fish horizon and in the bone-bed 33 m above this horizon. The other remains
all originate from the fish horizon.
The localities of the finds were as follows: Mt. Congress, Mt. Marmier, Mt. Viking,
Sticky Keep, Mt. Trident, Mt. Milne Edwards and Mt. Andersson.

Birgeria sp.
(PI. 24, fig. 3.)
Under this heading I have placed a number of detached teeth from a bone-bed in
the upper Triassic (P. 712—P. 718). The teeth in question are all incompletely preserved,
their basal parts being always more or less absent. In addition they often seem to be
somewhat worn.
They are rather small and slender and generally have a rather long and strikingly
pointed enamel cap (PI. 24, fig. 3).' In most cases this enamel cap has a sculpture of
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vertical striae, and in many cases this striation extends quite to the point of the cap.
The enamel-covered part basally of the enamel cap has a very fine striation, as on the
typical teeth from the fish horizon.

Remarks. — The teeth described here in general show the closest resemblance
in shape to the teeth of the gill-arches in B. mougeoti, but differ from these by having
striation on the enamel cap. Since this striation, as has been mentioned,

often extends

right out to the point, it gives the teeth a character that clearly differentiates them from
teeth belonging to B. mougeoti.

For this reason I consider

it probable that they may

belong to a new species.
Geological

occurrence

and

locality.

— The teeth in question are only

known from the upper Triassic, where they are found at Mt. Bertil in a bone-bed about
263 m above the fish horizon.

Genus

Glaucolepis n. g.

Synonym: Gyrolepis? Stensio, 1918.
The species referred to in my notice of the Triassic fish remains from Horn Sound
as Gyrolepis? sp. (Stensio, 1918b, p. 77) has with the present material turned out to be¬
long to a previously unknown genus, for which I suggest the name Glaucolepis.
The most characteristic features so far known of this new

genus can be summa¬

rized as follows: Small fishes with rather slender bodies. Pectoral fins unknown. Other
fins weak with
with

closely jointed and bifurcated lepidotrichia.

a short base and small

anterior half of the anal fin.

fulcra.

The anal and dorsal fins

The dorsal fin has its posterior half opposite the

The caudal fin is deeply cleft

with both lobes somewhat

similarly developed, or possibly the ventral one somewhat stronger than the dorsal one;
the dorsal one has rather large ridge-scales, the ventral one small fulcra. The scales on
the anterior part of the lateral surfaces of the body

are somewhat longer than wide;

farther back they are rhombic, and towards the ventral side, especially in the abdominal
regiofi

and the anterior part of the

caudal region, they are low.

Dorsal ridge-scales

presumably small and not prominent. All scales have the anterior covered area narrow;
the

exposed one is totally covered by a layer of shining ganoine.

This ganoine layer

has raised ridges, mostly running more or less diagonally.
With regard to the sculpture

of certain of the scales Glaucolepis is

confusingly

like Gyrolepis. The similarity is even so great that it would be very difficult or impossible to
distinguish the two genera from each other only with the help of detached scales. An¬
other resemblance between them is found in the absence of enlarged ridge-scales in the
abdominal region and the anterior part of the caudal region. Glaucolepis is distinguished
clearly,

however,

development

from Gyrolepis by the

(cf. Dames,

1888,

shape

of the unpaired fins and their weak

pp. 5—23, Tafel I,

Tafel III, fig. ia, b;

Stolley, 1920,

pp. 25—28, Tafel X, fig. 1).
The small height of the scales on the ventral side is a peculiarity that Glaucolepis shares
with, inter alia, Platysiagum (Woodward, 1895 b, 533—534), Oxygnathus (Woodward, 1891b,
pp. 516—520), Urolepis (Alessandri, 1910, p.48), Acrolepis (Woodward, 1891 b, pp.501—509).
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Glaucolepis gyrolepidoides n. sp.
(PI. 25, figs. I, 2).
Synonym: Gyrolepis? sp. Stensio, Erik a:son, Norsk Geol. Tidskr. vol. V., p. 77, 1918.

The present material of G. gyrolepidoides is rather poor and incomplete. The Palae¬
ontological Institute of Upsala has in its possesion three incomplete specimens (P. 166,
P. 671 a, b) and a number of detached scales (P. 5, P. 7, P. 9, P. 27, P. 650, P. 652, P. 656,
P. 657, P. 665, P. 667). The Palaeontological Institute of the University of Christiania has
in its collection, as I have already had occasion to mention (1918 b, p. 77), an incomplete
specimen from the Ice Fjord and some detached scales from Horn Sound.
The

species in question was probably of medium or fairly small size.

To judge

from specimens P. 671 a and b it has a rather slender body (PI. 25, fig. 1).
Nothing

is

preserved

of

the

head

and

the

most

anterior

part

of the

abdo¬

minal region.
The skeleton of the unpaired fins.
The anal fin (A, PI. 25, fig. x) is small, with a short base and

triangular in shape.

Its lepidotrichia, which are about 20 in number, decrease rather rapidly in height back¬
wards and are situated close together. They are jointed throughout their length, and are
probably also ramified dichotomically in their distal parts. Their lateral sides are covered
with ganoine. Fulcra are not observed with certainty.
The dorsal fin (D, PI. 25, fig. 1) is of about the same size and shape as the anal
fin and its exoskeleton shows in all respects the same conditions as in this fin. It is so
situated that its posterior half is about opposite the anterior half of the anal fin.

The

fulcra are small but distinct.
The

caudal fin (PI. 25, fig. 1) is fairly weakly developed, deeply cleft, with both

lobes of about equal strength. If either of these was stronger than the other it was the
ventral one. The numerous ganoine covered lepidotrichia are dichotomically ramified in
their distal parts and are closely jointed right to the base. Both here and in the other
fins the length of the joints is greater than their width. The dorsal lobe has a number
of enlarged ridge-scales.

The anterior margin of the ventral

lobe is furnished with

numerous small fulcra.
The skeleton of the paired fins.
The pectoral fins are quite unknown.
The ventral fins are
(F, PI. 25, fig. 1).

poorly preserved.

They were apparently small and weak

Their lepidotrichia, the number of which cannot be established, were

closely jointed throughout their length and presumably dichotomically ramified in their
distal parts.
Squamation.
The lateral surfaces of the body nearest to the head must have had scales that
were somewhat higher than broad.

Otherwise the scales of the whole lateral surface

are more or less typically rhombic, like those of the back as well. Those of the ventral
side, on the other hand, especially in the abdominal region and the most anterior part
of the

caudal region, are

characterized by their very low shape.

S tensid, Triassic Fishes from Spitzbergen.

Those of the dorsal
26
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caudal lobe gradually become higher and narrower towards the extremity of the lobe.
No large or prominent ridge-scales have been developed either above the abdominal or
the

caudal

region apart

from those over the dorsal lobe of the caudal fin.

As far as

can be seen the anterior covered area of the scales is narrow. Their upper margin has
a

distinct articulatory

spine

and the medial surface, as usual, a vertical ridge.

The

posterior margin is distinctly serrate.1) The exposed part of the lateral surface is quite
covered with ganoine.
The

sculpture consists

of obliquely placed folds or striae, issuing from or in the

neighbourhood of the anterior and dorsal margins of the exposed surface of each scale
and running fairly parallel to one another backwards and downwards towards the lowTer
and posterior margins.
On the
this

scales that have belonged to

sculpture

the anterior and middle parts of the body

is present over all the exposed surface, and the striae there are broad,

comparatively strong' and sharp. One or two of them, situated farthest ventrally on each
of these

scales, are often also bent in the way that their

posterior half is parallel to

the ventral margin of the scale and the anterior half to the anterior margin. Otherwise
the
on

striae on the scales in question
each

but two

scale

do

or three

not

reach

are often somewhat irregular and the middle ones

continuously across the

whole

of the

exposed surface,

shorter striae follow one another or alternate with each othdr there.

Towards the posterior part of the abdominal region

the sculpture is gradually

weakened on the postero-ventral half of the scales, in the caudal region being restricted
mainly to

the

antero-dorsal half (PI. 25, fig. 2). Most of the scales covering the dorsal

lobe of the caudal fin entirely lack sculpture, only the most anterior ones having traces of
it. It is also noteworthy that the sculpture on the scales of the posterior parts of the body
consists only of diagonal striae. In connection with this partial reduction of the sculpture
the remaining parts of the striae also decrease in strength and become more rounded.

Remarks. — Glaucolepis gyrolepidoid.es comprises in its present definition material
from different horizons, and it must therefore be

considered possible that the species

name suggested here may turn out to be a collective name

for a couple of species.

In the sculpture of the scales Glaucolepis gyrolepidoides is confusingly like certain
Gyrolepis species, e. g. Gyrolepis alberti, and it is this fact that I have indicated by the
species name gyrolepidoides.
Geological occurrence and localities. — Detached scales of this species
are found within the Ice Fjord district in the bone-bed 33 m above the fish horizon, at
Mt Viking, and in a bone-bed about 50 m above the fish horizon on Corrie Down, and
in the material from the bone-bed found by Salomon in the lower Triassic of Mt. Congress.
In addition, as I have showrn, detached scales occur in the Triassic strata at Horn Sound
(Stensio, 1918 b, loc. cit.).
Specimens P. 166, P. 6yi a, P. 6yi b
Palaeontological

and the specimen in the possession of the

Collection of the University of Christiania previously noticed by me

J) In Gyrolepis too I have found serration on the posterior margin of the scales, e. g. in G. alberti and
G. agassizi (cf. Dames, 1888, Tafel 1, fig. 1 a, b; Tafel III, fig. 1 c, d; Tafel V, fig. 2 a, b).
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(1918 b,

loc. cit.)

specimens

were all four found at the fish horizon.

come from Mt. Congress;

The .three first-mentioned

the Christiania specimen was found

in the steep

shore below the Swedish station at Cape Thordsen.

Genus Pygopterus Agassiz.
Synonym: Myriolepis? Woodward, A. S. Upsala, Geol. Inst., Bull. vol. XI, p. 293, 1912.
The genus Pygopterus was founded in i833 by Agassiz (i833, vol. II, part 1, p. 10;
1844, vol. II, part 2, p. 74), and after him several authors have studied it more or less
in detail. Among these we may specially mention Egerton,
of his material (1850, pp. 232—234; Pis. 23, 24),
revision of the species
Woodward, who in
rial

of the

1891

who published fine figures

Traquair, who undertook a thorough

genus described up

to 1877 (1877 b,

pp. 572—578), and

(1891 b, pp. 470—475) gave a short description of the mate¬

of the British Museum and at the same time gave a detailed list of synonyms and

a list of the earlier literature.
Traquair’s revision caused the genus Pygopterus to
formation.

be restricted to the Permian

For a long time it was really only known from the upper part of this

formation in England, Russia (Krotov 1904, pp. 3o—3i) and Germany.1) Now, however,
according to Deecke (igi3, p. 77) it has also been found in the upper part of the bunter
Sandstone of Germany (cf. Stolley 1920, p. 81) and, according to the material at my
disposal, it seems also to occur in the lower part of the Triassic at Spitzbergen, where,
as far as is known, it is represented by a single species. An incomplete and very much
crushed specimen of this species is mentioned by Woodward

1912 (p. 2g3) and

put by

him, though with much hesitation, under the generic name Myriolepis.
My fresh material from Spitzbergen can scarcely

increase our knowledge of this

genus to any great extent, and I am therefore' unable to give any more complete definition
of it than that formulated by Woodward 1891 (1891b, p. 470), which I consider it super¬
fluous to repeat here.
Pygopterus de geeri n. sp.
(PI. 25, fig. 3; PL 26, figs. 1, 2; PL 27, fig. I.)
Synonym: Myriolepis? sp. Woodward, A. S., Upsala, Geol. Inst. Bull., vol. XI, p. 293, 1912.
The material on which I have based the species Pygopterus de geeri consists of six
incomplete specimens (P. 106, P. iog—112, P. 671c).
That this species attained a comparatively large size is shown by the specimen
investigated by Woodward in 1912 (P. m), in which the height of the body just behind
the head was about 11 cm. A couple of other specimens (P. iog, P. 112) seem to have
attained the same or almost the same size. The smallest specimen present (P. 671 c) has
its body 4 cm high just behind the head.
The shape of the body seems apparently to have been fairly elongated and the
head relatively short, its length being probably little more than about a fifth of the
total length of the animal.
J) The type-specimen for the so-called Pygopterus bonardii Agassiz (Agassiz i833, vol. II, part. 2, p. 11)
from the lower Permian of Autun was in 1890 described and figured by Sauvage (1890, pp. 25—26; Pl. IV,
fig. 1). According to Sauvage this species undoubtedly would belong to Pygopterus. Neither his description nor
his figure, however, give any definite proof for the correctness of his opinion.
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The general shape of the head is the typical one for the Palaeoniscids, with the
large orbital

opening far forward.

Nothing is known about the substitution bones of

the primordial neurocranium.
Membrane

bones

of the neurocranium.

Nothing is preserved of the parasphenoid.

The

membrane bones

of the cranial

roof, on the other hand, are partly present on one specimen (P. 6yi c, PL 26, fig. 2), but
they are so much broken that it is impossible to etablish their extension and mutual
relations. Their sculpture consists of somewhat lengthened ganoine tubercles which run
principally in the longitudinal direction of the head. They are placed transversally only
over the middle part of the labyrinth region.
Visceral skeleton.
Nothing is known as yet with regard to the palatoquadrate and its bones.
The maxillary {Mx, text fig. 69; PI. 25, fig. 3; PI. 26, figs. 1, 2) is of the ordinary
Palaeoniscid type with a low subarbital and a high and long postorbital part. Its pos.
tero-ventral corner is somewhat produced downwards, covering from the lateral side the
posterior upper corner of the mandible.
The

mandible (Md, text fig. 69; PI. 25, fig. 3; PI. 26, fig. 2) is well though

not

particularly strongly developed. Its anterior end is pointed. The coronoid process is
lacking, as is usual in the Palaeoniscids.
Of the bones of the opercular skeleton the preoperculum, operculum, suboperculum
and a number of radii branchiostegi are present.
The preoperculum

(Po, text fig. 69, PI. 26, fig. 1;

PI. 27, fig. 1)

is incompletely

preserved, but it is evident, however, that it has been an angular bone, whose ventral
and narrower shank extended, downwards in the usual way between the maxilla on the
one side and the operculum,

suboperculum and most dorsal branchiostegal ray on the

other.1) Its dorsal and wider shank extended far forward over the cheek towards the
orbit.

From the whole position and

shape of the bon we can

certainly conclude that

the hyomandibular was situated very obliquely, in the way that is characteristic of many
Palaeoniscids.
The operculum {Op, text fig. 69; PI. 26, figs. 1, 2; PI. 27, fig. 1) is a fairly large boneplate, whose height is about double its width. From its position we can distinguish on
it an anterior, a lower, a posterior and an upper margin. Of these the anterior one faces
not only forward but also shomewhat downward, the posterior one not only backward
but also somewhat upwards,
somewhat backward.

and finally the lower

one not only downward but also

The anterior margin is fairly straight or weakly

concave and

meets the lower one in a somewhat round and bluntly angular corner. The lower mar¬
gin is undulating in such a way that it is convex at the anterior and concave at the
posterior part. The posterior margin, which is weakly convex, meets the lower one in
an acute-angled corner. From the dorsal margin/which has also been weakly convex,
it is not sharply marked off,

as the

corner between them is much

') Here as otherwise in the Actinopterygii I have
visceral skeleton.

rounded.

The

described the preoperculum in connection with the
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corner between the dorsal and the anterior margins must have been rather acute-angled
but it is not preserved in any of the specimens present.
The suboperculum {Sop, text fig. 69; PL 26, figs. 1, 2; PL 27, fig. 1) is fairly small
relatively to the operculum, probably scarcely more than a third of this. It is pentagonal
in shape and its width is almost twice its height.

One margin

faces backward,

one

upward, one downward and two backward. When the bone is in situ the anterior margin,
however, is turned so that it faces somewhat downward, the upper one so that it faces
somewhat forward,

the lower one so that it faces somewhat backward,

of the two posterior ones so that it faces somewhat upwards.

and the upper

The anterior margin is

weakly concave or almost straight and is separated from both the upper and the lower
one by a right-angled corner. The lower margin is rather strongly concave and meets
the lower of the two posterior ones in a somewhat rounded corner. The two posterior
margins are fairly straight and meet each

other in a backward pointing rather

blunt

corner. Finally the upper margin is sometimes almost straight, sometimes, on the other
hand, it is concave at its anterior and convex at its posterior part. It meets the upper
of the two posterior margins in an angular corner.
The radii branchiostegi (.Rbr, text fig. 69; Pl. 26, fig. 1; Pl. 27, fig. x) were numerous,
but their exact number cannot be established. They decrease gradually in length forwards.
Farthest forwards

at the

angle

between the two

halves

of the mandible there

was

presumably a small unpaired jugular plate (P. no).
The sculpture on the bones of the visceral skeleton described agrees closely with
that on the membrane bones of the cranial roof, i. e. it consists as a rule of somewhat
lengthened and rather dense tubercles, mostly arranged somewhat parallel to the longi¬
tudinal axis of the animal. On the mandible the tubercles may become rather long, so
that a longitudinal striation arises. PL 27, fig. 1, gives a detailed view of their arrangement
on the operculum, suboperculum and radii branchiostegi.
The branchial arches were ossified, but no details can be given about the different
elements in them.
Dentition.
The dentition is known only on the maxillary and the dental. It consists as usual of a medial
longitudinal row of larger and a lateral one of smaller teeth. All the teeth are conically pointed.

The

sensory

canals

of the

head.

The sensory canals of the head are comparatively fine and are, apart from possibly
occurring «pit lines*, entirely enclosed in the membrane bones.

They open outwards

with a large number of fine pores, situated close together and directly laterally of the
canals themselves, thus showing exactly the position of the latter.
The most anterior part of the supraorbital canal,

anteroir to the

frontal,

is not

known. From the anterior end of either frontal the canal {ife, PL 26, fig. 2) has had its
course backwards and somewhat medially, continuing to the anterior part of the parietal.
The infraorbital canal is only partly preserved in its posterior part (,soc, Pl. 26, fig 2).
Its position is the

usual one, and it has, at least posteriorly,

the supraorbital canal.

not

communicated with
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The cranial section of the main lateral line of the body has, as usual, constituted

the direct posterior continuation of the infraorbital canal.
Nothing is preserved of the other sensory canals.
Axial skeleton.
As the scales are rather small and thin it is evident that the ossifications of the
axial skeleton

are

more

easily

accessible

for investigation than

in the majority of

Palaeoniscids. Remains of the axial skeleton are found preserved in P. in and P. 6jic.
The chorda seemed apparently well developed, as in Palaeoniscids in general.
The basidorsals (Bd, PL 26,

fig.

2) are represented

in the abdominal region

by

comparatively short and robust bones. In the anterior part of the caudal region basidorsals
are also found preserved,

but it is

obvious,

however,

that they

increase

in height

towards this region, their distal part becoming narrow at the same time.
Interdorsals cannot be shown with complete certain¬
ty,

but one may undoubtedly conclude that they were

small and mainly cartilaginous. It is noteworthy that they
perhaps extended in a basal direction so that they covered
a dorsal part of the chorda on the lateral sides.

This

seems to be the case, at least to judge from certain frag¬
ments of bone on P. 6yi c.
The unpaired neural spines (Nsp, PI. 26, fig. 2) consist
as usual of a row of free ossified, elements, correspond¬
ing in number to the basidorsals.
are developed

in

the whole

however, they begin
girdle. After P. in. V2.
Cl, cleithral; Jcl, clavicle; Md, mandibula;
Mx, maxillary; Op, operculum; Po, pre¬
operculum; Rbr, branchiostegal ray; Scl,
sup'racleithral; Sop, suboperculum; Sscap,
suprascapular.

tn

Similar neural spines

abdominal

least in the anterior part of the

region

and

at

caudal region, where,

decrease in

length

and to be

replaced by the lengthened basidorsals themselves.
It is very

noteworthy that these

unpaired neural

spines are not situated so as to form a direct continua¬
tion of the basidorsals in a distal direction but so that

they really come into contact with the anterior margin of these. Each of the unpaired
neural

spines

thus

corresponds

most

closely

to

the

gap

between

two

successive

basidorsals.
The unpaired neural spines seem generally to have had a similar position

also in

other Palaeoniscids (cf. Coccolepis, Woodward 1895 a, PI. 1, fig. 1; Phanerosteon Traquair,
1911a, p. 166, text fig. 9; etc.), higher ganoids (Caturus, Hypsocormus, Woodward 1898 a,
text figs. 76, 78;

Amia, Goodrich

1909,

text fig. 3iiB)

and

many

primitive

Teleosts

(Leptolepis, etc. Woodward 1898 a, text fig. 80 etc.). In a number of other Teleosts they
are also shown to exist, though there they are rudimentary (Schauinsland 1905, p. 468,
text fig. 261). According to Zittel’s figure of Dorypterus (Zittel, 1887—1890, text fig. 264)
they also occur in Platysomids.
What has already been put forward strongly supports the view that the unpaired
neural spines are not to be considered as distal segments of the basidorsals. They may
instead of that represent a distal part of the interdorsals, a view that has been maintained
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by Schauinsland (1905, p. 261) for Amia, Lepidosteus and Teleosts. We shall see that we
have an additional support for this view in the fact that in certain fossil Actinopterygii
both the inter- and basidorsals are probably developed similarly and produced into a
long spine (cf. Saurichthys, Part II). Under these circumstances unpaired neural spines
are of course lacking (cf. in addition Schmalhaussen igi3a, pp. i—7).
The elements of the haemal arches (Hb, PI. 26, fig. 2) are poorly preserved, so
that nothing can be etablished about them in detail.
That there is to a certain extent a commencement of the formation of vertebral
centra in this species is not impossible, according to

what I have found with regard

to the interdorsals. It is evident, however, that, under any circumstances, these centra
were weak and that the chorda cannot have been much influenced by then.
Traquair (1877 a, p. 23)
centra in P. humboldti Agassiz.

is of the

opinion

that he found indications of vertebral

His statement is as follows: «Only in Pygopterus I have

seen anything resembling a vertebral body. In this genus, in which partly owing to the
comperative thinness and smallness of the scales, the internal skeleton is more comple¬
tely seen than in any other, a series of nodular-looking

ossifications may generally be

observed, though much crushed and obscured, extending backwards from the head along
the abdominal region of the body in the position of the vertebral axis, and wlych cer¬
tainly do remind us of vertebral centra, as which they were considered by Agassiz. That
these were

completely developed osseous vertebrae like those of Teleostei and certain

Ganoids is not probable from their general appearance; it is more likely that they had
only attained the stage of «hemi-vertebrae» or at most of «ring-vertebrae*, and that in
any case the notochord passed on uninterruptedly through them».
Later Sauvage too

(1890, p. 26, PI. IV, fig. 1)

called P. bonnardi the beginning of formations

tought that he had found in the so-

of vertebral bodies, which

he describes

as «renflements nodulaires a la base des apophyses epineuses». To judge from his figure,
howewer,

it is

only the proximal and somewhat widened part of the basidorsals that

he interprets in this way. He does not show that the elements of the neural arches are
lengthened in a ventral direction (cf. also p. 203 above).
With

regard

to P. de geeri we may mention

finally that ossified ribs were not

developed.

The skeleton of the unpaired fins.
The

anal fin (A, PI. 25, fig. 3) has the

shape

characteristic

of Pygopterus rather

distinctly developed. It thus has a rather long base and is in the anterior part relatively
high, while its posterior one is low and weak. The lepidotrichia are about 50 in number,
are situated close together and are all jointed throughout their length.

They are also

probably dichotomically ramified at their distal parts. Only a few fragments of the endoskeletal radials of the anal fin are preserved (Ra, PI. 26, fig. 2).
The dorsal fin has, as far as one can judge, had at least its posterior half opposite
the anal fin.

It is very incompletely preserved and its position is only indicated by a

few fragments of the endoskeletal radials (Rd, PI. 26,
The

caudal fin

fig.

2),

(PI. 25, fig. 3) is large and robust and deeply cleft.

It cannot be

decided whith certainty whether it was equilobate as the dorsal lobe is not completely
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preserved. Its numerous lepidotrichia are situated close together and are closely jointed
practically right down to the base. Their distal parts are dichotomically ramified.
dorsal lobe has strong and large ridge scales;

The

the ventral lobe has very small fulcra.

Beneath the ridge-scales of the dorsal lobe there follows a series of endoskeletal
radials (Icr, PI. 25, fig. 3)

in the usual way (cf. Schmalhaussen, igi3a, pp. 20—35).

The

haemal spines (lisp, PL 25, fig. 3) that belong to the anterior part of the fin and form a
support for the lepidotrichia of the ventral lobe, are long and strong but not flatened.
The other haemal spines following behind those mentioned are weaker and of course de¬
crease in size posteriorly to the same extent as the dorsal lobe grows narrower. — All
the lepidotrichia in the unpaired fins probably lacked a covering of ganoine.
The skeleton of the girdles and the paired fins.
Nothing is preserved of the primordial shoulder girdle or its ossifications. Its mem¬
brane bones show the same conditions as in Palaeoniscids in general (text fig. 69; PI. 26,
figs. 1, 2; PI. 27, fig. 1). We can distinguish the suprascapular (Sscap), supracleithral (Scl),
cleithral (Cl), and clavicle (Icl).
The sculpture on all these bones consists as a rule of short, dense striae or some¬
what

lengthened tubercles.

The suprascapular and

a dorsal and larger (part of the

supracleithral has its striation mainly oriented so that it is parallel with the longitudinal
axis

of the fish.

Towards the

ventral

end of the supracleithral the striation becomes

oblique, the striae taking a somewhat ventral direction. On the cleithral and clavicle the
the striae run principally in a dorsi-ventral direction, though here and there deviations
and irregularities occur in their arrangement.
The pectoral fins (Pc, PL 25, fig. 3; Pl. 26, fig. 1; Pl. 27, fig. 1)

are

well

developed

and triangular in shape. The lepidotrichia are numerous — about 3o — and generally un¬
jointed in the proximal two-thirds of their length. Only some of the most posterior and
smaller ones might possibly have been jointed to any greater extent.

All the lepido¬

trichia are dichotomically ramified at their distal ends and seem to lack ganoine covering.
Fulcra are present, though not particularly large.

Of the endoskeleton of the pectoral

fin only few radials (R, Pl. 26, fig. 1) are preserved.
The ventral fins (V, Pl. 25, fig. 3; Pl. 26, fig 1) are very incompletely preserved. With
regard to their position relative to the

other fins no certain statement can be given.

Their lepidotrichia were presumably densely

jointed

troughout their length, and

in

addition were probably without any ganoine covering.
Squ amation.
The scales are on the whole very small and thin. Only immediately behind the
cleithral do we find a couple of vertical rows with obviously enlarged scales (Pl. 26,
fig. 1; Pl. 27, fig. 1).
In shape the scales in the rows immediately behind the shoulder girdle are somewhat
higher than wide. Otherwise the scales of the abdominal region seem to

have been

fairly rhombical, apart from those of the ventral side, which were probably somewhat
wider than high. Nothing is known in detail as to the shape of the scales in the caudal
region.
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On the most anterior scales the anterior covered area is comparatively wide. Its
conditions on the scales following- farther posteriorly are not known with certainty, but
it is most probable that it was not so wide as on the anterior ones. A strong and
rather broad articulatory spine is developed on the dorsal margin of most of the scales.
It is impossible to discover whether the antero-dorsal corner was also produced uppwards
to form a sort of accessory articulatory spine as in P. humboldti. The vertical ridge on
the medial side has either been absent or weakly developed. It was impossible to decide
whether the posterior margin was serrated.
The sculpture on all the scales consists of striation and, apart from the enlarged
scales behind the cleithral, is rather fine. The striae in their turn are generally somewhat
coarser at the anterior than the posterior ends, and are often ramified or somewhat situated.
Some of them are long and extend over the whole exposed surface of the scales; others,
on the contrary,

are short and are wedged in here and there among the longer ones.

On the anterior higher scales the striae are rather numerous and are all arranged
so that they run more or less obliquely from the anterior and upper margins to the
posterior and lower ones. Farther posteriorly this oblique striation is. restricted to the
antero-ventral half of the scales, while the dorso-caudal half is gradually occupied by
striae arranged parallel to the ventral and dorsal margins. The latter striae, of which,
the ventral ones are, of course, the shortest, meet with their posterior ends the striae
of the ventral half to form acute angles. The character of the sculpture on the scales
close behind the shoulder girdle is shown by PI. 27, fig. 1.

Remarks. — As has already been mentioned, Woodward (1912) hesitatingly gave
the above described species under the name of Myriolepis? sp. That there

can be no

question of a Myriolepis species is, however, obvious, especially from the shape and
development of the fins (cf. Traquair 1893, pp. 54—56; 1911a, pp. 162—164; Woodward
1891b, p.515; 1906b, pp. 416—4x9; 1908a, pp. 14—17; Bolton 1894, pp. 1—4). It is also
certain that the Spitzbergen species in question cannot belong to the genus Oxygnathus x)
either, and it seems improbable that it should be closely connected with Urolepis (de
Allessandri 1910, pp. 42—49) or Platysiagum Woodward (1895 b, p. 533).
On the other hand, it is not difficult to see that we are able to verify in it certain
obvious points of agreement with Pygopterus, in the development both of the fins and
the scales and the cranial skeleton, and consequently I have considered that I ought
to refer it to this genus.
Pygopterus de geeri is, on account of the sculpture, of the head, the shoulder girdle
and the scales, and the shape of the anal fin, a well characterized species, which I have
named after

Professor

G. de Geer of Stockholm,

whose

works

have

contributed so

much to our knowledge of the geology and geography of Spitzbergen, and to whom I
am much indepted for many valuable informations ..about Spitzbergen.
Geological occurence and localities. — P. de geeri is only known from the
fish horizon, where it occurs rather sparsely.
I) The species from the upper Karoo formation described by Broom (1909 a, pp. 259—262; PI. XIII, fig. 8)
as Oxygnathus brownii really belongs probably not to the genus Oxygnathus but would seem to represent a new genus.
Stensio, Triassic Fishe„s from Spitzbergen.
27

210

ERIK A : SON STENSIO
The specimens so far found are from the following localities: Mt Congress,

the

South side of Sassen Bay, Mt Trident, Mt Milne Edwards and Mt Andersson.

Genus Boreosomus n.

g.

Synonym: Acrolepis (in part) Woodward, A. S. Upsala Geol. Inst. vol. XI, 1912.
The new genus for which I have suggested the name Boreosomus is characterized
by

the following features:

Small or medium-sized fusiform fishes.

The head with

a

sculpture of generally rather coarse longitudinal striae or somewhat lengthened tubercles.
Mouth large. Hyomandibular oblique with a large processus opercularis. Branchiostegal
rays few. Median jugular plate very large. Dentition probably rather weak, consisting
on the margins of the jaws
partly,

of fairly small acutely conical teeth,

of small bluntly conical

or

almost spheroid teeth.

otherwise,

at least

Shoulder girdle sculptured

in the same way as the head. The dorsal fin fairly weak, situated far forward, probably
above or in front of the ventral fins. The caudal fin deeply cleft. The pectoral fins not
especially strong. The ventral fins small and short-based. The lepidotrichia of the pectoral
fins unjointed, at least in their proximal half; the lepidotrichia of the other fins densely
.jointed throughout their length
presumably more

or less

and

covered

situated close together.

with ganoine.

All the lepidotrichia are

Fulcra are

present, at least on the

pectural fin, but are small. The scales on the most anterior part of the lateral surfaces
of the abdominal region are higher than broad, gradually decreasing in height backwards,
upwards and downwards, so that finally their width becomes greater than their height,
Dorsally in each vertical row a number of the scales (10—20) are very low*.
ventral side there are also low scales,

but scarcely to the same

On the

extent as dorsally.

Between the two ventral fins there are a few enlarged scales. Dorsal ridge-scales,
least in front of of the dorsal fin,

at

slightly enlarged, but not prominent. All the scales

are strong and thick, with the anterior covered area relatively wide. The antero-dorsal
corner sometimes produced upwards.

The

dorsal margin

with

an articulatory spine,

the posterior one serrated. The sculture of the scales immediately behind the shoulder
girdle fine,
striae,

otherwise consisting of a number of coarse,

mainly running

wide,

densely placed ganoine

obliquely downward and backwards from in front and above.

These striae, of which the ventral ones in certain species have their anterior ends bent
upwards parallel to the
rule

quite

over the

anterior margin,

exposed

surface

are sometimes anastomized and extend as a

of the

scales,

ending with the posterior

ends

in the serrations of the posterior margin. Between their posterior ends short striae are
inserted only on the most anterior flanc scales, but these short striae are never numerous
and are always of the same or almost the same coarseness as the longer ones.
Boreosomus
ornament
genus

of the

closely
scales,

resembles
and

Acrolepis,

Woodward’s

was represented in the Triassic

especially

view

(1912,

of Spitzbergen

is not yet possible to decide how close the relationship
evident, however,

in

the

development

pp. 292—293)
is

thus

that

of the

the

latter

easily explainable.

really is between them.

It

It is

that Boreosomus differs from Acrolepis in the more forward position

of the dorsal fin and the

low shape of the

size of the dorsal ridge-scales.

scales towards the dorsum,

and the small
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Of the genera so far known Boreosomus is undoubtedly most closely ^allied to the
new genus Acrorliabdus found in the Triassic of Spitzbergen and described below.
Boreosomus arcticus (A. S. Woodward).
(Pi. 27, fig. 2).
Synonyms: Acrolepis arctica, Woodward A. S., Upsala Geol. Inst., Bull., vol. XI, pp. 292—923, 1912.
Aciolepis arctica? Stensio, E. A : son, Norske Geol. Tidskrift, vol. V, p. 77, 1918.
Of this species, there are in the collections of the Palaeontological Institution of Upsala
remains of six specimens (P. i32, P. i36, P. i3y, P. i3g, P. 695, P. 800) and in the Palae¬
ontological Collection of the University of Christiania a number of detached scales. Perhaps
a specimen in the British Museum (B. M. P. 10929) may also be referred to this species.
All the known specimens are fragmentarily preserved, and very little can be stated
as to their general proportions.

The length

may however be estimated to about 35—40 cm.
Visceral skeleton.
The palatoquadrate is a triangular plate,
which has its suborbital part low and its post¬
orbital one,

on the contrary, high. One of

its margins is directed ventrally, one anterodorsally and one postero-dorsally. The anterodorsal one is principally concave,

Text fig. 70. Boreosomus articus (a. s. Woodward).
Palatoquadrate, mandibula and hyomandibular.
After P. 137 ViAup, autopalatine; Ecpt, ectopterygoid; Enpt, entopterygoid;
Hm, hyomandibular; Mk, ossification in the Meckelian Carti¬
lage; Mptg. Qu, quadratometapterygoid; mg, fossa for musculus adductor mandibulae; pr, process from the meta¬
pterygoid component of the quadrato-metapterygoid, pos¬
sibly articulating with the neurocranium; pr.op, processus
-ularis.

the two

others weakly convex. The anterior corner
has presumably been rather pointed, but is
not

completely

preserved.

The

posterior

corner is prolonged downwards and the upper
corner is truncated.

The larger middle part of the palatoquadrate

is situated rather

sagitally.

The

anterior part is somewhat horizontal and the posterior part, corresponding about to the
pars quadrata, is bent in a lateral direction.
In the palatoquadrate there are two substitution bones,

the autopalatine and the

quadrato-metapterygoid.
The autopalatine (Aup, text fig. 70) is a small flat bone situated, as usual, near the
anterior end of the palatoquadrate. It consists of a cancelleous bone substance.
The quadrato-metapterygoid

(Mplg. Q11, text, fig. 70) is a large and high bone.

It

occupies the most posterior part of the palatoquadrate cartilage and there is no doubt
that it contains the homologues both of the quadrate and the metapterygoid, as is in¬
dicated by the name I have suggestet for it. No suture at all or any indication of a suture
between the two components can be discovered, and it is certain that none has existed.
The bone

consists as a whole of cancelleous substance.

It is exceedingly noteworthy

that the metapterygoid component has on its anterior margin an antero-dorsally directed
truncated process (pr),
the

neurocranium

in

which
the

may

caudal

possibly have
end

of

the

articulated

orbitotemporal

with

the

region.

basal part of
The

position
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of this process resembles that of the one found in Lepidotus (Woodward, 1893 b, p. 561,
fig. 6) and Amia (Allis, 1897 a, PI.
Of the membrane bones

XX,

fig\ 2).1)

of the palatoquadrate only the ecto- and

entopterygoid

are preserved.
The ectopterygoid

(Ecpt, text fig. 70)

is a narrow bone situated along the lateral

border of the palatoquadrate and extending backwards right to the quadrate component
of the quadrato-metapterygoid. It consists of a radiate bone substance and its centre of
ossification is situated far forward.
The
dorsally

entopterygoid (Enpt, text fig. 70)
that

it partly

covers

the

is rather high and large. It extends so far

metapterygoid

component

of the

quadrato-meta¬

pterygoid on its medial surface. Like the ectopterygoid it is built up of a radiate bone
substance. The ossification centre is near its ventral margin rather far backwards.
Up to now the palatoquadrate in Palaeoniscids has been very incompletely known.
Traquair (1877 a, p. 18; 1901, p. 84; 1909, p. 118) described remains of it in a couple of
forms (Nem atop tychins and Elonichthys), and said that in these forms it consisted of several
ossifications, although
extent.

in most

cases it was impossible to

establish their shape

and

His statement in this connection that the quadrate and metaptejrygoid were in¬

dependent and not fused as in Boreosomus is of special interest.

As
figured

Traquair is known for his accuracy and as he has, in addition, described and
the

quadrate

and the metapterygoid as mutually independent

Platysmoid (Cheirodus, 1879, pp. 366—367; PI.

V,

elements in a

fig. 10), one is not yet justified in doubting

to any extent the correctness of his observations. Consequently, as far as we know at
present, there probably occurred in the Palaeoniscids both forms in which the quadrate
and the metapterygoid were independent and forms in which these two bones were fused
with each other, as in Boreosomus. I shall have an opportunity to show below (Part II)
that the latter conditions are found in another form (Saurichthys) among the lower Ganoids.
The mandible (text fig. 70) is relatively robust and has the shape usual in Palaeo¬
niscids, i. e. it is quite without a coronoid process and its labial margin is straight. Its
lower margin is weakly convex. Its postero-ventral corner is well rounded.
Only one substitution bone is found in the mandible

(Mk, text fig. 70),

throughout the whole length of this from the symphyse to the posterior end.

reaching
In

the

anterior two-thirds this bone is only a narrow rod, but increases considerably in height
in its posterior third. From the lateral to the medial side it is rather thick, and it can
be clearly seen that it consists of a cancelleous bone substance. It is principally situated
in the dorsal half of the mandible. Only its posterior part reaches somewhat dovvn into
the ventral half. The anterior and middle thirds of its upper surface are directly covered
with the medial tooth-bearing lamella that issues from the upper margin of the dentalosplenial.

Its posterior third, on the other hand,

is freely visible on the dorsal surface

of the mandible and has an articulatory fossa for the quadrato-metapterygoid not far from
the posterior end. In front of the articulatory fossa there follows on the lateral side of the
bone a fairly long and rather deep niche {mg, text fig. 70), closed laterally by the membrane
In Amia, however, this process does not articulate with the neurocranium, and it is uncertain whether it did
so in Lepidotus. In Lepidosteus, on the other hand, an articulation is, as we know, developed between the meta¬
pterygoid and the neurocranium.
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bones. We thus have here a dorsally open fossa, which undoubtedly has been developed
in connection with the insertion of the musculus adductor mandibulae.
The bone now described must, as can easily be seen, represent a considerable part
of the Meckelian cartilage and nothing like it is known so far in any Teleostome fish.
It is evident, however, that the bone in question has such an extension that it must
presumably comprise not only the homologues of the articular and the autangular but
also that of the mentomandibular. One might possibly suspect that the autocoronal may
also forms part of it.
Of the

membrane bones of the mandible the dentalo-splenial, angular and supra-

angular

(particular*

splenial

has,

Traquair, 1877 a, p. 19) are incompletely preserved.

as already mentioned,

along its

dorsal margin a

The dentalo-

medial tooth-bearing

lamella that covers the long substitution bone in the Meckelian cartilage.

The

supra-

angular was as usual a small bone forming together with the dentalo-spenial the lateral
wall of the fossa

for the insertion the musculus adductor

mandibula

described

just

above. No further details are known as to the boundaries or shape of the three bones
in question.
The hyomandibular is a large and powerful bone whose
fig. 70 (Hm).

Its middle part,

dorsal and ventral parts,

which is relatively thin,

shape

is seen in text

consists of compact bone.

both of which are rather thick,

The

have consisted of cartilage

interiorly, and this cartilage has formed a continuation of the cartilaginous epiphyse which
has certainly been

present at either end of the bone.

and a distinct centre of ossification is discernible,

The bone substance is radiate,

situated in the middle part of the

bone. From the posterior margin of this part there issues a long processus opercularis
(pr. op)

whose

similar

process is also found in the

distal end was

evidently

covered

with

cartilage.

As we shall

Palaeoniscid genus Acrorhabdus

described

see,

a

below.

The occurrence of this process shows beyond all doubt that with regard to the
development of the musculature of the gill-cover both Boreosomus and Acrorhabdus have
been specialized in the same direction as the higher Ganoids and Teleosts. A musculus
dilatator operculi would consequently have been developed from the musculus constrictor
superficialis I, at the same time as musculus constrictor superficialis II was probably
weakened and subdivided into more sharply localized independent muscles (cf. Vetter,
1878; Ruge, 1897; Sagemehl, 1885, p. 62; Luther, 1909, igi3).
This state of affairs is especially noteworthy as the hyomandibular in Palaeoniscids
which have hitherto been known, has shown more primitive conditions.

According to

Traquair’s exposition (1877a, p. 17, p.3g; PI.I, fig.3; PI.II, fig. 2) the processus opercularis
is thus not developed or at any rate not distinct in the genera Palaeoniscus, Nematoptychius,
Oxygnatlius, Elonichthys,

Cycloptychius and Amblypterus,

to which may also be

added

Gyrolepis, which I have had an opportunity to investigate myself. Finally by Traquair’s
investigations (1879, p. 366) it was also shown that a distinct processus opercularis was
not present either in Cheirodus among the Platysomids.
The morphological importance of these facts was obviously quite clear to Traquair,
as he says with regard to the relation between Polyodon and Palaeoniscus (1877a, p. 3g):
«In neither is the

operculum

attached to the hyomandibular by a joint,

but secured

in its place only by skin and muscles.» In other words, no musculus dilatator operculi
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would have, been developed, and the movements of the opercular apparatus would have
proceeded in the same way as in the recent sturgeons, i. e. by contraction of the musculus constrictor superficialis II, which on the whole would have been rather slightly
specialized.
It does not seem impossible, however, that Traquair has gone a little too far in
this. It certainly seems to be settled that there is no real processus opercularis present
in the genera mentioned,

but,

according to what is shown by his description of the

hyomandibular in Palaeoniscus (1877a, p. 17) and Cheirodus (1879, p. 366; PI. V, fig. 10),
this bone has at its posterior margin a more or less marked corner,

which might be

imagined to be a process of this sort in a primitive stage of development. In Palaeoniscus
this corner is so situated that, according to Traquair’s statement,

it would correspond

to the boundary between the operculum and the suboperculum.

In Cheirodus, on the

other hand, it is found farther dorsally, so tat it corresponds to the upper part of the
medial surface of the operculum.

I have myself observed in Gyrolepis too a corner,

situated about as in Cheirodus.
Whatever may be the case about this corner, it is obvious that in the Palaeoniscids
we find both forms in which the musculature of the operculum has been comparatively
primitive and forms in which it was rather highly specialized in the direction of the
higher Ganoids an Teleosts.
It may be added with regard to the hyomandibular in Boreosomus arcticus that it was
probably not pierced by the truncus hyoideomandibularis facialis or any of its branches.1)
Of the opercular skeleton in Boreosomus arcticus nothing is present except what
has

been

described and figured

by

Woodward

(1912,

pp. 292—293,

PI. XIV,

fig. 2).

The skeleton of the unpaired fins.
Of the unpaired fins there are only some lepidotrichia, probably belonging to the
dorsal fin, which all are densely jointed throughout their length and divided dichotomically
in their distal parts.

The skeleton of the paired fins.
I have nothing to add to Woodward’s description of the membrane bones of the
shoulder girdle.
The pectoral fins were fairly small and their lepidotrichia, at least in the Upsala
specimen P. i32, were jointed only in their distal third (orig. spec, of Woodward’s de¬
scription 1912, and his PI. XIV, fig. 2). The endoskeletal radials of these fins were, at
least partly, rather long.
The ventral fins were probably small. Their lepidotrichia, a few of which are present,
are fine and probably jointed throughout their length.
:) It is of interest to note that in the hyomandibular of Gyrolepis alberti (specimen belonging to the
Palaeontological Institute of Upsala) I have found a rather coarse canal which was probably pierced by the truncus
hyoideomandibularis facialis. The canal, which is situated near the posterior margin of the hyomandibular, passes off
in a ventro-lateral direction and has its exit immediately antero-ventrally of the corner of the posterior margin.
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Squamation.
The shape and sculpture of the scales were described earlier by Woodward (1912).
In order to be able to show more precisely the difference between this and the species
described below it is, however,

necessary to state some

additional

details as

to the

sculpture. I have all the more reason to do so as one of the specimens found after
1912 has its scales partly in a fine state of preservation (P. 695, PI. 27, fig. 2).
One always finds immediately behind the covered anterior area on each scale one
or a couple, sometimes even three or more, ganoine ridges mainly running parallel to
the anterior margin of the scales. Sometimes one or more of these ridges may be divided
into shorter, mutually'independent pieces.
two most anterior ones,

The most anterior ridge,

or sometimes the

usually have their lower ends finishing directly at the ventral

margin of the scales. It may also happen, however, that they are both bent backwards
in their ventral parts,

so that they run for a bit along the ventral margin,

but this is

more often the case with the second one counting from in front. When a third one, or
possibly still another is present, these two are always bent and pass over into the broad
and flat ridges, running obliquely backward and downward, that occur on the remaining
and far greater part

of the exposed surface on

each scale.

The ridges of this latter

category often anastomose at their posterior parts and sometimes also along the ventral
margin of the scales in the way shown in PI. 27, fig. 2.
All the ridges, both those running parallel to the anterior margin of the scales and
the

others,

are smooth and level.

often occurs in the

The fine corrugation or a similar appearance

that

species described below is entirely lacking here. Finally it is worth

mentioning that the ridges are as a rule very flat and considerably wider than the furrows
between them.

Remarks. —- Boreosomus arcticus is well characterized as an independent species
by its scale sculpture. Especially characteristic are the
ridges

towards

the

posterior and lower

margins

frequent anastomosings of the

of the

scales.

Another

important

character consist in the direction of the ridges that follow along the anterior margin
of the exposed surface of the scales.
Geological occurrence and localities. — B. arcticus is known from Salomon’s
bone-bed at Mt. Congress, from the fish horizon at the south

shore

of Sassen Bay

at

Mt Marmier, and from the Triassic strata at Horn Sound.

Boreosomus reuterskioldi n. sp.
(PL 22, fig. 4; PI, 27, fig. 3; PI. 28, fig. 1).
To this species I assign remains of five specimens (P. 115—P. 117; P. 119; P. 678).
It is possible that a number of head bones (P. 676),

not

determinable in detail, and a

number of detached scales (P. 118; P. 777; P. 798) also belong here.
The material present is not adapted to give any

exact idea of the general shape

and proportions of the species. One can, however, conclude that the shape of the body
was fusiform and that the total length

of the best preserved specimens (P. 117 and

P. 119) amounted to 20—25 cm. If> however, one of the two doubtful specimens (P. 676)
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turns out to

belong here,

then it would show that the species had a rather conside¬

rable size.
The membrane bones of the neurocranium.
Nothing is preserved of the substitution bones of the primordial neurocranium and
of the membrane bones there are only certain ones belonging to the cranial roof (PI. 27,
fig. 3), namely the frontal (Fr), dermosphenotic. parietal (Pa) supratemporo-intertemporal
(Stemp. it)

and a large

extrascapular (Ext).1) Nothing

further

can be established as to

the shapes of and relations between these bones. Their sculpture consists of longitudinal
striae, which are somewhat long and fairly coarse on the anterior parts of the frontals,
becoming rather short and fine further backwards on the parietals, supratemporo-intertemporals and extrascapulars, where they may be replaced by tubercles at several places.
Visceral skeleton.
The palatoquadrate is not preserved on the present
material of this species.
The maxillary

(Mr,

text fig. 71;

PI. 28,

fig. 1)

ncompletely preserved and partly broken, but one

is
can

certainly see that its shape cannot as a whole have dif¬
fered very essentially from the usual one

in the Palae-

oniscids.
The
long and

mandible

(Md,

text

fig. 71;

PI. 28,

fig. 1)

is

robust and almost the same height through¬

out its length, as the

lower

margin

is

straight

for

a

considerable stretch and runs parallel to the upper one.
Text fig. 71.
Boreosomus reuterskioldi n. sp.
Parts of the visceral skeleton.
After P. ng. V,.
Md; mandible; Mg, median jugular plate;
Mx, maxillary; Op, operculum; Po, pre¬
operculum; Rbr, radii branchiostegi; Sop,
suboperculum.

As is usual in the Palaeoniscids it has no coronoid process.
The
is

an

preoperculum

angular

bone,

(Po, text fig. 71; PI. 28, fig. 1)
extending

forward

towards

the

orbital opening in the usual way.
The hyomandibular must have been oblique as in
the majority of Palaeoniscids.

The operculum (Op, text fig. 71; PI. 25, fig. x) is partly incomplete. It is obvious,
however,

that

it

was both large and wide,

with the anterior margin concave,

the

posterior one convex and the lower one fairly straight.
The suboperculum (Sop, text fig. 71; PI. 28, fig. 1) is very fragmentarily preserved
and nothing can be established with certainty as to its shape or size.
The

radii branchiostegi (Rbr, text fig. 71; PI. 28,

number. Only four are present,

fig. 1) must have been few in

and it is improbable that the total number exceeded

five. They are long and rather uniformly wide.
In front of the radii branchiostegi there follows between the two mandibulae an
unpaired and very large median jugular plate (Mg, text fig. 71; PI. 28, fig. 1).
I) The extrascapulars must obviously be only two in number, one on either side of the median line. At least
in certain Palaeoniscids they are, on the contrary, represented by a number of small plates (Traquair, 1877 a, p. 21;
1901, p. 83; PI. XIV, fig. I.
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The sculpture on the opercular bones and the radii branchiostegi is comparatively
fine and consists of numerous tubercles, which are somewhat prolonged in the longitu¬
dinal direction of the fish. The posterior part of the maxillary also has a similar sculp¬
ture.

On the anterior part of the same bone, on the contrary, the tubercles become

longer and coarser so that they might really be called short striae, and in addition it is
to be noted that they are not situated quite horizontally,
forwards and

downwards.

The

jugular plate has at its

but are directed somewhat
anterior part

a rather well

developed longitudinal striation, while farther backward sculpture is lacking except on
a median part which has a weak tuberculation.
ornamented with

The

mandible

is

relatively coarsely

numerous, densely placed striae and tubercles, the latter forming a

row along the labial margin; the striae, on the other hand, apart from the rather long
ones situated farthest posteriorly, are otten somewhat undulating and arranged so that
as a rule, they run not quite horizontally but with a slope downwards and backwards.
The sensory canals of'the head.
The sensory canals of the head are incompletely preserved. They are fine and, as
far as can be judged, seem to show the usual conditions. Apart from possible «pit-lines»
they are quite enclosed in bone.
The supraorbital canal

(soc, PI. 27, fig. 3) may have had its course backwards and

somewhat medially through the frontal, continuing farther backwards into the parietal,
where it extended almost close to the posterior margin.
The infraorbital canal (ifc, PI. 27, fig'. 3) forms,

as usual,

a direct anterior

con¬

tinuation of the cranial division of the lateral canal. Passing off in a forward direction
it pierces the intertemporal component of the supratemporo-intertemporal and from there
enters the dermosphenotic. In the latter bone it turns laterally and downwards, leaving
the cranial roof and passing over to the cheek.

As far as can be seen there was no

anastomosis between its posterior portion and the supraorbital canal.
The preopercular canal (poc, PI. 27, fig. 3) enters with its dorsal end into the supra¬
temporo-intertemporal and there communicates with the infraorbital canal and the cranial
division of the lateral canal at about the place where these pass into each other. Further
details of its course are not known.
The cranial section of the main lateral line of the body (/, PI. 27, fig. 3) is only
preserved in its anterior part; which is situated in the supratemporal component of the
supratemporo-intertemporal.

It is obvious, however, that, in spite of this, it must have

pierced the lateral part of the large extrascapular, then continuing through the supra¬
scapular. The supratemporal commissure can be distinctly shown (s. com, PI. 27, fig. 3)
and is, as usual, situated in the extrascapulars.
On the lower wall of that part of the cranial division of the lateral canal that is
situated in the supratemporal component of the supratemporo-intertemporale there are
two small foramina, each of which probably transmitted a nerve branch for a sensory
organ

(cf. Allis 1889, PI. XLII; 1900a, b;

1905; Cole 1898, PI. 22 etc.). Each

of the

foramina in question has a tubulus corresponding to it and this tubulus issues in a
lateral direction and opens on the dorsal surface of the supratemporo-intertemporal near
the lateral margin.
Stensio, Triassic Fisfies from Spitzbergen.
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On each of the parietals there is a short transversally placed furrow (inp, PI. 27,

fig. 3), which apparently represents a «pit-line» of sensory organs. It probably corres¬
ponds to the middle one of the three lines of this sort that are found on the posterior
part

of the

Pl. XLII;

cranial

roof in Amia and other Teleostomes (cf. Allis 1889, pp. 502—509,

igo3a, p. 187;

1905, pp. 406, 410, 418, 440, 452, 465, 469, 474, 484; Herrick

1901, pp. 222—223; PI. XIV, etc.).
The skeleton of the unpaired fins.
The dorsal fin (-D, PI. 27, fig. 3) is rather weakly developed. It is situated strikingly
far forward and seems to have been opposite the ventral fins. Its shape cannot be esta¬
blished with certainty as the lepidotrichia are not preserved in their total length.
lepidotrichia,

which

The

are somewhat over 25 in number, are situated close together and

are closely jointed. The fulcra are small and weak.
The caudal fin is incompletely preserved and nothing can be established as to its
shape.

The ridge-scales

on its dorsal lobe were probably rather small or at least not

enlarged to any great extent.
The skeleton of the shoulder girdle and the paired fins.
Of the 'membrane bones of the shoulder girdle the little suprascapular and the
supracleithral (Scl, PI. 27, fig. 3) are partly preserved. Both these bones are pierced by
the lateral canal and show the same conditions as to shape as are usual in the Palaeoniscids.

The sculpture

consists of short and rather fine

striae, parallel to the axis of

length of the fish.
The pectoral fins (Pc, PI. 28, fig. 1)

are fragmentarily preserved.

It can, however,

clearly be seen that their lepidotrichia were unjoined in a long proximal part.
The ventral fins

(V, PI. 28, fig. 1)

are

small

and short-based.

The

lepidotrichia,

which seem to have been present to a number of 14 or 16, are closely jointed throughout
their length.
Squamation.
Only

on the most

anterior part of the abdominal region immediately behind the

supracleithral and the cleithral were
width

there scales whose height was greater than their

(PI. 27, fig. 3; PI. 28, fig. 1). On the middle part of the sides of the abdominal

region the scales are fairly rhombic or their width it somewhat greater than their height,
farther posteriorly towards the caudal region their height decreases still more.

This is

also the case both towards the ventral side and the dorsum in the abdominal and the
caudal regions.

It is especially noteworthy that,

as is shown

number of the scales situated towards the dorsum in each
low, which gives the whole squamation
scales
l/s—r/6

close to the base of the
of their width.

in PI. 3y, fig. 3

a very characteristic appearance.

dorsal fin

are even

The dorsal ridge-scales,

a large

vertical row are even very
Some of the

so low that their height is only

which are somewhat larger than the

scales at their sides, do not seem to have been prominent.

Some enlarged scales are

found on the ventral side between the bases of the ventral fins (PI. 28, fig. 1).
The majority of scales probably have the covered anterior area wide (PL 22, fig. 4).
In addition they have a well developed articulatory spine and a serrated posterior margin.
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The sculpture on the great majority of the high scales consists of numerous fine
and

rather

short

striae

running

rather

obliquely

in

the

directions

backwards

and

downwards. The other scales have a coarser sculpture, which consists to a great extent
of a relatively small number (the number decreases

with

the height of the scales)

of

wide, densely arranged striae (PI. 22, fig. 4), running somewhat parallel to the upper and
lower margins.

These striae are generally so long that they extent right across the

exposed surface of the scales, each of them ending in one of the small spines on the
posterior margin.

Shorter striae, however,

often occur inserted between these

longer

ones. Anastomisations between the striae are rare, and occur only on the scales of the
most posterior part of the caudal region.
Especially on the scales belonging to the ventral side and the anterior part of the
sides of the abdominal region the striae are finely rugose, in about the same way as is
figured by

Traquair

(1901, PI. i3, fig. 5) in Elonichthys pectinatus.

A further characteristic of the sculpture on the great majority of scales is that
the striae never bend

off in

a

dorsal

B. arcticus, and that between their

direction

along in the

anterior margin

anterior ends (PI. 22, fig. 4) there are

as in

practically

always small tubercles or shorter striae. Finally it ought to be noted that the striae on
the scales of the caudal region tend,
take a direction parallel to

the

according as one approaches the caudal fin,

diagonal of each

scale that can be

to

drawn from the

antero-dorsal to the postero-ventral corner.

Remarks.
scale sculpture,

— Boreosomus reuterskioldi is well separated
but bears instead a striking resemblance to

e. g. Acrolepis hopkinsi M’Coy
It is named after Cand.

(Traquair,

from B. arcticus

1909, p. 109—112; PI, 24, PL 25, fig.

Adam Reuterskiodl,

by its

certain Acrolepis species,

6).

my friend and my companion during

the expedition to Spitzbergen in 1917.
Geological occurrence and localities. — Boreosomus reuterskioldi is hitherto
known only from the fish horizon at the following localities:

Mt. Congress, Mt. Sture,

Mt. Marmier, Mt. Trident and Mt. Andersson.

Boreosomus sp.
(Pi. 29, figs. i-3).
Under the heading Boreosomus sp. I have grouped some mostly very fragmentary
fish remains (P. 114, P. 120—i3i)i
individuals.

all of which seem to have belonged to rather large

The best preserved specimen (P. 120) is about 12 cm high just behind the

head. The body has been fusiform, but no other details can be given as to its length
or its general proportions.
Visceral

skeleton.

Among the elements of the visceral skeleton there are only very badly preserved
remains of the maxillary
preoperculum

(#r, PI. 29, fig. 1),

(Po, PI. 29, fig. 1)

and

the mandible

possibly also

of the

(Md, PI. 29, fig. x),
operculum

and the

branchiostegi. The sculpture on these bones has consisted of fine tubercles,

the
radii

somewhat
28*
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lengthened in the longitudinal

direction of the fish. It is noteworthy that in this

case

the sculpture on the whole maxillary is developed in the same way and is not, as in
B. reuterskidldi, stronger on the anterior part.
Dentition.
The dentition is fairly weak.
very bluntly conical,

The teeth

are of two kinds:

pointedly conical and

almost spheroid. The former variety is found on the maxillary

and the dentalo-splenial,

where they are arranged in two longitudinal rows,

a lateral

and a medial one. As usual the teeth of the medial row are considerably longer and more
robust than those of the lateral one. On these stronger teeth can be observed a bright
little enamel cap.
The bluntly conical teeth are almost Colobodus-like in appearance, as, like those of
Colobodus,

they posess

the

little

verruca that obviously corresponds to the

enamel

point on the pointedly conical ones. They have, however, no striation radiating from the
verruca, as is the case in Golobodus. Teeth of this type are only found on a loose fragment
of bone which may probably have formed part of a pterygoid, or of the parasphenoid.

The sensory canals of the head.
Only some smaller parts of the mandibular canal are preserved and show that the
sensory canals were fairly fine, and that they opened outwards with long simple tubules.
The number of these cannot be etablished.
The skeleton of the unpaired fins.
The dorsal fin {D, PI. 29, fig. 1) is preserved in specimen P. 120 and is situated
there far forward, its distance from the head'being only about 10 cm, while the height
of the body in the most anterior part of the abdominal region is, as has been mentioned,
about 12 cm. It is fairly well developed, is triangular in shape with height and length
about equal and consists of about 3o rather coarse, closely situated lepidotrichia, jointed
throughout; each of these has on the posterior half of the lateral sides a number of
fine, often confluent, longitudinal striae of ganoine. The anterior half of the lateral sides,
on the other hand, is without ganoine and is smooth. Nothing is preserved of the fulcra.
Of the caudal fin there is only a fragment of the dorsal lobe

present (P. 122),

which has already been noticed by Woodward 1912 (p. 293). This fragment is interesting
inasmuch

at

it shows undoubtedly that we are

concerned

with a heterocercal fish.

Otherwise it gives us no further idea as to the exact form or size of the fin. The lepido¬
trichia are on the whole densely jointed and coated with a smooth layer of ganoine.
The skeleton of the paired fins.
The shoulder girdle

is represented,

in

its present state of preservation, only by

very indistinct remains of the supracleithral and the cleithral, both of which have a very
fine sculpture, consisting of short, horizontally running striae, or, if the term is preferred,
somewhat lengthened tubercles, oriented in the longitudinal direction of the fish.
The pectoral fin {Pc, PI. 29, fig. 1) is very incompletely preserved.

It is only re¬

presented by some proximal parts of lepidotrichia, which appear to be unjointed.
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Squamation.
The scales are of about the same shape and
B. renterskioldi.

arranged in the

same

way as in

Most of them are consequently wider than high, and this is especially

the case towards the dorsum and on the ventral side. Their anterior covered area is in
general wide and their antero-dorsal
upwards.

corner

is not infrequently somewhat produced

Their dorsal margin has a well developed or in certain cases even a long

articulatory spine, and their medial surface is furnished with a broad vertical ridge, at
least on the scales of the abdominal region. Their posterior margin is serrate.
The scale sculpture resembles also on the whole that of B. reuterskioldi. The striae
pass off as in this species and anastomosations between

them are similarly unusual.

Finally, tubercles or shorter striae occur in both species between the anterior ends of
the longer striae,

and,

in

addition,

the fine folds on all the striae.

The only difference

that can be shown seems to consist in the fact that the striae are relatively coarser in
B. reuterskioldi than is the case here.
The number of striae is rather great on the highest, anterior scales, but decreases
according as the scales diminish in hight. The character of the striation on some scales
from the anterior part of the lateral surfaces

of the abdominal region is shown in

PL 29, fig. 2 and it is noteworthy that the striae on these scales grow very fine as they
approach

the posterior margin,

and that a number of equally fine shorter ones are

inserted between their posterior ends.

The striae of the latter category are, however,

only to be found on the scales iii the most anterior vertical rows.

The shape and the

sculpture on the scales of the ventral side is shown as a negative in PI. 29, fig. 3.
*
Remarks.

—

*

*

It is evident from the description just given that the differences

that can be observed between the specimens described in this connection and B. reuterskioldi
are of rather slight importance. It is probable, however, that a number of additional
differentiating characters would be found if we had a more complete material at our
disposal.
As it is thus impossible at present to decide whether in the remains described
here we are concerned with a variety of B. reuterskioldi or a new and independent species
closely related to this,

I have merely placed them under the heading Boreosomus sp.

Geological occurrence and localities. — All the specimens included under
the heading Boreosomus sp. come from the upper Saurian horizon. The localities of the
finds are as folows: Cape Svea, Mt Congress, Mt Tschermak, Mt Marmier and Mt Viking.

Boreosomus? scaber n. sp.
(PI. 24, fig. 4; PI. 26, fig. 3; PI. 35, fig. 4).
Under this name I include a fragment of a smaller fish* P. 8yy, and a large number
of detached scales.
I shall begin my description with specimen P. 8yy and afterwards pass on to the
detached scales.
Specimen P. 8yy consists only of a portion with connecteed scales from the caudal
region or the transition between this

and

the abdominal

region (PL 24,

fig. 4).

The
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scales are all somewhat broader than high and have the anterior, covered area fairly
wide, although scarcely so wide as in the typical Boreosomus species described above.
The sculpture consists partly of striae, partly of tubercles. The striae, which pass off
obliquely backwards and downwards, are long with sharp backs, and often wide; they are
also situated

close together.

Those that are situated nearest to the lower margin on

each scale may not infrequently have their anterior ends bent upwards parallel to the
anterior margin,

but they never run any long distance in this way,

as is the case in

B. arcticus. All the striae have the very fine folds previously described by me in Boreo¬
somus sp. and Boreosomus reuterskioldi.
The tubercles on each scale are situated in front of the anterior ends, of the striae,
where they

are

arranged in a couple of rows parallel to the anterior margin of the

scale. The tubercles themselves are somewhat lengthened in a dorsi-ventral direction.
The sculpture of the scales obtains through the arrangement of the tubercles a feature
that recalls Boreosomus arcticus to some extent.
If we now turn to the detached scales (PL 26, fig. 3; PI. 35, fig. 4) we are able to
distinguish different types according to the position they have occupied. We find some
that

are higher than wide,

shoulder girdle,

some in

having

which

evidently

the height is

belonged to the middle part of the

been situated
slightly

rather

less than

close behind the

the

width,

lateral sides of the abdominal region,

having

and finally

those in which the width is considerably greater than the height. These last-mentioned
scales are probably from the ventral side and the back.
These scales are closely related in all respects to those just described above in
specimen P. 877, but differ from these by having the vertical rows of tubercles in front
of the striae in most cases more numerous, usually three and sometimes even four or five.

Remarks. -— The scales described here show such agreement in their characters
in several sespects that I consider myself able provisionally to group them under one
species name. They resemble somewhat those in Boreosomus arcticus.
Finally it must be pointed out that the generic determination of these scales must
be looked upon as rather uncertain.
Geological occurence and localities. — Specimen P. 877 comes from the
fish horizon at Mt Bertil.
The detached scales occur in the bone-bed of the lower Saurian horizon, and in
bone-beds between this and the fish horizon. In the bone-bed of the lower Saurian horizon
they sometimes appear in such great numbers that they really form the rock.

The

localities of the finds are as follows: The mountain between De Geer Valley and Flower
Valley (Corrie Down) on the south side of Sassen Bay, Mt Marmier and Mt Viking.

Genus Acrorhabdus n. g.
As far as is known up to the present, the new genus that I call Acrorhabdus is
characterized by the following features: Small to medium fusiform fishes. The primor¬
dial neurocranium like the primordial visceral skeleton strongly ossified. The posterior
part of the entopterygoid is,

at least in

certain species,

represented by a number of
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mutually independent,

small

tooth-bearing

plates.

Hyomandibular

situated

obliquely

with a large processus opercularis. Mouth large. Preoperculum wide of a rather trian¬
gular shape; operculum large, high. Suboperculum small, low. Branchiostegal rays few
or at least not very numerous. Median jugular plate very large. All the external mem¬
brane bones of the visceral skeleton with a sculpture of fine, fairly short, longitudinally
arranged striae. Dentition probably somewhat robust with both pointedly conical and
bluntly concial teeth. The sculpture of the shoulder girdle like that of the opercular
bones. Dorsal fin probably opposite the ventral fins.
ward.

Anal fin smal, situated far back¬

Caudal fin deeply cleft. Pectoral and ventral fins weakly developed, the latter

probably situated about half way between the pectoral fins and the anal fin. Lepidotrichia
of all fins, apart from the two or three most anterior ones in the pectoral fins, closely
jointed.

Fulcra present,

at least on the pectoral fins,

but small.

Scales higher than

wide only on the very anterior part of the lateral surfaces of the abdominal region,
decreasing in height in a caudal, dorsal and ventral direction, so that the width becomes
predominant. Towards the dorsum a number of scales in each vertical row are very
low, and even ventrally there are low scales.

The scales often

rather thin. At least

the scales of the abdominal region have their covered area wide and the antero-dorsal
corner somewhat produced upwards.
developed.

On the

dorsal margin

an articulatory spine is

The sculpture on all the scales consists partly of longer,

partly of shorter

striae. The longer ones cross the whole exposed surface of the scales from the anterior
to

the posterior margin, in most cases sloping somewhat downwards and backwards.

The shorter ones are always fine, numerous, and developed exclusively in the immediate
neighbourhood of the posterior margin between the posterior ends of the longer ones.
It is easy to see that the genus Acrorhabdus has most of its characters in common
with Boreosomus,

to which it is undoubtedly closely related. It is,

howewer,

clearly

distinguished from Boreosomus, especially by the sculpture of the head and the scales,
and by the fact that almost all the lepidotrichia in the pectoral fins are jointed through¬
out their length.

We shall see that differences between the two genera can also be

observed with regard to the development of a number of bones in the head.
Like Boreosomus, Acrorhabdus shows, at least with regard to the shape and sculpture
of the scales, certain agreements with Acrolepis.
It is beyond all doubt that both Boreosomus and Acrorhabdus represent among the
Palaeoniscids a special group, characterized by the position of the dorsal fin and certain
specializations in the visceral skeleton. As I have already been able to show to some
extent

(pp. 2i3—214),

direction

this specialization has,

as in higher Ganoids

and

Teleosts.

at least partly,

proceeded in the same

According to what I am able

to

show

below, the gap between Boreosomus and Acrorhabdus on the one hand the Catopterids
on the other must really have been rather slight.

Acrorhabdus bertili n. sp.
(PI. 3i; PI. 32, figs. 2—5.)
The determinable material of this species at my disposal consists of only two incomplete
specimens (P. 172, P. 174). Besides these I include here too, though with hesitation, a
couple of fragments with scales (P. n3, P. 175) and the remains of a caudal fin (P. i3s)l
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One may venture to put the total length of the two specimens (P. 772 and P. 174)

at about 35 to 45 cm.

The shape of the

body was

probably fusiform,

but no

details

can be established about it.

The primordial neurocranium

and its

ossifications.

As in Birgeria mougeoti the primordial neurocranium is composed to a considerable
extent of replacing bones, but is very much

crushed

and compressed from

the sides,

so that only a few details can be observed.
In

the labyrinth

region are found remains of a large prootico-opisthotic (Pro. 0,

PI. 3i, figs. 1, 2; PI, 32, fig. 3),
Birgeria

evidently homologous to the

similarly termed bone in

mougeoti, to which it also seems to correspond in its extension (cf. pp. 153—

161 above).
As in Birgeria mougeoti the wall of the neurocranium was cartilaginous immediately in
front of the prootico-opisthotic (PI. 3i, figs. 1, 2; PI. 32, fig. 3). Anteriorly of this cartilage
quite as in Birgeria mougeoti (cf. pp. 161—175 above), there follows the posterior part of the
large sphenoid (Sph, PI. 3i, figs. 1, 2; PI. 32, fig. 3) which, in my description of Birgeria
mougeoti, I have shown reaches with its basal parts into the most anterior part of the
labyrinth region, while its main part falls within the orbitotemporal region. An incisure
(V) on the posterior margin of the sphenoid indicating the exit of the second and third
branches of the

trigeminus

can be

observed,

enclosed by bone than in Birgeria mougeoti.

but it is somewhat

It does not

more

completely

even seem impossible that it

was bounded caudally by a thin bridge of bone and that the trigeminus would thus
pierce the

sphenoid in the immediate proximity of the

posterior margin.

Nothing is

preserved of the anterior parts of the sphenoid.
Both the substitution bones described in the neurocranium have no radiation and
consist exclusively of a cancellous bone substance as in Birgeria mougeoti (cf. pp. 152—153).
What has been shown

here is certainly not much in itself, but it is all the same

of great importance as it supports the view that the ossifications of the primordial neu¬
rocranium in Palaeoniscids in general were on the whole developed as in Birgeria mougeoti.

The membrane bones of the neurocranium.
The parasphenoid (Pspli, PI. 3i, figs. 1, 2; PI. 32, fig. 3)

was wide and presumably,

rather strong beneath the orbitotemporal region. Under the labyrinth region it is only
represented by fragments. Nothing else is known as to its shape and relations.
Nothing is preserved of the membrane bones of the

cranial roof in the material

present.
Visceral skeleton.
The palatoquadrate seems apparently to
arcticus,

but no

bones the

have been

triangular as in Boreosomus

further details as to its shape can be established.

Of its substitution

metapterygoid (Mptg, PI. 3i, fig. 3) and the quadrate (Q_u, text fig. 72, PI. 3i,

fig. 1) are present in a very fragmentary condition, and it is uncertain whether they were
separate bones or fused as in Boreosomus arcticus. Of the membrane bones the ecto- and
entopterygoid are present, except for their most anterior parts.
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The ectopterygoid (Ecpt, text fig. 72, PI. 3i, figs. 1, 3; PI. 32, fig. 5)

extends along

the lateral border of the palatoquadrate right to the quadrate, as in Boreosomus arcticus,
but it is considerably higher than in this latter species.
The entopterygoid (Enpt, text fig. 72; PI. 3i, figs. 1, 3; PI. 32, fig. 5) is in its anterior
part of about the same height as the ectopterygoid, becoming rapidly higher posteriorly.
Its posterior part, which covers the medial surface of the whole metapterygoid and that
of almost the whole quadrate, shows, however, very curions conditions, at it is subdi¬
vided into a number of oval or rounded tooth-bearing plates.

The

transition between

this posterior part and the anterior part takes place gradually.
It seems at first sight rather natural that in this condition of the entopterygoid
we should see a good proof of the theory of the phylogenetic origin of certain membrane
bones through the concrescence of teeth
(cf. Gaupp,

1905, pp. 613—615),

i. e.

prop, .

that

we . should have the posterior part of the
entopterygoid at a primitive phylogenetic
stage of development here. Close reflection
will show us,

however,

that an opposite

interpretation of the facts in question is
possible

and

even

more

probable

than

the first-mentioned one.
As we now known(cf.pp. 126,134,146)
a larg-e, high entopterygoid, reaching in a
caudal direction right to the posterior
.
.
margin of the palatoquadrate, is developed

Rhipidistids. It has also been possible to
show in this work that the entopterygoid

Text fig. 72. Acrorhabdus bertili n. sp.
Parts of the viscerai skeieton. After p. ,74. %

byal; Ecpt, ectopterygoid; Enpt, entopterygoid; Hm, hyomandibular; Mcof mixicoronoid; Quy quadrate; Sthy? possibly
stylohyal; Sympl, sympletic; ohy, indication of ossification in the
posterior end of the ceratohyal; pr.op, processus opercularis.

component of the pterygoid of the Coelacanthids is large

and high

and has about the same extension as in Rhidipistids and

Stegocephalians and we have found that

a

rather Rhipidistid-like

entopterygoid was

developed in certain Paleoniscids (Boreosomus) too.
The facts mentioned support, in my opinion, the view that a Rhipidistid-like entopterygoid
is a very old formation, which was not acquired independently by primitive Tetrapods, Crossopterygians and Actinopterygiansbut was inherited from an ancestral form common to them all.
The strong- development of the entopterygoid in Boreosomus would thus be primitive,
if this argument is correct, while the conditions found in Acrorhabdus bertili would indicate
the beginning of a reduction process, whose continuation would lead to total disappear¬
ance

of the

caudal,

larger part of the bone.

The remaining anterior part would then

correspond to the bone that is called the entopterygoid in recent higher ganoids and
Teleosts,

and Acrorhabdus

bertili would thus, with regard to the entopteryg oid,

have

entered upon a direction of development leading to the Teleostean type.x)
!) It is. noteworthy in this connection that both in Ami a (van Wijhe, 1882, p. 280) und Polypterus (van Wijhe,
1882, p. 253; Pollard, 1892, p. 412) we find teeth developed on the medial side of the metapterygoid and quadrate
Amia). These teeth indicate that certain remains of the posterior part of the entopterygoid exist, though they were
fused to the metapterygoid.
Stensio, Triassic Fishes from Spitzbergen.
29
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The lower jaw is represented only by two fragments of bone.

One of them is a

part of the articular {Art, text fig. 72; PI. 31, figs. 1, 3) or of the articular component if
a large and long bone of the same sort as in Boreosomus arcticus was developed in the
Meckelian cartilage. The other fragment is a dorsal part of the mixicoronoid (Mco, text
fig. 72; PL 31, figs. 1, 3; PI. 32, fig. 5). As far as can be seen,

no coronoid process or

indications of one are present, the labial margin of the mandible being straight right
to the posterior end. The articulatory fossa on the articular (or possibly the articular
component) is clearly visible in profile (PI. 3i, fig. 1).
The mouth is large and extended far back as in the majority of Palaeoniscids.
The hyomandibular {Hm, text fig. 72; PI. 3i, figs. 1, 3), which is situated immediately
behind the palatoquadrate, occupies its usual oblique position, i. e. it is directed backwards
and downwards. It is a large bone, bent somewhat above the middle in such a way
that the anterior border is concave and the posterior one, on the whole, convex. The
centre of ossification lies just at the bend, and on the posterior border opposite this
centre issues the
the

bone

robust processus opercularis (pr. op).

gets wider towards both

From the

ossification

ends, especially towards the dorsal one.

centre

Both the

ends are in their present state abruptly truncated, and there was evidently a cartilaginous
epiphyse on each of them. The processus opercularis has also probably been provided
with a similar epiphyse. With regard to the signification of this process I refer to my
account on pp. 2i3—514 above. No canal or foramen for truncus hyoideo-maridibularis
facialis is present.

— The bone substance is radiate as in the corresponding

bone

in

other Palaeoniscids.
Connected with the ventral end of the hyomandibular we find on specimen P. 174,
both

on the right and left sides,

fig. 72; PI. 3i, figs. i,3)

which

a small but rather thick spongy bone (Sympl, text

was probably surrounded by

cartilage.

The

bone

is

situated immediately behind the articulation between the quadrate and the lower jow
and probably corresponds to a part of the symplectic,

which, as we know, occupies a

similar position i sturgeons, in which it may also sometimes be ossified (Parker 1873,
p. 257, Pi. XX; van Wijhe 1882, p. 224; Gaupp 1904, p. 901). In addition Broom (1909a,
p. 260) states that he observed an ossified symplectic in the so-called Oxygnathus broxvni
(cf. p. 209 above).
The conditions of the stylohyal are still uncertain.
P. 174 there is

On the left side of specimen

certainly an impress of a badly preserved

bone that

might be the

stylohyal (Sthy? text fig. 72; PI. 3i, fig. 3), but on the other hand the possibility cannot
be

denied that it may

really be an impress

of a scale

or something that has no

connection at all with the hyoid arch.
Medially and somewhat ventrally of each half of the mandible we find on specimen
P. 174 a large hour-glass shaped ossification in the ceratohyal {Chy, text fig. 72; PI. 3i,
figs. 1, 3; PI. 32, fig. 5). This ossification is truncated at both ends and probably forms
entirely or at least preponderatingly a perichondral diaphyse. That an ossificatory process
had also begun in the part of the ceratohyal situated behind this ossification is also seen
from specimen P. 174, where we find an impress of a thin bone lamella [ohy, text fig. 72:
PI. 31, figs. 1, 3; PI. 32, fig. 5) behind and adjacent to the ceratohyod ossification. Here
we evidently have the beginning

of an ossification on the part of the ceratohyal that
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is occupied in Amia, Lepidosteus and Teleosts by the so-called epihyal, according to the
rather inconsistent but most usual terminology (cf. Gaupp, 1904, pp. 902—904).
The operculum (Op, PI. 31, fig. 1 ; PI. 32, fig. 4) is a wide and high bone-plate. Its
ventral margin is straight and meets the posterior one almost at a right angle. The
posterior margin has a weak concavity immediately dorsally of the postero-ventral corner;
otherwise it is convex.
The suboperculum (Sop, PL 3 i, fig. 1; PL 32, fig. 4) is incomplete, but it is obvious, how¬
ever, that it was wide and rather low. Its upper margin is straight, its posterior one convex.
A couple of radii branchiostegi are partly preserved, but no details can be ascer¬
tained as to their shape.
The sculpture on the operculum,

suboperculum and radii branchiostegi consists

of short and rather dense striae, mainly arranged parallel to the axis of length of the
body. On the lower part of the operculum, however, they deviate somewhat from this
arrangement as they run obliquely backwards and downwards.
The branchial arches (Pl. 3i, fig. 2; PL 32, fig. 3, 5) are strongly ossified and appa¬
rently subdivided into the usual segments. Thus I can distinguish, at least in the three
anterior arches, a hypo- (Hbrj, cerato- (Cbr), and an epibranchial (Ebr), of which the two
latter are long and have a rather deep longitudinal furrow on the posterior side. The
basibranchials (Bbr) are also strongly ossified but no details can be established either
as tho the shape or number of the ossifications.

On the dorsal side they are covered

with tooth-bearing bone-plates. Both the branchial arches and the basibranchials consist
of the same sort of bone substance as the substitution bones in the neurocranium.
Along the posterior surface of each of the gill-arches present there is, mostly in
situ, as is seen in several of my figures, a double row of long slender

comb-shaped

supporting- gill-rays (Goodrich 1909, p. 94, fig. 57; filamentary cartilages Danforth 1912,
p. 422; fig. 9; gill filaments Woodward 1895 b, pp. 80, 219; Kiemenstabchen Gaupp 1904,
p. 909). These supporting gill-rays may attain a length of as much as 15 mm, and are
almost always somewhat arched, the processes that cause the comb-like shape issuing
on the concave side (Pl. 3i, fig. 4). Shorter processes may sometimes also occur on the
convex side, so that under these circumstances we may speak of a double-sided combshape,

but

this

is not general.

The

supporting gill-rays are all somewhat thickened

at their proximal ends and bent towards the concave side,

forming a condyle for the

articulation with the branchial arches. In each double row they have been so situated
that they had the convex sides turned towards each other, i. e. towards the septum.1)
A single row of supporting gill-rays occupies such a position in relation to the hyoid
arch (Pl. 3i, figs. 1, 3) that it decidedly indicates the presence of a large hyoid gill, which
has extended from the dorsal end of the operculum downwards and forwards on to the
radii branchiostegi. The most ventral of these supporting gill-rays are situated, to put
it more exactly, behind the posterior end of the ceratohyal ossification and like those
situated farthest dorsally, they are weak and short.
*) Comb-shaped supporting gill-rays are not uncommon among the Teleostomes. Woodward (1895 b, pp. 80,
219) has described them in Lepidotus and Mesturus, Riess (188r, p. 522) in Salmo and Cyprimis, and I have
myself observed that they are also developed in this way in Clupea. According to Goete (1901, p. 557) and
Stannius (1846, pp. 114—115) this is also the case in Acipenser (cf. also Polyodon Danforth 1912, p. 421, fig. 9).
29*
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Finally with regard to the tissue in the supporting gill-rays I have been unable

to undertake a microscopical investigation of this in the species in question, but it seems
certain that we have here either calcified cartilage or bone. In many recent Teleostomes
the

supporting gill-rays sometimes consist exclusively of cartilage

(e. g. in the stur¬

geons), while in other they are to a greater or less extent built up of hard tissue, which
may be

either bone

or

calcified

cartilage

(Stannius

1846,

pp. 114—115; Riess 1881,

pp. 531—524; Woodward 1985 b, pp. 80, 219).
D entition.
The

dentition

evidently

consisted of both

bluntly conical and pointedly conical

teeth, but is not specially powerful.
The teeth

in the maxillary, premaxillary and dentalo-splenial are not preserved,

but the evidence seems to show that they were pointedly conical. Similar though rather
small teeth probably occurred on the labial margin of the mixicoronoid as well, while
the medial side of this bone is quite without teeth.
The ecto- and entopterygoid have over the whole medial surface closely situated
small teeth of a bluntly conical shape, and similarly dense, though somewhat larger teeth
are also found on the parasphenoid and the membrane bone-plates above
the basibranchials.
The dentition of the gill-arches is very characteristic. On the me¬
dial side

(from a morphological point of view the caudal side) of each

arch it consists of small plates with dense, fine pointedly conical teeth,
while on the lateral side it is represented by club-shaped gill-rakers of
the appearance shown in text fig. 73. The distal widened part on each
of these g-ill-rakers has

a number

of closely

set, fine spines.

All the gill-rakers are

filled inside with white calcite.
The skeleton of the unpaired fins.
The anal fin (P. 172) was apparently small and inserted rather near to the caudal
fin. It consists, as is usual in the Palaeoniscids, of dense, closely jointed lepidotrichia,
whose number cannot be stated with certainty.
The dorsal fin (P. 172) is badly preserved. It is situated far forward, its posterior
part being opposite the ventral fins. The lepidotrichia, whose number cannot be exactly
established, are densely jointed throughout.
The caudal fin (P. i34) is
nothing

can be

said as to its

distinctly heterocercal and
shape

or

deeply cleft but

its relative strength.

otherwise

Its numerous lepido¬

trichia show the same conditions as those of the dorsal and anal fins.
The skeleton of the shoulder girdle and paired fins.
The shoulder girdle is rather completely preserved, both with regard to the pri¬
mary skeleton and the membrane bones. For practical reasons I shall first give here
an account of the latter bones.
The suprascapular (Sscap, PL 3i, figs. 1, 2, 3; PI. 32, figs. 3, 4, 5) is found in situ, but is
very incomplete.
cleithral

The surpracleithral (Scl, PI. 3i, figs. 1 — 3; PL 32, figs. 3—5)

(Cl, text fig. 74; Pl. 3i, figs. 1—3;

PL 32,

figs. 3—5) are both high

and the

and large
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and typically Palaeoniscid-like (cf. Traquair,

1877 a, PL 1, fig. 5).

cleithral

anterior part,

it is specially noteworthy that its

With regard to the

which is bent in a medial

direction and helps to form the posterior boundary of the gill-chamber, is well preserved
(text fig. 74 A, D, E, F). It is also noteworthy that the concavity in the lower part of
its posterior margin is weak.

The two cleithrals meet ventrally in the median line or

at least come very close to each other.
The two claviculae (Id, text fig. 74; PI. 3i, figs. 2, 3; PL 32, figs. 3, 5) are relatively
strong and large. Posteriorly they surround together the anterior ends of the cleithrals,
ventrally they meet in a median longitudinal suture (text fig. 74 B),
they

have

come

and

dorsally too

into

contact with each other,
at least by means of theprocess prc. Their dorso¬
lateral

surfaces

have

helped to form the lower
boundary

of

the

gill-

chamber. Seen in profile
on the lateral side, each
of the

bones

(text fig.

74 C) is triangular, with
one ventral, one caudal
and

one

antero-dorsal

margin, of which the ven¬
tral one is almost straight
and the caudal one con¬
cave. The antero-dorsal
margin is weakly con¬
cave or almost straight
in

its

posterior

anterior

to

this

half;
there

comes a small but very
marked

sinus

(sin. cor.

post), which is bounded
anteriorly by the

Text fig. 74. Acrorhabdus bertili n. sp.
Parts of the shoulder girdle. After P. 174. 3/4.
A. cleithral, clavicle and primary girdle plate of the right side.
B. Clavicles in ventral aspect.
C. Left clavicle in lateral aspect.
D. Primary girdle plate in its relation to the cleithral and clavicle.
E. Section through shoulder girdle along line Z—Y.
F. Section through shoulder girdle along line X— IF.
Cl, cleithral; Icl, clavicle; See, ossified primary girdle plate; d. g, processes on the posterior
margin of the ossified primary girdle plate; m. cor. arc. ant, anterior portion of muscnlus coracoarcualis; m. cor. arc. post, posterior portion of musculus coraco-arcualis; 11, nerve canal;
prc, process on the dorso-medial margin of the clavicle; sin. cor. post, sinus for the posterior
portion of the coraco-arcualis muscle; v, process on the ventral part of the posterior margin
of the primary girdle plate.

pro¬

cess prc, and finally in front of this process another sinus which reaches to the anterior
corner of the

bone. This corner is truncate,

postero-dorsal one is somewhat produced.
the two

bones in

while the other two more rounded.

Seen from the ventral side

question have somewhat convex

lateral margins,

The

(text fig. 74 B)
and

the

suture

between their medial margins appears to be rather straight. On each bone the anterior
end is blunt

and

concave in such a way that with that of the other bone it forms a

rather large sinus.
A specimen of Acipenser ruthenus that I had an opportunity to investigate shows
that in this species the clavicle is developed in nearly the same way as in Acrorhabdus
bertili, not only in the general features but also in many details. Thus on the dorso-
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medial margin of each clavicle of Acipenser ruthenus one can distinguish a process {prc,
text fig. 75), which has a marked sinus both in front and behind. As in Acrorhabdus
bertili the process also comes into contact with the one on the opposite side. To judge
from the figures given by Gegenbaur (1865, PI. 6, fig. 2) and Parker (1868, PI. 1, figs. 6, 7)
the same process would also be present in Acipenser sturio,

although there it is wider

and not so strongly developed.
In my specimen of Acipenser ruthenus, as text fig. 75 shows, one portion of Vetter’s
(1878, pp. 480—482) musculus coraco-arcualis has its exit on the anterior side (m. cor. arc.
ant) and one on the posterior side (m. cor. arc. post) of the process prc on the dorso-medial
margin. The anterior portion, which is the stronger, passes off forwards and is related to
the sinus situated in front of the process prc, while the posterior portion, which has
principally

a dorsal course,

passes

upwards through the

sinus behind the same process.
From what has been mentioned it seems very probable
that the musculus coraco-arcualis in Acrorhabdus bertili was
subdivided into two portions in the same way as in Acipenser
ruthenus.
'“that in

It

is

also

Acrorhabdus

very

noteworthy

bertili

(P. 174)

in

this

we find

connection

a large,

well

9 developed urohyal {Uhy, PI. 3i, fig. 2; PI. 32, fig. 3) situated
in the same way as in the Teleosts. I have already shown
in this work (pp. 75, 87) that there is a urohyal in the CoelaText fig. 75. Acipenser ruthenus.
Left half of- shoulder girdle from the
lateral side. 1/l.
Scl, supracleithral Lettering otherwise as
in text fig. 74.

canthids as well, and this bone can thus no longer be looked
upon

as being

characteristic

for

the

Teleosts

alone,

as

Goodrich especially (1909, p. 350) maintained.1)
The sculpture on the supra-cleithral and the cleithral

has the same

character as that of the opercular,

i. e. it consists

of striation with the

same direction as the axis of the animal (PI. 32, fig. 4).
The primary shoulder girdle in Acrorhabdus bertili is represented by a somewhat
high, quadrangular bone-plate {See, text fig. 74, PI. 3i, figs. 1—3; PL 32, figs. 3, 5) which
is rather thin on the whole. Of its margins one is directed forward, one downward, one
backwards and one upwards and backwards. The one directed forward is concave and
joins the transversal lamella of the cleithrum, which helps to form the posterior boun¬
dary of the gill-chamber of its side. The one directed backward, which is also concave
and has somewhat above the middle a small, rounded, blunt process {g, text fig. 74 A, D),
is visible behind the posterior margin of the cleithral.

The one directed downwards is

almost straight or weakly concave and has its anterior part against the ventral end of
the cleithral, which there is arched towards the median line and has a nearly horizontal
position.

The one directed upwards and backwards is the shortest of the four margins

and weakly concave. The anterior lower corner is pointed and produced forwards; the
anterior upper one is rounded, the posterior upper one prolonged in a rather consider¬
able

process (d) in a backward and downward direction, and the posterior lower one

(V) is blunt and rounded.
*) In Polypterus, however, formations have long been known (Muller, 1844, pp. 149—150; PI. 1, fig. 3)
that may be looked upon as partly corresponding to the urohyal.

23i

TRIASSIC FISHES FROM SPITZBERGEN

In a dorsal direction the primary shoulder girdle plate has not by far the same
height as the cleithral (text fig. 74 D). Ventrally the two primary shoulder girdle plates
come near each other, and this is especially the case with, their anterior lower corners,
which were probably connected by ligaments.
Only the dorsal half of the primary shoulder girdle plate is in contact with the
sagittally placed lamella of the cleithral. For between the ventral half of the shoulder
girdle plate and the ventral part of the cleithral a fossa is developed which opens
backwards and downwards. This fossa, into which the ventral musculature of the pectoral
fin extended and had its origin, is rather deep in the direction from front to back, but
narrow in the transversal direction. In its roof a wide, short nerve canal (n) has its
opening. This canal pierces the primary girdle plate in an upward and medial direction,
then continuing on its medial side as a wide, ascending furrow. A section through the
primary shoulder girdle plate near the lower end of the nerve canal (along the line
X—U in text fig. 74 D) is shown in text 74 F. Another similar section, taken farther
dorsally (along the line Z—Y in text fig. 74 D) is figured in text 74 E. In the latter
section one finds that the

canal is

continued by

a deep

sulcus,

which is bounded

anteriorly by the transversal lamella of the cleithral, posteriorly by a vertical torus on
the medial side of the primary girdle plate (this torus is shown in the cross section as
a medially directed process).
The pectoral fin must have articulated with the primary shoulder girdle plate in
neigbourhood of the little process g. No canal for the dorsal fin musculature is developed.
Finally with regard to the primary shoulder girdle plate it is noteworthy that it
consists throughout of the same sort of cancellous bone

substance as the

replacing

bones of the neurocranium.
The account and figures given here ought easily to make it clear that the primary
shoulder girdle in Acrorhabdus bertili is not closely related either to that of the sturgeons
or of Amia and the Teleosts. While a wide canal for the dorsal musculature is already
found in the sturgeons and the development of this has proceeded farther in Amia and
the Teleosts (Gegenbaur 1865, pp. 95-—135) a canal of this short is lacking, as we have
seen, in Acrorhabdus bertili, which in this respect seems to have remained at a primitive
Selachian-like stage of development.
The pectoral fins (Pc, Pl. 32, fig. 4) are incompletely preserved and consequently
no details can be given either as to their shape or size. All their lepidotrichia, except
the two or three most anterior ones, are densely jointed right to

the

base

and

are

furnished with a fine ganoine striation in a longitudinal direction.
The judge from P. 172 the small ventral fins are situated about half-way between
the pectoral fins and the anal fin. They are poorly preserved, and it is only possible
to establish that their lepidotrichia were jointed throughout their length.
Squamation.
The squales in Acrorhabdus bertili are mostly wider than high, and this is specially
strongly marked on the ventral side and towards the dorsum, where their
sometimes only 1/s—T/6 of their width.

height is

Only immediately behind the posterior part of

the supracleithral and the upper part of the cleithral do we find in a couple of vertical
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rows some scales whose height exceeds their width (PI. 32, fig. 2), and ventrally of them
there then follow some enlarged scales, which gradually, as they approach the ventral
side, become low.

In the most posterior part of the caudal region the scales gradually

become smaller and almost rhombic.
The scales generally appear to have been fairly thin. Their anterior covered area
is relatively wide, at least in the abdominal region. Their dorsal margin has

in this

region a distinct articulatory spine, apart from the lowest scales farthest dorsally and
ventrally. The medial surface on each scale is furnished with a vertical ridge and has,
in the usual way,

close to the ventral margin, a fossa for articulation with the spine

on the nearest ventral scale of the same vertical row. It is impossible to establish with
certainty whether the posterior margin was entire or serrated.
The sculpture

of the scales

consists of striation

and is

obviously stronger and

coarser on the ventral parts of the fish than on the other. On the scales belonging to
the ventral side several of the striae are wider than the interwals between them, or at
least of the same width. Higher up on the scales of the lateral surfaces
the striae gradually become narrower,

of the body

while the intervals between them increase in

proportion. On the scales towards the dorsum, where the striation is finest, the width
of the striae is only half to a third that of the intervals, or perhaps even less.
On the majority of the scales the striae can be subdivided into three categories,
of which those belonging to the most striking one

(PI. 3i, fig. 5;

PI. 32, fig. 2) run

across a large part of the exposed surface obliquely backwards and downwards to the
lower and posterior margins, gradually becoming narrower as they approach to these
margins. On the ventral scales there are only two or three of these striae. On the scales
of the lateral surfaces of the abdominal region their number gradually increases to the
same degree as the scales themselves increase in height, finally decreasing again towards
the dorsum. On the higher anterior scales immediately behind the shoulder girdle they
number i6:—20 (PI. 32, fig. 2); somewhat farther posteriorly, on the middle part of the
abdominal region, they are 10—12, growing gradually fewer towards the caudal region.
On the ventral scales the most ventral of them is bent upwards at the anterior end in front
of the others, so that it becomes nearly parallel to the anterior margin.

On the scales

where the striae of the category in question are more numerous, except on those situated
immediately behind the shoulder girdle, the two, sometimes even the three or four ventral
striae (PI. 3i, fig. 5) are often bend round in a dorsal direction in the same way, but
not infrequently their upward bent parts are not

continous

with the

other

ones but

subdivided into a row of somewhat lengthened tubercles. Finally it is noteworthy that
the long striae running across the scales never anastomose and that they show a fine
corrugation especially on the scales of the ventral side.
The striae belonging to the next category occur only along the posterior margin
of the scales between the posterior ends of the previously described ones, and are very
short and fine; their number is most often rather great.
Finally the striae belonging to the third category occur farthest anteriorly on the
exposed

surface

of the scales in front of all the rest and pass off downwards from

above, parallel to the anterior margin. They are lacking on the scales in a

couple

of the rows following closest to the shoulder girdle and are also probably not developed

233

TRIASSIC FISHES FROM SPITZBERGEN

on the scales towards the dorsum either. On the scales of the ventral side they number
two or three, on the other scales probably only one, and sometimes at least this single
stria may be subdivided into a row of somewhat lengthened tubercles.
As is clearly seen the scale sculpture in the present species has many features in
common with that of the Boreosomus species and among them specially with B. arcticus.
*
Remarks. — Acrorhabdus bertili is, as we shall see, distinctly separated from the
two other species belonging to the same genus by the scale sculpture.
The species name bertili is given to the present species after Dr. Bertil Hogbom,
who, as has been partly mentioned above, has published a number of valuable geological
work^ on Spitzbergen and has brought back fine collections of fossils, among which the
vertebrates from the Triassic occupy a very prominent place.
Geological

occurrence

and

localities.

Acrorhabdus bertili is known

only from the fish horizon. The two type specimens P. 172 and P. 174 come from the
shore south of Sassen Bay and from Mt. Trident respectively. The doubtful specimens
were found at Mt Andersson.

Acrorhabdus asplundi n. sp.
(PL 3.0,'figs. 1, 2.)
Only one

specimen (P. 173)

of this species has been found so

incompletely preserved in many respects.

far,

and this is

The specimen has been of about the same

shape and size as the type specimen of Acrorhabdus bertili or perhaps somewhat larger.
The state of preservation

does not enable us to

establish

anything as to the general

shape of the body.
Visceral

skeleton.

The mouth is large, extending, as in the majority of Palaeoniscids, backwards far
behind the orbit.
The maxillary (Mx, text fig. 76; PI. 3o, fig. 1) is large and long and widened to a
plate behind the orbit. In shape this postorbital part is fairly low and triangular, with
one margin

turned ventrally,

one antero-dorsally,

and one postero-dorsally;

margins the last-mentioned one is on the whole weakly convex,

of these

while the two

others

are weakly concave.
The mandible (text fig. 76; PI. 3o, fig. 1)

seems to

have been

rather strong and

high, at least in its posterior part, which alone is preserved. Its upper margin is straight
and is without any coronoid process.

Of the

bones there are only fragments of the

dentalo-splenial (De) and angular (Ang).
The

preoperculum

(Po, text fig. 76; PI. 3o, fig. 1) is a strikingly wide,

triangular

plate and not, as is most often the case, a narrow, arched bone, consisting of two limbs.
Of its margins the shortest, which was probably weakly concave, is turned towards the
orbit, while the longest one, which is convex, faces dorsally and backwards and comes
into contact with the operculum, the suboperculum, and the nearest following branchiostegal radius ventrally of the suboperculum.
S ten si 6, Triassic Fishes from Spitzbergen.

The remaining margin,

which is weakly
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concave, joins the postero-dorsal margin of the maxillary. The shape of the preoperculum
in the whole bears a striking resemblance, as we shall see below, to that of the Catopterids.
The operculum (Op, text fig. 76; PI. 3o, fig. 1) is large and quadrangular in shape,
with its shorter margins upwards

(antero-dorsally) and downwards (postero-ventrally)

and the longer ones forwards (antero-ventrally) and backwards (postero-dorsally) respec¬
tively.

The upper,

posterior and lower ones are weakly convex, the anterior one,

the other hand, is weakly concave. The posterior upper corner is well rounded,

on

while

the other corners are more or less well marked.
The suboperculum (Sop,
its surface being
shape

but is

text fig. 76;

only about a third

especially low at its

PI. 3o, fig. 1)

of that of the

anterior end.

is low but wide,

operculum.

the area of

It has quandrangular

Its anterior and upper margins

are

weakly concave and the posterior and,dower
ones are weakly convex. The posterior lower
corner

is

rounded;

the

other

corners

are

well developed.
The radii branchiostegi (Rbr, text fig. 76;
PI. 3o, fig. 1)
is

therefore

are

poorly preserved, and it

impossible

to

establish

their

number with certainty.
All the bones of the visceral skeleton
described
most

have

often

a

not

sculpture

of fine striae,

particularly

long,

usually

running parallel to the axis of length of the
animal. More important deviations from this
arrangement are only found on the ventral
part of the operculum, where the striae run
obliquely backwards and downwards. Other
Text fig. 76. Acrorhabdus asplundi n. sp.
Parts of visceral skeleton. After P. 173. 3/4.
Ang, angular; De, dentalo-splenial; Mx, maxillary; Op, oper¬
culum; Po, p.reoperculum; Iibr, radii branchiostegi; Sop, sub¬
operculum ; orb, orbit.

minor

irregularities

striae

do

not

in

disturb

the
to

course

any

of the

extent

the

impression of the horizontal arrangement of
the sculpture.

Dentition.
The maxillary and dental are furnished on the labial margins with small pointedly
conical teeth. Nothing else is known as to the character of the dentition.
Skeleton

of the

shoulder girdle

and

the

paired

fins.

Among the membrane bones belonging to the shoulder girdle we find remains
of a high supracleithral (Scl, PL 3o, fig. 1) and a fragment of the cleithral (Cl, PI. 3o, fig. 1),
both of which have a sculpture of the same character as that of the opercular bones
and the jaw-bones.
The pectoral fins
however,

(Pc,

PI. 3i, fig. 1) are

incompletley preserved.

that some of their anterior lepidotrichia,

One

can see,

probably as many as 7—8,

were

unjointed for some distance in their proximal part, and that the anterior margin of the
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fins had a row of fulcra. The unjointed lepidotrichia have a sculpture of fine longitudinal
striae

of ganoine,

Finally

it ought

while the
also

to

other were probably without any ganoine

be added that the joints

covering. —

of the lepidotrichia preserved are

considerably longer than broad.
Squa. mation.
The squamation is very incompletely known, only the middle scales in the 18—20
vertical rows behind the shoulder girdle being preserved (PI. 3o, fig. 1).

The scales in

general seem to have been rather thin.
As far as can be decided, in a few vertical rows immediately behind the shoulder
girdle there were scales that were higher than wide. The majority of the scales present,
however, show the opposite condition, i. e. their width is greater than the height.
The sculpture consists of fine

striation.

The striae are of two sorts:

partly such

as traverse the exposed surface of the scales right from the anterior to the posterior
margin,

and partly such

margin.

The

narrow,

occur in

former

as are

kind

short and fine,

of striae,

small numbers on

which

are

each

scale,

only occurring along the posterior
relatively fine

and rather

uniformly

and the intervals between them

are

consequently very wide (PI. 3o, fig. 2). Another characteristic of them is that they pass
off nearly parallel to the upper and lower margins and are not situated more or less
diagonally or with their anterior parts bent upward as in Acrorhabdus bertili. The other
type of striae, which is found along the posterior margin, occurs on all the scales present.
As shown by PL 3o, fig. 2, they are short and fine.

Remarks. — Acrorhabdus asplundi is well separated from A. bertilli

especially

by the different development of the scale sculpture. Additional differences between them
consist in the shape of the operculum, the number of the basally unjointed lepidotrichia
in the pectoral fins and the conditons of the sculpture on the lepidotrichia of these fins.
This species is named after my friend Docent Dr. Erik Asplund, who took part in
the Spitzbergen expeditions of igi3 and 1915.
Geological

occurrence

and

locality.

—

Acrorhabdus

asplundi

was

found in the fish horizon at Mt Andersson.

Acrorhabdus latistriatus, n. sp.
(PI. 29, fig. 4; PI. 3o, figs. 3—5).
The material present of this species consists only of an incomplete specimen (P. 170),
considerably smaller than the previously described specimens of Acrorhabdus bertili and
Acrorhabdus asplundi. Apart from this fact no details can be established as to the general
shape and proportions of the species.
Visceral
The maxillary (Mr, PL 29, fig. 4)
incompletely preserved,
shape.

and it is

skeleton.

and mandible \Md, Pl. 29, fig. 4) are both very

therefore

impossible to observe much

The mouth was large and extended far back,

about

their

as in the two preceding species.
3o*
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The

preoperculum

(Po, text fig-. 77; PI. 29, fig. 4) is, as in Acrorhabdus asplundi, a

large triangular plate, but is wider than in this species. Its posterior margin is convex,
the two other margins are probably concave.
The operculum
the

one

(Op, text fig. 77; PL 29, fig. 4)

in Acrorhabdus asplundi, but it is

apparently had a similar shape to

strikingly higher and has a more vertical

position than in this species. Its anterior margin is strongly concave, while the three
others are weakly convex. Of the latter the dorsal and caudal ones pass over into each
other without any definitive boundary, as the postero-dorsal corner is well rounded. The
other corners are well pronounced, and especially noteworthy is that the anterior lower
one is here obtuse-angled, while in Acrorhabdus asplundi, on the other hand, it is almost
right-angled.
The suboperculum (Sop, text. fig. 77; PL 29, fig. 4) is low and very small compared
with the operculum. It is only a little larger than the branchiostegal radii following
ventrally of it. Its shape is quadrangular, being somewhat higher posteriorly than ante¬
riorly,

but

not

in this species,

so

much

as

in

its anterior and

Acrorhabdus

asplundi.

upper margins

are

As

weakly

concave and its posterior and lower ones weakly convex. All
four corners are rounded and the postero-dorsal one is con¬
siderably more blunt than in Acrorhabdus asplundi.
The branchiostegal radii (Rbr, Pl. 29, fig. 4) are very few;
their number was probably not above five. Except for the
dorsal one they are all incompletely preserved.
The
Text fig. 77.
Acrorhabdus latistriatus n. sp.
Parts of visceral skeleton after
P. 170. VtOp, operculum; Po, preoperculum;
Sop, suboperculum.

median

jugular

plate

(Mg,

Pl. 29, fig. 4)

certainly incomplete too,

but it is undoubtedly

was of about

size

the

same

as

in

Boreosomus

is

also

clear that it
reuterskioldi

(cf. text. fig. 71; Pl. 28, fig. 1).
The

sculpture

on

the

above-described

bones

consists

mostly of fine, rather short, sparse striae, principally running
in the longitudinal direction of the animal. Along the labial margin of the maxillary
and dentalo-splenial the striae are replaced by comparatively

small,

round tubercles,

lying close together. On the median jugular plate a number of median striae

pass

off

in the usual way in a longitudinal direction, but on each side of these on the lateral
parts of the plate the striae are arranged so that they run in a postero-lateral direction,
and the striae directed so are on the whole more weakly developed than the longitu¬
dinal ones.
The skeleton of the shoulder girdle and the paired fins.
Of the shoulder girdle we know with certainty only a part of the supracleithral,
which is high as usual (Scl, Pl. 29, fig. 4). A fragment of the suprascapular is possibly
present as well. Both these bones have been sculptured in the same way as the oper¬
cular bones.
The pectoral fins (Pc, Pl. 29, fig. 4) are small and triangular. Their lepidotrichia
are about 25 in number and are all ramified distally in the usual way. The two or
three most anterior ones are unjointed for a short distance proximally;

the others, on
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the contrary,

are jointed throughout their length,

the joints being longer than

wide.

Ganoine sculpture in the form of fine longitudinal striae occurs on all the lepidotrichia.
No fulcra are preserved.
Nothing is known with regard to the ventral fins and the unpaired fins.
Squamation.
As far as is known, the scales (PI. 29, fig. 4) are mostly wider than high. As in the
two other Acrorliabdus species, specially low scales are found on the ventral side and
towards the back. Only in about the 5 or 6 most anterior vertical rows do we find
behind the supracleithral and the dorsal part of the cleithral a number of scales with
their height exceeding their width. Backwards, upwards and downwards on the body
these scales gradually become lower.

A few enlarged scales are found in front of the

base of the pectoral fins.
The anterior covered area of the scales was probably fairly wide, at least on those
of the abdominal region. The conditions of the upper margin are not known, nor we
know whether their posterior margin was entire or serrated.
The

sculpture

on the present scales is on the whole rather strong.

Immediately

behind the shoulder girdle and at least on the anterior part of the back, however, it
is considerably weaker than on the other known parts of the abdominal region. It con¬
sists of striation, and the striae are of two kinds, long ones traversing the exposed part
of the lateral surface of each scale from the anterior to the posterior margin, and very
short, always fine, ones occurring only along the posterior margin between the posterior
ends of the former ones (PI. 3o, figs. 3—5). On the scales of the anterior vertical rows
the long striae run rather obliquely in a backward and downward direction, then on
the

scales

following

backwards

taking up

such

a position that they become nearly

parallel to the upper and lower margins. On the scales present from the dorsum both
the short and the long striae are fine (PI. 3o, fig. 5) and, although the latter occur in com¬
paratively
sculpture

great
is

numbers,

also present

the

interstices

between

them

are

large.

A similar fine

on those of the scales from the lateral surface of the abdo¬

minal region that follow in a couple of the vertical rows nearest to the shoulder girdle.
On other scales belonging to the lateral surface of the abdominal region the sculpture
is excedingly characteristic owing to a special development

of the long striae (PI. 3o,

fig. 3). These, which are present to a number of from 4—8 according to the height of
the scales,

are

rather narrow

at the anterior ends but increase rather much in width

backwards, finally at their posterior parts beginning to grow narrow again and becoming
very much pointed close to their posterior ends. This narrowing towards the posterior
ends always takes place rather suddenly, and the posterior fourths of the striae are con¬
sequently always separated from one another by rather large interstices, in which are
found farthest posteriorly striae of the second kind.

With regard to the long striae on

the scales in question it is also noteworthy that they are flat and even, and that some¬
times two or three of the ventral ones on each scale may have their anterior ends bent
upwards more or less parallel to the anterior margins of the scales.
Towards the ventral side of the fish (PI. 3o, fig. 4) the sculpture gradually changes
so that all the longer striae become more uniformly narow, the interstices between their
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posterior ends being

decreased in width but at the same time extended more forward.

The scales on the ventral side seem, with regard

to their sculpture, scarcely to differ

from the correspondingly situated ones in Acrorhabdus bertili. A difference may, however,
possibly exist in the number of the longer striae being somewhat

greater in A. bertili

than in the species in question here.
*

*

Remarks. — Acrorhabdus latistriatus is characterized especially by its partly unique
scale sculpture and is clearly separated by this both from Acrorhabdus bertili and Acrorhabdus
asplundi. As has also been shown by the account given above, it further differs from
these two species by a somewhat different shape in certain of the bones of the head.
The

scales on the ventral parts in the species under

discussion

and

those

in

Acrorhabdus bertili are so similar that it is impossible to distinguish them with certainty
when they occur detached.
The species name latistriatus refers to the character of the striation

of the scales

belonging to the lateral surfaces of the abdominal region.
Geological occurrence and locality. — Acrorhabdus latistriatus is so far only
known from the fish horizon at Mt Andersson.

The organisation of the Palaeoniscids. Summary.
It is not my intention in

this

connection to

give

a

complete

account

of the

organisation of the Palaeoniscids, but I shall confine myself chiefly to a summary of the
most important results afforded by the Spitzbergen material. In connection with this,
however,

it has also been necessary to

give a summary of a number

of scattered

observations published during recent years with regard to the osteology or the Palae¬
oniscids.
The primordial neurocranium and its ossifications.
The primordial neurocranium in Birgeria is, as we have seen, low and broad. In
the great majority of the Palaeoniscids, on the other hand, to judge from the general
orm of the head, it cannot have shown the same conditions, but must have been higher
fand narrower. The snout is always prolonged to some extent and forms a short rostrum.
The dorsal surface slopes down rather gently and uniformly forward. The basal surface
is only known in any detail in Birgeria, where,

seen in profile, it is somewhat convex

under the anterior part of the orbitotemporal region, becoming concave posteriorly under
the posterior part

of this region and the anterior part of the labyrinth region. The

greatest height of the primordial neurocranium is in Birgeria in the middle or posterior
part of the labyrinth region.
In the majority of Palaeoniscids the ethmoidal region is high and, in spite of the
rostral prolongation, short.

No further details are know about it.

The orbitotemporal

region forms a wide interorbital wall between the large orbits and the cranial cavity
has continued through the whole length of this region.

Posteriorly the orbitotemporal

region passes without any sharp boundary into the labyrinth

region and at least in

certain forms (Birgeria) its ventral part may be pierced by a small fenestration so situated
that it partly corresponds to the fenestra optica of the Teleosts.

As is usual in fishes,
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the labyrinth region forms the widest part of the neurocranium.

In Birgeria it grows

rapidly narrower in its posterior part and in this way passed over into the occipital
region, of whose shape and extension nothing is known.
In the primordial neurocranium ossifications are generally found developed (Traquair,
1877a, p. 16; Fritsch, 1895, p. 123), but

details as to these are only known in Birgeria

and Acrorhabdus.
In both these genera the ossifications, at least in the orbitotemporal and labyrinth
region,

are considerable and the cartilaginous parts in these regions

were

therefore

relatively small. The ossifications are strong and thick, consisting of cancelleous bone
substance throughout.

No traces of ossificatory

centres

can

be found, nor radiation

either. Their periostal lamellae are very weak and thin.
In

the

occipital region a basioccipital is

developed which with its anterior end

extended into the posterior part of the labyrinth region.

If any other occipital bones

were present is not known. The chorda may have extended through the whole occipital
region and may also have continued a good bit into the labyrinth region.
In the labyrinth, region there are two paired ossifications, the autosphenotic and the
prootico-opisthotic, the latter of which probably corresponding not only to the components
indicated by its name1) but to the epiotic as well.
The autosphenotic is a somewhat elongated bone in the postorbital process.
The

prootico-opisthotic

occupies a

considerable part of the lateral

wall of the

labyrinth region. It extends forward to the canalis facialis, backwards presumably right
to the boundary towards the occipital region. Its dorsal parts extend medially into the
tectum synoticum, where farthest back they are even so developed that they meet the
corresponding ones of the bone on the opposite side in the median line. Otherwise the
bone surrounds more or less directly the greater part of the labyrinth and is presumably
pierced by n. glossopharyngeus.
The most anterior part of the labyrinth region in front of the prootico-opisthotic
has been cartilaginous in the roof, lateral walls and floor, and through this cartilage the
roots of n. facialis have their exit from the cranial cavity. From the ganglionic complex
of these roots the truncus hyoideomandibularis was given off and took its course for a
short distance postero-laterally through the rather wide facialis canal,

through whose

posterior opening it definitely left the cranial wall. The roots of n. trigeminus, n. ophthal¬
micus lateralis and n. buccalis lateralis left the cranial cavity just in front of the facialis
roots, at the posterior margin of the large unpaired ossification that occupies practically
the whole orbitotemporal region. A trigemino-facialis chamber has probably been present,
but it is uncertain whether the ganglionic complex of the facialis roots was situated in
this together with that of the trigeminus roots.
The large unpaired ossification mentioned in the orbitotemporal region has been called
by me the sphenoid according to the terminology of Traquair 1871, in his description
of Polypterus. Forward it reaches quite or at least almost to the ethmoidal region and
backward right to the cartilage in the anterior part of the labyrinth region. Basally a
s) It is very noteworthy that in the Coelacanthids too a large paired prootico-opisthotic is present in the
labyrinth region. This prootico-opisthotic, however, does not include any epiotic component. Is would of course be
of great theoretical interest to know the conditions of Dictyonosteus in this respect.
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part of it, situated behind the fossa hypophyseos, has even extended into the labyrinth
region for a short

distance, i. e. it belongs to the

chordal region of the cranium. In

height it reaches from the basis cranii quite or almost up to the cranial roof.
evidently

alone

the

same

extension as,

in usual cases,

It has

the orbitosphenoid (or orbito-

sphenoids if they are paired), the alisphenoids, the basisphenoid and an anterior part of
the prootic of the Teleosts together, and thus in this respects bears an striking resem¬
blance to the similarly termed bone in Polypterus and Dictyonosteus (cf. p. 53—61, 120—140
above), but is on the whole considerably more specialized than this, at least in Birgeria,
in which the conditions are as follows.
The part situated between the orbits grows somewhat thin basally of the cranial
cavity, even causing at one place a fenestration, which, as is pointed out above, partly
corresponds to the fenestra optica of Teleosts. Just postero-dorsally of this fenestration
is situated the foramen opticum

and a short

distance behind the latter the foramen

oculomotorii. The nervus trochlearis has had its exit straight above the fenestration but
so high up that its foramen is found about half-way between the basis cranii and the
cranial roof.

The

exit of the trigeminal roots is marked by a large incisure in the

posterior margin of the sphenoid (in Acrorhabdus it is presumably quite enclosed in the
sphenoid) and from the anterior wall of this incisure a canal probably for n. ophthal¬
micus profundus passes off into the lateral wall of the sphenoid for a short distance and
has its exit about half-way between the trigeminus incisure and for. oculomotorius. Just
in front of and somewhat dorsally of the trigeminus incisure on the lateral surface of
the sphenoid there is found the posterior opening of a somewhat coarse canal running
in an antero-dorsal direction.
micus lateralis,

This canal is apparently pierced at least by n. ophthal¬

which probably had its

trigeminus incisure. Either of the two

exit from the

cranial

cavity just above the

carotides internae penetrated upwards into its

special canal, opening into the cranial cavity just behind and somewhat medially of the
foramen opticum on its side- A canalis transversus homologous with that of the Elasmobranchii is found strongly

developed and

situated

in

the postero-ventral part of the

sphenoid, somewhat posterior to the place where this is pierced by the canals for the
carotides interna. The aperture of the transversal canal has on each side clearly begun
to be affected by the musculus rectus externus, so that we have here a myodome that
is as yet in so primitive a stage that it is paired. In the roof of the myodome of each
side n. abducens probably had its exit.
The distance between the foramen opticum and the canalis transversus is very
much shortened, a condition that has also strongly affected the fossa hypophyseos, so
that this has formed a narrow vertical pit in the floor of the sphenoid. Ventrally the
fossa hypophyseos opens into the canalis transversus, which indicates that the hypo¬
physis extended into the transversal canal, and that probably the saccus vasculosus may
also have been situated there. On the part between the foramen opticum and the trans¬
versal canal there issues from the basal edge of the sphenoid towards each side a thin
and rather large process,

probably representing a basipterygoid process. Behind the

transversal canal the bottom of the sphenoid consisted only of rather thin bone-plate,
the basal parachordal plate,

with

a median oval foramen,

remains of the fenestra basicranialis posterior.

possibly

representing the
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The development of the sphenoid clearly shows that the orbitotemporal region in
Birgeria had

definitely

entered upon

a

development in

the

direction

of

the

higher

ganoids and Teleosts, although at the same time it preserved certain primitiva Crossopterygian-like characters. The latter characters consist especially in the presence of a
single large ossification and the extension of this ossification basally behind the hypophysis.
We do not know yet whether there were ossifications in the ethmoidal region.
The membrane bones of the neurocranium.
The parasphenoid seems in Palaeoniscids generally to have been large and well
developed, and especially the part situated behind the ossification centre is sometimes
characterized by a considerable width (Traquair 1877a; Fritsch 1895; Jaekel igo3; Day
1915). This part is also at the same time rather short and probably did not as a rule extend
backwards as far as to the posterior end of the neurocranium, while the anterior part
reaches beneath the ethmoidal region. In the posterior part of the bone there issue on
either lateral margin two processes, the anterior one of which is said to be furnished
with a facet, against which the palatoquadrate would have articulated (Day 1915). The
posterior process,

which is

always the most strongly developed,

clearly corresponds

to the processus ascendens in other ganoids. On the dorsal side of the bone there is
sometimes described (Jaekel 1903; Day 1915) a fossa or a foramen that seems to have
been related the hypophysis.
In Birgeria

the parasphenoid seems to be of a somewhat different type,

a type

resembling to some extent the usual actinopterygian one as it is found developed, for
instance, in the sturgeons. It has extended posteriorly at least to the anterior part
the occipital region and is on the

whole very wide and large.

of

It has only the one

processus developed on either lateral margin, and this which, is very broad and issues
far from

the

posterior end in

of its side from

such

a

way

as to

cover the basipterygoid processes

the outside. This fate is especially noteworthy

as it shows that no

articulation can have taken place between the basipterygoid process and the palato¬
quadrate. In the posterior end of the parasphenoid we find a deep longitudinal sinus,
in which, according to the evidence of comparisons with the sturgeons, the arteria dorsalis
was situated. No foramen or fossa related to the hypophysis is developed on the dorsal
surface of the bone.

On the other hand there issues from this surface

situated behind the ossification centre a paired ascending lamella,

on

the

part

called by me

the'

profound lamella, which projects into the lateral wall of the primordial neurocranium,
where it reaches high up posteriorly.
The posterior portion of this lamella lies between the basioccipital and the prooticoopisthotic and

is

so

situated that

the labyrinth recess presumably reached to some

extent in between it and the prootico-opisthotic, probably without coming into

direct

contact with the latter bone; except perhaps most ventrally the relations between the
profound lamella and the cranial cavity cannot be established.
In the profound lamella the parasphenoid has in Birgeria a very special character.
It is possible that a similar lamella also exists in other Palaeoniscids, although so far
it has not been found preserved. Nothing can as yet be said as to its morphological
significance.
Stensio, Triassic Fishes from Spitzbergen.
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The processus ascendentes of the parasphenoid in Birgeria cover from the lateral

sides that part of the

wall

of the

primordial

cranium

where

the

trigemino-facialis

chamber and the myodome are situated. Perhaps they extended somewhat farther forward,
and, if so was the case, an extracranial space would of course be added both to the myo¬
dome and the trigemino-facialis chamber, which otherwise seem to be intramural spaces. On
the medial side of the process there is a small spine-like formation, whose position and
direction suggest that in it we perhaps have the partial homologue of the

alisphenoid

pedicle of Amia, although this may preponderatingly have been of a membranous nature.
With regard to the membrane bones on the cranial roof I have little that is new
to add to what has already been shown by Traquair’s investigations, and in order not
to repeat previously familiar facts with regard to the configuration of the different bones
and their mutual relations I refer to Traquair’s excellent account of 1877 (1877 a, pp. 15
—16) and Woodward’s of 1891 (1891b, pp. 423—527). The only fact that needs perhaps be
pointed out is that the extrascapulars («supratemporals» Traquair) are in several cases re¬
presented by a single large plate on each side of the median line (Cheirolepis, Bc»~eosomus).
According to what has been shown by my investigations of the membrane bones
of the cranial roof in Crossopterygians (cf. pp. 62—66, 94—98, 102—105, i33—134, i38,
text figs. 43, 51, 57, 58) it seems, however, as if a number of alterations ought to be made in
the nomenclature used by Traquair and previous authors. TIiusTraquaWs squamosal should
correctly be called the supratemporo-intertemporal, a term already introduced by me in my
description above. His prefrontal ought to be termed antorbital (Allis 1905, p. 491), while his
large ethmoid presumably comprises several different elements, among which there are
especially the homologues of the nasals, postrostrals and interrostral elements of both sides
of the Crossopterygians (cf. Goodrich 1909, p. 3og and my description of the sensory canals
of the cranium below). For the sake of brevity I have called it after its most important
components the

nasalo-postrostral.

According

to Traquair

(1877 a,

PI. I,

fig.

8)

no

independent rostral elements seem to be present. They may as far as one can understand
have fused with neighbouring bones, but as the position of the ethmoidal commissure
between the infraorbital canals and the anterior portions of these canals are not known,
it is impossible to decide with certainty how the fusions have taken place. It does not
seem improbable, however, that a couple of the most medially situated rostral elements
from part of the nasalo-postrostral. With regard to the homologues of the lateral rostral
plates of the Crossopterygii,

it seems as if in the Palaeoniscids,

if Traquair’s view is

correct, they form part either of the premaxillary or the antorbital

of each side, most

probably, however, the former.
The labyrinth,

as we

have

seen,

has been principally situated in the prootico-

opisthotic. I have clearly observed the cavities both for canalis semicircularis externus and
canalis semicircularis posterior.

Otholites are

described in Palaeoniscus (Hennig

p. 52—55), Aniblypterus (Fritsch 1895, p. 126; PI. 122, figs. 1, 3,

4,

1915,

5) and Rliadinichthys

(Traquair, 1910, p. 127).
Visceral skeleton.
The palato-quadrate seems as a

rule to have been triangular in

shape. In the

anterior part it has a small autopalatine, in the posterior one the metapterygoid and
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quadrate are well developed and seem,
other to

a

single

large

bone

at least in some cases, to be fused with each

(Boreosomus).

The metapterygoid has also, at

least in

certain forms (Boreosomus), a blunt antero-dorsally directed process, so directed that it
may possibly have articulated with the neurocranium in the posterior basal part of the
orbitotemporal region. The autopalatine, metapterygoid and quadrate consist all three,
at least in Boreosomus and Acrorhabdus, of the same cancellous

bone substance as the

substitution bones of the neurocranium.
Of the membrane bones of the palatoquadrate only the ento- and ectopterygoid
are

so far known.

Of these the entopterygoid

often shows the same conditions as in

Crossopterygians, its postorbital part being high and covering the whole metapterygoid
and a large part of the quadrate on their medial surfaces (Boreosomus). The postorbital
part of the

entopterygoid

may sometimes,

however,

be represented by a number of

mutually independent plates (Acrorhabdus), and then the transition
and the anterior part takes place gradually.

between this part

In my opinion we are concerned in the

latter case with a secondary phenomenon, the posterior part of the bone being reduced.
If this reduction process were continued so that the posterior part disapeared, the re¬
maining anterior part would

correspond fairly well

to the metapterygoid in Teleosts

and higher ganoids.
The

ectopterygoid is in most cases a long and narrow bone reaching backwards

in a caudal direction to and covering the medial side of the ventral part of the quadrate.
In Birgeria it has had, at least in its anterior part, a lateral lamella covering another
lamella from the medial side of the maxillary, a character that possibly occurs in Palaeoniscids in general (Traquair, 1877 a, p. 18). The maxillary is always high behind and low
beneath the orbital entrance. As I have pointed out above (p. i3g), and as I shall show
still further below (se my account of the Saurichthyids in Part II), it probably comprises
not only the homologue of the maxillary of the Rhipidistids but at least also the homologue
of their quadratojugal, so that it ought really to be called the maxillo-quadratojugal. It
is also conceivable that the homologues of certain of the squamosal elements of the Rhipi¬
distids have been fused with it, which could naturally be decided with a somewhat great
degree of probability if one know the position of the «pit-lines» of sensory canal organs
that were presumably developed on the cheek (cf. also Allis, 1919 a, pp. 374—382, 385—386);
The mandible is always long and has a straight upper margin. Its cartilage may,
at least in certain forms (Boreosomus), have been occupied by a single long ossification
of a

cancellous structure.

posterior end

This ossification, which

extends from the anterior to the

of the mandible, has on its dorsal surface the articulatory fossa for the

quadrate, and on the lateral side in front of this

another fossa in which the musculus

adductor mandibulae was inserted; according to its extension and relations it thus seems
to comprise the homologues of the articular, autangular, mentomandibular and possibly
the autocoronal as wrell.
The bone

described by Traq.uair (1877 a)

as the

articular is apparently a supra-

angular according to the prevalent terminology.
Besides this supraangular the lateral side of the mandible is covered by an an¬
gular

and a large

dentalo-splenial.

The latter, as indicated by its name, is, as far as

can be judged, a complex bone (cf. also Schleip, 1904, pp. 3g8—899).

It is pierced ven-
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trally by the mandibular canal and
of the

should therefore comprise not only the homologue

dental of the Rhipidistids but also that of the splenial, and possibly also those

of certain of the elements following between this and the angular.
The medial side of the mandible is covered with a single large and long coronoid
element, for which I have suggested the name mixicoronoid, as it presumably includes
homologues

of several of the

elements that are found independent in Tetrapods and

Rhipidistids.
The hyomandibular is always
is

ossified mainly

perichondrally.

large and well developed, but at least generally it

Like other cartilage bones of the hyoid arch it too

has had cartilaginous epiphyses. As a rule it is somewhat angular, in such a way that
its angle is directed backwards and enters more or less

closely into

contact with the

operculum or the operculum and the suboperculum (Traquair, 1877 a). While the majo¬
rity of forms seem to show these primitive conditions, we find in Boreosomus and Acrorhabdus a large, well

developed processus opercularis issuing from the

angle

on the

posterior margin, which must of course mean that the musculature of the gill-cover was
developed in this two genera in about the same direction as in the higher ganoids and
Teleosts.

Neither in Boreosomus nor in Acrorhabdus have I found the hyomandibular

pierced by any canal for the truncus hyoideomandibularis facialis.

On the other hand

I found a canal of this sort in Gyrolepis. The hyomandibular is in most cases situated
very obliquely in such a way that the axis of length through

it runs from above and

from in front downwards and backwards; it is less frequently vertical or almost vertical.
An ossified little symplectic is found in Acrorhabdus and in the so-called Oxygnathus
browni (Broom, 1909 a).

On the other hand no stylohyal is shown as yet With certainty.

In the middle part of the ceratohyal there always occurs a large hour-glass-shaped
perichondral diaphysis of bone.

There are indications, however, that the cartilaginous

epiphysis situated caudally of this had also begun to be ossified, i. e. we have here
presumably the earliest known homologue to the bone in higher ganoids and Teleosts
that has been incorrectly called the epihyal (cf. Gaupp, 1904, pp. 902—904).
The preoperculum is generally a curved bone consisting of two shanks, a vertical
narrow one, situated behind the maxillary, and a more or less horizontal and wider
one lying dorsally of the maxillary and reaching far along towards the entrance of the
orbit, thus covering a rather considerable portion of the postorbital part of the cheek.
The bone under discussion may, however, be also developed in the form of a large,
wide triangular plate (Acrorhabdus), by which, as we shall see, it bears a great resem¬
blance to that of the Catopterids.1)
In certain species, as, for instance, in Cheirolepis trailli Agassitz (Traquair, 1875 b,
PI. 17, fig. 7, bone y), Elonichthys pectinatus Traquair (Traquair, 1901, pp. 83, 84, fig. 1,
bone x) and the so-called Oxygnatus brownii (Broom, 1909 a, p. 259), there occurs between
the forward directed shank of the preoperculum and the operculum a long and narrow
bone, element, which occupies such a position that it may perhaps have been pierced
!) In
seems to be
quist’s own
seems to be

Rhadinichthys argentinicus Tornquist the reconstruction given by Tornquist (1904, pp. 846—351)
incorrect, at least as regards the shape of the preoperculum. For as far as can be seen from.ToRNfigure of the type specimen (PL 36), the preoperculum had two shanks, although the vertical one
poorly preserved.
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by the preopercular sensory canal in a longitudinal direction. If this were the case, it
would, in the species in which it is not present as an independent element, be fused
with the bone elements lying in front of it on the cheek, as in such forms the pre¬
operculum, according to what we now know, should have been pierced by the pre¬
opercular canal along the posterior margin.
Assuming that the above-mentioned narrow skeletal element was pierced by the pre¬
opercular canal, we should also have a very strong argument in favour of the view that apart
of the forward directed shank in the bone previously called the preoperculum should corres¬
pond to certain of the squamosal elements of the primitive Rhipidistids (cf. pp. 76—79, i3g).
The operculum

and the suboperculum vary a great

deal

in shape and size in

different genera, as Traquair pointed out in detail already in 1877 (1877 a).
(Boreosomus, Acrorhabdus) the suboperculum may be so low that it

Sometimes

shows almost the

same conditions as a branchiostegal ray.
The radii branchiostegi vary in number and are sometimes (Boreosomus, Acrorhabdus)
very few,
there is,

probably not more than 5.
at least in most forms,

Anterior to

them

between the two

a median jugular plate,

which,

mandibulae

curiously enough,

in

certain forms is very large (Boreosomus, Acrorhabdus).
The gill-arches are at least in several forms strongly ossified
p.

22;

Fritsch,

1895,

vol. 3,

is

probable the a fifth

p. 79).

existed

too.

Four

pairs have

so

(Traquair,

far been

1877 a,

observed,

but it

At least in Birgeria and Acrorhabdus the hypo-,

cerato- and epibranchial are found ossified in the first three pairs. In Birgeria pharyngobranchials have also been found to exist in the two anterior pairs of arches,

although

with the exception of infrapharyngobranchial II, which is represented by a comparatively
large ossified element,

they were

cartilaginous.

In the fourth pair of arches

only a

ceratobranchial is known so far. All the cerato- and epibranchials have a comparatively
deep longitudinal furrow on their posterior surface.
The basibranchials have formed a long row between the ventral ends of the gillarches

in the usual way and are

vol. 3, p. 79).

occupied partly by ossifications (cf. Fritsch,

In Birgeria three of these ossifications are shown to exist,

impossible that an additional one may have been present.

On the

1895,

but it is not

dorsal surface the

basibranchials are covered with tooth-bearing bone plates of membranous origin.
Supporting gill-rays are semetimes

calcified or

ossified and

could

therefore

be

preserved (Acrorhabdus, Birgeria). In Acrorhabdus a number of them situated in a single
row occupy such a position in relation to the opercular bones and the hyoid arch that
they must have belonged to a hyoid gill, which has been large.
Dentition.
With regard to this I have very little here, to add to our knowledge, and I can
therefore merely refer to Traquair’s description of 1877 (1877 a, pp. 32—33;
1919 a, pp.

cf. Allis,

374—377).
The sensory

canals

of the

head.

The sensory canals of the head are fine and, apart from the lines of the pit organs,
situated within the bones.

They

open

outwards with a large number of fine tubuli,

which seem in most cases to be straight and unramified.
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The supraorbital canal has its posterior end situated in the middle or posterior
part of the parietal,

from which it passes off anteriorly,

entering- the frontal, which it

pierces in a longitudinal direction. Anteriorly of this bone it looks as if it should enter
the antorbital, but the part of the sensory canal situated in the latter bone continues
forward laterally of the nasal aperture, and should most probably belong to the infra¬
orbital

canal and correspond to the upper end of the infraorbital section of this canal

(Allis 1905, p. 491; cf. also Allis 1919 a, p. 375).

This view is also supported by the

fact that this part of the sensory canal presumably communicated with the infraorbital
canal, as is the case in the closely related Catopterids (cf. text figs. 80, 81, 85, 86). If
this is correct, the most anterior part of each supraorbital

canal must of course be

reduced or else have a pit-line on the nasalo-postrostral corresponding to it.
The infraorbital canal forms, as usual, a direct anterior continuation of the cranial
section of the main lateral canal. It runs forward through the anterior part of the supratemporo-intertemporal and from this bone enters the dermosphenotic with a gradual bend
to the lateral side.

From the dermosphenotic it probably entered the infraorbitals, in

which it continued first downwards and then forwards. No further details of its course
in these bones are, however, known. No anastomosis is developed between its posterior
part and the supraorbital canal, as in Teleosts, recent higher ganoids, and sturgeons.
Of the preopercular canal only the dorsal end has been observed so far (Boreosomus), and this end is situated in the supratemporo-intertemporal, where it anastomises
with the infraorbital canal and the cranial section of the main lateral canal at the place
where these two pass over into each other. In its downward course it may have entered
the preoperculum,

where, as far as we can judge from the

conditions in the closely

allied Catopterids, it ought to have been situated fairly close to the posterior margin. It
is not known whether it anastomised with the mandibular canal.
I hav distinctly observed the mandibular canal in a number of forms. It is situated
rather near the posterior and ventral margins of the mandible and pierces both the an¬
gular and the dentalo-splenial.
The cranial section of the main lateral

canal of the body extends through the

lateral extrascapular or the lateral part of the extrascapular plate (if only a large paired
plate is present on each side of the median line) into the supratemporo-intertemporal,
where,

as has been mentioned, it is continued without interruption by the infraorbital

canal. Between the cranial sections of the right and left sides there is a distinctly developed
supratemporal commissure, situated in the usual way in the extrascapulars (Boreosomus;
Elonichthys, Traquair 1901, p. 83).
Only one head line of pit organs could be observed (Boreosomus). This one, which
is situated on the parietal, is rather short and is situated transversally in relation to the
axis of length

of the head and seems to correspond to the middle one of the three

lines of pit organs found in Amia and many recent Teleosts. Nothing is known as yet
with regard to cheek lines of pit organs.
Axial skeleton.
The chorda dorsalis has been well

developed and does not seem to have been

affected to any noticeable extent by the formation of vertebral bodies.
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In

each neural arch

are found two paired skeletal elements, a small and

weak

interdorsal, and behind this a large and high basidorsal, both of which were ossified in
Birgeria. In other forms the basidorsals alone seem as a rule to be ossified. The slender
unpaired neural spines are always ossified and seem as a rule to be developed in the
whole abdominal region, so that the most anterior of them are often found under the
anterior part of the dorsal fin. It is true that they enter into contact with the distal
parts of the basidorsals, but they are so situated in relation to these that they seem to
represent the distal parts of the interdorsals, or perhaps, to express it better, they belong,
like the interdorsals, to the anterior halves of the sclerotomes.
Ventrally of the chorda we find, at least in the caudal region of Birgeria, a large
paired bone-plate for each segment. This bone-plate has probably arisen from a fusion
of the interventral and a proximal part of the basiventral. The distal part of the basiventral,
on the other hand, is probably represented by the long haemal spine.
It is very noteworthy that from each of the large haemal bone-plates of Birgeria
a broad structure of very cancelleous bone issues in a dorsal direction, forming with
that of the opposite side a semicircle around the ventral half of the chorda. The for¬
mation of vertebral bodies is thus begun and, like Traquair (1877 a), I consider it probable
that this is the case in Pygopterus, but it does not seem impossible that we have there
instead the interdorsals extended downwards. Finally vertebral body structures are also
described by Fritsch (1895, pp. 92, 94) in Sceletophorus Fritsch and Phanerosteon Traquair,
but at least in the case of the latter genus it seems as if Fritsch has made a mistake,
as Traquair (1911 a, p. 166) states that he did not find any traces of them there.
In the majority of forms indications of vertrebral bodies seem to be quite lacking
as in Palaeoniscus (Traquair 1877 a, p. 23), Phanerosteon (Traquair 1911 a, p. 166), Psilichthys
(Hall 1900, p. 147), Coccolepis (Woodward 1891 b, p. 426; 189b a, p. 6, PI. 1, fig. 1 ; PI. 2,
fig. 4; 1915, p. 24;

Traquair

1911b,

p. i3),

Apateolepis (Woodward 1890 a,

pp. i3—14)

and Elpisopholis (Woodward 1908 a, p. 19).
Ribs have not been ossified in any of the forms so far known.

The skeleton of the unpaired fins.
The skeleton of the unpaired fins is well known on the whole (Traquair, 1877 a,
pp. 24, 26—28; Woodward, 1891b, pp. 426, 427; 1895 a, pp. 6, 7; 1908 a, pp. 19, 20; Hall,
1900, pp. 146,

147; Abel,

1919, pp. 184, 185; etc.) and in this connection I need only

point out a few details.
In most Palaeoniscids the dorsal fin is situated far back.

In Boreosomus and Acro-

rhabdus, however, we have also become acquainted with forms in which it is opposite
the ventral fins or even has its anterior half extended in front of these.

Its endoskeletal

radials are represented as a rule by two longitudinal rows of ossifications,
the proximal ones are known as axonosts, the distal ones as baseosts.

of which

As far as we

know, the only exception to this is Coccolepis, in which so far it has not been possible
to show any baseosts with certainty.1)
z) In a specimen of Coccolepis bucklandi Agassiz belonging to the Alte Akademie of Munich I think,
however, I was able to find traces of baseosts as well.

248

ERIK A : SON STENSIO
The axonosts probably correspond to the proximal and the baseosts to the middle

segments of the endoskeletal radials.

The distal segments must evidently have been

small and cartilaginous.
In Phcinerosteon (Traquair, 1911a, p. 167) and Birgeria the axonosts and baseosts
of the dorsal fin are of about the same length, which seems to mean that the proximal
and

distal segments

of the

endoskeletal radials were equally long, a condition that,

according to Schmalhaussen’s investigations (1912; igi3a; igi3b), ought to be considered
as rather primitive.
longer than

the

In other forms, on the contrary, the axonosts are more or less

baseosts (Psilichthys Hall,

1900; Elpisopliolis Woodward,

1908 a, etc.),

i. e. the proximal and the distal segments in the endoskeletal radials show conditions
more like those in higher ganoids and Teleosts.
In the

endoskeletal radials of the anal fin as a rule only one long ossification

seems to be present in each radial.

In Elpisopliolis, however, Woodward (1908 a)

has

shown both axeosts and baseosts in all the radials of the fin in question and in Bir¬
geria too I found both these elements, though only in a number of the most caudal
radials.

The remaining endoskeletal radials of this fin have a single long ossification

in the usual way.
Both in Elpisopliolis

and Birgeria the baseosts of the anal

compared with the axonosts.

fin

are

rather

short

Whether the baseosts have fused with the axonosts to

the single long element of bone usually found in the endoskeleton of the fin or whether
they are more or less reduced and cartilaginous, it is of course not easy to say with
certainty. It appears to me, however, at present most conceivable that the former alter¬
native is the more probable one.
The ventral lobe of the caudal fin is always supported by a number of haemal
spines.

Under the large fulcra of the dorsal lobe is regularly found a series of endo¬

skeletal radials (Schmalhaussen, 1912, igi3a, igi3b), which are in an unusually distinct
state of preservation in Coccolepis australis Woodward (Woodward, 1895 a, PI. 2, fig. 4).
The lepidotrichia in

all the unpaired fins are

generally jointed throughout their length,

always

densely

except in Birgeria, in

placed

which a

and

are

proximal,

shorter part is unjointed.
The skeleton of the girdles and the paired fins.
The

skeleton

of the primary shoulder girdle is only known in Acrorhabdus, in

which it is represented by a plate, ossified in one piece.
dorsi-ventral direction by a nerve canal.
pectoral fin has been

This plate in pierced in a

No canal for the dorsal musculature of the

developed and the plate as a whole seems in this respect to

show the closest resemblance to the girdle in the Selachians.

As in the substitution

bones of the primordial neurocranium the bone substance is cancellous throughout.
' The membrane bones of the shoulder girdle are developed in the usual way.

With

regard to the claviculae (infraclaviculae, Traquair, Woodward and other palaeoichthylogues)
it is, however, noteworthy that they may be developed almost in the same way as in
Acipenser ruthenus and Acipenser sturio.

We find, inter alia, in Acrorhabdus, a sinus on

their dorso-medial margin situated at exactly the same place as in the two sturgeon
species mentioned, in which, according to Vetter (1878), te sinus is related to a posterior
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portion

of the musculus

coraco-arcualis.

By analogy

me may thus be

justified

in

concluding that a similar portion of this muscle occurs in Acrorhabdus.
It is also noteworthy that

between the anterior portion of the musculus coraco-

arcualis. of the right and left sides in Acrorhabdus there was a well developed urohyal
(basibranchiostegal), as in Teleosts and Coelacanthids.
I have nothing important to add about the delevopment of the pectoral fins.
The pelvic girdle is known so far only in

Birgeria, where it consists of a fairly

large bone, expanded in the postero-distal part.

This bone shows no indications at all

of division

into

segments,

as

in

the

sturgeons.

It

probably

comprises

not only a

component homologous to the pelvis of the Cladodontids and Pleuracanthids

but

also

a component that in these forms is represented by the proximal segments of the anterior
endoskeletal radials.
Behind the pelvic plate and following

immediately upon it there must have been

either a single long metapterygeal element or a series of several small ones, which were
cartilaginous. The endoskeletal radials,

which were probably about 16 in number, arti¬

culated against the pelvic plate and the metapterygeal elements just mentioned.
the

4—5

most anterior ones,

however,

articulated

against the

consist of a long proximal and a short distal segment,

pelvic

plate.

Only

The

all

the former of which is always

ossified, while the latter only shows ossification in some of the middle endoskeletal radials.
A row of ossified proximal segments of endoskeletal

radials is known in

addition

in

Coccolepis (Woodward, 1895a, 1898a; Traquair, 1911b) and Elpisopholis (Woodward 1908a).
The lepidotrichia of the ventral fins are generally jointed right to their bases. An
exception to this is seen, however,

in Birgeria, where at least a large number of the

anterior ones are unjointed in their proximal parts.
Squamation.
As we now know,

the Palaeoniscids show considerable variation with

the development of the squamation.
and

Coccolepis (Traquair,

ignb*

regard to

Thus in Chryphiolepis (Traqair, 1907, p. 104—106)

p. 11—15)

the

scales

are

cycloid

apart from

those

covering the dorsal lobe of the caudal fin, and in Birgeria, Psilichthys, Elpisopholis and
Phanerosteon the scales are quite reduced except for the dorsal lobe of the caudal fin,
where they are constantly retained.
Main lateral canal of the body.
In Birgeria we find the lateral line of the body enclosed in small tubular bones
lying in a continuous longitudinal row.

In Elpisopholis (Woodward,

situated in a row of <-shaped small shields.

1908 a, p. 20) it is

On the upper lobe of the caudal fin it

passes off along the ventral margin of the axis, i. e. close to the bases of the lepido¬
trichia, as in the sturgeons.

Some general remarks.
As we

see,

the Palaeoniscids

include

degrees of specialization. Such genera as,
Stensio, Triassic Fishes from Spitzbergen.

forms that have
e. g. Acrorhabdus

attained
and

rather

different

Boreosomus
32

much
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resemble the Catopterids,

to which they appear to be transitional forms,

while others,

on the contrary, such as Cheirolepis, Rhadinichthj'S were probably more primitive.
Woodward

(1891 b,

p. 425),

and

Fritsch

(1895,

p. 126) have

supposed that the

family Palaeonicdidae, when better known, ought to be subdivided,

and Gregory (1907,

p. 463) considered later on that he ought also to emphasize its heterogeneous nature.
«It is noteworthy*, he says, «that the early Heterocerci, commonly grouped together in
the family Palaeoniscidae, include forms (e. g. Cheirolepis, Holurus, Coccolepis) which are
so different in several important respects that they might almost be reguarded as types
of different families*.
Against
according

this it must,

to

what

we

however,

now

know,

be pointed out (cf. Traquair,
the

Palaeoniscids

show

on

1911 b, p. 8) that,

the

whole

a

rather

uniform type of organization. In spite of the fact that they comprise certain forms that
appear to be specialized in some respects, yet a subdivision of them into two or more
separate families would mean the breaking of strong phylogenetic bonds or at any rate
cause

difficulties in

them.

On the other hand,

denoting the

close relationship that

however,

undoubtedly exists between

we can scarcely be justified in going so

far as

Abel (1919, pp. 186—190), who includes the Catopterids among the Palaeoniscids.

We

should then be justified with about the same right in adding to the family Palaeoniscidae
in the definition given to it by Abel, the Platysomids as well, since these, as we know
(Traquair, 1879, pp. 379—38g', must be considered as originating from the Palaeoniscids,
to which in any case they seem to be very closely related.
The relation
(Belonorhychids),
be

discussed

and the
to

the

between the Paleoniscids
Chondrosteids,

until

later

Saurichthyids
development

on

(Part

of

the

in
II).

on the

one hand

and

Acipenserids and Polyodontids on
connection
Here,

membrane

with

however,
bones

on

my description
I may point out
the

dorsal

the

Saurichthyids

the

other cannot

of the

side

that,

Catopterids
with

regard

of the ethmoidal

region and of the supraorbital sensory canal, the Palaeoniscids show special conditions
which are without parallel among the Actinopteiygii
Catopterids.
upheld

especially

pp. 82—95;
— 32i)

These facts

1915 a,

except

for the Platysomids and

are of special interest as they seem to controvert the view

by Woodward

(1889 c,

p. LXXII — LXXIV)

that Chondrosteids and recent

pp. 42 — 43;
and

1895 b,

after him

pp. V—VIII;

1898 a,

by Goodrich (1909,

pp. 307

sturgeon fishes are directly descended from the

Palaeoniscids.
Finally for a large number of other conditions with regard to the Palaeoniscids
I may refer to my account given below.

Family Platysomidae.
General remarks.
Right up to quite a recent date the Platysomids were known exclusively from the
Carboniferous andPermian formations (Traquair 1879; Zittel 1887—1889; Woodward 1891b:
1898a; Krotov 1904). In igi3, however, Broom (igi3a) was able to show the existence
of a species in the Lower Triassic of South Africa and the following year Lambe (1914)
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described

a species

Triassic age.

from

Canada in

25*

deposits that might also possibly be of Lower

Finally a Platysomid form,

described by Woodward 1910

(1910 b) from

Madagascar, may be of Lower Triassic age as well (cf. Lemoine 1911, pp. 5—6).
To these I have now to add at least two species of Platysomids found in the Lower
Triassic of Spitzbergen. As far as can be judged from the fragmentary material present,
they both resemble Platysomus, so that provisionally I have referred them to this genus.
It is noteworthy in this connection that both one of the species from the Triassic
of Spitzbergen, Platysomus nathorsti, and the Canadian species that Lambe took to be a
Platysomus and called Platysomus canadensis, have attained an exceedingly large size.

Genus Platysomus Agassiz.
The genus Platysomus occurs both in the Carboniferous and the Permian. In Europe
it appears in the latter formation together with
and Dorypterus (Zittel

Globulodus (Woodward 1891 b, p. 534)

1887 —1889, pp. 250—252; Reis

1891, pp. 167—170). From the

possibly Lower Triassic strata in Madagascar Woodward (1910 b, pp. 2—5) has described
the new genus, Ecrinesomus, which, at least with regard to squamation, closely resembled
Platysomus (cf. Andersson 1916 b, pp. 227—229).
The

supposed

Triassic

species

Platysomus

canadensis

seems,

according

to

the

description given by Lambe (1914) to differ rather essentially from the usual type of the
genus Platysomus. The most important differences are (1) the general shape of the body,
(2) the position

of the pectoral fins

high

up on the

sides of the body,

(3) the

close

agreement in the number of the lepidotrichia and the endoskeletal radials of the dorsal
and anal fins, (4) the sculpture of the scale, which is said to consist of «pustules®. Lambe
considers, it is true, that the characters enumerated here only have a specific value, but
I do not feel convinced that this is the case,

but think it more

probable that we are

concerned with a representative of a new genus.
The

two

Platysomus

species

from

the

Triassic

of

Spitzbergen

are

still

very

incompletely known and, as already pointed out, I have only included them provisionally
in the genus Platysomus. The smaller of them, which I shall describe below as Platysomus
sp., seems to some extent to resemble Ecrinesomus.

Platysomus nathorsti n. sp.
(PI. 27, fig. 4; PI. 28, fig. 2; PI. 32, fig. I).
This species is so far only represented with

certainty by

some fragments with

scales, remains of fins and basidorsals (P. 141, P. 142). A number of detached scales of
rather varying size also possibly belong to it (P. 2o3b, P. 692, P.

6p3,

P. 8yg).

The species has attained a very considerable size. Certain of the larger scales are
thus 85—90 mm high and 18—25 mm wide. By way of comparison we may mention that
the

larger

scales in Platysomus canadensis,

which is more than a metre in length, are

only 65 mm high and 22 mm wide.
The basidorsals,

of which

only the proximal

resembled most closely those in Birgeria.

ends are preserved,

seem to have
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As far as can be judged the lepidotrichia

are without ganoine covering and are

unjointed for a short distance at their proximal ends. Otherwise they seem to have been
densely jointed. The joints vary somewhat in shape. Thus sometimes

they

are wider

than long, sometimes, on the other hand, they are somewhat longer than wide.
The scales (PI. 27, fig'. 4; PI. 28, fig, 2; PI. 32, fig. 1) are of the usual type characteristic '
of the Platysomids. The dorsal margin has close to the anterior end a well developed,
sharply marked off articulatory spine. The anterior covered area of the lateral surface
is fairly narrow, as it ought to be in Platysomns.
the anterior margin a well marked

On the medial side there is close to

rounded ridge,

above mentioned articulatory process

whose

upper end extends into the

on the dorsal margin (PI. 28, fig. 2),

worthy that the ridge is widest and most robust at its middle parts.

It is note¬

Just behind the

ventral part of this ridge we find, at least on certain scales, the usual articulatory fossa.
The posterior lower corner on all the scales has an obtuse angle.

The anterior lower

and posterior upper ones are most often acute-angled, but may also in certain cases be
almost right-angled. The posterior margin is straight and not denticulated.
The sculpture of the scales (PI. 32, fig. 1) consists

of a number of extremely fine

striae lying close together and running from above downwards ond somewhat forwards.
As a rule they are weakly undulating but may also at a number of places make more
abrupt curves and exhibit some irregularities in the arrangement. On certain scales a few
striae are also found directed along the upper and lower margins, while the great majority
are in the normal position.

Remarks. — This species is well characterized both by its considerable size and
the sculpture of its
whose

contributions

scales.

I have named it after the late

to the

investigation

Professor A. G. Nathorst,

of the geology of Spitzbergen are too well

known to make it necessary for me to give any detailed reasons for this step.
Geological occurence and localities. — Specimens P. 141 and P. 142 come from
the fish

horizon

that I have
strata

at Mt Trident.

The

detached

scales (P. 2o3,

P. 692,

P.

6g3,

P. 8yg),

hesitatingly included here, come partly from the fish horizon, partly from .

immediately

below

that.

The

localities

were

Mt Trident,

Sticky

Keep

and

Mt Marmier.
Platysomus sp.
Under this heading I place only one specimen (P. 140), which is poorly preserved
and incomplete

on the whole.

In its present state

16 cm in length without head and caudal fin.

of preservation

it measures about

One might venture to

estimate the total

length at close on 25 cm. As far as can be seen the greatest height is about ncm and
the fish has thus the general shape characteristic of the Platysomids.
The

dorsal fin is very long and consists of a large number of lepidotrichia,

but

no details as to the nature of these can be given. Some of the ossifield middle segments
(baseots) of the endoskeletal radials are preserved. They are rather short and somewhat
hour-glass-shaped.
lepidotrichia.

Nothing can be established

as to their number in. relation

to

the
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Of the pectoral fins — presumably rather well developed — only a few lepidotrichia
and endoskeletal cordials are present; as will be seen, the lepidotrichia are unjointed, at
least in their proximal and middle thirds.

It is -also notworthy in this connection that

the pectoral fins possibly had a rather high position.
The scales are partly poorly preserved, partly weathered, so that nothing certain
can be discovered as to their shape. Along the anterior margin, however, their medial
surface had a relatively robust ridge. The sculpture consists of dense striae running as
usual downwards and somewhat forwards. The striae are, however, thicker, fewer, and
the whole considerably straig'hter than in Platysomns nathorsti, to which it may be added
that none of them has been found parallel to the lower or upper margin of the scales
as in this species.

Remarks. — The

specimen P. 140 just

described is

clearly

distinguished from

Platysonins nathorsti by its scale sculpture. It presumably represents a new species. But
until more material is available I have only placed it under the heading Platysomns sp.
The species seems to differ from Platysomus in

the

high

position of the pectoral

fins, and by the development of the lepidotrichia of these fins,

and because of this it

may probably with better preserved material turn out to be a representative of a new
genus. With regard to the high position

of the

pectorals the fish resembles

to some

extent Ecrinesomus.
Geological occurrence and locality. —- Fish horizon, Mt Trident.

Family Catopteridae.
Historical remarks.
The family

Catopteridae was established by

Woodward

1890 (1890 a, pp. 15 —16)

for the Triassic genera Catopterus J. H. Redfield and Dictyopyge Egerton. While these
genera were at that time generally placed together with Acentrophorus and Semionotns
among the so-called «Lepidosteids» (cf. Traquair 1877 b, p. 565—567; Zittel 1887, p. 2o3;
Newberry 1888, pp. 50—65; etc.), Woodward was now able to show convincingly that
their characters, although incompletely known, indicated instead a close relationship to
the Palaeoniscids. For these reasons Woodward maintained that the family Catopteridae
ought to

«be assigned to

whatever great subdivision of the

include the Palaeoniscids and their allies*. In

«Ganoids»

is made to

1895 (1895 b, pp. V—VIII and pp. 1 — 9)

he grouped the families Palaeoniscidae, Platysomidae, Catopteridae, Acipenseridae and Polyontidae in the sub-order Chondrostei.
In 1901 Schellwien (pp. 17—28) put forward the view that the species described
as

Semionotns letticns O. Fraas and Semionotns altolepis Deecke really showed a number

of peculiarities that were incompatible not

only

with

the genus Semionotns but also

with the family Semionotidae and the Protospondyli in general. Schellwien also expressed
the view that the two species most probably ought to be referred to the Catopterids.
In accordance with this df. Allessandri (1910, pp. 49—51) in his monograph on Triassic
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fishes of Lombardy placed his new genus Perleidus, based

on the so-called Semionotus

altolepis, in the family Catopteridae.
The majority of the modern authors, such as Schellwien (1901, loc. cit.-.), Eastman
(1904, pp. 95—too; 1911, pp. 46—57; 1914a, pp. i3g—146; 1917, pp. 279—280), Gregory
(1907, p. 448), Goodrich (1909, p. 3i3), de Allessandri (1910, loc. cit.), Koken (1911, p. 102),
Schlosser (1918, p. 100), etc. have, like Woodward, looked upon the Catopterids as an
independent family. Recently, however, Abel in his large work «Die Stamme der Wirbeltiere<

(1919,. pp. 187, 189) has grouped them with the Palaeoniscids.
In the definition that

the family

Catopteridae has had up

to

new,

it has only

comprised, as has been shown, the genera Catopterus, Dictyopyge and Perleidus.
In 1916 I was able myself to observe a considerable agreement between the genus
Colobodus Agassiz
( Andersson

on the

one hand and Palaeoniscids and Platysomids on the

other

1916 a, pp. 17—25). I accordingly assigned to Colobodus a close relationship

with the Catopterids, although under the conditions then present I did not consider that
I could refer it to these, but established a new family Colobodontidae for it.

With this

family I then incorporated provisionally the new genus Meridensia.
In a work on the Ganoids of the German Muschelkalk, published in 1920, Stolley
(pp. 25—86) has grouped the genera Colobodus s. str., Nephrotus H. v. MeVer, Crenilepis Dames
and Dollopterus Abel into one family, which he also calls Colobodontidae.1) This family, accord¬
ing to his opinion, would form (p. 45) «einen zusammengehorigen Formenkreis, der ganz
vorwiegend den germanischen Muschelkalk charakterisiert und in keine der bisher unterschiedenen Familien hineinpaflt. Durch die Ausbildung der Kopfknochen einerseits an
Palaeonisciden und Platysomiden erinnernd,
den Orthoganoiden ahnlichen

zeigt er andererseits auch vorgeschrittenen,

Charakter und verdient zu

einer besonderen Familie zu-

sammengefafit zu werden, die fiiglich den Namen der Colobodontidae zu tragen hat. Diese
Familie kann im

geltenden System

nicht mehr

geschrittenste Familie eingefiigt werden,

den Heterocerci als jiingste und vor-

da sie eben keine heterozerke Schwanzflosse

mehr besitzt, sondern mu8 den Orthoganoiden als erste und primitivste, die Verknupfung
mit den Heterocerci herstellende Familie eingereiht werden, gefolgt von den Semionotiden
und

den alteren

wie jiingeren

Lepidotiden

im hier prazisierten

Sinne dieser letzteren

Familie (pp. 76—79).»
He feels very doubtful as to whether the genus Perleidus really belongs to the
family Catopteridae or Colobodontidae and in this connection writes as follows on the rela¬
tions between these two families (p. 65): «Wenn Catopterus und Dictyopyge-in der Aus¬
bildung der mafigebenden Kopfknochen entsprechend beschaffen sein sollten, wie Perlei¬
dus altolepis und ? P. letticus, so diirfte fur alle diese Formen der Familienname Catopteriden berechtigt sein

und

die

Stellung dieser

Semionotiden und Lepidotiden in der Nahe

Familie wiirde dann entfernt von den

der Colobodontiden zu wahlen sein,

zwischen

diesen und den altertiimlicheren Palaeonisciden der Heterocerci.®
I have dealt here in detail with Stolley’s views because I shall have to criticize it
below on the basis of new facts.

As we shall see, it seems as if we are no longer

justified in maintaining the family Colobodontidae, but Colobodus1) s. str. and Dollopterus and
r) At least for the present Crenilepis ought, according to my opinion, to be regarded as a synonym of
Colobodus (cf. Stoi-ley 1920, p. 44).
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Perleidits as well ought probably to be included among the Catopterids. Provisionally
one might also possibly incorporate Meridensia with them. On the other hand I do not
think it probable that Nephrotus belongs here.

The geological occurrence and geographical distribution of the
Catopterids.
The family Catopteridae, even in the more

extensive definition given to it by me,

is known exclusively from the Triassic.
In

spite

of this rather short life

from a geological point of view its representa¬

tives attained a very extensive geographical distribution.

The genus Catopterus is thus

known from the east of the United States (Woodward, 1895b, pp. 1—3; Eastman, 1904,
p. 95;

1911, p. 47; 1914a, p. i3g; 1917, pp. 279—281), Dictyopyge from the

United

States,

Ireland,

England,

Germany,

Africa (cf. Woodward, 1895b, pp. 4— 9;
Broom, 1909a, pp. 257—258 and

Switzerland,

east of the

Eastern Australia and South

Eastman, 1904, p. 95; 19x1, p. 47; 1914a, p. i3g;

p. 262), Perleidus from Northern

Italy (de Allessandri,

1910, pp. 49—51) and now as for as one can judge from Spitzbergen as well, Colobodus
s', str. from France, Germany, Northern Italy, Switzerland1) (Woodward, 1895b, pp. 68—77;
Andersson, 1916 a, pp. 18—25; Stolley, 1920, pp. 38—45, 75 — 86), Dollopterus from Ger¬
many (Stoli,ey, 1920, pp. 45—68) and finally Meridensia from Northern Italy (Andersson,
1916 a, pp. 25—29).
The Occurrence

of Perleidus in the Triassic of Spitzbergen

is of great interest as

showing that, as I pointed out above (p. 85) we may expect to find additional forms that
are related to those from the Alpine Triassic.

Description of the Spitzbergen material.
Genus Perleids

de Allessandri.

Synonyms: Semionotus (in part), Deecice, 1889, Colobodus (in part), Woodward, A. S. 1912.
As already mentioned above, de Allessandri in 1910 established the g'enus Perleidus
for a fish described by Deecice in 1888 (pp. 120—121) under the name of Semionotus altolepis.

The

type specimen, which belongs to the Senckenbergian Museum at Frankfurt

am Main, was until recently the only specimen known. During a visit to the Sencken¬
bergian Museum in the autumn of 1919, I was able to discover, however, that a second
specimen of the same species

was present in the material of Lombard Triassic fishes

described by Deecke,: although up to that
as belonging to Heterolepidotus pectoralis
addition a

critical

the Triassic fishes

time this specimen had

of Lombardy suggests

been looked

upon

Belotti (Senckenberg Museum, P. 1258).2) In

examination of the figures

in de Allessandri’s monograph (1910) on

that it is not impossible that two more spe-

J) A doubtful species, C. sibiricus, is described from Sibiria and another similar one, C. africanus, from
Africa (Woodward, 1895 b, p. 76; Traquair, Quart, Journal. Geol. Soc. vol. 66. London 1910, pp.'249—251).
2) According to a note on the label of this fish already de A1.LESSANDRI has had a suspicion that this spe¬
cimen might be identical with Perleidus altolepis.
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cimens of Perleidus altolepis or a species closely related to this may be present, although
their state of preservation makes a proper identification of them difficult. A supposition
of this sort is possible both in the case of the specimen figured by him in PI. VI, fig. 3
as Heterolepidotus serratus Bellotti and the one that in his PI. IX, fig. 6 he calls Pholidophorus barazatti Bassani. In any case it seems to be clear that the former specimen can¬
not be referred to Heterolepidotus.
The type

specimen of Perleidus altolepis is

in

certain

respects incompletely and

incorrectly described in the previous literature (Deecke, 1888, pp. 120—121; de Allessandri,
1910, pp. 49—51), and as the second newly-discovered specimen in
Museum helps considerably to increase

the

Senckenberg

our knowledge of the

genus Perleidus as a whole, I consider it necessary to communi¬
cate some of my own observations.
The

relation and the appearance

of the membrane bones

of the cranial roof is partly shown in text fig. 78 A, which can¬
not lay claim to any very great degree of accuracy with regard
to the finer

details,

but still reproduces what can be distinctly

observed. Text fig. 78 B is a similar sketch showing the skeleton
of the jaws and oper cular apparatus. Of special interest is the
large palaeoniscid-like preoperculum (Po) that is clearly preserved
on

both

the

specimens

in

the

Senckenberg

Allessandri, 1910, p. 50; Stolley, 1920, p. 65).
fig. 79)
Text fig. 78.
Perleidus altolepis Deecke.
After P.I258 in theSenckenberg
museum in Frankfurt am Main.
A) Sketch ofthemembrane bones
of the cranial roof.
B) Sketch of the opercular, skeExt, extrascapular; Fr, frontal
Ifo, row of infraorbital bones
Md, mandibular; I/.v,maxillary
Op, operculum; Pa, parietal;
Rbr, branchiostega] radius;
So, supraorbitals; Sop, suboper-

are

upper part

only

partly serratad

on

Museum

(cf. de

The scales (text

the posterior margin, the

of this margin being entire.

The ridg-e-scales

very indistinctly preserved, so that nothing

are

certain can be said

as to their shape, in spite of express statements to the contrary
both

by Deecke and de Allessandri.

Besides the

main

lateral

line of the body we can distinguish also a shorter dorsal body
line running dorsally of the former from the region of the neck
backwards towards the anterior marg'in of the dorsal fin.
In connection with his revision of the genus Colobodus 1920
Stolley (pp. 38, 40—41,

84—85)

arrived at the view that the

species described by Woodward (1912, pp. 296—297) from Spitzbergen

under

the name

of

Colobodus

altilepis

does

not

really belong

to the

genus

Colobodus in the restricted sense that this genus ought now to have according to my own
(Andersson 1916 a)
that Colobodus

and his (1920)

altilepis

A. S.

investigations. Stolley is

Woodward

ought

either

to

in addition of the opinion

be

put in

connection

with

the species Colobodus ornatus (Agassiz) and Colobodus latus (Agassiz), for which he suggests
the new generic name Parolepidotus, or with Heterolepidotus dorsalis Kner.
The new material of Colobodus altilepis A. S. Woodward now at my disposal shows
undoubtedly that Stolley’s view is correct

inasmuch as this Species cannot belong tO'

the genus Colobodus s. str. On the other hand it is, however, equally clear, as we shall
see, that Stolley is wrong in his considerations as to the affinities of this species.
With regard to the head skeleton Colobodus altilepis A. S. Woodward belongs to the
Palaeoniscid type and seems, as far as is known, to be very closely connected on the
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whole with Perleidus altolepis. The only character of any importance that separates the
two species is the position of the

dorsal fin.

For in

Colobodus altilepis Woodward the

dorsal fin has its posterior part opposite the anal fin, while in Perleidus altolepis the same
fin is situated instead so much farther forward,

that its anterior part is

opposite the

ventral fins. On the basis of this character alone, however, I did not think I ought to
set up a new genus for Colobodus

altilepis

A. S. Woodward,

but placed it,

at least

provisionally, under Perleidus.x)
The most important characters known for the genus Perleidus in its present definition may
be summarized as follows. Small or medium sized fusiform or rather high fishes. The external
membrane bones of the head with well developed ganoine sculpture of tubercles or striae
or both. The nasalo-postrostral including not only the interrostrals but also certain of the
middle rostral elements. Lateral rostral elements forming a paired independent plate. Maxil¬
lary and mandibula robust. Preoperculum large and wide. Suboperculum high. Branchiostegal radii not specially numerous. Teeth partly pointed, partly adapted for crushing; the
former variety limited to the premaxillae and the anterior parts of the

maxillary and

dentalo-splenial. All the teeth have as a rule a point which on a
the teeth adapted for crusting is marked off as a verruca,

but

there are no striae radiating from this. Fins relatively weak. All
the lepidotrichia, except those of the caudal fin, unjointed for a
long stretch proximally. The fulcra are fairly robust. The dorsal
fin situated either far forward and partly opposite the anal fin
or somewhat

farther

backward,

so

that

its

posterior

part

is

Text fig. 79.
Perleidus altolepis (Deecke).
Scales from different parts of the
body. After the specimens in the
Senckenberg Museum in Frank¬
furt am Main.
A) From the anterior part of
the abdominal region.
B) From the posterior part of
the abdominal region.
C) From the caudal region.

opposite the anal fin. Ventral fins situated considerably nearer
the anal fin than the pectoral fins.
lepidotrichia.

The

ventral fins with few

The scales on the ventral side fairly low;

on the anterior part

of the lateral surfaces

those

of the abdominal

region, considerably higher than broad, decreasing in height to¬
wards the dorsum and backwards toward the posterior parts of

the abdominal region so that they gradually become rhombical in shape. The anterior
covered area of all the scales
almost smooth ganoine

narrow

covering.

or fairly narrow;

The upper

margin

the exposed surface with an

with

an

articulatory spine,

the

posterior margin serrated but always more or less entire in its dorsal part. The ridgescales wide, blunt posteriorly. Besides the main lateral line of the body on either side a
second shorter lateral line extending from the neck to about the basis of the dorsal fin.

Perleidus woodwardi nom. nov.
(PI. 28, fig. 3; Pis. 33; 34; PI. 35, figs. 1—3).
Synonyms: Colobodus altilepisWoodward A. S. Upsala Geol. Inst. Bull. vol. XI, pp. 296—297, 1912.
«
»
Andersson, E. Upsala Geol. Inst. vol. XV, 1916.
Perleidus woodwardi is one of the most common species among the Triassic fishes
of Spitzbergen. The present material

comprises no

less

than

14

specimens (P. 166 b,

I) Stolley has in 1920 (p. 65) also with much hesitation placed the so-called Semionotus letticus O. Fraas
in the genus Perleidus, but this species, as I have found, may instead probably belong to the genus Dollopterus
(cf. foot-note on p. 267).
'33
Stensio, Triassic Fishes from Spitzbergen.

258

ERIK A : SON STENSIO

P. 176—P. 186,

P. 697, P. 881),

of which some are even so well preserved

that

they

afford us a fairly good idea of the appearance and general proportions of the animal,
which, as we have already partly seen, is not often the case with the fishes from the
Triassic of Spitzbergen.
The largest specimens known attained a length of 25—3o cm, the smallest about
7 cm. Compared with the length the height is rather considerable; in specimens P. 189
(PI. 33) and P. 176 (PI. 35, fig. x) it is, however, larger than it was in reality,

because

of the state of preservation. The greatest height is situated considerably in front of
the dorsal fin about half-way between this and the head and is apparently from about
a third to a quarter of the total length. Posteriorly towards the tail the height decreases
rather rapidly both dorsally and ventrally, and both the dorsal and the ventral outlines
seem therefore fairly strongly convex, the former, however, more than the latter. The
length of the head seems to be from a quarter to a fifth that of the whole fish.
The membrane bones of the neurocranium.
There

where

undoubtedly

ossifications in the primordial neurocranium,

but no

details are known as to these. The membrane bones, on the other hand, are partly well
preserved.
The parietals (Pa, text figs. 80, 81; PI. 34, figs. 1, 2) are, as Woodward has already
mentioned, developed symmetrically and have an almost square shape. They seem to’
have met in a fairly straight median suture. The frontals (Fr, text figs. 80, 81; PI. 33;
PI. 34, figs. 1, 2) also seem to have been fairly symmetrical. Their width is rather great
and, at its greatest point, is about half the length. The medial margin is rather straight.
The lateral one, on the other hand, has a projecting corner, by which it is divided into
an anterior and a posterior part, both of which are concave. Against the posterior part,
which is the shortest, is situated the anterior part of the supratemporo-intertemporal
(Stemp.it., text figs. 80, 81; PI. 34, figs. 1, 2), which is long and narrow. (For its homologues
see pp. 138, 242 above). The extrascapulars are represented only by a single rather large
plate (Ext, text figs. 80, 81; PI. 34, figs. 1, 2) on either side of the median line. In front
of the
the

supratemporo-intertemporal,

frontal,

there are

along the

some supraorbitals

(So,

anterior part
text figs. 80,

of the
81;

lateral margin

PI. 33),

which

of

are,

however, crushed and poorly preserved, so that their number cannot be established with
certainty. The most posterior of them seems, as we shall see from the course of the
infraorbital canal, to correspond most closely to the dermosphenotic.
The ethmoidal region is preserved only in two specimens (P. 166 and P. 477), but
is partly crushed

in both.

Its anterior

end has been blunt

with

an indication of a

rostrum as in the Palaeoniscids, but it is impossible to decide whether the profile was
exactly

as I have shown

it in my

reconstruction in text fig. 81 or still more blunt.

In the roof of the ethmoidal region anterior to the frontals there is a rather long
and relatively narrow unpaired bone-plate

(Na. ptr, text fig. 80, 81; PI. 34, figs. 1, 2), •

which is bent in a characteristic way, indicating that it not only covered a part of the
dorsal surface of the region but also a considerable part of the anterior one below the
anterior extremity of the rostrum in the way shown in text fig. 81.

The anterior part

of this bone-plate is pierced by the ethmoidal commissure of the infraorbital canals and
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each lateral margin forms together with the medial margin of the antorbital (Ant) the
boundary for the two nasal apertures of each side. As we thus see from its extension
and

relation to the sensory canals and the nasal apertures this bone-plate probably

includes not

only the homologues of the postrostrals, nasals

E h

p

r

A

and interrostrals of the primitive Rhipidistids, but also one or
more of the homologues of the medial rostral elements (cf.pp. 124,
133-—134, 242 above) of these fishes.
On both sides of this so composed nasalo-postrostral,
for the sake

of brevity I shall

call the bone just

as

described,

there is, as in the Palaeoniscids, a large antorbital (Ant, text
fig. 80, 81; PL 34, figs. 1, 2), which comes into contact with the
most anterior element of the supraorbital series, with a rostral
(R) and the most anterior element among the infraorbitajs. It
has helped to some extent to form the anterior boundary of
the entrance

to the

orbit and

has,

in addition,

as has been

mentioned, taken part in the boundary of the nasal apertures.

3tuhp.it

oa*

"a

Text fig. 80.
Perleidus woodwardi
The membrane bones of the
cranial roof, after P-177. */,.
Ant, antorbital; Ext,extrascapu¬
lar; Fr, frontal; Na.ptr, nasalopostrostral + interrostrals + one
or a couple of medial rostral
elements ;Pa, parietal; R, rostral,

Laterally of the nasal apertures it is penetrated longitudinally by
a sensory canal in the same way as in the Palaeoniscids (cf. my

temporal;

.1 aper-

account of the Palaeoniscids p. 246, and Allis,
1889, pp. 471, 475;
pp. 436—438;
Traquair,
8, 11;

Pis. XLI, XLII;

igooa, p. 438; 1905,

1877 a, p. 16,

1879,

figs. 5, 6, 12;

1898,

p.491;

PI. 1, figs. 2, 3, 7,

PL 4, fig. 9; Pl. 5, fig. 1; Pl. 6,
Stolley,

1920,

the

so-called

«Antefrontale», pp. 3i, 36, 48, 84).
In front of the anteriorbital on each
side there follows, as has already been men¬
tioned, a bone-plate (R, text figs. 80,81; Pl. 34,
figs. 1, 2), which is pierced by the infraorbital
canal and obviously must be a rostral (cf. my
account on pp. 98, io3, i33 —134, 242 above).
This plate does not meet that of the opposite
side, but is separated from this by the anterior
part of the nasalo-postrostral, a part which
for reasons given above, ought to be homo¬
logous with one or a couple of medial rostral
elements.
The orbital entrance (orb, text fig. 81;
Pl. 33; Pl. 34, figs. 1, 2; Pl. 35, fig. x) is large
and situated far forward as in Palaeoniscids
and Platysomids.

Posteriorly

Text fig. 81. Perleidus woodwardi nom. nov.
Head from the side. Mainly after P. i85, to a smaller extent
after P. 177 and P. 166. i/i.
Ant, antorbital; Cl, cleithral; Dsph, dermosphenotic; Ext, extra¬
scapular; Fr, frontal; let, clavicle; Ifo, infraorbital plates;
Md, mandible; Mx, maxillary; Na. ptr, nasalo-postrostral-)interrostrals-f- a couple of medial rostral elements; Op, oper¬
culum; Pa, parietal; Pmx, premaxillary; Po, preoperculum;
R, rostral; Rbr, branchiostegal rays; Sc l, supracleithral; So,
supraorbitals; Sop, suboperculum; Sscap, suprascapular; Stemp.
it, supratemporo-intertemporal; nt, n2, anterior and posterior
nasal aperture; orb, orbit; xt,x2. probably so-called suborbitals.

and ventrally

it is bounded by a row of infraorbital bones (Ifo, text fig. 81; Pl. 33 ;P1.34, figs. 1, 2), which are,
however, crushed and incompletely preserved, so that their number cannot be established
with full certainty. A couple of so-called suborbitals (XA x8) were also possibly present.
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All the membrane bones described here are ornamented with rather course and

flat ganoine tubercles, in most cases closely arranged (PI. 33; PL 35, fig. 1).
Visceral skeleton.
The quadrate is well ossified and consits of cancellous bone substance as in the
Palaeoniscids. No details are known as to its extension and shape. Nothing is preserved
of the metapterygoid and the autopalatine.
The ecto- and entopterygoid both seem to have been present, but are incomplete.
The maxillary (Mr, text fig. 81; PI. 33; PI. 33; PI. 34, figs. 1, 2; PI. 35, fig. 1) is of
the Palaeoniscid type, i. e. its suborbital part is low, while its postorbital

part forms a-

large, rather high plate on the cheek. The postorbital part seems to have been relatively
longer than in Colobodus (Stolley 1920; Andersson 1916a).
The mandible is robust and,

as

far as can be seen,

had a straight labial margin

without any coronoid process. Among its bones only the large high dentalo-splenial can
be clearly distinguished, and this is pierced by the mandibular canal as
in the Palaeoniscids and other Actinopterygians,
comprises equivalents not only to
pterygii but also to

a number

so

that it probably

the dental of the primitive Crosso-

of their

splenial. elements,

as I have

indicated by the name I have chosen for it.
The hyomandibular

(text fig. 82)

Palaeoniscids. The angle is situated
Text fig. 82.
Perleidus wood¬
wardi nom. nov.
Left hyomandibular
from the lateral side.
After P. iS5. ViCan. tr.fac, canal for
thetruncus hyoideo¬
mandibularis facia¬
lis; pr. op, processus

upper part

of the

posterior margin
that

the

an angular bone

about the

operculum and at this

a short

musculature

somewhat

is

at

analogous

and

of the

place there

wide processus
opercular

conditions

to

in

issues

opercularis

apparatus

those

as

in

the

same height as the

must

Amia

and

on

the

(pr. op),
have

the

so

shown
Teleosts

(cf. pp. 2x3—214, 226 above). The dorsal part of the bone is considerably
wider than the ventral one.

Both the dorsal and the ventral ends and

the processus opercularis have been furnished with cartilagionous epi¬
physes. A canal for truncus hyoideomandibularis facialis (can. tr.fac) can be distinctly
observed1).
It is evident that the hyomandibular was oblique in the same way as in the Palaeo¬
niscids,

although not so much

as in the majority of these. The corresponding bone

certainly occupied a similar position in Colobodus and Dollopterus too.
The preoperculum (Po, text fig. 81; PI. 33; PI. 34, figs. 1, 2; PI. 35* fig. 1) is a large
and

wide

fig. 78).

triangular

plate

of about the

Its long posterior margin,

same

type as in Perleidus altolepis (cf. text

which meets the

operculum

(Op)

and the

sub¬

operculum (Sop), is convex, its anterior margin concave, and its forward and downward
pointing margin,

which is in contact with the

postero-dorsal margin of the maxillary,

is also concave. The anterior corner forms a little point, which projects in a characteristic
way forward and downward for a short distance along the antero-dorsal margin of the
maxillary. The ventral corner is pointed, the dorsal one, on the other hand, probably
T) It is of interest to note that the hyomandibular in P. woodwardi greatly resembles in shape that of
Colobodus bassani (cf. Andersson, 1916a, Hm, PI. II). In this latter species too it is pierced by a canal for truncus
hyoideomandibularis facialis.
'•*
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abruptly truncated. Finally it may be mentioned that the bone in question is pierced
by the preopercular sensory canal.
In this connection it ought to be noted that a preoperculum of a similar form has
also

been

found

in

Colobodns .(Andersson 1916a Po, text fig. 2; PI. 1, figs. 1, 2; PI. II;

Stolley 1920, PI. X, fig. 2; PI. XI, fig. 3; cf. also text figs. 85, 87 below).
The operculum (Op, text fig. 81; PL 33; PI. 34, figs. 1, 2; PL 35, fig. 1) is a relatively
small quadrangular plate with its width almost the same as its height.
posterior margins are nearly straight, or weakly convex,

Its dorsal and

passing over into each other

by a rounded corner. The anterior margin is concave and the lower one convex. It is
impossible to

decide

whether the anterior upper

corner was produced into a

point

extending forward into the angle between the posterior margin of the preo.perculum
and the supratemporo-intertemporal or

whether

this

part

forms

an

in¬

dependent little bone-plate. The postero-ventral and antero-ventral corners
are both angular but rather blunt and rounded off.
The suboperculum (Sop, text fig. 81; Pl. 33; Pl. 34, figs. 1, 2; PL 35,
fig. 1) is somewhat larger than the operculum. It is quadrangular in shape
with its height considerably greater than its
anterior one

is weakly

and the

width.

Of its margins the

upper one strongly concave,

while the

lower and the posterior ones are both weakly convex. The anterior lower
corner is almost right-angled,

and the posterior lower one well rounded.

The anterior upper and posterior upper ones are acute-angled.
Both the
same

operculum and the

conditions

Deecke

as

1888, PL 6,

in

Perleidus

fig. 10;

suboperculum

altolepis

(cf.

thus

this

show

work

almost

text

the

fig. 78 B;

de Allessandri 1910, Pl. II, fig. 2).

The radii branchiostegi (Rbr, text fig. 81; Pl. 33; Pl. 34, figs. 1, 2), of
which
wide,

those following immediately below the suboperculum were rather
seem to have been less numerous than in Colobodus.

Their exact

number could not be established.
The

external

membrane

bones

of

the

jaws

and

the

opercular

hones are ornamented as a rule with densely arranged flattened tubercles
in the same way as the membrane bones of the cranial roof.

Text fig. 83.
Perleidus
woodwardi
nom. nov.
Teeth from the
maxillary and
dentalo-splenial.
All magnified
A) From the
anterior part of
the dentalosplenial; After
P. 185.
B) From the
posterior part of
the maxillary in
profile. After
P. 186.
C) From the
posterior part of
the maxillary in
coronal aspect.
After P. 1S6.
The arrow in
this figure
points forwards.

D entition.
The dentition is rather robust compared with the size of the fish and consists partly
•of pointed teeth and partly of teeth adapted for crushing.
The premaxillary seems to have had

only one row

of large pointed teeth and

similar teeth are also present in the anterior parts of the dentalo-splenial and maxillary.
In a posterior direction, however, the teeth in these two latter bones soon become more
blunt and more or less distinctly clubshaped (text figs. 81, 83), at the same time decreasing
in height and increasing in thickness. Finally those farthest posteriorly which are situated
close together get in profile the appearance shown in text fig. 83 B, Pl. 35, fig. 2, and in
that shown in text fig. 83 C.
Small teeth, probably mostly rather pointed,

are found in a row laterally of the

larger ones just described on the maxillary and dentalo-splenial.
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The dentition of the pterygoid consists of robust, densely situated crushing teeth,

most frequently rather irregular in shape. The masticatory surface on these teeth often
show facets, probably due to wearing.
With regard to the dentition on the mixicoronoid («splenial» according to the ear¬
lier terminology, cf. p. 244 above), parasphenoid and gill-arches nothing- is known.
All the teeth
milky white point,

have

a

pulp cavity of rather considerable dimensions and often a

about as in Colobodus.

On the blunt teeth this point has generally

an unsymmetrical position and is marked off as a verruca; on the pointed ones, on the
other hand,

this

condition is less distinct.

No striation is present contrary to what is

the case in typical Colobodus teeth.
The sensory canals of the head.
The sensory canals of the head are fine and open outwards with

numerous short

tubuli, which seem to be simple. In most cases the outer opening of the tubuli is diffi¬
cult to observe and can be easely overlooked, especially on bones on which the sculp¬
ture is

developed more strongly.

It is

of course impossible to decide with certainty

whether the number of sensory organs corresponded to the large number of tubuli, but
it does not seem

probable that this should be the case, as the entrance foramina for

the nerves and vessels in the sensory canals are fewer than the tubuli (cf. Allis, 1889,
PI. XLII; Cole, 1898, PI. 22; Herrick, 1899, PI. XVII; 1901, PI. XIV; etc.).
As far as can be judged, the sensory canals run in the same way as in the Palaeoniscids.

They are partly well preserved and it was possible to follow them all through¬

out practically their entire

extension.

For the reasons in

favour of the terminology

used here see my account above (pp. 102—105, 245—246).
The

supraorbital

canal (soc, PI. 34, fig. 1, text figs. 80, 81)

posterior end situated in the parietal
furrow, i. e. towards its

posterior

of either side has its

and is developed there for a short distance as a

end it passes over into a «head-line of pit organs»

{ap, PI. 34, fig. 1), which is undoubtedly homologous with the anterior one in Amia (Allis,
1889, pp. 505—506), Polypterus (Allis, 1900a, p. 445), and Teleosts (Herrik, 1901, p. 222,
PI. XIV; Allis, 1905).

From the parietal the supraorbital canal continues through the

frontal, where it does not, however, run straight forward but somewhat laterally as well.
At the anterior end of the frontal it passes

over continously, as in the Palaeoniscids,

into a part of a canal piercing the antorbital.
This part

of canal, which is thus

situated laterally of the nasal apertures, conti¬

nues anteriorly and enters the rostral, where it anastomoses with the infraorbital canal
of its side. As I have pointed out above (p. 246), I agree with Allis (1905, p. 491) that
this part of the canal does not belong to he supraorbital canal, but that we are here
concerned with
The

the upper anterior end of the

anterior end of the supraorbital

developed as a «pit-line».

suborbital part of the infraorbital canal.

canal would thus either be absent or else only

If a «pit-line» were present, this would have had its course-

forwards over the frontal in such a way that it reached the nasalo-postrostral, On which
it would probably have continued for a short way anteriorly.
There is no anastomosis developed between the posterior parts of the supra- and
infraorbital canals.
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The infraorbital canal of either side (ifc, text figs. 80, 81; Pl. 84, fig. 1) is, as usual,
connected posteriorly with the anterior end of the

cranial section of the lateral canal

in the supratemporo-intratemporal. It passes off forward through this bone with a gra¬
dual bend to the lateral side and has then presumably entered the dermosphenotic, where
it is not, however,

preserved.

pierces the infraorbitals behind

In its
and

further
beneath

course
the

downwards and forwards it first

orbital

entrance,

then

entering the

rostral. In this bone it has, if the view just put forward by me above is correct, been
so ramified that one branch
while the other

passed off upward and backward through the antorbital,

continued forward and medially, entering the nasalo-postrostral, where

it formed an ethmoidal commissure with
forms a deep

that of the opposite side.

sinus backwards within the nasalo-postrostral

This commissure

(ethm. com,

text fig. 80;

PI. 34, figs, x, 2).
On the commissural section of the infraorbital canal

from the place of communi¬

cation with the suborbital section in the rostral plate to the place where it meets that
of the opposite side in the median line, 5—6 foramina for nerve

branches to the sen¬

sory organs could be' observed. On the canal portion in the antorbital there are about
number of these foramina.
The preopercular

canal (poc, text fig. 81; PI. 34, fig. 1)

the posterior margin of the preoperculum

and on

is situated

this margin

quite

numerous

close to

exceedingly

small tubuli have their openings. It was impossible to observe whether it communicated
with the mandibular canal and the canal in the supratemporo-intertemporal.
The

mandibular canal

(text fig. 81)

runs as usual through

the mandible in

the

the same neighbourhood of its posterior and lower margins.
The cranial section of the main lateral canal (text figs. 80, 81; PI. 34, fig. 1) had its
course from its anterior end in the supratemporo-intertemporal backwards through that
bone,

then piercing

the lateral part of the extrascapular.

Between this section of the

sensory canal on the right and left sides there is a supratemporal commissure, situated
in the extrascapulars (s. com, PI. 34, fig. 1). .
An anterior «head-line of pit-organs» (ap, PI. 34, fig. 1) is described above in con¬
nection with the description of the supraorbital canal, of which it formed a direct posterior
Continuation.

In addition, however, a middle and a posterior head-line are found, each

represented by a rather short furrow on the parietal. The posterior head-line (pp, PI. 34,
fig. 1), which issues from the- posterior margin of. the parietal, runs first anteriorly for a
short way and then bends off antero-medially. The middle head-line (mp, PI. 34, fig. 1),
which begins between the posterior and the anterior one, passes off laterally and some¬
what anteriorly (cf. text figs. 8o, 81).
It cannot be established with certainty whether «cheek lines* of pit-organs were
present or not.
The skeleton of the unpaired fins.
The anal fin (A, PL 28, fig. 3; Pl. 33; PL 35, fig§. 1, 3) is rather small and is situated
fairly far back. It is triangular in shape with its base and height almost of equal size.
The ganoine-covered lepidotrichia number about 10,
-comparatively long distance proximally.

all of which are unjointed for a

Otherwise they are closely jointed and even

-dichotomically ramified distally. The fulcra are numerous and strong.
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The dorsal fin (Z), PI. 28, fig. 3; PL 33; PL 34, fig. 2; Pl. 35, figs. 1, 3) is somewhat

larger than the anal fin,

but has about the same shape as this.

Its anterior

margin

corresponds on the ventral side to a point situated about half-way between the ventral
fins and the anal fin; its posterior part is opposite the latter fin. The lepidotrichia are
14—15 in number. They decrease uniformly in length posteriorly and are also developed
in

other respects in the

same way as those of the

anal fin.

The fulcra are strong

and numerous.
The endoskeletal radials of the dorsal fin are represented by a row of long bone
elements (Rd, Pl. 28, fig. 3), which follow about 2—3 mm proximally of the bases of the
lepidotrichia. These elements may correspond to at least the proximal segments of the
radials and perhaps also to the middle

ones (cf. Schmalhaussen, 1912,

igi3 a,

igi3 b).

On the other hand the distal ones were undoubtedly cartilaginous and, as usual, small.
It

is specially

noteworthy that the

endoskeletal

almost exactly in number to the lepidotrichia,

radials

corrospond exactly or

a condition which we shall see is also

the case in the other forms included by me among the Catopterids. This agreement in
the number of lepidotrichia and endoskeletal radials is of morphological importance
inasmuch as it shows that a specialization of the musculature has taken place in the
direction of the conditions in higher ganoid forms and Teleosts (cf. Schmalhaussen, 1912,
igi3a, igi3b). Palaeoniscids, Platysomids; *) Chondrosteids, Acipenserids, Polyodontids
and Saurichthyids in general show, as we know,
(cf. Traquair, 1877 a, p. 27;
1895b, pp. 11, 27;

primitive

1879, p.386; Woodward,

1898 a, pp. 84, 89—90, 92, g3;

conditions in this respect

1890 a, pp. 15, 16; 1891b, p. 427,
Goodrich,

1909, pp. 211 — 212,

3o8

—3og, 32i; etc.).
The caudal fin is incompletely preserved in all the present specimens. It is, however,
distinctly observable that it was abbreviate-heterocercal or fairly homocercal. Its lepido¬
trichia are relatively fine and closely jointed right down to the base.

Fulcra can be

observed, at least on the ventral lobe.
All the lepidotrichia, both in the paired and unpaired fins, were covered with ganoine.
The skeleton of the shoulder girdle and the paired fins.
Of the shoulder girdle only the membrane bones are known. Of these the cleithral
{Cl, Pl. 34, figs. 1, 2) was developed about as in the Palaeoniscids with a high posterior
shank,

situated vertically and a shorter anterior one which is fairly horizontal.

supracleithral (Scl, Pl. 34, figs. 1, 2; Pl. 35, fig. 1) is high.

The

The suprascapular seems to

be represented by a comparatively large oval plate (Sscap, PL 33). The claviculae were
probably present,

although they were

of course small;

only insignificant remains of

them are preserved {Id, Pl. 34, figs. 1, 2) in one specimen (P. 177).* 2) Immediately behind
the posterior shank of the

cleithrum we find,

as in

certain Protospondyli (Lepidotus?

*) An exception from this is found in the so-called Platysomus canadennis Lambe (1914, pp. 17—23) where
the lepidotrichia and endoscheletal radials are said to the present in equal numbers.
2) In Colobodus maximusl have found claviculae, and Stolley (1Q20, p. 36) considers that he too observed
them in C. konigi, but I am not convinced that his view is correct, at least to judge from his figure 5 on Pl. XI.
— In this connection it is worth adding that I found rudiments of claviculae in Lepidosteus too, where they seem,
to occur rather often.
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Dapedius), two very much enlarged sclales (Pci, PL 33; PI. 34, figs. 1, 2), the upper one
of which is about twice as high as the lower one.
The membrane bones of the shoulder girdle have the same sort of sculpture as
the external ones of the head.
The pectoral fins (Pc, PL 33; Pl. 34, figs, x, 2; Pl. 35, fig. 1) are relatively more
strongly developed than the other fins. They are incompletely preserved and their shape
cannot therefore be established with

certainty.

Their lepidotrichia number about

12

—14 and have a rather long proximal part unjointed. Otherwise they are closely jointed
and dichotomically ramified. The most anterior of them has numerous p
but not specially strong fulcra.
The

ventral fins

(V, Pl. 33;

Pl. 34,

fig. 1;

PL 35,

figs. 1,

3),

which are situated considerably nearer the anal fin than the pectoral
fins,'are strikingly short-based and consist only of 8 — 9 comparatively

a

long lepidotrichia, which are jointed and dichotomically ramified only
in their distal halves: Fulcra are clearly discernible.
S qp.amat.ion.
The scales are thick and

strong and because of this they are

well preserved. Altogether one can probably count about 40 vertical
rows of scales on a level

with

the main

lateral line. In the rows

immediately behind the shoulder girdle there are on the lateral sur¬
faces of the body

as shown in Pl. 34, figs. 1,2 a number of scales

that are higher than wide. Except for the scales on the ventral side,
which are wider than high, the other scales have a rhombic or almost
rhombic shape.
others takes
scales

are

The

place

certainly

transition

gradually.

between the
As

Woodward

somewhat rhombic

higher

scales

(1912, p. 296)

and the
states,

Text fig. 84.
Perleidus woodwardi.
Scales from different
parts of the body. After
P. 1 S3. ViA) From the anterior
part of the lateral sur¬
faces of the abdominal
region.
B) From the anterior part
of the lateral surfaces of
the caudal region.
C) From theventral side.
D) From the posterior
part of the lateral sur■ faces of the caudal
region.
the

dorsal

ridge

in shape, but at the same time they have a

posterior margin developed which is finely serrated.

While

the height of the highest

anterior lateral scales is about twice as great as the width or sometimes even more, the
relation in the scales of the ventral side is quite the opposite, the width often being
more than double the height.
The anterior covered area of the scales is rather narrow but distinctly somewhat wider
on the anterior scales than on the posterior ones (text fig. 84, A, B, C, D,). The dorsal
margin has a well developed articulatory spine and the medial surface has a corresponding
articulatory fossa at its lower margin. The antero-dorsal corner is also often somerwhat
produced in the shape of a spine, as is clearly shown in text fig. 84 A, B and C. The ridge
of the medial surface

is weakly

developed or is absent.

The antero-ventral corner is

always somewhat rounded, the postero-ventral one acute-angled, and the postero-dorsal
one obtuse-angled. The posterior margin is serrated on all the scales, though not entirely,
its dorsal part being always to some extent entire (text fig, 84). The small backward
and downward directed serrations on this margin occur in great numbers only on the
high anterior scales* (text fig. 84 A).
the

dorsum,

backwards

and

Both

on the

scales

situated

upwards towards

downwards they become less in number.

Towards the

posterior end of the caudal region there are scales of the type figured in text fig. 84 D.
S tensio, Triassic Fishes from Spitzbergen.
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which have only one serration farthest ventrally and on the tail even this one seems
to be absent. The ventral scales also generally have only one or two serrations.
The exposed surface of the scales is covered by a layer of shining ganoine, which
is smooth on the whole.

Small

furrows are visible on

posterior margin, where they are

this really only close to the

arranged so that each of them reaches this margin

in the small sinus between two neighbouring serrations. This character is most striking
in the abdominal region (text fig. 84 A),

and is gradually lost backwards. The scales

on the neck immediately behind the extrascalpulars sometimes show a tubercular sculpture
of the same type as that on the membrane bones of the cranial roof. As can easily be
seen, P. woodivardi shows a great resemblance to P. altolepis (Deecke) with regard to the
development of the scales.

The lateral

canals of the body.

The main lateral canal of the body can be followed in P. woodwardi for a consi¬
derable distance. It pierces the supracleithral as usual and then runs backwards and
somewhat downwards, first penetrating the uppermost high scales of the anterior vertical
rows (/, PI. 34, figs. 1, 2). It opens with narrow vertical pores, which are found on every
third or fourth, sometimes on every fifth scale.
Another shorter lateral line runs on either side higher up from behind the extra¬
scapulars backwards towards the dorsal fin. It has thus the same position and extension
as in P. altolepis (cf. p. 256 above) and Lepidotus (Woodward 1895 b, p. 95, fig. 22).
*

Remarks. — Perleidus woodwardi was described for the first time (1912) by Woodward
under the name of Colobodus altilepis and I myself later on (Andersson 1916 a) placed it
under this name.

Recently Stolley (1920,

cannot belong to the

genus

pp.

38—43;

Colobodus, but that,

like

84—85) has emphasized that it
the so-called Colobodus ornatus

(Agassiz), and Colobodus latus (Agassiz), it is most closely related to Lepidotus instead.
He is doubtful, however, whether to group it with these two Alpine species in the genus
Paralepidotus established by him, or whether to place it in closer relation to Heterolepidotus
dorsalis. According to his opinion, Perleidus woodwardi would thus even belong to quite
another family than Colobodus.
The present material has, however, completely proved that the so-called Colobodus
altilepis A. S. Woodward shows the closest resemblance to the Palaeoniscids with regard
to the skeleton of the head and the development of the sensory canals, and that it
must undoubtedly belong to the same large group as Dollopterus, Perleidus and Collobodus
s. str.

The evidence, seems also to show that among these genera it is most closely

related to Perleidus, and, as pointed out above, I considered that I ought, at least for
the present, to include it in this genus.
As under these conditions there would be in the genus Perleidus two species with
practically identical names, I considered it necessary to suggest the'new name woodwardi
for the Spitzbergen species, after the eminent palaeontologist Dr. A. S. Woodward, espe¬
cially as he was the first to describe the species.
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P„ rvoodwardi is well separated from P. altolepis by the position of the dorsal fin
and the development of the cranial sculpture and by its larger size,
Geological occurrence and localities. —

Perleidus woodwardi

occurs

rather

commonly in the fish horizon. It seems to be most common in Dickson Land, where no
less than 10 of the present 14 specimens were collected. The finds are distributed over
the following localities:

Mt Congress, Mt Sture, Mt Tschermak, Mt Rotunda (Student

Valley), the south shore of Sassen Bay, Sticky Keep and Mt Andersson.

Some remarks on the genera Catopterus, Dictyopyge, Colobodus
s. str., Perleidus, Dollopterus and Meridensia.
Skeleton of the head. — In Catopterus and Dictyopyge the osteology of the head is
still little known. Eastman (1911, p. 53) mentions, however, in Catopterus an unpaired
«ethmoid», so situated in relation to the frontals, that in my opinion it corresponds at
least to the fused nasals and postrostrals,

i. e. the membrane bones of the ethmoidal

region whould show fairly Palaeoniscid-like conditions (cf. p. 242 above). The maxillary
is said (p. 54) also to have

a Palaeoniscid-like shape. Further it may be pointed out

that the outlines of the head seem to be very Palaeoniscid-like (cf. Woodward,

i8goa,

PI. IV, figs. 5, 6, 7, 8).
That with regard to the skeleton

of the head

Colobodus

s. str. belonged

to the

Palaeoniscid type was shown by me already in 1916 (Andersson 1916 a, pp. 22—23), and
in 1920 Stolley (pp. 3o—32,

35—36, 38—45) gave further proof of this.

As in

1919

I had an. opportunity to study a part of Stolley’s original material1) and as the Insti¬
tution at Upsala possesses a quantity of fine

Colobodus

material both from

German

Muschelkalk and Alpine Triassic, I am now in a position to supplement rather essentially
our former knowledge

of the

membrane bones

of the head in the genus Colobodus.

In the first place it is obvious that a large unpaired nasalo-postrostral (Na. ptr,
text figs. 85, 86) is present, which probably includes in itself the interrostrals as well.
The antorbidal (Ant, text figs. 85, 86) is a triangular plate, situated,

as usual, laterally

of the nasalo-postrostral, together with which it forms the boundary of the nasal opening.
In front of the antorbitals and the nasalo-postrostrals there are three rostrals situated
in a transversal row (R, text figs. 85, 86). Otherwise the bones show the conditions seen
in text figs. 85, 86 and 87. 2)
As Stolley (1920, pp. 45—65) has shown, the head in Dollopterus 3) shows similar
conditions to that of Colobodus.
*) The private collection of Redacteur Konig of Heidelberg and the collection of the Geological Institute
of Heidelberg.
2) In ought perhaps also to be pointed out that the parietals both in C. bassanii and C. maximus are
small and square, and that in both these forms the head skeleton is very similar. It is therefore impossible, at
least at present, to follow Stolley (1920, p. 44) in separating C. bassanii from the genus Colobodus s. str. (cf.
p. 254 above).
3) Stolley (1920, pp. 64, 65) points out the agreement between the so-called Semionotus letticus O. Fraas
and Dollopterus. I have myself had an opportunity during a visit to Stuttgart to make sure that the type specimen
of this species really seems to belong to Dollopterus. Among other specimens in the Stuttgart Museum labelled
S. letticus there were also a number that turned out to belong to Gyrolepis. Stolley (1920. p. 65) considered,
however, that the ougth provisionally to incorporate S. letticus with the genus Perleidus.
34*
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The new genus from Tesssin, Meridensia, established by me in 1916 (Andersson 1916 a,

pp. 25—29) also shows a number of primitive Palaeoniscid-like features with regard to
the head skeleton.
The sensory canals of the head. In Colobodus maximus and C. bassanii I was
able to trace the sensory canals of the head practically throughout their extension. In
C. konigi, on the other hand, I have only found them preserved in the ethmoidal region.
As is seen in text figs. 85,

86 and 87,

they run in the same way as in Perleidus

woodwardi and Palaeoniscids.
Fin skeleton.

— While all the

genera and especially Catopterus, Dictyopyge,

Colobodus s. str. and Perleidus thus seem to show rather similar conditions with regard
to the skeleton of the head, the same thing cannot be said about most of their fins.
All the genera are, however, characterized
by the abbreviate-heterocercal

caudal fin.

Catopterus and Dictyopyge have all the lepidotrichia of the

anal and

dorsal fins

close

together and jointed to the base, as is the
case in Palaeoniscids and Platysomids.
Dictyopyge it is certain,

In

at least as far as

the anal fin is concerned, that the lepidotrichia
and the

endoskeletal radials corresponded

to

other in number, indicating a fin

each

musculature specialized in the direction of
the higher Ganoids and Teleosts (cf. Schmalhaussen 1912, igi3a, igi3b). Little is known
about

the

ventral

fin.

To

judge

from

Dictyopyge rnacrura its lepidotrichia ought
on the whole to be jointed.
The unpaired fins show an essentially
different

type in Perleidus

Text fig. 85. Colobodus bassa.
After a specimen belonging to the
at Upsala P. 725. »/4. Sensory can
Mx, maxillary; Op, operculum ; Po, p

(de Allesandri

1910, PI. II, fig. 2). The lepidotrichia of the dorsal and anal fins of this genus are not situated
so close together as in the Palaeoniscids and are unjointed and unramified for a long distance
proximally.

The number of the endoskeletal radials is, at least in the dorsal fin, the same

as that of the lepidotrichia. Both the exoand endoskeleton thus show in this case complete
agreement with the higher Ganoids and Teleosts. The lepidotrichia of the ventral fins are,
as in these forms, unjointed and unramified for a long distance proximally. Dollopterus and
Meridensia resemble Perleidus at least with regard to the exoskeleton of their fins.
In Colobodusx) the lepidotrichia in the dorsal and anal fins are situated rather close
together

and the vast majority

of them are also densely jointed.

to observe that a rather short proximal part is unjointed,

It is easy,

that one

however,

or more joints

immediately distally of this part are often longer than those following still more distally,
or else that instead of the proximal unjointed part there are two or more strikingly long
joints. It is also often possible to trace a tendency for the joints to fuse with one another

J) Observations made on specimens belonging to the Palaeontological Institute of Upsala.
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in the proximal parts of the lepidotrichia. Both on the dorsal and anal fin the number
of endoskeletal radials corresponds almost or exactly to

that of the lepidotrichia.

The

epidotrichia of the ventral fins are unjointed, at least to a rather great extent. We find
here, as is shown by thes facts, a process undoubtedly going on towards the development
of the type of fin described in Perleidus, which is,
already pointed out,

characteristic of the

higher

ganoids and Teleosts. Colobodus s. str. thus forms a
natural link between the more
Catopterus and Dictjropyge on

primitive

the

one

genera pQ

hand

and

Pleidus, with possibly Dollopterus and Meridensia, on £x|
the other. Under these circumstances there seem
to be no arguments at all in favour of separating
Perleidus and the forms that agree with it and esta¬
blishing a special family for them,

as one might

at first feel called upon to do.

Some

observations

on

the

family

Dspv,

00

Text fig.
Colobodus maximus Dames.
After a specimen belonging to the Palaeontological
Institute at Upsala Vi- Sensor)' canals shaded.
Ant, antorbital; Dsph, dermosphenotic; Ext, extra¬
scapular; Fr, frontal,- Na. ptr., nasalo-postrostral:
Pa, parietal; R, rostrals; So, supraorbital; Stemp.
it, supratemporo-intertemporal; na, external nasal

Catopteridae; a summary.
From the account given above it ought to
be obvious that the genera Catopterus, Dictyopyge,
Colobodus s. str.,
the

Perleidus and

Dolopterus are on

whole closely related to one another and that

they form together, as far as we can judge at present,
a rather uniform group. Because of this I see no
reason to maintain a family Colobodontidae any longer,
but consider it most convenient to group all the
mentioned genera in the family Catopteridae. Whether
Meridensia also belongs to this family is a question
that cannot yet be answered. Provisionally, however,
it seems as if we might include this genus as well
among the Catopterids (cf. Stolley, 1920, pp. 83,84).
The distinguishing features of the family Cato¬

Text fig. 87. Colobodus maximus Dames.
Sketch after a specimen belonging to Redakteur
Konig of Heidelberg. Vx- Sensory canals shaded.
Md, mandible; Mx, maxillary; Op, operculum; Po,
preoperculum; Rbr, radii branchiostegi; Sop, sub¬
operculum.

pteridae may under these circumstances be summa¬
rized as follows. The shapes of the fishes vary rather considerably ; sometimes they are rather
slender, sometimes more deep-bodied. The head has a blunt snout with a weak indication of
a rostrum. The eye far forward. Mouth large, extended far back. External membrane bones
of the head ornamented with ganoine. On the ethmoidal region there lies posterior to the premaxillaea transverse series of rostrals, and behind them there follows a median unpaired rather
large nasalo-postrostral, and on the right and left side of this an antorbital bone. The latter
bone and the nasalo-postrostral surround the nasal apertures of either side. The nasalo-post¬
rostral includes the nasal elements and the interrostrals of both sides, and sometimes also
one or a couple of median rostral elements. The maxillary is low beneath and high behind
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the orbital entrance. The mandibles lack coronoid processes. The hyomandibular is more
or less oblique and has a processus opercularis. The preoperculum is a large triangular
plate,

extending far in front

both well
plate

over the

cheek.

The

operculum and the

developed, the latter often high. Interoperculum lacking.

is present. Dention often

adapted for crushing.

suboperculum

A median jugular

The supraorbital canal has

its

posterior end in the parietal; posteriorly it does not anastomose with the infraorbital canal;
anteriorly, on the other hand, there is an anastomosis through the antorbital, laterally
of the nasal opening, between the two. The infraorbital canals have an ethmoidal commissure
anteriorly through the rostrals. The preopercular canal runs along the posterior margin
of the preoperculum.

The

cranial section

of the lateral

canal has

a supratemporal

commissure. On the parietal, the anterior, middle and posterior head-lines of pit organs
are to be found at least in certain forms. The chorda dorsalis persistent and the ossi¬
fications of the neural and haemal arches probably rather weak. The caudal fin abbreviateheterocercal or almost homocercal, always with its lepidotrichia jointed throughout. In
both the anal and dorsal fin the lepidotrichia are present in nearly or quite the same
number as the

endoskeletal radials;

in these fins each endoskeletal radials

with only

one long ossification; the lepidotrichia sometimes quite jointed, sometimes more or .less
unjointed proximally.

The shoulder girdle

has a large

cleithral

and a small clavicle

(infraclavicula). The lepidotrichia of the pectoral fins are usually unjointed for a long
distance proximally.

The ventral

fins are

short-based;

their lepiciotrichs

troughout or else unjointed for a bit in their proximal part.

Fulcra are

are jointed
often rather

powerfully developed on all the fins. Scales, thick and robust with a covering of ganoine.
In some forms an accessorial lateral line dorsally of the main one is found, extending
from the neck towards the basis of the dorsal fin.
It is certain that, especially with regard to the development of the head and the
shoulder girdle, the Catopterids are closely related to the Palaeoniscids, while, on the other
hand, with regard to the development of the fins, they have attained a higher specialization
than these. Although, as we have seen, the degree of specialization differs in this respect in
different forms, still they all have, unlike the Palaeoniscids,

an abbreviate-heterocercal

caudal fin and about the same or practically the same number of lepidotrichia as endo¬
skeletal radials in both the dorsal and anal fins. To this may be added that the ventral
fins are, presumably as a rule, considerably more short-based than in the Palaeoniscids.
When these characters thus occur together it becomes necessary to separate the
Palaeoniscids and Catopterids from a systematic point of view, even although it seems
to be quite clear that the latter are descended directly from the former. I must therefore
differ decidedly from Abel, who (1919, pp. 186—189) did not recognize the Catopterids
as an independent family, but grouped it with the Palaeoniscids (cf. p. 250 above).
I have already pointed out above (pp. 249—250) that such forms as Boreosomus and
Acrorhabdus among the Palaeoniscids appear with regard to the anatomy of the head
to be specialized

in the same

direction as the Catopterids,

while the fins

exhibit the

conditions typical for Palaeoniscids. On the other hand it is also of interest to find that
such genera among the Catopterids

as

Catopterus and Dictyopyge show typical Pala-

eoniscid-like conditions in the lepidotrichia,
respect developed like genuine Protospondyli.

while Perleidus and Dollopterus are in this

27

TRIASSIC FISHES FROM SPITZBERGEN
In

any

definition

I

case it is
have

clear from

given

to

them,

my account above
are

closely

that the Catopterids with

connected

phylogenetically

with

the
the

Palaeoniscids. They must therefore be assigned from a systematic point of view to the
sub-order Chondrostei, in which, as we shall see from my account below (Part II), they
form together with Palaeoniscids and Platysomids a group that is well defined both
from the Saurichthyids and the sturgeons.
It is of course impossible to decide with certaintly whether the Catopterids form
an intermediate link between the Chrondrostei and the higher ganoids, but this does not
seem probable.

As we have found and as will be shown still further below, even the

Palaeoniscids appear to be more specialized in certain respects than we should expect
of forms from which, for instance, Protospondyli and Teleosts could be supposed to have
descended,

and it seems as if the same thing is true of the Catopterids.

It is, above

all, the development of the membrane bones of the cheek and the ethmoidal region and
the course of the supraorbital canal that form arguments against the suppositions that
Catopterids or the

Palaeoniscid-like forms in general could have been the ancestors

of the Protospondyli and other higher Ganoids and Teleost.
It ought also to be noted here that it seems as if a specialization of the skeleton
of the unpaired fins in the direction of the Teleosts had taken place independently in
Palaeoniscids. (Coccolepis),

Platysomids (Lambe,

1914, p. 21),

and Catopterids.

We thus

see that this specialization can take place rather easily among Chondrosteans, and that
it must not be considered to be such an important morphological feature as has hitherto
been thought.

Palaeoniscids, Platysomids and Catopterids compared with
recent Ganoids and Teleost
Palaeoniscids, Platysomids and Catopterids compared with sturgeons.
Traquair (1877 a, pp. 34—42; 1879, pp. 377—389; 1887, pp. 248—257) and Woodward,
(1889 c, pp. 24—44;

1890 a, pp. 6—7, 15—16;

1895 b,

pp. V—VIII;

1898a,

have clearly shown that Palaeoniscids, Platysomids and Catopterids offer
blances to the
common
additional

sturgeons,

pp. 81—94)

many resem¬

and that they ought to be placed together with these in a

larger group. In the description given above I have been able to state some
common features,

forward in the basis
endoskeleton

as e. g.,

with

regard to the extension of the chorda far

cranii, the relations and shape

of the ventral fins,

the

pelvic girdle,

of the inter- and basidorsals, the
and the membrane bones of the

shoulder girdle.
On the other hand my investigations above also show the existence of considerable
differences between the fossil forms under discussion under the sturgeons, and I intend
here to pay attention to these differences so as to try to show their morphological
importance.
A character that strikingly separates the Palaeoniscids and the allied families among
the fossil forms from the sturgeons is the considerably greater degree of ossification in
the primordial skeleton of the former.

There is, however, a good deel of evidence to
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support

the

view

that in this respect the sturgeons are regressively specialized, as

Woodward especially (loc. cit.) and after him Goodrich (1909, p. 31.6) have maintained in
opposition to Bridge (1878, pp. 717—731) and

others, who saw in this a primitive cha¬

racter instead. Thus, as we have seen above, the primordial skeleton is very much ossi¬
fied even in the Rhipidistids, Coelacanthids and Palaeoniscids, and below (Part II) we
shall see how this is even more true in the case of the Saurichthyids, which are rather
closely

related

to

the

sturgeons.

In

primitive

fossil Dipnoi,

according

to

Traquair

(1878, p. 5), at least the primordial neurocranium is strongly ossified, while in the recent
forms it is cartilaginous practically throughout. Even in certain Teleosts (Gierse, 1904,
p. 605—615; Handrick, 1901, p. 3—5) the ossifications in the primordial skeleton may be
reduced, and we thus see that similar reductions may occur in the most different forms
among the Teleostomes. An additional support for the view of Woodward and Goodrich
seems to me to be present in the

fact that several ossifications actually exist in the

primordial neurocranium of the sturgeons (Bridge, 1878, p. 698; Parker, 1882 a, pp. 175,
176) although they have lost their importance and therefore develop so lat that they
are as a rule only found in old specimens.
As far as can be judged, however, these ossifications seem, according to Bridge’s
(1878) and Parker’s (1882 a) account, to show conditions that are on the whole rather
Teleostean-like, wdiile according to what we have seen in

this work, the Palaeoniscids

appear in this respect to be developed more in agreement with Polypterids and Crossopterygians. It is impossible to decide with certainty the position of the Saurichthyids in
this respect, as the primordial neurocranium in them — at least in fully-grown specimens
— is ossified in a single piece.
As we have seen from my account above, certain Palaeoniscids, e. g. Birgeria, are
rather specialized in the direction of Amia and

the Teleosts with regard to the orbito¬

temporal region. In Birgeria the ventral part of the interorbital wall have thus become thin
and at one place fenestrated, and there is also a myodome, though in a very primitive
stage

of development.

To this it may also be added that in this fish the distance be¬

tween the foramen opticum and the canalis transversus is much shortened and that the
fossa hypophyseos is very small, only forming a narrow vertical pit in the basis cranii.
I do not, however, consider it probable that all the Palaoniscids showed the same con¬
ditions,

but that a number

of them had a

thick interorbital wall and had the orbito¬

temporal region developed on the whole as in the recent sturgeons.
The Palaeoniscids and even certain of the Catopterids have, as we have seen, indi¬
cations of a rostrum, and we thus find conditions here that, as it were, predisposed to
the development of the frequently very long rostrum of the sturgeons. It is noteworthy
in this

connection that in the Saurichthyids the lengthening process affected not only

the rostrum but the mandibula as well.
In the
while

sturgeons the parasphenoid is developed almost as in the higher ganoids,

at least in certain Palaenoiscids,

as we have

found,

it shows

a

very

curious

specialization.
In the sturgeons the rostrum is covered, as we know, by a rather large number
of bone-plates, and that we are not concerned here with primary conditions, but with
secondary ones, is already evident from the differences present in this respect in different
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species (cf. Allis, 1905, Pis. XVIII, XX; Berg, 1911, Pis. IV—VIII); a further support
for this consists in the fact that neither the Palaeoniscids, Platysomids, Catopterids nor
Saurichthyids (cf. Part II) show any indication at all of anything- similar.
For similar reasons I also consider it obvious that the cheek and opercular skeleton
is also reduced in the sturgeons. We have as a matter
of a similar phenomenon in Axelia

oft fact found a fine example

among the Coelacanthids,

as we have seen above

(pp. 98—99),
The connection between the palatoquadrates anteriorly under the rostrum is, as we
know, a very remakable character in the sturgeons, while by Bridge (1878, pp. 723, 724),
and others has been interpreted as a primitive selachoid one. The Palaeoniscids and the
closely allied forms show, on the contrary, the ordinary conditions, the palatoquadrates
in them being separated anteriorly and each of them having articulated with the ethmoidal
region by means of an autopalatine or perhaps sometimes by cartilage; this is also the
case with the Saurichthyids, which, as we shall see, have in several respects sturgeon¬
like characters. It thus seems very probable that we are concerned here with a secondary
character, a selachoid adaptation, in the sturgeons.
The absence

of premaxillaries in

the

sturgeons must of course also be looked

upon as secondary, as these bones' are found in Saurichthyids, Palaeoniscids, Catopterids
and Platysomids. That the premaxillaries could be reduced is seen in other Teleostomes
as well such as Dipnoi and possibly the Coelacanthids too.
In the mandible of Acipenser we generally find, as is known, a couple of investigating
bones. In old specimens, on the other hand, Parker (1873, p.256) says he has found an
angular, dental, mixicoronoid («splenial») and mentomandibular. In the Liassic Chondrosteus,
which can already be considered to be a sturgeon, Traquair (1887, p. 256) states that he
has observed a dental and two other bones, one of which he takes to be the angular,
the other as the articular. According to what we can assume, however, the dental both
of Acipenser and Chondrosteus is a dentalo-splenial and the articular is probably the same
bone as the one we called the supraangular in the Palaeoniscids above, and other bones
too, as well as the development of the mandible as a whole, seem to have been Palaeoniscid-like. The evidence seems thus to show that the small number of bone elements
in the mandible of the sturgeons is secondary and is probably due chiefly to reduction.
In the Saurichthyids too we find,

as we shall see,

the same number of bones in the

mandible as in the Palaeoniscids.
With regard to the

development of the sensory canals the

sturgeons

certainly

show a rather great resemblance to Palaeoniscids, Platysomids and Catopterids, but at
the same time great differences can be observed. Thus in the sturgeons the supraorbital
sensory canal anastomoses at its posterior end with infraorbital canal,
in the normal way forward on to the ethmoidal

region,

then continuing

where it runs

forwards and

downwards through the septum between the two nasal apertures of either side. In Pala¬
eoniscids and the forms closely related to them the supraorbital canal has no connection
posteriorly with the infraorbital canal and always extends into the parietal, to which is
to be added the specially important fact that it never continues along in the ethmoidal
region medially of the nasal aperture.

It extends forward to the upper corner of the

antorbital instead, where it is connected uninterruptedly with a portion of the infraorbital
Stensio, Triassic Fishes from Spitzbergen.
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canal running downwards

and forwards laterally of the nasal aperture. Whether the

continuation of the supraorbital canal forwards and medially of the nasal
totally lacking or was

developed as a «pit-line» is unknown.

aperture is

If we could verify the

absence of this anterior part of the supraorbital canal, this would mean that Palaeoniscids,
Platysomids and Catopterids belonged to a special type, from which neither the sturgeons
nor the higher Ganoids could be thought to descend. With regard to the anterior end
of the supraorbital canal the Saurichthyids show the conditions of typical

sturgeons,

while, on the other hand, with regard to the posterior end of this canal they resemble
the Palaeoniscids.
At least in certain Palaeoniscids (Acrorhabdus) the primary skeleton of the shoulder
girdle is, apart from its strong degree of ossification, considerably more primitive than
in the recent sturgeons, as the canal for the dorsal musculature of the pectoral fin is
quite absent. On the other hand, however, it appears to a certain extent to be specia¬
lized by the strong development of the nerve canal.
As ought to be clearly seen, most of the characters in which the sturgeons differ
from the Palaeoniscid type are to be considered as regressive specializations. The sturgeons
are closely related to the Palaeoniscids and forms nearest to them, but the idea that
they should be directly descended from the Palaeoniscids, as Woodward (1889 c, pp. 42, 43;
1895b, pp. V—VIII; 1898a, pp. 82—94; 1915a, p. LXXII) especially and Goodrich (1909,
pp. 307—32i)

have tried to

show,

seems,

however,

to be contradicted

both by the

condition of the ossifications of the primordial neurocranium, the extension and course
of the supraorbital canal, and possibly also by the development of the shoulder girdle.
Many of the better known Palaeoniscid forms are otherwise too strongly specialized for
us to be

able to imagine that the sturgeons had arisen directly from any of them.
Palaeoniscids, Platysomids and Catopterids compared with Amia.

On pp. 152—182 above I have been able to make detailed comparisons between
the neurocranium of Birgeria among the Palaeoniscids and that of Amia among higher
ganoids. I merely refer here to this account, but must, however, emphasize, as I have
done just previously, the fact that a number of Palaeoniscids may possibly in certain
respects, e. g. the fenestration of the orbitotemporal region, have shown more primitive
conditions than Birgeria.
Apart from this I shall only in this connection enter upon some questions con¬
cerning

the homologues

of the

membrane

bones on the dorsal

side of the ethmoi¬

dal region.
First with regard to the bone in Amia previously known as the ethmoid (Allis 1889,
PI. XLI; 1898, pp. 433—436; 1909a, pp. i3 —14,

17—22, 23—28^, this apparently corres¬

ponds to the middle rostral in Colobodus and a couple of median rostrals in primitive
Rhipidistids. The homologue of the paired lateral rostral in Colobodus is in Amia probably
fused with the antorbital.

Whether the middle rostral in Amia — a term that I now

introduce instead of «ethmoid» — also includes within itself elements corresponding to
the interrostrals of the Crossopterygians, is of course impossible to decide with certainty.
To judge from the extension of the bone backwards between the nasals, this does not,
however, seem improbable.
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which

we have just dealt

with, seems to be homologues with at least an anterior part of the antorbital of Palaeoniscids, Platysomids and Catopterids.
The nasal in Amia is pierced, as we know (Allis 1889, PI. XLI), in a longitudinal
direction by the most anterior part of the supraorbital canal and, in spite of its consider¬
able width and extension in a medial direction, probably corresponds as a whole only
to the nasal elements in the primitive Crossopterygians (cf. p. 98, 102—105, 114, i33—135
above). In Palaeoniscids, Platysomids and Catopterids, as we have seen, all the homologues of the nasal and postrostral elements of the Crossopterygians are probably fused
into a single large plate, which also seems to include the interrostrals and sometimes
one or more rostral elements (Perleidus).
In order to understand in Amia what has become of the homologues of the postrostrals

of the primitive

Crossopterygians

we

must first

examine

the

conditions

in

Polypterus.
In this last-mentioned fish (Traquair, 1871; Allis, 1900 a, fig. 2, pp. 435—437; 1900 b,
p.262;

1905, pp. 417—420;

1917, pp. hi,

112) we find an unpaired so-called ethmoid,

which is long and relatively narrow. Backwards it extends between the nasal

elements

of the right and left sides to the anterior end of the frontals and its posterior longer
part is covered from the sides to a rather considerable extend by the nasal elements.
In its anterior end, which is somewhat expanded, it is pierced by the ethmoidal commissure
between the two infraorbital sensory canals. It thus corresponds (cf. Allis, 1900 b, p. 262)
with its

anterior part to a median

or

a couple of medial rostral elements,

while its

posterior parts probably include the homologues of the inter- and postrostrals.
I may now be supposed that in Amia the homologues of the post- and interrostral
elements gradually became

overgrown with nasal

elements in the same way as has

begun in Polypterus, at the same time becoming fused with premaxillaries anteriorly.
This view seems, at least as far as can be now seen, to be far more probable than the
one that Allis (1898, pp. 433—436; 450—456;

1909 a, p. 28) tried to maintain, namely

that the posterior processes from the maxillaries of Amia should be the homologues of
the articulatory processes of Teleosts (cf. Allis 1919 a).
Palaeoniscids, Platysomids and Catopterids compared with Lepidosteus.
With

regard to

the primordial neurocranium I have nothing to add to what I

have said in my description of Birgeria mougeoti (cf. pp. 152—180 above).

Here I shall

confine myself to some remarks about the bones on the dorsal side of the ethmoidal
region. The homologue of the middle rostral of Colobodus is represented in Lepidosteus,
as in Amia, by the bone that was formerly called the ethmoid (Allis, 1905, pp. 407—417),
and the homologue of the paired lateral rostral of Colobodus may have fused in Lepidosteus,
in the same way as in Amia, with the antorbital, representing a considerable part of
that bone.
The specimens of Lepidosteus investigated by me (belonging both to L. platystomus
and

to

a

smaller

long-snouted species)

show

that,

as

Allis

pointed out

in

1905,

pp. 4I5—4x6, the so-called ethmo-nasal of each side is connected anteriorly under the
nasals uninterruptedly

with

the premaxillary

on its

side

and

that,

in

addition,
35*

its
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anterior part has the same relation to the nasal capsule as the so-called posterior process
from the maxillary in Amia,

which has

been dealt with above.

Allis states further

that this bone is pierced by n. olfactorius. I have observed myself that it extends ventrally
so far downwards that it comes into contact with the vomer, and that the most anterior
end of the palatoquadrate is attached to its ventral part.
part

thus shows

preethmoid

conditions that make

of Amia (Allis

1897 a,

it

probable

In

these respects its ventral

that it is homologous

PI. XXI, figs. 8—10;

1898,

with

pp. 446—450;

the

1909 a,

pp. 17—22; Swinnerton 1902, pp. 580—533). The anterior dorsal part of the bone, which
is covered by the nasals, seems at least to some extent to be homologous to the corres¬
pondingly situated part in Amia, i. e., according to what we can discover from the fossil
forms, it should comprise at least the homologue of the anterior postrostral elements
of the Rhipidistids.
It is impossible at present to answer the questions as to whether the homologue
of the posterior postrostral element of the Rhipidistids is also
the nasalo-ethmoid,

which

is

covered by the nasals,

included in the part of

or whether,

together with

the

homologues of some posterior nasal elements, it formed the posterior part of the «nasaloethmoid», which is exposed behind the nasals, or finally, whether the posterior part of
the «nasalo-ethmoid» is only to be taken as an anterior portion of the frontals, secondarily
fused with the postrostrals.
Finally, with regard to the nasals in Lepidosteus, it seems as if they were homologous
with the corresponding ones in Amia, but, as will be
said, it is

also possible that they

clear from

correspond only to

certain

what has just been

of the anterior

nasal

elements of the Rhipidistids.
Palaeoniscids, Platysomids and Catopterids compared with Teleosts.
With regard to the development of the neurocranium in Teleosts on the one hand and
Palaeoniscids as represented by Birgeria on the other, I may refer to my account above
(pp. 152—180). In addition, as in the case of Amia and Lepidosteus, I shall confine myself
here as well to dealing with the homologues of the membrane bones on the dorsal side
of the ethmoidal region.

It may, however, be pointed out in this connection that our

knowledge of the Teleosts is still very incomplete in this respect, and that there is still
much to be learned before any far-reaching conclusions are possible.
In Teleosts there is a paired, frequently rather narrow nasal bone, situated dorsally
of the nasal capsule aud pierced longitudinally by the most anterior part of the supraorbi¬
tal canal. It may sometimes happen that the nasals (Arapaima, Heterotis, Osteoglossum,
Notopterus, Petrocdphalus; Ridewood 1904 a, pp. 69, 70) are developed in width in a medial
direction so that they come more or less into contact with one another in the median
line, as in Amia and Lepidosteus, covering, as Ridewood expressed it, the «mesethmoid.»
In any case it will be clear that the nasals of the Teleosts are homologous with the
similarly termed bones in the Rhipidistids, or more correctly speaking that they have
been formed by fusion of the homologues of the nasal elements of these fishes.
The so-called

«mesethmoid»

is developed rather differently in different Teleosts.

It is generally unpaired and extends between the nasals of the two side backward to
the anterior ends of the frontals. It may also, however, as in Esox (Huxley 1864, fig. 69;
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Allis 1898, pp. 434—436;

1905, PL 14, fig. 22;

1909 a, pp. 27, 28) be paired or show a

certain indication of having had a paired origin, as in Megalops {Ridewood 1904 a, p. 43),
Chatoesus and Dussumieria (Ridewood 1904 b,

pp. 464, 469).

As

far

as is known,

it is

only in Elopsaurus that it is pierced by an etmoidal commissure between the infraorbital
sensory canals. In certain cases a pit-line corresponding to the ethmoidal commissure may
be situated

above its anterior part,

as in Salmo, Esox,

Silurus' etc.

(cf. Allis 1905;

1909 a). Usually, however, this pit-line or indications of it are quite absent, and in at
least the majority of the forms investigated the premaxillaries seem, as Allis has pointed
out, to have such conditions that the anterior parts of the mesethmoid, which was related
to the ethmoidal commissure, should be incorporated with

them

and form

their

pro¬

cessus ascendentes (Allis 1898, pp. 450—456; 1909 a, pp. 23—28).*)
My observations in the fossil forms dealt with in this work seem to render possible
a closer homologization of the so-called mesethmoid, at the same time also affording an
argument in favour of the view maintained by Allis. It thus seems very probable that
at least in such a form as Elops and possibly even in Salmo, Silurus and Esox, the anterior
part of the so-called mesethmoid is homologous to the middle rostral in Colobodus or
one or more of the medial rostral elements of the Rhipidistids, while its posterior part
includes the homologues of the inter- and postrostrals of the latter. * 2) It would thus be most
closely homologous to the so-called ethmoid of Polypterus.
Under these circumstances it is not difficult to imagine either that in certain Teleosts
the homologues

of certain

of the medial rostral elements of the Rhipidistids might,

together with the interrostrals, fuse with the corresponding premaxillaries and form a
processus ascendens, as Allis considered to be the case. As we have seen (pp. 144—145)
an analogous phenomenon may be observed in Tetrapods.
In certain Teleosts the mesethmoid has, as we know, entered into the cartilage
situated beneath it and is thus partly developed as cartilaginous bone.
The homologue of the antorbital (cf. Allis 1898, pp. 436—438) seems in Teleosts
generally either to be reduced or to form part of the so-called lacrimal or possibly the ectethmoid as well. Only in certain Siluroids may an anterior part of it perhaps be represented
(cf. Juge 1898, PI. 1; Me Murrich, 1884, p. 278; PI. 2, fig. 1; PL 3, figs. 1, 2).
As Allis (1909 a, pp. 17—22) has shown, the preethmoids seem to be fused with
the vomere(s) in several Teleosts.
q In 1917, however, Allis (1917 a, pp. 111 —112) came to the conclusion that he must relinquish this view.
2) In Esox, however, it is uncertain whether some of the middle rostrale elements are not absent, as in
his form the two so-called ethmoids have their anterior ends separated.
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EXPLANATION OF PLATES.
Where nothing special is stated, the type specimens of the figures given here belong to the
Palaeontontological Institute of Upsala.

The great majority of the photographs where taken by

Miss Aina Laurell of Upsala.
There were many great difficulties in the photographing and, in spite of great efforts, it was
not possible to obtain as good figures as was desirable. This was due in the first place to the
state of preservation of the material. The specimens were often very much broken and large pieces
were missing here and there. The bone substance was sometimes dark-coloured, little differentiated
from the rock, while sometimes, on the other hand, it was partly or entirely blue in colour because
of transformation into vivianite.
Another reason why the figures given here do not satisfy all the demands one is entitled to
make on them is that the photographic-apparatus at my disposal was partly of a very primitive
and deficient nature.
When nothing is said to the contrary the figures show the natural size.

Plate i.
Fig. i. Hybodus rapax n. sp., tooth (P. 41b); a, in medial aspect; b, in lateral aspect. 1j1.
»

2.

»

3. Hybodus sasseniensis n. sp., tooth (P. 39 a);

»

»

»

»

»

(P. 4ia)\

a, »

»

»

b, »

a, in medial aspect;

»

»

»

*
»

»
»

*

(p- 39 b);

56.

».
»

»

(P-39C)Y a, »

»
»
»
»

»
»

»
*

»

78.
g.

»
»

b, ».
»
»
»
2/r
»
»
b, »
{P- 39 d) > a, »
»
2/f
»
»
»
2/i.
b, »
(P- 39 el a, »
»
»
(P.38);
a, »
b, »
»
2/r
(P. 633); in lateral aspect. 4/r Below the tooth there is

»

10.

»

(P. 40);

»

11. Hybodontid selachian; basal plate of cephalic spine (P. ^5r); a, seen from the external surface;

»

12. Genetically indeterminable selachian; basal portion of fm-spine (P. 44) in lateral aspect. |/r

»

i3.

»

14. Detached dermal denticle (P. 884), probably from a hybodont selachian. s/2.

»

15. Hybodont selachian; portion of fin-spine (P. 102)

»
»

16.
17.

»

18. Probably hybodont selachian; portion of fin-spine (P. 42). a, in posterior aspect; b, in lateral

»

19. Generically indeterminable selachian; fin-spine (P.35); a, in posterior aspect; b, in lateral

»

»

»

»

»

»

»
»
*
»

>

»

»

»

a, >

*

1/1.

b, in lateral aspect. !/1b, »

4.

»

2/r

seen a dermal denticle.
in lateral aspect. 1f1.

b, seen from the basal surface. 1/1.
»

»

»

(the same species as in the preceding figure); anterior
portion of fin-spine (P. 43) in lateral aspect. 2/r

»

>
»

in lateral aspect. 1/v

*
»
»
(P- 883) »
»
fin-spine (P. 282) in lateral aspect. 1/1.

»

7r

aspect. 1/1.
aspect. 2/1.
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Fig. 20. Acrodus scaber n. sp., tooth (belonging to Prof. Dr. W. Salomon at Heidelberg) in lateral
aspect. 2/r
» 21. Polyacrodus pyramidalis n. sp., tooth (P. 717a). 2/r
»
»

22.
23.

»
»

»
»

»
»

»
»

»
»

(P. 7Ha). 2/r
(P. 715a); a, in coronal aspect; b, in medial aspect;

c, in lateral aspect. 3/x.
»

24.

»

»

» 25.
>>26.

»
»

*•
»

»

»

tooth (P. 716). 2/j.

* »
. »■»

»

27. Polyacrodus angulatus

»

28. Palaeobates sp., tooth (P. ^7). 2/r

»

29.

»

.»

»

»

»

»
»

(P- 7™b)- 2/r
(P. 7i5a). 2/r

»

(belonging to Prof. Dr. W. Salomon at Heidelberg). 2/r

(belonging to

the Palaeontological

Collection of the

University

of

Christiania). 2j1.

«

Plate 2.

Figs. 1 —19. Acrodus spit^bergensis Hulke; teeth. Figures 1, 7—17 and 19 after specimens P. g8 a-m
respectively, figures 2—6 after specimens P. gg a-e re¬
spectively and figure 18 after specimen P. 100. All the
teeth are figured in coronal

(c)
»

20—21. Acrodus vermiformis n. sp,

(a),

medial

(b),

and lateral

aspects and with magnification %.

two teeth (P. g8n and P. ior respectively); a in coronal,

c

in lateral aspect. Both figures with

Fig. 1. Acrodus oppenheimeri n. sp., tooth probably from the

unpaired symphyseal transverse row

b in

medial and

magnification 2/x.

Plate 3.

(from specimen P. io5); somewhat magnified.
»

2.

»

»

»

»

tooth probably from some of the most anterior transverse rows;

»

3.

in medial aspect. From specimen P. io5. i/s.
»

»

»

»

same tooth as

» 4—5.

»

»

»

»

teeth in shape intermediate between those of the anterior and

in the preceding figure

in lateral aspect. 3/2.

»

6.

»

»

»

»

tooth from some

»

7.

»

»

»

»

tooth from some of the posterior transversal rows (P. ro5) 5/4.

»

8.

»

»

»

»

tooth of the same type as that in figure 6; a, in coronal, b,

»

9.

»

»

»

»

tooth of about the same type as that in the preceding figure

»

10.

»

»

»

»

two teeth, the right one of which is a transitional type between

middle transverse rows (from P. io5). i/3 and 7/5 respectively.
of the

middle

transverse rows,

in lateral

aspect. (P. ro5). 4/3.

in medial,

and c in

lateral aspect.

Original belongs to the

Royal State Museum at Stockholm. 4/3.
in lateral aspect (P. io5). 4/3.
those of the middle and posterior transverse rows (P. io5). 3/2.
»

11.

»

12. Palaeobates polaris n. sp., tooth probably from the unpaired symphyseal row (P. 107). 3/2.

»

i3.

»
»

»
i>

»

»
»

»

Tooth

from

the most posterior transverse row (P. io5). 5/2.

»

14.

»

»

»

»

two teeth from rows b

and c

(cf. fig. 16)

in coronal aspect

(P. 107). 2/r
tooth from row b showing the relations between the real masti¬
catory and the lateral surfaces of the crown (P. 107). 2/1.
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Fig. 15. Palaeobates polaris n. sp., tooth, possibly from row b, in medial aspect (P. 107). Showing
the relations between the masticatory surface and the baso-medially directed surface of the crown. 2/j.
»

16.

»

»

»

»

left mandible

(a)

(b) and counterpart

with the left ceratohyal

(chy) and five transversal rows of teeth (a— c) in situ (P.107). 1L.
Figs. 17—18. Palaeobates polaris n. sp. Teeth in transverse section (P. 107) p, pulp cavity. Enamel
not visible in the sections. 3/1.
Fig. 19 a—d. Ceratodus sp. right mandibular tooth in section (a) in medial
in ventral

(cf)

(b)

in dorsal (c) and

aspects (P. g5o). k, contact surface by which the tooth has

met that of the opposite side (referred to in the text as surface a). 1]1.

Plate 4.
Fig. 1. Wimania sinuosa n. sp., head from the right side with the cheek plates and parts of the
cranial roof removed (P. 207).
»

2. Wimania sinuosa n. sp., the same head seen from the left side.
Explanation

of index letters.

Aang, autangular; Alsph, alisphenoid fused with and forming a ventral process from the frontodermosphenotic; Aup, autopalatine; Br, ceratobranchial; Bsph, basisphenoid; Chy, ceratohyal; Fr.
dsph, fronto-dermosphenotic; Icor. pra, intercoronoideo-prearticular; Mptg, metapterygoid; Op, oper¬
culum; Pa. it, parieto-intertemporal (represented by the posterior part of the ventral longitudinal
lamella); Psph, parasphenoid (anterior end); Pt, pterygoid; Ptr, postrostral; Qu, quadrate; Stemp.
ext, supratemporo-extrascapular; tJhy, urohyal; al, paired

forward-pointing lamella from the basi¬

sphenoid corpus; e, basipterygoid process; f, anterior end of the prootico-opisthotic; fx, dorsal
process from the prootico-opisthotic (dorsal end); h, antero-ventral process from the supratemporoextrascapular; y, loose bone probably from the shoulder girdle; F3, 3, sinus in the dorso-lateral edge
of the basisphenoid indicating the exists of the roots for the r. maxillaris trigemini, r. mandibularis
trigemini, ramus ophthalmicus trigemini, n. buccalis lateralis and n. ophthalmicus lateralis.

Plate 5.
Fig. 1. Wimania sinuosa n. sp., the same head (P. 257) as in the preceding plate, seen from above.
The cranial roof partly imperfectly preserved (posteriorly and on
the left side).
»

2.

»

»

»

»

cheek plates and certain bones from the visceral skeleton of the

»

3.

»

»

»

»

Some remains of scales (P. 255). 3/2.

»

4.

»

»

»

»

cheek plates and some bones from

right side. The same specimen as in PI. 4 (P. 257).
the visceral skeleton ot the

left side. The same specimen as in PI. 4 (P. 257).
Explanation of index letters.
Alsph, alisphenoid fused with and forming a ventral process from the fronto-dermosphenotic;
Aup, autopalatine; Bsph, basisphenoid; Co, coronoid; De, dental; Fr. dsph, fronto-dermosphenotic;
Icor. pra, intercoronoideo-prearticular; La. ju, lacrymo-jugal; Mptg, metapterygoid (posterior part);
Mx, maxillary;

Na. ant, nasalo-antorbital;

Op,

operculum;

Pa.it,

parieto-intertemporal (ventral

longitudinal lamella); Pco, precoronoid plates; Po, postorbital; Pop. quj, preoperculo-quadratojugal;
Ptr, postrostral;

Scr, sclerotic plates;

So, supraorbitals (boundaries between the various elements

indistinct); Sq.pop, squamoso-preopercular; Stemp. ext, supratemporo-extrascapular; al, paired for-

ERIK A : SON STENSIO

296

ward-pointing lamella from the basisphenoid corpus; e, basipterygoid process; flf dorsal process from
the

prootico-opisthotic (in this plate only the dorsal extremity);

ifc,

infraorbital sensory canal (in

this plate only a part of it preserved in the postorbital); jc, jugal sensory canal (in this plate only
preserved in the squamoso-preopercular); V, 2, 3, sinus in the dorso-lateral edge of the basisphenoid
indicating the

place

of exit for the roots of the r. maxillaris trigemini, r. mandibularis trigemini,

r. ophthalmicus trigemini, n. buccalis lateralis and n. ophthalmicus lateralis.

Plate 6.
Fig. 1. Wimania sinuosa n. sp.; postorbital cheek plates and certain

remains of the visceral ske¬

leton of the right side (cf. PI. 5, fig. 2). The same specimen as in
»

2.

»

»

»

»

»

3.

»

»

»

»

PI. 4 (P- 257).
cheek plates and certain bones of the visceral skeleton of the left
side. Counter part to the piece in PI. 5 fig. 4. (P. 25y).
parts of the visceral skeleton of the right side showing the metapterygoid in its relation to the pterygoid and
process. A dorsal part

the basipterygoid

of the posterior limb of the pterygoid

removed in such a way that
total extension. Anteriorly

the metapterygoid

is visible in its

the metapterygoid is partly preserved

as an impression of the lateral surface as is also the case with the
greater part of the pterygoid. The same specimen as in PI. 4 (P.
»

.4.

»

»

»

»

25j).

parts of the visceral skeleton of the right side (partly the same as
in figures 1 and 3). In this figure the dorsal end of the posterior
limb of the pterygoid (Pt) in situ showing that the metapterygoid
(Mptg) is situated laterally of it. (P. 25y).
Explanation of index letters.

Aup, autopalatine (impression of the outer side); Bsph, basisphenoid (here represented only by
an end of the basipterygoid process e); C, coronoid; De, dental; Icor, pra, intercoronoideo-prearticular;

La. ju, lacrymo-jugal (posterior part only in this plate); Mptg, metapterygoid (in fig. 1 only the

posterior end);

Op,

fragment of the

operculum;

Pa. it,

parieto-intertemporal;

Pco,

precoronoid

plates; Po, Postorbital; Pop. quj, preoperculo-quadratojugal; Pt, pterygoid (preserved as impression
of the external surface;
temporo-extrascapular;

Scr, sclerotic plates;

Sq. pop,

sqamoso-preopercular;

e, basipterygoid process (distal part);

only preserved in the postorbital and plate X);

Stemp. ext, supra-

ifc, infraorbital sensory canal (here

x, plate of bone pierced by the

infraorbital canal.

The plate has been situated between the postorbital and the upper (posterior) end of the lacrymo-jugal.

Plate 7.
Fig. 1. Wimania sinuosa n. sp., parasphenoid and preethmoid together with parts of autopalatine
and prootico-opisthotic in ventral aspect. From the same specimen
as PI. 4 (P. 257).
»

2.

»

»

»

part of the

ventral sarface

of the prootico-opisthotic and

the

posterior part of the parasphenoid as impressions in the stone. To
the right of both a part of the pterygoid of the right side. From
the same specimens as the preceding figure (P. 25y).
»

3.

»

4. indet. genus et spec.

»

»

»

»

head in ventral aspect. The same head is in PI. 4 (P. 257).

Detached prootico-opisthotic (right)

in medial aspect; the posterior

end with the process. Original of the figure belongs to the Royal State
Museum at Stockholm.
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»

5.

Wimania sinuosa n. sp., metapterygoid,

pterygoid, basipterjfgoid process,

and some

frag¬

ments of other bones of the right side; in lateral aspect. Cast of
the

piece reproduced in plate 6, figs, x, 3, 4 (P. 257).

Explanation of index letters.
Aang, autangular; Aup, autopalatine; Br, ceratobranchial (only ventral ends visible); Bsph, basisphenoid (basipterygoid process e); Chy, ceratohyal; Cl, cleithral; Co, coronoid; Id, clavicle; Icor.
pra, intercoronoideo-prearticular;

Mptg, metapterygoid;

Pa. it, parieto-intertemporal; Pethm, pre-

ethmoid in ventral aspect; Pop. qnj, preoperculo-quadratojugal; Pro. 0, prootico-opisthotic; Psph, parasphenoid; Pt, pterygoid; Uhy, urohyal; e, basipterygoid process; c, posterior process from the corpus
of the prootico-opisthotic.

Plate 8.
Fig. 1.

Wimania sinuosa n. sp., the same head as in PI. 4. (P. a5y)

with a dorsal

posterior limb of the pterygoid removed

part of the

to show the shape and

position of the prootico-opisthotic (Pro. 0).
»

2.

Wimania? multistriata n. sp., supratemporo-extrascapular

(Stemp. ext)

and

parieto-inter¬

temporal {Pa. it) of a small specimen (P. 25a) seen from the
ventral surface.
»

»

»

»

tooth (P. 238).

Figs. 4-6.

»

3.

»

»

»

»

scales (P. 247 and P. 24S).

Fig. 7.

»

»

»

»

pelvic bone (P. 20g).

Explanation of index letters.
Alsph, alisphenoid fused with and forming a process from the

fronto-dermosphenotic;

Aup,

autopalatine; Br, ceratobranchial anterior part; Bsph, basisphenoid; Fr. dsph, fronto-dermosphenotic;
Mptg,

metapterygoid

(antero-dorsal part);

Op, operculum;

Pa. it, parieto-intertemporal (in fig. 1,

only posterior parts of the ventral lamella); Pelv, pelvic plate; Pro. 0, prootico-opisthotic; Pt, ptery¬
goid; Ptr, postrostrals; Stemp. ext, supratemporo-extrascapular; al, part of the anteriorly pointing
lamella of the basisphenoid;

e,

basipterygoid process; /,

fj, dorsal process from the prootico-opisthotic;

h,

anterior end of the prootico-opisthotic;

process

from

the

supratemporo-extrascapular

reaching downwards and forwards to the prootico-opisthotic.

Plate 9.
Fig. 1. Wimania? multistriata n. sp., scales and lepidotrichia (P. 246).
»

2.

»

»

3.

»

sp., portion from the caudal region with the dorsal and ventral lobes of the caudal
fin (P. 253).
»

scale from the specimen in preceding figure (P. 253). 2/r

Plate 10.
Fig. 1. Sassenia tuberculata n. sp., parts

of the cranial roof and visceral skeleton (P. 225). The

bones mainly preserved as impressions of the inner surface.
»

2.

»

»

»

»

scales (P. 224).

»

3.

»

»

»

»

bones of the cheek and bones of the visceral skeleton (P. 226)

»

4.
»
»
»
»
parts of the visceral skeleton (P. 226).
S ten si 6, Triassic Fishes from Spitzbergen.

partly preserved as impressions of the lateral surface.
38
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Fig. 5. Sassenia tuberculata n. sp., scales (P. 226). Exposed area of lateral surface. %.
»

6.

»

»

»

»

Ornament

of a cheek plate (Pop, quj? on fig. 3)

preserved as

an impression in the stone (P. 226). 2/1.
Explanation of index letters.
Co, coronoid (anterior and ventral part): Mptg, metapterygoid (posterior.part); Icor.pra, intercoronoideo-prearticular (dorsal part); La. ju, lacrymo-jugal; Op,

operculum;

Pa.it,

parieto-inter¬

temporal; Pco, precoronoid; Po, postorbital; Pop. quj? probably preoperculo-quadratojugal; Pt, ptery¬
goid;

Sang, ang, supraangulo-angular, fragment;

temporo-extrascapular;

Sq. pop, squamoso-preopercular; Stemp. ext, supra-

a, bone-plate situated in the interspace between the postorbital and oper¬

culum dorsally of the squamoso-preopercular; jc, jugal canal (in the squamoso-preopercular); jfc.
infraorbital canal

(in the lacrymojugal,

where its posterior part is weathered away and marked

by a shallow furrow).

Plate 11.
Axelia robusta n. sp., head (P. ig5) seen from the right side. The external bones partly preserved
as impressions of the outer surface, counterpart figured in plates 12 and i3.
Explanation of index letters.
Alsph, alisphenoid fused with and forming a long ventral process from
sphenotic;

Br,

ceratobranchial (in this figure represented by a fragment only);

the

fronto-dermo-

Chy, ceratohyal (in

this figure only the posterior end is seen); De, dental (fragment); Ext, extrascapular plates; Fr. dsph,
fronto-dermosphenotic; Id, clavicle (part of the ventral limb in this figure); Icor.pra, intercoronoideoprearticular (in this figure only a dorsal part of the bone visible); Mptg, metapterygoid; Na. ant, nasaloantorbital;

Op, operculum;

Pa. it, parieto-intertemporal;

only a postero-lateral part of the bone preserved);

Pro. 0, prootico-opisthotic (in this figure

Pt, pterygoid;

Ptr,

Sang, ang, supraangulo-angular; Scl, supracleithral; Scr, sclerotic ring;

postrostral;

Qu,

quadrate;

Stemp. ext, supratemporo-

extrascapular; e, basipterygoid process of the basisphenoid (here only a part of the distal end is seen);
Ic,

the cranial section of the lateral line

in the supratemporo-extrascapular;

naj and na3, nasal

apertures; r. ophtli, furrow crossing the lateral side of the alisphenoid and indicating the course of
the n. ophthalmicus lateralis; s. com, supratemporal commissure between the' cranial sections of the
lateral line of the right and left sides.

Plate 12.
Axelia robusta n. sp., head (P. igS) from the right side. Counter part figured in PI. n. The external
bones mainly preserved as impressions of the inner side.
Explanation of index letters.
Aang, autangular; Alsph, alisphenoid fused with and forming a long process from the frontodermosphenotic; Br, ceratobranchial; Chy, ceratohyal; Co, coronoid (fragment); Ext, extrascapular
plates; Fr. dsph, fronto-dermosphenotic; Icl, clavicle (ventral part); Icor.pra, intercoronoideo-prearticular; Mptg, metapterygoid; Na. ant, nasalo-antorbital; Op, operculum (impression of inner side);
Pa. it,

parieto-intertemporal;

Pethm,

preethmoid;

Pro. 0,

visible); Pt, pterygoid; Ptr, postrostral; R, rostral-plates;
Sscap,

suprascapular;

Stemp. ext,

prootico-opisthotic (only a small part
Scl, supracleithral;

supratemporo-extrascapular;

Scr, sclerotic ring;

e, basipterygoid

process of the

basisphenoid; lat. for, foramen on the preethmoid for vessels and nerve branches to the extremity
of the snout (branches of r. maxillaris trigemini and n. buccalis lateralis); Ms, furrow along the ventral
border of the lateral surface of the preethmoid for vessels and nerves

(r. maxillaris trigemini and

n. buccalis lateralis); naj, anterior nasal aperture; 5. com, supratemporal cross-commissure between the
cranial sections of the lateral lines.
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Plate 13.
Axelia robusta n. sp., the same parts of the head (P. ig5) as in the preceding plate but with the
metapterygoid and a dorsal part of the posterior limb of the pterygoid removed
to show better the ossifications in the primordial neurocranium. The prooticoopisthotic (Pro. 0) in this figure, is represented by an imperfect impression
of the medial'side.
Explanation of index letters.
Bsph, basisphenoid (in lateral aspect); Psph, parasphenoid (here only the posterior part seen);
al, paired forward pointing lamella from the basisphenoid corpus;

v, paired ventral process from

the basisphenoid corpus.
Other index letters the same as in plates n and 12.

Plate 14.
Fig. 1.

Axelia robusta n. sp., head seen

from above.

The same

head as

in

plates 11, 12, i3

(P. ig5). The external surface of the bones of the dermal cranial
roof not preserved.
Figs. 2-3.

»

»

»

»

The

anterior part

of the

cranial

roof and

its

relations to the

basisphenoid. Same specimen as in the preceding figure (P. rg5).
The posterior end for the furrow of the n. ophthalmicus lateralis
(r. ophth.) clearly seen on the alisphenoid.
Fig. 4.

»

»

»

»

The membrane bones on the upper side of she ethmoidal region
seen from in front.

The same specimen as in the figures above

(P.ig5).
»

5

»

»

»

»

basisphenoid seen from in front.

After the same specimen as the other figures on this plate and plates 11—13 (P. rg5)
Bsph, basisphenoid with the anterior ends of the basipterygoid processes (e) and the anterior
parts of the anteriorly pointing lamella (al) lacking.

The fossa bounded

by the corpus and

the anterior pointing lamellae is clearly shown. Parasphenoid in transversal section.
Explanation of index letters.
Alsph, alisphenoid fused with and forming a long process from
Bsph,

basisphenoid;

Ext, extrascapular plates;

Fr. dsph,

the fronto-dermosphenotic ;

fronto-dermosphenotic;

Ir,

interrostral;

Na. ant, nasalo-antorbital; Pa. it, parieto-intertemporal (the part laterally of the ventral lamella not
preserved); Psph, parasphenoid (in transverse section); Ptr, postrostral; R, rostrals; So, supraorbitals;
Sscop, suprascapular; Stemp. ext, supratemporo-extrascapular; al, paired anteriorly pointing lamella
of the basisphenoid; e, basipterygoid process;

ifc,

infraorbital canal

(in the dermosphenotic com¬

ponent of the fronto-dermosphenotic); m, myodome; naj and na2, nasal apertures; p, pores of the
supraorbital sensory canal;

r,

torus on the medial side of each anterior lamella of the sphenoid;

r. ophth, furrow for the n. ophthalmicus lateralis (posterior end) on the alisphenoid; s, furrow deve¬
loped in relation to the hypophysis. Together with cartilage it has formed a vertical canal opening
in the myodome; v, paired ventral process from the basisphenoid corpus; Vj, longitudinal section
through the canal for the r. ophthalmicus profundus or a somewhat equivalent nerve.

Plate 15.
Figs. 1, 2. Axelia robusta n. sp., parts

of the visceral skeleton

of the right

side (P. i6g).

The

bones to some extent preserved as impressions of the lateral sur¬
face. In fig. 2 a part of the pterygoid (Pi), ceratohyal (Chy) and
Stensio, Triassic Fishes from Spitzbergen.
3g
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the intercoronoideo-prearticular (Icor. pra) removed to show the
supraangulo-angular (Sang, ang) and the corpus of the quadrate
(Qu). In figure i there are seen behind the sclerotic ring (Scr)
a number of loose very small bone-plates which cover the cheek,
and besides there are two tubes of bone, one of which surrounds
a part of the infraorbital canal (ifc) and the other a part of the
jugal canal (jc). A well developed mandibular senso ry canal (me)
is clearly shown in figure 2.
Explanation of index letters.
Chy,

ceratohyal;

De, dental;

Icor. pra,

intercoronoideo-prearticular;

Mptg,

metapterygoid;

Na. ant, nasalo-antorbital (fragment); Op, operculum; Pt, pterygoid; Qu, quadrate; Sang. ang. supraangulo-angular; Scr, sclerotic ring; Spl, splenial; jc, tube of bone surrounding a part of the jugal
sensory canal; jfc, tube of bone surrounding a part of the infraorbital sensory canal; me, mandi¬
bular sensory canal; p, pores of the mandibular sensory canal; t, tubuli of the mandibular sensory
canal.

Plate 16.
Fig. 1. Axelia robusta n. sp., parasphenoid (Psph) and preethmoid (Pethm) in ventral aspect.

The

same specimen as the one figured in plates 11—14 (P. igS). On the
ventral surface of the parasphenoid a number of rather large spheroid
teeth preserved.
»

»

tooth from the parasphenoid reproduced in fig. 1 (P. ig5). 5/2.

»

»

Part of the caudal fin and a part of the squamation (P. 222) preserved

»

»

part of the

»

»

part of the squamation (P. 230).

»

»

operculum preserved as impression of the lateral surface (P. 223).

»

»

part of the squamation (P. 221). 2/1.

as impression.
parietointertemporal

of the same specimen as in plates

11—14 (P. ig5) magnified to show the character of the ornament. ®/2.
elegans

Explanation of index letters.
Pethm, preethmoid; Psph, parasphenoid; f. pal, foramen probably for a dorsal branch of the
r. palatinus

anterior;

lat. for, foramen for vessels

and

nerve branches (branches of r. maxillaris

trigemini and n. buccalis lateralis) to the foremost parts of the snout; ms, furrow along the ventral
border of the lateral surface of the preethmoid

for vessels and

for r. maxillaris

trigemini and n.

buccalis lateralis.

Plate 17.
Fig. 1. Axelia elegans n. sp., parts of the head skeletons together with the anterior dorsal fin (Di)
and one of the pectoral fins (P. 223).
»

2.

»

»

»

»

magnified detail of the same specimen (P. 223) as in figure 1 showing
some of the membrane bones of the cranial roof and some scales.
Especially noteworthy are the conditions of the cranial section (Ic)
of the lateral line, as the supratemporal cross-commissure (s. com) is
given off from it within the supratemporo-extrascapular (Stemp. ext). ®/2.

»

3. Scleracanthus asper n. sp., anterior dorsal fin (Di) with its supporting endoskeletal bone (Spi),
the endoskeletal supporting bone of the posterior dorsal fin (Sp2),
and( parts of the axial skeleton (P. 23g).

3oj
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Explanation of index letters.

Alsph, alisphenoid fused with and forming a process from the fronto-dermosphenotic; D 2, ante¬
rior dorsal fin; Fr. dsph, fronto-dermosphenotic; Op, operculum; Pa. it, parieto-intertemporal; Pc,
pectoral fin;

Psph,

parasphenoid (posterior half);

Pt, pterygoid (upper part of the posterior limb);

Qu, quadrate; So, supraorbitals; Sp 2, supporting bone for the anterior dorsal fin; Sp2, supporting
bone for the posterior dorsal fin; Stemp. ext, supratemporo-extrascapular; Ic, cranial section of the
lateral canal;

s. com, supratemporal cross-commissure

given off already within the supratemporo-

extrascapular.

Plate 18.
Fig. 1. Mylacanthus lobatus n. sp., some scales from the specimen (P. 218) in figure 4 of this plate. 2/1.
»

2. Scleracanthus asper

»

3. Mylacanthus? or Scleracanthus? sp., membrane bones on the anterior part of the cranial roof

»

»

parts of metapterygoid (Mptg) und pterygoid (Pt) in medial aspect;
from specimen P. 24.1a.
(P. ig8). The specimen with the postrostral subdivided into
one anterior (Ptri) and one posterior (Ptr2) plate. The
interrostral (Ir) probably paired and the rostrals (P) more
numerous than in Axelia. For the explanations of designa¬
tions cf. further Pis. n—14.

>,

4,

»

lobatus n. sp., parts of the visceral skeleton of the right side with fragments
of the shoulder girdle (Cl and Id). After specimen P. 218. The
bones partly preserved as impressions in the stones. Among the
other bones there are seen several of various sizes (Dp), which have
covered the copula and the gill-arches and which are provided
with more or less large spiheroid teeth.
Explanation of index letters.

Aang, autangular;

Cl, cleithral;

De, dental;

the gill-arches; Fr. dsph, fronto-dermosphenotic;

Dp, tooth-bearing plates from the copulae and
G? jugular plate?;

Icl, clavicle; Ir, interrostral;

Mptg, metapterygoid; Na, ant, nasalo-antorbital; Op, operculum; Pt, pterygoid; P/r^, anterior post¬
rostral plate; Ptr2, posterior postrostral plate; Qu, quadrate;

R, rostrals; Sang, ang, supraangulo-

angular; Spl, splenial; p, pores of the mandibular sensory canal.

Plate 19.
Fig. 1. Scleracanthus asper n. sp., parts of the visceral skeleton of the right side together with the
ventral limbs

of the clavicles

(Icl)

of specimen

bones partly as impressions of the external side.
gular;

Art.?

possibly articular

in

section;

P. 240.

The

Aang, autan¬

G, jugular plate;

Sang, ang, supraangulo-angular; Scrp, sclerotic plate; me, poste¬
rior portion of the

mandibular sensory canal and p, a number

of pores of this canal.
»

2.

»

»

»

»

scale (P. 242a). 2/r

»

3. Mylacanthus spinosus? n. sp., parts of the visceral skeleton and a fragment of the para¬
sphenoid (Psph) of specimen P. 2r5.
Explanation of index letters.
Aang, autangular; Art.? possibly articular; De, dental; Dp, tooth-bearing plate, probably one

of those which have covered the copular series;

G, jugular plate; Icl, clavicle (in fig. 1, only the

ventral limb preserved); Psph, parasphenoid; Sang, ang, supraangulo-angular; Scrp, sclerotic plate;
Spl, splenial; me, mandibular sensory canal; p, pores of the mandibular sensory canal.
39*
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Plate 20.
Fig. i. Scleracanthus asper n. sp., part of an external bone of the head from impression in the stone.
The character of the ornament clearly shown. After specimen P. 242 c.
»

2. My-lacanthus spinosus n. sp., operculum preserved as impression of the inner surface (P. 7.03).

»

3. Lyrocephalus euri Wiman, parts of the neurocranium and visceral skeleton of the right side

»

4.

»

5- Polypterus sp., part of neurocranium seen from the left side showing the prootic (Pro) at

(orig. of Wiman 1916).
»

»

»

parts of the neurocranium and visceral skeleton of the left side
with the prootic and opisthotic in situ.

the anterior end of the bulla acustica saccularis (b. a).
»

6. Birgeria mougeoti (Agassiz)

neurocranium (P. i65) seen from the right side. In the posterior
half certain lateral parts both of the sphenoid (Sph) and the
prootico-opisthotic (Pro. 0) removed.

Explanation of index letters
Alsph, autosphenotic (in fig. 5); Bo, basioccipital; Co. a, columella auris; Epo, epiotico-opisthotic;
Eppt, epipterygoid; O, opisthotic, Pp, postparietal (ventral process); Pro, prootic; Pro. 0, prooticoopisthotic; Pspli, parasphenoid; Pt, pterygoid; Q11, quadrate; Sph, sphenoid; al, anterior portion of
the partes laterales of the sphenoid;

a. car. int,

paired foramen for arteria carotis interna;

a. opt.

foramen probably for the arteria optica; b, process on the posterior margin of the pars lateralis of the
sphenoid; b. a, bulla acustica saccularis; bsph, part of the pars basalis of the sphenoid between
the

fenestra optica and the canalis transversus;

c, processus on the posterior margin of the pars

lateralis of the sphenoid; d, portion of the pars basalis of the sphenoid anterior to the fenestra
optica; fc, canalis facialis (posterior opening); fen. opt, fenestra optica; my, fossa in which the
musculus rectus externus had its origin. At the anterior end of this fossa lies the opening of the
canalis transversus. The fossa corresponds partly to the myodom of Amia and Teleosts; n. olf, canal
for the nn. olfactorii through the sphenoid; pi, profound lamella of the parasphenoid; pr. asc, processus
ascendens of the epipterygoid; pr. ot, processus oticus of the epipterygoid;

V4, foramen probably

for the vena cerebralis anterior; II, for opticum; III, foramen oculomotorii; IV, foramen trochlearis;
V, place of exit for the trigeminal except r. ophthalmicus profundus. The n. buccalis lateralis was
also transmitted at this place;

V1, canal for r. ophthalmicus profundus in section; X, incisure on the

opisthotic indicating the course of the vagus nerve through the cranial wall backwards.

Plate 21.
Fig. 1—3. Birgeria mougeoti (Agassiz), sphenoid after a model made in accordance with my obser¬
vations in specimen P. i65. The model is reproduced in ventral
(fig. 1), dorsal (fig. 2) and lateral (fig. 2) aspects.
»

4.

>'

»

»

anterior part of the caudal region (P. i65) with dorsal and
anal fins.

»

5—7.

»

»

-

teeth P. 626, P. 628, P. 884 respectively. The teeth P. 626'
and P, 628

with

magnification °/2,

and

tooth P. 884 with

A, anal fin; Bd, basidorsal; Bv, basiventral (probably only distal part);

Ch, chorda-space;

magnification 3/2.
Explanation of index letters.

D, dorsal fin; Id, interdorsal; Iv, interventral (-{- probably a proximal part of the basiventral);
Ms, baseost;

Ps, axonost; Ps+Ms, long ossifications in the majority of the endoskeletal radials

of the anal fin,

perhaps formed by the fusion of originally independent axonosts and baseosts;

a, aj, corners on the edge between the latero-dorsal and the lateral surface of the sphenoid; a. car,
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int, foramen from the arteria corotis interna; al, anterior portion of the pars lateralis of either side
of the sphenoid; a. opt, foramen probably for the arteria optica;

bp, basipterygoid process;

bsph,

portion of the pars basalis of the sphenoid between the fenestra optica and the canalis transversus;
b, c, processes on the posterior margin of the pars lateralis of either side of the sphenoid; c. transv,
canalis transversus; d, portion of the pars basalis of the sphenoid anterior to the fenestra optica;
fen. bas. post,

probably a remaining part of the fenestra basicranialis posterior; fen. opt, fenestra

optica; /. hyp, fossa hypophyseos; ji, fissure probably pierced by the n. abducens; my, fossa in which
the external rectus muscle of the eye has originated. Corresponds to an antero-lateral part of the
middle compartment of the myodome in Ami a and Teleosts; ophth. lat, exit of the n. ophthalmicus
lateralis; ophtli. lat.If posterior opening of the canal for r. ophthalmicus lateralis on the pars lateralis
of the sphenoid, and ophth. lat.%,

anterior opening of the same canal; pc, the basal parachordal

plate of the sphenoid; r, dorsal opening of small canal issuing from the ophthalmicus lateralis canal
and which has contained vessels and nerve branches to the cranial roof; v lt v,g, v3, y5, openings
of small canals for nerves and vessels to the cranial roof; V4 foramen which has probably trans¬
mitted the vena cerebralis anterior. II, foramen opticum; III, foramen oculomotorii; IV, foramen
trochlearis;

V, place of exit for the n. trigeminus with the exception of r. ophthalmicus profundus.

The n. buccalis lateralis was also transmitted at this place;

Vie, external opening of the canal

for the nervus ophthalmicus profundus or a somewhat equivalent nerve.

Plate 22.
Fig. 1. Birgeria mougeoti (Agassiz), the neurocranium in ventral aspect. (P. i65).
»

2.

»'

»

>

part of the axial skeleton and the endoskeleton of the dorsal

»

3.

»

»

».

fin (P- i57). %
the neurocranium (P. i65) in ventral

»

4. Boreosomus reuterskioldi n. sp., scales (P. 116). 8/r

»

5. Genus et Species indet. Tooth in coronal aspect. (P. if). 3/2-

aspect with parts of the

parasphenoid and prootico-opisthotic removed.

Explanation of index letters.
Ausph, autosphenotic; Bd, basidorsal; Bo, basioccipital; Lp. lepidotrichia; Ms, baseost; Pro. 0,
prootico-opisthotic; Ps, axonost; Psph, parasphenoid; Sph, sphenoid; etc. as in PI. 21; c. sem. ext,
canalis semicircularis externus; c. sem. post, canalis semicircularis posterior; pi, profound lamella of
the parasphenoid; pr. asc, processus

ascendens of the parasphenoid; vl, ventral lamella

supratemporo-intertemporal; vp, processus from this lamella;

of the

VII, posterior opening of the facialis

canal; cf. also Pis. 20, 21.

Plate 23.
Fig. 1. Birgeria mougeoti (Agassiz), part of the visceral skeleton in ventral aspect (P. 171).
»

2.

»

»

»

»

3.

»

*

»

parts of the visceral skeleton with the parasphenoid in dorsal

»

4. Acrorhabdus asplundi n. sp., pectoral fin (P. 173c).

aspect (P. 17r).
skeleton of the ventral fins. (P. i5f).

Explanation of index letters.
Cbr 1—Cbr4, ceratobranchials of the gill-arches I—IV; Co 1—Co3, ossifications in the copular
series; Ebrj—Ebr3, epibranchials of the giil-arches I—III; Ecpt, ectopterygoid; Enpt, entopterygoid;
Hbr j — Hbr3, hypobranchials of the gill-arches I—III;

Ifbro, ossified infrapharyngobranchial of the
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second gill-arch; Rico, mixicoronoid; Mx, maxillary; Pc, pectoral fin; Pv, pelvic bone; do, ossifi¬
cations in the distal segments of certain endoskeletal radials of the A^entral fins; po, ossifications
in the proximal segments of the endoskeletal radials of the ventral fins; pr. int,

process perhaps

developed in connection with the ligamentum interarcuale ventrale.

Plate 24.
Fig. 1. Birgeria mougeoti n. sp., caudal fin. (P. i5i) Somewhat less than nat. size.
»

2.

»

3. Birgeria sp., tooth from the bone-bed 263 m above the fish horizon, Mt Bertil (P. yi5). 5/2.

»

»

»

»

the head from above (P. i65). The same as that reproduced in PI. 20,

»

4. Boreosomus? scaber, scales (P. 877). 3/r

fig. 6, PI. 22, figs. 1, 3.

Explanation

of index letters.

Dsph, dermosphenotic; Fr, frontal; Pa, parietal; Pro. 0, prootico-opisthotic; Stetnp. it, supratemporo-intertemporal; So? supraorbital? cv, cranial cavity; hsp, haemal spines;

Plate 25.
Fig. 1. Glaucolepis gyrolepidoides n. sp., parts of the body preserved as impression in the stone
{p. 671) 2/i •
»

2.

»

»

»

»

detached scale from the bone-bed 33 m above the fish horizon,
Mt Viking (P. 7). */i-

» 3. Pygopterus de geeri n. sp., small specimen lacking the dorsal parts of head and body (P.uo). 3/2.
Explanation

of index letters.

A, anal fin; D, dorsal fin; Icr, endoskeletal radials of the epichardal lobe of the caudal fin;
Md, mandible; Mx, maxillary; Pc, pectoral fin; V, ventral fin; hsp, haemal spine.

Plate 26.
Fig. 1. Pygopterus de geeri n. sp., parts of the head and abdominal region of a rather large specimen
(P. 112).
«

2.

»

»

»

»

»

much crushed and weathered specimen (P. 671) lacking the tail
and the posterior part of the caudal region. 3/2.

»

3. Boreosomus? scaber n. sp., scales (P. 18). i/1.
Explanation

of index letters.

Bd, Basidorsal; Cl, cleithrum; Hb, parts of haemal arches; Id, clavicle; Md, mandible; Mx,
maxillary;

Nsp, unpaired neural spine;

Op, operculum;

Pc, pectoral fin;

Po, preoperculum;

R,

endoskeletal radials of the pectoral fin; Ra, endoskeletal radials of the anal fin; Rbr, branchiostegal
ray; Rd, endoskeletal radials of the dorsal fin;
fin;

Scl, supracleithral; Sop, suboperculum;

V, Ventral

ifc, supraorbital sensory canal; soc, infraorbital sensory canal.

Plate 27.
Fig. 1. Pygopterus de geeri n. sp., parts of the visceral skeleton (P. iog).
»
»

2. Boreosomus arcticus (A. S. Woodward) scales (/*. 6g5). 3/r
3.
»
reuterskioldi n. sp., parts of the body and the head. (P. 117), mainly preserved

»

4. Platysomus nathorsti n. sp., scale (P. §75).

as impressions in the stone.
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of index letters.

D, dorsal fin; Ext, extrascapular; Fr, frontal; Op, operculum; Pa. parietal; Po, preoperculum;
Rbr, branchiostegal ray; Scl, supracleithral; Sop, suboperculum; Stemp.it, supratemporo-intertemporal;
ifc, infraorbital sensory canal; l, lateral canal; md, middle pit-line of head organs; poc, preopercular
sensory canal; s. com, supratemporal transversal commissure between the cranial sections of the two
lateral canals; soc, supraorbital sensory canal.

Plate 28.
Fig. 1. Boreosomus reuterskioldi n. sp., impression of the ventral side (P. ug). Somewhat magnified.
»

2. Platvsomus nathorsti n. sp., some scales (P. 142b), preserved as impression of the medial surface-

»

5. Perleidus woodwardi nom. nov., posterior portion of fish with dorsal and anal fins (P. 18S).
Explanation

of index letters.

A, anal fin; D, dorsal fin; Md, mandible; Mg, median jugular plate; Mx, maxillary;

Op, oper¬

culum; Pc, pectoral fin; Po, preoperculum; Rbr, branchiostegal rays; Rd, endoskeletals radials in the
dorsal fin; Sop, suboperculum;

V, ventral fin.

Plate 29.
Fig. 1. Boreosomus sp.,

body and incompletely preserved specimen (P. 120) showing the position
of the dorsal fin. 7/10.

»

2.

»

»

scales from the lateral surface of the abdominal region (P. 131b). 3/2.

»

3.

»

»

scales from the ventral parts of the abdominal region preserved as impressions

»

4. Acrohabdus latistriatus n. sp., abdominal region and parts of the head (P. 170).

on the stone (P. 131a). 3/2.

Explanation

of index letters.

D, dorsal fin; Md, mandible; Mg, median jugular plate; Mx, maxillary; Op, operculum; Pc,
pectoral fin; Po, preoperculum;

Rbr, branchiostegal rays;

Scl, supracleithral; Sop, suboperculum.

Plate 30.
Fig. 1. Acrorhabdus asplundi n. sp., parts of head and abdominal region (P. 173).
»

2.

»

»

»

»

scales (P. 173). 3/2.

»

3.

»

»

4.

»

latistriatus n.sp., scales from the lateral surface of the abdominal region (P. 170). 2/r
»

»

»

scales from the ventral part of the abdominal region (P. 170). 2/r

>>5.

»

»

»

»

scales from the dorsal part of the abdominal region rather close
behind the head (P. 176), 2/r

Explanation

of index letters.

Ang, angular; Cl, cleithrum; De, dentalo-splenial; Mx, maxillary; Op, operculum; Pc, pectoral
fin; Po, preoperculum; Rbr, branchiostegal rays; Scl, supracleithral; Sop, suboperculum.

Plate 31.
Fig. 1. Acrorhabdus bertili n. sp., head seen from the right side (P. 174). The cheek plates are totally
and the opercular plates are almost totally weathered away and by
far the greater part of the neurocranium also very incompletelypreserved.

3o6
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Fig. 2. Acrorhabdus bertili n. sp., the same head as in fig. i

(P. 174) with some parts removed to

show the branchial skeleton.
». 3-

»

»

»

a

»

»

the same head as in the two figures above (P. 174), seen from the

>

>

supporting gill-rays from the specimen (P. 174) reproduced in the

left side. On this side too the cheek plates and the opercular plates
are weathered away.
4.

three preceding figures. 2/v
»

5.

»

»

»

»

scales from the abdominal region of the specimen reproduced in
figures 1—4 (P. 174). 2/r
Explanation

of index letters.

Art, articular; Bbr, ossifications in the copular row;

Cbr, ceratobranchial; Chy, ceratohyal

ossification; Cl, cleithrum; Ecpt, ectopterygoid; Enpt, entopterygoid; Hbr, hypobranchial; Hm, hyomandibular; Id, clavicle; Mco, mixicoronoid; Mptg, metapterygoid; Op, operculum; Pro.o, prooticoopisthotic;

Psph,

shoulder girdle

parasphenoid;

Qu, quadrate;

(scapulo-coracoid);

Rbr, branchiostegal ray;

Scl, supracleithral;

suprascapular; Sthy? stylohyal? Sympl, symplecticum;

Sop, suboperculum;
Uhy, urohyal;

See, ossified

primary

Sph, sphenoid;

Sscap,

d, process on the scapulo-

coracoid; ohy, ossification in the posterior end of the ceratohyal cartilage. This ossification corres¬
ponds to the so-called epihyal of Teleosts; pr. op, processus opercularis;

V, exit of the trigeminus.

Plate 32.
Fig. 1. Platysomus nathorsti n. sp., ornament of scale preserved as impression in the stone (P. 142a). 2/x.
»

2. Acrorhabdus bertili n. sp., scale from the first or second vertical row behind the shoulder

>

3.

girdly (P. 174). 7i»

»

»

»

head seen

from

the

figs. 1—3 (P. 174).

right side. The

Parts of the

same

head as

in PI. 3i,

clavicle have been remeved to

show the ossified primary shoulder girdle.
»

4.

»

»

»

»

opercular apperatus shoulder girdle and a proximal part of the
pectoral

fin. Belongs to the same specimen as

the head in the

preceding figure (P. 174) and in figures 1—3 PI. 3i. The bones
partly preserved as an impression of the lateral surface in the
stone.
»

5.

»

»

»

>

head seen from the left side with some parts removed to show
the gill-arches.

The same

head

as

in figures 3—4 and PI. 3i,

figs. 1—3 (P. 174).
Explanation of index letters.
Ebr, epibranchial; Pc, pectoral fin; g, process .on the primary shoulder girdle plate, probably
the place of articulation of the pectoral fin;
plate; v, postero-ventral

n, nerve canal

through

the

corner of the primary shoulder girdle plate;

primary shoulder girdle

other index letters as in

the preceding plate.

Plate 33.
Perleidus woodwardi nom. nov., nearly complete specimen (P. i85).
Explanation of index letters.
A, anal fin; D, dorsal fin; Fr, frontal; Ifo, infraorbital bone; Md, mandible; Mx, maxillary; Op,
operculum; Pc, pectoral fin; Pci, postcleithral plates;
So,

Po, preoperculum;

supraorbitals; Sop, suboperculum; Sscap, suprascapular;

Rbr, branchiostegal ray;

V, ventral fin; orb, orbit.

3 O'/
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Plate 34Fig. 1. Perleidus woodwardi nom. nov.,

head of the specimen (P. 177)

in figure 2;

magnification

11j2. The preserved parts of the sensory canals of the
head stained white.
»

2.

»

»

»

»

specimen

lacking the

caudal region (P. 177).

Most parts

preserved only as impressions in the stone (impression of the external surface).
Explanation of index letters.
Ant, antorbital;

Cl, cleithral;

D, dorsal fin;

Ext,

extrascapular;

Fr, frontal;

Id, clavicle:

Ifo, infraorbital series of bone plates; Mx, maxillary; Na. ptr, nasalo-postrostral (-f- medial postral
element); Op, operculum; Pa, parietal; Pc, pectoral fin; Pci, enlarged postcleithral scales; Po, pre¬
operculum;

R,

lateral rostral;

Rbr,

branchiostegal ray;

Sop,

suboperculum;

Stemp.

it,

supra-

temporo-intertemporal; V, ventral fin; ap, anterior head-line of pit organs; dl, pores of the dorsal
lateral line on the body; etlini. com, ethmoidal transverse commissure between the two infraorbital
canals; ifc, infraorbital sensory canal (in the infraorbital plates and in the antorbital); /, main lateral
line of the body (pores and a shallow longitudinal furrow);

Ic, cranial section of the main lateral

canal of the body; mp, middle head-line of pit organs; na 2 and na2, nasal apertures; orb, orbital
opening; poc, preopercular sensory canal;

pp, posterior head line of pit organs;

s. com,

supra-

temporal cross commissure; soc, supraorbital sensory canal.

Plate 35.
Fig. x. Perleidus woodwardi nom. nov., nearly complete specimen preserved as impression of the
right side in the stone (P. 176).
»

2.

»

»

»

»

some teeth in profile (P. i8f). 7/2,

»

3.

»

»

»

»

part of fish showing the unpaired fins (P. 1S1).

»

4. Boreosomus? scaber n. sp., scale (P. 18). 4/r
Explanation of index letters.
A, anal fin; D, dorsal fin; Ifo, infraorbital bones; Mx, maxillary; Op, operculum; Pc, pectoral

fin; Po, preoperculum; Scl, supracleithral; Sop, suboperculum; Sscap, suprascapular;
orb, orbital opening.

V, ventral fin;
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