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FORORD

Det foreliggende bind af Pal@ozo-
ologica Groenlandica er ligesom det
foregaende bekostet af billedhugger
Viggo Jarl, der herigennem har ydet
udforskningen af Grenlands forhisto-
riske dyreverden en uvurderlig stot-
te. For denne stotte udtrykker Zoo-
logisk Museum i Kebenhavn herved
sin allerbedste tak.

Det foreliggende bind indeholder
udelukkende en enkelt afthandling af
professor Erik Stensio: On the Placo-
dermi of the Upper Devonian of East
Greenland. Den danner en fortset-
telse af en i Meddelelser om Grenland
(Vol. 97)1 1934 fremkommen afhand-
ling. Manuskriptet til denne afhand-
ling blev afleveret i 1943; dels pa
grund af arbejdets store omfang, dels
pa grund af de af krigsforholdene
fremkaldte tilstande er det forst nu

lykkedes at tilendebringe trykningen.

PREFACE

Comme pour le volume précédent,
c’est encore monsieur Viggo Jarl,
sculpteur, qui a gracieusement fourni
les fonds nécessaires a la publication
du présent numéro de la série »Pa-
laeozoologica Groenlandica«. Le Mu-
sée Zoologique de Copenhague tient
a exprimer ici sa plus vive reconnais-
sance pour cette aide généreuse qui
permet d’apporter des lumieres nou-
velles sur les animaux préhistoriques
du Groenland.

Le volume présent n’est enticre-
ment composé que d’un seul travail
de monsieur le professeur Erik Sten-
sio intitulé: »On the Placodermi of
the Upper Devonian of East Green-
land« et fait suite a une étude parue
en 1934 dans »Meddelelser om Gron-
land« (vol. 97). Le manuscrit a été
donné pour publication en 1943,
mais par suite des conditions diffi-
ciles causées par la guerre, ce n’est
que cette année que I'impression d’un
travail si considérable a pu étre
assurée.

Universitetets zoologiske Museum, Kobenhavn, i oktober 1948.

R. Spérck.
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INTRODUCTION

Part I of this monograph “On the Placodermi of the Upper Devonian of
East Greenland”, treating the Phyllolepida and Euarthrodira, appeared in the
spring of 1934 (Stensio 1934b). Two supplements to part I were published
later on, the first one in 1936, the second one in 1939 (Stensi6 1936, 1939a).

Part II herewith brought out deals with all the Bothriolepis-material
collected by the Danish East Greenland expeditions undertaken under Dr.
Lauge Koch’s leadership in the summers of 1929-34 and 1936 (cf. Stensio
1934b, pp. 5-6; 1936, pp. 5-7; 1939a, p. 3; 1939b). In addition it contains
also a general account of the organization of the Bothriolepinae, a fairly com-
plete systematic description of Bothriolepis canadensis, and a first attempt
at a revision of the other species of the subfamily Bothriolepinae.

According to the original plan for the publishing of this monograph
drawn up in 1933 (Stensio 1934b, p. 5) part II would have treated the
whole Upper Devonian Antiarchi-material from East Greenland, i. e. both
the Bothriolepis-material and the Remigolepis-material. This plan had to be
abandoned, however, since in 1939 it appeared that a description of all that
material would be much too large to be printed in one volume. Part II of
the monograph had, therefore, to be devoted only to the Bothriolepis-
material, whereas the description of the Remigolepis-material, that is now
under preparation, will be published later on, as a third and last part of the
monograph.

During my work on it I perceived pretty soon, that, because of its state
of preservation and wide range of variation, the Bothriolepis-material from
the Upper Devonian of East Greenland was difficult to determine, and that
a satisfactory description of it could be worked out only after a thorough
reexamination of, at least, the majority of the previously known Bothriolepis-
species. Such a reexamination, above all of the Canadian and British species,
was, therefore, begun in 1938. Though, owing to the present political con-
ditions in Europe, this reexamination could not nearly be carried through
to the extent originally planned the results gained from it are nevertheless
of much importance. These results help considerably in throwing new light
not only upon the characters of the various species representing the Botrio-
lepinae and the range of variation of these characters, but also upon the
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organization of the Bothriolepinae and the Antiarchi in general. It is there-
fore appropriate that they are published here together with the description
of the Greenland material.

The Bothriolepis-material from East Greenland to be described here was
entrusted to me by Dr. Lauge Koch, Copenhagen, for which I am deeply
indebted to him. My indebtness is also due to Professor H. R. G. Spirck,
director of the Zoological Museum of Copenhagen, for his kind interest in
my work on the Greenland Placoderms and for much help and courtesy
otherwise. I wish here further to thank Dr. W. Gross of Berlin most cor-
dially both for his great kindness in making ready his paper on “Die Bothrio-
lepis-Arten der Cellulosa-Mergel Lettlands” so that it could be taken into
consideration here, and for a good and pleasant cooperation otherwise. The
description by Gross on Bothriolepis cellulosa and B. fuberculata, as well as
his general account of the Antiarchi in the paper by him just referred to,
have been of fundamental importance for my work now before us. More-
over, I wish here to tender my most sincere thanks to Dr. E. I. White of
the British Museum of Natural History in London, to Professor G. Hickling
of the University of Durham, New Castle on Tyne, and to Dr. A. C. Stephen
of the Royal Scottish Museum in Edinburgh for their courteous help and
great kindness during a preliminary examination of the British Bothriolepis-
species which I undertook in the summer of 1938.

It is also a pleasant duty for me to acknowledge my deepest gratitude
to Wenner-Greenska Samfundet, Stockholm, and to captain H. L6f-
green of Norsholm, for supports which enabled the accomplishment of the
technical work for part II of the monograph.

Finally, I wish here to express my deepest indebtedness to Sculptor
V. Jarl of Copenhagen, who has donated the funds for the printing of this
volume of the monograph. '



GENERAL PART
Terminology.

Among the dermal bones of the head in Anfiarchi there are several
which beyond question are strictly homologous with certain bones in Arthro-
dires and others which may easily be derived from Arthrodire bones or com-
ponents of Arthrodire bones. For all these bones of the Antiarchi Arthro-
dire terms have here now been introduced. Such terms are: rostral plate,
postpineal plate, centro-nuchal plate, paranuchal-marginal
plate, postmarginal plate, inferognathal, and the previously used
term pineal plate. For certain other of the dermal head bones in the
Antiarchi new terms, more adequate than the older ones, have been sug-
gested. Such new terms are: infraprelateral plate, extramandibular
plate, submandibular bone-series, subhyoideal bone or bone-
series. The meanings of all these new terms may be easily understood from
the accompanying table II (p. 10).

In some cases the postmarginal plate was found to be divided into two
elements, anterior and posterior. These elements will be referred to as the
anterior and posterior postmarginal plates respectively.

The terms applicated to the bones of the trunk-armour are the current
ones used by Traquair and most subsequent writers. However, the complex
plate formed by fusion of the posterior dorso-lateral and posterior lateral
plates is termed the mixilateral plate (Stensi6 1931). A supernumerary
plate, fortuitously developed at the corner between the anterior and posterior
median dorsal plates and the mixilateral plate, will be described under the
term of supramixilateral plate.

The older terminologies of the exoskeleton of the pectoral fin has in this
work been dropped and replaced by the new one recently suggested by Gross
(1941a). This new terminology has great preferences to the previous ones in
the following respects: it is established on a comparative-anatomical and
morphological basis instead of a mainly functional one; it is applyable not
only to the Asferolepiformes, but also to the Remigolepiformes; and, finally,
it seems in all respects to be fully adequate. How it is in detail is elucidated
by the accompanying table I (pp. 8-9), in which also the earlier terminologies
used by Traquair, Hoffman, Gross and Stensio are given for com-
parison.



Erik A: son Stensio.

Table 1

The new terminology of the der-
mal bones of the pectoral fin sug- |
gested by Gross (1941) and ‘
| adopted throughout this work. |

Previous terminology of the

Fam.

Traquair 1888-1906 |

Hoffmann 1911

3 | Dorsal central plate 1 1 Dorsal articular plate Obere Gelenkplatte
=8 = = - 2 1 — anconeal — — Mittelplatte
EE ; = = - 3% — central — 1) — Gelenkplatte*)
_ = } — - — 4% _ _ —  2%) —

8| - - - 5%) - - - 3% ——

3 ‘ Ventral central plate 1 | Ventral articular plate Untere Gelenkplatte
8| - - - 2 ‘ — anconeal - —  Mittelplatte
%E j - = - 3%) — central - 1%) —  Gelenkplatte*)
>~z = - —  4%) - - - 2%)  —

S ‘ — — — 5%) — — — 3% S

|
g ! Lateral marginal plate 1 (absent) -
E 21 - — - 2 ‘ External marginal plate | Aussenplatte
gé ‘ — = - 3% ‘ — upper marginal plate*) ‘ Aussengelenkplatte*)
~ - - —  4%) - lover — - *)| Aussenplatte*)

g | _ — — 5% R | =

§ | Medial marginal plate 1 . Internal articular plate Innengelenkplatte
= E | - - - 2 —  marginal - Innenplatte
CIE 1 - - - 3%) — upper marginal plate*) Innengelenkplatte*)
= | _ _ _ * _ _ " *

g | - - - g*; lower_ - ) Innenplatte*)

‘ Terminal plate*)

Terminal plate*)

Distal plate*)

*) This mark indicates that the plate belongs to the distal segment in the Asterolepidae.

For the detailed description of the exoskeletal bones a great many terms
had to be introduced for margins, processes, notches, certain areas, certain
depressions, certain ridges, and certain grooves etc. These new terms will
all be explained in the chapters dealing with the exoskeleton.

Finally, it should also be pointed out in this connection that a new inter-
pretation of the sensory canal system of the Anfiarchi has been given here,
a new interpretation which has necessitated considerable changes in the
terminology of the sensory canals and pit-line grooves of the group (cf.
Stensio 1931; 1938).
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dermal bones of the pectoral fin of the Antiarchi, all dropped here.

Asterolepidae.

Fam. Remigolepidae.

Gross 1931-1940

Stensio 1931, 1938

Stensio 1931

Articulare superius
Orbiculatum dorsale
Articulare dorsale*)

Dorsal articular plate

Dorsal articular plate
— central -

w N =

Articulare inferius
Orbiculatum ventrale
Articulare ventrale*)

— anconeal -

— central - 1%

_ - —  2%)

— — —  3%)
Ventral articular plate

— anconeal —

—  central - 1%)

— = — 2%)

— _ - 3%)

Ventral articular plate

Ventro-medial marginal plate 1
- - — - 2
- - - - 3

Marginale externum

Lateral marginal plate

Lateral marginal plate 1

Articulare - ) — - 1%) - - 9
Acutum - *) - - — 2%) _ _ _ 3
PO S =0 — _ 3 *) . . _ 4
Axillare Axillary plate Axillary plate
Marginale internum Medial marginal plate Dorso-medial marginal plate 1
Articulare internum*) - - - 1% = - - - 9
Acutum internum*) - - —-  2%) = = - - 3
_ _ - 3%) - — - - 4

Distale*) (1931) Terminal
platte*), inlaterpublications

Terminal plate*)

Terminal plate




Table II.

Explanation of the new terms here applicated to the dermal bones of the

New terms
here used

Rostral plate

|

head in the Anfiarchi.

Previous terms

Arthrodiran
equivalents

ethmoid (Patten 1904),
prepineal plate (Obrutschew 1927;
Stensio 1931; Gross 1941; 1942)

rostral plate.

Postpineal plate =

|
|
|
|
|

os medium pesticum
- (Pander 1857; Gross 1931), post-
median plate (Traquair 1888;1893;
1894-1906 ; Woodward 1891 ; Sten-
si6 1931; Gross 1932; 1933; 1941
1942), parietal (Jaekel 1903)

postpineal plate
(cf. pp. 198-221
and text-figs. 69,
70, 71 and 73 be-
low), plate Y
(Watson 1938).

Centro-nuchal

| occipital (Traquair 1888;
| 1894-1904 ;

0s occipitale medium
(Pander 1857 ; Gross 1931), median
1893;
Woodward 1891; etc.),

. superior occipital (Jaekel 1903), |

median nuchal (Stensit1931;1938),
median basal (Heintz 1931); nuchal
(Gross 19325 1940; 1941 ; 1942)

the central plates
of both sides, the
nuchal plate, and
certain medialex-
trascapular ele-
ments.

Paranuchal- = | os articulare capitis, = | paranuchal plate,
marginal os occpitiale laterale (Pander 18:)7 marginal plate,
Gross 1931), exoccipital (Traquair | and perhaps also
1888 ;1893 ;1894-1906 ; Woodward | certainlateral ex-
1891 etc.), epiotic (Jaekel 1903), | trascapular ele-
lateral nuchal (Stensio 1931; 1938), | ments. .
' paranuchal (Gross 1932a;1933a, b;
| 1940; 1941; 1942)
|
Postmarginal = | os angulare (Pander 1857; = | postmarginal
plate Traquair 1894-1906; Jaekel 1903). | plate.
Sufflaminal plate (Gross 1931;1933;
1941; 1942; Stensié 1931; 1938)
Infraprelateral = | polygonal plate (Stensio 1931) J _—
Inferognathal = | maxilla (Patten 1904), = | inferognathal
mandibular bone (Stensidé 1931),
inferognathal (Gross 1941)
Extramandibular ‘ plate Y or possibly a postmandibular =
plate = | element (Stensio 1931)
Submandibular postmandibular plate or plates - —

bone-series

(Stensio 1931)

Subhyoideal
bone-series

ponticular plate or plates
(Stensio 1931)




‘Measurements.

The measurements necessary for the study of the proportions of the
head-shield, trunk-armour, pectoral fin-armour and various bones composing
these armours have been taken as follows.

Head-shield. — Length: along the median line. Breadth: across the
postero-lateral (preobstantic) corners (plc, text-fig. 9).

Trunk-armour. — Dorsal length: length of the dorsal wall along the
median line. Dorsal breadth: breadth of the dorsal wall across the dorso-
lateral ridges, at the suture between the anterior dorso-lateral and mixi-
lateral plates (text-fig. 39). Ventral length: length of the ventral wall
along the median line. Ventral breadth: breadth of the ventral wall
across the ventro-lateral ridges, at the suture between the anterior and
posterior ventro-lateral plates. Maximal ventral breadth: across the
prepectoral corners (pre, text-figs. 2C, 41).

Pectoral fin-armour. — Length of proximal segment: from the
proximal end of the dorsal or ventral central plate 1 to the beginning of the
external articular area of the dorsal or ventral central plate 2 and thus
exclusive of the external articular area of the latter plates. Breadth of
proximal segment: across the widest part of the dorsal face of the seg-
ment, between the lateral and dorso-medial margins, exclusive of the lateral
and medial rows of spines (or their equivalents). Length of distal seg-
ment: from the exposed proximal margin of the dorsal or ventral central
plate 3 to the distal end of the terminal plate, and thus exclusive of the
lateral and medial articular processes.

Premedian, «rostral, pineal and postpineal plates. — Length:
along the median line. Breadth: across the broadest parts of the plates.

Lateral plate (text-fig. 1A). — Length: from the antero-medial corner
(ca) to the posterior corner (cp). Breadth: from the anterior postmarginal
corner (cpm,) to the postorbital corner (cpt).

Centro-nuchal plate (text-fig 1B) — Total length: along the
median line (L-L), from a transverse line (7-7') through the antero-lateral
(foremost) corners (al) backwards to the posterior margin of the plate (ge-
nerally the posterior end of the posterior median process). Median length:
along the median line (L-L), from the posterior end of the postpineal notch
(npp) (exclusive of the overlapped area), to the posterior margin of the plate



12 . Erik A:son Stensio.

ey

D

med. ~
e
_ “division 7

e
B DR - /ssiv s wvassis’

Text-fig. 1. Four plates of the head-shield with the lines inlaid along which the measurings
have been made. A, a left lateral plate of Bothriolepis canadensis. B, a centro-nuchal plate
of B. groenlandica. C, left paranuchal-marginal plate of B. canadensis. D, right paranuchal-
marginal plate of B. canadensis with postmarginal plate attached.
B-B, B,-By, lines along which the breadth of the lateral, centronuchal and postmarginal
plates have been measured; B;, BI-B,, Bl line along which the total breadth of the para-
nuchal-marginal plate and the breadth of the lateral division of this plate have been measu-
red ; Bm—Bm, line along which the breadth of the medial division of the paranuchal-margi-
nal plate has been measured; L—-L, lines along which the length of the plates has been
measured ; L;—L,, line along which the paramedian length of the centro-nuchal plate has
been measured ; R—C, rostro-caudal line through the most medial corner of the exposed
area of the paranuchal-marginal plate (parallel with the longitudinal axis of the head-
shield); 7-7, line connecting the antero-lateral corners (al) of the centro-nuchal plate.
For explanation of other index letters see text-figs. 24, 25, 26, 27, 28 and 29 respectively.

(generally the posterior end of the posterior median process). Paramedian
length: from the antero-lateral (formost) corner (al) to the posterior mar-
gin along a line (L,—L,) parallel with the median line (L—-L) Breadth: across
the middle lateral corners (mc), and across the postero-lateral corners (pc).
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Paranuchal-marginal plate (text-fig. 1C). — Length: from the an-
terior corner (c) to the posterior margin of the plate along a line, L-L, drawn
at right angles to the posterior margin (approximately parallel with the longi-
tudinal axis of the head-shield). Total breadth: from the lateral corner
(cl) to a line, R-C, drawn through the medial corner of the exposed area of
the medial division of the plate, parallel with the line L-L, along the line B,
BI-B, Bl, at right angles o the lines R—C and L-L. Breadth of lateral
division: from the lateral corner of the ornamented area of the division
(thus exclusive of the subobstantic area which often is missing) to the infra-
orbital sensory canal groove along the line B, BI-B, Bl, at a right angle to

the lines R-C and L-L. Breadth of medial division: from the lateral -

corner of the ornamented area of the division just at the posterior end of
the postotic sensory canal groove (pfc) to the line R-C, along 2 line Bm-Bm
parallel with the posterior margin of the plate and at right angle to the
line R—C (thus exclusive of the subobstantic area which often is missing).
As may be gathered, the measurements of the paranuchal-marginal plate
have here been taken in a somewhat different way than what was done by
Gross in one of his most recent publications on Bothriolepis (Gross 1941a,
p. 9, text-fig. 2).

Postmarginal plate (text-fig. 1D). — Length: from the anterior to
the posterior margin, along a line, L—-L, through the middle of these mar-
gins. Breadth: from the middle of the medial margin to the middle of the
lateral margin.

Anterior median dorsal plate (text-fig. 2A). — The measurings of
this plate have all been taken in the same way as in the most recent papers
published by Gross (1940b, pp. 33-34; 1941a).

Posterior median dorsal plate (text-fig. 45). — Length: from the
anterior corner (aa) to the posterior median corner (pa) along the median
line. Breadth: across the lateral corners (I) of the lateral processes(prl).

Anterior dorso-lateral plate (text-fig. 48). — Total length and
length of dorsal and lateral laminae: from the foremost end of the
processus obstans (pro) to the hindmost corner of the plate, at the level of
the dorso-lateral ridge (dIr). Total breadth (maximum breadth): across
the postero-dorsal corner of the dorsal lamina and the postero-ventral corner
of the lateral lamina of the plate. Total breadth of dorsal lamina:
across the internal postlevator process (pr. pn) and the dorso-lateral ridge
(dIr), at right angles to the longitudinal axis of the trunk-armour. Height
of lateral lamina: from the postero-ventral corner of the lamina to the
dorso-lateral ridge (dir), along a line at a right angles to the dorso-lateral ridge. -

Mizilateral plate (text-fig. 2B). — Total length, length of dor-
sal lamina: from the foremost corner at the level of the dorso-lateral ridge
(dlr) along a longitudinal line, L-L, parallel with the longitudinal axis of
the dorsal wall of the trunk-armour backwards to a transverse line, 7,-T,
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Text-fig. 2. Four plates of the trunk-armour with the lines inlaid along which the measu-
rings have been made. A, an anterior median dorsal plate of Bothriolepis cellulosa in dorsal
aspect. B, a left mixilateral plate of B. canadensis in dorsal aspect. C, a left anterior ventro-
lateral plate of B. canadensis in ventral aspect. The brachial process removed. D, a left
posterior ventro-lateral plate of B. canadensis in ventral aspect.
B-B, Bv-Bv, transverse lines along which the breadth-measurements have been taken;
L-L, L,-L,, lines, parrallel with the longitudinal axis of the dorsal or ventral walls of the
trunk-armour, along which the length-measurements have been taken; 7-7, T,-T,, trans-
verse lines through the foremost and hindmost corners of the plates; 7,-T,, transverse
line through the hindmost ventral part of the lateral lamina of the posterior ventro-lateral
plate.
For explanation of other index letters see text-figs. 43, 44, 45, 47, 48, 50, 51, 52 and 53
respectively.
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through the hindmost corner of the dorsal lamina and at right angle to the
line L-L. Length of lateral lamina: along the dorso-lateral ridge (dir)
backwards to the corner cs (the postero-lateral corners of the dorsal wall of
the trunk-armour as a whole). Total breadth: across the dorsal corner
(d) and the ventral margin of the lateral lamina, along a line B-B, at a right
angles to the line L-L. Breadth of dorsal lamina: across the dorsal
corner (d) and the dorso-lateral ridge (dIr) along the line B-B. Height of
lateral lamina: from the dorso-lateral ridge (dir) straight down to the
antero-ventral corner of the lamina and thus at or close behind the suture
with the lateral lamina of the anterior dorso-lateral plate.

Anterior ventro-lateral plate (text-figs. 2C, 51). — Total length
and length of the ventral lamina: from the antero-lateral corner (al)
of the subcephalic division of the ventral lamina backwards to a transverse
line, 7,—T1',, through the hindmost postero-ventro-lateral corner of the plate-
along a line, L-L, parallel with the longitudinal axis of the ventral wall of
the trunk-armour. Length of lateral lamina: from the prepectoral
corner (prc) of the plate backwards along a line L,-L;, parallel with the
longitudinal axis of the ventral wall of the trunk-armour, to the transverse
line T,-T; through the hindmost postero-ventro-lateral corner (vic) of the
plate. Height of lateral lamina (text-fig. 51A): the perpendicular dis-
tance from the exposed dorsal corner (de) of the lamina to the ventral mar-
gin of the articular fossa (f. ap) of the pectoral fin. Breadth of ventral
lamina: across the prepectoral corner (prc) and the medial margin of the
lamina, along a transverse line, B-B, at a right angles to the longitudinal
axis of the ventral wall of the trunk-armour. Length of subcephalic
division of ventral lamina: from the antero-lateral corner (al) of the
lamina to a transverse line B—B through the prepectoral corner (prc) along
the line L—L.

Posterior ventro-lateral plate (text-figs. 2D, 53). — Total length
and length of ventral lamina: between the transverse lines 7-7 and
T,-T, thrcugh the foremost and hindmost ends of the ventral lamina, along
the longitudinal axis, L-L, of the ventral wall of the trunk-armour. Total
breadth: across the dorsal corner (dc) and the medial margin of the plate
along a line, B—-B, at right angles to the longitudinal axis of the ventral
wall of the trunk-armour. Length of lateral lamina: from the antero-
ventral corner of the lamina, at the transition to the ventral lamina, back-
wards to the transverse line 7T,-T, through the postero-ventral end of the
lateral lamina, along a line, L,—L,, parallel with the longitudinal axis of the
ventral wall of the trunk-armour. Height of lateral lamina: across the
dorsal corner (dc) of the lamina and the ventro-lateral ridge (vir). Breadth
of ventral lamina: across the ventro-lateral ridge and the medial margin,
along a transverse line, Bv—Bv, a little behind the part (ma,) of the medial
margin of the lamina that is connected with the median ventral plate and



16 Erik A: son Stensid.

L |
L

Text-fig. 3. A, a left dorsal central plate of Bothriolepis canadensis. Dorsal aspect. B, a
left ventral central plate 1 of B. canadensis. Ventral aspect. From the same proximal seg-
ment as the plate in A. 8/,.
.B-B, L-L, lines along which the breadth and length respectively have been measured ;
la, lateral angle; m¢, medial postarticular thickening.
at right angle te the longitudinal axis of the ventral wall of the trunk-armour
(thus a little behind the corner marked cm,). Length of subanal division
of ventral lamina: from a transverse line 7's~T',, passing through the hind-
most ventral end of the lateral lamina transversally and at right angles to
the longitudinal axis of the ventral wall of the trunk-armour, to a transverse
line T',-T',, through the posterior end of the plate parallel to the line 7',-7,.

Dorsal central plate 1 (text-fig. 3A). — Length: from the proximal
end to the distal corner. Breadth: across the lateral angle (la) of the lateral
margin and the dorso-medial margin, exclusive of both the dorso-medial
row of spines and the medial lamina.

Ventral central plate 1 (text-fig. 3B). — Length: from the proxi-
mal end to the distal corner. Breadth: across the lateral angle (la) and
the medial margin behind the medial postarticular thickening (mf) and in-
cluding the medial lamina.

The other plates of the pectoral fin-armour. - Length: maximal
length. Breadth: maximal breadth.

The angle between the dorsal and ventral walls of the trunk-armour has been
measured on the outside of the anterior dorso-lateral and mixilateral plates.

Ratios between two different dimensions, as for instance between
breadth and length, are given in the same way as by Gross (1940b, p. 23;
breadth : length x 100) and are thus expressed in percents.



Historical remarks on the subfamily Bothriolepinae
Stensio 1931
and the present limitation of that subfamily.

The subfamily Bothriolepinae was erected by the present writer in 1931
(Stensié 1931, pp. 156-158) and has later on been adopted by Gross
(1932b, p. 23; 1933a, p. 36). At present it includes Bothriolepis and a new
genus, Grossilepis, the latter of which will be defined below in this work.

The historical of the genus Bothriolepis Eichwald was exhaustively
treated, first by Pander (1857, pp. 7-27), then by Traquair (1888b, pp.
495-501; 1894-1906, pp. 108-110), and finally, up to about 1931, by the
present writer (Stensio 1931, pp. 10-11). In 1931 and afterwards several
new contributions to our knowledge of this genus have been given, which
deserve to be briefly reviewed here.

In his paper “Les Poissons Famenniens de la Belgique” published in
1931 (pp. 15-19) Leriche for the first time gave a description of the
Bothriolepis-remains recorded by Lohest in 1889 from Belgium (p. LVIII)
and 1895 (p. XXXIX). The majority of these remains were referred to a
new species, B. lohesti Leriche.

In 1932 Heintz (1932a, pp. 14-17) gave some supplementary contribu-
tions to our knowledge of B. groenlandica erected by him in 1930, material
of which had also been described by the present writer in 1931 (Stensi6
1931, pp. 160-165).

In the same year Gross (1932b) published a catalogue on the Antiarchi.
In this catalogue the classification of the group suggested by the present
writer in 1931 (Stensio 1931) was adepted. The catalogue under consider-
ation critically treats all the species described at that time. As in addition
it gives complete lists of the synonyms of the various genera and species and
contains a practically complete list of the Anfiarchi-literature until as late
as almost up to its date of publication, it is very useful to all workers on
the Antiarchi.

In 1933 there appeared a paper by Gross on the fishes of the Devonian
of the Baltic States, a paper which filled a great gap in our knowledge of the
Bothriolepis-species. In this paper Gross (1933a, pp. 36-43) gave a de-
scription of B. cellulosa (Pander) which, though known since 1846, had
not before been properly described and defined. Moreover, in this paper

2
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Gross also described a new Bothriolepis-species of very large size, B. maxima,
and two plates of B. ornata, the genotype of Bothriolepis.

In 1932, 1935 and 1936 Hills (1932, p. 853; 1935, pp. 113-114; 1936,
pp. 165-166) recorded new finds of Bothriolepis-remains from New South
Wales and Victoria in Australia.

In 1938 Sohn (1938, pp. 111-113) introduced a new species name, B. sten-
sioi, for a head-shield from Scaumenac Bay, which was said in certain minor
characters to differ from B. canadensis. As shown by Robertson (1938),
however, this head-shield beyond question is of B. canadensis. Its supposed
distinctive characters all fall within the normal range of variation of B.
canadensis, on account of which the species name of B. sfensiéi has to be
dropped.

In 1939 Obrutschew (1939, pp. 115-116) described a mixilateral plate
of a new species, B. turanica, from the upper Devonian near Tashkent in
Turkestan. This new species is of special interest as the dorsal wall of its
trunk-armour seems to have been of a high type.

In the same year the present writer (Stensio 1939b, pp. 133-134) pu-
blished a brief note on the fish-fauna of the Devonian of East Greenland in
which inter alia the great variability of the Greenland species of Bothriolepis
was pointed out.

A brief paper published by Obrutschewin in 1940 (pp. 890-892) inter
alia contains several statements concerning new finds of Bothriolepis and
the occurrence of representatives of that genus in Siberia and Central Asia.
This paper is of particular interest from a stratigraphical point of view.

In 1940 Bothriolepis-remains were described for the first time from China
(Chi 1940). These remains were referred to a new species, B. sinensis Chi.

Finally in a large paper published in 1941 Gross (1941a) treated the
Bothriolepis-species of the Cellulosa-marl of Livonia. The first part of this
paper contains very detailed and fully modern descriptions of B. cellulosa
and of a new aberrant, highly interesting species, B. fuberculata, whereas
the second and last part of the paper deals mainly with general problems
concerning the pectoral fins of the Antiarchi. In the latter part a new ter-
minology of the bones of the pectoral fin-armour is suggested, a new ter-
minology which from all points of view is preferable to the current one, and
which, as has been pointed out above (pp. 8-9), will be adopted in the
present work?).

The second genus, Grossilepis, now included in the subfamily Bothriole-
pinae has been erected by the writer for the species Bothriolepis tuberculata
Gross referred to just above (cf. Gross 1941a, pp. 32-57, 69-70). This
genus will be discussed below and it is superfluous, therefore, to enter upon
its characters here. In this connection it may be mentioned, however, that
it is closely akin to Bothriolepis.

1) Concerning a more recent paper by G ross see under the Addenda at the end of thi
work.



Diagnosis of the subfamily Bothriolepinae.

The diagnosis which at present can be given of the subfamily Bothriole-
pinae is as follows (cf. also Stensio 1931, p. 158). Bothriolepid forms (cf.
pp. 214-219) with the postero-lateral corners of the head-shield situated
far in front of the posterior margin, at or somewhat behind a transverse
plane through the orbital fenestra. Subobstantic area long, usually directed
much laterally. Postpineal plate normally not in contact with the lateral
plate of either side, but separated from that plate by the foremost part of
the centro-nuchal plate participating into the formation of the posterior
boundary of the orbital fenestra. Postmarginal plate fairly broad, clearly
quadrilateral, and not overlapping any part of the outside of the anterior
part of the anterior dorsc-lateral plate. Extralateral (opercular) plate re-
presented by two plates: a small anterior prelateral plate, and a long posterior
extralateral plate proper. Infraprelateral, extramandibular, submandibular
and subhyoideal plates present and fairly well developed. Trunk-armour in
certain species with a high median dorsal crest. Lower side of dorsal wall of
trunk-armour with a well developed levator fossa, a postlevator thickening,
a post-levator crest, anterior and posterior ventral processes, and anterior
and posterior ventral pits. In medium-sized and fully mature specimens this
side of the dorsal wall also characterized by the presence of a median ventral
ridge and a median ventral groove. Anterior median dorsal plate with a
broad anterior margin and mostly relatively broad in proportion to its length ;
the anterior division of its lateral margin with a more or less pronounced
postnuchal notch, and a laterally directed external postlevator process, caus-
ing the suture between the plate under consideration and the anterior dorso-
lateral plate to be fairly undulating. Posterior median dorsal plate with a
normally well developed lateral process on the posterior part of its lateral
margin. Processus obstans broad (high) and strongly developed. Posterior
dorso-lateral plate always completely fused with the posterior lateral plate
forming with it a compound mixilateral plate. Semilunar plate unpaired and
small. Posterior unarmoured division of trunk relatively long and slender
with a highly vestigial squamation. Pectoral fin, when adducted to the body-
wall, extending backwards to or mostly even somewhat behind a transverse
plane through the posterior end of the ventral wall of the trunk-armour and

2.
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throughoust its extent equipped with a lateral and a medial series of spines.
Dorsal central plate 2 always very short, not suturing with the dorsal central
plate 1, but widely separated from it by the lateral and medial marginal
plates 2. Medial marginal plate 1 long and slender. Dorsal central series and
medial marginal series of bones of the distal segment of the pectoral fin often
composed of 3 and sometimes even of 4 independent elements. Ornament
in young individuals normally formed by continuous ridges with a regular
reticular disposition ; ornament in medium-sized and fully mature individuals
more irregularly reticular, in many species more or less completely disolved
into short ridges or tubercles, and in certain species even almost completely
“tubercular. Posterior oblique cephalic pit-line groove and vertical pit-line
groove of the cheek generally present and well developed. Middle pit-line
groove of skull-roof shallow and usually represented only by a lateral part
connected with the upper infraorbital and postotic grooves at their transition
into each other.



General organization.
Head.

As is well known, the head in the Bothriolepinae in its general appearance
is approximately as in the other Anftiarchi-groups. As in those groups, it
is broad and relatively low (text-figs. 4-14, 114). The eyes lay close to one
another on its dorsal side and were completely bounded off from the cheek
by a broad bridge of dermal bone which constitutes the lateral part of the
head-shield (text-figs. 4, 9, 10, 114). The nasal apertures were situated close
to one another between the foremost parts of the eyes, in the anterior part
of the orbital fenestra, and were thus dorsal in position, as in Rhenanid
Arthrodires (text-figs. 4, 6, 7, 21C, 114). The cheek is low, short and devel-
oped principally only in the preorbital division of the skull (text-figs. 4, 38,
40B, 114). The mouth opening lay postero-ventrally to the rostral end of
the skull and was thus not terminal, but ventral, in position (text-figs. 4, 7,
8, 40B, 114). The gill-arches did not extend backwards into the trunk, but
were all situated underneath the cranium (text-fig. 7). They were covered
from the outside by a long, but relatively low gill-cover continuous with
and forming the posterior prologation of the cheek. The postspiracular gill-
slits opened into a common gill-chamber, the external opening of which was
behind and below the gill-cover (text-fig. 4). As will be made clear below,
the primary rostral tip of the snout corresponding to that of the Brachythor-
acid Arthrodires is to be sought for approximately at the posterior part of
the rostral plate, that is to say in the anterior part of the orbital fenestra,
and thus far behind the anterior margin of the head-shield. The preorbital
division of the head-shield as a whole, or at any event in its anterior longer
portion, must, therefore, obviously represent those parts of the skull of the
Brachythoracid Arthrodires and primitive Placoderms in general which lay
antero-ventrally and latero-ventrally to the tip of the snout on the rostrally
and laterally directed faces of the ethmoidal region of the endocranium. As
we shall see, this division probably includes also certain parts primarily be-
longing to the cheek of the primitive Placoderms. Hence it is developed
somewhat as the preorbital part of the skull-roof in Rhenanid Arthro-
dires (cf. pp. 31-32, 196-202 and text-figs. 68, 70 below; cf. also Stensio
1931, pp. 30, 57). As to its proportions the division in question of the head-
shield is broad and, as in Pferichthyodes (Traquair 1894 -1906, text-figs.
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Text-fig. 4. Bothriolepis canadensis. Restoration of the head in its most lowered position in
relation to the foremost part of the anterior ventro-lateral plate of the trunk-armour.
Lateral aspect. On account of the condition that the restoration is made mainly after a
photograph the parts of it that were nearest to the objective have become somewhat too
large in proportion to those situated more in the background. Approximately x 2/;.

Avl, anterior ventro-lateral plate (anterior part) ; Cn, centro-nuchal plate ; Lp, lateral plate ;
Md, mandible; Opl, extralateral (opercular) plate; Pi, pineal plate; Pm, paranuchal-
marginal plate; Pmyg, postmarginal plate; Pp, postpineal plate; Prl, prelateral plate;
Prm, premedian plate; R, rostral plate; Sclr,, Sclr,, anterior and postero-dorsal sclerotic
plates respectively ; alc, antero-lateral corner of the head-shield ; cir, semicircular pit-line
groove; co, pars condyloidea of the processus brachialis; c.rca, outer opening of a canal;
f.ax, foramen axillare; fmp, area probably for the origin of the protractor muscles of the
pectoral fin; fp, funnel pit of the processus brachialis; gc, groove dorsally and ventrally
to the funnel pit; go, gill opening; ifc,, upper infraorbital sensory canal groove; ifc,,Jower
infraorbital sencory canal groove; ifc.b, posterior oblique cephalic pit-line groove; Ipr,
supraspiracular process; m.lim, margo limitans (inferior part) of the fossa articularis
pectoralis ; mpg, middle pit-line groove of the skull-roof ; na, external nasal aperture ; nm,
obtected nuchal area ; orp, oral pit-line groove ; pe, pars pedalis of the processus brachialis ;
ple, postero-lateral (preobstantic) corner; pre, prepectoral corner ; pr.nm, posterior median
process of centro-nuchal plate; pitc, cephalic division of main lateral line groove; pftoc,
postobstantic corner; soa, subobstantic area; soc,, anterior median section of the supra-
orbital sensory canal groove, the anterior median pit-line groove; spi, spiracle (external

aperture) ; vep, vertical pit-line groove of the cheek.

51, 52; Gross 1933a, text-fig. 14), nearly or approximately as long as the
post-orbital division (text-figs. 4, 9-14, 82-84, 208, 224, 238, 258, 264, 265).
It is thus longer relatively than in Asterolepis (Traquair 1894-1906, text-
figs. 37-39; Gross 1931, pl. 12, fig. 7; Watson 1932, text-figs. 3, 4; Sten-
sio 1938, text-figs. 1, 7; Nilsson 1941, text-figs. 3, 4, 8) and Remigolepis
(text-fig. 16; cf. also Stensio 1931, text-fig. 80), but shorter than in Micro-
brachius (Watson 1935, text-fig. 28). The postorbital division of the head-
shield, as normally in the Anfiarchi, is much broader than long (text-figs.
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Text-fig. 5. Bothriolepis canadensis. Sketch of the head in its natural position in relation
to the foremost part of the trunk-armour. The sketch shows the head in its maximally
lowered (I), and maximally raised (II) positions.

Adl, anterior dorso-lateral plate (anterior part only); Amd, anterior median dorsal plate
(anterior part only); Avl, anterior ventro-lateral plate (anterior part only); pro, processus
obstans ; soa, subobstantic area.

4, 9-14, 82-84, 219, 233 A, 249, 253 A, 266, 273, 274). As in Microbrachius
(Watson 1935, text-fig. 28), the paired obstantic margin (om, text-fig.s 9—
12) of the head-shield is long, obliquely rostro-caudal in position, and usually
directed much laterally. Owing to this the paired postero-lateral (preobstan-
tic) corner (plc) of the head-shield is situated much further forward than in
the Asferolepidae and Remigolepidae, but not quite as far forwards as in
Microbrachius. More precisely, this corner lies at a transverse plane through
or somewhat behind the posterior margin of the orbital fenestra, whereas in
the Asterolepidae and Remigolepidae it is situated approximately opposite
the middle of the orbital fenestra. Finally, a very characteristic feature of
the head-shield is the shape of its paired lateral margin. Owing to the fact
that the postero-lateral corner (plc) lies far forwards this margin is relatively
short. It is not concave throughout its extent, but presents a more or less
well pronounced supraspiracular process (Ipr) which is bounded by a pre-
lateral notch (nprl) in front and by a spiracular notch (nsp) behind (text-
figs. 4, 9-14).

As is clearly seen from well preserved head-shields of various Bothrio-
lepis-species, the head in the Bothriolepinae is shaped about as follows (text-
figs. 4, 5, 38, 40B, 77A, 81A, 114). Its dorsal face is more or less strongly
convex both in rostro-caudal and transverse directions. Each of its lateral
faces in its foremost part, in front of the supraspiraculat process, is directed
much laterally, whereas further backwards it faces more upwards, some-
times probably nearly as much upwards as the adjacent lateral parts of the
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dorsal face. In B. canadensis, at any rate, the lateral face is lower than in
Asterolepis and probably also than in Remigolepis. Finally, the ventral face
was probably somewhat convex both from in front backwards and from
one lateral side to the other. The foremost part of the ventral face, with the
mouth-opening and the jaws, was directed somewhat forwards, whereas the
longer posterior part of this face was directed mainly straight downwards.

The articular connection between the head and trunk, the occipital arti-
culation, was fundamentally as in Asterolepis (cf. Gross 1931, pp. 46-48;
1933b, text-figs. 2, 3). The head articulated against the vertebral column
by the posterior end of the occipital region, against the transversal laminae
(the crista transversalis interna anterior) of the anterior dorso-lateral plates
by the paranuchal trochleae, and against the precessus obstantes by the
subobstantic areas (soa, text-figs. 4, 9, 10, 13, 14, 27, 28, 29, 8§2-84, 100,
273, 274, 279). These areas are much longer and reach much further forwards,
however, than what is the case in the Asferolepidae (Gross 1933b, text-fig.
3), Pterichthyodidae and Remigolepidae. And hence in this respect the
Bothriolepinae are very suggestive of Microbrachius in which the correspond-
ing areas also have a considerable extent forwards and an obliquenly rostro-
caudal position (Watson 1935, text-fig. 28).

As in the other Antiarchi, the mechanism of the occipital articulation
was such that the head could be raised and lowered around a transverse
axis through the paranuchal trochleae, whereas, on the other hand, it could
not be bent laterally. When maximally lowered (text-figs. 4, 5, 38, 40B) it
rested with the posterior parts of its lower side against the subcephalic di-
visions of the anterior ventro-lateral plates, thus against the subcephalic
division of the ventral wall of the trunk-armour. In this position it was as
follows. The dorsal side sloped rather steeply forwards. The tip of the snout
was only slightly above the level of the ventral wall of the trunk-armour
and the foremost part of its ventral side with the mouth-opening and the
jaws was directed ventrally and somewhat anteriorly. The obtected nuchal
area (nm, text-figs. 4, 9, 10) of the centro-nuchal plate rested firmly against
the supranuchal area (sna, text-fig. 44) on the lower side of the anterior end
of the anterior median dorsal plate. The posterior part of the centro-nuchal
plate, by its obtected nuchal area, and the foremost part of the anterior
median dorsal plate together with the subcephalic division of the ventral
wall of the trunk-armour thus formed a complete stop for a further lowering.

The curvature of the articular areas of the paranuchal trochleae (pcd,
text-fig. 19) seems to have enabled a rotation of about 25°-30° upwards of
the head from the position which it occupied when maximally lowered, thus
a rotation of about the same maximal amplitude as in Asterolepis ornata
(Gross 1931, p. 48). This involves that the head could be raised at the
maximum about as much (text-fig. 5, positoin IT) that its rostral end was
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about on a level with or somewhat higher than the transverse articular axis
through the paranuchal trochleae. In this position the median part of its
dorsal side as a whole was about horizontal in lateral aspect, and practically
the whole of its lower side was elevated above the subcephalic division of
the ventral wall of the trunk-armour.

The subobstantic area (soa, text-figs. 4, 5, 9, 11, 13, 14, 27, 28, 29, 82—
84, 100, 273, 274, 279) is so developed and so placed that during the raising
of the head generally it slid against the medial side of the processus obstans
without obstructing the raising. In some cases, however, it is as broad and
as horizontal in position that it seems to have stopped the raising already
before the normal maximum, and in such cases the mobility of the head up
and down may thus be suspected to have been more or less limited.

Endocranium.

With the exception possibly of a small Y-shaped bone, recorded by
Patten (1912, el, text-fig. 253) and the writer (Stensi6 1931, p. 27), no
remains of endccranial ossifications are to be found in the Bothriolepinae.
The endocranium in the Bothriolepinae must, therefore, have consisted
principally or entirely of cartilage without any impregnations or incrustat-
ions of lime. As no remains of ossified endocranial elements have been found
in Pterichthyodes, Gerdalepis, Asterolepis, Microbrachius, Grossilepis and Re-
migolepis either, the conclusion readily suggests itself that the endocranium
was entirely or practically entirely cartilaginous in all the Antiarchi-forms
known from the Middle and Upper Devonian. The fact that it is more or
less strongly ossified in representatives of different groups of Arthrodires
and Acanthodians (Stensio 1925, pp. 92-140, 150, 152-157, 160-164, 170,
182-184, 187; 1934 a, pp. 4-23, 37-43, 48-64; Holmgren & Stensio 1936,
pp- 324-331; Hills 1936b; Gross 1937, pp. 22-23; 1940b, pp. 50-54; Wat-
son 1937, pp. 84-85, 96-102, 117, 129-130) must involve, however, that the
endocranium primarily was fairly well ossified in all primitive Placoderms
and thus also in the primitive and gecloaically oldest Antiarchi still unknown
to us. Its cartilaginous condition in the Middle and Upper Devonian Anti-
archi is, therefore, certainly secondary and due to reduction.

The small Y-shaped bone referred to just above, besides in B. canadensis,
has now been met with also in B. groenlandica (E, pl. 6, fig. 1; see that
species) and in Remigolepis (Part III of the present monograph); and, as
thus it occurs in representatives of the two families Bothriolepidae and Remi-
golepidae, which are widely separated from one another, it is likely that it
was present in the Antiarchi in general. One may expect, therefore, that it
will be found also in Grossilepis, Microbrachius, Pterichthyodes, Gerdalepis
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and Asterolepis. As in its structure the bone is mostly as a dermal element,
its nature of a substitution bone can by no means be considered as certain.
If actually a substitution bone it can only have been situated in the fore-
most part of the interorbital wall close behind the nasal capsules, and it
would then correspond to the small T-shaped or Y-shaped bone found in
Coccosteus decipiens, which probably had a similar position in the interorbital
wall (Heintz 1931, pp. 299-300, text-fig. 6; 1938, p. 13, pl. 3, fig. 4; Wat-
son 1934, pp. 442-443). In this case, of course, it would be an interorbital
vestige of the large continuous ossification which in Buchanosteus osseus
(Hills 1936b, pp. 216-225, text-figs. 2-4, Stensio 1945, p. 24), the Dolicho-
thoracid, Petalichthyid, and Rhenanid Arthrodires occupies the whole en-
docranium (Stensio 1925, pp. 92-140, 150, 152-157, 160-164, 170, 182-
184; 1934a, pp. 48-64, text-figs. 26-28; Stensié 1944, pp. 2, 13, 1945
Holmgren & Stensié 1936, pp. 324-331, text-figs. 250, 251, 254) and in
Pholidosteus and Leiosteus is subdivided into several minor bones (Stenso
1934 a, pp. 4-23, 37-43, text-figs. 1-3, 7, 20-22). If, on the other hand, it
is a dermal bone it may either represent the anterior superognathals of the
Euarthrodires, fused into one plate, or else it is a vestige of the parasphenoid
of the Dolichothoraci and Brachythoraci (Stensi6 1945, p. 67).

Despité the condition that the endocranium thus is not preserved at all,
or perhaps is represented only by the small Y-shaped bone discussed just
above several of its general characters may nevertheless be hypothetically
deduced on the basis of the structure of the head-shield. A first attempt at
a hypothetic deduction of its shape on such a basis was undertaken by the
writer in 1931 (Stensio 1931, pp. 27-30, 52-57), and a new one will now
be made here with special reference to the Bothriolepinae. At this attempt
the conditions in Arthrodires, which are now known to a certain extent,
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