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AMERICAN TRIASSIC COILED NAUTILOIDS

By BernEARD KUMMEL

ABSTRACT

The relationships of late Paleozoic and Triassic nautiloids are
studied. Of the nine families of late Paleozoic nautiloids three
are directly involved in the ancestry of Triassic nautiloids. Two
of these “Paleozoic” families include Triassic genera. Only
three families of nautiloids are confined to the Triassic. Pennsyl-
vanian, Permian, and Triassic nautiloids are very closely related

and show no big breaks in their history. There is a large change .

in the evolutionary pattern of nautiloids between the Triassic and
the Jurassic but only a very minor one at the Permian-Triassic
boundary. Evolution of the nautiloids in the Triassic is mostly
one of culminating patterns and modes started in the late
Paleozoic.

The late Paleozoic and Triassie nautiloid families discussed are:
(1) the Tainoceratidae, which includes Temnocheilus, Foordiceras,
Metacoceras, M. (Mojsvaroceras), Parametacoceras, Tainoceras,
Aulametacoceras, Cooperoceras, Tirolonautilus, Taintonautilus,
Germanonautilus, Pleuronautilus, Pl. (Encoiloceras), Pl. (Eno-
ploceras), Pl. (Anoploceras), Pl. (Trachynauiilus), Pl. (Holco-
nautilus), Phloioceras; (2) the Grypoceratidae, which includes
Grypoceras, G. (Domatoceras), G. (Plummeroceras), n. subgen.,
Stearoceras, Tilanoceras, Stenopoceras, Pselioceras, Menuthionau-
tilus, Gryponautilus; (3) the Syringonautilidae, which includes
Syringonautilus, Syringoceras, Juvavionautilus, Orynautilus, Cly-
menonautilus; (4) the Liroceratidae, which includes Liroceras,
Condraoceras, Acanthonautilus, Coelogasteroceras, and Peripeto-
ceras; (5) the Paranautilidae, which includes Paranautilus,
Sybillonoutilus, and Indonautilus; (6) the Clydonautilidae, which
includes Styrionautilus, Proclydonautilus, Clydonautilus, Cosmo-
nautilus, and Callaionawutilus; (7) the Gorionautilidae, which
includes Gonionautilus.

Triassic nautiloids are not nearly as common in North America
as they are in the region of the Tethyian geosyneline, About 30
species are known from North America, inciuding 12 new ones.

INTRODUCTION AND ACKNOWLEDGMENTS

Studies in American Triassic paleontology have been
almost completely neglected since the days of Alpheus
Hyatt and J. P. Smith. The several large monographs
by these pioneers were mainly on the ammonitic
cephalopods. The nautiloids were only briefly treated.
There is not a single American publication devoted
solely to Triassic nautiloids. The writer has for the
past ten years been studying the stratigraphy and
paleontology of the Triassic formations in the Middle
Rockies. Some of the rarest fossils in these Triassic
formations are the nautiloid cephalopods. Interest in
this particular group of invertebrates was greatly stim-
ulated by Dr. A. K. Miller of the University of Iowa.
Identification of the few dozen specimens collected from

the Thaynes formation in southeastern Idaho was a
relatively easy task. However, study of the great
monographs by Triassic scholars such as Mojsisovics,
Hauer, Hyatt, Arthaber, Diener, Kieslinger, etc., re-
vealed a surprising lack of discussion or speculation as to
the relationships of Triassic genera with the late Paleo-
zolc forms. The same observation holds true for pub-
lished monographs on late Paleozoic nautiloids by
Miller, Kruglov, Hyatt, and others.

The present study is an attempt to review the
status and phylogenetic relationships of late Paleozoic
and Triassic nautiloids. The orthoceraconic nautiloids
are not included in this report; only the coiled forms
are discussed. Of the late Paleozoic families only
those which were involved directly or indirectly in the
ancestry of Triassic nautiloids are discussed. The
ranges and geographic distribution of species in each
genus are listed at the end of each generic discussion.
The relationships of the genera have been establisk-ad
from all their characters. The value of certain morpho-
logical features in classification differs in the various
phyletic units. One feature found to be of significance
was the shape of the conch in cross section. Cross
sections of many species are figured to show their
relationships, and degrees of variability within genera.
Most of the cross section drawings were obtained from
the literature and reproduced at one size to facilitate
comparison.

The taxonomic part of the text includes a discuss‘on
and description of all North American species of
Triassic nautiloids. The collections available were
those of the U. S. Geological Survey and the authcr’s
collections from southeastern Idaho. Late Paleozoic
nautiloids are treated only as to families and genera,
with the exception of one new subgenus and species.
The original descriptions of most genera are incluced
because many are to be found only in rare publications.
It is hoped that this study, which systematically trests
an invertebrate group on both sides of the Paleozcic-
Mesozoic boundary, will be of value to those interested
in the biological significance of the great systematic
boundaries.

The author is greatly indebted to Dr. J. B. Rees'dé
Jr., who kindly arranged the loan of the specimens and
devoted much time to the tedious task of checking speci-
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2 AMERICAN TRIASSIC COILED NAUTILOIDS

men data. Many stimulating discussions on nautiloid
taxonomy and evolution were held with N. D. Newell,
A. X. Miller, R. H. Flower, and H. B. Stenzel, and
analysis of the evolution of late Paleozoic and Triassic
nautiloids was greatly facilitated by the splendid
monographs on late Paleozoic nautiloids by A. K.
Miller. Finally, the author is grateful to the Graduate
School of the University of Illinois, which furnished
the working facilities, equipment, and all the funds for
preparation of the plates and figures.

OCCURRENCE

Triassic nautiloids are very rare in North America.
Only 28 species distributed in 17 genera have been
recorded in contrast to myriads of ammonites in many
zones in the Triassic of western North America.
About two tons of material collected in southeastern
Idaho from the Liower Triassic ammonite-rich limestone
containing Meekoceras yielded only one fragmentary
specimen of an orthoceraconic nautiloid. In contrast
to this scarcity of nautiloids, however, the Hosselkus
limestone of Late Triassic age of California seems to con-
tain abundant nautiloid remains. It has long been rec-
ognized that the nautiloids, after their almost explosive
introduction in the Ordovician, declined steadily to the
present. Nautiloid shells are not generally common
throughout the late Paleozoic and Triassic. Part of
this seeming scarcity is due to lack of interest in this
group and lack of thorough collecting. Most of the
collections available were made by field parties whose
main objectives were not stratigraphic or paleontologic.
The quality of some recent collections, especially those
from Mexico, Nevada, and Alasks indicates that future
collecting should be very profitable in these areas.

The occurrence of Triassic nautiloids is discussed
below by regions. The distribution outside North
America is not listed here but the geographic and
geologic range of all species are listed in the discussion
of each genus, in the systematic part of this paper.

MIDDLE ROCKY MOUNTAINS REGION

No nautiloids have been described from the Lower
Triassic formations of the Middle Rocky Mountains re-
gion. The Dinwoody formation in Slight Canyon, west
of Bear Lake, southeastern Idaho has yielded one speci-
men, Grypoceras (Grypoceras) milleri, n. sp., and a very
large fragment of the living chamber of a nautiloid that
must have measured at least a foot in diameter came
from pre-Meekoceras beds (Dinwoody formation) in
Montpelier Canyon, southeastern Idaho.

. The limestone with Meekoceras, of the Thaynes forma-
tion, which contains myriads of ammonites throughout
southeastern Idaho is practically barren of nautiloids.
Ouly one fragmentary “Orthoceras’” has been found in

this very fossiliferous bed. The black shale w*th black
limestone concretions about 500 ft above the I'mestone
with Meekoceras, and referred to as the Columbites shale
by Kummel (1943) has yielded a small but well-pre-
served nautiloid fauna. In four field seasons the
author visited several outcrops in southeastern Idaho,
and was able to collect about 40 specimens. The
Columbites shale contains the following species:

Metacoceras (Mojsvaroceras) frenchi, n. sp.

Germanonautilus montpelierensis, n. sp.

Pleuronautilus (Enoploceras) newelli, n. sp.

Pleuronautilus (Pleuronautilus) idahoensis, n. sp.
The Tirolites zone, which lies between the Meekoceras
and Columbites beds of the Thaynes formation, in Paris
Canyon, southeastern Idaho has yielded one specimen,
described here as Pleuronautilus sp.

The Lower Triassic rocks of Montansa are not as fos-
siliferous as those in southeastern Idaho. Only one
specimen, described here as Pleuronautilus sp., from the
Thaynes formation, is available for study.

No nautiloids have been reported from tke Lower
Triassic of Utah.

NEVADA

Few nautiloid specimens are available from Triassic
formations of the Hawthorne and Tonopah Quadrangles,
Nevada. From the Luning formation Germanonautilus
sp. and Paranautilus sp. are recognized. Tl e Gabbs
formation has yielded Sibyllonautilus fergusoni, n. sp.
Muller and Ferguson (1939) list Grypoceres cf. G.
brahmanicum (Griesbach) from the Candelaria forma-
tion, Cosmonautilus cf. C. pacificus Smith from the
Luning formation, and from the Gabbs formation,
Proclydonautilus spirolobus and Gonionautilus securis.

The Middle Triassic series of the Humboldt Range
has yielded a fair number of nautiloids, including:

Orthoceras campanile Mojsisovies
Orthoceras blakei Gabb

Paranautilus smithi n. sp.

Paranautilus multicameratus (Gabb)
Germanonautilus furlongt Smith
Grypoceras (Grypoceras) whitney: (Gabb)

At New Pass, Desatoya Mountains the Daonrella zone
has yielded the following species:

Germanonautilus johnstoni, n. sp.
Germanonautitus furlong: Smith
Grypoceras (Grypoceras) whitneyi (Gabb)
Orthoceras blakei Gabb

Paranautilus sp.

Styrionautilus sp.

From the upper part of the Star Peak formation, West
Humboldt Range, in shales carrying Pseudomonotis sub-
cireularis, Smith (1927) has described Syringoceras
spurri Smith.
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CALIFORNIA

The largest and most varied Triassic nautiloid fauna
of North America occurs in the Upper Triassic series of
California. The Tropites subbullatus zone of the Hossel-
kus limestone, Brock Mountain, Shasta County,
California, has yielded the following fauna:

Orthoceras shastense Hyatt and Smith
Proclydonautilus hessi (Smith)
Proclydonautilus squawensis n. sp.
Proclydonautilus spirolobus (Dittmar)
Proclydonautilus stantoni Smith
Proclydonautilus triadicus Mojsisovies
Proclydonautilus ursensis Smith
Ozynautilus acutus (Hauer)
Gryponautilus cooperi Smith
Metacoceras (Mojsvaroceras) turneri Hyatt and Smith
Cosmonautilus dilleri Hyatt and Smith
Cosmonautilus hersheyt Smith
Cosmonautilus pacificus Smith
Cosmonautilus shastensis Smith

The zone of Parapopanoceras (Anisian), Inyo County,

California, has yielded Orthoceras sp. indet. (Smith 1914,
. 6).

P9 CANADA

Only two species of Triassic nautiloids have been
described from the extensive Triassic sequence of
Western Canada: Stbyllonautilus liardensis (Whiteaves)
from the Liard formation, Liard River, northeastern
British Columbia (see MecLearn 1947, p. 10) and
Proclydonautilus natosini McLearn and Proclydonautilus
sp. from Norian beds, Sikanni Chief River Basin,
British Columbia (McLearn 1946, pp. 2, 3). Proclydo-
nautilus natosini also occurs in the Pardonet beds,
Pardonet Hills, Peace River foothills, British Columbia.
From beds containing the Nathorstites fauna McLearn
(1947) reports ““Nawutilus’’ sp. at Hage Creek, Sikanni
Chief Valley and from outcrops a little west of mile post
386 on the Alaskan Highway. The Toad formation has
only yielded “Nautilus’ sp. and Orthoceras sp. (McLearn
1946, 1948). No nautiloids are known from the Lower
Triassic formations of British Columbia (McLearn

1945).
ALASKA

The extensive Upper Triassic formations of Alasks
have yielded relatively few nautiloids. The best sum-
mary of the known Triassic invertebrates in Alaska is
by Martin (1916, 1926). The Chitistone limestone of
the Chitina Valley contains Orthoceras cf. O. shastense
Hyatt and Smith, Orthoceras sp. (Martin, 1926, p. 15)
and Pleuronautilus alaskensis, n. sp. The Upper
Triassic rocks on Gravina Island contain Cosmonautilus?
(Martin 1926, p. 71). Mojsvaroceras? has been reported
from Upper Triassic limestones 7 miles southeast of
Kake, on Kupreanof Island. The Upper Triassic lime-
stone near Nation River, Yukon Valley contains Ger-

manonautilus brooksi Smith, Germanonautilus sp. and
Orthoceras sp. The collections under study contair a
specimen of Germanonautilus sp. from Cape Kekurnoi,
between Gold and Alinchak Bays, Alaska Peninsula.
The Upper Triassic rocks exposed at Herring Bay,
Admiralty Island, Alaska have yielded a fragmentsry
but very well preserved specimen of Phloioceras sp.

MEXICO

The Upper Triassic Barranca formation of Sonova,
Mexico, has yielded a few nautiloids (see Keller, 1928,
and King, 1939). At the Mina el Antimonio, in beds
containing a rich Karnian fauna, the following species
have been recognized:

Proclydonautilus triadicus (Mojsisovics)

Cosmonautilus pacificus Smith

Orthoceratoids
The collections of the U. S. Geological Survey include
three specimens, and a plaster cast of a specimen in the
Instituto Geologico de Mexico, that are referable to
Cosmonautilus dilleri Hyatt and Smith. These speci-
mens also came from the locality of Mina el Antimonio.

SOUTH AMERICA

Triassic cephalopods areindeed rare in South America.
The only Triassic nautiloid known to the author
is one he collected in the upper Triassic Utcubamba
formation in Suta Valley, a tributary of the Utcubamba
River, northern Peru (Kummel, 1950). The specimen
is immature and silicified. It consists of only one-third
volution with a rounded whorl section and a subcent-al
siphuncle. The specimen can be identified only as
Syringonautilus?.

CLASSIFICATION OF LATE PALEOZOIC AN
TRIASSIC NAUTILOIDS :

During the past three decades active interest in
nautiloid cephalopods has been revived by Flower,
Foerste, Miller, Kieslinger, Kruglov, Schindewclf,
Spath, Stenzel, Strand, Teichert, Troedsson, and others.
Only Kieslinger concerned himself with Triassic neu-
tiloids, the others concentrating on Palezoic and po-t-
Triassic nautiloids. Fine monographs on late Paleo-
zoic nautiloids of North America have been published
in the last two decades by Miller and various coworkers.
As pointed out by Miller and Youngquist (1949, p. 15)
* * % the classification of the nautiloid cephalopods is not
in as satisfactory condition as is that of the ammonoids and mnst
other major groups of fossil invertebrates, and the best existing

systematic arrangement seems to be that which Hyatt publisl'-~d
in 1900 in the Zittel-Eastman Text-book of paleontology.

These authors further emphasize the tentative nature
of this system and are cognizant of its many werk-
nesses. Flower and Kummel (1950) proposed a cow-
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pletely revised classification of the Nautiloidea placing
the 75 families of nautiloids into 14 orders.

Hyatt (1900) placed the Triassic nautiloid genera
known at that time in four families, the Grypoceratidae,
Clydonautilidae, Rhineceratidae, and Pleuronautilidae.
Mojsisovics two yearslater published thefirst comprehen-
sive taxonomic treatment of Triassic nautiloids and ac-
cepted only one of Hyatt’s families. He (Mojsisovics) also
classified the twenty genera of Triassic nautiloids known
at that time into four families, the Clydonautilidae,
Syringonautilidae, Gryponautilidae, and the Temno-
cheilidae, using the presence or absence of an annular
lobe as a primary character in his classification. Tem-
nocheilidae (Mojsisovics) is synonymous with Taino-
ceratidae of Hyatt. They include essentially the same
Paleozoic genera, but Mojsisovics included several
Triassic genera. Diener (1919) took exception to
Mojsisovics’ classification because he had overempha-
sized the importance of the annular lobe. Diener
combined the genera that Mojsisovics had included in
the Clydonautilidae and Gryponautilidae into one
family, the Grypoceratidae. Diener retained the
Temnocheilidae and Syringonautilidae as proposed by
Mojsisovics. This taxonomic scheme was also followed
by Kieslinger (1924). Since Kieslinger’s publication
there has been no publication devoted solely to Triassic
nautiloids, although nautiloids have been included in
numerous general faunal studies.

A marked handicap in most taxonomic studies of
Triassic nautiloids has been an insufficient under-
standing of late Paleozoic nautiloids and their relation-
ships with the Triassic forms. Fortunately, owing to
the work of Miller and others our knowledge of Penn-
sylvanian and Permian nautiloids has increased greatly
in the past twenty years. In preparation of this report,
data on the geologic and geographic distribution of
most late Paleozoic nautiloids have been assembled.
The writer was impressed by the general lack of state-
ments as to the evolutionary status of the various
taxonomic groups, but in the early papers such specula-
tion was impossible or unwise owing to incomplete
knowledge. Restudy of all late Paleozoic genera with
the aim of presenting a reasonable phylogeny in accord-
ance with our present state of knowledge was undertaken
to determine the probable phylogenetic lines from which
the Triassic nautiloids developed.

The most significant fact brought out in this study
is the close genetic relationship of many Triassic and
late Paleozoic genera. Several well-known Triassic
genera are considered as direct evolutionary descend-
ants that replaced the Paleozoic genera. In this
report the Triassic nautiloids are placed in the Taino-
ceratidae Hyatt (Temnocheilidae Mojsisovics), Syringo-
nautilidae Mojsisovics, Grypoceratidae Hyatt, Paran-

autilidae Kummel, Clydonautilidae Hyatt, and Goni-
onautilidae Kummel. The Tainoceratidae, Grypo-
ceratidae, and Paranautilidae include both late Paleo-
zoic and Triassic genera.

The interpretation of phylogenetic relationships
presented here is not radically different from the
conclusions of earlier workers; however, there are
significant differences. All genera of families involved
in the evolution of late Paleozoic-Triassic nautiloids,
and their inferred position in nautiloid evolution are
discussed in the taxonomic part of this report.

The system presented here can be only tentative.
Frequently the data available are so meager that one
can only make the most logical proposal pos-ible and
wait for additional information. A study like this is
always open to criticism from many sides. However,
to those who feel our knowledge has as yet not attained
a sufficient level the only answer possible is that we
probably never will know all the answers within the
limits of paleontological research. It is felt that if
such studies stimulate action as well as reaction they

have been at least partly successful.
The classification used in this report is as follows:

Family Tainoceratidae Hyatt, 1883
Genus Temnocheilus M’Coy, 1844
Genotype: Nautilus (Temnocheilus)
M’Coy
Genus Foordiceras Hyatt, 1893
Genotype: Nautilus goliathus Waagen
Genus Metacoceras Hyatt, 1883
Genotype: Nautilus (Discus) sangamonensis Meek
and Worthen
Subgenus Mojsvaroceras Hyatt, 1883
Subgenotype: Temnocheilus neumayri Mojsisovies
Genus Parametacoceras Miller and Owen, 19%4
Genotype: Parametacoceras bellatulum Miller and
Owen

Genus Tainoceras Hyatt, 1883
Genotype: Nautilus quadrangulus McC'esney

Genus Cooperoceras Miller, 1945
Genotype: Cooperoceras texanum Miller
Genus Tainionautilus Mojsisovies, 1902
Genotype: Nautilus transitorius Waagen
Genus Tirolonautilus Mojsisovics, 1902
Lectotype: Nautilus cruz Stache
Genus Aulametacoceras Miller and Unklesbay, 1942
Genotype: Aulametacoceras mckeei Miller and
Unklesbay
Genus Germanonautilus Mojsisovies, 1902
Genotype: Nautilus bidorsatus Schlotheim
Genus Thuringionautilus Mojsisovics, 1902
Genotype: Trematodiscus jugafonodosus Zimmer-
mann
Genus Pleuronautilus Mojsisovies, 1882
Genotype: Pleuronautilus trinodosus Mojsisovics

Subgenus Enoploceras Hyatt, 1900
Subgenotype: Nautilus wulfeni Mojsisovics

Subgenus Holconautilus Mojsisovics, 1902
Subgenotype: Nautilus semicostatus Beyrich

coronatus
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Family Tainoceratidae, Hyatt, 1883—Continued
Genus Pleuronautilus Mojsosovics, 1882—Continued
Subgenus Anoploceras Hyatt, 1900
Subgenotype: Nautilus ampezzanus Loretz
Subgenus Encoiloceras Hyatt, 1900
Subgenotype: Nauiilus superbus Mojsisovics
Subgenus Trachynautilus Mojsisovics, 1902
Subgenotype: Pleuronautilus subgemmatus
sisovies
Genus Phlotoceras Hyatt, 1883
Genotype: Nautilus gemmatus Mojsisovics

Family Grypoceratidae Hyatt, 1900
Genus Grypoceras Hyatt, 1883
Genotype: Naulilus mesodiscus Hauer
Subgenus Domatoceras Hyatt, 1891
Subgenotype: Domatoceras umbilicatum Hyatt
Subgenus Plummeroceras n. subgen.
Subgenotype: Plummeroceras plummeri, n. sp.
Genus Gryponautilus Mojsisovies, 1902
Genotype: Nautilus galeatus Mojsisovics
Genus Menuthionautilus Collignon, 1933
Genotype: Nautilus (Menuthionautilus) kieslingers
Collignon
Genus Sienopoceras Hyatt, 1893
Genotype: Phacoceras dumble: Hyatt
Genus Stearoceras Hyatt, 1893
Genotype: Endolobus gibbosus Hyatt
Genus Pselioceras Hyatt, 1883
Genotype: Nautilus ophioneus Waagen
Genus Titanoceras Hyatt, 1884
Genotype: Nautilus ponderosus White
Family Syringonautilidae Mojsisovics, 1902
Genus Syringonautilus Mojsisovies, 1902
Genotype: Nautilus lilianus Mojsisovics, 1882
Genus Syringoceras Hyatt, 1894
Genotype: Nautilus granulosostriatus Klipstein
Genus Juvavionautilus Mojsisovics, 1902
Genotype: Nautilus heterophylius Hauer
Genus Ozynautilus Mojsisovics, 1902
Genotype: Nautilus acutus Hauer
Genus Clymenonautilus Hyatt, 1900
Genotype: Nautilus ehrlichi Mojsisovies
Family Paranautilidae Kummel, 1950
Genus Paranautilus Mojsisovies, 1902
Genotype: Nautilus simony: Hauer
Genus Indonautilus Mojsisovies, 1902
Genotype: Nautilus kraffti Mojsisovies
Genus Sibyllonautilus Diener, 1915
Genotype: Nautilus sibyllae Mojsisovies
Family Clydonautilidae Hyatt, 1900
Genus Styrionautilus Mojsisovics, 1902
Genotype: Naulilus styriacus Mojsisovies
Genus Proclydonautilus Mojsisovics, 1902
Genotype: Nautilus griesbachi Mojsisovics
Genus Cosmonautilus Hyatt and Smith, 1905
Genotype: Cosmonautilus dilleri Hyatt and Smith
Genus Callatonautilus Kieslinger, 1924
Genotype: Callatonautilus turgidus Kieslinger
Genus Clydonautilus Mojsisovics, 1882
Genotype: Nautilus noricus Mojsisovies

Family Gonionautilidae Kummel, 1950

Genus Gonionautilus Mojsisovics, 1902
Genotype: Nautilus securis Dittmar
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The nautiloids with their long geologic history make
an excellent group for evolutionary studies. T e
approximately 630 genera of nautiloids represent a
complex evolution extending from the Late Cambrian
to the Recent epoch. From the Pliocene to the
Recent epoch only one genus, Nautilus, is left of what
was once an important and abundant invertebrate
group. The nautiloids illustrate a peculiar evolution-
ary pattern in that they attain a peak of diversity soon
after their introduction into the fossil record. Figure 1
is a bar chart of the number of genera per period. T-e
data upon which this chart was made were kindly
furnished by Dr. Curt Teichert. The earliest nautiloids,
those of the Ordovician, are represented by far the mc«t
genera; in fact, there are more than twice as many
nautiloid genera in the Ordovician as in the Silurian.
This great discrepancy would, of course, be decreased
if the graph were plotted in terms of the number of
genera per million years. Miller (1949, p. 231) sug-
gests the Silurian as the ‘“heyday of the nautiloic's,
insofar as both numbers and kinds are concerned.”
The number of Ordovician and Silurian species of
nautiloids is not known, but the number of genera is
much larger for the Ordovician.

By the end of the Ordovician most of the major
stocks of nautiloids were well established. Omne stock,
the “Orthochoanites,” was destined to give rise to the
modern Nautilus. Most of the other stocks were short
lived. The holochoanitids and mixochoanitids died
out in the Silurian, the cyrtochoanitids lived through
the Paleozoic era.

It has been known generally that there was a steady
and progressive decline in the nautiloids from the
Ordovician onward. This fact is well illustrated in
figure 1. The large breaks in the distribution cor~e
between the Ordovician and the Silurian, between the
Devonian and the Carboniferous and to a lesser degr-e
between the Triassic and Jurassic periods. Although
the number of gevera of post-Devonian nautiloids was
never great for any one period, there were times of great
expansion in numbers of individuals and species.
Miller (1949) has shown that early Cenozoic nautiloids
were very abundant in many widely scattered places
in the world. Kieslinger (1925) has noted a secondary
peak of development during the Late Triassic. Tlis
aspect of nautiloid history will be the concern of tlis
paper.

There are about 250 established species of Triassic
nautiloids placed in 30 genera (no species identified as
cf. or aff. with recognized species are included in this
number). The distribution of species per epoch is
illustrated in figure 2. Early Triassic (Scythian)
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FIQURE 1.—Bar chart showing number of genera of nautiloid cephalopods present in each period. (Data from C. Teichert, personal communieation.)

nautiloids are relatively rare as to numbers of species
and individuals. By the Anisian the nautiloids be-
came very widespread and most of the important genera
had become established. The decline in numbers of
species in the Ladinian is difficult to explain. How
much of this decline is only apparent, and due to lack
of a paleontological record is not known. The evolution
of the genera and families shows no significant break in
the Ladinian. About 90 species occur in the Karnian,
and less than half that number (about 35) in the Norian.

The distribution of the genera of Triassic nautiloids
is illustrated in figure 3. In the Scythian the nautiloids
are represented by members of 2 late Paleozoic families:
Grypoceras and Menuthionautilus (Grypoceratidae),
and Pleuronautilus, Enoploceras, Taintonautilus, Mojs-
varoceras, and Germanonautilus (Tainoceratidae). Gry-

poceras and Mojsvaroceras are considered direct evolu-
tionary offshoots of the basic evolving stock of their
respective families. Tainionautilus and Menuthio-
nautilus are not present in younger Triassic rocks. In
the Anisian, 8 new genera are introduced and the actual
evolutionary radiation of Triassic nautiloids begins.
The oldest species of the Syringonautilidae and Clydo-
nautilidae are found in the Anisian. The genera hav-
ing their first Triassic species in the Anisian are Para-
nautilus, Sibyllonautilus, Styrionautilus, Syringoceras,
Syringonautilus, Trachynautilus, Anoploceras, end Hol-
conaulilus. Paranautilus is believed to include 2 pos-
sible Permian species; however, no Scythian spacies are
known. The radiation of the pleuronautilids is well
established during the Anisian. There may b justifi-
cation in placing all these forms in the family Pleuro-
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FIGURE 2.—Bar chart showing total number of species of Triassic nautiloids in each
epoc

nautilidae as proposed by Hyatt (1900), however,
tentatively the author is following Mojsisovies and
retaining them in the Tainoceratidae.

During the Ladinian only 3 genera, Phlotoceras,
Thuringionautilus, and Clydonautilus got their start; of
these only Clydonautilus turned out to be a virile stock.
There are 16 genera represented in the Ladinian. The
acme was attained in the Karnian epoch with 20 genera
and approximately 90 species of nautiloids. Only 4
genera (Proclydonautilus, Cosmonautilus, Gryponautilus,
Encoiloceras) made their debut in the Karnian, whereas
many of the well-established genera (including Trachy-
nautilus, Encoiloceras, Anoploceras, Holconautilus, Pleu-
ronautilus, Mojsvaroceras, and Germanonautilus) make
their last appearance. Only 2 Karnian species, Taino-
ceras klipsteini and Aulametacoceras rectangularis, are
placed in Permian genera. ZTainoceras is & common
Pennsylvanian and Permian nautiloid genus, and the
Karnian species is assigned to it mainly on similarities
of ornamentation. Aulametacoceras was originally de-
scribed from beds of Leonard age in Arizona, and has
only one Permian species. Whether placing Karnian
species in Permian genera (in the absence of any inter-
vening forms) is correct only time will tell.

There is only a slight decrease in total number of
genera in the Norian (from 20 to 18). This is due

mainly to the introduction of 6 new genera—Juvavionar-
tilus, Oxynautilus, Clymenonautilus, Indonautilus, Gonio-
noutilus, and Callaionautilus. Only Juvavionautilus,
has more than one species or an extensive geograplic
distribution. Menuthionautilus in the Scythian, Thur-
wngionauttlus in the German Keuper, and Encoiloceras
in the Karnian, are also monotypic genera. In the 18
genera represented in the Norian, about 80 percent of
the species are in 5 genera—Paranautilus, Clydonautilus,
Proclydonautilus, Enoploceras, and Juvavionautilus.
Most of the remaining genera are represented by orly

one species each.
EVOLUTION

The whole evolutionary complex of late Paleozoic and
Triassic nautiloids more or less follows a generalization
concluded by Kieslinger (1925, p. 107) from his study
of the Late Triassic nautiloids of Timor that the
degree of involution and ornamentation are inversely
proportional. There are eight families of late Paleozoic
nautiloids (see Miller and Youngquist, 1949, p. v) but
only the Grypoceratidae, Tainoceratidae, and Lirocera-
tidae are thought to be involved in the direct ancestry
of Triassic nautiloids and are discussed in this report.
The Liroceratidae does not include Triassic genera.
The families Paranautilidae, Clydonaitulidae, Gonio-

20—
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0=

Scythian Anisian Ladinian Karnian Norion

FI1GURE 3.—Bar chart showing number of genera of nautiloid cephalopods present in
each epoch (light stippling) and number of new genera appearing for the first time
in each epoch of the Triassic period (dense stippling).
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nautilidae, and Syringonautilidae are confined to the
Triassic (text fig. 4).

These seven families can be grouped into two phyletic
lines that show a great deal of convergence throughout
their history. The first group (the Tainoceratidae)
includes most of the ornamented, generally evolute,
nautiloids that have subquadratic whorl sections and
very simplified sutures. The second, more complex,
phyletic group includes forms that are smooth, gener-
ally involute, and tend towards modification and com-
plication of the suture pattern. Three subdivisions of
this group can be recognized. The first subgroup in-
cludes forms that have a smooth, involute conch and
highly modified sutures (Clydonautilidae and Gonionau-
tilidae). The second subgroup comprising the Paranau-
tilidae and Liroceratidae, have a smooth, involute conch
but very simple, practically straight, sutures. The third
sub-group (Grypoceratidae and Syringonautilidae) is less
homogeneous, and includes smooth, evolute to involute
conchs, generally with flattened venters. The sutures
include a broad lateral lobe with some modifications
of the suture on the venter. :

Although the grouping of late Paleozoic and Triassic
families reveals the general evolutionary picture there
are numerous anomalies. The acquisition of ornamen-
tation occurred repeatedly in all or some species of
genera Clydonautilidae and Grypoceratidae and in a
sense shows a convergence towards some forms of the
Tainoceratidae. Cosmonautilus, for example, has devel-
oped nodes on the ventral shoulders in some stages of its
growth. Hyatt and Smith (1905, p. 207) used this as
evidence of an ancestry in the genus Metacoceras, but
the present author does not believe that this derivation
is correct. In all other characters and especially its
suture Cosmonautilus agrees with representatives of the
Clydonautilidae. Callatonautilus is another orna-
mented genus of Clydonautilidae. Clydonautilus cica-
tricosus shows characters transitional to Cosmonautilus
and the Tainoceratidae in having nodose ornamentation
with a typical clydonautilid suture. A few other
species of Clydonautilus show low folds on the flanks.
Domatoceras, Gryponautilus, and Plummeroceras of the
Grypoceratidae have nodes developed on either or both
the ventral and umbilical shoulders in some or all of
their species. However, the basic pattern of the conch
and suture, are typical of the Grypoceratidae. The
nodes and other ornamentation, especially developed
on essentially smooth stocks are probably effects of late
mutations superimposed on established conch patterns
probably have no phyletic significance but merely
represent local adaptations. However, the nature of
adaptive advantage that ornamentated forms have
over non-ornamented forms is not known for these
invertebrates.

The conch pattern of each phyletic line retain,
within broad limits, a certain homogeneity. but each
shows some radiation that converges towards radiations
of other groups. If each basic conch pattern reflects
an adaptation to a certain environmental niche or
way of life it appears that each phyletic line was well
diversified and contributed toward the various envirca-
mental types.

Certain basic conch patterns were acquired inde-
pendently by genera in one or more families during the
late Paleozoic and Triassic. Highly compressed in-
volute conchs in the late Paleozoic are confined to the
genus Stenopoceras. Somewhat similar conch patterns,
but of a more truly oxycone type, are seen in Grypo-
noutilus and Ozynautilus of the Late Triassic. Pro-
clydonautilus ermollii and Styrionautilus discoidalis of
the family Clydonautilidae also have highly com-
pressed involute conchs very similar to that of Stenopo-
ceras. Domatoceras and Plummeroceras have com-
pressed, evolute conchs with flattened venters. Some
species of Domatoceras show transition to Stenopoceras.
In the Triassic Juvavionautilus has a somewhat similar
conch pattern. Menuthionautilus appears to combine
features of domatoceratid and stenopoceratid conch
patterns. Sibyllonautilus with its depressed but rapicly
expanding conch is very reminiscent of Acanthonautilus
of the late Paleozoic.

Thegreatestdiversity in conch patternintragenerically
is found in the Clydonautilidae, the family which also
has the miost highly modified sutures. The Taivo-
ceratidae, which include most of the ornamented late
Paleozoic and Triassic nautiloids, maintain a remarkally
uniform conch pattern, with only minor diversity.
Some species in this family, especially in Mojsvaroceras
and Germanonautilus, evolved toward loss of ornamen-
tation, but did not greatly increase their involution.

Much of the similarity of the conch patterns of the
genera and species of two families can be explained by
convergence and adaptations to similar environments
or modes of life. The repetition of similar conch
patterns within a phyletic line may be partly explained
on the same basis. Domatoceras and Juvavionautilus
are very similar in conch patterns and each is thought
to have given rise to highly compressed, involvte
genera, Stenopoceras and Oxynautilus. Juvavionautilus
belongs in the family Syringonautilidae, which appesrs
to have its origin in the Grypoceratidae. Gryponautilus,
also of the Grypoceratidae, has a conch pattern reminis-
cent of a slightly inflated Stenopoceras and is somewhat
similar to Oxynautilus. Acanthonautilus of the Liro-
ceratidae has a counterpart in Sibyllonautilus of the
Paranautilidae, the latter family being derived frcm
the former.

In the example of the Grypoceratidae and Syringo-
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nautilidae the compressed, involute radiation comes
near the beginning and near the end of the history of
these families. This does not appear to be the case in
the other example involving the Liroceratidae and
Paranautilidae. The amount and kind of modifications
that can be made on any one nautiloid conch pattern
ishimited. Stenopoceras, Gryponautilus, and Oxynautilus
or Domatoceras and Juvavionautilus are similar in their
basic conch pattern but differ in other features. The
highly compressed involute shell was acquired by
several distinct branches of the ammonoids throughout
much of their history, and is also seen in the Cretaceous
nautiloid Heminautilus. This form of the shell must
have had some adaptive value and, when the genetic
potential of the parent and the environment were in ac-
cord, it was possible to develop new stocks with this
conch pattern completely independent of any previous
or future radiation in this direction.

Most late Paleozoic and Triassic nautiloids have very
simple suture patterns. Within the Tainoceratidae,
sutures with shallow ventral and lateral lobes are the
rule. The only exception is Holconautilus, which has a
ventral saddle—a type of modification of the suture
expressed in other completely independent lines. The
Grypoceratidae, which have higher whorls than the
Tainoceratidae generally, have a broad lateral lobe, but
also show some modification on the ventral lobe.
Plummeroceras has a very deep ventral lobe, almost
equal to the width of the flattened venter. However,
some species of Domatoceras are transitional to Plum-
meroceras in this character. Grypoceras mesodiscus of
the Triassic has a deep ventral lobe similar to that
of Plummeroceras. Most of the Syringonautilidae have
highly simplified sutures. Juvavionautilus has a ventral
saddle flanked by broad lateral lobes. Clymenonautilus
has a conch pattern placing it in the Syringonautilidae,
but shows strong convergence to the Clydonautilidae in
the deep and peculiar lateral lobe of its suture. The
Paranautilidae have simple, almost straight, sutures.

The only family that shows definite evolutionary
changes in the suture is the Clydonautilidae, which also
attained the highest diversity and modifications of the
septa of any late Paleozoic and Triassic nautiloids.
They are rivaled in complexity only by the early
Cenozoic genera Aturia, Aturoidea, and Hercoglossa.
The various genera of this family are largely defined on
modifications of the suture on the venter, except for
Cosmonautilus and Callaionautilus. For each genus
there is a surprising uniformity in overall plan of the
suture. The conch pattern, however, varies greatly.

Among late Paleozoic nautiloids the annular lobe
has been found only in some species of Stearoceras. The
annular lobe is characteristic of many Triassic genera;
it is absent in the Clydonautilidae, and in all Paranaut-

ilidae except Sibyllonautilus. Welter (1914, p. 213)
describes and illustrates a specimen of Proclydcnautilus
gasteroptychus timorensis that possesses an annular
lobe. Mojsisovics used the annular lobe as a primary
criterion in his taxonomic scheme for Triassic nautiloids.
Most later authors do not consider this feature diag-
nostic by itself. In several post-Triassic nautiloid
genera the annular lobe disappears early in the ontogeny
(Spath, 1927b). The writer believes that the annular
lobe generally-cannot be used by itself to distinguish
groups of taxonomic rank higher than subgenus and
genus.

The siphuncle in most late Paleozoic and Triassic
nautiloids remains nearly central. In the late Paleo-
zoic only Solenochilus has its siphuncle in a marginal
position. Menuthionautilus of the Scythian of Mada-
gascar and Pakistan also has its siphuncle in a rarginal
position. Syringoceras bas its siphuncle in a near
marginal position, and on this criterion alone is sepa-
rated from Syringonautilus. Data on the position of
the siphuncle of most species are unpublished.

Most families of late Paleozoic and Triassic neutiloids
follow a similar mode or pattern in their evolition: a
central virile stock that slowly evolved from the
Pennsylvanian through the Triassic, and periodically
produced nearly equal virile stocks and isolated eberrant
groups. The modifications of the aberrant groups
are merely added to or superimposed on the conch
pattern of the central stock. The Permian-Triassic
boundary is not a very significant one in terms of
nautiloid evolution. The two families, namely
Tainoceratidae and Grypoceratidae, which be-t illus-

trate the above observations show only minor changes

at the Permian-Triassic boundary.

In the Tainoceratidae, the main evolving stock is
that of Metacoceras. This genus has a subquadrate
cross section of the whorl, is somewhat evolrte, and
bears nodes on the shoulders. It is a very prolific
stock in both numbers of species and individuals, and
has a world-wide distribution in the Pennsylvanian
and Permian. The late Paleozoic evolution of this
group shows no definite trends; Permian and Penn-
sylvanian species are quite similar. Met~coceras
evolved directly into or is replaced by Mojsvrroceras
in the Triassic. Mojsvaroceras has the same general
pattern of the conch as Metacoceras, and differs only
in tighter coiling and the acquisition of an annular lobe.
All of the remaining genera of the Tainoceratidae are
either direct or indirect offshoots of the Meiacoceras-
Mojsvaroceras line. Each of these offshoots is
characterized by a characteristic pattern of ornsmenta-
tion, or modification of the conch shape, but at the
same time shows clear affinities to Metacoceras. Many
of these descendant forms have very narrow geographic
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distributions and stratigraphic ranges. It is very
likely that they are the result of adaptations to changes
in environmental conditions.

The most virile offshoot from Meiacoceras is the com-
plex of genera and subgenera evolving around Pleuro-
nautilus. This group includes most of the ribbed, sub-
quadratic late Paleozoic and Triassic nautiloids.
Pleuronautilus seems to have arisen in early Permian
time, and to have remained a rather singular and un-
diversified stock throughout the Permian. However,
in the Triassic, and especially during the Anisian, the
group began to radiate in many directions, and pro-
duced a complex association of highly ornamented
nautiloids. Each subgroup of the pleuronautilid com-
plex is characterized by a generally distinctive pattern
of ornamentation or modification of the conch shape.
Perhaps Hyatt (1900) was justified in placing this group
in a separate family.

The Grypoceratidae have an evolutionary pattern
very similar to that of the Tainoceratidae. Doma-
toceras and Grypoceras have the same relationships as
Metacoceras and Mojsvaroceras. Domatoceras has an
evolute compressed conch with a tabulate venter and
is replaced in the Triassic by Grypoceras which is more
involute, the venter more rounded, and the suture
somewhat modified. The end members of this evolu-
tionary line are quite different but there are numerous
transitional forms. The offshoots of the Domatoceras-
Grypoceras line are characterized by the extreme de-
velopment of usually one of three main morphological
changes that express the evolution in the parent stock.
The trend towards involution is seen in Stenopoceras,
Menuthionautilus, and Gryponautilus. . Rounding of the
ventral region of the conch is well developed in Grypo-
ceras, but also expressed in Pselioceras, Menuthio-
naulilus, and even in some Stenopoceras. Modification
of the suture in the parent stock is mainly in develop-
ment of a deeper ventral lobe adjoined by a large,
broad, lateral lobe. In the parent stock this transition
appears to be gradual. The subgenus Plummeroceras
developed an extremely deep ventral lobe on a typical
domatoceratid conch; the suture actually resembles that
of some Late Triassic grypoceratids.

Stearoceras and Titanoceras of the Grypoceratidae
are not fully understood but appear to be independent
lines not involved in the Domatoceras-Grypoceras trend.

The Syringonautilidae are confined to the Triassic.
They may have been derived from Stearoceras-Doma-
toceras transition complex in the Grypoceratidae.
Syringonautilus and Syringoceras are very similar ex-
cept for the position of the siphuncle. The writer
considers them to be independent and parallel lines
developing from the Grypoceratidae. Syringonautilus

appears to have given rise to three aberrant offshoots
in the Norian. These are Juvavionautilus, Oxynautlus,
and Clymenonautilus. Juvavionautilus has a ccach
pattern very similar to that of Domatoceras except for
a more rounded venter. Oxynautilus has a very com-
pressed, involute conch similar to that of Stenopoceras.
Clymenonautilus has a conch pattern like that of some
grypoceratids but its suture develops a peculiar deep
lateral lobe. Each of these Late Triassic offshoots of
Syringonautilus takes on conch patterns resembling
those seen in the Grypoceratidae, the ancestral group
of the Syringonautilidae. -

The evolutionary patterns in the Tainoceratidae
Grypoceratidae, and Syringonautilidae are expressed
primarily in the shape of the conch, degree of involu-
tion, and types of ornamentation, and only to a minor
degree on modifications of the suture. The Lirocerat-
idae, Paranautilidae, Clydonautilidae, and Goniorau-
tilidae are characterized by involute conchs, generslly
devoid of ornamentation, and by a tendency toweards
extreme modification of the suture in the Clydorau-
tilidae and Gonionautilidae. In all of these families
there is a constancy in the suture pattern for any
particular generic assemblage but at the same time
the conch pattern may vary tremendously.

The Liroceratidae are a closely related group of
several independent lines of Pennsylvanian and Permian
nautiloids. The Paranautilidae are thought to be
derived from Liroceras in the Permian. This family has
a very simple, globular, smooth conch with an almost
straight suture. Paranautilus is the main stock that
gave rise to two aberrant developments and most
important, it was ancestral to the Clydonautilidae.
The Clydonautilidae show extreme modification of the
suture. The complexity of the suture in such gerera
as Proclydonautilus, Clydonautilus, and Cosmonautilus
is rivaled only by early Cenozoic forms like Hercogloesa,
Aturoidea, and Aturia. The suture on the ventral
region displays the most modification and is a featur=> of
prime importance in distinguishing the various genera.
The Gonionautilidae are represented by only one species,
distinguished by its suture. This monotypic form
represents the acme in sutural development of Triassic
nautiloids.

One aberrant Permian form from Timor, “Aganides’
bitauniensts Haniel (1915), has the conch form of an
involute domatoeeratid, but its suture (with its deep
bluntly pointed ventral lobe and a very deep as7m-
metrical and pointed lateral lobe) resembles those of
the Late Triassic Clydonautilidae. ‘“Aganides” bita-
untensis most surely belongs in a new genus, but the
writer refrains from proposing one without actual
specimens to study.
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SYSTEMATIC PALEONTOLOGY
Family TAINOCERATIDAE Hyatt, 1883

Some of the most characteristic nautiloids in the late
Paleozoic and Triassic sedimentary rocks are the
ornamented forms bearing ribs, nodes, and spines.
Most of these ornamented forms are placed in the
family Tainoceratidae. When Hyatt first established
this family he included in it a wide variety of forms.
These are Trocholites Conrad and Hall, Plectoceras
Hyatt, Litoceras Hyatt, Diadiploceras Hyatt, Meta-
coceras Hyatt, Tainoceras Hyatt, Mojsvaroceras Hyatt,
Grypoceras Hyatt, Clydonautilus Mojsisovies, Enclima-
toceras Hyatt, Hercoglossa Conrad, and Aturie Bronn.
In his final work on the classification of the nautiloids,
Hyatt (1900, p. 524) placed in this family Tainoceras,
Temnocheilus, Foordiceras, Metacoceras, Coelogastero-
ceras, and Diadiploceras; and he listed Endolobus Meek
and Cryptoceras d’Orb. as synonyms of Temmnocheilus
M’Coy.

Mojsisovies (1902, p. 204) placed the following genera
in his family Temnocheilidae: Temnocheilus, Metacoceras,
Tainoceras, Foordiceras, Tainionautilus, Tirolonautilus,
Mojsvaroceras,Germanonautilus, Thuringionautilus, Pleu-
ronautilus, P. (Holconautilus), P. (Trachynautilus), and
Phloioceras. The two families Temnocheilidae Mojsiso-
vics and Tainoceratidae Hyatt are almost identical in
their scope and there are several genera that have been
included in both families. As Temoncheilidae is syn-
onomous with Tainoceratidae and the latter family has
priority, Mojsisovics’ family is suppressed as a synonym
of Tainoceratidae. In this report the following genera
and subgenera are included in this family: Temnocheilus,
Tainoceras, Parametacoceras, Foordiceras, Metacoceras,
Tainionautilus, Cooperoceras, Tirolonautilus, Germano-
nautilus, Thuringionautilus, Mojsvaroceras, Aulametaco-
ceras, Pleuronautilus, Enoploceras, Anoploceras, Encoilo-
ceras, Holconautilus, Trachynautilus, and Phloioceras.

As here defined this family inclides nautiloids with
thick subquadrate conchs in which the volutions are
somewhat broader than high, slightly to moderately
involute, umbilici usually wide and open, sutures sinu-
ous, siphuncles subcentral and orthochoanitic. The
family iacludes the typically “ornamented’ nautiloids
of the late Paleozoic and Triassic.

PHYLOGENY

Study of this evolutionary unit has led to several
interesting observations. The genera included in this
family comprise for the most part the “ornamented”
nautiloids of the late Paleozoic and Triassic. Although
19 generic names used to differentiate the various phy-
letic elements there is a surprising uniformity among all
of them. More important is the strong similarity and
relationships between the Paleozoic and Triassic forms.

AMERICAN TRIASSIC COILED NAUTILOIDS

Four and possibly 5 of the genera seem to range across
this important boundary.

The ancestral form appears to be Temnochetlus, which
ranges from the lower part of the Carboniferous into
the Permian. Temnocheilus is characterized ty a sub-
trigonal cross section of the conch with a row of nodes
on the ventrolateral shoulders. In the Morrovr (lowest
Pennsylvanian) two members of this family, Temno-
cheilus and Metacoceras, lived side by side. Metacoceras
appears to be a direct descendant of Temrocheilus.
Metacoceras has a subquadrate conch with & row of
nodes on the ventrolateral shoulders and perhaos a row
of nodes on the umbilical shoulder. This genus is abun-
dant throughout the Pennsylvanian and Permian. It
has more species than any other genus of the Taino-
ceratidae and shows almost an infinite amount of varia-
tion. It is difficult to evaluate the validity of many of
the species of this genus because no extensive studies
have been made of any population—and the potential
range of variation is not known, partly because of insuf-
ficient material. The shape of the conch anc type of
ornamentation of Mefacoceras seem to have been the
fundamental pattern upon which modifications were
developed that form the basis for distinguishing many
of the other genera of the Tainoceratidae. Metacoceras
was a virile prolific stock of nautiloids that experienced
no great evolutionary changes. The degree of varia-
tion seems to be just as large in the lower part of the
Pennsylvanian as in the Permian. However, this basic
stock periodically gave off mutants some of which had
but a small stratigraphic and geographic extent, and
others became the ancestors of independent phyletic
lines.

Thus, in the early Pennsylvanian two basic phyletic
lines were well defined, one of Temnocheilus and the
other evolving from AMetacoceras. Temnocheilus ap-
pears to belong to a comparatively sterile line with
little variation and few species. Temnocheilus is
thought to have given rise to only one genus, Foordi-
ceras. This genus retained very closely the subtrigonal
outline of the conch of Temnocheilus, but developed
lateral ribs on the flanks. -The broad definiticn of this
genus by Miller and Youngquist (1949) is not held by
the present writer, who believes that the earlier interpre-
tation by Hyatt, Mojsisovics, and others ere more
nearly correct. Nautilus goliathus Waagen, the geno-
type of Foordiceras, has a subtrigonal outline and
appears to show quite clearly affinities with Temnochei-
lus. Miller and Youngquist broadened the definition
of this genus to include numerous forms with sub-
quadratic cross sections.

Metacoceras is thought to be the ancestral stock from
which the remaining genera of nautiloids of the Taino-
ceratidae were derived. Parametacoceras, Des Moines
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to Virgil in age, is one of the first groups to split off
from Metacoceras. Parametacoceras has the sub-
rectangular conch but with short transverse ribs on
the mature portion of the conch. The complex of
genera evolving from Pleuronautilus includes the
prominently ribbed members of the Tainoceratidae.
It is possible that Parametacoceras represents the
ancestral elements of Pleuronautilus etc. However,
the writer believes that altogether the evidence indi-
cates descent from Metacoceras. Miller and Young-
quist (1949, p. 96) recommended suppressing Parameta-
coceras, considering it a synonym of Foordiceras. The
present author disagrees, and presents his views in his
discussion of these genera (pp. 33-34).

One of the most unusual nautiloid genera of the
family Tainoceratidae is Tainoceras which is charac-
terized by a double row of nodes on the venter. There
is one row of nodes on the ventral shoulder and perhaps
another on the umbilical shoulder. Tainoceras ranges
“from the Des Moines to the Ochoan and it is suggested
that a Triassic Karnian species should be included in
this genus. The derivation of Tainoceras from Meta-
coceras has been generally agreed upon for many years.
From the middle and late Permian several aberrant
types of ornamented nautiloids that have narrow
stratigraphic and geographic ranges, Cooperoceras,
Tainionautilus, Tirolonautilus, and Aulametacoceras,
are regarded as direct descendants of Metacoceras.
Cooperoceras which ranges through the Leonard and
Guadalupe, is characterized by the presence on the
ventral shoulder of long, slender hollow paired spines
that project ventrolaterally.

Tainionautilus includes nautiloids which on the
mature portion of the conch have lateral ribs on the
flanks that extend onto the venter and terminate at a
ventral furrow. Recently Miller and Youngquist
(1949, p. 96) proposed suppressing this genus as a
synonym of Foordiceras. The view is not held tenable
and a detailed discussion of this problem is given in
the taxonomic treatment of these two genera (pp. 17, 26).
The exact affinities of Taintonautilus are not well
established. The older views (Mojsisovies 1902, p.
232) held Tainionautilus to be an aberrant develop-
ment out of Tainoceras, with T. tuberculatum Traut-
schold a transitional form. Reed (1944, p. 356) con-
sidered Tainionautilus to be a subgenus of Metacoceras
with M. sulciferum Miller and Thomas as a transitional
form. The writer’s interpretation somewhat resemble;
that of Reed. :

Tirolonautilus also is derived directly from Alelaco-
ceras (Mojsisovies, 1902, p. 233) differing mainly in its
slightly more involute outline and possession of a ven-
tral furrow. Tirolonautilus has been reported only
from the Bellerophon Limestone of the Alps. Aula-

melacoceras is another unique form; it has longitudiral
ribs on the venter; the genotype A. mckeet is from beds
of Leonard age in Arizona. The only other species
placed in this genus is A. rectangularis (Hauer) from the
Alpine Karnian. Taintonautilus, Tirolonautilus, Aula~
metacoceras, Cooperoceras retain the general shape of
the conch and degree of involution of Metacoceras.
The evolution and modifications which set the 4 genera
apart from Metacoceras are changes that are confined
mostly to the ventral regions of the conch. In Coopero-
ceras it is the development of spines, in Tainionautilus
and Tirolonautilus the ventral furrow is distinctive and
in the former genus there are also present lateral ribs
which extend on to the venter. In Awulametacoceras
the longitudinal ribs on the venter are the distinctive
feature. These 4 genera have a total of only 11 species.

Metacoceras is thought to evolve directly into Mojsva-
roceras at the end of the Permian and beginning of the
Triassic. The two genera differ only in that the
younger form is slightly more involute and has an an-
nular lobe. The presence or absence of an annular lols,
however, is not known for most species of Metacoceras.
On the phylogenetic diagram (text fig. 5), Mojsvaroceras
is placed in a line directly continuous with that of AMe*a-
coceras. Mojsisovics (1902, p. 233) believed that the
evolutionary trend within Mojsvaroceras was towards a
loss of ornamentation; but the present writer does not
agree. This genus ranges from the Scythian to the
Karnian, with its acme in the Anisian. In the lete
Scythian a tribe of nautiloids, Germanonautilus, which
tended towards greater involution and a loss of orna-
mentation, stemmed from Mojsvaroceras or possikly
directly from Metacoceras. Germanonautilus ranges
from the Seythian to the Karnian. Of the Triassic
members of the Tainoceratidae Mojsvaroceras, Thu-
ringionautilus, and Germanonautilus appear to bedirectly
or indirectly derived from Metacoceras. Aulametacoceras
and Tainoceras, both late Paleozoic genera, may each
include one Triassic species.

The above discussion has attempted to summarize
the lines of development stemming from the Metacoceras-
Mojsvaroceras relationship. Another important phyletic
line that also seems to have its ancestry in Metacoceras
involves mostly Triassic nautiloids. This includes the
genus Pleuronautilus and six closely related genera and
subgenera. The writer believes that most of the ribb~d
nautiloids with subquadrate conchs of the late Paleozoic
should be placed in the genus Pleuronautilus. These
Paleozoic ribbed nautiloids developed out of Metacoceras
in late Pennsylvanian or early Permian time. This
branch remained fairly simple in its development in the
Permian, but began a trend towards extreme modifica~
tion and diversity in the early Triassic. There was
actually a great expansion of this genetic line into
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F16URE 5.—Diagram showing inferred phylogeny and geologie distribution of the Tainoceratidae.
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FIGURE 6.—Range chart showing known stratigraphic occurrence of the Tainoceratidae. The width of the line is proportional to the number of species.
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F1GURE 7.—Cross sections of the conch of A, Tainionautilus transitorius (Waagen) 1879, pl. 6, fig. 4, height 38 mm, B, Foordiceras goliathum (Wa-
agen) 1879, pl. 4, diameter 169 mm, the genotype of Foordiceras; C, Aulametacoceras mckeei Miller and Unklesbay 1942, fig. 1A, diameter about
185 mm, the genotype of Aulametacoceras; D, Tainoceras wyomingense Miller and Thomas 1936, fig. 3A, height 34 mm; E, Cooperoceras texanum
Miller 1945, fig. 1B, height 10 mm, the genotype of Cooperoceras; F, Tirolonautilus cruz (Stache) 1877, pl. 6, fig. lc, height 26 mm; @, Meta-
coceras cavatiformis Hyatt 1891, fig. 33, diameter 66 mm: H, Metacoceras cornutum Girty 1915, pl. 29, fig. 5b, height 24 mm; I, Metacoceras
carinatum Girty 1915, pl. 30, fig. 3b, height 9 mm; J, Metacoceras dubium Hyatt 1891 fig. 35, height 43 mm; K, Tainoceras cavatum Hyatt 1891,
fig. 42, diameter 106 mm; L, Metacoceras nodosum Miller, Dunbar and Condra 1933, pl. 15, fig. 7, height 20 mm; M. Temnocheilus sp. Miller
and Owen 1934, fig. 2B, height 24 mm; N, Metacoceras sinuosum Girty 1915, pl. 30, fig. 1b, height 15 mm,



TAINOCERATIDAE 17

several more specialized lines. The most elaborate and
complexly ornamented Triassic nautiloids belong in
this phyletic line.

The directions of specialization in Pleuronautilus
were twofold; the first towards changes in suture and
the second towards changes in shape and ornamentation
of the conch. Only one subgenus, Holconautilus,
changed its suture pattern in developing a ventral
saddle. The remaining subgenera are defined on
changes in the form of the conch and patterns of orna-
mentation. FEnoploceras has a quadratic conch with
flattened venter, flanks, and umbilical walls. The
ornamentation is not very unlike that of Pleuronautilus.
Anoploceras has a depressed subquadratic conch with
a broadly arched, smooth venter and steep umbilical
walls. The flanks have sinuous ribs. In Trachyneu-
tilus the conch is characterized by longitudinal ribs
and its small size. The last group, Encoiloceras, has a
very evolute conch with strong fold-like ribs and
modifications of the aperture. Enoploceras is the most
heterogeneous, with 18 species. Anoploceras has only 2
species, Trachynautilus has 7, Encoiloceras has 1, and
Holconautilus has 10.

Phloioceras developed longitudinal ridges on the
flanks and venter. It is an independent development
out of Pleuronautilus, but closely allied to Trachynautilus.

Genus TEMNOCHEILUS M’Coy, 1844

Genotype: Nauiilus (Temnocheilus) coronatus M’Coy

This genus ranges from the early part of the Car-
boniferous to the middle part of the Permian period
and is thought to be the ancestral form of the Taino-
ceratidae. Mojsisovics, Hyatt, Miller, and others have
repeatedly pointed out its ancestral position in the
phylogenetic history of this family. ' Miller, Dunbar,
and Condra (1933) did much to clarify the complex
taxonomic problems surrounding this genus, and gave
the following clear, concise diagnosis of the genus:

Conch nautiliconic, the whorls being greatly depressed,
strongly flattened ventrally and laterally, narrowly rounded
ventrolaterally and more broadly so dorsoventrally, and slightly
impressed dorsally; lateral sides typically not parallel but con-
verging toward the dorsum, the whorls therefore being sub-
trapezoidal in cross section. Umbilicus very broad, deep, and
perforate. Prominent growth lines indicate the presence of a
deep tongue-shaped hyponomiec sinus. Ventrolateral shoulders
of the conch marked by a single row of large, prominent nodes
which are more or less confluent and are elongated in a direction
parallel to the axis of the conch; these peculiar nodes are one of
the most distinctive characters of the genus. Sutures simple
and approximatelv transverse to long axis of the conch but
slightly sinuous; they form broad, shallow, broadly rounded
lobes as they cross the flattened lateral and ventral sides of the
conch, rounded saddles as they cross the ventrolateral and dorso-
lateral zones, and deep, bluntly rounded lobes as they cross the
dorsum. Septa likewise approximately transverse to long axis

of conch and moderately convex apicad. Siphuncle small,
subcentral in position, and orthochoanitic in structure; sertal
necks short but straight; connecting rings not expanded within
camerae.

(See text fig. 8 and Pl. 1, figs. 1, 2.)

In this paper only two genera are considered direct
descendants of Temnocheilus: Foordiceras and Metaco-
ceras. The latter genus ranges through the Pennsyl-
vanian and Permian, and is extremely varied and
abundant. Metacoceras is thought to be the direct
ancestor of several Paleozoic and Triassic general.
This is the virile branch of the family tree; it is also
the branch which maintains a more or less subqued-
rangular cross section of the conch. The varicus
descendants are differentiated mostly on the basis of
differences in ornamentation.

FIGURE 8.—Diagrammatic cross section of the holotype of Temnocheilus latus (Meek
and Worthen) (Univ. Illinois X—438-A) from the Pennsylvanian, Carbon Cliffs,
Rock Island County, Illinois, X 1. .

Foordiceras is confined to the Permian. It has few
species and appears to have a restricted geograplic
range (depending on the interpretation of the genu-).
Foordiceras maintains a subtrigonal type of conch
which is similar to that of the ancestral Temnocheilus.

Temnocheilus ranges throughout the Pennsylvanian
and Permian, and has been recorded from the United
States and Eurasia. The species listed on page 18 have
been assigned to it.

Genus FOORDICERAS Hyatt, 1893
Genotype: Nautilus goliathus Waagen

The genus Foordiceras has been generally neglected
by American authors since Hyatt’s time; however,
Miller and Youngquist (1949) discussed the genus at
length and included in it many species that had pre-
viously been assigned to Metacoceras, Parametacoceras,
Shansinautilus, and Tainionautilus. They also sug-
gested suppressing completely - Shansinautilus Yabe
and Mabuti, Parametacoceras Miller and Owen, and
Tainionautilus Mojsisovies in favor of Foordiceras
Hyatt. Much of their interpretation of this genus is
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Distribution of species of the genus Temnocheilus

Species

Stratigraphic distribution Geographic distribution

Temnocheilus ? acanthicus Tzwetaev 1888_ _________

multituberculatus (Waagen) 1879_______________
multituberculatus simensis Kruglov 1928_________

nikitini Loweneek 1932_ _ __ ___________________
ornatissimus Tzwetaev 1888_ ___ _______________
posttuberculatus (Karpinsky) 1874__ .. __________
posttuberculatus kosswae Kruglov 1928

quingqueliratus Sturgeon 1946 .. ________________
subrectangularis Miller, Dunbar, and Condra 1933_

NNN EREEEEEEEEEEENENAN

Upper Carboniferous..__________._____._______

Permian (Upper Productus limestone).....______
Permian (Ashian) _ .. ________ _____ . ________..
multituberculatus tastubensis Kruglov 1928_ ______|._.__ do_.__
Permian (Schwagerina princeps beds) .._________
Upper Carboniferous_.____ .. ______.___
Permian (Artinskian) . ______ . _ . ____.________ s
_________________________________ o

JSUEE N P do__..
postiuberculatus waschkuricus Kruglov 1928______|._.__ o o TSN
Pennsylvanian (Allegheny formation) . .__._____
Pennsylvanian (Upper part of Pottsville).______

Central Russia.

. astaticus Grabau 1924.________________________ Permian (Taiyuan series).._ ... . oo .____. Shansi, China.
atuberculatus Tzwetaev 1888___________________ Upper Carboniferous____.____._ . _______._ Central Russia.
gemmellaroi Canavari 1935__ _ . ________________ Permian (Sosio beds) _ _ - . oo _._ Sicily.
grewingki Tschernyschew 1899_ ________________ Permian (Bakhmout dolomite) __...____._____.. Kulogory, Russ'a.
harnert Miller and Owen 1934__________________ Pennsylvanian (Cherokee formation) .. ______. Missouri.
inaequilateralis Miller and Youngquist 1949._.___ Permian (Leonard formation) ... __.________ Brewster County, Tex.
johnsoni Miller, Dunbar, and Condra 1933...___ Pennsylvanian. ____ _________ . ... .. Colorado.
latus (Meek and Worthen) 1870________________|.___. QO o e Illinois.
medioventralis Sturgeon 1946 __.________________ Pennsylvanian (Allegheny formation) . ._.______ Ohio.

Salt Range, Pal-istan.
Sims River, Russia.
Tastuba, Russia.
Tianschen, China.
Central Russia.
Koswa River, F ssia.

Techussovaya River, Rus-

Ohio,
Floyd County, Ky.

. tuberculatus Sowerby 1821..__ . ________________ Carboniferous__ . _ __ __ . Great Britain.
T. waageni Loczy 1898 _ . _______________________ Permo-Carboniferous_ _ _ . ____ .. _______ Yunnan, China,
T. winslowi (Meek and Worthen) 1870____________ Pennsylvanian_ . ______________ ... ______. Illinois.
believed by the writer to be untenable. Nautilus suture, only showing a slight curve, without forming sny umbili-

goliathus Waagen of the Upper Productus limestone of
the Salt Range, India, is the genotype of Foordiceras
by original designation. Because it is pertinent to the
analysis of ribbed nautiloids in the late Paleozoic and
to the proper phylogenetic placement of Foordiceras,
Waagen’s discription of the genotype of Foordiceras
is included here.

The general form of the shell is that of a very thick disk. The
umbilicus is very deep, but not very wide; the whorls are very
thick and inflated with an extremely broad flattened external
part. The transverse section of the whorl is broad trapezoidal,
the broadest diameter being near the outer edge of the whorl.
The lateral parts of the whorls unite with the external part in a
rounded edge, which is ornamented with a row of thick elongated
rib-like tubercles extending halfway down the height of the
whorl. There are about fifteen of these tubercles on the specimen
of a diameter of 168 mm. The lateral parts of the whorls slope
down from the external edge regularly to the umbilical suture,
only showing a slight curve, without forming any umbilical edge
or a distinet umbilical wall.

The septa of this species are slightly curved like those of the
preceding one (Nautilus flemingianus de Koninck) but they are
much less numerous. Besides this there is no relation between
the air chambers and the tubercles, as in the case in Nautilus
flemingianus. The specimen I have got for deseription is not
sufficiently well preserved to count the number of septa on each
whorl, but there may have been about thirty-two on the last
circuit.

The position of the siphon could not be ascertained.

From this description and examination of the figure
of the holotype (Waagen 1879, PL. 4; which Foord 1891,
p. 156, states is “highly restored’’) it should be empha-
sized that the conch is trapezoidal in shape and that the
flanks

slope down from the external edge regularly to the umbilical

cal edge or distinct umbilical wall (see fig. 7B).

The trapezoidal conch is very reminiscent of that seen
only in typical representatives of Temnocheilus. The
latter genus is also characterized by having ventro-
lateral nodes. Short ribs are common in several early
Permian species of Temnocheilus described by Kruglov
(1928) from Russia and Yin (1933) from China.
Temnocheilus and Foordiceras are the only late Paleozoic
or Triassic nautiloids with a similar trapezoidal’conch.
Mojsisovics (1902, p. 232) first observed that Foordiceras
had a Temnocheilan cross section and he considered
Foordiceras as a ‘“directly descendant type from
Temnocheilus in a somewhat more advanced evolu-
tionary stage’ [free translation]. In this interpretation
the writer concurs. Many of the forms recently assigned
to Foordiceras by Miller and Youngquist (1949) have a
subquadratic to compressed conch and should be placed
in the phyletic lines of Metacoceras and Pleuronautilus.
The ornamentation is considered to be of secondary
importance in this case and the shape of the conch a
nore vital basis of differentiation and ind‘cator of
genetic relationship. As demonstrated ir several
places in this study, the evolutionary history of Pennsyl-
vanian, Permian, and Triassic nautiloids has several
examples of convergent evolution and home~morphic
tendencies. The convergence may be in shape of the

conch, in the ornamentation, or both. Thus it appears

to be more correct to place Foordiceras as a direct
derivative of Temnocheilus and confined to the Paleo-
zoic, giving rise to no Triassic forms. Those nautiloids
with more or less quadratic to compressed conchs
should be kept in a completely different phyletic line.
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Distribution of species of the genus Foordiceras

Species Stratigraphic distribution Geographic distribution
Foordiceras dyadicum (Haniel) 1915_ _____________. Permian (Basleo beds) . oo - oo qcccooo oo Timor. .
F. flemingianum (deKoninek) 1863. ... ___._ ... Permian (Middle Productus limestone)....___- Salt Range, Pakistan.
F. goliathum (Waagen) 1879 -| Permian (Upper Productus limestone) .. Do.
F. grypoceroide Reed 1931 ______________ -{ Permian {(Productus limestone).._-_ Do.
F. loczy: (Fliegel) 1901 ______ ____________ -| Permian (middle). - cvewuceoona oo Sumatra
F. nodosocostatum (Gemmellaro) 1888 __.__ . _______ Permian (Sosio beds) . - -~ oo oo Sicily.
F. pleuronautiloide (Gemmellaro) 1888 .. . ______|-.... O e e e Do.
F. sumatrense (Fliegel) 1901_________._____.______ Permian (middle) - - oo oo Sumatra.
F.? ufimskensis Kruglov 1928 ___ ... __._______ Permian (Omphalotrochus beds) .- - - ____ Russia.
F, wynnei (Waagen) 1879_ . ______. Permian (Productus limestone) ... __._.___ Salt Ra.nge, Pakistan.

The writer believes that none of the species referred
to Foordiceras by Miller and Youngquist (1949)
belong to that genus and are more properly placed in
Metacoceras and Pleuronautilus. The following species
are thought to belong in the genus Foordiceras.

Genus METACOCERAS Hyatt, 1883

Genotype: Nautilus (Discus) sangamonensis Meek and Worthen

The most prolific Late Paleozoic nautiloid genus is
Metacoceras, with about 50 species. The original
generic designation by Hyatt (1883, p. 268) is as
follows,

Metacoceras includes Silurian and Carboniferous species with
broad, ventral, lateral, and dorsal lobes but no annular Jobes.
Siphon near the ventrum or central. Whorls quadrate, sides
with one row of nodes along the external border, umbilical
shoulders smooth but gibbous, the type has this part of the
whorls elevated into & ridge. The forms are evidently transi-
tional from the genus Plectoceras to Mojsvaroceras.

A more recent and amended diagnosis of the genus is
given by Miller, Dunbar and Condra (1933, p. 168-
169). The many studies of the genus since Hyatt's
original designation have tended to broaden the concept
of it. Miller (1945) placed in this genus several ribbed
forms from the middle Permian of West Texas that he
later placed in Foordiceras (Miller and Youngquist,
1949). Girty (1915, p. 239-249) attempted to group
the species of Metacoceras into four subdivisions.
Fortunately, however, Girty applied no formal names
to his groups (Miller, Dunbar, and Condra, 1933,
p. 166) Study of the Literature, and a large collection
of forms from the Late Paleozoic of Texas, show that
the various “types” of ornamentation are gradational
and that no practical or consistent subdivisions can be
set up on this basis at the present time.

The basic pattern of ornamentation of Metacoceras is
that of ventrolateral and umbilical nodes. The species
can be separated into two groups, the first including
those that have only ventrolateral nodes, and the
second those that have both ventrolateral and umbilical
nodes. Within these two groups there are countless
variations and gradations. In the first group, there
are species with weakly developed nodes (such as M.

sublaeve and M. inconspicuum), and also species with
strongly developed ventrolateral nodes (such as 3.
sangamonense, M. mammiferum, and M. coloradoense).
Intermediate in development of the ventrolateral nodes
are such species as M. mutabile and M. cornutvm.
Other species evolved elongated types of ventrolateral
nodes such as are found in M. hayi, M. walcotti, and
M. cavatiformis. Species of Metacoceras with both
ventrolateral and umbilical nodes do not seem to be
quite as common as those with only ventrolateral nodes.
The binodal ornamentation is illustrated in such species
as M. angulatum, M. nodosum, M. biseriatum, M.
medlicottianum etc. The genotype of Metacoceras,
M. sangamonense (Meek and Worthen) is characterized
by large blunt, rounded ventrolateral nodes, with no
nodes on the umbilical shoulder but with an acutely
rounded umbilical shoulder (pl. 1).

Within recent years there has been a tendency to
include in the genus Metacoceras Pennsylvanian and
Permian nautiloids with the approximate gross form of
the genotype, but with variously modified lateral ribs.
The development of lateral ribs, which in some forus
culminate in a ventro-lateral node and/or an umbilical
node, appears to be a separate phyletic development
that gave rise to the great complex of genera, subgene-a,
and species evolving around the genus Pleuronautilus.
The evolutionary trend deriving Mojsvaroceras directly
from Metacoceras does not appear to involve the develop-
ment of primary ribs; however, some species of Mojsva-
roceras do show connecting ‘‘pilae’” or ribs between
ventrolateral and umbilical nodes. Twenty-four speciasg
of Permian nautiloids, many previously referred to
Metacoceras, are retained or placed in the genus Pleu-o-
nautilus and seem to represent the primitive early forms
of Pleuronautilus, most of them showing marked
affinities with Metacoceras. (See discussion of Pleuro-
nautilus on pp. 33, 34.)

The genus Metacoceras ranges from the earliest Pern-
sylvanian to the latest Permian and is thought to be
replaced in the Triassic by the subgenus Mojsvaroceras.
Metacoceras shows two maxima in number of species,
one in Des Moines-Missouri time and the other in
Wolfcamp-Leonard time. The high degree of variation
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Distribution of species of the subgenus Metacoceras (Metacoceras)

Species

Stratigraphic distribution Geographic distribution

Metacoceras (Metacoceras) angulatum Sayre 1930_ __.
M. (M.) armatum (Sowerby) 1840 ________________
M. (M.) baylorense Miller and Youngquist 1949_____
M. (M.) biseriatum Miller and Owen 1934__________
M. (M.) bituberculatum Miller and Youngquist 1949 _

Pennsylvanian (Westerville limestone) .. __..____
Carboniferous._. ... oo ___
Permian (Leuders formation) . _ .- ________
Pennsylvanian (Cherokee formation)_..____.____
Permian (Leonard formation) . - _ - _________

Missouri.

Great Britain.

Baylor County, Tex.
Henry County, Mo.
Brewster County, Tex.

M. (M.) carinatum Girty 1911____________________ Pennsylvanian (Wewoka formation) . - .- __..-__. Oklghoma. .

M. (M.) cavatiforme Hyatt 1891 _ . ________________ Permian (Fort Riley? limestone) . _ _ _-._.______ Geary County, I{ans,

M. (M.) cheneyi Miller and Youngquist 1947 _______ Permian (Admiral formation) . ... .._______ Coleman County, Tex.

M. (ML) chittidilense Reed 1944____ _______________ Permian (Middle Productus limestone) ____.____ Salt Range, Pakistan.

M. 9(M.) coloradoense Miller, Dunbar, and Condra | Pennsylvanian_ _.__ ... _________________ Colorado.
1933.

M. (M.) cornutum Girty 1911____________________ Pennsylvanian (Wewoka formation) . __________ Oklahoma.

M. (M.) costatum (Hind) 1911____________________ Carboniferous__ - - e Great Britain.

M. (M.) discoideum Merla 1934 .. ______________ Permian (Bellerophon limestone) . _._..________ Ttaly. )

M. (M.) dubium Hyatt 1891 ___ . _._____________ Permian (Fort Riley? limestone) . - _-.___.____ Geary County, JXans.

M. (M.) falcatum (Sowerby) 1840_________________ Carboniferous_ __ .- - . ____________ Great Britain. _

M. (M.) hay: Hyatt 1891 ________________________ Permian (Fort Riley? limestone) . _ . .________.__ Geary County, I{ans.

M. (M) aff. M. hayi (Fliegel) 1901 _________.______ Permian (lower) __ . - o o Sumatra.

M. (M.) inaequiseptatum Merla 1934_ _____________ Permian (Bellerophon limestone) .- _________ Italy. §

M. (M.) inconspicum Hyatt 1891 __________._______ Permian (Fort Riley? limestone) . _____________ Geary County, Xans.

M. 9(1\74) jacksonense Miller, Lane, and Unklesbay | Pennsylvanian {Winterset limestone) ___._._.____ Jackson County, Mo.
1947. -

M. (M.) knighti Miller and Thomas 1936___ _______ Pennsylvanian (Casper formation)..___________ Wyoming.

M. (M.) lambi Sturgeon 1946_____________________ Pennsylvanian (Allegheny formation) ._________ Ohio.

M. (M.) mammiferum Miller 1945_________________ Permian (Bone Spring limestone). .. ________ Hudspeth County, Tex.

M. (M.) medlicottianum (Waagen) 1879____________ Permian (Middle Productus limestone) ... _____ Salt Range, Pakistan.

M. (M.) multituberculatum Girty 1911 _____________ Pennsylvanian (Wewoka formation) . - - Oklahoma.

M. (M.) mutabile Miller and Owen 1934_ ____._____ Pennsylvanian (Cherokee formation)_._________ Henry County, Mo.

M. (M.) nodosum Miller, Dunbar, and Condra 1933_| Pennsylvanian (Kansas City group)._._.__-___ Missouri.

M. (M.) ornatisstimum (Miller and Youngquist) | Permian (Admiral formation) - - ______________ Coleman County, Tex.
1041,

M. (M.) perelegans Girty 1931 ___________________ Pennsylvanian (Wewoka formation) .- _________ Oklahoma.

M. (M.) pernodosum (Tschernyschew) 1899____.___ Permian (middle) ... - _______________ Russia.

M. \M.) piszovi Kruglov 1926 ___________________ Permian__ . Ufa Plateau, Russia.

M. (M.) piszovi artiense Kruglov 1928 _____._______ Permian (Artinskian) . .. _____________________ Asha River, Rurssia.

M. (M.) posicostatum Bisat 1930 _________._______ Carboniferous. - - - - - - oo Great Britain.

M. (M.) pottsvillense Morningstar 1922__ _____._____ Pennsylvanian (Pottsville formation) . . ____.___ Ohio.

M. (M.) reedianum Merla 1934___________________ Permian (UPPer) - - - - - oo oo oiceeeee o India,

M. (M.) sangamonense (Meek and Worthen) 1860___{ Pennsylvanian (McLeansboro formation)_______ Tilinois.

M. (M.) sinwosum Girty 1911 ____________________ Pennsylvanian (Wewoka formation) .- _________ Oklahoma. .

M. (M.) subglabrum Kruglov 1928________________ Permian (Ashian) _ _ . . ______________ Asha River, Russia.

M. (M.) subquadrangularis (Whitfield) 1882________ Pennsylvanian _ _ - _ .- _______ Ohio.

M. (M.) tricarinatum Sturgeon 1946 ______________ Pennsylvanian (Allegheny formation)._________ Do.

M. (M.) tricarinatum parvinodosum Sturgeon 1946___| ___ _do-- e Deo.

M. (M.) trigonotuberculatum Jakolew 1899__________ Permian (Bakhmout dolomite and Bellerophon | Donetz _Basin, Russia;

limestone). Alps, Ttaly.

M. (M.) ischernyschewi (Tzwetaev) 1888___________ Carboniferous (upper) .. oo ___ Central Russia.

M. (M.) tuberosum (McCoy) 1853 ______.___ Carboniferous._ . _ . - - oo Great Britain.

M. (M.) unklesbayi Miller and Youngquist 1949____{ Permian (Kaibab formatijon)...._ ... _________ Arizona.

M. (M.) vagans Miller and Owen 1937_____________ Pennsylvanian (Coffeyville formation) . . . ______ Oklahoma.

M. (M.) walcottt Hyatt 1891 . _ . ________________ Pennsylvanian _ _ ..o oo Texas.

and few or poorly preserved specimens prevent a thor-
ough understanding of most of the species. There are
more than twice as many species of Metacoceras (50)
as of any other Pennsylvanian and Permian nautiloid.
The closest rival in numbers of species is Domatoceras
with 22 species. Metacoceras and Mojsvaroceras are
very similar in their gross form and show similar degrees
of variation. Mogsvaroceras is slightly more involute
and has an annular lobe. Hyatt (1883, p. 268) in his
original designation of the genus Metacoceras states that
no annular lobe is present. The number of species in
which the dorsal suture pattern is known, however, is
so few that the status of this feature in Pennsylvanian
and Permian species of Metacoceras is not known. Re-
cent studies on nautiloids (Diener, 1919, Kieslinger,

1924, and numerous publications by Miller) Fave cast
grave doubt on the taxonomic significance of the annular
lobe. Because the two genera are so closely related,
differing mainly in the degree of involution and the
presence or absence of an annular lobe, it is expedient
to make Mojsvaroceras a subgenus of Metacoceras. This
classification will also emphasize the close phyletic
relationship between the two groups, that Mojsvaroceras
appears to have been evolved directly from and to have
replaced Metacoceras.

Miller, Dunbar, and Condra (1933, p. 167-168)
assigned 33 species to the genus Metacoceras. Since
then, taxonomic changes have raised to perhavs 50 the
number of species the writer considers valid members of
the genus,
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Subgenus MOJSVAROCERAS Hyatt, 1883

Subgenotype: Temnocheilus neumayri Mojsisovies

According to Hyatt’s original description (1883, p.
269) the genus
Mojsvaroceras, nobis, of the Dyas and Trias includes the species
described by Mojsisovies in the Mediterr. Trias Prov. as Temno-
cheili. These have two rows of lateral tubercles, the form
quadrate and very stout, the siphons below the centre, and
sutures with ventral lobes, but also according to Mojsisovies
with minute annular lobes.

“Temnocheili” of Mojsisovics include 7. neumayri,
T. augusti, T. morloti, T. cassianus, and, T schloenbachi.
The last three species are forms very different from the
genotype and have subsequently been referred to
other genera.

Mojsisovics (1902, p. 233) greatly amplified Hyatt’s
description of Mojsvaroceras. He characterized the
genus as having straight ribs, by which it was differen-
tiated from Pleuronautilus, and included Pennsylvanian
and Permian species (Nautilus nikitini Tzwetaev (1888)
and Nautilus verae Arthaber, and with question “Tem-
nocheilus” crassus Hyatt). Mojsisovies visualized the
ornamentation of Mojsvaroceras as consisting of either
ventrolateral and umbilical nodes which may or may
not be connected by lateral ribs, or lateral ribs only, or
ventrolateral nodes only. He suggests an evolutionary
trend towards a decrease in ornamentation. Mojsvaro-
ceras perarmatum Mojsisovics of the Karnian with
ventrolateral and umbilical nodes was considered a
possible offshoot from the main evolutionary line.

There are 18 species of the subgenus Mojsvaroceras:
2 in the Scythian, 12 of Anisian age, 1 of Ladinian age,
and 3 of Karnian age. This distribution appears to
indicate an expansion in the Anisian and great reduction

.well illustrated in M. aureculatum (Hauer),
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in the number of species in the Ladinian and Karnien.
The two Scythian species are typical binodal forms
showing strong affinities with Metacoceras. The
Anisian species show a great amount of variation in
the form of the conch and in ornamentation. One of the
most striking characteristics of the Anisian species is
the disappearance of the ornamentation leaving a
smooth conch after the first or second whorl. This is
i M. ventri-
cosum (Hauer), and M. kellneri (Hauer). The Karnian
species, namely M. pironai (Tommasi), and M. perar-
matum Mojsisovies are all typical binodal forms; M.
turneri Hyatt and Smith has only a row of elongated
nodes along the midline of the flanks. The fact that
the latest species of Mojsvaroceras, those of Karnian
age, are typical binodal, quadrate forms appears to
indicate that this ornamentational type is the main
evolutionary pattern of this group. The principal
modifications in these late species over the earlier
species are the greater development of the ventral lobe,
the presence of an annular lobe, and a slightly more
involute conch. The Anisian species that led Mosi-
sovics to believe in an evolutionary trend towards a
decrease in ornamentation in Mojsvaroceras appear to
be local aberrant forms that in effect show a great
acceleration in their ontogenies and convergerce
towards Germanonautilus.

Only two species of Mojsvaroceras are known from
the Triassic of North America, M. turner: Hyatt and
Smith from the Hosselkus limestone, Shasta County,
California and M. frenchi Kummel n. sp. from the
Thaynes formation, southeastern Idaho. Most of the
remaining species of Mojsvaroceras are known from the
Alpine region of Europe, a few from Triassic rocks of the
Himalayas, and one species from northern Siberia.

Distribution of species of the subgenus Metacoceras (Mojsvaroceras)

Species Stratigraphic distribution Geographic distribution

Metgé-«z)cems (Mojsvaroceras) augusti (Mojsisovics) | Triassic (Anisian) - _ . .. ____ Alps.

1 .
M. (M.) auriculatum (Hauer) 1892________________ Triassic (Anisian, Ladinian) __ ________________ Alps, Yugoslavia.
M. (M.) binodosum (Hauer) 1887________________ Triassic (Anisian) _ _ _ . _..___.__ 0.
M. (M.) bulogense (Hauer) 1887__ ________________|.____ s (o Yugoslavia.
M. (M.) frenchi Kummeln.sp_.__.________________ Triassic (Sceythian) . _ .. . _____________ Idaho.
M. (M.) kagae Diener 1907_______________________ Triassie (Anisian) _ . ... __.____ Himalayas, India.
M. (M.) kellneri (Hauer) 1887 ____________________|..___ Ao el Yugoslavia.
M. (M.) morloti (Mojsisovies) 1882 _______________}| ____ do. e Alps, Yugoslavia.
M. (M.) neumayri (Mojsisovies) 1882 . ___ | ____ do . | Alps.
M. (M.) nivicola Diener 1907_____________________|.____ Ao . : Himalayas, India.
M. (M.) patens (Hauer) 1896_____________________|.____ do.. . Yugoslavia.
M. (M.) perarmatum (MO]SISOVICS) 1873 ___________ Triassic (Karnian).____ .. . _______.____ Alps.
M. (M.) pironat (Tommasi) 1890_____._________ | ____ Ao o Do.
M. (M.) polygonium (Hauer) 1892__ ______________ Triassic (Anisian) __________________________. Yugoslavia.
M. (M.) subaratum (Keyserling) 1860_.___________ Triassic (Seythian) - ________________________ Siberia.
M. (M.) turneri Hyatt and Smith 1905____________ Triassic (Karnian) .. - ____________ California.
M. (M.) veniricosum (Hauver) 1896________________ Triassic (Anisian) - _ ___ . ______._________.._ Yugoslavia.




22

AMERICAN TRIASSIC COILED NAUTILOIDS

h i : ]

F1GURE 9.—Cross sections of the conch of A, Germanonautilus salinarius Mojsisovics 1882, pl. 91, fig. 3b, diameter 86 mm; B, G. tintoreiti Mojsisopics
1882, pl. 91, fig, 2b, diameter 76 mm; C, Q. breuneri (Hauer), after Mojsisovics 190 pi. 9, fig. 2b, diameter 118 mm; D Metacoceras (Mojsovaro-
ceras) polwonium ‘Hauer 1892, pl. 1, ﬁg 4b, diameter 94 mm; E, M. (M.) kellneri Hauer 1887, pl. 2, fig, 2b, diameter 88 mm; F, M. (M.) guril-

culatus Hauer 1892, pl. 2, fig. 1b, diameter 50 mm; ¢, M, (M. ) patms Hauer 1896, pl. 3, fig. diameter 92 mm; H, M. (M. ) binodosum Hauer
1896, pl. 1, fig. 4, diameter 78 mm- I, M, (M.) mumavri (Mojsisovies) 1882, pl. 88, ﬁg. 2b iameter 75 mm, the subgenotypa of M. (M.); J,
fM ) subaratus (Keyserling), after Mojsisovics 1886, pl. 16, fig. 1b, diameter 56 mm.



TAINOCERATIDAE

Metacoceras (Mojsvaroceras) turneri Hyatt and Smith
Plate 2, figures 11-14; text figure 10

1905. Mojsvaroceras turner: Hyatt and Smith, U. S. Geol. Survey,
Prof. Paper 40, p. 209, pl. 48, figs. 6—11.

1927. Mojsvaroceras turneri Hyatt and Smith, U. 8. Geol. Survey,
Prof. Paper 141, p. 106, pl. 48, figs. 6-11.

The holotype is a fragmentary specimen consisting of
four camerae and about 65 mm of the living chamber.
The whorls are subquadratic in cross section (text fig.
10). At the most adoral part of the conch the whorl
is 60 mm wide and 40 mm high. The venter is broadly
arched grading to distinct ventral shoulders. The flanks
converge ventral and are only slightly arched. The um-
bilical shoulders are sharply rounded and the umbilical
wall convex and steep. The impressed zone is mod-

erately deep. The adoral part of the living chamber

expands very rapidly.

FIGURE 10.—Diagrammatic cross section of the holotype of Metacoceras (Mojsva-
roceras) turneri Hyatt and Smith (U.8.N.M. 74026) from Hosselkus limestone,
Shasta County, California, X 1.

Along the mid line of the flanks are large elongated low
nodes spaced about 17 mm apart. There are no nodes
on the ventral or umbilical shoulders. The sutures form
shallow ventral and lateral lobes and have an annular
lobe. A small paratype 30 mm in diameter has a
flattened venter with well rounded ventral and umbilical
shoulders. The flanks are also flattened. The nodose
pattern of ornamentation is not present on this im-
mature specimen.

Occurrence: Upper Triassic Hosselkus limestone, 3
miles east of Madison ranch, between Squaw Creek and
Pit River, Shasta County, California.

Types: Holotype, U.S.N.M. 74026; paratype,
U.S.N.M. 74026a.

Metacoceras (Mojsvaroceras) frenchi n. sp.
Plate 2, figures 1-10; plate 4, figures 8, 9, 10; text figure 11

This species is the most abundant form in the Lower
Triassic nautiloid fauna from Idaho. Ten fairly com-
plete specimens are available for study.

The conch is evolute, impressed zone being small.
Cross-section of the adoral whorl is subquadratic in out-
line (text fig. 11) being broader than high. The venter is
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broad, flattened, and has a shallow depressed zone along
the center in the maturer portions of the conch. The
ventral shoulder is broadly rounded and the flanks flair
distinctly outward. The umbilical shoulder is sharply
rounded and passes on to a broadly arcuate umbilical
wall which turns inward at the seam. The adapertu-al
whorls are more rounded but still broader than high.
The first one-half volution has no apparent umbilical
shoulder, the flanks grade more or less gradually orto
the dorsal area. The length of the living chamber is
unknown. The umbilicus is broad, deep, and perforate.
The umbilical perforation is 4 to 7 mm across in the
specimens studied.

Fieurk 11.—Diagrammatic cross section of the holotype of Metacoceras &‘Mojwa-
roceras) fremchi, n.sp. (U.8.N.M. 107069) from the Columbites beds, Thaynes
formation, Montpelier Canyon, Idaho, X 1.

The test has strong prominent growth lines that pres
aborally over the umbilical wall, curve adorally over
the flanks and on the ventral shoulder the growth lires
turn aborally to form a broad, deep ventral sinus.
Delicate lirae oriented transverse to the growth lires
have a wavy appearancé. The lirae extend orly
between growth lines, but are more or less continuous.
The most distinctive feature of the test is the presence
of two sets of nodes, one set of nodes on the ventral
shoulder or adjacent to it, and the other set of nodes on
the umbilical shoulder. The nodes are high, slender and
very distinct; there are no ribs or raised areas connecting
the nodes. The nodes are also present on the interral
mold but somewhat subdued. There is a slight varia-
tion in the prominence of the nodes on the interral
mold. There is also some degree of variation in the
nodes on the adapical half of the first volution. On tlis
part of the conch there is essentially only one node, and
it has the appearance of a short rib in some specimers,
In other specimens there is a distinet node on the
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umbilical shoulder that slopes gradually towards the
venter but there is no node on the ventral shoulder.
One such specimen (pl. 4, figs. 8, 9, 10) shows strong
similarities to Parametacoceras of the Pennsylvanian and
Permian. The test of the adapertural first one-half
volution is composed of delicate transverse and longi-
tudinal ridges that give this portion of the conch a
granular appearance. On one of the paratypes (pl. 2,
fig. 8) there are, at a diameter of 15 mm, two depressed
areas on the margins of the venter. These depressed
areas are L-shaped and approximately 5 mm long.
The borders of these depressed areas slope gradually
on to the surface of the conch, producing no ridge or
markings at the contact. The significance of these two
symmetrical depressions is unknown.

The sutural elements are simple, consisting of a broad
shallow ventral lobe, an adjacent shallow lateral lobe on
the flanks, a short shallow lateral saddle on the umbilical
shoulder following to the umbilical seam over the um-
bilical wall in almost a straight line. A short but
distinet annular lobe is present. At a diameter of 15
mm the suture is essentially straight.

The siphuncle is subeentral and very small. In the
immature part of the conch the siphuncle is central.

Dimensions (in millimeters) of holotype (U.S.N.M. 107069)

Diameterof coneh__ ________________________________ 69. 5
Height of last whorl ... _____________________ ____ 30.0
Width of last whorl _ _ _______________________________ 44. 8
Height of umbilical shoulder on the most adapical whorl__ 13. 5
Diameter of umbilieus______.________________________ 24.5
Depth of umbilicus. - .. ___________________________ 15.0
TImpressed zone_. ___ ... ____ 3.0

Remarks.—The type of Mojsvaroceras as picked by
Hyatt and illustrated and described by Mojsisovies
(1882, p. 267, pl. 88, figs. 1, 2) has a smooth conch for
the first 1% volutions; thereafter marginal nodes are
developed on the ventral and umbilical shoulders.
Metacoceras (Mogsvaroceras) frenchi has lateral nodes
developed after the }% volution and thus differs in this
respect from the genotype. A study of other species
included in this genus by Mojsisovics shows that he
included forms that developed ornamentation at an
early stage. Metacoceras (Mojsvaroceras) frenchi is a
very distinctive form characterized by its rapidly ex-
panding conch, the nodes on the ventral and umbilical
shoulders, and the shape of its whorl section.

Mojsvaroceras has been recorded from the Alpine, the
Himalayan, the northern Siberian, and the California
Triassic regions. It ranges from the Scythian to the
Karpian. The only other Scythian species of this
subgenus known is Metacoceras (Mojsvaroceras) sub-
aratum from the Olenek region of northern Siberia.
Mojsvaroceras is very abundant in the Anisian in the
Alpine and Himalayan regions. Smith (1927, p. 105)
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states that thiere are some forms in the middle Triassic
of North America that may belong to this genus. One
Ladinian species is known from the Alpine Triassic.
In the Karnian only a few species are known from the
Alpine region, one from the Himalayas and one from
the Hosselkus limestone of California.

Occurrence—Upper shale member (Columbites zone),
Thaynes formation, Montpelier Canyon, Idaho, sec. 31,
T. 12 S, R. 45 E. and Hot Springs, Idaho, sec. 18, T.
158, R. 45 E.

Types.—Holotype, U.S.N.M.
107070-107078.

107069; paratypes

Genus PARAMETACOCERAS Miller and Owen, 1934
Genotype: Parametacoceras bellatulum Miller and Owen

In their discussion of the genus Foordiceras, Miller
and Youngquist (1949, p. 96) recommended suppressing
Parametacoceras as a synonym of Foordicercs. This
interpretation is held to be untenable for mary of the
reasons mentioned in the discussion of Tainionautilus
and Foordiceras (pp. 17, 26). The subquadrstic cross
section of the whorl and the ornamentation show a
close affinity to Metacoceras as originally pointed out
by Miller and Owen (1934, p. 232-233); their original
description is as follows:

Conch tarphyceraconic and typically slightly evolute. Whorls
subquadrate in cross section. Umbilicus large and perforate.
Aperture marked ventrally by a broad deep rounded t yponomic
sinus. On mature portion of the conch lateral sides of whorls
bear short transverse ribs. Each suture forms very shallow

broadly rounded ventral, lateral, and dorsal lobes and these
are separated by similar but more narrowly rounded ventro-

lateral and dorso-lateral saddles. Siphuncle small, subcentral
or subventral in position, and orthochoanitic in structure.

Possibly Parametacoceras is actually the ancestral
group of Pleuronautilus. It is only superficially similar
to Foordiceras as defined by Miller and Youngquist
(1949). As interpreted here, Parametacoceras includes
only P. bellatulum Milier and Owen, the genotype,
P. schucherti Miller, P. crassus (Hyatt), and possibly
P. nikitini (Tzwetaev), all from the Pennsvlvanian.
“Parametacoceras” praecursor (Girty) from the Leonard
formation of West Texas and ‘Parametacoceras”
venustum Reed from the Upper Productus limestone of
the Salt Range, India, the writer assigns to the genus
Pleuronautilus.

Genus TAINOCERAS Hyatt, 1883
Genotype: Nautilus qguadrangulus McChesney

The genus Tainoceras is well represented in rocks of
middle Pennsylvanian to late Permian age throughout
the world. It is here proposed to include a Triassic
species. The best and most recent description of the
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genus is that by Miller and Youngquist (1949), quoted
in part as follows:

Conch nautiliconic but not deeply involute, and typically
whorls are subrectangular in cross section as they are depressed
dorsoventrally, flattened laterally and ventrally, and only
slightly impressed dorsally [see text fig. 71]. The volutions are
few in number. The umbilicus is large and open, the umbilical
shoulders are abrupt, and the umbilical walls are steep. On
each of the ventrolateral zones of the conch there is a single row
of nodes that border a median sulcus or flattened zone. Growth
lines indicate that the aperture bears a broad shallow lobe on
the ventral, lateral, and dorsal sides of the conch—these are
separated by very narrowly rounded or subangular saddles that
center on the ventrolateral zones of the conch and the umbilical
seams. As a result of the ventral nodes, the sutures are sinuous
and commonly asymmetrical as they cross the ventral zone.
At the umbilical shoulders which in some cases are nodose there
is a marked change in the adoral curvature of the sutures. The
siphuncle is orthochoanitic in structure and is more or less sub-
central in position but typically located much closer to the
venter than the dorsum. The septal necks are short but straight,
the connecting rings are not expanded appreciably within the
camerae, and the segments of the siphuncle are therefore essen-
tially cylindrical in shape.

“Trematodiscus” klipsterni Mojsisovies from the
Alpine Karnian resembles typical Paleozoic representa-
tives of Tainoceras very closely. It bears prominent
nodes on each ventrolateral shoulder and a double
row of nodes on the venter. This species is more
involute than any Paleozoic species of Tainocreas, the
outer whorls inclosing more than half of the inner
whorl. However, in all other morphologic features
this Triassic form shows closer relationships to Taino-

ceras than to any other genus. Mojsisovics (1902, p.
236-237) placed this species in his new genus Thuringio-
nautilus and noted its similarity to typical Tainoceras.
He considered it to be nearer Germanonautilus because
in the ontogeny the ventrolateral nodes appeared before
the nodes on the venter. This is precisely what is
found in at least some of the Paleozoic Tainoceras.

It is always difficult to ascertain the affinities of
stratigraphically widely separated species. Pennsyl-
vanian and Permian species are numerous and wide-
spread; the only Triassic species even closely related is
Tainoceras klipsteini whose morphological similarity is
great. The same problem exists with bringing together
in one genus Aulametacoceras mckeei and Nautilus
rectangularis from the Alpine Karnian. One can easily
ask, “Where are the intervening forms?”’ It is of
course feasible to consider 7. klipsteini as an aberrant
development of Germanonautilus or keep it in the genus
Thuringionautilus as suggested by Mojsisovics. Hovr-
ever, it does not even reasonably resemble the genotype
of Thuringionautilus, T. jugatonodosus. The writer
believes that so striking a feature of ornamentation as
the double row of ventral nodes, which is developed in
only one stock of late Paleozoic nautiloids, is a mono-
phyletic development and that provisionally it is be~t
to place the Triassic species in this genus. It is well
to note that no monographic works on Alpine Triassic
nautiloids have appeared since those by Mojsisovics
(1873-1902) and Diener (1919).

Distribution of species of the genus Tainoceras

Species

Stratigraphie distribution Geographic distribution

Tamocems cavatum Hyatt 1891 ____ ___ _ _______

T. clydense Miller and Kemp 1947________________
comptum Reed 1944 ___ _______________________
debile Reed 1944 _ _ ____ . ___________________|.____ do
duttons Hyatt 1893 _ _____ ____________________
. klipsteini (Mojsisovies) 1882___________________
mingshanense (Kayser) 1883 _ . __ _______________
monolifer Miller, Dunbar, and Condra 1933______

murray: Miller and Unklesbay 1942____________
nebrascense Miller, Dunbar, and Condra 1933____

nodocarinatum (McChesney) 1859 _____________
noetlingi subglobosum Reed 1931_____ ___ . ______
oceidentale (Swallow) 1858 _ . _______________
orientale (Kayser) 1883_ _____ __ _ _______________
quadrangulum (McChesney) 1859_______________
rotundatum Miller, Dunbar, and Condra 1933____
schellbachi Miller and Unklesb&v 1942 _____
toulai (Gemmellaro) 1888______________________
trautscholds (Waagen) 1879_____ _______________
trimuense Reed 1944__________________________
unklesbay: Miller and Youngquist 1949__________
wyomingense Miller and Thomas 1936___________
zmajevacense Simie 1933_______________________

SNENEEEEEEEEENEE 3R RRERENENES

Permian (Leuders? formation) _ _._ ... - ______
Permian (Clyde formation) - ... _____.__._____
Permian (Upper? Productus limestone)_______

Permian (middle) . ___________________________
Triassie (Karnian) ___________________________
Permian (middle) ____________________________

Ballinger, Tex.

Baylor County, Tex.

Salt Range, Pakistan.
D

0.
New Mexico, Ariz.
Alps. .
Kiangsi, China.

Pennsylvanian_ _____________________________ Mid-Continent region,
U. 8. A.

Pennsylvanian (Lecompton limestone).________ Oklahoma.,

Pennsylvanian-Permian (Wabaunsee group to | Nebraska.

lower Permian).

Pennsylvanian _ _ __ . _ o _._._ Illinois.

Permian (Productus limestone)________________ Salt Range, Pakistan.

Permian (lower)_ __ . .. _____________ Kansas.

Permian (middle) ___.________________________ Kiangsi, China.

Pennsylvanian_ _ _________.___________________ Illinois.

Pennsylvanian (Oread limestone) ______________ Nebraska.

Permian (Kaibab formation)_ _________________ Arizona.

Permian (Sosio beds) . _ _ - __________ Sicily.

Upper Carboniferous__ ... __ .- _____________ Russia.

Permian (Lower Productus limestone)_ . ________ Salt Range, Pakistan.

Permian (Toroweap formation)._______________ Arizona.

Pennsylvanian (Casper formation) ____________ Wyoming.

Permian (upper) - - - .o Yugoslavia.
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Genus COOPEROCERAS Miller, 1945
Genotype: Cooperoceras texanum Miller

This genus is another aberrant development out of
Metacoceras that is present in the Permian. Coopero-
ceras is characterized by the presence of ‘“long slender
hollow paired ventrolateral spines that project ventro-
laterally and are distinetly recurved” (see text fig. 7E).
Only the genotype species is assigned with certainty to
this genus. ‘““Metacoceras” spinosus Kruglov of the
Middle Permian Artinskian beds of Russia may belong
to this genus. The genus as far as is known is confined
to the Permian, and there are no Triassic nautiloids
similar to it. A full discussion of the genus can be
found in Miller (1945) and Miller and Youngquist
(1949).

During the middle and late Permian there was ex-
tensive diversification of the Tainoceratidae. Four
genera of nautiloids (Tainionautilus, Tirolonautilus,
Aulametacoceras, and Cooperoceras) became established.
Each of these genera has a restricted stratigraphic and
geographic range. All these forms have a ventral
furrow or furrows that is a new morphological feature
not acquired previously by any stock of Pennsylvanian
or Permian nautiloids except Metacoceras sulciferum.
Aulametacoceras is represented in the Karnian by,
possibly one species, and Tainionautilus in the Scythian
by one species.

Genus TAINIONAUTILUS Mojsisovics, 1902
Genotype: Nautilus transitorius Waagen

When Mojsisovics first established this genus (1902,
P. 232), he placed it in the family Temnocheilidae. He
considered it to be transitional with the genus Zainoceras
through Nautilus trautscholdi Waagen. Waagen (1879,
Pp. 54, 55) first pointed out the relationship between
his species, Nautilus transitorius and Nautilus traut-
scholdi (=Nautilus tuberculatus Trautschold, non
Sowerby). For the purpose of this study it probably
would not have been necessary to make extensive com-
ments on this genus except that recently Miller and
Youngquist (1949) have discussed it and they recom-
mended suppressing the genus and placing its forms in
Foordiceras. 'The writer differs with this interpretation.
For the sake of completeness it should be mentioned
that Foord (1891, p. 136) included the group of Nautilus
trautscholdi (Tainionautilus) in the genus Pleuronautilus.

The shape of the conch and ornamentation differ
considerably from either of the above genera. Part of
Waagen’s description of N. transitorius, the genotype,
is as follows:

The general form of this species is very different according to
the age of the shell.

The whole shell appears thick disciform, with wide and rather
shallow umbilicus. The transverse section of the whorls is
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somewhat squarish, the outer or ventral part of the shell being
flat with a shallow depression in the middle. The lateral parts
of the whorls are perpendicular, and form a distinct sngle with
the external part. The umbilicus is surrounded by a distinet
umbilical wall, which forms a more or less distinct edg> where it
unites with the lateral parts of the whorls.

In the young shell the first circuit has a diameter of about
17 mm, being pierced in the middle by a central aperture of about
5 or 6 mm in diameter. The commencement of the shell is quite
smooth (the entire form of the “calotte’” not being ol~ervable)
and very depressed, the transverse section about twice as broad
as high; but already towards the end of the first circuit the orna-
mentation of the shell begins to appear. This consists ¢f a prom-
inent crest along the umbilical edge and of low folds on the
outer margin of the whorl, where the lateral and exte nal parts
of the shell unite. As the shell grows larger these folds increase
considerably in height, and extend more and more towards the
crest which surrounds the umbilicus. There may lave been
about fifteen of these folds on the third volution, bow many
there may have been on the second is not observable. On all
these inner whorls the external part of the shell seerrs to have
been entirely smooth, without marked depression on t1 « middle.

On the last whorl the sculpture changes considerably. Already
towards the end of the third volution the crest on the umbilical
margin thickens at certain intervals, and generally on= of these
nodular thickenings corresponds to two of those folds on the
lateral parts of the whorl. On the last whorl now this crest is
entirely resolved into single high knobs along the umbi“cal edge,
and no proper crest remains. These knobs unite with alternate
high thick ribs, which come from the external margin of the
whorl, and are highest on that margin. Between tl=se there
are other ribs equally high on the outer margin of the whorl,
but which disappear gradually towards the umbilical edge. The
whole system of sculpture becomes less prominent towards the
the mouth of the shell.

The strong ribs which cover the lateral part of the last whorl
extend on this whorl in a somewhat retrograde direction to the
external or ventral part of the shell, up to near the middle of it,
and terminate there as two very low longitudinal ridxes which
border a tolerable broad medial depression on both sid~s.

It is very difficult to observe what form the sutures of the
septa may have possessed, as the whole specimen is covered with
its shell, but it seems that there were sinuosities both on the
sides and on the external part of the whorl.

I am not able to indicate anything as to the numbe~ of septa
in one whorl, but the siphon is clearly observable on one of the
septa. It is very narrow, and in its position nearer the internal
than the external side of the whorl.

From the description and illustration of the genotype
species by Waagen, it is readily seen that tl e shape
of the whorl section is approximately squsve with
abrupt imbilical walls (see text fig. 7. A). The genotype
of Foordiceras, F. goliathus (Waagen) has no umbilical
edge, or a distinct umbilical wall. The ernamentation
of the two forms is different. In Tainionautilus the lat-
eral folds or ribs extend onto the venter and terminate
at the ventral furrow. The venter of at least the geno-
type of Foordiceras is smooth throughout growth. Also,
Foordiceras shows no development of a crest ard nodes
on the umbilical shoulder such as are developed in
T. transitorius. The trapezoidal conch of Foordiceras
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and differences in ornamentation appear to make it
improbable that these two genera are related.

Only five species have been referred to this genus,
T. fugax Mojsisovics, from the Bellerophon Limestone,
the genotype 7. transitorius (Waagen), 7. wynnei
(Waagen), T. multicostatus (Reed), and T. sp. Reed
from the Productus Limestone of the Salt Range, Pakis-
tan. T trachyceras Frech from the Skythian beds of the
Salt Range has also been placed in this genus (pl. 19,
fig. 3). Thus the known range of the genus is upper
Permian to Lower Triassic.

Reed (1944, p. 356) considered Tainionauttlus to be
a subgenus of Metacoceras and stated

the nearest allied species to M. wynne: (Waagen) seems to be
M. sulciferum Miller and Thomas (1936, p. 729, pl. 97, figs. 4-5)
from the Casper formation of Wyoming, for they both possess
the characteristic median groove on the venter.

Several species of Metacoceras show a binodal type of
ornamentation in which the nodes are elongated onto
the flanks and which have steep umbilical shoulders.
To my knowledge, M. sulciferum is the only species of
that genus possessing a median furrow. With only
five isolated species of Tainionautilus so far recorded
and none of these at the disposal of the writer, it is
difficult to ascertain the affinities of this genus. The
writer tentatively accepts Reed’s (1944) interpretation
as probably most correct (that Tainionautilus is an
aberrant development derived from Metacoceras) but it
it is here given generic rank. No North American
species are referred to this genus.

Genus TIROLONAUTILUS Mojsisovics, 1902

Genotype: Nautilus cruzx Stache

Miller and Youngquist (1949, p. 80) questioned the
validity of this genus and stated “ * * * it seems
rather doubtful if they [species of Tirolonautilus] differ
sufficiently from typical Tainoceras, Foordiceras, and
Metacoceras to be regarded as generically distinct.”
The four species assigned to this genus all come from
the Bellerophon Kalk of the Alps. Neither the present
author nor Miller and Youngquist have had an oppor-
tunity to study any specimens of these species, but it
appears that the ornamentation is distinctive enough to
distinguish this group from Metacoceras and Tainoceras.
Middle and late Permian time was a period of great
experimentation and diversification in the Tainocera-
tidae. This experimentation is well illustrated by such
genera as Cooperoceras, Tainionautilus, and Aulameta-
coceras. Rather than place Tirolonautilus in synonymy
of other genera, this genus is considered to be just
another aberrant evolutionary development with a
narrow stratigraphic and geographic range.
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Mojsisovies (1902, p. 233) diagnosed the genus as
follows:

Die aus Metacoceras hervorgegangenen Formen, welche L
jetzt blos aus dem permischen Bellerophonkalk Siidtirols bekanwt
sind, unterscheiden sich von Metacoceras, mit welcher Gattung
sie sonst gut iibereinstimmen, hauptsichlich durch die furchen-
formige Lingseinsenkung in der Mitte des Externtheiles. Lfe
Involution ist nach den Abbildungen Stache’s etwas stirker als
wie bei dem geologisch dlteren Metacoceras und nihert sich den
Einrollungsverhaltnissen von Mojsvaroceras. Die kriftig ert-
wickelten Marginalknoten sind schrige gestreckt und setz3n
sich bei Tirolonautilus crur Stache von diesen schrige gestelltan
Randknoten rippenartige Verlingerungen auf den Externtheil
fort, in dessen vertiefter Mittellinie sie von beiden Seiten unter
einem spitzigen Winkel zusammenstossen. Eine Form, T%irolo-
nautilus Sebedinus Stache besitzt auf der Mitte der Flanken
schwielige, rippenartige Auftreibungen. Die dritte, in diese
Gattung gehorige Art, welche den typischen Formen von Meta-
coceras am ahnlichsten sieht, ist T%irolonautilus Hoernesi Stacte.
Aber auch bei diesser Art sind wegen der stirkeren Einrollung
die Marginalknoten des vorletzten Umganges im Nabelraume
nicht mehr sichtbar.

Mojsisovies’ description can be summarized as

follows:

This genus, derived from Metacoceras, is known only from the
Bellerophon Kalk of the Alps. It differs from Metacoceras
namely in the presence of a median furrow. Its involution is
intermediate between that of Metacoceras and Mojsvaroceras.
The strong nodes on the ventral shoulders of Tirolonautilus crus
are elongated and oblique. They form a conspicuous angul~v
ventral shoulder and there are ribs that project adapically from
these marginal nodes, over the venter towards the deep median
furrow. Tirolonautilus sebedinus Stache has radial fold-like
ribs on the flanks. Tirolonautilus hoernesi Stache, which is
most similar to Metacoceras is more involute and the ventro-
lateral nodes of the earlier whorls are not visible in the umbilicus.

Mojsisovics did not designate a type for his genu«;
Tirolonautilus crux (Stache) (text fig. 6F) is herely
selected as the type for this genus.

Tirolonautilus hoernesi is very similar to Metacoceras
suleiferum Miller and Thomas of the Stenopoceras bed-.
Casper formation, Wyoming; both of these species have
a characteristic median furrow. No other species of
Metacoceras has a median furrow like M. sulciferur.
The remaining two species of Tirolonautilus because of
their distinctive ornamentation are not directly com-
parable to any other known Permian nautiloid.

Genus AULAMETACOCERAS Miller and Unklesbay, 1942
Genotype: Aulametacoceras mckeei Miller and Unklesbay

This genus is characterized by a conch with tl«
general physiognomy of Meiacoceras but with longi-
tudinal ribs on the venter (see text fig. 7C). Th»
genotype is from the Kaibab limestone, Arizona. Only
one other species, Nautilus rectangularis Hauer from the
Alpine Karnian, has been placed in this genus by its
authors. This genus is well described by Miller ard
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Unklesbay (1942, p. 726) and by Miller and Youngquist
(1949, p. 93), and need not be repeated here.

The Triassic species, A. rectangulare, has a similar
development of ribs on the venter as in A. mckeei but
has a subquadratic conch in contrast to a subhexagonal
conch. The Triassic species also has no nodes on the
umbilical shoulders. A. rectangulare has previously
been placed in Trematodiscus, Coelonautilus, and
Thuringionautilus but is not similar to any of these
genera. Even though only two stratigraphically and
geographically widely separated species of this genus
are known, the writer believes that a tentative plan of
following the procedure of Miller and Youngquist is the
best one. With our present knowledge of Permian-
Triassic nautiloids it is difficult to separate the two
species on a logical basis except that of time and until
more material is available it seems best to bring these
closely similar species together into one genus.

Genus GERMANONAUTILUS Mojsisovics, 1902

Genotype: Nautilus bidorsatus Schlotheim

The original diagnoéis of this genus by Mojsisovics
(1902, p. 235) is quoted here in part:

Als Typus dieser Gattung betrachte ich Germanonautilus
bidorsatus. Die aus der Zone des Ceratites trinodosus von mir
beschriebenen Formen Nautilus privatus, N. Tintoretti, N.
salinarius, and N. ind. aff. salinario, welche in allem wesentlichen
Merkmalen mit den glattschaligen Abidnderungen des germa-
nischen Bidorsatus-Typus iibereinstimmen und offenbar derselben
Gattung wie dieser zuerechnet werden miissen, unterscheiden
sich von den in der gleichen Lagerstitte auftretenden Arten von
Mogsvaroceras lediglich durch das vollstindige Fehlen von Pilae
und Knoten, und erscheint es zweckmissig, diesem glatten,
offenbar aus Mojsvaroceras hervorgegangenen Typus unter
einem selbstindigen Gattungsnamen zusammenzufassen. Die
rasch in die Héhe und Breite wachsenden Gehiuse besitzen in
der Regel einen mehr winiger rechteckigen Querschnitt (text
fig. 9). Dir Umginge umfassen einander ziemlich stark, ohne
aber den tiefen Nabel zu verschliessen. Die Breite der Umginge
iiberwiegt in der Regel bedeutend die Hohe. Der Externtheil
ist breit, abgeflacht, manchmal auch leicht concav eingebogen.

Der Nabelrand, in dessen nichster Nihe die grosste Dreite der
Umgiinge erreicht wird, ist deutlich markirt, abgesturapft oder
kantig. Die Schale ist in der Regel glatt, aber von kriftigen
zuwachsstreifen bedeckt, welche auf den Flanken vom Nabel-
rande weg, schrige gegen riickwirts gewendet, dem kantigen
Marginalrande zustreben und auf dem Externtheile einen starken,
riickwiirts gewendeten Sinus beschreiben (G. Breunneri, G.
Cassianus, Q. Schloenbach?). Bei einigen Formen treten Margi-
nalknoten auf, was im Hinblick auf die genetischen Relationen
als eine atavistische, an Mojsvaroceras oder Temmnocheilus erin-
nernde Erscheinung aufgefasst werden Kann. Da diese Arten
in allen tbrigen Merkmalen vollstindig mit den glattschaligen
Reprisentanten iibereinstimmen, erscheint es wohl iiber fliissig,
sie unter einer besonderen generischen Bezeichnung abzutrennen.

Die Loben von Germanonautilus schliessen sich den Loben mit
steiler Nabelwand versehenen Arten. von Mojsvaroteras an.
Die Kammerwinde stehen sehr gedriingt, bilden auf der Extern-
seite einen seichten, flachen Lobus oder iibersetzen den Extern-
theil geradlinig; auf den Flanken ist ein gleichfalls ziemlich
weiter, etwas tieferer Lobus vorhanden, Kleine, abgerundete
Sattel stehen auf dem Aussen- und dem Nabelrande.

Ein Internlobus (Annularlobus) ist vorhanden * * * Der
dicke Sipho steht, dhnlich wie bei Mojsvaroceras, in oder unter
der halben Miindungshéhe.

Mojsisovies’ diagnosis can be summarized as follows:

The type of this genus is Germanonautilus bidorsatus. Ger-
manonautilus is undoubtediy derived from Mojsvaroceras and
differs from that genus in the complete lack of ribs or nodes
The whorl section is subquadrate, generally wider t! »n high.
The venter is broad, flattened, and often slightly concave.
The umbilical shoulder is sharply rounded. The shell is smooth
except for growth lines which trend adapically over the whorl
sides and form a sinus on the venter. The suture forms a shailow
ventral and a broad, deeper lateral lobe. An annular lobe is
present. The siphuncle is approximately central in position as
in Mojsvaroceras.

Mojsisovies included in this genus two species (G.
cassianus and G@. schloenbachi), which bave distinct
nodes on the ventral shoulders, but he expressed the
possibility that these two species did not belong to
Germanonautilus and should perhaps be placad in a
new genus. The shape of the conch agrees quite closely
with that of the genotype of Germanonautilus. How-
ever, without having seen specimens of these species

Distribution of species of the genus Germanonautilus

Species Stratigraphic distribution Geographie distril ntion
Germanonautilius advena (Fritsch) 1902____________ Triassic (Muschelkalk) _____________________. Germany.
Q. bidorsatus (Schlotheim) 1832__ ____ _ ____________|..___ O e e Do.
Q. breunner: (Hauer) 1847________________________ Triassic (Karnian) .. _______________ Alps.
Q. brooksi Smith 1927_ _ _ ___ | .___ A0 e Alaska.
G. cassianus (Mojsisovies) 1882__ . ___________|.__.__ A0 el Alps.
G. dolomiticus (Quenstedt) 1849 __________________ Triassic (Muschelkalk) . _____________________ Germany.
G. furlongi Smith 1914__________________________. Triassic (Anisian). . ___________ Nevada.
G. johnstoni Kummeln. sp._______________________| ____ A0 e Do.
G. montpelierensis Kummel n. sp_ ________________ Triassic (Seythian) . _ . . ________. Idaho.
G. nodosus (Miinster) 1831.______________________ Triassic (Muschelkalk) - ___________________ Germany.
Q. salinarius (Mojsisovies) 1882.___ . ___________. Triassic (Anisian) .. _____________________. Alps, Yugoslavia.
G. schloenbachy (Mojsisovies) 1873 ___________ Triassic (Karnian)__ _________________________ Alps.
@G. spumosus (Fritseh) 1902___________ ___________ Triassic (Muschelkalk)..______________________ Germany.
G. suevicus (Philippi) 1898__________________ e B 1o YN Do.
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the writer refrains from changing the taxonomic status
of these forms. Germanonautilus appears to be a
derivative of Mojsvaroceras or Metacoceras sensu stricto
differing mainly in the greater involution and general
loss of ornamentation.

Germanonautilus brooksi Smith

Plate 3, figures 1-10.

1927. Germanonautilus brooks:i Smith, U. 8. Geol. Survey Prof.
Paper 141, p. 105, pl. 52, figs. 7-10.

Smith’s description of this species is as follows:

Shell moderately evolute, with open umbilicus, whorls broader
than high, deeply embracing. Cross section low, crescentic,
with broadly arched venter, more sharply curving flanks, and
steep umbilical walls. There is only a faint suggestion of the
ventral shoulders usually characteristic of the group and no
remnant of the nodes. Surface shows fine striae of growth and
spiral lines. The striae of growth bend backward on the venter,
forming a deep broad sinus. The septa show a broad, shallow
ventral lobe, and a short funnel shaped ventral [dorsal] or annular
lobe. Siphuncle central.

The specimens figured and described by Smith came
from U.S.G.S. locality 9384, south bank of Yukon
River opposite mouth of Nation River, Alaska. In
addition to this holotype and paratype there are avail-
able one specimen from the same locality which can
thus be considered a topotype, U.S.N.M. 107087, and
a specimen from U.S.G.S. locality 9385, Yukon River
3 mile northeast of the mouth of Nation River, Alaska.
Both the holotype and topotype seem to be immature
specimens, thus accounting for the broadly rounded
ventro-lateral and umbilical shoulders. The fourth
specimen, U.S.N.M. 107086, and the paratype are
presumably late adolescent or early mature individuals.
The ventral and umbilical shoulders are distinct, the
flanks converge towards the venter, and the venter is
broadly rounded. The umbilical walls are gently
rounded but steep and the umbilicus is deep. The
sutures have a very shallow ventral lobe and a broad
shallow lateral lobe with a slight saddle on the umbilical
shoulder. The first one-half volution of specimen
U.S.N.M. 107086 has delicate reticulate ornamentation.
The siphuncle is central and large, measuring 3 mm in
diameter.

Occurrence—Holotype, paratype, and topotype from
U.S.G.S. locality 9384, south bank of Yukon River
opposite mouth of Nations River, Alaska, in Upper
Triassic beds of Karnic age. Plesiotype U.S.N.M.
107086 from U.S.G.S. locality 9385, Nation River,
hillside % mile northeast of mouth of Yukon Valley,
Alaska.

Types.—Holotype, U.S.N.M. 74206; paratype, U.S.
N.M. 74206a; topotype, U.S.N.M. 107087; plesiotype,
U.S.N.M. 107086.
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Germanonautilus furlongi Smith
Plate 3, figures 12, 13; text figure 12

1914. Germanonautilus furlongi Smith, U. S. Geol. Survey Prcf.
Paper 83, p. 142, pl. 95, figs. 1, 2.

Smith’s description of this species is as follows:

Form robust, whorls low, broad and trapezoidal in cross se~-
tion, little embracing, and little indented by the inner whorls.
Sides converging toward venter. Umbilicus about one-fourth
of the diameter of the shell. Umbilical shoulders subangular,
inner walls very sieep. Ventral shoulders rounded, venter
broad and flat, without coneavity. Siphuncle a little below tl 2
middle of the chamber.

Septa close together, with gentle backward curve or the lobe cn

the flanks. Surface smooth, outer shell unknown.
Dimensions of the type specimen of Germanonautilus furlongi
(mm)

Diameter. ... 7
Height of last whorl_________________________________ 43
Width of last whorl .. _____ . ________________________ €9
Width of umbilicus_________________ . ____ 23
Involution_ . ___ ... 8

Germanonautilus furlongi is very closely related to G. salinarivs
Mojsisovics of the same horizon in the Alpine province but hes
the sides of the whorl somewhat more convergent and the umr-
bilicus narrower. It is still closer to Germanonautilus sp. ind.
Mojsisovics and may be identical with that unnamed species.

Two fragmentary specimens are referred with ques-
tion to this species. One is from the same locality as
the holotype. This specimen, U.S.N.M. 32631, has
only part of the phragmocone and living chamber ¢f
only one side of the conch preserved. It is 118 mm in

FIGURE 12.—Diagrammatic cross section of the holotype of Germanonautilus furlongi
Smith (U.8.N.M. 74444) from Daonella dubia zone of Star Peak formation, Fossil
Hill, West Humboldt Range, Nevada, X 1.
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diameter, but does not have the subangular umbilical
shoulders of the holotype. This, however, may be an
ontogenetic feature as the holotype is much smaller
than this specimen. The other fragmentary specimen,
consists of only two camerae plus a small part of the
living chamber. The specimen is more quadratic in
outline of the conch than the holotype but appears to
belong to this species.

Occurrence—The holotype US.N.M. 74444 and
specimen U.S.N.M. 32631 came from the Daonella dubia
zone, Ceratites trinodosus subzone of the Star Peak
formation, South Fork of American Canyon, Fossil
Hill, West Humboldt Range, Nevada. Another speci-
men came from the same formation and horizon, on the
north side of South Canyon, New Pass Range, Nevada.

Types.—Holotype U.S.N.M. 74444; specimen
U.S.N.M. 32631.

Germanonautilus johnstoni n. sp.

Plate 3, figures 14, 15; text figure 13

One small specimen of 1% volutions, 42 mm across,
is available. The specimen is especially noteworthy
because it represents a nodose form of Germanonautiius
related to @. cassianus and G. schloenbachi. The conch
is rapidly expanding and at its maximum diameter the
whorl has a subquadratic cross-section about 20 mm in
height and 27 mm in width; the flanks converge toward
the venter. The venter is essentially flat and the ven-
tral shoulders well rounded. The flanks are convex and
the umbilical shoulders subangular (text fig. 13).
The umbilical wall is only slightly convex and prac-
tically vertical. The umbilicus is deep and measures
11 mm at the maximum diameter of the conch. Up to
the end of the first volution the flanks and both shoul-
ders are more rounded.

On the ventral shoulders are low distinct ribs that
curve adapically parallel to the trend of the growth
lines, which form a deep hyponomic sinus. The ribs
are discernable only over the rounded ventral shoulder
and do not extend far on the venter or the flanks. The
most adoral rib visible is 10 mm in length.,

FIGURE 13.—Diagrammatic cross section of the holotype of Germanonautilus johns
toni, n. sp. (U.S.N.M. 107088) from the Star Peak formation, South Canyon, New
Pass, Desatoya Range, Nev., X 1.

COILED NAUTILOIDS

The suture forms a distinet lobe on the venter and a
broad concave lateral lobe. The siphuncle was not
observed.

Remarks—Only three species of Germanonautilus
with ribs or elongated nodes on the ventral shoulders
have been described. These are @ cassianus, G.
schloenbachi, and @. johnstoni. The first two species
from the Alpine Karnian have very rapidly erpanding
conchs with angular to subangular ventral shoulders.
In G. cassianus the nodes are elongated parallel to the
angular ventral shoulder. In @. schloenbachi the nodes
are not parallel but elongated at a small angle from the
subangular ventral shoulder. In neither species do the
elongated nodes parallel the growth lines as in G.
johnstonz.

Occurrence—Star Peak formation, South Canyon,
New Pass, Desatoya Range Nevada. Collected by
F. N. Johnston.

Holotype.—U.S.N.M. 107088.

Germanonautilus montpelierensis n. sp.

Plate 3, figure 11; text figure 14

A rather poorly preserved phragmocone from the
Columbites zone at Hot Springs, Idaho is referred to
Germanonautilus. The right side of the specimen and
most of the venter has been crushed. The conch is
evolute, rapidly expanded orad, and has a rather deep
perforate umbilicus. The phragmocone is the only
portion of the conch preserved and consists of about
1% volutions. The outline of the adoral c~mera is
quadrate, measuring 42.6 mm wide and 33 mm high
(text fig. 14). The venter is broadly arched and the
ventral shoulders are obliquely rounded. The flanks
are flattened and slope obliquely outward pessing on
to a strongly rounded umbilical shoulder. The um-

Fi1GURE 14.—Diagrammatic cross section of the holotype of Germanorautilus mont-
pelierensis, n. sp. (U.8.N.M. 107089) from the Columbites beds, Thayres formation,
Hot Springs, Idaho, X 1.
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bilical wall is oblique and arched; the extreme lower
edge of the umbilical wall is turned in sharply into the
umbilical seam. The inner whorls are much more
rounded in cross section but still broader than high and
the umbilical wall is more nearly vertical. The first
adapertural one-half volution is ovoid in cross section
and has no apparent umbilical shoulder. The umbilicus
is rather narrow, deep, and perforate. It measures 25
mm in width and is 15 mm deep. The umbilical per-
foration is 6 mm in diameter.

Only a few isolated parts of the conch have the test
preserved. The growth lines are very delicate, closely
spaced, and slightly sinuous on the flanks. The test is
distinctive, however, in having delicate transverse
striations or ridges. This feature is best observed on
the umbilical wall, where slightly weather portions of
the test emphasize the lines. The test also has delicate
undulating longitudinal lines. This feature is not very
conspicuous however, as the test is not well preserved.
There is a small node on the flanks of the adapical half
of the adapertural first one-half volution. As there are
no other nodes on this specimen, probably because it
is poorly preserved, the significance of this node is
not known. The suture is preserved only on the
flanks where it forms a broad concave lateral lobe.
The siphuncle is central in position and is about 3 mm
in diameter.

Remarks.—Germanonautilus montpelierensis does not
seem to be closely similar to any other species of the
genus. It is more evolute than most species of Ger~
manonautilus. This species shows some affinities in
form of its conch to species of Syringonautilus. G.
montpelierensis is the first record of a Scythian repre-
sentative of this genus; all the other species occur in
Ansian and Karnian formations.

Occurrence.—Upper shale member, Columbites zone,
Thaynes formation, Hot Springs, Idaho, sec. 18, T.
15 8., R. 45 E. Collected by the author.

Holotype.—U.S.N.M. 107089

Germanonautilus spp. (of Nevada)

Two incomplete specimens from the Upper Triassic
of Nevada can be assigned to Germanonautilus but are
not well enough preserved to identify specifically. The
first specimen U.S.N.M. 107090 (U.S.G.S. loc. 11782)
has only 2 cm of living chamber and 5 cm of phragmo-
cone (measured along the venter) preserved. The
venter is broadly rounded, flanks slightly convex and
sloping sharply ventrad. Sutures are practically
straight with only a slight ventral and lateral lobe.
The growth lines are very coarse and show a broad
rather deep sinus on the venter. The label accompany-
ing this specimen reads as follows:

Upper Triassic, massive limestone Shoshone Range; by
roadside % mile south of spring in mouth of Union Canyon, west
front of Shoshone Range, Tonopah Quadrangle, Nevada.

This is presumably from the Luning formation (see
Muller and Ferguson, 1939).

The second specimen U.S.N.M. 107091 (U.S.G.8. loc.
14344) consists of one half whorl with only one side
and part of the venter preserved. No septa are visible,
most of the specimen probably represents living
chamber. The venter is broadly arched, grading to a
sharp, subangular ventral shoulder. The flanks are
convex and the umbilical shoulders are well rounced.
This specimen came from the Cedar Range, 3} miles
south of Bench Mark 6679, Tonopah Quadrantle,
Nevada, in the Luning formation.

Germanonautilus spp. (of Alaska)

Two specimens are available for study from Alaska
that clearly belong in Germenonautilus but are too in-
complete to warrant specific assignment. The first,
U.S.N.M. 107092 (U.S.G.S. loc. 12393), is from the
Gold Bay District, Alaska Peninsula, Alaska and ‘was
collected by W. R. Smith in 1924, The specimen is an
essentially complete living chamber with part of the
crushed phragmocone. The conch is very robust,
measuring 57 mm in width and 54 mm in height on the
most adoral part of the living chamber. The verter
is broadly rounded, flanks slightly convex grading on
to a rounded and sloping umbilical wall. There i~ a
broad shallow constriction on the flanks and verter
about 2 em back of the most adoral part of the speci-
men. The phragmocone is badly crushed but appears
to be very much smaller in its general dimensions tl-~n
the living chamber, indicating a rapidly expanding
conch. Only part of a broad lateral lobe of the suture
is visible. Position of the siphuncle is not known.

The second Alaskan specimen, U.S.N.M. 107093
U.S.G.S. loc. 8895), is also the living chamber of a
very robust individual. The specimen is 42 mm bigh
and 58 mm wide, measuring the conch along the mid-
point of the specimen and 110 mm in length along the
venter. The venter and flanks are only broadly arcled,
ventral and umbilical shoulders well defined end
rounded. The umbilical wall is convex and steep. This
specimen is from a 10-ft bed of dark noncrystalline
limestone that is separated from Carboniferous lime-
stones by a 50-ft covered interval along the south bank
of the Yukon River about 1 mile above the Nation
River, Alaska (see Martin, 1926, p. 96). Stanton
(in Martin, 1926) has identified the following genera
from this limestone bed: Rhynchonella, Terebrainla,
Spiriferina, Halobia, Aviculopecten, Natica, and Nau-
tilus. Thirty feet above this limestone bed charac-
teristic Upper Triassic fossils were obtained. Stanton’s
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conclusions that the lower limestone (U.S.G.S. loc.
8895) was probably Triassic is correct. However, the
nautiloid described here does not aid in a more specific
age determination.

Genus THURINGIONAUTILUS Mojsisovics, 1902

Genotype: Trematodiscus jugatonodosus Zimmermann

Mojsisovics’ original description is quoted here in
full (1902, p. 236-237):

Von Germanonautilus sich abzweigende Gattung, welche sich
durch die Erwerbung einer Externsculptur von Germanonautilus
unterscheidet. Als Typus ist der durch eine auffallend lange
Wohpkammer Umgang bemerkenswerte Thuringionautilus juga-
tonodosus Zimmermann anzusehen.

Diese Art, welche aus dem Grenzdolomit des thiiringischen
Keupers stammt, erwirbt auf dem letzten Umgange eine an den
permischen Tainionautilus erinnernde Externsculptur. Die
Mitte des Externtheiles ist ausgehohlt und wird beiderseits
durch Lingsleisten begrenzt, welche durch schrige gegen vorne
laufende Querjoche mit den auf der Marginalkante stehenden,
in der Richtung der Spirale verlingerten Marginalknoten ver-
bundensind. Auf dem vorletzten Umgange fehlen die Querjoche
sowie die Randknoten und sind nach Zimmermann’s Beschrei-
bung blos die Lé#ngsleisten vorhanden. Es geht hieraus klar
hevor, dass ein directer genetischer Zusammenhang mit Tainzo-
nautilus nicht besteht. Da in dem sonstigen Verhalten die
grosste Uebereinstimmung mit Germanonautilus besteht, so ist
es evident, dass Thuringionautilus blos als ein von Germano-
nautilus derivirfer, selbstindiger Typus zu betrachten ist.

Die zweite, in diese Gattung einzubeziehende Art ist der von
mir frither zu Trematodiscus gestellte Thuringionautilus rec-
iangularis (Hau.), welcher ebenso wie Th. jugatonodosus sehr
evolut ist und bei ganz {ibereinstimmendem Entwicklungsgange
sich durch eine grossere Anzahl von Externrippen unterscheidet.

Eine etwas weitergehende Verschiedenheit zeigt die dritte
bekannte Art, Thuringionautilus Klipsteini Mojs., welche sich
durch stirkere Involution auszeichnet und durch die Sculptur
ihrer Externseite mehr an Tainoceras erinnert. Die Abstam-
mung von Germanonautilus ist aber auch bei dieser Art leicht
aus der ontogenetischen Entwicklung nachzuweisen. Es er-
scheinen nédmlich auf dem ersten Umgang die Marginalknoten
frither als die durch riickwirts gewendete Querjoche mit diesen
verbundenen Externknoten und sieht in diesem Stadium das
Gehiuse vollkommen dem Germanonautilus Cassianus dhnlich.

Thuringionautilus besitzt wie Germanonautilus gedringt
stehende Kammerwande mit breiten Extern-und Laterallobus.
Umbilicalsattel und Internlobus vorhanden. Sipho subeentral.

Mojsisovies’ description can be summarized as
follows:

The type of this genus is Thuringionautilus jugatonodosus
(Zimmermann)., Thuringionautilus is derived from Germano-
nautilus and differs from that genus in the presence of sculpture
on the ventral region. The modifications on the venter are
reminiscent of that found in the Permian Tainionautilus. Tle
venter has a conspicuous ventral furrow with sharp borders.
The sharply rounded ventral shoulder has oblique, elongated
nodes that project adapically over the venter toward the border
of the ventral furrow. The ventral nodes disappear adorally.
A direct relationship with Tainionautilus is not indicated but
rather a close relationship to Germanrnonautilus. A second species,
T. rectangularis (Hauer), was previously placed in Trematodiscus.

COILED NAUTILOIDS

It is evolute like 7. jugatonodosus and is distinguished by its
numerous ventral ribs. T. klipsteini Mojsisqvies is more in-
volute and similar in its ornamentation to Tairoceras. Its
derivation from Germanonautilus is evident from its ontogenetic
development. The ventrolateral nodes appear earlie* on the
first volution than the ventral nodes and in this stage the conch
is similar to Germanonautilus cassianus. Thuringionautilus, as
Germanonautilus, has a depressed whorl section. Tle suture
has a wide ventral and lateral lobe. An umbilical saddle and a
dorsal lobe are present. The siphuncle is subecentral.

Of the three species assigned to this genus by Moj-
sisovies T. rectangularis, has subsequently beer. placed
in Aulametacoceras (Miller and Unklesbay 1942, p. 726).
The similarity between the genotype species, A. mckeet,
from beds of Leonard age, Arizona to the Karnian
A. rectangulare is remarkable. “Thuringionautilus”
klipsteini is tentatively placed in Tainoceras and is dis-
cussed under that genus. The existence of longitudinal
ribs on the ventral reigon is found in four genera of
the Tainoceratidae, namely Phlotoceras, Trachyrautilus,

FIGURE 15.—Diagrammatic cross section of the holotype of Thuringioniutilus juga.
tonodosus (Zimmermann) from the Keuper of Germany, X 1. After Zinmermann,

Thuringionautilus, and Aulametacoceras. The first two
genera are clearly related to Pleuronautilus and need
no further mention here. The last two belong to the
Metacoceras-Mojsvacoceras evolutionary complex. In
Thuringionautilus the presence of a deep ventral furrow
offers additional problems. There are only two species
of Aulametacoceras and one of Thuringionautilus so far
reported. The only species of Thuringionautilus comes
from the Keuper of Germany. The writer tertatively
accepts the present taxonomic status of these forms.
The derivation of Thuringionautilus from Germanonau-
tilus, as proposed by Mojsisovics is also believed to be
correct. Possibly this genus descended directly from
Mojsvaroceras. The similarity of Thuringionautilus
jugatonodosus to the Permian Tainionautilus is thought
to be superficial. With so few specimens anc species
of this genus it appears unwise to speculate too widely
as to its affinities. This genus has not been reported
from any North American strata of Triassic age.
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Genus PLEURONAUTILUS Mojsisovics, 1882

Genotype: Pleuronautilus trinodosus Mojsisovics

This genus, with its 5 subgenera and approximately
95 species, includes most of the highly ornamented
Triassic nautiloids. The group includes Permian and
Triassic nautiloids which have ribs with or without
associated nodes. Mojsisovies’ original description is
given here (1882, p. 273):

Der Externtheil der rechteckigen, einander nur sehr wenig
umhiillenden, weitnabeligen Formen ist, wie bei Temnocheilus,
glatt, seulpturfrei, die Seiten sind dagegen in der Regel mit
kriaftigen, geraden oder leicht geschwungenen Rippen bedeckt,
welche bei den meisten Formen mit einer oder mehreren Knoten-
spiralen versehen sind. Die mit blos einer, marginal stehenden
Knotenreihe ausgestatteten Formen erinnern an Temnocheilus,
von welchem sie jedoch liecht durch die kriftigen' Rippen
unterscheiden werden kénnen.

Die erste Hilfte der ersten Windung ist bei einer Anzahl von
Formen blos mit einfachen Querstreifen versehen, bei anderen
(Pleuronautilus marmolatae, Pleuronautilus subgemmatus) kom-
men auf den Seitentheilen gekornte Langsrippen vor, wie bei
Trematodiscus. Die Perforation des Nabels erreicht bei manchen
Formen, wie bei Pleuronautilus superbus, einen sehr bedeutenden
Umfang.

Kammerwinde bei einigen #lteren Formen, wie Pleuronautilus
semicostatus und Pleuronautilus distinctus, gerade iiber den Ex-
terntheil verlaufend und seitlich einen flachen, breiten Laterallo-
bus bildend, oder aber, wie bei der Mehrzahl der triadischen
Formen, auch auf dem Externtheil zu einem flachen Externlobus
eigebogen. Bei allem, in dieser Beziehung niher untersuchten
Formen konnte ein kleiner Internlobus constatirt werden. (Text
fig. 16.)

Mojsisovies’ description can be summarized as follows:

Conch evolute, widely umbilicate, venter smooth, whorl sides with
strong, straight or slightly sinuous ribs which in most forms have
one or more spiral row of nodes. The first half volution in many
species has merely simple cross striae, but other species have
nodose strigations as in Trematodiscus. The umbilical perfora-
tion in several species, such as Pleuronautilus superbus, is very
large. The suture is straight over the venter or with a shallow
ventral lobe; the lateral lobe is broad and shallow. A small
annular lobe is present.

Mojsisovics continued his description of Pleuronau-
tilus, explaining his reasons for establishing the genus,
and its probable affinities. This part is pertinent to
the following discussion and will be quoted here in full
(translation from Foord p. 135-136, 1891).

I was at first disposed to make Pleuronautilus a distinet divi-
sion of Temmnocheilus; but the near relationship between Pleuro-
nautilus and Trematodiscus on the one hand, and the distinetness
of these two genera from the coexisting Temmnocheilus-stock on
the other hand, determined me to introduce Pleuronautilus as a
distinet genus.

The near relationship between Trematodiscus and Pleuro-
nautilus can easily be made out. First, the variation in certain
species of Carboniferous Trematodiscus must be pointed out; this
consists in the development in advanced age of a full, rounded
shell, free from sculpture. The union of the typical Tremato-
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discus sculpture with the lateral ribs of Pleuronautilus is observ-
able in Gyroceras tessellatum, de Koninck, G. binodosum, Send-
berger, G. costatum, Goldfuss, Cyrioceras rugosum, Fleming, as
well as in Nautilus nodoso-carinatus, F. Roemer, of the Coal Meas-
ures. Secondly, the characters presented by Pleuronautilus
marmolatae (in which the Trematodiscus sculpture passes dire-tly
into the Pleuronautilus sculpture), added to the appearancs in
other Pleuronautili of several nodose-ridged species (Pleuro-
nautilus trinodosus, P. Mosis, P. Cornaliae, P. Fischeri etc.)
which are apparently equivalent to the nodose-keeled species of
Treamiodiscus, speak in such a convincing manner in favour of
the genetic connection between the two genera that we do not
hesitate to place forms with smooth surface and crenulated
ridges, such as P. (Phloioceras) gemmatus, in the genus Pleuro-
nautilus.

As is indicated in Gyroceras aigoceras, de Koninek (which
possesses the sculpture of Pleuronautilus), it seems quite pos-
sible that some Pleuronawtili have been developed from fo~ms
with open whorls without passing through a 7Trematodiscus
stage * * *

The oldest Pleuronautili known to me are found in the Produec-
tus Limestone of the Salt Range, and in the Permian-Kalkstein
of the Araxes Pass in Armenia.

Foord (1891, p. 134-138) emended this genus to
include a variety of Late Paleozoic forms. However,
species referred by Foord to Pleuronautilus have since
been placed in at least six other genera. Foord’s broad
interpretation of the genus is untenable and cannot be
followed.

Arthaber (1896) slightly emended the description of
Pleuronautilus by Mojsisovics and established tkree
form groups into which he placed all the species of
Pleuronautilus known at that time. Arthaber’s grops
are those of Pleuronautilus ampezzanus, Pleuronautilus
mosts, and Pleuronautilus subgemmatus.

Hyatt (1900, p. 525) proposed the family Pleuro-
nautilidae, and included in it Pselioceras Hyatt, Pleuro-
nautilus Mojsisovics, Enoploceras Hyatt, Encoiloceras
Hyatt, and Anoploceras Hyatt. The last three gerera
were newly described by Hyatt in the 1900 edition
of the Zittel-Eastman Textbook of Paleontology. The
genotype of Enoploceras is Nautilus wulfeni Mojsisovics,
that of Encoiloceras is Pleuronautilus superbus Mojsis-
ovics, and that of Anoploceras is Pleuronautilus ampez-
zanus (Loretz). Since Hyatt’s publication these three
genera have generally been considered subgenera of
Pleuronautilus by most authors and this procedur> is
followed here. Mojsisovics (1902, p. 237-239) estab-
lished two more subgenera of Pleuronautilus; P.
(Holconautilus) for the forms with ventral saddles and
P. (Trachynautilus) for the group of Pleuronautilus
subgemmatus.

Ribbing as a dominant ornamentational type is
present in relatively few Paleozoic Tainoceraticae:
Foordiceras, Tointonautilus, Tirolonautilus and Pleuro-
nautilus. Foordiceras, which has a Temnoche'lan
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outline, has lateral ribs that extend half way up the
flank from the venter as seen in the genotype Nautilus
goliathus Waagen.

Tainionautilus was established by Mojsisovie in 1902,
type Nautilus transitorius Waagen 1879, to include
nautiloids with quadratic whorl sections and sinuous
lateral ribs that extend up the venter to a ventral
furrow. Mojsisovics considered the genus an offshoot
of the genus Tainoceras. The writer considers Zain-
tonautilus a specialized offshoot of Metacoceras with a
limited geologic and geographic range. This genus
was suppressed by Miller and Youngquist (1949) as a
synonym of Foordiceras, but this view cannot be held.
The quadratic conch, the type of ornamentation, and
the ventral furrow are quite distinct from the genotype
of Foordiceras, so much so that direct comparison is
difficult.

The genus Huanghoceras was established by Yin
(1933, p. 19) for ribbed nautiloids with whorl section
more trapezoidal than that of Pleuronautilus. Yin’s
descriptions and illustrations are inadequate, and it is
difficult to evaluate the true character of his genus.
The species he assigned to his new genus are so closely
allied to Pleuronautilus that Huanghoceras is here
placed in synonymy of Pleuronautilus. Possibly the
species of Huanghoceras more properly belong in
Foordiceras. The species assigned to Huanghoceras by
Young (1942, p. 123) are so poorly preserved and his
descriptions so brief that the correct affinities of these
forms remain in doubt.

The other ribbed representatives of the Paleozoic
Tainoceratidae have been shifted from one genus to
another by nearly every paleontologist working with
these forms. One can almost make the generalization
that specialists on Paleozoic nautiloids have tended to
put these forms in Mefacoceras or Foordiceras and
specialists on Triassic nautiloids have tended to place
them in Pleuronautilus. Within the Tainoceratidae,
the development and elaboration of ribbing as the
~ basic ornamentational pattern is most fully attained in
one generic group, that evolving around Pleuronautilus.
There are about 24 Permian species and 34 Triassic
species of Pleuronautilus, 4 in the Scythian, 20 in the
Anisian, 6 in the Ladinian, and 4 in the Karnian. The
widest range in form and in ornamentational variation

is attained in the Anisian where the most species have

go far been recognized. Many of the Triassic species
have simple straight ribs. Similar forms with more or
less quadratic whorl sections and straight ribs are
recognized in Permian rocks throughout the world.
Many of these species appear to be transitional between
Metacoceras and the Triassic Pleuronautilus and should
be placed in the latter genus. Tt is interesting to note
how the generic assignments of many of these species by
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various authors vacillates between the above two
genera. The phylogenetic study ot the Tainoceratidae
as an entity seems to support placing the ribbsd Per-
mian species in Pleuronautilus and deriving that genus
directly out of Metacoceras. Schmidt (1929, p. 60)
considered Metacoceras as a subgenus of Pleuronautilus.

The Permian species placed in Pleuronautilus have
a world wide distribution. Only two Triassic sy ~cies of
Pleuronautilus from North America are known, these
are P. idahoensis Kummel, n. sp. from Scythian rocks of
southeast Idaho and P. alaskensis Kummel, n. sp. from
Karnian beds in Alaska. Most of the other Triassic
species of Pleuronautilus are found in the region of the
Tethyian geosyncline.

Pleuronautilus (p.) alaskensis n. sp.

Plate 4, figures 5, 6

This species is based on a single well-preserved inter-
nal mold of an immature individual. The spocimen,
comprising one and one half whorls, is septate through-
out and no portion of the living chamber is preserved.
It measures 51 mm in diameter. The most adoral
camera is subquadratic, and is 24 mm wide and 19 mm
high. The umbilical and ventral shoulders are sharply
rounded, the flanks flattened, and the nearly f'at um-
bilical wall slopes at a high angle to the umbilical seam.
The impressed zone is about 1 mm deep. At the end
of the first one-half volution the conch beight and width
are about equal, with a distinetly arched venter.
The umbilicus measures 2¢ mm across and is also
perforate.

The lateral flanks are ornamented with two rows of
nodes. On the ventral shoulders is a row of small
rounded nodes spaced approximately 5 mm apart,
measured from crest to crest. Adapically the nodes
are closer together and appear to form a distinet
continuous ridge. Along the midline of the flank
is another set of nodes similar to those on the ventral
shoulders. A low distinct ridge connects the t~vo rows
of nodes. On the first one-half volution these nodes
coalesce and form a ridge following the midline of the
flanks. There may have been a row of nodes along
the umbilical shoulder, but this is difficult to determine
from the internal mold. No part of theshellis preserved,
but the appearance of the two sets of nodes suggests
they probably were joined to form a nodose rib.

The suture forms a shallow ventral lobe and a broadly
rounded lateral lobe. There is a rounded saddle on
the ventral shoulder, with the apex ventral to the
nodes on the ventral shoulders. Over the umbilical
wall the suture slopes adorally in a straight line.
There is & well-defined angular dorsal lobe with a small
annular lobe.

The siphuncle is 3 mm in diameter in the most adoral
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F1GURE 16.—Cross sections of the conch of 4, Pleuronautilus (Encoiloceras) superbus Mojsisovics 1873, pl. 4, fig. Ib, diameter 98 mm, the subgeno-
gype oLf Encoiloceras; B, Phloioceras gemmatum, Mojsisovics 1873, pl. 3, fig. 1b, diameter 140 mm, the genotype of Phloioceras, C, Pleuronautiluis

rachynautilus) subge tum Mojsisovics 1882, pl. 85, fig. 22, diameter 24 mm, the subgenoty-%e of Trachynautilus: D, Pleuronautilus esinensis
Mojsisovics 1882, (plL 86, fig. 5b, diameter 60 mm; E, P. mosis Mojsisovics 1882, pl. 85, fig. 3b, diameter 95 mm; F, P, crassescens Arthaber
1896, pl. 3, fig. 1b, diameter 34 mm; G, P. strangulatus (Hauer) 1892, p). 2, fig. 4b, diameter 46 mm; H. P. cornalice (Stoppani), after Mojsiso-
vies 1882, pl, 84, fig. 2b, diameter 68 mm,; 1, P. triserialis (Hauer) 1896, pl. 5, fig. 4, diameter 61 mm; J, P. furcatus Arthaber 1806, pl. 2, fig.
3b, diameter 75 mm; K, P. verae Arthaber 1898, pl. 13, fig. 4b, diameter ali’ mm; L, P. ambigus Arthaber 1896, pl. 3, fig. 3b, diameter 39 mm;
M, P.trinodosus Mojsisovics 1882, pl. 85, fig. 1b, diameter 90 mm, the genotype of Pleuronautilus.

35
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Distribution of species of the subgenus Pleuronautilus (Pleuronautilus)

Species Stratigraphie distribution Geographic distribution
Pleuronautilus (Pleuronautilus) ambiguus Arthaber | Triassic (Anisian) .. _ - _________________.__ Alps.
1896.
P. (P.) ambiquus var. spirata Reis 1905 __________| ____ dO e Do.
P. (P.) alaskensts Kummel n, sp_ ... _.__________ Triassie (Karnian) ___________________________ Alagka.
P. (P.) carbonarius Kruglov 1928____._______.____ Permian (Ashian and Krasnoufimskian) . _______ Sterlitamak, Russia.
P. (P.) cooperi (Miller) 1945__ _ _________________. Permian (Leonard series)___._________________ Texas.
P. (P.) cornaliae (Stoppani) 1859_ _____________.__ Triassic (Ladinian) .. ______________________ Alps.
P. (P.) crassescens Arthaber 1896________________ Triassic (Anisian) . ____________________._____ .
P. (P.) crassescens var. jugulate Arthaber 1896______|_____ O e Do.
P. (P.) crassescens var. semijugulata Alma 1926_____| ____ A0 . Do. .
P. (P.) dieneri Krafft and Diener 1909_____________ Triassic (Seythian) . . __________ Himalayas, India.
P. (P.) dolomiticus Koken 1913___________________ Triassic (Karnian) __ ... ___________________ ps.
P. (P.) doring Caneva 1906_________.______________ Permian (Bellerophon limestone) ... ___________ Italy.
P. (P.) dorso-armatus (Abich) 1878________________ Permian (Djulfa beds) - _________.___._____.__ Armenia.
P. (P.) esinensts Mojsisovies 1882________________ Triassie (Ladinian) - _________________________ .
P. (P.) externelobatus Gemmellaro 1904_ ___________ Triassie (upper) - . .o _____ Sicily.
P. (P.) furcatus Arthaber 1896____________________ Triassie (Anisian) - __________________________ Alps.
P. (P.) gregarium (Miller) 1945____ _______________ Permian (Leonard series)__ ___________________ Texas.
P. (P.) idahoensis Kummel n. sp__________________ Triassie (Seythian) . ________________________ Idaho.
P. (P.) incertus (Abich) 1878 __ __________________. Permian (Djulfa beds)_ .. ___________________ Armenia.
P. ? (P.) kasarmenskensis Kruglov 1928____________ Permian (Ashian)_ ___._______. ______________ Sims River, Russia.
P. (P.) kokeni Frech 1905___ _____________________ Triassic (Seythian) . _________________________ Salt Range, Pakistan.
P.? (P.) latissimus (Waagen) 1879________________ Permian (Upper Productus limestone) _________ Do.
P. (P.) linchengense (Yin) 1933 __ ____ _____________ Permian (Taiyuan series)____ ... . ___________ China.
P. (P.) longinodosus Turina 1912 _______________ Triassic (Anisian) . __ ________________________ Yugoslavia.
P. (P.g magnicostatum (Miller) 1945________.__.___ Permian (Leonard series) ... _______________ Texas.
P. (P.) mariani Airaghi 1902_____________________ Triassic (Ladinian) - .. ______________ Alps.
P. (P.) marmolatae Mojsisovies 1882_ _ ____________|_____ Ao e Do.
P. (P.) megaporum (Miller) 1945__________________ Permian (Leonard series).________ . ___________ Texas.
P. (P.) mosis Mojsisovies 1882 _ _ ________________ Triassic (Anisian, Ladinian) __ ________________ Alps, Yugoslavia.
P. (P.) mutatum (Miller) 1945 _________________ Permian (Leonard series).._ .- ______ Texas.
P. (P.) narcissae Toula 1896_____________________ Triassic (Anisian) _ . - __ . ___ . ___________ Turkey.
P. (P.) nodosostriatus Yin 1933 _ ___ ______ . ______.__ Triassic (Taiyuan series) - . .. _____.___. China.
P. (P.) oenanus Mojsisovies 1882_ _ _______________ Triassic (Karnian) __.__ ... ___________ Alps.
P. (P.) ornatissimus Yin 1933 _________ Permian (Taivuan series) .. _______________ China.
P. (P.) ornatus (Hauer) 1887_____________________ Triassie (Anisian) . ______ . _______________.____ Yugoslavia.
P. (P.) paronas Airaghi 1902_____________________ Triassic (Ladinian) - .- _______________________ Alps.
P. (P.) pernodosus Yin 1933______________________ Permian (Taiyuan series)._______._____.______ China.
P. (P.) praecursor (Girty) 1908___________________ Permian (Leonard series). . _____ - _____.____ Texas.
P, (P.) ptychotdes Arthaber 1896__.________________ Triassic (Anisian).._ .. _____________________ Alps.
P. (P.) quadrangulus (Hauer) 1892________________{_____ A0 e Yugoslavm.
P. (P.) schafhdutli Reis 1900_ _ __ _________________|_____ O e Alps.
P. (P.) seminodosus Arthaber 1896 __ ______________|_____ A0 Do.
P. (P.) shumardianum (Girty) 1908_ __________.____ Permian (Capitan limestone) _____________.____ Texas.
P. (P.) simplicostatum (Yin) 1933 ______________.___ Permian (Taiyuan series).___ .. _.______.___.___ China.
P. (P.) strangulatus (Hauer) 1892_____________.___ Triassic (Anisian) _ _ . _ ... ____._____ Yugoslavia.
P. (P.) subquadrangulus Tien 1933________________ Triassie (Seythian) _ ________ . . _____________ China.
P. (P.) taramell; Tommasi 1894 __________________ Triassic (Anisian) _______.____________________ Alps.
P. (P.) tommas? (Parona) 1889_ _ _ ___._____________ Triassiec (Kernian) __ .. - ... ____ Da.
P. (P.) trinodosus Mojsisovies 1882________________ Triassie (Anisian) . . _ . ____ . _______________ Do.
P. (P.) iriserialis (Hauer) 1896 _ _________________|_.____ A0 e Yugoslavia.
P, (P.) tschihaischeffi Towa 1896 _____._____._____|___.__ A0 e Turkey.
P. (P.) tubercularis (Abich) 1878 _________________ Permian (Djutfabeds) __ .. ___._______________ Armenia.
P. (P.) venustum (Reed) 1944__ _ _________________ Permian (Upper Productus limestone)__________ Salt Range, Pakistan.
P. (P.) verae (Abich) 1878_______________________ Permian (Djulfabeds) . _ ... ______.____ Armenia.
P. (P.) wangs (Yin) 1933 _ _ oo io_._ Permian (Taiyuan series) ._____ ___.___________ China.

part of the phragmocone and is dorsal of the center of flanks, and the whorl section of the conch is bigher than
the whorl. wide. Comparisons with any other species of Pleuro-
Remarks—There is no previous record of Pleuro- nautilus are futile because our specimen lacks the shell
nautilus from the Upper Triassic of North America. material, which would show the ornamentation more
This present species is from the Chitistone limestone of clearly. Nevertheless, it appears that our species is a
Alaska. From the whole Karnian there are only four valid member of the genus, and it is important because
species of nautiloids previously assigned to Pleuro- it represents the first representative of the genus re-
nautilus. corded from the Upper Triassic of North America.
Pleuronautilus alaskensis is similar in ornamentation Occurrence—U.S.G.S. loc. 13749, Chitistone lime-
to the genotype species, P. trinodosus Mojsisovics. stone (Upper Triassic, Karnian) from the flats at the
In the latter species three rows of nodes are on the base of cliff along edge of Kennicott glaciev, 5 miles
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north of Kennicott, Chitna Valley, Copper River
Region, Alaska.
Holotype.—U.S.N.M. 107082.

Pleuronautilus idahoensis n. sp.

Plate 4, figures 2, 3, 4; text figure 17

The holotype of this species is a well-preserved
_ internal mold 105 mm in diameter. The first 1%
volutions have the shell preserved. The conch is
involute, consists of 2}% whorls, and is a mature speci-
men. The living chamber is 105 mm in length meas-
ured on the venter, and expands rapidly orad. The
living chamber is apparently incomplete, as there are
no indications of an apertural margin. The cross-
section of the living chamber (text figure 17) is sub-
quadrate with a flattened venter, a well-rounded
ventral shoulder, weakly concave flanks, and steeply
rounded umbilical shoulders. The living chamber is
10.6 percent wider than high, measuring 57 mm in
width and 51 mm in height. The impressed zone is
5 mm deep, being 9.83 percent of the height of the
living chamber. The phragmocone is 79 mm in diam-
eter and has 15 camerae in the last one-half volution.
The last camera of the phragmocone (the adoral one)
is 37 mm high and 39 mm wide. At an estimated
diameter of 58 mm the height is 26 mm and the width

FIGURE 17.—Diagrammatic cross section of the holotype of Pleuronautilus idahoensis,
n, sp. (U. 8. N. M. 107079) from the Columbites beds, Thaynes formation, Hot
E Springs, Idabho, X 1.

232820—53——4

31 mm. At an estimated diameter of 44 mm the
height is 21 mm and the width 25 mm.

The adapertural three-quarters volution of the
phragmocone is smooth and consists of numerovs
relatively thin subquadrate camerae. The venter of
the phragmocone at its most adoral portion is broadly
rounded, almost flattened, and the flanks are smooth
and nearly flat. The ventral shoulder and the umbili-
cal shoulder are will rounded and the umbilical wall is
broadly rounded and vertical. Adapically the whcrl
section of the phragmocone becomes more rounded.
The venter becomes broadly curved, the flanks are
only slightly curved and the ventral shoulder is obtuse'y
rounded, the umbilical shoulder being more broadly
rounded. The second volution has a broadly curved
flank with a well-rounded and deep umbilical shoulder.
The first one-half volution is apparently ovoid in shaps;
the flanks of this portion of the conch are broadly
curved, and no distinct umbilical shoulder is present.

The umbilicus is fairly narrow and deep, measuring
30 mm in width, which is 28.5 percent of the height of
the conch; the depth of the umbilicus measures 20 mr.
The height of the umbilical shoulder is 14 mm at the
adoral portion of the living chamber, 11 mm at the
most adapertural portion of the phragmocone, 7 mm at
the end of the second volution and 4 mm at the end of
the first volution. A small umbilical perforation is
present and measures 4 mm in diameter (estimated).
The perforation could not be completely excavated and
the extreme adapical end of the conch is not present,
but the above measurement is undoubtedly fairly
accurate.

The surface of the test is for the most part smooth.
The second volution, which has the shell preserved, hes
narrow well-defined ribs that extend from the umbilical
shoulder to the ventral shoulder. The ribs are radial
and straight and about 4 mm apart, measured from
crest to crest. Adaperturally the phragmocone is
smooth, with no indications of ribs or nodes. Tte
adapical part of the living chamber has four slight
nodes on the ventral shoulder. These nodes, though
not conspicuous on an internal mold, must have been
rather high on the shell. A small area of the shell is
preserved on the living chamber. It is 1.75 mm thick
and has distinct growth lines. The extreme adapical
part of the phragmocone, consisting of the first %
volution, has conspicuous transverse lirae. The liree
can be studied only on the flanks of the whorls. This
feature is similar to that described by Miller (1936,
p. 96, fig. 10) for an immature specimen of Metacoceras
sp.

The sutural elements are relatively simple. The
suture at 75 mm consists of a broad shallow ventral
lobe, an acutely rounded saddle whose apex is on tle



38 AMERICAN TRIASSIC COILED NAUTILOIDS

ventral shoulder, and a broad concave lateral lobe
occuping the entire flank. It passes over the umbilical
shoulder to the umbilical seam forming a short simple
‘lateral saddle. At 59 mm the suture has a more primi-
tive aspect. The ventral lobe is smaller and is flanked
by two broadly rounded ventral saddles whose apices
are on the venter and not on the ventral shoulder as
they are adaperturally. The lateral lobe is distinetly
concave and the deepest part of the lobe is in the dorsal
half of the flank. The lateral saddle curves up over the
umbilical shoulder.

The siphuncle is subecentral in position, being 20 mm
from the venter and 12 mm up from the dorsum, and it
is 3 mm in diameter.

Remarks.—The rapidly expanding conch, shape of the
whorl section, and the ornamentation distinguish this
unique form. It superficially resembles several Hall-
statt forms described by Mojsisovies but since the
test for the most part is lacking and only one mature
specimen is available, relationships are difficult to point
out and are inadvisable. Smith (1932) referred a
specimen to Nautilus (Pleuronautilus) sp. from the
Columbites zone of the Thaynes formation, Idaho. He
did not describe or illustrate the specimen, however.

Only one mature specimen of this species is available
for study; however, two smaller immature specimens in
the collection are assigned to this species. The first
(US.G.S. loc. 7588) is from the same locality and
probably the same horizon as the holotype. The
specimen was collected by T. W. Stanton in 1910 from a
“dark shaly limestone 300 or 400 ft. above the basal
limestone of the Thaynes formation on the west slope
of the second ridge east of Hot Springs, Idaho.” The
adoral part of the specimen is broken however, enough
of the features are preserved to indicate clearly its
affinities with the holotype.

The second immature specimen (pl. 4, figs. 3, 4) from
the Columbites zone, Montpelier Canyon, is 33 mm in
diameter and also doubtfully referred to this species.
The specimen has straight lateral ribs and the outline
of the adoral camera is subquadratic, measuring 24.5
mm wide and 15 mm high; the venter is slightly arched.
It has a well-defined ventral lobe that passes over the
umbilical wall in a straight line.

Diener recorded Pleuronautilus dieneri from the
Hedenstroemia beds, southeast of Muth, Spiti in the
Himalayas, and Frech referred a doubtful specimen to
this genus, Pleuronautilus? kokeni, from the Scythian
of the Salt Range. During the Triassic period Pleuro-
nautilus was present in the Germanie, Alpine Mediter-
ranean, the Himalayan regions, Timor, Alaska, and
Idaho. In the Anisian, Plewronautilus became very
abundant and diversified and developed highly ornate
conchs. The largest number of species and of speci-

mens known was in the Alpine Triassic. The Germanic
province has yielded only one species. The eastern
regions of the Tetheys have yielded a few specie~ in the
Himalayas and in Timor. Pleuronautilus has not been
recorded from the Middle Triassic of North America.
In the Ladinian and Karnian stages Pleuronautilus de-
clined in number of species considerably, foreshs dowing
the great decline of the nautiloids which took place at
the end of the Triassic period.

Occurrence— Upper shale member, (Columbites zone)
Thaynes formation, Hot Springs, Idaho, sec. 1¢. T."15
S, R.45 E.

Types.—Holotype, U.S.N.M. 107079; pevatype,
107080, unfigured plesiotype, U.S.N.M. 107081.

'

Pleuronautilus sp. (of Idaho)

The only representative of this species is a poorly
preserved internal mold from the Tirolites limestone
Thaynes formation, Paris Canyon, Idaho. Tha conch
is 101 mm in diameter and consists of about 2 vclutions,
1% volution being phragmocone and % volution living
chamber. The incomplete living chamber is 120 mm
long, as measured on the venter, expands rapidly orad,
and shows no indications of an apertural margin. The
outline of the living chamber is subquadratic, having a
flattened venter with a median furrow, rounded ventral
shoulders, broadly convex flanks and a steep well-
rounded umbilical shoulder. The cross section of the
living chamber measures 46.5 mm high and 54 mm
wide, the ratio of height to width is 14.8 percent. The
impressed zone is 5 mm deep.

The phragmocone is 77 mm in diameter and consists
of numerous thin subspherical to subquadrate c~merae.
The most adapertural camera is 33 mm high and 40
mm wide, height-width ratio is 17.5 percent. At a
diameter of 40 mm (estimated) the height and width
are 21 mm and 28 mm respectively, the ratio is 25
percent. The cross section of the phragmocone at a
diameter of 40 mm is subspherical, the venter is broadly
arched, the flanks weakly convex and the umbilical
shoulder is well rounded and steep. Adorelly the
venter of the phragmocone is badly weathered and the
true shape of the venter is not preserved.

The umbilicus is narrow and deep, measuring
30 mm in width and 23 mm in depth. The width of the
umbilicus is 29.7 percent the diameter of the conch.
The umbilical shoulder measures 16 mm at the adoral
end of the living chamber and 14 mm at the adoral end
of the phragmocone. Presumably, an umbilical per-
foration is present. It could not be completely ex-
cavated, however, but from the nature of thte inner
volutions a measurement of 9.5 mm for the vidth of
the umbilical perforation is thought to be fairly ac-
curate.
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The surface of the test is, for the most part, weathered
and not much detail is present. There are, however,
strong radial ribs on the first one and ¥ volutions which
are confined to the flanks of the conch. These ribs
are broad and high, and are about 12 mm apart,
measured from crest to crest.

The suture is not preserved on the venter but forms
a broad shallow lobe op the flanks and a straight course
on the umbilical wall.

The siphuncle is not preserved.

Remarks.—This specimen may be conspecific with
Pleuronautilus idahoensis; although there are significant
differences. Pleuronautilus sp. has fewer whorls, 8 more
rapidly expanding conch, and the ribs are of a very
different nature.

Occurrence—Middle limestone member of Thaynes
formation, Paris Canyon, Idaho. (Kummel, 1950).
Collected by the author.

Specimen.-—— G .S.N.M. 107083.
Pleuronautilus sp. (of Montana)

One complete but weathered specimen from the
Thaynes formation in Little Water Canyon, south-
western Montana is available for study. The specimen
measures 127 mm in diameter. The most adoral part
of the living chamber is 45 mm high and 40 mm wide.
The cross section of the whorl is subquadratic with well
defined ventrolateral and umbilical shoulders. The
venter has a median furrow. The umbilicus measures
40 mm in diameter.

The most adoral part of the living chamber appears
to flare outward and is not in contact with the preceding
whorl dorsally. The specimen cannot be identified
specifically but can definitely be assigned to the genus
Pleuronautilus. The specimen is of special interest as
the first Triassic nautiloid reported from Montana. It
is not unlike the few other pleuronautilids from south-
eastern Idaho.

Occurrence.—From beds above the Meekoceras zone,
Thaynes formation, Little Water Canyon, 6 miles west
of Dell, southwestern Montana. Collected by the
the author.

Specimen.—U.S.N.M. 107084

Subgenus ENOPLOCERAS Hyatt, 1900

Subgenotype: Nautilus wulfeni Mojsisovies

Of the five subgenera of Pleuronautilus, the subgenus
Enoploceras is the most adundant and widespread form.
It is characterized by a whorl section that at maturity
is subquadratic with flattened venter, flanks, and
umbilical walls (text fig. 18). The ventral and umbilical
shoulders are generally sharply rounded. No other

group of pleuronautilids is so striking in form of conch.
Hyatt did not deseribe the genus, but the description of
the subgenotype by Mojsisovies (1873, p. 10) is given
here in part:

Die ziemlich rasch anwachsenden Windungen dieser mit
Nautilus perarmatus, Naulilus planilateratus und Nauiilus
Fischeri eine Formenreihe bildenden Art sind viel breiter als
hoch und wihrend dges ersten halben Umganges gerundet, spiter-
hin aber platten sich die Seiten stark ab, der Convextheil erscheint
miissig gewdlbt und zur Naht senkt sich eine hohe Nabelwand
von einer scharfen Nabelkante schrige herab. Zwischen Seiten
und Convextheil befindet sich eine stumpfe Seitenkante. Die
Involution erstreckt sich nur auf den Convextheil des vorherae-
henden Umganges. Der tiefe Nabel ist in der Mitte von eirem
kleinen Loche durchbrochen. Mit Beginn der zweiten Hil‘te,
des ersten Umganges stellen sich auf den Seiten Radialfalten ein,
welche an der Nabelkante mit einem Knoten ansetzen und an der
Seitenkante mit einem solchem abschliessen. An einem Exem-
plare bemerkt man ausserdem, aber nur vom Beginn der zweiten
Hiilfte des ersten Umganges bis zum Beginn des zweiten Vier‘els
des zweiten Umganges ganz feine, auf der Mitte der Radialfal‘en
stehende Knétchen; die andern Exemplare zeigen sie nicht. Die
Radialfalten, welche bei manchen Stiicken schon auf den inneven
Umgingen sehr schwach sind und deren man auf eimen ganzen
Umgange nicht mehr als 14-15 z#hlt, verflachen sich auf den
aiisseren Windungen, insbesondere auf der Wohnkammer fast bis
zur Unkenntlichkeit; dagegen bleiben die Knoten auf dem Nal<l-
und Seitenrand constant und nehmen immerfort an Stirke zu.

Die schalenoberfliche iiberziehen zahlreiche gedringte, feine
Querstreifen, iiber welche sehr schone undulirte Lingsstreifen
hinwegziechen. Auf der Mitte des Convextheiles bleibt ein
ziemlich breiter Streifen frei von den Langsstreifen.—Sobald die
Schalenoberfliche durch Verwitterung etwas gelitten hat, treten
nur mehr die Querstreifen scharf hervor.

Auf der Wohnkammer plattet sich der Convextbeil stirker ab
und es bildet sich in der Mitte desselben eine flache Rinne.

Die Kammerscheidewiinde zeichnen sich dureh besond-re
Starke der in mehrfachen Lagen sich abblitternden Perlmutter-
substanz aus. Auf dem Convextheile befindet sich ein flacher
Lobus, dem ein tieferer Laterallobus folgt. Auf dem Concave-
theile steht ein kleiner Spindellobus.

Der grosse Sipho steht im ersten Drittel der Kammerwandhéhe,
nahe ither dem Spindellobus. Normallinie auf der Perlmutter-
schicht deutlich, auf dem Steinkern nur schwach sichbar.

Mojsisovics’ description of Nautilus wulfeni can be
summarized as follows:

The whorls are wider than high and in the first half volution
are rounded. The whorls then become flattened on the sides
and the venter moderately arched. The ventral shoulders are
blunt. The involution is such that only the venter of the pre-
ceding whorls are covered. The umbilicus is deep and with a
small perforation. Radial ribs with nodes on the umbilical
shoulder commence at the end of the first half volution. Thare
are 14 to 15 radial ribs per volution and they diminish in promi-
nence adorally. On the living chamber they are almost unrecog-
nizable; the nodes, however, remain. The shell has delieste,
crowded cross strine with undulating longitudinal lines. The
longitudinal lines are not present on the central part of the
venter. On the living chamber the venter is flattened sad
slightly concave. The suture has a shallow ventral and lateral
lobe. An annular lobe is present. The siphuncle is subcentral
in position.
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F1GURE 18.—Cross sections of the conch of A, Pleuronautilus (Holconawtilus) intermedius (Hauer) 1896, pl. 5, fig. 9, diameter 50 mm; B, P. (Holconau-
tilus) distinctus (Mojsisovies) 1882, pl. 85, fig. 4b, diameter 65 mm; C, P. (Holconautilus) semicostatus (Beyrich), the subgenotype of Holconau-
tilus, after Mojsisovics 1882, pl. 86, fig. 1b, diameter 92 mm; D, P. (H.) ramsaueri (Hauer), after Mojsisovies 1902, pl. 5, fig. 4b, diameter 75 mm;
E, P. (Enoploceras) ausseanus Diener 1919, fig. 4, diameter 93 mm; F, P. (E.) wulfeni Mojsisovies, 1902, pl. 10, fig. b, diameter 127 mm, the
subgenotype of Enoploceras; G, P. (E.) molengreaffi Kieslinger 1924, pl. 7, fig. 4b, diameter 88 mm; H, P. (L.) lepsiusi Mojsisovics 1902, pl. 10,
fig. 2b, diameter 44 mm; I, P. (E.) wulfeniformis Kieslinger 1924, fig. 28, diameter 82 mm; J, P. (E.) gaudryi Mojsisovics 1902, pl. 9, fig. 5b,
cciliiameiéer %(l)g mm; K, P. (E.) pseudowulfeni Kieslinger 1924, fig. 29¢, diameter 122 mm; L, P. (E.) n. sp. ex. aff. wulfeni Kieslinger 1924, fig. 30,

ameter 112 mm.
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Sixteen species of Enoploceras have been described
to date. There are also numerous specimens that have
been described as being related to or similar to previ-
ously designated species. Most of the species of
Enoploceras occur in rocks of Karnian age, only three
are known from the Norian. The only North American

species is Pleuronautilus (Enoploceras) newelli n. sp.,
from the Thaynes formation (Scythian) of southeastern
Idaho. With the exception of the single North Ameri-
can species all the species of Enoploceras occur in loali-
ties within the Tethyian geosyncline, namely the Alnine
region, the Himalayas, and the Island of Timor.

Distribution of species of the subgenus Pleuronautilus (Enoploceras)

Geographie distribution

Species Stratigraphic distribution
Pleuronautilus (Enoploceras) ausseeanus Diener 1919_| Triassic (Karnian, Norian) - _ . ___________._____ Alps.
P. (E.) fischeri (Mojsisovies) 1873 .. ________ Triassic (Karnian) . ___________ Do.
P. (E.) gaudryi Mojsisovies 1902__________________|-.___ Ao Do.
P. (E.) kossmati Diener 1901 __ ____ . ______________|.____ O Do.
P. (E.) lepstust Mojsisovies 1902__________________ Triassic (Norian) . _ - _____ Alps, Timor.
P. (E.) lepsiusiformis Diener 1919_________________ Triassic (Karnian, Norian) __ .. ______________ Alps.
P. (E.) malayicus Welter 1914____________________ Triassic (UPPEr) - - - - oo oo o iccemeea e Timor.
P. (E.) molengraaffi Kieslinger 1924_ . _____________|_____ Ao s Do.
P. (E.) newellt Kummel n. 8p..._ . _______ Triassic (Seythian) _ . - _____ Idaho.
P. (E.) planilateratus (Hauer) 1860__.__________.___ Triassic (Karnian) ...« oo _____ Alps.
P. (E'.g pseudoplanilateratus Kieslinger 1924 _ _______|_____ A0 e Timor.
P. (E.) pseudowulfent Kieslinger 1924______________ Triassic (Upper) - - - o= e Do.
P. (E.) semseyt Frech 1903 __ - ____________________ Triassic (Karnian) ____ . ___________ Alps.
P. (E.) tibeticus Mojsisovies 1896 _ . - ____________ d India, Timor,
P. (E.) wulfeni (Mojsisovies) 1873 ____ Alps.
P. (E.) wulfeniformis Kieslinger 1924 ._____________ Timor.

Pleuronautilus (Enoploceras) newelli n. sp.

Plate 4, figure 1; text figure 19

Only one specimen, well-preserved and fairly com-
plete, is available for study. About a third of the conch
is missing and the test is not present over the venter.
The conch is evolute, robust, has a deep perforate
umbilicus, and is rapidly expanded orad; it measures
84 mm in diameter. The cross section of the living
chamber is quadratic, is much broader than high, and
measures 61 mm wide and 40 mm high (text fig. 19).
The venter is flattened and contains a shallow central
furrow. The ventral shoulder is abruptly rounded and
has large prominent nodes. The flanks are very gently
arched, converge slightly ventrally, and have an acutely
rounded umbilical shoulder. The umbilical wall is
vertical and sinuous. The umbilicus is very deep and
the umbilical perforation is about 8 mm in diameter.
The incomplete living chamber measures 55 mm along
the venter. The phragmocone is much more rounded
in cross section and is also much broader than high.
The cross section of the phragmocone at a diameter of
about 55 mm measures 46 mm wide and 27 mm high.
The venter is distinctly arched passing on to the flat-
tened flanks at a definite line of contact. The umbilical
shoulder is sharply rounded and the umbilical wall is
steep but slightly oblique. The extreme lower portion
of the umbilical shoulder curves inward toward the
seam. The depth of the impressed zone at this diam-
eter of the conch is about 10 mm.

The surface of the test is well preserved and ornate.
There are two sets of nodes present, one on the umbilical

shoulder and one on the ventral shoulder. Insofar as
can be determined from the specimen the nodes begin
near the adoral end of the first volution. The nodes
here are rather slender, high, and very distinct. The
umbilical wall of the next whorl extends down to the
ventrolateral set of nodes. There are no ridges or ribs
connecting the nodes. On the ventral shoulder of the
living chamber the nodes are much larger, blunter, and

F1GURE 19.—Diagrammatic cross section of the holotype of P. (Enoploceras) newell
n. sp. (U. 8. N, M, 107085), from the Columbites beds, Thaynes formation, Mont-
pelier Canyon, Idaho X 1.
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essentially more subdued than they are on the phragmo-
cone. On the umbilical shoulder of the living chamber
the nodes are large, narrow, and very much subdued.
The nodes are also very conspicuous on the internal
mold. The test on the adapetural first two-thirds
volution consists of delicate transverse and longitudinal
striae, or ridges, which give the conch at this place a
granular appearance.

The growth lines on the phragmocone are moderately
distinct. They curve adapically over the umbilical
wall, straighten out over the flanks and form a deep
broad sinus on the venter. On the living chamber the
growth lines are much more distinct. Over the umbil-
ical wall they are arcuate in shape, being concave
orally. On the flanks the growth lines form a broad
orally concave arc, the curvature of the arc decreasing
towards the venter; at a distance of 30 to 40 mm from
the aperture this arc, formed by the growth lines, is
about 8 mm deep, adjacent to the aperture the arc is
very shallow. As the test is not preserved on the
venter, the shape of the growth lines there is unknown.
The test has numerous delicate undulating longi-
tudinal ridges or striations. This type of shell orna-
mentation gives the test a more or less corrugated
appearance and is characteristic of many representa-
tives of this group of nautiloids. The aperture is
preserved in only a small area around the umbilical
shoulder. The apertural margins are short and ab-
ruptly curved, folding slightly under the margins of
the conch. The thickness of the test varies con-
siderably at different portions of the conch. Adjacent
to the umbilical shoulder on the living chamber the
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test is 0.8 mm thick, adjacent to the ventral stoulder
2 mm thick, and on the venter of the phragmocone
less than 1 mm thick.

The septa and the siphuncle are not preserved.

Remarks—Pleuronautilus  (Enoploceras) wulfeni is
the only Scythian representative of this subenus;
all other species of P. (Bnoploceras) are confined to
the Karnian and the Norian. The Idaho species is
much more depressed than P. (E.) wulfeni and has no
radial folds that connect the nodes.

Occurence—The only known representative of this
species came from the upper shale member, Columbites
zone, Thaynes formation, Montpelier Canyon, Idaho,
sec. 31, T. 12 S., R. 45 E. Collected by the author.

Holotype.—U.S.N.M. 107085

Subgenus HOLCONAUTILUS Mojsisovics, 1902
Subgenotype: Nautilus semicostalus Beyrich

This subgenus was proposed by Mojsisovics (1902,
p. 238) to include those pleuronautilids which have a
ventral saddle instead of the more typical ventrsl lobe.
In practically every other respect the forms included
in Holeonautilus are similar to Pleuronautilus (see text
figs. 16, 18, pl. 17, figs. 3, 4).

Only nine species of this subgenus have been de-
scribed, six are from the Anisian, one from the Lsdinian,
and two from the Karnian. Many described speci-
mens have been placed in this subgenus with ¢f. or aff.
to one of described species. All of the species of
Holconautilus come from the Germanic region, the
Mediterranean region, or from the Island of Tiror.

Distribution of species of the subgenus Pleuronautilus (Holconautilus)

Species

Stratigraphic distribution Geographic distrib-ition

Pleuronautilus (Holconautilus) distinctus (Mojsi-

Alps.

sovies) 1882.

P. (H.) intermedius (Hauer) 1896_ . _______________|___.. QO Alps, Yugoslvaia.
P. (H.) pichlers (Hauer) 1865 . ________|___._ dO. oo . Alps.

P. (H ) ramsaueri (Hauer) 1855__._________________ Triassic (Karnian) .__________________________ Do.

P. (H.) scabiosus (Arthaber) 1896_________________ Triassic (Anisian) - - . . ___________________ Do.

P. (H.) semicostatus (Beyrich) 1865__ . ____.________| ___. QO o e oo Do.

P. (H.) singularis (Welter) 1914 ________________ Triassic gu DT - oo Timor.

P, (H.) stautei (Fritsch) 1902___ __ . _______________ Triassic (Muschelkalk) .. __ . _______ Germany

P. (H.) striatus (Hauer) 1892___ .. ____ . ____._.___ Triassic (Anisian) . . - . __________ Alps.

Subgenus ENCOILOCERAS Hyatt, 1900

Subgenotype: Encoiloceras superbus Mojsisovies

Hyatt (1900, p. 525) originally proposed Encoiloceras
as a distinct genus in his family Pleuronautilidae. How-
ever, most subsequent authors have treated Encoiloceras
as a subgenus of Pleuronautilus. It is a monotypic
genus and since Hyatt did not give any diagnosis of
his new genus the description of the holotype by

Mojsisovics (1873, p. 18) is quoted here in part (see
pl. 17, figs. 9, 10):

Diese schone Art aus der Verwandtschaft des Nautilus Ram-
saueri Hauer zeichnet sich vor allen mir bekannten Nautilen
durch die Grésse des von der inneren Windung offen Gelassenen
Raumes aus, welche nicht weniger als 25-26 mm in Durchmesser
misst.

Der Anfang der ersten Windung ist véllig frei, bald aher wird
dieselbe vom nichstfolgenden. Umgange berithrt und kurz
darauf stellt sich das normale Involutionsverhéltniss her, indem
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3% der vorhergehenden Windung vom folgenden Umgange bedeckt
wird.

Wihrend des ersten Umganges wachsen die Windungen
langsam an und sind breiter als hoch. Der Uebergang der
Seiten zur Nabelwand und zum Convextheil ist gerundet, ohne
irgend welche Andeutung einer IKantenbildung. Auf der Mitte
des Concavtheiles ist die Schale seicht rinnenférming vertieft.
Die Schalenoberfliche ist mit feinen Querstreifen bedeckt,
dhnlich wie bie Nautilus brevis und Nautilus evolutus. Kreuzende
" Léngsstreifen wurden nur auf dem Concavtheil, hier aber in
ausgezeichneter Schérfe bemerkt. *

Auch auf dem zweiten Umgange sind die Windungen breiter
als hoch; die Form des Querschnittes und die Sculptur indern
sich aber ausserordentlich. Es bildet sich am Anfange des
zweiten Umganges, zugleich mit dem Erscheinen radialer Falten
auf den Seiten, eine stumpfe Nabelkante, welche spiterhin, wo
aus den Falten formliche Rippen werden, weniger markirt
hervortritt. Der Convextheil bleibt noch geraume Zeit schén
gewolbt; auf der Wohnkammer jedoch plattet er sich bedeutend
ab und der Querschnitt erscheint in Folge dessen eher viereckig
als gerundet.

Die Zahl der Falten betragt 27. Dieselben sind leicht gesch-
wungen mit nach aussen gekehrter Concavitdt. Gegen den
Rand zum Convextheil verdicken sie sich allmilig und enden
mit undeutlichen Knoten.

Gegen die Mundung der beildufig % Umgang einnehmenden
Wohnkammer zu stellt sich auf der Mitte des Convextheiles
eine leichte, ziemlich breite rinnenartige Vertiefung ein und am
Rande des Convextheiles gegen die Seiten erfolgt eine Contrac-
tion der Windung, gegen die Naht zu hingegen eine Erweiterung
derselben, indem die letzten Rippen geradezu das verkehrte
Verhiltniss gegen alle vorhergehenden zeigen, ndmlich innerhalb
des Seitenrandes erst ansetzen, gegen den Nabel zu sich allmilig
verbreitern und auf der Nabelwand mit einer knotenférmigen
Verdickung endigen.

Die dicht auf einander folgenden Kammerwinde beschreiben
auf dem ersten Umgang auf dem Convextheil einen flach gewélb-
ten Sattel, auf dem zweiten Umgang dagegen einen flachge-
wolbten Lobus; auf den Seiten folgt ein weiterer Laterallobus;
auf dem Concavtheile schliessen zwei flache Siittel einen nam-
entlich auf der ersten Windung verhdltnissmiissig grossen
Spindellobus ein.

Der Sipho steht tief, ganz nahe tiber dem Spindellobus.

Ueber die Mitte des Convextheiles verlduft eine auf iiber die
ganze Wohnkammer sich erstreckende Normallinie.

Mojsisovics’ description can be summarized as

follows:

This beautiful species, related to Nautilus ramsauer: has the
largest umbilical performation of any Triassic nautiloid known
to me. The initial part of the first volution is completely free
but soon becomes partially inclosed by the succeeding whorls.
The normal involution is about one-third the whorl height. In
the first volution the whorls are wider than high and the whorl
sides rounded. The dorsal area has longitudinal striae. The
shell surface bears fine cross striae. The whorls on the second
volution are also wider than high and radial folds begin to
develop. The whorl shape on the living chamber is subquad-
ratic. There are about 27 slightly sinuous ribs per volution that
thicken towards the ventral shoulder where they form a slight
node. On the last third volution prior to the aperture the
venter has a median furrow. The whorl sides are more con-
vergent and the ribs thicken towards the umbilical shoulder.
The suture has a shallow ventral, lateral, and dorsal lobe with
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On the first volution there is a ventral saddle
The siphunecle is close to the dorsum.

an annuler lobe.
instead of a ventral lobe.

The holotype is from the Karnian of the Alps (pl. 1'7,
figs. 9, 10). Kutassy (1928) records P. (Encoiloceras)
sp. ex. afl. superbus from Karnian rocks of Hungary.

Subgenus ANOPLOCERAS Hyatt, 1900

Subgenotype: Anoploceras ampezzanus (Loretz)

This is another of the new genera placed in his family
Pleuronautilidae by Hyatt in the 1900 edition of the
Ziteel-Eastman Textbook of Paleontology. The two
species that have been placed in Anoploceras are very
closely related to Pleuronautilus and it seems best to
treat this group as a subgenus. Anoploceras is ckar-
acterized by an evolute conch with a subquadratic and
depressed whorl section. The flanks have thick, fold-
like, slightly sinuous ribs and the venter is smooth
pl. 17, figs. 62.

Hyatt did not describe his new genus so the ces-
cription of the subgenotype by Loretz (1875, p. 879)
is quoted here in part:

Die Seitenfliche der Windung verldugt flach und ist mit d*~ht
aufeinander folgenden gleichbreiten Furchen und Rirnen
versehen, deren auf die halbe Windung je circa 18 bis 19 kom-
men; sie reichen von der Nabekante bis an den Beginn der
Waolburg, welche die Seitenfliche mit der Aussenfliche verbinet.
Die Rippen sind in ihrer gréssten Linge radial gerichtet, in
der Niahe der Nabelkante jedoch sind sie etwas abgelenkt und
nehmen eine Richtung vorwirts an.

Mit der Naht ist die Seitenfliche durch eine ziemlich steil
abfallende, anscheinend glatte Nahtfliche verbunden; zwischen
beiden Flichen ist eine markirte Nabelkante. Die Aus-en-
fliche der Windung ist sehr breit, gegen die mitte zu nur sehr
liecht eingesenkt, ohne Rippen und Furchen, und mit den
Seitenflichen, zu denen sie rechtwinklig steht, durch eine
continuirliche Wélbung verbunden, so dass sich keine Ausven-
kante bildet.,—Die Schale ist in der Mitte der Aussenfliche der
Windung nur diinn, wird nach den Seitenflichen zu stéirker und
ist auf letzteren von betrichtlicher Dicke.

Die Lobenlinie bildet auf der Mitte der Seitenflache, sowie auf
der Mitte der Aussenfliche eine sanft nach riickwirts gevch-
wungene Bucht. Etwa die Hilfte des vorliegenden Stiickes
ist Wohnkammer; nur die beiden letzten Lobenlinien konnten
beobachtet werden, sie stehen auf der Mitte der Aussenfliche
circa 11 mm. von einander ab.—Der Sipho liegt der concsven
Seite der Windungsrohre nahe.

This description is summmarized as follows:

The whorl sides are flattened and have thick radial ribs and
furrows; there are approximately 18 to 19 ribs on a half volution,
In the region of the umbilical shoulder the ribs project adornlly.
The unbilical shoulder is sharply rounded and the umbi“cal
wall steep and smooth. The venter is very broad and slightly
concave, The ventral shoulders are rounded. The su%ure
forms a shallow ventral and lateral lobe. The siphuncl: is
below the center of the whorl.

The type species comes from Karnian rocks of the
Alpine region. The only other species assigned to this
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subgenus, P. (A.) rollieri (Arthaber) 1896, is from
Anisian rocks of the Alps.

Subgenus TRACHYNAUTILUS Mojsisovics, 1902
Subgenotype: Pleuronautilus subgemmatus Mojsisovics

When Mojsisovies (1902, p. 239) proposed his sub-
genus Trachynautilus he made the following comments:

Als eine weitere Untergattung von Pleuronautilus modchte ich
Trachynautilus oder die Gruppe des Pleuronautilus subgemmatus
auffassen, welche den Uebergang zur Gattung Phloioceras ver-
mittelt. Die Abstammung dieser durch laterale Lingsrippen
ausgezeichneten kleinen Gruppe von Pleuronautilus lehrt
deutlich der von G. v. Arthaber aus dem Reiflinger Kalke
beschriebene Pleuronautilus scabiosus und insbesondere der von v.
Arthaber als Varietit dieser Art bezeichnete Pl. jugulatus,
welcher in den mittleren Lebensstadien deutlich die Verbindung
der typischen Pleuronautilus—Sculptur mit der Trachynautilus—
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Sculptur zeigt, auf der Wohnkammer aber ausschlierslich die
longitudinale Trachynautilus-Sculptur besitzt. Bei dem juli-
schen Trachynautilus Teller: ist das Uebergreifen der lateralen
Lingsrippen auf die Externseite zu beobachten, wodurch sich
die allmihliche Anniherung an den Typus von Plloioceras
deutlich zu erkennen gibt.

The type specimen is refigured on plate 17.
Mojsisovics’ comments can be summarized as fol-
lows:

As another subgenus of Pleuronautilus I propose Tractynautilus
for the group of Pleuronautilus subgemmatus, which is transitional
to Phloioceras. The derivation of this group with lorgitudinal
ribs on the flanks from Pleuronautilus is especially demonstrated
in Pleuronautilus scabiosus and P. jugulatus deseribed by Arthaber
from the Reiflinger Kalk which in there ontogeny show the
combination of Pleuronautilus and Trachynautilus ornamenta-
tion. Trachynautilus telleri has the longitudinal ribs spreading
onto the venter and in this respect is transitional to Phloioceras.

Distribution of species of the subgenus Pleuronautilus (Trachynautilus)

Species Stratigraphic distribution Geographic distribution

Pleuronautilus (Trachynautilus) clathratus Hauer | Triassic (Anisian)_______ . ___________ Yugoslavia.

1896.
P. (T.) laevis Schnetzer 1934 ______________________ Triassic (Muschelkalk) _______________________ Germany.
P. (T.) minuens Kittl 1908_______________________ Triassic (Ladinian) _ ______.______ . ________ Roumania.
P. (T.y nodulosus Arthaber 1896 ___.______________ Triassic (Anisian) ______ .. _.__._.__ Alps.
P. (T.) subgemmatus Mojsiovics 1882______________|.____ Ao __ Deo.
P. (T.) tellert Mojsisovies 1902____________________ Triassiec (Karnian)________ . __.________ Deo.
P. (T.) trilineatus Freech 1903__ .. ______________ Triassic (Ladinian) _ _ - ____.______ Do.

Genus PHLOIOCERAS Hyatt, 1883

Genotype: Nautilus gemmatus Mojsisovies

When Hyatt (1883, p. 286) first established this
genus he diagnosed it as follows:

The shells are ridged longitudinally, and the ridges in the type
roughened by transverse striae. Mojsisovies considers them as
allies of Nautilus cariniferus, and he may be right, but we have
placed them in this series on account of the resemblance of [N.]
gemmatus to Kophinoceras. The sutures have simple, lateral,
ventral and dorsal lobes, with small annular lobes. Siphon is
central or below the centre.

(see pl. 17, figs. 5, 6).

In the very next generic description of that paper,
Hyatt discussed the genus Pleuronautilus and remarked
The young of one species, Pleuronautilus (now Trachynautilus)
subgemmatum, as figured by Mojsisovics (1883, p. 85) is similar
to the adult Phloioceras gemmatum, and appears to settle the
question of affinity.

At this time he included both of these genera in his
family Rutoceratidae. However, in the 1900 edition
of the Zittel-Eastman Text-book of Paleontology he
placed Phloioceras in the family Rhinece<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>