THE LOWER TRIASSIC (SCYTHIAN) AMMONOID OTOCERAS

BERNHARD KUMMEL

ApsTrACT. The ammonoid genus Otoceras has
long been recognized as identifving the lowest
Triassic (Scythian) zone. The genus was first
described from the Himalayas and is now known
from Siberia and from Arctic North America.
Diener (1897) recognized seven species  of
Otoceras in his collections from the Himalayas:
data are presented to demonstrate that only one
species—O.  woodwardi  Grieshach—is  present.
In addition the circum-Arctic Otoceras boreale
Spath and O. indigirense Popov are considered to
be subspecies of O. woodwardi Griesbach. Associ-
ated with Otoceras in the Himalayas is the genus
Ophiceras, which is by far the predominant ele-
ment in the fauna. Wherever it occurs Otoceras
tends to be quite rare. A number of other genera
have been reported from the Otoceras-Ophiceras
Zone, and ecach of these is reviewed in detail.
Analysis of the worldwide extent of this zone
suggests that Otoceras did not survive as long in
the Arctic as it did in Tethys.

Otoceras is a direct descendant of the late
Permian genus Pseudotoceras ot the  family
Araxoceratidae Ruzhentsev and is the last surviv-
ing element of that evolutionary lineage. The
family Otoceratidae Hyatt (1900) should take
precedence over the name Araxoceratidae Rnzh-
entsev (1939).

INTRODUCTION

The first proposed sequence of zones for
the marine Triassic of “pelagic facies” by
Mojsisovies, Waagen, and Dicner (1595).
listed as the basal Triassic zone that of
Otoceras woodwardi, a species first de-
seribed by Griesbach  (1850) from  the
Himalayas and thoroughly monographed
by Diener (1897). Ever since that time
Otoceras has been recognized as a primary
index fossil of the lowest Triassie zone. At
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the same time it was recognized that the
associated  genus  Ophiceras also was a
marker of the lowest Triassic. It has been
a matter of complete orthodoxy that Oto-
ceras identifics the lowest zone of the
Triassic. It has also been taken as a matter
of course that Otoceras was a descendent
of so-called primitive “otocerids™ first re-
corded by Abich (187S) trom the Upper
Permian of Soviet Dzhulfa. One of the
most interesting discoveries of the fast dee-
ade has been the recognition of a large-

scale and  significant radiation of the
so-called “otocerids™ in the late Permian

(Ruzhentsev, 19539, 1962, 1963). This radi-
ation is expressed by nine genera and 30
species from the Dzhultian strata of Soviet
Dzhulfa representing an extremely complex
array of forms. brought together in the
family  Araxoceratidac by Ruzhentsev
(1939). Among the genera of this family is
one genus. Pseudotoceras, that appears to
be the direct ancestor of Otoceras. The
data available lead to the conclusion that
Otoceras is the final  evolutionary  de-
scendant of the late Permian radiation of
the “otocerids.”

The primary purpose of this contribution
is to review the evolutionary and biostrati-
graphic status of the genus Otoceras. Soon
after the introduetion of the genus and its
type species by Grieshach (1850), a num-
ber of new species were introduced by
Diener (15897). The thesis presented here
is that only one species of the genus is
present in the lowest Triassic beds of the
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IMimalayas. In addition it is proposcd that
Otoceras boreale Spath of northern Alaska,
Arctic Islands of Canada, Spitsbergen, and
northwestern Siberia is a subspecies of the
Tethyan  Otoceras  woodwardi.  Another
conclusion of this review is that the family
Araxoceratidae Ruzhentsev is, from an evo-
lutionary viewpoint, best placed in synon-
vmy of the older family Otoceratidae Hyatt
(1900).

Finally it is suggested that Otoceras
woodwardi survived in the carliest Triassic
in the circum-Arctic region for a shorter
period of time than in Tethys.
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Otoceras—Morphology and
Intraspecific Variation

All workers on the Himalayan ammonite
genus Oloceras (Griesbach, 1880; Diener,
1897: v. Krafft and Diener, 1909; and
Spath, 1930, 1934, 1935) are agreed as to
the great variability in most if not all of
its shell characters. Disagrecement exists,
though, in the taxonomic treatment of the
genus, Griesbach concluded that “though
it scems that there are several varieties,
if not species, amongst the numerous speci-
mens obtained, I prefer to include them
for the present under one collective name”
(Griesbach, 1880: 106). Diener (1897:
154) concurred with Griesbach’s suspicion
that “several varicties if not species” were
represented, but at the same time added
that “the distinction of the different spe-
cies, or rather, the selection from among
the numerous forms, which are all alike
and all again different from each other, of
those which ought to be considered as
proper species, is 1o casy matter. For in
no genus of Triassic ammonites known to

Figure 1.
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Diogrommatic representotion of the suture of specimens of Octoceras waodwordi woadwordi Griesbach from Oto-

ceras beds in the Himaloyas. A, topotype O. woodwardi {Diener, 1897, pl. 2, fig. 1; Pl. 2, figs. 3, 4 of this report) ot o whorl
height of approximotely 45 mm, GS| 5924; B, topotype O. woodwordi (Diener, 1897, pl. 5, fig. 3; PI. 1, figs. 5, 6 of this
report) at a whorl height of 35 mm, GSI 5937; C, topotype O. woadwardi (Diener, 1897, pl. 5, fig. 5; PI. 1, figs. 9, 10 of
this repart] at a wharl height of 27 mm, GSI 5939; D, porolectotype O. woodwordi (Diener, 1897, pl. 4, fig. 4; P 1, figs. 3,
4 of this report) at a whorl height of 27 mm, GSI 5932; E, topotype O. woodwardi (Frech, 1902: 575, fig. 4d) ot o whorl
height of 21 mm; F, topatype O. woodwardi (Diener, 1897, pl. 4, fig. 5; Pl. 1, figs. 11, 12 of this report] at a whorl height
of 13 mm, GSI 5933; G, topotype O. woodwardi (Frech, 1902: 575, fig. 4e) ot a whorl height of 11 mm; H, topotype O. wood-
wardi, at o whorl height of 3.2 mm, BM(NH) C28513; |, holotype O. undotum (Diener, 1897, pl. 4, fig. é; Pl. 3, figs. 9, 10
of this report) at a whorl height of cpproximately 20 mm, GSI 5934; J, holotype O. parbati (Diener, 1897, pl. 4, fig. 1; Pl
4, figs. 9, 10 of this report) ot o whorl height of 30 mm, GSI 5929; K, syntype O. clivei (Diener, 1897, pl. 5, fig. 4; Pl. 3, figs.
5, 6 of this report) of a whorl height of approximately 32 mm, GSI 5938; L, syntype O. clivei {Diener, 1897, pl. 3, fig. 4; PI. 3,
figs. 1, 2 of this report) ot a whorl height of 35 mm, GSI 5928; M, suture specimens O. clivei (Diener, 1897, pl. 7, fig. 17; PI. 3,
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fig. 11 of this report) at o whorl height of approximately 20 mm, GSI 5964; N, syntype O. clivei (Diener, 1897, pl. 3, fig. 2;
Pl. 3, figs. 7, 8 of this report) at o whorl height of 20 mm, GS15926; O, O. sp. ind. off. clivei (Krafft and Diener, 1909, pl. 29,
fig. 3) at a whorl height of approximately 35 mm, GSI 5936; P, suture specimens of O. draupodi (Diener, 1897, pl. 7, fig. 15;
Pl. 4, figs. 5, 6 of this report) ot a whorl height of approximotely 35 mm, GSI 5962; Q, suture specimens O. droupodi (Die-
ner, 1897, pl. 5, fig. 6; Pl. 4, figs. 3, 4 of this report) at whorl height of 25 mm, GSI 5940; R, syntype O. droupodi (Diener,
1897, pl. 4, fig. 3; Pl. 4, figs. 1, 2 of this report) at a whorl height of 30 mm, GSI 5931; S, lectotype O. fissisellatum (Diener,
1897, pl. 3, fig. 3¢) at a whorl height of 25 mm, GSI 5927; T, paralectatype O. fissisellotum (Diener, 1897, pl. 5, fig. 2; PI. 4,
figs. 7, 8 of this report) at a whorl height of 25 mm, GSI 5936; U, O. (Metotoceros) dieneri Spath = Hungorites sp. indet.
(Diener, 1897, pl. 23, fig. 5; PI. 3, figs. 3, 4 of this report] at a wharl height of 27 mm, GSI 6058; V, left and right suture of
syntype of O. droupodi (Diener, 1897, pl. 4, fig. 3; Pl. 4, figs. 1, 2 of this report) at a whorl height of approximately 25 mm,
GSI 5931.
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Figure 2.

ceras beds, Shalshal Cliff neor Rimkin Poior encomping ground, Niti region, Himaloyas.
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Diagrommotic representotion of the sutures of specimens of Otaceras woodwordi woadwordi Griesbach from Oto-

A, complete suture of specimen

figured on Plate 2, figures 5-7 ot a whorl height of 11.8 mm, BM(NH) 28512; B, complete suture of specimen of Otoceros
clivei (Diener, 1897, pl. 7, fig. 16; illustroted here on Plate 3, figure 12) at o whorl height of 25 mm, GSI 5963; C, complete
left and right suture of specimen figured on Plote 2, figures 8-10, ot a whorl height of 5.7 mm, BM{NH) C28514; D, complete
left and right suture of specimen figured on Plote 2, figures 13-15, at a whorl height of 1.5 mm, BM(NH)} C28513b.

me, not even in the group of Dinarites
spiniplicati, are the variations so great as
in this.” Diener concluded that the sutures
showed criteria by which species could be
recognized, and proposed the following
classification:

Group of Otoceras woodwardi Grieshach
O. woodwardi Grieshach
O. parbati Diener
0. clivei Diener
O. undatum Griesbach

Group of Otoceras fissisellatiin Diencr
O. fissisellatum Diener
O. draupadi Diener

The basis for separating the two specics
groups was the presence or absence of
small sccondary lobes in one or more of
the lateral saddles. The group of Otoceras
fissisellatum has such secondary lobes,
whercas the species of the group of O.
woodwardi do not have them. The place

of intersection of the umbilical shoulder
and the suture was used to further sub-
divide the group of Otoceras woodwardi.
In one of these subdivisions, which in-
cludes O. clivei and O. parbati, the first
auxiliary saddle is divided by the nmbilical
shoulder. In the second subdivision, which
includes only O. woodwardi, the first auxili-
ary saddle lies outside the wumbilical
shoulder.  Otoceras undatum was distin-
guished on the basis of presence of wavy,
lateral folds. Within the group of Otoceras
fissisellatiun  the name-giving species has
generally only one saddle with a small
secondary lobe, but in O. draupadi gener-
ally two saddles have small sccondary
lobes.

That the suture of the Himalayan Oto-
ceras was highly variable was frecly ad-
mitted by Diener (1897). Griesbach (1880:
107) was the first to note that in some of
his specimens the sutures varied in details
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TABULATION OF SPECINENS PER LOCALITY FROM OTOCERAS-OPHICERIS BEDS

N THE HIniaray as avaimasie 1o Diesen (1897).
Locality of specimens studied by von Krafft and Diener (1909) indicated by an X. These authors
generally did not indicate the precise number of specimens in their collections but
it appears to have been very few for cach species.
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Ophiceras sakuntala X X
medimm
tibeticum
gibbosim
demissum
ptychodes
clunmunda
platyspira
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Glyptophiceras hinalayanus
Proptychites scheibleri
Vishuuites pralambha

Otoceras woodwardi N N
undatum X
clivei N X
draupadi
parbati
fissisellatum

Prionolobus hodgsoni

Anotoceras nala

of the elements on the left and right sides
of the specimens. Diener (1897: 155) de-
seribed and illustrated a suture in which
“the specimen is a pertect Otoceras wood-
wardi on one. and a perfect O. draupadi
on the other side.” The sutures of the
various species of Otoceras from the i-
malayas reproduced by Diener (1897) are
ilustrated here in Figure 1. The sutures of
three  small  specimens in the  British
Muscum ( Natural History) are shown in
Figure 2. In two of these specimens the
complete suture could be observed. and
showed obvious minor differences on the
two sides of the conch (Fig. 2C. D).

As I have shown (Kummel, 1969).
sutures of many Scythian ammonoids cex-
hibit the same high degree of variability
as any other morphological feature,
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Diener (1897) recorded that he had 56
specimens ot Otoceras from the Shalshal
Clift locality, opposite the Rimkin Paiar
encamping ground, most of which came
from the so-called main laver of Otoceras
woodwardi. a unit only one foot thick. Of
these specimens only the 17 tigured by him
are preserved in the Geological Survey of
India at Calcutta. Dicner (1897: 154) ob-
served that “the relative proportions of
height and thickness and the size of the
umbilicus are so variable, even in speci-
mens which agree in all other characters.
that they cannot serve for specific dis-
tinction.” Considering the fact that all 56
specimens from Shalshal Clitf. which pro-
vided the main material for Diener’s study,
came from a onc-foot thick bed at one lo-
cality it appears more logical to consider
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Figure 3. Outcrap map of Triassic farmations in the Himalayas (fram Geclagical Map of India, Gealagical Survey of India,
1957).

this assemblage as a natural population. in
which variations in sutures arc no more
than what one would expect. On Table 1
are listed the numbers of specimens of each
species of Otoceras Diener recognized in
the Shalshal fauna. Of the 56 specimens of
Otoceras, 31 were assigned to O. wood-
wardi and only four specimens to O. fissi-
scllatimn, which has a small lobe in the
first auxiliary saddle; O. draupadi, which
has a small Tobe in cach of the first and
second auxiliary saddles, is represented by
five specimens, and O. clivei by only seven
specimens.  The sutures of the specimens

assigned to species other than O. wood-
wardi are no more than intraspecific vari-
ants.  Although presence or absence of a
minor lobe in an auxiliary saddle is con-
spicuous, it does not nccessarily represent
a  specific  difference.  This  suggestion
could, of course, only be tested by exami-
nation of large population samples. The
specimens of Otoceras recorded by von
Krafft and Diener (1909) from Spiti arc
few in number and poorly preserved. All
the localities that have yiclded the Oto-
ceras-Ophiceras fauna studied by Diener

(1897) and von Krafft and Diener (1909)
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arc shown on Figures 3 to 3. The Eigil
Nielsen  collection in Copenhagen  from
Muth in the Spiti region contains 14 speci-
mens of Otoceras, all poorly preserved.
The descriptions of the Himalayvan oto-
cerids by Diener (1897) are quite
thorough, and examination of his figurced
specimens leaves little to be added. As all
of Dicner’s illustrations were line-drawings,
unretouched photographs of the types are

published here (Plates 1-1). It can readily
be seen that Dicner’s drawings tended to
be idealized and do not indicate the gen-
cral state of preservation.  The smallest
specimen described by Diener is approxi-
mately 28 mm in diamecter (PL1; figs. 11,
12) and was assigned by him to O. wood-
wardi. The tray in the collections of the
Geological Survey of India that contains
Gricsbach’s lectotype (PL 10 tigs. 1. 2) also
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contains an unnumbered specimen,  not
figured by Diener, which has a diameter of
9 mm (P11, figs. 7, 8). The collections of
the British Muscum ( Natural History) con-
tain some fragmentary specimens from the
Shalshal Clifts, including fragments of in-
ner whorls. The smallest specimen is a
third whorl section with a height of 1.8
mm (Pl 2, figs. 13-15). At that whorl
height the median keel is well marked, but
the dorsal area shows no impression of a
keel.  The lateral keels adjoining the
ventral keel are just faintly visible. The
lateral areas bear two broad, low folds.
The complete suture of this specimen is
illustrated in Figure 2D. Another speci-

men, having a diameter of approximately
8.5 mum, shows the three ventral keels very
well (P1. 2, figs. 11, 12). A third specimen
(PL 2, figs. S-10) has a diameter of 13.5
mm. Its complete suture at a whorl height
of 5.7 mm is reproduced in Figure 2C.

I include in Otoceras woodicardi of the
Himalayas the specimen Diener (1897:
150) described as Hungarites sp. ind., here
illustrated on Plate 3, figures 3, 4. Dicner
recognized the close similarity of this frag-
mentary specimen of a third volution to
Otoceras woodwardi, He, however, con-
sidercd it distincet because the “remarkable
difference from Otoceras is in the denticu-
late development of the siphonal lobe,
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Figure é. Geagraphic distributian of the genus Otaceras. A, central Himalayas; B, Kashmir; C, Nanking regian; D, eastern
Verkhayansk, Siberia; E, Spitsbergen; F, East Greenland; G, Arctic Canada; H, narthern Alaska.
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which is bifid in Otoceras, whereas cach of
its lateral  Dbranches is  denticulate in
Hungarites” (Diener, 1897: 150). The
ventral lobe, in fact, is trifid on one side
and Dbifid on the other (Diener, 1897, pl.
23, fig. 5¢; Fig. 1V of this report). The
auxiliary series is not as fully developed as
in the specimens assigned to Otoceras but,
here again, the differences are not con-
sidered to be significant. All characters of
this specimen fall well within the range of
variability of Otoceras woodicardi. Spath
(1930: §) proposed the subgenus Metoto-
ceras for Diener’s specimen of Iungarites
sp. ind., making special note of the absence
of an umbilical rim; however, such a rim
is present on the adoral portion of the
specimen (PL 3, fig. 3).

Within  Tethys Otoceras  of  ecarliest
Sceythian age is known only from the
Himalayas, the Niti and Spiti regions of
Kumaon, and in Kashmir near Srinagar.
Recently Nakazawa et al. (1970) have
illustrated  several well-preserved  speci-
mens that they assign to O. clicei Diener
and O. draupadi Diener from the Guryul
Ravine, Kashmir. The other localities
where the genus has been recorded are in
the circum-arctic region (Fig. 6). The
genus was first recorded from East Green-
land by Spath (1930), who assigned a few
fragmentary specimens to Otoceras fissisel-
latum. A larger collection was available
to Spath (1935) in a later report where he
introduced the name Otfoceras boreale for
the East Greenland forms. The genus Oto-
ceras was next reported from the eastern
Verkhoyansk region by Popov (1958). who
recognized two species—O. horeale Spath
and O. indigirense Popov. The latter spe-
cies, which was based on four specimens,
was separated on the basis of the presence
of a vertical umbilical wall and slight differ-
ences in the sutures. In North America
Otoceras boreale has been reported from
the Canning River region of northern
Alaska (Kummel in Reeside et al, 1957:
1501) and described and illustrated from
Ellesmere  and  Axel  Heiberg  Islands
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(Tozer, 1961, 1967). The lowest Triassic
fauna on Axel Heiberg Island has vielded
a small number of specimens of a single
species  that Tozer (1967) described as
Otoceras concavum, considering  concave
flanks on the inner whorls as distinguishing
characters. Considering the range of vari-
ability seen in the larger Himalayvan fauna,
1 find it difficult, on the basis of such a
siall sample, to recognize O. concavtm
as a distinet species.

The only author who attempted a gen-
eral assessment of the relationships between
the Arctic O. Dboreale and the species of
Otoceras known from the Himalayas was
Spath (1930, 1934, 1935). It was in his
second report on  the East Greenland
Lower Triassic fauna that Spath. on the
basis of much larger faunas, recognized O.
boreale as being distinet from the Tlima-
layan species of the genus, justifying his
separation of these forms on the basis of
slight differences in the suture, especially
in the dorsal suture (Spath, 1935: 11). In-
formation on the dorsal suture of Otoceras
woodicardi is limited. Griesbach (1880, pl.
2, fig. 6) reproduced a complete suture of
O. woodwardi and so did Diener (1897, pl.
7. fig. 16; Fig. 2B of this report). The
specimen which yielded the suture repro-
duced by Diener is figured here on Plate
3, figure 12. Though there are differences
in detail between the sutures illustrated by
Griesbach and Diener, there is a suspicion
that they were both taken from the same
specimen.  Frech (1901: 575) illustrated a
series of sutures taken at whorl heights of
2.5 mm, 6 mm, 11 mm, and 21 mm. The
complete sutures of three small specimens
of Otoceras woodwardi at whorl heights of
1.5 mm, 5.7 mm, and 11.8 mm are illus-
trated in Figures 2A, C, D. There are only
three published sutures of Otoceras boreale
that include the dorsal suture, but two of
these are incomplete (Fig. 7). In Otoceras
boreale the dorsal lateral saddles contain
adventitious lobes that are larger than in
those of O. woodwardi. However, the three
dorsal sutures of O. boreale were taken at
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Figure 7. Diagrammotic representotion of the suture of specimens of Otoceras woodwardi boreole.
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A, complete suture of

H

specimen from Ophiceras (Metophiceras) Zone from Clavering Island, East Greenland {Spoth, 1935, pl. 2, fig. 3b) at whorl
height of approximately 75 mm; B, complete suture of specimen from Blind Fiord Formation, Axel Heiberg Island {Tozer, 1961,
fig. 7} at a diometer of opproximately 90 mm; C, complete suture af Otoceras indigirense Popov {1958, fig. 1, 1) from eastern
Verkhoyonsk region, Kerekhtyckh brook, Siberio, scole uncertain; D, specimen from eostern Verkhoyonsk region, Kerekhtyakh
brook, Siberia {Popav, 1958, figs. 1, 2, scole uncertoin; E, specimen from upper Indigirka River, Verkhayonsk Mountains, Si-

beria, MCZ 6103, ot a diameter of 35 mm; F, specimen identified as O. indigirense by Yu. N. Popov fram East Khandiga
River, Verkhoyonsk region, Siberia, MCZ 8685, at o whorl height af 25 mm; G, specimen from upper member of Sodlerochit
Formation, Conning River, northern Alosko, at a whorl height of 100 mm; H, poratype of O. concavum Tozer {1967, fig. 20)

from Blind Fiord Formotion, Axel Heiberg Island, northern Conado, at o whorl height of approximately 45 mm.

whor! heights of 30 or more millimeters,
while those known in O. woodwardi are
from much smaller specimens. Adventitious
clements in the dorsal saddles of O. wood-
wardi are present at a whorl height of 11.8
mm (Fig. 2A) and are more marked in
Diener’s specimens (Fig. 2B). which T be-
licve to be taken at a whorl height of 25
mm. It is quite apparent that much more
data on the development of dorsal suture
in O. boreale are needed.

In addition, Spath (1935: 11) noted the
larger size of the Arctic forms over those
from the Himalayas. Both Spath (1935)
and Tozer (1961) stated that they had seen

specimens of O. boreale probably having a
diameter of 300 mm or more. The largest
of the Himalayan specimens (PL 2, figs.
3, 4) has a diameter of 152 mm.

Finally, Spath (1935: 11) noted that in
the lower Glyptophiceras beds Otoceras
was represented by a number of fragmen-
tary and mostly crushed specimens.  He
had, however. one specimen (Spath, 1935,
pl. 3, fig. 4) representing only a part of a
whorl which was very inflated in cross
section. On this basis he suggested that it
was  probably not conspecific with  O.
boreale.

Considering the great variability in all



376 Bulletin Muscuwm of Cowparative Zoology, Vol. 143, No. 6
A i B E C E D ﬁ
E F G H
| ﬁ J m K ﬂ L /

Figure 8. Cross sections of the conch af A, Araxoceras latissimum Ruzhentsev, 1959, fig. 1a, diameter 58 mm; B, Prototoceras
tropitum [Abich), Ruzhentsev, 1959, fig. 1c, diometer 23 mm; C, Rotoroxoceras caucasium Ruzhentsev, 1959, fig. 1b, diometer
33 mm; D, Pseudotoceras djaulfense {Abich), Ruzhentsev, 1963, pl. 6, fig. 2b, diometer 110 mm; E, Urartoceros abichanum
Ruzhentsev, 1959 fig. 1g, diameter 75 mm; F, Dzhulfoceros furnishi Ruzhentsev, 1962, pl. 5, fig. 1b, diameter 36 mm; G,
Vedioceros ventroplanum Ruzhentsev, 1962, pl. 5, fig. 3a, diameter 75 mm; H, Avushoceros jakowlewi Ruzhentsev, 1962, pl.
5, fig. 5a, diometer 72 mm; |, Oloceras woodwardi waodwordi, Diener, 1897, p!. 2, fig. 1b, diameter 140 mm; J, Otoceras
undotum Griesbach, Diener, 1897, pl. 4, fig. 6b, diometer 40 mm; K, Otaceras clivei Diener, 1897, pl. 3, fig. 2b, diameter
40 mm; L, Otoceras woodwardi borealis Spath, 1935, pl. 1, fig. 1b, diameter 115 mm.































































































































