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DESCRIPTIONS OF SUBCLASSES AND ORDERS

By Curt TEicHerT, BErnHARD KUMMEL, W. C. SweeT, W. M. FurnisH,
Brian F. GLENisTER, H. K. ErBEN, R. C. Moorg, and D. E. NobINE ZELLER

INTRODUCTORY DISCUSSION
By Curt TEicHERT and R. C. Moore

The purpose of this short chapter is to
provide a general comparison of the large
groups of nautiloid cephalopods included
in the three subclasses Nautiloidea, Endo-
ceratoidea, and Actinoceratoidea, accom-
panied by systematic diagnoses which may
serve to complement all following chapters
except the final one concerned with the
Bactritoidea.! This last-mentioned group is
considered to stand apart because of in-
ferred (but not yet firmly assessed) rela-
tionships which suggest linkages between it
and Nautiloidea, Ammonoidea, and Coleoi-

dea (Fig. 70).
NAUTILOIDEA

Orders assigned to this subclass contain
the preponderant majority of all described
nautiloid genera. Among them are the

1 See footnote, p. K491.

oldest forms known (Upper Cambrian elles-
merocerids), if we exclude the families
Volborthellidae and Vologdinellidae (Low-
er and Middle Cambrian) which are placed
by Smimanskiy (1962, p. 60) and Barasuov
(1962, p. 72) in an order named Volborthel-
lida and included in the Nautiloidea. In our
view, these families (and likewise the
Lower Cambrian Salterellidae) are doubt-
ful taxa which may not even belong to the
class Cephalopoda. The only known living
nautiloids are species of Nautilus, included
in the order Nautlida and subclass Nau-
tiloidea.

In forms of the conch and in many in-
ternal morphological features the Nautil-
oidea exhibit utmost variation. Size also
ranges from a shell length of less than 2
cm. to giants 9 m. in length and 30 c¢m. or
more in diameter at the apertural end of
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the body chamber. Some orders (notably
Ellesmerocerida, Orthocerida, Oncocerida)
prevailingly are characterized by genera
with straight or gently cyrtoconic long
conchs, all with simple, straight or slightly
curved sutures marking boundaries of nu-
merous, generally short camerae of the
phragmocone. Other groups (e.g., Dis-
cosorida, ascoceroid shell parts of Asco-
cerida) commonly are breviconic. The
conchs of Barrandeocerida are mostly cyrto-
conic to gyroconic, but in some genera torti-
cones or serpenticones appear. Well-coiled
shells are confined to the Tarphycerida and
Nautilida, the former with evolute or loose-
ly coiled whorls tending to develop into a
divergent terminal part of the phragmocone
and body chamber; tightly coiled, highly
involute shells are found only in some fam-
ilies of the Nautilida. Strongly curved and
somewhat intricately bent sutures dis-
tinguish advanced nautilids (e.g., Gonio-
nautilus, Siberionautilus, Aturia).

The siphuncles of genera included in
orders of the Nautiloidea show wide variety
in their relative size, thickness of walls,
spacing of segments, nature of septal necks
and connecting rings, presence or absence
of internal deposits, and in position within
the conch (commonly ventral or central but
ranging to dorsal in some). The morphology
of siphuncular structures has special im-
portance in classification, and the same is
true for cameral deposits, if present.

Features of the shell surface, whether
smooth, sculptured, or varyingly orna-
mented may be utilized in differentiating
nautiloid genera and sometimes families,
especially in the orders Orthocerida and
Nautilida, but external features of the
conchs cannot be used to distinguish one
order from another. The Discosorida and
Tarphycerida rather commonly and the
Oncocerida somewhat rarely are character-
ized by constricted or strongly sinuate aper-
tures, whereas apertural margins in other
orders generally are not deflected.

Subclass NAUTILOIDEA
Agassiz, 1847

[nom. transl. TeicHerT, herein (exr superorder Nautiloidea
SHIMANSKIY & ZHURAVLEVA, 1961, nom. transl. ex suborder
Nautiloidea Acasstz, 1847)

Small to large conchs, generally straight
or moderately cyrtoconic in older, more
primitive orders but loosely to tightly coiled
and becoming strongly involute in younger,
advanced forms. Longiconic and slightly
cyrtoconic forms commonly with cameral
deposits. Siphuncle variable in position
within conch, slender to moderately large
in diameter, with long to short segments,
commonly orthochoanitic but in  many
cyrtochoanitic septal necks, thick or thin
connecting rings, with or without siphuncu-
lar deposits (but not consisting of close-
packed endocones, such as distinguish
Endoceratoidea, or complex annular de-

posits, such as occur in Actinoceratoidea).
U.Cam.-Rec.

ENDOCERATOIDEA

The Endoceratoidea have medium-sized
to very large conchs that are straight and
longiconic in the majority of forms, but
are breviconic or slightly endogastrically
curved in others. The subclass is derived
from the ellesmerocerids. Some early endo-
ceratoid genera differ from contemporary
genera of the Ellesmerocerida only in hav-
ing endocones in the posterior part of the
siphuncle, and then distinction between the
two assemblages may be somewhat difficult.

The Endoceratoidea are distinguished
from the Nautiloidea by the nature and re-
lationships of the siphuncle, which in early
ontogeny occupied a major part of the conch
and in all growth stages housed substantial
parts of the visceral mass, not just a siphunc-
ular cord.

Subclass  ENDOCERATOIDEA
Teichert, 1933

[mom. transl. TeicHert, herein (ex superorder Endocera-
toidea SHIMANSKIY & ZHURAVLEVA, 1961, nom. transi. et
correct. ex order Endoceroidea TeicHERT, 1933)]

Medium-sized to very large conchs, gen-
erally straight, longiconic, but including
some breviconic and some slightly curved
forms. Siphuncle generally medium-sized
to large, ventral or subventral, rarely cen-
tral, cylindrical. Septal necks ranging from
nearly achoanitic to macrochoanitic, con-
necting rings simple or complex. Posterior
part of siphuncle filled by generally close-
packed endocones or with radially arrangcd
longitudinal lamellae resembling actino-



Ellesmerocerida

siphonate deposits of oncocerids but more
crowded. Cameral deposits absent. L.Ord.-
U.Ord., ?M Sil.

ACTINOCERATOIDEA

The subclass Actinoceratoidea, composed
of the single order Actinocerida, includes
nautiloids having medium-sized to large
conchs which generally are straight and
moderately slender; some are slightly
curved. Body chambers tend to become
contracted in the position of the aperture,
reaching greatest diameter in the middle,
but the apertures are uniformly entire and
unmodified in shape by constrictions. The
most diagnostic characters of the actino-
ceratoids are found in structures of the
siphuncle, which are described and illus-
trated in the subsequent chapter devoted
to this subclass and order. A systematic diag-
nosis of the assemblage is introduced here
in company with those just given for Nau-
tiloidea and Endoceratoidea.
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Subclass ACTINOCERATOIDEA
Teichert, 1933

[mom. transl. TeicuerT, herein (ex superorder Actinocera-
toidea SHIMANSKIY & ZHURAVLEVA, 1961, nom. transl. et
correct. ex order Actinoceroidea TelcHERT, 1933)]

Medium-sized to very large, generally
straight conchs, but weakly cyrtoconic in
some genera. Siphuncle with cyrtochoanitic
to recumbent septal necks, with segments
inflated between tips of septal necks and
preceding septal foramina, segments typical-
ly wider than long but in some forms longer
than wide or subspherical; large siphuncles
generally with broad contact of segments
with ventral wall of shell, small siphuncles
mostly subventral to subcentral; annular
deposits within siphuncle, at adult growth
stage filling all of it except central canal,
radial canals, and perispatia. Episeptal and
hyposeptal types of cameral deposits in
many genera, circulus in some. M.Ord.

U.Carb.(Penn.).

NAUTILOIDEA—ELLESMEROCERIDA
By W. M. Furnist and Brian F. GLENISTER

[State University of lowa, Iowa City, lowa]

INTRODUCTION

The primitive Ellesmerocerida are con-
sidered to be inadequately known even for
the purposes of basic taxonomy. Their small
size and imperfect preservation, together
with an apparent lack of stabilized evolu-
tionary trends, result in many uncertainties.
For example, even the genus Ellesmeroceras
is unsatisfactory as a representative form be-
cause of poor type material.

A hundred years ago there were a few
descriptions of this ancestral group, pri-
marily by BiLuings (62) in 1865, WHir-
FIELD (207a) then made a study of the
Cassin fauna of Lake Champlain. HoLwm’s
(92a) analysis of Bathmoceras is a classic
example of morphologic detail. Ruepe-
MANN’s (150) monograph on cephalopods
of the Champlain Basin was the first com-
prehensive treatment of nautiloid faunas to
include numerous ellesmerocerids.

A second period of activity involving this
fossil group consisted of diversified nau-
tiloid studies by FoersTe, mostly during the
1920’s. As early as 1924, FoersTe (54) be-
came associated with ULricH in an investi-
gation of North American Lower Ordo-
vician cephalopod faunas; portions of this
comprehensive treatment were published
in summary form shortly before FOERSTE’s
death (201). The entire collections, then
submitted to MiLLer for final analysis in
1939, were described by ULrricH, FoERsTE,
MILLER, et al. (1942-44) (202-204). Numeri-
cally and geographically the materials as-
sembled under ULricH’s direction were far
greater than a combination of all others
known. Nevertheless, a relatively small
amount of data on shell morphology was
revealed, and phylogenetic relationships
were not apparent.

Within the past decade there have been
important contributions by Frower (41,



K130

45), Ceciont (7a), TEICHERT & GLENISTER
(193), and BaLasuov (4b). These papers
have provided a view of the ellesmerocerid
faunas in world-wide fashion. Also, a con-
siderable amount of new, detailed morph-
ologic information has been presented, but
the over-all view and uncertain nature of
classification have not been altered greatly.

MORPHOLOGY

Variability in both the gross form and
detailed structures of the ellesmerocerids is
so extreme that no single morphological
peculiarity can be recognized as characteriz-
ing the entire group. Ellesmerocerids are of
small or medium size, and upper Canadian
representatives are comparable in this re-
spect with the contemporaneous endocerids.
Longiconic orthocones are abundant, but
cyrtocones predominate. Both endogastric
and exogastric conchs are common; many
of them developed breviconic form, mod-
erate curvature, and a modified mature aper-
ture. Smooth shells are prevalent, but the
Protocycloceratidae are characterized by
strong annulations; a few weakly annulate
genera are included in some other families.

Septa are generally closely spaced, and in
plectronoceratids as many as 35 may occur
in a distance equal to the corresponding
dorsoventral conch diameter. The opposite
extreme is encountered in some baltocera-
tids, where the cameral interval approxi-
mates the diameter of the conch. Almost
invariably the curvature of the septal sur-
face is uniform throughout, and in most
specimens the septa are directly transverse
to the long axis of the conch. Consequently,
the sutures are generally straight if the
conch is circular in section. Conversely, lat-
eral lobes are present on compressed forms,
whereas dorsal and ventral lobes may ap-
pear on depressed phragmocones. Strong
septal flexures produce a relatively pro-
nounced siphonal saddle or lobe in a few
genera (e.g., Bathmoceras, Ventrolobo-
ceras), but imperfect preservation may re-
sult in confusion of these features with the
unrelated ectosiphuncular suture.

The siphuncle of practically all ellesmero-
cerids is marginal or submarginal. Excep-
tions include the Shideleroceratidae, in
which the siphuncle is central or subcentral
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in position. Inclusion of this family in the
Ellesmerocerida is of doubtful validity. Size
of the ellesmerocerid siphuncle ranges from
one-half the corresponding conch diameter
(e.g., Cochlioceras, Cumberloceras, Pachen-
doceras) to one-fifteenth that measurement
(e.g., Copiceras). Forms with the siphuncle
occupying one-third to one-tenth the conch
diameter predominate. An irregular series
of diaphragms is commonly present in pro-
portionally large siphuncles (e.g., Clarko-
ceras, Eothinoceras).

Detailed information on the structure of
the ectosiphuncle is not available for most
of the many taxa known only from silicified
materials. Originally most of these silicified
specimens were considered to be holochoan-
itic, but ellipochoanitic structure is now
known to predominate. Short orthochoani-
tic septal necks are characteristic, but hemi-
choanitic necks are common. More rarely
the necks may be achoanitic (e.g., Cyrio-
cerina), loxochoanitic (e.g., Desioceras,
Loxochoanella), cvrtochoanitic (e.g., Plec-
tronoceras), subholochoanitic (e.g., Lebeto-
ceras, Multicameroceras, Palaeoceras) or
macrochoanitic  (e.g., Ventroloboceras).
Connecting rings are thick and structurally
complex in most adequately known taxa
(e.g., Cyclostomiceras, Loxochoanella, Para-
cyclostomiceras), but the protocycloceratids
generally possess thin homogeneous rings.
Thickening of the connecting rings reaches
an extreme in the bathmoceratids and cyrto-
cerinids, in which the rings may occupy up
to half the total volume of the siphuncle.

CLASSIFICATION AND
EVOLUTION

Present knowledge of ellesmerocerid
morphology is such that the validity of
many taxa is not considered established.
Some dozen of the included genera are
monotypic, the respective type-species be-
ing based on a single specimen, and ap-
proximately half of the proposed taxa are
known from such poorly preserved mate-
rials that specific comparisons and generic
assignments are frustratingly difficult. A
particular problem is encountered in com-
paring the abundant silicified materials pre-
served as external and internal molds with
those recovered from limestone. In general,
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gross form is well displayed by silicified
specimens, whereas details of internal
morphology, such as the structure of the
ectosiphuncle, are not preserved. In con-
trast, most calcareous materials exhibit such
details as the nature of the septal necks
and connecting rings but they commonly
fail to yield exact information on the form
of the suture and the gross morphology.
Largely as a result of these difficulties, it is
believed that many of the generic and
familial groupings presented to date reflect
superficial similarities rather than close
biologic affinities.

Because of the rudimentary state of
knowledge concerning many ellesmerocerid
taxa, we have refrained from listing estab-
lished genera as synonyms unless obligated
to do so by preponderant data. However,
it is probable that many generic names ac-
cepted in the present study will be sup-
pressed when more nearly complete infor-
mation becomes available.

Despite the inadequacy of knowledge of
ellesmerocerid morphology, taxonomy, and
phylogeny, this group is of singular sig-
nificance in nautiloid studies because it
represents the rootstock from which prac-
tically all other nautiloid orders evolved
directly. The earliest Ordovician repre-
sents a period of explosive diversification for
the ellesmerocerids, and by Middle Ordo-
vician times this evolution had produced
the ancestral types for other relatively stable
nautiloid orders.

The archaic Plectronoceratidae represent
a poorly known but apparently homogene-
ous group which is characterized by small
size and moderate expansion of the si-
phuncular segments. Ontogenetic progres-
sion from orthochoanitic or cyrtochoanitic
to subholochoanitic has been reported for
most plectronoceratid genera (FLowgr, 41).
However, documentation of this assumed
progression is inadequate for the Asian
representatives  (e.g., Multicameroceras,
Ruthenoceras, Sinoeremoceras, Wanwano-
ceras). In addition, the two small fragments
which serve as types for the single Ameri-
can genus (Palaeoceras) may not be con-
generic.

The expanded siphuncular segments and
thick connecting rings of the ancestral Dis-
cosorida in the Middle Ordovician suggest
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relationship with the appreciably older
Plectronoceratidae (FLower & TEICHERT,
50). However, further data are required be-
fore this possible ancestry can be consid-
ered substantiated.

Both morphologic and stratigraphic evi-
dence indicate plectronoceratid progenitors
for the Ellesmeroceratidae. This latter fam-
ily includes a diverse group of smooth
orthoconic longicones and compressed endo-
gastric cyrtoconic brevicones characterized
by marginal siphuncle, ellipochoanitic septal
necks, and thick-layered connecting rings.
Future studies of the ectosiphuncles of bet-
ter-preserved materials will probably dem-
onstrate that the genera currently included
in the Ellesmeroceratidae do not constitute
a biologic entity.

Many primitive representatives of the
order Endocerida closely resemble the con-
temporaneous ellesmeroceratids except for
the presence of endocones. For example, the
endocerid family Thylacoceratidae was orig-
inally assigned to the Ellesmerocerida by
virtue of possession of a proportionally
narrow siphuncle, thick, layered connecting
rings, and the apparent absence of endo-
cones (TEICHERT & GLENISTER, 193). Sub-
sequent discovery of endocones in a small
proportion of the representatives of the
type-species of Thylacoceras now necessi-
tates inclusion of this genus in the Endo-
cerida. Available well-preserved representa-
tives of other genera previously included
in the Thylacoceratidae do not contain en-
docones and must therefore remain in the
Ellesmerocerida, where the majority are
currently included in the Ellesmerocerati-
dae. Uncertainty in ordinal assignment of
some other upper Canadian taxa is also
encountered where the structure of the
siphuncle is unknown. The probability of
polyphyletic origin of the Endocerida is
indicated by appearance of endocones in
forms with short septal necks, such as some
Proterocameroceratidae. These ellipochoani-
tic endocerids may well have evolved from
the ellesmerocerid family Baltoceratidae. Tt
is probable that endocones appeared inde-
pendently, by modification of diaphragms,
in several ellesmerocerid stocks, when the
siphuncle achieved a critical size.

The ellesmerocerid family Basslerocera-
tidae comprises longiconic cyrtocones with
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marginal siphuncle and orthochoanitic septal
necks. Genera included in this rather homo-
geneous family resemble some ellesmero-
ceratids, but differ in possession of slight
to moderate exogastric curvature in con-
trast to the endogastric form of cyrtoconic
ellesmeroceratids. Primitive representatives
of the Tarphycerida so closely resemble the
contemporaneous upper Canadian basslero-
ceratids (except for their stronger curva-
ture) that derivation of this order from the
ellesmerocerids can be considered as estab-
lished. In addition, some Middle Ordovician
Oncocerida belonging in the ancestral fam-
ily Graciloceratidae are strikingly similar
to upper Canadian bassleroceratids, from
which they were derived. The gracilocera-
tids may be distinguished from the ancestral
ellesmerocerids by the possession of con-
sistently thin and homogeneous connecting
rings,

Representatives of the ellesmerocerid
family Protocycloceratidae are distinguished
mainly by possession of an annulate conch.
Annulations probably should not be credited
with major taxonomic significance, but most
of the genera currently referred to the
protocycloceratids are also alike in being
orthoconic or only slightly cyrtoconic and
in the possession of short septal necks with
thin homogeneous connecting rings.

The family Baltoceratidae includes longi-
conic orthocones with orthochoanitic septal
necks. They differ from the ancestral elles-
meroceratids in the consistent possession of
a proportionally larger siphuncle and thin
homogeneous connecting rings. Derivation
of the ancestral Orthocerida was probably
directly from the baltoceratids through
Lower Ordovician representatives of the
orthocerid family Troedssonellidae. As in-
dicated elsewhere, the endocerid family
Proterocameroceratidae may have evolved
from the baltoceratids. Ancestry of Middle
Ordovician Ascocerida is obscure but may
have been from the baltoceratids or from
some intermediate orthocerid or oncocerid
stock.

The early Middle Ordovician genus
Eobactrites is included within the Bactritida
in the Treatise, but it could be referred
logically to the ellesmerocerid family Balto-
ceratidae. The narrow siphuncular lobe is
similar to those encountered in some nau-
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tiloids which possess a marginal siphuncle
(e.g., Thylacoceras of the Endocerida, and
Catoraphiceras of the Ellesmerocerida). All
other details of morphology can be dupli-
cated in the contemporaneous Middle Ordo-
vician baltoceratids. Inclusion of Eobac-
trites in the Bactritida depends heavily on
the questionable occurrence of typical Bac-
tritidae in the Silurian of Morocco (TEr-
MIER & TERMIER, 1950, pl. 136, fig. 31; pl.
137, figs. 27-29), as these forms bridge the
interval to the first undoubted occurrence
of bactritids in the Lower Devonian.

The Bathmoceratidae constitute a group
of ellesmerocerids which is characterized by
spectacular thickening of the connecting
rings. In other respects they resemble the
Ellesmeroceratidae ~ from ~ which  they
evolved. Representatives of the Polydesmii-
dae, the ancestral Actinocerida, resemble
the bathmoceratids in the gross features of
the siphuncle. Derivation of the siphuncular
deposits of Polydesmia by differentiation
within the thick connecting rings of Bazh-
moceras involves radical changes, but this
suggested ancestry for the Actinocerida
seemed plausible to FLower (50). Such an
interpretation has been rejected by Trich-
ErT (this volume, p. K202). Relationships
of the Middle and Upper Ordovician
Cyrtocerinidae are uncertain, but the thick
connecting rings resemble those of the Bath-
moceratidae.

GEOGRAPHIC
AND STRATIGRAPHIC
DISTRIBUTION

The oldest undoubted cephalopods are
plectronoceratids from the late Cambrian
Yingtzu Series in Asia. These small nau-
tiloids occur at several localities, in some
cases in moderate abundance as rough nat-
ural sections on weathered limestone sur-
faces. The strata are dated with reference
to abundant associated fossils, particularly
trilobites. In addition to the questionable
Shelbyoceras and other doubtful forms, only
two specimens of Cambrian cephalopods are
known from America; the types of Palaco-
ceras mutabile (FLowEg, 41) are two half-
inch fragments of straight shells from the
Wilberns Formation (Trempealeauan) of
central Texas. Sufficient detail is preserved
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to give the nature of shell morphology in
these ancestral forms.

Strata of earliest Ordovician age (lower
Canadian) have provided nautiloids in
abundance and moderate diversity, but well-
preserved cephalopods in these rocks are
relatively rare. Through diligent search, the
characteristic Ellesmeroceratidae have been
secured widely from cherts of the Gascona-
dian Stage throughout North America (Ut-
RicH, et al., 202-204). Many of these speci-
mens are weathered fragmentary internal
molds, unsatisfactory for detailed study;
others are remarkably complete and well
preserved. Almost the entire generic make-
up in the lower Canadian consists of elles-
meroceratids. About a dozen genera which
are found in the Gasconade Formation of
the Ozarks also occur in the Oneota Dolo-
mite of the Upper Mississippi Valley, and
Chepultepec Dolomite of the southern Ap-
palachians. An important nautiloid fauna
believed to be of comparable age has been
secured from limestone boulders in the up-
per Canadian Levis Shale near Quebec City.
A few species of early Canadian age have
also been secured from the Hastings Creek
Limestone at the northern end of Lake
Champlain. The ellesmerocerids from these
dark organic limestones in southeastern
Canada preserve original shell and other
details.

Early lower Canadian plectronoceratids
and ellesmeroceratids have been described
by Koeavasur (101a) and others from the
Wanwankou Limestone (Tremadocian) of
China. In addition, a variety of ellesmero-
ceratids has been secured by Barasuov (4a)
from central Siberia.

Nautiloid cephalopods show a pronounced
phylogenetic step following the Gascona-
dian of the lower Canadian. However, the
grounds for distinguishing middle Canad-
ian from upper Canadian strata on the basis
of nautiloids are so obscure that these two
divisions are grouped together as upper
Canadian in the present study. The Gas-
conade was considered as “upper Ozarkian”
by ULricn (ULricH et al., 202-204), where-
as he correlated the overlying Roubidoux
Formation of the Ozark region and the
Longview Dolomite of the southern Appa-
lachians with the “middle Canadian.” Only
a few nondiagnostic ellesmerocerids occur
in these two formations, but the overlying
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strata contain a variety of forms, including
the characteristic coiled cephalopods of the
upper Canadian.

The Ellesmerocerida had assumed sec-
ondary importance as a nautiloid group by
late Canadian time. However, representa-
tives of this age are more diverse than
earlier faunas and they are also based on
much better-preserved materials. The bass-
leroceratids (exogastric cyrtocones) and the
protocycloceratids  (annulate longicones)
are characteristic families.

A few ellesmerocerids are known from
the type area of the Cassin Limestone (Bas-
com Formation) of Lake Champlain; this
fauna includes some of the best-preserved
upper Canadian cephalopods known and
has provided much of the detailed informa-
tion on the morphology of this order.
Nearby Valcour Island, New York, con-
tains a comparable fauna, and others have
been secured from the St. Armand Lime-
stone of Phillipsburg, Quebec, about 50
miles to the north of Ft. Cassin, Vermont.
Well-preserved and abundant upper Canad-
ian ellesmerocerids have also been found
in Western Australia (TEicuErT & GLEN-
ISTER, 193) and in the Siberian Platform
(BaLasuov, 4a). Lower Ordovician nau-
tiloids of the Baltic Region are less well
known than those abundantly represented
in Middle Ordovician strata.

The distinctive family Bathmoceratidae
appeared in the late Canadian and ranged
through at least a portion of the Middle
Ordovician. Representatives of the peculiar
type-genus were originally described from
the Prague area by Barranoe (1856). The
form was then recognized in the Baltic,
Portugal, and Australia; it has been identi-
fied also in Argentina and China. None of
the North American species is believed to
be congeneric. Eothinoceras, a related genus,
has been found in eastern New York, north-
western Australia, and central Siberia. In
addition, cyrtocerinids of the North Ameri-
can Middle and Upper Ordovician show
some affinities with the bathmoceratids.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA
Agassiz, 1847
Diagnosis of subclass given in “Intro-

ductory Discussion” (p. K128). U.Cam.-
Rec.
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Order ELLESMEROCERIDA
Flower in Flower & Kummel, 1950

[nom. correct. FURNISH & GLENISTER, herein (pro Ellesmero-

ceratida FLowEr in FLOWER & KuMMEL, 1950, p. 606); men-

tion of Ellesmerocerida by FurnisH, GLENISTER & HANsMAN,
1962 (p. 1342), is disregarded]

Ancestral nautiloid stock exhibiting wide
morphologic variation. Primitively minute,
closely septate cyrtocones with marginal
siphuncle bearing short septal necks. In
general, order characterized by moderate
endogastric curvature, and marginal si-
phuncle with irregular diaphragms, ellipo-
choanitic septal necks, and thick complex
connecting rings. Variations include annu-
late orthoconic longicones, exogastric brevi-
conic cyrtocones, forms with thin connect-
ing rings, and those with subcentral si-
phuncle. [All Cambrian and lower Canad-
ian nautiloids as well as many upper Canad-
ian representatives are included in this ord-
er. Younger forms rare and diverse.] U.
Cam.-U.Ord.,?U Sil.

Family ELLESMEROCERATIDAE
Kobayashi, 1934

[nom. correct. Frower in FLower & Kummzr, 1950, p. 606
(pro Ellesmereoceratidae Koavasmi, 1934, p. 376)] [incl.
Cyclostomiceratidae Foerste, 1925, p. 14; Orthocerotidae
(partim), Stemtonoceratidae and Robsonoceratidae ULRicH,
FoERSTE, MILLER & UNKLESBAY, 1944, p. 60, 29, and 73]

Orthoconic longicones and compressed
endogastric breviconic cyrtocones char-
acterized by marginal siphuncle, ellipo-
choanitic septal necks and thick, layered
connecting rings; irregular diaphragms
common. L.Ord., ?M.Ord.

Ellesmeroceras FoErsTe, 1921, p. 265 [*E. scheii;
OD] [=Ellesmereoceras FoERsTE, 1924 et seq.
(nom. van.); Ellesemroceras FLower, 1947, p.
162 (nom. null.); Metacllesmeroceras FLOWER,
1956, p. 78; Metallesmeroceras FLowEr, 1956, p.
78 (nom. null.)]. Orthoconic, gradually expanded,
generally compressed; sutures form shallow lat-
eral lobe; siphuncle marginal, about 0.2 of conch
diameter; septal necks orthochoanitic to loxo-
choanitic or hemichoanitic, connecting rings thick.
[Type-species poorly known.] L.Ord.(L.Canad.,
?U.Canad.), N.Am.(widespread)-China(Manchur-
ia)-USSR(Sib.)-?Australia (Queensl.). Fic. 71,
3a. E. bridgei FLowEr, L.Ord.(L.Canad.), Alaska
(Seward Penin.); enlarged sec. of ectosiphuncle
(after 220a). Fic. 71,3b,c. *E. scheii, L.Ord.,
Can.(Ellesmere Is.), holotype, ventral and lat.
views, X 1.5 (204).

Albertoceras ULricH & FoerstE, 1936, p. 261 [*A4.
walcotti; OD)]. Gradually expanded orthocones
with strongly compressed section and contracted

mature aperture; siphuncle marginal, cylindrical,
about ! of conch diameter; septal necks short,
orthochoanitic. [Possibly distinguishable from Ere-
moceras by slight contraction of mature aperture.)
L. Ord. (L. Canad.,?U. Canad.), N. Am. (wide-
spread)-USSR(Sib.). Fic. 71,1ab. A gracilli-
mum ULRICH, FOERSTE, MILLER & UNKLEsBAY, L.
Ord.(L.Canad.), Can.(Alba.); ventral and lat.
views, X3 (204). Fic. 71,1c,d. *A. walcotsi,
L.Ord.(L.Canad.), Can.(Alba.); holotype, dorsal
and lat. views, X3 (204).

Bridgeoceras ULricH, FoERSTE & MILLER, 1943, p.
59 [*B. subannulatum; OD]. Slightly compressed,
rapidly expanded orthocones; entire conch char-
acterized by low, rounded annulations; sutures
directly transverse, almost straight; siphuncle mar-
ginal, about 0.3 of conch diameter. [Based on
single specimen.] L.Ord., N.Am.(Can.). Fic.
71,2. *B. subannulatum, Que.; 2ab, holotype,
ventral and lat. views, X1.5 (202).

Buehleroceras ULricH, FoErRsTE & MirLEr, 1943,
p. 60 [*B. compressum; OD]. Compressed straight
brevicones; mature aperture strongly contracted,
with subparallel ventrolateral margins and sub-
circular dorsal outline; growth lines forming
rounded lateral salient; siphuncle tubular, septal
necks  hemichoanitic. L.Ord.(L.Canad.), USA
(widespread). Fic. 72,3a-c. *B. compressum,
Wis.; 34,6, holotype, lat. and dorsal views; 3c,
ventral view, all X1.5 (202). Fic. 72,3d,e. B.
luthei ULricH, FOERSTE & MILLER, lowa; lat, and
ventral views, X 1.5 (202).

Burenoceras ULricH & Foerste, 1931, p. 208 [*B.
pumilum; OD). Strongly curved, very rapidly ex-
panded and characterized by prominent ventral
flare of mature aperture. L.Ord.(L.Canad.), USA
(widespread) - ?China (Manchuria), — Fic. 72,
2a,b. B. expandum ULricH & FoersTE, USA (Mo.);
lat. and dorsal views, X 1.5 (202). Fic. 72,2¢.
B. compressum ULricH, FOERSTE & MiLLEr, USA
(Mo.); lat, view, X1.5 (202). Fic. 72,2d.e.
*B. pumilum; USA(Mo.); holotype, dorsal and
lat. views, X 1.5 (202).

Caseoceras ULricH, FoERSTE & MILLER, 1943, p. 74
[*C. contractum; OD]. Slightly curved, com-
pressed brevicones; anterior half of body chamber
gradually expanded; sutures oblique, almost
straight; externally similar to Clarkoceras, but
structure of siphuncle unknown. L.Ord.(L.
Canad.), N.Am.(widespread). Fic. 72,1ab.
*C. contractum, USA(Mich.); holotype, lat. and
ventral views, X1 (202).——Fic. 73,1a,b. C. niti-
dum UrricH, FoersTe & MiLLER, USA(Mich.);
ventral and lat. views, X1 (202).

Chepuloceras UNkLEsBaY & Youne, 1956, p. 490
[¥C. inelegans; OD). Strongly depressed longi-
cones with slight exogastric curvature; sutures
forming shallow lateral lobe; siphuncle marginal,
about 0.2 of lateral conch diameter. [Single repre-
sentative possibly distorted.] L.Ord.(L.Canad.),
USA(Va.).




Ellesmerocerida K135

Clarkoceras RuepEmanN, 1905, p. 337 [*Piloceras dogastric curvature; sutures essentially straight,

newton-winchelli CLarkg, 1897, p. 767; OD] obliquity accentuated and pronounced in later
[non Clarkeoceras Wepekinp, 1918, p. 108] ontogenetic stages; siphuncle about 0.3 of dorso-
[=Clarkeoceras Frower, 1941, p. 11 (nom. ventral conch diameter, submarginal to marginal;

van.)]. Compressed brevicones with moderate en- septal necks hemichoanitic, connecting rings thick;

3a
Albertoceras

Ellesmeroceras

Bridgeoceras

2a 2b

Fic. 71. Ellesmeroceratidae (p. K134).

© 2009 University of Kansas Paleontological Institute



K136 Cephalopoda—Nautiloidea

diaphragms attenuate. L.Ord.(L.Canad.), N.Am. USA(Minn.); Ia,b, holotype, lat. and ventral
(widespread) - ?China(Manchuria) - USSR(Sib.). views, X1.5; Ic, holotype, sec., X2.5; 1d-f, dor-
Fic. 74,1a-f. *C. newtonwinchelli (CLARKE), sal, ventral and lat. views, X1.5 (202).——Fic.

Caseoceras Buehleroceras

Fic. 72. Ellesmeroceratidae (p. K134).
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Caseoceras

Copiceras

Fic. 73. Ellesmeroceratidae (p. K134, K140).
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Clarkoceras

Fic. 74. Ellesmeroceratidae (p. K135-K136, K140).
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Eremoceras

2b

Clelandoceras

Dakeoceras

Fic. 75. Ellesmeroceratidae (p. K140).
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74,1g-i. C. luthei (CaLvin), USA(Wis.), 1g.h,

dorsal and lat. views, X1.5; USA(lowa), Ii, lat.

view, with attenuate diaphragm, X1.5 (202).

Fic. 74,1j. C. lawrencense ULRICH, FOERSTE
& MiLLER, Can.(Que), sec. of ectosiphuncle, X5
(202). [Because JouN M. CLARKE was State
Paleontologist of New York in 1905 when
RUEDEMANN, as Assistant State Paleontologist,
published the generic name Clarkoceras, it would
be natural to suppose that the new generic name
was dedicated to CLARKE. Examination of RUEDE-
MANN’s paper shows no evidence at all that this
assumption is correct and the name, therefore,
cannot be construed to represent a lapsus correct-
able as provided by the Code (Art. 32,ai): Ep.]

Clelandoceras ULricH, FOERSTE, MILLER & UNKLEs-
BAY, 1944, p. 134 [*C. elongatum; OD]. Rapidly
expanded, compressed cyrtocones; sutures form
lateral lobe; siphuncle small, cylindrical. L.Ord.
(L. Canad. - U. Canad.), USA(Ark.-Md.-Va.)
Fic. 75,2. C. breve UrricH, FOERSTE, MILLER &
UnkLEsBAY, L.Ord.(U.Canad.), Ark.; 2a,b, lat
and dorsal views, X3 (204).

Conocerina ULricH & Foerste, 1936, p. 268 [*C.
brevis; OD] [=Concerina ULricH & FOERSTE,
1936, p. 269 (nom. null.)]. Like Burenoceras, but
less strongly curved and lacking mature apertural
flare. L.Ord.(L.Canad.), USA(widespread).
Fic. 76,3. C. beani ULRICH, FOERSTE & MILLER,
USA(Wis.); lat. view, X2 (202).

Copiceras ULricH, FoersTE, MILLER & UNKLESBAY,
1944, p. 65 [*C. erectum; OD] [=Cophiceras
UrricH, FoersTE, MILLER & UNKLEsBAY, 1944,
p. 221 (nom. null.)]. Gradually expanded com-
pressed orthocones; sutures directly transverse,
nearly straight; siphuncle about 1/15 of conch
diameter. L.Ord.(U.Canad.), USA(Ark.). FiG.
73,2. *C. erectum; 2ab, holotype, ventral and lat.
views, X 1.5 (204).

Cumberloceras ULricH, FoersTE & MILLER, 1943,
p. 106 [*C. buttsi; OD]. Strongly curved, com-
pressed, annulate, endogastric cyrtocones; si-
phuncle approximating 0.5 of conch height. L.
Ord.(U.Canad.), USA(widespread). Fic. 76,2.
*C. buttsi, Tenn.; 2a,b, holotype, lat. and dorsal
views, X 1.5 (202).

Cyclostomiceras Hyatr in Zirrer, 1900, p. 530
[*Gomphoceras Cassinense WwurTFIELD, 1886, p.
322; OD)] [=Clostomiceras StTAUFFER, 1915, p.
142 (nom. wnull); Amphoroceras ULricH &
FoersTE, 1936, p. 263]. Breviconic orthocones
with circular or elliptical cross section; anterior
half of mature body chamber conspicuously con-
stricted; sutures and growth lines straight and
directly transverse; siphuncle small, essentially
tubular, ventral but not marginal; septal necks
orthochoanitic, connecting rings thick and lay-
ered. L.Ord.(U.Canad.), N.Am.(widespread).
Fic. 76,1. *C. cassinense (WHITFIELD), USA(Vt.);
la, lat. sec. of siphuncle, X10; 1., syntype,
ventral and lat. views, X1; Id, lat. view, X1
(202).

Cephalopoda—Nautiloidea

Dakeoceras UrricH & FoerstE, 1931, p. 209 [*D.
normale; SD Urricn & Foerste, 1936, p. 272
(non D. retrorsum UrricH & FoErstE, 1931, p,
209, nom. nud.)]. Moderately rapidly expanded,
compressed endogastric cyrtocones; growth lines
straight and transverse; sutures forming shallow
lateral lobe; siphuncle close to venter, about 0.25
of conch diameter. L.Ord.(L.Canad.), USA (wide-
spread). Fic. 75,3a,6. D. retrorsum ULRIcH,
FoersTE & MILLER, Mo.; lat. and ventral views,

X1.5 (202). Fic. 75,3¢c. *D. normale, Mo.;
holotype, lat. view, X1.5 (202). Fic. 75,
3d,e. D. magnisiphonatum ULRicH, FoERSTE &

MiLLER, Mo.; lat. and dorsal views, X1.5 (202).
Fic. 75,3f,g. D. corniculum ULricH, FoErsTE
& MILLER, Mo.; dorsal and lat. views, X 1.5 (202).
Desioceras Ceciont, 1953, p. 93 [*D. floweri; OD].
Gradually expanded, weakly annulate orthocones
with circular section; sutures with low, rounded
ventral saddle; siphuncle marginal, about 0.3 of
conch diameter; siphuncular segments contracted;
septal necks short, loxochoanitic; connecting rings
exceptionally thick, structurally complex. [Poorly
known but may be related to bathmoceratid
Eothinoceras.] L.Ord., S.Am.(Arg.).

Eremoceras Hyatt, 1884, p. 282 [*Cyrtoceras
Syphax BiLLings, 1865, p. 194; OD] [=Ecteno-
ceras ULricH & FoEersTE in Kopavashi, 1933, p.
269, 320; Ectenolites ULricH & FoerstE, 1936, p.
272). Like Dakeoceras but orthoconic or weakly
cyrtoconic.  L.Ord.(L.Canad.),  N.Am.(wide-
spread)-China (Hopeh Prov.-Manchuria) Fic.
75,1a,b. E. pergracile (ULricH, FOERSTE & MiL-
LER), USA(Tex.); lat. and ventral views, X1.5
(202). Fic. 75,1cd. E. subgracile (ULricH &
FoersTe), USA(Mo.); lat, and dorsal views, X1.5
(202). Fic. 75,1e. E. subcurvatum (KoBay-
asHI), China (Manchuria); lat. view, X3 (202).

Fic. 75,1f,g. *E. syphax (BiLLiNgs), Can.
(Que.); holotype, ventral and lat. views, X1.5
(202).

Hemichoanella TeicHERT & GLENISTER, 1954, p.
192 [*H. canningi; OD]. Orthoconic longicones
with circular section; sutures characterized by
deep, narrow siphonal lobe; siphuncle tubular,
0.3 of conch diameter; septal necks hemichoanitic,
connecting rings thick. L.Ord.(U.Canad.), W.
Australia. Fic. 77,4. *H. canningi; holotype,
sec., X5 (193).

Lebetoceras TEICHERT & GLENISTER, 1954, p. 200
[*L. oepiki; OD]. Gradually expanded ortho-
cones with circular section; siphuncle marginal,
about 0.2 of conch diameter; septal necks sub-
holochoanitic, connecting rings thick; resembles
Thylacoceras, and possibly ancestral to that endo-
cerid, but suture straight and endocones absent.
L.Ord.(U.Canad.), W.Australia. Fie. 77,2. *L.
oepiki; sec. of ectosiphuncle, X9 (193).

Levisoceras Foerste, 1925, p. 11 [*Cyrtocerina
Mercurius BrLincs, 1865, p. 194; OD). Like
Dakeoceras, but more strongly curved; septal necks
orthochoanitic, siphuncular segments concave;




Ellesmerocerida K141

Cumberloceras [ Conocerina

Fic. 76. Ellesmeroceratidae (p. K140).
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Ventroloboceras

Lebetoceras

l.oxochoanella Hemichoanella

Fic. 77. Ellesmeroceratidae (p. K140, K144, K146).
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Oneotoceras

Levisoceras

Fic. 78. ‘Ellesmeroceratidae (p. K140-K144).
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Woosteroceras

diaphragms present in at least some species. L.Ord.
(L.Canad.), N.Am.(widespread)-USSR(Sib.).
Fic. 78,3a. *L. mercurius (BiLLiNGs), Can.(Que.);
holotype, lat. view, X1.5 (202). Fic. 78,3b,c.
L. complanatum ULRICH, FOERSTE & MILLER, USA
(Mo.); ventral and lat. views, X1.5 (202).
Loxochoanella TeicHERT & GLENISTER, 1954, p. 183
[*L. warburtoni; OD). Gradually expanded ortho-
cones with circular section; sutures essentially
straight, ectosiphuncular suture forms high, nar-
row, rounded saddle; siphuncle marginal, about
0.3 of conch diameter; septal necks loxochoanitic,
0.3 to 0.5 of cameral interval in length; connect-
ing rings thick and structurally complex, con-
sisting of thin inner layer and thick outer com-
ponent. L.Ord.(U.Canad.), W.Australia. Fic.
77,3. *L. warburtoni; holotype, long. sec., X9
(193).
Oclandoceras Foerste, 1932, p. 170 [*O. hacllud-

© 2009 University of Kansas Paleontological Institute

Smithvilloceras

Robsonoceras

Fic. 79. Ellesmeroceratidae (p. K144-K146).

denense; OD). Gradually expanded, compressed
endogastric cyrtocones; siphuncle marginal, tubu-
lar, about % of conch diameter; septal necks
orthochoanitic, connecting rings thin. [Ellesmero-
cerid affinities uncertain.] L.Ord.(Arenig.), Eu.
(Baltic). Fic. 78,2. *O. haelluddenense; 2ab,
holotype, ventral and lat. views, X1 (70).
Oneotoceras UrricH, 1926, p. 90 [*Cyrtoceras
loculosum HaLr, 1861, p. 42; M]. Moderately ex-
panded, strongly compressed cyrtocones; flanks
conspicuously flattened or concave, especially on
body chamber; growth lines form high, rounded
lateral salient. L.Ord.(L.Canad.), USA(wide-
spread). Fic. 78,1. *O. loculosum (HaLL);
la-c, Tenn., dorsal, lat. and septal views,
X 1; 1d, Wis., holotype, lat., X1; Ief, Wis., ven-
tral and lat. views, X1; Ig, Minn., lat. view,
X1 (202).

Paracyclostomiceras Cecront, 1953, p. 98 [*P.




Ellesmerocerida

1b

Stemtonoceras

K145

Quebecoceras

Fic. 80. Ellesmeroceratidae (p. K145-K146).

floweri; OD]. Gradually expanded orthocones with
constricted mature aperture and subcircular sec-
tion; suture essentially straight; siphuncle mar-
ginal, about 1/6 of conch diameter; siphuncular
segments contracted; septal necks orthochoanitic,
connecting rings thick and layered. Like Cyclo-
stomiceras, but may be differentiated by its smal-
ler apical angle, less constricted mature aperture
and marginal siphuncle. ?M.Ord.(Llanvirn.), S.
Am.(Arg.). Fic. 79,1. *P. floweri; holotype,
enlarged sec. of ectosiphuncle (after 7a).

Quebecoceras Foerste, 1925, p. 11 [*Cyrtoceras
Quebecense WHITEAVES, 1898, p. 120; OD]. Grad-
ually expanded, weakly cyrtoconic with circular
cross section; growth lines forming shallow
rounded lateral sinus; sutures directly transverse,
almost straight; siphuncle cylindrical, septal necks
probably hemichoanitic. L.Ord., Can.(Que.).

© 2009 University of Kansas Paleontological Institute

Fic. 80,2. *Q. quebecense (WHITEAVES); holotype,
lat. view, X 1.5 (204).

Robsonoceras UrricH & Foerste, 1933, p. 288
[*Ellesmeroceras robsonensis WarLcotT, 1924, p.
527; OD]. Gradually expanded orthocones with
circular section; sutures directly transverse, nearly
straight; siphuncle cylindrical, septal necks ortho-
choanitic; diphragms widely spaced, irregular.
L.Ord., N.Am.(widespread). Fic. 79,3. *R.
robsonense (Warcort), Can.(B.C.); 3a, ventral
view, showing irregular diaphragms, X6; 34,d,
holotype, ventral and lat. views, X3; 3¢, sec.,
X6 (204).

Shantungendoceras Sun, 1937, p: 347 [*S. coni-

cum; OD]. Poorly known cyrtocones, probably
with marginal siphuncle. L.Ord., China(Shan-
tung Prov.).

Smithvilloceras ULricH, FoersTE & MILLER, 1943,
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p. 155 [*S. thompsoni; OD]. Like Clelandoceras,
but weakly annulate. L.Ord.(U.Canad.), USA
(Ark.). Fic. 79,2. *S. thompsoni; 2a,b, holo-
type, ventral and lat. views, X 1.5 (202).

Stemtonoceras ULRIcH & FoEerste, 1936, p. 288
[*S. elongatum; OD]. Slender compressed cyrto-
cones; sutures forming shallow lateral lobe; dia-
phragms irregular. L.Ord., USA(Pa.). FiG.
80,1. *S. elongatum; lab, holotype, dorsal and
lat. views, X 1.5 (204).

Ventroloboceras TEICHERT & GLENISTER, 1954, p.
203 [*V. furcillatum; OD]. Gradually expanded
orthocones with circular section; sutures char-
acterized by broad but narrowly rounded ventral
lobe; siphuncle marginal, about 1/6 of conch
diameter; siphuncular segments slightly con-
stricted; septal necks macrochoanitic, only slight-
ly longer than cameral interval; connecting rings
thick. L.Ord.(U.Canad.), W.Australia. FiG.
77,1. *V. furcillatum; holotype, la, sec., X9;
1b,c, ventral and lat. views, X1 (193).

Woosteroceras ULRICH, FOERSTE, MILLER & UNKLEs-
BAY, 1944, p. 30 [*W. trempealeauense; OD].
Strongly curved endogastric cyrtocones with cir-
cular section; sutures straight and directly trans-
verse; siphuncle small, cylindrical, close to ven-
ter. L.Ord.(L.Canad.), USA(Wis.-Texas-Va.).
Fic. 79,4a. *W. trempealeauense, Wis.; holotype,
ventral view, X3 (204). FiG. 79,4b. W. chero-
keense ULricH, FOERSTE, MILLER & UNKLESBAY,
Texas, ventral view, X 1.5 (204).

Family PLECTRONOCERATIDAE
Kobayashi, 1935

[Plectronoceratidae KosavasHi, 1935, p. 20] [incl. Rutheno- i
B e Konms, 169,55 791 Fic. 81. Plectronoceratidae (p. K146).

Plectronoceras

Minute, generally compressed orthocones
' 8 ¥ p expanded; septal necks variable, from ortho-

and endogastric cyrtocones; siphuncle mar- hoaniti ; i i
ginal; Septal necks variable, orthochoanitic choanitic to he.mlchoanmc or cyrtochoanitic; con-
s 4 : . necting rings inadequately known but probably
to subholochoanmc; connecting rings tthk’ thick, and adnate distally. U.Cam., China(Shan-
la){cred, and generall){ CXPaned between tung Prov.-Manchuria). Fic. 81,1a,b. *P. cam-
ad]aceqt septal foramina; diaphragms re- bria (WaLcorT), Shantung Prov.; septal and lat.
ported in some. U.Cam.-L.Ord. views, X5 (204).——Fic. 81,1c. P. licotungense
Entire group inadequately known. Im- Kosayasui, Manchuria; sec., X 10 (after 223b).
perfect preservation of the septal necks per-  Multicameroceras Kosavasi, 1933, p. 273 [*Elles-
mits diverse intcrpretations in most forms. mereoceras (?) multicameratum KosayasHi, 1931,
Connecting rings are only rarely well pre- P 163; OD]. Compressed orthocones with mod-
served. Ontogenetic and phylogcnetic pro- erate rate of exl?ansion; septa cxtremely. closely
grcssion from expanded to tubular Siphun- spacefi; sutures with shallow lateral lobe; sxPhunclc
cular segments, and ontogenetic lengthen- marginal and about 1/6 of conch diameter,

- 55 segments expanded; septal necks hemichoanitic to
ng @k the < tal necks from orthochoanitic subholochoanitic; irregular diaphragms possibly

to subholochoanitic has been suggested for present. L. Ord. (L. Canad., ?U. Canad.), China

most genera. (Manchuria)-USSR(Sib.). Fic. 82,1. *M. mul-

Plectronoceras ULricH & Foerste, 1933, p. 288 ticameratum  (Komavasur), L.Ord.( L.Canad.),
[*Cyrtoceras cambria WaLcotT, 1905, p. 22; OD]. Manchuria; Ia,5, lat. and septal views, X1.5; I¢,
Compressed, fairly rapidly expanded endogastric sec., X3 (101a).

cyrtocones; sutures with shallow lateral lobe;  Palaeoceras FLowEr, 1954, p. 7 [*P. mutabile; oD].
siphuncle about 0.2 of conch diameter, segments Slender compressed orthocones; lateral lobe of
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Multicameroceras

Fic. 82. Plectronoceratidae (p. K146-K147).

sutures deepest in early growth stages; siphuncle
marginal, about 0.2 of conch diameter; connect-
ing rings thick, layered; siphuncular segments
inflated with orthochoanitic septal necks in early
growth stages, tubular with subholochoanitic septal
necks at maturity; diaphragms possibly present.
U.Cam.(Trempealeanan), N.Am.(Tex.). Fic.
83,1. *P. mutabile; la, early growth stage, X6;
1b, late growth stage, X4 (after 41).
Ruthenoceras Korpg, 1949, p. 672 [*R. elongatum;
OD] [=dngaroceras Korpg, 1949, p. 672]. Grad-
ually expanded cyrtocones known from only few
oblique sections of minute phragmocones; si-
phuncle marginal, tubular, about 0.5 of conch
diameter; septal necks appear short, orthochoanitic,
and connecting rings thin. ?U.Cam., USSR(Sib.).
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Fic. 83,2. *R. clongatum, Angara Reg.;
oblique sec., X 18 (after 224a).

Sinoeremoceras Kosayvasui, 1933, p. 272 [*Eremo-
ceras wanwanense Kosayvasui, 1931, p. 164; OD]
[=Sinoceremoceras  Kosavashi, 1935  (nom.
van.)]. Like Multicameroceras, but conch slightly
cyrtoconic. L.Ord.(L.Canad.), China(Manchuria).

Fic. 82,2. *S. wanwanense (KoBavasHi); 2a,
lat. view, X 1.5; 24, sec., X3 (101a).

Wanwanoceras Kosavasui, 1933, p. 271 [*W.
peculiare; OD]. General conch form similar to
Sinoeremoceras; early septal necks reported as
cyrtochoanitic, but entire siphuncle may be simi-
lar to Multicameroceras. L.Ord.(L.Canad.), China
(Manchuria). Fic. 82,3. *W. peculiare; sec.,
X3 (101a).




K148 Cephalopoda—Nautiloidea

b

Palaeoceras

2

Ruthenoceras

Fic. 83. Plectronoceratidae (p. K146-K147).

Family BASSLEROCERATIDAE
Ulrich et al., 1944

[Bassleroceratidae UrricH, FOERSTE, MILLER & UNKLESBAY,
944, p. 33]

Gradually expanded, smooth cyrtocones
with slight to moderate exogastric curva-
ture; conch strongly compressed to sub-
circular in section; siphuncle characteristic-
ally marginal and moderate in size, ortho-
choanitic. L.Ord.

Bassleroceras UrkicH & Foerste, 1936, p. 263
[*Orthoceras Perseus BiLLings, 1865, p. 313;
OD]. Smooth or weakly annulate compressed
longicones with slight to moderate exogastric
curvature; characterized by narrowly rounded ven-
ter; sutures forming shallow lateral lobe; si-
phuncle marginal or submarginal, about 0.1 of
dorsoventral conch diameter, segments concave;
septal necks orthochoanitic. L.Ord.(?L.Canad.,-U.
Canad.), N.Am.(widespread) - W. Australia.——
Fic. 84,1. *B. perseus (BiLings), L.Ord.(U.
Canad.), Can.(Que.); holotype, Ia, lat. view, X1;
1b,c, lat. and ventral views of adoral portion, X1
(204).

Anguloceras UNKLEsBAY & Youne, 1956, p. 488
[*4. ovatum; OD]. Gradually expanded cyrto-
cones with subcircular section and slight exo-
gastric curvature; sutures essentially straight, in-
clined steeply backward from venter; siphuncle
moderate in size, marginal. [Poorly known but
apparently similar to Bassleroceras.] L.Ord.(L.
Canad.), USA(Va.).

Avaoceras ULricH, FOERSTE, MILLER & UNKLESBAY,
1944, p. 41 [*4. clongatum; OD] [=Leptocyrio-
ceras, Stylocyrtoceras ULrich, FOoERSTE, MILLER &
UNKLEsBAY, 1944, p. 48, 54]. Longicones with
circular section and slight exogastric curvature;
sutures essentially straight; siphuncle submarginal,
1/6 to 1/3 of conch diameter. L.Ord.(U.Canad.),

N.Am.(widespread). Fic. 854. A. longido-
mum ULRICH, FOERSTE, MILLER & UNKLEsBAY,
USA(Mo.); lat. view, X1.5 (204).

Diaphoroceras ULricH, FOERSTE, MILLER & UNKLEs-
BAY, 1944, p. 43 [*D. avaense; OD]. Like Avao-
ceras, but with apertural constriction at maturity
and slightly compressed conch. L.Ord.(U.Canad.),
N.Am.(Mo.-Okla.-Que.). Fic. 85,2a. D. belli
UrricH, FoersTe, MILLER & UNKLEsBAY, Can.
(Que.); lat. view showing apert. constriction,
X 1.5 (204). Fic. 85,2b,c. D. buffaloense
ULricH, Foerste, MILLER & Un~kLEsBAY, USA
(Mo.); ventral and lat, views, X1.5 (204).

Dwightoceras Urricn & Foerste, 1936, p. 272
[*Cyrtoceras? dactyloides Dwicur, 1884, p. 255;
OD]. Slightly compressed longicones with faint
exogastric curvature; siphuncle marginal, 0.3 of
conch diameter. [Based on single phragmocone;
similar to both Avaoceras and Diaphoroceras.] L.
Ord.(U.Canad.), USA(N.Y.).

Dyscritoceras ULricn & Forrste, 1936, p. 272
[*Cyrtoceras Metellus BiLrings, 1865, p. 191;
OD)]. Slightly compressed longicones with mod-
erate curvature; siphuncle small, marginal [Simi-
lar to Avaoceras.] L.Ord., Can.(Que.). Fi6.
84,2. *D. metellus (BiLLiNGs); 2a,b, holotype, lat.
and ventral views, X1.5 (204).

Lawrenceoceras ULRicH, FoersTE, MiLLER &
UNKLEsBAY, 1944, p. 48 [*L. collinsi; OD]
[=Onychoceras UrLricH & Foerste, 1936, p. 283
(non WunstorF, 1905, p. 508); Lawrensoceras
FLower in Frower & Kummer, 1950, p. 611
(nom. null.)]. Gradually expanded cyrtocones
with slightly depressed section and moderate exo-
gastric curvature; siphuncle submarginal, about
0.1 of conch diameter. [Similar to Dyscritoceras
but depressed.] L.Ord.(U.Canad.), N.Am.(wide-
spread). Fic. 85,lab. L. confertissimum
(WartrieLp), USA(Vt.); ventral and lat, views,
X1.5 (204). Fic. 85,1c. *L. collinsi, Can.
(Que.); holotype, lat. view, X1 (204).




Ellesmerocerida K149

Monogonoceras ULRicH, FoERsTE, MILLER & rounded ventrally. L.Ord.(U.Canad.), USA(Ala.-
Un~KLEsBAY, 1944, p. 50 [*M. alabamense; OD]. Va.-Mo.). Fic. 85,3. *M. alabamense, USA
Similar to Bassleroceras, but more narrowly (Ala.); holotype, lat. view, X 1.5 (204).

Bassleroceras Dyscritoceras
Fic. 84. Bassleroceratidae (p. K148).
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Lawrenceoceras Diaphoroceras Avacceras

Fic. 85. Bassleroceratidae (p. K148-K149).
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Ellesmerocerida

Catoraphiceras

Protocycloceras

Fic. 86. Protocycloceratidae (p. K152, K154).
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Walcottoceras

2d
Fic. 87. Protocycloceratidae (p. K154).

Family PROTOCYCLOCERATIDAE
Kobayashi, 1935

[Protocycloceratidae Kosavasui, 1935, p. 746] [incl. Endo-

cycloceratidae and Rudolfoceratidae ULricH, FOERSTE, MILLER

& UNkLESBAY, 1944, p. 30, 55; Apocrinoceratidae FLOWER in
FLower & TEICHERT, 1957, p. 136

© 2009 University of Kansas Paleontological Institute
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Annulate longicones, either straight or
with slight endogastric or exogastric curva-
ture; siphuncle submarginal to marginal,
moderate to small in size (0.1 to 0.3 of
conch diameter), subcylindrical; septal
necks short and characteristically ortho-
choanitic; connecting rings thin and homo-
geneous in some forms, but probably thick
and layered in others. L.Ord.

Protocycloceras Hyarr in Zirrer, 1900, p. 518
[*Orthoceras Lamarcki BiLLiNes, 1859, p. 362;
OD] [=Orotocycloceras KoBavasui, 1927, p. 183
(nom. null.); Dresseroceras ULRICH, FOERSTE,
MiLLer & UNKLEsBAY, 1944, p. 132]. Strongly
annulate orthocones with circular cross section;
annulations and sutures directly transverse and
essentially straight; siphuncle approximately 0.3
of corresponding conch diameter, ventral but not
marginal; septal necks probably orthochoanitic,
siphuncular segments tubular. L.Ord.(L.Canad.-
U.Canad.), cosmop. Fic. 86,1a,c. *P. lamarcki
(BiLrinGs), L.Ord.(U.Canad.), Can.(Ont.-Newf.);
X 1.5 (204). Fic. 86,16. P. whitfieldi Ruepg-
MANN, L.Ord.(U.Canad.), USA(Vt.); X 1.5 (204).

Apocrinoceras TEICHERT & GLENISTER, 1954, p. 221
[*4. talboti; OD]. Weakly annulate orthocones
with submarginal siphuncle about 0.1 of conch
diameter; siphuncle characterized by weakly cyrto-
choanitic septal necks and expanded siphuncular
segments; connecting rings possibly thick. [Proto-
cycloceratid  affinities  uncertain.]  L.Ord.(U.
Canad.), W.Australia.

Catoraphiceras ULricH & Foerste, 1936, p. 266
[*C. lobatum; OD]. Annulate orthocones with
circular to slightly depressed cross section; suture
characterized by deep rounded ventral lobe; si-
phuncle marginal; details of ectosiphuncle un-
known. L.Ord.(U.Canad.), N.Am.(widespread)-
Eu.(Est.)-USSR(Sib.)-W.Australia. Fic. 86,3a.
C. wvaginatum (voN ScHLoTHEIM), L.Ord.
(Arenig.), Eu.(Est.), ventral view, X1.25 (204).

Fic. 86,3b,c. C. colon (Wurre), L.Ord.(U.
Canad.), USA(Utah); dorsal and septal views,
% 1.5 (204).——Fic. 86,3d. *C. lobatum, L.Ord.
(U.Canad.), USA(Tenn.); holotype, ventral view,
X 1.5 (204).

Diastoloceras TEeICHERT & GLENISTER, 1954, p.
190 [*D. perplexum; OD]. Longicones with cir-
cular section and slight exogastric curvature;
internal mold essentially smooth but shell sur-
face characterized by closely spaced prominent
flanges; siphuncle submarginal, about 0.1 of conch
diameter; siphuncular segments expanded; septal
necks achoanitic, connecting rings thin. [Affinities
uncertain.] L.Ord.(U.Canad.), W.Australia.

Ectocycloceras UrricH & FoEerste, 1936, p. 275
[*Orthoceras Cataline Birincs, 1865, p. 315;
OD]. Circular to slightly compressed, annulate,
moderately curved, exogastric cyrtocones; sutures
essentially straight and transverse; siphuncle small,




Ellesmerocerida K153

or il

Rudolfoceras

Fic. 88. Protocycloceratidae (p. K154).
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situated close to ventral margin; siphuncular seg-
ments slightly expanded to constricted; septal
necks orthochoanitic. L.Ord.(U.Canad.), Can.
(Que.)-W.Australia. Fic. 86,2. E. cato (BiLL-
iNes), L.Ord.(U.Canad.), Can.(Que.); holotype,
X 1.5 (204).

Endocycloceras ULricH, FoERSTE, MILLER &
UNKLEsBAY, 1944, p. 31 [*E. wilsonae; OD].
Resembles Rudolfoceras, but apparently curved
endogastrically. L.Ord.(L.Canad.-U.Canad.), N.
Am.(widespread).

Kyminoceras TEICHERT & GLENISTER, 1954, p. 188
[*K. forresti; OD]. Prominently annulate ortho-
cones with circular or subcircular cross: section;
annulations transverse or sloping posteriorly from
dorsum to venter; sutures weakly sinuous and
directly transverse; siphuncle about 0.2 of conch
diameter, either marginal or situated close to
shell wall, segments approximately cylindrical;
septal necks orthochoanitic, connecting rings thin,
homogeneous. L.Ord.(U.Canad.), N.Am.(wide-
spread)-W.Australia. Fic. 87,1a,b. *K. forresti,
W.Australia; Ia, ventral view, X3 (Furnish &
Glenister, n); 15, sec. of ectosiphuncle, X9 (193).

Notocycloceras TeICHERT & GLENISTER, 1954, p.
202 [*N. yurabiense; OD]. Annulate orthocones
with subholochoanitic septal necks; possibly syn-
onymous with endocerid genus Anthoceras, but
lack endocones. L.Ord.(U.Canad.), W.Australia.

Fic. 88,2. *N. yurabiense; sec., X9 (193).

Rudolfoceras ULricH, FOERSTE, MILLER & UNKLEs-
BAY, 1944, p. 55 [*Orthoceras cornu-oryx WHIT-
FIELD, 1886, p. 320; OD] [=Orygoceras RUEDE-
MANN, 1906, p. 449 (non BRrusina, 1882)]. Ortho-
conic to slightly cyrtoconic exogastric annulate
longicones with circular to compressed section;
siphuncle submarginal, about 1/12 of conch diam-
eter; septal necks orthochoanitic. L.Ord.(U.
Canad.), N.Am.(Vt.-N.Y.-Que.). Fic. 88,3.
*R. cornuoryx (WHITFIELD), Vt; 3a, topotype,
X1.5; 3b,c, syntype, lat. view, X1.5, and en-
larged sec., X3 (204).

Vassaroceras ULricH, FOoERSTE, MILLER & UNKLEs-
BAY, 1944, p. 32 [*Orthoceras Henrietta DWIGHT,
1884, p. 256; OD]. Septal necks orthochoanitic.
[Poorly known, may be synonym of Endocyclo-
ceras.] L.Ord.(U.Canad.), USA(N.Y.). Fic.
88,1. *V. henrietta (DwicHT); la,b, holotype and
topotype, X3 (204).

Walcottoceras UrLricH & Foerste, 1936, p. 289
[*Endoceras(?) monsensis Warcort, 1924, p.
529; OD]. Strongly annulate compressed longi-
cones; orthoconic to gently curved endogastrically;
sutures form broadly rounded lateral lobe; si-
phuncle submarginal, about !% of dorsoventral
conch diameter, cylindrical. L.Ord.(L.Canad., ?U.
Canad.), N.Am.(widespread). Fic. 87,2a-d.
W. obliguum ULricH, FoERSTE, MILLER &
Un~kresBay, L.Ord. (L.Canad.), USA (Iowa);
2a,c,d, lat. views, X1.5; 2b, septal view, X3
(204). Fic. 872ef. *W. monsense (WAL-
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corr), L.Ord.(L.Canad.), Can.(Alba.); holotype,
lat. and ventral views, X 1.5 (204).

Family BALTOCERATIDAE
Kobayashi, 1935

[Baltoceratidae KoeayasHi, 1935, p. 751] [=Cochlioceratidae
BavLasHov, 1955, p. 55]

Smooth, longiconic orthocones with mod-
erately large marginal siphuncle, ortho-
choanitic septal necks and thin homogene-
ous connecting rings. L.Ord.-M.Ord.
Cochlioceras Eicuwarp, 1860, p. 1250 [*Ortho-

ceras avus Excuwarp, 1857, p. 200; M] [=Balto-
ceras HoLm, 1897, p. 174; Protobaltoceras TROEDs-
soN, 1937, p. 16]. Gradually expanded ortho-
cones with circular section and essentially straight
sutures; siphuncle tubular, marginal, 0.25 to 0.5
of conch diameter; septal necks orthochoanitic,
connecting rings thin and homogeneous. L.Ord.

Cochlioceras

Fic. 89. Baltoceratidae (p. K154-K155).



Ellesmerocerida

Fic. 90. *Bactroceras avus HoLm (Baltoceratidae)
(p. K155).

(Arenig.)-M. Ord. (Llanvirn.), Eu. (widespread)-
USA (Vt.)-China (Sinkiang-Hupeh). Fic. 89,
la-c. *C. avus (EicawaLp), L.Ord.(Arenig.), Eu.
(Baltic) ; lat. view, lat. sec., and ventral view, X1
(216a). Fic. 89,1d. C. burchardii (DEwitz),
M.Ord.(Llanvirn.), Eu.(Baltic); sec., X3 (223a).
Bactroceras Horm, 1898, p. 357 [*B. avus; SD
GLenisTER, 1952, p. 90]. Gradually expanded
orthocones with circular section; siphuncle mar-
ginal, tubular, about 1/12 of conch diameter;
septal necks long, orthochoanitic; connecting rings
thin, homogeneous. M.Ord.(Llandeil.), Eu.(Bal-
tic)-Australia (New S. Wales). Fic. 90,1. *B.
avus; la, ventral view, X1.5; 1b,c, secs., X5,
X2.5 (223a).
Murrayoceras FoersTE, 1926, p. 312 [*Orthoceras
Murrayi BiLLiNes, 1857, p. 332; OD]. Gradually
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expanded depressed orthocones; characterized by
subtriangular section with strongly flattened ven-
ter; sutures form shallow lobe on venter and gen-
erally on dorsolateral flanks; siphuncle 0.15 to
0.3 of dorsoventral conch diameter, near venter;
septal necks orthochoanitic, connecting rings thin;
siphuncular segments cylindrical. M.Ord.(Chazy.-
Blackriver.), N.Am.(widespread). Fic. 91,1.
*M. murrayi (BiLLings), M.Ord.(Blackriver.),
Can.(Ont.); la-c, ventral, dorsal, septal views,
X 0.7 (79).

Ogygoceras ULRICH, FOERSTE, MILLER & UNKLEs-
BAY, 1944, p. 69 [*O. gracile; OD]. Essentially
orthoconic longicones with circular section; si-
phuncle marginal, about 0.25 of conch diameter;
septal necks presumably orthochoanitic. [Affinities
uncertain; gently sigmoid apical portion of single
known representative may be pathologic.] L.Ord.
(U.Canad.), USA(Ark.)—Fic. 92,I. *O.
gracile; 1a,b, holotype, lat. and dorsal views, X 1.5
(204).

Pachendoceras UrricH & FoEerste, 1936, p. 283
[*Cameroceras huzzahense ULRicH & FOERSTE in
Bripgg, 1931, p. 211; OD]. Large, gradually ex-
panded orthocones with subcircular section; su-
tures straight; siphuncle marginal, about 0.5 of
conch diameter; structure of ectosiphuncle un-
known; diaphragms elongate, asymmetric. L.Ord.
(L.Canad.), USA(Mo.-Va.). Fic. 93,1a,b. *P.
huzzahense (ULrRicH & FoErsTE), Mo.; syntype,
ventral and lat. views, X1 (204). Fic. 93,1c.

Fic. 91. *Murrayoceras murrayi (BiLLINGs) (Balto-
ceratidae) (p. K155).
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Fic. 92. *Ogygoceras gracile ULRICH, FOERSTE,
MILLER, & UNkLEsBAY (Baltoceratidae) (p. K155).

P.? sp., Mo.; weathered dorsoventral sec. with
clongate asymmetric diaphragm, X1 (204).

Family BATHMOCERATIDAE
Holm, 1899

[Bathmoceratidae Hom, 1899, p. 287] [incl. Eothinoceratidae
ULricH, FoErsTE, MILLER & UNKLESBAY, 1944, p. 130]

Essentially orthoconic longicones with
large submarginal siphuncle; suture with
siphuncular saddle; septal necks orthochoan-
itic to hemichoanitic; connecting rings
greatly thickened to form flangelike exten-
sions within siphuncle. L.Ord.-M.Ord., ?U.
Sil.

Bathmoceras Barranpe, 1867, p. 74 [*Orthoceras
complexum BarrANDE, 1856, p. 384; SD TEicH-
ErT, 1939, p. 388] [=Bathmoceras BARRANDE,
1865, p. 276 (nom. nud.); Bothmoceras BaLasHOV,
1955, p. 52 (nom. null.)]. Orthocones and gently
curved exogastric cyrtocones with circular, de-
pressed, or compressed conch; suture with low
ventral saddle; siphuncle marginal, 0.2 to 0.3 of
dorsoventral conch diameter; septal necks hemi-
choanitic; connecting rings thick, expanded ad-
orally as thick, obliquely truncated invaginated
cones which occupy about half of total siphuncu-
lar volume. L.Ord.(Arenig.)-M. Ord.(Llandeil.),
?U. Sil. (Wenlock.), Eu. (Czech. - Baltoscandia-
Port.) - Australia (N. Terr.)-S. Am. (Arg.)-?China.

F16. 94,1a-c. *B. complexum (BARRANDE), M.

Ord.(Llanvirn.), Eu.(Boh.); Ilac, ventral views;

1b, septal view, all X1 (204). F16. 94,1de. B.
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linnarssoni ANGELIN, L.Ord.(Arenig.), Eu.(Bal-
tic); dorsal and ventral halves of siphuncle show-
ing septal necks and thick connecting rings (re-
constr., enlarged) (after 92a).
Eothinoceras ULricH, FOERSTE, MILLER & UNKLEs-
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Pachendoceras

Fic. 93. Baltoceratidae (p. K155-K156).



Ellesmerocerida K157

Bathmoceras

Fi1c. 94. Bathmoceratidae (p. K156).
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Eothinoceras

Fic. 95. Bathmoceratidae (p. K156, K158).

BAY, 1944, p. 131 [*E. americanum; OD]. Grad-
ually expanded smooth orthocones and gently exo-
gastric cyrtocones with subcircular cross section;
sutures essentially straight, but with narrow,
rounded ventral saddle; siphuncle situated close
to ventral wall, 0.2 to 0.3 of conch diameter,
siphuncular segments weakly concave; septal
necks orthochoanitic; connecting rings thick, tri-
angular in section with apex of triangle at about
mid-length of camerae; diaphragms irregular.
L.Ord.(U.Canad.), USA(N.Y.)-W.Australia-USSR
(Sib.Platform). Fic. 95,la. *E. americanum,
USA(N.Y.); holotype, oblique sec., X3 (204).
Fi1c. 95,16-d. E. maitlandi TeicHERT & GLEN-
ISTER, W.Australia; 15, lat. sec., X9 (193); Icd,
ventral view, X3, and dorsoventral section of
ectosiphuncle, X8 (Furnish & Glenister, n).

Family CYRTOCERINIDAE Flower,
1946
[Cyrtocerinidae FLower, 1946, p. 585]
Endogastric cyrtocones with large sub-
marginal siphuncle; septal necks achoanitic,
connecting rings thick and similar to those

F1c. 96. *Shideleroceras sinuatum FoERSTE
(Shideleroceratidae) (p. K159). of Bathmoceratidae. M.0rd.-U.Ord.
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Cyrtocerina BiLLiNGs, 1865, p. 178 [*C. typica; M].
Rapidly expanded cyrtoconic endogastric com-
pressed brevicones; sutures straight; siphuncle sub-
marginal, 0.2 to 0.3 of conch diameter; siphuncu-
lar segments concave, septal necks achoanitic;
connecting rings thick, projecting inward as promi-

Cyrtocerina

K159

nent transverse flanges. M.Ord.(Blackriver.)-U.
Ord. (Richmond.), N.Am. (widespread). FiG.
96,la. *C. typica, M.Ord.(Blackriver.), Can.
(Ont.); holotype, ventral view, X1 (216b).
Fic. 96,1b,c. C. crenulata FLower, M.Ord.(Black-
river.), USA(Wis.); ventral and lat. views, X1

Fic. 97. Cyrtocerinidae (p. K159).

(39). Fic. 96,1d,e. C. madisonensis (MILLER),
U.Ord.(Richmond.), USA(Ind.); sec.,, X1, and
ectosiphuncle, X18 (33).

Family SHIDELEROCERATIDAE
Flower, 1946
[Shideleroceratidae FLower, 1946, p. 508]

Gently cyrtoconic longicones with small
subcentral cylindrical siphuncle; septal necks
achoanitic, connecting rings thin. [Elles-
merocerid affinities doubtful.] U.Ord.
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Shideleroceras FLowEeR & FoersTE in FLowEeRr, 1946,
p. 508 [*S. sinuatum FoersTE in FLowkr, 1946,
p. 510; OD]. Gradually expanded gently cyrto-
conic conchs with subcircular section; sutures
essentially straight; siphuncle subcentral but closer
to convex side, about ' of conch diameter,
siphuncular segments tubular; septal necks achoan-
itic, connecting rings thin. U.Ord.(Richmond.),
USA (Ohio-Ind.). Fic. 97,1. *S. sinuatum
FoEersTE, Ohio; Ia,b, ventral and lat. views, X1
(33).
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Cephalopoda—Endoceratoidea

ENDOCERATOIDEA

By Curt TEICHERT
[United States Geological Survey]

MORPHOLOGY

The endoceratoids have been described
very briefly in the introductory discussion of
nautiloid subclasses, attention being called
chiefly to the generally large size of their
prevailingly straight conchs and the im-
portant distinguishing feature of endocones
in the posterior part of the relatively large
siphuncle. We may add here that the larg-
est known invertebrate fossils from Paleo-
zoic rocks are Middle Ordovician endocera-
toids belonging to the order Endocerida.
Some of these conchs attained a length of
more than 9 m. (nearly 30 feet).

The surface of the shell is little known.
It is probably smooth in most forms, al-
though a few genera with annulate shells
are known (Anthoceras, Endoceras). Cam-
eral deposits are absent.

The sutures are generally straight, but in
some genera they have ventral lobes that
usually are deep and well defined. Ventral
saddles are encountered rarely.

The siphuncle is characteristically large.
Only some Early Ordovician forms (Thyla-

coceratidae and some Proterocamerocerati-

A B C D

Fic. 98. Different types of septal necks and con-

necting rings in Endocerida: A4, achoanitic necks

and complex connecting ring of ellesmerocerid type;

B, orthochoanitic neck and complex ring; C, hemi-

choanitic neck with ringless complex; D, holo-

choanitic neck with simple connecting ring lining
inside of neck (after 34).

endosiphocone

septal neck

endocones

connecting ring

endosiphuncular
tube

diaphragm

endocones

Fic. 99. Basic structural elements found in siphuncles
of the Endocerida (Teichert, n).

dae) have narrow siphuncles. In some
genera the siphuncle occupies the entire
apical part of the shell. In the adult stage
its diameter is rarely less than one-fourth
and may be as much as one-half the diam-
eter of the conch. The position of the
siphuncle is marginal (ventral) in the
majority of forms, although it may be
somewhat removed from the center in
some; very rarely it is subcentral.

The siphuncular wall consists of septal
necks and connecting rings. The septal
necks are straight, ranging from almost
achoanitic (Proterocameroceras) to macto-
choanitic (Proterovaginoceras) (Fig. 98).
Orthochoanitic and hemichoanitic forms
have more or less cylindrical connecting
rings that are either simple or moderately
complex. Subholochoanitic forms usua}ll.y
have thick connecting rings. Holochoanitic
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Fic. 100. Some modifications of the endocone system in Endocerida seen in cross section (black, endo-

siphuncular tube; stippled, endosiphocones): A4, concentric (Cameroceras); B, excentric (Retroclitendoceras,

Tasmanoceras); C, concentric, with endosiphuncular tube of crescentic cross section (Chazyoceras); D,

concentric, with endosiphuncular wedge (Manchuroceras); E, concentric, with ventral mass ( Coreanoceras,

Emmonsoceras); F, outer endocones concentric, inner ones elliptic (Cameroceras); G, double endocones
(Allotrioceras) (Teichert, n).

and macrochoanitic forms bave rudi-
mentary connecting ring matter between
the septal necks, but some have continuous
connecting ring linings on the inside of the
septal necks. If the connecting rings inside
are continuous, they form a dark layer,
which is probably what Ruepemann termed
the endosiphuncular lining.

Endosiphuncular deposits are invariably
present, most commonly in the form of
endocones, more rarely as radially arranged
lamellae, as in the Intejocerida. The endo-
cones (Fig. 99) are closely packed funnel-
shaped layers of calcareous material, with
their apices pointing toward the tip of the
shell and pierced by generally one, less
commonly two or more tubes, called endo-
siphuncular tubes. Rarely, endosiphuncular
tubes may be partitioned by transverse
diaphragms. The space inside the last endo-
cone is commonly called endosiphocone. If
it is filled with rock matrix, this inorganic
filling is sometimes referred to as the
spiculum (Spiess).

The endosiphuncular tube commonly
runs slightly dorsal to the central axis of

the siphuncle. In some specialized forms
(e.g., Tasmanoceras) (Fig. 100,B) the en-
docones are very asymmetrical or a complex
system of multiple endocones develops as in
the Chihlioceratidae and in the Allotriocera-
tidae (Fig. 100,G).

The endosiphocone may be partially filled
by calcareous deposits on the ventral side,
or on both ventral and dorsal sides, forming
the endesiphuncular wedge or wedges (e.g.,
Manchuroceras) (Fig. 100,D-F).

In well-preserved specimens the endo-
cones consist of light calcite and are sep-
arated by thin dark layers that may be
conchiolin films, similar to those found in
the shell wall and in the septa of cephalo-
pods. In many specimens the endocones
are recrystallized during diagenesis and the
space originally occupied by them is filled
with structureless crystalline calcite. The
form of the spiculum may then be diagnos-
tic.

The endosiphuncular tube is usually thin
and cylindrical, but in specialized forms its
cross section may be flat (either depressed
or compressed) or it may be half-moon or
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Fic. 101. Cross section of siphuncle of Piloceras
with endosiphocoleon and endosiphofunicles (after
Ruedemann, 1904).

sickle-shaped (Fig. 100,C). In a number of
genera the endosiphuncular tube is tra-
versed by widely or closely spaced, thin,
concave partitions. In one family (Allo-
trioceratidae), more than one endosiphun-
cular tube is present, especially in the apical
part of the siphuncle.

In some endoceratoids it has been shown
that the endosiphuncular tube lies inside
a dark area of depressed cross section, which
possibly represents original conchiolin, and
which, in a few instances, has been traced
into the space of the endosiphocone. This
depressed conchiolin(?) tube is called the
endosiphocoleon (Fig. 101).

In some forms the endocones are tra-
versed by thin, membranelike structures
that are arranged radially with respect to
the endosiphuncular tube and extend from
the latter to the siphuncle wall. These
membranes are called endosiphuncular
blades. In cross sections of the siphuncle,
blades may vary widely in appearance in
different forms. Commonly their number
is either two or three, but more may be
present (Fig. 102). They may be uniform
throughout the entire siphuncle or, in some
forms, these features may vary during
ontogeny.

Other radial elements which are irregu-
lar in shape and length have been described
as secondary blades and as endosiphofuni-
cles (Fig. 101) (24), but they rarely have
been observed.

The order Intejocerida is anomalous
in having the siphuncle occupied by radial
calcareous lamellae, rather than by endo-
cones. These will be described in greater
detail in the introduction to that order.

Cephalopoda—Endoceratoidea

ONTOGENY

Endoceratoids are characterized by the
fact that from the very first stage of shell
formation the siphuncle is proportionally
larger than in any other cephalopod sub-
class. Because of the vagaries of preserva-
tion, as well as the large size of many endo-
ceratoid genera, the ontogeny of many forms
is very incompletely known, and for some
genera it is not known at all. Some generic
names, such as Nanno, have been given to
specimens representing only the initial part
of phragmocones, and the mature stages of
such “genera” are unknown. On the other
hand, many generic names have been given
to forms representing only portions of ma-
ture stages of conchs, and several others are
based on isolated siphuncles and the shape
and size of the phragmocones of such gen-
era remain unknown.

It is known, however, that in the earliest
shell-forming stages, endoceratoids may de-
velop in one of two ways: 1) The inital
part of the shell is entirely occupied by the
siphuncle (see Fig. 37,G), the first septum
and camera being formed at a distance of
one to several centimeters from the apex
of the shell. (2) Formation of the first sep-
tum occurs close to the apex of the shell

Cc D

Fic. 102. Some types of arrangements of endo-
siphuncular blades. A, Cameroceras (HoLM,
1885). B, Coreanoceras (Kosavashi, 1936).——
C, Phragmosiphon (Frower, 1956).——D, Pro-
terocameroceras (RUEDEMANN, 1904) (Teichert, n).
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and the entire phragmocone is camerate,
as in other nautiloid orders (see Fig. 37,D).

In the first-mentioned group, the initial,
noncamerate part of the conch may expand
gradually or rapidly. If it expands rapidly,
being entirely filled by the siphuncle, it is
sharply contracted at the place where the
first septum and camera are formed and
the apical part of the siphuncle thus has a
bulbous shape. From the point where the
constriction takes place, the siphuncle re-
tains a more or less constant diameter,
whereas the conch expands very slowly in
diameter. Thus, the ratio of conch diameter
to siphuncle diameter increases slowly and
gradually during ontogenetic growth of
most endoceratoids.

In the second group, the siphuncle occu-
pies a considerable part of the conch from
the beginning but never its entire apical re-
gion. It is in contact with the inside of the
ventral wall and part of the lateral walls
of the conch, but the dorsal part of the
apex is occupied by the first camera. It is
not known with certainty whether this first
chamber is homologous or analogous to the
initial chamber of the actinoceratoid and
nautiloid orders. The second alternative is
regarded as more likely, because in forms
of Group 1, where the first septum is
formed at some distance from the apex, the
first chamber cannot in any way be com-
pared to the identical chamber in the
nautiloid groups.

In the extreme apical part of the
siphuncle, endocones are generally not
clearly distinguished, and it seems that this
part was filled out by rapid deposition of
calcareous substance at an early growth
stage. An alternative interpretation is that
the endocones were thinnest in this region
and so were more easily recrystallized.

In well-preserved specimens (which are
few) the endosiphuncular tube can be fol-
lowed through this unorganized calcareous
deposit to the apex of the shell. It has been
suggested that the tube pierced the apex
or that a former opening is closed by a
cicatrix, the true protoconch (or initial
chamber) being supposedly situated outside
the apex of the conch; observations that
have led to these suggestions need confir-
mation,
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For many years almost all endoceratoids
were united in a single family, the Endo-
ceratidae of Hyarr. For a long time knowl-
edge of the group was almost entirely re-
stricted to the large genera of Middle Ordo-
vician age in Europe and North America
(e.g., Cameroceras, Endoceras, Vagino-
ceras, Proterovaginoceras)., More recently,
beginning in the 1920’s, a multitude of
endoceratoid forms was discovered in Lower
and Middle Ordovician rocks of eastern
Asia, and large and complex faunas became
known from the Early Ordovician of North
America, Australia, and Siberia.

The complexity of siphuncular structures,
the vagaries of preservation, especially of
larger forms, and the fact that genera have
been based partly on fragments of mature
conchs, partly on apical fragments, partly
on isolated siphuncles in various states of
preservation, and only in the rarest of cases
on entire shells—all these factors constitute
great obstacles for any attempt to formulate
a natural classification of the group. That
the endoceratoids constitute a taxon of ordi-
nal rank was first suggested by TEICHERT in
1933. This suggestion gained ground, and
since 1950 (49), became rather generally
accepted. FLower (47) suggested subdivi-
sion of the order into two suborders, Pro-
terocameroceratina, including members of
the previously mentioned Group 2 (de-
fined in the chapter on ontogeny), and
Endoceratina, members of Group 1. Be-
cause of the various adverse factors cited,
this subdivision, though probably taxonom-
ically sound, is difficult to implement in
practice, and many genera cannot be as-
signed with certainty to either suborder.

Still more recently, BaLastov (4) made
known a suborder which he named Inte-
joceratina. The members of this group
share morphological characteristics that set
them apart from all other previously known
endoceratoids.

Families of the Endocerida are of very
unequal scope. Almost certainly, families
with many genera (e.g., Proterocamerocera-
tidae, Endoceratidae) are not phylogenetic
units. They contain many genera of un-
known derivation and affinities. On the other
hand, families containing only one or a few
genera (e.g., Manchuroceratidae, Chihlio-
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Fic. 103. Stratigraphic distribution of genera and
families of Endoceratoidea (Teichert, n).

ceratidae) may be regarded as well-defined
phylogenetically related groups.

EVOLUTION

Endoceratoids developed from ellesmero-
cerids in Early Ordovician (Middle Cana-
dian) time through formation of endocones
(Fig. 69). The transition was gradual and
probably it proceeded simultaneously in
different lineages. Some ellesmerocerids de-
veloped broad siphuncles without endo-
cones (Baltoceratidae). In other lines en-
docones developed in relatively narrow
siphuncles (Thylacoceratidae). In this evo-
lutionary transition zone some genera have
been described that might well be classified
as endoceratoids, but since no endocones
have as yet been discovered in them, they
are here placed with the ellesmerocerids.

The greatest diversification of the endo-
ceratoid stock took place in the Early Ordo-
vician (Middle to Upper Canadian) Epoch,
which was a time of explosive (or eruptive)

Ord.
L M U L

Sil.

Fi. 104, Graph showing numbers of new genera

“of Endoceratoidea introduced in successive epochs

' (dashed lines) and total genera represented in each
(solid lines) (Teichert, n).

nautiloid evolution (Fig. 103, 104). The
Thylacoceratidae retained the primitive,
comparatively narrow ellesmerocerid si-
phuncle to which endocones were added.
The Proterocameroceratidae blossomed into
a diversity of forms. While some retained
the primitive orthochoanitic septal necks,
these were modified in other representa-
tives into hemichoanitic and subholochoani-
tic structures. Connecting rings remained
complex for the most part. )

Other early specializations occurred in
the Manchuroceratidae, with breviconic
shells, thick siphuncles, and heavy, asym-
metrically disposed endocones, in the weak-
ly cyrtoconic Piloceratidae, with holochoan-
itic septal necks, and in the rare Chihlio-
ceratidae, with a multiple endocone system.

Endoceratidae with holochoanitic, and
even macrochoanitic, septal necks an{l sim-
ple endocone systems also appcarfid in the
late Early Ordovician. This family proved
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to be the most successful one of the entire
subclass.

While most Proterocameroceratidae and
all Thylacoceratidae, Piloceratidae, Man-
churoceratidae, and Chihlioceratidae be-
came extinct at the end of Early Ordovician
time, the Endoceratidae expanded in the
Middle Ordovician. During this epoch they
produced shells 15 to 30 feet long (Camero-
ceras), the largest of any invertebrate fos-
sils of Paleozoic times. The distribution of
the family was worldwide, but giant forms
are known only from North America and
northern Europe.

Along with the Endoceratidae, small spe-
cialized groups also appeared in the Middle
Ordovician. These were the Cyrtendocera-
tidae, which were strongly cyrtoconic, the
Emmonsoceratidae, which are large, longi-
conic derivatives of the Manchuroceratidae,
the Allotrioceratidae, with very complex,
specialized systems of endocones, and the
presumably huge Narthecoceratidae, which
have no known ancestors or descendants.

Only the Endoceratidae continued with
certainty into the Late Ordovician and to
its end. Other families (e.g., Cyrtendocera-
tidae, Narthecoceratidae) are doubtfully
represented during the latter part of the
Ordovician Period.

Presently available evidence suggests that
the Endoceratidae may have survived into
the Silurian (Fig. 103). A few specimens
of that age have been reported from several
localities in northern Canada, but none of
them has been well described and all rec-
ords are in need of further scrutiny.

The genus Humeoceras stands apart from
other, scattered finds of supposedly holo-
choanitic conchs of Silurian age, because
of its close resemblance to Early Ordovician
piloceratids. The resemblance is entirely
external, because details of the internal
structure of Humeoceras are unknown. The
genus is here regarded as representing a
separate family that contains Middle Silur-
ian homeomorphs of the Early Ordovician
piloceratids.

GEOGRAPHIC DISTRIBUTION

Early occurrences of endoceratoids are
widespread, rich Early Ordovician faunas
being known from Australia, eastern Asia,
Siberia, and eastern North America. By
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Middle Ordovician time, endoceratoids were
well established in all continents except
Africa. In most parts of the world they be-
came extinct at the end of the Ordovician.
They survived longest in North America,
where they seem to have lingered on until
the Middle Silurian.

SYSTEMATIC DESCRIPTIONS

Subclass ENDOCERATOIDEA
Teichert, 1933

Diagnosis given in “Introductory Discus-
sion” (p. K128). L.O#d.-U.Ord., ?M.Sil.

The stratigraphic occurrence of genera
included in the Endoceratoidea is shown
graphically in Figure 103; the numbers of
new genera introduced in successive epochs
are indicated in Figure 104,

Order ENDOCERIDA Teichert,
1933

[rom. correct. TeicHERT, herein, pro Endoceroidea TEICHERT,
1933; mention of Endocerida by FurNISH, GLENISTER, &
Hansman, 1962 (p. 1343), is disregarded] [=Vaginati
Quens1ept, 1836; Pleurosiphonides Picter, 1854; Meta-
choanites Hyarr, 1883 (ranked as subdivision of Holochoan-
oidea of unspecified taxonomic rank); Holochoanites Hyarr,
1898 (suborder); Endoceracea ScriNpewoLF, 1935 (suborder);
Endoceracea Kunn, 1949 (order); Endoceratida FrLower in
Frower & KummeL, 1950 (order) (mom Endoceratida Hyatr,
1900, =superfamily because ranked as group of suborder
Holochoanites); Endoceroida FiscHerR in MooRre, LALICKER &
FiscHEr, 1952 (order); Endoceratina Sweet, 1958 (sub-
order); Endoceratida BaLassov, 1961 (order); incl. Protero-
cameroceratina, Endoceratina FLower, 1958 (suborders)]

Breviconic, longiconic, or endogastrically
curved conchs with small to large, generally
marginal, more rarely subventral or central
siphuncles with posterior part filled by
simple or complex endocones. Septal necks
ranging from nearly achoanitic to macro-
choanitic. L.Ord.(M.Canad.)-U.Ord.(Rich-
mond.), ?M.Sil.

Family THYLACOCERATIDAE
Teichert & Glenister, 1954
Conchs straight or slightly curved, with
small to medium-sized marginal siphuncles
and hemichoanitic to subholochoanitic sep-
tal necks. L.Ord.

Thylacoceras TEICHERT & GLENISTER, 1952 [*T.
kimberleyense; OD]. Gently tapering, slightly
endogastric conchs, with depressed cross section;
suture sinuous, with deep U-shaped lobe across
venter. Siphuncle marginal, with moderate-sized
septal necks which are subholochoanitic, or almost
so; connecting rings thick; endosiphuncular tube
thin, cylindrical. L.Ord.(U.Canad.), Asia(Inner
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Mongolia)-NW.Australia. Fic. 105,1. *T. kim-
berleyense, NW.Australia; la, ventral, X1; 15,
adoral portion of ventral side, X3 (82).
Talassoceras BavLasHov, 1960 [*T. kumyschiagense;
OD]. Small straight, gradually expanding conchs;
cross section circular in early growth stages, be-
coming slightly compressed in adult; sutures
straight, sloping slightly backward on venter;
septa only slightly concave. Siphuncle broad, al-
most in contact with wall; septal necks hemi-
choanitic; spiculum short, endosiphuncular tube
thin, cylindrical. L.Ord., C.Asia. Fie. 105,2.
*T. kumyschtagense; 2a,b, dorsoventral sec., X1,
and lat. view, X0.7; 2¢, long. sec., X5 (4).

Family
PROTEROCAMEROCERATIDAE
Kobayashi, 1937

[nom. transl. FLowERr, 1946 (ex Proterocameroceratinae
KosayasHi, 1937)]

Slender, straight or slightly cyrtoconic
conchs, small to medium-sized. Siphuncles
small to medium-sized, marginal; septal
necks ranging from nearly achoanitic to al-
most holochoanitic; connecting rings thick,
in some forms complex; endosiphuncular
structures simple or complex. L.Ord.(M.
Canad.)-M.Ord.(Chazy.).

GENERA KNOWN FROM MORE OR LESS

FRAGMENTARY CONCHS, INCLUDING SI-

PHUNCLES, BUT MOSTLY WITH MISSING
APICAL END AND BODY CHAMBER

Proterocameroceras Ruepemann, 1905 [*Orzho-
ceras brainerdi WrirrieLp, 1886; OD]. Rather
large straight, longicones with short camerae;
sutures simple or slightly sinuous. Siphuncle large,
ventral; septal necks short, forked; connecting
rings thick, complex; endocones flattened, 3 endo-
siphuncular blades present; apical part of shell
long, conical, tapering slowly. L.Ord.(U.Canad.),
N.Am.-Greenl.-USSR (Sib.)-N'W.Australia. Fic.
106,1a-d. *P. brainerdi (WHrTFIELD), Cassin Ls.,
USA(N.Y.-Vt.); la, ventral, X0.7; 15, long. sec.,
X1; I, transv. sec. of siphuncle, X3; 1d, extreme
adapical portion of siphuncle, X1 (204). Fic.
106,l¢. P. contrarium TEICHERT & GLENISTER,
NW.Australia; septal necks and connecting ring,
X 12 (193).

Anthoceras TEICHERT & GLENISTER, 1954 [*4. de-
corum; OD]. Straight, annulate, longiconic
conchs, with circular cross section. Siphuncle mod-
erately large, marginal, with constricted segments;
septal necks hemichoanitic to subholochoanitic,
connecting rings thick; endocones slightly asym-
metric, Jong. Apical end and body chamber un-
known. L.Ord.(M.Canad.-U.Canad.), N.Am.-NW,
Australia-USSR(Sib.). Frc. 105,5. *4. de-
corum, U.Canad., NW.Australia; dorsoventral sec.,

X6 (193).

Campendoceras TEICHERT & GLENISTER, 1954 [*C.
gracile; OD]. Weakly cyrtoconic, slender, endo-
gastric longicones, with circular cross section and
annulate shell. Siphuncle large, marginal; septal
necks subholochoanitic; endocones present. L.0rd.
(U.Canad.), NW. Australia-?Eu.(Est.). — Fic.
106,2. *C. gracile, NW.Australia; 2a,b, lat. view,
long. sec., X1 (193).

Clitendoceras Urricn & Foerste, 1936 [*C. say-
lesi; OD]. Slightly cyrtoconic, endogastric conchs,
with compressed or circular cross section; sutures
sloping forward on dorsum. Siphuncle slender,
marginal; septal necks short in young, lengthen-
ing in adult; proximal endocones extended for-
ward on ventral side; spiculum flattened ventrally.
L.Ord.(M.Canad.-U.Canad.), N.Am.-USSR(Sib.).

Fic. 107,1a. *C. saylesi, Cassin Ls., USA
(N.Y.); lat. view, X0.7 (201). Fic. 107,15-d.
C. breviconiferum Frower, U.Canad.(El Paso
Ls.), USA(W.Tex.); 15-d, siphuncle, oblique an-
terodorsal view to show ventral thickening ofen-
docones, dorsal, lat., 0.7 (45).

Cotteroceras ULricH & Foerste, 1936 [*C. com-
pressum; OD]. Straight, slender, compressed
longicones; camerae very short, body chamber
long; sutures straight, oblique, sloping adapically
from dorsum to. venter. Siphuncle large, mar-
ginal, structure of ectosiphuncle unknown; spicu-
lum generally short; structure of endocones un-
known. L.Ord.(M.Canad-U.Canad.), N.Am.(Mo.-
Minn.-Va.)-USSR(Sib.). Fic. 107,2. *C. com-
pressum, Cotter Dol., USA(Mo.); 2ab, lat. view,
fragment with part of siphuncle and spiculum,
X1 (204).

Cyptendoceras ULRICH & FoERsTE, 1936 [*C. ruede-
manni; OD) [=Cyptendocerina ULRICH, FOERSTE,
MiLer & UNkirEsBay, 1944]. Straight, slender,
depressed conchs with short camerae; sutures with
ventral lobe, in some conchs dorsal lobe also.
Siphuncle ventral, structure unknown. L.Ord.
(?mid. U. Canad.), N.Am.(widespread).—Fic.
107,5. *C. ruedemanni, Cassin Ls., USA(VL);
ventral, X1 (201).

Lobendoceras TeicHERT & GLENISTER, 1954 [*L.
emanuelense; OD]. Straight, rather large conch,
with circular cross section; moderately expanded;
camerae short, sutures with broad, deep, ventral
lobe. Siphuncle large, marginal; septal necks sub-
holochoanitic to holochoanitic; endocones present.
Body chamber and apical end unknown. L.Ord.
(U. Canad.), NW. Australia-USSR (Sib.).——Fic.
107,4. *L. emanuelense; 4a-c, ventral, dorsal, ant.
views, X0.7 (193).

Mcqueenoceras Urrica & Foerste, 1936 [*M. fef-
fersonense; OD]. Similar to Clitendoceras, but
sutures with distinct ventral lobes; ventral side
of endocones flattened, thickened, dorsal side thin.
L.0rd.(U.Canad.), N.Am.-USSR(?Sib.).
Meniscoceras FLowEr, 1941 [*M. coronense; OD!-
Straight, slender conchs, not well known. Si-
phuncle large, septal necks short; connecting rings
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thin; endocones asymmetric, dorsally flattened,
concave near apex; apex of endocones and endo-
siphocoleon flattened, endosiphuncular tube thin,
tubular; 2 lateral endosiphuncular blades present.
Low.M.Ord.(M.Chazy.), EN.Am. Fie. 107,3.
*M. coronense, USA(N.Y.); 3a-f, successive cross
sections of siphuncle, X1 (27).

Paraendoceras ULRIcH & FoersTe in FoEerstTe, 1936
[*Saffordoceras jeffersonense ULRICH & FOERSTE,
1936; OD] [=Saffordoceras ULRicH & FOERSTE,
1936 (obj.) (non FoersTe & TEicHERT, 1930;
Parendoceras UiricH & FoErsTe, 1936 (nom.
null.)]. Straight, fairly rapidly enlarging conchs
with small marginal siphuncles, short camerae;
probably holochoanitic; endocones long; apical
end and body chamber unknown. L.Ord.(M.
Canad.-U.Canad.), E.N.Am.-USSR(Sib.). Fic.
105,3. *P. jeffersonense (UrLricH & FoEersTE), M.
Canad.(Roubidoux F.), USA(Tenn.); ventral view
(note spiculum slightly above middle), X1 (201).

Proendoceras FrLower, 1955 [*“Cameroceras” an-
nuliferum FLoweR, 1941; OD]. Straight, slender,
slightly depressed conchs; sutures straight, trans-
verse. Siphuncle tubular, ventral, narrow; septal
necks very short in young, longer in adult stages;
connecting rings thin in young, complex later;
apical part of siphuncle small, slightly bulbous.
L.Ord.(M.Canad.), EN.Am. Fic. 105,4. *P.
annuliferum  (FLower), Roubidoux F., USA
(N.Y.); long. sec. through apical part of siphuncle,
X1 (27).

GENERA KNOWN FROM FRAGMENTARY SI-
PHUNCLES ONLY, REPRESENTED BY PARTS
FILLED WITH ENDOCONES, BELIEVED TO
BELONG TO THE
PROTEROCAMEROCERATIDAE

Escharendoceras Frower, 1956 [*E. eccentricum;
OD]. Gently, somewhat asymmetrically curved,
slender siphuncles with strongly depressed cross
section. [Either curvature of shell was not in
one plane, or siphuncle was not located in plane
of symmetry.] L.Ord.(M.Canad.), USA(Md.).
Fic. 108,1a-c. *E. eccentricum; la-c, ventral, lat.,
dorsal views, X1 (45). Fic. 108,14. E. sim-
plex FLower; adoral view, X1 (45).

Kirkoceras ULricH & Foerste, 1936 [*K. arcua-
tum; OD]. Large, distinctly curved siphuncles
with circular to compressed cross section; rapidly
enlarging in early stages, contracting adaperturally.
Surface of siphuncle obliquely annulated, sug-
gesting that septal necks (or connecting rings)
were slightly convex inward. [May be synonymous
with  Clitendoceras.] L.Ord.(U.Canad.), USA
(Colo.). Fic. 108,2. *K. arcuatum; 2a-c, lat.,
dorsal, ventral views, X 0.7 (201).

Lobosiphon FLowEeRr, 1956 [*L. inexpectans; OD].
Slightly curved, compressed siphuncles; endocones
with dumbbell-shaped cross section; endosiphun-
cular wedge on dorsal side. [Very poorly known.]
L.Ord.(U.Canad.), USA(Md.).

Cephalopoda—Endoceratoidea

Manitouoceras ULrricH, FoEersTE, MiLLER &
UnxresBay, 1944 [*M. gracile; OD). Straight,
rather large, slender siphuncles expanding rapidly
from apex; apical part with straight dorsal and
slightly convex ventral outline, remainder of
siphuncle nearly cylindrical;  endosiphuncular
blades probably present. L.Ord.(U.Canad.), USA
(Colo.-?Tex.). Fic. 107,6. *M. gracie, Mani-
tou Ls., USA(Colo.); 6a,b, dorsal and lat. views,
X1 (204).

?Mysticoceras ULricH & FoersTe, 1936 [*M. vici-
num; OD]. Known from short, straight siphuncle
fragments with slightly compressed cross section;
rapidly expanding in extreme apical part, be-
coming cylindrical at short distance from apex;
conch chambered from beginning, as shown by
annular impression left by septal necks. [May
belong to Endoceratidae.] L.Ord.(U.Canad.), SE.
Can.-USA(Md.). Fic. 108,5. *M. vicinum,
Hastings Creek F., Can.(Que.); 54,6, lat., dorsal
views, X1 (201).

Oderoceras ULricH, FOERSTE, & MILLER, 1943 [*0.
depressum; OD]. Similar to (doubtfully distinct
from) Kirkoceras from which it differs in broad-
ly depressed cross section. L.Ord.(U.Canad.),
USA-?Can.

Phragmosiphon Frower, 1956 [*P. septiferum;
OD]. Siphuncle externally simple, rapidly expand-
ing, slightly compressed; endocones with sub-
triangular cross section, venter acute, sides flat,
dorsum strongly rounded; endosiphuncular tube
narrow, central, with numerous endosiphuncular
blades, one pair dorsolateral and variable number
lateral and ventrolateral. L.Ord.(U.Canad.), USA
(Md.). Fic. 108,3. *P. septiferum; 3a-c, dor-
sal, lat., adoral views, showing subtriangular en-
docone and endosiphuncular blades, X1.5 (45).

Platysiphon FLower, 1956 [*P. expansum; OD].
Faintly endogastrically curved siphuncles with
broadly depressed cross section; endocones simple.
[Poorly known.] L.Ord.(U.Canad.), USA(Md.).

Pliendoceras FLbwer, 1956 [*P. concavam; OD].
Slender, endogastrically curved, compressed si-
phuncles; endocones long and slender. [Very
poorly. known, possibly synonym of Clitendo-
ceras.] L.Ord.(U.Canad.), USA(Md.).

Retroclitendoceras FLower, 1956 [*R. depressum;
OD]. Siphuncle slender, slightly endogastrically
curved, slightly depressed, apex blunt; endocones
strongly flattened dorsally and ventrally, endo-
siphuncular tube close to venter. L.Ord.(U.
Canad.), USA(Md.). Fic. 108,4. *R. depres-
sum; 4ab, ventral, lat. views, X1.5; 4¢, sec.
showing transv. secs. of endocones and position of
tube, X3 (45).

Stenosiphon FrLower, 1956 [*S. sandoi; OD].
Siphuncle slender, straight, compressed, with com-
pressed endocones that in cross section are more
narrowly rounded dorsally than ventrally; slender,
central endosiphuncular tube; 1 pair of dorso-
lateral endosiphuncular blades. L.Ord.(U.Canad.),
USA(Md.).




Endocerida

Retroclitendoceras

5b ©

Mysticoceras

Fic. 108. Proterocameroceratidae (p. K170).

Family PILOCERATIDAE Miller, 1889

Breviconic, more or less strongly curved,
rapidly expanding conchs with compressed
cross section; body chamber may have
slightly contracted aperture. Siphuncle rap-
idly expanding, large; septal necks, where
known, holochoanitic; endocones simple,
but in some forms with complex systems of
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endosiphuncular blades and endosipho-
funicles. L.Ord.(?M.Canad.-U.Canad.).

Piloceras SALTER in MuRcHisoN, 1859 [*P. invagi-
natum; OD]. Known mostly from siphuncles that
are large, rapidly expanding, particularly in early
stages, cyrtoconic, posterior portion filled with

simple endocones; conch and siphuncle com-
pressed; septal necks holochoanitic. L.Ord.(U.
Canad.), N.Am. - Eu.(Scot. - Norway) - Australia



Cephalopoda—Endoceratoidea

Piloceras

Fic. 109. Piloceratidae (p. K171-K172).

(Tasm.). Fic. 109,la,b. *P. invaginatum,
Scot.; Iab, lat., dorsal views, X0.7 (202).
Fic. 109,Ic-e. P. tasmaniense TEicHERT, Tasm.;
lc,d, lat. and dorsal views, X1; Ie, transv. sec.,
X1 (236).

Allopiloceras ULricH & Foerste, 1936 [*A4. ten-
nesseense; OD) [=Trundleoceras FoersTE, 1938].
Conch presumably breviconic, compressed, straight
or nearly so. Siphuncle large, ventral, almost
straight, compressed; expanding rapidly only in
adapical portion, later becoming cylindrical or
only slightly expanding; endocones simple; endo-
siphuncular blades may occur in some species.
L.Ord.(U.Canad.), N.Am.-Australia(Tasm.).——
Fic. 111,1. A. canadense (BiLLinGs), Can.(Que.);
la-c, lat., adoral, dorsal views, X0.7 (202).

Cassinoceras ULricH & FoersTe, 1936 [*Piloceras
explanator WHiTFIELD, 1886; OD]. Rapidly ex-
panding brevicones, with nearly straight ventral
outline, except for slightly convex apical part,
dorsal outline conspicuously convex and divergent
from ventral one; aperture slightly contracted;
siphuncle distinctly compressed, entirely filling
apical portion of conch, in cross section more
narrowly rounded ventrally than dorsally; simple
endocones; endosiphuncular tube flattened, with
widely spaced partitions; complex system of endo-
siphuncular blades and endosiphofunicles. L.Ord.
(U.Canad.), E .N.Am.-Spitz.-Arct. O. (Bear Is.).

Fi1c. 110,1a-c. *C. explanator, Cassin Ls.,

USA(Vt.); lab, lat. and ventral views, X0.4,
X0.3; Ic, long. sec. (reconstr.) (202). Fic.
110,1d-f. C. wortheni (BiLiNcs), St. George F.,
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Newf.; 1d, dorsoventral sec., X1; Ief, lat. and
ventral views of siphuncles, X1 (202).
Parapiloceras OsaTta, 1939 [*P. shimizui; OD].
Like Piloceras but siphuncle with circular cross
section and somewhat less cyrtoconic. Phragmo-
cone unknown. L.Ord., E.Asia.

?Utoceras ULricH, FoersTE & MiLLEr, 1943 [*U.
coloradoense; OD]. Known only from large,
cyrtoconic, compressed siphuncles. [May be a
less strongly and rapidly expanding variety of
Piloceras; only doubtfully distinct from that
genus.] L.Ord.(U.Canad.), N.Am.- ?Australia
(Tasm.).——Fic. 111,2. *U. coloradoense, Mani-
tou Ls., USA(Colo.); 2a,5, lat. and ventral views
of siphuncle fragment, X0.5 (202).

Family ENDOCERATIDAE Hyatt, 1883

[incl. Cyclendoceratidae, Suecoceratidae SHiMIZU & OBATA,
1936; Endoceratinae KoayasHi, 1937; ?.Hcmlplloccrandac
SHiMIZU & OBATA, 1935 (partim)]

Straight, generally robust, large to ex-
tremely large conchs, including the largest
known Paleozoic invertebrate fossils. Si-
phuncle large, mostly ventral, but may be
subventral to central in position. Septal
necks holochoanitic to macrochoanitic; con-
necting rings generally thin, forming lining
on internal surface of septal necks; endo-
siphuncular structures generally simple. In
many forms apical end of siphuncle inflated
to fill entire apical portion of conch. L.Qrd.
(U.Canad.)-U.Ord.(Richmond.), ?M.Sil.



Endocerida

GENERA KNOWN FROM FRAGMENTARY
CONCHS, INCLUDING SIPHUNCLES, WITH
APICAL END AND BODY CHAMBER USUALLY
UNKNOWN OR ONLY POORLY KNOWN
Endoceras Harr, 1847 [*E. annulatum Harr,
1847; SD S. A. MiLLER, 1889] [=Cyclendoceras
GraBAU & ScHIMER, 1910 (obj.); Andoceras
D'ORBIGNY, 1849 (nom. null.)]. Conchs large,

K173

straight, similar to Cameroceras, but with annu-
lations varying from low and closely spaced to
well elevated and distinctly apart; cross section
slightly depressed; sutures straight, transverse.
Siphuncle large, ventral, holochoanitic; endocones
subcircular in cross section; thin endosiphuncular
tube; apical part unknown. M.Ord.-U.Ord., N.
Am.-USSR(Sib.)-E.Asia-N.Eu. Fic. 112,2. E.

Cassinoceras

Fic. 110. Piloceratidae (p. K172).
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K174

b

Allopiloceras

Cephalopoda—Endoceratoidea

Utoceras

Fic. 111. Piloceratidae (p. K172).

abundum (MiLLEr), M.Ord., USA(Wyo.); 2a,
ventral view, X0.6; 2b,c, transv. and long secs.,
X 0.6 (226).

Cameroceras CoNraD, 1842 [*C. trentonensis (sic)
(recte *C. trentonense;) M) [=Endoceras auctt.
(non HaLL, 1847); Camaroceras Owen, 1860
(nom. null.); Rossicoceras BaLasHov, 1961]. Large
to extremely large, straight conchs with circular
or somewhat depressed cross section; sutures sim-
ple and straight, or with very slight ventral lobe.
Siphuncle as much as half diameter of conch at
maturity, mostly marginal, less commonly sub-
marginal to subcentral in position; septal necks
holochoanitic; endocones simple; endosiphuncular
tube thin, situated in ventral part of siphuncle.
[Nature of apical portion not known with cer-
tainty, may be identical with forms given generic
names such as Nanno CLARKE or Suecoceras
HoLm.] M.Ord.-U.Ord., ?M.Sil., cosmop. Fic.
112,1. C. vertebrale (EicuwarLp), M.Ord., Eu.
(Est.); la,b, adoral, ventral views (part of an-
terior portion of phragmocone), X0.5 (19).
Chazyoceras FLowker, 1958 [*C. valcourense; OD].
Large, straight, slightly depressed conchs; septa
closely spaced, sutures straight, transverse. Si-
phuncle ventral, with bulbous apical end of
Nanno type; septal necks holochoanitic, covered
by connecting ring substance on their inner sides;
endocones of medium length, faintly crescentic
in cross section; endosiphuncular tube thin, tubu-
lar, widening into cavity of appreciable size in
inflated apical part of siphuncle. M.Ord.(Chazy.),
N.Am.-Eu. Fic. 112,3. *C. valcourense,
USA(N.Y.); 3a, restored long. sec., X0.2; 35,
dorsal wall of siphuncle with holochoanitic septal
neck and interior lining of connecting rings, X1;
3e, transv. sec., ca. X 0.3 (47).

?Kawasakiceras Kosavasui, 1934 [*K. densistria-
tum; OD]. Supposedly similar to Kotoceras, but

© 2009 University of Kansas Paleontological Institute

with weakly annulate and transversely striated
shell; endosiphuncle unknown. M.Ord., Asia
(Korea-Sib.).

Kotoceras KoBayasHi, 1934 [non Yasg, 1927 (nom.
nud.) (=Damesites Matsumoto, 1942)] [*K.
typicum; OD] [=Subvaginoceras SHIMIZU &
OsBAaTa, 1936 (obj.)]. Large, straight, slightly de-
pressed conchs. Camerae short. Siphuncle large,
broad, ventral, with broad, flattened contact zone,
depressed cross section, variable in diameter, with
constricted and inflated parts equaling several
camerae in length; endocones extending much
farther forward ventrally than on dorsal side, their
tip much closer to dorsal than ventral side, cross
sections semicircular to subquadrangular; apical
end and body chamber unknown. M.Ord., Asia
(Korea-Inner Mongolia-Sib.). Fic. 113,3ap.
*K. typicum, Korea; 3a,b, long. and transv. secs.,
X1 (102). Fic. 113,3¢. K. cylindricum Kosay-
asHI; long. sec., X 1.5 (102).

Kutorgoceras BavLasHov, 1962 [*K. compressum;
OD] [=Kutorgoceras Barasnov, 1961, nom.
nud.). Similar to Proterovaginoceras in having
macrochoanitic septal necks, but differs in having
thick connecting rings and very short camerae.
M.Ord., USSR (Sib.). .

Lamottoceras Frower, 1955 [*L. ruedemanni;
OD]. Large conchs, rapidly expanding in early
part, later slender, with very short camerae, trans-
verse, straight sutures. Siphuncle large, ventral,
with inflated apical cone; septal necks very short,
orthochoanitic; connecting rings very thick, endo-
cones long, subquadrangular in cross section, €x-
tending forward as long lobes on mid-ventral and
mid-dorsal inner surfaces of siphuncle. M.Ord.
(Chazy.), N.Am. Fic. 114,3a-f. *L. ruedc'-
manni, USA(N.Y.); 3a-d, transv. secs. of si-
phuncles, X0.7; 3e,f, siphuncle, dorsal and ven-
tral, X0.7 (44).—Fic. 114,3g-i. L. franklini




Endocerida

Cameroceras

K175

——l
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3b

3a

Chazyoceras

Endoceras

Fic. 112. Endoceratidae (p. K173-K174).

FLower, USA(N.Y.); 3g, septal necks, connect-
ing rings, X2; 3hA,, transv. sec. of siphuncle, long.
sec. of conch, X0.45 (47).

Proterovaginoceras RUepEMANN, 1905 [*Endoceras
belemnitiforme HorLm, 1885; OD] [=Vagino-
ceras AuctT. (nmon Hyatt, 1883); Dideroceras
FLowER in FLoweR & KuMmMEL, 1950; Chisiloceras
Gortani, 1934]. Straight, medium-sized to large
conchs, with circular cross section, straight sutures.
Siphuncle ventral to central, with bulbous apical
end of Nanno type occupying entire apical part
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of conch; septal necks macrochoanitic, up to 2
camerae long; connecting rings lining inside of
septal necks for one camera length; endocones
long, slender, not well known, filling entire bulb-
ous, apical part of siphuncle. L.Ord.(M.
Canad.)-M.Ord.(Trenton.), Eu.(Norway-Sweden-
Est.)-C.Asia. Fic. 114,1a,b. *P. belemniti-
forme (HoLm), M.Ord., Swed.; Ia, apical part,
X 0.7; 1b, transv. sec. at distal part of Ia, X0.7
(92). Fic. 114,Ic. P. wahlenbergi (Foorp),
M.Ord., Norway; long. sec., X 1.5 (178).




K176 Cephalopoda—Endoceratoidea

2c

Allocotoceras

3b

Kotoceras b

4b

Kotoceras Tasmanoceras

Fic. 113. Endoceratidae (p. K174, K178-K179).

Triendoceras Frower, 1958 [*T. montrealense; apex of siphuncle unknown. L.Ord., ?U.Ord., N.
OD]. Straight, large conchs, with slightly de- Am.(Que.-N.Y.-?Ohio)-Eu.(USSR).

pressed cross section. Siphuncle ventral, holo-  Vaginoceras Hyarr, 1883 [*Endoceras multitubu-
choanitic; cross section of endocones in form of latum HaLL, 1847; OD]. Large conchs, like En-
isosceles triangle, with apex pointing to venter; doceras, but not reaching giant size, with long,
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Endocerida K177

slender endocones of compressed to cuneate cross thick connecting rings; M.Ord., E.N.Am.-?Greenl.-
section; 2 endosiphuncular blades; endosiphuncu- Eu.(Norway)-Asia(Sib.-In. Mongolia). Fic.
lar tube with compressed or cuneate cross section; 114,2. V. sp., Norway; 2a, transv. sec. of siphuncle,

septal necks holochoanitic, internally lined with X0.5; 25, long. sec. of conch, X0.5 (178).

Fic. 114. Endoceratidae (p. K174-K178).
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K178 Cephalopoda—Endoceratoidea

GENERA BASED ON SIPHUNCLES OR
INITIAL PARTS OF CONCH

Allocotoceras TEICHERT & GLENISTER, 1953 [*4.
insigne; OD]. Siphuncle small, straight or gently
curved, with circular cross section; septal necks
holochoanitic; endocones circular in cross section,
with endosiphuncular wedge on dorsal side, giv-
ing endosiphocone semicircular cross section. L.
Ord.(U.Canad.), Australia(Tasm.). Fic. 113,
2. *A. insigne; 2a-c, ventral, lat., adoral views,
X1 (192).

Foerstellitess Kosavasui, 1940 [nom. subst. pro
Foerstella KoBavashi, 1937 (non RUEDEMANN,
1925)] [*Cameroceras? faberi FoErsTe, 1930;
OD]. Based on apical part of conch, with
siphuncle filling short apical portion of it entirely;
conch expanding rapidly as septa are added,
siphuncle retaining its width. [Probably apical
portion of either Cameroceras or Vaginoceras.] U.
Ord.(Richmond.), N.Am. Fic. 113,1. *F.
faberi (Foerste), USA(Ind.); long. sec., Xl
(67).

Liskeardia WiLsoN, 1939 [nom. subst. pro Hender-
sonia WiLsoN, 1938 (non WacNER, 1905; nec
Davw, 1905)] [*Hendersonia sola WiLson, 1938;
OD]. Long, slender siphuncle, longitudinally
striated externally; long, slender endocones; 3
endosiphuncular blades. [Possibly junior synonym
of Cameroceras.] U.Ord., Can.(Que.).

Nanno CLARKE, 1894 [*N. aulema; M] [ =Feather-
stonhaughoceras CLARKE in BATHER, 1894 (nom.
van.); ?Mannoceras Le Martre, 1950 (nom.
null.)]. Established for apical conch parts that
enlarge rapidly from apex; apical part of conch
entirely filled by siphuncle that contracts sharply
at formation of first septum, about 2 cm. from
apex; siphuncle ventral; phragmocone little
known. [Genus possibly a senior synonym of
Proterovaginoceras.] M.Ord., N.Am.——Fic. 114,
4. *N. aulema, Blackriv., USA (Minn.); holotype,
lat. view, X 0.7 (71).

Suecoceras HoLm, 1896 [*Endoceras barrandei DE-
witz, 1880; OD] [=Swueccoceras, Succoceras
Kosavasui, 1937 (nom. null); Suecoseras BaLa-
suov, 1960 (mom. null.). Very slender, long
conch, straight except for slightly endogastrically
curved apical part; cross section compressed in
apical part, circular in adult. Siphuncle relatively
large, its diameter one-half to one-third of conch
diameter, ventral in young, subventral in adult;
septal necks holochoanitic to slightly macrochoani-
tic; endocones extremely long and slender; endo-
siphuncular tube thin; apical end of siphuncle
expanding slowly, first septum formed a short
distance from apex; phragmocone expanding slow-
ly with siphuncle, both contracting 2 to 3 cm.
from apex, remainder of conch and siphuncle

——

R

Suecoceros cylindrical. M.Ord., Eu.(Swed.).—FiG. 115,1.
*S. barrandei (DEwITZ); la-c, ventral, lat, dorsal
Fic. 115. Endoceratidae (p. K178-K179). views; 1d, long. sec.; le-g, transv. secs. of 14 at
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Endocerida

Chihlioceras
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Fic. 116. Chihlioceratidae (p. K179).

positions indicated by placement of secs.; 14,
long. sec. and lat. view of apical end of large
specimen; Ij, transv. sec. at adapical end of 14;
all X1 (92).

Tasmanoceras TEICHERT & GLENISTER, 1952 [*T.
zechanense; OD]. Siphuncle small, slowly ex-
panding, straight or weakly curved, with segments
slightly expanded between septa; endocones asym-
metrical, tending to develop in greater number
on one (?ventral) side than other; endosiphuncu-
lar tube wide, nearer ?dorsal side, crossed by wide-
ly spaced diaphragms. M.Ord. or U.Ord., Australia
(Tasm.). Fic. 113,4. *T. zeehanense; 4ab,
concave side (Pvent) and lat. views, X2; 4,
long. sec., X3 (191).

Vaningenoceras FrLower, 1958 [*V. syliforme;
OD]. Siphuncle medium-sized, slender, contain-
ing long endocones, later endocones with sinuous
outlines in longitudinal section; endosiphuncular
tube flattened ventrally, rounded dorsally, sub-
angular ventrolaterally, [May belong to Protero-
cameroceratidae. Poorly known.] M.Ord.(Chazy.),
N.Am.(N.Y.-?Va.)-USSR(Sib.).

Family CHIHLIOCERATIDAE
Grabau, 1922

Known from large, broad siphuncles in
which a central and 2 lateral endocones are
present. L.Ord.

Chihlioceras Grasau, 1922 [*C. nathani Grapau,
1922; SD KosavasHi, 1931] [=Chilioceras Ozak,
1927 (nom. null.); Chilihoceras FLower, 1947
(nom. null.)]. Known only from large, stout si-
phuncles; detailed structure of endocones un-

known; endosiphocone divided into one main,
central cone of T-shaped or triangular cross sec-
tion, and 2 lateral cones; lateral and dorsal
alveoli may be present; last endocones prolonged
ventrally into long, bladelike projection. L.Ord.,
N.China. Fic. 116,1. *C. nathani, 1a,5, vent.
and lat. views of siphuncle (reconstr.), X0.7;
Ic, transv. sec. through lower part of endosipho-
cones, X0.45; 1d-f, long. secs. as indicated on
1ec, X0.45 (82).

Family MANCHUROCERATIDAE
Kobayashi, 1935

Breviconic conchs; cross section of conch
and siphuncle slightly depressed. Siphuncle
large, ventral, with special thickening of
deposits in ventral part of siphuncle in ad-
dition to endocones. L.Ord.(U.Canad.).

Manchuroceras Ozaxi, 1927 [*Piloceras wolungense
Kosavasui, 1931; SD KogsavasHi, 1935] [=Man-
churiceras KosavasHi, 1927 (nom. null.); Man-
churocerus Xosavasui, 1935 (nom. null.); Gra-
bauoceras, Liaotungoceras SHIMIZU & OBATa,
1936]. Medium-sized, straight or very slightly
endogastrically curved brevicones. Siphuncle large,
surrounded by camerae from beginning; septal
necks probably long; endosiphuncular wedge on
ventral side of endosiphocone, resulting in some-
what crescent-shaped cross section of latter; tri-
radiate endosiphuncular blades; endosiphuncular
tube dorsal of center, crossed by closely spaced
partitions, L.Ord.(U.Canad.), USSR(Sib.)-E.Asia-
Australia(Tasm.). Fic. 117,lab. M. excava-
tum TEelcHERT, Tasm.; dorsal and oral views of




2f

Coreanoceras

Cephalopoda—Endoceratoidea

2e

Fic. 117. Manchuroceratidae (p. K179-K181).

siphuncle, X1 (236).

Fic. 117,1c-e. M. steanei
TEeicHERT, Tasm.; ventral, oral, lat. views of si-
phuncle, X1 (236). Fic. 117,1f-g. *M. wol-
ungense (KoBayasHi), Manchuria; If, endosipho-
tube with diaphragms, X7 (18); 1g, diagram. long.
and transv. secs. (104).
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Coreanoceras Kopavasui, 1931 [*C. kemipoense;
OD]. More slender and longiconic than Man-
churoceras; septal necks short; endocones sub-
conical, their ventral side convex; lateral endo-
siphuncular blades present, in some for.ms
doubled; endosiphocone with ventral elevation



Endocerida

Boreoceras Cyrtovaginoceras

Fic. 118. Cyrtendoceratidae (p. K182).

and alveolus; endosiphuncular tube flattened. L.

Family CYRTENDOCERATIDAE
Ord. (U. Canad.), E.Asia-N. Am.(Md.). Fic.

) Hyatt in Zittel, 1900

1”7’2'. *C. ke'gl;(wgy” Korea; 2a-c, ofml’h.vﬁmraii’ [incl. Cyrtovaginoceratidae FLowkr, 1958]

at. views, X0.7; 2d, transv. sec. of shell an . . . . .
siphuncle, latter showing alveolus in endocone, Cyrtocomc, p ossﬂ)ly mcludlng Eyrocenic,

X1; 2e, transv. sec. of siphuncle showing ventral endogastric conchs with large, m.a{gmal S1-
convexity of endocones and lat. endosiph. blades, phuncles; septal necks holochoanitic; endo-
X5; 2f, diagram. long. and transv. secs. (104). cones simple, endosiphuncular tube narrow,
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K182 Cephalopoda—Endoceratoidea

cylindrical. [Probably derived from Pilo-
ceratidae.] L.Ord.-M.Ord., ?U.Ord.

Cyrtendoceras REMELE, 1886 [*Endoceras (Cyrto-
cerina) hircus HoLm, 1892; SM PaTruNky, 1926].
Characters of family. Some forms with marked
growth lines, or wrinkles describing lateral sad-
dles and ventral and dorsal lobes, some slightly
compressed. Dorsoventral diameter of siphuncle
may be more than half that of conch. Body cham-
ber and apex unknown. ?L.Ord.(U.Canad.), NW.
Australia, M.Ord., Eu.(Swed.-Est.-?Norway).
Fic. 118,1. *C. hircus (HoLm), M.Ord., Swed.;
la-c, dorsoventral sec., lat. view, transv. sec.,
% 0.7 (70).

Boreoceras MILLER & YouNcquisT, 1947 [*B. wash-
burni; OD]. Similar to Cyrtendoceras, but conch
somewhat less curved, more rapidly expanding
and with relatively narrower siphuncle and shorter
camerae. ?U.Ord., Arctic Can. Fic. 118,3. *B.
washburni; 3a-c, lat., dorsal, lat. views, 3¢, show-
ing position of siphuncle, X0.7 (227); 3d, transv.
sec. of 3¢, X 0.7 (Teichert, n).

Cyclocyrtendoceras BaLasHov, 1961 [*Cyrtendoceras
estoniense FoErsTE, 1932]. Conch less cyrtoconic
than Cyrtendoceras and with circular cross sec-
tion; surface weakly annulate and with fine
transverse ridges. M.Ord., Eu.(Est.). FiG.
118,2. *C. estoniense (FoERSTE); 2a-c, lat. view,
dorsoventral and transv. sec., X0.7 (70).
?Cyrtovaginoceras Kosavasui, 1934 [*Cameroceras
curvatoforme Koavaski, 1930; OD]. Weakly
cyrtoconic, with long endocones, thin endo-
siphuncular tube, and blunt apex. L.Ord.-M.Ord.,
E.Asia-E.N.Am. Fic. 1184. C. pacificum
Kosavasui, M.Ord.(Chikusan Ls.), S.Korea; dor-
soventral sec. of siphuncle, X1 (102).

Family EMMONSOCERATIDAE
Flower, 1958

Longiconic conchs with large, marginal
siphuncles; endosiphuncular deposits re-
sembling those of Coreanoceras or having
multiple endosiphuncular tubes; septal
necks macrochoanitic. [Derived from Man-
churoceratidae.] Low.M.Ord.

Emmonsoceras FLowkr, 1958 [nom. subst. pro
Hudsonoceras FLowER, 1956 (non Moorg, 1946)]
[*Hudsonoceras aristos Frower, 1956; OD].
Siphuncle nearly one-half diameter of conch;
siphuncle wall composed of thin septal necks 1.5
segments long; where neck penetrates next ad-
apical segment, it is separated by thin connecting
ring from proximal part of preceding septal neck;
anterior end of each segment faintly concave,
posterior faintly convex; endosiphuncular struc-
tures similar to those in Coreanoceras, except that
lateral endosiphuncular blades are single and no
ventral alveolus occurs in endosiphocone. [Aper-
ture and apex unknown.] Low.M.Ord.(Chazy.),

Fic. 119. Emmonsoceratidae (p. K182-K183). N.Am. Fic. '119,1. *E. aristos (FLOWER),
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Narthecoceras

K183

1b ¢

Fic. 120. Narthecoceratidae (p. K183-K184).

USA(N.Y.); Ia, lat. view of part of phragmocone
and protruding part of siphuncle, X0.6; 15,
transv. sec. at base of preserved part of phragmo-
cone, X 1.5; Ic, diagram of siphuncle wall show-
ing macrochoanitic necks (cross lines) and con-
necting rings (stippled) (47).
Tallinnoceras Bavrasuov, 1960 [*T. lasnamense;
OD]. Similar to Emmonsoceras externally and
in features of siphuncle wall; nature of endocones
not well known; 3 or 4 endosiphuncular tubes
present, all of which seem to possess transverse
partitions; central tube larger than adventitious
ones; body chamber and apical part unknown.
Low.M.Ord. (Lasnam F., =Echinosphaerites Ls.),
Eu.(Est.). Fic. 119,2. *T. lasnamense; 2a,
partial long. sec. of siphuncle, X4; 25, lat. view,
X0.7; 2¢, transv. sec. of endosiphuncular tube,

X37 (4).
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Family NARTHECOCERATIDAE
Flower, 1958

Known only from siphuncle fragments
that are large, massive and filled with en-
docones; siphuncle straight, slender, very
slowly increasing in diameter, and marked
by narrow constrictions, between which out-
line of siphuncle is slightly convex. [Phrag-
mocone and apical part of siphuncle un-
known. Conchs belonging to these si-
phuncles must have been very large and
many feet long.] M.Ord., 2U.Ord.
Narthecoceras Hyatr, 1895 [*Endoceras crassi-
siphonatum WHITEAVES, 1892; OD] [=Narhe-
coceras BarasHov, 1961 (mom. null.)]. Known
only from large endosiphuncles with outline regu-
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larly constricted, interior occupied by very elon-
gate endocones that have radially lamellar struc-
ture in cross section; endosiphuncular tube large,
flattened, with several longitudinal, outwardly
convex sheaths extending entire length of si-
phuncle; when cut obliquely, sheaths resemble
diaphragms and they have been described as such
by most authors. M.Ord., ?U.Ord. (Red River F.
and equiv.), N.Am.(Can.-N.Greenl.) -Asia(Taimyr) .
Fic. 120,1. *N. crassisiphonatum (WHIT-
EAVES), Can.; Ig, lat. view, X0.7; 1b,c, dorsoven-
tral secs. with (1b) endocones and endosiphocone
and (lc) with endosiphuncular tube showing ap-
parent diaphragms (in fact, obliquely cut longi-
tudinal sheaths), X 0.7 (66).

Family ALLOTRIOCERATIDAE
Flower, 1955

Known only from siphuncles, which are
slender, medium-sized, characterized by
complex endocones and multiple endosi-
phuncular tubes; modification of cones due
to structures formed prior to endocones.
Phragmocones and apical portions of si-
phuncles unknown. M.Ord.(Chazy.).

Allotrioceras FLowER, 1955 [*A4. bifurcatum; OD].
From adoral to adapical end of siphuncle follow-
ing features are observed: endosiphuncular lining
present from which thick, median septum ex-
tends from one siphuncle wall to other, bifur-
cated at one end; adapically, space between prongs
of fork become filled with calcareous deposit; in
lateral spaces, on both sides of septum, 2 endo-
cones develop, each terminating in endosiphuncu-
lar tube; in adapical part of siphuncle cones not
recognizable; forked septum still present, but sur-
rounded by dark band resembling endosiphuncu-
lar blades, along which numerous small longi-
tudinal tubes are concentrated. M.Ord.(Chazy.),
N.Am. Fic. 121,1. *A. bifurcatum, . USA
(N.Y.); la-d, transv. secs. of siphuncle, progress-
ing from adoral to adapical end, X2; Ie-k, dia-
gram. reconstr. and transv. secs., showing (Ie)
adoral part of siphuncle with siphuncular wall
(1), beginning of endosiphuncular lining and
forked septum (2), adoral limit of last endocone
(3), and tip of last endocone (4); If, showing
adapical part of siphuncle (with margins of cones
stll faintly outlined at j), positions of transv.
secs. marked by g-% in Ie and If, slightly reduced
(43).

Mirabiloceras FLowEr, 1955 [*M. multitubulatum;
OD]. Center of siphuncle with triangular pillar
containing tiny central tube, endocones forming
complete circular ring around pillar, inner side
of endocones reaching far forward nearly to apex
of pillar; outer sides of pillar relatively short;
adapical wedge-edge of last circular endocone
forming circle in plane normal to axis of siphuncle,

Cephalopoda—Endoceratoidea

continuing adapically as prominent, dark, circu-
lar line within which numerous small longitudi-
nal tubes are arranged; traces of ectosiphuncle
suggest close spacing of septa, orthochoanitic sep-
tal necks, and thin, cylindrical connecting rings.
M.Ord.(Chazy.), N.Am. Fre. 122,1. *M.
mulutubulatum, USA(N.Y.); la, long. sec. of
adapical part of siphuncle, X1; I4, transv. sec.
of siphuncle showing central, subtriangular pillar
and dark ring with small tubes, X2; I¢, block
diagrams of siphuncle, slightly reduced (43).

?Family HUMEOCERATIDAE
Teichert, n.fam.

Probably large shells, only known from
recrystallized parts of siphuncles containing
endocones. Siphuncle large, gently curved,
slowly expanding, with compressed cross
section; endocones (recrystallized and not
individually traceable) relatively short and
rapidly tapering, as shown by cavity left
by last endocone; in adapical part of si-
phuncle 2 endocones were developed, sep-
arated by partition along long axis of com-
pressed cross section. Impressions of septa
or septal necks not present, probably be-
cause of exfoliation of outer endoconal lay-
ers. M.Sil.

Humeoceras FOERSTE,

1925 [*H. unguloideum;
OD]. Characters of family. M.Sil., Can.(Ont.).
Fic. 123,1. *H. unguloideum; la-d, lat.,
?dorsal, adapical, adoral views, X0.7; le, another
specimen showing endosiphocone, X0.7 (Sweet,

n).

Order INTEJOCERIDA Balashov,
1960

[nom. correct. TeicuErT, herein (pro order Intejoceratida
BaLasuov, 1961, nom. transl. ex suborder Intejoceratina
Bavasnov, 1960)] [=—order Intejocoratida BaLasHOV in
SHIMANSKIY, 1959 (rejected name, probably intended as
Intejoceratida); Interjectoceratina FLoWER, 1962 (nom. null.)}

Straight, longiconic, or, more rarely,
slightly cyrtoconic conchs with circular or
slightly compressed cross section; outside of
shell smooth; camerae short; sutures
straight. Siphuncle large, diameter as much
as one-half that of conch; marginal to cen-
tral, septa achoanitic to holochoanitic; con-
necting rings (in forms with short septal
necks) inflated or concave between septa;
long septal necks more or less cylindrical;
interior of siphuncle filled with longitudi-
nal, radially arranged, calcareous lamellae,
resembling  actinosiphonate  deposits  of
Oncocerida, but more tightly packed. L.
Ord.-M.Ord.




Intejocerida K185

Allotrioceras

Fic. 121. Allotrioceratidae (p. K184).
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:Z(

Mirabiloceras

Fic. 122. Allotrioceratidae (p. K184).

Family INTEJOCERATIDAE achoanitic; connecting rings thick, convex
Balashov, 1960 inward. L.Ord., ?M.Ord.

Straight or slightly cyrtoconic conchs with  Intejoceras Bavaswov, 1960 [*1. angarense; OD].

circular or slightly compressed cross sec- Small, straight or weakly cyrtoconic conchs vyuh

tion; sutures straight, transverse; camerae circular or slightly compressed cross section;

; : camerae short, sutures straight. Siphuncle nearly
short, Siphuncle moderately wide, central half of conch diameter, slightly eccentric; septal

or slightly eccentric; interior of siphuncle [ cis achoanitic, connecting rings thick, convex
filled with thick, 10ng1tudmal, radlally ar- inward; in interior of siphuncle are radially and
ranged, calcareous lamellae; septal necks  longitudinally arranged, thick, calcitic lamellae,

© 2009 University of Kansas Paleontological Institute
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Humeoceras

Fic. 123. Humeoceratidae (p. K184).

filling most of siphuncle except for central tube.
L.Ord., USSR(Sib.). Fic. 124,1. *1. angarense;
lab, ventral view, long. lat. sec., X1; Ic, transv.
sec., X1.6; 1d, long. sec. of ectosiphuncle with
thick connecting rings, X5 (4).

© 2009 University of Kansas Paleontological Institute
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Evencoceras BaLasHov, 1960 [*E. angarense; OD].

Large, straight conchs with circular cross sec-
tion; camerae short, sutures straight. Siphuncle
about one-half of conch diameter, slightly ventral
of center; septal necks achoanitic to orthochoanitic,
connecting rings thick, convex inward; interior
of siphuncle filled with longitudinal, radially ar-
ranged, tightly packed calcareous lamellae of
irregular width and thickness; endosiphuncular
tube wide, irregular in cross section, without wall.
L.Ord., ?M.Ord., USSR(Sib.). Fic. 124,2a,b.
*E. angarense; 2a, dorsoventral sec., X0.7; 25,
transv. sec. of siphuncle, X1.3 (4).——Fic. 124,
2c,d. E. rozhcovense BaLasHov; transv. sec. of
siphuncle, long. sec. of siphuncle and part of
phragmocone, X0.7 (4).

Family PADUNOCERATIDAE
Balashov, 1960

Large, straight conchs with large ventral
siphuncles; septal necks holochoanitic; in-
terior of siphuncle filled with thin radial
lamellae. M.Ord.

Padunoceras BarasHov, 1960 [*P. rugosaeforme,
OD]. Characters of family. Radial lamellae some-
what wavy in cross section, converging along axis
nearer dorsal than ventral side; endosiphuncular
tube with depressed, crescent-shaped cross section.
M.Ord., USSR(Sib.). Fic. 125,1. *P. rugo-
saeforme; 1la, dorsoventral sec. of siphuncle and
part of phragmocone, X0.45; 1b,c, transv. sec. of
siphuncle and adapical part of siphuncle with
endosiphuncular tube, X0.7; Id, diagram. recon-
struction, greatly reduced (4).

?Family BAJKALOCERATIDAE
Balashov, 1962

Orthoconic conchs with elliptical cross
section and short camerae. Siphuncle large
and central or only slightly off-center. Septal
necks achoanitic to hemichoanitic. Interior
of siphuncle in earlier growth stages lined
with calcareous deposit that seems to con-
sist of a series of superimposed outgrowths
of the connecting rings; transverse and
longitudinal partitions divide this deposit
into numerous individual cells. [The rela-
tionships of these forms to the Intejocerina
cannot be considered as well established.]
L.Ord.(Arenig.), USSR(Sib.).

Bajkaloceras BaLasHov, 1962 [*B. angarense; OD].
Characters of the family. L.Ord.(Arenig.), Sib.

ENDOCERATOIDS OF UNKNOWN
AFFINITIES AND
UNRECOGNIZABLE GENERA
Changkiuoceras Smimizu & OsaTta, 1935 [*C.
shantungense (nom. nud.)]. Insufficiently de-
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Evencoceras

Fic. 124. Intejoceratidae (p. K186-K187).

scribed, based on undescribed type-species. M.Ord.,
China.

Colpoceras Harv, 1850 [*C. virgatum]. Based on
siphuncle fragments. [Probably junior synonym
of Cameroceras or Endoceras.] M.Ord., N.Am.
(N.Y.).

Conoceras Bronn, 1837 [*C. angulosus] [=Cono-
ceratites D'ARcHIAC & DE VERNEUIL, 1842 (nom.
null.); Conoclartites BaLasnov, 1962 (nom.
null.)]. Poorly described endocerid of unknown
affinities. ?0rd., N.Am.

© 2009 University of Kansas Paleontological Institute

Diploceras Conrap, 1842 [*D. wvanuxemi] [non
Diploceras SaLTER, 1856 (=Tretoceras SALTER,
1858)]. Unrecognizable endocerid, probably be-
longing to Endoceratidae. M.Ord., N.Am.(N.Y.).
Hemiceratites Eicawarp, 1840 [*H. angulo;/a]
[=Hemiceras EicawaLp, 1856 (mon GUENEE,
1852) (obj.); Hermiceratites TaTe, 1868 (nom.
null.)]. Based on abraded, fragmentary posterior
parts of endocerid siphuncles. Ord., Eu.(Est.?. _
Hemipiloceras SHimizu & Osata, 1936 [*H. ellipti-
cum] [=Hemipoloceras FLOWER, 1955 (nom.



Doubtful Genera

Padunoceras

Fic. 125. Padunoceratidae (p. K187).

null.)]. Based on siphuncles of endoceratid or
piloceratid affinity, perhaps similar to Allopilo-
ceras. L.Ord., E.Asia.

Kailuanoceras OBata, 1940 [*K. suchuansuense].
Based on fragment of apical portion of a si-
phuncle; supposed to resemble Suecoceras, but
with more blunt apical end. Ord., China.

Kaipingoceras SHimizu & Osata, 1937 [*“K. elon-
gatum, nov.—=Cameroceras attenuatum (non GRra-
BaU) in R. Enpo, 1935”]. Unrecognizable endo-
cerid, probably belonging to Endoceratidae or
Proterocameroceratidae. L.Ord., E.Asia.

Linchengoceras OBata, 1940 [*L. nagaoi] [=Ling-
chengoceras FLower, 1955 (nom. null.)]. Based
on gradually expanding apical parts of siphuncles.
M.Ord., China.

Neokaipingoceras OsaTa, 1940 [*N. fenghwang-
shanense]. Based on unrecognizable apical parts
of siphuncles. M.Ord., China.

Paravaginoceras Kosavasui, 1934 [*P. parvode-
pressum]. Based on fragmentary siphuncles with
depressed cross section. M.Ord., Korea.

Penhsioceras ENpo, 1932 [*P. fusiforme] [=Pench-
sioceras BaLasnov, 1961 (nom. null.)]. Based on

© 2009 University of Kansas Paleontological Institute

apical portion of siphuncle with slight apical
swelling and somewhat asymmetrical endocones,
probably belonging to Proterocameroceratidae. L.
Ord., E.Asia.

Pradoceras Samperavo, 1938 [*P. kobayashi].
Based on anterior part of phragmocone and body
chamber; suture with significant ventral lobe;
superficially similar to Lobendoceras; internal
structure unknown. Ord., Eu.(Sp.).

?Sidemina DE CasTELNAU, 1843 [*S. infundibuli-
forme]. Seems to be based on one camera with
large subcentral siphuncle. Ord., N.Am.(Can.).
Subpenhsioceras SuimMizu & OsBaTa, 1936 [*S.
spindleforme, OD]. Apical portion of siphuncle,
internal structure unknown; unrecognizable. L.
Ord., China.

Trifurcatoceras Osata, 1940 [*T. nakamurai].
Apical portions of rapidly expanding siphuncles;
outside trifurcate near apex; affinities unknown.
M.Ord., E.Asia.

Yehlioceras SuHiMizu & OBata, 1937 [*Suecoceras
yehliense GraBau, 1922]. Apical portion of si-
phuncle, internal structure unknown; unrecog-
nizable. L.Ord., China.
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Cephalopoda—Actinoceratoidea

ACTINOCERATOIDEA

By Curt TEICHERT
[United States Geological Survey]

MORPHOLOGY

This subclass includes cephalopods having
conchs of medium to large size, generally
straight and slender, though some are
slightly curved. Straight shells commonly
reach lengths of 2 to 3 feet (60 to 90 cm.);
maximum recorded length for early Paleo-
zoic actinoceratoid shells is somewhat less
than 6 feet (180 cm.), but late Paleozoic rep-
resentatives { Rayonnoceras) are said to have
reached as much as 20 feet in length. The
cross section of conchs is generally subcir-
cular to broadly elliptical, with flattened
venter, but in some specialized genera (e.g.,
of the Gonioceratidae) it is strongly com-
pressed and flattened. Body chambers are
generally slightly contracted, reaching their
maximum diameter in the middle, but
apertures are entire and unconstricted.

Siphuncles are typically large, subcentral
to marginal in position, though in many
conchs they are intermediate. In most gen-
era the siphuncle segments are broadly ex-

adnation area

)

septal neck

connecting ring

septum

brim

Fic. 126. Diagram of cyrtochoanitic septal neck
area showing terminology (Teichert, n).

panded between septa, except in some of
the Ormoceratidae, in which the segments
are longer than wide.

The Actinoceratoidea contain a single
order, Actinocerida, which is defined as
having the same characters as those of the
subclass. It is sufficient in following descrip-
tions and discussion to write of actinocerids
and Actinocerida.

The septal necks are cyrtochoanitic (Fig.
126); in the Huroniidae and Armenocera-
tidae they are recumbent and brims are
close to or in contact with the posterior sur-
faces of the septa (Fig. 127). Open cyrto-
choanitic necks may have a secondary cal-
careous deposit, known as circulus, fill-
ing their outer, concave side, thus strength-
ening the neck (Fig. 128).

In addition to the circulus, cameral de
posits are common, both as episeptal and
hyposeptal deposits. In the early growth
stages of many conchs and in the mature
stages of some, cameral deposits may occupy
almost all the space of the camerae. In the
vicinity of the siphuncle the episeptal de-
posits of some genera (e.g., Actinoceras)
may be thickened into a circumsiphuncular
ridge.

The most distinctive part of the actino-
cerid is the siphuncle. Typically it is very
large and its segments are inflated between
the septa. Early forms (e.g., Polydesmia)
have siphuncular segments which are five
or six times as wide as long. Among shells
of later genera many have globular or elon-
gated ellipsoidal siphuncular segments.

In genera with broadly expanded si-
phuncular segments, parts of the connect-
ing rings are usually in contact with the
septa along adnation surfaces. Usually the
posterior part of the connecting ring is
adnate to the anterior surface of the sep-
tum, but in some conchs (e.g., Nybyoceras)
parts of the anterior portion of the con-
necting ring are in contact with the pos-
terior surface of the anterior septum. A sec-
ondary deposit or thickening of the sep-
tum known as the contact layer occurs in
some shells along the adnation surface on
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Fic. 127. Modifications of cyrtochoanitic septal neck in actinocerids: 4, normal cyrtochoanitic; B,C, re-
cumbent (armenoceratid); D, hook-shaped (gonioceratid, huroniid) (Teichert, n).

the anterior side of the septum (Fig. 129).
The portion of the connecting ring not in
contact with either of the adjacent septa is
known as the free part of the connecting
ring.

In many genera the siphuncle occupies
the greater part of the initial portion of the
conch. In mature parts of shells the maxi-
mum diameter of an expanded siphuncle
segment may be equal to one-half or more
of the diameter of the conch at the same
level. In general, the siphuncle shows a
tendency to decrease in diameter as the
body chamber is approached. This decrease
may affect both the diameter of the septal

free part of septum

central canal
radial canal

circulus

endosiphuncular deposit

septum

perispatial deposit

foramen and the diameter of the siphuncu-
lar segments, and in some genera (e.g., Ac-
tinoceras, Paractinoceras, Leurorthoceras)
which have heavy and bulky segments in
the young and adult stages, the segments
are increasingly slender in the anterior part
of the shell.

In all typical actinocerids the siphuncle
is filled with calcareous deposits, at least
for the greater part of its length. A few
forms are included in the order by reason
of analogy, even though they are not known
to possess endosiphuncular deposits (e.g.,
Paractinoceras, some species of Ormoceras).

In the mature stages of most actinocerids,

— mural part of septum

— hyposeptal deposit

/circumsiphuncular ridge

/ - perispatium

- episeptal (and mural)
f deposit

— shell wall

Fic. 128. Diagram of part of camera and siphuncle segment (185).



K192

free part of connecting ring -7

Fic. 129. Contact layer (oblique lining) in Armeno-
ceras (185).

the endosiphuncular deposit is disposed in
such a manner that the spaces not occupied
by it form a system of more or less regu-
larly arranged canals, believed to be a pri-
mary organic feature of the siphuncle and
known as the endesiphuncular canal system
or endosiphuncular vascular system. The
endosiphuncular deposits are not ordinarily
in contact with the inner side of the free
part of the connecting ring. Between the
two a narrow peripheral open space termed
perispatium (Fig. 128), is left in the si-
phuncle. In some advanced growth stages
the perispatium is partly occluded by later-
formed perispatial deposits (Fig. 128).

The endosiphuncular canal system con-
sists of a central canal, which runs along
the whole length of the siphuncle, as a rule
slightly dorsally from its central axis (Fig.
130). More rarely, the central canal is sit-
uated more eccentrically and may be sit-
uated close to the dorsal side of the si-
phuncle. Radial canals branch off from the
central canal in each siphuncular segment.
Their number and arrangement varies
widely. In some forms they are very nu-
merous, but in others (e.g., Metarmeno-
ceras) they are relatively few and sym-
metrically arranged. In well-preserved
specimens they are surrounded by mem-
brar)les of unknown composition (Fig.
131).

In agreement with FLower (46), except
for slight modifications, the following basic
patterns in arrangement of the radial sys-
tems of actinocerid siphuncles may be dis-
tinguished (Figs. 132-134): (1) Dendroid,
characterized by numerous fine tubes that
branch complexly as they approach the wall
of the siphuncle (e.g., Polydesmia, Fig.
132,4,B). (2) Reticulate, comprising a sys-
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tem of double arcs modified by complex,
irregular branching and by a tubular net-
work concentrated close to the central canal
(e.g., Cyrtonybyoceras, Fig. 132,C). (3)
Arched, having radial canals that form
roughly semicircular arcs, joined to the cen-
tral canal at the level of the septal foramen
and extending to the perispatium at ap-
proximately mid-level of anterior and pos-
terior segments {e.g., Armenoceras, man
species). This type may be modified by

Fic. 130. Endosiphuncular canal system in Huroni-
ella, X1 (185).



Ontogeny

Fic. 131. Membranes surrounding radial canals in
siphuncle of Cyrtonybyoceras, X5 (185).

placement of proximal parts of the radial
canals closely pressed against the central
canal, bent abruptly, and extending almost
straight to the perispatium (e.g., Elrodo-
ceras, Fig. 132,D). (4) Curved, character-
ized by radial canals that leave the central
canal near the septal foramen, curving back-
ward and then outward to join the peris-
patium (in some shells with minor branch-
ing) in the expanded part of the septum.
In some forms curved canals issue from the
central canal at a distance equaling the
length of one or two segments in front of
the segment whose perispatium they enter
(e.g., Actinoceras, Selkirkoceras, Lambeo-
ceras, Armenoceras, Fig. 132,E). (5)
Straight, distinguished by simple, straight
radial canals extending at right angles from
the central canal to the perispatium in the
mid-plane of each segment (e.g., Deiro-
ceras, Metarmenoceras, Fig. 132,F).

The complexity of the endosiphuncular
canal system of actinocerids (Fig. 133, 134)
is highly suggestive of the fact that it might
reflect rather accurately certain features of
the soft anatomy of the actinocerid siphon.
As early as 1853, SaemanN suggested that
the “canals” were tubes surrounded by
membranes similar in composition to the
siphuncle wall (connecting ring). Consider-
ing the size and complexity of the tubes,
SaEMANN suspected that they fulfilled im-
portant organic functions.

On the other hand, Barranpe (1855,
1877) denied the existence of a tube sys-
tem in the actinocerid siphuncle. In his
opinion, the central and radial canals were
simply portions of the undifferentiated en-
dosiphuncular space, not occupied by or-

© 2009 University of Kansas Paleontological Institute
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ganically deposited calcareous secretions
which he called “anneaux obstructeurs.”
More recently, Troepsson and MuTver have
expressed similar views.

Many students of actinocerid cephalopods
(e.g., Hyart, FoErsTE, and ScHINDEWOLF),
never discussed the nature and possible
function of the endosiphuncular canal sys-
tem.

The first detailed study of three-dimen-
sional configurations of various types of
endosiphuncular actinocerid structures was
by Tercuert (1933, 1934, 1935), who con-
cluded that the canal system of the actino-
cerids represents remnants of an endo-
siphuncular vascular system. The radial
canals do not, as had been held by some
earlier observers, communicate with the
camerae, but open into the perispatia, as de-
scribed above. These views have been sup-
ported by FLower (46), who was able to
offer further refinement of the classification
of actinocerid .endosiphuncular structures.
Like TeicHERT, he considered the perispatia
as the places where “interchange of meta-
bolic products, and probably of the blood
itself, could take place between the cameral
and siphonal tissues.”

If the endosiphuncular canal system repre-
sented only some undifferentiated siphonal
residual cavity, left more or less accidentally
between endosiphuncular calcareous de-
posits, it would be difficult to explain why
this space is never entirely closed in actino-
cerids. Even in mature conchs, the canal
system is well preserved in the most apical
portions of the siphuncle. Also, the very
complex endosiphuncular systems of the
dendritic and reticulate types cannot be
explained except as remnants of organic
structures.

ONTOGENY

Because of lack of well-preserved mate-
rial, the ontogeny of actinocerids is very
little known. In fact, early ontogenetic stages
have been described for a few early Ordo-
vician genera (e.g., Actinoceras, Armeno-
ceras, and forms resembling Kochoceras and
Selkirkoceras) and for the Early Carbonif-
erous Carbactinoceras. All specimens on
which observations of early ontogenetic
stages are based are fragmentary and con-
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clusions derived from them are neither con-  shallow, saucer-shaped, and much shorter
vincing nor internally consistent. than the succeeding camerae. Adorally, it

It seems that in Actinoceras (25) and in  is closed by the first septum which has
Armenoceras (107) the initial chamber is  achoanitic septal necks. It has been main-

Fic. 132. Different types of endosiphuncular canal systems in actinocerids: A4,B, dendritic ( POlydffmif‘);
C, reticulate (Cyrtonybyoceras); D, arched (Armenoceras); E, curved (Armenoceras); F, straight (Deiro-
ceras); not to scale (4-C, Teichert, n; D-F, 185).

© 2009 University of Kansas Paleontological Institute
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tained that the siphuncle ends openly in is not compelling, because of the fragmen-
the initial chamber (Fig. 135,B), but evi- tary nature of the apical ends of the de-
dence offered in support of this suggestion  scribed specimens.

Fie. 133. Reconstruction of actinocerid siphuncles and phragmocones, with arched endosiphuncular canal
system (endosiphuncular deposit partly removed) (185).

© 2009 University of Kansas Paleontological Institute
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In Kochoceras (186) the first chamber is
short-conical with a bluntly rounded apical
tip and it is slightly longer than the second
chamber. The first siphuncular segment
fills almost the entire initial chamber, with
exception of a narrow space behind the first

Cephalopoda—Actinoceratoidea

septum (Fig. 135,4). No evidence appears
that this first preserved chamber and seg-
ment of the siphuncle were preceded by
another, shallower and shorter one, as was
possibly the case in Actinoceras and Armen-
oceras (Fig. 135,C).

Fie. 134. Reconstruction of actinocerid siphuncles and phragmocones, with curved endosiphuncular canal
system (endosiphuncular deposit partly removed), also showing hyposeptal and mural deposits (185).

© 2009 University of Kansas Paleontological Institute
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Fic. 135. Initial portions of actinocerid phragmocones and siphuncles: A, initial segment of Kochoceras,

almost entirely filled by first siphuncle segment, with greatly enlarged central canal. Heavy lines: preserved

connecting ring material, X1.3 (186); B, initial portion of conch according to Kosavasut with siphuncle

opening into initial camera; C, initial portion of conch according to FLower (siphuncle probably with
closed caecum) (25, 107).

Carbactinoceras (155) and possibly other
Carboniferous actinocerids have a more
slowly expanding apical end, with a coni-
cal initial chamber. The siphuncle begins
in this chamber with a caecum (Fig. 136),
similar to structure found in stenosiphonate
groups such as the Orthocerida, Tarphycer-
ida, and Nautilida.

The present state of knowledge precludes
generalizations in regard to the early onto-
geny of actinocerids.

The first segment of the siphuncle s gen-
erally smaller, more rarely larger (e.g.,
Selkirkoceras) than the second segment.
However, from the second segment onward
and throughout most of the adult stages
of the conch, the diameter of the siphuncu-
lar segments remains remarkably constant,

whereas the diameter of the shell expands
very slowly. As full maturity is aproached,
the siphuncle of some actinocerids, especial-
ly the Actinoceratidae, in which this growth
stage is best known, diminishes in diam-
eter. In some forms, which have very broad
and short siphuncle segments throughout
most of the conch, these may be globular
or even elongated at late stages of growth.
Because this anterior part of the siphuncle
usually lacks endosiphuncular deposits,
fragmentary anterior patts of actinocerid
shells may be difficult to distinguish from
other cyrtochoanitic conchs (e.g., certain
pseudorthoceratids).

The presence of a contracted aperture
(e.g., in Actinoceras, Gonioceras, Lambeo-
ceras, and other genera) suggests a mature,
or even gerontic individual, as a rule.
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Fic. 136. Apical portion of phragmocone of Car-
bactinoceras (siphuncular and cameral deposits
stippled), X 7.5 (adapted from 155).

CLASSIFICATION

Because of the striking features of their
siphuncle, some actinocerid genera are
among the earliest established cephalopod
taxa of this rank, and the entire order was
set aside at an early date from other nau-
tiloid groups. Quenstepr (1836) distin-
guished the huroniids as “Gigantei,” sep-
arating them from forms with inflated
siphuncular segments, which he called
“Cochleati.” De Koninek (1844) united
the then-known genera in a group called
Nummularia, because of their “nummuloid-
al” siphuncular segments. Saeman~ (1852)
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erected a division named Actinosiphitae for
all conchs with siphuncular deposits, which
included a very few having actinosiphonate
deposits, now known to be of oncocerid,
rather than actinocerid, lineage. Hyarr
(1898) was the first to set aside the actino-
cerid cephalopods as a subgroup of his
suborder Cyrtochoanites. He called this
subgroup Annulosiphonata, because of the
presence of “annuli” in their siphuncles.

The group received little attention until
1930 when Foerste & TEeicuerr (71) di-
vided it into a number of families. The
assemblage was first recognized as an order
by TercuerT in 1933 (185).

FoEersTE & TEICHERT based family units
essentially on shape of the septal necks and
of the siphuncular segments and they in-
cluded in the actinocerids some genera (e.g.,
Discosorus, Westonoceras) which are now
assigned to the order Discosorida.

Frower (46) stressed the importance for
classification of features of the internal
siphuncular structure. Thus, he revived the
family Wutinoceratidae SHiMizu & OBATa,
1935, to include early Middle Ordovician
actinocerids with quite diversely shaped
siphuncular segments but resembling each
other in the complexity of the endosiphun-
cular canal system. However, the forms
thus united are rare, generally known poor-
ly, geographically widely scattered over the
globe, and, in part, of uncertain strati-
graphic correlation; therefore, it seems ad-
visable for the present to retain the carlier
morphological grouping.

EVOLUTION

In all probability, the earliest known
actinocerid genus is Polydesmia Lorentz,
from the Maruyama beds of eastern Asia
(northern China, Manchuria) (Fig. 137).
These are either of earliest Chazyan(White-
rock) age or intermediate between Late
Canadian and Chazyan, without exact
equivalents in North America. Polydesmia
has a siphuncle with very broad, short seg-
ments and a complex canal system of den-
dritic type, although simply curved main
radial canals that extend through one or
two segments also are present.

Other early actinocerids are Cyrtonybyo-
ceras, in the early Chazyan of Newfound-
land, and the first Ormoceras, found both
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at this locality and in Sweden, as well as
possibly in Tasmania, although in the last-
mentioned area stratigraphic relationships
are not clear.

The origin of these earliest actinocerids
is unknown. Having cyrtochoanitic septal
necks, siphuncular segments inflated in
various degrees, and a well-developed si-
phuncular canal system, these forms are
typical actinocerids, and no transitional
forms exist between them and contempor-
aneous or earlier cephalopods. FLower (46
and elsewhere) regarded the ellesmerocerid
Bathmoceras as the ancestor of the actino-
cerids. However, Bathmoceras has endo-
siphuncular structures that are outgrowths
from the inner side of the free part of the
connecting rings, whereas endosiphuncular
deposits of actinocerids are never in contact
with the free part of the connecting ring,
but are separated from it by the perispa-
tium. Because of this basic structural dif-
ference, it is believed that Bathmoceras is
not in the line of ancestry of the actino-
cerids. The sudden appearance of the lat-
ter and the high level of organization of
their earliest representatives are as mys-
terious and, at present, as inexplicable as the
first appearance of many other highly or-
ganized invertebrates, such as the trilobites.

The following important trends charac-
terize the evolution of the actinocerids.

(1) Size increase. This trend is not con-
fined to any single lineage. Large actino-
cerids, several feet long, developed in the
late Middle Ordovician. In the Silurian,
the huroniids probably included the largest
genera. No complete shells of them are
known, but some very large siphuncles sug-
gest conch lengths of possibly many feet.
Among early Carboniferous forms, Rayon-
noceras is the genus with largest conch.
Early in the nineteenth century Sowersy
reported the occurrence of specimens 20
feet long, but apparently no complete
conchs have ever been recovered.

(2) Simplification of siphuncular canal
system, In the earliest actinocerids, the
Polydesmiidae, the endosiphuncular canal
system consists, in addition to the central
canal, of a system of simply curved main
radial canals and a network of dendritic or
anastomosing fine canals. All Chazyan
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actinocerids (e.g., Cyrtonybyoceras) have
complex canal systems, although generally
somewhat simpler than that of the Poly-
desmiidae, and of a type previously de-
fined as reticulate. Most post-Chazyan ac-
tinocerids have simpler canal systems.

FLowEr (46) suggested the grouping of
early actinocerids with complex canal
systems in a single family (Wutinocerati-
dae). However, knowledge of actinocerids
of Chazyan age is yet so incomplete that
it seems equally possible to assume that
simplification of the canal system is a case
of parallel evolution in several co-existing
families.

Throughout the Upper Ordovician and
Silurian, canal systems of arched, curved,
and straight types are found in different
families. In the Silurian, a modification of
the arched type developed in the more rec-
tangular system of Elrodoceras, but most
Silurian actinocerids have curved or straight
canal systems. :

In the Devonian, when actinocerids gen-
erally experienced a decline, canal systems
are of the straight type as a rule, and this
is is also true for the canal systems of
Carboniferous forms.

(3) Decrease in width of siphuncle seg-
ments. In mature stages of Polydesmia the
ratio of width to length of siphuncle seg-
ments is as much as 6 to 1. In Chazyan
Cyrtonybyoceras this ratio is 3 to 1, and
in the approximately contemporaneous
“Adamsoceras” (=Ormoceras) isabelae
Froweg, it is 1.5 to 1. Species with rela-
tively broad siphuncular segments (width/
length ratios ranging up to 5 to 1) continue
into the Silurian, but are generally out-
numbered by forms with much narrower
siphuncle segments, such as the ormocera-
tids and the huroniids. Throughout the
Middle and Late Ordovician, forms with
broad and short siphuncle segments pre-
vailed and are represented by many species
of Actinoceras, Armenoceras, and related
genera.

Devonian actinocerids generally have si-
phuncles with more or less globular to elon-
gated segments. Carboniferous Rayonno-
ceras has siphuncular segments with a
width/length ratio of as much as 2 to 1,
but other Carboniferous actinocerids have
narrower segments.
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Fic. 138. Stratigraphic distribution of genera and
families of Actinocerida (Teichert, n).

Thus, while decreasing width of siphuncle
segments cannot be established as an evo-
lutionary trend in any one lineage or fam-
ily of actinocerids, it is a fact that the seg-
ments of the earliest actinocerids are ex-
ceptionally broad and short, and that, at
least after Middle Ordovician time, actino-
cerids with comparatively narrower and
longer siphuncle segments prevailed. No
post-Silurian actinocerid had siphuncle seg-
ments with a width/length ratio greater
than 2 to 1.

As regards the major feature of the evo-
lution of the Actinoceratoidea (Fig. 137-
139), it seems that the Polydesmiidae gave
rise to the long-persisting Armenoceratidae
through slight narrowing of the siphuncu-
lar segments, shortening of the septal necks,
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and gradual simplification of the canal sys-
tem. The origin of the even longer-ranging
Ormoceratidae is uncertain. Most prob-
ably, they evolved independently from the
Polydesmiidae through further contraction
of the siphuncular segments and simplifica-
tion of the canal system, at the same time
retaining the primitive, long, cyrtochoanitic
necks.

A third offshoot of the Polydesmiidae
were the Actinoceratidae, intermediate in
position between Armenoceratidae and
Ormoceratidae, resembling the former in
their broad siphuncular segments, the latter
in their long, cyrtochoanitic septal necks.

The Armenoceratidae gave rise to the
Gonioceratidae through flattening of the
conch and modification of septal shape, and
to the Huroniidae essentially through elon-
gation of the siphuncular segments.

While the armenoceratid stock, with all
its derivatives, did not survive the Silurian,
the Ormoceratidae persisted into the Devon-
ian and from them, in all probability, the
Carbactinoceratidae  developed in Early
Carboniferous time. In this stock the si-
phuncular canal system remains simple, of
the straight type, with siphuncular seg-
ments broadening in a width/length ratio
of as much as 2 o 1, and in at least one
genus a tendency towards considerable size
increase and abundant development of
siphuncular and cameral deposits is seen.

It has been suggested (SpatH, ScHINDE-
woLF) that Rayonnoceras and other Car-
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Fic. 139. Graph showing numbers of new genera ot Actinocerida introduced in successive epochs (dashed
lines) and total genera represented in each (solid lines) (Teichert, n).
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bactinoceratidae may be unrelated to the
early and middle Paleozoic actinocerids,
and their origin has been sought in the
pseudorthoceratids or some other orthocerid
stock. Until now, this theory lacks a basis
of well-substantiated facts. If proved, the
development of the Carbactinoceratidae
would represent one of the most remarkable
examples of homeomorphic evolution
among all invertebrate animals.

GEOGRAPHIC DISTRIBUTION

In the Ordovician three main centers of
actinocerid distribution are recognizable:
(1) North America, including the Arctic
regions and North Greenland; (2) eastern
Asia; and (3) Tasmania. Maximum differ-
entiation took place in North America.
However, the actinocerid faunas of eastern
Asia and Tasmania are not yet well enough
known to be fully comparable.

In the Silurian, North America re-
mained an important center of actinocerid
distribution, and the order now also be-
came important in northern Europe (Scan-
dinavia and the Baltic regions), with iso-
lated occurrences in central Europe. Prob-
ably, during this period actinocerids also
occurred to some extent in Siberia, but not
many have yet been described.

Devonian occurrences of actinocerids are
rare and almost entirely restricted to North
America. In the Lower Carboniferous
(Mississippian), actinocerids occur spar-
ingly in North America (USA) and in
England, central Europe and USSR. In Eu-
rope they survived into the Pennsylvanian,

SYSTEMATIC DESCRIPTIONS

Subclass ACTINOCERATOIDEA
Teichert, 1933

_Diagnosis given in “Introductory Discus-
sion” (p. K129). M.Ord.-U.Carb.(Penn.).

Order ACTINOCERIDA Teichert,
1933

[nom. correct., TeicHERT, herein (pro Actinoceroidea TEI-
CHERT, 1933)] [=Cochleati+Gigantei Quenstepr, 1836;
Nummularia peKoNinck, 1844; Actinosiphitae Saemann, 1853
(partim); Annulosiphonata Hyarr, 1898 (subgroup of sub-
order); Actinoceracea Scuinbework, 1935 (suborder); Actino-
ceracea KINDLE & MiLLer, 1939 (superfamily); Actinoceracea
KunN, 1949 (order); Actinoceratida FLOWER in FLOWER &
KummeL, 1950 (order); Actinoceroida FiscHER in MOORE,
LaLicker & FiscHER, 1952 (order); Actinoceratina SWEET,
1958 (suborder); mention of Actinocerida by FurNnisH, GLEN-
I1sTER, & HaNsman, 1962 (p. 1343), is disregarded]
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Characters of subclass. Exterior surface
of shell little known, generally smooth or
only weakly sculptured, rarely annulate.
Aperture open or slightly constricted. M.
Ord -U.Carb.(Penn.).

The stratigraphic occurrence of genera
included in the Actinocerida is shown
graphically in Figure 138; the numbers of
new genera introduced in successive epochs
are indicated in Figure 139.

Family POLYDESMIIDAE Kobayashi,
1940

[rom. correct. FLower & Kummer, 1950 (pro Polydesmidae
KosayvasHi, 1940)]

Medium-sized, straight shells with sub-
circular cross section and large subcentral
siphuncles. Siphuncular segments short and
very broad; septal necks either short or long
and connecting ring with very broad pos-
terior adnation area; endosiphuncular radial
canals numerous, steeply oblique, extend-
ing backward (adapically) through 1 or 2
segments before entering perispatium, sys-
tem of very fine, anastomosing canals of
dendritic pattern occurring between these
canals. L.Ord.-M.Ord.

Polydesmia Lorenz, 1906 [*P. canaliculata; M)
{=Maruyamaceras KosavasHi, 1931; Murayama-
ceras TeicHERrT, 1933 (nom. null.); Maruyama-
cerina KoBavasHi, 1936]. Characters of family;
septal necks equaling about one-third to one-half
length of camerae. L.Ord., C.& E.Asia. Fic.
140,1a-c. *P. canaliculata, Manchuria; 1ab,
siphuncle, transv. and long. secs. (orientation un-
known), X1.5 (109); Ic, part of segment, X4
(s, septum; ¢, circulus; ¢7, connecting ring (broken
line where destroyed); rc, radial canal (Teichert,
n). Fic. 140,1d. P. zuezshanensis CHANG,
Manchuria; transv. sec. of shell (outer line=shell,
middle line=max. diam. of siphuncle, inner line=
septal foramen), X 1.3 (219).

Ordosoceras CHANG, 1959 [*O. sphaeriforme; OD].
Similar to Polydesmia in general dimensions of
conch and siphuncle, but siphuncular segments
inflated in mid-portion of camerae, inflated part
of connecting rings not in contact with either
anterior or posterior septa; episeptal and hypo-
septal deposits strongly developed in camerae;
endosiphuncular canal system reticulate; structure
of septal necks not well known. M.Ord., Inner
Mongolia. Fic. 140,2. O. sphaeriforme otok-
tiensis; 2a, long. sec. of shell (orientation un-
known), X0.7; 25, long. sec. (orientation un-
known, drawn from photograph), X1.3; 2c,
transv. sec. (outer line=shell, middle line=si-
phuncular segment, inner line=septal foramen),

X0.7 (219).
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Polydesmia

2b
Ordosoceras
Fic. 140. Polydesmiidae (p. K203-K204).

Family ACTINOCERATIDAE bularia Troost, 1838 (=Conotabularia BRONN,
Saemann, 1853 1856, mom. mnull.); Arctinoceras DE CASTELNAU,

[incl. Floweroceratidae MiLLER & YouNcquist, 1947; Ellino- 1843 (nom. ”ull') ("o” FLOWER & KuMMEL,

cerataceae, Ellinoceratidae BaLasHov, 1962] 1950, nmom. nud.); Metactinoceras ZHURAVLEVA,

Large, straight shells with blunt apex; 1957]. Large, straight, somewhat fusiform shells,

sutures straight or only slightly sinuous. with tendency to decrease in diameter from an-

Siphuncle large segments strongly ex- terior part of phragmocone toward aperture; cross
)

ded bet ta: tal ks 1 section subcircular to circular. Siphuncle large,
pande ctween septa; septal necks long, generally somewhat off center, tending to decrease

brims wide, endosiphuncular canals well in diameter toward adult portion of phragmo-

dCVClOPCd, generally of curved type, remain- cone; septal necks long, brims relatively short;
der of endosiphuncle calcified at maturity.  narrow endosiphuncular canal in mature stage
Cameral dcposits common, generally con- with simple radial canals. Cameral deposits com-

bl : : i hyposeptal type;
sisting of episeptal and h deposi mon, generally of episeptal 'and y ]
g pisep d hyp asepial. deposits circulus present in few species. M.Ord.-L.Sil., N.

and in some conchs of circulus. M.Ord.- ', "o e heeR (Sib.)-E. Asia. — Fic.

L.Sil. 141,1. A. ruedemanni FoErsTE & TEICHERT, M.
Actinoceras Bronn, 1835 [*A. bigsbyi; M] [=Ac- Ord., USA(N.Y.); Iab, dorsoventral sec., transv.
tinoceratites BRoNN, 1834 (nom. nud.); Conotu- sec., X0.7 (78); Ic, lat. long. sec. through si-

A
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and saddles, with deep and broad ventral lobe
divided by small saddle. Cameral deposits pres-
ent; siphuncle subcentral, septal necks short;
siphuncular segments short and broad; endo-
siphuncular tube wide. M.Ord., USSR(NE.Sib.).

Fic. 143,1. *E. septicurvatum; la,b, ventral
view of conch and adoral surface of septum, X1;
Ic, lat. long. sec., X2.5 (4).

Floweroceras MiLLER & Youncquist, 1947 [*F.
boreale; OD]. Similar to Kochoceras but with
strongly elongated initial chamber and large elon-
gated first siphuncular segment. (?U.)Ord.,

Fic. 141. Actinoceratidae (p. K204-K205).

phuncle, X 1.6 (185); 1d, apical view of septum
and siphuncle with radial canals,” X0.75 (185).

Fic. 142,1. A. beloitense (WHITFIELD), Actinoceras -
M.Ord., Can.(Ont.); ventral side, X0.3 (78). A A
Ellinoceras BarasHov, 1960 [*E. septicurvatum; Saffordoceras
OD]. Conch small, straight, annulate; sutures
strongly sinuous, each forming 14 narrow lobes Fic. 142. Actinoceratidae (p. K204-K206).

© 2009 University of Kansas Paleontological Institute
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Fic. 143. Actinoceratidae (p. K205).

Arctic Can. Fic. 145. *F. boreale; dorso-
ventral sec., X1 (Teichert, n).
Kochoceras TRroepssonN, 1926 [*K. cuneiforme;

OD] [=?Nothoceras EicawaLp, 1860 (non Bar-
RANDE, 1856)]. Similar to Actinoceras but shell
ventrally flattened. Siphuncle marginal, in broad
contact with ventral area of shell wall. M.Ord.-
U.Ord., N.Can.-Greenl.-?N.Eu. Fic. 144,2a-c.
K. ellipticum TroepssoN, M.Ord. or U.Ord., N.
Greenl.; 2a, dorsal view, X0.5; 2b,c, dorsoventral
and transv. secs., X0.75 (in Fig. 2¢, outer line=
shell, middle line=maximum diam. of siphuncle,
inner line—septal foramen) (194). Fic. 144,
2d. *K. cuneiforme, M.Ord. or U.Ord., N.Greenl.;
dorsoventral sec., X0.75 (194).

?Leurorthoceras FoersTe, 1921 [*L. hanseni; OD].
Shell flattened, ventrally depressed. Siphuncle nar-
rower than in Actinoceras, segments tending to be
strongly elongated in mature part of phragmo-
cone; endosiphuncular deposits simple. M.Ord.,
?U.Ord., N.Am.-Eu.-Sib. Fic. 144,3. *L. han-

© 2009 University of Kansas Paleontological Institute
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seni, M.Ord., Arctic Can.; 3a-c, ventral view,
dorsoventral and transv. secs., X0.75 (51).

Paractinoceras HyaTT in ZrtTeL, 1900 [*Sactoceras
canadense WHITEAVEs, 1892; OD]. Long, straight
slender shells. Siphuncular segments in early
stages like Actinoceras, becoming narrow like
Ormoceras in anterior part of phragmocone; endo-
siphuncular deposits unknown. M.Ord. or U.Ord.,
N.Am.-USSR(Sib.). Fic. 144,1. *P. canadense
(WHITEAVEs), M.Ord., Can.(Man.); la-c, ventral
view with siphuncle exposed and 2 transv. secs.,
X 0.5 (206).

Saffordoceras FoersTE & TEICHERT, 1930 [*S. nel-
soni; OD]. Shells with ventral flattening; sutures
with broad, deep ventral lobes and narrower lat-
eral saddles. Siphuncle subventral, segments de-
creasing from about 0.3 to less than 0.2 of conch
diameter. M.Ord., E.N.Am. Fic. 142,3. *S.
nelsoni, USA(Tenn.); ventral view, X0.7 (78).

Troostoceras FOERSTE & TEICHERT, 1930 [*T. paulo-
curvatum; OD]. Similar to Actinoceras but slight-
ly cyrtoconic and endogastric. Siphuncle in con-
tact with shell wall; initial segment small. M.Ord.,
E.N.Am.-USSR(Sib.). Fic. 142,2. *T. paulo-
curvatum, USA (Tenn.); dorsoventral sec. of apical
portion of siphuncle, X 1.5 (Teichert, n).

Family ARMENOCERATIDAE
Troedsson, 1926

[incl. Wutinoceratidae SHiMizu & OBATA, 1935; Nybyocerati-
nae SHiMIZU & OBATA, 1935]

Large, straight or slightly curved shells.
Siphuncle large, segments strongly ex-
panded between septa; septal necks very
short, with abruptly recurved long brims;
endosiphuncular canals well developed, re-
mainder of siphuncle calcified; endosiphun-
cular structure commonly complex. Cameral
deposits rare. M.Ord.-Sil.

Armenoceras FoersTE, 1924 [*Actinoceras hearsti
Parks, 1913; OD] [=?Yabeites Enpo, 1934; Neo-
wutinoceras, Eushantungoceras SHMizu & OBATA,
1935; Shantungoceras Smimizu & Osata, 1936;
Linormoceras KoBayasHl & Martumoto, 1942;
Tunguskoceras ZHURAVLEVA, 1957; Kokujoceras
BarasHov, 1962]. Medium-sized to large straight
shell. Siphuncle off center, large; adnation areas
broad; septal necks very short, brims wide and in
contact with posterior surface of septa; endosi-
phuncular canals well developed, commonly com-
plex. Cameral deposits rare. M.Ord.-U.Sil., N.Am.-
Greenl.-N.Eu. (USSR ) -Asia-Australia. Fic. 146,
la-c. A. arcticum (TroEDssoN), M.Ord. or ?U.
Ord., N.Greenl.; 1a, dorsal side of weathered speci-
men, X0.5; 1b,c, lat. long. and transv. secs., X 0.5
(194). Fic. 146,1d. A. richardsoni (STOKES),
Ord., Can.; recumbent septal neck, X5 (78).
[=Helenites ZHURAVLEVA, 1962, p. 221].
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Floweroceras

Fic. 145. Actinoceratidae (p. K205-K206).

Cyrtonybyoceras TEICHERT, 1933 [*Orthoceras hae-
sitans BiLuings, 1857; OD]. Like Nybyoceras but
more slender and slightly curved. Endosiphuncu-
lar canal system reticulate, M.Ord.(Chazy.), N.
Am.(Newf.)-E.Asia. Fic. 146,3. *C. haesitans
(BLLiNGs), Can.(Newf.); dorsoventral sec., X0.5
(185).

Elrodoceras FoerstE, 1924 [*Cyrioceras indianense
MiLLEr, 1892; OD]. Large shells, with apical
part slightly curved, otherwise straight. Siphuncle
narrower than in drmenoceras, but sull wider
than long; connecting rings with broad adnation
areas anteriorly and posteriorly, free part of con-
necting rings only slightly convex between septa;
endosiphuncular canal system arched. M.Si.,
N.Am.-Eu.(8.USSR). Fic. 147,2ab. *E. in-
dianense (MiLLER), USA(Ind.); 24, lat. view of
conch, X0.75 (53); 2b, detailed long. sec. of
septal neck and connecting ring, X6 (78).
Fic. 147,2¢. E. sp., cf. E. abnorme (HaLL), Can.
(Ont.); siphuncle without connecting rings,
X075 (185). Fic. 147,2d. E. abnorme
(HaLp), USA(Wis.); detail of siphuncle, X0.75
(185).

Megadisocosorus Foerste, 1925 [*M. crassiseg-
mentatus; OD]. Similar to Armenoceras but more
breviconic and slightly cyrtoconic, exogastric.
Siphuncle in contact with ventral wall, endo-
siphuncular canal system curved. M.Si., N.Ang.

Fic. 147,1ab. *M. crassisegmentatus, Can,

Cephalopoda—Actinoceratoidea

(Ont.); Ia, lat. view of siphuncle without con-

necting rings, X0.7 (55); 15, dorsoventral sec.,

X 0.7 (Teichert, n). Fie. 147,1¢c. M. crassiseg-

mentatus orientalis Foerste, Can.(Anticosti Is.);

long. sec. of siphuncular segment, X1 (Teichert,

n).

Monocyrtoceras FoersTE, 1924 [*M. lentidilatatum;
OD]. Siphuncle like Elrodoceras but entire conch
evenly and gently curved; body widest at base;
septal necks recumbent wtih very short brims.
M.Sil., USA(Wis.)-?Greenl.

Nybyoceras Troepsson, 1926 [*Actinoceras (Ny-
byoceras) bekkeri; OD] [=Wutinoceras, Parar-
menoceras SHiMizU & OBata, 1936; Jeholoceras
KoBavasHi & MaTsuMoro, 1942]. Similar to
Armenoceras but siphuncle closer to ventral side
of shell; adnation areas broad ventrally on pos-
terior side of segments, dorsally on adoral side;
endosiphuncular  canal system reticulate to
curved, branching radial canals. Cameral de-
posits uncommon. M.Ord.-U.Ord., N.Am.-N.Eu.-
C. & E.Asia-Tasm. Fic. 146,2a,b. *N, bekkeri
(TroEDssoN), U.Ord., Eu.(Est.); 24, dorsoventral
sec., X0.5; 25, detail of septal necks and adna-
tion area on anterodorsal side of siphuncular seg-
ment (ch, chamber; se, septum; sk, connecting
ring; si, endosiphuncular deposit; ne, septal neck;
fu, brim), X2 (194). Fic. 146,2¢c. N. foerstei
Enpo, M.Ord., Manchuria; etched long. sec. of
part of siphuncle, X 1.5 (185).

Selkirkoceras FoersTe, 1929 [*S. cuneatum; OD].
Resembles Kochoceras of the Actinoceratidae, but
has recumbent septal necks. Very large, broad
and blunt first siphuncular segment. M.Ord., ?U.
Ord., W.N.Am.-Korea. Fic. 146,4a,b. *S.
cuneatum, M.Ord., Can.(Man.); 4a, dorsal view,
X 0.45; 45, transv. sec., X0.5 (66).——Fic. 146,
4c-e. S. tyndallense FoersTE, M.Ord., Can.(Man.);
4c,d, lat. and dorsal views of siphuncle, X0.45;
4e, long. sec. of siphuncle, X0.45 (66).

Stolbovoceras Bavrasmov, 1962 [*S. boreale; OD].
Resembles Nybyoceras in having an adnation area
on posterior ventral side of siphuncle segments,
but siphuncle much smaller and segments very
short. M.Ord., USSR(Sib.).

Family GONIOCERATIDAE Hyatt,
1884
[incl. Lambeoceratidae FLower, 1957]

Large, straight shells, strongly depressed
in cross section, with flat ventral and dorsal
sides and angular flanks; sutures sinuous.
Siphuncles comparatively small, subventral
to subcentral. M.Ord.-U.Ord.

Gonioceras Hair, 1847 [*G. anceps; M]. Large
shells, ventral side rather flat, dorsal side mod-
erately convex, 2 sides meeting laterally at acute
angle; aperture contracted; sutures with broad
dorsal and ventral lobes, more narrowly rounded
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dorsolateral and ventrolateral saddles and pointed
lateral lobes. Siphuncle subcentral; septal necks
armenoceroid, brims very short; segments short;
endosiphuncular canal system straight. Cameral de-
posits rare. M.Ord., N.Am.-Greenl.-Eurasia(Urals-
?E.Asia).——Fi1c. 148,1la. G. sp., generalized re-
construction of entire conch, greatly reduced
(151). Fic. 148,156. G. holtedahli TroEDssoN,

Cyrtonybyoceras

K209

N.Greenl.; ventral view of conch, X0.3 (194).
Fic. 148,Ic. G. groenlandicum TROEDssON,
N.Greenl.; long. sec. of dorsal part of siphuncle
and camerae with cameral deposits (oblique lin-
ing=contact layers), X 1.5 (236). Fic. 148,

1d. G. wulffi TroEDssoN, N.Greenl.; transv. sec.,
X 0.4 (194).

Lambeoceras Foerste, 1917 [*Gonioceras lambii

Selkirkoceras

Fic. 146. Armenoceratidae (p. K206, K208).
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Megadisocosorus

Fic. 147. Armenoceratidae (p. K208).

Waiteaves, 1891; OD (=G. lambei of later
authors)] [=Hoeloceras SweeT, 1958]. Large to
-very large shells, both flat sides evenly and gently
convex; sutures with broad sinus across ventral
and dorsal sides and acute lateral saddles.
Siphuncle subventral; segments either like Gonio-
ceras or with more prolonged constricted part
where septa bend backward behind septal fora-
men; brims strongly recurved, pointing forward
and outward; endosiphuncular canal system sim-
ple, known from all species except type-species.
[Genus originally proposed as subgenus of Trip-
teroceras Hyarr, 1884.] M.Ord.-U.Ord., N.Am.-
Greenl. - NE. Eu. - Sib. Fic. 148,2a. *L.
lambii  (WHITEAVES), M. (or ?U.) Ord., Can.
(Man.); dorsal view of conch, X0.1 (118).
Fic. 148,2b-e. L. princeps TroEDssoN, M.(or ?U)
Ord., N.Greenl.; 254, ventral view of conch,

© 2009 University of Kansas Paleontological Institute
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X0.18; 2¢, transv. sec., X0.3; 2d, siphuncle,
dorsoventral sec., X1; 2e, detail of septal neck (s,
septum; &, brim; s, circulus; sk, connecting ring;
p, perispatium; pa, perispatial deposit), X8 (25,
194; 2d.e, 236).

Family HURONIIDAE Foerste &
Teichert, 1930

[=Gigantei QueNsTEDT, 1836; incl. Besselsoceratinae
SHIMIZU & OBATA, 1935]

Large to very large straight shells. Si-
phuncle large, subcentral; septa in broad
contact with connecting rings, posterior ad-
nation area of latter wide; septal necks
short, brims narrow; cameral deposits un-
known; endosiphuncular canal system well
developed. M.Ord.-Sil.

Huronia Stokes, 1824 [*H. bigsbei (=bigsbyi of
later authors); SD BassLer, 1915]. Shell poorly
known. Siphuncle very large, straight; segments
long, with long cylindrical posterior part formed
by long adnation area; free part of connecting
ring short, slightly inflated; septal necks short,
brims short and pointing forward and outward;
central canal narrow, radial canals in anterior
portion of segment, strongly curved. U.Ord.-Sil.,
N.Am.-Greenl. Fic. 149,2a. H. paulodilata
Foerste, M.Sil,, USA(Mich.); siphuncle frag-
ment, X0.5 (55). Fic. 149,2b. H. minuens
BarranDE, M.Sil., USA(Mich.); long. sec. of
siphuncle, X 0.7 (5).

Discoactinoceras Kosavasui, 1927 [*D. multi-
plexum; OD] [=Discoactionoceras KoOBAYASHI,

1927 (nom. null.)]. Similar to Huroniella but
siphuncle segments about 4 times as broad as
long. M.Ord., Asia(Manchuria).——Fic. 149,1.
*D. maultiplexum; la, dorsoventral sec. of si-
phuncle, X 1.6 (Teichert, n); 14, transv. sec. of
conch and siphuncle, X0.4 (101).

Huroniella Forrste, 1924 [*Huronia inflecta
Parks, 1915; OD] [=Besselsoceras SHiMIZU &
OBATA, 1935]. Large, straight shells; siphuncle
subcentral; segments shorter than in Huronia;
adnation areas funnel-shaped and narrower; free
part of connecting rings longer and more strongly
expanded; central and radial canals well devel-
oped. M.Sil., N.Am.-Greenl.-N.Eu.-USSR (S.Urals-
Sib.). Fic. 149,32,b. *H. inflecta (PARKs),
USA (Mich.); 3ab, siphuncle, lat., ventral, X0.5
(53). Fic. 149,3c,d. H. persiphonata (BiLr-
iNGs), Can.(Anticosti Is.); 3¢, long. sec. of
siphuncle, X0.45; 3d, part of siphuncular seg-
ment (¢, connecting ring; s, septum; co, contact

layer), enlarged (185).

Family ORMOCERATIDAE Saemann,
1853

[incl. ?Loxoceratidac Hyart in ZitteL, 1900; Sactoceratidae

TRoEDSSON, 1926; PEskimoceratidae SHIMIZU & OBATA, 1936

(partim); Troedssonoceratidae KosayAsH1, 1936; Deirocerati-
dae SHIMANsK1Y, 1956]
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Generally straight, medium-sized shells
with circular to subcircular cross section.
Siphuncle generally subcentral, one-fifth or
less diameter of shell; septal necks varying
from long, cyrtochoanitic to recumbent; si-
phuncle segments rarely broader than long,
generally globular or longer than broad;
endosiphuncular canal system simple, radial
canals generally at right angles to central

canal. Cameral deposits not common. M.
Ord.-L.Carb.

K211

Ormoceras StokEes, 1840 [*O. bayfieldi; SD Bass-
LER, 1915] [=Ormoceratites D’ARCHIAC & DE
VerNeuIL, 1840 (nom. null.); Hormoceras Acas-
siz, 1846 (nom. van.); Sactoceras HyatT, 1884;
Aluveroceras  Bavasnov, 1955; Adamsoceras
FLoweR, 1957]. Medium-sized, straight shells,
more or less circular in cross section. Siphuncle
generally subcentral; segments almost globular;
septal necks short, actinoceroid, with short brims;
endosiphuncular canal system moderately complex
to simple, radial canals few. Cameral deposits
common, M.Ord.-Dev., ?L.Carb., cosmop. Fic.

Fic. 148. Gonioceratidae (p. K208-K210).
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Huronia
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Huroniella

Fic. 149. Huroniidae (p. K210).

150,1a. O. allumettense (BiLLiNGs), M.Ord., Can.
(Que.); ventral view of weathered conch showing
siphuncle, X 0.7 (71). Fic. 150,15. O. billingsi
(FLowEr), M.Ord., Can.(Newf.) ; dorsoventral sec.,
X0.7 (185). Fic. 150,1c,d. O. holmi TroEps-
soN, M.Ord., Sweden; Ic, dorsoventral sec., X0.7;
1d, detail of septal neck (se, septum; sk, con-
necting ring; fu, septal neck; ch, camera; s, cen-
tral canal; ca, radial canals), X2.7 (194).
Deiroceras HyatT, 1884 [*Orthoceras python BiLr-
INGs, 1857; OD]. Medium-sized, straight shells
with long chambers. Siphuncle subventral; seg-
ments longer than wide; septal necks compara-

© 2

tively short; endosiphuncular canal system straight,
radial canals more or less perpendicular to cen-
tral canal. M.Ord.-U.Ord., N.Am.-N.Eu.-Sib.; ?M.
Dev., Ger. Fic. 150,2a. D. remotiseptum
(Harr), M.Ord., USA(N.Y.); weathered long..
sec., X0.7 (71). Fic. 150,2b. D. richter:
FoErsTE & TEICHERT, M.Ord., USA(Mo.); dorso-
ventral sec., X 1.5 (185).

?Eskimoceras TRoEDssoN, 1936 [*E. boreale; OD].
Similar to Orthonybyoceras but shell annulate.
Endosiphuncular structure unknown. M.Ord., or
?U.Ord., N.Greenl. Fic. 151,2. *E. boredle;
2a,b, exterior, long. sec., X0.75; 2¢, detail of
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Deiroceras

Parormoceras
Troedssonoceras

Fic. 150. Ormoceratidae (p. K211-K212, K214-K215).
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bilaterally symmetrical arrangement of radial
canals branching off at right angles from central
canal. L.Dey., Can.(Que.). Fic. 151,3. *M.
bilaterale, Gaspé; 3ab, lat. view of conch, ant.
view of septal surface with siphuncle, X1 (25).
Mstikhinoceras Smimanskiy, 1961, p. 39 [*M.
mirabile; OD]. Short-chambered, slowly enlarg-
ing orthocones of subquadrate cross section. Su-
tures with broad ventral and lateral lobes and
low ventrolateral saddles. Siphuncle between cen-
ter and venter, slender, actinoceroid (?); details
of siphuncular interior unknown. [Grossly similar
externally to Loxoceras M'Coy, with which it is
compared by SHimanskiy; differs from Loxoceras
in subquadrate cross section.] L.Carb.(Visé.),
USSR (Moskva). Fic. 188,1. *M. mirabile;
la-c, lat., ventral, and septal views, X1 (168a).
Orthonybyoceras SHiMIzZU & OBaTa, 1935 [*Ormo-
ceras? covingtonense FoersTE & TEicHERT, 1930;
OD] [=?Euorthoceras Foerste, 1893; Euormo-
ceras, Euhuronia SHiMIZU & OBATA, 1936; Trepto-
ceras FLoweR, 1942 (non Eway, 1960); Siberio-
ceras ZHURAVLEVA, 1957]. Small to medium-sized
straight shells with circular to slightly depressed
cross section; sutures straight, either transverse
or sloping; septa shallow; septal necks short to
recumbent.  Siphuncle somewhat distant from
venter, tending to be central or subcentral in
young; segments broadly inflated, almost Armeno-
ceras-like in early stages, then passing through
globular Ormoceras-like stage to elongated Deiro-
ceras-like segments in anterior part of phragmo-
cone; endosiphuncular structures, when present,
resembling those of Ormoceras and Deiroceras.
M.Ord.-U.Ord., N.Am.-E.Asia, probably wide-
spread. Fic. 151,la.  *O. covingtonense
(FoErsTE & TEeicHERT), U.Ord., USA(Ky.); dor-
soventral sec., X0.75 (78). Fic. 151,16. O.
cannonense (FOoERSTE & TEICHERT), M.Ord., USA
(Tenn.); ventral view, X0.75 (78).
Parormoceras SHIMIZU & OBATA, 1935 [*Actino-
ceras nanum GRraBAU, 1922; OD]. Small, straight
shells, with very small siphuncle, diameter of
which (except in apical region) equals less than
one-sixth of shell diameter; septal necks recum-
bent, brims very short; greatest diameter of
siphuncle segments in their anterior third where
they are inflated to twice diameter of septal fora-
men; episeptal deposits in camerae. M.Ord., E.
Asia. Fic. 150,3. *P. nanum (Grasav); lat.
long. sec., X2 (101).
Troedssonoceras FoErsTE, 1928 [*Orthoceras turbi-
Fic. 151. Ormoceratidae (p. K212, K214). dum HarL & WairFIeLD, 1875; OD] [___Tm"“f’df-
sonoceras KosayasHi, 1936 (nom. null.)]. Slm?-
septal neck (se, septum; ch, camera; ne, septal lar 'to De.irocera: but.surface of shell \'N'lth lt?ngl-
neck; si, siphuncle; sk, connecting ring), X4.5 tudinal ridges and lirae, somewhat like me;,-
(194). ceras. M.Ord.-U.Ord., N.Am——Fic. 150,9a5.
Metarmenoceras Frower, 1940 [*M. bilaterale; T. baileyi FLower, ?M.Ord., USA(Tenn.); 4a,
OD]. Small straight shells with armenoceroid lat. view, X0.7; 46, detail of shell surface, X1
siphuncle which has compressed central canal and (24). Fic. 150,4c. *T. turbidum (HaLL &

© 2009 University of Kansas Paleontological Institute
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Calhounoceras

Carbactinoceras 3a

Fic. 152. Carbactinoceratidae, Family Uncertain (p. K215-K216).

WairrieLp), U.Ord., USA(Ohio);
sec., X0.7 (24).

Family CARBACTINOCERATIDAE
Schindewolf, 1943

Medium-sized to very large, straight or
slightly curved shells with central to sub-
central, large siphuncle, septal necks short;
segments subglobular, first few tending to
be narrow; endosiphuncular canal system
well developed in greater part of siphuncle,
with thin central and radial canals, latter
perpendicular to former; greater part of
siphuncle filled with solid calcareous de-
posit. Cameral deposits fill most chambers
in large portion of phragmocone. L.Carb.
(Miss.)-U.Carb.(Penn.).

Carbactinoceras ScHINDEWOLF, 1935 [*C. torleyi;
OD]. Probably small, straight shells; not known

dorsoventral

© 2009 University of Kansas Paleontological Institute

beyond earliest stages. Internal structure like
Rayonnoceras, initial siphuncular segment elon-
gated, canal system straight. L.Carb. (Visé.), Eu.
(Ger.). Fic. 152,3. *C. torleyi; 3a, lat. long.
sec., X3; 3b, apical segment of siphuncle with
well-developed perispatium, X13 (155). [See
also Fig. 136.]

?Aploceras p’'ORBIGNY, 1849 [*Cyrtoceras verneuil-
ianum DE Koninck, 1844; SD Hrvarr, 1884]
[=Haploceras Saemann, 1853 (nom. van.)].
Like Rayonnoceras but cyrtoconic and smaller;
shell surface with longitudinal striae. L.Carb.,
W.Eu.

Rayonnoceras CRroNEels, 1926 [*R. solidiforme;
OD]. Large to very large straight shells with
large subcentrally situated siphuncle having in-
ternal structures typical of family; shell surface
in some species with transverse striae. L.Carb.
(Miss.)-U. Carb. (Penn.), N.Am.-Eu. (Eng.-Ger.-
Pol.-USSR).. Fic. 152,1a,b. R. bassleri FOERSTE
& TercuerTt, Miss., USA(Ark.); Ia, dorsoventral




K216

sec., X0.7 (78); 15, portion of same, X1 (185).
Fic. 152,1¢,d. R. girty: FoersTE & TEICHERT,
Miss., USA(Okla.); ventral and apical views,
% 0.7 (185).

Family UNCERTAIN

Calhounoceras TroeDssoN, 1926 [*C. candelabrum;
OD]. Known from large siphuncles consisting of
long, slightly inflated segments separated by con-
strictions. Phragmocone entirely unknown. Si-
phuncle filled with heavy calcareous deposits;
seemingly curved endosiphuncular canal system.
M.Ord. or U.Ord., N.Greenl.-Arctic Can. Fic.

Cephalopoda—Nautiloidea

152,2. *C. candelabrum; 2a, portion of siphuncle,
X0.7 (194); 25, long. sec. with suggestion of en-
dosiphuncular canals, X0.9 (186).

UNRECOGNIZABLE GENERA which
have been referred to Actinocerida
Hopeioceras SHiMizu & OsBata, 1936 [?*H. shih-
lingense]. No type-species indicated. Ord., E.Asia.
Subtofangoceras SHiMizu & OBaTa, 1936 [*Sacto-
ceras liaotungense Enpo, 1932]. Type-species too

incompletely known for accurate diagnosis. M.
Ord., E.Asia.

NAUTILOIDEA—ORTHOCERIDA
By WaLter C. SWEET

[The Ohio State University}

MORPHOLOGY
EXTERNAL FEATURES

Orthocerids secreted straight or weakly
curved, rather gradually enlarging longi-
conic conchs, separated into camerae of
moderate to considerable length by septa of
symmetrically saucer-shaped conformation.
A few orthocerids (e.g., Chicagooceras,
Clinoceras, Paraphragmites, W hiteavesites,
Whitfieldoceras) formed short breviconic
shells, but no species properly referable to
the Orthocerida are known to have secreted
a coiled conch. Curvature of the typically
longiconic shell is confined to the apical few
chambers in most orthocerids, but may in-
volve much or most of the conch in species
of about 20 per cent of the genera now in-
cluded in the order.

Individual orthocerid conchs may attain
a length of more than 6 feet, but only a few
are of any appreciable diameter; none rivals
the partially contemporaneous Actinocerida
or Endocerida in either conch diameter or
ultimate length. Furthermore, in most
orthocerids, the greatest part of conch length
is composed of phragmocone; body cham-
bers tend to be rather short.

For the most part, the orthocerid conch
is of circular or nearly circular cross section,
but both compressed and moderately to con-

siderably depressed conchs are known. Su-
tures are invariably simple, generally di-
rectly transverse, and, in only a few genera,
notably sinuous. Shell surfaces in most
known species are smooth, or marked only
by inconspicuous transverse growth lines; a
not inconsiderable minority of species, how-
ever, exhibits a variety of external sculpture,
including (1) transverse or oblique annula-
tions that are either straight or sinuous, (2)
variously disposed and generally irregular
“wrinkles” or plications, (3) longitudinal
and transverse lirae and striae, (4) sharp-
edged longitudinal ridges imparting a
“fluted” appearance to the shell, and (5)
longitudinal rows of nodes. Ornamentation
of several of the types enumerated occur to-
gether on some conchs; on others, onto-
genetic changes from one type to another,
or from ornamented shells to smooth ones,
have been described. Variations in sculp-
tural details have been accorded consider-
able (but very uneven) taxonomic impor-
tance by some investigators; in general,
however, most present-day students of nau-
tiloids agree that surficial ornament alone
is an unreliable guide to genetic relation-
ship.

In most orthocerids, the aperture is sim-
ple and transverse to the axis of the conch;
in species of several genera (e.g., Crypt



Orthocerida

orthoceras, Lyecoceras, Plagiostomoceras),
however, the aperture is oblique and slopes
posteriorly from dorsum to venter. In many
orthocerid species, there is no indication of
a hyponomic sinus.

The pattern of attachment of retractor
and epithelial muscles is known for only a
few orthocerid species. These include Swed-
ish representatives of “Getsonoceras” scabri-
dium (ANGELIN), “Orthoceras” angula-
tum WaHLENBERG, Orthoceras regulare
(ScurotuEmM), Lyecoceras  gotlandense
Mutvel, and L. longistriatum Mutver In
all these species, studies indicate that
periphractic elements were similar in ar-
rangement to those of Baltoceras burchardi
(Dewirz), of the ellesmerocerid family
Baltoceratidae, from which orthocerids are
supposed to have evolved. That is, the ex-
panded portion of the periphractic imprint,
presumed to be the locus of attachment of
the retractor muscles, is situated on the dor-
sal side of the conch and is bifid, being sep-
arated into two more or less distinct parts
by a posteriorly-directed mid-dorsal notch.
Nautiloids with such a pattern of retractor-
muscle attachment are termed dorsomyart-
ian. Longitudinal furrows in the body
chambers of Orthoceras, Bifoveoceras, and
Ctenoceras have been interpreted as sites
of muscle attachment, but such a relation-
ship seems unlikely in view of the fact that
the periphractic impression in Orthoceras
regulare has no obvious association with
longitudinal furrows in its body chamber.

In one orthocerid species, Brachycyclo-
ceras normale, type of the Brachycyclocera-
tidae, retractor muscles were apparently at-
tached ventrolaterally. The significance of
this divergence from the dorsomyarian pat-
tern exhibited by the few other orthocerids
jyust mentioned is not understood. However,
it may well be associated with the fact that
Brachycycloceras shed the early longiconic
part of its shell during ontogeny and pre-
sumably became adapted maturely to a
somewhat different mode of life.

INTERNAL FEATURES

Although variable in many other ways,
the orthocerid ectosiphuncle is invariably
composed of septal necks and thin, struc-
tureless connecting rings. The latter, how-
ever, have never been observed in a few
genera (e.g., Arkonoceras, Leurocycloceras),
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and may have been weakly calcified or
completely unmineralized in the living ani-
mal. The siphuncle is variable in position,
even within a single individual, a species,
or a genus. In most species, it is subcentral
in position, but subventral siphuncles char-
acterize a few genera and a position dorsal
of center occurs in some species.

Septal necks are orthochoanitic and short
or of only moderate length in most Ortho-
cerataceae; in a few representatives of this
superfamily, however, relatively short septal
necks exhibit weak outward curvature
(shown primarily by uniform convexity of
their inner contours) and are termed “sub-
orthochoanitic.” In at least the mature
camerae of virtually all Pseudorthocera-
taceae, septal necks are flexed distinctly out-
ward and are properly designated “cyrto-
choanitic.” In cyrtochoanitic orthocerids,
however, there is considerable variation in
degree of neck curvature, and the relation
between brim width and neck length is of
considerable importance in discriminating
some genera and many species of the Pseu-
dorthocerataceae.

In orthochoanitic and suborthochoanitic
orthocerids, connecting rings are typically
cylindrical or subcylindrical, but slight in-
flation of siphuncular segments is not un-
common. Segments in such species, how-
ever, are invariably much longer than wide.
The form of siphuncular segments in cyrto-
choanitic species, however, is greatly vari-
able; segments may be subcylindrical, with
expansion confined to their anterior and
posterior ends (e.g., Dolorthoceras), or
broadly nummuloidal, with or without an
area of adnation of considerable width (e.g.,
Buchanoceras, Macroloxoceras, Pseudortho-
ceras). In some species of the subortho-
choanitic  Sactorthoceratidae, mature si-
phuncular segments are somewhat less
strongly inflated on one side than on the
other, and siphuncular segments in species
of the Clinoceratidae tend to be asymmetri-
cally cyrtochoanitic. That is, septal necks in
species of the latter family are more strong-
ly curved ventrally than dorsally and seg-
ments thus tend to be planoconvex in longi-
tudinal section, with flattened dorsal pro-
files.

The few studies that have been made of
complete orthocerid conchs indicate that in
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most cyrtochoanitic species, septal necks in
early siphuncular segments are either ortho-
choanitic, suborthochoanitic, or less strongly
cyrtochoanitic than necks in later segments
of the same conch. This observation sug-
gests, of course, that such maturely cyrto-
choanitic forms were derived from an ori-
ginally orthochoanitic or suborthochoanitic
stock, and provides the basis for including
nautiloids with both straight and curved
septal necks in the same order. In a few
cyrtochoanitic species (herein assembled in
the family Proteoceratidae), siphuncles
are cyrtochoanitic in the earliest cam-
eraec known, but tend in some to become
suborthochoanitic or orthochoanitic in later
camerae. Neither the phylogenetic nor the
anatomic significance of such an ontogenetic
sequence is known.

The siphuncles of many Orthocerida are
apparently empty, but those of a consider-
able number of species exhibit undoubted
organic endosiphuncular deposits. These
are of several distinct types:

(1) Annulosiphonate deposits, composed
of small, laminated annuli beginning
in the septal foramina and, in some
species, encroaching during later
growth anteriorly and posteriorly
along the inner surfaces of the con-
necting rings. Such deposits char-
acterize the Geisonoceratidae (Ortho-
cerataceae) and several genera (e.g.,
Cyrtactinoceras, Gorbyoceras, Stereo-
spyroceras) of the Proteoceratidae
(Pseudorthocerataceae).

(2) “Pseudorthoceroid” deposits. As in
(1), annuli in the septal foramina
grow primarily forward against the
mner surface of connecting rings;
however, in this type of deposit, these
parietal masses fuse in later growth
stages with the posterior portion or
prolongation of deposits formed in-
dependently in the next succeeding
camera. Deposits of this type may
be prolonged from an endosiphuncu-
lar annulus that is complete in the
septal foramen before deposits of
adjacent camerae fuse ventrally
(Spyroceratinae), or ventral fusion
of deposits may precede development
of a complete annulus in the septal
foramen (Pseudorthoceratinae). De-

(3)

4

)

(6)

(7)
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posits of similar character have been
reported in Virgoceras (Geisonocera-
tidae).

“Mysterioceroid” deposits, Endosi-
phuncular lining formed against con.
necting rings by calcareous material
secreted progressively backward in
each siphuncular segment from a
point of origin at the tip of septal
necks.

“Stereoplasmoceroid” deposits. The
inner side of the ectosiphuncle of
the genera of the Stereoplasmocera-
tidae exhibits a continuous, apparent-
ly nonsegmental lining of organic
calcite. Deposits of this type are not
well understood, nor have they been
studied as thoroughly as is desirable.
It is suspected that they may origin-
ally have been of segmental origin, as
in (2) or (3) above, but that lines of
junction between adjacent segmental
deposits have been obscured by post
mortem recrystallization. If these de-
posits are not of segmental origin,
they were probably secreted through-
out the length of the siphuncle at the
same time, late in the life of the ani-
mal.

“Cayutoceroid” deposits.  Annular
endosiphuncular deposits like those
in (1) above are covered by an inner,
apparently segmental, parietal lining
composed of calcareous material
typically darker in color than that
forming the endosiphuncular annuli.
Deposits of this type characterize
genera in the subfamily Cayutocera-
tinae (Pseudorthoceratidae).
“Troedssonelloid” deposits. Parietal
deposits in the siphuncle are pro-
longed adapically to form endocones.
Known only from Troedssonella
and Buttsoceras (Troedssonellidae).
“Pseudactinoceroid” deposits. Parie-
tal endosiphuncular deposits grow
principally forward from septal fora-
mina to fuse in anterior ends of seg-
ments, and are pierced by two series
of radial canals. Deposits of this type
are strikingly similar to those of
some Actinocerida, from which they
can be distinguished by the fact that
they are not separated from connect-
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ing rings by a perispatium. Endo-
siphuncular deposits of this type
characterize the Pseudactinoceratinae
(Pseudorthoceratidae).

Organically secreted calcareous deposits
occupy the camerae, as well as the siphun-
cles, of many orthocerid species, but have
never been observed in the camerae of
others. Although the nature, ontogenetic
development, and circumferential distribu-
tion of organic cameral deposits is well
known in a few orthocerid species, detailed
information with respect to these structures
is not yet available for a majority of the
forms known to possess them. Consequent-
ly, it is difficult at this time to summarize
the nature of, or to attach any general sig-
nificance to, cameral deposits in orthocerid
taxonomy. It should be noted, however, that
peculiar cameral deposits, composed of sin-
gle or distally bifid longitudinal lamellae
radiating inward from the shell wall toward
the siphuncle, characterize the orthocerata-
cean family Lamellorthoceratidae, and that
the development of cameral deposits far in
advance of siphuncular deposits constitutes
one of the distinctive features of the pseud-
orthoceratacean family Proteoceratidae. Pre-
sumably, when the structure and develop-
ment of cameral deposits are better known in
genera of other orthocerid families, they will
be of considerable taxonomic importance.

DISTRIBUTION AND
PHYLOGENY

Orthocerida are world-wide in their geo-
graphic distribution and have been reported
from rocks that range in age from Early
Ordovician to Late Triassic (Norian).
Orthocerids are best known from, and were
apparently most numerous and varied in,
the pre-Carboniferous Paleozoic; Carbonif-
erous and later orthocerids are not particu-
larly well known, and seem to represent
only a few rather generalized types. In some
strata, however, late Paleozoic and early
Mesozoic genera are represented by large
numbers of individuals.

Representatives of both the orthochoanitic-
suborthochoanitic Orthocerataceae and the
cyrtochoanitic Pseudorthocerataceae  have
been described from the earliest Middle
Ordovician rocks known to yield true ortho-
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cerids. However, because orthochoanitic
species are more abundant and varied than
cyrtochoanitic species in both the early and
late history of the order, and many cyrto-
choanitic species are known to have ortho-
choanitic or suborthochoanitic juvenile si-
phuncles, it seems reasonable to conclude
that early Middle Ordovician Orthocerati-
dae represent the root-stock of the Ortho-
cerida. Presumably, early orthoceratids de-
veloped from similarly orthochoanitic Low-
er Ordovician Baltoceratidae (Ellesmero-
cerida) through restriction in siphuncle size
and concurrent simplification of connecting
ring structure.

In or before earliest Middle Ordovician
time, slight morphological variation in
orthocerids with tubular siphuncles prob-
ably produced suborthochoanitic Sactortho-
ceratidae, which, in turn, may have been
the progenitors of cyrtochoanitic Middle
Ordovician pseudorthocerataceans referable
to the Mysterioceratidae, Proteoceratidae,
and Stereoplasmoceratidae. Unknown nau-
tiloids of the Mysterioceratidae may have
given rise to the Spyroceratinae, which
appear first in the Lower Silurian and repre-
sent the primitive stock of the dominantly
post-Silurian Pseudorthoceratidae. On  the
other hand, and more probably, the Spyro-
ceratinae may have been derived directly
from as yet undescribed orthochoanitic spe-
cies of the Geisonoceratidae (Orthocerata-
ceae), some of which (e.g., Virgoceras) de-
veloped endosiphuncular and cameral de-
posits strikingly similar to those of early
Silurian Pseudorthoceratidae. It is thus dis-
tinctly possible that the Pseudorthocerata-
ceae, as herein conceived to include both
Mysterioceratidae and Stereoplasmocerati-
dae, is polyphyletic, and contains at least
two cyrtochoanitic stocks independently de-
rived from the Orthocerataceae at different
times.

Suborthochoanitic Middle Ordovician
Sactorthoceratidae seem to be the most like-
ly ancestors of Middle and Upper Ordo-
vician Clinoceratidae, which have slender,
empty, cyrtochoanitic siphuncles, the seg-
ments of which tend to be planoconvex in
some species. The latter character is known
also from early representatives of the Asco-
cerida, and the Clinoceratidae may stand
close to the stock from which that bizarre
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group of early Paleozoic nautiloids was de-
rived.

Annulated Middle Silurian Paraphragmi-
tidae, with empty, suborthochoanitic to
weakly cyrtochoanitic siphuncles, are remi-
niscent of similarly ornamented forms in
the orthochoanitic Orthoceratidae, from
which they may well have been derived. A
similar origin, in the Orthoceratidae, may
reasonably be postulated for the dominantly
Devonian Lamellorthoceratidae and the
Middle-Ordovician-to-Middle-Devonian Gei-
sonoceratidae; the former differ primarily
from typical Orthoceratidae in having mas-
sive cameral deposits composed of longi-
tudinal lamellae radiating inward from the
shell wall toward a central, empty, ortho-
choanitic siphuncle. The latter retain the
orthochoanitic siphuncle, but are character-
ized by the formation in it of simple endo-
siphuncular deposits.

Derivation and relations of the early Mid-
dle Ordovician Troedssonellidae are uncer-
tain. The suborthochoanitic, thin-walled
siphuncle is of a type common to many
Orthocerataceae, but the presence of endo-
cones in this siphuncle is anomalous. Al-
though endocones are known in the Endo-
cerida and Discosorida (which can both be
traced back to the Ellesmerocerida), endo-
cones are not known in the Baltoceratidae,
the ellesmerocerid family that probably gave
rise to the orthocerids. It is thus possible
that the Troedssonellidae were derived
from a group other than the Baltocera-
tidae and may, consequently, be more
closely related to the endocerids than the
orthocerids. The family is herein included
with the Orthocerida because the ecto-
siphuncle is typically orthocerid; the simi-
larity, however, may well be the result of
homeomorphy rather than close relationship.

CLASSIFICATION

Most of the several hundred species now
referred to the Orthocerida had been de-
scribed before 1883, when Arpareus Hyarr
began publication of his famous studies of
cephalopods. Although the internal and ex-
ternal biocharacters of many of these species
were carefully described and recognizably
illustrated, a very large number of them
were based on gross conch form, features of
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external sculpture, and, in a few cases, even
upon characters now suspected or known to
be the results of post mortem distortion. Vir-
tually all of these species were referred to
Orthoceras, which, of course, was inter-
preted very broadly; a few surficially aber-
rant types were recognized as representa-
tives of distinct genera, but, for the most
part, these were vaguely and incompletely
diagnosed and are difficult to recognize to-
day. All of the few attempts at suprageneric
classification of these species, then, have de-
pended largely upon the few that were orig-
inally completely described and upon later-
discovered species that were described in
terms of the taxonomic scheme current at
the time of their discovery. To these intro-
ductory remarks it should also be added that
complete conchs of only a very few ortho-
cerid species are known. Study of probably
related but now fragmentary conchs indi-
cates, however, that both internal and ex-
ternal structures varied greatly from one
developmental stage to the next in the same
conch, and that a proper notion of specific
characters and relationship can be obtained
only from complete specimens. Further-
more, nearly 50 per cent of the genera here-
in included in the Orthocerida are mono-
typic—in many cases known only from a
single specimen; an additional 20 per cent
includes no more than three species, gen-
erally from the same geographic area and
stratigraphic unit. All of these facts render
suspect and highly provisional any scheme
of suprageneric classification!

In 1900, when Hyart proposed his now
classical suprafamilial arrangement of nau-
tiloid cephalopods, only 21 of the more than
100 genera now included in the Ortho-
cerida had been established. Of these,
Hyarr referred Orthoceras (in which the
bulk of orthoconic nautiloids were then in-
cluded) and ten others to the “division”
Orthoceratida of his suborder Orthochoan-
ites; four genera were referred to the “divi-
sion” Annulosiphonata, and one (Clino-
ceras) to the “division” Actinosiphonata,
both of the suborder Cyrtochoanites. Five
genera, validly, if vaguely, established be-
fore 1900 (Arthrophyllum von BEYRICH,
Eusthenoceras Foorp, Molossus DE MoNT-
FORT, Sannionites Fiscuer, and Tremato-
ceras Eicuwaip), were understandably
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omitted from Hyarr’s nautiloid classifica-
tion. The relationships of Eusthenoceras,
Molossus, and Sannionites are still not cer-
tainly known; the latter two are included in
the Orthocerida only for the sake of con-
venience.

Hyatr’s classification of nautiloids was,
with a few notable exceptions, rather gen-
erally ignored outside of North America,
and at least the portion of it pertinent to the
Orthocerida was not importantly modified
or expanded by those who used it for 50
years after it was proposed. In 1941, how-
ever, FLower noted that Chazyan ellipo-
choanitic nautiloids familiar to him could
be divided into five morphologic groups,
the general characters and content of which
he outlined, but for which he was reluctant
to propose names. The groups he recog-
nized are as follows:

1. Orthochoanitic nautiloids with per-
fectly cylindrical siphuncular segments.
[This group included straight, curved,
and coiled forms, and seems essentially
to be Hyart’s suborder Orthochoanites,
expanded by 1941 by addition of gen-
era described after 1900.]

2. Suborthochoanitic  nautiloids, with
straight or nearly straight septal necks,
but connecting rings slightly curved,
producing slightly convex siphuncular
segments. No cameral deposits. [ This
group included only Cenzroonoceras,
Sactorthoceras, and Sigmorthoceras,
for which Frower later (1946) pro-
posed the familial name Sactorthocera-
tidae. |

3. Cyrtochoanitic cephalopods with rela-
tively small, slender siphuncular seg-
ments that become suborthochoanitic
when traced posteriorly in the conch.
[The cephalopods FLower included in
this category now constitute an early
stock of the Oncocerida.]

4. Cyrtochoanitic cephalopods with rela-
tively slender segments; earliest stages
unknown, but earliest ones known are
cyrtochoanitic. Siphuncular outline be-
comes more slender anteriorly and is
suborthochoanitic in latest phragmo-
cone. [FLower has recently (1962) re-
ferred this group to the Proteocerati-
dae.]

5. Primitively cyrtochoanitic species. [In-

K221

cludes forms now referred to the
Actinocerida and Discosorida. ]

In another study in 1941, FrowEer im-
plicitly restricted the content of group 1,
above, by removing from it Lower Ordo-
vician nautiloids with thickened connecting
rings. In 1946, he noted inclusion of both
straight and coiled forms in the residue of
group 1, but hesitated to divide the group
at that time because of a lack of knowledge
regarding origin and phylogeny of many
genera included in it. In 1950, FLowsr &
KumMEL separated the thin-ringed coiled
forms included in group 1 (and in Hyartr’s
“divisions” Plectoceratida, Pleuronautilida,
Ryticeratida, Rhadinoceratida, Hercocera-
tida, Koninckoceratida, and Digonioceratida
of the suborder Orthochoanites) and dis-
tributed them among several newly created
nautiloid orders. Furthermore, they com-
bined the residue of FLower’s 1941 group 1
with his group 2 as the family Michelino-
ceratidae (a name proposed by FLower in
1945), and included this family, the Stereo-
plasmoceratidae (group 4 above), the Pseud-
orthoceratidae  (which Frower mono-
graphed in 1939), the Clinoceratidae (es-
tablished in 1946, but based on concepts
first elaborated in 1941), and the newly
established Paraphragmitidae in a new
nautiloid order, for which the name Miche-
linoceratida was proposed.

Studies by various specialists since 1950
have introduced several important new
genera, have considerably extended the
ranges of certain orthocerid families,
and have provided more extensive descrip-
tions of many genera included in the family
Michelinoceratidae of 1950. FLower’s ar-
rangement of 1950, however, has generally
been retained, although there has been de-
bate as to the proper name for the order
and about its status in the hierarchy of nau-
tiloid classification. Perhaps the most sig-
nificant discoveries have had to do with
the range and relationships of cyrtochoanitic
forms referred to the various subfamilies of
the Pseudorthoceratidae established by
Frower in 1939. In 1950, no representa-
tives of the Pseudorthoceratidae were known
from pre-Devonian rocks. Subsequently,
however, new genera of both the Cayuto-
ceratinae and Spyroceratinae {=Dolortho-
ceratinae of FLowEr, 1939) have been de-
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scribed from Silurian strata, and a newly
described family (Mysterioceratidae) in-
cludes pseudorthoceratid-like early Middle
or Upper Ordovician species or both. It thus
appears possible that the pseudorthoceratid
stock may have been well developed, if
primitive and poorly represented, in the
carliest strata from which orthocerid
(=michelinoceratid) nautiloids have so far
been reported.

The order Orthocerida,! as herein con-
ceived, is essentially the Michelinoceratida
of Frowzr (in Frower & KumMmeL, 1950),
with names for several taxa revised to con-
form to requirements set forth in recently
issued recommendations of the Internation-
al Commission on Zoological Nomencla-
ture, and with subdivision of the order into
two superfamilies (Orthocerataceae and
Pseudorthocerataceae) to accommodate the
two principal morphological  groups
(“Michelinoceratidae” and Stereoplasmo-
ceratidae-Pseudorthoceratidae) referred to
the Michelinoceratida by Frower, in 1950.
Relationship between these two groups has
not yet been satisfactorily established, and
the arrangement herein adopted may ulti-
mately be shown to be unreasonable; for the
present, however, it lends emphasis to the
inclusion of orthochoanitic and cyrtochoani-
tic forms in the same order, and underscores
the essentially equivalent antiquity of both
structural types in the Orthocerida.

STATUS OF ORTHOCERA,
ORTHOCEROS, ORTHOCERA-
TITES, AND ORTHOCERUS

In the late 18th and early 19th centuries,
the generic names Orthocera, Orthoceros,
Orthoceratites, and Orthocerus, together
with Orthoceras, were used indiscriminate-
ly and partly interchangeably for all kinds
of orthoconic cephalopods, as well as for
Foraminifera and certain pelecypods. Only
Orthoceras, much restricted in scope, is in-
cluded in the systematic portion of this
chapter; the status of the other names listed
above is as follows:

1 Oskar KUHN, in a synoptic classification of 1940, seems
to have been the first to propose an order-group name for
a category including the Orthoceratidae. In that work,
Kunn grouped the Orthoceratidae and other straight nau-
tiloid cephalopods in a suborder Orthoceracea; later, in a
text published in 1949, he raised this group to ordinal status.
Thus, Kunan's name Orthoceracea (herein emended to Ortho-
cerida) clearly has priority over the more widely used name
Michelinoceratida, proposed for essentially the same group
of nautiloids by FLower in FLower & Kummer, 1950.

o))

(2)

(3)
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Orthocera MobEer, 1789 [*Nautilus
radicula Linng, 1758; SD MeL-
viLLe, 1959]. With the designated
type-species, Orthocera, regardiess of
past usage, is an unused senior ob-
jective synonym of Nodosaria La-
MARcK, 1816 (122, p. 22), and thus
unavailable for cephalopods or other
animals.

Orthoceros BrUNNICH, 1771 [*Ortho-
ceratites regularis ScHLoTHEIM, 1820;
SD UwricH, FoEerste, MiLLER, &
UNkLEsBAY, 1944]. Senior objective
synonym of Orthoceras Brucuiirg,
1789. MerviLLe (122) has applied to
the International Commission on
Zoological Nomenclature to use its
plenary powers to suppress Ortho-
ceros for the purposes of the Law of
Priority, but not for those of the Law
of Homonymy, particularly so as to
preserve the name Orthoceras in its
accustomed sense. No action has yet
been announced on MELVILLE’s ap-
plication, but the name Orthoceros
does not appear in either the text or
synonymies in the following system-
atic list of Orthocerida genera, for it
is felt that the sense of the pending
application is sound and that the
Commission will eventually take ap-
propriate steps to correct matters in
accord with the procedure requested.
Orthoceratites Lamarck, 1799. No
nominal species was included in this
genus by Lamarck (who apparently
used it for a hippurite) and, although
many nautiloid species have been de-
scribed in terms of it, no species have
subsequently been referred to Ortho-
ceratites by anyone who attributed
the name to Lamarck. Although the
name could be removed from the list
of valid generic names in any one of
several devious ways, Cox (14) has
applied to the International Commis-
sion on Zoological Nomenclature to
use its plenary powers to suppress the
name for purposes of the Law of
Priority. No action has yet been an-
nounced on Cox’s application, but it
is assumed that the Commission will
ultimately regard it favorably. For
this reason, the name does not ap-
pear, even in synonymy, in the fol-
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lowing descriptions of Orthocerida.
(4) Orthocerus King, 1844. In so far as
can be determined, this name has
never been stabilized by indication
or description of a named type-
species. The fossil to which Kine re-
ferred is not known and the genus
was originally so inadequately char-
acterized that it does not seem de-
sirable to stabilize it by designating

a type-species.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA Agassiz,
1847

Diagnosis given in “Introductory Discus-
sion” (p. K128). U.Cam.-Rec.

Order ORTHOCERIDA Kuhn, 1940

[rom. transl. Kunn, 1949 (to Ordnung Orthoceracea); nom.
correct. SWEET, herein (pro Orthoceracea Kuun, 1940 (sub-
order)] [=Orthoceratida Hyartt in ZitteL, 1900 (‘‘Division’
of order); Orthoceracea ScuinpEworr, 1942 (“‘Stamm’’);

Troedssonellidae

Orthoceratidae

Stereoplasmoceratidae
Sactorthoceratidae

Mysterioceratidae
Clinoceratidae

Proteoceratidae

Geisonoceratidae

Dawsonoceratidae

Pseudorthoceratidae

Sphooceratidae
Paraphragmitidae
Offleyoceratidae
Lamellorthoceratidae

Brachycycloceratidae
Family Uncertain

Ord. Sil. Dev. Carb. Perm.| Trias.
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Fic. 152A. Stratigraphic distribution of genera and families of Orthocerida (Sweet, n).
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Fic. 152B. Graph showing numbers of new genera of Orthocerida introduced in successive epochs (dashed
lines) and total genera represented in each (solid lines) (Sweet, n).

Michelinoceratida Frower in Frower & Kummer, 1950
(order); Michelinoceroida FiscHER in MOORE, LALICKER, &
FiscHeR, 1952 (order); Orthoceratida BaLasuov, 1956 (order);
Michelinoceratina Sweer, 1958 (suborder); Sinoceratida
KosavasHi, 1958 (order); Orthocerotida ZHURAVLEVA, 1959
(order)] [Mention of Orchocerida by FurNisH, GLENISTER, &
Hansman, 1962 (p. 1343), is disregarded]

Straight-to-curved but never coiled nau-
tiloids with smooth or elaborately orna-
mented shells, typically well-developed cam-
eral deposits, and siphuncles with ortho-
choanitic, or secondarily cyrtochoanitic
septal necks and thin connecting rings,
either empty or occupied by parietal or an-
nulosiphonate deposits. [The Orthocerida
almost certainly developed from the Balto-
ceratidae of the Ellesmerocerida.] L.Ord.-
U.Trias.

The stratigraphic occurrence of genera in-
cluded in the Orthocerida is shown graphic-
ally in Figure 152A; the numbers of new
genera introduced in successive epochs are
indicated in Figure 152B.

Superfamily
ORTHOCERATACEAE
M’Coy, 1844

[nom. trans. Sweer, herein (ex Orthoceratidae M'Coy,
1844)] [=Orthocerocea KinpLe & MiLLER, 1939 (superfam.);
Orthocerotoidea SHIMANsKIY, 1951 (superfam.)]

Straight or slightly curved, smooth or
ornamented, orthochoanitic to subortho-
choanitic conchs, generally with circular
cross section. Includes some secondarily
cyrtochoanitic forms. L.Ord.-U.Trias.

Family ORTHOCERATIDAE M’Coy,
1844

[=Orthocerotidae TEiCHERT & MiILLER in KINDLE & MILLER,
1939]

Smooth or elaborately ornamented, gen-
erally subcircular in cross section and with
central or subcentral siphuncle that is typi-
cally free of endosiphuncular deposits. L.
Ord.-U.Trias.

Subfamily ORTHOCERATINAE M’Coy, 1844

[nom. transl. SWEET, herein (ex Orthoceratidae M'Coy,
844)1

Body chamber marked by 2 to 5 longi-
tudinal furrows. M.Ord.

Orthoceras Brucuitrg, 1789, p. xvi [*Orthocera-
tites regularis ScHLotHEmM, 1820; SD MILLER,
Dunsar & Conbra, 1933] [=Ortaoceras MEEK,
1861 (nom. null.)]. Slightly expanding, almost cy-
lindrical orthocones or faintly exogastric cyrtocones
with empty, subcentral to slightly ventral cylindri-
cal orthochoanitic siphuncle. Body chamber trans-
versely constricted at mid-length and marked by
single longitudinal dorsal and 2 longitudinal ven-
tral depressions. Surface ornamented by a networ}(
of fine lirae; internal surface faintly striated longi-
tudinally, with prominent conchal furrow on ven-
ter; muscle attachment dorsomyarian. M.Ord., Eu.
(Est.-Lith.-USSR-Sweden). Fic. 153,1. *O.
regulare (SchHLorHEmM), Est.; la, long. sec.
through siphuncle, X 1; 15, right lat. view of body
chamber, X 0.5 (195).

Bifoveoceras Bavasmov, 1956, p. 237 [*Orthoceras
bifoveatum NoerLiNG, 1884, p. 111; OD]. Like
Orthoceras, but with 2 lateral longitudinal de-
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1b

Fic. 153. *Orthoceras regulare (SCHLOTHEIM)
(Orthoceratidae—Orthoceratinae) (p. K224).

pressions on body chamber and more coarsely
sculptured test. M.Ord., Eu.(Est.-Sweden).
Fic. 154,1. *B. bifoveatum (NoeTLING), Sweden;
la, long. sec. through siphuncle; 15, ventral view
of body chamber, X1 (195).

?Ctenoceras NoETLING, 1884, p. 115 [*C. schmidtii;
M] [=?Palaeocycloceras SHmizu & OBATA, 1936,
p. 20]. Subcylindrical to faintly exogastric conchs of
somewhat compressed section. Surface with promi-
nent sinuous annulations and growth lines form-
ing broad salients on ventral side. Body chamber
with 1 dorsal and 2 ventral impressions. Siphuncle
small, subcentral, or between center and venter;
orthochoanitic; necks short and straight, connect-
ing rings faintly expanded at anterior ends of seg-
ments. Siphuncle of some species (not type) with
apparently continuous parietal lining; no cameral
deposits known. [Endosiphuncular deposits sug-
gest relation to Stereoplasmoceratidae, but ortho-
choanitic siphuncle, apparent lack of cameral de-
posits, and impressions in body chamber suggest
relationship to Orthoceras.] M.Ord., Eu.(Est.-Nor-
way-Sweden)-?Asia(?China). Fie. 155,1. *C.
schmidtii, Est.; la-c, ventral, dorsal, lat. views,
X0.75 (144). Fic. 155,2. C. sp. Sweer, Nor-
way; long. sec., X2 (178).

© 2
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Subfamily MICHELINOCERATINAE Flower, 1945

[nom. transl. SweeTt, herein (ex Michelinoceratidae FLowERr,
1945)] [=7Sinoceratidae SHiMIZU & OBATA, 1935; Michelino-
cerotidae KoBayasHi, 1958]

Smooth or indistinctly ornamented Ortho-
ceratidae with central or eccentric ortho-
choanitic, empty siphuncle and generally
with  well-developed cameral deposits.
[Frower (May, 1961) has reported “. . . the
first of the true Michelinoceratidae” from
rocks of latest Canadian (Early Ordovician)
age. No genera or species are described,
however.] L.Ord.-U.Trias.

Michelinoceras Foerste, 1932, p. 51 [*Orthoceras
michelini BarranDe, 1866; OD]. Long, slender,
subcylindrical orthocones of circular section and
with long camerae and very long body chamber.
Siphuncle central or eccentric by no more than
its own diameter, empty. Septal necks straight;
connecting rings homogeneous, cylindrical. Well-
developed hyposeptal and episeptal deposits in
camerae. [FoersTe (71) recognized that Ortho-
ceras, based on O. regulare (ScHLOTHEIM), is of
very limited scope, and can no longer accommo-
date a majority of the orthochoanitic orthocones

Fic. 154. *Bifoveoceras bifoveatum (NOETLING)
(Orthoceratidae—Orthoceratinae) (p. K224-K225).

009 University of Kansas Paleontological Institute
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Fic. 155. *Ctenoceras schmidtii NoetLiNG (Ortho-
ceratidae—Orthoceratinae) (p. K225).

with cylindrical siphuncles previously referred to
it. For these species, all of which are probably
not related, FoErsTE proposed the name Micheli-
noceras. True Michelinoceras is known from Lower,
Middle, and Upper Ordovician, Silurian, and
Devonian rocks. Carboniferous, Permian, and Trias-
sic species referred to the genus are relatively few
in number and, for the most part, not well known
internally. However, until such time as these late
Paleozoic and early Mesozoic species have been
studied more thoroughly, they are perhaps best
included in Michelinoceras sensu lato. That prac-
tice is followed here.] L.Ord.-U.Trias.(Norian),
N. Am.-Eu.-Asia-Australia, widespread. Fic.
156,3. *M. michelini (BarranpDe), M.Sil.,, Eu.
(Czech.); long. sec., X1 (5).
Arkonoceras FLower, 1945, p. 701 [*Orthoceras
arkonense WHITEAVES, 1898, p. 406; OD]. Slen-
der, compressed orthocones of somewhat sub-
quadrangular section. Camerae deep; sutures with
dorsal and ventral saddles and lateral lobes. Si-
phuncle midway between center and venter; necks
long, straight, connecting rings not known. M.

© 2
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Dev., N.Am.(Ohio-Ont.). Fic. 157,1. *4.
arkonense (WHITEAVEs), Ont.; long. sec., X2.5
(32).

Balticoceras TEIcHERT, 1940, p. 590 [*Tremato-
ceras discors ExcuwaLp, 1857, p. 201; OD].Ortho-
cones of subcircular section; broadly flattened ven-
tral side, evenly rounded dorsal side. Siphuncle
marginal, orthochoanitic. U.Ord., Eu.(Est.).—
Fic. 156,2. *B. discors (EicuwaLp); 2a-c, dor-
sal, ventral, post. views, X1 (19).

Bitaunioceras SuiMizu & OsBara, 1936, p. 27
[*Orthoceras bitauniense Hanier, 1915, p. 141;
OD]. Gradually expanding, circular orthocones
with straight transverse sutures. Test surface with
a few shallow rounded transverse constrictions
and many prominent transverse lirae of unequal
size. Siphuncle subcentral, small; orthochoanitic,
with short, straight necks and cylindrical rings.
Perm., USA(Tex.)-Mex.(Coahuila)-Sicily-Timor-
USSR (S.Urals). Fic. 156,1. B. coahuilense
MiLLEr & YouNncqQuisT, Mex.(Coahuila); a5,
long. secs., X7.5, X3; Icd, lat., septal views,
X2.25 (136).

Lotripteroceras FLower, 1943, p. 71 [*E. minutum;
OD]. Smooth, depressed orthocones with venter
flatter than dorsum, sutures with dorsal and ven-
tral lobes. Siphuncle ventral of center, cylindrical;
both siphuncle and camerae empty. M.Ord., USA
(N.Y.). Fic. 157,3. *E. minutum; 3ab, long.
sec., septal view, X2 (31).

Hesperoceras MILLER & YouncquisT, 1947, p. 115
[*H. laudoni; OD]. Orthocones of subrectangular
cross section. Sutures straight and transverse on
narrow conch sides, but forming broad shallow
rounded lobes on wide sides. Siphuncle small,
central; internal structure unknown. L.Miss., USA
(N.Mex.). Fic. 157,2. *H. laudoni; 2ab,
?ventral, ?lat. views, X2 (135).

Plagiostomoceras TEICHERT & GLENISTER, 1952, p.
741 [*Orthoceras pleurotomum BARRANDE, 1866,
pl. 224; OD]. Long slender orthocones with cir-
cular to slightly depressed cross section. Sutures
straight or slightly oblique; may develop faint
lateral lobes. Septa moderately concave. Aper-
ture strongly oblique, sloping adapically from
antisiphuncular side. In lateral view, aperture
somewhat sinuous, sloping more strongly on side
and flattening on both antisiphuncular and si-
phuncular sides. Surface with growth lines and
weak ridges parallel to aperture. Siphuncle cen-
tral or eccentric, orthochoanitic. U.Ord.-L.Dev.,
Eu.(Czech.)-Australia. Fic. 156,5. *P. pleuro-
tomum (BarRraNDE), M.Sil., Czech.; Sa-c, long.
sec., septal view, lat. view, X1 (5).

Pleurorthoceras FLowEr, 1962, p. 35 (publ. Oct. 12)
[*Orthoceras clarkesvillense FoERsTE, 1924, p. 220;
OD] [=Shimizuoceras ZHURAVLEVA, 1962, p. 85
(publ. Dec. 17) (nom. subst. pro Foersteoceras
SHIMIZU & OBATA, 1936; non RUEDEMANN, 1925)
(type, Orthoceras selkirkense WHITEAVES, 1892)].
Like Michelinoceras externally, but siphuncle sub-

)09 University of Kansas Paleontological Institute
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orthochoanitic, with somewhat inflated segments.
Cameral deposits entirely mural. U.Ord., N.Am.
(Ohio-Manit.). Fic. 156A,1. *P. clarkesvillense
(FoersTE), Richmond., USA(Ohio); Ia, apical
part of specimen, X1; 15, ant. part of phragmo-
cone of Ia, lacking cameral deposits, X1 (47a).
?Sinoceras SHiMIZU & OBATA, 1935, p. 6 [*Ortho-
ceras chinense Fooro, 1888, p. 100]. Like Micheli-

K227

noceras, but camerae shorter and septal necks
nearly one-third camera length. Surface unknown
in genoholotype, but in presumably conspecific
forms, surface marked either by very fine irregu-
lar striae or by sinuous transverse growth bands,
patterns of which are not known in detail. Con-
necting rings unknown; camerae apparently with
thick episeptal and hyposeptal deposits. [Doubt-

Balticoceras

5b Y

Plagiostomoceras

Fic. 156. Orthocerataceae (Orthoceratidae—Michelinoceratinae) (p. K225-K226, K229).

© 2009 University of Kansas Paleontological Institute
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.

3a Offleyoceras Sphooceras 5a ; Monomuchites

Fic. 156A. Orthocerataceae (Orthoceratidae-Michelinoceratinae) (p. K226-K227); (Proteoceratidae) (p-
K256-K259); (Offleyoceratidae) (p. K242); (Sphooceratidae) (p. K232).

© 2009 University of Kansas Paleontological Institute
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Arkonoceras

K229

Hesperoceras 3b

Eotripteroceras

Fic. 157. Orthocerataceae (Orthoceratidae—Michelinoceratinae) (p. K226).

fully distinct from Michelinoceras; stratigraphic
derivation of type uncertain. Foorp regarded type-
species as possibly Devonian; YU, SHimizu &
OBAaTA, and KoBayasHI record it from the Middle
Ordovician. Content and status of Sinoceratidae
SHIMIZU & OBATA uncertain pending better strati-
graphic and morphologic data concerning certain
topotypes of type-species.] ?M.Ord., ?Dev., China.
Fic. 158. *S. chinense (Foorp); long. sec.,
X0.5 (211).

Trematoceras Eicawarp, 1851, p. 124 [*Ortho-
ceratites elegans MUNSTER, 1841; SD ScHINDE-
woLF, 1933, p. 18] [non Trematoceras WHit-
FIELD, 1882 (=Tylorthoceras MiLLER, 1932);
non Trematoceras Hyatt, 1884 (=Ammonellip-
sites PARKINSON, 1822)]. Slender, subcylindrical
orthocones with long chambers, simple straight
transverse sutures, and smooth or faintly can-
cellated shell surface. Siphuncle central, ortho-
choanitic, empty; necks short, connecting rings
perfectly cylindrical or only faintly expanded in
camerae, which are occupied by prominent lamel-
lar episeptal and mural deposits, former so ar-
ranged as to produce star- or petal-shaped impres-
sions radiating outward from septal foramen on in-
ternal molds of septal faces. U.Trias., Aus.-Kazakh.
—Fic. 156,4a. T. cf. politum (KLIPSTEIN);
long. sec., X6 (154). Fic. 156,4b,c. *T. cf.
elegans (MUNSTER); apical parts of 2 specimens,
%10 (154).

Subfamily KIONOCERATINAE Hyatt in Zittel,
1900

[nom. transl. Sweer, herein (ex Kionoceratidae Hyarr in
Zitter, 1900)] [=Ohioceratidae SHiMIzU & OBATA, 1935
(partim)]

Conchs with more or less well-developed
longitudinal surficial ornament of lirae, ribs,
ridges, or combinations of these, with or
without subordinate transverse ornament of

© 2009 University of Kansas Paleontological Institute

similar nature, or with faint transverse an-
nulations. M.Ord.-L.Perm.

Kionoceras Hyarr, 1884, p. 275 [*Orthoceras dori-
cum BARRANDE, 1868, pl. 269; OD]. Slender to
rapidly expanding, apically curved, longitudinally
fluted orthocones of circular to subcircular section.
Surface ornament of prominent longitudinal ribs
separated by concave interspaces and, in most
species, less conspicuous longitudinal and trans-
verse lirae or striae. Early-formed part of test
may be faintly annulated. Siphuncle central to
subcentral, empty in Silurian type-species and in
most Ordovician species, but with annulosiphonate
deposits in some questionably congeneric Silurian
and later species; necks straight, or suborthochoan-
itic, segments cylindrical or weakly expanded
within camerae. M.Ord.-L.Perm., N.Am.-Eu.-Asia-
Australia. Fic. 159,1. *K. doricum (Bar-
RANDE), M.Sil., Eu.(Czech.); Ia-c, long. sec., lat.,
apical views, X1 (5).

Ohioceras SHiMIzU & OsBaTa, 1935, p. 6 [*Cyrto-
ceras myrice HaLL & WHiITFIELD, 1875, p. 149;
OD]. Slightly curved, uncompressed to faintly
depressed longicones; surface with low, broad
longitudinal ribs separated by distinct shallow
grooves. Siphuncle subcentral, probably ortho-
choanitic; segments of presumably conspecific
topotype cylindrical or nearly so. M.Sil., USA
(Ohio). Fic. 159,5. *O. myrice (HaLL &
WHITFIELD);; lat. view, X1 (62).

Parakionoceras FoerstE, 1928, p. 313 [*Orthoceras
originale BARRANDE, 1868, pl. 267; OD]. Faintly
curved, uncompressed, exogastric longicones with
relatively long camerae and straight transverse
sutures. Surface with sharp-edged longitudinal
ribs separated by broader concave interspaces.
Siphuncle slightly eccentric, empty; necks short,
directed obliquely toward siphuncle axis (loxo-
choanitic); connecting rings somewhat inflated at




K230

Fic. 158. *Sinoceras chinense (Foorp) (Orthocera-
tidae—Michelinoceratinae) (p. K227, K229).

septal necks, otherwise essentially cylindrical.
Cameral deposits well developed. M.Sil., Eu.
(Czech.). Fic. 159,3. *P. originale (Bar-

RANDE); 3a-c, lat., septal views, long. sec., X0.75
(5).

Polygrammoceras FoersTe in TweNHOFEL, 1928, p.
244 [*P. twenhofeli; OD]. Orthocones with
straight transverse sutures and circular cross sec-
tion. Surface with longitudinal ribs, bars, or striae
separated by narrow grooves or shallow flat linear
spaces. Siphuncle empty, between center and
venter; segments expanded within camerae, trun-
cated adapically and adorally. M.Ord.-L.Dev., N.
Am. (Iowa-Minn.-N.Y.-Anticosti Is.-Ont.-Que.)-Eu.
(Eng.-Czech.-Norway-USSR-Sweden)-Asia (Outer
Mongolia). Fic. 159,4. *P. twenhofeli, U.Ord.,

©
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Can.(AnticostiIs.); 4a,b, long. sec., lat.
% 0.7 (60).

Thoracoceras FiscHER DE WALDHEIM, 1844, p. 755
[*T. vestitum; OD] [=Melia FiscHER DE WALD-
HEIM,' 1829 (obj.); Mellia FiscHER DE WALDHEIM,
1844 (obj.); Mellia HERRMANNSEN, 1847 (nom.
null.) (non Mellia Scumipt, 1920, nec MEYRICK,
1934); Thoracocerus MarsHaLL, 1877 (nom.
null.)]. Compressed orthocones marked by promi-
nent longitudinal rounded grooves separated by
angular ridges; each rib bearing single row of
small blunt spines along its apex. Septa simple,
saucer-shaped; sutures straight and transverse.
Siphuncle small, submarginal; internal structure un-
known. Carb.(Miss.-Penn.)-L.Perm., USA(?Ariz.-
?Kans.-Mo.-?Tex.)-Eu. (C. USSR-Belg.).—Fic.
159,2. *T. vestitum, Carb., C.USSR (Karowa); 24,5,
lat., septal views, X 0.75 (128).

view,

Subfamily LEUROCYCLOCERATINAE Sweet,
n. subfam.

Transversely annulated, with or without

subordinate longitudinal striae or lirae. M.
Ord.-Sil.

Leurocycloceras Foerste, 1928, p. 272 [*L. ray-
mondi; OD]. Slender, circular or slightly com-
pressed orthocones with asymmetrically curved
septa and straight transverse or slightly oblique
sutures. Surface with low annulations, in some
species so broad and flat that interspaces are only
narrowly incised striae on otherwise smooth ex-
terior. Siphuncle eccentric, orthochoanitic, empty;
necks unusually long and straight, connecting
rings unknown. Moderate episeptal and strong hy-
poseptal deposits; in advanced stages, these de-
posits may join through septal foramen with those
of adjacent camerae to enclose septal necks com-
pletely. ?M.Ord., U.Ord., Eu.(Est.); M.Sil., N.Am.
(Ill.-Ind.-N.Y.-Ohio-Wis.-Ont.) -Eu.(Czech.). ——
Fic. 160,16-d. *L. raymondi, M.Sil., USA(Wis.);
ventral, dorsal, lat. views, X0.5 (62). Fic.
160,1a. L. brucense (WiLrLiams), M.Sil, Can.
(Ont.); la, schematic long. sec., enlarged (22).

Anaspyroceras SHiMizu & OsBaTa, 1935, p. 4
(emend. Frower, 1943, p. 114) [*Orthoceras
anellus Conrap, 1843, p. 334; OD]. Externally
like Spyroceras (Spyroceratinae), but with simple
transverse sutures and orthochoanitic siphuncle.
Siphuncle central or eccentric, empty; necks short,
connecting rings probably cylindrical. Cameral
deposits not known. M.0rd.-U.Ord., N.Am.(lowa-
Minn.-Miss.-N.Y.-Ohio-Ont.). Fic. 161,1. *A.
anellus (ConraD), M.Ord., N.Y.; Ia-c, surface de-
tail, enlarged; septal, lat. views, X1 (83).

Bohemites ZHURAVLEVA, 1962, p. 84 [*Orthoceras

11In addition to FiscHER DE WALDHEIM, ten other authors
before and after 1829 have established generic taxa named
Melia. References to these may be found in Neave, Nomen-
clator Zoologicus, v. 3, 1940, and no good purpose would be
served by listing them here.
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aculeatum BARRANDE, 1877; OD]. Sil., Eu. [Czech.
(Bohemia)].

Metaspyroceras FoersTe, 1932, p. 48 [*Spyroceras
ruedemanni FoErsTE, 1928, p. 281; OD] [=Hy-
pospyroceras, Eospyroceras SHIMIZU & OBATA,
1935]. Like Anaspyroceras, but annulations and
sutures oblique rather than straight; sutures
typically sloping adorally on one side, annulations
on other. M.Ord.-M.Sil., N.Am.(Ill.-Minn.-Ohio-
Wis.-Wyo.-Anticosti-Ont.-Que.). —— Fic. 161,2.

Kionoceras

{
| I
«<

2a Thoracoceras

Parakionoceras

K231

*M. ruedemanni (Foerste), M.Sil., USA(Ohio);
2a-g, several specimens, X0.75 (62).

Family SPHOOCERATIDAE Flower,
1962

Siphuncle subcentral, tubular; septa deep;
ontogenetic decollation of posterior portion
of shell recognized by 3-layered conical cal-

lus that seals apical end of mature conch.
M.Sil.

Polygrammoceras

Ohioceras

Fic. 159. Orthocerataceae (Orthoceratidae—Kionoceratinae) (p. K229-K230).

©2
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Leurocycloceras

Fic. 160. Orthocerataceae (Orthoceratidae—Leuro-
cycloceratinae) (p. K230).

Sphooceras FLowEer, 1962, p. 33 [*Orthoceras trun-
catum BARRANDE, 1868, pl. 341; OD]. Gradually
expanding orthocones with subcentral orthochoan-
itic siphuncle and long chambers separated by
conical septa. Apical end of all known specimens
with 3-layered conical callus sealing siphuncular
termination and smoothing contour of shell. Inner
layer of callus smooth; intermediate layer marked
by striae that radiate outward from apex; outer
layer ornamented by concentric striae broken on
opposite sides of conch by lines of V-shaped in-
vaginations in individual striae. Deciduous portion
of conch not known. Septal necks short, straight;
connecting rings not known. Neither cameral nor
siphuncular deposits reported. M.Szl., Eu.(Czech.).

Fic. 156A,5. *S. truncatum (BARRANDE);

5a,b, lat. and apical end of specimen; 5c, apical end

of another specimen; 5d, med. long. sec.; all X1

(5).

Family BRACHYCYCLOCERATIDAE
Furnish, Glenister & Hansman, n. fam.

[Materials for this family prepared by W. M. FurNisH and
B. F. GLENISTER, State University of lowa]

Moderately large nautiloids which un-
dergo ontogenetic truncation; decollation
takes place at a specialized septum; homeo-
morphic with Ordovician Ascocerida. De-
ciduous longicone annulate, with small sub-
central to subventral suborthochoanitic si-
phuncle. Mature brevicone relatively large,
strongly inflated, weakly sculptured. Si-
phuncle deflected ventrally, through siphun-
cular displacement canal, along anterior face
of thick septum of truncation (Fig. 162).
U.Miss.-U.Penn., ?L.Perm.

© 2009 University of Kansas Paleontological Institute

Brachycycloceras MiLLER, DunBAR & Conbra, 1933,

p. 105 [*B. normale; OD]. Moderately large, cir-
cular to quadrate, consisting of orthoconic to
gently cyrtoconic exogastric longiconic deciduous
portion and larger breviconic truncated mature
conch. Deciduous part strongly annulate; surface
sculpture on mature shell relatively weak. Mature
aperture oblique, with ventral salient traversed by
shallow hyponomic sinus. Muscle scars prominent
and bilobate, broadest ventrolaterally. Dorsal and
dorsolateral internal thickening of mature shell
present, as transverse callus, at about mid-length
of body chamber. Siphuncle subcentral to sub-
ventral and small; septal necks suborthochoanitic;
siphuncular segments slightly expanded. At
thickened septum of truncation, siphuncle de-
flected ventrally, along anterior face through si-
phuncular displacement canal. U.Miss.-U.Penn.,
N.Am.-?USSR(S.Urals); ?L.Perm., W.Australia.
Fic. 163,1. B. bransoni (MILLER & OWEN),
M.Penn., USA(Mo.); lat. view internal mold of
body chamber (showing callus and muscle scar),
X 0.7. Fic. 163,2. *B. normale, U.Penn., USA
(Tex.); 2a,c, vent.; 2b,d, lat. (2¢,d retain transi-
tion to mature conch), X1.4. Fic. 163,3. B.

curtum (MeEK & WOorTHEN), U.Penn., USA
(Tex.); 3a, vent.; 3b,c, lat. (3a,b, are ant. part of
deciduous portion, 3¢ exposes septum of trunca-
tion of mature conch), X1.4 (all figs. Furnish &
Glenister, n).

Metaspyroceras

Fic. 161. Orthocerataceae (Orthoceratidae—Leuro-
cycloceratinae) (p. K230-K231).
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mature conch

/__—septum of truncation——

deciduous conch

K233

Fic. 162. Brachycycloceras (Brachycycloceratidae), composite diagrammatic dorsoventral section with
phragmocone based on B. curtum and body chamber on B. bransoni; A, approx. X0.4; B, enlarged portion
of A showing details of siphuncular displacement canal (p. K232).

Family SACTORTHOCERATIDAE
Flower, 1946

Suborthochoanitic, with subcentral si-
phuncle. Siphuncle and camerae typically
free of organic deposits. M.Ord.
Sactorthoceras Kosavasui, 1934, p. 407 [*S. gonio-
septum; OD] [=?Sigmorthoceras KoBayasHI,
1934]. Smooth or striated, closely camerated,
straight or slightly curved longicones with slen-
der subcentral empty suborthochoanitic siphuncle
expanded slightly within camerae. No cameral
deposits. [Sigmorthoceras differs from Sactortho-
ceras only in having longitudinally sigmoid conch
curvature, a feature of doubtful derivation and
uncertain generic significance.] M.Ord., USA
(N.Y.)-Asia(Korea)-Eu.(Norway). Fic. 164,1.
*S. gonioseptum, Korea; la-c, long. sec., schematic
long. sec. (enlarged), lat. view, X0.5 (102).
Centroonoceras Kosavasui, 1934, p. 417 [*Ooceras?
tokunagai Kosavasui, 1927, p. 202; OD] [=Cyr-
toénoceras FrLoweR, 1939]. Like Sactorthoceras
but cyrtoconic; subcentral siphuncle subortho-
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choanitic, with elongate, subfusiform segments
that are generally straighter on dorsum than ven-
ter. No cameral deposits known. M.Ord., USA
(N.Y.)-Asia(Korea). Fic. 165,1. *C. tokun-
agai (KomavasHr), Korea; diagram. dorsoventral
sec., X0.7 (101).
Sigmocycloceras Kosavasur, 1934, p. 424 [*Proto-
cycloceras? kogenense Kosavasui, 1927, p. 183;
OD]. Similar to Sactorthoceras, but conch longi-
tudinally sigmoid and transversely annulated. In-
ternal characters not well known; siphuncle prob-
ably suborthochoanitic. M.Ord., Asia(Korea).
Fic. 165,2. *S. kogenense (KoayasHi); diagram.
lat. long. sec., X0.7 (101).

Family LAMELLORTHOCERATIDAE
Teichert, 1961

Straight or slightly endogastric, trans-
versely crenulate, with slender, cylindrical,
subcentral orthochoanitic siphuncle free of
organic deposits. Camerae with simple or
distally bifurcating longitudinal episeptal,
or rarely hyposeptal lamellae arranged in
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F1c. 163. Orthocerataceae (Brachycycloceratidae) (p. K232).

radial pattern with respect to siphuncle; pos-
terior part of conch may be completely filled
by radial lamellae. L.Dev.-M.Dev., ?L.Carb.

Lamellorthoceras TeErRMIER & TERMIER, 1950, p. 78
[*L. vermiculare; OD] [=Lamelloceras MuTVEl,
1956 (nom. null.)]. Similar to Arthrophyllum but
with tendency to develop both radiating episeptal
and hyposeptal lamellae that tend to be wavy,
twisted, or to have bifurcating inner edges. Cam-
eral deposits may occupy all chambers of phrag-
mocone and may not coalesce adapically. L.Dev.-
M.Dev., Afr.(Algeria-Morocco). Fic. 166,15.
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*L. vermiculare, M.Dev., Morocco; transv. sec.,
X2.5 (190). Fic. 166,1a. L. gracile TERMIER

& TErMIER, Dev.(Siegen.), Morocco; lat. view of
exfoliated specimen, X2 (190). [=Coralloceras
ZHURAVLEVA, 1962.]

Arthrophyllum Bevrich, 1850, p. 10 [*Ortho-
ceratites crassus ROEMER, 1843; SD RoEMER,
1852]. Slender, uncompressed, gradually expam?-
ing orthocones or faintly endogastric longiconic
cyrtocones. Surface with closely spaced sinuous
transverse crenulations forming hroad dorsal and
ventral salients and lateral sinuses. Septa shallow;
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Fic. 164. *Sactorthoceras gonioseptum KoBAYASHI
(Sactorthoceratidae) (p. K233).

sutures straight, transverse. Weak conchal furrow
on venter. Siphuncle slender, between center and
venter, orthochoanitic; segments  cylindrical,
empty. Camerae with episeptal deposits forming
numerous simple longitudinal lamellae radiating
inward from outer walls of chamber and increas-
ing in bulk adapically so as to fill apical cham-
bers completely. L.Dev., ?L.Carb., Eu.(Fr.-Ger.-

Turkey). Fic. 166,2. A. kahlebergense (Dan-
MER), Dev.(U.Coblenz.), Ger.; 2a, transv. sec.,
X2; 2b, lat. view, X1 (190).

Gorgonoceras ZHURAVLEVA, 1961, p. 93 [*G. visen-
dum; OD]. Like Arthrophyllum, but surface with
faint longitudinal ribs and eccentric siphuncle
with continuous endosiphuncular lining on ven-
ter. Camerae with numerous longitudinal lamel-
lae radiating inward from outer walls; a ventral
lamella is much thicker than the others and is
distally bifid. M.Dev.(Eifel.), USSR(Sverdlovsk
district). Fic. 167,1. *G. visendum; 1la,b,
transv. sec., lat. view, X2 (214a).

Family TROEDSSONELLIDAE
Kobayashi, 1935
[=Buttsoceratidae FLower in FLower & KuMMEL, 1950]
Suborthochoanitic, with continuous endo-
siphuncular lining of parietal deposits pro-
longed adapically to form endocones.

L.Ord.-M.Ord.

Troedssonella Kosavaswi, 1935, p. 746 [*Polygram-
moceras endoceroides Troepsson, 1932, p. 30;
OD]. Slender, uncompressed, longitudinally
striated orthocones. Siphuncle between center and
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venter, suborthochoanitic; necks short, connecting
rings faintly expanded, with continuous endo-
siphuncular lining of parietal deposits prolonged
adapically to form endocones. Camerae with thin
mural and hyposeptal deposits. M.Ord., Eu.
(Sweden). Fic. 168,1. *T. endoceroides
(TroEDssoN); Ia, lat. view, X1; 15, long. sec.,
X2 (196).
Buttsoceras ULRIcH & Foerste, 1933, p. 288 [*Or-
thoceras adamsi ButTts, 1926, expl. pl. 18; OD]
—=?O0xfordoceras ULricH, FOERSTE, MILLER, &
UNKLEsBAY, 1944]. Slender uncompressed ortho-
cones with large subcentral tubular siphuncle. Sep-
tal necks short, straight; connecting rings thin.
Lamellar endosiphuncular lining thickens posterior-
ly, filling siphuncle or leaving narrow tubular cav-
ity that may be crossed by diaphragms. Lobate,
bilaterally symmetrical hyposeptal and episeptal
deposits concentrated ventrally in camerae. L.Ord.
(U. Canad.), N.Am.(Ala.-Texas-Utah - Idaho - N.
Mex.-Que.). Fic. 168A,2. *B. adamsi (BuTtTs);
2a, holotype, weathered sec., X1.5; 25, weathered
sec. with tube in siphuncle, X1.5; 2¢,d, lat. and
septal views, X1.5; 2e, sec., X3 (204).
?Glenisteroceras FLowER in FLOWER & TEICHERT,
1957, p. 137 [*G. obscurum; OD]. Weakly annu-
late orthocones with circular section and large
central siphuncle; septal necks weakly cyrtochoan-
itic, connecting rings thick, siphuncular segments
expanded. [Based on single immature phragmo-
cone of 5 mm. diameter; structures and affinities
uncertain.]L.Ord.(U.Canad.), USA(N.Y.).
Oxfordoceras ULrIcH, FOERSTE, MILLER, & UNKLES-
BAY, 1944, p. 70 [*O. billingsi; OD]. Smooth
orthocones with circular section; characterized by
subcentral siphuncle, about 0.25 of conch diam-

1

Centroonoceras Sigmocycloceras

Fic. 165. Orthocerataceae (Sactorthoceratidae)
(p. K233).
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Lamellorthoceras

Fic. 166. Orthocerataceae (Lamellorthoceratidae) (p. K234-K235).

eter; siphuncular segments slightly contracted. L. central; necks short and straight, connecting rings
Ord.(U.Canad.), Can.(Ont.). Fic. 168A,1. *O. expanding slightly within camerae. Small adorally
billingsi; holotype, X 1.5 (204). [FLower (47a) attenuated annulosiphonate deposits in adapical
now regards Oxfordoceras as a synonym of Buttso-
ceras ULRICH & FoERsTE, 1933.-WCS.]

?Wolungoceras Kopavasui, 1931, p. 166 [*W.
foerstei; M]. Slender orthocones with circular sec-
tion; siphuncle subcentral, about 0.3 of conch
diameter; septal necks presumably orthochoanitic.
L.Ord., Asia(Manchuria)-?USA (Md.).

Family GEISONOCERATIDAE
Zhuravleva, 1959

Orthoconic or cyrtoconic conchs of sub-
circular cross section, with orthochoanitic
to suborthochoanitic siphuncle occupied by
endosiphuncular annuli restricted to septal
foramen or growing anteriorly against con-
necting rings; in advanced species, endo-
siphuncular annuli fusing with those of
adjacent segments to form continuous si-
phuncular lining. M.Ord.-M .Dev.
Geisonoceras Hyatt, 1884, p. 275 [*Orthoceras
rivale BARRANDE, 1866, pl. 209; OD]. Slowly en-
larging orthocones or cyrtocones of circular to
subcircular cross section and with straight trans-

Fic. 167. *Gorgonoceras visendum ZAURAVLEVA
verse or slightly oblique sutures. Siphuncle sub- (Lamellorthoceratidae) (p. K235).
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Fic. 168. *Troedssonella endoceroides (TROEDSSON)
(Troedssonellidae) (p. K235).

siphuncular segments; camerae with episeptal and
hyposeptal deposits. Surface with broad trans-
verse bands, between which are fine growth lines.
Aperture transverse, with slight hyponomic sinus.
M.Ord.-M.Dev., N.Am.-Eu.-Asia. Fic. 169,6.
*G. rivale (BARRANDE), M.Sil., Eu.(Czech.); 64,5,
lat. view, dorsoventral sec., X0.5 (5).

Columenoceras Barskov, 1960 [*Orthoceras colu-
men BARRANDE, 1874; OD]. Sil., Czech.(Bohemia).
?Geisonocerina FoersTE, 1935, p. 22 [*Orthoceras
wauwatosense WwuitrieLp, 1882, p. 297; OD].
Like Geisonoceras externally but differs in ab-
sence of periodic thickening of transverse lirae
and striae. Internal features unknown; genus
probably artificial in its present state. U.Ord.-M.
Dev., N.Am.-Eu.-Australia. Fic. 169,5. *G.
wauwatosense (WaiTrFiELD), M.Sil., USA(Wis.);
X1 (62).

Harrisoceras FLower, 1939, p. 475 [*H. ortho-
ceroides; OD]. Circular or slightly depressed
orthocones with straight transverse sutures, mod-
erate to deep camerae. Surface smooth, even growth
lines unknown. Siphuncle generally large, ortho-
choanitic, with central tube and annulosiphonate
deposits in form of simple annuli in septal fora-
men which may constrict mature siphuncle in-
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terior to 0.3 of its width. Deposits developed
against necks, never against rings. Cameral de-
posits episeptal and hyposeptal, never massive.
Mature body chamber with internal thickening
just before aperture. ?M.Ord., Eu.(Est.); M.Sil.,
N. Am.(Ill.-Ind.-E.Can.)-Eu.(Czech.)-Sib. Fic.
169,8. *H. orthoceroides, M.Sil., USA(Ind.); long.
sec., X2.5 (23).

Joachimoceras Barskov, 1960 [*Orthoceras micro-
megas BarranDe, 1874; OD]. Sil., Czech.(Bo-
hemia).

Jonesoceras Barskov, 1960 [*Orthoceras jonesi Bar-
RANDE, 1874; OD]. Sil., Czech.(Bohemia).
Mesnaquaceras FLower, 1955, p. 820 [*M. curvi-
septatum; OD]. Slender compressed orthocones
with low distant surficial annulations. Camerae
long, septa deeply curved, sutures straight and
transverse. Siphuncle subventral, orthochoanitic;
necks straight, connecting rings expanding slightly
within camerae. Endosiphuncular annuli growing
adorally along siphuncle wall from origin in septal
foramina, but not fusing to form continuous endo-
siphuncular lining. Thin episeptal and hyposeptal
cameral deposits. M.Ord.(Chazy), USA(Vt.).
Fic. 169,1. *M. curviseptatum; lab, ventral view,
dorsoventral sec., X0.75 (44). [FrLower (47a)
now includes this genus in the Proteoceratidae.]
Protokionoceras GraBaU & SHIMER, 1910, p. 58
[*Orthoceras medullare HaLr, 1868; OD]. Mod-
erately expanding orthocones of subcircular sec-
tion and straight transverse sutures. Surface with
cancellate markings produced by intersecting
longitudinal and transverse striae or lirae. Si-
phuncle and cameral deposits in at least some
species similar to those of Geisonoceras; these
structures not well known in type-species. M.Ord.-
M. Dey., N.Am.(Ill. - Ind.-Me.-Mich.-N.Y.-?Pa.-
Wis.-Anticosti-Ont.-Que.) -Eu. (Norway)-Australia.
Fic. 169,7. *P. medullare (HarLr), M.Sil.,
USA(Wis.); lat. view, X0.3 (62).

Striacoceras FLower, 1936, p. 28 [*Orthoceras
typum SAEMANN, 1854, p. 164; OD]. Slender
orthocones of circular section, with straight, trans-
verse or slightly oblique sutures. Surface of early
stages with equidistant transverse and longi-
tudinal lirae; in later stages longitudinal lirae dis-
appearing and transverse ones broadening so as
to become flat and impressed upon otherwise
smooth surface. Internal mold with 3 ventral
carinae.  Siphuncle orthochoanitic,  eccentric,
empty; necks short and straight, connecting rings
expanding slightly in camerae. Episeptal and
mural cameral deposits well developed. [Included
with Geisonoceratidae because of strong similarity
of early stage ornamentation with that of adult
Protokionoceras.] ~M.Dev., USA (N.Y.) - USSR
(Novaya Zemlya). Fic. 169,3. S. typum beta
Frower, USA(N.Y.); X0.75 (20).
Temperoceras Barskov, 1960 [*Orthoceras temper-
ans Barranpg, 1874, OD]. Sil., Czech.(Bohemia).
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Oxfordoceras

Buttsoceras

Fic. 168A. Orthocerataceae (Troedssonellidae) (p. K235-K236).

Virgoceras Frower, 1939, p. 162 [*Orthoceras
palemon BarranDEg, 1870, pl. 394; OD]. Uncom-
pressed orthocones with straight transverse sutures
and surface marked by fine oblique or transverse
and (in some species) longitudinal lines. Siphuncle
central or subcentral, orthochoanitic; siphuncular
deposits of annulosiphonate deposits fusing to
form continuous siphuncular lining. M.Sil., USA
(Ind.)-Eu.(Czech.). Fic. 169,2. *V. palemon
(BARRANDE), Czech.; 24,6, dorsoventral sec., lat.

view, X0.75 (5).

Family DAWSONOCERATIDAE
Flower, 1962

Siphuncle subcylindrical, with short, re-
cumbent septal necks; siphuncular segments
abruptly constricted at septal foramina. ?U.
Ord., L.Sil.-U.Sil., ?M .Dev.

Dawsonoceras Hyatr, 1884, p. 276 [*Orthocera
annulata Sowersy, 1818, p. 77; OD] [=Cedar-
villeoceras Suimizu & Osata, 1935]. Straight to
slightly curved orthocones with circular to sub-
circular transverse section, straight transverse
sutures and shell with conspicuous transverse an-
nulations. Surface markings consist typically of
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scalloped or festooned transverse lirae but may
include secondary longitudinal lirae. Siphuncle
subcentral, septal necks short, recumbent; segments
occupied by small annulosiphonate deposits. Cam-
erae with mural deposits. ?U.Ord., Eu.(Est.); L.
Sil.-U.Sil., N.Am.-Eu.-Asia-Australia; ?M.Dev.,
Can.(Ont.).——Fic. 170,lb,c. *D. annulatum
(Sowersy), M.Sil., Eng.(Shrops.); detail of shell
surf. (enlarged), lat. view, X0.4 (61). Fic.
170,1a. D. sp.; diagram of shell interior, enlarged
(22).

Dawsonocerina Horn?, 1956 [*Orthoceras dulce
var. omega BaRraNDE, 1868, pl. 294; OD].
Like Dawsonoceras, at least externally, but edges
of transverse growth bands minutely crenulated.
Crenulations aligned in each growth band to pro-
duce weak longitudinal lirae that are more con-
spicuous than crenulations. M.Sil., Eu.(Czech.).

Fic. 169,4. *D. omega (BARRANDE); 4a-c,

lat. view, X0.5, with moderately and much en-

larged views of shell surface (5).

Family CLINOCERATIDAE Flower,
1946

Faintly curved longiconic cyrtocones of
fusiform or subfusiform shape, with no
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-

38

Protokionoceras

Menasquacerds
6a Geisonoceras 8 Harrisoceras

Fic. 169. Orthocerataceae (Geisonoceratidae) (p. K236-K238); (Dawsonoceratidae) (p. K238).
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Dawsonoceras ¢

Fic. 170. Orthocerataceae (Dawsonoceratidae)
(p. K238).

hyponomic sinus, but aperture inclined

slightly forward from dorsum to venter.

Siphuncle subcentral, or dorsal, or ventral

of center, cyrtochoanitic, empty; segments

slender, biconvex or planoconvex. [This
family may have been derived from Cen-
troonoceras  (Sactorthoceratidae) and is

probably ancestral to the Ascocerida.] M.

Ord.-U.Ord.

Clinoceras Mascke, 1876, p. 49 [*C. dens; M]
[=Clynoceras Dewitz, 1879 (nom. null.)]. Elon-
gate, subfusiform cyrtocones with virtually straight
to slightly concave dorsum and more distinctly

la ¢ b /

Clinoceras

Whitfieldoceras
Fic. 171. Orthocerataceae (Clinoceratidae) (p. K240-K241).

Cephalopoda—Nautiloidea

convex venter; conch constricted in anterior part
of body chamber, then expanding to aperture.
Surface marked by sinuous growth lines, forming
pair of ventral and lateral sinuses. Siphuncle dor-
sal of center, cyrtochoanitic; segments slightly ex-
panded ventrally, flat or faintly concave dorsally,

apparently empty. [Type-species from drift
boulders in East Prussia.] M.Ord., N.Eu.
(?Sweden). Fic. 171,1. *C. dens; la-c, ven-

tral view, dorsoventral sec., right lat. view, X0.75
(120).

Whiteavesites Foerste, 1929, p. 167 [*Orthoceras
winnipegense WHITEAVEs, 1892, p. 12; OD].
Elongate, depressed, fusiform orthocones or faintly
curved cyrtocones. Conch expands gradually to
posterior part of body chamber, then contracts to
aperture. Sutures with lateral lobes and broad
dorsal and ventral saddles. Siphuncle ventral of
center posteriorly, dorsal of center anteriorly,
cyrtochoanitic; segments biconvex, only slightly
expanded within camerae, apparently empty. U.
Ord., Can.(Man.). Fic. 171,3. *W. winnipeg-
ense (WHITEAVES); 3a,b, dorsoventral sec., right
lat. view, X0.5 (66).

Whitfieldoceras Foerste, 1932, p. 49 (*Oncoceras
mumiaeforme WHiTFIELD, 1882, p. 58; OD]. Un-
compressed or slightly depressed, apically curved
fusiform orthocones, expanding gradually to pos-
terior part of body chamber, then contracting to
aperture. Sutures straight and transverse; septa
shallow. Siphuncle central or slightly ventral of

Whiteavesites
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center, cyrtochoanitic; segments expanding within Family PARAPHRAGMITIDAE Flower

camerae, apparently empty. M.Ord.-U.Ord., N.Am, in Flower & Kummel, 1950
(Towa-Minn.-N.Y.-Wis.-Wyo.-Baffin Is.-Ont.).—— 2

Fic. 171,2. *W. mumiaeforme (WHITFIELD), M. APHUIQICd_ orthocones, cyrtocones, anfl
Ord., USA(Wis.); 24, dorsal, right lat, views, brevicones with subcentral suborthochoani-
X1 (71). tic, empty siphuncle. M.Szl.

Gaspocyrtoceras

Lyecoceras Paraphragmites Cyrtocycloceras
Fic. 172. Orthocerataceae (Paraphragmitidae) (p. K242).

© 2009 University of Kansas Paleontological Institute



K242

Paraphragmites FLower, 1943, p. 254 [*P. asco-
ceroides; OD]. Curved annulated exogastric brevi-
cones of subcircular section. Conch expanding to
mid-length of body chamber, then contracting to
aperture, No hyponomic sinus. Surface with fine
transverse lirae and striae in addition to more
prominent transverse annulations. Siphuncle sub-
central or slightly dorsal from center, cyrtochoani-
tic; segments broadly expanded, empty. M.Sil.,
Can.(Nova Scotia). Fic. 172,2. *P. asco-
ceroides; 2a-c, left lat., ventral, dorsal views, X1
(29).

Calocyrtoceras Foerste, 1936, p. 59 [*Cyrroceras
cognatum Barranpe, 1866, pl. 199; OD]. Like
Gaspocyrtoceras and Cyrtocyloceras but shell sur-
face striated both longitudinally and transversely.
M.Sil., Can.(Que.)-Eu.(Czech.). Fie. 172,3.
*C. cognatum (BarRrRaNDE), Eu.(Czech.); 3a-c,
right lat., septal, ventral views, X1 (5).

Cyrtocycloceras FoersTe, 1936, p. 58 [*Cyrtoceras
urbanum BarranDE, 1866, pl. 198; OD]. Like
Gaspocyrtoceras, but shell surface transversely
rather than longitudinally striated. M.Si., Eu.
(Czech.). Fic. 172,5. *C. wurbanum (Bar-
RANDE); S5a-c, right lat., long. sec., ventral views,
X1 (5).

Gaspocyrtoceras FoersTE, 1936, p. 56 [*G. cooperi;
OD]. Annulated exogastric cyrtocones of sub-
circular cross section. Annulations slope pos-
teriorly toward venter forming shallow hyponomic
sinus. Surface longitudinally striated. Siphuncle
slender, slightly ventral of center; internal struc-
ture unknown. M.Si., N.Am.(Wis.-Que.). FiG.
172,1. *G. cooperi, Can.(Que.); lab, left lat.,
ventral views, X1 (75).

Lyecoceras Mutvel, 1957, p. 248 [*L. gotlandense;
OD]. Slender endogastric cyrtocones of subcircu-
lar to slightly depressed cross section. Aperture
oblique, not contracted; peristome faintly sinuous,
with hyponomic sinus on concave side of conch
and septal furrow on convex side. Sutures with
broad dorsal lobe and single broad saddle across
sides and venter. Surface with faint longitudinal
striae and weak transverse annulations, or both.
Siphuncle slightly dorsal of center; subortho-
choanitic to weakly cyrtochoanitic, empty; seg-
ments expand within camerae, Muscle attachment
dorsomyarian. M.Sil., Eu.(Sweden). Fic, 172,
4. *L. gotlandense; 4a, left lat. view, X0.4; 45,
sec. of siphuncle, X0.8; 4c, detail of test surface,
X0.8; 4d, dorsoventral sec. of conch apex, X1.5
(143).

Family OFFLEYOCERATIDAE
Flower, 1962
Characters of the type and only known
genus. M.Sil., ?L.Dev., ?M.Dev.
Offleyoceras FoersTe, 1928, p. 315 [*Orthoceras
arcticum Foorp, 1888, p. 38; OD). Transversely
banded or faintly annulated orthocones with large

Cephalopoda—Nautiloidea

excentric, apparently  holochoanitic  siphuncle,
structural details of which are not adequately
known. M.Sil., ?L.Dev., ?M.Dev., N.Am.(Arctic)-
Eu.(Novaya Zemlya). Fic. 156A,3. *0. arctic-
um (Foorp), Sil.(?Wenlock), N.W.Greenl.(Ken-
nedy Channel); 34, lat. ext. view of type, venter at
right, X0.5 (61); 35, dorsoventral sec. of basal
part of type, through siphuncle, X 0.5 (62).

Superfamily
PSEUDORTHOCERATACEAE
Flower & Caster, 1935

[nom. transl. Sweer, herein (ex Pseudorthoceratidae Frower
& CasTER, 1935)]

Cyrtochoanitic Orthocerida with subcen-
tral to marginal siphuncle of broadly to
weakly expanded segments that are empty
or occupied by parietal deposits that begin
in or adjacent to septal foramina and grow
forward, backward, or both, against con-
necting rings, so as ultimately to fuse with
adjacent deposits in forming more or less
continuous siphuncular lining. [ SHIMANSKIY
(161) notes that several orthocerids from
the Triassic of Timor and China have char-
acters reminiscent of the Pseudorthocerati-
dae and may well represent undescribed
genera of this family. These species, re-
ferred originally to Orthoceras, herein pro-
vide the record for the Triassic occurrence
of Michelinoceras and Trematoceras (Or-
thoceratidae, Michelinoceratinae). Although
SHiMaNsk1v’s observations have consider-
able merit, the types of all the species he
mentions need re-examination before their
proper systematic position is clear.] M.Ord.-
Perm.

Family PSEUDORTHOCERATIDAE
Flower & Caster, 1935

[=Mooreoceratidae SHiMANsKIY, 1951; Shikhanoceratidae
SHIMANSKIY, 1956]

Cyrtochoanitic orthocones and longiconic
cyrtocones, in which endosiphuncular an-
nuli develop into continuous parietal endo-
siphuncular lining, each deposit extending
forward or backward from its point of
origin to join the next. L.Sil.-Perm.

Subfamily PSEUDORTHOCERATINAE
Flower & Caster, 1935

[nom. transl. FLower, 1939 (ex Pseudorthoceratidae FLOWER
& CASTER, 1935)]

Conchs in which siphonal deposits fused
ventrally to form continuous lining before
appearing on dorsum. M.Dev.-L.Perm.
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Eifeloceras

Pseudocyrtoceras Neocycloceras Pseudorthoceras

Fic. 173. Pseudorthocerataceae (Pseudorthoceratidae—Pseudorthoceratinae) (p. K242, K244).

© 2009 University of Kansas Paleontological Institute



K244 Cephalopoda—Nautiloidea

Pseudorthoceras Girty, 1911} p. 143 [*Orthoceras
knoxense McCHESNEY, 1859, p. 69; OD]. Slender
uncompressed orthocones with very slight exo-
gastric curvature in apical 2 chambers. Sutures
straight and transverse; septa moderate in depth
and evenly curved. Siphuncle central or sub-
central; segments changing shape ontogenetically
from early suborthochoanitic stage through ortho-
choanitic then cyrtochoanitic stages with progres-
sively longer brims and more inflated segments;
in adult segments, brim and neck subequal, area
of adnation being equal to half or less of brim
width, free part of connecting ring convex, and
segments pyriform to subglobular in shape. Endo-
siphuncular deposits fusing along venter to form
continuous lining before being continuous around
septal foramen. Camerae with well-defined cir-
cumferentially lobate mural deposits. Internal
molds with septal and conchal furrows. U.Dev.-
L.Perm., N.Am.-Eu.-Asia-Australia. Fic. 173,
7. *P. knoxense (McCHesNEY), L.Perm., USA
(Tex.); long. sec., X5 (136).

Eifeloceras Foewrste, 1929, p. 283 [*E. kayseri;
OD]. Slightly curved, distinctly depressed endo-
gastric longicones, with sinuous sutures forming
broad dorsal and ventral saddles. Siphuncle nearer
dorsum than venter; necks short, cyrtochoanitic;
connecting rings moderately inflated and lined
with parietal deposits that are thick and well
developed ventrally but thin and inconspicuous
dorsally. Septa curve only dorsoventrally; no lat-
eral curvature. Camerae with thick deposits. M.
Dev., Eu.(Ger.). Fic. 173,2. *E. kayseri; 2a,b,
ventral, lat. views, X1 (29); 2¢, diagram. dorso-
ventral sec., X4 (157).

Mooreoceras MILLER, DunBar, & Conpra, 1933, p.
85 [*M. normale; OD]. Smooth-surfaced ortho-
cones, uncompressed in early stages, typically (but
not invariably) depressed in later stages. Early
sutures straight and transverse; later ones nor-
mally sloping forward on dorsum and having faint
lateral saddles and dorsal and ventral lobes. Septa
very shallow, even in early stages. Early siphuncle
central, later ventral from center; segments typical-
ly pyriform, with greatest diameter in front of
center. Siphuncular deposits like Pseudorthoceras,
not known to fuse on dorsum. Cameral deposits

1 In addition to that for Pseudorthoceras Girty, 1911, the
following entry appears in Neave, Nomenclator Zoologicus,
1940, v.3, p. 1002: ““Pseudorthoceras HoERNES & ANINGER [sic],
1880, Gast. Meeres-Ablag. Mioc. Medit.-Stude Oest.-Ungar.,
Lief. 2, 142.-Moll.”” The full, correct title of the work re-
ferred to is: R, HoernEs & M. AUINGER, Die Gastropoden der
Meeres-Ablagerungen der ersten und zweiten Mediterran-
Stufe in der Ostereichisch-Ungarischen Monarchie: Abh.
K.K. Geol. Reichsanstalt, Bd. 12, H. 1, June 1, 1879, p.
1-52, pls. 1-6; 2d Lief., ébid., Bd. 12, H. 2, Dec. 31, 1880, p.
53-112, pls. 7-12; 3d Lief., ibid., Bd. 12, H. 3, Jan. 15, 1882,
p. 113-152, pls. 13-16. Careful search of the entire work
cited shows that the name Pseudorthoceras does not occur
in jt. Furthermore, p. 142 belongs to Lief. 3, which ap-
peared in 1882, not in 1880. The citation of ‘‘Pseudortho-
ceras HOERNES & ANINGER, 1880'" in Nrave, 1940, is thus in-
dicated to be erroneous, which signifies that Girty’s publi-
cation of this name in 1911 is valid.~-C. TEicHERT,

concentrated ventrally, Both conchal and septal
furrows on internal saddle. U.Des.-L.Perm., N,
Am.-Eu.-Asia-Australia. Fic. 1734. *M. nor-
male, M.Penn., USA(Kansas); 4ab, lat., septal
views, X1, 4c, long. sec., X2 (128).

?Neocycloceras FLOWER & CasTER, 1935, p. 14 [*N.
obliguum; OD]. Slender uncompressed to very
slightly depressed orthocones wtih large, sinuous,
slightly oblique surficial annulations. Sutures more
oblique than annulations, projected adaperturally
on venter; sutural obliquity increasing with age,
Sutures with broad low dorsal saddle, high con-
spicuous ventral saddle, and lateral lobes. Siphuncle
between center and venter; segments nummuloidal,
occupied by continuous lamellar endosiphuncular
deposit that is thickest at widest part of siphuncle
and thin in region of necks. U.Dev.-L.Card.(U.
Miss.), USA(Pa.)-Afr.(Morocco).—Fie, 1736.
*N. obliguum, U.Dev., USA(Pa.); lat. view, X1
(48).

Pseudocyrtoceras ScHINDEwoOLF, 1943, p. 241
[*Cyrtoceras acus pEKoNINCK, 1880, p. 28; OD].
Compressed cyrtocones internally similar to Pseu-
dorthoceras but with longer, more conical initial
chamber and no endosiphuncular deposits on dor-
sal side of siphuncle. [In Pseundorthoceras, only
first 2 chambers show curvature; in Pseudocyrto-
ceras, at least the first 12 chambers are cyrtoconic.}
Carb.(Tournais.), Eu.(Belg.). Fic. 173,5. *P.
acus (pDEKoNINCK); dorsoventral sec. through si-
phuncle, X4 (155).

?Simorthoceras SHimaNskiy, 1954, p. 108 [*S.
gracile; OD]. Slender, depressed, slightly curved
longiconic cyrtocones with low camerae and slight-
ly concave septa. Surface with transverse growth
lines. Siphuncle ?subventral, small; necks strongly
cyrtochoanitic, connecting rings cylindrical. Endo-
siphuncular deposits unknown; cameral deposits
well developed. [Questionably referred to Pseud-
orthoceratinae because of presumed close relation
to Uralorthoceras, itself a doubtful representative
of this subfamily.] L.Perm., USSR(S.Urals).—
Fic. 173,3. *S. gracile; 3a,b, ventral, septal views,
X1 (161).

?Uralorthoceras SmmManskry, 1951, p. 14 [*U.
tzwetaevae; OD]. Slightly depressed, smooth,
apically curved orthocones; sutures with slight
dorsal and ventral lobes, body chamber with slight
longitudinal depressions and faint transverse con-
strictions; venter with conchal furrow. Siphuncle
between center and venter, slender; segments sub-
cylindrical, strongly contracted at septal necks.
Endosiphuncular deposits said to be pseudortho-
ceroid; details of distribution in siphuncle n.ot
clear from type description or illustration. Initial
portion of conch curved, with acuminate apex,
as in Pseudorthoceras. L.Perm., USSR(S.Urals).

Frc. 173,1. *U. tzwetacvae; 1a, long. lat. sec.,

%3.8; 1b,c, right lat., septal views, X2 (161).
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Fusicoceras o Mitorthoceras

2b

Allanoceras

Cyrtospyroceras Spyroceras Cryptorthoceras

Fic. 174. Pseudorthocerataceae (Pseudorthoceratidae—Spyroceratinae) (p. K246, K248-K250).
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2b
Anastomoceras

J 8
>

Adnatoceras

Dolorthoceras
Fic. 175. Pseudorthocerataceae (Pseudorthoceratidae—Spyroceratinae) (p. K246, K249).

Subfamily SPYROCERATINAE Shimizu & Obata,
1935

[nom. transl. SweeT, herein (ex Spyroceratidae SHIMIZU &

area of adnation equal at least to width of brim.
In some species, siphuncle reverts gerontically to
simpler outline like that of mature Dolorthoceras
OsATA, 1935)] [=Dolorthoceratinae FLowEr, 1939] or Anastomoceras. M.Dev.-U.Carb.(Penn.), USA
Simple Pseudorthoceratidae characterized (Alaska-N.Y.-Tex.)-Eu. (Belg.). Fic. 175,3a.
by development of complete endosiphuncu- A. naplense Frower, U.Dev., USA(N.Y.);
lar annulus before segmental deposits fuse  diagram. outline of ectosiphuncle, X4 (22).—
ventrally. Siphuncular segments uniformly — Fie. 175,36 *A. spissum (Hari), M.Dev., USA
slender, longer than wide, with expansion ~ (N-Y.); X05 (22).

typically localized near their anterior and
posterior ends. ?L.Sil., M.Sil.-Perm.

Spyroceras Hyatt, 1884, p. 276 [*Orthoceras cro-
talum Harr, 1861, p. 50; OD] [=Spiroceras
AHLFELD & Brani$a, 1960 (mon QUENSTEDT,
1858) (mom. null.)]. Annulated orthocones with
straight transverse sutures, transverse or slightly
oblique surficial annulations, and faintly cyrto-
conic apices. Surface variously ornamented, but
longitudinal lirae conspicuous from earliest stage.
Siphuncle central or slightly ventral from center;
segments and endosiphuncular deposits like those
of immature Dolorthoceras; in mature segments,
brims and necks subequal, longer than width of
adnation area. Cameral deposits mural; both cam-
eral and siphuncular deposits developing later than
in other Pseudorthoceratidae, hence confined to
more apical regions of conch. Devr., N.Am.(wide-
spread)-Eu.(Czech.-Eng.-Ger.). F1c. 174,5. *S.
crotalum (HaLL), M.Dev., USA(N.Y.); X1.5
(22).

Adnatoceras FLower, 1939, p. 120 [*Orthoceras
spissum Havrr, 1879, p. 287; OD] [=dAdnatho-
ceras SHIMANsKIY, 1954 (mom. null.)]. Like
Dolorthoceras, but siphuncular segments abruptly
expanded at septal foramen, parallel-sided, and

© 2

Allanoceras Barskov, 1959, p. 57 [*A4. inusitatum;
OD]. Uncompressed smooth-surfaced orthocones.
Siphuncle between center and venter, subortho-
choanitic, with brims not developed; segments ex-
panding only slightly within camerae. Annulo-
siphonate endosiphuncular deposits growing for-
ward dorsally to form continuous lining of uni-
form thickness; ventrally, deposits inflated in
adapical part of segment, but thinner in forward
part of segment. Episeptal, hyposeptal, and mural
deposits in camerae. U.Sil., USSR(S.Ferghana).

Fic. 174,2. *A. inusitatum; 2a,b, long. sec.,
lat. view, X1 (6).

Anastomoceras FLoweR, 1939, p. 87 [*4. mirabile;
QD]. Orthocones with straight transverse sutures
and circular cross section. Siphuncle slender, cen-
tral, cyrtochoanitic; segments fusiform to sub-
cylindrical; brim width less than half neck length.
Connecting rings join preceding septum with no
area of adnation. Endosiphuncular annuli in sep-
tal foramen growing forward in each segment,
fusing with those of succeeding segment; further
deposition resulting in longitudinally perforated
central core attached to parietal deposits by irre-
gular radial pillars. L.Dev., USA(N.Y.). Fic.
175,2. *A. mirabile; diagram. views of siphuncu-
lar segments in older (2a) and younger (2b)
parts of conch, X9 (22).

)09 University of Kansas Paleontological Institute
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Euloxoceras Palmeroceras Euloxoceras

Fic. 176. Pseudorthocerataceae (Pseudorthoceratidae—Spyroceratinae) (p. K249-K250).

© 2009 University of Kansas Paleontological Institute



b

Tripteroceroides

2
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Cephalopoda—Nautiloidea
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Shikhanoceras
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S, -

60"’"

Fic. 177. Pseudorthocerataceae (Pseudorthoceratidae—Spyroceratinae) (p. K249-K251).

Cryptorthoceras FLower, 1939, p. 131 [*C. pro-
ductum; OD]. Depressed orthocones with oblique
aperture turned abruptly toward venter so that
dorsum is arched over normal apertural position.
Dorsal apertural margin broadly arched, lateral
parts rounded, central part like dorsal side lat-
erally, but with prominent hyponomic sinus.
Sutures straight. Siphuncle slightly ventral from

© 20

center; segments slender, faintly expanding; width
of brim and adnation area equal and less than
neck length in adult segments. No endosiphuncu-
lar deposits known. M.Dev., USA(N.Y.). Fic.
174,6. *C. productum; X1 (22). )

?Cyrtospyroceras FLowEr, 1938, p. 50 [*C. rezman-
ni; OD]. Like Spyroceras, but with cyrtoconic
conch apex and ventral siphuncle: M.Dev., USA

09 University of Kansas Paleontological Institute
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(N.Y.). Fic. 174,4. *C. reimanni; 4a-c, lat.,
dorsal, ventral views, X0.75 (21).

Cyrtothoracoceras TurRNER, 1954, p. 300 [*Cyrto-
ceras tuberculatum M’Coy, 1844, p. 11; OD].
Longitudinally fluted cyrtocones with strong longi-
tudinal ridges carrying closely spaced nodes on
their crests and separated by concave longitudinal
interspaces without longitudinal lirae. Siphuncle
small, submarginal, faintly cyrtochoanitic; seg-
ments subcylindrical, but rather abruptly expanded
at each end, hence wider than septal foramina.
Cameral and siphuncular deposits unknown. L.
Carb.(Tournais.-Visé.), G.Brit.(Isle of Man).
Fic. 176,1. C. wrighti Turner, U.Viséan; lab,
ventral, lat. views, X0.7 (199); I¢, dorsoventral
sec., X4 (courtesy J.S. Turner).

Diagoceras FLoweRr, 1936, p. 23 [*Orthoceras
aptum Harr, 1876, pl. 38; OD]. Uncompressed
or depressed orthocones with sutures directed for-
ward on dorsum. Siphuncle between center and
venter; necks well developed, brims rudimentary,
free part of connecting ring faintly and uniformly
convex throughout its length. Adnation area ap-
proximately as wide as brim. No endosiphuncular
deposits known. Cameral deposits mural, well
developed. M.Dey., USA(N.Y.). Fic. 1774.
*D. aptum (Harr); X0.5 (22).

Dolorthoceras MiLLER, 1931, p. 419 [*D. circulare;
OD]. Smooth, uncompressed or slightly depressed
orthocones with straight transverse or slightly
oblique sinuous sutures and probably trilobate
hyponomic sinus. Early ectosiphuncle ortho-
choanitic, central; later cyrtochoanitic, slightly
ventral from center in most species, with necks
becoming more strongly curved and rings more
inflated. In adult stage, neck length and brim
width normally equal, but rings adnate only in
early part of adult siphuncle. Endosiphuncular an-
nuli growing forward and normally completed
around septal foramen before ventral fusion of
adjacent  deposits.  Cameral deposits mural;
heavier ventrally than dorsally. L.Dev.-L.Perm.,
N. Am.-Eu.-Asia-Australia. Fic. 175,1a. D.
exile (Harr), M.Dev.,, USA(N.Y.); X0.7 (22).

Fic. 175,16. D. revertum FrLower, M.Dev.,
USA(N.Y.); long. sec. of siphuncle, X3.3 (22).
?Eridites ZHURAVLEvVA, 1961, p. 55 [*E. astrovae;
OD]. Faintly cyrtoconic smooth-surfaced longi-
cones of circular transverse section. Sutures sim-
ple, sloping posteriorly from dorsum to venter.
Siphuncle slightly eccentric, height about one-fifth
conch height. Segments longer than wide, slightly
inflated; septal necks suborthochoanitic. Endo-
siphuncular annuli apparently incomplete; devel-
oped into fused parietal deposits ventrally, but
absent dorsally. Cameral deposits well developed
ventrally, seemingly absent dorsally. M.Sil.(Wen-
lock.), USSR (Podolia). Fic. 178,1. *E. astro-
vae; long. sec., venter on right, X1 (214b).

Euloxoceras MiLLER, DunBar, & Conbpra, 1933, p.
97 [*E. greenei; OD]. Longitudinally costate

© 2009 University of Kansas Paleontological Institute

Eridites

Fic. 178. Pseudorthocerataceae (Pseudorthoceratidae
—Spyroceratinae, Cayutoceratinae) (p. K249, K251).

orthocones with uncompressed early stage. Lat-
erally compressed later stage and oval or sub-
quadrangular cross section. Sutures with promi-
nent lateral lobes and dorsal and ventral saddles,
crests of which may be stré’ight or possess rudi-
mentary lobes. Siphuncle between center and dor-
sum; segments subcylindrical, but contracted
abruptly at septal foramen. Brim width more than
twice neck length; width of adnation area less
than that of brim, but greater than neck length.
Free part of connecting ring transverse at either
end, continuing expansion of siphuncle; turn to
longitudinal part abrupt and greater part of ring
either cylindrical or faintly concave. Relatively
thick endosiphuncular deposits like those of
Dolorthoceras, slightly better developed ventrally
than dorsally. Cameral deposits episeptal and
hyposeptal, markedly heavier ventrally than dor-
sally. Well-defined septal furrow on dorsum.
U. Miss. - Penn., USA (Mo.-Okla.-Tex.). Fic.
176,2. *E. greenei, Okla.; 2a, ventral view, X1;
2b, lat. view, X1; 2¢, long. sec., X2 (128).

Fusicoceras FLower, 1939, p. 137 [*F. eriense;
OD]. Faintly exogastric brevicones of subtri-
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angular transverse section. Sutures with low

broad dorsal lobe, deeper ventral lobe. Siphuncle

subventral, like Dolorthoceras in outline and form
of endosiphuncular deposits. M.Dev., USA(N.Y.).

Fic. 174,1. *F. eriense; X1 (22).

Geisonoceroides Frower, 1939, p. 113 [*G.
woodae; OD]. Like Dolorthoceras, but with sim-
ple aperture and transverse ornament of slightly
oblique rounded ridges and equal concave inter-
spaces. Fine ornament varies; may consist of fine
distant transverse striae. M.Dev.-U.Dev., USA
(N.Y.). Fic. 176,5. *G. woodae, M.Dev.;
X 0.75 (22).

Gordonoceras TEICHERT & GLENISTER, 1953, p. 39
[*G. bondi; OD]. Moderately large, smooth, un-
compressed cyrtocones with straight transverse
sutures, long camerae, and shallow concave septa.
Siphuncle small, subcylindrical, midway between
center and venter; necks cyrtochoanitic, with nar-
row brims. Endosiphuncular deposits consisting
of annuli in septal foramen that grow forward
along connecting rings; not known to fuse with
deposits of adjacent camerae. Mural deposits in
camerae best developed ventrally. L.Si#. or M.Sil.,
‘Tasm. Fic. 176,6. *G. bondi; 6a, lat. view,
X 1; 6b, ventral view, X1; 6¢, dorsoventral sec.,
X2 (192). [FLower (47a) now includes this
genus in the Proteoceratidae. ]

Lopingoceras SHIMANsK1Y, 1962, p. 90 [*Orthoceras
lopingense Stovanow, 1909; OD]. Perm., Eu.
(Yugo.-Aus.-USSR)-Asia(China).

Mitorthoceras Goroown, 1960, p. 135 [*M. perfilo-
sum; OD]. Small orthocones ornamented by
gently sinuous transverse lirae separated by con-
cave to flat interspaces. Septa moderately concave;
sutures straight and transverse or slightly oblique.
Siphuncle subcentral, cyrtochoanitic; segments sub-
cylindrical, rings slightly contracted at necks;
endosiphusnicular annuli growing anteriorly from
necks and fusing with succeeding deposits. Cam-
erae with well-developed lamellar episeptal and
less well-developed hyposeptal deposits slightly
thicker on venter than dorsum. Both conchal and
septal furrows present. L.Miss.-U.Miss., USA (Alas-
ka-Ark.-Calif.-Miss.-Okla.-Tex. - Utah) - Eu. (Ire.-
Ger.). Fic. 174,3. *M. perfilosum, Miss., USA
(Ark.-Utah); 34, long. sec., X5; 3b, lat. view,
X3 (81).

Palmeroceras Frower, 1936, p. 58 [*Orthoceras
fustis Harr, 1879, p. 281; OD]. Orthocones with
straight transverse sutures and circular cross sec-
tion; shell. surface with fine cancellate markings.
Aperture trilobate; body chamber with series of
internal constrictions. Siphuncle central, cyrto-
choanitic; brim width nearly twice neck length;
width of adnation area nearly equals that of brim;
free part of connecting ring abruptly curved at
anterior and posterior ends, slightly convex over
mid-portion. Endosiphuncular and cameral de-
posits unknown. M.Der., USA(N.Y.). Fic.

Cephalopoda—Nautiloidea

176,3. *P. fustis (HaLL); 3a,5, lat., septal views,
% 0.5 (22).

Petryoceras FLower, 1939, p. 117 [*Orthoceras
thyestes Harr, 1879, p. 306; OD]. Similar to
Dolorthoceras, but surface marked by fine bands
of short, oblique, zigzag striae and lirae. No trace
of hyponomic sinus. U.Dev., USA(N.Y.). FiG.
176,4; *P. thyestes (HaLL); 4a, lat. view, X0.3
(87); 4b, shell surface, X1 (22).

Pseudocycloceras Barskov, 1959, p. 56 [*P. kar-
anglense; OD]. Uncompressed to slightly de-
pressed, annulated orthocones with secondary sur-
ficial growth bands or ridges. Siphuncle large, sub-
orthochoanitic, between center and venter; seg-
ments subcylindrical, only slightly expanded with-
in camerae, somewhat contracted at septal necks,
occupied by parietal deposits growing forward
from point of origin in septal foramina. Parietal
deposits heavy ventrally, but not forming con-
tinuous lining; dorsally thin, but forming con-
tinuous or nearly continuous siphuncular lining.
Camerae with episeptal and mural deposits. M.Sil.,
USSR (S.Ferghana). Fic. 177,3. *P. karang-
lense; 3a, lat. view, X2; 3b, long. sec., X2.5 (6).

Reticycloceras Gorbon, 1960, p. 134 [*R. croneisi;
OD]. Maturely annulated orthocones with earliest
stages nonannulated and ornamented by fine trans-
verse and longitudinal lirae to form delicate net-
work. Longitudinal lirae disappearing at short
distance in front of apex, but transverse lirae con-
tinuing through length of conch. Siphuncle sub-
central, suborthochoanitic to weakly cyrtochoan-
itic; connecting rings subcylindrical, flat- to faintly
convex-sided, slightly compressed at mid-length,
abruptly contracted at ends of each segment.
Siphuncular deposits continuous, heavier ventrally
than dorsally; thick mural deposits in camerae.
L.Carb.(UMiss.), USA(Ark. - Okla. - Utah) - Eu.
(Belg.-Eng.). Fic. 177,2. *R. croneisi, USA
(Ark.); lat. view, X3 (81).

Sceptrites FLowER, 1939, p. 133 [*Orthoceras scep-
trum HaLr, 1888, p. 26; OD]. Probably smooth,
slightly compressed, Pendogastric cyrtocones with
straight transverse early sutures and later sutures
with slight lateral lobes. Siphuncle subcentral,
empty; segments apparently similar to immature
Dolorthoceras in shape. Mural cameral deposits
concentrated against concave side of conch. M.
Dev., USA (Ohio-N.Y.)-Australia(Victoria). ——
Fic. 177,5. *S. sceptrum (HaLp), USA(N.Y.);
lat. view, X 0.5 (22).

Shikhanoceras SmiManskiy, 1954, p. 116 [*S.
sphaerophorum; OD]. Laterally compressed, slow-
ly enlarging orthocones with thin irregular sur-
ficial striae and slightly sinuous transverse sutures.
Embryonic stage straight, with hemispherical ini-
tial chamber and inflated first 6 chambers. Si-
phuncle subcentral; necks short, weakly cyrto-
choanitic; connecting rings cylindrical, but wider
than septal foramen. Cameral deposits absent or
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Bradfordoceras

Cayutoceras

Fic. 179. Pseudorthocerataceae (Pseudorthoceratidae
—Cayutoceratinae) (p. K251).

weakly developed, simple. L.Perm., USSR(S.
Urals). Fic. 177,6. *S. sphaerophorum; 6a,
lat. view, X2; 65, embryonic stage of conch,
X8.5; 6¢, long. sec., X7.5 (161).
Tripteroceroides MiLLer & Furnisn, 1940, p. 358
[*T. knighti; OD]. Depressed, apically curved
orthocones with venter flatter than dorsum and
surface with dorsally convergent longitudinal
lirae. Sutures with slight ventral and dorsal lobes
and lateral saddles. Siphuncle subventral, slender,
cyrtochoanitic; segments subcylindrical, sharply
contracted at septal foramen. Endosiphuncular and
cameral deposits unknown. L.Carb.(Miss.), USA
(Ky.)-?Eu.(Ire.). Fic. 177,1. *T. knighti,
USA(Ky.); 1a,b, X1 (130).

Subfamily CAYUTOCERATINAE Flower, 1939

Siphuncular deposits differentiated into
an outer layer of discrete calcareous annuli
and an inner dark-colored layer of fused
segmental deposits forming a continuous
endosiphuncular lining. L.Sil.-Dev.
Cayutoceras FLowEer, 1939, p. 155 [*C. casteri;
OD]. Uncompressed or slightly depressed smooth-
surfaced orthocones with straight transverse su-
tures and evenly curved septa. Siphuncle slender,
central to slightly ventral from center; segments
subovate, longer than wide, with brim width and
neck length equal and width of adnation area
less than balf brim width. Endosiphuncular an-
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nuli in septal foramen possibly extending forward,
but not fusing with those of adjacent camerae;
annuli covered by continuous dark-colored lining
of probable segmental origin; both deposits thicker
ventrally than dorsally, but appearing dorsally be-
fore dark inner lining becomes continuous ven-
trally. U.Dev., USA(N.Y.)-Armenia-Australia.
Fic. 179,2. *C. casteri, USA(N.Y.); diagram. long.
sec. of siphuncle, X6 (22).
Arpaoceras ZHURAVLEVA, 1962, p. 89 [*4. raphacli;
OD]. Dev., Eu.(Armenian SSR).
Bradfordoceras FLowER & CasTER, 1935, p. 32 [*B.
transversum; OD]. Slightly depressed orthocones
with shallow septa and slightly oblique sutures
with lateral saddles and shallow ventral and
deeper dorsal lobes. Surface with obscure growth
lines; aperture with broad, shallow hyponomic
sinus. Siphuncle ventral from center; mature seg-
ments pyriform or globular in shape. Endo-
siphuncular deposits like Cayutoceras. U.Dev.,
USA(Pa.). Fic. 179,1. *B. transversum;
diagram. long. sec. of siphuncle, X3.3 (22).
Buchanoceras TEICHERT & GLENISTER, 1952, p. 742
[*B. graviventrum; OD]. Large, gradually en-
larging uncompressed to slightly depressed ortho-
cones with straight transverse sutures and mod-
erately deep septa. Siphuncle slightly eccentric;
segments nummuloidal, occupied by Cayutoceras-
like deposits restricted largely to ventral side.
Camerae with thick hyposeptal and episeptal de-
posits. L.Dev. - M.Dev., Australia(Victoria).
Fic. 180,1. *B. graviventrum, M.Dev.; long. sec.
of siphuncle, x3.5 (181).
?Dnestroceras ZHURAVLEVA, 1961, p. 56 [*D. in-
certum; OD). Straight to faintly curved longi-
cones of compressed section. Surface with fine
transverse striae inclined toward venter. Sutures
straight or slightly sinuous, inclined toward dor-
sum. Siphuncle eccentric, wide; septal necks cyrto-
choanitic, connecting rings moderately inflated.
Endosiphuncular annuli more strongly developed
ventrally than dorsally; growing anteriorly, fusing
to form continuous endosiphuncular lining. Epi-
septal, hyposeptal, and mural deposits well de-
veloped in ventral portions of camerae, [Details
of endosiphuncular deposits not entirely clear from
type description or illustration, hence not cer-
tainly a cayutoceratinid.) U.S:i.(U.Ludlov.),
USSR (Podolia) . F16. 178,2. *D. incertum; 2a,
segment of surface, X6; 2b,c, dorsoventral secs.,
X1, venter on left and right, respectively (214b).
Metastromatoceras ZHURAVLEVA, 1957, p. 678 [*M.
formosum; OD]. Like Stromatoceras, but straight,
uncompressed, and with subcentral rather than
distinctly eccentric siphuncle. Cameral deposits
episeptal and mural; both cameral and endo-
siphuncular deposits concentrated ventrally. [Na-
ture of endosiphuncular deposits not entirely clear
from type description or illustration.] L.Sil.,
USSR. Fic. 180,3. *M. formosum; long. sec.
of siphuncle, X1 (212).
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Fic. 180. Pseudorthocerataceae (Pseudorthoceratidae—Cayutoceratinae) (p. K251-K252).

Stromatoceras TEICHERT & GLENISTER, 1953, p. 36
[*S. eximium; OD] [=Stromotoceras TEICHERT
& GLENISTER, 1953 (nom. null.)]. Slowly enlarg-
ing, uncompressed to slightly depressed cyrtocones
ornamented by regular longitudinal ribs and ir-
regular transverse annulations. Sutures with lat-
eral saddles separated by dorsal and ventral lobes.
Siphuncle between center and venter; segments
nummuloidal, occupied by endosiphuncular de-
posits of Cayutoceras type. Mural deposits in
camerae. L.Sil. or M.Sil., Tasmania. Fic. 180,
2. *S. eximium; 2a,b, left lat. view, dorsoventral
sec. of siphuncle, X 0.5 (192). [FLowEr (47a2) now
includes this genus in the Proteoceratidae.]

Subfamily PSEUDACTINOCERATINAE
Schindewolf, 1943

[nom. transl. Sweer, herein (ex Pseudactinoceratidae
ScHINDEWOLF, 1943)] [=Macroloxoceratinae FLowEr, 1957]

Conchs with broadly expanded, typically
spherical siphuncular segments with brim
width greater than neck length and con-
necting rings commonly extensively adnate
to septa. Parietal endosiphuncular deposits
growing mainly forward, fusing in anterior
ends of segments; deposits thick in ex-
panded part of segment and pierced by 2

series of radial canals, one terminating in
anterior part of ring close to tip of neck,
other ending just anterior to beginning of
adnation area. Anterior and posterior canals
appearing to join in anterior third of seg-
ment. [Distinguished from actinocerids pri-
marily by slender early siphuncle segments
and by lack of separation of endosiphuncu-
lar deposits from connecting rings by a peri-
spatium.| U.Dev.-L.Carb.

Pseudactinoceras ScHINDEWOLF, 1943, p. 233 [*P.
promiscuum; OD]. Slightly depressed longiconic
cyrtocones with large siphuncle between center and
venter. Early siphuncular segments subortho-
choanitic; later segments strongly cyrtochoanitic,
nummuloidal, broader than long. Segments with
annulosiphonate parietal deposits growing more
prominently forward than backward; canals slight-
ly anterior of segment center. Camerae with thick
hyposeptal and episeptal deposits on venter; only
thin episeptal deposits on dorsum. L.Carb.(Visé.),
Eu.(Ger.). Fic. 181,5. *P. promiscuum; dorso-
ventral sec. of conch apex, X6 (155).

?Bergoceras Frower, 1939, p. 155 [*Cyrtoceras
antelope pEKoNINCK, 1880, p. 36; OD]. Slightly
curved cyrtocones with subcentral siphuncle. Si-
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Eusthenoceras

Macroloxoceras Pseudactinoceras

Fic. 181. Pseudorthocerataceae (Pseudorthoceratidae—Pseudactinoceratinae) (p. K252, K254).
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Fic. 182. Pseudorthocerataceae (Pseudorthoceratidae
—Pseudactinoceratinae) (p. K254).

phuncle segments broadly expanded, occupied by
thick endosiphuncular deposits; radial canals un-
known, for all described specimens are immature
and deposits occupy only slightly more than api-
cal half of segments. L.Carb.(Visé.), Eu.(Belg.-
Ire.). Fic. 181,2. *B. antelope (pEKONINCK),
Eu.(Belg.); 2a, left lat. view, X0.5; 24, dorso-
ventral sec., X1; 2¢, long. sec. of 2 camerae,
X 0.5 (22).

Campyloceras M’Coy, 1844, p. 6 [*Orthoceras un-
guis PuiLLips, 1836, p. 238; SD TurnEr, 1954,
p. 300]. Slender, smooth, longiconic cyrtocones
of subcircular transverse section and with straight
or slightly sinuous sutures. Siphuncle central,

© 2009 University of Kansas Paleontological Institute
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cyrtochoanitic; segments  subspherical through
known parts of conch, occupied by parietal de-
posits like those of Macroloxoceras, but less well
developed on dorsal side of siphuncle than on
ventral side. Camerae with well-developed epi-
septal and mural deposits. L.Carb.(Visé.), Eu.
(Eng.-Scot.-Ire.-Belg.). Fic. 182,1a. C. sp. f.
C. unguis (PHILLIPS), Scot.; dorsoventral sec., X4
(courtesy J. S. Turner, Leeds). Fic. 182,1b-¢.
*C. unguis (PHiLLIPS), Eng.-Scot.; dorsal, apical,
left, and right lat. views, X1 (courtesy Brit. Mus.
Nat. Hist.).

?Eusthenoceras Foorp, 1898, p. 98 [*Cyrtoceras
hulli pEKoNINck, 1881, p. 50; OD]. Large, de-
pressed, apically curved, exogastric cyrtocones.
Sutures with dorsal saddles; siphuncle subcentral
or between center and venter, cyrtochoanitic. Shape
and structure of siphuncle unknown, its segments
probably inflated; may be occupied by deposits
similar to those of Pseudactinoceratinae, but not
well known. L.Carb., Eu.(Ire.). Fic. 181,1. *E.
hulli (DEKoNINCK); lat. view, X0.3 (80).

Macroloxoceras FrLower, 1957, p. 67 [*M. mag-
num; OD]. Strongly depressed orthocones with
markedly flattened venter; sutures with ventral
lobes. Siphuncle ventral from center, broadly
expanded and spheroidal in shape, with long
free brims; deposits in siphuncle show discrete
apical and anterior radial canals. Episeptal de-
posits well developed; smaller hyposeptal deposits
apparent only in relatively early parts of phragmo-
cone. U.Dey., USA(Colo.-N.Mex.). Fic. 181,
4. *M. magnum, USA(Colo.); 4a,b, dorsal and
septal views, X0.3; 4c, long. sec. of siphuncle,
X1 (46)

Paraloxoceras FLowER, 1939, p. 153 [*P. konincki;
OD]. Slightly depressed orthocones with straight
sutures. Endosiphuncular deposits like Macroloxo-
ceras, but canals united in central part of deposit.
L.Carb.(Visé.), Eu.(Belg.). Fic. 181,3. *P.
konincki; dorsoventral sec., X1.3 (22).

Family MYSTERIOCERATIDAE Sweet,
n. fam.

Conchs characterized by cyrtochoanitic
mature siphuncle with segments occupied
by parietal deposits that originate imme-
diately behind septal necks and grow back-
ward to preceding septal neck, where they
fuse with anterior part of preceding deposit
to form continuous lining. M.Ord. or U.
Ord.

Mysterioceras TEICHERT & GLENISTER, 1953, p. 33
[*M. australe; OD]. Slowly enlarging, uncom-
pressed, smooth-surfaced orthocones with mod-
erately large, subcentral siphuncle. Septal necks
short and cyrtochoanitic, with very narrow brims;
connecting rings faintly inflated, segments longer
than wide. Siphuncular lining produced by parie-
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Fic. 183. Pseudorthocerataceae (Mysterioceratidae) (K254-K255); Proteoceratidae (p. K256).

tal deposits that develop first along connecting
rings immediately behind septal necks, then
grow adapically and adorally so that deposits of
adjacent segments fuse in adapical portions of seg-
ments to produce continuous sheath lining si-
phuncle. Cameral deposits mural and episeptal,
well developed. M.Ord. or U.Ord., Tasm.-Eu.
(USSR). Fic. 183,2. *M. australe; 2a,b, dorso-
ventral secs., X3, X 1.5 (192).

Family STEREOPLASMOCERATIDAE
Kobayashi, 1934

Smooth cyrtochoanitic orthocones. Cam-
erae typically with well-developed organic
deposits; siphuncle empty, or with continu-
ous, apparently nonsegmental, lining. Si-
phuncular segments moderately to broadly
expanded. [Type genus, of which Szereo-
plasmocerina Kosayasui, 1936, is consid-
ered a synonym, not well known. The non-
segmental lining, by which the family is
most adequately distinguished, may be an
effect of preservation in cyrtochoanitic
orthocerids of diverse origin.] M.Ord.
Stereoplasmoceras GraBau, 1922, p. 65 [*S. pseu-
doseptatum; OD] [=Stereoplasmocerina KoBaya-
sui, 1936]. Smooth, longiconic orthocones of

subcircular section but with somewhat flattened

© 2

venter. Siphuncle relatively large, subcentral or
between center and venter, cyrtochoanitic; empty,
or with continuous apparently nonsegmental or-
ganic lining; segments moderately to considerably
expanded within camerae. Camerae with hypo-
septal and episeptal, or with episeptal and mural
deposits invariably well developed. M.Ord., Eu.
(Norway)-Asia (China-Korea-S. Manchuria).
Fic. 184,1. S. longicameratum SwegT, Norway;
la, diagram. dorsoventral sec., X1.3; 15, lat.
view, X0.7 (178). Fic. 184,2. S. tofangoense
(KosavasHr), S.Manchuria; long. sec., X1 (105).
Fic. 184,3. S. approximatum (Swegt), Nor-
way; diagram. dorsoventral sec., X1.3 (178).

Family PROTEOCERATIDAE Flower,
1962
[=Hammelloceratidae SHiMizU & OBATA, 1935]

Smooth or annulated orthocones and exo-
gastric cyrtocones with expanded cyrto-
choanitic siphuncular segments in early
stages and narrower, subcylindrical, ortho-
choanitic segments in late stages. Siphuncu-
lar deposits consist of annuli that develop
into parietal deposits by growth forward,
backward, or in both directions, from sep-
tal foramen. Cameral deposits well devel-
oped in most genera. M.Ord.-M.Sil.
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Fic. 184. Pseudorthocerataceae (Stereoplasmocerafti-
dae) (p. K255).

Proteoceras FrLower, 1955, p. 821 [*Qomnoceras
perkinsi RUEDEMANN, 1906, p. 499; OD]. Smooth,
slender, apically curved orthocones with straight
transverse sutures. Siphuncle excentric in young,
more nearly central in later stages; early segments
expanded, with short recurved septal necks and
no adnation area; later segments orthochoanitic,
cylindrical. Endosiphuncular deposits parietal or
annular, thick in front of and behind septal neck,
but wanting over most constricted part of septal
foramen. Mural deposits elaborate in some forms,
better developed dorsally than ventrally. Adoral
parts of phragmocone may lack both cameral and
siphuncular deposits. M.Ord., N.Am.(Vt.-N.Y.-
Que.)-Eu.(Balt.). Fic. 183,1. *P. perkinsi
(RuepeMANN), USA(N.Y.); dorsoventral sec., ven-
ter on left, X2 (44).

Cyrtactinoceras Hyatt in Zitter, 1900, p. 528
[*Cyrtoceras rebelle Barranpe, 1866, pl. 164;
OD|] [=Cyrtoactinoceras Kosayasui, 1927 (nom.
null.)]. Slender depressed exogastric cyrtocones
with ventral hyponomic sinus and straight sutures
that slope forward on dorsum. Siphuncle sub-
ventral, cyrtochoanitic; segments inflated, longer

© 2
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than wide, becoming more slender anteriorly. An-
nular siphuncular deposits growing forward and
backward from point of origin in septal foramina.
M.Sil., Eu.(Czech.-Ger.). Fic. 185,2. =*C.
rebelle (BARRANDE), Eu.(Czech.); 2a, left lat.
view, X1; 2b, long. sec., X3; 2c, transv. sec.,
X1 (5).
?Ephippiorthoceras FoersTE, 1924, p. 86 [*Ortho-
ceras formosum BiLLINGs, 1857, p. 317; OD]. Un-
compressed to slightly compressed orthocones with
inconspicuous ornament of transverse or longi-
tudinal striae and lirae, or both, or rather coarse
oblique plications. Sutures forming broad lateral
lobes and dorsal and ventral saddles; camerae of
moderate length. Siphuncle subcentral to sub-
ventral, cyrtochoanitic; segments moderately to
considerably expanded, occupied in at least some
species by circumferentially continuous parietal
deposits originating in septal foramina and ex-
tending adorally along connecting rings. Camerae
of some species with episeptal and mural deposits
that are heavier ventrally than dorsally. [Details
of the siphuncular interior are not known in the
type-species; if the internally better-known Tas-
manian species is indeed congeneric, Ephippi-
orthoceras is probably a pseudorthoceratid rather
than a proteoceratid.] M.Ord.-M.Sil., N.Am.
(Colo.-Iowa-S. Dak.-Wyo.-Anticosti Is.-Baffin Is.-
Man.-Ont.)-Eu.(Norway)-Tasm. Fic. 185,1.
*E. formosum (BiLrings), U.Ord., Can.(Anticosti
Is.); 1ab, lat. view, dorsoventral sec., X1 (63).
Gorbyoceras SHiMIzU & OBATA, 1935, p. 4 [*Ortho-
ceras gorbyi MILLER, 1894, p. 322; OD] [=Ham-
melloceras, Porteroceras SHimizu & OBATA, 1935].
Annulated orthocones with longitudinal mark-
ings. Siphuncle subcentral, cyrtochoanitic; seg-
ments weakly to broadly expanded with small
endosiphuncular annuli in septal foramina in early
parts of phragmocone. Mural cameral deposits
developed much farther anteriorly than endo-
siphuncular deposits. M.Ord.-U.Ord., widespread.
Fic. 185,4. G. duncanae Frower, U.Ord.,
USA (Ohio); lat. view, X0.75 (33).
Isorthoceras Frower, 1962, p. 32 [*Orthoceras
sociale HarL in MiLLEr, 1877, p. 245; OD].
Smooth orthocones with subcircular transverse sec-
tion. Siphuncle subcentral; early segments barrel-
shaped, slender, expanding abruptly at septal fora-
minaj; later segments subcylindrical. Endosiphuncu-
lar annuli grow forward and backward, joining
those of adjacent segments to form continuous
parietal lining of nearly uniform thickness through-
out segments. M.Ord.-U.Ord., N.Am.(lowa-Ky.-
Tenn.). Fic. 156A,2. *I. sociale (Harr), U.
Ord.(Maquoketa Sh.), USA (Iowa); 2a, long. sec.,
X 4; 2b, lat. ext., X1 (277).
?Metephippiorthoceras ZHurRAvLEVA, 1957, p. 679
[*M. helenae; OD]. Uncompressed annulated
orthocones with short camerae and sutures with
low dorsal and ventral saddles. Siphuncle slender,
submarginal, cyrtochoanitic; segments nummul-
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oidal, connecting rings broadly adnate to adapical enae; Sab, septal view, dorsoventral sec., X2
side of anterior septum on ventral side in each (212).

segment. No deposits known in siphuncle or = Monomuchites WiLson, 1961, p. 24 [*M. costalis;
camerae. U.Ord., USSR.

Fic. 185,5. *M. hel- OD]. Gradually expanding, uncompressed ortho-

7
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Cyrtactinoceras

Metephippiorthoceras

Stereospyroceras Gorbyoceras Tofangoceras

Fic. 185. Pseudorthocerataceae (Stereoplasmoceratidae) (p. K256-K259).
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Heloceras

5b Neorthoceras

Tretoceras

Fic. 186. Orthocerida, Family Uncertain (p. K259-K261).

cones with straight transverse sutures and exterior
marked by one transverse annulation at mid-length
of each chamber. Siphuncle subcentral, small;
septal necks short, slightly recurved; connecting
rings faintly expanded, apparently occupied by seg-
mental organic deposits, the nature of which is not

© 2009 University of Kansas Paleontological Institute

clear in the type-species. [WiLsoN states that si-
phuncle of type-species is empty. FLower (47a)
states that siphuncular segments of Monomuchites
are broadly expanded in young, slender in adult,
and occupied by annuli similar to those of other
genera which he includes in the Proteoceratidae.
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Neither of these characters is evident in the de-
scription or illustration of the type-species.] M.
Ord., N.Am.(N.Y.-Que.-Ont.). Fic. 156A,4.
*M., costalis, Leray Ls., Ont.; annulated ext., para-
type, X1 (Wilson, 1961).

Stereospyroceras FLowER, 1955, p. 827 [*S. cham-
plainense; OD]. Straight or faintly curved

conchs, prominently annulated and longitudinally’

lineated in young; annulations reduced in mature
shells of some species. Siphuncle eccentric, sub-
orthochoanitic or weakly cyrtochoanitic in early
stages, segments tending to become planoconvex
and finally subcylindrical in late stages. Siphun-
cular deposits annular, irregular, thick, produced
primarily anteriorly, but also posteriorly from
origin in septal foramina. Camerae with episep-
tal and mural deposits developed far in advance
of siphuncular deposits. M.Ord., USA(Vt.)-Eu.
(Norway). Fic. 185,3. *S. champlainense,
USA(Vt.); long. sec., X0.75 (44).

Tofangoceras Koeavasui, 1927, p. 189 [*T. pauci-
annulatum; OD) [=Pseudeskimoceras, Kogeno-
ceras SHIMIZU & Ogata, 1936; Tofangocerina
KosavasHi, 1936; Toufangocerina BaLasHov, 1959
(nom. null.)}. Like Stereoplasmoceras, but sur-
ficially annulated. M.Ord.,, USA(N.Y.)-Asia(S.
Manchuria - Korea - Siberia). Fic. 185,6. *T.
pauciannulatum, Korea; nat. long. sec., X1 (101).

SUPERFAMILY AND FAMILY
UNCERTAIN

Chicagooceras FoERsTE & Savace, 1927, p. 47 [*C.
welleri; OD]. Faintly curved brevicones, uncom-
pressed adapically, depressed anteriorly; flattened
dorsally, attaining maximum gibbosity at adapical
end of body chamber. Sutures straight but sloping
slightly adapically from dorsum to venter. Si-
phuncle small, slightly ventral of center; prob-
ably orthochoanitic and cylindrical in form.
[Resembles many Silurian Acleistoceratidae (On-
cocerida), but differs probably in orthochoanitic
siphuncle.] M.S:l. N.Am.(Ill.-Ont.). Fic. 186,
6. *C. weller;, USA(IlL.); lat. view, X1 (77).

Cycloceras M’Cov, 1844, p. 6 [*Orthocera annu-
laris FLEMING, 1815, p. 203; SD BassLEr, 1915,
p. 325] [=PPerigrammoceras ForrstE, 1924;
Cycoceras CronEls, 1926 (nom. null.)]. Annu-
lated, subcylindrical orthocones with no longi-
tudinal ornmamentation. [Type-species is based on
an internal mold of a body chamber on which
even position of siphuncle is indiscernible. The
most common species referred to Cycloceras
(Orthocera sulcata FLEMING, non MopeEr, 1797)
is a Reticycloceras, but this has no bearing on
affinities of C. amnularis (FLEMInG). No species
other than the type-species should be referred to
Cycloceras until its type is better known, and the
proper content of Cycloceratidae HyarT in ZITTEL,
1900, will likewise remain unknown until that
time. Perigrammoceras FoERsTE  (*Orthoceras
laevigatum Foorp, 1897) has been considered

K259
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Tienoceras

Garryoceras

Fic. 187. Orthocerida, Family Uncertain
(p. K259-K260).

synonymous with Cycloceras by MILLER, Dungar,
& ConbRa, and others since 1933. It has a central
siphuncle, the structure of which is unknown, and
external characters similar to those of the frag-
mentary type of Orthocera annularis FLEMING.
Validity or invalidity of the suggested synonymy
will depend on establishment of identity or lack
of identity of internal structures in type-species
of the two genera.] L.Carb.(Visé.) or U.Carb.
(Namur.), Eu.(Scot.-Ire.) . Fic. 186,2. C.? lae-
vigatum (Foorp), L.Carb., Ire.; 24, lat., septal
views, X0.,5 (80).

Dictyoceras Eicuwarp, 1860, p. 1263 [*Orthoceras
porosum EicuwaLp, 1857; M]. Uncompressed an-
nulated orthocones, with annulations at posterior
ends of each chamber. Test exterior with porous,
spongy layer thought to be original. Siphuncle
central; internal structure unknown. Si., Eu.
(Est.). Fic. 186,8. *D. porosum; 8a,b, septal,
lat. views, X1 (19).

Donacoceras Foerste, 1925, p. 68 [*D. timiska-
mingense; OD]. Large, straight or faintly curved
longicones known only from isolated siphuncles,
which are composed of weakly inflated presum-
ably empty segments and probably very short
straight or slightly curved septal necks. [This
genus may be a valid taxon for many orthocerids
with similar ectosiphuncles; however, it will be
unrecognizable until more is known of the conch
and endosiphuncular structure.] M.Sil., Can.(Ont.-
Que.).

Garryoceras Forrste, 1928, p. 42 [*Orthoceras
semiplanatum WHiTEAVES, 1892, p. 81; OD].
Strongly depressed orthocones with flattened dor-
sum, more narrowly rounded venter. Camerae
short; sutures sloping adapically from dorsum to
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Fic. 188. *Mstik hinoceras mirabile SHIMANSK1Y,
Actinocerida (Ormoceratidae) (p. K214).

venter and forming broad shallow dorsal lobes.
Siphuncle small, subventral, subcylindrical in
form. [Detailed morphology of conch interior
unknown; gross form suggests relationship to
Valcouroceratidae (Oncocerida), but siphuncle is
too small and apparently is cylindrical.] U.Ord.,
Can.(Man.). Fic. 187,1. *G. semiplanatum
(WHrTeaves); lab, dorsal, septal views, X0.7
(65).

Heloceras Excuwacrp, 1860, p. 1262 [*H. tubercula-
tum; M]. Small, slender, cylindrical orthocones
with transverse annulations and a longitudinal
row of hemispherical tubercles along one side.

Siphuncle relatively large, subcentral; internal
structure unknown. M. Ord.-M. Sil., Eu. (Est.-
Czech.). Fic. 186,4. *H. tuberculatum; 4a,b,

septal, lat. views, X1 (19).

Loxoceras M'Coy, 1844, p. 6 [*Orthocera breyni
FLEmING, 1828, p. 238; SD BassLer, 1915, p. 767]
[=Breynioceras Forrste, 1929 (obj.)]. Smooth
orthocones with transverse septa forming broad
?ventral lobe. Siphuncle between center and ?ven-
ter. [According to MarTIN, who first described
the type-species, and FLEMING, who stabilized it,
the siphuncle is . simple, small, and cyl-
indrical”’; but, according to Foorp (1888, p. 193),
it 1s composed of segments that are *‘. . . consid-
erably inflated between the septa.” Until the type
of Orthocera breyni is located and restudied,
Loxoceras will remain unrecognizable and content
of the family Loxoceratidae HyatT in ZITTEL,
1900 will remain uncertain.] L.Carb., Eu.(Eng.).

Fic. 186,3. *L. breyni (FLEMING); lat. view,
1 (55).-

Molossus pEMonTrorT, 1808, p. 350 [*Orthocera-
tites gracilis BLumenBacH, 1803; M]. Type and
only known species based on flattened and
stretched fragment of slender orthoconic conch,
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the internal and external details of which are un-
known. ?Dev., Eu.(Ger.).

Neorthoceras Suimizu & OpaTa, 1936, p. 18 [*Or-
thoceras verbeeki HanieL, 1915; OD]. Moderately
expanding orthocones of subcircular cross section,
with straight transverse sutures and deeply con-
cave septa. Surface with low, fine, rounded, sinu-
ous transverse growth bands forming salient on
?ventral side. Siphuncle subcentral; internal
structure unknown. Perm., Malay Arch.(Timor).

Fic. 186,5. *N. verbeeki (HanieL); 5a,
slightly compressed conch with shell preserved,
X1; 5b,c, details of sculpture, X3 (88).

Protobactrites Hyart in Zrrter, 1900, p. 518
[*Orthoceras styloideum Barranpe, 1866, pl. 365;
OD] [=Protobactolites Kosavasui, 1934 (nom.
null.)]. Long slender orthocones or faintly curved
longicones of circular or subcircular cross section.
Surface with transverse and in some species longi-
tudinal striae. Siphuncle eccentric; structure un-
known but possibly cylindrical in shape. Aperture
oblique to long axis; natural truncation of shell
may have taken place. [Genus is unrecognizable
until internal information is available.] M.Ord.-
Sil., PUSA (Ohio) - Eu. (Czech. - Sweden) - USSR
(Pskov). Fic. 186,1. *P. styloideum (Bar-
RANDE), M.Sil., Czech.; 14,5, lat. view, transv. sec.,
X1 (5).

Sannionites FiscHER DEWALDHEIM, 1829, p. 325
[*S. crepitaculum; SM FiscHER DE WALDHEIM,
1837, p. 126]. Orthocone, apparently with thick
cameral deposits. Age unknown, USSR.

Subspyroceras Suimizu & OBaTa, 1935, p. 4 [*Spy-
roceras middlevillense FoersTE, 1928, p. 178; OD].
Slender orthocones with prominent transverse
annulations and longitudinal lirae. Internal fea-
tures unknown. [No species other than the type
can be referred to this genus until its interior is
known; the name has page preference over An-
aspyroceras SHiMizu & OBATA, 1935, of which it
may ultimately be proved a synonym.] M.Ord.,
USA(N.Y.). Fic. 186,7. *S. middlevillense
(FoErsTE); lat. view, X1 (62).

Tienoceras CHao, 1954, p. 28 [*T. lenticulare; OD].
Slightly enlarging, smooth, depressed orthocones
of lenticular cross section, with mid-portions of
dorsum and venter flattened or depressed and with
longitudinal depressions in dorso- and ventro-
lateral sides. Sutures with mid-ventral, mid-
dorsal, and sharp lateral lobes separated by nar-
row dorso- and ventrolateral saddles. Siphuncle
small, subcentral; internal structure not known.
Perm., China(Hunan). Fic. 187,2. *T. lenti-
culare; 2a,b, septal, ventral or dorsal views, X1
).

Tretoceras SALTER, 1858, p. 179 [nom. subst. pro
Diploceras SaLTER, 1856, non Conrap, 1842]
[*Orthoceras bisiphonatum SowerBY in MURCHI-
soN, 1839, p. 642; M] [=Tritoceras WOODWARD,
1868 (nom. null.)]. Depressed orthocones with
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closely spaced septa and ?2 siphuncles, one a large
marginal subcylindrical tube, the other a small
moniliform structure about halfway between cen-
ter and venter. Neither surface nor interior nor
real nature of ?2 siphuncles well known.
[Foerste (1928, p. 267; 1930, p. 123) suspected
symbiotic relationship between this cephalopod
and an organism that is responsible for the in-
ternal tube. Frower (1952, p. 33-34) admitted
FoERSTE's view is possible, but noted that 4 species
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with similar internal structure are known. He
regarded Tretoceras as a probably valid genus de-
serving of recognition as a distinct family or even
higher nautiloid group, although he mistakenly
believed that all 4 species were of the same age.]
M.Ord., Eu.(Eng.) [Similar specimens are known
from M.Ord., USA(Tenn.)-Eu.(Czech.), M.Si.,
Can.(Anticosti Is.), and Dev., Eu.(Ger.)]. Fic.
186,9. *T. bisiphonatum (Sowersy), Eu.(Eng.);
?ventral view, X1 (173).

NAUTILOIDEA—ASCOCERIDA
By W. M. FurnisH and Brian F. GLENISTER

[State University of Iowa, Iowa City, Iowa]

INTRODUCTION

The Ascocerida are comparatively small
nautiloids which are confined to Ordovician
and Silurian strata. Representatives are
known from Europe and North America,
but most of the well-preserved material is
from Upper Silurian strata of the Baltic
Island of Gotland and beds of similar age
in the Province of Bohemia, Czechoslovakia.
Numerous scattered localities in North
America have yielded ascocerids in small
numbers, but the preservation of these speci-
mens almost invariably is imperfect. The
poor preservation of most representatives is
related to their unusually thin septa. Large-
ly because of the rarity of well-preserved
material, little has been added to our under-
standing of basic ascocerid morphology
since the classic studies of Barranpr (1846-
77) and LinpstroM (118a). The latter study
presented an admirably thorough under-
standing of morphology and ontogeny. We
have examined LinpsTroM’s types and find
his lithographs reliable in all details. Some
additional information has been derived
from thin section preparations of Gotland
material, however.

The Ascocerida possess several unusual
morphological features which, in combina-
tion, are unique. Of particular taxonomic
significance is the radical change in conch
morphology which was associated with
ontogenetic shell truncation. The progres-
sive development of saddle-like dorsal cam-
erae and strongly sigmoidal confluent septa

is even more remarkable. This trend cul-
minated in the attainment of centrally
“windowed” or lacunose cameral partitions
in advanced ascoceratids. The mature asco-
cerid siphuncle is also distinctive; it may
consist of only a few strongly nummuloidal
segments in the ventroposterior portion of
the phragmocone, and so correspond to only
one-tenth the total length of the mature
conch.

Possession of these unusual morphologi-
cal features renders the Ascocerida a highly
distinctive nautiloid group, which is readily
separable from other orders. Ascocerids are
indeed “tres-bizarres” (Barranps, 1846).

PREVIOUS INVESTIGATIONS
AND CLASSIFICATION

In his first note on the discovery of the
ascocerids, Barranpe (1846) recognized
their distinctive nature and erected a sep-
arate genus to include them. During the
following 30 years, this author included de-
tailed studies of the group in his extensive
faunal analysis of the Bohemian Silurian.
Barranpe (5) described the shell morphol-
ogy and published fine lithographs of a
variety of forms. Although he also erected
a familial grouping in 1867, his conclusions
on morphological relationships have not
been substantiated, for he regarded the as-
coceroid body chamber as analogous to the
endocerid siphuncle, and the ascocerid
group generally was considered to be primi-
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tive rather than complex. Nevertheless,
Barranpe had a fair comprehension of
natural shell truncation, though none of his
ascocerid material actually displays the
transitional stage from the deciduous cyrto-
cone. These early attempts at interpretation
and classification pursued various courses,
and BarranDE was aided to a considerable
extent by contemporary paleontologists,
notably H. G. Bronn (fide LinpsTROM,
1890, p. 18).

Over a period of years many accounts of
the ascocerids have been given, most of
them now of little significance. BiLLings
(1857, 1862, 1866) recognized Ordovician
representatives of the family which were
clearly identifiable as near relatives of the
Silurian forms. Hyarr (93) clarified some
generalizations but also outlined unsound
relationships on the basis of apertures.
Foorp (79) presented a logical summary
based on fairly extensive material.

By far the most important contribution
yet made to our knowledge of this group
is that of Linpstrom (118a). His study
embraced numerous specimens perfectly
preserved in dense limestone. He was able
to secure several shells which retain part
of the deciduous cyrtoconic conch on the
inflated ascoceroid portion. Serial sections
and models made it possible to construct a
three-dimensional view of practically all
details of the entire conch. Carefully pre-
pared figures include the only original illus-
trations of the radically different deciduous
shell. LinpstréM also had a clear idea of
function in shell morphology.

FoersTE’s descriptions during the 1920
recorded more primitive Ordovician genera
and involved restudy of BrLLings’ materials.
MirLer (123) presented a comprehensive
discussion of the group. Three of Linp-
sTROM’s species and one of BiLLings’ were
designated as types of new genera, MiLLER
also proposed a major subdivision of the
group, named Schuchertoceratidae, based
primarily upon existence of a “basal sep-
tum.”  Experience has shown that this
structure occurs in ascocerid species which
otherwise are diverse, as well as in associa-
tion with normal ascoceratids which in
other respects are almost indistinguishable.
The presence of a simple septum in the
mature conch, therefore, provides an illogi-
cal basis for familial subdivision.

Cephalopoda—Nautiloidea

Frower’s (26) discussion of ascocerid
phylogeny is highly speculative. His visuali-
zation of “prebasal siphuncular segments”
has not been borne out by examination of
better-preserved materials. Also, it now ap-
pears probable that his identification of
“plano-convex siphuncular segments” was
based upon vagaries of preservation. In view
of the importance he attached to these sup-
posed structures, the association of Hebeto-
ceras with the true ascocerids is even less
well founded. No single distinctive feature
of the order can be recognized, but the fam-
ily Hebetoceratidae is retained as a separate
ascocerid group for convenience.

MORPHOLOGY AND
ONTOGENY

The conch secreted by an individual asco-
cerid consists of two distinct portions which
rarely are found joined together. The juven-
ile, or deciduous, conch has been recognized
with certainty only in Silurian Ascocerati-
nae, although probable deciduous conchs
of the Silurian Choanoceratidae are re-
corded. Typically, the deciduous portion
consists of a slender cyrtocone which under-
went periodic truncation. The cumulative
length of the decollated sections in extreme
individuals probably approached 200 mm.,
although most were much shorter. A spe-
cialized septum of truncation forms the
apical end of the breviconic mature, or asco-
ceroid, portion of the conch. Decollation
normally occurred along this septum, but
several specimens retain part of the decidu-
ous conch attached to the ascoceroid por-
tion. The largest recorded ascoceroid conch
has a length of 150 mm., but some fully
mature representatives are slightly less than
20 mm. long. Evidence derived from the
Silurian collections of Gotland suggests that
the cumulative length of the decollated sec-
tions ranged from slightly more than that
of the corresponding mature ascoceroid
conch to more than twice the length of the
fully mature conch.

The external shell of the Ascocerida is
consistently thinner than that of most other
orthocones and cyrtocones of comparable
size. Shell thickness rarely exceeds 1 mm.
in even the largest representatives, except
wheére thickening occurs along the con-
stricted area near the mature aperture. The
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septa of both the deciduous portion and
the mature conch are also extremely thin.
Few specimens exhibit septa which are
thicker than 0.2 mm., and septal thickness
of most forms approximate 0.1 mm. The
septum of truncation is the one exception
to these generalizations; commonly its
thickness is two or three times that of ad-
jacent septa and is approximately equal to
the thickness of the external shell. Rarity
of satisfactory preservation of the internal
structures of the ascocerids is attributable
to their delicate construction. Fragmenta-
tion of internal structures by predators, or
during subsequent habitation by other
organisms, seems probable.

The extreme changes in conch morph-
ology during the ontogeny of the Asco-
cerida necessitate separate consideration of
each of the three stages of growth. The
longiconic deciduous portion is taken to
represent the conch of juvenile growth
stages, and the brevicone housed the mature
animal. Gerontism is marked by the secre-
tion of adventitious transverse septa within
the mature body chamber.

DECIDUOUS CONCH

The longiconic portion has been recog-
nized with certainty in only four species,
Ascoceras manubrium (see Fig. 192,3c-¢;
193,1f-k), A. lagena (see Fig. 193, 1ij),
Parascoceras fistula (see Fig. 192,1c,d; 196,
15), and P. decipiens (see Fig. 192,1a,b).
All are Ascoceratinae and were described by
LinpstroMm (118a) from the Silurian of Got-
land. KesLiNG’s (98a) report of the decidu-
ous longicone of Ordovician Ascocerida has
not been authenticated.

Parascoceras decipiens is the only asco-
cerid in which the apex of the deciduous
conch is known adequately. The shell cor-
responding to the first camera is devoid of
ornament. Length of this first camera is
more than that of the two succeeding cham-
bers. The first segment of the siphuncle is
more inflated than subsequent segments,
and, unlike other segments of the deciduous
conch, is in contact with the ventral shell
wall for most of its length. Cross sections
cf the deciduous conch are approximately
circular. All known species exhibit promi-
nent growth lines or transverse lirae, and
some forms are annulate. Longitudinal lirae
are also present in some species.

K263

Rate of expansion of the deciduous conch
was extremely slow and uniform. Most spe-
cies are gently cyrtoconic, although reversal
of curvature near the apex in some forms
results in a weakly sigmoid outline. The
tubular siphuncle is situated about midway
between the conch axis and the venter.
Septa are uniformly simple throughout the
deciduous conch. They are somewhat
oblique, extending farther forward dorsally;
sutures are straight. Length of the camerae
may approximate one and one-half times
the corresponding conch diameter. Septal
interval increases anteriorly in irregular
cycles; initiation of a new cycle is marked
by short camerae, in which the length is
as little as one-third that of the preceding
camera.

Septal necks are short and orthochoanitic.
Some species exhibit a unique adoral flange
around the septal foramen. These flanges
appear to be continuous with the septum,
and they provide an area of adnation for
the connecting ring. Only slight expansion
of the connecting ring occurs between ad-
jacent foramina.

MATURE ASCOCEROID CONCH

The great majority of Ascocerida are rep-
resented only by the mature, or ascoceroid,
conch. Typically, this consists of an ex-
panded exogastric brevicone, although uni-
form expansion characterizes the Choano-
ceratidae and Hebetoceratidae. Smooth,
lirate, reticulate, and strongly annulate
forms are known.

The apical end of the mature ascoceratid
conch is formed by a specialized septum of
truncation. Thickness of this septum ap-
proximates that of the corresponding lateral
walls of the mature shell and commonly is
more than three times the thickness of ad-
jacent septa in both the deciduous and ma-
ture conchs. Many Silurian Ascoceratidae
possess an adoral flange around the foramen
of the septum of truncation (Fig. 189,1; see
Fig. 193,If,2). These foraminal flanges
appear to be identical with those of the
deciduous conch. Other Silurian- ascocera-
tids seem to lack a flange (Fig. 189,2), but
some forms resemble known Ordovician
representatives in possessing a siphuncular
displacement canal (Fig. 189,3,4; see Fig.
193,36,c). This canal is a short oblique
tube which deflected the siphuncle ven-
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trally across the adoral face of the septum
of truncation. A mineralized plug probably
closed the foramen through the septum of
truncation prior to decollation of the decidu-
ous conch.

The fully mature conch of the Ascocera-
tidae generally consists of an expanded pos-
terior portion, to which the phragmocone
is confined, and a shorter, contracted cy-
lindrical anterior part, the neck. The pos-
terior portion is usually depressed in Ordo-
vician Ascoceratidae, although it may be
approximately equidimensional.  Silurian
ascoceratids differ in that they are almost
invariably compressed. The neck is gen-
erally circular in section; it is short and in-
distinct in Ordovician ascoceratids but ap-
proximates one-third of the total length of
the ascoceroid conch in most Silurian repre-
sentatives.

Spectacular modifications are seen in
fully mature representatives of Glossoceras
(Fig. 190,C; see Fig. 196,2) and may occur,
as yet undescribed, in other Ascoceratinae.
The modified fully mature aperture of
Glossoceras is trilobate, consisting of a
prominent dorsal salient, deep ocular si-
nuses, and a shallow hyponomic sinus.
Such apertural irregularities were devel-
oped only near the extreme margins of fully
mature shells. Elsewhere, the aperture was
approximately straight and transverse.
Hyatr’s (93) reference to a Mesoceras-like
aperture in Billingsites has been found to
represent an irrelevant break on the pos-
terior end of one type-specimen. Shell
thickening near the aperture and close to
the base of the neck has been observed in
fully mature representatives of several taxa
and was probably a characteristic feature.

Secretion of the septum of truncation
coincided approximately with formation of
the constriction at the base of the neck.
Subsequent decollation of the remaining
deciduous conch did not occur, in one
Silurian ascoceratid specimen observed, un-
til the mature number of ascoceroid septa
had appeared. Hundreds of other well-pre-
served mature specimens in the Silurian
lack any remnant of the longicone. Also,
Ordovician representatives with less than
the mature number of segments fail to re-
tain any trace of the deciduous conch.
Whether this latter situation indicates post-

Cephalopoda—Nautiloidea

mortem fragmentation or relatively early
ontogenetic truncation is not known.

As few as three camerae may be present
in the mature ascoceratid conch; the average
is about five, but 12 are known in extreme
forms. The number is nearly constant for
a given species. Several ascoceratid genera
possess a simple basal septum, which is
parallel to the septum of truncation. The
suture corresponding to this basal septum
is straight but oblique. Subsequent septa in
the Probillingsitinae are also subparallel to
the septum of truncation but tend to become
more acutely oblique and to develop gently
sigmoidal sutures. Sutures of all but the
basal septum of the Ascoceratinae are
strongly oblique and sigmoidal. In fully
mature individuals, the last camera extends
forward to the base of the neck. As a re-
sult of this unique distribution of the asco-
ceroid septa, the camerae are restricted al-
most entirely to the dorsal portion of the
brevicone, above the ventrally situated body
chamber.

The septa of all Probillingsitinae are sep-
arate and entire. Ordovician Ascoceratinae
commonly have portions of adjacent septa
in contact, but in no specimen belonging
to this group is there an indication that
secretion was not continuous across the
entire septum. This is not true of Silurian
forms, as these younger representatives in-
variably possess at least one “windowed”
or lacunose septum. A lacuna (see Fig. 193,
la-¢) is a dorsal discontinuity in a septum
and is bounded by the line along which
the septum is in contact with its predeces-
sor. No lacunae extend as far as the shell
wall, and accordingly the whole of each
camera is in direct contact with the corre-
sponding siphuncular segment. However,
septa generally are so closely spaced around
the lateral margins of the lacunae that the
sutures in that vicinity are in close mutual
proximity. Sutures may appear confluent
laterally in poorly preserved fossils, but
better specimens show that each suture
maintains its identity. Only the adoral sep-
tum of Lindstroemoceras is lacunose. The
basal septum, if present, and the succeedipg
first ascoceroid septum of other Silurian
Ascoceratidae are entire, but the remain-
ing ascoceroid septa invariably are lacunose.

As noted by numerous authors, the si-
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phuncle in advanced ascocerids appears so
distinctive as to deserve special taxonomic
treatment in itself (Mixochoanites of Hy-
atT). Several features, collectively, are
unique to the order. As a morphological
feature, the mature ascoceroid siphuncle
was degenerate but remained thoroughly
functional; enlarged dorsal buoyant sections
of the camerae retained vital communica-
tion with the reduced posteroventral si-
phuncle. The rudimentary siphuncular de-
posits which existed were probably not im-
portant physiologically. However, it is ap-
parent that even the best-preserved speci-
mens from Gotland lack sufficient detail
to discern all structures with certainty.
Within the first ascoceroid camera, con-
siderable variation is observed in outline
and relative size of the siphuncle. Also, the
several genera display marked differences
in length of the initial segment. For ex-
ample, in Probillingsites (Fig. 189,4) length
of the first element is approximately equal
to that of the next three segments collec-
tively; also, the apical portion of the si-
phuncle is in contact with the ventral shell
wall and is prominently asymmetrical. In
the next phylogenetic stage, represented by
Schuchertoceras newberry: (Fig. 189,3), the
first chamber is associated with a basal sep-
tum which is more widely spaced than septa
which follow. Frower (26) has sought to
recognize vestiges of three cyrtochoanitic
segments in this elongate portion of S.
thomasi MiLLEr (=S. jowaense FLOWER,
nom. van.). Direct examination of the
single type indicates that the siphuncle of
this specimen is poorly preserved but prob-
ably resembles that of S. newberryi, with
no constrictions or indication of segments.
Prominent segmentation of the first
siphuncular segment does occur in some
representatives of Parascoceras figured by
LivostréM  (118a). P. pupa displays a
prominently inflated section directly in con-
tact with the ventral wall and a reduced
oblique portion with dorsal invagination
which appears analogous to the displace-
ment canal in other forms. Other species
(e.g., P. decipiens, P. sipho) have the long
first segment displaced ventrally but in-
folded on the ventral side. These strictures
have been interpreted by Linpstrém (118a)
and others as possible vestiges of a basal
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septum which had been resorbed. The ex-
istence of these phantom septa is doubted,
but such striking irregularities of the si-
phuncle in otherwise similar conchs suggest
that no fundamental significance is to be
attached to them. A reversion to simple
adventitious septa in the gerontic conch of
P. decipiens also substantiates the idea that
major changes in the ascoceroid siphuncle
involved no great alteration in the soft parts
of the creature.

The siphuncle of typical Ascoceras is
characterized by strongly inflated segments.
In extreme cases (Fig. 189,]) connecting
rings approach the restricted boundaries
within the posteroventral part of the phrag-
mocone. Septal necks are extremely varied,
in terms of the stability usually accorded
this feature as an important morphological
structure in nautiloid systematics. Recum-
bent foraminal brims are apparently pres-
ent in all mature Ascoceratidae and Choano-
ceratidae; all likewise have simpler cyrto-
choanitic or orthochoanitic growth stages.
The Ordovician genus Schuchertoceras
passes from a moderately inflated segment
in the basal camera to a strongly inflated
portion, within the ascoceroid conch. The
change from a nearly cylindrical siphuncle
in Silurian deciduous conchs to a strongly
inflated basal ascoceroid portion substan-
tiates FLower’s (26) basic concept of re-
duction and omission of ontogenetic stages.

In addition to a secondary cylindrical cal-
careous deposit which apparently sealed the
basal ascoceroid foramen before truncation,
siphuncular deposits occur on the necks in
the Ascoceratidae and Choanoceratidae
(Fig. 189,3; see Fig. 196,3a). Even with
the best-preserved specimens available for
study, doubt still exists as to which portion
is fortuitous and which is intrinsic. None
of the well-preserved sections, however, re-
veal a “planoconvex” siphuncular outline
interpreted by FLower (26) to be char-
acteristic of Ordovician genera.

ADVENTITIOUS SEPTA

LinpstRéM (118a) figured a few asco-
cerid specimens in which the secretion of
a normal sequence of mature septa was
succeeded by a series which constitutes a
simple orthoconic phragmocone. One speci-
men (see Fig. 193,34,6) possesses four such
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septa which had been secreted in the pos-
terior part of the body chamber after the
regular phragmocone with ascoceroid septa
was established. Comparable types of modi-
fication are known in other cephalopod
groups, but nothing so spectacular as a
reversion to a simple type after creation of
the specialized ascoceroid conch. The im-
plications of such a feature as adventitious
septa were discussed by ULricH ez al. (203),
and the phenomenon was concluded to be
pathologic, rather than to represent normal
gerontism. The term “gerontopathologic”
would care for all modifications of this na-
ture. In no way are these rare shells com-
parable to drastic mature apertural modi-
fications designated as “gerontic” by Hyatt
(1894) and by Crarke (1899). It seems
logical that physiological adjustment at
maturity might assume the guise of shell
juvenility. The variations in shell secretion
during later stages in the life span of mod-
ern Nautilus have never been explored.

LinopstrOM (118a) interpreted the unique
post-mature phragmocone merely as an indi-
cation that the body of the animal occupied
the entire chamber. MiLLer (123) regarded
the structure as of questionable significance,
beyond indicating a close relationship be-
tween cyrtochoanitic and orthochoanitic
conchs; however, he employed the term
“senile” for this stage. FLower (26) stated
that the adventitious septa signify “tele-
scoping of an ontogenetic stage to a position
other than that which it ordinarily occu-
pies. . . the normal ontogenetic sequence
of the ascoceroid is reversed.”

PHYLOGENY

The most distinctive feature of the asco-
cerids, namely, a decollated breviconic conch
with dorsally oblique camerae, is clearly
recognizable in ancestral forms. Representa-
tives from the Middle Ordovician to the
Upper Silurian provide an orthogenetic
group with few irregular members.

Status of the Hebetoceratidae, proposed
as a primitive ascocerid gens by Frower
(26), remains uncertain. Better-preserved
material, however, should be sought. The
unspecialized nature of known early onto-
genetic stages in Ascoceras suggests that the
ancestral strain may not be identifiable in
forms which lack a specialized septum of
truncation.

Cephalopoda—Nautiloidea

Probillingsites, from the Middle and Up-
per Ordovician, conforms in every respect
to the concept of a primitive ascocerid. It
is also possible to trace a phylogenetic series
within the genus. Only the Upper Ordo-
vician forms reveal a pronounced siphuncu-
lar displacement canal, strongly differenti-
ated first and second ascoceroid camerae,
a flattened ventral surface, and more strong-
ly oblique, slightly sigmoid sutures at the
fully mature stage.

Schuchertoceras represents a major evolu-
tionary step only with respect to the change
in the nature of the siphuncle between the
first and second ascoceroid camerae. Also,
the second ascoceroid septum is promi-
nently sigmoid in contrast to the simple
basal septum. Retention of this vestigial
structure, the basal septum, in Late Silur-
ian forms is probably of little significance.
MicLer (123) proposed that independent
stocks originating in the Middle Ordovician
led to a parallel development of Parascoceras
and Ascoceras by Late Silurian time; in
the light of their close similarity, except for
a basal septum, such a development seems
unlikely.

Billingsites is fundamentally a Schucher-
toceras lacking the basal camera. The two
genera are found in direct association and
can be distinguished only by the apical su-
ture. As might be expected, however,
younger species of Billingsites display some
advanced features in form of the conch and
septa.

All of the Silurian Ascoceratidae appear
to have possessed at least one lacunose sep-
tum at full maturity; such a feature is not
known in any Ordovician form. This adap-
tation provided greater stability and a sav-
ing in shell material. Lacunae became pro-
gressively enlarged and fully developed by
the second septum in advanced forms.

The general conch shape of the asco-
cerids evolved from a simple depressed sub-
globular shell to an attenuate, laterally
compressed fusiform conch, an effective re-
sponse for stable mobility. An extended
neck in later Silurian representatives con-
trasts strongly with the short flange on
Ordovician shells.

Too little is known of the trilobate Glosso-
ceras-type aperture to generalize, as most
specimens are fragmented. However, an-
cestral Ordovician genera may have had
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Fic. 189. Diagrammatic cross sections of apical portions of mature Ascocer.atidae illustrating morphological
details within siphuncle; 1,2, Ascoceras (A, ascoceroid segment with gerontic septa; B, decxduous segment);
3, Schuchertoceras; 4, Probillingsites (p. K273, K275-K276) (Furnish & Glenister, n).

a simple circular opening at full maturity.
The modified margin, with re-entrants for
eyes and propulsive organ, provided maxi-
mum protection while permitting the pro-
trusion of tentacles and hyponome.

The family Choanoceratidae is poorly
represented, yet sufficiently removed from
typical Ascoceras to obscure relationships.
The group did not develop an inflated asco-
ceroid conch, and the septal lacunae are
ventral in position. Some of the similarities
to typical ascocerids may therefore be super-
ficial or indicate early divergence from the
parent stock.

© 20

GEOGRAPHIC
AND STRATIGRAPHIC
DISTRIBUTION

The ascocerids are sufficiently distinctive
in appearance for most discoveries, even the
chance finding of a single specimen, prob-
ably to have become a matter of record.
These unique cephalopods have been found
in numerous localities in the Ordovician
and Silurian of Europe and North America,
but largely in areas of most intensive search.
Very rarely are more than a few such shells
known from a single locality; for example,

09 University of Kansas Paleontological Institute



K268

Frower (33) stated that only about 20 in-
dividuals have been secured from the entire
type Cincinnatian area. A most noteworthy
exception is the ascocerid collection as-
sembled and described by LinpstréM from
the Upper Silurian cephalopod-bearing
limestones of Gotland. Linpstrom (118a)
stated that these beds locally contain a varie-
ty of cephalopod shells, and he illustrated
(1890, pl. 1, fig. 17) one slab with more
than 20 small mature Parascoceras fistula
packed into an area of 30 sq. cm. Still, the
large assemblage of material in Stockholm
was made possible only by intensive effort
and thorough familiarity with collecting
localities; these collections have not been
duplicated, even to a small degree, in the
ensuing 75 years.

Most of the authentic records of Middle
and Upper Ordovician ascocerids refer to
North American specimens. A few individ-
uals have been secured from Mohawkian
strata of the eastern United States and
southeastern Canada; others are known
from the Upper Mississippi Valley. Older
(Chazyan) Hebetoceratidae from the state
of New York may be sufficiently well
known to establish them as an ancestral
stock; these forms do conform to a strati-
graphic occurrence and a level of gen-
eralized evolution which is to be expected
for primitive ascocerids.

Upper Ordovician ascocerids are relative-
ly well represented in the “Boreal” mollus-
can-coralline fauna of western United States
and central and northern Canada. In the
shelf areas of the Eastern Interior and the
Maritime Provinces, ascocerids also occur
with a brachiopod-bryozoan-trilobite assem-
blage. In neither occurrence are these pecu-
liar cephalopods a conspicuous faunal ele-
ment.

Molluscan faunas in Lower Silurian
(Llandoverian) strata of FEurope and
America are less well represented than those
of the younger Silurian (Wenlockian and
Ludlovian). For this reason, perhaps, the
ascocerids are better known in rocks of Late
Silurian age. Ludlovian strata in Gotland
and Bohemia have produced the greatest
number of specimens and largest diversity
of ascocerid species; Linpstrom (118a) de-
scribed 14 species from rocks of this age.
Other regions have produced only isolated

Cephalopoda—Nautiloidea

specimens. Seemingly, the greatest diversity
and numbers of individuals existed imme-
diately preceding extinction during Late
Silurian time.

PALEOECOLOGY

Many authors have speculated on the
paleoecology and life habits of the Asco-
cerida during their various ontogenetic
stages (LinpsrroMm, 118a; Tosien, 193b;
FLoweR, 46a; KesLing, 98a). Most students
agree that the fully mature ascocerid was a
facile swimmer, but wide difference of
opinion prevails as to the habits and habi-
tats of early growth stages. Perhaps the
most pertinent evidence bearing on this
problem 1is the mutual association of all
growth stages. The only localities from
which deciduous ascocerid conchs have been
identified with certainty are those of the
Silurian of Gotland. Each of the several
Baltic localities which have yielded juven-
ile ascocerids is also the source for mature
ascocerid conchs. It is most improbable
that these associations represent chance
post-mortem accumulations, as the delicate
shells almost certainly would have been
destroyed by appreciable transportation
after death of the animals. Failure to recog-
nize the distinctive juvenile portions of the
ascocerid phragmocone in localities beyond
the confines of Gotland is probably a func-
tion of both their rarity and fragility. Dis-
integration of the deciduous shell presum-
ably began, prior to decollation, with the
blockage of the siphuncle. Indeed, it is
possible that disintegration of nonvital
shell was in an advanced stage before de-
collation occurred, and that known juvenile
conchs represent remains of animals which
died before maturity was achieved. Irre-
spective of these considerations, evidence
from known occurrences suggests that
juvenile and mature forms occupied the
same habitat, as is the case in modern
Nautilus.

Mature Silurian ascoceratids were almost
perfectly adapted for an active nektonic
mode of life. Of particular significance was
concentration of the gas-filled camerae in
a dorsal position, above the body chamber.
This arrangement placed the center of
buoyancy in a stable position directly above
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truncated cyrtocone and early ascoceroid

mature ascoceroid stage

initial cyrtocone

Fic. 190. Ontogenetic series of Glossoceras lindstroemi MiLLer, U.Sil.(Ludlov.), Sweden(Gotl.); three
growth stages, partly restored, in representative ascoceratid; apical portions shown as in section; soft parts
schematic; X2.5 (p. K273) (Furnish & Glenister, n).

the center of gravity with the conch in a
horizontal swimming position. The com-
pressed, attenuate, fusiform contours of al-
most all Silurian ascoceratids offered mini-
mum hydrodynamic resistance and maxi-
mum stability during backward movement.
Even the contours of the septum of trunca-
tion merge into the mature shell, providing
a bluntly rounded leading margin for the
conch. Presence of a well-developed hypo-
nomic sinus in at least some fully mature
Silurian ascoceratids may be taken to indi-
cate effective adaptation for jet propulsion.

More detailed information on the morph-
ology of the deciduous ascoceratid conch
is required before speculation on life habits
of the juvenile forms is warranted. Prob-
lems are increased by the presumed re-
peated decollation of the conch. However,
if we are correct in assuming that all onto-
genetic stages lived in direct association,
then a nektonic or nektobenthonic habit can

© 2009 University of Kansas Paleontological Institute

be attributed to the juvenile ascoceratids.

Progressive development of a nektonic
habit is assumed for the Ordovician Asco-
ceratidae. Available information on the
Choanoceratidae and Hebetoceratidae does
not provide a trustworthy basis for specu-
lation.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA
Agassiz, 1847

Diagnosis given in “Introductory Dis-
cussion” (p. K128). U.Cam.-Rec.

Order ASCOCERIDA Kuhn, 1949

[nom. correct. FurNIsH & GLENISTER, herein (pro Ascoceracea
Kunn, 1949, order, partim)] [=Mixochoanites HyATT in
Zitter, 1900 (suborder); Ascoceracea Kunn, 1940 (suborder)
(nom. nud.); Ascoceratida FLowerR in FLower & KuMMEL,
1950 (order); Ascoceratina Sweer, 1958 (suborder); ?Ecdy-
ceratida FLower, 1962 (order) (partim); mention of Asco-
cerida by FurNisH, GLENISTER, & HANsman, 1962 (p. 1341),
is disregarded]

Bizarre nautiloids which underwent
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Fic. 191. Diagrammatic cross sections of Ascoceratidae; I, Billingsites; 2,3, Ascoceras; 4, Schuchertoceras;
5, Probillingsites (lines within body chamber represent septal margins as viewed within a hollow conch)

(p. K273,

K275-K276) (Furnish & Glenister, n).
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Ascoceras

Fic. 192. Ascoceratidae (Ascoceratinae) (p. K273-K275).

periodic truncation of conch; primitively,
slender orthocones and cyrtocones with
slightly inflated siphuncle and orthochoan-
itic to suborthochoanitic septal necks; more
advanced forms consisting of slender ortho-
conic to cyrtoconic adapical deciduous sec-
tion and inflated breviconic adoral asco-
ceroid portion; siphuncle ventral, subcen-
tral to submarginal in position; deciduous
section characterized by long camerae and
orthochoanitic septal necks, mature asco-
ceroid portion recognized by possession of

neck and few camerae. M.Ord.-U.Sil.

Family ASCOCERATIDAE Barrande,
1867

[nom. correct. Hvatr, 1884 (pro Ascocératides BARRANDE,
1867)] [incl. Schuchertoceratidae MiLLER, 1932]

© 2009 University of Kansas Paleontological Institute

Conch consisting of longiconic, deciduous
early growth stages which underwent peri-
odic truncation, and inflated breviconic
mature ascoceroid section. M.Ord.-U.Sil.

Subfamily ASCOCERATINAE Barrande, 1867

[nom. transl. FurRNISH & GLENISTER, herein (ex Ascocératides
BarrANDE, 1867, and Ascoceratidae Hyart, 1884] [incl.
Schuchertoceratidae MiLLer, 1932]

Exogastric ascoceroid stage characterized
by development of neck, ocular and hypo-
nomic sinuses at full maturity, dorsally
lacunose septa and sigmoid sutures; si-
phuncle situated close to venter; siphuncu-
lar segments nummuloidal; septal necks
cyrtochoanitic, generally with recumbent
brims; deciduous stage cyrtoconic to ortho-
conic, with long but variable camerae, al-
most straight sutures, orthochoanitic septal
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Parascoceras

Fic. 193. Ascoceratidae (Ascoceratinae) (p. K273-K275); Choanoceratidae (p. K276-K277).

© 2009 University of Kansas Paleontological Institute
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necks and tubular siphuncular segments,

slightly constricted at septal foramina. M.

Ord.-U.Sil.

Ascoceras BARRANDE, 1847, p. 901 [*A4. bohemicum
BARRANDE, 1855; SD Barranpg, 1855, p. 174]
[=Cryptoceras BARRANDE, 1846 (nom. nud.) (non
Cryptoceras D'ORBIGNY, 1849); Asoceras Mirca-
ELL, 1890 (nom. null.)]. Ascoceroid stage mod-
erately inflated and compressed, with long cyl-
indrical neck; mature aperture unknown; shell
surface smooth except for fine lirae; no basal
septum; siphuncle decreasing in absolute size
adorally; 4 to 7 camerae normally present in
mature conch, as many as 12 known in ex-
tremes; longiconic deciduous portion of conch
weakly annulate. M.Si.-U.Sil., Eu.-N.Am.
Fic. 189,2; 191,2. A. collare LinpsTroMm, U.Sil.
(Ludlov.), Sweden(Gotl.); 189,2, partially re-
stored diagram. long. sec. of siphuncle, X8; 191,2,
diagram. long. sec., X2 (118a). Fic. 189,1;
191,3; 192,3; 193,la-h. A. manubrium LiNp-
strOM, U.Sil.(Ludlov.), Sweden(Gotl.); 189,1,
diagram, long. sec. of siphuncle, X3 (Furnish &
Glenister, n); 191,3, diagram. long. sec., X1
(118a); 192,3a,b,f, lat. view of internal mold,
septal view, and lat. view of specimen with shell
retained, X1 (118a); 192,3¢c-¢, lat, ventral
views, and long. sec. of deciduous portion, X1
(118a); 193,1a-e, diagrams showing lacunose septa
(lab, ventral, lat. views of single septum; Ic,
ventral view of 3 septa) and inner views of body
chamber (Id, long., Ie, adapical), X1 (118a);
193,1f-h, long. sec. of attached deciduous conch,
X1, and secs. of enlarged portions of siphuncle,
X25 (118a). Fic. 193,1:,;. A. lagena Linp-
stROM, U.Sil.(Wenlock.), Sweden (Gotl.); long.
sec. retaining part of deciduous conch and lat.
view, X1 (118a).

Aphragmites Barranpe, 1865, pl. 94, expl.
[*Ascoceras Buchi Barranpi, 1855; SD MILLER,
1932, p. 47]. Like Ascoceras, but strongly an-
nulate. U.Si.,, Eu.(Boh.). Fic. 194,1. *A.
buchi (BARRANDE); Ia-c, dorsal, lat., septal views,
X1.5 (5).

Billingsites HyatT, 1884, p. 278 [*Ascoceras
Canadense BiLrines, 1857, p. 310; OD] [=Bil-
lingoceras Hyatr, 1884, nom. null.]. Ascoceroid
stage strongly inflated, depressed, with short,
slightly contracted neck; fully mature aperture un-
known; shell surface smooth or with moderate
transverse sculpture; basal septum absent, asco-
ceroid septa generally entire, but possibly weakly
lacunose; 6 ascoceroid septa present in extreme
forms, but 3 common at maturity; siphuncle ex-
panded adorally. Deciduous portion unknown.
U.Ord., N.Am.-Eu. Fic. 191,1; 195,3. *B.
canadensis (BiLLings), U.Ord.(Richmond.), Que.
(Anticosti Is.); 191,1, diagram. long. sec., X1;
195,3a,b, ventral, lat. views, holotype, X1 (34,6,
63); 195,3¢,d, lat, dorsal views, X1 (3¢, 60;
3d, 63).

© 2009 University of Kansas Paleontological Institute
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Fic. 194. Aphragmites buchi (BARRANDE), Asco-
ceratidae (Ascoceratinae) (p. K273).

Glossoceras BarraNDE, 1865, pl. 94, expl. [*A4sco-
ceras (G.) gracile; OD]. Like Ascoceras but with
trilobate aperture characterized by prominent dor-
sal salient, deep ocular sinuses and shallow hypo-
nomic sinus. [May represent mature Ascoceras in
which ape-ture is preserved.] M.Si.-U.Sil., Eu.

Fic. 190; 196,2. G. lindstroemi: MiLLER, U.
Sil.(Ludlov.), Sweden(Gotl.); 190,4-C, onto-
genetic series, X2.5; 196,2a-f, fully mature conchs;
2a, lat. view, aperture, X6, 26, long. sec., X1,
2c-e, lat., ventral, apert. views, X1, 2f, sec. of
siphuncle, X6 (118a).

Lindstroemoceras MiLLER, 1932, p. 32 [*Ascoceras
dolium LinpsTrROM, 1890, p. 21; OD]. Similar to
Aphragmites but with basal septum; ascoceroid
stage small, slightly compressed, strongly inflated
but constricted at neck; mature aperture and
length of neck unknown; shell annulate; basal
septum and 3 ascoceroid septa present at maturity,
only last septum lacunose; siphuncle slightly ex-
panded adorally; first siphuncular segment mod-
erately inflated, succeeding segments nummuloidal.
Deciduous stage unknown. U.Si., Eu. Fic.
192,2. *L. dolium (LinpsTrROM), U.Sil.(Wen-
lock.), Sweden(Gotl.); 2a, lat. view, X1.5; 2b,
long. sec., X2 (118a).

Parascoceras MILLER, 1932, p. 34 [*Ascoceras fistula
LinpsTrOM, 1890, p. 22; OD] [=Pseudascoceras
MriLLEr, 1932, p. 37 (=Pseudoscoceras FLOWER,
1941, nom. null.)]. Like Ascoceras but may have
basal septum; ascoceroid stage subcylindrical,
slightly compressed; neck long and cylindrical;
shell surface coarsely lirate; 3 or 4 lacunose asco-
ceroid septa generally present at maturity. Decidu-
ous stage orthoconic or slightly curved, circular
in cross section, weakly annulate, and with small
siphuncle situated close to venter. U.Sil., Eu.(Gotl.).

Fic. 192,1¢,d; 196,1. *P. fistula (LINDSTROM),
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U.Sil.(Wenlock.); 192,1¢,d, ventral, lat. views of conch in body chamber, X1 (118a).——Fic. 192,
annulate deciduous conch, X2; 196,14,b, lat. view, lab; 193,3. P. decipiens (LinpsTROM), U.Sil.
long. sec. with probable conspecific deciduous (Ludlov.); 192,1a,6, apical portion, X1, X6;

Schuchertoceras

Billingsites

Fic. 195. Ascoceratidae (Ascoceratinae, Probillingsitinae) (p. K273, K275-K276).

© 2009 University of Kansas Paleontological Institute
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193,3a,6; long. sec. showing 4 gerontic septa, X1, Billingsites but with basal septum; slight median
% 10; 193,3¢, long. sec., normal siphuncle, X6 contraction in long, inflated first siphuncular
(118a). segment. U.Ord., N.Am.-Eu. Fic. 191,4; 195,2.

Schuchertoceras MiLLERr, 1932, p. 28 [*Ascoceras *S. anticostiense (BiLriNgs), U.Ord.(Richmond.),
Anticostiense BiLLings, 1866, p. 60; OD]. Like Que.(Anticosti Is.); 191,4; diagram. long. sec. re-

Fic. 196. Ascoceratidae (Ascoceratinae), Choanoceratidae (p. K273-K277).

© 2009 University of Kansas Paleontological Institute
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Montyoceras
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Hebetoceras

Fic. 197. Hebetoceratidae (p. K277).

stored, X 1; 195,2a-c, dorsal, ventral, lat. views of
neoholotype, X1 (24,6, 63; 2¢, 60). Fic. 189,
3. 8. newberryi (BiLrings), U.Ord.(Richmond.),
Arctic Can.(Devon Is.); diagram. long. sec., X9
(Furnish & Glenister, n).

Subfamily PROBILLINGSITINAE Flower, 1941

Mature portion breviconic, with indistinct
short neck; septa neither lacunose nor con-
fluent; mature sutures generally oblique
and slightly sinuous, but sigmoid in ad-
vanced forms. Deciduous section unknown.

M.Ord.-U.Ord.

Probillingsites Foerste, 1928, p. 317 [*P. welleri;
OD]. Mature portion obese, subcircular in cross
section but flattened ventrally, with as many as
5 camerae; siphuncular segments constricted at
septal foramina to less than half maximum diam-
eter; connecting rings adnate above and below
septa; first siphuncular segment with almost
straight dorsal margin in section, its length ap-
proximating that of other adoral segments com-
bined. M.Ord.-U.Ord., N.Am.-?Eu. Fic. 189,
4; 191,5. P. sutherlandi SWEET & MiLLER, U.Ord.,
Arctic Can.(Cornwallis Is.); 189,4, siphuncle with
displacement canal, X3.5; 191,5; diagram. sec.,
X 1.5 (Furnish & Glenister, n). Fic. 195,1.
P. pronts MiLLER & Youncquist, U.Ord., USA
(Towa); Iab, ventral, lat. views, X1.5 (136).
Shamattawaceras FoersTE & Savace, 1927, p. 31
[*S. ascoceroides; OD]. Poorly known. Appar-

) 2

ently similar to Probillingsites, but with flat-
tened venter; siphuncle unknown. [Possibly
senior synonym of Probillingsites.] U.Ord., N.Am.

Family CHOANOCERATIDAE Miller,
1932

Conch slightly curved, with gradual rate
of expansion, apertural modifications un-
known; septa forming deep asymmetrical
cones; adoral septa lacunose over part of
area between siphuncle and venter; sutures
straight; siphuncle subcentral, siphuncular
segments gradually changing from slightly
expanded in early growth stages to num-
muloidal at maturity; mature septal necks
cyrtochoanitic and recumbent. U.Sil.
Choanoceras LINDsTROM, 1890, p. 34 [*C. mutabile;
OD] [=Choaniceras LinpsTROM, 1888 (nom.
nud.); Choniceras LiNDsTROM, 1888 (nom. null.);
Coanoceras FLowEr, 1941 (nom. null.)]. Form of
deciduous juvenile stages uncertain; mature conch
gently curved exogastrically, longitudinally lirate;
mature body chamber large in proportion to
phragmocone retained after truncation; sutures
sloping adorally from venter; 3 adoral septa of
mature forms lacunose ventrally; annulosiphonate
deposits  weakly developed. U.Sil., Eu.(Gotl.).
F1c. 193,2; 196,3. *C. mutabile, U.Sil.(Wen-
lock.); 193,2, 196,3f-k, long. secs. of presumed
conspecific deciduous portions, X1 (193,2, 196,
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3h), X3 (196,3f.g); 196,3a, long. sec., mature
siphuncle, X3; 196,35-¢, ventral view, long. sec.,
lat. view, septum of truncation, X1 (118a).

Family HEBETOCERATIDAE Flower,
1941
[incl. Ecdyceratidae FLower, 1961]

Shell morphology and ascocerid affini-
ties uncertain. Slender orthocones and exo-
gastric cyrtocones in which periodic natural
truncation may have occurred; septa entire;
siphuncle ventral, commonly subcentral;
sphuncular segments ranging from slightly
expanded with ?planc-convex outline and
orthochoanitic septal necks to moderately
inflated with open cyrtochoanitic septal
necks. M.Ord., ?U.Ord.

Hebetoceras FLower, 1941, p. 545 [*H. miran-
dum; OD]. Mature section of conch smooth,
slender, depressed, orthoconic, with as many as
6 camerae; hyponomic sinus probably present;
sutures simple, with slight anterior inclination

K277

dorsally; adapical septa strongly arched, adoral
septa less convex; siphuncle midway between
conch axis and venter, slightly expanded adorally;
adapical siphuncular segments flat dorsally, weak-
ly expanded ventrally, with orthochoanitic septal
necks; adoral segments biconvex, with subortho-
choanitic to open cyrtochoanitic septal necks. M.
Ord., N.Am. Fic. 197,2. *H. mirandum,
Chazyan, USA(N.Y.); diagram. long. sec., X1.5
(after 26).

Ecdyceras FLower, 1941, p. 546 [*E. sinuiferum;
OD] [=Pachecdyceras Frower, 1947, p. 429;
fide FLower, 1962, p. 1]. Doubtful hebetoceratid
affinities; superficially like Hebetoceras but more
depressed and typically with deep, rounded dorsal
and ventral lobes, adoral siphuncular segments
unknown. M.Ord., ?U.Ord., N.Am.

Montyoceras FLoweR, 1941, p. 539 [*M. arcuatum;
OD]. Like Hebetoceras but cyrtoconic, exogas-
tric, and with all siphuncular segments plano-
convex. M.Ord., N.Am. Fic. 197,1. *M.
arcuatum, Chazyan, USA(N.Y.); diagram. long.
sec., X 1.5 (after 26).

NAUTILOIDEA—ONCOCERIDA
By WavrTer C. SWEET

[The Ohio State University]

MORPHOLOGY
GENERAL CHARACTERS

Primitive oncocerid conchs were cyrto-
cones. From these, however, virtually
straight shells came to be developed, some
of them with inflated body chambers and
contracted apertures (brevicones), the peri-
stomes of which, in many species, are elab-
orately sinuous. From primitive cyrtocones
also developed rapidly or gradually enlarg-
ing longiconic cyrtocones, orthocones, gyro-
cones, torticones, serpenticones, and nautili-
cones. Primitively, the conch was com-
pressed and exogastric; in more specialized
later groups, however, slightly to markedly
endogastric curvature developed and conchs
of depressed section are numerous in several
large families. Sutures are almost invari-
ably simple, generally directly transverse,
and, in only a few genera, notably sinuous.
Smooth shells, or ones marked only by a
pattern of fairly closely spaced transverse

growth lines, are the rule; however, a surfi-
cial pattern of posteriorly imbricating
growth band lamellae, in some genera giv-
ing rise to surficial annulation, is not un-
common in many Silurian species, and a few
oncocerids exhibit longitudinal ribs or
ridges normal to growth lines or bands, pro-
ducing a cancellated or reticulated surface
pattern. True annulation of the shell (in-
volving its inner as well as its outer sur-
faces) is known in the Oncocerida, but is
not common.

Zuuravieva (214) has figured and de-
scribed the initial, or embryonic, stages of
four species of Devonian Oncocerida, repre-
senting the families Brevicoceratidae, Aclei-
stoceratidae, and perhaps Polyelasmocerati-
dae. Her outline drawings are shown in
Fig. 198 and need not be described again
here. From these few specimens, ZHURAV-
LEva concludes that Devonian Oncocerida
built an embryonic phragmocone (within
the egg) consisting of one or two chambers,
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198.
through the embryonic conchs of four Devonian

Fic. Diagrammatic dorsoventral sections

oncocerids: A4,D, Anglicornus sp., X5, X6; B,
Paracleistoceras sp., X12; C, Turoceras schnyrevae
ZHURAVLEvVA, X6 (214).

set off externally from the postembryonic
phragmocone by finer sculpture, a weak
constriction, or thickening of the external
shell layer. Internally, these embryonic
chambers are somewhat longer than the first
postembryonic chambers, but are not sep-
arated from the latter by a constriction, as
in representatives of other nautiloid orders
investigated by her. The siphuncle begins
in the first, cap-shaped chamber; it is closed
adapically, bulbous, and adjacent to, or
partially contiguous with, the ventral wall
of the conch.

Primitively and commonly, the siphuncle
of the Oncocerida is located in the ventral
portion of the conch; in most genera it is
submarginal or marginal in position. The
earliest siphuncular stages have not been
studied or figured for most species; how-
ever, in early Middle Ordovician forms, the
earliest segments known are characterized
by short, orthochoanitic septal necks and
straight, thin-walled, tubular connecting
rings (32, 33). Later in development of
primitive forms, and probably throughout
the conch of advanced forms, the septal
necks are cyrtochoanitic on at least one side
of the siphuncle, and the connecting rings
are variously inflated to produce a siphuncu-
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lar outline that has been described as
“beaded,” “nummuloidal,” “ellipsoidal,”
“cylindroid,” “ovoid,” or “moniliform.”
Ordinarily, the connecting rings are thin
and not divided into distinguishable lamel-
lae or other structures. However, in “actino-
siphonate” forms, the connecting rings in at
least the later siphuncular segments are
thickened and their inner surfaces produced
into a series of radially disposed longitudi-
nal lamellae (lamelles rayonnantes).

In several stocks of the Oncocerida, rela-
tively more rapid secretion of shell mate-
rial dorsally than ventrally resulted in slight
to marked endogastric curvature, In these
forms, the siphuncle ordinarily retains its
submarginal, ventral position and typically
oncocerid structure, including the develop-
ment of actinosiphonate deposits in some
of them. In one genus, Archiacoceras, the
siphuncle has been shown to be dorsal and
marginal in position (31); it is possible, but
rather improbable, that several other onco-
cerid genera thought to be endogastric are
actually exogastric forms with dorsal si-
phuncles. This has not been demonstrated.

Cameral deposits are virtually unknown
in the Oncocerida, although they may oc-
cur, of course, in any number of genera for
which internal information is currently
lacking. In many genera, however, the sur-
face of steinkerns is marked by a series of
longitudinal grooves and ridges, indicating
that the interior of the cameral walls was
of irregular circumferential thickness. This
may indicate that “incipient” cameral de-
posits were rather persistently present
throughout the order; or, these longitudinal
markings may be associated in many forms
with loculi in a narrow, distinctive “basal
zone,” extending transversely about the
conch at the posterior end of the mature
body chamber and probably representing
the loci of secretion of excess shell mate-
rial by the adult animal in the zone of
epithelial muscle attachment.

The loci of attachment of the shell, or
retractor muscles of the cephalopodium are
known for only a few oncocerids (Onco-
ceras, Beloitoceras, Diestoceras, and possibly
Poterioceras) (15,180). In these forms,
muscles were functionally attached along
lunate areas immediately to each side of the
ventral mid-line. For the present, at least,
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it may then be assumed that the primary
pattern of muscle attachment in the Onco-
cerida was ventromyarian.

ACTINOSIPHONATE DEPOSITS

Many species now included in the Onco-
cerida possess endosiphuncular structures in
the form of more or less longitudinal lamel-
lae projecting inward toward the siphuncu-
lar axis from the inner surfaces of the con-
necting rings. Although the origin and
mode of formation of these structures vary
considerably, they are termed collectively,
actinosiphonate deposits. Only a few actino-
siphonate species have been studied in de-
tail, but at least the following five types of
actinosiphonate structures have been rec-
ognized (16,31). (1) Deposits formed as
simple thickenings of the connecting rings,
produced toward the siphuncular axis in
radially arranged longitudinal lamellae.
Such deposits form initially in the region
of the septal foramen; rays may then extend
adorally, in some species through several
siphuncular segments (e.g., Valcouroceras,
Aungustoceras, Minganoceras). (2) Deposits
apparently of segmental origin as in (1),
but rays alternately bladelike and distally
bifid (e.g., Actinomorpha, Polyelasmoceras).
(3) Deposits of segmental origin as in (1)
and (2), but rays in one segment aligned
and fused with those of adjacent segments
to form lamellae continuous through a num-
ber of siphuncular segments (e.g., Archia-
coceras). (4) Deposits of irregular, complex
processes produced from a lining in the
siphuncular foramen. The lining is remi-
niscent of that in some Discosorida; develop-
ment of actinosiphonate processes from it,
however, is not (e.g., Danoceras, Diesto-
ceras). (5) Deposits consisting of a siphun-
cular lining and short, simple processes
arising from it in the septal foramen. Typi-
cally, these processes bifurcate distally, are
always discrete, and are never markedly
complex (e.g., Brevicoceras, Eleusoceras,
Foersteoceras, Mitroceras, other Brevicocera-
tidae).

In addition, in at least one Devonian
genus (Xenoceras) the connecting ring is
thickened in the septal foramen to form a
bulbous, pendent process, superficially simi-
lar to discosorid bullettes, but apparently
different in origin and internal structure.
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Presumably, this represents a degenerate or
highly modified actinosiphonate structure,
characterized by connecting ring thickening
and by the absence of discrete longitudinal
lamellae.

Actinosiphonate deposits are bizarre. Col-
lectively and superficially, they are so simi-
lar in appearance that, until fairly recently,
nautiloids with such structures were thought
to form a distinct and closely related gene-
tic unit. However, even Hyarr (97) and
Fogerste (57), who referred these nautiloids
to a division “Actinosiphonata” of the sub-
order Cyrtochoanites, found it difficult to
exclude from this division closely related
forms distinguished only by the absence of
actinosiphonate deposits. Although true
actinosiphonate structure seems limited to
species of oncocerid affinities, not all onco-
cerids exhibit such structures. Several lines
of reasoning suggest that the deposits are
not only polyphyletic in origin within the
Oncocerida, but otherwise peculiar in their
appearance in species known to possess
them. That is, actinosiphonate deposits in-
clude at least the five (or six) distinct types
outlined above; their distribution among
individuals of actinosiphonate species is
erratic (only late mature or gerontic conchs
exhibit them consistently and immature
forms may have empty siphuncles); and
many species with such structures can be
shown to be closely related in other ways
to nonactinosiphonate species. Consequent-
ly, it has been suggested that actinosiphon-
ate deposits were formed fairly rapidly in
pre-existing siphuncular spaces of the geron-
tic or near-gerontic individuals of advanced,
specialized species, probably not greatly dif-
ferent otherwise from contemporaneous,
nonactinosiphonate oncocerids (31). The
presence of such deposits in siphuncles of
all genera in several families (e.g., Valcouro-
ceratidae, Diestoceratidae, Hemiphragmo-
ceratidae, Brevicoceratidae, Jovellaniidae,
Nothoceratidae, Archiacoceratidae, Polyelas-
moceratidae) and late genera of other fam-
ilies of Oncocerida {(e.g., Oncoceratidae,
Acleistoceratidae, ?Karoceratidae), suggests
closely similar conformation in the entire
order of the siphuncular tissues by or with-
in which these deposits were secreted.
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DISTRIBUTION AND
PHYLOGENY

Representatives of the Oncocerida are
conspicuous as fossils in Ordovician, Silur-
ian, and Devonian faunal assemblages in
North America, Europe, Australia, and
some parts of Asia (where they are not,
however, well known). The order con-
tinues, in much smaller numbers, into the
Lower Carboniferous, but is apparently not
known from the Upper Carboniferous or
Permian. Apparently, oncocerids reached the
peak of their abundance and diversity in
the widespread warm seas of the Middle
Silurian, although Middle Devonian as-
semblages are comparable in numbers of
genera described, and few Middle and Up-
per Ordovician nautiloid faunas are with-
out representatives of at least one oncocerid
family.

Four families of Oncocerida (Gracilocera-
tidae, Oncoceratidae, Tripteroceratidae, Val-
couroceratidae) appear simultaneously in
early Middle Ordovician rocks in North
America, and a few representatives of the
latter three families are known from vir-
tually contemporaneous strata in northern
Europe. The Graciloceratidae, with thin-
walled, empty, orthochoanitic siphuncles,
are the most primitive of the Oncocerida;
they are difficult to distinguish from Lower
Ordovician Bassleroceratidae (Ellesmerocer-
ida), from which they were almost cer-
tainly derived, and from which they differ
only in having thin, rather than thickened,
connecting rings. From the Gracilocera-
tidae, three persistent oncocerid groups were
produced: (1) the Oncoceratidae, primi-
tively breviconic and retaining in their early
camerae the orthochoanitic to subortho-
choanitic siphuncle of the Graciloceratidae,
but later developing cyrtochoanitic necks
and moderately to considerably expanded
siphuncular segments; (2) the Tripterocera-
tidae, longicones with small siphuncles simi-
lar to those of the Oncoceratidae; and (3)
the Valcouroceratidae, cyrtoconic brevicones
of depressed, subtriangular section and cyr-
tochoanitic siphuncle, occupied, at least in
adults, by complex actinosiphonate deposits.
The Graciloceratidae, Tripteroceratidae, and
Valcouroceratidae appear to be confined to
the Middle and Upper Ordovician; the

Cephalopoda—Nautiloidea

Oncoceratidae continue (via Oonoceras and
others) into the Silurian, at which time
the family underwent a second great ex-
pansion.

Ordovician Oncoceras  (Oncoceratidae)
seems the most likely ancestor for the faintly
endogastric Ordovician Diestoceratidae, al-
though the possibility remains that this
small, peculiar group may have been de-
rived from the Discosorida through modi-
fication of discosorid bullettes to produce
short, irregular actinosiphonate rays, closely
approximating those of the Oncocerida
(50). A similar origin for the endogastric
Silurian Hemiphragmoceratidae (from Oz-
coceras) and the exogastric Silurian Tri-
meroceratidae, is the only one that now
seems at all likely. Nevertheless, the Tri-
meroceratidae, with slender, empty si-
phuncles are difficult to associate positively
with the Oncocerida, and it has been sug-
gested that this strange group may also
have been derived from the Discosorida, one
family of which (Mandaloceratidae) ex-
hibits the tendency for reduction of the
siphuncle from broadly expanded segments
with thick rings to slender segments with
thin rings (50).

From Oonoceras (Oncoceratidae), of the
Middle Silurian, developed the compressed,
torticonic Oxygonioceras, which is consid-
ered to be the point of origin of the domi-
nantly Devonian Brevicoceratidae. It 1is
probable that Oonoceras was also ancestral
to Silurian Perimecoceras and Blakeoceras,
concavosiphonate and actinosiphonate forms
that, in the late Silurian or early Devonian,
gave rise to the similarly concavosiphonate
and actinosiphonate cyrtocones, nautilicones,
and torticones of the Nothoceratidae (42).
A similar origin in Silurian Oonoceras or
Oocerina can be logically postulated for the
endogastric Silurian Codoceras and Danao-
ceras, which, in turn, seem ancestral to the
largely Devonian Polyelasmoceratidae, a
group of relatively large, actinosiphonate,
endogastric oncocerids.

Some part of the small group of de-
pressed Ordovician Oncoceratidae, or per-
haps a form like Oncoceras, was the pro-
genitor of a large group of depressed, exo-
gastric  Silurian oncocerids typified by
Amphicyrtoceras and here regarded as early
Acleistoceratidae. The Devonian Acleisto-
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ceratidae seem to have been derived from
the Oncoceratidae by way of the Amphi-
cyrtoceras stock, which may have given
rise, as well, to other Devonian oncocerids
(Poterioceratidae, Karoceratidae), the ori-
gins of which are as yet obscure.

The most logical ancestors of the Silur-
ian and Devonian Jovellaniidae are Ordo-
vician Valcouroceratidae; however, no
bridge is known between the two groups at
present. The origins of the anomalous
Devonian Archiacoceratidae and the Devon-
ian and Mississippian Tripleuroceratidae, a
probably artificial group, are quite un-
known.

CLASSIFICATION

With a few important exceptions and a
number of additions based on more ade-
quate knowledge of early Paleozoic nau-
tiloids than was available 60 years ago, the
concept of an order Oncocerida is virtually
that of the division “Actinosiphonata” of
Hyart’s suborder Cyrtochoanites (97). Al-
though HyaTT seems to have regarded cyr-
tochoanitic septal necks and actinosiphonate
lamellae within the siphuncle as primary
characters of his Actinosiphonata, he also
included in this division genera and groups
of genera not known to be actinosiphonate,
but closely related in other ways to actino-
siphonate forms. In his many studies of nau-
tiloid cephalopods, primarily between 1924
and 1938, FoersTE concerned himself very
little with suprageneric taxonomy. How-
ever, in several places, he, too, seems to have
experienced difficulty in separating actino-
siphonate cephalopods from others not
known to be actinosiphonate—hence, at
least indirectly, he may be said to have sup-
ported Hyarr’s inclusion of both types in
the same general suprageneric or supra-
familial categories. TEicuerT, on the other
hand, held that known actinosiphonate
cephalopods should be grouped together in
an ordinal category (for which he proposed
the name “Cyrtoceroidea” in 1933), dis-
tinguished from other orders of shell-bear-
ing cephalopods by the presence of actino-
siphonate deposits (185, 187). Oncocerida
without actinosiphonate  deposits  were
grouped in a separate order, Gomphocer-
oidea, by TercuerT. In 1939, TEIcHERT sub-
divided his order Cyrtoceroidea into nine
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Fic. 198A. Stratigraphic distribution of genera and
families of Oncocerida (Sweet, n).

families (four of them new at the time),
the characters of which may be deduced
from the nature of the nominate genus of
each. These families are Jovellaniidae, Die-
stoceratidae, Qocerinidae, Karoceratidae,
Cyrtoceratidae, Archiacoceratidae, Phrag-
moceratidae, Ptenoceratidae, and Notho-
ceratidae.
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Fic. 198B. Graph showing numbers of new genera of Oncocerida introduced in successive epochs (dashed
lines) and total genera represented in each (solid lines) (Sweet, n).

Frower’s studies of the form and dis-
tribution of actinosiphonate deposits in a
number of early Paleozoic nautiloids re-
sulted in the conclusion (discussed above)
that the occurrence of such structures is en-
tirely too erratic to be of primary taxonomic
value (31, 33). That is, actinosiphonate de-
posits seem to be formed only in the larger
species of many genera, and, even then, they
frequently seem to be adult or perhaps
gerontic features. Hence, even within gen-
era, the distribution and presence or ab-
sence of actinosiphonate siphuncles may be
an unreliable guide to relationship. As a
consequence of this, FLower included most
actinosiphonate nautiloids with quite a
number of otherwise similar nonactinosi-
phonate forms, at first in a superfamily On-
coceroidea, later in an order Oncoceratida
(33,49,50). Thus, FrLower’s concept of
the Oncocerida (essentially the one followed
herein) is parallel to, if somewhat more
elaborate than, HyaTr’s of 1900, in that both
the Oncocerida and the “Cyrtochoanites
Actinosiphonata” include both actinosiphon-
ate and nonactinosiphonate nautiloids, with

relationships between the groups deduced
primarily from similarities or differences in
other structures.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA Agassiz,
1847

Diagnosis given in “Intreductory Discus-

sion” (p. K128). U.Cam.-Rec.

Order ONCOCERIDA Flower in
Flower & Kummel, 1950

[nom. correct. SweET, herein (pro Oncoceratida FLower in
FrLower & KumMmeL, 1950; emend. FLoweR in FLower &
TEICHERT 1957; mention of Oncocerida by FurNIsH, GLEN-

1STER, & HansMAN, 1962 (p. 1343), is disregarded] [=Actino-
siphonata Hyatr in Zitrer, 1900 (division of suborder),
Cyrtoceroidea, Gomphoceroidea TeicHErT, 1933  (orders);

Cyrtoceracea, Gomphoceracea ScHINDEWoOLF, 1935 (suborders);

Oncoceroidea Frower, 1946 (superfamily); Cyrtoceracea

Kuun, 1949 (order, partim); Oncoceroida FIscHER in MOORE,

LALIcKER, & FiscHER, 1952 (order); Oncoceratina SweeT, 1958
(suborder)]

Primitively compressed exogastric cyrto-
cones and brevicones, from which developed
a number of straight, torticonic, gyroconic,
and nautiliconic forms, many with de-
pressed section and endogastric curvature.
Siphuncle on the ventral side of center; sep-
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b

Eorizoceras

Ringoceras
Fic. 199. Graciloceratidae (p. K283).

tal necks tubular or suborthochoanitic in
early stages and primitive forms, cyrto-
choanitic in adults and probably through-
out conch of derived forms. Siphuncular
segments generally slender, but may be large
and considerably inflated. Connecting rings
typically thin, but may be thickened in adult
or gerontic individuals and variously pro-
duced to form actinosiphonate deposits (33,
49,50). M.Ord.-L.Carb.(Miss.).

The stratigraphic occurrence of genera
included in the Oncocerida is shown graph-
ically in Figure 198A; the numbers of new
genera introduced in successive epochs are

indicated in Figure 198B.

Family GRACILOCERATIDAE Flower in
Flower & Kummel, 1950
Exogastric cyrtocones with tubular, thin-
walled, orthochoanitic siphuncle, which is
empty and marginal or subventral (49, 50).

[Probably derived from Bassleroceratidae

(Ellesmerocerida), but differing primarily
in having thin, homogeneous connecting
rings.] M.Ord.-U.Ord.

Graciloceras FLower, 1943, p. 72 [*G. longido-
mum; OD]. Conch slender, compressed, regu-
larly expanding; body chamber much longer than
phragmocone. Siphuncle subventral (31,33). M.
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Graciloceras

4d

Piersaloceras

Ord.-U.Ord., N.Am.——Fic. 199,2. *G. longido-
mum, M.Ord.,, USA(N.Y.); long. sec., venter
right, X1 (31).

Eorizoceras FLowkr, 1943, p. 69 [*E. platyceroides;
OD]. Conch apically curved, adorally straight,
rapidly expanding, faintly compressed; ephebic
section ovoid, sutures straight, slightly oblique;
shell exterior with transverse bands and finer
longitudinal markings; no hyponomic sinus.
Siphuncle small, ventral (31). M.Ord., N.Am.
Fic. 199,1. *E. platyceroides, USA(N.Y.); la,b,
ventral and lat. (venter left), X1 (31).
Piersaloceras TeicHerT, 1930, p. 282 [*P. gageli;
OD]. Like Graciloceras, but larger, not distinctly
compressed, siphuncle well removed from ven-
ter; surface with weak longitudinal ribs crossed
by thick, ripple-shaped flutings (183). U.Ord.,
Eu.(Est.). Fic. 199,3. *P. gageli; 3ab, lat.
(venter right) and long. sec., X1 (183).
Ringoceras STraND, 1934, p. 24 [*R. praecurvum;
OD]. Small, strongly curved, depressed; surface
with longitudinal ribs and fine, irregular trans-
verse striae. Siphuncle subventral; internal struc-
ture not known (176). U.Ord., Eu.(Norway).
Fic. 199,4. *R. praecurvum; 4a-d, dorsal, lat.
(venter left), ventral, lat. (venter right), X1
(176).

Family ONCOCERATIDAE Hyatt, 1884

[Incl. Maelonoceratidae HyaTr, 1884 (=Melonoceratidae

Hvatr, 1894); Ooceratidae, Rizoceratidae HyATT in ZiTTEL,

1900; Oocerinidae TeicHErT, 1939; Oonoceratidae FLOWER,
2
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Exogastric, ventromyarian brevicones and
cyrtocones with empty siphuncles on ventral
side of center. Siphuncles suborthochoanitic
and tubular in early stages of early forms,
but cyrtochoanitic with expanded segments
in later stages and throughout conch of
later forms. Connecting rings thin. Conch
typically compressed, but a few species of
circular or depressed section are known.
Actinosiphonate deposits developed in a few
advanced forms (33,49). M.Ord.-U.Sil.

Oncoceras Harr, 1847, p. 197 [*O. constrictum;
OD] [=Onoceras Tate, 1868 (nom. null.)].
Compressed, curved brevicones, gibbous behind
body chamber and contracting to aperture. At
gibbous region, convexity of ventral profile typical-
ly increased; dorsal profile concave adapically,
convex over gibbous region. Siphuncle small,
ventral; segments ovoid to scalariform, generally
longer than wide. Septal necks short, recurved
(33,83). M.Ord.-U.Ord., N.Am.-Eu. Fic. 200,
3. *0. constrictum, M.Ord., USA(N.Y.); 340,
lat. (venter right), septum (venter up), X1 (53).

? Asaphiceras Foerste, 1928, p. 314 [*A4. schucherti;
OD]. Compressed, straight to faintly cyrtoconic
shells with slight dorsal gibbosity on adoral part
of phragmocone. Siphuncle large, ventral, empty;
segments moderately expanded within camerae.
Reported to be achoanitic, but probably cyrto-
choanitic with short, strongly recurved necks (60).
M.Si., N.Am. Fic. 203,3. *A4. schucherti, Can.
(Anticosti Is.); 3a,b, lat. (venter left), ventral,
% 0.5 (60).

Beloitoceras FoErsTE, 1924, p. 244 [*Oncoceras pan-
dion HaLi, 1861, p. 45; OD]. Like Oncoceras,
but less inflated and gibbous on body chamber
rather than on phragmocone; dorsal profile may
be concave adapically, but is straighter or slightly
convex over parts of body chamber. Siphuncle
small, ventral (33,53). M.Ord.-U.Ord., N.Am.-
Eu. Fic. 200,4. *B. pandion (HarLrL), M.Ord.,
USA(Wis.); 4a,b, lat. (venter right), ventral, X1
(208).

Centrorizoceras FoersTe, 1930, p. 22 [*C. slocomi;
OD]. Like Rizosceras, but conch slightly curved
and siphuncle subcentral. Internal structure un-
known (68). M.Si., N.Am. Fiec. 202,5. *C.
slocomi, USA(IIl.); lat. (venter left), X1 (68).

Cyrtorizoceras Hyatr in Zrrter, 1900, p. 529
[*Cyrtoceras minneapolis CLARKE, 1897, p. 808;
OD] [=Cpyrtorhizoceras CLARKE & RUEDEMANN,
1903 (nom. null.)]. Compressed cyrtocones; dor-
sal and ventral profiles diverging constantly ad-
orally; sides converging slightly over body cham-
ber. Aperture with deep hyponomic sinus; surface
obscurely or prominently costate. Siphuncle sub-
ventral, slender; segments slightly expanded, prob-
ably empty (33,93). [Described Silurian species
probably homeomorphs of Ordovician type.] M.

Ord., ?U.Ord., N.Am.(N.Y.-Wis.-?Que.)-?Eu.-
(?Est.-?Norway). Fic. 200,2. *C. minneapolis
(CLARKE), M.Ord., USA(Wis.); 2a-c, lat. (venter
left), dorsal, ventral, X1 (57).

Digenuoceras Foerste, 1935, p. 43 [*Oxygonio-
ceras? latum ForrstE, 1929, p. 218; OD]. Similar
to Oonoceras, but conch more compressed, both
venter and dorsum acutely angular in transverse
section. Siphuncle cyrtochoanitic; segments sub-
fusiform, probably empty (33,73). U.Ord., N.Am.
(Wyo.-Man.-Arctic). Fic. 200,6. *D. latum
(FoersTE), Can.(Arctic); 6a,b, lat. (venter right),
ventral, X 0.5 (Sweet, n).

Dunleithoceras FoerstE, 1924, p. 245 [*Cyrtoceras
dunleithense MiLLER & GuURLEY, 1896, p. 30; SD
FoErsTE & Savacg, 1927, p. 53]. Strongly curved,
slowly enlarging cyrtocones with subcircular sec-
tion, rounded longitudinal ridge on venter, and
submarginal siphuncle of unknown internal struc-
ture (53). M.O#d.-U.Ord., N.Am.(11l.-Ont.).
Fic. 201,5. *D. dunleithense (MILLER & GURLEY),
M.Ord., USA(IIl.); 54,5, lat. (venter left), apert.
(venter left), X1 (138). [=Dunleitoceras Bara-
sHov, 1962 (nom. null.).]

Ehlersoceras FoersTe, 1932, p. 50 [*E. huronense;
OD]. Slightly curved, depressed, longiconic cyrto-
cones. Siphuncle small, subventral; interior not
known. Transverse surficial striae slope posteriorly
toward venter on sides (71). M.Ord., N.Am.
Fic. 203,2. *E. huronense, Can.(Ont.); 2a,b, lat.
(venter left), ventral, X1 (71).

Ekwanoceras FOERSTE & Savace, 1927, p. 51 [*E.
breviconicum; OD]. Rapidly enlarging cyrtocones
of subcircular section. Siphuncle central, cyrto-
choanitic; segments cylindroid, actinosiphonate
(77). M.Sil., N.Am.(?Ohio-Ont.).—Fic. 202,3.
*E. breviconicum, Can.(Ont.); 3ab, lat. (venter
left), ventral, X1 (77).

Kentlandoceras FoersTE, 1932, p. 49 [*K. schrocki;
OD]. Like Loganoceras, but less curved and with
submarginal ventral siphuncle. Adapical part of
siphuncular segment almost in contact, or in actual
contact with venter (33,71). M.Ord., N.Am.(Ind.-
Wis.-Ont.). Fic. 201,3. *K. shrocki, USA
(Ind.); 3a,b, lat. (venter left), ventral, X1 (71).

[ForrsTe’s original spelling ‘‘schrocki’’ is clearly incorrect
since it is attributed (p. 74) to ‘‘RoBERT R. ScHROCK™ (recte
SHROCcK). Change of the specific name to ‘‘shrocki”’ is a
subsequent spelling (herein) classed as a justified emenda-
tion (Rules, Art. 33a, ii) which is to be cited as of Fokrste,
1932.]

Loganoceras Foerste, 1932, p. 49 [*Cyrtoceras
regulare BiLriNes, 1857, p. 314; OD]. Smooth,
strongly curved cyrtocones of circular section.
Siphuncle empty, probably cyrtochoanitic, ventral
of center; dorsal profile of siphuncular segments
scalariform (71). M.Ord., N.Am. Fic. 201,7.
*L. regulare (BiLLinGs), Can.(Ont.); 746, lat.
(venter left), dorsal, X1 (71).

Maelonoceras HyatT, 1884, p. 280 [*Phragmoceras
praematurum BiLrincs, 1860, p. 173; OD]
[=Cyrtoceras (Meloceras) Foorp, 1888 (nom.
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.‘ﬂ,’ 4

Maelonoceras

Oncoceras

Neumatoceras

Digenuoceras

Fic. 200. Oncoceratidae (p. K284, K288).

© 2009 University of Kansas Paleontological Institute



K286 Cephalopoda—Nautiloidea

Scofieldoceras

Richardsonoceras

Dunleithoceras

Romingoceras

Miamoceras Loganoceras

Fic. 201. Oncoceratidae (p. K284, K288).
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Ekwanoceras

5

Vaupelia Centrorizoceras

Fic. 202. Oncoceratidae (p. K284, K288).
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null.); Melonoceras Hyarr, 1894 (nom. null.)].
Faintly gibbous cyrtocones with subparallel dorsal
and ventral profiles but adorally converging sides

on body chamber. Aperture partially visored,

pear-shaped, with hyponomic sinus. Siphuncle
small, ventral (33,93). M.Ord., N.Am.(Ont.).

Fic. 200,1. *M. praematurum (BILLINGS);
la-c, lat.(venter left), apert.(venter up), ventral,
X1 (53).

Metarizoceras Forrste, 1930, p. 23 [*M. savagei;
OD] [=Cyclorizoceras Foerste, 1930]. Slightly
curved, compressed, rapidly enlarging brevicones
with faintly gibbous dorsal profile and adorally
converging sides over body chamber. Siphuncle
subventral, cyrtochoanitic; segments oblong rather
than fusiform in outline (68). M.S:i., N.Am.
Fic. 202,2. *M. savagei, USA(1ll.); 2a,b, ventral,
lat. (venter left), X1 (68).

Miamoceras FLower, 1946, p. 317 [*M. shideleri;
OD]. Compressed, rapidly enlarging cyrtocones,
with slight adapical curvature and tubular body
chamber with faintly convergent sides. Siphuncle
ventral, cyrtochoanitic; segments subcardioid, rings
thickened near septal necks. Aperture with hypo-
nomic sinus; surface features unknown (33). U.
Ord., N.Am. Fic. 201,6. *M. shideleri, USA
(Ohio); 6a,b, ventral, lat.(venter left), X1 (33).
Neumatoceras FoersTe, 1935, p. 31 [*N. gibbero-
sum; OD]. Compressed brevicones with maximum
height behind posterior end of body chamber; dor-
sal profile straight, concave, or very slightly con-
vex; ventral profile geniculate on phragmocone.
Siphuncle subventral, segments almost cylindrical
(33,73). [May include unrelated extremely gib-
bous species of both Beloitoceras and Oncoceras.]
M.Ord.-U.Ord., N.Am.-Eu. Fic. 200,5. N.
nutans Foerste, U.Ord., USA(Wyo.); lat.(venter
right), X1 (orig., after 73).

Qocerina FoErsTE, 1926, p. 321 [*Cyrtoceras lenti-
gradum Barranpe, 1866, pl. 137; OD]
[=?0o0cenia Decuaseavx, 1941 (nom. null.)].
Like Oonoceras, but siphuncular segments num-
muloidal, actinosiphonate (33,57). ?M.Sd.-U.Sil.,
Eu.(Czech. - S.USSR) - ’N.Am.(?Ont.). Fic.
203,1. *O. lentigradum (Barranpe), U.Sil,
Czech.; la-c, ventral, lat.(venter left), septum
(venter left), X0.75 (5).

Oonoceras Hyart, 1884, p. 280 [*Cyrtoceras acina-
ces BARRANDE, 1866, pl. 118; SD BassLer, 1915,
p. 8771 [=Cyrtoceras (Ooceras) Foorp, 1888
(nom. null.); Ooceras Hyarr in ZrrTer, 1900
(nom. null.); Exomegoceras MiLLER & CARRIER,
1942]. Slender compressed cyrtocones of slight
curvature and gradual enlargement. Sutures with
lateral lobes; camerae and body chamber short;
aperture with hyponomic sinus. Siphuncle close to
venter, cyrtochoanitic, empty; segments either
slightly or broadly expanded within camerae (28,
33,93). M.Ord.-M.Sil., N.Am.-Eu. Fre. 203,5.
*0. acinaces (BarranDE), M.Sil., Eu.(Czech.);
5a-d, ventral, lat.(venter left), septum(venter left),

Cephalopoda—Nautiloidea

dorsal, X0.5 (5). [=Exomeroceras Barasmov,
1962 (nom. null.).)

Paroocerina ZHURAVLEVA, 1961, p. 57 [*P. podol-
skensis; OD]. Like Oocerina, but with hyponomic
sinus. M.Si.-U.Sid., Eu.(Czech.-USSR).—Fic.
204,1. *P. podolskensis, U.Sil., USSR (Podolia);
la-c, left lat., ventral, dorsovent. sec. (venter right),
X 1; 1d, lat. sec. of siph., X 1.5 (214b).

Richardsonoceras Foerste, 1932, p. 50 [*Cyrto-
ceras simplex BiLrings, 1857, p. 313; OD]. Grad-
ually enlarging cyrtocones like Beloitoceras, but
not gibbous adorally, body chamber not con-
tracted adorally, siphuncle somewhat larger than
that of Beloitoceras (33,71). [Only superficially
distinct from Oomnoceras.] M.Ord.-U.Ord., N.Am.

Fic. 201,1. *R. simplex (BiLLiNgs), M.Ord.,
Can.(Ont.); Iab, ventral, lat.(venter left), X1
(71).

Rizosceras Hvyarr, 1884, p. 276 [*Orthoceras indo-
cile BARRANDE, 1866, pl. 185; OD] [=Rizoceras
Hyarr in Zitter, 1900, ef aucrr.]. Compressed,
rapidly enlarging, straight to faintly cyrtoconic
conchs with hyponomic sinus and distinct, faintly
rugose transverse surficial ornament. Siphuncle
ventral, marginal, cyrtochoanitic, cardioid in dor-
soventral section (33,93). M.Ord.-U.Sil., N.Am.-
Eu. Fic. 202,1. *R. indocile (BARRANDE), M.
Sil., Eu.(Czech.); la-c, lat.(venter left), ventral,
septum(venter left), X1; 1d, partial long. sec.,
X2.5 (5).

Romingoceras FoersTE, 1932, p. 50 [*R. josephia-
num; OD] [=Romingeroceras ForersTE, 1933
(nom. null.)]. Slowly enlarging, strongly curved,
depressed cyrtocones or ?gyrocones of ovoid trans-
verse section, Siphuncle small, ventral; segments
oblong, longer than high. Transverse surficial
striae curve slightly backward mid-ventrally, in-
dicating shallow hyponomic sinus (71). M.Ord.,
N.Am. Frc. 201,4. *R. josephianum, Can.
(Ont.); lat.(venter left), X1 (71).

Scofieldoceras FoersTe, 1932, p. 50 [*Cyrtoceras
shumardi CLArkE, 1897, p. 810; OD] [=Scko-
fieldoceras FLower, 1941 (nom. null.)]. Sbort,
rapidly enlarging, depressed cyrtocones, probably
strongly curved. Ventral profile of body chamber
geniculate. Siphuncle small, subventral (71). M.
Ord., N.Am. Fic. 201,2. *S. shumardi
(CLarkE), USA(Minn.); 24,5, lat.(venter left),
ventral, X1 (71).

?Vaupelia FLowERr, 1946, p. 479 [*V. russelli; OD].
Depressed, cyrtoconic brevicones with gibbous
phragmocone, somewhat contracted body cham-
ber, relatively long camerae, and large, ventral,
cyrtochoanitic siphuncle. Siphuncular segments
broadly nummuloidal, empty; septal necks re-
cumbent dorsally, orthochoanitic to subortho-
choanitic ventrally (33). [Relations with other
oncocerids obscure.] U.Ord., N.Am. Fic. 202,
4. *V. russelli, USA(Ohio); 4a-c, ventral, lat.
(venter right), dorsal, X1 (33).

Zittelloceras Hyatr, 1884, p. 284 [*Cyrtoceras hal-




Oncocerida K289

Zittelloceras Oonoceras

Fi1c. 203. Oncoceratidae (p. K284, K288, K290).
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lianum p'OrBIcNY, 1850, p. 1 (=Cpyrtoceras
lamellosum HaLr, 1847, non pEVERNEUIL, 1842);
OD] [=Zitteloceras ZiTTEL, 1884 (nom. null.);
Laphamoceras FoersTe, 1932]. Subcircular or
slightly depressed cyrtocones with ventral, sub-
orthochoanitic, empty siphuncle; surface typically
with crenulate transverse frills, or with distant
noncrenulate annulations (33,71,93). M.Ord.-
U.Ord., N.Am.-Eu.(Scot.). Fic. 203,4. *Z.
hallianum (p’OrBioNY), M.Ord., USA(N.Y.);
4ab, lat.(venter left), ventral, X1.5 (62).

Family TRIPTEROCERATIDAE
Flower, 1941

[=Allumettoceratidae FLowkr, 1945]

Fic. 204. *Paroocerina podolskensis ZHURAVLEVA
(Oncoceratidae) (p. K288).

© 2009 University of Kansas Paleontological Institute
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Depressed, straight to faintly exogastric
longicones with flattened venter and empty,
ventral, suborthochoanitic to cyrtochoanitic
siphuncle (32,33,49). M.Ord.-U.Ord.
Tripteroceras Hvatr, 1884, p. 287 [*Orthoceras

hastatum BiLLiNGs, 1857, p. 333; OD] [=Tryp-
teroceras Z1TTEL, 1884 (nmom. null.)]. Small,
straight, or slightly exogastric conchs of broadly
depressed triangular section; venter broad and flat,
lateral angles acute, dorsum divided by median
ridge or keel; dorsolateral regions flat or slightly
concave. Sutures with dorsal and ventral lobes.
Siphuncle small, ventral; segments slightly ex-
panded, interior not well known, but apparently
empty (33,93). M.Ord., N.Am.-?Eu.(Norway).

Fic. 205,3. *T. hastatum (BiLrLiNGs), Can.
(Ont.); 3a-c, ventral, septum (venter down), lat.
(venter right), X1 (53).

Allumettoceras FoersTe, 1926, p. 311 [*Triptero-
ceras pauquettense FoErsTE, 1924, p. 233; OD].
Orthocones or faintly exogastric cyrtocones with
flattened venter, broadly arched dorsum, narrowly
rounded sides. Early siphuncle suborthochoanitic;
later stages cyrtochoanitic, with subspherical,
empty segments (33,57). M.Ord.-U.Ord., N.Am.-
Eu.(Est.-Norway).. Fic. 205,2. *A. pauquet-
tense (FoersTE), M.Ord., Can.(Ont.); 2a,b, sep-
tum (venter down), ventral, X1 (53).

Hadoceras STraND, 1934, p. 68 [*H. septocurvatum;
OD] [=Hadeoceras FLower & KumMmEL, 1950
(nom. null.)]. Orthocones with broadly arched
venter and more highly arched dorsum. Sutures
with dorsal and mid-ventral saddles and ventro-
lateral lobes. Siphuncle cyrtochoanitic, between
venter and center; segments expanded within
camerae, faint ?annulosiphonate deposits in septal
foramen (176). U.Ord., Eu. Fic. 205,4. *H.
septocurvatum, Norway; 4a,b, ventral, lat. (venter
left), X1 (176).

Rasmussenoceras FoersTe, 1932, p. 51 [*Lambeo-
ceras? leveannulatum ‘Troebsson, 1926, p. 50;
OD]. Orthocones with broadly lenticular section,
sharp lateral angles; sutures with dorsal and
ventral lobes, subangular lateral saddles. Si-
phuncle small, ventral, suborthochoanitic to ortho-
choanitic; segments empty, expanded only slightly
within camerae. Early stages with faint dorsal
keel, suggesting derivation from Tripteroceras (33,
71). M.Ord.-U.Ord., N.Am.-Greenl. F1c. 205,
1. *R. leveannulatum (Troepsson), U.Ord.,
Greenl.; Ilab, ventral, septum (venter down),
X0.5 (194).

Tripterocerina Foerste, 1935, p. 49 [*T. kirki;
OD]. Like Tripteroceras, but dorsum fluted as
well as keeled (33,73). U.Ord., N.Am. Fic.
205,5. *T. kirki, USA(Wyo.); ventral, X0.75
(73).

Family VALCOUROCERATIDAE
Flower, 1945

[Incl. Manitoulinoceratidae SHIMANsK1Y, 1956]




Oncocerida

Rasmussenoceras

Allumettoceras

Hadoceras

K291

Tripteroceras

Tripterocerina

Fic. 205. Tripteroceratidae (p. K290).

Exogastric cyrtocones and brevicones with
ventral, actinosiphonate siphuncle, and
conch that changes ontogenetically from
compressed to depressed or subtriangular
section (32, 33,49). M.Ord.-U.Ord.

Valcouroceras FLowEr, 1943, p. 43 [*V. bovinum;
OD]. Like Minganoceras, but more curved, body
chamber more gibbous, sutures oblique. Com-
pressed in early stages, later flattened dorsally,
then depressed and subtriangular; may be com-
pressed at adapical end of body chamber. Early
stages of siphuncle suborthochoanitic, ventral,
empty; later segments more inflated, with thicker
rings and actinosiphonate deposits (31, 33). M.
Ord., N.Am.-?Eu.(?Norway). Fic. 206,7. *V.
bovinum, USA(N.Y.); 7a, lat. (venter right),
X0.56; 76-d, partial long. secs., X3; 7e, transv.
sec. of siphuncle, X3 (31, 33).
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?Actinomorpha Frower, 1943, p. 53 [*4. pupa;
OD]. Compressed brevicones with venter more
narrowly rounded transversely than dorsum; gib-
bous at adoral end of phragmocone. Siphuncle
ventral, with broad, slightly expanded, cyrto-
choanitic segments in which are continuous,
branched or pectinate actinosiphonate deposits.
Aperture with distinct hyponomic sinus; surface
with closely spaced, low, irregular growth lines
(31). ?M.Ord., N.Am.(Wis. or Minn.). Fic.
207,1. *A. pupa; lab, lat. (venter right), ventral,
X0.75 (31).

Augustoceras FLoweR, 1946, p. 343 [*A4. shideleri;
OD]. Slender, fusiform cyrtocones with subtri-
angular transverse section, short camerae, oblique
sutures, slight hyponomic sinus, and shell with
fine transverse, faintly rugose growth lines. Si-
phuncle subventral, cyrtochoanitic, with fusiform
segments and simple actinosiphonate deposits (33).
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Augustoceras

Kindleoceras

Fayettoceras

6d

6c

Minganoceras

Valcouroceras

Fic. 206. Valcouroceratidae (p. K291, K293).
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M.0rd.-U.Ord., N.Am.(Ky.-Ohio). Fic. 206,2.
*A. shideleri, M.Ord., USA(Ky.); 24, lat. (ven-
ter right), dorsal, X0.56; 2¢, partial long. sec.,
X4.5 (33).

Fayettoceras FoersTe, 1932, p. 50 [*Cyrtoceras
thompsoni MILLER, 1894, p. 323; OD]. Depressed
cyrtocones with ventral cyrtochoanitic siphuncle
of elongated, ovoid segments strongly contracted
at septal necks. Internal structure unknown. Sur-
face transversely striated; striae probably outline
faint hyponomic sinus on venter (33,71). [Re-
ferred to Valcouroceratidae because of superficial
similarity to Manitoulinoceras.] ?M.Ord., U.Ord.,
N.Am.(Ind.-?Wis.). Fic. 206,3. *F. thomp-
soni (MiLLEr), U.Ord., USA(Ind.); 34,5, dorsal,
lat. (venter right), X0.75 (71).

Kindleoceras Foerste, 1924, p. 226 [*K. reversa-
tum; OD]. Curved or virtually straight conchs
with flattened dorsum, subangular venter, tri-
angular transverse section. Siphuncle small, ven-
tral, cyrtochoanitic, with thickened rings and
actinosiphonate deposits, rays of which are shorter
and more numerous than in Augustoceras (33,
54). M.Ord.-U.Ord., N.Am. Fic. 206,5. *K.
reversatum, U.Ord., Can.(Ont.); 5a-c, lat. (venter
left), ventral, transv. sec. (venter down), X0.75;
5d, partial long. sec., X3 (33, 54).

Manitoulinoceras Foerste, 1924, p. 230 [*Cyrto-
ceras lysander BiLLiNGs, 1865, p. 161; OD]. Si-
phuncle like Kindleoceras, but shell more curved,
aperture open, section depressed with somewhat
flattened dorsum. Actinosiphonate deposits ap-
parently gerontic, confined to early parts of
phragmocone (33,54). U.Ord., N.Am.(Ky.-Ohio-
Ind.-Ont.). Fic. 206,1. *M. lysander (BiLL-
INGs), Can.(Ont.); Ia,b, lat. (venter left), ventral
%0.75; Ic, partial long. sec., X4.5 (33,54).

Minganoceras Foerste, 1938, p. 104 [*Cyrtoceras
subturbinatum BiLLiNgs, 1857, p. 312; OD]. Slen-
der, depressed cyrtocones with venter more nar-
rowly rounded than dorsum; siphuncle cyrto-
choanitic with simple actinosiphonate deposits
(33,76). M.Ord., N.Am. Fic. 206,6. *M.
subturbinatum (BiLLINGs), M.Ord., Que.(Mingan
Is.); 6a-c, ventral, lat. (venter left), partial long.
sec.,, X.35; 6d, siphuncle (venter down), X0.4
(33,76).

Staufferoceras FoersTe, 1932, p. 50 [*Cyrtoceras
featherstonhaughi CrLarke, 1897, p. 807; OD].
Like Manitoulinoceras in section, but gibbous ad-
orally; internal structures unknown. Deep camerae
and rapid expansion suggest early stages of Mani-
toulinoceras, for which reason this genus is re-
ferred to the Valcouroceratidae (33,71). M.Ord.-
U.Ord., N.Am.(Ohio-Minn.). Fic. 206,4. *S.
featherstonhaughi  (CLarke), M.Ord., USA
(Minn.); 4a-c, lat. (venter right), ventral, dorsal,
X1 (71).

© 2
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Fic. 207. *Actinomorpha pupa FLower (?Val-
couroceratidae) (p. K291).

Family DIESTOCERATIDAE Foerste,
1926

Compressed, straight to faintly endogas-
tric brevicones with marginal, cyrtochoani-
tic siphuncle in which are discrete, irregu-
lar actinosiphonate deposits (32, 33, 49, 57).
M.O7rd -U.Ord.

Diestoceras Foerste, 1924, p. 262 [*Gomphoceras
indianense MiLLER & FaBER, 1894, p. 137; OD].
Conch with greatest height and width at adoral
end of phragmocone, contracting to aperture;
peristome straight, transverse, with hyponomic
sinus. Siphuncle ventral, cyrtochoanitic; segments
subquadrate in longitudinal section, usually scalari-
form in outline; thin annulosiphonate rings in
septal foramen produce distinctive irregular linear
processes extending adapically and adorally, but
not forming rays continuous from segment to seg-
ment (31,33,53). M.Ord.-U.Ord., N.Am.-Eu.
Fic. 208,5. *D. indianense (MiLLER & FaBer), U.
Ord., USA(Ind.); 54,6, lat. (venter right), ventral,
X0.5; 5c¢, partial long. sec. (venter left), X2
(33,53).

Danoceras TroebpssoN, 1926, p. 101 [*D. ravni;
OD] [=Hyperoceras Foerste, 1928]. Conch
slightly contracted at aperture. Siphuncle cyrto-
choanitic; necks recumbent, segments elongate,
subtrapezoidal in longitudinal section; endosi-
phuncular deposits like Diestoceras; not well de-
veloped in known species (33,194). ?M.Ord.,
U.Ord., Eu. (Est.) - Greenl. - USSR (Sib., Taimyr
Penin.).——Fic. 208,4. *D. ravni, M.Ord. or U.
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Suttonoceras

2b
Dowlingoceras
Pictetoceras

Diestoceras
Fic. 208. Diestoceratidae and Genus Dubium (p. K293, K295, K319).
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Ord., Greenl.; 4a-c, lat. and septum (venter right),
partial long. sec., X1 (194).

Dowlingoceras FoersTe, 1928, p. 43 [*Poterioceras
gracile WHiTEAVES, 1892, p. 87; OD]. Somewhat
like Diestoceras in form, but more slender, more
compressed, and with relatively much smaller si-
phuncle that is only slightly inflated within cam-
erae; internal structure of siphuncle unknown
(65). [Referred to Diestoceratidae on basis of ex-
ternal similarity to Diestoceras.] U.Ord., N.Am.-
?Eu. (?Est.-?Norway). Fic. 208,2. *D. gracile
(WHiTEAVES), Can.(Man.); 24,5, lat. and septum
(venter right), X1 (Sweet, n).

?Lyckholmoceras TEicHErT, 1930, p. 301 [*L. es-
toniae; OD]. Large, faintly endogastric cyrto-
cones with slightly compressed cross section, ven-
ter more narrowly rounded than dorsum; aper-
ture with hyponomic sinus; septal necks slightly
cyrtochoanitic; connecting rings thin; actino-
siphonate deposits not known (183). U.Ord., Eu.
(Est.-Norway). Fic. 209,1. *L. estoniae, Est.;
lab, lat. (venter left), ventral, X0.7 (183).

Suttonoceras MiLLER & Youncquist, 1947, p. 13
[*S. rossorum; OD]. Slightly curved, endogastric
brevicones with adorally contracted body cham-
ber, straight sutures, and nummuloidal submar-
ginal actinosiphonate siphuncle. Interior of si-
phuncle unknown (134). [May be a synonym of
Diestoceras.] U.Ord., N.Am. Fic. 208,I. *S.
rossorum, Can.(Arctic); Ia,b, dorsal, lat. (venter
right), X0.75 (134).

Family HEMIPHRAGMOCERATIDAE
Foerste, 1926

Compressed, endogastric  brevicones,
curved adapically, straight adorally, with
ventral, nummuloidal, actinosiphonate si-
phuncle and elaborately visored aperture.
Actinosiphonate deposits continuous from
one segment to the next. Mature peristome
with hyponomic sinus on spoutlike process,
paired lateral sinuses, and mid-dorsal salient
(49,57). M.Sil.-U.Sil., ?M .Dev.

Hemiphragmoceras HyaTT in Zrrrer, 1900, p. 531
[*Phragmoceras pusillum BarranDE, 1865, pl. 52;
OD] [=Hemiphraygmoceras CossmaNN, 1900
(nom. mnull.)]. Similar to Tetrameroceras, but
peristome with single pair of dorsolateral sinuses,
distal extremities of which curve adventrally (57,
97). M.Sil., Eu.(Czech.); ?M.Dev., USSR(Sib.,
Taimyr Penin.). Fic. 210,3. *H. pusillum
(BARrANDE), M.Sil., Czech.; 34,5, lat. and apert.
(venter right), X1 (5).

Conradoceras FoerstE, 1926, p. 361 [*C. pseudo-
conradi; OD] [non Conradoceras FoErrsTe, 1928
(=Reedsoceras Forrste, 1929)]. Like Tetra-
meroceras, but straighter; mature peristome with
hyponomic sinus and 2 pairs of broad dorsolateral
emarginations, largest of which is produced lat-
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F1c. 209. *Lyckholmoceras estoniae TEICHERT
(?Diestoceratidae) (p. K295).

erally, whereas smaller is directed ventrolaterally
(57). M.Sil., Eu. Fic. 210,4. *C. pseudocon-
radi, Czech.; 4a-c, lat. and apert. (venter left),
long. sec., X1 (5).

Hexameroceras Hyarr, 1884, p. 278 [*Phragmo-
ceras Panderi BARRANDE, 1865, pl. 48; OD]
[=Septameroceras Hyart, 1884 (subj.); Octa-
meroceras Hyatt in ZrrteL, 1900 (subj.); Hep-
tameroceras Z1TTEL, 1884 (nom. null.); Hexamo-
ceras MitcHeLL, 1890 (nmom. null.)]. Similar to
Tetrameroceras, but mature peristome with 3 pairs
of dorsolateral sinuses and narrow mid-dorsal
salient (57, 93). M.Sil.-U.Sil., N.Am.-Eu. Fic.
210,1. *H. panderi (Barranbg), M.Sil., Eu.
(Czech.); 1Ia,b, lat. and apert. (venter right),
X 0.75 (5).

Octamerella TEeicHerT & Sweet, 1962, p. 611
[*Octameroceras callistomoides FoersTe, 1926;
OD]. Like Tetrameroceras, but straighter; mature
peristome with 4 pairs of dorsolateral sinuses and
broad mid-dorsal salient (57, 97). M.S:i., N.Am.
(Ont.)-Eu.(Czech.). Fic. 210,2. *O. calli-
stomoides (FoersTE), Czech.; 2a,b, lat. and apert.
(venter left), X1 (5). [See 193a.]

Tetrameroceras Hyatt, 1884, p. 277 [*Phragmo-
ceras bicinctum BarranDE, 1865, pl. 51; OD].
Dorsal and ventral profiles convex, body chamber
inflated, with contracted, visored aperture; peri-
stome with long hyponomic sinus, 2 pairs of
dorsolateral sinuses, and mid-dorsal salient. Si-
phuncle with convex segments and continuous
actinosiphonate deposits (57, 93). M.Sil.-U.Sil., N.
Am.-Eu. Fic. 210,5. *T. bicinctum (Bar-
RANDE), M.Sil., Eu.(Czech.); 54,5, lat. and apert.
(venter left), X1 (5).
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Octamerella

Conradoceras Tetrameroceras

Fic. 210. Hemiphragmoceratidae (p. K295).
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Pentameroceras

Inversoceras

Trimeroceras

Gomphoceras Clathroceras Stenogomphoceras

Fic. 211. Trimeroceratidae and Genus Dubium (p. K298-K299, K318).
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Oxygonioceras

Fic. 212. Torticonic Brevicoceratidae (p. K301).

Family TRIMEROCERATIDAE
Hyatt in Zittel, 1900

Exogastric, mostly compressed brevicones,
superficially similar to Hemiphragmocera-
tidae, but with slender, empty siphuncles.
Aperture visored; mature peristome with
median dorsal sinus (49, 97). M.Sil.

Trimeroceras HyatT, 1884, p. 278 [*Gomphoceras
staurostoma BARRANDE, 1865, pl. 73; OD]. Straight
brevicones with inflated body chamber; peristome
with hyponomic sinus, slitlike median element,
narrow dorsolateral and mid-dorsal sinuses (57,
93). M.Sil., Eu. Fic. 211,1. *T. staurostoma
(BARrRANDE), Czech.; Ia,b, lat. and apert. (venter
right), X1 (5).

Clathroceras Foerste, 1926, p. 354 [*Phragmo-
ceras sulcatum BarraNDE, 1865, pl. 47; OD].
Ribbed brevicones with transverse aperture; ma-
ture peristome with subcircular hyponomic sinus,
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ventrolateral salients, and broad, circular dorsal
sinus (57). M.Sil., Eu. Fic. 211,6. *C. sulca-
tum (BarrANDE), Czech.; 64,6, lat. and apert.
(venter right), X1 (5).
Eotrimeroceras FoersTe, 1928, p. 319 [*E. jupiter-
ense; OD]. Like Trimeroceras, but lateral and
dorsal sinuses in dorsal half of peristome less dis-
tinctly developed (60). M.Si#., N.Am. Fic.
211,2. *E. jupiterense, Can.(Anticostils.); 2a,b,
lat. (venter right), ventral, X1 (60).
Inversoceras HepsTrOM, 1917, p. 7 [*Phragmoceras
perversum BARRANDE, 1865, pl. 53; OD]. Slender
brevicones with faintly gibbous body chamber and
visored aperture sloping adapically from dorsum
to venter, with spoutlike dorsal and ventral proc-
esses; mature peristome with hyponomic sinus,
narrow, slitlike median element, and broad dorsal
sinus, smooth contour of which is broken laterally
by deep, V-shaped emarginations (57, 68). M.Sil.,
Eu.(Czech.-Sweden)-N.Am.(Wis.). Fe. 211,
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Gonionaedyceras

Stereotoceras

Fic. 213. Coiled Brevicoceratidae (p. K301-K302).

4. *I. perversum (BARRANDE), Eu.(Czech.); 4a,b,
lat. and apert. (venter right), X1 (5).

Pentameroceras Hyatt, 1884, p. 278 [*Gompho-
ceras mirum BarranDE, 1865, pl. 82; OD].
Straight to faintly exogastric brevicones with com-
pressed, depressed, or virtually circular transverse
section; body chamber inflated; aperture visored;
peristome with hyponomic and mid-dorsal sinuses
and 2 pairs of narrow dorsolateral sinuses (57, 93).
M.Sil., N.Am.-Eu. Fic. 211,3. *P. mirum
(BARRANDE), Eu.(Czech.); 32,6, lat. and apert.
(venter right), X1 (5).

Stenogomphoceras FoersTe, 1930, p. 367 [*S. chad-
wicki; OD]. Straight or faintly exogastric brevi-
cones; body chamber contracted adorally, con-
stricted at mid-length; peristome like Pentamero-
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ceras, but lateral sinuses not produced into nar-
row, arcuate lobes (67). M.Si., N.Am.(Ill.-
?Ohio). Fic. 211,7. *S. chadwicki, USA(Ill.)
7a-c, lat. and apert. (venter right), ventral, X1
(67).

Family BREVICOCERATIDAE
Flower, 1941

[Incl. Naedyceratidae SHIMANSKIY & ZHURAVLEVA, 1956;
Mitroceratinae ZHURAVLEVA, 1962] [=Trochoceratidae S. A.
MiLLer, 1877 (based on Trochoceras HaLr, 1852, non Bar-
RANDE, 1848) (mom Trochoceratidae Zitter, 1884, based on
Trochoceras BARRANDE, 1848, non HaLr, 1852)]

Exogastric (or, rarely, endogastric) gyro-
cones, torticones, and brevicones, tending to
develop vestigial, irregular actinosiphonate
deposits and subtriangular transverse sec-
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Micronoceras

Cephalopoda—Nautiloidea

Exocyrtoceras

Fi1c. 214. Breviconic Brevicoceratidae (p. K300-K302).

tion (32,49). [Derived from Oonoceras in
the Silurian.] M-S:l.-U.Dev.

Brevicoceras FLower, 1938, p. 24 [*B. casteri; OD].
Depressed brevicones with flattened dorsum, more
narrowly rounded venter; ventral profile convex,
dorsal profile concave adapically, convex over
adoral part of phragmocone and adjacent body
chamber, straight or faintly concave just behind
aperture; sides convex, diverging to place of maxi-
mum dorsal gibbosity, contracting adorally. Su-
tures with ventral and dorsal lobes, lateral saddles.
Aperture transverse, little constricted, not visored;
peristome with dorsal and ventrolateral salients
and small mid-ventral hyponomic sinus. Siphuncle
ventral, slender, nummuloidal, with irregular
actinosiphonate deposits (21). M.Dev., N.Am.
(N.Y.-Mich.-Iowa-Ont.). Fic. 215,1a. B. pom-
peyense, USA(N.Y.); transv. sec., X 0.5 (21).

Fic. 215,1b,c. *B. casteri, USA(N.Y.); ven-
tral, lat. (venter left), X0.5 (21).

Aletoceras FLower, 1938, p. 35 [*4. gracile; OD].
Slightly depressed brevicones, gibbous in adoral
part of phragmocone and adapical half of body

© 2009 University of Kansas Paleontological Institute

chamber, sides flaring in adoral part of body
chamber. Sutures straight or with slight lateral
saddles. Peristome with broad hyponomic sinus,
ventrolateral salients, dorsolateral sinuses, and
probably broad mid-dorsal salient. Siphuncle ven-
tral, empty, with nummuloidal, slightly scalari-
form segments (21). M.Dev., N.Am. Fic. 215,
5. *4. gracile, USA(N.Y.); 5a,b, ventral, lat. (ven-
ter left), X1 (21).

Anglicornus FLower & CasTer, 1935, p. 52 [*4.
anneliesae; OD]. Slightly depressed brevicones
with maximum gibbosity slightly in front of pos-
terior end of body chamber; dorsum more gibbous
than venter. Peristome with hyponomic sinus,
rounded ventrolateral salients. Siphuncle ventral,
segments fusiform, internal structure unknown
(21, 48, 214). U.Dev., N.Am.(Pa.-N.Y.). FiG.
215,2. *A. anneliesae, USA (Pa.); 2a,b, lat. (venter
right), ventral, X1 (48).

Blastocerina Frower, 1940, p. 447 [*Blastoceras
cylindrostomum FLoweR & CasTer, 1935, p. 51;
OD] [=Blastoceras FLowER & CasTER, 1935 (non
FrrzinGer, 1860)]. Brevicones with slightly more
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convex venter than dorsum and greatest gibbosity
in adapical third of body chamber; body chamber
subcylindrical or only slightly contracted adorally
from this. Sutures produced adaperturally on
dorsum. Peristome with broad hyponomic sinus,
ventrolateral salients, dorsolateral sinuses and mid-
dorsal salient. Siphuncle probably near venter;
position and internal structure unknown (48).
U.Dev., N.Am. Fic. 214,1. *B. cylindrostoma
(Frower & CasTeR), USA(Pa.); la-c, ventral, lat.
(venter left), dorsal, X1 (48).

Eleusoceras FLoweRr, 1938, p. 55 [*E. nicholsi;
OD]. Straight brevicones with greatest gibbosity
posterior of body chamber, uncompressed adapical-
ly; slightly depressed adorally, with dorsum and
venter equally rounded. Aperture unknown;
growth lines indicating absence of hyponomic
sinus, Siphuncle ventral; segments nummuloidal,
with actinosiphonate deposits in septal foramen
not continuous from segment to segment (21, 32).
M.Dev., N.Am. Fic. 215,6. *E. nicholsi, USA
(N.Y.); dorsal, X0.75 ( 21).

Exocyrtoceras FLowERr, 1938, p. 37 [*E. exoticum;
OD]. Slightly curved, depressed brevicones and
more strongly curved torticones with rounded
venter and flattened dorsum. Aperture transversely
elliptical; without hyponomic sinus. Siphuncle
ventral, narrowly cyrtochoanitic, empty (21, 32).
M.Dev., N.Am.(N.Y.-Ohio-Mich.-Ont.). Fic.
214,4. *E. exoticum, USA(Ohio); 4a,b, ventral,
lat. (venter left), X1 (21).

Foersteoceras RUEDEMANN, 1925, p. 62 [*Trocho-
ceras turbinatum Havp, 1852, p. 335; OD] [non
Foersteoceras Smimizu & Osata, 1936]. High-
spired, mitriform, dextral torticones with 5 or
more depressed volutions and long body cham-
ber. Siphuncle large, slightly nummuloidal, mar-
ginal; with secondary, vestigial, or rudimentary
actinosiphonate deposits (33, 152). U.Si., N.Am.

Fic. 212,2. *F. turbinatum (HaLr), USA
(N.Y.); outer whorl contour, ventral, X0.5 (152).

Gonionaedyceras FLowsr, 1945, p. 716 [*Trocho-
*ceras pandion Havv, 1876, pl. 48; OD]. Strongly
curved cyrtocones with asymmetric, subtriangular
transverse section; dorsum obliquely flattened,
venter with rounded to angular ridge not in plane
of siphuncle. Sutures with dorsal lobes, umbilical
saddles sharper on left than right, lateral lobes,
and rounded ventral saddle. Siphuncle ventral,
cyrtochoanitic, actinosiphonate (32). M.Dev., N.
Am. Fic. 213,3. *G. pandion (Harr), USA
(N.Y.); 3a, lat. (venter convex), septum (venter
down), X0.75 (87).

Gyronaedyceras FLower, 1945, p. 716 [*Gyroceras
validum HaLr, 1876, pl. 51; OD]. Compressed
gyrocones of about 2 volutions; whorl section
asymmetrical, subtriangular, with broadly rounded
to subangular venter and flat dorsum; sutures es-
sentially straight and transverse. Siphuncle ven-
tral, cyrtochoanitic, with discrete actinosiphonate
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deposits  (32). M.Dev., N.Am.(N.Y.-Wis.).
Fic. 213,1. *G. validum (Harr), USA(N.Y.);
lat. (venter convex), X0.33 (87).

Micronoceras Frower, 1938, p. 46 [*M. delphi-
colum; OD]. Small, slightly curved, depressed
brevicones enlarging to body chamber mid-length,
then gradually contracting adorally to round or
faintly subtriangular aperture. Siphuncle ventral;
segments elongate and only slightly expanded; in-
terior unknown (21,32). M.Dev., N.Am. (N.Y.-
Ohio-Ind.). Fic. 214,3. *M. delphicolum,
USA(N.Y.); 3a,b, opposite sides of same specimen,
orientation uncertain, X1 (21).

Mitroceras Hyatr, 1894, p. 503 [*Trochoceras geb-
hardi Harv, 1852, p. 335; OD] [nom. subst. pro
Trochoceras HaLL, 1852 (=Tachoceras GraBau &
SHERZER, 1910, nom. null.), non BarranDE, 1848].
Low-spired, dextral torticones; body chamber at
least one whorl long, whorls subcircular to sub-
quadrate in transverse section, slightly impressed.
Siphuncle ventral, marginal, nummuloidal, small;
with rudimentary actinosiphonate deposits (32,
152). U.Sil., N.Am. Fic. 212,1. *M. gebhardi
(Harr), USA(N.Y.); outer whorl contour, ven-
tral, X0.5 (84).

Naedyceras Hyarr, 1884, p. 281 [*Trochoceras
eugenium HaLL, 1861, p. 108; OD] [=?Gyro-
ceras OWEN, 1844; ?Psr. syn. of Naedyceras (see
MiLLER, DUNBAR, & CoNDR4, 1933, p. 90)]. Low-
spired, loosely coiled, dextral torticones with flat-
tened dorsum and subtriangular whorl section
little affected by asymmetry of coil; body chamber
faintly gibbous; mature aperture contracted. Sutures
with slight lateral lobes, broad ventral and um-
bilical saddles, and dorsal lobe. Siphuncle ventral,
cyrtochoanitic, actinosiphonate (32, 93). M.Dev.,
N.Am.(N.Y.-Wis.-Ohio). Fic. 213,2. *N. eu-
genium (Harr), USA(N.Y.); venter convex,
X0.5 (87).

Ovoceras FLower, 1936, p. 64 [*Gomphoceras
(Apioceras) oviforme HaLr, 1860, p. 105; OD].
Small, erect, depressed brevicones, expanding ad-
orally beyond adapical end of body chamber, then
contracting to aperture. Peristome with promi-
nent hyponomic sinus, ventrolateral salients, lat-
eral sinuses and straight or faintly emarginate dor-
sum. Siphuncle ventral; interior unknown (20,
21). M.Dev., N.Am.(N.Y.-Ind.)-Eu.(Ger.).
Fie. 215,3. *0. oviforme (HaLL), USA(N.Y.);
3a,b, apert. (venter down), dorsal, X0.75 (20).

Oxygonioceras FoErsTE, 1925, p. 62 [*Trochoceras
oxynotum Barranpg, 1865, pl. 14; OD]. Com-
pressed, loosely coiled, dextral torticones, with
rounded dorsum and angular or subangular ven-
ter in transverse section; sutures with broad lat-
eral lobes. Siphuncle ventral; segments broadly
nummuloidal, subscalariform, empty (29, 32, 55).
M.Sil., N.Am.-Eu.(Eng.-Czech.). Fic. 212,3.
*0. oxynotum (BARRANDE), Eu.(Czech.); 34,5,
lat. (venter convex), dorsal, X0.5 (5).
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Stereotoceras FLOwER, 1950, p. 12 [*S. oppletum;
OD]. Smooth, depressed gyrocones with dorsum
much flatter than venter. Sutures straight ven-
trally, but with dorsal lobes; surface with trans-
verse growth lines outlining mid-ventral hypo-
nomic sinus. Siphuncle ventral, nummuloidal,
with discrete, irregular actinosiphonate deposits
concentrated at septal foramina (37). M.Dev., N.
Am.-Eu.(Czech.); U.Dev., NAAm.(N.Y.). Fic.
2134. *S. oppletum, M.Dev., USA(N.Y.); 44,5,
lat. (venter convex), septum (venter down), X0.5
(7).

Verticoceras FLowEr, 1936, p. 72 [*V. erectum;
OD]. Virtually straight, depressed, endogastric
brevicones with greatest gibbosity in adapical part
of body chamber. Aperture slightly contracted,
round except for hyponomic sinus. Siphuncle
ventral (20, 21, 32). M.Dev.-U.Dev., N.Am.
Fic. 214,2. *V. erectum, M.Dev., USA(N.Y.);
2a,b, ventral, lat. (venter right), X1 (20).
Wissenbachia Forrste, 1926, p. 319 [*Phragmo-
ceras orthogaster SANDBERGER & SANDBERGER,
1852, p. 150; OD]. Compressed brevicones; ven-
tral profile uniformly convex, dorsum faintly
concave; venter more narrowly rounded than dor-
sum. Sutures and aperture straight and trans-
verse; peristome with broad hyponomic sinus,
rounded ventrolateral salients, ?dorsal sinus. Si-
phuncle ventral, nummuloidal, actinosiphonate
(21, 57). M.Dev., Eu.(Czech.-Ger.)-N.Am.(N.Y.).
Fic. 215,4. *W. orthogaster (SANDBERGER &
SANDBERGER), Ger.; 44,5, lat. (venter right), ven-

tral, X1 (57).

Family JOVELLANIIDAE Foord,
1888

Longiconic cyrtocones and orthocones
with large, ventral, actinosiphonate si-
phuncles and subtriangular to depressed
transverse section; venter typically angular
or more acutely rounded than dorsum (22,
41). [Probably developed from Valcouro-
ceratidae in Upper Ordovician or Silurian.]
2U.Ord., M Sil.-L.Dev.

Jovellania BavLe, 1879, p. 91 [*Orthoceratites buchi
DEVERNEUIL, 1850, p. 778; OD] [=?Trigonodema
LaporTE, 1843 (ICZN pend.); Jovelliania Mrtcu-
ELL, 1890 (nom. null.)]. Like Mixosiphonoceras,
but not so strongly depressed; shell annulated (16,
57, 79). L.Dev., Eu.(Fr.-Ger.) —Fic. 216,6. *].
buchi (pEVEernEeuIL), Fr.; 6ab, long. sec. and
septum (venter left), X1 (57).

Herkimeroceras FoersTE, 1926, p. 288 [*Cyrto-
ceras subrectum Harr, 1859, p. 342; OD]. Vir-
tually straight, faintly gibbous, compressed, venter
slightly more narrowly rounded than dorsum.
Siphuncle ventral, marginal; segments nummul-
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oidal to scalariform, actinosiphonate (57). ?U.Sil.
or ?L.Dev., N.Am. Fic. 216,4. *H. subrectum
(Harr), USA(N.Y.); 4ab, lat. (venter left), ven-
tral, X0.75 (57).

Laumontoceras FoersTe, 1926, p. 305 [*Orthoceras
laumonti BaRRaNDE, 1866, pl. 235; OD]. Uncom-
pressed orthocones with central, cylindroid si-
phuncle slighdy contracted at septal necks, with
discrete, discontinuous actinosiphonate deposits
(57). ?L.Dev., Eu. Fic. 216,3. *L. laumont;
(BARRANDE), Fr.; 34,5, lat. (venter left), long. sec.
(venter right), X 0.5 (5).

Mixosiphonoceras Hvatr, 1900, p. 529 [*Cyrto-
ceras desolatum Barranpr, 1877, p. 135; OD].
Slowly enlarging, longiconic cyrtocones or ortho-
cones with subtriangular depressed section; dor-
sum flat, venter subangular. Siphuncle between
center and venter, segments cylindroid, only mod-
erately contracted at septal foramen, actinosiphon-
ate (57, 97). ?U.Ord., Eu.(Norway); M.Sil., Eu.
(Czech.); ?L.Dev., Eu.(Sp.). Fic. 216,2. *M.
desolatum (BarranpE), M.Sil., Czech.; 2a-c, sep-
tum (venter down), ventral, long. sec. (venter
right), X0.5 (5).

Projovellania Hyatr in Zrrter, 1900, p. 529
[*Cyrtoceras athleta Barranpe, 1877, p. 116;
OD]. Like Mixosiphonoceras and Jovellania, but
compressed, rather than depressed (57, 97). M.
Si., Eu. Fic. 216,1. *P. athleta (BARRANDE),
Czech.; Ia-c, ventral, lat. and septum (venter

left), X0.33 (5).

Family TRIPLEUROCERATIDAE
Foerste, 1926

Longiconic orthocones with rounded tri-
angular transverse section; venter flattened,
dorsum narrowly rounded or angular. Su-
tures with narrow dorsal saddles and lateral
lobes. Siphuncle on ventral side of center,
cyrtochoanitic, in some forms occupied by
actinosiphonate deposits (57, 167). ?L.Dev.,
M.Dey.-L.Carb.(Miss.).

Tripleuroceras Hyatr, 1884, p. 289 [*Orthoceras
archiaci BARranDE, 1868, pl. 251; OD]. With
characters of family. Siphuncle ventral, mar-
ginal, actinosiphonate (57, 93, 167). ?L.Dev., Eu.
(Ger.); M.Dev., Eu.(Czech.-USSR)-N.Am.(Ont.).

Fic. 216,5. *T. archiaci (BarranbpE), M.Dev.,,
Czech.; 52,5, ventral, long. sec. (venter right),
%0.3 (5).

Psiaoceras SHIMaNsk1y, 1957, p. 531 [*Gompho-
ceras hesperis Eicuwarp, 1860; OD]. Like Tri-
pleuroceras, but siphuncle smaller, apparently not
actinosiphonate (167). U.Dev.-L.Carb., Eu.
Fie. 217,1. *P. hesperis (Eicuwarp), L.Carb.,
USSR; Ia-c, dorsal, lat. (venter right), septum
(venter down), X0.5 (19).
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Wissenbachia Aletoceras Eleusoceras
Fic. 215. Breviconic Brevicoceratidae (p. K300-K302).
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Tripleuroceras Jovellania

Fic. 216. Jovellaniidae, Tripleuroceratidae (p. K302).
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Family NOTHOCERATIDAE Fischer,
1882

[=Nothoceratidae Teicuert, 1939 (jr. syn. homonym)]
[Incl. Cyrtoceratidae CHAPMAN, 1857; Cranoceratidae SHIMAN-
sk1y, 1957; Bolloceratidae ZHURAVLEVA, 1962]

Depressed (or primitively compressed),
exogastric or endogastric brevicones, nau-
tilicones, and torticones with contracted or
visared apertures and ventral, generally con-
cavosiphonate siphuncle occupied by actino-
siphonate deposits (42, 49, 183). Sil.-U.Dev.

Nothoceras BARrANDE, 1856, p. 317 [*N. bokemi-
cum; OD] [non Nothoceras EicawaLp, 1860
(=?Kochoceras TroepssoN, 1926)]. Evolute, exo-
gastric nautilicones with depressed, dorsally im-
pressed whorls; body chamber half a volution
long, contracted laterally to aperture. Siphuncle
ventral, marginal; segments concavosiphonate,
(5, 57). M.Dev., Eu. Fic. 218,1. *N. bohemi-
cum, Czech.; la,b, lat. (venter convex), ventral,
X 0.3 (5).

Blakeoceras FoersTE, 1926, p. 322 [*Cyrtoceras em-
piricum BarRranDE, 1877, p. 141; OD]. Like
Perimecoceras, but phragmocone enlarging more
rapidly, body chamber shorter, and siphuncular
diameter proportionately greater. Siphuncle con-
cavosiphonate, with discontinuous actinosiphonate
deposits (42,57). Sil., Eng.; M.Dev., Eu.(Czech.).

Fic. 218,5. *B. empiricum (BARRANDE), M.
Dev., Czech.; lat. (venter right), X0.3 (5).

Bolloceras Foerste, 1926, p. 351 [*Phragmoceras
rex BArrANDE, 1865, pl. 101; OD]. Compressed
endogastric brevicones with adorally contracted
body chamber. Aperture T-shaped, with trans-
versely slitlike dorsal element, narrow median
element, and slightly expanded liplike hyponomic
spout. Siphuncle large, ventral, marginal; seg-
ments cylindrical to concavosiphonate, actinosi-

phonate (21, 50, 57). M.Dev.-U.Dev., Eu.
(Czech.)-N.Am.(N.Y.). Fic. 218,2. *B. rex
(BarraNDE), M.Dev., Eu.(Czech.); 2a-c, lat,

apert., and septal views (venter right), X3; 24,
ventral, X3 (5).

Conostichoceras FoersTE, 1926, p. 341 [*Cyrtoceras
palinurus BARRANDE, 1877, p. 37; OD]. Similar
externally to Turnoceras, but lateral profiles slight-
ly convex, converging near aperture. Siphuncle
ventral; segments nummuloidal in adapical half of
camera, but with concave profiles in adoral half;
actinosiphonate (57). M.Dey., Eu.(Czech.); U.
Dey., Australia. Fic. 218,6. *C. palinurus
(BarraNDE), M.Dev., Czech.; 6a,b, ventral, lat.
(venter right), X0.3 (5).

Cyrthoceratites p’ArcHiac & DEVERNEUIL, 1842, p.
348 [*Cyrtocera depressa Bronn, 1835, p. 101;
SD Frower, 1950, p. 368] [=Cranoceras HyarT,
1884 (obj.); Cyrtoceras auctr. (mon Cyrtoceras
Conrap, 1838)]. Large, rapidly expanding, de-
pressed cyrtocones with short body chamber con-
tracted to aperture, and subtriangular to sub-
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Fi1c. 217. *Psiaoceras hesperis (EICHWALD)
(Tripleuroceratidae) (p. K302).

reniform transverse section; dorsum broadly con-
cave, venter more narrowly rounded, at least
adorally. Siphuncle large, ventral; segments con-
cavosiphonate, actinosiphonate (37, 57, 200). M.
Dev., Eu. Fic. 219,3. *C. depressus (BrRonN),
Ger.; 3ab, dorsal, lat. (venter left), X0.75; 3c,
dorsoventral sec. (venter right), X1 (1,57).

Lorieroceras Foerste, 1926, p. 382 [*Trochoceras
lorieri BarRrANDE, 1870, pl. 460; OD]. Loosely
coiled, sinistral, turbinate torticones wtih depressed
whorls. Siphuncle ventral, marginal; segments
fusiform in outline, inflated adapically, contracted
adorally in each camera; actinosiphonate (42,57).
L.Dev., Eu. Fic. 218,3. *L. lorieri (Bar-
raNDE), Fr.; lat. (venter convex), X0.75 (5).

Metaphragmoceras FLower, 1938, p. 64 [*Phrag-
moceras verneuili BARRANDE, 1865, pl. 66; OD].
Compressed endogastric brevicones with dorsally
inflated body chamber and visored aperture. Dor-
sal profile abruptly expanded toward dorsum.
Peristome with hyponomic sinus, narrow median
element, and subquadrate dorsal sinus developed
strongly oblique to axis of conch. Siphuncle ac-
tinosiphonate, compressed; form of segments not
known (21). M.Dev., Eu.(Czech.)-N.Am.(N.Y.).

Fic. 218,4. *M. verneuili (BARRANDE),
Czech.; 4a,b, lat. and apert. (venter right), X0.2
)

Paraconradoceras Foerste, 1926, p. 362 [*Phrag-
moceras rigescens BARRANDE, 1877, p. 238; OD].
Brevicones of subcircular or faintly lachrymiform
section, probably slight endogastric curvature, and
adorally contracted body chamber. Aperture vi-
sored; peristome with pentalobate dorsal element,
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Turnoceras Perimecoceras
Fic. 219. Nothoceratidae (p. K365, K308).
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short median element, subcircular ventral sinus
not developed on hyponomic spout. Siphuncle
ventral, marginal; segments concavosiphonate,
actinosiphonate (5, 21). M.Dev., Eu. Fic. 219,
1. *P. rigescens (BarranbE), Czech.; Ila-d, long.
sec., septal, apert., and lat. views (venter right),
X0.5 (5).

Perimecoceras FoersTe, 1926, p. 322 [*Cyrtoceras
contrastans BARRANDE, 1877, p. 129; OD]. Slowly
enlarging compressed cyrtocones similar to Oono-
ceras (Oncoceratidae), but with longer body cham-
ber and ventral, concavosiphonate, actinosiphonate
siphuncle (42, 57). U.Sil., Eu. Fic. 219,4. *P.
contrastans (BarranDE), Czech.; 4a-c, ventral,
lat. (venter right), long. sec., X0.5 (5).

Turnoceras FoersTe, 1926, p. 342 [*Cyrtoceras
turnus Barranpe, 1877, p. 46; OD]. Depressed
exogastric cyrtocones with flattened dorsum, un-
contracted aperture, no hyponomic sinus; sides
straight, diverging regularly to aperture; dorsal
and ventral profiles convex over phragmocone, but
abruptly straightened and subparallel over body
chamber. Siphuncle ventral; segments concavo-
siphonate, actinosiphonate (57). M.Dey., N.Am.
(N.Y.)-Eu.(Czech.). Fic. 219,2. *T. turnus
(BARRANDE), Czech.; 24,6, lat. (venter left), ven-
tral, X0.3 (5).

Family ACLEISTOCERATIDAE Flower
in Flower & Kummel, 1950

Depressed (or rarely compressed, at least
in early stages) exogastric brevicones and
cyrtocones; siphuncle broadly expanded,
actinosiphonate in some Devonian species
(49). [Derived through Silurian Amphi-
cyrtoceras from Ordovician Oncoceras, inde-
pendently of the Oonoceras stock.] M.Sil.,
M.Dev.

Acleistoceras HyatT, 1884, p. 277 [*Apioceras olla
SAEMANN, 1854, p. 163; OD]. Straight to slightly
curved, subcircular to faintly depressed brevicones
with maximum diameter in anterior part of
phragmocone. Dorsal profile virtually straight,
ventral profile convex to aperture. Aperture trans-
verse, subtriangular, with well-developed hypo-
nomic sinus. Siphuncle subventral, cyrtochoanitic;
segments broadly expanded, nummuloidal, scalari-
form, empty in some species, thought to be actino-
siphonate in others (21, 57, 93). M.Dey., N.Am.
(widespread). Fic. 222,3a-c. *A4. olla (SaE-
ManNN), USA(Ohio); 3a-c, lat. (venter right),
apert. (venter down), ventral, X0.56 (57).——
Fie. 222,3d. A. nummulatum Foerste, USA
(Mich.); long. sec. (venter right), X0.75 (Sweet,
n).

Amphicyrtoceras Foerste, 1924, p. 255 [*Cyrto-
ceras orcas Harr, 1862, p. 43; OD]. Large, curved
brevicones with convex ventral profile; dorsal pro-
file concave adapically, convex over body cham-
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ber, concave adorally; sides diverging adapically,
converging adorally. Aperture transverse, with
broad hyponomic sinus. Siphuncle subventral,

cyrtochoanitic, empty; segments subcylindrical,
abruptly contracted at septal foramen (53). M.Sil.,

N.Am. (Ohio-Ill.-Wis. -Ont.-Que.)-?Eu. (?Czech.).

Fic. 220,94,b. *4. orcas (HaLL), USA(Wis.);
ventral, lat. (venter left), X0.6 (57). Fic.
220,9c. A. laterale (Harr), USA(Wis.); partial
long. sec., X0.64 (57).

Anomeioceras FoErsTe, 1930, p. 89 [*4. compres-
sum; OD]. Similar to Byronoceras, but early
stages compressed, later stages uncompressed;
conch more strongly curved and slightly contracted
toward aperture. Siphuncle subventral, like Am-
phicyrtoceras (68). M.Sil., N.Am.(Ill.-Ohio).
Fic. 220,10. *A4. compressum, USA(Ill.); 10apb,
ventral, lat. (venter right), X0.75 (68).

Austinoceras FoersTE, 1934, p. 139 [*4. turgidu-
lum; OD]. Slightly depressed to faintly com-
pressed breviconic cyrtocones, contracted adaper-
turally, with concave dorsal and geniculate ven-
tral profiles. Siphuncle subventral, empty; seg-
ments expanded within camerae, but abruptly
contracted at septal foramen (72). M.Sil., N.Am,
(1l1.-Ohio). Fic. 220,5. *4. turgidulum, USA
(Ohio); 5ab, ventral, lat. (venter left), X0.75
(72).

Byronoceras FoersTE & Savace, 1927, p. 82 [*B.
longidomum; OD]. Slightly depressed, slowly ex-
panding, moderately curved conchs. Siphuncle
similar to Amphicyrtoceras, but segments elongate
oval, apparently moderately inflated (77). M.Sil.,
N.Am.(Ill.-?Ohio-?Can.). Fic. 220,4. *B.
longidomum, USA(1Il.); 4a,b, ventral, lat. (venter
right), X0.75 (77).

Chadwickoceras Foerste, 1930, p. 93 [*C. fusi-
forme; OD]. Similar externally and internally to
Amphicyrtoceras, but straight; dorsum flatter than
venter (68). M.Si., N.Am. Fic. 220,11. *C.
fusiforme, USA(Ill.); 11ab, ventral, lat. (venter

_right), X0.4 (68).

?Clionyssiceras FoerstE, 1930, p. 40 [*C. petilum;
OD]. Subcircular to slightly depressed cyrtocones
with faintly gibbous body chamber and oblique
sutures sloping adorally from dorsum to venter.
Siphuncle ventral, cyrtochoanitic, abruptly ex-
panded within camerae (68). M.Sil., N.Am.
Fic. 221,4. *C. petilum, USA(IlL.), 4a,b, ventral,
lat. (venter right), X1 (68).

Crateroceras FoERSTE & Savace, 1927, p. 84 [*C.
raymondi; OD]. Like Amphicyrtoceras, but with
short body chamber that is gibbous at mid-length
rather than adapically. Siphuncular segments
similar to, but shorter than Amphicyrtoceras (77).
M.Sil., N.Am.(Wis.-’NW.Can.). Fic. 220,8.
*C. raymondi, USA(Wis.); 8ab, ventral, lat.
(venter right), X0.75 (77).

Ectocyrtoceras FoErsTe, 1930, p. 79 [*E. margina-
tum; OD]. Similar to Amphicyrtoceras, but maxi-
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Fic. 220. Silurian Acleistoceratidae (p. K308, K310, K312).
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mum gibbosity at mid-length of body chamber,
which has uninflated dorsal profile; dorsum flat-
tened. Siphuncle ventral; interior unknown (68).
M.Sid., N.Am.(IlL.-Ont.-?Ohio). Fic. 220,3.
*E. marginatum, USA(1IL.); 34,5, dorsal, lat. (ven-
ter left), X0.75 (68).
Euryrizoceras FoersTE, 1930, p. 81 [*E. chadwicki;
OD]. Depressed cyrtocones with regularly diver-
gent dorsum and venter, but adorally convergent
sides on body chamber. Dorsum flattened on body
chamber. Siphuncle like Amphicyrtoceras, but
segments less elongated (68). M.Sil., N.Am.(Ill.-
Ohio). Fic. 221,2. *E. chadwicki, USA(1l.);
2ab, lat. (venter left), ventral, X0.75 (68).
Galtoceras Foerste, 1934, p. 169 [*Cyrtoceras arcti-
cameratum Hair, 1852, p. 349; OD]. Depressed,
slender, elongate cyrtocones with subventral,
empty, cyrtochoanitic siphuncle, with segments
somewhat expanded within camerae but abruptly
contracted at septal foramen (72). M.Si., N.Am.
(N.Y.-Ont.). Fic. 221,6. *G. arcticameratum
(Harr), USA(N.Y.); 6a-c, lat. and transv. sec.
(venter left), ventral, X0.75 (72).
Gonatocyrtoceras FoersTe, 1926, p. 343 [*Cyrto-
ceras heteroclytum Barranpg, 1866, pl. 118; OD].
Depressed breviconic cyrtocones, with geniculate
ventral and lateral profiles. Aperture transverse,
elliptical, without hyponomic sinus. Siphuncle
small, subventral; internal structure unkown (57).
M.Dev. N.Am.(Ill.)-Eu.(Czech.). Fic. 222,1.
*G. heteroclytum (Barranbi), Czech.; Ia-c, dor-
sal, lat. (venter left), ventral, X0.75 (5).
?Grimsbyoceras FoersTE, 1934, p. 129 [*Cyrroceras
clitus BiLLiNgs, 1866, p. 85; OD]. Slightly de-
pressed cyrtocones of moderate curvature and ex-
pansion, with adorally convergent sides and dis-
tinct hyponomic sinus. Siphuncle ventral, mar-
ginal; segments fusiform (72). M.Si., N.Am.

(Ont.-Ohio). Fic. 221,5. *G. clitus (BILLINGS),
Can.(Ont.); 54, ventral, lat. (venter right),
X 1.25 (72).

Hercocyrtoceras FoersTe, 1927, p. 313 [*Oncoceras

amator BILLINGs, 1866, p. 59; OD]. Depressed
irregularly annulated cyrtocones, ornamented by
raised longitudinal and transverse ridges, with V-
shaped hyponomic sinus defined laterally by 2
longitudinal ridges. Position and structure of
siphuncle unknown (60). M.Si#., N.Am.(Nova
Scotia-Que.). Fic. 221,1. *H. amator (BiLL-
iNGs), Que.; la,b, ventral, lat. (venter left), X1
(60).

Paracleistoceras Foerste, 1926, p. 335 [*Phragmo-
ceras devonicans Barranpe, 1865, pl. 107; OD].
Curved brevicones with flattened dorsum, un-
compressed subtriangular adapical region, and
depressed adapertural section, Maximum diam-
eter in body chamber. Dorsal profile concave ad-
apically, faintly convex over body chamber; ven-
tral profile markedly convex throughout entire
length. Aperture transverse, subtriangular, with
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hyponomic sinus and broad ventrolateral salients,
Siphuncle ventral, marginal, cyrtochoanitic; seg-
ments inflated, actinosiphonate (57). M.Dey., Eu,
(Czech.) - PN. Am. (?Ont.). Fie. 2224, *P.
devonicans (BARRANDE), Czech.; 44,5, apert. and
lat. (venter left), X 0.25 (5).

Perioidanoceras FoersTE, 1930, p. 92 [*P. rotunda-
tum; OD)]. Like Amphicyrioceras, but uncom-
pressed, more rapidly enlarging, more strongly
curved. Siphuncle like Amphicyrtoceras (68). M.
Sid., N.Am.(IL.-?Que.).——F16. 220,1. *P. ro-
tundatum, USA(IIL); lab, lat. (venter right),
dorsal, X0.4 (68).

Poteriocerina FoErsTE, 1926, p. 343 [*Cyrroceras
lumbosum BarranDE, 1877, p. 33; OD]. De-
pressed, curved brevicones, gibbous in phragmo-
cone. Aperture subelliptical, transverse; without
hyponomic sinus or sinuous peristome. Siphuncle
ventral, marginal, cyrtochoanitic; segments not
greatly inflated, actinosiphonate (57). M.Dev.,
N.Am.(Man.-N.Y.-Mich.)-Eu.(Czech.). —- Fie.
222,2. *P. lumbosum (BARRANDE), Czech.; 24,6
dorsal, lat. (venter right), X0.25 (5).

Rhomboceras Foerste, 1934, p. 165 [*R. welchi;
OD]. Conch like Amphicyrtoceras, but straighter,
more rapidly enlarging, with subgeniculate lateral
profiles and adorally tubular body chamber. Si-
phuncle subventral; internal structure unknown
(72). M.Sil., N.Am. Fic. 2206. *R. welchi,
USA(Ohio); 6a,b, lat. (venter right), ventral,
X0.56 (72).

Slocomoceras FoersTE, 1930, p. 85 [*S. retrorsum;
OD]. Similar to dmphicyrtoceras, but longitudi-
nally ribbed, not strongly depressed, only slightly
contracted adorally, without hyponomic sinus.
Siphuncular segments like Ampbhicyrtoceras, but
not so strongly elongated; dorsal profile of seg-
ment straight, ventral profile moderately convex
(68). M.Sil., N.Am. Fic. 220,12. *S. retror-
sum, USA(1ll.); 1245, lat. (venter right), ventral,
X0.56 (68). [=Slokomoceras Barasnov, 1962
(nom. null.).)

Streptoceras BiLrings, 1866, p. 88 [*S. janus; SD
S.A.MiLLer, 1889, p. 454]). Conch similar to
Amphicyrtoceras, but aperture distinctly triangu-
lar in outline, with flaring margins (57). M.Sil.,
N.Am. Fic. 220,7. *S. janus, Can.(Ont.);
7a-¢, dorsal, transv. sec. (venter up), lat. (venter
left), % 0.38 (57).

?Tumidoceras FLower, 1949, p. 78 [*T. lentum;
OD]. Compressed, exogastric cyrtocones with fusi-
form body chamber, .contracted to aperture; ven-
ter obscurely angulate, dorsum somewhat flattened.
Shallow hyponomic sinus. Siphuncle subventral,
cyrtochoanitic, empty; adapical segments slender,
fusiform, adoral segments broadly nummuloidal,
wider than long (36). M.Dev., N.Am. Fic.
221,3. *T. lentum, USA (Mich.); lat. (venter left),
% 0.33 (36).

Worthenoceras Foerste, 1930, p. 76 [*W. elonga-

]
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Poteriocerina

Fic. 222. Devonian Acleistoceratidae (p. K308, K310).

tum; OD]. Like Amphicyrtoceras, but less strong-
ly depressed, only faintly gibbous, more gradually
enlarging (68). M.Sil., N.Am.(Ill.-?Wis.-?Ohio).
F1c. 220,2. *W. elongatum, USA(Ill.); 2a,b,
lat. (venter left), ventral, X0.75 (68).

Family ARCHIACOCERATIDAE
Teichert, 1939

Compressed, exogastric cyrtocones, with
large, actinosiphonate, dorsal siphuncle (49,
187). Dev.

Archiacoceras Foerste, 1926, p. 346 [*Phragmo-
ceratites subventricosus D’ARCHIAC & DEVERNEUIL,
1842, p. 351; OD]. Compressed, exogastric cyrto-
cones with slightly concave dorsal profile, more
strongly convex ventral profile, septal furrow on
concave side. Large siphuncle on concave dorsal
side; actinosiphonate rays, developed from thick-
ened connecting rings, projecting toward siphuncle
center; rays independent in each segment, but
aligned and fused with rays in adjacent segments

© 2009 University of Kansas Paleontological Institute

*A. sub-
ventricosus (D’ARcHIAC & DEVERNEUIL), Ger.;
Iab, lat. and septum (venter left), X1; Ic, par-
tial long. sec., X2 (1, 31).

?Cyrtoceratites GoLpruss, 1830, p. 226 [*Ortho-

(31, 57). M.Dev., Eu. Fic. 223,1.

ceratites  flexuosus ScHLoTHEIM, 1820; OD]
[=Cyrtocera Gorpruss, 1832 (obj.); Cirthocera-
tites DEsHAYEs in CuviEr, 1838 (?); Cyrthocerus
King, 1844 (obj.); ?Campulites DESHAYEs in
LaMARCK, 1845]. Compressed, rapidly expanding
cyrtocone with siphuncle on concave side; neither
body chamber nor siphuncular structure known
(37, 200). [May be senior subjective synonym of
Archiacoceras FoersTE, 1926.] M.Dev., Ger.
Devonocheilus Suimanskiy, 1962, p. 108 [*Phrag-
moceras? timanicum HoLzaPFEL, 1899; OD]. Dev.,
N.USSR(Timan).

Family KAROCERATIDAE Teichert,
1939

Compressed, exogastric cyrtocones and
orthocones with slender ventral siphuncle;
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Fic. 223. Archiacoceratidae (p. K312); Karoceratidae (p. K314); Poterioceratidae (p. K314-K315).
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septal necks cyrtochoanitic, connecting rings
inflated ventrally but straight dorsally. Si-
phuncle empty, except in Karoceras, which
is actinosiphonate (187). L.Si#.-M.Sil., PL.
Dev.

Genera included in this family are re-
lated in general shape, and in conformation
of siphuncle. However, none of them can
be said to be well known and the grouping
herein suggested may well be highly artu-
ficial.

Karoceras RoussanNofF, 1909, p. 169 [*Cyrtoceras
laminare Barranpg, 1877; OD]. Compressed, exo-
gastric cyrtocones of subovoid section, with hypo-
nomic sinus. Siphuncle slender, ventral, actino-
siphonate; septal necks cyrtochoanitic, connecting
rings inflated ventrally, straight dorsally (57, 148).
M.Si., ?L.Dev., Eu.(Czech.-?Novaya Zemlya).
——Fie6. 223,3. K.? typicum FoErsTE, ?L.Dev.,
USSR(Novaya Zemlya); 3ab, lat. (venter left),
dorsal, X0.5 (57); 3c-d, dorsoventral sec. of si-
phuncle, long. sec., X1 (57).

Osbornoceras FoersTE, 1936, p. 265 [*O. swinner-
toni; OD]. Large, compressed, moderately en-
larging cyrtocones with narrowly rounded ven-
ter, more broadly rounded dorsum. Body chamber
contracting laterally and dorsoventrally to aper-
ture, which has deep hyponomic sinus. Siphuncle
slender, ventral, cyrtochoanitic, empty; segments
elongate, moderately expanded ventrally, virtually
straight dorsally (74). L.Sil., N.Am.(Ohio-?Man.).

Fic. 223,4. *O. swinnertoni, USA(Ohio);
4a, lat. (venter left), X0.5; 45, dorsoventral sec.,
X1 (74).

?Shuranoceras Barskov, 1959, p. 59 [*S. dolmatovi;
OD]. Smooth, compressed, slowly enlarging
orthocones with submarginal, empty, ventral si-
phuncle. Siphuncular segments subtrapezoidal,
longer than wide, faintly expanded ventrally,
straight dorsally; septal necks long and recumbent
dorsally, shorter and not recumbent ventrally (6).
M.Sil.. USSR (Ferghana). Fic. 223,6. *S. dol-
matovi; 6a-c, septal and lat. (venter right), dorso-
ventral sec. (venter left), X1 (6).

Family POTERIOCERATIDAE
Foord, 1888

Subcircular to compressed, exogastric
cyrtocones with no hyponomic sinus, sub-
marginal to subcentral siphuncle with sub-
quadrate or nummuloidal segments and
septal necks more strongly curved dorsally
than ventrally. Some forms actinosiphonate
or with annulosiphonate masses thought to
be incipient or reduced actinosiphonate de-
posits. [Relationship uncertain; perhaps de-
rived from Silurian Acleistoceratidae or
from Ordovician Oncoceratidae (?Vaupelia)
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through as yet unknown Silurian species.]
L.Dev.-L.Carb.(Miss.).

Poterioceras M’Coy, 1844, p. 10 [*Orthocera fusi-
formis J.oEC.SowERsY, 1829, p. 167; SD FoERsTE,
1924, p. 254] [=Calchasiceras SHIMANSKIY, 1957,
?Amphoreopsis Crick, 1904; Amphereopsis Mut-
vEl1, 1957 (nom. null.)]. Compressed or subcircu-
lar, exogastric, breviconic cyrtocones with convex
ventral and sigmoid dorsal profiles. Body cham-
ber inflated dorsally, then contracted adorally;
peristome circular or faintly ellipsoidal in outline,
without hyponomic sinus. Siphuncle empty, ven-
tral, marginal in early stages, only slightly on
ventral side of center at maturity. Septal necks
cyrtochoanitic, at least in some species more
strongly curved dorsally than ventrally (57, 93,
160). L.Carb.(Miss.), N.Am.-Eu., widespread.——
Fic. 224,5a-c. *P. fusiforme (Sowersy), Eu.
(Ire.); ventral, lat. and septum (venter right),
X0.5 (93). Fic. 224,5d. P. latiseptatum
Foorp, Eu.(Ire.); dorsoventral sec., enlarged
(orig., from 160).

?Argocheilus SmiManskiy, 1961 [*Argoceras chin-
ense SHIMANsKIY, 1957, p. 532; OD] [=dArgo-
ceras SHIMANSKIY, 1957 (non STEINMANN, 1925)].
Like Welleroceras, but straighter, with more sinu-
ous sutures and broad Phyponomic sinus. Sub-
orthochoanitic to cyrtochoanitic siphuncle between
center and venter; segments empty, subcylindrical
(167). [May be slightly endogastric; type descrip-
tion and figure confusing.} L.Carb., China.
Fic. 223,2. *A4. chinense (SHIMANsKIY); lat. (ven-
ter right), X1 (167).

Cyrtogomphus FLower, 1938, p. 43 [*C. curvatus;
OD]. Depressed exogastric breviconic cyrtocones
with poterioceratid inflation of body chamber and
no hyponomic sinus. Siphuncle subventral, cyrto-
choanitic, empty; segments subspherical, septal
necks more strongly curved dorsally than ventrally
(21, 160). M.Dev.-U.Dev., N.Am.(N.Y.-Ont.)-Eu.
(Ger.-Pol.). Fic. 224,la-c. *C. curvatus, M.
Dev., USA(N.Y.); lab, lat. (venter right), ven-
tral, X0.5; I¢c, transv. long. sec., X2.5 (21).—
Fic. 224,1d. C. sp., U.Dev.; Ger.; dorsoventral sec.,
X3 (160).

Lysagoroceras SCHONENBERG, 1952, p. 394 [*L. an-
gustum, OD]. Slender, subcircular to faintly de-
pressed longiconic cyrtocones, expanding regularly
but slightly to aperture. Sutures with dorsal and
ventral lobes and lateral saddles. Siphuncle sub-
ventral, cyrtochoanitic, empty; septal necks short
and suborthochoanitic ventrally, longer and ab-
ruptly curved dorsally. Cameral deposits present
(160). U.Dev., Eu. Fic. 224,3. *L. angustum,
Pol.; 3ab, lat. (venter left), ventral, X1; 3¢,
dorsoventral sec., X2.5 (160).

?Mecynoceras FoersTE, 1926, p. 332 [*Gompho-
ceras rex Pacur, 1858, p. 78; OD]. Compressed,
gibbous cyrtocones with convex venter, dorsum
inflated near mid-length of phragmocone, body




Oncocerida K315

Welleroceras
Poterioceras

Fic. 224. Poterioceratidae (p. K314-K316).

chamber long, tubular. Siphuncle large, subcen- expanding breviconic cyrtocones, with smooth to
tral, cyrtochoanitic; segments abruptly inflated in faintly lirate shell, no hyponomic sinus, simple
annular ring near mid-length, actinosiphonate transverse sutures. Siphuncle small, subcentral,
(57). U.Dev., S.USSR. Fic. 223,5. *M. rex cyrtochoanitic, empty; septal necks in some species
(PacHT); 5a-c, lat. and septum (venter right), 2 less strongly curved ventrally than dorsally (129).
segments of siphuncle, X0.75 (57). L.Carb.(Miss.), N.Am.-Eu. Fic. 224,4. *W.

Welleroceras MiLLER & FurnisH, 1938, p. 174 [*W. liratum, USA(Mo.); 4a,b, ventral, lat. (venter
liratum; OD]. Compressed or subcircular, rapidly right), X0.3 (129).
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Xenoceras FLower, 1952, p. 2 [*X. oncocervides;
OD]. Slightly compressed, exogastric, breviconic
cyrtocones with faintly inflated body chamber that
contracts to subcircular aperture unmarked by
hyponomic sinus. Sutures straight and transverse
posteriorly, but sloping adorally from dorsum to
venter anteriorly. Siphuncle subventral; segments
inflated, subquadrate, scalariform in dorsoventral
section. Septal necks straight ventrally, strongly
recurved dorsally; connecting rings thick, pro-
duced dorsally but not ventrally into pendent de-
posits in septal foramen (38). L.Dev., N.Am.
Fic. 224,2. *X. oncoceroides, USA(N.Y.); 2a, lat.
(venter left), X1; 24, dorsoventral sec., X4 (38).

Family POLYELASMOCERATIDAE
Shimanskiy, 1956

Slightly compressed or somewhat de-
pressed, rapidly expanding, endogastric cyr-
tocones of lachrymiform to subtriangular
transverse section. Siphuncle cyrtochoanitic,
between center and venter; segments num-
muloidal for most part, actinosiphonate. M.

Sil.-U.Dev.

The ancestry of this family is uncertain.
Danaoceras (M.Sil.) is the most generalized
genus and may represent the stock from
which its contemporary, Codoceras, and
Devonian genera developed. The siphuncle
of Danaoceras is not unlike that of several
species of Oonoceras or Qocerina and it is
possible that endogastric Danaoceras evolved
from the latter through formation of a rap-
idly expanding, breviconic conch that grew
more rapidly dorsally than ventrally.
Polyelasmoceras TEICHERT & GLENISTER, 1952, p.

745 [*P. aduncum; OD]. Rapidly expanding,
strongly curved, slightly depressed, endogastric
cyrtocones with long body chamber, no hypo-
nomic sinus, subtriangular transverse section.
Siphuncle orthochoanitic, close to concave mar-
gin; segments moderately expanded, area of ad-
nation wide. Actidosiphonate lamellae simple,
continuous, not normally bipectinate (191). M.
Dev., Australia. Fic. 225,8. *P. aduncum; 8a,
lat. (venter left), X0.4; 85, transv. sec. of si-
phuncle, X1.5; 8¢, dorsoventral sec. (venter on
left), X1.25 (191).

Brachydomoceras TeicHERT & GLENISTER, 1952, p.
746 [*B. erectum; OD]. Large, uncompressed,
straight brevicones with short body chamber, un-
constricted aperture, hyponomic sinus. Siphuncu-
lar segments like Macrodomoceras, but actino-
siphonate lamellae simple, not bipectinate (191).
M.Dev., Australia. Fic. 225,4. *B. erectum;
4a, lat. (venter left), X0.56; 45, dorsoventral sec.,

X2.2 (191).
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Codoceras Hyarr in ZitteL, 1900, p. 532 [*Cyrto-
ceras indomitum Barranpe, 1866, pl. 162; OD].
[ =Paracodoceras Cossmann, 1901 (nom. van.)}.
Compressed, rapidly enlarging, endogastric cyrto-
cones of ovoid to faintly lachrymiform section.
Siphuncle slightly on ventral side of center; seg-
ments cylindroid in early part of conch, num-
muloidal and broader in later parts, occupied by
actinosiphonate deposits (57, 97). M.Sil., Eu.
Fic. 225,7. *C. indomitum (BarRrRaNDE), Czech.;
7ab, ventral, lat. (venter left), x0.4 (5).

Coclocyrtoceras FoersTE, 1926, p. 349 [*Cyrtoceras
ventralisinuatum  SANDBERGER &  SANDBERGER,
1852, p. 146; OD]. Moderately curved, slowly
enlarging, depressed, endogastric cyrtocones with
prominent hyponomic sinus. Siphuncle ventral,
marginal; segments obliquely globular in form,
actinosiphonate (57). M.Dev., Eu. Fic. 225,5.
*C. ventralisinuatum  (SANDBERGER & SAND-
BERGER), Ger.; 54,0, lat. (venter right), ventral,
X 0.56 (57).

Cyclopites ZHURAVLEVA, 1962, p. 110 [*Pachtoceras
cyclops Venyukov, 1886; OD]. U.Dev., USSR
(Russian Platform).

Cyrtocheilus SHIMAaNsKIY, 1962, p. 109 [*Cyrtoceras
obliquum Foorp, 1888; OD]. M.Dev., Eu.(Ger.)-
China.

Danaoceras FoersTe, 1926, p. 346 [*Cyrtoceras
danai BaRRANDE, 1866, pl. 161; OD]. Compressed,
endogastric cyrtocones of faintly subtriangular sec-
tion. Siphuncle actinosiphonate, submarginal, not
known to expand broadly adorally (57, 188). M.
Sil., Eu.(Czech.); ?M.Dev., N.Am. Fic. 225,
9. *D. danai (Barranpe), M.Sil, Czech.; 9z-c,
lat, and septum (venter right), ventral, X0.4 (5).

Evlanoceras ZHURAVLEvVA, 1962, p. 109 [*Pachto-
ceras evlanensis NaLivkin, 1947; OD}. U.Dev.,
USSR (Russian Platform).

Hipparionoceras FLower, 1945, p. 719 [*H. iowa-

ense; OD]. Rapidly enlarging, adorally flaring,
endogastric cyrtocones with hyponomic sinus.
Siphuncle subventral, cyrtochoanitic; segments

elongate, contracted adorally and adapically, faint-

Iy scalariform in dorsoventral section, empty (32).

M.Dev., N. Am.(N.Y.-Pa.-Ind.-lowa)-Eu.(Czech.).

Fic. 225,1. *H. iowaense, USA(lowa); lab,
ventral, dorsoventral sec. (venter left), X0.56
(32).

Macrodomoceras TeicHERT & GLENISTER, 1952, p.
747 [*M. howitti; OD]. Compressed, endogastric
cyrtocones of subtriangular section, like Danao-
ceras, but sutures have shallow bluntly pointed
ventral saddles. Siphuncle ventral, marginal, with
continuous thick, bipectinate actinosiphonate Jam-
ellae interspersed among more numerous short,
simple lamellae (191). M.Dev., Australia. Fic.
225,2. *M. howitti; 2ab, ventral, lat. (venter
right), X0.56; 2¢, dorsoventral sec., X2.2 (191).

Pectinoceras TEICHERT & GLENISTER, 1952, p. 745
[*Phragmoceras subtrigonum M'Coy, 1876, pl.
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Hipparionoceras

Wadeoceras

Polyelasmoceras Danaoceras

Fic. 225. Polyelasmoceratidae (p. K316, K318).

© 2009 University of Kansas Paleontological Institute



K318

Fic. 226. *Turoceras schnyrevae ZHURAVLEVA
(?Polyelasmoceratidae) (p. K318).

35; OD]. Compressed, endogastric cyrtocones of
subtriangular section, similar to Danaoceras, but
siphuncular diameter greater. Lamellae of endo-
siphuncular actinosiphonate deposits bipectinate,
apparently continuous from segment to segment
(191). M.Dev., Australia. Fic. 225,3. *P. sub-
trigonum (M'Coy); 3a-c, ventral, septum (venter
down), lat. (venter left), X0.4 (188).
?Turoceras ZHURAVLEVA, 1959, p. 46 [*T. schny-
revae; OD]. Like Danaoceras and Codoceras ex-
ternally, but siphuncle slender, submarginal, with
shape in dorsoventral section similar to Macro-
domoceras, Brachydomoceras. No siphuncular de-
posits known (214). [Included tentatively with
Polyelasmoceratidae because of conch shape, endo-
gastric curvature, and general similarity in si-
phuncular conformation to genera mentioned.]
U.Sil., USSR. Fic. 226,1. *T. schnyrevae;
la,b, lat. (venter right), lat. (venter left), X1;
Ic, septum (venter down), X3 (214).

Wadeoceras TeicHERT, 1939, p. 111 [*W. australe;
OD] [=Waderoceras CrespiN, 1960 (nom.
null.)]. Compressed, cyrtoconic brevicones with
visored phragmoceroid peristome. Siphuncle near
concave side, cyrtochoanitic externally, concave
internally, occupied by actinosiphonate deposits in
septal foramen, not continuous from segment to
segment (187, 188). [Orientation of type uncer-
tain; described as endogastric, but may be exo-
gastric, with dorsal siphuncle—hence referable to
Archiacoceratidae, rather than Polyelasmoceratidae
(22).] U.Dev., W.Australia. Fic. 225,6. *W.
australe; lat. (venter right), X0.38 (188).

Family UNCERTAIN

Antonoceras SHiMANsKIY, 1957, p. 531 [*A4. bala-
schovi; OD]. Depressed orthocone or faintly
curved cyrtocone, with short chambers and long,
tubular body chamber. Sutures with deep dorsal
and ventral lobes and lateral saddles. Siphuncle
between center and venter, cyrtochoanitic; seg-
ments “beaded,” apparently empty (167). [This
genus is the type of the monotypic family Antono-

© 2009 University of Kansas Paleontological Institute
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ceratidae SHimanskiy, 1957.] L.Carb., C.USSR.

Fic. 227 4. *A. balaschovi; 4a,b, septum (ven-
ter down), ventral, X1 (167).

Eudoceras Hyatt, 1884, p. 287 [*Trochoceras?
(Gonioceras?) pandum Harr, 1857, p. 403; SD
CLARKE & RUEDEMANN, 1903, p. 587]. Similar in
section, sutural configuration, and siphuncular
position to Ordovician Rasmussenoceras (Triptero-
ceratidae), but expanding sideward more rapidly.
Siphuncle very small, ventral; structure unknown
(33, 93). [This genus is the type of the quite
heterogeneous family Eudoceratidae HyatT, 1884.]

M.Dev., N.Am. Fic. 227,2. *E. pandum
(HaLr), USA(N.Y.); lat. (venter right), X1
(87).

Pachtoceras FoersTe, 1926, p. 328 [*Gomphoceras
rotundum PacHt, 1858, p. 84; OD]. Slightly com-
pressed, probably straight brevicones, with ad-
orally contracted body chamber. Siphuncle between
center and venter, cyrtochoanitic; segments elon-
gate, subcylindrical, actinosiphonate (57). U.Dev.,
S.USSR. Fic. 227,1. *P. rotundum (PAcHT);
la,b, ventral, septum (venter up), X1; Ic, 2 seg-
ments of siphuncle, X4 (57).

Sycoceras Picter, 1854, p. 645 [*Gomphoceras
ficus RoEmer, 1850, p. 38; SD FoerstE, 1926, p.
329] [=Syrcoceras ZitTEL, 1884 (nom. null.)].
Straight brevicones of circular section; maximum
height and width near adoral end of phragmo-
cone, contracting to aperture. Surface with promi-
nent transverse ornament, but no true annulation.
Siphuncle small, ?ventral, marginal; internal struc-
ture not known (57). U.Dev., Eu. Fic. 227,3.
*S. ficus (RoEMER), Ger.; 3a,b, ventral, septum
(venter down), X1 (57).

GENERA DUBIA

Apioceras FAHRENKoHL, 1844, p. 779 [*4. troch-
oides FAHRENKOHL, 1844; SD MIiLLER, DUNBAR,
& Conpra, 1933, p. 40] [=Bolboceras FiscHER
in FAHRENKOHL, 1844 (obj.), mon Kirsy, 1819,
Coleopt.]. Unrecognizable short, stout, breviconic
orthocones with simple, straight sutures. Aperture
and interior unknown (189). [Until type-species
is restudied, it is not possible to determine sys-
tematic position.  Perhaps synonymous with
Poterioceras; apparently intended to replace Gom-
phoceras Sowersy, 1839.] L.Carb. or U.Carb.,
USSR. :
Gomphoceras Sowersy, 1839, p. 621 [*Orthoceras
pyriforme Sowersy, 1839; OD] [=Gomphocera-
tites D'ARCHIAC & DEVERNEUIL, 1842 (mom.
null.)]. Rapidly expanding, straight to faintly
endogastric brevicones with gibbous body cham-
ber and transverse visored aperture; mature peri-
stome incompletely known, but with hyponomic
sinus on low, spoutlike process and perhaps broad-
ly rounded, undivided dorsal sinus (57, 67, 189).
[Until dorsal element of peristome and internal
features are known, genus is unrecognizable and
systematic position in doubt. This genus is type
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Eudoceras

Sycoceras

Antonoceras

Fic. 227. Oncocerida, Family Uncertain (p. K318).

of the unrecognizable family Gomphoceratidae
Picter, 1854.] M.Sil., Eu. Fic. 211,5. *G.
pyriforme (Sowersy), Eng.; 5a,b, ventral, apert.
(venter down), X 0.5 (57).

Nelimenia LaporTe, 1843, p. 33 [*N. incognita;
OD] [=Nolimenia LarorTE, 1843 (nom. null.)].
Unrecognizable brevicones resembling Beloitoceras
(7). M.Ord., Can.(Que.).

Pictetoceras FoersTe, 1926, p. 327 [*Gomphoceras
eichwaldi DEVERNEUIL, 1845, p. 357; OD]. Like
Diestoceras, of which it may be a synonym. In-
ternal structure not known in detail, hence dis-
position uncertain (57). Ord., USSR. Fic. 208,
3. *P. eichwaldi (DEVERNEUIL); ventral, X1 (57).

© 2009 University of Kansas Paleontological Institute

Trigonodema LarorTe, 1843, p. 27. Originally
proposed for species of Orthoceras with triangular
cross section, but no type-species has ever been
designated. Strictly interpreted, Trigonodema is
probably a senior objective synonym of Jovellania
BavLE, 1879. Application to ICZN for suppression
of Trigonodema is pending (SweeT, 1962).

Wetherbyoceras FoersTE, 1926, p. 323 [*Cyrtoceras
conoidale WeTHERBY, 1881, p. 78; OD]. Type-
species, of which holotype is lost, probably con-
generic with those now referred to Augustoceras.
In absence of types, only type-species can be re-
ferred here and identity of genus is obscure (33).
U.Ord., N.Am.(Ky.-Ohio-Tenn.).
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NAUTILOIDEA—DISCOSORIDA

By CurT TEICHERT

[United States Geological Survey]

MORPHOLOGY tively endogastric, but exogastric in spe-

. cialized families (e.g., Westonoceratidae
. h e L g ) 1 )
The Discosorida include conchs of m Mandaloceratidae); exceptional types in the

dlur.n to laf,gc S1z¢€, which gcneral.ly are  exogastric stocks may revert to endogastric
straight breviconic to short cyrtoconic, but .y rvarure.

some are orthoconic forms. Apertures are The position of the siphuncle varies be-
open or constricted. The shells are primi- tween central and marginal, although in

N
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A. Ruedemannoceras
(v, vinculum; g, granular zone; a, amorphous band; ¢, conchiolinous zone: 51,62, inner and outer layers of

Fic. 228. Longitudinal sections showing typical discosorid siphuncle structures.

bullette). B. Cyrtogomphoceras (lettering as in A). C. Westonoceratidae, generalized (1,2,34.5,
successive forward limits of parietal deposits that begin at septal foramina and gradually become extend;d
adorally; lettering as in A). D. Generalized diagram of connecting rings showing adoral incr;ase.m
size of bullettes. E. Growth pattern in Westonoceratidae, combining bullettes which increase 1n size
adorally, with parietal deposits decreasing from young to mature. F. Growth pattern of Faberoceras,
with thick rings, bullettes, and parietal deposits extending into endocones. G. Siphuncle of Tuyloceras,
showing early segments like those of Faberoceras, with succeeding segments broader, bullettes smaller, and
rings thinner. H. Siphuncle of Discosorus, with elevation at bottom of endosiphocone (50).
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Fic. 229. Siphuncle wall of discosorids.
Westonoceras sp., showing greater development of parietal deposits on ventral than dorsal side (al,a2,
first and second amorphous layers; 41,562, inner and outer layers of bullette; ¢, conchiolinous zone; g, granular

zone; p, parietal deposits; s, septum; v, vinculum).
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A. Ventral wall (at left) and dorsal wall (at right) of

B. Dorsal wall of siphuncle of Ruedemannoceras

boycii (WHITFIELD) showing variation in extent and expression of parts (lettering as in 4) (50).

most forms it is intermediate. In all except
some specialized end members of stocks, it
consists of broadly expanded segments. The
septal necks are short, cyrtochoanitic, strong-
ly recurved, with brims close to or touching
the posterior surface of the septa.

Discosorid genera are characterized either
by thick, complex connecting rings or by
specialized endosiphuncular deposits, or a
combination of both (Fig. 228).

The structural differentiation of the con-
necting rings is best exhibited in early un-
specialized forms like Ruedemannoceras
(Fig. 229,B). Here, each connecting ring is
attached to the posterior surface of the sep-
tum, just beyond the tip of the strongly re-
curved septal neck; the region of the con-

necting ring in the vicinity of the septum
consists of dense, amorphous calcite and is
called the vinculum. The anterior half of
the connecting ring just behind the vincu-
lum is made of coarsely granular calcite (or
possibly a mixture of calcite and conchiolin)
called the granular zone. The posterior half
of the free part of the connecting ring con-
tains a zone of fine yellowish material so
suggestive of conchiolin that it is called the
conchiolinous zone. This lies between two
narrow bands, curved with the concave
sides facing the conchiolinous zone like two
parentheses; these are termed the amorph-
ous bands.

The tip of the ring that curves around
the cyrtochoanitic septal neck is divided
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Fic. 230. Structures within discosorid connecting rings.

A. Ruedemannoceras boycii (Wuitrierp) (al,

a2, first and second amorphous layers; 51,52, inner and outer layers of bullette; ¢, conchiolinous zone; g, gran-

ular zone; v, vinculum).

B. Westonoceras sp., similar to A4 but with bullette inflated and differentiated
into smaller anterior (41’) and larger posterior (61”) portion (other lettering as in A).

C. Faberoceras

sp., with small vinculum, zonation of connecting ring comparable to that in 4 and B, bullette small (let-

tering as in A).
ventral side of Faberoceras.
A).
only bullettes retain identity.

D,E,F. Variations in vinculum of Faberoceras. D
J. Modification of connecting ring structure in Faberoceras (lettering as in
K. Banded condition of connecting ring as observed in late stages of Faberoceras and Alpenoceras;
L. Recumbent septal neck and portion of connecting ring in Discosorus,

G,H,I. Variations in bullette on

with indications of cingulum (lettering as in 4) (50).

into an outer zone (next to the neck) con-
sisting of dense amorphous material and an
inner zone (facing the cavity of the si-
phuncle) composed of lamellae paralleling
the curving surface of the ring. These two
layers, which are true extensions of the con-
necting ring, taken together constitute the
bullette. True bullettes are found only in
discosorids. Similar structures in oncocerids
are not layered. In Ruedemannoceras the
bullettes have the same thickness as the con-
necting rings, but in many later genera
(e.g., Cyrtogomphoceras, Westonoceras, Fig.
229, 230) they are swollen.

Parietal deposits are present in many

Middle and Late Ordovician and Silurian
discosorids (Fig. 231). They grow at first
as annular deposits in the region of the
septal foramen, then extend forward on the
inside of the connecting ring. If they extend
across more than one segment of the si-
phuncle they acquire the character of endo-
cones, which are typical especially of some
Westonoceratidae and Lowoceratidae and
of the Discosoridae. Through the center of
the part of the siphuncle that is filled by
endocones runs an endosiphuncular canal,
which in Alpenoceras is partitioned by
transverse diphragms (Fig. 231).

Some discosorids are known to possess a
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central tube within the siphuncle (not to
be confused with the endosiphuncular canal
of forms possessing endocones). Central
tubes have been observed in species of
Madiganella, Pseudogomphoceras, and Wes-
tonoceras.

Cameral deposits are known in many
discosorids, but are generally thin, except in
the two genera Ruedemannoceras and Wes-
tonoceras, in which they are more promi-
nent.

ONTOGENY

Almost without exception the apical ends
of representatives of Discosorida are un-
known, or else too poorly preserved for
study. It is probable that many Discosorida
have a somewhat blunt apical end, that
their initial chamber is cup-shaped and the
siphonal caecum bulbous. At present it is
not known whether the complex structure
of the connecting rings in discosorids is a
feature acquired during ontogeny or if it
exists also in early ontogenetic stages.

CLASSIFICATION

Only a few discosorids were known prior
to about 1925, and the few genera described
at that time were scattered among unre-
lated groups. Discosorus was regarded as
an actinocerid, Phragmoceras was grouped
with unrelated cyrtochoanitic forms, and
Glyptodendron was at first believed to be
the remains of a plant. Most of the genera
now recognized have been established since
1924, but the true taxonomic affinities of
many of these have remained uncertain un-
til comparatively recent years (50).

Principal features by which discosorids
are distinguished are differences in the
structure of the connecting rings, in the
presence or absence of endosiphuncular
structures, and in the differentiation of these
structures into bullettes, parietal deposits,
endocones, and so on, when present. The
order includes many shell forms that are
homeomorphic with oncocerids, the si-
phuncular structure of which is quite dif-
ferent, however.

EVOLUTION

The Discosorida are judged to have been
derived from ellesmerocerids, from which
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Fic. 231. Siphuncle structures of Alpenoceras; A,

Endocones and endosiphuncular canal with trans-

verse partitions; B, Endocones and parietal deposits;
C, Detail of recumbent septal neck in B (156).

early discosorids differ in having more high-
ly differentiated connecting rings (e.g.
Ruedemannoceras). Such forms developed
in the early Middle Ordovician. Very soon
they gave rise to the strongly diversified
Cyrtogomphoceratidae, which flourished
from the Middle Ordovician to the Early
Silurian. The principal evolutionary trends
are observed to be an increase in size of the
shells, development of conchs with domi-
nantly compressed cross sections, strong de-
velopment of bullettes, and shifting of the
siphuncle to a marginal position (Fig. 232).

The Cyrtogomphoceratidae gave rise to
the Silurian Phragmoceratidae by develop-
ing greatly contracted apertures and further
compression of the conchs. Earlier, the Wes-
tonoceratidae must have branched off, or
else they represent an independent offshoot
of the Ruedemannoceratidae. They are
characterized by complex connecting rings
and complex endosiphuncular deposits that
develop into large bullettes and parietal de-
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posits, which in some forms (e.g., Winni-
pegoceras, Faberoceras) are fused into con-
tinuous endocones. In the Discosoridae the
endocones become the predominant endo-
siphuncular structures, forming deposits
that to some extent are homeomorphic with
the endosiphuncular deposits of certain en-
docerids.

In the Lowoceratidae, which, no doubt,
are also derived from the Westonoceratidae,
bullettes are found only in early growth
stages. Adult stages have broadly expanded
segments with indications of endocones.

The Silurian Mandaloceratidae and their
possible derivatives, the Mesoceratidae, are
of doubtful origin and afhinities. They may
have been derived from Middle Ordovician
Ruedemannoceratidae (50)(Figs. 233, 234).

The Discosorida, though never numerous,
had two marked evolutionary peaks: one,
when they first appeared in the Middle
Ordovician, the second in the Middle Silur-
ian, when the important families Discosori-
dae and Phragmoceratidae flourished (Fig.
233,234A,234B).

GEOGRAPHIC DISTRIBUTION

The earliest discosorids, members of the
family Ruedemannoceratidae (e.g., Ruede-
mannoceras, Franklinoceras), appeared in
the Appalachian geosyncline in early Mid-
dle Ordovician (Chazyan) time. During
the Middle and Late Ordovician, discosorids
spread across North America and northern
Europe and several genera are also known
from rocks of this age in Australia and Tas-
mania. Genera of the Cyrtogomphocerati-
dae are widespread, though never abundant
as individuals, in North America and
nortizern Europe. The Westonoceratidae are
almost entirely restricted to North America,
including the Arctic regions.

In the Silurian, true Discosoridae are en-
tirely restricted to North America, exclu-
sive of the Arctic regions, whereas the es-
sentially contemporaneous Phragmocerati-
dae are widespread both in North America
and in northern and central Europe. In
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Europe rich phragmoceratid assemblages
are known in Gotland and in the Bohemian
basin in Czechoslovakia. In the latter area
the Mandaloceratidae also flourished. This
family has few representatives elsewhere.

Devonian discosorids are so far known
only from Michigan, and from the FEifel
region of western Germany. In both places
they are represented by the genus Alpeno-
ceras, of the family Discosoridae, the last
survivor of the discosorid stock.

No discosorids are known from South
America, Africa, and Asia.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA Agassiz,
1847

Diagnosis given in “Introductory Discus-
sion” (p. K128). U.Cam.-Rec.

Order DISCOSORIDA Flower in

Flower & Kummel, 1950
[nom. correct. Basse, 1952 (pro Discosoroidea FLowEer in
Frower & Kummer, 1950)] [=Discosoridea Frower, 1940

(superfam.); Discosoroidea FIscMER in MooRrE, LALICKER &
FiscHer, 1952 (order)]

Medium-sized to large brevicones, short
cyrtocones, and some orthocones, with open
or constricted aperture; endogastric, rarely
exogastric; siphuncle generally with broadly
expanded segments, central to marginal;
connecting rings generally thick, complex;
endosiphuncular deposits in some forms.
M.Ord.(Chazy.)-M.Dev., 2U .Dev.

The stratigraphic occurrence of genera
included in the Discosorida is shown
graphically in Figure 234A; the numbers of
new genera introduced in successive epochs

are indicated in Figure 234B.

Family RUEDEMANNOCERATIDAE
Flower, 1940

Conchs consisting of medium- to large-
sized endogastric cyrtocones and near ortho-
cones with unconstricted apertures bearing
shallow hyponomic sinus. Siphuncle located
slightly adventrally from center, with si-
phuncular bulbs in early stages that in later

Fic. 232. (Facing page.) General evolutionary pattern of the Discosorida. Essential features of the

genera are shown, and except for the torticonic Endoplectoceras, internal molds, cross sections and siphuncles

are oriented with the venter to the left. In some places more than one possibility is indicated, favorgd.

interpretation being indicated by solid arrows and less probable alternatives by broken-line arrows. Details
of structure and relationship are discussed in the text (50, mod.).
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Fic. 233. Diagram of phylogeny of Discosorida, showing distribution of forms differentiated by evolution
of siphuncular structures. A. Thick rings, bullettes not swollen, no annular deposits. B. Thick
rings, bullettes swollen, no annular deposits. C. Parietal annulosiphonate deposits added to B. D.
Bullettes markedly enlarged in anterior siphuncle segments. E. Bullettes and parietal deposits clearly
developed. F. Annulosiphonate deposits extended in growth through a series of segments, forming
endocones. G. Young as in F, adoral segments with thin homogenous rings. H. Thin rings, no
evident bullettes, simple endocones throughout. I. Simplification of internal structure by reduction of
bullettes and thinning of rings, essentially as in G and H, but without endocones. J. Connecting rings
thin, with complex, uniform, interior lining which has bullette-like swellings (50, mod.).

stages change to broadly expanded segments  sum, or with faint sinuate lobes on venter.
with strongly recurved septal necks; con- In cross section, venter either broadly flat-
necting rings thick, with vinculum, granu- tened or more broadly rounded than dor-
lar and conchiolinous zones, 2 amorphous sum.M.Ord.

bands and 2 layers of bullettes well differen-  Ruedemannoceras FLower, 1940 [*Cyrtoceras boycii
tiated; bullette uniform in thickness with WhitFIELD, 1886; OD]. Conchs small to medium
remainder of ring. Sutures either Straight, in size; cross section wider than high, venter
tending to slope forward from venter to dor- slightly flattened; sutures closely spaced, sloping

Fic. 234. Stratigraphic occurrence of Discosorida (50, mod.). Approximate stratigraphic and geographic
positions indicated by numbers, as follows. (1) M.Ord.(mid.Chazy.-up.Chazy.), USA(N.Y.). (2)
M.Ord.(Murfreesboro), USA(Tenn.). (3) M.Ord., C.Australia-Tasmania. (4) M.Ord.(Platteville),
USA (Towa-Ill.-Wis.-Minn.). (5) M.Ord.(Simard), Can.(Que.). (6) M.Ord.(Terrebonne-Cobourg-
Stewartville), Can.(Que.-Ont.)-USA(N.Y.-Mich.-Minn.). (7) M.Ord.(Cynthiana-Catheys), USA(Ky.-
Tenn.). (8) M.(PU.)Ord.(Red River-Bighorn), N.USA-Can.-Greenl. (9) M.(?U)Ord.-?Sil,, N.
Am.-Eu. (10, 11) U.Ord.(Eden), USA (Ohio-Ky.). (12) U.Ord., Norway. (13) U.Ord.(Leipers),
USA(Ky.-Tenn.). (14) U.Ord.(Maysville), USA(Ohio-Ky.-Ind.). (15) U.Ord.(Richmond), USA
(Ohio-Ky.-Ind.). (16) L.Sil.(Brassfield), USA (Ohio). (17) M.Sil.(Clinton), USA(Mich.)-Can.——
(18) M.Sil.(Clinton), USA(N.Y.-Ohio-Ind.-Iowa)-Que.(Anticosti Is.). (19) M.Sil.(Etage Ez), Czech.
——(20) M.Sil.(Racine-Guelph), ENN.Am. (21) M.sil., Sweden(Gotl.). (22) U.Sil.(Bertie), USA
(N.Y.). (23) U.Sil.(Manlius), USA(N.Y.). (24) L.Dev.(Etage Ff:), Czech. (25) M.Dev.(Win.
nipegosis), Can.(Man.). (26) M.Dev.(Alpena) USA(Mich.). (27) M.(?U.)Dev. (Stringocephalus
Ls., ?Orthoclymenia Zone, Ger. (This figure serves as stratigraphic key for Fig. 232).
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Fic. 234A. Stratigraphic distribution of genera and
families of Discosorida (Teichert, n).

forward from venter to dorsum, without definite
lobes; early portion of conch essentially straight;
shell surface smooth; siphuncle slightly offset to-
ward venter; early segments bulb-shaped, with
short septal necks, expanding in later stages and
brims becoming longer; connecting rings thick,
with all primitive structures developed as de-
scribed for order; cameral deposits strongly de-
veloped. M.Ord., EN.Am., Eu.(?Norway).
Fic. 235,1. *R. boycii (WuitrieLp), Chazy.,
USA(N.Y.); la, dorsoventral sec. of conch, venter
on left, X1.3; 15, long. sec. of siphuncle, X4.5;
1c, lat. view of conch, venter on left, X1.3 (50).
Franklinoceras Frower, 1957 [*F. elongatum;
OD]. Similar to Ruedemannoceras but with
strongly compressed cross section and straight
sutures. M.Ord., N.Am.(N.Y.).

Dev.

N — -

S~r>

Fi1c. 234B. Graph showing numbers of new genera

of Discosorida introduced in successive epochs

(dashed lines) and total genera represented in each
(solid lines) (Teichert, n).

Cephalopoda—Nautiloidea

Madiganella TEICHERT & GLENISTER, 1952 [*M.
magna; OD]. Shells large, slender, straight or
nearly straight; siphuncle with broad, expanded
segments and short, strongly recurved septal necks;
connecting rings thick, with few differentiated
structures; hard, calcified narrow tube almost in-
variably present within siphuncle. Growth lines of
shell indicate presence of hyponomic sinus on con-
cave side. M.Ord., C.Australia. Fic, 235,2. *M.
magna; 2a, dorsoventral sec., X0.7; 25, detail of
siphuncle with central tube, X2.7 (50, 191).

Family CYRTOGOMPHOCERATIDAE
Flower, 1940

Conchs dominantly medium-sized to
large, compressed endogastric cyrtocones
with siphuncle close to ventral side. Si-
phuncular segments short, broadly ex-
panded; connecting rings thick, their apical
end expanded into markedly swollen bul-
lettes. M.Ord.-L.Sil.

Cyrtogomphoceras FoersTe, 1924 [*Oncoceras
magnum WHITEAVEs, 1890; OD]. Large endo-
gastric brevicones, fusiform in profile, expanding
rapidly, gibbous over anterior end of phragmo-
cone or base of body chamber, which contracts
conically; aperture with ventral hyponomic sinus;
cross section of conch generally strongly com-
pressed, though circular in some forms; sutures
with faint lateral lobes, sloping increasingly for-
ward on dorsum in later growth stages; siphuncle
large, slightly removed from venter, short seg-
ments broadly expanded; septal necks short, with
strongly recurved brims; connecting rings thick-
ened, bullettes swollen, but generally poorly seen;
cameral deposits absent. M.Ord.-U.Ord., N.Am.-
Greenl.; Si#., Eu.(Est.). Fic. 236,la-c. C.
nutatum ForRsTE & Savacge, M.(or U.?) Ord.,
Can. (Hudson Bay); la-c, dorsal, lat, ventral
views, X 0.5 (50). Fic. 236,1d. C. turgidum
(Troepsson), Ord.(Cape Calhoun beds), N.
Greenl.; portion of connecting ring with large
bullette, adapical (lower) one with 2 layers, X4
(50). Fic. 236,1¢,f. C. sp., Ord. (Mt. Silliman
beds), Baffin Is.; Ie, long. sec. of ventral side of
siphuncle showing details of necks, thick con-
necting rings, and bullettes, X2; If, partial view
of same, showing apparent secondary thickening
on outside of connecting rings, enlarged (184).

Kiaeroceras STranD, 1934 [*K. frognoeyense; OD].
Shells stender, almost straight; anterior portion of
body chamber slightly contracted; some forms
with slightly flaring aperture; cross section com-
pressed, venter narrowly rounded; sutures with
faint lateral lobes; siphuncle close to venter, sep-
tal necks short, connecting rings thickened, with
prominent bullettes; interior of siphuncle empty.
U.0rd., N.Eu. Fic. 237,1a-c. *K. frognoeyense,
Norway; la, lat. view of conch; 15, ventral view
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of body chamber; Ic, transv. sec.; all X0.2 (50).
Fic. 237,1d,e. K. heroeyense STRaND, Norway;
1d, transv. sec. of conch, X0.2; Ie, siphuncle
wall with bullettes, X2 (50).

Konglungenoceras SweeT, 1959 [*K. norvegicum;
OD]. Strongly compressed, endogastric shells with
contracted apertures; siphuncle with complex con-
necting rings lacking bullettes; endosiphuncular
deposits in apical portion of siphuncle, consisting
of heavy parietal laminae extended apically into
endocones, similar to those in Discosorus and
Alpenoceras. L.Sil., Eu.(Norway). Fic. 237,2.
*K. norvegicum; 2a,b, long. and transv. secs. of
conch, X0.5; 2¢, connecting ring, with vinculum
and parietal deposits, enlarged (179).

Landeroceras FoErsTE, 1935 [*Diestoceras prolatum
MiLLER, 1932; OD]. Similar to Cyrtogompho-
ceras but shell straight. M. (or ?U.)Ord.(Bighorn
Dol.), W.N.Am.

Parryoceras SWEET & MILLER, 1957 [*P. euchari;
OD]. Similar to Strandoceras but differing in
broadly expanded siphuncular segments and
straight to only slightly convex ventral outline;
inside of mature shell with strong thickening just
behind aperture so that pronounced constriction
marks internal mold near oral end of body cham-
ber. M.Ord.-U.Ord., N.Am.(Can., Arctic)-Eu.
(Norway). Fic. 238,1. *P. euchari, M.(or ?U.)
Ord., Arctic; la, lat. view of holotype, X0.5;
1b,c, lat. and dorsal views, X0.5; Id, dorsoventral
sec. (235).

Strandoceras FrLower, 1940 [*Protophragmoceras
tyriense STrRaND, 1933; OD]. Generally strongly
compressed endogastric cyrtocones, with body
chamber straighter and more slender than phrag-
mocone; venter narrowly rounded; sutures with
shallow lateral lobes; aperture open, shallow hypo-
nomic sinus on venter; siphuncle close to venter,
with large broadly rounded segments, necks with
short brims; connecting rings thick. M.Ord.-U.
Ord., N.Eu. Fic. 236,3. *S. tyriense (STRAND),
U.Ord., Norway; 3a,b, lat. and ventral views of
conch, X0.5 (10); 3c,d, siphuncle wall with large
bullettes, long. sec. of part of siphuncle, X1.8
(50).

Ulrichoceras FoerstE, 1928 [*U. beloitense; OD].
Shell cyrtoconic, endogastric; fairly rapidly ex-
panding to middle of body chamber, then con-
tracting toward aperture; cross section slightly
depressed, subtriangular; dorsal and ventrolateral
sides strongly rounded; sutures faintly sinuate,
describing broad lobes on ventral side; broad
hyponomic sinus on venter; siphuncle located be-
tween center and venter, segments short, not
strongly contracted at septal foramen, broadly
rounded; connecting rings thickened, with in-
flated bullettes. M.Ord., USA (Wis.). Fic. 236,
2. *U. beloitense; 2ab, lat. and ventral views of
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Fic. 235. Ruedemannoceratidae (p. K326, K328).

conch, apex and aperture restored, X0.5; 2¢, si-
phuncle wall with inflated bullette, X2.7; 24,
transv. sec. of conch near base, X0.5; 2e, portion
of siphuncle, with bullettes, enlarged (50).
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1
Cyrtogomphoceras

3q Ryt 3b i Strandoceras

Fic. 236. Cyrtogomphoceratidae (p. K328-K329).
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Kiaeroceras
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Konglungenoceras

Fic. 237. Cyrtogomphoceratidae (p. K328-K329).

Family WESTONOCERATIDAE
Teichert, 1933

Conchs mostly compressed exogastric
cyrtocones, medium- to large-sized, with
moderately sized siphuncles; apertures con-
stricted or open. Connecting rings thin to
moderately thick; bullettes inflated; parietal
deposits in interior of siphuncle, forming
endocones in advanced genera. Cameral de-
posits present in some genera. M.Ord.-L.Sil.
Westonoceras FoersTe, 1924 [*Cyrtoceras mani-

tobense WHITEAVEs, 1890; OD] [=Westenoceras
FoersTE, 1924 (obj.), ICZN Opin. 593; Thuleo-
ceras TRoEDssoN, 1926]. Compressed, humped exo-
gastric cyrtocones; early part of conch slender,
gently exogastric to straight, rapidly expanding,
convexity of ventral profile increasing; greatest
gibbosity along anterior part of phragmocone and
posterior part of body chamber; in cross section
dorsum broadly rounded, venter narrow; sutures
with lateral lobes; siphuncle close to ventral wall,
segments strongly expanded, box-shaped; septal
necks strongly recumbent, rings thick; parietal
deposits initiated at septal foramina, growing for-
ward and commonly forming continuous lining
within siphuncle; cameral deposits invariably pres-
ent. M.Ord.-U.Ord., N.Am.-Greenl.-N.Eu. Fic.
239,1a. *W. manitobense (WHITEAVES), M.(or
?U.)Ord., Can.(Man.); dorsolat. view, X0.5 (59).
F16. 239,16. W. sp.; diagrammatic representa-
tion of shape and distribution of cameral deposits,
enlarged (185).——Fic. 239,Ic. W. sp., Ord.,

© 2009 University of Kansas Paleontological Institute

Baffin Is.; dorsoventral sec. of phragmocone show-
ing cameral deposits and remnants of central tube
in anterior part of siphuncle, X 1.5 (long. sec. of
siphuncle of same specimen, Fig. 229,4) (50).
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Fic. 238. *Parryoceras euchari SWEET & MILLER
(Cyrtogomphoceratidae) (p. K329).
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Westonoceras

Antiphragmoceras
Fic. 239. Westonoceratidae (p. K331-K332, K334).

Antiphragmoceras FoEerste, 1925 [*A4. ulrichi;
OD]. Rather large exogastric, weakly cyrto-
conic conch, strongly compressed and with flat-
tened dorsum; body chamber with constriction

behind aperture (may be internal only); aperture

© 2009 University of Kansas Paleontological Institute

T-shaped as in Phragmoceras; siphuncle large,
with strongly expanded segments. M.Ord.(Tren-
ton.), E.N.Am. Fic. 239,3. *A. ulrichi, USA
(Tenn.); 3a-c, dorsal, lat., ventral views, X0.45;
3d, apert. view, X 0.7 (55).
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Winnipegoceras

K333

Fic. 240. Westonoceratidae (p. K334).

Broeggeroceras SWEET, 1958 [*B. contractum; OD].
Similar to (possibly identical with) Simardoceras
but with transversely elliptical to almost circular
cross section. M.Ord., ?U.Ord., Eu.(Norway).

Clarkesvillia FLowEr, 1946 [*C. halei; OD]. Dif-
fers from Faberoceras in prominent flattening of
venter, from Glyptodendron in more ventrally
placed siphuncle. U.Ord., USA(Ohio).

Faberoceras FLoweR, 1946 [*F. multicinctum; OD].
Large exogastric, compressed cyrtocones, slender
and gently enlarging from apex to aperture; su-
tures with faint lateral lobes; siphuncle close to
venter in young, more central in later stages;
segments broadly expanded, with parietal de-
posits, discrete or forming endocones; shell sur-
face in mature specimen with transverse costae.
M.Ord.-U.Ord., N.Am.-?Eu. Fic. 242,1. *F.
multicinctum, U.Ord., USA(Ky.); la, lat. view
of conch showing transv. ridges, X0.45; 15, dor-
soventral sec. of siphuncle, showing thick rings,
small bullettes, parietal deposits which begin to
form endocones, and central tube in posterior por-
tion, X6 (50); I, details of siphuncle walls, en-
larged (50).

Glyptodendron CraypoLe, 1878 [*G. eatonense;
M] [=Cyrtoceras (Glyptoceras) FoErsTE, 1893
(obj.)]. Large compressed cyrtocones, dorsum
nar_rowly rounded, greatest width in ventrolateral
region; sutures sloping forward from dorsum,
with faint ventral lobes; siphuncle slightly on

© 2009 University of Kansas Paleontological Institute

ventral side of center; segments subspherical in
young, equally broad but shorter in adult; con-
necting rings thick, bullettes vestigial; no endo-
siphuncular deposits known; shell surface with
scalelike shallow pits arranged in oblique intersect-
ing rows; obscure costae in adult stage prominent
close to ventrolateral angles and fading away dor-
solaterally; aperture sloping backward from dor-
sum to ventrolateral angles. L.Si., USA(Ohio).

Fic. 242,3. G. subcompressum (BEECHER)
(=?G. eatonense); 3a, lat. view of conch with
surface markings, X0.45; 34, long. sec. of ant.
part of siphuncle, X1.1; 3¢,d, restorations, holo-
type (3c), composite based on 2 hypotypes (3d),
%X 0.2 (50).

Hecatoceras TEICHERT & GLENISTER, 1952 [*H.
longinquum; OD]. Probably endogastric, almost
straight cyrtocones; shell not known; siphuncle
filled with calcareous deposits which form heavy
endocones; segments broadly expanded, probably
with thick connecting rings. U.Ord., Australia
(Tasm.). Fic. 242,2a-c. *H. longinquum; 2a,
ventral view of siphuncle fragment, X1.5 (192);
2b,c, dorsoventral sec. of siphuncle, 2¢ showing
thick connecting rings and parietal deposits, X1,
X3 (191, 192). Fic. 242,2d. H. obliqguum
TeICHERT & GLENISTER; dorsoventral sec. of si-
phuncle, X3 (192).

Lavaloceras FLoweR, 1952 [*L. geniculatum; OD].
Nearly straight exogastric brevicones; cross section
not quite as broad as Simardoceras. M.Ord., N.Am.
(E.Can.).

Reedsoceras Foerste, 1929 [nom. subst. pro Con-
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Fic. 241. *Reedsoceras macrostomum (HaLL)
(Westonoceratidae) (p. K333-K334).

radoceras Forrste, 1928 (non FoErstTe, 1926)]
[*Cyrtoceras macrostomum Harr, 1847; OD].
Large exogastric cyrtocones with rapidly expand-
ing, unconstricted aperture; sutures straight; si-
phuncle ventral, with very short, broad segments
that are broadly rounded; structure of siphuncular
wall unknown., M.Ord.-U.Ord., EN.Am. Fic.
241,1. *R. macrostomum (HaLr), M.Ord., USA
(N.Y.); 1a,b, lat., ventral views of conch, X0.45;
Ic,d, transv. secs. of phragmocone near apex and
body chamber at its base, X0.45 (50).

Simardoceras FLowsR, 1957 [*S. simardense; OD].
Similar to Winnipegoceras and Sinclairoceras but
with broad, almost compressed cross section; aper-
ture less strongly contracted than in Sinclairoceras.
M.Ord., Can.(Que.).

Sinclairoceras FLower, 1952 [*S. Aaha; OD]. Com-
pressed exogastric brevicones, dorsal outline only
slightly concave, ventral outline strongly convex,
strongly humped in anterior part of phragmocone;
body chamber contracted, with slight apertural
flare; aperture sloping from dorsum to venter,
with slight hyponomic sinus; sutures almost
straight; siphuncle close to venter, segments broad-
ly expanded; connecting rings thick. M.Ord., Can.
(Que.). Fic. 239,2. *S. haha; 2a-c, lat., ven-
tral views, long. sec. of conch, X0.5; 2d, details
of siphuncle, enlarged (50).

Teichertoceras ForrsTe, 1933 [*T. husseyi; OD].
Differs from Westonoceras mainly in endogastric

Cephalopoda—Nautiloidea

curvature of earlier portion of phragmocone. M.
Ord., N.Am.

Winnipegoceras Foerste, 1928 [*Cyrtoceras lati-
curvatum WHITEAVES, 1895; OD]. Large com-
pressed slender exogastric cyrtocones, mostly
strongly curved and slowly expanding; gibbous
and more strongly curved near anterior end of
phragmocone; body chamber slender, gently con-
tracted in some forms; sutures with lateral lobe;
siphuncle slightly removed from venter, segments
strongly contracted at septal foramen, generally
longer in proportion to diameter than in Westono-
ceras; bullettes swollen; parietal deposits and
other siphuncular deposits rarely preserved. M.
Ord.-U.Ord., N.Am.-Greenl.-N Eu. Fic. 240,
la. *W. laticurvatum (WHiTEAVES), Red River F.,
Can.(Man.); long. sec. of conch, X0.5 (50).
Fic. 240,16-d. W. sinclairi FLowERr, M.Ord.(Black
River Gr.); Can.(Que.); 1b,, lat. and dorsal
views, X0.5 (39); 1d, long. sec. of siphuncle,
X4 (50).

Family LOWOCERATIDAE Flower,
1940

Conchs consisting of slender exogastric
cyrtocones; young shells with thick con-
necting rings and swollen bullettes; adult
forms with siphuncle segments more round-
ed, less swollen bullettes, and thin connect-
ing rings; endocones within siphuncle. M.
Sil.

Lowoceras FOERSTE & SAVAGE, 1927 [*L. southamp-
tonense; OD], Like Tuyloceras, but with endo-
cones in the siphuncle similar to those of Dis-
cosorus, but without bullettes. M.S#., N.Am.(N.
Can.). Fic. 243,1. *L. southamptonense, Sil.,
Can.(Southampton Is.); Ia,6 (holotype), vert. sec.
(venter on left) showing endocones without bul-
lettes, opposite side showing exterior of siphuncle,
X1 (50).

Tuyloceras FoERSTE & Savace, 1927 [*T. per-
curvatum; OD]. Strongly compressed exogastric
brevicone with venter more narrowly. rounded
than dorsum, enlarging moderately in diameter to
middle of body chamber, very gently contracting
over mature body chamber toward aperture; su-
tures trending strongly adapically from dorsum to
venter; siphuncle at short distance from venter;
segments changing during ontogeny from slender
subquadrate (in dorsoventral section), with thick
rings and swollen bullettes to more expanded seg-
ments of more rounded section, with thin ring
and bullettes not swollen. M.Sil., N.Am.(N.Can.).

Fic. 244,1. *T. percurvatum; lab, lat. and

ventral views, X0.7; Ic, dorsoventral sec. through

siphuncle showing septal necks, connecting rings,

and bullettes, X2.8 (50).




Discosorida K335

Family DISCOSORIDAE Miller, 1889 segments that expand rapidly in width ad-
[=Discosoridae TeicHeRrT, 1931 (jr. syn. homonym)] orally; Scptal necks short, brims long, re-
Endogastric, generally breviconic shells cumbent; connecting rings poorly known,
(complete shells rare but siphuncles com- generally thin; bullettes never swollen; en-
mon). Siphuncles with broadly rounded docones within siphuncle, leaving endo-

Glyptodendron
Fic. 242. Westonoceratidae (p. K333).

© 2009 University of Kansas Paleontological Institute
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broadly rounded, strongly expanded segments,
increasing very rapidly in size; septal necks re-
cumbent, with long brim in contact with free
part of connecting ring; interior of siphuncle
occupied by endocones, leaving endosiphuncular
tube, with elevated protuberance of endocone
material surrounding aperture of tube. Phragmo-
cone short, rapidly expanding, generally little

known. M.S:l., Arct N.Am.-E.N.Am. Fic. 245,

la. *D. conoideus, USA(N.Y.); dorsoventral sec.

of siphuncle showing traces of endocone, eleva-

tion, and endosiphuncular tube, X 1.3 (50).

Fic. 245,1b,c. D. sp., cf. D. ehlersi FoErsTE, Can.;

ventral and lat. views of siphuncle, X0.7 (50).

Fic. 245,1d. D. sp., Can.; dorsoventral sec.
of siphuncle showing thickened connecting rings
and elevation at bottom of endosiphuncular cavity,
X 0.7 (181). Fic. 245,1¢,f. D. austini FOERSTE,
Ohio; ventral and lat. views of siphuncle with
part of body chamber, X 0.3 (50).

Alpenoceras Foerste, 1927 [*A. ulrichi; OD]
[=Endodiscosorus (Endostokesoceras), Discosorus
Fic. 243. *Lowoceras southamptonense FOERSTE & (Neodiscosorus) ScHINDEWOLF, 1944]. Shell ?en-

Savace (Lowoceratidae) (p. K334). dogastric, moderately breviconic, expanding fair-
ly rapidly to body chamber, which contracts faint-
siphuncular tube, which may contain dia- ly at aperture; cross section slightly depressed;

phragms. M Sil.-M.Dev., ?U.Dev. sutures straight and transverse; growth lines show-
Discosorus Harvr, 1852 [*D. conoideus; M]. Most- ing moderate hyponomic sinus on concave side of
ly known from isolated siphuncles composed of conch; siphuncle close to ventral (concave) side,

F1c. 244. *Tuyloceras percurvatum FoErsTE & Savace (Lowoceratidae) (p. K334).
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segments broadly expanded, connecting rings
thick, supplemented by secondary thickening on
their outer side; endosiphuncular deposits similar
to those of Discosorus. M.Dev., ?U.Dev., USA
(Mich.)-Can.-Eu.(Ger.). Fic. 2454a-c. *A.
ulrichi, M.Dev., Mich.; 4a,b, lat. and ventral views

of conch, growth lines indicating hyponomic

sinus, X0.5; 4c, dorsoventral sec., X1.5 (50).

Fic. 245,4d-f. A. etfelense ScHINDEWOLF, M.
Dev., Ger.; 4d,e, lat. and ventral views of si-
phuncle, X0.7; 4f, long. sec. of siphuncle show-
ing parietal deposit and endocones which are closed
posteriorly, X2.7 (156).

Endodiscosorus TercHERT, 1931 [*E. foerstei; OD].
Similar to Discosorus but sides of siphuncular
segments flattened; siphuncle enlarging more rap-
idly initially, more slender anteriorly; endocones
massive, with smooth anterior cavity and without
median elevation such as found in Discosorus.
M.Sil.,, USA(Mich.-ITowa)-Can.(Lake Timiskam-
ing-Lake Huron). Fic. 245,3. *E. foerstei,
Can.(Lake Timiskaming); 3a, dorsoventral sec. of
siphuncle showing endosiphuncular canal, endo-
cones partly weathered out, X 1; 35, lat. view of
siphuncle, X0.7 (185).

Kayoceras FOERSTE, 1934 [*Discosorus? biconoideus
Tuomas, 1915; OD]). Differs from Discosorus in
more central position of siphuncle; breviconic,
contracting slightly toward aperture. M.Si., USA
(Iowa).

Stokesoceras ForrsTe, 1924 [*S. romingeri; OD].
Similar to Discosorus but much more slender and
relatively straight. Anterior end of endosiphuncu-
lar tube showing annulate structure. M.Si., N,
Am.(USA-N..Can.)-Eu.(Est.). Fic. 245,2a. *S.
romingeri, USA(Mich.); ventral view of siphuncle,
X0.7 (220).——Fic. 245,2b. S. engadinense
FoersTe, USA(Mich.); long. sec. of siphuncle
showing annular structure of endosiphuncular

tube, X 0.9 (50).

Family PHRAGMOCERATIDAE
Miller, 1877

[==Phragmoceratidac HvarT in ZiT1EL, 1900 (jr. syn.
homonym]

Cyrtoconic, endogastric, compressed shells
with strongly contracted aperture, modified
in various ways. Siphuncles with broadly
expanded segments, thick connecting rings,
and small to vestigial bullettes. M.Sil.-L.
Dev.

Phragmoceras BrobErIP in SowERBY in MURCHISON,
1839 [=Broperip in MurcHison, 1834 (nom.
nud.)] [*P. arcuatum Sowersy, 1839; SD S.A.
MiLLER, 1889] [=Phragmocera Braun, 1840
(obj.) (mom. van.); Phragmoceratites »’ARCHIAC
& DEVERNEUIL, 1842 (obj.) (nom. van.); Phrag-
mocerus BronN, 1848 (obj.) (nom. van.)]. Gen-
erally large, rapidly expanding conchs, differing
from Protophragmoceras in greatly constricted
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aperture and comparatively larger siphuncle; main
part of aperture compressed oval to subtriangular
and lesser part produced into narrow long slit
that widens ventrally into narrow ovate lobe
(hyponomic sinus); sutures with lateral lobes,
genera) course normal to shell curvature. Siphuncle
close to ventral side, with broadly expanded seg-
ments; connecting rings thick, undifferentiated,
with bullettes; interior of siphuncle may have
parietal deposits. M.S#., N.Am.-Eu. Fic. 246,
lab. P. lamellosum HepsTrOM, Eu.(Sweden); lat.,
ventral views, X0.45 (90). Fic. 246,1c. P.
farcimen HepsTrROM, Sweden (Gotl.); dorsoven-
tral sec. showing siphuncle with internal deposits,
X 0.7 (90). Fic. 246,1d. P. transversale Hep-
sTROM, Sweden(Gotl.); long. sec. of siphuncle
showing large bullettes, X3.5 (50).

[Type-species of Phragmoceras—In his paleontological
contributions to MurcHison’s ‘‘Silurian System’ (1839),
J. b C, Sowerey credited several new genera to BropEerip,
by simply inserting BrobERIP'S name in parentheses after the
generic name. J. C. Broberip was a British zoologist, a con-
temporary of Sowersy and an associate of WiLLIAM Buck-
LAND. Among genera thus credited by Sowersy to Broberip
is the discosorid Phragmoceras. Although Sowersy does not
characterize the nature of the contribution by Broperrp to
knowledge of this genus, it has always been tacitly assumed
that the generic characteristics stated by Sowerey were ob-
tained by him from Broberir and as a result Broperip has
been cited as the author of Phragmoceras.

SoweRBY definitely assigned three species to Phragmoceras,
namely, P. arcuatum, P. ventricosum, and P. compressum.
The first and the third of these species are new and are
to be credited to Sowersy. After P. ventricosum, however,
SowerBy added ‘‘(Orthoceratites ventricosus? STEININGER,
Mém. soc. géol. France, v. 1 [1834]. . . .)" and the de-
scription of the species is followed by the remark, “If the
fossil described by STEININGER be the same as our species the
artist [of STEININGER’s illustration] has apparently reversed
the curvature of the septa.”

Woopwarp (1868) selected Orthoceratites wventricosus
STEININGER as the type-species of Phragmoceras. If this selec-
tion were regarded as valid, Phragmoceras would be an un-
recognizable genus, based on a cephalopod fragment of
Devonian age. However, since SowersY assigned O. ventri-
cosus STEININGER only doubtfully to Phragmoceras, it is in-
eligible for designation as the type-species of Phragmoceras
(Rules, Art. 67,h). P. ventricosum Sowersy, from Silur-
ian rocks of England, may be regarded rightdy as a
separate species but the transfer of STEININGER'S O. venmtri-
cosus (1834) to Phragmoceras by Woopwarp (1868) operated
to make SowerBY's P. ventricosum (1839) a junior secondary
homonym, which by provision of the Rules must be per-
manently rejected. SowereY’s P. venmtricosum is here re-
named as P. broderipi TEICHERT.

The first valid selection of a type-species of Phragmo-
ceras was by MiLLer (1889) who cited P. arcuatum and_this
designation has been accepted as valid by later authors {50).}

Endoplectoceras ForrsTE, 1924 [*Trochoceras secula
BARRANDE, 1865; OD]. Similar to Protophragmo-
ceras, differing in greater slenderness of shell and
very faint trochoceroid coiling. M.Sid., Eu.
(Czech.).

?Phragmocerina FLowEer, 1948 [*Gomphoceras
osculum RuepeEMann, 1916; OD]. Slightly com-
pressed brevicones, endogastric in early stages,
straight in later ones; apertural plane essentially
parallel to last septum; siphuncle small, its struc-
ture unknown. U.S#., USA(N.Y.). Fic. 246,2.
P. litchfieldensis Frowekr; 2a-c, ventral, lat,
apert. views, X 0.7 (35).

Pristeroceras RUEDEMANN, 1925 [*P. tumidum;
OD]. Differing from Phragmoceras in strongly
crenulated margin of aperture. U.Sil., USA(N.Y.).
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Fic. 246,4. *P. tumidum; 4ab, lat., apert. pressed endogastric cyrtocones, enlarging evenly
views, X0.5, X1 (181). and gradually from apex to aperture, which is
Protophragmoceras HyaTT in ZrrTEL, 1900 [*Cyrto- unrestricted; sutures swinging forward on convex
ceras murchisoni BarranDg, 1866; OD]. Com- dorsum, with lateral lobes; growth lines indi-

~a

Sthenoceras

Protophragmoceras

Fic. 246. Phragmoceratidae (p. K338-K340).
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cating deep and sharp hyponomic sinus; siphuncle
close to venter, segments short, broad; connecting
rings thick. M.Sil., Eu.(Czech.). Fic. 246,5.
*P, murchisoni (BARRANDE); 54,5, lat., ventral
views, X0.45; 3¢, dorsoventral sec. of another
specimen, X0.45; 5d, part of siphuncle, enlarged
(5).

Sthenoceras FLowER in FLowEer & TEicHERT, 1957
[*Cyrtoceras aduncum BarranDe, 1866; OD].
Large, smooth, endogastric shells with slight
hyponomic sinus, early part of shell expanding
moderately rapidly, curvature and rate of ex-
pansion both reduced in later stages, mature body
chamber tending to become nearly straight, with
slightly convex sides and aperture very slightly
contracted; cross section broad, with dorsal side
slightly flattened; sutures mostly straight and
transverse, some with slight lateral lobes; siphuncle
close to venter, segments slightly to broadly ex-
panded, thick rings, small bullettes. M.S#l.-L.Dev.,
Eu.(Czech.). Fic. 246,3. *S. aduncum (Bar-
RaNDE), L.Dev.; 34,6, ventral, lat. views; 3c,
dorsoventral sec., X0.45 (5).

Tubiferoceras HEeDsTROM, 1917  [*Phragmoceras
proboscideum HebsTROM, 1917; SD  FOERSTE,
1926]. Differing from Phragmoceras in that dor-
sal sinus of aperture is projected beyond dorsal
side of shell to form tubular extension; shell
straighter than Phragmoceras and more rapidly
expanding; structure of siphuncle unknown. M.S:l.,
USA(Ind.-Wis.)-Eu.(Sweden). Fic. 247,1. T.
prominens minus (HepsTROM), Sweden(Gotl.);
lat. view, X0.45 (90).

Family MANDALOCERATIDAE
Flower in Flower & Teichert, 1957

Essentially straight breviconic shells with
faintly exogastric shape produced largely
by profile of contracted body chamber,
though some species are endogastric; aper-
tures varying from T-shaped to rounded,
with narrow, long hyponomic sinus. Si-
phuncles ranging from forms with short
broad, rounded, strongly expanded segments
and thick connecting rings to others with
slender segments and thin connecting rings.
M.S:l., ?U Sil.

Mandaloceras HyaTT in Zrrrer, 1900 [*Gompho-
ceras bohemicum BARRANDE, 1865; M]. Straight
or cyrtoconic shells with constricted T-shaped
aperture; cross section slightly depressed; siphuncle
subcentral, with segments increasing rapidly in
width from early to late growth stages; connect-
ing rings thin; early segments with deposits at
septal foramina, resembling actinosiphonate de-
posits. M.Sil., N.Am.-Eu.(Eng.-Czech.). Fic.
247,3. M. verneuili (Barranpg), Czech.; 3a,b,
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ventral, apert. views, 3¢, dorsoventral sec., X0.5
).

?Cayugoceras FLoweR, 1947 [*Gomphoceras? semi-
clausum BarraNDE, 1865; OD]. Similar to Ovo-
cerina but siphuncle contracted to small subtri-
angular aperture. Structure of siphuncle un-
known. U.Sd., Eu.(Czech.)-N.Am.(N.Y.).
Fig. 247 4. *C. semiclausum (Barranbe), Czech.;
4a-d, dorsal, apert. lat., apical views, X0.7 (5).

Cinctoceras FLower in FLowerR & TEICHERT, 1957
[*Gomphoceras imperiale BarraNDE, 1865; OD].
Large, straight brevicones, with constricted T-
shaped aperture; shell with numerous, low, sharp
transverse costae; cross section tending to be
depressed, with flattened dorsum. Siphuncle seg-
ments short and broad. M.Sil., Eu. Frc. 247,2.
*C. imperiale (BarraNDE), Czech.; 2a-d, ventral,
dorsal, apert. views, dorsoventral sec., X0.45 (5).

Ovocerina Frower, 1947 [*Gomphoceras mar-
supium BARRANDE, 1865; OD]. Small breviconic,
generally straight, contraction of aperture pro-
ducing faintly exogastric aspect owing to greater
convexity of ventral side, smaller species more
definitely curved, exogastric; cross section slightly
compressed; sutures straight and transverse; aper-
ture either broadly round or transversely extended,
approaching T-shaped aperture of Mandaloceras;
siphuncle slightly to dorsal or ventral side of
center; segments generally very broad and short,
with rounded outlines; connecting rings thin;
some species with vesicular structures inside si-
phuncle. M.Sil., Eu.(Czech.). Fic. 247,5. O.
alphaeus (BARRANDE); 5a-d, lat., ventral, apert.
views, dorsoventral sec., X0.5; 5e, siphuncle, long.
sec., enlarged (5).

Pseudogomphoceras FLower in FLower & TEicH-
ERT, 1957 [*Gomphoceras rigidum BARRANDE,
1865; OD]. Like Ovocerina but large, longiconic,
with circular cross section; siphuncle with vesicu-
lar matter and central tube. M.S#., Eu.(Czech.).

Umbeloceras FLoweR in FLower & TeicHerT, 1957
[*Gomphoceras spei BARRANDE, 1865; OD]. Small
brevicones, slightly exogastric, cross section rang-
ing from slightly compressed to slightly depressed;
aperture T-shaped, with the 2 lateral branches
curving toward venter. M.Sil., Eu. Fic. 248,1.
*U. spei (BarranDE), Czech.; lab, lat, apert.
views, X0.7 (5).

Vespoceras FLower in FLower & TEeicmerT, 1957
[*Gomphoceras wvespa Barranpe, 1865; OD].
Medium-sized straight brevicones with broad
annular expansion in anterior part of phragmo-
cone, followed by constriction at base of body
chamber, latter expanding normally at first and
having open or constricted aperture; siphuncle
midway between center and venter, segments mod-
erately to strongly expanded. M.Sil., Eu——Fic.
248,2. *V. vespa (BaRRANDE), Czech.; 2a-c, lat,
dorsoventral sec., ventral views, X0.5 (5).
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?Family MESOCERATIDAE Hyatt, slightly depressed; sutures simple, trans-
1884 verse. Siphuncle subcentral. M.Sil.

Body chamber straight, short, strongly Mesoceras Barranoe, 1877 [*M. bokemicum; M].

contracted anteriorly; aperture consisting of =~ Characters of family; known only from body

broad, long transverse slit; cross section  chamber. M.Sil., Eu.(Czech.).——Fic. 248,3. *M.

Ovocerina

Cayugoceras Se
Fic. 247. Phragmoceratidae, Mandaloceratidae (p. K340).
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Greenlandoceras

Mesoceras

Fic. 248. Mandaloceratidae (p. K340); Mesoceratidae (p. K341-K342); Greenlandoceratidae (p. K342).

bohemicum; 3a-c, lat., apert. views, bottom of
body chamber, X0.5 (5).

?Family GREENLANDOCERATIDAE
Shimizu & Obata, 1935
[=Striatoceratidae FLower, 1939]

Medium-sized, straight shells; outer side
with longitudinal ridges, as in Kionoceras.
Siphuncle subcentral, medium-sized; seg-
ments subglobular to broadly expanded;
septal necks short; inner surface of siphuncle
lined with continuous calcareous deposit of
rather uniform thickness except for slight

© 2009 University of Kansas Paleontological Institute

thickening around septal necks, typically
consisting of 2 layers. Cameral deposits un-
known. M.Ord., ?U.Ord .-?Sil.

Greenlandoceras SHimizu & OBATA, 1935 [*?Sacto-
ceras lineatum TROEDssON, 1926; OD] [=Striato-
ceras SHIMIZU & OBATA, 1935, Sactocerina KoBay-
asH1, 1936 (obj.)]. Characters of family. [These
forms are still not well known.] M.Ord., ?U.Ord.-
?81l., N.Am.-Greenl.-N.Eu. Fic. 248,4a,b. *G.
lineatum (TRoEDssoN), M.Ord., N.Greenl.; 4ab,
external views, long. sec. showing siphuncle with
internal lining, X0.7 (194). Fic. 248,4c. G.
striatum (TRroEpssoN), M.Ord., N.Greenl.; details
of internal lining of siphuncle, X1 (236).
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NAUTILOIDEA—TARPHYCERIDA
By W. M. FurnisH and Brian F. GLENISTER

{State University of lowa, Jowa City, Towa]

INTRODUCTION

The Tarphycerida comprise all of the
earliest and most primitive coiled cephalo-
pods; they are known best from the Lower
Ordovician (late Canadian), but the order
persists through the younger Ordovician
and into the Upper Silurian. Two families,
the Tarphyceratidae and Estonioceratidae,
are exclusively Lower Ordovician, the
Trocholitidae are predominantly Lower and
Middle Ordovician, and the Ophidiocera-
tidae are known only from Silurian strata.

Representatives of the Tarphycerida are
relatively rare fossils. Their variety and
comparative abundance in the North Ameri-
can Lower Ordovician probably signifies
only intensive search and widespread devel-
opment of a molluscan facies. However,
judging by existing knowledge, such forms
may also be well represented in Australia
and Siberia.

Middle Ordovician tarphycerids are wide-
spread and varied, but in the Balto-Scandian
Region the associated straight nautiloids
predominate. Nevertheless, the plains of
northern Europe have provided numerous
fine specimens of coiled genera from drift
boulders (“Diluvialgeschieben™), presum-
ably derived from Baltic countries or the
Baltic depression. To a considerable degree,
studies of the lituitids have been based on
specimens secured from erratics. The Litui-
tidae also represent the only known case
of provincial distribution in the order; none
have been identified with certainty outside
of northern Europe.

Upper Ordovician and Silurian repre-
sentatives of the order are inconspicuous.
A few undoubted lituitids have been se-
cured from Upper Ordovician strata, but
generally the family is restricted to the
Middle Ordovician. The long range indi-
cated for the Trochilitidae could be mis-
leading, for a dorsal siphuncle may exempli-
fy repetitive evolution, rather than survival
of a stable lineage. An exclusively Silurian
family, the Ophidioceratidae, has been vari-
ously regarded by taxonomists but shows
several features characteristic of some

tarphycerids—evolute conch, divergent body
chamber, and complex aperture.

Many tarphycerid taxa are based upon
fragmentary or imperfectly preserved type
material. Also, little intensive study of in-
ternal shell morphology has been under-
taken. Nevertheless, the taxonomy seems
to be at least as well founded as for com-
parable groups. In a few noteworthy ex-
amples fine preservation of these Lower
Paleozoic cephalopods is found to reveal all
details (e.g., upper Canadian fauna of the
Cassin Limestone in Champlain basin).

Recognition of several tarphycerid genera
preceded the last century; Lituites was a
pre-Linnéan taxon validated 200 years ago.
Significant contributions which are still
valuable references include Barranpe (1865,
1867), ANGELIN & Linpstrom (1880), REM-
eLt (1880), NoerLing (1882, 1884), Linp-
sTroM  (1890), and Scuroper (1891). In
North America, Hyarr (1894) and RuEpe-
MANN (1906) presented comprehensive de-
tail; more recently Foerste (e.g., 1930)
studied a variety of representatives of this
order. UrricH, Foerste, MILLER & Fur-
Nist (1942) described known Lower Ordo-
vician forms. Modern studies of the classic
Balto-Scandian province include those of
Stranp (1934) and Sweer (1958) on Up-
per and Middle Ordovician faunas in the
Oslo area; SweeT’s studies of the Lituitidae
are most authoritative. Barasuov (1953,
1962) has recorded faunas from the eastern
Baltic and the Siberian Platform. TEICHERT
& Guenister (1952-54) described coiled

Ordovician forms from Australia.

MORPHOLOGY

Representatives of the Tarphycerida gen-
erally consist of a relatively small, loosely
coiled or evolute, planospiral conch, in
which part of the mature body chamber
diverges from the preceding whorl. About
three to six volutions may be present in the
mature spiral conch. Some fully mature
coiled forms (e.g., Moreauoceras) attain a
conch diameter of only 20 mm., whereas a
number of other upper Canadian genera
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exceed 150 mm. at maturity. The divergent
orthocone of uncoiled derivatives (e.g.,
Lituites) may exceed 300 mm. in length. A
single imperfectly known torticone (Aetho-
ceras) is included in the order. Whorls of
the spiral portion of the conch are generally
in contact and exhibit slight to moderate
dorsal impression (Tarphyceratidae, Tro-
cholitidae, ~Ophidioceratidae). However,
looser coiling is characteristic of the Estonio-
ceratidae and the whorl section in this fam-
ily is rounded to flat dorsally. The spiral
portion of most Lituitidae is relatively small
in comparison with the associated adoral
orthocone. An extreme is encountered in
the lituitid genus RhAynchorthoceras, in
which the entire conch is straight, except
for the weakly cyrtoconic apical portion
(Fig. 267,2). With the possible exception
of typical Wichitoceras, even the most tight-
ly coiled forms are believed to possess a
narrow umbilical perforation,
Morphological changes in late growth
stages comprise whorl divergence and
modification of the aperture. Divergence of
the whorl for a short distance, but at an
obtuse angle, and apertural contraction at
full maturity are involved in formation of
the subterminal aperture (Fig. 251,1). This
feature is reported in the literature only for
the tarphyceratid genera Moreaunoceras and
Pilotoceras; however, it is known to be de-
veloped in the trocholitid Graftonoceras
and may be fairly common in other Tarphy-
ceratidae and Trocholitidae. The body
chamber of most Tarphyceratidae, Estonijo-
ceratidae, and Trocholitidae is approximate-
ly one-half a volution in length; many rep-
resentatives of these families exhibit di-
vergence of most or all of the mature body
chamber, although the extent of divergence
is not constant within a genus, A somewhat
longer and more strongly divergent body
chamber characterizes the Ophidioceratidae.
It is noteworthy that the length of the ma-
ture body chamber may exceed an entire
volution in the Ophidioceratidae and in
some Trocholitidae (e.g., Hardmanoceras).
Representatives of the Lituitidae char-
acteristically consist of a relatively small
adapical spiral portion and a weakly sig-
moid to straight adoral orthocone. The
mature orthocone of the typical genus may
exceed 300 mm. in length and the accom-
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panying spiral portion may have a maxi-
mum diameter of only 20 mm. (Fig. 266,
la).

Practically all adequately known Tarphy-
cerida developed some degree of modifica-
tion of the fully mature aperture. In the
Tarphyceratidae,  Estonioceratidae, and
Trocholitidae, the outlines of the mature
aperture are subparallel to those of earlier
ontogenetic stages and form a deep,
rounded hyponomic sinus and lateral sali-
ents. Modification at full maturity in repre-
sentatives of these families consists of slight
subterminal whorl constriction and weak
terminal flare. Immature Ophidioceratidae
resemble all other tarphycerids, except some
lituitids, in the simple form of the aperture,
However, the growth lines of the terminal
few millimeters of the fully mature ophidio-
ceratid body chamber diverge to form a
pronounced pair of dorsolateral ocular
sinuses and a narrow lingulate dorsal salient
in association with the hyponomic sinus
(Fig. 269). The form of the growth lines
in the Lituitidae varies markedly during
ontogeny of individual specimens and with-
in the family as a whole, but serves as an
important basis for generic distinction, The
characteristic tarphycerid hyponomic sinus
is commonly associated with sinuous growth
lines in immature lituitids. However, the
configuration of the aperture changed rap-
idly at maturity. Fully mature representa-
tives of Lituites possess two pairs of promi-
nent lappets in conjunction with a dorsal
salient and hyponomic and ocular sinuses
(Fig. 266,1d-f). As in the Ophidioceratidae,
the apertural crenulations may become con-
spicuous only near the terminal portion of
the mature conch. Other lituitid genera are
characterized by variable but simpler aper-
tures.

The tarphycerid whorl cross section is
variable for the order as a whole but is mod-
erately stable for a given family and pro-
vides one basis for familial definition. Even
in the upper Canadian, the whorl sections
vary from strongly compressed to moderate-
ly depressed. The compressed whorl section
of the Estonioceratidae is generally associ-
ated with rounded to flat dorsal whorl out-
line and loose coiling. Equidimensional
whorl sections and slight to moderate dor-
sal impression characterize the Tarphycera-
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Tarphyceras

K345

Fic. 249. Tarphyceratidae (p. K354-K355).

tidae, whereas the whorls of the Trocholiti-
dae are depressed and moderately im-
pressed. Greater variation is ‘encountered
in the Lituitidae and Ophidioceratidae.
However, the lituitid spiral is generally
compressed and rounded to weakly im-
pressed dorsally, whereas the adoral ortho-
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cone is more nearly circular in section, al-
though commonly compressed.
Tarphycerid septa appear to maintain a
constant radius of curvature, so that the
form of the suture is simply a reflection of
whorl cross section. Forms with circular
section possess straight sutures, whereas im-
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pression of the dorsum or flattening of the
flanks and venter produced shallow round-
-ed lobes.

Position of the siphuncle varied during
ontogeny, but it is used as a basis for
generic and even familial distinction. All
Tarphycerida possess a subventral siphuncle
in the first few camerae, but migration dur-
ing ontogeny resulted in situation of the
mature siphuncle in any axial position be-
tween the dorsal and ventral shell margins.
The Tarphyceratidae and Estonioceratidae
are characterized by ventral position of the
mature siphuncle, the Trocholitidae by dor-
sal position, and the Lituitidae and Ophi-
dioceratidae by a subcentral siphuncle.

Orthochoanitic septal necks are apparent-
ly common to all Tarphycerida. Adequate-
ly known Canadian forms possess thick,
layered connecting rings similar to those
of the Ellesmerocerida. Layering of the
connecting ring is probably common to later
Ordovician representatives, although the
connecting rings of the lituitids are thinner
than those of typical Tarphycerida. The
Opbhidioceratidae of the Silurian appear to
differ from other Tarphycerida in the pos-
session of thin connecting rings in which
no evidence of layering has been observed.

It has been suggested (178) that part of
the connecting ring in some Lituitidae was
resorbed to allow access to the camerae for
the siphuncular tissues. Confirmation of the
primary nature of such observed features
must await further documentation, as must
the reported presence of endosiphuncular
deposits (178, 203) (Fig. 13,4-C).

The periphract, or area of muscle attach-
ment at the base of the fully mature body
chambers has been documented for some
forms (143, 178) (Fig. 13); such features
have not been observed for most tarphycerid
taxa. The expanded portion of the periphract
is located on the ventral side of the conch in
those tarphyceratids and trocholitids in
which it has been observed. However, this
area of supposed retractor attachment is dor-
sally situated in the lituitids.

Preservation of most recorded Lower
Ordovician Tarphycerida precludes detailed
studies of internal structures. However,
possible cameral deposits have been reported
(203) in a few well-preserved representa-
tives of the Tarphyceratidae (Campbello-
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ceras, Centrotarphyceras) and the Trocho-
litidae (Curtoceras). Interpretation of these
deposits as being of primary origin
is supported by a degree of regularity in
progressive development and symmetry.
However, the deposits completely sheathe
the connecting ring in some examples, thus
posing the problem of supply for the cam-
eral mantle. Confirmation of the primary
nature of these deposits must thus await
availability of additional information.

Voluminous cameral deposits of a gen-
eralized type (Fig. 266,15), but with some
unique features, are known for the lituitid
genera Lituites, Ancistroceras, and Rhyn-
chorthoceras (HoLMm, 1885; RemeLf, 1890;
ScHINDEWOLF, 1942; SweeT, 1958). As with
cameral deposits in other nautiloids, those
of the Lituitidae formed progressively from
the apical end of the conch. The ultimate
few camerae of the orthocone in some speci-
mens may be devoid of primary deposits.
These same specimens exhibit a fairly regu-
lar adapical increase in the proportion of
the camerae filled by deposits, so that the
adapical camerae of the orthocone and those
of the spiral portion of the conch are almost
completely filled. Episeptal and hyposeptal
deposits were secreted; the two types of
deposit meet along a somewhat irregular
truncated conical surface, the pseudosep-
tum. Both types of deposit are continuous
ventrally and laterally in any single camera
but do not meet dorsally, where they leave
a wedge-shaped hiatus. Discrete laminated
deposits have been observed within this dor-
sal hiatus, forming the “vertical lamella”
or “dorsal wall,” but their primary nature
has not been established beyond doubt.
Laminae of the dorsal wall may be traced
ventrally around the outer margins of the
siphuncle and into the endosiphuncle,
through ventral perforations in the con-
necting ring. Again, it is uncertain whether
the endosiphuncular deposits and the per-
forations of the connecting ring are primary
structures.

CLASSIFICATION AND
PHYLOGENY

The Tarphycerida appear to be a closely
related relatively unspecialized group of
cephalopods. A single distinguishing char-



Tarphycerida K347

Campbelloceras

Fic. 250. Tarphyceratidae (p. K355).
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acteristic, the spiral conch, is an adaptation
which separates the order from its ances-
tors. Cyrtoconic members of the Basslero-
ceratidae (Ellesmerocerida) anticipate the
closed tarphycerid coil, and no other sig-
nificant changes in shell morphology are ap-
parent in the early transitional representa-
tives. The relatively large tarphycerid si-
phuncle, with thick connecting rings and
orthochoanitic septal necks, must be re-
garded as primitive and conventional. Also,
the intraordinal classification scheme is
based primarily on shell form, a feature
which involves no fundamental variation
from the prototype. In like fashion, the
only direct descendants of the early Ordo-
vician tarphycerids, in addition to stocks
within the order, were probably the very
similar Barrandeocerida, an important
faunal element of the Middle Ordovician.
Apparently none of the later tarphycerids
in the Trocholitidae, Lituitidae, or Ophidio-
ceratidae contributed to further evolution
in the nautiloid lineage.

The ancestral Lower Ordovician Tarphy-
cerida appeared first in the upper Canadian
and are referred to the families Tarphycera-
tidae, Estonioceratidae, and Trocholitidae.
All are closely similar in the general coiled
form of the conch and possession of a sim-
ple aperture, characterized by a deep hypo-
nomic sinus. Subdivision into families and
lower taxonomic categories is based largely
on the position of the siphuncle at maturity
and the form of the whorl section. The
Tarphyceratidae and Estonioceratidae are
distinguished by ventral situation of the
siphuncle. Differentiation of the two fam-
ilies is by reference to whorl section and
tightness of coiling. Representatives of the
Tarphyceratidae commonly possess equi-
dimensional whorls with moderate to slight
dorsal impression, whereas the compressed
whorls of the Estonioceratidae are less tight-
ly coiled and thus exhibit a rounded to flat
dorsal whorl section. Both families are re-
stricted to the upper Canadian. Remaining
Lower Ordovician Tarphycerida are char-
acterized by dorsal position of the siphuncle
and by impressed whorls. They are referred
to the Trocholitidae, a family which was
still common throughout the Middle Ordo-
vician and is represented by a few species
in strata as young as Late Silurian.

Cephalopoda—Nautiloidea

Derivation of the coiled Tarphycerida
from the cyrtoconic ellesmerocerid family
Bassleroceratidae is indicated by close
morphological similarity; although the early
tarphycerids were approximate contem-
poraries of the upper Canadian basslero-
ceratids. Ancestry from the Basslerocera-
tidae through the Estonioceratidae can be
considered as established. Both families are
characterized by rounded, compressed whorl
sections, simple septa, ventral submarginal
siphuncle, and thick, layered connecting
rings. Evolution of the estonioceratids in-
volved only the modification of the exo-
gastric bassleroceratid cyrtocone into the
loosely coiled tarphycerid spiral. Tighter
coiling in turn produced the equidimen-
sional dorsally impressed whorls of the
Tarphyceratidae, whereas migration of the
siphuncle to a dorsal position yielded the
Trocholitidae.

Representatives of the Lituitidae exhibit
greater variability in gross form of the
conch and configuration of the aperture, but
most are characterized by possession of an
adapical spiral portion and a straight to
slightly sigmoid adoral orthocone. Un-
doubted lituitids are confined to the Ordo-
vician of the Balto-Scandian Region. They
appeared first in the late Early Ordovician
Arenigian Stage and are characteristic of
the Middle Ordovician. Lituitids also range
throughout the Upper Ordovician (178),
although they are rare in that series.

Several opposing views on the derivation
and evolution of the Lituitidae have been
presented. ScuinpEworr (1942) suggested
that the lituitid spiral developed by protero-
genesis in an orthocerid ancestor. FLowEr
(41, 49) initially placed the family in the
coiled Barrandeocerida and indicated deriv-
ation from the Barrandeoceratidae. He later
(44) expressed the belief that the Lituitidae
evolved from the Tarphyceratidae. Thor-
ough evaluation of existing and new infor-
mation by Sweer (178) finally demon-
strated that the lituitids must have evolved
from either the Trocholitidae or the Tarphy-
ceratidae. As in the case of the Estoniocera-
tidae, stratigraphic evidence is inconclu-
sive. However, details of the lituitid ecto-
siphuncle are practically identical with
those of typical tarphycerids, as is the gross
form of the lituitid spiral. The characteristic
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Fic. 251. Tarphyceratidae (p. K355, K357).
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Pionoceras

Eurystomites

Fic. 252. Tarphyceratidae (p. K355, K357); Estonioceratidae (p. K358-K359).
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Alaskoceras

Estonioceras

Fic. 253. Estonioceratidae (p. K357-K358).
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Fic. 254. *Tragoceras falcatum (VON SCHLOTHEIM)
(Estonioceratidae) (p. K359).

adoral orthocone of the Lituitidae was an-
ticipated by whorl divergence of many
Lower Ordovician Tarphycerida. Other
conspicuous morphological differences be-
tween the Lituitidae and ancestral Lower
Ordovician tarphycerids comprise the com-
plex lituitid aperture, the dorsal loci of re-
tractor muscles, and the development of
voluminous cameral deposits in some litui-
tid species. Extreme ontogenetic modi-
fication in the form of the growth lines is
apparent in lituitids, and no single pattern
is common to the family. Consequently,
the complex nature of the apertural margin
should not be considered as an indication
of a basic biologic difference. Characteristic-
ally, the loci of retractor muscle attachment
in the Tarphycerida are in ventral position,
as in most other evolute coiled shells (Fig.
14) (143). However, those nautiloids which
are essentially straight at maturity gen-
erally possess dorsal attachment loci. Con-
sequently, it is logical to conclude (178)
that these apparent differences within the

© 2009 University of Kansas Paleontological Institute
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Tarphycerida are a function of conch form
and living habits. Again, the cameral de-
posits of lituitids simply represent a re-
sponse to the problem of equilibrium, posed
by modification of the lituitid conch away
from the ancestral tarphycerid form.

Despite the clear evidence for lituitid an-
cestry, evolutionary patterns within the
family are not readily apparent. This stems,
at least in part, from the relative rarity of
available materials and the absence of de-
tailed stratigraphic information for many
taxa. SweeT (178) has suggested that the
group exhibits considerable plasticity in
gross form, even at the specific level, and
that evolutionary trends can be established
more readily by reference to ontogeny of the
aperture.

Relationships of the Ophidioceratidae are
uncertain, but closest affinities appear to be
with the Tarphycerida. At present, there
is no indication of layering in the relatively
thin ophidioceratid connecting rings. How-
ever, general conch form is closely similar
to that of some Trocholitidae, and deriva-
tion from this Ordovician family seems
probable. Similarity of the modified fully
mature ophidioceratid aperture to that of
some lituitids is considered homeomorphic.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA
Agassiz, 1847

Diagnosis given in “Introductory Discus-

sions” (p. K128). U.Cam.-Rec.

Order TARPHYCERIDA
Flower in Flower & Kummel, 1950

[nom. correct. FurNisH & GLENISTER, herein (pro Tarphy-

ceratida FLowkr in FLower & KumMeL, 1950, p. 615, order)]

[=Tarphyceratina Sweer, 1958, p. 92 (suborder); mention

of Tarphycerida by FurNIsH, GLENISTER, & HANSMAN, 1962
(p. 1342), is disregarded]

Coiled conchs with varying degrees of
adoral divergence; septa simple, siphuncle
unstable in position; septal necks ortho-
choanitic, connecting rings layered; aper-
ture characterized by prominent hyponomic
sinus; fully mature aperture commonly

modified. L.Ord.-U.Sil.

Family TARPHYCERATIDAE Hyatt,
1894

[Tarphyceratidae Hyatr, 1894, p. 433]
Smooth or ribbed conchs with slight to
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Arkoceras

Shumardoceras

Pycnoceras

Beekmanoceras

Curtoceras

Fic. 255. Estonioceratidae (p. K359); Trocholitidae (p. K360).
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moderate dorsal impression of whorls; ad-
oral portion generally divergent from pre-
ceding volution in fully mature specimens;
growth lines forming broadly rounded deep
hyponomic sinus; whorl section generally
equidimensional; siphuncle ventral, sub-
marginal to subcentral. L.Ord.

Tarphyceras HyatTt, 1894, p. 433 [*T. prematurum;

Curtoceras

Trocholites

Cephalopoda—Nautiloidea

OD] [=?Remeleceras Hyart, 1894, p. 525;
Remeleoceras Hyatt in Zrrrer, 1900, p. 526
(nom. wvan.)]. Rate of expansion moderate;
whorls rounded ventrally and laterally, deeply
impressed (1/5) dorsally, siphuncle ventral to
subcentral.  L.Ord.(U.Canad.),  N.Am.(wide-
spread). Fic. 249,1ab. T. aucoini Hyarr,

Can.(Newf.); syntypes, lat, cross sec, X1.3
Fic. 249,Ic. T. chadwickense ULrich,

(96).

Fic. 256. Trocholitidae (p. K359-K360).
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b

Fic. 257. *Litoceras versutum (BiLLiNgs) (Trocholitidae) (p. K361).

FoersTE, MiLLER & Furnisy, USA(Mo.); holo-
type, lat., X0.8 (203). Fic. 262,2. *T. prema-
turum, Can.(Newf.); holotype, whorl sec., X2
(203).

Campbelloceras UrricH & Foerste, 1936, p. 265
[*Eurystomites Virginiana HyatT, 1894, p. 444;
OD]. Whorl section circular, slightly impressed;
siphuncle close to venter at all growth stages.
Differs from Tarphyceras in more rapid expan-
sion, shallower impressed zone, and proportion-
ally larger submarginal siphuncle. L.0Ord.(U.
Canad.), N.Am. (widespread). Fic. 250,1;
262,4. *C. virginianum (Hvarr), USA(Va.);
250,1a-c, holotype and hypotype, lat., apert. and
lat. views, X1; 262,4, holotype, whorl sec., X1.3
(203). Fic. 250,1d; 2654. C. rotundum
(Hyarr), USA(Vt.); thin sec.; diagram of 250,
1d; both X5 (203).

Centrotarphyceras ULricH & FoErsTe, 1936, p. 267
[*Lituites Seelyi WrrrrieLp, 1886, p. 330; OD].
Like Tarphyceras, but more gradually expanded,
and mature siphuncle subcentral; typically with
flattened venter and flanks. L.Ord.(U.Canad.), N.
Am.(widespread). Fic. 249,2; 250,2; 262,3;
265,1. *C. seelyi (WurtrieLp), USA(Vt.); 249,
2a,b, syntype and topotype, lat., septal views,
X0.5, X0.7; 262,3, whorl sec. (same as 249,24),
X1.3; 250,2, 265,1, thin sec.; diagram of 250,2,
X5, X11 (203).

Cycloplectoceras ULricH, Folansrn, MiLLER & Fur-
NisH, 1942, p. 33 [*C. miseri, OD]. Like Camp-
belloceras in gross form, whorl section, and posi-
tion of siphuncle, but characterized by pronounced
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ribs. L.Ord.(U.Canad.), USA (widespread).
Fic. 251,3; 262,7. *C. miseri, USA (Ark.); 251,3a,
paratype, septal view; 251,35,c, holotype, ventral,
lat. views; X3; 262,7, holotype, whorl sec., X2.5
(203).
Eurystomites ScHRODER, 1891, p. 26 [*Nautilus
Kelloggi WHiTFiELD, 1886, p. 328; SM HyarT,
1894, p. 441]. Closely similar to Centrotarphy-
ceras, especially in whorl section, but siphuncle
nearer venter and expansion more rapid. L.Ord.
(U.Canad.), N.Am.(widespread). Fic. 252,3;
262,5. *E. kelloggi (WaiTFIELD), USA(Vt.); 252,
3a,b, holotype, lat., ventral views, X0.7; 262,5,
whorl sec., X1 (203). Fic. 264,2. E. sp.,
USA (Okla.); thin sec., X5 (203).
Moreauoceras CuLLisoN, 1944, p. 68 [*M. milleri;
OD]. Like Campbelloceras, but more gradually
expanded and characterized by subterminal fully
mature aperture. L.Ord.(U.Canad.), USA(Mo.).
Fic. 251,1. *M. milleri; lab, fully mature
body chamber, dorsal, lat. views, X3; Ic,d, holo-
type, lat., dorsal views, X3 (226a).
Pilotoceras CuLLison, 1944, p. 68 [*P. brunei;
OD]. Gradually expanded; characterized by cor-
date mature whorl section with narrowly rounded
venter, flat flanks, and slight but distinct dorsal
impression; siphuncle subventral. Like Shumardo-
ceras, but impressed. [Based on single specimen.]
L.Ord.(U.Canad.), USA(Mo.). Fic. 251,2;
262,6. *P. brunei; holotype, lat. view, whorl
sec., both X3 (226a).
Pionoceras ULricH, FoersTE, MILLER & FuURNIsH,
1942, p. 64 [*Nautilus Pomponius BiLLiNGs, 1862,
p. 26; OD]. Moderately rapidly expanded conchs
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Jasperoceras

Graftonoceras

Trocholitoceras

Fic. 258. Trocholitidae (p. K360-K362).
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Graftonoceras 2

Arkoceras

Trocholites

5

Jasperoceras

characterized by depressed subtrapezoidal whorls;
siphuncle subventral. L.Ord.(U.Canad.), N.Am.
(widespread). Fic. 252,1; 262,1. *P. pompon-
s (BiLrings), Can.(Que.); 252,1, lat. view,
X 0.7; 262,1, neoholotype, whorl sec., X1.
Fic. 251,4. P. smithvillense ULricH, FOERSTE, MIL-
LER & FurnisH, USA(Ark.);4a,b, syntype, septal
and lat. views, X2.5 (203).

Seelyoceras UrricH & Foerste, 1936, p. 286
[*Cyrtoceras Raei WHrtriELD, 1889, p. 58; OD].
Depressed, annulate, strongly curved nautiloids
with ventral marginal siphuncle. [Affinities un-
certain; based on single fragment.] L.Ord.(U.
Canad.), USA(N.Y.).

Family ESTONIOCERATIDAE
Hiyatt in Zittel, 1900

[Estonioceratidae Hyatt in Zittir, 1900, p. 526] [=Delto-
ceratidae UtricH, Foerste, MiLLer, & FurnisH, 1942, p. 14
(partim) |

Smooth or ribbed conchs characterized by
loose coiling and divergence at full matur-
ity; growth lines form broad, deep hypo-
nomic sinus; whorls generally compressed,
but broadly rounded to flat dorsally; si-
phuncle ventral, generally submarginal.
Similar to Tarphyceratidae, but more loose-
ly coiled and lacking dorsal impression.
L.Ord.

Estonioceras Noetiing, 1883, p. 275 [*Lituites
lamellosus HisiNGer, 1837, p. 27; OD] [=Fal-

3

Wichitoceras

Litoceras
Fic. 259. Trocholitidae (p. K359-K362).

K357

Discoceras

Curtoceras

cilituites ReEMEeLE, 1886, p. 467 (type, Lituites
Decheni Remerg, 1880, p. 233; OD)]. Early
volutions in contact, with depressed fusiform
whorl section; ultimate volution divergent, mod-

Discoceras

Trocholitoceras
Fic. 260. Trocholitidae (p. K360-K361).
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Pycnoceras
Aphetoceras

Shumardoceras
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Aethoceras

Tragoceras

Clytoceras

Fic. 261. Estonioceratidae (p. K357-K359).

erately depressed, rounded; siphuncle subventral
to subcentral. L.Ord.(Arenig.), Eu.(Balto-Scan-
dia). Fic. 253,3; 261,1. E. ariense (ScHMIDT);
253,3a-c, lat. view and cross secs. of body cham-
ber and phragmocone, X0.7; 261,1, whorl secs.,
% 1.3 (160a).

Acthoceras TEicHERT & GLENISTER, 1954, p. 227
[*A4. caurus; OD] [=Aetococeras BavLasHov, 1962,
p. 78]. Gradually expanded, loosely coiled, low-
spired, dextral torticones; whorls slightly de-
pressed, subcircular in section; siphuncle ventral,
submarginal; ribs attenuate as delicate flanges,
with length approximating radius of whorl sec-
tion, Coiling unique for Tarphycerida, compar-
able flanges unknown in other Ordovitian nau-
tiloids. {Based on single specimen; affinities un-
certain.] L.Ord.(U.Canad.), W.Australia. Fic.
261,3. *4. caurus; holotype, whorl sec., X3.5
(193).

Alaskoceras MiLLer & Kummer, 1945, p. 126
[*“Plectoceras” sewardense FLowEr, 1941, p. 32;
OD]. Moderately expanded, ribbed, with diver-
gent mature body chamber; whorl section slightly
compressed, broadly rounded ventrally, more nar-

rowly rounded dorsally; siphuncle marginal at
maturity; septal necks short, orthochoanitic, al-
most achoanitic; connecting rings thick, layered.
?L.Ord., USA(Alaska). Fic. 253,1. *A4.
sewardense (FLoweRr); Ia,b, holotype, apert. and
lat. views, X 0.7 (226b).

Aphetoceras Hvartr, 1894, p. 447 [*4. Ameri-
cantum; SD ULricH, FoersTE, MILLER & FURNIsH,
1942, p. 16]. Conch loosely coiled, gradually ex-
panded, and commonly with weak ribs; early
volutions in contact or nearly so, mature ultimate
whorl widely divergent; whorl section compressed,
oval; siphuncle subventral in all growth stages.
L.Ord. (U. Canad.), N.Am.(widespread)-W.Aus-
tralia. Fic. 261,5. *A4. americanum, Can.
(Newt.); holotype, whorl sec., X1.3 (203).
Fic. 253,2. A. evolutum ULRICH, FOERSTE, MILLER
& FurnisH, USA(Mo.); holotype, lat. view, X1
(203). Fic. 265,2. A. attenuatum HYATT,
Can.(Que.); diagram. sec., X5 (203).

Clytoceras UrricH, FoersTE, MiLLER & FURNIsH,
1942, p. 25 [*C. capax; OD]. Conch rapidly ex-
panded, strongly compressed, characterized by
elliptical whorl section and large subventral si-
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Pionoceras

Campbelloceras

Tarphyceras

Eurystomites

K359

Centrotarphyceras

Pilotoceras

Cycloplectoceras

Fic. 262. Tarphyceratidae (p. K354-K355, K357).

phuncle. L.Ord.(U.Canad.), USA(Ark.). F1c.
252,2; 261,7. *C. capax; holotype, lat. view; whorl
sec.; X0.7, X1 (203).

Eichwaldoceras BaLasHov, 1955, p. 45 [*E. volcho-
vense; OD]. Poorly known. Apparently like
Tragoceras, but more rapidly expanded, and with
marginal siphuncle. L.Ord.(Arenig.), Eu.(Balto-
Scandia).

Pycnoceras Hyatr, 1894, p. 455 [*P. apertum; OD]
[=Pyrenoceras CrespiN, 1960, p. 84 (mom.
null.)). Like Campbelloceras, but conch much
smaller at full maturity, less rapidly expanded,
and whorls flat or very slightly impressed dorsally.
L. Ord (U. Canad.), N.Am.(widespread)-W.Aus-
tralia. Fic. 261,6. *P. apertum, Can.(Newf.);
holotype, whorl sec., X2.5 (203). Fic., 255 4.
P. rotundatum ULRiCH, FOERSTE, MILLER & FUR-
~isH, USA(Mo.); syntype, lat. view, X 1.5 (203).
Shumardoceras Urricn & Foerste, 1936, p. 288
[*Lituites complanata Smumarp, 1863, p. 107;
OD]. Conch small, volutions in contact except
for extreme adoral portion at full maturity; whorl
section strongly compressed, characterized by
flattened flanks and narrowly rounded to sub-
angular venter; siphuncle subventral. L.Ord.(U.
Canad.), USA(Mo.). Fic. 255,25 261,4; 264,
3. *S. complanatum (Suumarp); 255,2¢-c, ventral
and lat. views, X3; 261,4, whorl sec., X3.5; 264,
3, lat. view, gerontic septa, X3 (203).

Tragoceras Remert, 1890, p. 35 [*Osthoceratites
falcatus von SchrotHelM, 1820, p. 53; M]
[=Aegoceras RemeLE, 1880, p. 244 (obj.) (non
WaaceN, 1869); Planctoceras ScHRODER, 1891, p.
41 (obj.)]). Like Estonioceras, but whorls com-
pressed; similar to Aphetoceras and possibly syn-
onymous. L.Ord.(Arenig.), Eu.(Balto-Scandia).

Fic. 254,1; 261,2. *T. falcatum (VoN SCHLOT-

HEM); 254,1a,b, lat., septal views, X0.5; 26,2,

whorl sec., X 1.3 (160a).

Family TROCHOLITIDAE Chapman,
1857

[Trocholitidae Cuapman, 1857, p. 115] [incl. Beekmano-
ceratidae ULRicH, FOERSTE, & MILLER, 1943, p. 155; Trocho-
lithidae LeoNHARD & Bronw, 1858, p. 617 (nom. nuil.}]

Smooth to strongly ribbed conchs with
whorls in contact except for divergence in
part of fully mature body chamber; growth
lines forming deep, broad hyponomic sinus;
whorls generally depressed and moderately
impressed dorsally; siphuncle dorsal, mar-
ginal to subcentral. Distinguished by combi-
nation of dorsal siphuncle and simple hypo-
nomic sinus. L.Ord.-U.Sil.

Trocholites Conrap, 1838, p. 118 [*T. ammonius;
OD] [=Palaconautilus ReEmELE, 1880, p. 246
(type, P. hospes RemELE, 1880, p. 249; SD
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Fic. 263. *Curtoceras eatoni (WHITFIELD)
(Trocholitidae) (p. K360).

FoersTe, 1930, p. 285); Palacoclymenia REMELE,
1881, p. 13 (type Trocholites planorbiformis Con-
rAD, 1842, p. 274; M); Trocholithes LEONHARD
& Bronw, 1858, p. 617 (nom. null.)]. Conch
gradually expanded, weakly ribbed; whorls strong-
ly depressed, weakly impressed, rounded across
venter and flanks; siphuncle subdorsal. M.Ord.
(Chazy.) - U. Ord. (Richmond.), N.Am. (wide-
spread)-Eu. (Balto-Scandia). Fic. 256,2; 259,
5. *T. ammonius, M.Ord.(Trenton.), USA(N.Y.);
256,2a-c, long. sec., and lat. views, X0.7; 259,5,
whorl sec., X 1.3 (83).

Arkoceras UrricH, FoEersTE, MILLER & FURNIsH,
1942, p. 68 [*A. exiguum; OD] [=Arcoceras
BarasHov, 1962, p. 79 (mom. null.)]. Conch
moderately rapidly expanded, with whorls in con-
tact but not impressed dorsally; characterized by
slightly compressed oval whorl section and sub-
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dorsal siphuncle. Like Curtoceras, but whorls
rcunded dorsally. L.Ord.(U.Canad.), N.Am.(Ark.-
Que.)-W.Australia. Fic. 255,1; 259,2. *A. exi-
guum, USA (Ark.); 255,1a-c, syntypes, apert., ven-
tral, lat. views, X3; 259,2, whorl sec., X2.5
(203).

Beekmanoceras ULricH & Foerste, 1936, p. 264
[*Cyrtendoceras (?) priscum RuepEmaNnN, 1906,
p. 430; OD]. Minute gyrocones with circular sec-
tion and dorsal, marginal siphuncle. Affinities un-
certain, morphology obscure. L.Ord.(U.Canad.),
USA(N.Y.). Fic. 255,3. *B. priscum (RUEDE-
MANN); lat. view, X1 (150).

Curtoceras UrricH, FoERSTE, MILLER & Furnisw,
1942, p. 69 [*Lituites Eatoni WHiTFIELD, 1886,
p. 331; OD]. Conch gradually expanded, with
half of fully mature body chamber divergent from
preceding volution; whorl section approximately
equidimensional, moderately impressed; smooth
or with weak ribs; siphuncle ventral in initial
chamber, subdorsal after one volution. L.Ord.(U.
Canad.)-M. Ord.(Caradoc.), N. Am.(widespread)-
Eu.(Balto-Scandia). Fic. 255,5; 256,1; 259,8;
263,1; 264,1c. *C. eaton: (WurTr1eLD), L.Ord.(U.
Canad.), USA(Vt.); syntypes and topotypes; 255,
5a-c, thin sec., lat., ventral views, X5, X1.5, X1.5;
256,1, lat. view, X 1; 259,8, whorl sec., X1.3;263,
lab, diagram. secs. (same as 264,Ic, 255,5a,
X 11, X5; 264,Ic, thin sec., X10 (203). Fic.
264,1a,b; 265,3. C. internastriatum (WHITFIELD),
L.0Ord.(U.Canad.), USA(Vt.); syntype and topo-
types; 264,1a, thin sec., 265,3a, diagram of 264,1a,
X5, X11; 264,156, ventrolateral view, Runzel-
schicht and shell, X4; 265,354, diagram. sec., X 11
(203).

Discoceras BArRranDE, 1867, p. 177 [*Clymenia
antiquissima EicHwaLp, 1842, p. 33; SD
ScHRODER, 1891, p. 159] [non Discoceras Hyarr,
1867, p. 76, nec Kossmat, 1895, p. 179, nec
Sicarp, 1909, p. 103] [=Schroederoceras HyarT,
1894, p. 458 (type, Lituites angulatus SAEMANN,
1852, p. 166; SD BassLer, 1915, p. 1148); Eur-
asiaticoceras SHIMIzU & OBATA, 1935, p. 5 (type,
Discoceras eurastaticum Frech, 1911, p. 5; OD)].
Gradually expanded ribbed or smooth forms
characterized by slight to moderate impression
and subquadrate whorl section; siphuncle central
in initial half-volution, marginodorsal in suc-
ceeding 1.5 to 2 whorls, subdorsal at maturity;
connecting rings thick, layered. M.Ord.(Llandeil.)-
U.Ord.(Ashgill.), Eu. (Balto-Scandia)-Can. (Baffin
Is.)-China (Yunnan-Hopeh Prov.)-India (Punjab).

Fic. 256,3b; 260,2. *D. antiquissimum (Eicn-
waLDp), M.Ord., Eu.(Baltic); lat. view, cross sec.,
X 1.7 (219a, 176). F1c. 259,4. D. angulatum
(SaEMANN), U.Ord. (Ashgill.), Eu.(Norway); holo-
type, whorl sec., X1.3 (203). Fic. 256,3a. D.
boreale SweeT, M.Ord., Eu.(Norway); thin sec.,
%25 (178)- )

Graftonoceras FoersTe, 1925, p. 59 [*Lituites
Graftonensis Meexk & WorTHEN, 1870, p. 51
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Curtoceras

Shumardoceras

Eurystomites

Fic. 264. Tarphyceratidae (p. K355); Estonioceratidae (p. K359); Trocholitidae (p. K360).

OD]. Like Trocholites, but less strongly depressed
and with subterminal aperture. U.Sil.(Niagar.),
USA (widespread)-Australia(New S. Wales).
Fic. 258,4; 259,1. *G. graftonense (MEEK &
WorTHEN), USA(Ohio); lat. view, whorl sec.,
X1, X1.3 (55).

Hardmanoceras TeicHERT & GLENISTER, 1952, p.
748 [*H. lobatum; OD]. Like Discoceras, but
prominently ribbed and with strongly depressed
whorls; body chamber 1% volutions, ultimate
portion slightly divergent. L.Ord.(U.Canad.)-?M.
Ord.(Chazy.), W.Australia. Fic. 258,3. *H.
lobatum, L.Ord.(U.Canad.); lat. view, X1 (193).

Jasperoceras UrricH, FoERSTE, MILLER & FURNIsH,
1942, p. 76 [*]. costatum; OD]. Conch sub-
globular, rapidly expanded, weakly ribbed; whorls
strongly depressed, uniformly rounded across
venter and flanks; siphuncle relatively large, sub-
dorsal. [Known from single representative.] M.
Ord.(Chazy.), USA(Ark.). Fic. 258,2a,b; 259,
6. *]. costatum; holotype, septal, lat. views; whorl
sec.; X 1.5, X1.3 (203).

Litoceras Hyatt, 1883, p. 268 [*Nautilus versutus
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BiLrLings, 1865, p. 259; OD] [=Litoceras Hyarr,
1894, p. 474 (type, L. whiteavsi Hyarr, 1894, p.
475; OD); Litoceres Hyatt, 1894, p. 476 (nom.
null.)]. Apparently similar to Pionoceras, but
siphuncle subcentral. L.Ord.(U.Canad.)-M.Ord.
(Chazy.), Can.(Newf.). Fic. 257,1. *L. ver-
sutum (BiLLings), L.Ord.(U.Canad.); 14,6, holo-
type, lat., ventral views, X0.6 (203). Fic.
259,7. L. whiteavsi Hyart, ?M.Ord.(Chazy.);
syntype, whorl sec., X0.7 (203).

Trocholitoceras HyaTT, 1894, p. 480 [*T. walcotti;
OD]. Conch weakly ribbed; like Trocholites, but
deeply impressed, and with siphuncle close to dor-
sum in all but innermost volution. L.Ord.(U.
Canad.), N.Am. (widespread)-Australia (Tasm.-
?Victoria) . Fic. 258,5. *T. walcotti, USA
(Vt.); 5ab, holotype, ventral, lat. views, X1
(203). Fic. 260,1. T. latum ULRricH, FOERSTE,
MiLLEr & FurnisH, Can.(Que.); syntype, cross
sec., X 1.2 (203).

Wichitoceras ULricH, FoErsTE, MILLER & FURNIsH,
1942, p. 83 [*W. compressum; OD]. Smooth,
gradually expanded; whorls in contact but not
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impressed, strongly compressed, narrowly rounded
ventrally; siphuncle dorsal, submarginal. L.Ord.
(U.Canad.), N.Am.(widespread). Fic. 258,1;
259,3. *W. compressum, USA(Ark.); syntypes;
258,1a-c, lat. and apert. views, X3; 259,3, whorl
sec., X 3.5 (203).

Centrotarphyceras

Curtoceras

3b

Cephalopoda—Nautiloidea

Family LITUITIDAE Phillips, 1848

[Lituitidae PaiLLips, 1848, p. 246] [=Lituidae NoETLING,
1884, p. 129 (non Gray, 1847, p. 206)]

Annulate to smooth conchs consisting of
adapical spiral or cyrtoconic portion and
straight to slightly sigmoid adoral ortho-

2 Aphetoceras

Campbelloceras

Fic. 265. Tarphyceratidae (p. K355); Estonioceratidae (p. K358); Trocholitidae (p. K360).
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Lituites

Fre. 266, Lituitidae (p. K364 K366)
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Angelinoceras

Fic. 267. Lituitidae (p. K366-K367).

cone; coiled portion generally with com-
pressed whorls in contact; whorls rounded
or weakly impressed dorsally; orthocone
with circular or compressed cross section;
growth lines variable in outline but mostly
sinuous and with conspicuous ventral sinus;
fully mature aperture characterized by lap-
pets with deep hyponomic and ocular
sinuses; siphuncle subcentral, connecting

© 2009 University of Kansas Paleontological Institute

rings layered; voluminous cameral deposits

with dorsal gap recorded in some genera.

L.Ord.-U.Ord.

Lituites BERTRAND, 1763, p. 89 [*Orthocera lituus
MobkeEr, 1796, p. 152; SM pe MonTrorT, 1808,
p. 279] [=?Hortolus pE MonTForT, 1808, p. 282
(type, H. convolvans pE MonTForT, 1808, p. 283;
OD); Spirulites Parkinson, 1811, p. 110 (no type-
species given, OD or SD). Lituites GESNER, 1758,
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Cyclolituites

Fic. 268. Lituitidae (p. K366-K367).
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Ophioceras

le

Fic. 269. Ophidioceratidae (p. K367-K368).

p. 46 (nom. nud.); Lithuites VON SCHLOTHEIM,
1820, p. 59 (nom. null.); Lituitus D'ORBIGNY,
1826, p. 71 (obj.); Litulies ReicHENBACH, 1828,
p. 100 (nom. null.)). Gradually expanded annu-
late conchs with whorls of spiral portion in con-
tact or loosely coiled but not impressed dorsally;
body chamber may equal or exceed length of
weakly sigmoid orthoconic phragmocone; fully
mature aperture characterized by pair of pro-
nounced ventrolateral lappets and similar but
shorter dorsolateral lappets; dorsal sinus gen-
erally divided by low salient; siphuncle subdorsal.
M. Ord.(Llanvirn.-Caradoc.), Eu.(Balto-Scandia).
Fic. 266,la-c. *L. lituus (MoDEER); Ia,
Pleist. drift, Eu.(Ger.), fully mature specimen,
lat. view, X 0.5 (227a); 14, Llanvirn., Eu.(Swed-
en), long. sec. with cameral deposits, X1 (223a);
Ic, M.Ord.(Llandeil.), Eu.(Norway), lat. view,
X1 (178).———Fic. 266,ld-f. L. toernquisti
Howrwm, Llanvirn., Eu.(Sweden); apert. view (dor-
sum down), dorsal view, lat. view (venter on
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right) of fully mature body chamber, X1 (223a).

Ancistroceras Bovr, 1857, p. 87 [*Lituites (A.)
undulatum; M) [=Strombolituites REMELE, 1881,
p. 189 (obj.)] [non Ancistroceras REMELE, 1881,
p. 187]. Conch weakly annulate, consisting
of 1.5 to 2 contiguous or slightly separated
compressed whorls and rapidly expanded ortho-
cone (apical angle about 30 degrees) with cir-
cular section; growth lines sinuous with pro-
nounced hyponomic sinus adapically, almost
straight adorally. Orthocone similar to Rhyn-
chorthoceras but more rapidly expanded, like
Holmiceras but lacking sigmoid outline. L.Ord.
(Arenig.)-M.Ord.(Caradoc.), Eu.(Balto-Scandia).

Fic. 267,1. *A. undulatum BoLr, Pleist. drift,
Eu.(Ger.); lat. view, X1 (144).

Angelinoceras Hyatt, 1894, p. 508 [*Lituites latus
ANGELIN in ANGELIN & LiNpsTROM, 1880, p. 9;
SD Sweet, 1958, p. 131]. Conch consisting of
relatively large, loosely coiled spiral portion and
rapidly expanded sigmoid orthocone; whorls
strongly compressed throughout; weak ribs and
growth lines forming deep ventral sinus and pro-
nounced lateral salient in spiral portion, broad
low lateral salient on orthocone. Like Lituites but
less tightly coiled and with more rapidly ex-
panded orthocone. M.Ord.(Llanvirn.-Caradoc.),
Eu.(Balto-Scandia). Fic. 267,3. *A4. latum
(ANGeLIN), Llanvirn.,, Sweden; lat. view, X1
(215a).

Cyclolituites REMELE, 1886, p. 467 [*Lituites ap-
planatus RemeLE, 1880, p. 240; OD]. Ribbed or
smooth, small spiral conchs which lack typical
lituitid orthocone; whorls coiled, and in contact
except for slight divergence of terminal body
chamber; whorl section compressed to circular;
mature body chamber with ventral flare; fully
mature aperture characterized by pair of asym-
metric ventrolateral lappets and less pronounced
dorsolateral and dorsal salients; siphuncle dorsal,
subcentral. Like Lituites, but fully mature forms
lack orthocone. M.Ord.(Llandeil.), Eu.(Balto-
Scandia). Fic. 268,2. C. lynceus HoLwm,
Sweden; 2a,b, lat., ventral views of fully mature
specimen, X1 (223a).

Holmiceras HyaTt, 1894, p. 512 [*Lituites praecur-
rens Horm, 1891, p. 30; M] [=Holmoceras
FLowEer, 1955, p. 250 (nom. van.)]. Like Anci-
stroceras, but with loosely coiled spiral portion
and weakly sigmoid orthocone. L.Ord.(Arenig.),
Eu.(Balto-Scandia).

Rhynchorthoceras REMELE, 1881, p. 480 [*Lituites
Breynii BoLv, 1857, p. 88; SD FurnisH & GLEN-
ISTER, herein] [=4Ancistroceras REMELE, 1881, p.
187 (obj.) (mon Borv, 1857); Rhynchoceras
RemeLE, 1881, p. 480 (obj.) (mom. correct.);
Rhyncorthoceras Hvarr, 1894, p. 511 (nom.
null.)]. Essentially orthoconic longicones with
slight curvature near apex and moderate rate of
expansion; body chamber may approximate length
of phragmocone; siphuncle large (1/6 of conch
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Ophioceras

Fic. 270. Ophidioceratidae (p. K367-K368).

diameter), subcentral; faint ribs and growth lines
sinuous, forming shallow ventral and lateral
sinuses. Like Ancistroceras, but lacking coiled
apical portion. M.Ord.(Llanvirn.-Caradoc.), Eu.
(Balto-Scandia-Pol.). Fic. 267,2. R. beyrichii
ReMELE, Pleist. drift, Pol.; lat. view, X0.5
(229a).

Trilacinoceras Sweet, 1958, p. 147 [*Lituites dis-
cors HoLm, 1891, p. 26; OD]. Like Lituites, but
smaller and with less complex aperture; fully
mature aperture characterized by pronounced pair
of ventrolateral lappets, deep hyponomic sinus,
and high dorsal salient; conch similar to Angelino-
ceras, but fully mature aperture not known in
that genus. M.Ord.( Llanvirn.-Caradoc.), Eu.(Balto-
Scandia).
M.Ord.(Llandeil.), Norway; Ia,b, lat. (venter on
left) and ventral views of mature body chamber,
X1; Ic, lat. view, X1.5; 14, lat. view, X0.75
(178). Fic. 268,le,f. T. norvegicum SWEET,
M.Ord.(Llandeil.), Norway; lat. (venter to right)
and ventral views of fully mature body chamber,
X1 (178).

Tyrioceras STRaND, 1934, p. 49 [*T. kjerulfi; OD].
Poorly known large orthocones which resemble
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Fic. 268,1a-d. *T. discors (HoLm),"

lituitids in configuration of growth lines; conch
compressed; growth lines forming subdued ventro-
lateral and dorsolateral salients; body chamber
similar to Rhynchorthoceras. M.Ord.(Caradoc.)-
U.Ord.(Ashgill.), Eu.(Balto-Scandia).

Family OPHIDIOCERATIDAE Hyatt,
1894

[Ophidioceratidae Hyatt, 1894, p. 513] [ =Ophioceratidae
STRAND, 1934, p. 46]

Strongly ribbed, coiled conchs with di-
vergent adoral portion of mature body
chamber; whorls depressed to compressed,
only slightly impressed; siphuncle sub-
central, connecting rings thin; fully mature
aperture characterized by deep hyponomic
and ocular sinuses. U. Sil.

Ophioceras BARrRANDE, 1865, expl. pl. 45 [*Lituites
(0.) simplex BarranDE, 1865, expl. pl. 97; SD
FurnisH & GLENISTER, herein] [non Ophioceras
Hvatt, 1867, p. 75] [=Ophidioceras BARRANDE,
1867, p. 174 (obj.); Eunophioceras MILLER, 1932,
p. 17 (obj.)]. Small, evolute conchs with 3 to 6
volutions; venter bicarinate, flat; growth lines
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forming ventral sinus; deep ocular sinuses, sep-
arated by narrow dorsal salient, and prominent
hyponomic sinus characterize contracted, fully
mature aperture; position of siphuncle variable
from subdorsal to subventral. U.Sil.(Wenlock.-
Ludlov.), N.Am.-Eu.(widespread). Fic. 269,
la,b. *O. simplex BarranDe, Wenlock., Eu.
(Czech.); lat. and ventral views of fully mature
specimen, X2.7 (5). Fi6. 269,1c-e. O. rudens

Cephalopoda—Nautiloidea

BarranDE, Wenlock., Eu.(Czech.); fully mature
aperture, lat. (venter on left), apert., and ventral
views, X2.7 (5). Fic. 270,la-e. O. rota
(LinpsTROM), Ludlov., Eu.(Gotl.); 14,5, sec. and
lat. view, X1.3; Ic,d, ventral and lat. views of
16, X 4; Ie, transv. sec., X 1.3 (118a). Fic. 270,
1fg. O. reticulatum (ANGELIN), Wenlock., Eu.
(Gotl.); 1f, siphuncle sec., X20; Ig, sec. of initial
camerae, X 12 (118a).

NAUTILOIDEA—BARRANDEOCERIDA
By WaLter C. SWEET

[The Ohio State University]

Early barrandeocerids are closely coiled,
compressed serpenticones, with open um-
bilici, slender whorls that are only faintly,
if at all, impressed dorsally, and with a dis-
tinct tendency to uncoil during formation of
late stages of the conch. From this funda-
mental type developed cyrtocones, gyro-
cones, torticones, lituicones, and even essen-
tially straight brevicones, many of broad,
depressed transverse section.

Primitive barrandeocerids are modestly,
but distinctly, ornamented by transverse
costae, at least on inner whorls, and growth
lines that form a hyponomic sinus on the
venter. Some derived species are very prom-
inently costate, and several develop a pat-
tern of longitudinal lirae, as well. Other de-
rived species entirely lose the prominent
costation (or longitudinal markings, or
both); or, in a third group, costation is con-
fined to early parts of the conch. Thus, many
virtually smooth forms are included in the
order.

In all but one genus, the aperture is ter-
minal, simple, and unmodified. In Catyre-
phoceras (Lechritrochoceratidae), the aper-
ture is restricted to a dumbbell-shaped open-
ing by broad lateral lappets in the mature
peristome.

Sutural patterns are simple and related
primarily (if not entirely) to the shape of
the transverse section of the conch or whorl.
Species with essentially circular whorl or
conch sections have straight, transverse su-
tures, whereas those with compressed (or
depressed) transverse sections may develop

slight lobes and saddles. No particular im-
portance has been attached, taxonomically
or otherwise, to sutural patterns in the Bar-
randeocerida.

The barrandeocerid siphuncle is invari-
ably thin-walled and empty. Primitively,
the siphuncle seems to be slender, central
or subcentral in position, orthochoanitic in
structure, and tubular in shape. In many
derived species, however, the siphuncle is
displaced toward the venter (or even slight-
ly toward the dorsum) in adult conchs and,
at least in mature camerae, septal necks may
be cyrtochoanitic around all or part of the
periphery of the septal foramen. In these
“secondarily cyrtochoanitic” species, siphun-
cular segments are typically slightly to con-
siderably inflated, although inflation may be
abrupt at the septal necks and the segment
essentially cylindrical throughout most of its
length.

Cameral deposits have not been noted in
the Barrandeocerida, and the pattern of re-
tractor and epithelial muscle attachment is
known for only a few species, all referable
to the Apsidoceratidae. In these species, re-
tractor muscles were attached along ex-
panded bosses of shell material on either
side of the ventral mid-line; hence they may
be said to be “ventromyarian” (180).

CLASSIFICATION

Of the 36 genera now included in the
Barrandeocerida, only 11 were known to

Hyatt (97) when he prepared the classi-
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fication of nautiloids for Zittel’s English
Text-book of Palaeontology. These genera
were not assembled by HyaTT in any one
family or subordinal ‘division,” but were
scattered among several. Barrandeoceras was
referred to the Tarphyceratidae, and Plecto-
ceras and Sphyradoceras (including both
Peismoceras and  Systrophoceras) were
placed in the Plectoceratidae. Both the
Tarphyceratidae and Plectoceratidae were
included in the ‘division’ Plectoceratida, of
the suborder Cyrtochoanites.

Despite the fact that he had earlier re-
garded Nephriticeras as type of the Nephri-
ticeratidae, Hyatr included Nephriticeras
and Rhadinoceras in the new family Rhadi-
noceratidae, which he regarded as typical of
a ‘division’ Rhadinoceratida, of the suborder
Orthochoanites. Because of their inflated
siphuncular segments, Uranoceras and Gi-
gantoceras made up Hyarr’s Uranocerati-
dae, which, even though uranoceratid si-
phuncles were and are known to be empty,
were included in the ‘division’ Annulosi-
phonata, of the suborder Cyrtochoanites.

Neither Apsidoceras Hyatt, 1884, nor the
heterogeneous family Apsidoceratidae, of
which it was made type in 1884, were men-
tioned by Hyarr in 1900. Triplooceras
Hvarr, 1884, referred to the Rutoceratidae
at the time of its establishment, was simi-
larly ignored in the 1900 nautiloid classi-
fication.

Between 1924 and 1936, FoersTE named
and described 18 barrandeocerid genera,
some of which he referred to Hyarr’s fam-
ilies, others of which he included in newly
established or partially revised families em-
bodying his own taxonomic concepts.
FoersTE, however, concerned himself very
litle with suprafamilial classification and,
in later years, seems to have paid relatively
little attention even to familial taxonomy.

In 1941, Frower (26) recognized five
“morphological groups” among Chazyan
and later ellipochoanitic nautiloids, of which
the first (containing orthochoanitic forms
with perfectly cylindrical siphuncular seg-
ments) included both orthochoanitic ortho-
cones and coiled genera later referred to the
Barrandeocerida. Also in 1941, FrLower
(27) discovered that two types of siphuncu-
lar structure occur in coiled nautiloids in-

cluded by Hvarr (97) in the Tarphycera-
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tidae. One group, including Tarphyceras
itself, exhibits thick, complex connecting
rings, whereas the other (represented by
Barrandeoceras) has thin-walled connecting
rings. As a result of this difference, the
Tarphyceratidae were restricted to thick-
walled forms like Tarphyceras.

In 1946, FLower (33) noted two striking-
ly different nautiloid groups in the assem-
blage of orthochoanitic forms characterized
by tubular, thin-walled siphuncles. One
group includes orthocones (and is, for the
most part, the present order Orthocerida);
the other is made up largely of curved or
coiled forms, and constitutes the nucleus of
the present Barrandeocerida. In 1946, how-
ever, FLower was uncertain whether the
orthocones and curved forms constituted a
natural group, or whether internal differ-
ences indicated two homeomorphic lines.

In 1950, Frower (49) elaborated upon
the subdivision of orthochoanitic cephalo-
pods predicted in his study of 1946; that is,
he referred the dominantly straight forms to
the Michelifioceratida (now Orthocerida),
and the dominantly curved and coiled forms
to the Barrandeoceratida (now Barrandeo-
cerida). As conceived in 1950, the Bar-
randeocerida included the families Bar-
randeoceratidae, Plectoceratidae, Uranocera-
tidae, Lechritrochoceratidae, Rhadinocerati-
dae (=Nephriticeratidae), Apsidoceratidae,
and Lituitidae. Subsequently, Sweer (178)
has shown that the Lituitidae have a si-
phuncular structure strikingly like that of
the Trocholitidae (Tarphycerida), and they
are now included in that order. Otherwise,
the classification adopted herein is that of
Frower in FLowsr & Kummer, 1950 (49).

DISTRIBUTION AND
PHYLOGENY

Knowledge of the distribution and phylo-
genetic development of the Barrandeocerida
is based largely upon described collections
from just a few Ordovician, Silurian, and
Devonian localities. Many genera are mono-
typic; others are represented by several spe-
cies, but, for the most part, all species of
these genera are from the same formations
in a single geographic area. Furthermore,
only a few species are known well enough
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internally to be properly evaluated phylo-

genetically. Thus, paucity of knowledge
both of geographic and stratigraphic dis-
tribution and small range of specific di-
versity prohibit very meaningful analysis of
barrandeocerid phylogeny.

Described barrandeocerids are largely
North American (including Greenland),
but a few species have been reported from
northern and central Europe and from
Australia. The order appears first in the
early Middle Ordovician and ranges into
the Middle Devonian.

The earliest barrandeocerids (all refer-
able to the Barrandeoceratidae) are closely
similar in form and external ornamentation
to late Early and early Middle Ordovician
Tarphycerida (e.g., Aphetoceras), from
which they differ primarily in having thin,
rather than thickened, connecting rings.
Thus, there can be little doubt but that the
Tarphycerida are ancestral to the Barrandeo-
cerida.

Frower (40) has suggested that com-
pressed, costate, closely coiled Barrandeo-
ceras, of the early Middle Ordovician, gave
rise to gyroconic or cyrtoconic, costate Cen-
trocyrtoceras, of the later Middle and Late
Ordovician. Through reduction in surficial
ornament, Centrocyrtoceras may have given
rise in the Middle Ordovician to smooth-
shelled, loosely coiled Paquettoceras;
through development of somewhat more
prominent gyroconic coiling and more pro-
nounced surface ornament, the same genus
was probably also the progenitor of Late
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Ordovician through Middle Silurian Bick-
morites.

Bickmorites (Barrandeoceratidae) was al-
most certainly the point of origin of the
less prominently costate, but more con-
spicuously uncoiled Uranoceratidae (Late
Ordovician through Middle Silurian) as
well as of dextral, costate torticones included
in the Silurian Lechritrochoceratidae.

The oldest known genus of the Nephriti-
ceratidae, Sphyradoceras, of the Early or
Middle Devonian Schoharie Formation of
New York, is a sinistral torticone, the early
stages of which are gyroconic and closely
similar to the conch of adult Bickmorites.
This suggests an origin of the Nephriticera-
tidae in Bickmorites (Barrandeoceratidae)
(42). Sphyradoceras is the logical ancestor
of cyrtoconic Middle Devonian Baeopleuro-
ceras, which, among known Nephriticerati-
dae, is the most likely progenitor of more
regularly coiled Middle Devonian Nephrits-
ceras, Rhadinoceras, and others, as well as
of the essentially straight brevicone, Endo-
planoceras.

Origin of the cyrtochoanitic late Middle
and Late Ordovician Apsidoceratidae is un-
known, and no very likely ancestral species
have been described among Ordovician
Barrandeoceratidae. The family is included
in the Barrandeocerida (rather than in the
Oncocerida), for it is thought to include
species characterized by secondarily cyrto-
choanitic siphuncles and because attempts
to trace it to primitively cyrtochoanitic an-
cestors have been fruitless (33). An ortho-
choanitic origin of the family is suggested
largely because there are virtually no Middle
Ordovician cyrtochoanitic, curved nautiloids

Ord. Sil. Dev.
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Fic. 270B. Graph showing numbers of new genera

of Barrandeocerida introduced in succcsswe_epochs

(dashed lines) and total genera represented in each
(solid lines) (Sweet, n).
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Barrandeoceras

Bickmorites

Avilionella

Fic. 271. Barrandeoceratidae (p. K372-K373).

with subcentral siphuncles, such as char-
acterize the Apsidoceratidae, nor is there
any ontogenetic indication in the family of
origin in cephalopods with ventral si-
phuncles. On the other hand, the slender
carly siphuncular stages of Charactoceras
(Fig. 279,26) suggest an origin in some
stock of suborthochoanitic or orthochoanitic
cephalopods.

_Plectoceras, type of the monotypic Ordo-
vician Plectoceratidae, was probably derived
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from externally similar coiled Barrandeo-
ceratidae, from which it differs primarily
in having a subventral siphuncle and a more
strikingly costate shell.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA Agassiz,
1847

Diagnosis given in “Introductory Discus-
sion” (p.K128). U.Cam.-Rec.
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Order BARRANDEOCERIDA
Flower in Flower & Kummel, 1950

[nom. correct. SwEeET, herein (pro Barrandeoceratida FLOWER

in FLower & KummeL, 1950); mention of Barrandeocerida by

FurNIsH, GLENISTER, & HANsMAN_ 1962 (p. 1342), is disre-
garded] [=Barrandeoceratina SWEET, 1959 (suborder)]

Cyrtocones, gyrocones, serpenticones, and
torticones, with primitively tubular, empty,
orthochoanitic, thin-walled siphuncle that is
central, ventral, or between center and dor-
sum or venter; many derived species with
wholly or partially cyrtochoanitic siphuncle
and inflated segments. M.Ord.-M .Dev.

The stratigraphic occurrence of genera
included in the Barrandeocerida is shown
graphically in Figure 270A; the numbers of
‘new genera introduced in successive epochs
are indicated in Figure 270B.

Family BARRANDEOCERATIDAE
Foerste, 1925

[Incl. Bickmoritidae FoersTe, 1925; Centrocyrtoceratidae
Kosavasui, 1934]

Haydenoceras

Paquettoceras

Cephalopoda—Nautiloidea

Coiled barrandeocerids, dominantly com-
pressed; siphuncle subcentral, secondarily
ventral. M.Ord.-M.Dev.

Barrandeoceras Hvatrt, 1884, p. 299 [*Nautilus
natator BiLLiNGs, 1859, p. 466; OD] [=Bar-
randioceras ZitTEL, 1884, nom. null.; Barrando-
ceras FLOWER, 1955, nom. null.]. Large, subdis-
coidal, laterally compressed serpenticones with
volutions in contact but not dorsally impressed;
body chamber separated from preceding whorl
adorally; whorls oval in cross section and some-
what more narrowly rounded ventrally than dor-
sally; growth lines forming deep ventral sinus;
prominent lateral ribs parallel to growth-lines
present at least on inner volutions of conch; su-
tures with lateral lobes. At maturity, siphuncle
is small, orthochoanitic, and subcentral in position.
M.Ord., N.Am.(N.Y.-Ont.-Que.). Fic. 271,3a.
*B. natator (BiLLings), USA(N.Y.); X 0.3 (150).
Fic. 271,3b. B. sp., USA(N.Y.); long. sec.
through siphuncle, X 4.7 (26).

?Antiplectoceras FoersTE & Savace, 1927, p. 58
[*Discoceras(?) shamattawaense Parks, 1915, p.

—~—
Y

2c

Centrocyrtoceras

Laureloceras

Fic. 272. Barrandeoceratidae (p. K373-K374).
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FiG. 273. *Antiplectoceras shamattawaense (PARKs)
(?Barrandeoceratidae) (p. K372-K373).

31; OD]. Slender-whorled, compressed, annulate
serpenticones of 4 or more volutions that are oval
in cross section, with venter more acutely rounded
than dorsum. Surface marked by transverse ribs
that define broad lateral sinuses and probably
somewhat more narrowly rounded and less dis-
tinct dorsal and ventral salients. Internal struc-
tures unknown. U.Ord., Can.(Ont.). F1c. 273.
*A. shamattawaense (Parks); X1 (77).
Avilionella Frower, 1952, p. 56 [*Tarphyceras
multicameratum RUEDEMANN, 1906, p. 472; OD].
Closely coiled compressed conchs with very small
umbilical perforation and shallow dorsal im-
pressed zone from completion of first whorl; conch
becomes gyroconic after 1.5 volutions in some
species; in all species, adoral part of conch more
loosely coiled than adapical. Surface smooth with
faintly fasciculate growth lines that slope adapical-
ly from dorsum to venter. Siphuncle subventral,
tubular; connecting rings thin. M.Ord., N.Am.
(N.Y.-Ont.). Fic. 271,4. *A. multicamerata
(Ruebemann), USA(N.Y.); X0.7 (150).
Bickmorites Foerste, 1925 p. 47 [*Lituites bick-
moreanus WHITFIELD, 1885, p. 191; OD] [=Tyr-
relloceras  Foerste, 1925;  Goniotrochoceras
Foerste, 1928; Leuronotoceras Foerste, 1928].
Slender gyrocones of circular or slightly com-
pressed section, describing several volutions; ma-
ture body chamber straight and tubular in some
species. Surface with prominent ribs adapically
inclined to form hyponomic sinus on venter, and
with finer transverse and longitudinal markings
in gerontic specimens. Sutures transverse, with
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slight lateral lobes. Siphuncle slightly ventral of
center, orthochoanitic. U.Ord.-M.Sil., N.Am.
(widespread)-?Eu. (Norway). Fic. 271,2. *B.
bickmoreanus (WHiTF1ELD), M.Sil.,, USA(Ind.);
2a-c, right lat. view, transv. sec., long. sec. through
siphuncle, all X0.3 (55).

Centrocyrtoceras FoersTe, 1926, p. 366 [*Cyrto-
ceras annulatum Harr, 1847 (=Cyrtoceras sub-
annulatum D'ORBIGNY, 1850, obj.); OD]. Cyrto-
cones or gyrocones of subcircular section and with
straight transverse sutures. Surface with transverse
annulations and finer lirae and striae that slope
slightly adapically on venter. Siphuncle sub-
central; segments cylindrical or subcylindrical. M.
Ord., N.Am.(N.Y.-Tenn.-Wis.-Ont.); ?U.Ord.,
?Eu.(Norway). Fic. 272,2. *C. annulatum
(Harr), M.Ord., USA(N.Y.); 2a-c, X1 (57).

Gasconsoceras FoersTe, 1936, p. 61 [*G. pulchel-
lum; OD]. Rapidly enlarging annulated gyro-
cones or serpenticones of slightly compressed to
slightly depressed section. Surface with fine trans-
verse and longitudinal striae and transverse ribs
that are prominent laterally and dorsally, but
weaker and adapically deflected ventrally to form
deep hyponomic sinus. Siphuncle between center
and venter; internal character unknown. M.Sil.,
Can.(Que.-Cornwallis Is.)-Tasm. Fic. 271,1.
G. obesum FoErsTE, Que.(Gaspé); X 0.7 (75).

Haydenoceras Frower, 1949, p. 75 [*H. acutum;
OD]. Gradually expanding, strongly compressed
cyrtocones of cuneate cross section; dorsum strong-
ly rounded, venter acutely angled. Sutures with
lateral lobes, subangular ventral saddle and lower,
more rounded dorsal saddle. Surface with rugose
growth lines, costate in adults, and sloping ob-
liquely toward apex from dorsum to venter.

Plectoceras
Fic. 274. Plectoceratidae (p. K374).
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Siphuncle tubular, subcentral. M.Des., USA
(Nev.). Fic. 272,3. *H. acutum; 3a,b, X0.7
(36).

Laureloceras FLower, 1943, p. 97 [*L. cumingsi;
OD]. Slender compressed smooth-shelled cyrto-
cones or gyrocones with venter more narrowly
rounded than dorsum. Sutures transverse, but
may develop broad lateral lobes. Siphuncle sub-
ventral; necks straight, connecting rings somewhat
expanded within camerae; no cameral or siphun-
cular deposits. M.Si#l., N.Am.(Ind.-Tenn.-?Ont.).

Fic. 272,5. *L. cumingsi, USA(Ind.); 5a, “en-
larged,” 56, X 0.4 (31).

Paquettoceras FoersTe, 1932, p. 51 [*P. allume:-
tense; OD]. Like Centrocyrtoceras, but not an-
nulated. M.Ord., Can.(Ont.). Fic. 272,4. *P.
allumettense; X1 (71).

?Savageoceras Foerste, 1930, p. 41 [*S. #rans-
versale; OD]. Depressed rapidly expanding cyrto-
cones of subtrapezoidal section; ventral side wider
and flatter than dorsal; sides converging toward
dorsum. Sutures with slight lateral and ventral
lobes and ventrolateral saddles. Surface with
transverse striae and riblike annulations that are
low and vaguely defined dorsally and ventrally,
but increase in prominence toward ventrolateral
shoulders where they are most conspicuous. Si-
phuncle central; interior unknown. M.Sil., USA

(IlL.). Fic. 272,1. *S. transversale; la,b, X0.4
(68).
Family PLECTOCERATIDAE Hyatt

in Zittel, 1900

Coiled, costate barrandeocerids, with sub-
ventral adult siphuncle. M.Ord.-U.Ord.
Plectoceras Hyarr, 1884, p. 268 [*Nautilus jason

BiLrinegs, 1859, p. 464; OD] [==Meraplectoceras
FoersTE, 1935]. Costate serpenticones of sub-
circular whorl section; large umbilical perfora-
tion, whorls in contact and impressed by end of
first volution; adorally, phragmocone loses im-
pressed zone and mature body chamber is free.
Surficial costae sloping adapically from dorsum
to venter, where they form hyponomic sinus.
Sutures straight or with lateral lobes. Siphuncle
subventral, orthochoanitic; necks short and straight,
connecting rings thin, structureless. M.Ord.-U.
Ord., N. Am. (N. Y.-Wis.-Wyo.-Que.-Ont.-Labra-
dor)-Greenl. Fic. 274,1a. *P. jason (BLL-
INGs), M.Ord., USA(N.Y.); X0.4 (150). Fic.
274,1b. *P. foerstei TroEDssoN, M.Ord., Greenl.;
long. sec. through siphuncle, X2.7 (194).

Family URANOCERATIDAE Hyatt
in Zittel, 1900
Gyroconic, tending to uncoil in late stages;
early stages of a few species annulated, later
stages of all smooth or faintly cancellated or
striated; septal necks straight in many spe-

Cephalopoda—Nautiloidea

cies, but distally recumbent on one side or
around entire siphuncular periphery in
others; connecting rings thin, subcylindrical,
markedly contracted immediately adjacent
to septal foramen. ?U.Ord., M.S:l.

Uranoceras Hvartr, 1884, p. 298 [*Cyrtoceras ura-
num BaRRANDE, 1866, pl. 196; OD]. Loosely
coiled, rapidly expanding, compressed gyrocones
of 1.5 or 2 subquadrate whorls. Sutures with lat-
eral lobes and dorsal and ventral saddles. Surface
smooth or with distinct transverse growth lines or
growth bands that form hyponomic sinus on
venter. Siphuncle large, slightly ventral from
center; necks orthochoanitic to suborthochoanitic;
connecting rings thin, cylindrical, strongly con-
tracted immediately before junction with necks.
?U.0rd., Can.(Anticosti Is.)-Eu.(Sweden); M.Sil.,
USA (Ill.-Ind.- ?Ohio-Wis.)Eu.(Czech.). —— Fic.
275,la-c. U. hercules (WINCHELL & Marcy), M.
Sil., Wis., Ill.; X0.3 (55). Fic. 275,1d. *U.
uranum (Barranbe), M.Sil., Eu.(Czech.); x0.7
(5).

Cliftonoceras FLowER in FLowER & TEICHERT, 1957,
p. 141 [*C. quadratum; OD]. Smooth, com-
pressed gyrocones with flattened venter, rounded
dorsum, and greatest width ventral from center,
Sutures with lateral lobes, broad dorsal saddles;
ventral sutures either straight or forming slight
lobes. Siphuncle subventral, separated by more
than diameter of septal foramen from ventral
wall; segment sides subparallel in middle, but
contracting as they approach septal foramen; necks
straight ventrally, recumbent dorsally; thin con-
necting rings adnate dorsally at anterior end and
ventrally at posterior end of each segment. L.Sil.
or M.Si., USA(Tenn.); M.Sil.,, USA(Ind.).
Fic. 275,2. *C. gquadratum, USA(Tenn.); 2a-c,
X 0.5 (50).

Cumingsoceras FLower in FrLower & KuMmMEL,
1950, p. 613 [*Gyroceras elrodi Wuite, 1882, p.
356; OD]. Compressed, rapidly expanding gyro-
cones of about 1.5 narrowly separated whorls.
Sutures straight and transverse dorsally and ven-
trally, but with slight lateral lobes. Surface faintly
cancellated by slight longitudinal lines and growth
lines that define deep ventral hyponomic sinus.
Siphuncle small, subcentral; necks recumbent, con-
necting rings unknown. M.Si., USA(Ind.-Il.).

Fi6. 275,4. *C. elrodi (Waite), USA(Ind.);
4a-c, X0.3 (55).

Jolietoceras Foerste, 1925, p. 54 [*]. senescens;
OD]. Compressed, annulate lituicones, gyroconic
in early stage, straight, more compressed, more
rapidly expanding in later stage. Sutures straight
and transverse; surficial annulations sloping strong-
ly to posterior from dorsum to venter on coiled
segment of conch, but lacking on straight seg-
ment. Siphuncle central; interior unknown. M.
Sil., USA(IIL.-Wis.). F1c. 275,3. *]. senescens,
USA(I1l.); 34,6, X0.3 (55).




Barrandeocerida

b

Uranoceras

Cliftonoceras

Jolietoceras Cumingsoceras

Fic. 275. Uranoceratidae (p. K374).
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Family LECHRITROCHOCERATIDAE
Flower in Flower & Kummel, 1950

Dextral costate torticones; siphuncle ven-
tral from center, segments cylindrical. M.
Sil.-U.Sil.

Lechritrochoceras FoersTE, 1926, p. 367 [*Trocho-
ceras desplainensis McCHEsNEY, 1860, p. 68; OD].
Low-spired, prominently costate dextral torti-
cones of about 2 volutions; umbilicus open and
dorsally impressed except in adoral part of outer
volution where conch exhibits tendency to un-
coil; whorls circular in section. Sutures with
slight lateral lobes and low ventral saddles. Sur-
face with relatively prominent annulations and
parallel transverse striae that curve strongly back-
ward on venter to define deep hyponomic sinus.
Small siphuncle slightly ventral from center; seg-

ments cylindrical. M.S#., USA(Ill.-Ind.-N.Y,-
Ohio-Tenn.-Wis.) -Eu.(Czech.) ——Fi1c. 276,5. *L.
desplainense  (McCHesNeY), USA(Wis.); 5a,b,
X1 (57).

Catyrephoceras Foerste, 1926, p. 368 [*Trocho-
ceras giganteum BLakE, 1882, p. 223; OD].
Slightly compressed, moderately asymmetrical
torticones with subquadrangular whorls in con-
tact, body chamber uncoiled adorally; mature
aperture constricted to dumbbell-shaped opening
by 2 broad lateral lappets in peristome. Surface
with longitudinal dorsal striae and transverse
annulations and growth lines that are weak ven-
trally, outlining hyponomic sinus on venter. Si-
phuncle slightly eccentric, between center and
venter. M.Sil., Eu.(Eng.). Fic. 276,2. *C.
giganteum (BLakE); X0.7 (57).

Leurotrochoceras Foerste, 1926, p. 373 [*Trocho-
ceras aeneas HaLr, 1868, pl. 25; OD]. Very low-
spired, gyroconic, dextral torticones of 2 or fewer
compressed, flat-sided volutions with venter more
narrowly rounded than dorsum; whorls in con-
tact only at extreme adapical end of conch, but
neither phragmocone nor body chamber diverges
very broadly from preceding whorls. Sutures with
lateral lobes and dorsal and ventral saddles. Sur-
face with transverse annulations prominent ven-
trally, less so laterally, and faint dorsally, annu-
lations forming prominent ventral hyponomic
sinus. Siphuncle between center and venter; seg-
ments cylindrical. M.Sil., USA (Iowa-Ill.). Fic.
276,3. *L. aeneas (HarL), USA(lowa); X0.7
(37).

Peismoceras HvatT, 1894, p. 500 [*Trochoceras
optatum BARRANDE, 1865, pl. 23; SD FoErsTE,
1926]. Slightly compressed, annulate, moderately
torticonic gyrocones with whorls in contact only
apically, body chamber distinctly divergent. Sur-
face with longitudinal striae and annulations and
growth lines that curve adapically on venter to
form prominent hyponomic sinus; annulations
less prominent toward aperture, Sutures with
slight ventral saddles. Siphuncle large, subventral;

Cephalopoda—Nautiloidea

segments cylindrical. M.Sil.-U.Sil., Eu.(Czech.).
Fic. 276,1. *P. optatum (BARRANDE); la-d,
% 0.45 (5).

Systrophoceras Hyart, 1894, p. 502 [*Trochoceras
arietinum BARRANDE, 1865, pl. 17; SD FogrsTE,
1926]. Slender-whorled, annulate, faintly torti-
conic gyrocones of about 2 whorls; whorls de-
pressed, ventrally flattened, free to apex, with
large umbilical perforation. Sutures with slight
lateral lobes and faint ventral saddles. Surficial
annulations and growth lines sloping adapically
from dorsum to venter, forming prominent hypo-
nomic sinus. Dorsum longitudinally striated; an-
nulations faint ventrally. Siphuncle slightly ven-
tral from center. M.Si., Eu.(Czech.). Frc.
276,6. *S. arietinum (BARRANDE); 6a-d, X0.45
(5).

Trochodictyoceras FoErsTE, 1926, p. 372 [*T. slo-
comi; OD]. Moderately asymmetrical, rather rap-
idly expanding torticones of less than 2 volutions,
with subcircular whorls in contact but not im-
pressed and body chamber uncoiled. Surface with
prominent longitudinal ribs, at least on early
volution, and prominent transverse annulations
that curve backward from dorsum to venter,
forming prominent ventral hyponomic sinus.
Siphuncle unknown. M.Si., USA(Il.).——Fic.
276,4. *T. slocomi; 4a,b, X0.7 (57).

Family NEPHRITICERATIDAE
Hyatt, 1894

[nom. correct. SweeT, herein {ex Nephritidae Hyatr, 1894))

[=Rhadinoceratidae Hyarr in Zitrsr, 1900, incl. Sphyrado-

ceratidae FoErSTE, 1926 (partim); Rhadinoceracea KiNpLE &
MiLLER, 1939 (superfam.)]

Mostly depressed cyrtocones, gyrocones,
serpenticones, and sinistral torticones with
large orthochoanitic to suborthochoanitic
siphuncle, segments of which tend to be
somewhat inflated; siphuncle subcentral or
displaced slightly toward either dorsum or
venter. L.Dev.-M.Dev.

Nephriticeras Hyarr, 1884, p. 300 [*Nawutilus
bucinum Harr, 1860, p. 104; OD] [=?Cyrto-
ceras Conrap, 1838, p. 117 (may be valid sr.
subj. syn.)]. Depressed serpenticones of 1.5 or 2
volutions that are in contact and shallowly im-
pressed along adoral part of phragmocone and
adjacent part of body chamber; aperture trans-
verse; peristome with broad dorsal and ventral
recesses. Sutures in early stages with dorsal and
ventral saddles; in later stages with broad shallow
dorsal and ventral lobes; or sutures virtually
straight, or retaining slight ventral saddles. Sur-
face with sharp, longitudinal lirae and fine trans-
verse markings. Siphuncle between center and
dorsum; segments tubular to faintly expanded
within camerae. M.Dev., N.Am.(N.Y.-Pa.-?Md.-

?lowa-Ind.-Mo.-?Ont.). Fic. 277,5. *N. buci-
num (HaLv), USA(N.Y.); Sa-c, X0.7 (87).
[Topotypes of the inadequately diagnosed type-
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Lechritrochoceras Systrophoceras
Fic. 276. Lechritrochoceratidae (p. K376).
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Lyrioceras

Fic. 277. Nephriticeratidae (p. K376, K380).
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Triplooceras

Sphyradoceras

Fic. 278. Nephriticeratidae (p. K380).
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species of Cyrtoceras Conrap, 1838 (=Cyrrocerus
ConrAD, 1838, nom. null.; Certocerus VANUXEM,
(nom. null.), illustrated by HaLL (86, 87) have,
since 1894, been referred to Nephriticeras. 1f
these specimens are comspecific with the types of
C. maximum CoNRraD, then Nephriticeras is a
junior subjective synonym of Cyrtoceras and must
be suppressed in its favor. However, FLower (37)
expresses doubt about the specific identity of
HaLv’s specimens and the never-figured and in-
adequately described type(s) of Conrap’s C.
maximum. This doubt will probably always re-
main, hence it seems best to regard Cyrioceras
Conrap, 1838, as a valid, but unrecognizable
genus of Devonian nautiloids that may, but can-
not be proven to be the oldest available name for
the many well-known species now assigned to
Nephriticeras HyatT, 1884.]

Baeopleuroceras WiLLiams in CooPER & WILLIAMS,
1935, p. 851 [*B. incipiens; OD) [=Baepleuro-
ceras MILLER, 1939 (nom. null.)]. Short, rapidly
expanding, depressed cyrtocones, curved through
at least 90 degrees. Surficial annulations deflected
adapically on venter to form hyponomic sinus.
Body chamber one-half length of conch. Siphuncle
subcentral; segments slightly expanded within
camerae. M.Dev., N.Am.(N.Y.-Pa.-Ont.). Fic.
277,2. *B. incipiens, USA(N.Y.); 24,6, X1 (13).

Endoplanoceras FLower, 1938, p. 53 [*E. gomph-
us; OD]. Depressed, rapidly enlarging, faintly
cyrtoconic conchs with longitudinal lirae and
faintly contracted aperture. Siphuncle between
center and concave (?dorsal) side; form of seg-
ments unknown, M.Dev., USA(N.Y.). Fic.
277,1. *E. gomphus; la,b, X0.3 (21).

Heracloceras TercuerT, 1940, p. 590 [nom. subst. .

pro Gigantoceras Hyarr in ZitteL, 1900 (non
HovLvranp, 1893)] [*Gyroceratites (Nautilus?) in-
elegans Meek, 1871, p. 89; OD]. Large, com-
pressed, rapidly expanding gyrocones of 2 or 3 vir-
tually contiguous volutions and body chamber half
a volution long. Sutures with shallow lateral lobes
and low dorsal and ventral saddles. Surface of in-
ner volutions with faint transverse ribs. Siphuncle
slightly eccentric, between center and venter; necks
suborthochoanitic or cyrtochoanitic; shape of seg-
ments unknown. M.Dev., N.Am.(Mich.-Ky.-Ohio-
Ont.). Fic. 277,4. *H. inelegans (MEEK),
USA(Ohio); X0.25 (121).

Lyrioceras Foerste, 1927, p. 193 [*Gyroceras lira-
tum Harr, 1860, p. 104; OD]. Obscurely annu-
late gyrocones or serpenticones of about 2 volu-
tions; early whorls subcircular, later ones de-
pressed. Surface with fine transverse striae, wide-
ly spaced, faint transverse annulations, and bold
longitudinal ribs that are prominent dorsally and
laterally but faint ventrally. Siphuncle central or
subcentral. M. Dev., N.Am. (Mich. - N.Y.-?Pa.-
?Ont.). Fic. 277,6. *L. liratum (Harr), USA
(N.Y.); X0.7 (87).

Cephalopoda—Nautiloidea

Nephriticerina Foerste, 1927, p. 194 [*N. alpenen-
sis; OD]. Depressed, rapidly enlarging cyrtocones
with oblique aperture sloping adapically from
venter to dorsum, and surface with prominent
longitudinal ribs and fine transverse lines. Si-
phuncle central or slightly displaced toward dor-
sum; segments inflated within cametae. M.Dev.,
N. Am. (Md.-Mich. - N.Y. - Ohio - Pa. - ?Nev.-Man.-
Ont.) - Fic. 278,2. *N. alpenensis, USA
(Mich.); 2a-c, X0.7 (58).

Rhadinoceras Hyart, 1894, p. 530 [*Nautilus cor-
nulum Harvr, 1876, pl. 60; SD Foerste, 1927].
Similar to Nephriticeras, but whorls subcircular
and less rapidly enlarging; without impressed
zone and body chamber tending to become free.
Surface with distinct transverse lamellose growth
bands crowded into folds toward apertural mar-
gin, and fine, distant, irregular, longitudinal lirae
producing cancellated pattern on some parts of
shell. Siphuncle between center and dorsum;
form of segments unknown. M.Dey., USA(N.Y.-
?Wis.). Fic. 277,3. *R. cornulum (HaLL),
N.Y.; 32,6, X0.7 (87).

Sphyradoceras Hyatr, 1884, p. 298 [*Trochoceras
clio Harr, 1861, p. 108; OD]. Relatively high-
spired, annulate, sinistral torticones with slightly
depressed, dorsally impressed whorls; early phrag-
mocone rapidly expanding, gyroconic, laterally
nodose; later stages torticonic and lateral nodes
modified into transverse annulations; annulations
prominent on phragmocone, absent on body
chamber; annulations and growth lines transverse
on dorsum and in dorsolateral zones, but forming
distinct hyponomic sinus on venter. Surface also
bears distinct longitudinal raised lines. Siphuncle
central or between center and dorsum; segments
moniliform, internal structure unknown. L.Dev.,
USA(N.Y.)-Can. Fic. 278,3. *S. clio (HaLv),
Schoharie F.; 3a-d, X1 (87).

Triplooceras Hyatt, 1884, p. 285 [*Nautilus in-
speratus BarranDE, 1877; OD]. Coiled conchs of
about 2 depressed, dorsally impressed volutions;
3 rows of lateral nodes formed in early stages
at intersection of transverse and longitudinal lirae,
nodes disappearing adorally. Siphuncle between
center and venter. [Said by Frowser (10) to be
cyrtochoanitic.] M.Dev., USA(N.Y.)-Eu.(Czech.).

Fic. 278,1. *T. insperatum (BARRANDE),

Czech.; Ia-c, X0.7 (5).

Family APSIDOCERATIDAE Hyatt,
1884

Curved or coiled, smooth, transversely
marked, or laterally costate, conchs with
conspicuous hyponomic sinus.  Section
primitively triangular, with rounded dor-
sum and flattened venter; later section much
broader, impressed dorsally in tightly coiled
forms. Sutures with lateral lobes in primi-
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Wilsonoceras

Deckeroceras Fremontoceras

Fic. 279. Apsidoceratidae (p. K382).

© 2009 University of Kansas Paleontological Institute



Fic. 279A. *Chidleyenoceras chidleyense (FOERSTE)
(Apsidoceratidae) (p. K382).

tive forms; no lateral lobes but broad ven-
tral lobe in more advanced species with
broader section. Siphuncle cyrtochoanitic,
empty; segments variously expanded and
siphuncle variable in position, but never
close to either dorsum or venter. M.Ord.-
U.Ord.

Apsidoceras Hyarr, 1884, p. 289 [*Gyroceras
(Lituites) magnificurn BiLrines, 1857, p. 307;
OD]. Conch curved or loosely coiled; whorls
free, subtriangular, with rounded dorsum and
flattened venter. Sutures primitively with lateral
lobes, but ventral lobe weak or wanting; more
specialized species with strongly developed ventral
lobe but reduced lateral lobes. Siphuncle between
center and venter, cyrtochoanitic, empty; segments
relatively slender. [Supposedly phylogerontic spe-
cies contract gradually over a considerable part of
the conch.] ?M.Ord., Can.(Que.); U.Ord., Can.
(Anticosti Is.-L.Cornwallis Is.-Man.-Ont.)-Greenl.-
Eu.(Norway). Fic. 279,1. A. elegans TRroED-
ssoN, U.Ord., Greenl.; 1ab, X0.3 (194).

© 2009 University of Kansas Paleontological Institute
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Charactoceras FoErsTE, 1924, p. 234 [*Trochoceras?
baeri Meex & WorTHEN, 1865, p. 263; OD].
Closely coiled, rapidly expanding, dorsally im-
pressed serpenticones with flattened venter and
rounded sides that converge toward dorsum.
Sutures essentially straight laterally, but forming
broad ventral and dorsal lobes. Surface with
transverse growth lines that form distinct hypo-
nomic sinus on venter, and transverse ribs in
early stages only. Siphuncle between center and
venter, cyrtochoanitic, empty; segments expand-
ing slightly within camerae. U.Ord., N.Am.(Colo.-
Ind.-Iowa-Minn.-N.Y.-Ohio-Anticosti Is.-Baffin Is.) -
Greenl. - Eu.(Est. - Norway). Fie. 279,2. *C.
baeri (MEEK & WORTHEN), USA (Ohio); 24, lat.
view, X0.4; 24, long. sec. through siphuncle,
% 0.7 (53).

Charactocerina  FoersTe, 1935, p. 85 [*Eurysto-
mites plicatus WHiTEAVEs, 1896, p. 396; OD].
Differs from Charactoceras, with which it agrees
in section and coiling, mainly in presence of
costae in dorsolateral regions of conch. U.Ord.,
N. Am.(?Ind. - Wyo. - Cornwallis Is. - Man.) - Eu.
(Sweden). Fic. 2794. C. eximia SWEET &
MiLLER, Can.(Cornwallis Is.); X0.7 (182).
?Chidleyenoceras Smimizu & OsaTa, 1935, p. 368
[*Eurystomites chidleyense FoEersTE, 1928, p. 58;
OD]. Similar to Charactocerina in gross form and
ornamentation, but whorls less strongly depressed;
siphuncle large, subventral, apparently orthochoan-
itic with tubular segments. M.Ord., N.Am.(Can.).

Fic. 279A,1. *C. chidleyense (FoEwsTE), Lab-
rador; Ia, X.45; 1b,c, diagram. secs. (61).

Deckeroceras FoersTe, 1935, p. 92 [*D. adaense;
OD]. Cyrtocones or gyrocones of more rounded
section than Apsidoceras but with ventral sutural
lobe. Mature body chamber slightly inflated. Si-
phuncle between center and venter; segments simi-
lar in outline to those of Apsidoceras. U.Ord.,
USA (Iowa-Okla.). Fic. 279,5. *D. adaense;
USA(Okla.); X0.7 (73).

Fremontoceras ForrsTe, 1935, p. 89 [*F. loperi;
OD]. Gyrocones or serpenticones with whorls
possibly in contact but not impressed; whorl sec-
tion subquadrate; venter wider and flatter than
dorsum. Sutures with ventral lobes. Siphuncle
slightly ventral from center; structure unknown.
M.Ord.-U.Ord., N.Am.(Colo.-N.Y.-Que.). Fic.
279,6. *F. loperi; USA(Colo.); 6a-c, X0.4 (73).

Wilsonoceras FoersTE, 1929, p. 180 [*Trochoceras
meccharlesi WriTEAvEs, 1890, p. 81; OD]. Conch
coiled, whorls in contact but not impressed, body
chamber free and widely divergent; whorl sec-
tion subcircular to slightly depressed, but sutures
with ventral lobes of Apsidoceras. Siphuncle
broadly cyrtochoanitic, slightly eccentric, between
center and dorsum. U.Ord., N.Am.(Wyo.-Baffin Is.-
Man.). Fre. 279,3. W. squawcreekense MiL-
LER, Baffin Is.; 34,6, X0.16 (137).
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NAUTILOIDEA—NAUTILIDA

By BernaARD KUMMEL

[Museum of Comparative Zodlogy, Harvard College]

with Systematic Descriptions as Indicated

By W. M. FurnisH and Briax F. GLENISTER

[State University of lowa, lowa City]

CLASSIFICATION

The evolution and geologic history of the
nautiloid taxa which include modern Nau-
tilus has received considerable attention in
the past decade. Introduced in the Treatise
is a revised classification of the order Nau-
tilida, which Nautilus represents as the last
surviving member. Data on the relation-
ships and history of the group are discussed.

One of the most interesting aspects of the
history of nautiloid studies is the dominance
of one man, ALpHeUs Hyatr. The classifi-
cation presented by Hyart in the 1900 edi-
tion of the Zittel’s “Text-book of Palaeon-
tology” is still in vogue among several mod-
ern students of nautiloid cephalopods (MiL-
LER, DunBarR & Conbra, 1933; MiLLER &
Youncquist, 1949; Scummt, 1951), even
though most students readily agree that
HyatT’s five main divisions were far from
satisfactory. The first serious attempt to
present a new classification of the compre-
hensive asemblage termed Nautiloidea was
published by Frower & Kummer (1950).
Their scheme consisted of 75 families placed
in 14 orders. Their Nautilida began with
the Liroceratidae, derived from the Bar-
randeoceratida [Barrandeocerida], and in-
cluded the Ephippioceratidae, Paranautili-
dae, Clydonautilidae, Gonionautilidae, Nau-
tilidae, Paracenoceratidae, Cymatoceratidae,
Hercoglossidae, and Aturiidae. The Nautili-
dae and other post-Triassic families were in-
terpreted to have been derived from the
Paranautilidae.

In the FLower & KummeL classification
the remaining curved to coiled nautiloids of
the Devonian through Triassic were in-
cluded in three orders—Centroceratida,
Rutoceratida and Solenochilida. These au-
thors made clear that their proposed classi-
fication was a “progress report” that could
serve as a working hypothesis and stimu-
lant to other students.

A tendency toward reducing the number
of orders of “Nautiloidea” in recent years
is discernible—a natural result of accumu-
lation of more data and reflection on the
older schemes. The principal difficulty has
been that the origin and relationships of the
various “orders” of Devonian to Recent
coiled nautiloids are not well known. Deri-
vation of the Nautilida, Solenochilida, Cen-
troceratida, and Rutoceratida from the Bar-
randeoceratida by FLower & KuMmMEL was
inferred with considerable misgivings, since
no concrete evidence for this relationship
was available, but it followed a traditional
interpretation.

In recent years Frower (40, 42) has
strongly advocated the view that the Ruto-
ceratidae are derived not from coiled Silur-
ian ancestors but from cyrtoconic and brevi-
conic genera of the order Oncoceratida
[Oncocerida]. The best syntheses to date
of the Rutoceratidae are by FLower (32, 42)
but the complete evidence for the derivation
of the group from the Oncocerida has not
as yet been published.

My own studies lead to complete agree-
ment with FLowEer on this interpretation.

That the late Paleozoic Tainoceratidae
and Koninckioceratidae stem from the Ru-
toceratidae is now widely accepted.

On the basis of a very detailed examina-
tion of the initial whorls of Centroceras (M.
Dev.), FLower (40) came to the conclu-
sion that the Centroceratidae most likely
stemmed from the Tetragonoceratidae (here
included in the order Nautilida). The na-
ture of the evidence, however, did leave
room for other interpretations and he ad-
vocated retaining the two families in sep-
arate orders. Interpretations of the origin
of post-Triassic nautiloids were completely
revised when I demonstrated (114), that
the origin of the Nautilidae was in the fam-
ily Syringonautilidae (order “Centrocera-
tida,” here included in Nautilida) and not
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in the Paranautilidae (—=Liroceratidae) as
previously advocated.

Mounting evidence thus seems to support
conclusions that (1) a majority of the
Devonian-through-Triassic nautiloids be-
long to one of two main evolving lines, the
rutoceratid or the centroceratid stocks,! and
(2) the rutoceratids arose from cyrtoconic
and breviconic Oncocerida and the centro-
ceratids most probably from the rutoceratid
stock (through Tetragonoceratidae). This
leaves two groups whose ancestry is still
somewhat puzzling, the liroceratids and
the aipoceratids. Smimanskiy (166) sug-
gested an origin of the liroceratids from the
Rutoceratidae, but the evidence, to be dis-
cussed later, is not very convincing. At the
same time, no close connection has been
found to link the liroceratids with the Bar-
randeocerida. No one has yet presented evi-
dence to give any concrete indication of the
origin of the aipoceratids (formerly known
as solenochilids). The general consensus
seems to be that the ancestors of this group
are to be found in the Rutoceratidae (42,
116).

Paleontological evidence directs attention
to four main stocks of Devonian-through-
Triassic curved to coiled nautiloids, all of
which became extinct by the close of the
Triassic (Fig. 280). The post-Triassic nau-
tiloids form an additional homogeneous
unit. Two of the Paleozoic stocks can be
tied directly or indirectly to the Oncocerida.
The two remaining stocks are judged to
have the same origin (through the Ruto-

1 Application of the Law of Priority has necessitated
changes in nomenclature in four out of five nautilid super-
families. The Tainocerataceae are essentially the ‘‘rutoceratid
stock,'” whereas the Trigonocerataceae correspond closely to
the Centroceratida of Frowrr & KummeL. The Clydenau-
tilaceae are the ‘‘liroceratids” and the Aipocerataceae the
‘“‘solenochilids’’ of earlier, and even more recent, literature.
The reasons for these nomenclatural adjustments will be
apparent from the systematic descriptions of the super-
families.

Cephalopoda—Nautiloidea

ceratidae) not so much on the basis of any
direct evidence as from a lack of any other
known potential ancestral group. Any sys-
tem of classification should reflect as nearly
as possible an actual or inferred phylogeny.
In the case at hand it seems inescapable
that we are dealing with a fairly homo-
geneous group of families, each of which
represents distinct adaptive trends. Over.
emphasis on the differences between the
main stocks only tends to obscure the over-
all similarity and probable common origin
of the groups. It 1s for this reason that I
advocate that all these groups of Devonian-
to-Recent coiled nautiloids should be placed
in a single order, Nautilida. Each of the
main evolving stocks, then, can be grouped
as a superfamily, namely the Tainocerata-
ceae, Trigonocerataceae, Aipocerataceae,
Clydonautilaceae, and Nautilaceae. Each of
these superfamilies are morphologically dis-
tinct, and, in spite of numerous cases of
homeomorphy, it is generally possible to
assign families and genera on the basis of
fundamental conch patterns and geologic
distribution.

Within the better-studied families of the
Nautilida one can recognize one, or at times
two, genera with a basic conch pattern that
is generally simple and unspecialized in
any way. These genera are the longest-
ranging of any in the family, have the
largest number of described species, and the
greatest geographic distribution. The large
numbers of “species” I interpret as merely
a reflection of their greater abundance. The
evolutionary history of these genera shows
only slow change in general. Most of the
remaining genera within the family groups
can most easily be understood as offshoots
of the main evolving line. These offshoots
generally differ from the parent stock in
only one feature, or, less commonly, two

Fic. 280. (Facing page.) Phylogeny of the Nautilida (Kummel, n).

1 L.Perm. instead of U.Perm.

1. Rutoceratidae 9. Permoceratidae® 16. Solenochilidae

2. Tetragonoceratidae 10. Syringonautilidae 17. Nautilidae

3. Tainoceratidae 11. Liroceratidae 18. Paracenoceratidae
4. Rhiphaeoceratidae 12. Ephippioceratidae 19. Pseudonautilidae
5. Koninckioceratidae 13. Clydonautilidae 20. Cymatoceratidae
6. Centroceratidae 14. Gonionautilidae 21. Hercoglossidae
7. Trigonoceratidae 15. Siberionautilidae 22. Aturiidae

8. Grypoceratidae
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characters. It is generally expressed by the
addition of some ornamentational feature,
by a tendency toward greater involution or
toward greater compression, or by modifi-
cation of the sutures. As a general rule,
genera derived from the main evolving
stock have few species and restricted geo-
graphic distributions.

The principal criteria useful for estab-
lishing affinities between genera and be-
tween families are (1) conch pattern, which
includes shape of whorls, degree of involu-
tion, nature of sutures, presence or absence
of ornamentation, (2) stratigraphic range,
and (3) ontogeny. None of these criteria
can be used singly, but one must balance
the data in terms of the whole. Elaboration
of these points will be made in discussions
of each superfamily group.

Before proceeding it is desirable to notice
recent arrangements of nautilid families
published by other authors.

A most significant contribution to the
systematics of the Nautilida has been made
by V. N. Suimanskiy (1957). In his scheme
this order is divided into five suborders and
11 superfamilies as follows (numbers in
parentheses preceding family names corre-
spond to numbers shown in Figure 281):

Classification of Nautilida by Shimanskiy

Order NAUTILIDA
Suborder RUTOCERATINA
Superfamily Rutocerataceae
(1) Rutoceratidae HyarT, 1884
(2) Neptunoceratidae SHIMANsK1Y, 1957
Superfamily Solenochilaceae
(3) Litogyroceratidae SHimansk1y, 1957
(4) Solenochilidae HyatT, 1893
(5) Scyphoceratidae RuzHENTSEV & SHIMAN-
sK1y, 1954
(6) Dentoceratidae RUZHENTSEV & SHIMAN-
sK1Y, 1954
Suborder TAINOCERATINA
Superfamily Tainocerataceae
(7) Tetragonoceratidae FLower, 1945
(8) Mosquoceratidae RUZHENTSEV & SHIMAN-
sk1y, 1954
(9) Tainoceratidae HyatT, 1883
(10) Pleuronautilidae HyatT in ZrtTEL, 1900
Superfamily Encoilocerataceae
(11) Encoiloceratidae SHiMANsK1Y & ERLANGER,
1955
Superfamily Temnocheilaceae
(12) Temnocheilidae Moysisovics, 1902
(13) Gzheloceratidae RUZHENTSEV & SHIMAN-
sk1y, 1954

Cephalopoda—Nautiloidea

Superfamily Rhiphaeocerataceae
(14) Rhiphaeoceratidae RUZHENTSEV & SHinAN-
sK1y, 1954
(15) Actubonautilidae RuzHENTSEV & SHIMAN-
sKI1Y, 1954
Suborder CENTROCERATINA
Superfamily Tribolocerataceae
(16) Triboloceratidae HyatT, 1884
Superfamily Centrocerataceae
(17) Centroceratidae HyatTt in ZiT1EL, 1900
(18) Thrincoceratidae RUzZHENTSEV & SHIMAN-

sK1y, 1954

(19) Permoceratidae MiLLER & CoLLINSON,
1953

(20) Domatoceratidae MiLLEr & Youncquist,
1949

(21) Grypoceratidae HyarT in Zir1EL, 1900
(22) Syringonautilidae Moysisovics, 1902
Suborder LirocEraTINA
Superfamily Lirocerataceae
(23) Koninckioceratidae HyatT, 1893
(24) Liroceratidae MiLLER & Youxcoutst, 1949
(25) Ephippioceratidae MiLLER & Youncquist,
1949
(26) Paranautilidae Kunmner, 1950
Superfamily Clydonautilaceae
(27) Gonionautilidae Kuainmer, 1950
(28) Siberionautilidae Porov, 1951
(29) Pseudonautilidae HyatT in Z1TTEL, 1900
(30) Clydonautilidae Hyatt in Zi17EL, 1900
Suborder NauTIiLiNA
Superfamily Nautilaceae
(31) Nautilidae p'OreiGNY,
BrAINVILLE, 1825]
(32) Hercoglossidae SeatH, 1927
(33) Awridae Hvarr, 1894 [recte Aturiidae
HyatT, 1894)
(34) Cymatoceratidae SeaTn, 1927
SHiMmANsk1y outlined the basis for recog-
nizing the larger systematic units as fol-
lows: (1) basic morphological distinctness,
(2) differing ontogenetic development as
seen in related and co-ordinated groups,
(3) chronological distinctness or interrela-
tedness, (4) specialized paths of develop-
ment for the group as a whole. SHiMaN-
ski1’s phylogenetic diagram showing his
interpretation of the interrelationships of
the families (Fig. 281) differs from mine
(Fig. 280) in a number of significant areas.
SuiMaNskIY’s scheme includes five sub-
orders, 11 superfamilies, and 34 families,
whereas my arrangement recognizes only
five superfamilies and 24 families. The
superfamilies of my classification are com-
parable to Smimanskiv’s suborders; reduc-
tion in the number of families results from
placing many in synonymy.

1840

{recte DE
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Multiplication of taxonomic units tends
to obscure relationships.

Conversely, as illustrated in WIEDEMANN’S
(1960) classification of a large assemblage

of Cretaceous nautiloids from Spain, too
inclusive grouping together of forms also
obscures significant distinctions and rela-
tionships. WiEDEMANN concluded that only

31
Neog.
Paleog.
NAUTILINA
Cret.
29
Jur. '},o
— 262755
A
Trias. i 30
"
"
Perm. 8 6 s
4
'
A
n 1
Carb. ",' :
'!'I ’
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)
Dev.

N\ [ y

= N AN 7277
TAINOCERATINA  CENTROCERATINA RUTOCERATINA LIROCERATINA
Fic. 281. Phylogeny of the Nautilida as interpreted by V. N. SHIMANSKIY. Suborders are distinguished

by patterns and numbers serve for identification of families as given in the list showing SHiMaNskiY's classi-
fication of Nautilida (166).
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suture patterns are trustworthy guides for
classification and thus he assigned to the
subfamily Nautilinae Hercoglossa and
Aturia, as well as Nautilus and other Nau-
tilidae.

PHYLOGENY

In essence, the evolutionary history of
curved and coiled nautiloids from Devonian
to Recent is marked by the differentiation
of four well-defined stocks of Devonian-
through-Triassic age; followed by near ex-
tinction of all toward the close of the Trias-
sic, and then a renewed but weak radia-
tion in the Jurassic encompassing the super-
family Nautilaceae (113, 115) (Fig. 280).

The Devonian-through-Triassic stocks are
each characterized by their own basic conch
form. Smooth, convolute to involute shells
with straight-to-highly-sinuous sutures typi-
fy the Clydonautilaceae. Straight-to-curved
or loosely coiled, evolute shells with wings,
frills, spines, nodes, or ribs are characteristic
of the Tainocerataceae. Evolute-to-involute,
generally compressed conchs, mostly unor-
namented, distinguish the Trigonocera-
taceae. Finally, the shells with siphuncles
in extreme ventral position are set apart in
the Aipocerataceae.

The post-Triassic nautiloids exhibit con-
siderable adaptive variation in conch shape,
size, suture pattern, and surface characters
but clearly are a closely related stock classi-
fied as the superfamily Nautilaceae.

TAINOCERATACEAE

The stem from which most, if not all, of
the Devonian-to-Triassic nautiloids are de-
rived is the family Rutoceratidae. This
group, summarized by FLower (32, 42), is
mainly of Devonian age (Fig. 282) and
comprises, for the most part, gyrocones with
depressed sections, simple sutures, and sur-
face ornament consisting of wings, spines,
nodes, ribs, and varices. Within the family
are forms with tightly coiled conchs (e.g.,
Anomaloceras, M.Dev.), and others which
are nearly straight (e.g., Casteroceras, M.
Dev.; Tylorthoceras, M.Dev.), and forms
with torticonic coiling (e.g., Trochoceras,
LDev-M.Dev.). In most genera the si-
phuncle is tubular and ventral in position.
A few of the more primitive conchs have

Cephalopoda—Nautiloidea

cyrtochoanitic siphuncles, some even con-
taining actinosiphonate deposits. These
have been interpreted by FrowEer (42, p.
254) as relict features retained from their
ancestors in the Oncocerida. The family
contains a heterogeneous group of 23 gen.
era.

The Tetragonoceratidae are a small fam-
ily of only three genera ranging from gyro-
cones to coiled shells with slight impressed
zones. The whorl section is mostly tetra-
gonal, with a narrow dorsum and wider
venter (Fig. 282,K,N). Nodes may develop
on the flanks and shoulders. FLower &
KumMEeL (49) believed that the group was
derived from Hercoceras (M.Dev.) of the
Rutoceratidae and gave rise to the Centro-
ceratidae (42).

Probably the most abundant and wide-
spread of the late Paleozoic coiled nautiloids
are members of the Tainoceratidae. This
family is characterized by generally evolute
conchs with ornamentation consisting of
nodes, ribs, or spines and with sutures char-
acterized by shallow lobes. The facility of
making taxonomic separations largely based
on shell ornamentation has led to intro-
duction of an excessive number of taino-
ceratid generic and specific names. The
group has been thoroughly reviewed by
me (113) and recently has received much
attention from RUZHENTSEV & SHIMANSKIY
(153) and Smimanskiy (166). It is in this
nautiloid assemblage that greatest diverg-
ence of views is encountered.

One of the principal factors which has
led SmiManskry to increase greatly the
number of taxa in this group is his thesis
that nature of the embryonic whorl is the
most critical indicator of phylogenetic rela-
tionships. The rigidity with which this
concept is applied by its author to classifi-
cation leads to the grouping together of
quite diverse forms, on the one hand, and
more seriously, to wide separation of other-
wise obviously closely related forms, on the
other. Countless attempts have been made
to set up systematic schemes among the
cephalopods on the basis of a single char-
acter; needless to say all have failed.

Our knowledge of the embryology and
earliest growth stages of modern Nautilus
is extremely limited. It is known only from
observations by WiLLey (209, 210), which
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Fic. 282. Whorl sections of representative genera of the Rutoceratidae and Tetragonoceratidae.
pl. 9, fig.
(0’ARcHalc & pe VERNEUIL) (1842, pl. 28, fig. 52); height, 31 mm.
D. Homoadelphoceras devonicans (BaRraNDE) (1866,
E. Halloceras undularum (Havrr) (1879, pl. 53, fig. 4); height, 30 mm.
F.Hercoceras mirum (Barranpe) (1854, pl. 43, fig. 3); height, 23 mm.
alatum (Barranbe) (1865, pl. 44, fig. 13); height, 18 mm.
1. Pleuroncoceras nodosa (Bronn) (1837, pl. 1, fig. 4b);
]. Tetranodoceras transversum (HarL) (after Flower, 1936, fig. 2); height, 17 mm.——
K. Nassattoceras subtuberculatus (SANDBERGER & SANDBERGER) (1852, pl. 12, fig. 3d); height, 30 mm.
L. Goldringia cyclops (HaLr) (1879, pl. 104; fig. 2); height, 49 mm.

Hindeoceras canadense (WHiTEAVES) (1891,

Barranpe (1870, pl. 459, fig. 5); height, 38 mm.
pl. 240, fig. 17); height, 19 mm.
(deformed).

(after Hyatt, 1894, pl. 8, fig. 16); height, 10 mm.
height, 17 mm.

@
@
Rl
) UJ

A.
1b); height, 38 mm. B. Rutoceras ornatus
C. Adelphoceras bohemicum

G. Ptenoceras
H. Anomaloceras anomalum (BARRANDE)

M. Ptyssoceras alienum (Bar-

RaNDE) (1866, pl. 127, fig. 3); height, 22 mm.——N. Tetragonoceras gracile (WHiTeaves) (1891, pl. 8,
fig. 26); height, 15 mm. (Kummel, n).

S1ENZEL has summarized in the chapter on
“Living Nautilus.” The first volution is
supposed to originate during the develop—
ment inside the egg. The differences in this
embryonic stage are in the degree of curva-
ture or coiling of the first volution. Encotlo-
ceras (U.Trias.), a ribbed nautiloid -from
the Alps and probably Hungary, has the
largest umbilical performation of any
known Triassic nautiloid. This genus has
been considered by most authors to be no

more than another ribbed nautiloid related
to Pleuronautilus (Perm.-Trias.). SHIMAN-
skry (166), on the other hand, has intro-
duced 2 new family and superfamily for
this one genus and species on the basis of
its widely umbilicate first volution. The
Gzheloceratidae and Mosquoceratidae, both
of RuzHEnTsEv & SHimanskiy (153) are
composed of forms with the typical conch
pattern and ornamentation of the Taino-
ceratidae and Koninckioceratidae, but ac-
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cording to their authors they show slight
differences in size and shape of the first
volutions.

It is difficult to accept size and shape of
the first volution as a principal criterion for
definition of families and for indicating
evolutionary affinities. Owing to almost
complete lack of knowledge of this growth
stage in modern Nautilus and general
sparseness of such data relating to fossil
nautiloids, we have no measure of how
much intrageneric or intraspecific variation
should be expected. It is well known that
among ammonoids and other invertebrate
groups the amount of variation can be just
as great in juvenile or embryonic stages as
in mature stages. The effects on the devel-
oping shell of temperature, depth of water,
salinity, turbulence, size of the egg, amount
of yolk, and feeding habits of the female
are completely unknown, but one would
suspect that they have some bearing on
the problem.

The multiplication of genera in the
Tainoceratidae results mainly from using
ornamentation as the main criterion for
separation of genera. It is true that upper
Paleozoic and Triassic nautiloids seldom
appear in the fossil record in such large
numbers as the ammonoids, and that studies
on variation of nautiloids, therefore, are
seldom possible; at the same time most stu-
dents of the group are reluctant to stray
beyond a strictly typological approach. Ex-
amination of a large number of specimens
and synthesis of world literature on the
group permits recognition of two principal
evolutionary lines within the family. The
first, exemplified by Mezacoceras (Penn.-
Perm.) and Mojsvaroceras (Trias.), is char-
acterized by forms with subquadrate conchs
and nodes on the ventral or umbilical shoul-
ders or both; the second group, exemplified
by Pleuronautilus, has ribs as its main orna-
mentational feature. All remaining mem-
bers of the Tainoceratidae can best be un-
derstood as offshoots of these two main
evolutionary lines.

Metacoceras has the same relationship to
Mojsvaroceras as Domatoceras (Penn.-
Perm.) has to Grypoceras (Trias.) of the
Grypoceratidae. Mojsvaroceras is a direct
descendant of Meracoceras, differing only
in the presence of an annular lobe and a
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tendency towards greater involution. More
than 50 species have been assigned to Meta-
coceras, the principal criterion for their dif-
ferentiation being the nature of ornamenta-
tion. As one would expect, the nodes vary
in shape, size, numbers, and prominence.
Distinction of species on the basis of slight
differences in nodes is highly questionable;
when the same criterion is used for separa-
tion of genera it is even more unrealistic.
An example of such procedures is fur-
nished by the Mosquoceratidae RuzuenTsev
& Suimanskiy (153) in which the authors
include three new genera, Mosquoceras,
Leonardocheilus, and Articheilus. These
were separated from the Tainoceratidae be-
cause the embryonic chamber is “large,
thick, and rapidly expanding,” in contrast
to a “smaller” embryonic chamber in mem-
bers of the Tainoceratidae. Adult individ-
uals, however, are difficult to distinguish
from other well-known genera, except that
the nodes are longitudinal-oblong, rather
than rounded or pyramidal as in the Taino-
ceratidae. This distinction in form of nodes
is found to be utterly without significance
when one examines the range of variations
within and between the more common gen-
era and species of the Tainoceratidae. Mos-
quoceras is a synonym of Metacoceras.
Leonardocheilus was introduced by Ruzr-
ENTSEV & SHIMANsk1Y (153) for Temno-
cheilus inaequilaterale MiLLEr & YouNc-
QuisT (136)—the type and only species as-
signed to the genus—from the Leonard
Formation, Glass Mountains, Texas. The
single specimen upon which this species
was established has nodes on only one side
of the conch and is clearly a pathological
specimen, as suggested by MILLER &
Younceuist (136, p. 95). Leonardocheilus
is a synonym of Temnocheilus (Miss-
Perm.) of the Koninckioceratidae. Finally
Articheilus, another monotypic form, is
based on a species that can be accommo-
dated very well in the genus Temnocheslus.

The remaining members of the nodose
Tainoceratidae maintain the basic conch
pattern of Metacoceras and Mojsvaroceras
but have additional or modified features of
ornamentation (Fig. 283). Conchs include
forms with a double row of nodes on the
venter (Tainoceras, Perm.-Trias.), longi-
tudinal ribs on the venter (Aulametaco-
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Fic. 283. Whorl sections of representative genera of the Tainoceratidae.

(1891, fig. 35); height, 43 mm.
34 mm.

1B); height, 10 mm.
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A. Metacoceras dubium Hyatt

B. Tainoceras wyomingense MiLLER & THomas (1936, fig. 3A); height,
C. Tainionautilus transitorius (Waacen) (1879, pl. 6, fig. 4); height, 38 mm.
metacoceras mckeei MILLER & UNKLEsBaY (1942, fig. 1A); diameter, ca. 185 mm.
crux (Stacue) (1877, pl. 6, fig. 1c); height, 26 mm.

D. Aula-
E. Tirolonautilus
F. Cooperoceras texanum MiLLEr (1945, fig.

G. Thuringionautilus jugatonodosus (ZIMMERMANN) (1892, pl. 27); height, 52

mm.——H. Germanonautilus breuneri (Hauer) (after Mojsisovics, 1902, pl. 9, fig. 2b); diameter, 118

mm.

——I. Pleuronautilus trinodosus Moysisovics (1882, pl. 85, fig. 1b); diameter, 90 mm.
nautilus subgemmatus Moysisovics (1882, pl. 85, fig. 2b); diameter, 24 mm.

]. Trachy-
K. Anoploceras ampez-

zanus (Lorerz) (after Mojsisovics, 1882, pl. 84, fig. 1c); diameter, 102 mm.——L. Phaedrysmocheilus
subaratus (KEYSERLING) (after Mojsisovics, 1886, pl. 16, fig. 1b); diameter, 52 mm.——M. Holconautilus

semicostatus (Beyricn) (after Mojsisovics, 1882, pl. 86, fig. 1b); diameter, 92 mm.
superbus (Moysisovics) (1873, pl. 4, fig. 1b); diameter, 97 mm.
P. Phloioceras gemmatum Mojysisovics (1873, pl. 3, fig. 1b);

(1902, pl. 10, fig. 1b); diameter, 127 mm.

N. Encoiloceras
0. Enoploceras wulfeni Mojysisovics

diameter, 140 mm. (Kummel, n).

ceras, M.Perm.-U.Trias.), concave venters
aligned by retrograde ribs and sinuous
longitudinal nodes on the ventral shoulder
(Tirolonausilus, U.Perm.), rows of nodes
on the venter and lateral area ( Tylonautilus,
L.Carb.-Perm.), complete loss of ornament-
ation (Germanonautilus, Trias.), unusually

large spines (Cooperoceras, L.Perm.), and
a sulcus on the venter (Thuringionautilus,
U.Trias.).

The ribbed genera of the Tainoceratidae
are best understood as offshoots of Pleuro-
nautilus. Here again the presence or ab-
sence of ribs, and where present, their pat-
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tern, direction, and strength, are extremely
variable. Several attempts have been made
to separate as distinct genera forms with
what appear to be distinctive rib patterns.
All such attempts merely tend to confuse
and hide a rather simple basic adaptive type
of conch with ribs as the main form of
ornamentation.

All ribbed Permian nautiloids and the
majority of ribbed Triassic conchs, in my
opinion, can be interpreted best as species
of a variable genus, Pleuronautilus. I would
place in the synonymy of Pleuronautilus the
upper Paleozoic forms, Skansinautilus Y ase
& MasuTtt (1935), Huanghoceras GRraBaU
in Yin (1933), Tungkuanoceras Havasara
(1947) and Pseudofoordiceras RUZHENTSEV
& Sumanskiy  (153). Gzheloceras (U.
Carb.-L.Perm.) is like Pleuronautilus but
lacks an annular lobe, and on this basis
probably should be accepted as a separate
genus. Hexagonites Havasaka (1947), Hu-
nanoceras Cuao (9), and Tanchiashanites
CHao (9), all from the Permian of China,
are so inadequately described and illus-
trated that one can only accept them tenta-
tively until further data become available.

The ribbed nautiloids underwent a great
evolutionary radiation in the Triassic. The
new adaptive types were expressed in conchs
with wide umbilici and foldlike ribs (En-
cotloceras), with depressed whorl sections
(Anoploceras), with more quadrate nodose
whorl sections (Enoploceras), with ventral
saddles (Holconautilus), outer whorls be-
coming smooth and ovate (Phaedrysmo-
cheilus), with longitudinal ribs (Phloio-
ceras and Trachynautilus), and with ribs
extending onto the venter ending at a
median sulcus (Tainionautilus) (Fig. 283).
All these Triassic genera are represented by
relatively few species and comprise a fairly
homogeneous group which can best be in-
terpreted as direct or indirect descendants
of Pleuronautilus. Some authors favor
grouping these ribbed forms into a family
called Pleuronautilidae. There may be jus-
tification for this but close relationship to
the nodose Tainoceratidae is thereby ob-
scured. It seems best to keep the ribbed
and nodose forms together in one family
and, if desired, to recognize subfamilies.

One small group of Permian nautiloids
described by RuzuenTsev & Summanskry
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(153) as the family Rhiphaeoceratidae is
most interesting. This assemblage, which
includes four genera known only from
Lower Permian rocks of the southern Urals,
has conchs of quite variable whorl section
which bear ribs and have sutures with a
deep dorsal lobe. It is this last feature, the
deep dorsal lobe, that sets these forms apart.

The second evolutionary line, which
evolved from the Rutoceratidae, can be
most conveniently brought together in the
family Koninckioceratidae. Whereas the
Tainoceratidae have a basic conch pattern
characterized by a subquadrate whorl sec-
tion, and a surface with nodes or ribs or
both, the Koninckioceratidae have de-
pressed, more or less rounded whorl sec-
tions in which the dorsum is usually much
narrower than the venter (Fig. 284). The
maximum width of the whorls varies from
near the ventral area of the conch to about
the mid-position of the whorl section. Orna-
mentation, when present, generally consists
of nodes.

Nine of the 11 genera of the Koninckio-
ceratidae have depressed conchs with maxi-
mum width about midway between the
venter and dorsum. These forms, each
quite distinctive, differ primarily in whorl
shape. Edaphoceras (Miss.) has a lenticular
whorl section with no dorsal impressed
zone; Millkoninckioceras (Miss-Perm.) has
a subelliptical whorl section with a shallow
impressed zone; Lophoceras (L. Carb.) has
subangular flanks and ventral areas, which
on the venter disappear on the mature body
chamber; in Planetoceras (Miss.-Penn.) the
flanks and ventral areas are broadly convex
to flattened. All of the above forms are
smooth, devoid of any ornamentation except
for growth lines. Some related forms with
much the same conch form have ornamen-
tation—for example, Endolobus (U.Miss.-
L.Perm.) has a subelliptical whorl section
with prominent nodes on the flanks; Tylo-
discoceras (Miss.) has much the same pat-
tern, except that, in addition, there is a
conspicuous, broad ventral sulcus; in Val-
hallites (Miss.-L.Perm.) prominent longi-
tudinal striae are present also. Another
group of this assemblage has a more sub-
trapezoidal whorl section, Temnocheilus
being the best example. In this genus the
venter is broad, slightly convex, with sharp-
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ly rounded to angular ventral shoulders
bearing nodes, and convex flanks which
converge toward the dorsum. Knightoceras
(U.Miss.-Penn.) has much the same conch
pattern but lacks nodes. Subvestinautilus
(L.Carb.) is another nontuberculate kon-
inckioceratid. Foordiceras (Perm.) has a
temnocheilid conch with ribs on the flanks
that terminate at nodes on the ventral shoul-
ders.

The unsettled and as yet tentative nature
of classification of the Nautilida is nowhere
better illustrated than in the Koninckiocera-
tidae in which 11 genera are brought to-
gether. SHimanskiy (166) placed these
same 11 genera in seven families, six super-
families, and four suborders. In the Kon-
inckioceratidae SHiMmanskiy places Konin-
ckioceras, Lophoceras, and, with doubt,
Planetoceras and Potoceras; he put the fam-
ily in his superfamily Lirocerataceae. This
unusual procedure is apparently based on
the assumption that Potoceras is of Devon-
ian age and the predecessor of both the
Liroceratidae and Koninckioceratidae. As
pointed out in discussion of the Clydonaut-
ilaceae, Potoceras, Late Devonian or Early
Carboniferous age, is no more than a
slightly evolute Liroceras (Miss.-Perm.)
with no similarity to any member of
the Koninckioceratidae as recognized here.
All the Koninckioceratidae are evolute
forms with broad, open umbilici, whereas
the Trigonocerataceae are typically tightly
involute, globular conchs, completely dif-
ferent adaptive types.

Librovitschiceras Suimanskry (166) was
placed by its author in the family Litogyro-
ceratidae (a subjective synonym of Ruto-
ceratidae), suborder Rutoceratina, but
Knightoceras was placed in the Tribolo-
ceratidae (=Trigonoceratidae), suborder
Centroceratina. These two genera differ
really only in position of the siphuncle,
that in Librovitschiceras being close to the
venter, but not marginal as in Litogyroceras
(M.Dev.); the siphuncle of Knightoceras is
generally reported to be more or less cen-
tr_all in position. Without doubt, Libro-
vitchiceras is a synonym of Knightoceras.
Librovitschiceras is monotypic, and my rec-
ords show seven species assigned to Knight-
oceras from Pennsylvanian and Permian
rocks of Russia and North America. In
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Fic. 284. Whorl sections of representative genera
of the Koninckioceratidae. A. Knightoceras
kempae MiLLER & Youncquist (1949, fig. 4);
height, 12 mm. B. Tylodiscoceras nosow: CoL-
LinsoN (1956, fig. 2A); diameter, 250 mm. C.
Edaphoceras niotensis (MEzk & WorTHEN) (1873,
fig. 3); height, 17 mm. D. Millkominckioceras
konincki (MiLLer & Kemp) (after deKoninck,
1878, p. 105); height, 40 mm. E. Temnochetlus
sp. MiLLer & Owen (1934, fig. 2B); height, 24
mm. F. Tylodiscoceras nosowi CoLLINsON (1956,
fig. 2B); diameter, 145 mm. G. Subvestinau-
tilus crassimarginatus (Foorp) (1900, pl. 22, fig.
5¢); diameter, 115 mm. H. Lophoceras penta-
gonus (Sowersy) (after deKoninck, 1878, pl. 13,
fig. 5b); height, 52 mm. (Kummel, n).

species of Knightoceras the position of the
siphuncle is “subcentral,” where known,
more often closer to the venter than dor-
sum. In Knightoceras kempae MILLER &
Youncouist (136) from the Lower Per-
mian of Texas, the conch is 12 mm. high
and the siphuncle is 2.5 mm. from the ven-
ter (21 percent of whorl height). In the
type and only species of Librovitschiceras,
Nautilus atuberculatus TsveTaeva, 1888, at
a conch height of 20 mm. the siphuncle is
3 mm. from the venter (15 percent of
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whorl height). Here is a case in which
two genera are placed, on one hand, in two
different suborders and, on the other, are
considered to be synonyms.

Tylodiscoceras is known from only three
specimens, assigned to two species, from
the Mississippian of Kentucky. MILLER &
Corrinson (125), authors of the genus, did
not dwell at length on its relationships. At
that time the authors had only one speci-
men. Later CorLinson (11) studied an
additional specimen of the type-species and
described another species, T. nosow:, in
which the ventral depressed zone is devel-
oped only on the mature part of the conch,
which “may be taken to indicate that T.
nosow: is more primitive than the geno-
type and that Tylodiscoceras arose from
Endolobus” (Fig. 283,B,C). With this con-
clusion I am in complete agreement. Tylo-
discoceras is nothing more than an Endolo-
bus with a ventral furrow, yet SHIMANSKIY
placed these genera in separate superfam-
ilies (Tylodiscoceras in the Tainocerataceae
and Endolobus in the Temnocheilaceae).
Two monotypic genera from the Permian
of the southern Urals are considered to be
synonyms of Endolobus; these are Heureko-
ceras RuzHENTSEV & SHimanskry (153),
family Gzheloceratidae, and Actubonautilus
RuzHeEnTsEV & SHiManskry (153), family
Actubonautilidae.

CLYDONAUTILACEAE

The origin of the Clydonautilaceae is
still unknown. Frower & Kummer (37,
Fig. 1) suggested an ancestry in the Bar-
randeocerida but cited no evidence to sup-
port this suggestion. Later, FLower (42)
concluded that “while it is not impossible
that the dominantly late Paleozoic Liro-
ceratidae and their derivatives may have
developed from this general stock (Bar-
randeoceratida), as yet no close connection
can be found. It is necessary to turn to other
stocks of the nautiloids to find the origin
of the dominant groups of younger coiled
cephalopods.” SHiManskiy (166) suggested
that the origin of this stock lies within his
family Litogyroceratidae, pointing to simi-
larities in shell structure of the Devonian
Anomaloceras and  Potoceras, which
Frower (40, p. 521) considered to be the
first representative of the Liroceratidae. To

Cephalopoda—Nautiloidea

some extent Syrreghmatoceras, referred by
Suimanskiy to the Litogyroceratidae, shares
in these similarities. Potoceras recently has
been illustrated for the first time and re-
described by me (KummeL, 1962). Hyarr’s
type-specimen, which is the only one
known, is unaccompanied by record of its
source but is thought probably to have come
from the Iberger Kalk (U.Dev.) of Ger-
many or possibly from Viséan (L.Carb.)
rocks of Belgium.

At any rate, Potoceras is nothing more
than a slightly evolute Liroceras. Whether
it is the oldest representative of the Liro-
ceratidae is doubtful. It is difficule to
visualize Anomaloceras, with its off-center
siphuncle, as ancestral to the Liroceratidae.

Evolutionary radiation within the Cly-
donautilaceae is expressed by modifications
of the involute, smooth conch and elabora-
tion of the suture patterns. The Lirocera-
tidae are a longlived stock, appearing in
the Lower Carboniferous, or possibly Dev-
onian, and dying out toward the close of
the Triassic Period. The smooth, tightly in-
volute, essentially straight-sutured Liroceras
(L.Carb.-Perm.), which is the most com-
mon and widely distributed genus is in-
terpreted as the main evolving stock (Fig.
285,]). No distinct pattern of change in
conch shape is recognizable throughout its
geologic range.

The Triassic Paranautilus is identical
with Liroceras except for a tendency to de-
velop a more compressed conch; it is a
direct evolutionary continuation of the late
Paleozoic Liroceras (Fig. 285,L).

Other members of the Liroceratidae are
distinguished mainly by slight modifica-
tions of conch form. Hemiliroceras (L.
Perm.), Potoceras (?U.Dev.-?L.Carb.), and
Bistrialites (L. Carb.) are more evolute
than Liroceras and have deep umbilici. The
first two are quite similar in conch form,
but the sutures of Hemiliroceras have a
deep dorsal lobe, that is lacking in Poso-
ceras (Fig. 285,0). Bistrialites has spiral
lines in the region of the umbilical shoul-
ders. Three species of Bistrialites are
known, two of Hemiliroceras, and only one
of Pozoceras. Exceptionally rapid expan-
sion of the whorls occurred twice in the
history of the Liroceratidae. Permonauntilus
(U.Perm.) has, in addition to a rapidly ex-
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Fic. 285. Whorl sections of representative genera of the Clydonautilaceae.
Moysisovics (1873, pl. 14, fig. 7b); diameter, 74 mm.
(1896, pl. 22, fig. 1b); diameter, 87 mm. C. Clydonautilus biangularis Mojysisovics (1896, pl. 22,
fig. 2b); diameter, 83 mm. D. Callatonautilus turgidus KiesLincer (1927, pl. 5, fig. 1b); diameter,
108 mm.——E. Gonionautilus securis (DirTmaRr) (after Mojsisovics, 1902, pl. 1, fig. 1b); diameter, 108

A. Styrionautilus styriacus
B. Proclydonautilus griesbachi Mojsisovics

mm.——H. Sibyllonautilus fergusoni KummeL (1953, fig. 37); diameter, 49 mm.——I. Hemiliroceras in-
MCZ 8806); height, 12 mm. G. Indonautilus kraffti Moysisovics (1896, pl. 21, fig. 2b); diameter, 48
mm.——H. Sibyllonautilus fergusoni KummeL (1953, fig. 37); diameter, 48 mm.———I. Hemiliroceras in-
flatum RuzmeNTsEv & Smimanskiy (1954, pl. 12, fig. 2a); diameter, 35 mm.——]. Liroceras liratum

(GrTY) (after Miller, Dunbar, & Condra, 1937, pl. 6, fig. 3); diameter, 29 mm.——K. Permonautilus
cornutus (GOLQVKINSKY) (after Miller & Youngquist, 1949, pl. 54, fig. 1); diameter, 103 mm. L. Para-
nautilus simonyi (HauEer) (after Mojsisovics, 1902, pl. 1, fig. 2b); diameter, 76 mm. (Kummel, n).

panding conch, long spines formed by
greatly extended umbilical shoulders (Fig.
285K). Sibyllonautilus (M.Trias.-U.Trias.)
(Fig. 285, H) is a form with greatly ex-
panded conch but without spines. Coelo-
gasteroceras (Penn.-Perm.) is characterized
by a median sulcus on the venter. The
slightly evolute Peripetoceras (U.Miss.-
Perm.) and tightly involute Indonautilus
(M.Trias.-U.Trias.) have flattened ventral
and lateral areas (Fig. 285,F,G). Finally,
Condraoceras (Penn-L.Perm.) may be
thought of as a compressed Liroceras. It is
of special significance that only Liroceras

and its successor Paranautilus are fairly well
represented in the fossil record and nearly
world-wide in distribution; other genera of
the family being known only from few
species or monotypic and much more re-
stricted both geographically and in geologic
range.

The Ephippioceratidae maintain the basic
conch form of Liroceras but the sutures are
modified in the ventral area. Ephippioceras
(Miss.-L.Perm.) has a V-shaped ventral
saddle, Megaglossoceras (Penn.) a broad,
tongue-shaped ventral saddle (Fig. 286,
F.H). Ephippioceras is fairly well repre-
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sented in Mississippian through Permian
strata in North America, Europe and China.
Megaglossoceras is only known from Penn-
sylvanian strata of the United States.

In the Late Triassic three stocks that
evolved from the Liroceratidae (Paranau-
tilus) attained the highest elaboration in
suture of any known nautiloids. These are
the families Clydonautilidae, Gonionautili-
dae and Siberionautilidae; they are included
by SuiManskiy (166) in his superfamily
Clydonautilaceae distinguished from his
superfamily Lirocerataceae on the basis of
more elaborate sutures observed in the first-
mentioned group. No question arises as
to close relationship of these groups, for
the clydonautilids, gonionautilids, and
siberionautilids clearly were derived from
the liroceratids. Here all are placed in a
single superfamily, which on the basis of
priority (publication date of the first-pro-
posed among included families) must bear
the name Clydonautilaceae.

The principal modifications of sutures in
the Clydonautilidae are in the ventral re-
gion. What appears to be a linear series ex-
tends from Styrionautilus (M. Trias-U.
Trias.), with a straight ventral saddle (Fig.
286,E), to Proclydonautilus (U.Trias.),
which has a lobe in the ventral saddle (Fig.
286,D), and Clydonautilus (U.Trias.),
which has a small saddle in the lobe of the
ventral saddle (Fig. 286,C). The basic
pattern of the suture is maintained in each
of these genera, although it is accompani-
ed by considerable variation in the shape of
the conch (113). Cosmonautilus (U.
Trias.) and Callaionautilus (U.Trias.) have
sutures like that of Proclydonautilus, but in
addition have nodes on ventral shoulders
on early volutions of the conch that grad-
ually disappear on the mature volutions. In
Callaionautilus a median keel with large

Fic. 286. Sutures of representative genera of the
Clydonautilaceae. A. Siberionautilus multiloba-
tus Porov (1951, fig. 2a). B. Clydonautilus nori-
cus Mojysisovics (1873, pl. 11, fig. 2). C. C.
biangularis Moysisovics (1896, pl. 22, fig. 2C).——
D. Proclydonautilus griesbachi (Mogsisovics) (1896,
pl. 22, fig. lc). E. Styrionautilus discoidalis
(WeLter) (1914, pl. 31, fig. 8). F. Megaglos-
soceras pristinum MILLER & Owen (1934, fig. 1C).
G. Ephippioceras ferratum (Cox) (after Mil-
ler & Owen, 1934, fig. 1A) (Kummel, n).
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nodes develops on the outer volution. These
are the only two genera in the Clydonautila-
ceae that have ornamentation; in every other
morphological feature they are intimately
related to Proclydonautilus and similar
forms. It is believed completely wrong to
interpret these nodes as indicating any rela-
tionship with the Tainoceratidae. Gonio-
nautilus and Siberionautilus are known
from only one and two species respectively
and their sutures represent the acme in
sutural development among the nautiloids
(Fig. 286, 4,B).

Elaborate sutures are found in only a few
other late Paleozoic-to-Recent nautiloid
stocks. Among the Tainocerataceae the
suture never develops more than shallow
lobes. In the Trigonocerataceae, only the
genus Permoceras (Permoceratidae), a
monotypic form from the Upper Permian
of Timor, has a highly differentiated suture
with a deep V-shaped ventral lobe and lat-
eral lobe. This suture is remarkably simi-
lar to that of the Upper Jurassic Pseudo-
nautilus. This last genus is the name-giver
of the family Pseudonautilidae and is be-
lieved to represent a stock that evolved from
Cenoceras in the Middle Jurassic. SHIMAN-
skry (166) placed this family in the Clydo-
nautilaceae, seemingly because a ventral
lobe is developed in the early stages of
Xenocheilus  (UJur.-L.Cret.). The sig-
nificance of this early developed lobe is not
clear to me. SuiManskiy also included
Pseudaganides (Jur.) and Hercoglossoceras

a synonym of Pseudaganides, in my opin-
ion) in the “Hercoglossidae.”

To the best of my knowledge no Rhaetic
nautiloids have yet been recorded. No mem-
ber of the Tainocerataceae survived the
wave of extinctions at the end of the
Triassic, and the same is true of the Trig-
onocerataceae. The nautiloid faunas of the
Lias throughout the world are composed of
forms that in my judgment belong to a
single but highly variable genetic group.
The homogeneity and similarity of all Lias-
sic nautiloids, indeed, is one of the most
remarkable features in the history of this
group. Nearly all Liassic nautiloids are be-
lieved to belong to the genus Cenoceras (U.
Trias-M.Jur.). The variability in this
group is expressed in the sutures, shape of
the conch, degree of involution, and de-
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tails of shell ornamentation (115). The
Paracenoceratidae, Cymatoceratidae, and
Pseudonautilidae are believed to have their
ancestry within the Cenoceras complex. One
of the earliest recognizable radiations from
Cenoceras is the Liassic Pseudaganides
kochi, which belongs to a stock of fairly
wide geographic distribution and abundant
in the geologic record; 37 species of this
genus have been described. Pseudonautilus
(U.Jur-L.Cret.) is most easily understood
as an offshoot of Pseudaganides (Jur.) in
which the sutural elaboration has gone one
step farther. We may interpret the rela-
tionship between Hercoglossa (?L.Cret.,
Paleoc.-Eoc.) and Aturoidea (U.Cret.-Eoc.)
in much the same way.

Sinuosity of the suture developed in iso-
lated cases in other stocks. For example, in
the Cymatoceratidae, Paracymatoceras (U.
Jur.L.Cret.) and Heminautilus (L.Cret.)
have fairly elaborate sutures with promi-
nent lobes and saddles.

Late Cretaceous and Cenozoic nautiloids
with sinuocus sutures are included in the
Hercoglossidae. The gross morphological
features of this family are so similar to
those of the Pseudonautilidae that it is
difficult to recognize significant differences
between them. Their separation rests main-
ly on the fact that the predominantly Juras-
sic Pseudonautilidae can be traced from the
Cenoceras complex, whereas the Hercoglos-
sidae stem from Eutrephoceras (U.Jur.-
Mio.) through Cimomia (U.Jur.-Oligo.),
of the Nautilidae and are mainly late Cre-
taceous and early Cenozoic in age. It is
difficult to avoid the conclusion that they
are heterochronous homeomorphs.

AIPOCERATACEAE

In terms of numbers of genera this is the
smallest superfamily of the Nautilida, as
well as probably the least known. The
group is characterized by ventral position
of the siphuncle, generally smooth conchs,
and nearly straight sutures. Although the
origin of the group is uncertain, the as-
semblage can be best understood as one of
the major lineages of the Nautilida. Only
the genus Solenochilus (Miss.-Perm.) has
been recorded a moderate number of times
in the literature. Aipoceras, Oncodoceras,
and Asymptoceras, all Mississippian, have
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been almost unnoticed since their intro-
duction.

Recently RuzHENTSEV & SHIMANSKIY
(153) described a very interesting and di-
verse Lower Permian fauna of nautiloids
from the southern Urals. In their collec-
tions were unique cyrtoceraconic forms with
reduced phragmocones and large body
chambers; these they placed in a new fam-
ily, named Scyphoceratidae. Another group,
Dentoceratidae, also defined as a new fam-
ily, completely lacks a phragmocone in
mature specimens. The authors understand-
ably expressed doubt as to phylogenetic re-
lations of these assemblages but placed them
close to the Solenochilidae, more for lack
of any other plausible comparable group
than on any firm morphological affinities.

A great amount of additional data is
needed before the Aipocerataceae will be
well understood. Judging, however, from
the over-all shell morphology of the few
known genera I suspect that additional data
will tend to strengthen the proposed rela-
tionship of this superfamily to others of the
Nautilida.

TRIGONOCERATACEAE

The Trigonocerataceae are another long-
ranging superfamily of coiled nautiloids.
Though generally not as abundant as the
Tainocerataceae or Clydonautilaceae, they
do form a significant part of the record from
Devonian through Triassic time and are
believed to be the group from which the
Nautilidae arose. The origin of the as-
semblage, however, is still far from settled.
The leading student of its older representa-
tives has been FLower (49) who suggested
that origin of the group was possibly in the
Tetragonoceratidae. Later, on the basis of
detailed studies of the ontogeny (especially
earliest volution) of Centroceras (M.Dev.),
Frower (40) reaffirmed this suggestion. He
freely admitted, however, that the data
were such as to be open to other interpre-
tations and the question was by no means
settled. After Kummer (114) presented
evidence indicating that the origin of the
Nautilaceae was probably in the Syringo-
nautilidae  (of the Trigonocerataceae),
Frower (42) suggested combining these
two superfamilies (orders in his classifi-
cation).

Cephalopoda—Nautiloidea

In view of the scant nature of the evi-
dence linking the centroceratids with the
rutoceratids, FLower justifiably holds that
the two groups should be kept separate, at
least for the time being. FLowER & TEicHERT
(50) indicated on a diagram separate ori-
gins for the Centrocerataceac (=Trigono-
cerataceae) and Rutocerataceae (=Taino-
cerataceae) from the Oncocerida; SHiMAN-
sk1y (166), on the other hand, appears to
be more certain that his Centroceratina
stem from his Rutoceratina but he presents
no evidence.

The root of the Trigonocerataceae is
the family Centroceratidae, comprising only
five genera, three from the Devonian and
two of Early Carboniferous age. Centro-
ceras appears to be the ancestral form,
having a basic conch pattern from which
various modifications gave rise to other gen-
era of the family. The conch of Centro-
ceras is tarphyceraconic, with no real im-
pressed zone, the whorls tetragonal in sec-
tion, with angular ventral and umbilical
shoulders.

Carlloceras (U.Dev.), a monotypic genus,
is essentially a Centroceras with shightly
impressed zone and somewhat rounded
ventral and umbilical shoulders (Fig. 287,
0). Likewise, Strophiceras (M.Dev.), an-
other genus known only from its type-
species, is little more than a Centroceras in
which the tubercles on the ventral shoul-
ders are prolonged into ribs over the ven-
ter, terminating in pairs of nodes along a
narrow mid-ventral line (Fig. 287,U).
Homaloceras (M.Dev.) is a large cyrtoconic
to gyroconic form that FLower (1952) be-
lieved to be a possible descendant of Cen-
troceras (Fig. 287,T). The two remaining
genera of the Centroceratidae have conch
forms that anticipate the common upper
Paleozoic Domatoceras (Penn.-Perm.) and
Stenopoceras (Penn.-L.Perm.). These are
Diorugoceras (Fig. 287,R) and Phacoceras
(Fig. 287,S), both from the Lower Car-
boniferous of Europe. Much needs to be
done with this family group; three of the
genera (Strophiceras, Carlloceras, and Di-
orugoceras) are known only from the type-
species and the other two from few spccigs,
Centroceras having the greatest geographic
distribution. .

The Trigonoceratidae, aside from being
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Fic. 287. Whorl sections of representative genera of the Centroceratidae, Grypoceratidae, and Syringo-

nautilidae.
138 mm.
128 mm.

-A. Oxynautilus acutus (Hauer) (after Mojsisovics, 1902, pl. 3, fig. 1b); diameter of conch,
B. Juvavionautilus heterophyllus (Hauer) (after Mojsisovics, 1902, pl. 4, fig. 2b); diameter,
C. Gryponautilus galeatus Mojysisovics (1873, pl. 12, fig. 1); diameter, 390 mm.
menonautilus ehrlichi (Moysisovics) (1873, pl. 6, fig. 9b); diameter, 55 mm.

D. Cly-
E. Syringoceras credneri

Mo;s}sowcs (1902, pl. 6, fig. 1b); diameter, 110 mm.——F. Grypoceras mesodicurmn (QUENSTEDT) (after
Mojsisovics, 1873, pl. 8, fig. 1b); diameter, 150 mm.——G. Parastenopoceras khvorovae RUZHENTSEV &

Summanskiy (1954, pl. 9, fig. 4b); diameter, 33.5 mm.
1. Stearoceras simplex (Hyarr) (after Miller & Young-
J. Menuthionautilus kieslingeri (CoLLiNGNON) (1933, fig. 4);

Scl}indewolf, 1954, fig. 52); height, 47 mm.
quist, 1949, fig. 18); height, 68 mm.
height, 55 mm.

(1949, fig. 22A); height, 37 mm.
24 mm.

WhiTEAvEs (1891, pl. 8, fig. 1d); height, 42 mm.

{ K. Domatoceras umbilicatum Hyart (1891, fig. 17); height, 73 mm.
opﬁzonms (Waacen) (1879, pl. 5, fig. 2b); height, 48 mm.
Miller & Unklesbay, 1942, fig. 1J); height, 61 mm.
0. Paradomatoceras applanatum DeLiriNe (1937, fig. 2A); height,

] P. Ca.rlloccras garlandensis FLower & CasTer (1935, pl. 2, fig. 14); height, 14 mm.
Diorugoceras planidorsatum (PortLock) (1843, pl. 35, fig. 1b); diameter, 90 mm.
stomus (PHiLLIPs) (after deKoninck, 1878, pl. 17, fig. 3b); diameter, 68 mm.

H. Virgaloceras noduliferum (REeep) (after

L. Pselioceras
M. Titanoceras ponderosum (MEEk) (after
N. Stenopoceras whitei (MILLER & YOUNGQUIST)

Q.
R. Phacoceras oxy-
S. Homaloceras planatum
T. Strophiceras binodosum (SANDBERGER & SAND-

BERGER) (1852, pl. 12, fig. 4b); height, 37 mm. (Kummel, n).

a puzzle as to origins and history, have led
to a great deal of taxonomic confusion. The
genera now included in this family were
originally included by Hvarr in the Tri-
gonoceratidae Hyarr, 1884, Rineceratidae
Hvarr, 1893, and Triboloceratidae Hyarr,
1884. Combination of these families into

one was first suggested by Frower (49).
Since that time MiLer & Garner (1953)
and SHiMmanskiy (166) have followed the
same procedure. Frower (49) believed
Triboloceratidae to be a preferred name for
the combined family, a procedure followed
by Smimanskiy (166). MILLER & GARNER
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(131), however, presented convincing evi-
dence that Triboloceras Hyatt, 1884, is a
synonym of Vestinautilus Rycknorr, 1852,
and that “the only valid name for this fam-
ily is Rineceratidae Hyarr, 1893.” This is
erroneous since Trigonoceratidae clearly
has priority over Rineceratidae.

The Trigonoceratidae now include 18
genera, of which one (Apogonoceras) is
known from Lower Permian strata of the
southern Urals, the remainder being con-
fined to the Mississippian (Lower Carbonif-
erous) of North America and Europe. The
range of variation in conch form and orna-
ment within the family is very great (Fig.
288). Included are forms with smooth,
compressed evolute conchs (e.g., Aphelae-
ceras, Fig. 288,E, and Mesochasmoceras);
smooth, depressed conchs (e.g., Diodoceras,
Fig. 288,]); strongly lirate conchs with
variable whorl shape (e.g., Apogonoceras,
Discitoceras,  Epistroboceras,  Lispoceras,
Maccoyoceras,  Pararineceras, Rineceras,
Stroboceras, Thrincoceras, Vestinautilus);
loosely coiled conchs, whorls not in contact
(e.g., Chouteanoceras); conchs with nearly
goniatitic sutures (e.g., Subclymenia); and
conchs in which the ornamentation is very
weak (e.g., Leuroceras, Fig. 288,1).

Very little work has been done to date
on the trigonoceratid genera. The hypothe-
sis of a derivation of this family from the
Centroceratidae is based mainly on negative
evidence; no other group is known that
displays positive resemblance.

The principal late Paleozoic and Triassic
descendants of the Centroceratidae are the
Grypoceratidae. Within this family we have
displayed in the clearest possible manner
the existence of a single main evolving
stock, wide in geographic distribution and
large in number of species, from which
forms more specialized in adaptation were
derived.

The upper Paleozoic representative of the
main grypoceratid stock is Domatoceras,
and the Triassic member, which is a direct
evolutionary continuation of Domatoceras,
is Grypoceras. In 1953, 1 suggested that
relationships of these genera are close
enough to warrant classifying Domatoceras
(Hyarr, 1891) as a subgenus of Grypoceras
(Hyarr, 1883). I now believe this to be
undesirable and, even though I strongly

Cephalopoda—Nautiloidea

maintain the close and special relationships
of these two forms, treat them as separate
genera.

Domatoceras 1s an abundant nautiloid in
late Paleozoic rocks and is practically world-
wide in distribution. It shows a great range
of variation in the Pennsylvanian and Per-
mian, but the variations appear to be ran-
dom, lacking stratigraphic significance. As
previously mentioned, Grypoceras is con-
sidered to be a direct offshoot of Domato-
ceras which it replaced in the Triassic. The
main changes are toward a rounding of
the venter and a greater degree of involu-
tion (Fig. 287,F). Scythian species of Gry-
poceras (e.g., G. brahmanicum, G. hexa-
gonalis, G. milleri) have rectangular whorl
sections with rounded ventral and umbsilical
shoulders and somewhat flattened flanks.
These species are actually difficult to dis-
tinguish from several Pennsylvanian and
Permian species of Domatoceras. Middle
and Late Triassic species of Grypoceras
show more rounding of the venter and
greater involution.

The sutures of Domatoceras generally
have rather moderate ventral and lateral
lobes, those of Grypoceras being somewhat
deeper and having annular lobes (Fig.
289,E). This relationship is very similar
to that between Mezacoceras and Mojsvaro-
ceras of the Tainoceratidae. Plummeroceras
(L.Perm.) is an aberrant offshoot of Doma-
toceras that maintained the typical evolute
conch of the latter but its sutures acquired
a very deep, rounded ventral lobe, similar
to that of some Triassic species of Grypo-
ceras (Fig. 289,E). Paradomatoceras (U.
Carb.) has a concave venter on the earlier
volutions and sutures with a shallow,
pointed ventral lobe (Fig. 289,D). Epido-
matoceras (L.Carb.) has sutures with a
deeper, pointed ventral lobe and lirae on
ventral margins of the conch (Fig. 289,C).

The three last-mentioned genera main-
tain the general conch pattern of Domato-
ceras but show certain modifications, main-
ly in the sutures. They are either mono-
typic or represented by few species with
restricted geographic distributions. A trend
toward greater involution is found in Para-
stenopoceras (L.Perm.) (Fig. 287,H), Steno-
poceras (Penn.L.Perm.) (Fig. 287,0),
Menuthionautilus (L.Trias.) (Fig. 287,K),
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Fic. 288. Whorl sections of representative genera of the Trigonoceratidae.

(based on holotype); diameter, 38 mm.

A. Lispoceras trivolve Hyatt

B. Trigonoceras paradoxicum (Sowersy) (after Miller, Dun-

bar, & Condra, 1933, fig. 19); height, 27 mm. C. Thrincoceras depressum Hvatrt (1893, fig. 10);
diameter, 128 mm.——D. Chouteauoceras americanum (MiLLER & FurnisH) (after Miller & Garner, 1953,
fig. 1B); height, 14 mm. E. Aphelaeceras difficilis (pEKoninek) (1878, pl. 26, fig. 5b); diameter, 59
mm.—F. Stroboceras hartii (Dawson) (after Miller & Garner, 1953, fig. 1H); height, 6.5 mm. G.
Subclymenia gibbosa HyatT (based on holotype); diameter, 59 mm.——H. Epistroboceras stubblefieldi
TurNER (1954, new photograph of holotype); diameter, 45 mm. 1. Leuroceras aplanatum HyartT
(based on holotype); diameter, 81 mm.—]. Diodoceras avonensis (Dawson) (1868, fig. 124); diameter,
39 mm. K. Rineceras propinquum (pEKoninck) (1880, pl. 33, fig. 52); height, 18 mm. L. Mac-
coyoceras discors (M'Coy) (1844, pl. 3, fig. 5); diameter, 71 mm. M. Discitoceras costellatus (M'Coy)
(1844, pl. 2, fig. 4); diameter, 30 mm. N. Vestinautilus koninckii (0'OrioNY) (after deKoninck, 1878,
p. 138); height, 20 mm. 0. Apogonoceras remotum RUZHENTSEV & SHiMANskiY (1954, pl. 11, fig. Ba);
diameter, 40 mm. (Kummel, n).

and Gryponautilus (U.Trias.) (Fig. 287,C).
Stenopoceras has a highly involute and com-
pressed conch with a generally narrow ven-
ter that may be rounded, subacute, or even
concave. It is connected with Domatoceras
through such involute species as D. kleihe-
gei and D. moorei. Parastenopoceras is best
nterpreted as an inflated, slightly evolute
Stenopoceras. The even more evolute

Pselioceras (L.Perm.) can be interpreted
in much the same way.

Menuthionautilus, which has a rapidly
expanding, smooth, and involute conch, is
another offshoot of Domatoceras. The ven-
ter is flattened on the early whorls but be-
comes broadly convex on the mature por-
tion of the conch. The conch form, sutures,
and ontogeny appear to indicate a close re-
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Fic. 289. Sutures of representative members of the
Trigonocerataceae. A. Permoceras bitauniense
(Hanier) (after Miller & Collinson, 1953, fig. 1A).
B. Subclymenia evoluta (PHiLLips) (after de-

Cephalopoda—Nautiloidea

lationship to Domatoceras. Along with the
greater involution of the conch there was
a shifting of the siphuncle to an extreme
ventral  position. The parent stock,
Domatoceras, shows a great deal of varia-
tion in position of the siphuncle. Some of
the more involute species (e.g., D. klei-
heger) have the siphuncle only 125 per
cent of the whorl height from the venter.
Shifting of the siphuncle to an extreme
ventral position is a relatively rare occur-
rence in late Paleozoic and Triassic nau-
tiloids.

Unique among nautiloids is a pattern of
ornamentation consisting of a continuous
line of elongate nodes along the umbilical
seam (e.g., Virgaloceras). The cross section
of the outer volution (Fig. 287,H) is
domatoceratid in aspect except for a narrow
ridge along the ventral shoulder. The in-
ner volutions are more elliptical in cross
section (e.g., Pselioceras).

A number of late Paleozoic nautiloids
are characterized by more or less quadrate
whorl sections in which the ventral and
umbilical shoulders are subangular to
rounded. These forms are generally brought
together in the loosely defined genus
Stearoceras (L.Penn.-L.Perm.), which in-
cludes a group of species that obviously
needs much additional study. Tentatively
these forms are considered as related and
parallel to Domatoceras.

The origin of the Syringonautilidae is
much less obvious than is that of the other
families of Triassic nautiloids. A possible
origin in the Grypoceratidae (114) is sug-
gested by similarity of the basic conch pat-
terns found in some groups of these two
families (Fig. 287), plus the lack of an-
other possible ancestral group, since the
Tainocerataceae, Aipocerataceae, and Cly-
donautilaceae are completely ruled out on
morphological grounds.

The most important evolutionary lines in
Pennsylvanian and Permian Grypocerati-
dae are represented by Domatoceras and

Koninck, 1880, pl. 45, fig. 5¢). C. Epidomato-
ceras maccoyi TurNer (1954, fig. 1a).——D. Para-
domatoceras applanatum DeLfPINg (1937, fig. 2C).
E. Plummeroceras plummeri Kummer (1953,
fig. 27). F. Domatoceras umbilicatum HYATT
(after Turner, 1954, fig. le) (Kummel, n).
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Stearoceras, which show a wide divergence
in conch shape and have transitional forms
between them. It is in these transitional
forms that one can find naudilids with es-
sential morphological features requisite to
a syringonautilid ancestry. Syringoceras (M.
Trias-U.Trias.) and Syringonautilus (M.
Trias.-U.Trias.) differ only in position of
the siphuncle. The geologic history of these
two genera has interesting and contrasting
patterns.  Syringonautilus, which has an
almost centrally located siphuncle, is repre-
sented by most of its species near the be-
ginning of its recorded history and declines
rapidly in numbers of species until its ex-
tinction in the Late Triassic (Norian).
Syringoceras, which has a nearly marginal
siphuncle, on the other hand, furnishes
record of a great evolutionary explosion to-
ward the close of its history in the Carnian.

In the Late Triassic three aberrant gen-
era (Juvavionautilus, Oxynautilus, Cly-
menonautilus) probably evolved from
Syringonautilus. The first two have conch
patterns similar to those found in the an-
cestral Paleozoic family Grypoceratidae,
Juvavionautilus being morphologically simi-
lar to Domatoceras and Oxynautilus to
Stenopoceras  (Fig. 287,4,B,L,0). Cly-
menonautilus is vaguely convergent with
the Clydonautilidae in its suture pattern but
has the conch shape of a typical Syringo-
nautilus (Fig. 287,D).

NAUTILACEAE

The near extinction of the nautiloids to-
ward the close of the Triassic is strikingly
illustrated by the great contrast between
Devonian-Triassic and the Jurassic-Recent
nautiloids. The earliest Jurassic marine de-
posits contain a very homogeneous nautiloid
fauna of nearly worldwide distribution. In
so far as nautiloids are concerned, there
must have existed in the transition from
Triassic to Jurassic what amounts to an
ecologic vacuum evidenced by the extinc-
tion of all Triassic stocks. A single deriva-
tive of the Syringonautilidae survived this
transition (114), and in the early Jurassic
(Lias) a new evolutionary radiation took
place. Smimanskry (166) has allied the
Jurassic Pseudonautilidae with the earlier
Clydonautilidae, an interpretation I cannot
accept, as already discussed. Elements of
the early Jurassic stock are quite clearly re-
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lated to one another very closely, but at the
same time they show a wide adaptive range
in terms of conch shape, size, sutures, and
shell characters (115, Fig. 8, 9, 10). All
these features reflect and express the new
adaptive radiation that was taking place at
this time, initiated in a single genus, Ceno-
ceras. The earliest species of Cenoceras (C.
trechmanni), from Upper Triassic (Car-
nian) strata of New Zealand, was derived
from the Syringonautilidae (114). In the
Lias a worldwide fauna of involute to
evolute, strigate-to-smooth nautilid forms
thus is recognized with a wide range in
whorl shapes. From this homogeneous but
plastic stock several distinct evolutionary
lines arose from diverse parts of the com-
plex, characterized by specialization of one
or more morphological features (Fig. 290).
From this Cenoceras complex arose the per-
sisting, stable stock (Eutrephoceras) that
gave rise to the other members of the Nau-
tilidae. Likewise the Paracenoceratidae,
Pseudonautilidae, and the Cymatoceratidae
are believed to have originated directly from
the Cenoceras complex.

No author seems to feel the need of sep-
arating at a higher than family level within
the Nautilaceae such forms as Eutrepho-
ceras (U.Jur.-Mio.), of the family Nautili-
dae, from Aturoidea (U.Cret.-Eoc.), family
Hercoglossidae, which has a highly elab-
orate suture.

Eutrephoceras has a worldwide distri-
bution and a range in time from the Late
Jurassic to the mid-Cenozoic. It and Cyma-
toceras (U.Jur-Oligo.) are the most com-
mon post-Triassic nautiloids. Some 90 so-
called species of Eutrephoceras have been
described. The genus generally has a tight-
ly involute, subglobular, smooth conch with
nearly straight sutures (Fig. 290,E). It is a
perfect heterochronous homeomorph of
Liroceras. This basic, very simplified, conch
type became modified in some species either
by greater compression, by depression, or
by slightly looser coiling. The variants,
however, on the basis of the available rec-
ord, appear to be completely random in
their chronologic and geographic distribu-
tion. The long geologic range and pattern
of morphological variation seen in this
genus is very reminiscent of the Liroceras-
Paranautilus line, which ranges from Car-
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boniferous through Triassic. Carinonautilus
(U.Cret.) and Obinautilus (Oligo.) are
monotypic forms, the latter seeming to be a
highly compressed descendant of Eutrepho-
ceras, as is Nautilus. Carinonautilus and
Strionautilus (L.Cret.) are very difficult to
interpret. They are placed in the Nautili-
dae for want of any better indication of
affinities. Pseudocenoceras (Cret.) appears
to be a compressed descendant of Eutrepho-
ceras with a slightly open umbilicus.!

The Paracenoceratidae are a small family
of four genera characterized by specializa-
tion of the venter. The main stock of the
family, Paracenoceras (M.Jur.-L.Cret.), is
nearly world-wide in distribution and has
by far the largest number of species. The
other genera, Somalinautilus (M.Jur.-U.
Jur.), Awlaconautilus (U.Jur.), and Ti-
thonoceras (U.Jur.), are more highly spe-
cialized forms with few known species. In
Paracenoceras the whorl section is subtrape-
zoidal, generally with a broad, sulcate ven-
ter (Fig. 290,F). Somalinautilus has angu-
lar ventral shoulders but a broad arched
venter. Aulaconautilus has four or more
longitudinal ridges on the venter. In this
respect it is homeomorphous with Aulame-
tacoceras of the Permian and Triassic (Fig.
290,G). Tithonoceras has prominent,
rounded ventrolateral keels with a sulcate
venter.

One of the most successful and diverse
groups to stem directly or via intermediate
forms from the Cenoceras complex is the
Cymatoceratidae. This family of 10 genera,
ranging from the Jurassic to the mid-Ceno-
zoic, is characterized by rib-bearing conchs
and is the only group of post-Triassic nau-
tiloids to have ornamentation, aside from
Aulaconautilus of the Paracenoceratidae.
Radiation within the Cymatoceratidae is
reflected by shape of the conch, sutures and
ornamentation. The main evolving stock,
Cymatoceras, has an involute, rounded
conch with only a slightly sinuous suture
(Fig. 290,L). Most other genera of this
family are believed to represent various spe-
cialized groups derived from Cymatoceras.
Paracymatoceras (U.Jur.-L.Cret.) has more
mm\' (166) included 15 genera in the Nautilidae,
of which Bisiphytes, Digonioceras, Ophionantilus, and
Sphacronautilus are believed to be synonyms of Cenoceras
(Kummry, 1956). Three other genera (Paracenoceras, Soma-
linautilus, Tithonoceras) are here kept in the Paracenocera-

tidae of SearH, Palelialia SHIMANsKIY (1954) is a synonym of
Pseudaganides.
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sinuous sutures, much like those of Hesco-
glossa, and even in this feature is grada-
tional with Cymatoceras. Forms differen-
tiated on the basis of conch shape include
Heminautilus (L.Cret.), Deltocymatoceras
(U.Cret.), Epicymatoceras (U.Cret.), and
Cymatonautilus (M.Jur.-U.Jur.) (Fig. 290).
Heminautilus has a compressed, involute
conch with highly sinuous sutures. Delto-
cymatoceras is a homeomorph of Deltoido-
nautilus with a sagittate whorl section.
Epicymatoceras has an evolute, highly com-
pressed conch with a subrectangular whorl
section. Cymatonautilus has a concave ven-
ter and concave lateral areas. Genera differ-
entiated on the basis of modification of rib-
bing pattern include Eucymatoceras (L.
Cret.), Anglonautilus (L.Cret.-UCret.),
Procymatoceras (M.]Jur.), and Syrionautilus
(U.Cret.). In Eucymatoceras the ribs form
prominent V-shaped salients on the venter
and flanks. In Anglonautilus coarse folds
occur on the venter, whereas Procymato-
ceras has a rapidly expanding, robust conch
with ribs mainly on the lateral areas. Syrio-
nautilus has peculiarly shaped ribs with
wide interspaces like those of Proclydonau-
tilus spirolobus of the Triassic. The most
widespread and characteristic nautiloids
of the Cretaceous are members of the Cy-
matoceratidae.

The only direct offshoot from the Nau-
tilidae is the family Hercoglossidae, which
first appeared in the Jurassic, had a very
modest Cretaceous record, and became very
abundant and widespread in the early
Cenozoic. The Hercoglossidae are involute,
smooth nautilicones with main evolutionary
emphasis on modification of the sutures
(Fig. 291). A progressive series can be dis-
tinguished, leading from Cimomia (U.Jur.
Oligo.) to Hercoglossa (?L.Cret., Paleoc.-
Eoc.) to Aturoidea (U.Cret-Eoc.), and
then to Aturia (Paleoc.-Mio.) of the Aturi-
idae. It seems clear that Cimomia arose from
Eutrephoceras, although the transition from
one to the other is not easy to decipher.
The only significant difference between
these genera is in degree of sinuosity of the
sutures, Eutrephoceras having straight or
nearly straight sutures, whereas sutures of
Cimomia have distinct lobes and saddles on
the lateral areas. Intergrading forms occur.
The time ranges of the two genera are ap-
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Fic. 290. Whorl sections of representative genera of the Nautilaceae.
(after Pia, 1914, pl. 8); diameter, 110 mm.

A. Cenoceras striatus (SOWERBY)
B. Pseudaganides kutchensis (Waacen) (1873, pl. 3, fig.
4b); diameter, 46 mm. C. Pseudaganides gravesiana (D’ORBIGNY) (after Pia, 1914, pl. 10); diameter,
240 mm. D. Pseudonautilus geinitzi (OppEL) (after Miller & Collinson, 1953, fig. 1); height, 30 mm.
E. Eutrephoceras dekayi (MorToN) (after Stenzel, 1940, fig. 115); diameter, 46 mm. F. Para-
cenoceras hexagonum (Sowersy) (after Spath, 1935, fig. 4d); height, 56 mm. G. Aulaconautilus sex-
carinatus (Picter) (1867, pl. 10, fig. 1b); diameter, 107 mm, H. Nautilus pompilius LINNE (after
Miller, 1949, fig. 4); diameter, 150 mm. 1. Pseudocenoceras largilliertianus (p’OreioNY) (based on
plesiotype in Kummel, 1956, pl. 10, fig. 3, 4); diameter, 62 mm, J. Carinonautilus ariyalurensis
SpencLEr (1910, pl. 14, fig. la, ¢); diameter, 87 mm. K. Deltocymatoceras rugarus (FRITsSCH &
ScHLdNBACH) (1872, pl. 15, fig. 2); height, 80 mm. L. Cymatoceras sharper (ScuLoTer) (1876, pl. 46,
fig. 6); diameter, 168 mm. M. Epicymatoceras vaelsensis (Bincknorst) (1861, pl. 5S¢, fig. 2b);
diameter, 105 mm. N. Procymatoceras baberi (Morris & Lycert) (1850, pl. 1, fig. 1a); diameter, 82
mm. O. Heminautilus saxbii (Morris) (based on holotype); diameter, 85 mm. P. Paracymatoceras
asper (OPPEL) (after Zittel, 1868, pl. 3, fig. la); diameter, 83 mm. Q. Anglonautilus undulatus
(Sowerey) (after Kummel, 1956, fig. 26): height, 40 mm. R. Deltoidonautilus triangularis (DEMonT-
ForT) (after d’Orbigny, 1840, pl. 12, fig. 2); diameter, 200 mm. S. Hercoglossa orbiculata (TuoMEY)
(after Miller, 1947, fig. 12) ; height, 174 mm. T. Aturoidea parkinsoni (Epwarps) (after Miller, 1951, fig.
15A); height, 180 mm.

proximately the same, Cimomia appearing phragmocone, body chamber, septa, and
slightly later in time, siphuncle. The relationships of these parts
to one another and to the whole shell, and

CONVERGENCE, DIVERGENCE, relationships of the shell to features of en-

vironment and the mode of life of individ-
AND PARALLELISM IN uals are unfortunately very poorly under-
EVOLUTION stocd, even for the modern Nautilus. It is

_ The shell of any member of the Nautilida assumed by most students that the shell
Is a very simple structure consisting of reflects a more or less specific adaptation to
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a particular mode of life and environmental
niche. Some experimental work has been
done on the relative streamlining of cephalo-
pod shells (H. Scamipt, 1930; KuMMEL &
Lvroyp, 1955) and on buoyancy of the shells
(Trueman, 1941; RevmenTt, 1958). Most
of these studies have substantiated gen-
erally held views as to the relative stream-
lining of various types of cephalopod shells.
Kummer & Lioyp (116) presented experi-
mental data to show that involute shells
are generally better streamlined than evo-
lute ones but that evolute, compressed
shells also have favorable streamlining.
Widely umbilicate shells with depressed
whorl sections are much less streamlined,
as, of course, are coarsely ornamented
forms. Shape of the shell, degree of involu-
tion, and the like undoubtedly influenced
ease of movement of individuals.

The shell of a nautiloid is essentially a
straight-to-coiled tapering tube or cone and
as such is limited in the range of possible
modifications in shape. The cross section
of such a tapering shell conforms basically
to one of four primary patterns: modified
square, rectangle, circle, or triangle.

In the preceding discussion of the classi-
fication and evolution of the Nautilida it
was pointed out that in many of the main
evolutionary lineages (families and super-
families) a certain basic shell pattern pre-
dominated, that the largest number of
species, widest geographic distribution, and
longest geologic ranges are found among
genera having this “basic shell pattern,” and
that most other genera of a particular evo-
lutionary line possess special adaptations
comprising modifications of the basic pat-
tern. Thus, within the Tainoceratidae, the
subquadrate whorl section of Metacoceras
and Mojsvaroceras determines the main
pattern for this family, as does the subrec-
tangular whorl section of Domatoceras and
Grypoceras for the Grypoceratidae, and the
subglobular whorl section for the Lirocera-
tidae. Whereas the mid-Paleozoic-through-
Triassic nautiloids have, for the most part,
distinctive shell shapes in each of the main
evolving lines (superfamilies) this does not
apply to the Nautilaceae of Jurassic-to-Re-
cent age. In this group extensive mixing of
shell shapes is found within a single family
(e.g., Cymatoceratidae).

Cephalopoda—Nautiloidea

Although a correlation can be seen be-
tween shell form and evolutionary lineage
in most groups, many examples of unre-
lated genera are found to develop similar
shell forms. If the form of a nautiloid shell
is an adaptive character, then convergence
in shell form is easily understood.

One of the more specialized types of shells
has convergent flanks and narrowly
rounded-to-acute venters, and presumably
the streamlined conch thus achieved per-
mitted greater ease of movement. This type
of conch appears in several evolutionary
lines at least once and, in some, several times.
Each acquisition of this type can be fairly
well traced from ancestral forms char-
acterized by subrectangular, or ovate whorl
sections, or both. No conchs with highly
convergent flanks are known in the Taino-
cerataceae or Aipocerataceae but they are
common in the Trigonocerataceae, Clydo-
nautilaceae, and Nautilaceae.

The oldest known true oxycone is the
centroceratid Phacoceras, from the Lower
Carboniferous of Europe. The other mem-
bers of the Centroceratidae have com-
pressed conchs, but in each case the ven-
ter is flat, concave, or slightly arched. The
Centroceratidae are believed to stem from
the Tetragonoceratidae, or possibly directly
from the Oncocerida, both of these groups
having quadrate to oval whorl sections as
the dominant pattern. The Centroceratidae
gave rise to the Trigonoceratidae and Gry-
poceratidae. No true oxycones are recog-
nized in the Trigonoceratidae but conchs
with whorl sections approaching this type
characterize Aphelaeceras (Miss.), Epistro-
boceras (L.Carb.), and Leuroceras (L.
Carb.). True oxycones are to be found in
the Grypoceratidae in Stenopoceras (Penn.-
LPerm.), Gryponautilus (U.Trias.), and
in the Syringonautilidae in Oxynautilus (U.
Trias.). In Stenopoceras only a few species
have an acute or narrowly rounded venter
(e.g., S. whiter MiLLER & YoUNGQuisT, S.
sp. MILLER, 1945). Other species have nar-
row, concave venters (e.g., S. smithi MiL-
LER & UnkLEsBAY and S. abundum MILLER
& Tuomas) or narrow, arched venters
(e.g., S. cooperi MiLLER & UNKLEsBAY, S.
dumblei (Hyarr)). One specimen of S.
abundum figured by MiLLER & YoUNGQUIST
(136) has a narrow arched venter, rather
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Fic. 291. Sutures of representative genera of the Nautilaceae. A. Aturia luculoensis MiLLER (1945, fig.
3C).——B. Aturoidea paucifex (Cope) (after Miller & Thompson, 1935, pl. 65, fig. 2). C. Deltoido-
nautilus sowerbyi (WETHERELL) (after Stenzel, 1940, fig. 124). D. Hercoglossa orbiculata (TuoMEY)
(after Stenzel, 1940, Aig. 117). E. Cimomia landanensis (VINCeNT) (after Miller, 1947, hg. 7a).
E. Eutrephoceras dekayi (Morton) (after Reeside, 1924, fig. 1d). G. Pseudonautilus geinitsi (OpPEL)
(1868, pl. 2, fig. 7). H. Pseudaganides brunhuberi (Loescu) (1914, fig. S5c¢). 1. Paracymatoceras
texanum (SHuMARD) (after Miller & Harris, 1945, fig. 3A). ]. Nautilus pompilius LixxE (after Miller,
1949, fig. 4). K. Heminautilus etheringtoni Durnam (1946, fig. 3C). L. Paracenoceras hexagonum
(SowEersy) (after Spath, 1935, fig. 4e).
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than a concave one, such as occurs in the
type. Stenopoceras is descended from
Domatoceras, which has, basically, a sub-
rectangular whorl section, through such
species as Domatoceras klethegei and D.
moorei, Stenopoceras is the only Paleozoic
offshoot of the Domatoceras-Grypoceras
lineage that evolved toward oxycone shells.
The acquisition of this type of conch form
invariably accompanied a trend toward
greater involution. In the Triassic, the oxy-
cone trend did not attain fulfillment in
Grypoceras although in that genus clear
tendency toward involution with rounding
and narrowing of the periphery is seen. As
previously mentioned, Grypoceras is con-
sidered to be a direct evolutionary continua-
tion of Domatoceras. The culmination of
the oxycone trend in Grypoceras itself is
best shown by G. obtusum of Norian age.
Oxyconic shape was attained in Gryponau-
tilus, an upper Triassic offshoot of Grypo-
ceras. Of interest is the tightly involute
nature of the conch, with converging whorl
sides and a broad, more or less flattened
venter; it is only on the outermost mature
whorls (as in the type species, G. galeatus)
that the venter becomes acute, almost keel-
like.

The oxycone trend is also expressed in
the Syringonautilidae, derivatives of the
Paleozoic Domatoceras complex (114). In
this line it reaches its acme of development
in the genus Oxynautilus. At the same time
an approach to the oxycone type of whorl
section can be recognized in several species
of Juvavionautilus. Oxynautilus is very
much like Stenopoceras, and Juvavionau-
tilus is much like many species of Domato-
ceras.

The number of species involved in these
trends towards oxycone shells is small.
Oxynautilus is monotypic, Phacoceras has
three species, and Stenopoceras eight spe-
cies. Only one species of Gryponautilus
shows the acute venter.

In the Trigonocerataceae near-oxycone
and oxycone conchs appeared more or less
throughout the history of the superfamily.
One of the most unexpected groups to pro-
duce them is the Clydonautilaceae, in
which this development was common in
the Late Triassic, although unknown in
the earlier history of the several families

Cephalopoda—Nautiloidea

comprising the group. The Liroceratidae,
mainly Paleozoic, have oval, involute whorl
sections or modifications of them. The
Triassic Paranautilus is a direct evolu-
tionary extension of the late Paleczoic
Liroceras. 'The principal difference be-
tween these genera is a tendency in Para-
nautilus toward greater compression, a
tendency that reached its acme in P. merid-
tonus from the Upper Triassic of Timor.
Both genera and other closely related forms
of the Liroceratidae have simple, nearly
straight sutures. Paranautilus gave rise to
a highly successful group of Upper Triassic
families that maintained a tightly involute
conch but developed highly differentiated
sutures with deep lobes and saddles. In this
radiation, the basic pattern of the sutures
remained fairly constant within each gen-
eric group even though conch shapes be-
came highly varied (113, Fig. 38, 40). One
trend was in the direction of whorls having
strongly convergent flanks and narrow
venters (e.g., Styrionautilus discoidalis, Pro-
clydonautilus ermollii, P. buddhaicus, Cly-
donautilus timorensis, Gonionautilus se-
curis, Cosmonautilus dilleri, which are
among the most common Upper Triassic
nautiloids).

The tendency toward development of
oxycone conchs is widespread in the Nau-
tilaceae. In the Cenoceras complex it is
expressed in such forms as C. araris and C.
fischeranus. In the Pseudonautilidae, Pseu-
daganides gravesianus and P. sinuatus are
good examples. The range of variation in
shape of the whorl section of Pseudaganides
is from quadrate (P. brunhuberi), to oval
(P. schneidi), to subrectangular (P. fricken-
sis), to triangular (P. gravesianus). Also,
the degree of sinuosity of the sutures seems
correlatable with degree of variability of
the whorl sections. This relationship is best
seen in genera of the Upper Triassic Clydo-
nautilidae and in the Jurassic Pseudonau-
tilidae.

In the Cymatoceratidae an acute venter
is found only in one genus, Deltocymato-
ceras (U.Cret.). An approach to this type
of venter, however, is seen in Heminau-
tilus (L.Cret.), which has a narrow, con-
cave to flattened venter. The main pattern
of the whorl section in the Cymatoceratidae
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Fic. 292. Total number of nautilid genera (solid lines) and new genera (dashed lines), by periods.
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ceratidae should be shown as L.Perm., not U.Perm.]

Fic. 293. Total number of nautilid genera (solid lines) and new genera (dashed lines) by epochs. [Permo




K410

is oval, with some tendency toward flatten-
ing of the venter and flanks.

Forms with acute venters in the Herco-
glossidae are included in Deltoidonautilus
(U.Cret.-Oligo.), in which the whorl sec-
tion ranges from depressed (e.g., Deltoido-
nautilus sp. Haas & MILLER, 1952) to highly
compressed (e.g., D. rogeri MiLLER, 1951).

The time distribution of the species with
acute or nearly acute venters supports the
conclusion that these adaptations originated
in different stocks at different times. Among
the Lower Carboniferous forms, only Pha-
coceras has a truly acute venter, although
Aphelaeceras, Epistroboceras, and Leuro-
ceras have narrowly rounded to flattened or
concave venters. In Pennsylvanian through
Middle Permian forms, only certain species
of Stenopoceras attained an acute venter,
During the Late Permian, Early and Mid-
dle Triassic, no species with acute venters
are known. It was during the Late Triassic
that a number of such forms again ap-
peared, belonging to the Gryptoceratidae
(Gryponautilus), Syringonautilidae (Oxy-
nautilus), Clydonautilidae (Styrionautilus,
Proclydonautilus,  Clydonautilus)  and
Gonionautilidae (Gonionautilus).

In the Trigonocerataceae acute whorl sec-
tions appeared in the early history of the
group and again at the close; in the Clydo-
nautilaceae this type of conch only appeared
at the close; in the Nautilaceae it appeared
both in the early and late middle history of
the superfamily.

Ornamentation does not figure promi-
nently in evolution of the Nautilida, being
largely confined to the Tainocerataceae and
to the Cymatoceratidae among the Nau-
tilaceae. As in shape of whorl sections,
variety of ornamentation is limited and
particular patterns appear in quite unre-
lated groups. For example, longitudinal
ribs on the venter first appear in the Per-
mian Aulametacoceras, which also has a
Triassic species; the same type of ribbing
appears in Awulaconautilus of Jurassic age
(family Paracenoceratidae). The mature
umbilical spines of the solenochilids are pro-
portionally longer than those of Coopero-
ceras (L.Perm.). Ribs characterize Pleuro-
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nautilus and related genera of the Permian
and Triassic. They appeared again, but in
very different form, in the predominantly
Cretaceous Cymatoceratidae.
Homeomorphy in sutural development is
probably the most striking example of
adaptive convergence in the Nautilida. The
sutures of the Tainocerataceae and Aipo-
cerataceae are quite simple, with shallow
lobes and saddles. In two families, the Cly-
donautilidae (Clydonautilaceae) and the
Hercoglossidae (Nautilaceae), what appears
to be a linear series of progressive elabora-
tion of sutures produced deep lobes and
saddles. Sutures of this general type ap-
peared also in the Trigonocerataceae, Pseu-
donautilidae, and the Cymatoceratidae.

Among known examples of homeomor-
phy in sutures one of the most perfect is
that of the Permian grypoceratid Permo-
ceras and the late Jurassic pseudonautilid
Pseudonautilus (Fig. 288,4; 291,G). The
former genus is allied to Domatoceras in
general shape of the conch, and there are
transitional types of sutures intermediate
between those of Domatoceras and Permo-
ceras (Fig. 291). For example, Plummero-
ceras has a deep, rounded ventral lobe and
an equally deep lateral lobe, Epidomato-
ceras a broad V-shaped ventral lobe, and
Paradomatoceras, a similar but shallower
V-shaped ventral lobe. In general, other
members of the Grypoceratidae have su-
tures with shallow lobes and saddles. Pseu-
donautilus seems best understood as a spe-
cialized descendant of Pseudaganides. The
hercoglossid type of suture appeared in two
members of the Cymatoceratidae. In one
(Paracymatoceras) the whorl section is oval;
in the other (Heminautilus) it is highly
compressed, with convergent flanks and
narrow venter.

SYSTEMATIC DESCRIPTIONS

Subclass NAUTILOIDEA Agassiz,
1847

Diagnosis given in “Introductory Discus-
sion” (p.K128). U.Cam .-Rec.

Fig. 294. (Facing page.) Stratigraphic distribution of genera and families of Nautilida (Kummel, n).
[Permoceratidae should be shown as L.Perm., not U.Perm.]
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Order NAUTILIDA Agassiz, 1847

[nom. correct. SmimaNskiy, 1957 (pro order Nautiloidea
Acassiz, 1847, nom. transl. Hyarr, 1883, ex suborder Nau-
tiloidea, 1847); mention of Nautilida by FurRNisH, GLENISTER,
& Hansman, 1962 (p. 1342), is disregarded] [incl. Nautilida
(ex Nautiloidea) Spatn, 1927; Nautilacea ScHINDEWOLF, 1935
(suborder); Nautilacea Kunn, 1949 (order); Rutoceratida,
Centroceratida, Solenochilida FLower in FLower & KUMMEL,
1950 (orders); Nautilina, Liroceratina, Tainoceratina, Centro-
ceratina, and Rutoceratina SHiMANsK1y, 1957 (suborders)]

Curved to coiled conchs representing
majority of mid-Paleozoic to Recent nau-
tiloids. [Tainocerataceae and Trigonocera-

Gzheloceras

Cephalopoda—Nautiloidea

taceae derived directly or indirectly from
Oncocerida; origin of Clydonautilaceae and
Aipocerataceae uncertain, probably from
Rutoceratidae.  Nautilidae  stem
Syringonautilidae.] L.Dev.-Rec.

from

The total number of nautilid genera and
new genera introduced in successive periods
are shown graphically in Figure 292. The
total number of nautilid genera and new

o8, |

{7 |
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Enoploceras

F1c. 295. Tainocerataceae (Tainoceratidae) (p. K413-K414).

© 2009 University of Kansas Paleontological Institute
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genera introduced in successive epochs are
indicated in Figure 293.

The stratigraphic occurrence of genera
included in the Nautilida is shown graphic-
ally in Figure 294.

Superfamily
TAINOCERATACEAE
Hyatt, 1883

[nom. transl. KumMeL, herein (ex Tainoceratidae Hyarr,
1883)] [incl. Koninckioceratida, Hercoceratida, Rhyticera-
tida Hyarr, 1900 (divisions of suborder); Hercoceracea,
Ryticeracea KiNpLE & MiLLER, 1939 (superfam.) (partim);
Rutoceratida FLower in Frower & Kummer, 1950 (order);
Tainocerataceae, Tainoceratina, Encoilocerataceae, Temno-
cheilaceae, Riphaeocerataceae, Rutocerataceae, Rutoceratina
SHIMANSKIY, 1957 (suborders) ]

Straight to loosely coiled shells with de-
pressed to quadrate whorl sections, rarely
with compressed whorl sections. Early forms
with straight to loosely coiled conch bear-
ing wings, spines, ribs, nodes, or frills; later
forms with more tightly coiled conch bear-
ing nodes or ribs or both; some forms essen-
tially smooth. Siphuncle generally near-
ventral in early forms but variable in posi-
tion (usually central) in later forms. Suture
with very shallow lobes on venter and

flanks, annular lobe present in many forms.
L.Dev.-Trias.

Family TAINOCERATIDAE Hyatt,
1883
[incl. Gyroceratinae Mojsisovics, 1882 (partim); Pleuronau-
tilidie HyaTt in Zitter, 1900; Temnocheilidae Moysisovics,
1902; Mosquoceratidae, Gzheloceratidae RUZHENTSEV & SHIM-
ANsK1Y, 1954; Encoiloceratidae SHIMANsKIY & ERLANGER, 1955;
Tainoceratinae SHIMANsk1y, 1957; Pleuronautilinae SHIMAN-
sKIy, 1959]

Includes nearly all nautiloids of late
Paleozoic and Triassic age that bear orna-
mentation consisting of ribs or nodes, or
both. Conch generally evolute, large;
whorls quadrate to rectangular in outline.
Suture only slightly sinuous, siphuncle
usually near center (113). L.Carb.(Miss.)-

Trias.

Tainoceras Hvatt, 1883 [*Nautilus quadrangulus
McCuesney, 1860; OD]. Like Metacoceras but
with a double row of nodes on venter (134).
U.Carb.(Penn.)-Trias., N.Am.-Asia. Fic. 298,
5. T. clydense MiLLEr & Kemp, L.Perm., USA
(Tex.); 5a,b, X0.7 (134).

Anoploceras Hyatt in ZitteL, 1900 [*Nautilus
ampezzanus Lorerz, 1875; OD]. Like Pleuro-
nautilus but with depressed whorl section, broad,
slightly concave venter; conspicuous lateral ribs
that project adorally near umbilical shoulder
(113). M. Trias. (Anis.) - U. Trias. (Carn.), Eu.

e
©
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Fic. 296. *Cooperoceras texanum MILLER
(Tainoceratidae) (p. K413).

(Alps-Rumania). F1c. 295,1. *A. ampezzanum
(LorETz), Carn., Alps; 1a,6, X0.4 (140).

Aulametacoceras MiLLER & UNKLEsBAY, 1942 [*4.
mckeei; OD]. Like Metacoceras but with several
longitudinal grooves and ridges on venter. L.
Perm.-U.Trias.(Carn.), N.Am.-Eu.(Alps). Fic.
295,2. *A. mckeei, L.Perm., USA(Ariz.); 2a,b,
%X 0.2 (134).

Cooperoceras MILLER, 1945 [*C. texanum; OD].
Evolute; whorl section subcuneiform, flattened
ventrally and laterally, flanks converging dorsally;
narrow, shallow, median groove on venter; um-
bilicus, wide, open, perforate; at maturity conch
bears sinuous lateral ribs and long, slender, hol-
low, paired ventrolateral spines that project ven-
trolaterally and are recurved; suture with rounded
ventral, lateral and dorsal lobes; siphuncle, small,
subcentral, orthochoanitic (134). L.Perm., N.
Am.-Eu.(Urals). Fic. 296. *C. texanum,
USA(Tex.); X0.4 (134).

Encoiloceras Hyatt in Zrrter, 1900 [*Nautilus
superbus Mojsisovics, 1873; OD]. Evolute, wide-
ly umbilicate conchs with large umbilical per-
foration; whorl section subquadrate, with arched
venter, flanks with thick foldlike ribs that thicken
at ventral shoulder; suture with shallow ventral,
lateral and dorsal lobe, and annular lobe; si-
phuncle close to dorsum (113). U.Trias.(Carn.),
Eu.(Alps-Hung.). Fic. 295,3. *E. superbum
(Mogsisovics), Alps; 3a-c, X0.5 (139).

Enoploceras Hyatt in Zitter, 1900 [*Nautilus
wulfeni Mojsisovics, 1873; OD]. Moderately in-
volute, with subquadrate whorl section, wider
than high; venter, flanks and umbilical wall flat-
tened; ventral and umbilical shoulders generally
sharply rounded; umbilicus deep, with small per-
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foration; flanks with nodes at umbilical or ven-
tral shoulders, or both, and with radial ribs and
sinuous growth lines; suture with shallow ventral
and lateral lobes, and annular lobe; siphuncle sub-
central (113). Trias., Eu.(Alps)-Asia(India)-E.

Indies(Timor)-N.Am.(Idaho). Fic, 2956. *E.
wulfeni (Mogsisovics), U.Trias.(Carn.), Alps;
6ab, xX0.7 (139).

Germanonautilus Mojsisovics, 1902  [*Nautilus
bidorsatus ScHLOTHEIM, 1832; OD] [=Monilifer
FritscH, 1906 (obj.)]. Nautiliconic, moderately
involute; whorl section subquadrate, generally
wider than high; venter broad, flattened, com-
monly slightly concave; flanks converging ven-
trally; umbilical shoulders sharply rounded; shell
smooth; suture with shallow ventral and broad,
deeper lateral lobes, and annular lobe; siphuncle
approximately central in position with strongly
nummuloidal segments (113). Trias., N.Am.-Eu.-
Asia (Japan-Himalayas-Israel) - Afr.(Egypt).
Fic. 297,3. G. breunneri (Mojsisovics), U.Trias.
(Carn.), Alps; 34,6, X0.4 (139).

Gzheloceras RuzHENTSEV & SHIMANsK1Y, 1954 [*G.
uralense; OD]. Evolute, with elliptical to sub-
quadratic whorl sections; ribs on flanks; like
Pleuronautilus, but lacking annular lobe (153).
U.Carb.-L.Perm., USSR. Fic. 295,5. *G. ural-
ense, L.Perm.; 5a,b, X1 (153).

Hexagonites Havasara, 1947 [*H. chechiangensis;
OD]. Very evolute, whorl section hexagonal in
outline, with 6 rows of tubercles, pairs on ventro-
lateral, on lateral, and on dorsolateral angles;
dorsum almost straight; suture with shallow lobes;
based on incomplete, crushed specimen (89).
Perm., E.Asia(China). Fic. 298,4. *H. chechi-
angensis, Chechiang; X0.7 (89).

Holconautilus Mogysisovics, 1902 [*Nautilus semi-
costatus BEyricH, 1867; SD Diener, 1915]. Like
Pleuronautilus but with ventral saddles rather
than lobes (113). M.Trias.( Anis.)-U.Trias.(Carn.),
Eu.-E.Indies(Timor). Fic. 2974. *H. semi-
costatus, Anis., Alps; 4a,6, X0.5 (140).
Hunanoceras CHao, 1954 [*H. globosum; OD].
Evolute, globose, with wide funnel-shaped um-
bilicus, broad depressed whorl sections; venter
broadly rounded, emerging onto rounded lateral
areas and bearing 2 rows of elongate nodes which
disappear adorally; umbilical shoulder marked by
raised ridge, umbilical wall high and steeply in-
clined; suture with shallow ventral and lateral
lobes; siphuncle subcentral (9). Perm., China
(Hunan).

Metacoceras Hyarr, 1883 [*Nautilus +(Discus)
sangamonensis MeEr & WorTHEN, 1861; OD]
[=Mosquoceras RUZHENTSEV & SHIMANSKIY,
1954]. Moderately evolute, with subquadrate
whorl section, bearing nodes on ventral or um-
bilical shoulders or both; suture with shallow
ventral and lateral lobes, no annular lobe; si-
phuncle small, subcentral, and orthochoanitic
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(113). U.Carb.(Penn.)-Perm., cosmop. Fic.
297,2. M. inconspicum Hvyart, Perm., USA(Kans.);
X 0.5 (134).

Mojsvaroceras Hyarr, 1883 [*Temnocheilus neu-
mayri Mojsisovics, 1882; OD] [=Mojsisoceras
voN ZiTTEL, 1884 (mom. van.?)]. Like Metaco-
ceras but with annular lobe and slightly more

involute. A direct evolutionary descendant of
Metacoceras (113). Trias., Eu.-Asia(Tethys)-W.
N.Am. F1c. 295,4. *M. neumayri (Mojysiso-

vics), M.Trias.(Anis.), Alps; X0.3 (140).

Parametacoceras MILLER & OWEN, 1934 [*P. bel-
latulum; OD]. Tarphyceraconic, evolute; whorl
section subquadrate; umbilicus large, perforate;
with sinuous growth lines that trace deep rounded
hyponomic sinus on venter; flanks bearing short
transverse ribs on mature portion of conch; suture
with shallow ventral, lateral, and dorsal lobes;
siphuncle small, subcentral, orthochoanitic (133).
U.Carb.(Penn.), N.Am, - Eu.(USSR - Belg.). —
Fic. 297,1. *P. bellatulum, USA (Mo.); la-c, X1.3
(133).

Phaedrysmocheilus Smrimanskiy & ERLANGER, 1955
[*Nautilus subaratus KeyserLing, 1860; OD].
Involute nautilicone, early volutions slightly de-
pressed, rounded, mature volutions slightly com-
pressed, whorl section ovate with convex flanks,
arched venter; umbilical shoulders sharply round-
ed, umbilical walls sloping so as to form deep
funnel-shaped umbilicus; suture only slightly sinu-
ous; early volutions with lateral ribs which are
absent on living chamber (141). L.Trias., USSR.

Fic. 297,5. *P. subaratum (KEYSERLING),
Sib.; 5a,6, X0.8 (141).

Phloioceras Hrvatr, 1884 [*Nautilus gemmatus
Mojsisovics, 1873; OD]. Conch with longitudinal
nodose ridges on flanks and venter (113). M.
Trias.(Ladin.)-U.Trias.(Nor.), N.Am.(Nev.-Alas-
ka)-E. Indies(Timor)-Asia(Himalayas)-Eu.(Alps).

Fic, 298,7. *P. gemmatum (Moysisovics), U.

Trias.(Carn.), Alps; 72,6, X0.3 (139).

Pleuronautilus Mogjsisovics, 1882 [*P. trinodosus;
SD Mogsisovics, 1902] [=Shansinautilus YABE
& MasuTty, 1935; Huanghoceras GraBau in YIN,
1933; Tungkuanoceras Havasaka, 1947; Basleo-
nautilus, Pseudofoordiceras RuzHENTSEV & SHI-
MANsKIY, 1954]. Evolute, widely umbilicate, per-
forate; whorl section subquadrate, flanks with
straight or sinuous ribs that may bear nodes;
venter smooth; suture forming shallow ventral
and lateral lobes, and annular lobe; siphuncle
small, approximately central (113). Perm.-Trias.,
N.Am., Eu.-Asia-E.Indies. Fic. 297,6. *P. tri-
nodosus Mojysisovics, M.Trias.(Anis.), Alps; 64,5,
% 0.5 (140).

Tainionautilus Mojsisovics, 1902 [*Nautius tran-
sitorius  Waacen, 1879; SD Diener, 1915].
Evolute; whorl section subquadrate with flattened
ventral area and flanks; umbilicus wide, deep,
probably perforate; lateral areas of early volu-
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b

Parametacoceras

5b

Phaedrysmocheilus

Pleuronautilus

Fic. 297. Tainocerataceae (Tainoceratidae) (p. K414).

_tions bearing radial folds, umbilical shoulder form-
Ing conspicuous carinae; Jateral areas of outer
voll'Jtions with curved retrograde folds, one set
beg{nning on umbilical shoulders and an inter-
vening set beginning above umbilical shoulder;
fo]d§ cross ventral shoulders and end at smooth,
n.1edlan sulcus on venter; suture only slightly
sinuous; siphuncle small, subventral (113). U.
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Perm.-L.Trias., Eu.(Alps) - Asia(Pak.). — Fic.
298,1. *T. transitorius (WaAGEN), U.Perm., Pak.
(Salt Range); Ia,b, X0.3 (205).
Tanchiashanites Cuao, 1954 [*T. marginalis; OD].
Evolute, umbilicus large, shallow; whorls com-
pressed, subrectangular; flanks with sinuous ribs;
venter flat and with sharp or raised, carinate
ventrolateral shoulders; suture with shallow ven-
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tral and lateral lobe; siphuncle small, subventral
(9). Perm., China(Hunan).

Thuringionautilus Mojsisovics, 1902 [*Tremato-

discus jugatonodosus ZIMMERMANN, 1892; OD].
Large, moderately involute; whorl section sub-
quadrate, with slightly convex flanks and broad
venter with deep furrow, ventral shoulders nar-
rowly rounded to subangular, umbilical shoulders
broadly rounded; ventral shoulders with longi-
tudinal nodes that slope diagonally backward
on venter toward ventral furrow, which is smooth
but with sharp borders; suture slightly sinuous;
siphuncle subdorsal (113). U.Trias., Eu. Fic.
298,3. *T. jugatonodosus (ZIMMERMANN), Ger.;
3a-c, X0.3 (242).

Tirolonautilus Moysisovics, 1902 [*Nautilus crux
Stacnue, 1877; SD Kummer, 1954]. Moderately
involute nautilicones with compressed whorl sec-
tion, rapidly expanding flanks, which are convex,
subparallel; umbilical shoulders broadly rounded;
venter concave, with flared subangular ventral
shoulders, narrow sinus along mid-part of venter,
ventral shoulders with sinuous longitudinal nodes
that curve in toward ventral sinus; flanks smooth
(113). U.Perm., Eu. Fic. 298,2. *T. crux
(StacHE), Alps; 24,6, X0.7 (234).

Trachynautilus Mojysisovics, 1902 [*Pleuronautilus
subgemmatus Mojysisovics, 1882; SD Diener,

1915]. Longitudinal ridges on flanks, venter
smooth (113). M.Trias.(Anis.)-U.Trias.(Carn.),
Eu. Fic. 298,8. *T. subgemmatus (Mojsiso-

vics), Anis., Alps; 8a,b, X1.3 (140). [=Trachi-
nautilus SHIMANSK1Y, 1962 (nom. nuil.).]
Tylonautilus PRINGLE & JacksoN, 1928 [*Nautilus
(Discites) nodiferus ARMsTRONG, 1866; OD].
Evolute, with subquadrate whorl section; venter
with median smooth sulcus bordered by 2 thin
lirae followed by 3 rows of nodes on venter and
3 rows of nodes on flanks, radially arranged;
suture with ventral and lateral lobes; siphuncle
central (216). L.Carb., Eu.(Scot.-Pol.), Perm.,
Japan. Fic. 298,6. *T. nodiferus (ARMSTRONG),
L.Carb., Scot.; 6a,6, X0.7 (216).

Family RUTOCERATIDAE Hyatt, 1884

[=Trochoceratidae ZitteL, 1884 (based on Trochoceras
Barranpe, 1848, non Harr, 1852), non Trochoceratidae S.A.
Mitikr, 1877 (based on Trockoceras HaLL, 1852, non
BarranDe, 1848); Halloceratidae Hvart in Zirter, 1900+
Ryticeratidne Hvarr in ZitreL, 1900 (nom. null.); incl.
Hercoceratidae Hyatr, 1884, Adelphoceratidae Foerste, 1926,
Litogyroceratidae SHIiMaNskly, 1956, Ptenoceratidae TsicH-
ERT, 1939]

Longiconic, curved and coiled shells
characterized by development of wings,
frills, and spines which are either hollow
and spoutlike or solid. Conchs typically
cyrtoconic and gyroconic, a few forms with
slight impressed zones; siphuncle invariably
ventral, generally orthochoanitic and empty;
a few forms cyrtochoanitic; some known to
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have actinosiphonate deposits (32). L.Dev.-
L.Carb.

Rutoceras Hyartr, 1884 [*Cyrtoceras jason Harr,

1879; OD] [=Kophinoceras Hvarr, 1884;
Cophinoceras Hyatr in Zitrer, 1900 (nom.
null.); Cophinaceras Hyatr in ZiTTEL, 1900 (ROM.
null.); Ryticeras HyatT in ZitteL, 1900 (nom.
null.)]. Gyroconic, with ventral cyrtochoanitic
siphuncle; with spoutlike spines flanking venter
and 2 lateral series of spines which may be sup-
pressed in region of mature living chamber;
spoutlike spines imperfectly connected by short,
generally incomplete frills (93). M.Dev., N.Am.-
?S.Am.(Bol.) - Eu. Fic. 299,7. *R. jason
(Harp), USA(N.Y.); 7a,b, X0.2 (223).

Adelphoceras Barranpe, 1870 [*4. bokemicum;
OD] ([non Adelphoceras Girry, 1909 (=Girtyo-
ceras WEDEKIND, 1918)]. Conch apparently slight-
ly torticonic but this is questionable; whorl sec-
tion depressed, oval, with shallow impressed zone
on dorsal concavity; aperture strongly contracted,
T-shaped; flanks with 2 rows of spines on each
side; siphuncle ventral, containing actinosiphonate
deposits (32). M.Dev., Eu. Fic. 299,8. *4.
bohemicum, Czech.; 8a,b, X0.2; 8¢, X0.7 (5).

Anomaloceras Hyarr, 1884 [*Nautilus anomalus
BarraNDE, 1865; OD] [=Hpyatticeras CossMaN,
1900 (obj.); Alpheiceras Cossman, 1900 (obj.)].
Coiled, evolute, smooth, with wide open umbilicus,
slight impressed zone; whorl section elliptical,
depressed; suture forming shallow ventral lobe;
siphuncle, small, tubular, sltightly off center (93).
M.Dev., Eu. Fic. 299,1. *A4. anomalum (Bar-
RANDE), Czech.; Ia,b, X0.5 (5).

Casteroceras FLower, 1936 [*Cyrroceras alterna-
tum Harr, 1879 (nom. subst. pro C. undulatum
Havv, 1876, non Vanuxem, 1842); OD]. Slender,
cyrtoconic, with slight curvature which is greater
adapically than adaperturally; cross section slightly
depressed, exterior divided distinctly into 10 faces
in the type-species, though number may wvary;
internal molds preserving ventral face, but pres-
ervation of other faces varying within species; su-
ture slightly sinuous, with narrow dorsal saddle,
broad ventral saddle separated by lateral lobes;
septa uniformly and very slightly curved; siphuncle
close to ventral wall, narrow, orthochoanitic; test
thick, bearing irregular transverse undulating
lirae, which are crossed by a few coarse, large,
poorly defined longitudinal lirae; at intervals
of about every other camera interior bears ring of
nodose expansions (one under each lira), above
which lirae are projected into short spines; nodes
decreasing adorally; shallow hyponomic sinus
present (20). M.Dev., N.Am.(USA-Can.)-Eu.
(Eng.). Fic. 299,5. *C. alternatum (HaLL),
Dev., USA(N.Y.); 54,6, X0.4 (223).

Centrolitoceras Frower, 1945 [*C. perplexum;
OD]. Gyroconic, consisting probably of 2 volu-
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tions when complete; cross section slightly de- marked by transverse frills or annulations which
pressed but with venter and dorsum equally show no trace of a hyponomic sinus; at termina-
rounded; suture straight, transverse; siphuncle tion of first volution, annulations have weakened
tubular, adjacent to venter; surface in early stages and disappeared, leaving surface with only coarse

Tirolonautilus

Phloioceras Trachynautilus

Fic. 298. Tainocerataceae (Tainoceratidae) (p. K414-K416).
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growth lines (32). M.Dev., N.Am.(Can.).
Fic. 299,2. *C. perplexum, Man.; 2a-c, X1
(Kummel, n).
Diademoceras FLowER, 1949 [*D. palmeri; OD].
Gyroconic, probably with not more than 2 volu-
tions, whorls broadly depressed, dorsum flattened,
sides converging ventrally and meeting in strong-
ly developed keel; conch ornamented by single
series of spines on each side; other surface mark-
ings consist of transverse striae which form
well-developed hyponomic sinus on venter; su-
tures straight, transverse ventrally but forming
broad shallow lobe on dorsum; siphuncle close
to venter, orthochoanitic, empty (36). M.Dev.,
N.Am. Fic. 299,4. *D. palmeri; USA(N.Y.);
4a,b, X0.4 (36).
Duerleyoceras TURNER, 1954 [*D. gaylense; OD].
Gyroconic, cross section subcircular, ornamented
with single row of nodes on each flank, together
with transverse and longitudinal lirae; outline of
suture unknown; siphuncle apparently dorsal of
center (198). L.Carb., Eu. Fic. 299,3. *D.
gaylense, Eng.; 3a-¢ (holotype), X2 (Kummel, n).

Goldringia Frower, 1945 [*Gyroceras cyclops
Harr, 1861; OD] [=?Polycronites Troosr,
1840]. Gyroconic, with 1 or 2 volutions, free;
cross section slightly broader than high, dorsum
more flattened than venter, which typically is
narrowly rounded, thus producing faintly sub-
triangular cross section; suture essentially straight,
transverse; siphuncle ventral, tubular, free of any
known organic deposits; surface of shell pro-
duced at regular intervals into crenulate frills,
each frill bent downward on venter so as to
form well-defined hyponomic sinus; frills con-
tinuous around shell, only slightly shorter dor-
sally than ventrally (if at all), no spoutlike or
spinous lateral processes; five markings cofisist of
transverse lirae and striae which show crenulate
pattern of frills, accompanied by fainter longi-
tudinal markings in some forms (32). M.Dev.,
N.Am.(N.Y.-Ohio-Ind.). Fic. 299,6. *G. cy-
clops (Harr), USA(N.Y.); 64, X0.2; 65, X0.5
(223).

Halloceras Hyatr, 1884 [*Cyrtoceras undulatum
VanuxeMm, 1842; OD). Gyroconic, whorls sub-
triangular in section, venter broad, rounded, lat-
eral areas divergent, dorsum forming narrow apex
of section; frills at varices of growth, at their
junction with shell wall describing not only a
hyponomic sinus but pair of lateral sinuses, which
represent bases of regions in which frills were
produced into winglike processes; suture with
shallow ventral and lateral lobes; siphuncle small,
near venter (32). L.Dev., N.Am. Fic. 300,3.
*H. undulatum (Harr), USA(N.Y.); X0.3 (223).
(223).

Hercoceras BARRANDE, 1865 [*Gyroceras mirum
Barranpe, 1854; OD]. Involute, torticonic, im-
pressed zone distinct; whorl sections depressed,
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lateral areas converging dorsally, shoulders round-
ed; aperture of mature forms reduced, slitlike;
sutures transverse; siphuncle close to venter;
lateral areas with row of lunate projections, as
in Ptyssoceras, but smaller in size (32). M.Dev.,
Eu. Fic. 300,2. *H. mirum (BaRRANDE),
Czech.; 24,6, X0.5; 2¢, X1 (5).

Hindeoceras FLower, 1945 [*Gyroceras canadense
WHaiteaves, 1891; OD]. Gyroconic, large, with
about 2 volutions; cross section with dorsum
broadly flattened to slightly concave, sides strong-
ly rounded, venter well arched; pairs of spines
on surface (reflected by nodes on internal mold)
which give cross section a faintly faceted appear-
ance; spines and nodes variable in number, one
pair flanking flattened ventral face and at least
4 lateral pairs present in addition, in typical forms
with rows of spines spaced about equally around
circumference crossing dorsum, though spines de-
crease in size from venter to dorsum and dorsally
may be so small as to disappear as nodes on
internal mold; suture simple ventrally, tending
to develop broad shallow lobes on dorsum; si-
phuncle close to venter, tubular, and free from
organic deposits; surface of shell bearing spines
at regular rhythmic intervals, representing varices
of growth; rugose transverse markings are also
present; well-developed hyponomic sinus on nar-
row flat ventral face (32). M.Dev., N.Am.(Can.).

Fic. 300,1. *H. canadense (WHITEAVES),

Man.; Ia,b, X0.3; Ic, X0.5 (241).

Homoadelphoceras Foerste, 1926 [*Gyroceras
devonicans BarranpE, 1866; OD]. Like Adelpho-
ceras but dorsum convex, without impressed zone;
conch gyroconic rather than faintly torticonic
(57). M.Dey., Eu. Fic. 300,4. *H. devoni-
cans (BarranDE), Czech.; 4a, X0.3; 45, X1
(5).

Litogyroceras TEICHERT & GLENISTER, 1952 [*L.
spirale; OD]. Large, exogastric gyrocones with
free whorls, distance between them gradually in-
creasing from apical to oral part of conch; whorl
section subcircular, flattened dorsally; shell sur-
face smooth; siphuncle small, very near venter;
septa highly concave, camerae deep; suture con-
sisting of shallow dorsal lobe, pair of shallow
lateral saddles, and deep narrow ventral lobe;
septal necks orthochoanitic (191). M.Dev., SE.

Australia. Fic. 300,7. *L. spirale; 7a,b, X0.3
(191).
Muiroceras FrLower, 1949 [*M. tuberculosum;

OD]. Conch strongly curved, nearly gyroconic
when complete, rapidly expanding, depressed in
section; dorsum more flattened than venter, ex-
panded more rapidly transversely than vertically
in growth; sutures faintly oblique, rising on
venter to form low saddles, not known dorsally;
siphuncle composed of broad, short nummuloidal
segments, barrel-shaped, about as wide as long;
no organic deposits; surfaces of shell faintly
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marked with transverse growth lines, modified
on sides to form rounded tubercles, as in bases
of alate expansions of Ptenoceras and its allies
(36). M.Dev., Alaska. Fic. 301,4. *M. tuber-
culosum; 4a-c, X0.7 (Kummel, n).

Pleuroncoceras FLowerR in FrLower & KuMMEL,

Duerleyoceras

O

8¢

Goldringia

Rutoceras

K419

1950 [*Spirula nodosa Bronn, 1837; OD]

[ =Spirulites QUENSTEDT, 1846 (obj.), non PARKIN-
soN, 1811, nec KRUEGER, 1823]. Gyroconic, shell
thin, with only faint growth lines and longitudinal
lirae, sides of shell expanded into pair of hollow
nodose lateral expansions of shell; intermediate be-
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Fic. 299. Tainocerataceae (Rutoceratidae) (p. K416-K418).
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tween Ptenoceras and Hindeoceras (49). M.Dev.,
Eu. Fic. 300,8. *P. nodosum (GoLpFuss), Ger.;
8ab, X0.8 (218).

Ptenoceras Hyatt, 1894 [*Gyroceras alatum BaR-

lc
Hindeoceras

Halloceras

6o Ptyssoceras

Litogyroceras
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RANDE, 1865; SD FoErste, 1926]. Gyroconic,
volutions separated by interval of 2 or 3 mm.;
whorl sections depressed, elliptical; transverse
striae on surface of shell strongly recurved on

Hercoceras

Pleuroncoceras

Fic. 300. Tainocerataceae (Rutoceratidae) (p. K418-K421).
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Roussanoffoceras

3b

Trochoceras

Muiroceras
Fic. 301. Tainocerataceae (Rutoceratidae) (p. K418-K419, K421-K422).

flanks, forming deep sinuses; lateral margins of
aperture bearing 2 long, narrow wings, similar
but smaller pair of wings behind aperture; suture
nearly straight; siphuncle close to venter, with
deposits which appear annular in longitudinal
section and may or may not be actinosiphonate
(96). L.Dev.-M.Dev., N.Am.-Eu. F1:6.300,5.
*P. alatum (Barranpe), L.Dev., Czech.; 5ab,
X0.5 (5).

Ptyssoceras

Hyatr, 1884 [*Cyrtoceras alienum
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Tylorthoceras

BarranDE, 1866; OD]. Cyrtoconic, whorl sec-
tions depressed, oval; flanks with rows of short
transverse lunate ridges, their concave margins
facing upward. Sutures straight, transverse. Si-
phuncle close to venter (93). Dev., N.Am.-Eu.
Fic. 300,6. *P. alienum (Barranpe), Czech.;
6a-c, X0.7 (5).

Roussanoffoceras FoersTe, 1925 [*R. depressum;
OD] [=Roussanofoceras CooPER & WILLIAMS,
1935 (nom. null.)]. Conch strongly curved
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Tetragonoceras

Nassauoceras

1d

Fic. 302. Tainocerataceae (Tetragonoceratidae)
(p. K423).

lengthwise, apparently gyroconic, possibly cyrto-
conic; strongly depressed, with elliptical cross
section, enlarging rapidly; siphuncle near venter,
not well known; transverse ribs on lateral areas
of conch may be complete ventrally but reduced
there and absent dorsally; growth lines inscribe
moderately deep hyponomic sinus (56). ?L.Dev.,
USSR(Novaya Zemlya). Fic. 301,1. *R. de-
pressum; la-c, X0.7 (56).

Syrreghmatoceras SverBiLOvA, 1957 [*S. arcuatum;
OD] [=Surreghmatoceras SverBiLOVA, 1957
(nom. null.)]. Cyrtoconic, possibly gyroconic,
whorl section depressed, elliptical, no dorsal im-
pressed zone; sutures straight; siphuncle near
venter; conch with faint longitudinal ribs; like
Anomaloceras in conch form, but with siphuncle
in median position, and faint ornamentation on
shell (177). U.Dev., Eu.(USSR).

Tetranodoceras FLower, 1936 [*Cyrtoceras trans-
versum Harr, 1860; OD]. Gyrocones with much-
depressed whorl section; dorsum transverse, scarce-

© 2009 University of Kansas Paleontological Institute

Cephalopoda—Nautiloidea

ly elevated, not distinctly separated from flanks,
which are slightly convex and converge toward
venter; venter set off by nodes in early volutions
and well-defined angular shoulder in later stages;
conch with 4 pairs of tubercles or blunt spines,
which are hollow on early whorls but become
solid on mature whorls; shell thick, with surface
markings of fine longitudinal lirae and coarse
transverse undulating striae; hyponomic sinus;
suture transverse except for broad shallow dorsal
lobe; siphuncle small, tubular, near venter (20).
M.Dev., N.Am.(N.Y.-IlL.). Fic. 301,2. *T.
transversum (HaLL), USA(N.Y.); 22, X0.3
(223a); 254, diagram. transv. sec., X 1.3; 2¢, surface
(reconstr.), X 0.5 (20).

Threaroceras FLowER, 1945 [*T. inexpectans; OD].
Conch coiled, whorls broad, subtriangular, venter
keeled, at least on outer whorl, ventral area ad-
jacent to keel flattened, lateral area strongly
rounded; umbilical wall broadly arched, dorsal
area with prominent impressed zone; sides of shell
with single pair of large nodes on extreme lateral
portion. Suture transverse ventrally and laterally,
though slightly modified by nodes; slight sad-
dle instead of lobe in impressed zone; septa and
siphuncle not known; surface of shell with trans-
verse markings which slope adapically on ven-
ter, forming deep sinus directly in line with ven-
tral keel (32). M.Dey., N.Am.(Ohio).

Trochoceras BARRANDE in voN Hauer, 1848 [*T.
davidsoni BarraNDE, 1865; SD Hvarr, 1894]
[non Trochoceras Harr, 1852 (=Mitroceras
Hyarr, 1894)]. Like Ptenoceras, but lacking
siphuncular deposits and having a torticonic form
of coiling; whorl section of phragmocone ovate,
of living chamber quadrangular; coiling of conch
sinistral, only slightly torticonic; conch with 2
pairs of winglike processes, one at aperture, the
other toward base of living chamber; suture with
shallow ventral and lateral lobes; siphuncle at
venter, segments fusiform (96). L.Dev.-M.Dev.,
Eu. Fic. 301,3. *T. davidsoni BARRANDE, M.
Dev., Czech.; X0.3 (5). ?

Tylorthoceras MiLLER, 1932 [*Trematoceras ohio-
ense  WHITFIELD, 1882; OD] [=Trematoceras
WaITFIELD, 1882 (mon Eicuwarp, 1851, mnec
Hyart, 1884]. Shell straight, whorl section de-
pressed; siphuncle ventral, tubular, empty; venter
marked by pair of longitudinally elongated spines
which recur at regular intervals (123). M.Dev.,
N.Am.(N.Y.-Ohio). Fic. 301,5. *T. ohioense
(WHrTFiELD), USA (Ohio); X 0.7 (241).

Family TETRAGONOCERATIDAE
Flower, 1945

Shells coiled, gyroconic or with slightly
impressed zones, quadrangular in section,
flanks diverging from umbilical to ventral
shoulders and widest close to venter. Nodes
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may be developed on flanks and shoulders.
Sutures typically with lateral lobes, and
may possess ventral and dorsal lobes as
well; these are best developed in more com-
pressed forms. Siphuncle tubular, typically
close to the venter (32). M.Dev.

Tetragonoceras WHITEAVEs, 1891 [*T. gracile;
OD]. Gyroconic; whorl section quadrate, venter
broader than dorsum; ventral shoulder angular,
finely crenulate; suture with slight lateral and
ventral lobes separated by subangular saddles;
siphuncle ventral, tubular (205). M.Dey., N.Am.
(Can.). Fic. 302,3. *T. gracile, Man.; X2
(205).

Nassauoceras MILLER, 1932 [*Nautilus subtuber-
culatus SANDBERGER & SANDBERGER, 1852; OD].
Evolute, with wide, deep umbilicus and weakly
impressed zone; whorl section subtrigonal, with
broad, low arched venter, rounded ventral shoul-
ders, and convex flanks converging dorsally;
conch with nodes on ventral shoulders; suture
with shallow ventral and lateral lobe; siphuncle
near venter (32). M.Dev., Eu. Fic. 302,1. *N.
subtuberculatum (SANDBERGER & SANDBERGER),
Ger.; la-c, X0.7; 1d, X1.5 (231).

Wellsoceras FLowERr, 1945 [*Gyroceras columbiense
WaitrieLp, 1882; OD]. Shell coiled, whorls in
contact until mature living chamber is reached,
which is free; cross section slightly wider than
high, faintly subquadrangular; dorsal face con-
vex and in some forms not clearly defined lat-
erally, though umbilical shoulders are strongly
rounded; flanks slightly convex, tending to con-
verge very slightly toward venter, which is
slightly arched; all shoulders rounded; suture
straight, transverse ventrally or with very slight
ventral lobe, well-developed lateral lobe; broad,
low saddle on dorsum, which is slightly flattened
but not impressed; siphuncle halfway between
center and ventral wall, presumably tubular; type-
species free of nodes, but related species with 2
series of lateral nodes, on inner whorls (32).
M.Dey., N.Am.(Ohio-Ind.-Ont.). Fic. 302,2.
*W. columbiense (WuitrieLp), USA (Ohio);
X 0.3 (241).

Family RHIPHAEOCERATIDAE
Ruzhentsev & Shimanskiy, 1954

Evolute conchs with perforate umbilicus;
whorl section oval, subquadrate, subtrape-
zoidal, bearing ribs. Suture with ventral
saddle, usually only slight lateral lobe and
?)cep funnel-shaped dorsal lobe (153). L.

erm.

Rhiphaeoceras RuzHENTSEV & SHIMANsKIY, 1954
[*R. wvenustum; OD]. Evolute, perforate, with
low elliptical whorl section; shoulders broadly
rounded; umbilicus wide; flanks bearing faint,
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narrow radial ribs. Suture with low, broad ven-
tral saddle, straight on whorl sides, and with deep
dorsal lobe; growth lines forming deep sinus on

Rhiphaeoceras

]
%

Rhiphaeonautilus

Fic. 303. Tainocerataceae (Rhiphaeoceratidae)
(p. K423-K424).
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Fic. 304. Tainocerataceae (Rhiphaeoceratidae)
(p.K423-K424).

venter (153). L.Perm., USSR(S. Urals). Fics.
303,1; 304,4. *R. venustum; 303,1a,b, X1; 304,

4, X2 (153).

Pararhiphaeoceras RuzHENTSEV & SHIMaNsk1Y, 1954
[*Temnocheilus multituberculatum WAAGEN var.
tastubensis Krucrov, 1928; OD]. Evolute, per-
forate, with subtrapezoidal whorl section; venter
broad, low, smooth, ventral shoulder rounded,
flanks sloping toward umbilicus with no notice-
able umbilical shoulder, flanks with short, oblique
ribs; suture wtih broad ventral saddle containing
very shallow lobe in center, straight on flanks,
and deep funnel-shaped dorsal lobe (153). L.
Perm., SE. USSR. Fic. 303,2; 304,1. *P. rastu-
bense (KrucLov); 303,246, X1; 304,1, X2
(153).

Rhiphaeonautilus RUzHENTSEV & SHIMANsKIY, 1954
[*R. curticostatus; OD]. Evolute, perforate; whorl
section subtrapezoidal, with broad arched venter,
distinctly rounded ventral shoulder, narrow lat-
eral area, indistinct umbilical shoulder, broad
sloping umbilical wall, lateral area bearing short,
inflated ribs; suture forms broad ventral saddle
with slight, shallow lobe and deep funnel-shaped
dorsal lobe (153). L.Perm., USSR(S.Urals).
Fics. 303,4; 304,3. *R. curticostatus; 3034ab,
X 1;304,3, X0.8 (153).

Sholakoceras RUzZHENTSEV & SHIMANSKIY, 1954 [*S.
bisulcatum; OD]. Evolute, perforate; whorl sec-
tion subquadrate, with flattened lateral and ven-
tral areas, rounded ventral and umbilical shoul-
ders, ventral shoulder with narrow rounded ridge
on earlier volutions which disappear in maturity,
lateral areas bearing short, slightly oblique ribs;
suture with broad ventral saddle marked with
very shallow lobe, very shallow lateral lobe and
deep funnel-shaped dorsal lobe (153). L.Perm.,

Cephalopoda—Nautiloidea

S.USSR. Fics. 303,3; 304,2. *S. bisulcatum;
303,3a,6, X1; 304,2, X3 (153).

Family KONINCKIOCERATIDAE
Hyatt in Zittel, 1900
[mom. correct. Hyart in ZitteL, 1913 (pro Koninckoceratida
Hyart in Zitter, 1900)) [Based on Koninckioceras Hyarr,
1884, and although this nominal genus is considered to be
synonym of Millkoninckioceras KuMmMeL, 1963, the family
name is retained in accordance with Article 40 of the
Rules (1961)] [=Temnocheilidae Mojsisovics, 1902 (partim),
Koninckioceracea KINDLE & MitLer, 1939 (superfam.)
(partim); Temnocheilaceae SHimanskiy, 1957 (superfam.)
(partim), incl. Aktubonautilidae RUZHENTSEV & SHIMANSK1Y,
1954 (partim); Kaightoceratinae SHIMANSKIY, 1962]

Evolute conchs with depressed whorls,
not deeply impressed dorsally, sutures only
slightly sinuous, siphuncle subcentral, flanks
typically converging toward dorsum; orna-
mentation, when present, consisting of
nodes along ventral shoulder or in middle
of lateral areas or elongate nodes on ventral
part of lateral area (134). L.Carb.(Miss.)-

Perm.

Millkoninckioceras KummeL, 1963 [*Koninckio-
ceras konincki MiLLer & Kemp, 1947; OD]
[=?Koninckioceras Hyart, 1884 (unrecognizable
type-species); ?Koninckoceras Hyatt in ZITTEL,
1900 (nom. null.)]. Evolute, widely umbilicate,
smooth conch; whorl section depressed, elliptical,
venter broadly rounded, flanks also rounded; dor-
sal impressed zone slight; umbilicus large and
perforate. Suture essentially straight; siphuncle
small, subcentral (134). L.Carb.(Miss.)-Perm., N.
Am.-Eu. Fic. 305,5. *M. konincki (MILLER &
Kemp), L.Carb., Eu.; 5a,5, X0.4 (134).

Edaphoceras Hyarr, 1884 [*Nautilus (Temno-
cheilus) niotensis MEEK & WorTHEN, 1873; OD].
Evolute, with whorls in contact but not embrac-
ing, large funnel-shaped umbilicus; whorl sec-
tions depressed, fusiform, with subangular lateral
area merging onto broadly rounded venter and
dorsum; suture with distinct ventral and dorsal
lobe, subangular saddles; siphuncle small, ap-
proximately central (93). Miss,, N.Am.——Fic.
306,2. *E. niotense (MEEK & WOoRTHEN), USA
(11L.); 24,6, X0.7 (225).

Endolobus MEEx & WoORTHEN, 1865 [*Nautilus
spectabilis MEEK & WORTHEN, 1860 (=N. (Endo-
lobus) peramplus Meex & WorTHEN, 1865); SD
MEeEx & WoRTHEN, 1866] [=dAkeubonautilus,
Heurekoceras RUZHENTSEV & SHIMANSKIY, 1954].
Nautiliconic, evolute; whorl section subelliptical,
broadly rounded ventrally, narrowly rounded lat-
erally, slightly impressed dorsally; umbilicus wide,
deep, presumably perforate; flanks of conch bear-
ing low nodes; external suture only slighty sinu-
ous, dorsal suture with prominent lobe; siphuncle
small, subcentral, orthochoanitic (134). L.Carb.
(U.Miss.)-L. Perm., N.Am.(Tex.-N. Mex.-Kans.-
Ark.-Ind.-Pa.-Ky.-Alaska)-Eu. (USSR). —— Fie.
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305,1. *E. spectabilis (MEEK & WoRTHEN), U.Miss.,
USA(IIL); 1a,b, X0.4 (134).

Foordiceras Hyartrt, 1893 [*Nautilus goliathus
WaaceN, 1879; OD]. [=Foordoceras GirTY,
1908 (mom. null.)]. Involute nautilicone with
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Lophoceras

K425

moderately broad, deep umbilicus; whorl section
trapezoidal, with broad arched venter, convex
lateral areas that slope dorsally, ventral shoulders
rounded, umbilical shoulders more broadly round-
ed, umbilical wall broad and steep; flanks with

Foordiceras

Millkoninckioceras

Fic. 305. Tainocerataceae (Koninckioceratidae) (p. K424-K427).
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transverse elongated nodes on ventral shoulders
that disappear by mid-part of lateral area; suture
slightly sinuous; position of siphuncle not known
(113).  Perm., Eu.(USSR-Sicily)-Asia(Pak.)-E.
Indies. Fic. 305,2. *F. goliathum (WAAGEN),
Pak. (Salt Range); 24,6, X 0.3 (205).

Knightoceras MiLLer & OweN, 1934 [*K. mis-
souriense; OD] [=Librovitschiceras SHIMANSKIY,
1957]. Nautiliconic, subglobular, rapidly expand-

Temnocheilus

5b

Planetoceras

Sa

Cephalopoda—Nautiloidea

ing; whorls depressed, sublenticular in cross sec-
tion, broadly rounded ventrally and dorsally, sub-
angular laterally, impressed zone small, incon-
spicuous; umbilicus broad, deep; with deep
rounded hyponomic sinus on venter. Suture with
shallow ventral lobe, angular saddle on subangular
lateral zone, essentially straight on umbilical wall;
siphuncle small, subcentral (132). L.Carb.(U.

Miss.), N.Am.(Mo.-Towa-Alaska)-Eu.(USSR).——

Edaphoceras

4b

Subvestinautilus

Subvestinautilus

Fic. 306. Tainocerataceae (Koninckioceratidae) (p. K424, K427).
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Fic. 305,3. K. abundum MILLER, LANE, & UNKLEs-
BAY, M.Penn., USA(Mo.); 346, X0.7 (132).
[KumMmEL judges firmly that Librovitschiceras is
a junior synonym of Knightoceras, whereas Fur-
NIsH & GLENISTER accept this genus as belonging
in the family Aipoceratidae (p. K441, Fig. 318,1).]
Lophoceras Hyarr, 1893 [*Nautilus pentagonus
]. SowEersy, 1819; OD] [non Lophoceras PARONA
& BonareLLi, 1895 (1897); mec voN HokpeN,
1933 (ammonites)]. Evolute, large, with slight
impressed zone; whorl section in early volutions
rounded, then developing obtuse angular ventral
area and venter, that on venter disappearing
adorally on mature body chamber; suture with
subangular ventral saddle, broad shallow lateral
lobe, dorsal lobe, and possibly an annular lobe;
conch smooth except for growth lines (95). L.
Carb., Eu. Fic. 3054. *L. pentagonum
(Sowersy), Eng.; 44,6, X0.25 (Kummel, n).

Planetoceras Hyatt, 1893 [*P. retardatum; OD].
Evolute, widely umbilicate, tarphyceraconic, ad-
oral part of living chamber not in contact with
preceding whorl; whorl section depressed, venter
broad, convex, ventral shoulders rounded, flanks
slightly convex, steeply sloping; deep, tongue-
shaped hyponomic sinus; suture with very slight
ventral and lateral lobes; siphuncle ventral of
center (59). L.Carb.(Miss.)-U.Carb.(Penn.), N.
Am.-Eu.(Belg.-Ire.). Fic. 306,5. *P. retarda-
tum, L.Carb., Belg.; 54,6, X1 (Kummel, n).
Subvestinautilus TurNEr, 1954 [*Vestinautilus
crassimarginatus Foorp, 1900; OD]. Evolute,
whorl section depressed, trapezoidal, venter con-
vex throughout development; suture with broadly
rounded ventral lobe, deeper lateral lobe; annular
lobe may be present; umbilical shoulder carinate
in youth but rounded or marked by longitudinal
rib in maturity; spiral ornament on umbilical
walls in early whorls (199). L.Carb., Eu.(Ire.-
Isle of Man). Fic. 306,4. *S. crassimarginatus
(Foorb), Ire.; 4a, X 0.4; 45, 0.7 (80).
Temnocheilus M’Coy, 1844 [*Nautilus (Temno-
cheilus) coronatus M’Coy, 1844; SD Hyatt, 1884]
[=Pseudotemnocheilus, Articheilus, Leonardo-
cheilus RuzHENTSEV & SHIMANsKIY, 1954]. Evo-
lute, with large, open, perforate umbilicus; whorl
section subtrapezoidal, flattened ventrally and lat-
erally, slightly impressed dorsally; lateral zones
convergent dorsally; deep hyponomic sinus on
venter; ventrolateral shoulders bearing single row
of longitudinally elongate nodes; sutures with
ventral, lateral, and dorsal lobes; siphuncle small,
subcentral, orthochoanitic (128). L.Carb.(Miss.)-
Perm., N.Am.(Ill.-Ky.-Mo.-Kans.-Tex.-Colo.)-Eu.
(Ire.-Eng.-USSR). F1c. .306,1. *T. coronatus
(M’Coy), L.Carb., Ire.; Ia,b, X0.7 (80).
Tylodiscoceras MiLLER & CoLLiNsoN, 1950 [*T. uni-
cum; OD]. Large, discoidal, and nautiliconic, only
slightly involute; whorls depressed, rounded lat-
erally, concave ventrally; umbilicus large, open,

©2

K427

1b v lc la
FiG. 307. *Valhallites ornatus (GirTY)
(Koninckioceratidae) (p. K427).

and probably perforate, umbilical shoulders
rounded; test thick, bearing single row of large
rounded lateral nodes; suture with shallow broad-
ly rounded ventral, lateral, and presumably dor-
sal lobes, separated by narrowly rounded saddles
(125). Miss., N.Am.(Ky.-Tenn.). Fic. 306,3.
*T. unicum, Ky.; 3a,b, X0.2 (125).

Valhallites SHimanskry, 1959 [*Endolobus ornatus
GirTy, 1911; OD]. Evolute, rapidly expanding,
with depressed, elliptical whorl section; venter
broadly convex, lateral area acute, umbilical wall,
broad, convex, dorsal area shallow; suture with
shallow ventral, lateral, and dorsal lobes and
annular lobe; conch bearing short radial ribs,
sinuous growth lines, and prominent Jongitudinal
striae; siphuncle, slightly ventral of center (221).
L.Carb.(Miss.)-L.Perm., N. Am.(Ark.)-Asia(Sib.).

Fic. 307,1. *V. ornatus (GirTY), Miss., USA

(Ark.); la-c, X1 (221).

Superfamily
TRIGONOCERATACEAE
Hyatt, 1884

[nom. transl. KumMeL, herein (ex Trigonoceratidae Hyarr,

1884)] [=Centroceratida Frower in FrLower & KuMMEL

(order) 1950; Centroceratina SHiMANsklY, 1957 (suborder);
Centrocerataceae SHIMANSKIY, 1962 (superfam.)]

Gyroconic to nautiliconic, whorls primi-
tively quadrate, venter narrow to acute, dor-
sum broad; section may develop a concave
venter, or may become broad and rounded.
Some forms with strongly lirate surfaces

(49). Dev.-Trias.

Family TRIGONOCERATIDAE Hyatt,
1884

[incl. Triboloceratidae Hvarr, 1884, Rineceratidae Hyartr,
1893 (=Rhineceratidae Hyart in ZrirteL, 1900, nom. null.),
Thrincoceratidae RuzHENTSEV & SHIMANsK1Y, 1954, Tribolo-
cerataceae SHIMANSK1Y, 1957] [=Neothrincoceratidae, Sub-
clymeniidae, Aphelaeceratinae SHIMANSKIY, 1962]

Loosely coiled to evolute, with oval to
subquadratic, depressed to compressed
whorl sections, generally bearing longitudi-
nal ridges which may decrease with growth.
Suture typically only slightly sinuous. Si-
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Carlloceras 2b

2c

Homaloceras

Centroceras

Fic. 308. Trigonocerataceae (Centroceratidae) (p. K432).

phuncle small, subcentral, orthochoanitic
(32). L.Carb.(Miss.)-L.Perm.

Trigonoceras M'Coy, 1844 [*Orthocera paradoxica
SowerBy, 1825; OD] [=Nautiloceras p’ORBIGNY,
1849]. Known only from fragmentary speci-
mens, which appear to be cyrtoconic or very
loosely coiled gyroconic forms with subtriangular
cross section, venter broadly concave, shoulders
angular and lateral areas broad, convex; siphuncle
above center, orthochoanitic (128). L.Carb., Eu.
(Eng.-Belg.-Ger.) . Fic. 310,1. *T. paradoxi-
cum (Sowersy), Eng.; X0.7 (233).

Aphelaeceras HyaTtt, 1884 [*Nautilus (Discites)
disciformis MEEk & WoRrTHEN, 1873; SD MILLER
& GarNER, 1953] [=dApheleceras Hyatt, 1893
(nom. null.)]. Evolute, compressed, with wide
umbilicus, small impressed zone; whorl section
subrectangular, with convex lateral areas con-
verging toward concave venter; ventral shoulders
subangular; umbilical shoulders broadly rounded;
suture with narrow ventral lobe, broad lateral

© 2009 University of Kansas Paleontological Institute

lobe; siphuncle barely ventral from center (93).
L.Carb.(Miss.), N.Am.-Eu. Fic. 310,6. 4.
difficile (pEKoNINck), Belg.; 6ab, X0.7 (224).
Apogonoceras RUZHENTSEV & SHIMANsKIY, 1954
[*A. remotum; OD]. Gyroceraconic, very loose-
ly coiled; whorl section at maturity rounded.
Sculpture of sharp longitudinal ribs; suture nearly
straight; siphuncle subcentral (42). [Type and
only specimen is very fragmentary.] L.Perm., SE.
USSR.
Chouteauoceras MILLER & GARNER, 1953 [*Rine-
ceras americanum MILLER & FurnisH, 1939; OD].
Loosely coiled, volutions not in contact except
perhaps slightly at maturity; whorl section ovate,
higher than wide, more rounded dorsally than
ventrally, not impressed dorsally; conch with
numerous longitudinal ridges and fine transverse
growth lines; suture with broad rounded lateral
lobes and dorsal and ventral saddles; siphuncle
small, subcentral (131). Miss., N.Am.(Mo.-Mich.).
Fic. 310,3. *C. americanum (MILLER & FUR-
NisH), Mo.; X1 (131).
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Diodoceras HyarTr in Zrtter, 1900 [*Nautilus
avonensis DawsoN, 1868; OD]. Evolute, widely
umbilicate, with moderate impressed zone; whorl
section depressed, with broadly arched venter
merging into obtusely rounded flanks, broad, slop-
ing, slightly convex umbilical wall; suture only
slightly sinuous; siphuncle near venter. Miss., N.
Am.(Can.). Fic. 310,9. *D. avonense (Daw-
soN), Nova Scotia; 92,6, X 0.7 (Kummel, n).

Discitoceras HyartTt, 1884 [*Nautilus (Discites)
costellatus M’Coy, 1844; OD] [=Discites M’Coy,
1844 (mon ScuroTtHEmM, 1813, nec peHAaaN,
1825)]. Widely umbilicate nautilicone with shal-
low impressed zone; whorl section depressed,
with broadly rounded venter and rounded ventral
shoulders, flanks flattened, converging ventrally,
umbilical shoulders subangular, umbilical wall
broad, slanting, slightly convex; septa sinuous (de-
tails unknown); siphuncle approximately central;
test bearing longitudinal ridges separated by spaces
greater than twice their own width; ridges cover-
ing venter and lateral areas but not umbilical wall
(93). L.Carb., NW Eu. Fic. 310,2. *D. costel-
latum (M’Coy), Ire.; 2a-c, X0.8 (119).
Epistroboceras TURNER, 1954 [*E. stubblefieldi;
OD]. Evolute, highly compressed, with converg-
ing convex flanks, narrow concave venter, and
angular, carinate ventral shoulders; flanks with
spiral ribs, sulci and lirae of varying prominence;
ventral lobe of suture shallow, lateral lobe deeper
and broadly rounded; siphuncle subventral (199).
L.Carb., W.Eu. Fic. 310,5. *E. stubblefieldi,
Isle of Man; 5a-c, X1 (199).

Leuroceras Hyarr, 1893 [*L. aplanatum; OD].
Compressed, involute, smooth, nautilicone; whorl
section elliptical, higher than wide, flanks broadly
convex, converging on rounded venter; umbilical
shoulders broadly rounded; whorls cover about
0.7 of preceding whorls. Living chamber half a
volution in length; suture with rounded ventral
saddle, broad shallow lateral lobe, and possibly
dorsal lobe with small annular lobe; siphuncle
near venter; inner whorls bearing longitudinal
ridges (95). L.Carb., Eu.(Belg.-Eng.). Fic.
310,7. *L. aplanatum, Belg.; 7ab, X0.7 (Kum-
mel, n).

Lispoceras Hvarr, 1893 [*L. trivolve; OD]. Evo-
lute, with subelliptical whorl section on outer
whorl where venter is broadly rounded, grading
imperceptibly into flanks; umbilical shoulder sub-
angular; umbilical wall broad, sloping; earlier
volutions more rounded in cross section; conch
bearing fine longitudinal lirae and growth lines
which form prominent sinus on venter; suture
with shallow ventral and lateral lobes; siphuncle
just ventral of center (95). L.Carb., W.Eu.
Fic. 310,4. *L. trivolve, Belg.; 4a-c, X 0.7 (Kum-
mel, n).

Maccoyoceras MiLLEr, DunBar, & Conbra, 1933
[*Nautilus (Discites) discors M’Coy, 1844; OD].
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F1c. 309. *Diorugoceras planidorsatum (PorTLOCK)
(Centroceratidae) (p. K432).

Evolute, volutions only slightly impressed; whorl
section hexagonal, with flattened venter, con-
verging flanks, prominent umbilical shoulder, and
sloping umbilical wall; conch bearing prominent
transverse lirae; suture with shallow ventral and
lateral lobes; siphuncle small, ventral of center
of whorl (128). L.Carb.(Miss.), N.Am.(Mich.)-Eu.

Fic. 310,8. *M. discors (M’Coy), Ire.; 8a,b,
%0.7, X1 (119).

Mesochasmoceras Fooro, 1900 [*Nautilus (Dis-
cites) latidorsatus M'Coy, 1844; OD]. Very evo-
lute, smooth, compressed, with broad open um-
bilicus; early whorls nearly ovate in cross section,
later whorls subrectangular, with broad slightly
convex flanks, subangular ventral shoulders, con-
cave venter, and umbilical shoulders broadly
rounded; suture unknown; siphuncle near center
(80). L.Carb., Eu. Fic. 311,1. *M. latidor-
satum (M’Cov), Ire.; l1a,b, X0.5 (80).

Pararineceras TurRNER, 1954 [*Nautilus luidi FLEM-
iNG, 1828; OD]. Evolute, with large perforate
umbilicus  (tarphophioceraconic);  whorls no
longer making contact at adoral end of conch;
whorl section depressed, elliptical, widest at mid-
part of whorl, venter broadly rounded; conch
bearing prominent longitudinal striae and radial
growth lines and lirae, with nodes at their inter-
section; suture with shallow ventral and lateral
lobes; siphuncle subcentral (199). L.Carb., NW.
Eu.(Ire.-Isle of Man-Eng.). Fic. 311,2. *P.
luidi (FLEmiNGg), Eng.; 2a-c, X1.5 (Kummel, n).

Rineceras Hyatt, 1893 [*Gyroceras propinquum
peKoniNck, 1880; SD Foorp, 1900] [=Rhine-
ceras Hyatt in Zirter, 1900]. Evolute, volu-
tions in contact but not deeply impressed at ma-
turity; whorl section elliptical, depressed, ventral
or dorsal zones (or both) tending to be flattened
or even slightly concave; conch bearing promi-
nent longitudinal ridges, which may be spinose;
camerae short; sutures slightly sinuous; siphuncle
small, subcentral, orthochoanitic (95). L.Carb.
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Trigonoceras

Leuroceras Maccoyoceras Diodoceras

Fic. 310. Trigonocerataceae (Trigonoceratidae) (p. K428-K429).
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Thrincoceras

Rineceras

Fic. 311. Trigonocerataceae (Trigonoceratidae) (p. K429, K431).

(Miss.), N.Am.-Eu. Fic. 311,4. *R. propin-
quum (pEKONINCK), Belg.; 4a,6, X 0.8 (224).
Stroboceras HyatTt, 1884 [*Gyroceras hartii Daw-
soN, 1868; OD]. Evolute, indented very little,
outer whorls losing contact; whorl section vari-
able, generally higher than wide, converging to-
ward venter; conch bearing prominent ventral
ridges and grooves; suture slightly sinuous; si-
phuncle small, ventral of center (131). L.Carb.
(Miss.), N.Am.-Eu. Fic. 312,la. *S. hartii
(Dawson), U.Miss., Nova Scotia; X5 (131).
Fie. 312,16. S. stygiale (pEKoninck), L.Carb.,
Belg.; X1 (131). Fic. 312,1cd. S. sulcatum
(SoweRrBY); Ic, U.Miss., USA(Ky.) [="Discito-
ceras sulcatum SowerRBY’ MILLER & FurNisH],
X3; 1d, L.Carb., Ire,, X3 (131). Fic. 312,
le. S. bisulcatum (pEKoninck), L.Carb., Belg.;
X 1.7 (131).

Subclymen’a p'OrsiGNY, 1849 [*Goniatites evo-
lutus PuiLLips, 1836; SM p’ORBIGNY, 1850]. Evo-
lute, compressed, with perforate umbilicus; whorl
section subquadrate, flanks subparallel, slightly
convex, venter concave, ventral shoulders sub-
angular; conch bearing growth lines and longi-
tudinal lirae on ventral area of flanks and on
ventral shoulders; suture with deep, funnel-shaped
ventral lobe, subangular saddle on ventral shoul-
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der, with annular lobe; siphuncle near venter
(95). L.Carb., Eu.(Eng.-Ire.-Belg.). Fic. 312,
2. 8. occulata Hyatt, Belg.; 2a,6, X1; 2¢, X0.7
(224).
Thrincoceras Hyarr, 1893 [*T. depressum; SD
ScuMmipT, 1951] [=Neothrincoceras RUZHENTSEV
& SHiMANsKkIY, 1954]. Evolute, not greatly im-
pressed; whorl section robust, subquadrate, de-
pressed; venter broad, flattened, ventral and um-
bilical shoulders rounded; flanks only slightly
convex; umbilicus wide, perforate; conch bearing
prominent longitudinal ridges both on venter and
flanks. Suture slightly sinuous; siphuncle just ven-
tral of center (95). L.Carb.(Miss.)-L.Perm., N.
Am.-Eu. Fic. 311,3. *T. depressum, USA
(Ky.); 3a,6, X0.3 (95).
Vestinautilus RycknoLt, 1852 [*Nautilus konincki
p'OrBIGNY, 1850; SD Hyarr, 1884] [=Tribolo-
ceras HyaTT in ZitTEL, 1884]. Evolute, volutions
in contact except at early and very late ontogenetic
stages; umbilicus large, perforate; whorl section
variable, generally semicircular and flattened ven-
trally on immature volutions, sublenticular at full
maturity; conch bearing longitudinal ridges, most
of which become obsolete at maturity; camerae
short; sutures sinuous, tending to form ventral
and in some cases, dorsal and lateral lobes; si-
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phuncle small, subcentral, orthochoanitic (199).
L.Carb.(Miss.), N.Am. - Eu. Fic. 312,3. *V.
konincki (0’OrsioNY), Eu.; 3a-c, X0.6 (224).

Family CENTROCERATIDAE Hyatt
in Zittel, 1900

[=Phacoceratidae SHIMANSKIY, 1962]

Shells gyroconic to tarphyceraconic and
nautiliconic in coiling, characterized by a
quadrangular cross section in which ven-
tral and umbilical shoulders are sharply
angular and only rarely rounded; venter
much narrower than dorsum, flanks being
flattened and converging from dorsum to
venter. Hyponomic sinus on venter. Flanks
divided in center by a crest, best seen in
early stages of Centroceras, where it is also
elevated on a slight ridge, so that transverse
sections are faintly hexagonal. Growth lines
transverse dorsally. Sutures with lobes on
venter and sides, but transverse dorsally.
Siphuncle tubular, close to but not in con-
tact with venter (32). M.Dev.-L.Perm.

Centroceras Hyatr, 1884 [*Goniatites marcellensis
VanuxeMm, 1842; OD]. Tarphyceraconic, con-
sisting of few, rapidly expanding volutions; um-
bilicus perforate, wide; slightly impressed zone
near base of mature living chamber; whorl sec-
tions tetragonal, with sharp ventral and umbilical
shoulders; dorsum broad, convex in young, nearly
straight in mature portions; lateral areas oblique,
convergent toward narrow, scarcely convex ven-
ter; whorls compressed; suture with shallow
ventral lobe and broad lateral lobe having sub-
acute saddles on shoulders, dorsal portion nearly
transverse except in mature portion where broad
shallow lobe occurs; siphuncle tubular, near ven-
ter; living chamber half a volution in length;
ornamentation consists of alternating striae and
lirae which are more or less fasciculate; ventral
shoulders of early volutions bear small nodes
(93). M.Dev., Eu.(Ger.)-N.Am.(N.Y.-Ohio-Can.).

Fic. 308,4. *C. marcellense (VaNuxem),
USA(N.Y.); X0.3 (223).

Carlloceras FLower & CasTeR, 1935 [*C. garland-
ensis; OD] [=Carloceras SHmmanskiy, 1957
(nom. null.)]. Moderately involute nautilicone;
whortl section trapezoidal, compressed, ventral and
lateral areas nearly flat, with slight dorsal im-
pressed zone; shoulders slightly rounded; suture
with ventral saddle and broad lateral lobe. Si-
phuncle small, near venter; surface of internal
mold smooth (48). U.Dev., N.Am. Fic. 308,
2. *C. garlandense, Pa.; 2a-c, X1 (48).

Diorugoceras Hyatr, 1893 [*Nautilus planidorsa-
tus, PorTLOCK, 1843; OD]. Nautilicone, very in-
volute, with small umbilicus, compressed; whorl
section with slightly convex broad lateral areas
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that converge toward concave venter; ventral
shoulders angular, umbilical shoulders broadly
rounded; conch smooth, as far as known; suture
with broad, deep lateral lobe, nature of ventral
and dorsal lobe unknown; position of siphuncle
unknown (95). L.Carb., Eu. Fic. 309,1. *D.
planidorsatum (PorTLOCK), Ire.; la, X0.5; 15,
x1 (229).

Homaloceras Wurteaves, 1891 [*H. planatum;
OD]. Cyrtoconic to gyroconic; whorl section
compressed, venter narrow and concave, flanks
broadly convex, dorsal areas convex; suture only
slightly sinuous; siphuncle tubular, near venter
(207). M.Dey., N.Am.(Can.). Fic. 308,5. *H,
planatum, Man.; 5ab, X0.3 (207).

Phacoceras Hyartr, 1884 [*Nautilus oxystomus
PuiLLips, 1836; OD]. [=Phaceras TEICHERT &
GLENISTER, 1952 (nom. null.)]. Moderately in-
volute, highly compressed, lenticular; venter
acute, conch widest at umbilical shoulder; sur-
face smooth except for growth lines; suture with
broad shallow lobe on flanks and ventral saddle;
siphuncle slightly ventral from center (93). L.
Carb. (Eu.)-L. Perm. (Australia). Fic. 308,1.
*P. oxystomum (PuiLLips), L.Carb., Eu.; Ia}b,
% 0,7 (224).

Strophiceras Hyatr, 1884 [*Gyroceras binodosum
SANDBERGER &  SanNDBERGER, 1850; OD]
[=Strophioceras ZirteL, 1884 (mom. null.)].
Probably gyroceraconic (type known from frag-
ment only); whorl section subrectangular, higher
than wide; flanks flattened, convergent toward
venter; both dorsal and ventral areas slightly
arched, venter with ridge along center line, aligned
by diagonally elongated nodes which decrease to-
ward ventral shoulder; enlarged longitudinal nodes
on ventral shoulder which show their effect slight-
ly on otherwise smooth flanks. Suture with ven-
tral, lateral and dorsal lobes. Siphuncle very near
venter (93). M.Dev., Eu. Fic. 308,3. *S. bino-
dosum (SANDBERGER & SANDBERGER), Ger.; 34,5,

X0.7; 3¢, X1 (231).

Family GRYPOCERATIDAE
Hyatt in Zittel, 1900

[incl. Gryponautilidae Mojsisovics, 1902; Domatoceratidae
MILLER & YouNcquist, 1949] [—=Grypoceratinae SHIMANSKIY,
1962]

Evolute to involute, generally smooth,
compressed showing some modification of
venter from flattened to subangular, or bear-
ing keel. Ornamentation not common but
some forms with nodes or carinae. Suture
with distinct ventral and lateral lobes. Posi-
tion of siphuncle variable, one form having
siphuncle at venter (115). L.Carb.-Trias.
Grypoceras Hvarr, 1883 [*Nautilus mesodicus
QuensTeEDT, 1845; OD]. Like Domatoceras, but
tending toward more involution and rounding of
ventral shoulders; suture with annular lobe (115).
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1b
Stroboceras

Vestinautilus

K433

Subclymenia

Fic. 312. Trigonocerataceae (Trigonoceratidae) (p. K431-K432).

Trias., Eu.-Asia (Himalayas)-N. Am. (Idaho-Nev.-
Calif.)——Fi1c. 313,2. *G. mesodicum (QUEN-
sTEDT), Nor., Alps; 24,6, X 0.3 (139).

Domatoceras Hyatt, 1891 [*D. umbilicatum; SD
MiLLer, DunBar & Conpra, 1933] [=Stenodo-
matoceras, Penascoceras, Permodomatoceras RuzH-
ENTSEV & SHiMANsk1Y, 1954; Pseudometacoceras
MiLLER, DuNBAR & ConpRA, 1933]. Subdiscoidal,
nautiliconic, generally evolute; whorl section flat-
tened ventrally and laterally, generally only slight-
ly impressed dorsally; shoulders narrowly rounded
to subangular, flanks typically convergent ven-
trally, with maximum width just above umbilical
shoulders; growth lines indicate deep hyponomic
sinus on venter; some forms have low ventro-
lateral or dorsolateral nodes (or both) in late

©
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maturity; suture with broad rounded ventral,
lateral, and dorsal lobes, separated by subangular
saddles; siphuncle subcentral (113). U.Carb.
(Penn.)-Perm., N.Am.-Eu.-Afr.-Asia(China)-E.In-
dies-Australia. Fic. 313,1. *D. wumbilicatum,
Penn., USA (Kans.); 1a,b, X0.3; Ic, X1 (134).
Epidomatoceras TURNER, 1954 [*Nautilus planoter-
gatus M’Coy, 1844; OD]. Like Domatoceras but
ventral shoulders rounded on living chamber,
angular on phragmocone; slight narrow sulcus
separating ventrolateral margin from series of
lirae on ventral margins; suture with sharp an-
gular ventral lobe and broad rounded lateral lobe;
siphuncle subcentral (199). L.Carb., Eu. FiG.
313,5. E. maccoyi TurNER, Ire.; 5ab, X0.7;
5S¢, X1.5 (199).
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Menutnionautilus

4b '

5¢c

Epidomatoceras

Menuthionautilus Epidomatoceras

Fic. 313. Trigonocerataceae (Grypoceratidae) (p. K433, K435-K436).
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1 Parastenopoceras

2 Plummeroceras

Stearoceras

3a

Virgaloceras

K435

Fic. 314. Trigonocerataceae (Grypoceratidae) (p. K436).

Gryponautilus Mojsisovics, 1902 [*Nautilus galea-

tus Mojsisovics, 1873; SD Diener, 1915]. In-
volute, inflated conch that at maturity has a nar-
rowly rounded keel-like venter; inner whorls
have broad concave to convex truncated venters
and inflated lateral areas with row of nodes along
angular ventral shoulders; suture with shallow
ventral and lateral lobe and annular lobe (113).
U.Trias.(Carn.-Nor.), Eu.(Alps, USSR)-Asia(Him-
alayas, Indonesia)-N.Am.(Calif.). Fic. 313,6.
*G. galeatum (Mojsisovics), Carn., Alps; 64,5,
X0.2 (139).
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Menuthionautilus CorricNoN, 1933 [*Nautilus
(Menuthionautilus) kieslingeri; OD]. Involute,
rapidly expanding, smooth; whorl sections com-
pressed, venter broadly convex on mature whorls,
inner whorls with flattened venter; flanks broadly
convex; umbilicus very small, umbilical shoulders
rounded, umbilical walls steep; suture with shal-
low ventral lobe and broad lateral lobe; siphuncle
against venter (113). L.Trias.(Scyth.), Afr.
(Madag.)-Eu.(USSR)-Asia(Pak.). Fic. 3134.
*M. kieslingeri, Madag.; 4a, X0.4; 4b,c, X0.7
(10).
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Pseudonautilus

2b 1b

‘ Permoceras
| |

la

Fic. 315,1. *Permoceras bitauniense (HANIEL)

(Permoceratidae) (p. K437). [Fic. 315,2. Homeo-

morphic form, Pseudonautilus geinitzi (OPPEL)
(Pseudonautilidae) (p. K451).]

Paradomatoceras DELEPINE, 1937 {*P. applanatum;
OD]. Conch much like that of Domatoceras,
compressed, evolute; whorl section subrectangular,
with flattened flanks converging toward flattened
venter, ventral shoulder narrowly rounded, um-
bilical shoulders more broadly rounded; inner
whorls with subparallel flanks and concave ven-
ter bordered by distinct carina; suture with shal-
low pointed ventral lobe, broad shallow lateral
lobe, angular saddle on umbilical shoulder and
shallow lobe on umbilical wall; siphuncle in near
ventral position (17). U.Carb., Eu.(Holl.)-N.Afr.-
(Morocco). Fic. 313,3. *P. applanatum; 3ab,
Holl., X 1.5; 3¢, Morocco, X 1.5 (17).

Parastenopoceras RUZHENTSEV & SHIMANsKIY, 1954
[*P. khvorovae; OD]. Involute, smooth, slightly
inflated; whorl sections semielliptical, flanks
broadly convex, venter rounded, with distinct
umbilical shoulders and nearly vertical umbilical
wall; suture with ventral saddle, large lateral lobe,
lateral saddle on umbilical shoulder, and shallow
dorsal lobe (153). [Conchs have the appearance
of an inflated, evolute Stemopoceras.] L.Perm.
(Artinsk.), S.JUSSR. Fic. 314,1. *P. khvoro-
vae; X2 (153).

Plummeroceras Kummer, 1953  [*Grypoceras
(Plummeroceras) plummeri; OD]. Like Domato-
ceras, but more evolute and suture with deep

ventral lobe (113). L.Perm., USA(Tex.). F1G.
314,2. *P. plummeri; X0.5 (113).
Pselioceras Hvarr, 1884 [*Nautilus ophioneus

Waacen, 1879; OD]. Evolute, smooth, whorls
little embracing, umbilicus perforate; whorl sec-
tion ovoid, flanks slightly convex, converging ven-
trally, venter rounded, umbilical shoulders broad-
ly rounded; suture straight over venter, with shal-
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low lateral lobe; siphuncle above center (113). L.
Perm., Asia(Pak.). Fic. 314,4. *P. ophioneum
(Waacen), Salt Range; 4a, X0.3; 45, X0.7
(205).

Stearoceras Hyarr, 1893 [*Endolobus gibbosus
Hyarr, 1891; OD] [=Parapenascoceras, Neo-
domatoceras RUZHENTSEV & SHIMANsKIY, 1954].
Involute, rapidly expanding, volutions few; whorl
sections subtrapezoidal, depressed, flattened lat-
erally and ventrally; flanks convergent ventrally;
impressed zome small; umbilicus moderate in
size, deep, presumably perforate, umbilical walls
steep; conch smooth; hyponomic sinus deep and
rounded; suture with slight ventral, lateral, and
dorsal lobes, and small V-shaped annular lobe
(134). U.Carb.(L.Penn.)-L.Perm., N.Am. - Asia
(China)-Australia-Eu.(USSR). Fic. 314,7. *S.
gibbosum (Hyart), L.Penn., USA(Tex.); 7ab,
X 0.4 (134).

Stenopoceras Hyarr, 1893 [*Phacoceras dumblei
HyarT, 1891; OD]. Subdiscoidal, rapidly expand-
ing adaperturally, compressed, flattened laterally,
deeply involute; venter narrow, flattened or slight-
ly concave; umbilical shoulders low, broadly
rounded; growth lines indicate deep hyponomic
sinus; suture with deep ventral saddle, broad
lateral lobe, smaller rounded dorsolateral saddie
in regions of umbilical shoulder, similar lobe near
umbilical seam, deep V-shaped dorsal lobe; si-
phuncle small, on ventral side of center (134).
U.Carb.(Penn.)-L.Perm., N.Am.-Eu.(USSR)-Asia

(China)-Australia. Fic. 314,5. *S. dumble:
(Hyarrt), L.Perm., USA(Kans.); 5ab, X0.3
(134).

Titanoceras Hyarr, 1884 [*Nautilus ponderosus
MEeek, 1872; OD]. Moderately evolute, thick,
subdiscoidal; whorl section subquadrate, wider
than high, slightly impressed dorsally, flattened
to slightly convex laterally, subangular ventro-
laterally, concave ventrally; umbilicus large, open,
perforate; at full maturity ventral shoulders bear
relatively small longitudinally elongate nodes; su-
ture with broad, rounded ventral, lateral, and
dorsal lobes; siphuncle not known (134). U.Carb.
(Penn.)-L.Perm., N. Am.-W, Australia. Fic.
314,6. *T. ponderosums (MEeEx), USA(Neb.);
6a,b, X0.2 (134).

Virgaloceras ScHINDEwWOLF, 1954 [*Gastrioceras?
noduliferum Reep, 1944; OD]. Like Domaro-
ceras, but with row of nodes on umbilical wall
against umbilical seam and ventral saddle rather
than ventral lobe in suture (158). U.Perm., Asia.

Fic. 314,3. *V. noduliferum (Reep), Pak.

(Salt Range); 34,6, X 0.6 (158).

Family PERMOCERATIDAE
Miller & Collinson, 1953

Involute, compressed, smooth; whorl sec-
tion higher than wide, subrectangular, with
flattened flanks, rounded venter, and ventral




Nautilida—Trigonocerataceae

Oxynautilus

K437

Clymenonautilus

F1c. 316. Trigonocerataceae (Syringonautilidae) (p. K439-K440).

and umbilical shoulders rounded. Suture

with deep, narrow, pointed ventral lobe,

large, asymmetrical pointed lateral lobe,
small lobe above umbilical seam and another
1qsidc seam, deep V-shaped dorsal lobe.

Siphuncle subcentral, closer to venter than

dorsum (126). [Permoceras is a homeo-

morph of Pseudonautilus of the Jurassic.]

L.Perm. '

Permoceras MiLLEr & CoLrinsoN, 1953 [*Nautilus
(Aganides) bitauniensis Hanier, 1915; OD]. L.
Perm., E.Indies. Fic. 315,1a,b. *P. bitauniense
(HanieL), Timor, X0.7 (126). [Compare Figs.
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315,2a,b, and 332,2, Pseudonautilus geinitzi (Op-
peL), U.Jur.(Tithon.), Eu.; X0.7 (126).]

Family SYRINGONAUTILIDAE
Mojsisovics, 1902

[=Syringonautilinae SHiMANsKIY, 1962; Clymenonautilinae
SHIMANSKIY, 1962]

Evolute conchs with rounded to sagittate
whorl sections; siphuncle variable in posi-
tion. Surface smooth except for growth
lines and fine lirae in some forms. Suture
generally only slightly sinuous (113). [This
group is believed to be derived from the
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Asymptoceras

Fic. 317. Aipocerataceae (Aipoceratidae) (p. K440-K441); (Solenochilidae) (p. K441-K442).
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Solenochilus

Fic. 318. Aipocerataceae (Aipoceratidae, Solenochilidae) (p. K441).

Grypoceratidae and ancestral to the Nau-
tilidae.] M.Trias.(Anis.)-U.Trias.(Nor.).

Syringonautilus Moysisovics, 1902 [*Nautilus lili-
anus Moysisovics, 1882; SD Diener, 1915]. Evo-
lute, rapidly expanding conch with perforate
umbilicus; whorl section suboval, with well-
rounded shoulders, and convex venter and lat-
eral areas; conch bearing’ fine lirae; suture with
faint ventral saddle, shallow lateral lobe, and
annular lobe; siphuncle subcentral (113). M.Trias.
(.:4ni:.)-U.Tria.r.(Nor.), Eu.(Alps-Spitz.)-Asia(In-
dia-Japan) —Fic. 316,2. *S. lilianus (Mojsiso-
vics), Anis., Alps; 24,6, X 0.8 (140).
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Clymenonautilus Hyatt in Zrrrer, 1900 [*Nau-
tilus ehrlichi Mojsisovics, 1873; OD] [=Cly-
menionautilus DIENER, 1915 (nom. null.)]. Conch
rapidly expanding, evolute, with perforate um-
bilicus; whorls higher than wide, enclosing third
of preceding whorl; ventral and umbilical shoul-
ders rounded, whorl sides flattened; surface of
outer whorls smooth, inner whorls with fine
lirae; suture straight over venter, with deep,
tongue-shaped lateral lobe; position of siphuncle
not known (113). U.Trias.(Nor.), Eu. Fic.
316,4. *C. ehrlichi (Mojsisovics), Alps; 4a,b,
X 1.0 (139).

Juvavionautilus Mojsisovics, 1902 [*Nautilus het-
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F1c. 319. *Solenochilus springeri (WHITE & ST. JouN) (Aipocerataceae-Solenochilidae) (p. K441).

erophyllus Hauer, 1849; SD Diener, 1915].
Widely umbilicate, slowly expanding, evolute,
perforate conch; whorl section with flattened to
broadly rounded ventral area and flanks which
converge toward venter; maximum width just
above umbilical shoulder; suture with ventral
saddle, broad lateral lobe; small ventral lobe in
some forms; siphuncle subcentral (113). U.Trias.
(Carn.-Nor.), Eu.-E.Indies(Timor). Fic. 316,

3. *]. heterophyllus (Hauer), Nor., Alps; 3a,b,
X 0.4 (139).

Oxynautilus Mogysisovics, 1902 [*Nautilus acutus
Hauer, 1846; OD]. Compressed, involute, lenti-
cular conch having narrow to acute venter with
or without keel; whorls expanding rapidly, much
higher than wide; greatest width just above um-
bilical shoulder; suture with narrowly rounded to
pointed ventral saddle, broad lateral lobe, small
lobe on umbilical wall and small saddle on umbili-
cal shoulder, and annular lobe; siphuncle sub-
central (113). U.Trias.(Nor.), Eu.(Alps)-N.Am.
(Calif.). Fic. 316,1. *O. acutus (Hauer),
Alps; Ia,b, X0.4 (139).

Syringoceras Hyarr, 1894 [*Ammonites? granu-
losostriatus KvipsTeIN, 1843; OD]. Like Syringo-
nautilus, but with near-marginal siphuncle (113).
M. Trias. (Anis.) - U. Trias. (Nor.), Eu. - E.Indies
(Timor)-N.Am.(Nev.-Calif.).
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Superfamily
AIPOCERATACEAE
Hyatt, 1883

[nom. transl. Smmmanskiy, 1962 (ex Aipoceratidae Hyart,

1883)] [=Solenocheilidae Hyart, 1893; Solenochilida Mir-

LER, DuNBAR, & ConbprA, 1933; Solenochilida FrLower in

Frower & KumMer, 1950 (order); Solenochilaceae SHIMAN-

sk1y, 1957 (ex Solenocheilidae Hyarrt, 1893)] [Materials for

this superfamily prepared by W. M. FurNisH & Brian F.
GLENISTER, State University of Iowa]

Conch rapidly expanding, cyrtoconic to
coiled, whorls rounded to flattened or pos-
sibly impressed dorsally; shell surface
smooth to ribbed; modified mature aperture
known in most forms; sutures nearly
straight; siphuncle marginal and ventral;
septal necks orthochoanitic on ventral sur-
face and orthochoanitic to cyrtochoanitic on
dorsal side. L.Carb.(Miss.)-L.Perm.

Family AIPOCERATIDAE Hyatt, 1883

[=Solenocheilidae Hyart, 1893 (partim); Solenochilidae
MILLER, DUNBAR, & CONDRA, 1933 (partim)]

Loosely coiled or whorls faintly im-
pressed; shell surface smooth; mature aper-
ture modified. L.Carb.(Miss.)-U.Carb.

Aipoceras Hyatr, 1884, p. 296 [*Gyroceras gib-
berosum pEKonINck, 1880, p. 6; OD]. Loosely
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K441

Fic. 320. Diagrammatic cross sections of siphuncles in Aipocerataceae (Solenochilidae).
springer: (WHITE & St. Joun) (White & St. John, 1868).

1. Solenochilus
2. Acanthonautilus collectus (MEExk &

WorTHEN) (Furnish & Glenister, n).

coiled, whorls laterally compressed. L.Carb.
(Miss.), Eu.-N.Am. Fic. 317,1a-c. *A. gibbero-
sum (DEKoNINCK), L.Carb.(Tournais.), Belg.; two
specimens, X 0.5 (224). Fic. 317,1d. A. pin-
hookense MiLLER & Furnish, L.Miss(Kinderhook.),
USA(Mo.); lat, X0.4 (129).

Asymptoceras Ryckuort, 1852, p. 6 [*Nautilus
cyclostomus PuiLLips, 1836, p. 232; OD] [=On-
codoceras Hyatr, 1893]. Similar to Aipoceras,
but tightly coiled and with only part of body
chamber divergent from preceding whorl. L.Carb.
(Miss.), Eu.-N.Am. Fic. 317,2. *4. cyclosto-
mum (PriLLips), L.Carb. (Viséan), Belg.; 2a,,
lat., apert., X0.7 (deKoninck, 1878).
Librovitschiceras Summanskiy, 1957, p. 109 [*Nau-
tilus atuberculatus Tsveraeva, 1888, p. 13; OD].
Affinities uncertain; triangular-shaped whorls in
contact; deep ventral sinus; siphuncle slightly re-
moved from venter. U.Carb., Eu. Fic. 318,1.
*L. atuberculatum (Tsvetaeva), U.Carb.(West-
phal.), USSR(Moscow); la-c, vent., lat., septal,
X1 (237).

Family SOLENOCHILIDAE Hyatt, 1893

[nom. correct. MiLLER, DUNBAR, & CoNDRrA, 1933 (pro
Solenocheilidae Hyatt, 1893)]

Like Aipoceratidae, but all representatives
Wlth' whorls in contact and with prominent
umbilical spines at maturity. Connecting
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rings conspicuously inflated in some forms.

L.Carb.(U.Miss.)-L.Perm.

Solenochilus Meek & WorTtHEN, 1870, p. 47
[*Nautilus (Cryptoceras) Springeri WHITE & ST.
Joun, 1868, p. 124; OD] [=Cryptoceras D’ORBIG-
Ny, 1850 (mon LatreiLLE, 1804, mec BARRANDE,
1846; Solenocheilus Hyatt, 1884]. Whorls flat-
tened or possibly slightly impressed; angular umbili-
cal shoulders expanded into prominent lateral spines
at maturity; septal necks relatively long on ventral
surface and recumbent cyrtochoanitic on dorsal
side; ectosiphuncular suture biconvex. U.Carb.(L.
Penn.)-L.Perm., cosmop. Fics. 319, 320,1,
321. *S, springeri (WHITE & ST. Jonn); 319, M.
Penn. (Bendian), USA(Ark.), oblique view, com-
posite, X 0.5 (Furnish & Glenister, n); 320,71, U.
Penn.(Missourian), USA(Kans.), diagram. cross
sec., siphuncle, X5 (Furnish & Glenister, n); 321,
U.Penn.(Missourian), USA (Iowa), outline, X0.5
(after White & St. John, 1868). Fic. 318,2. S.
greenensis  STURGEON,  M.Penn.(Desmoinesian),
USA (Ohio); 2a,b, vent., lat., X1 (Sturgeon & Mil-
ler, 1948).

Acanthonautilus Foorp, 1896, p. 42 [*4. bi-
spinosus; OD]. Like Solenochilus, but septal necks
less strongly curved and siphuncle only slightly
expanded. L.Carb.(U.Miss.), Eu.-N.Am. FiG.
317,3. *A. bispinosus, L.Carb.(Viséan), Ire;
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Fic. 321. *Solenochilus springeri (WHITE & Srt.
Joun) (Aipocerataceae-Solenochilidae) (p. K441).

3a,b, apert., lat,, X0.5 (80). Fic. 320,2. A.
collectus (Meex &  WortHeEN), U.Miss.
(Meramec.), USA(Ind.); diagram. cross sec., si-
phuncle, X5 (Furnish & Glenister, n).

Family SCYPHOCERATIDAE
Ruzhentsev & Shimanskiy, 1954
[incl. Dentoceratidae RUZHENTSEV & SHIMANSKIY, 1954]
Cyrtoconic or possibly loosely coiled in
phragmocone; shell smooth or ribbed; con-
necting rings slightly expanded. L.Perm.

Scyphoceras RuzHENTSEV & SHIMaNnskIY, 1954, p.
135 [*S. dionysi; OD]. Conch ribbed; phragmo-
cone relatively small and sharply curved. L.Perm.,
USSR (Urals). Fie. 322,2. *S. ellipticum
RuzHENTSEV & SHiMANsklY, L.Perm. (Artinsk.),
S.Urals; 24,6, vent., lat.,, X1.3 (153).

Dentoceras RuzHENTSEV & SHIMANsk1Y, 1954, p.
141 [*D. magnum; OD)] [=Dentoceras SHIMAN-
sk1y, 1951, nom. nud.]. Affinities uncertain; conch
conical, slightly curved; phragmocone proportional-
Iy small; siphuncle close to venter. L.Perm., USSR
(Urals). Fic. 322,3. D. latum RUZHENTSEV &
SHiMANsKk1y, L.Perm.(Artinsk.), S.Urals; 34,5, lat.,
vent.,, X0.7 (153).

Mariceras RuzHENTSEV & SHiMANsK1Y, 1954, p. 138
[*M. ferum; OD]. Like Scyphoceras, but less
curved and smooth. L.Perm., N.Am.-USSR.
Fic. 322,1de. *M. ferum, L.Perm.(Artinsk.),
USSR(S.Urals); vent., lat, X1 (153). Fic.
322,1a-c, M. sp., L.Perm.(Leonard.), USA(Ariz.);
lat., apert., vent., X 0.7 (Furnish & Glenister, n).

Venatoroceras RUzHENTSEV & SHIMANSKIY, 1954,
p. 139 [*V. verae; OD]. Like Scyphoceras, but

Cephalopoda—Nautiloidea

conch smooth and phragmocone relatively large;
may be immature solenochilid. L.Perm., USSR.
Fic. 322,4. *V. verae, Artinsk., S.Urals; 4a,b,
vent,, lat., X1 (153).

Superfamily
CLYDONAUTILACEAE
Hyatt in Zittel, 1900

[nom, trans. Snimanskiy, 1957 (ex Clydonautilidae Hyatr
in Zitrer, 1900)] [=Liroceratacene SHimaNsk1y, 1957; Liro-
ceratinit SHIMANSKIV, 1962]

Generally smooth, involute, globular to
occluded conchs. Sutures nearly straight in
early forms but one branch of later forms
developing highly differentiated sutures
(113). ?U.Dev., L.Carb.-Trias.

Family CLYDONAUTILIDAE
Hyatt in Zittel, 1900

Involute, generally smooth, globular to
compressed nautilids with very small or
occluded umbilicus. Group characterized

by differentiation of suture with prominent
lobes and saddles (113). M. Trias.-U.Trias.

Clydonautilus Mojsisovics, 1882 [*Nautilus nori-
cus Mojsisovics, 1873; OD]. Suture like that of
Proclydonautilus but with small median saddie
in ventral lobe (113). U.Trias.(Carn.-Nor.), Eu.-
Asia(India)-E.Indies(Timor). Fic. 323,4. *C.
noricus (Mojsisovics), Nor., Alps; 4ab, X0.4;
4c, X0.2 (139).

Callaionautilus KiesLINGER, 1924 [*C. rturgidus;
OD). Like Proclydonautilus in early volutions,
with nodes on ventral shoulders that disappear
adorally, later whorls becoming more oval in
cross section and median keel appearing on ven-
ter where large nodes develop; shallow furrow
aligns both sides of median nodose keel; suture
like that of Proclydonautilus; position of siphuncle
unknown (113). U.Trias., E.Indies. Fic. 323,
3. *C. turgidus, Timor; 3a,b, X0.4; 3¢, X1 (99).
Cosmonautilus Hyatt & Smith, 1905 [*C. dillers;
OD]. Suture like that of Proclydonautilus; early
whorls of conch bear nodes on ventral shoulders
which disappear on later whorls; mature conch
smooth, involute as in other members of family
(113). U.Trias.(Carn.-Nor.), N.Am.(Calif.-Mex.)-
Asia(India)-E.Indies(Timor). Fic. 3232. *C.
dilleri, Carn., USA(Calif.); X 0.4 (232).

Proclydonautilus  Mojsisovics, 1902 [*Nautilus
griesbachi Mojsisovics, 1896; SD Hyart & SMITH,
1905) [=Procladonautilus Suimanskly & ERr-
LANGER, 1955 (nom. null.)]. Suture consisting of
broad, shallow to deep ventral lobe that divides
large ventral saddle; large lateral lobe on flanks
followed by smaller lateral saddle and second
lateral lobe; annular lobe generally lacking (113).
U.Trias.(Carn.-Nor.), N.Am.-Eu.-Asia(India)-E.
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Fic. 323,1. *P. griesbachi cus Mojsisovics, 1873; OD]. Ventral saddle

Indies(Timor)-N.Z.

(Mojssovics), India; 1a,b, X0.5; 1c, X0.7 (142). straight, lateral lobe deep, acutely rounded, lateral
Styrionautilus Mojysisovics, 1902 [*Nautilus styria- saddle larger and developed from the small um-

Mariceras le

Venatoroceras
/(\':: ‘_ S

\

\

1

3a Dentoceras

Fic. 322. Aipocerataceae (Scyphoceratidae) (p. K442).
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bilical saddle of Paranautilus, no annular lobe; Family LIROCERATIDAE
siphuncle subcentral (113). M.Trias.(Anis.)-U. Miller & Youngquist, 1949
Tria:'(Nor‘)' N'Am'(Nev')'Eu"E‘Indies(Timor)' [=Coloceratidae HyarT, 1893; incl. Paranautilidae
-—Fic. 323,5a,b. *S. styriacus (Mojsisovics), KummMeL, 1950]

Carn., Alps; X1 (139).——Fic. 323,5¢. S. dis- Involute nautilicones, generally with oc-
coidolis (WeLTER), U.Trias., Timor; X 1.5 (239). cluded, smooth conchs; whorls usually de-

Clydonautilus

4c

Callaionautilus

Proclydonautilus

Cosmonautilus

Proclydonautilus

Styrionautilus

5a

Fic. 323. Clydonautilaceae (Clydonautilidae) (p. K442-K444).
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pressed, broadly rounded. Suture only
slightly sinuous. Siphuncle usually more or
less central (134). ?U.Dev., L.Carb.(Miss.)-
Trias.

[*Coloceras  liratum
[=Coloceras HyatT, 1893

Liroceras TEICHERT, 1940
Gmrty, 1911; OD]

Indonautilus

K445

(non NitzscH, 1882)]. Nautiliconic, subglobose,
rapidly expanding; whorl section reniform, broad-
ly rounded ventrally, more narrowly rounded lat-
erally, impressed dorsally; umbilicus small, at
maturity; suture essentially straight; position of
siphuncle variable, not marginal (134).L.Carb.
(Miss.)-Perm., N. Am.-Eu.-Asia(China)-E. Indies.

Peripetoceras

Fic. 324. Clydonautilaceae (Liroceratidae) (p. K445-K447).
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—Fic. 324,3. *L. liratum (GIrTY),
USA(Okla.); 34,6, X1 (134).
Alexandronautilus SHimanskiy, 1962 [*Coloceras
abichi KrucLov]. [Considered by author to be a
subgenus of Permonautilus.]. U.Perm., USSR (Cau-
casus).

Bistrialitess TurRNER, 1954 [*Nautilus bistrialis
Puirips, 1836; OD]. Involute, globose, whorl

Penn.,

2 e <
W

~,
4
N\
<
'

\ !

/V

Paranautilus

Cephalopoda—Nautiloidea

section reniform, large funnel-shaped umbilicus;
surface smooth except for spiral ornament in re-
gion of umbilical shoulder; suture simple, lack-
ing annular lobe (199). L.Carb., Eu. Fic. 324,
1. *B. bistrialis (PuiLuips), Eng.; lab, X1.5
(199).
Coelogasteroceras Hyatt, 1893 [*C. coxi Gorpon,
1960 (nom. subst. pro Nautilus canaliculatus Cox,

Fic. 325. Clydonautilaceae (Liroceratidae) (p. K447).
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2 Ephippioceras

K447

Megoaglossoceras

'
[ ]
v |
' 1
[

FiG. 326. Clydonautilaceae (Ephippioceratidae) (p. K448).

1858, non EicuwaLp, 1857); OD] [=Solenoceras
Hyarr, 1884 (obj.) (non Conrap, 1860); Conradi-
ceras CossmanN, 1900 (obj.)]. Nautiliconic, sub-
globular; whorl section slightly depressed, laterally
flattened, ventrally grooved; flanks convergent to-
ward venter, maximum width just outside umbili-
cal shoulder; umbilicus moderately small; suture
with shallow ventral and lateral lobes; siphuncle
subcentral (134). Penn.-Perm., N.Am. Fic.
324,2. C. mexicanum (Girty), L.Perm., USA
(Wyo.); 2a,b, X0.7 (134).

Condraoceras MiLLER, LaNE, & UNKLEsBAY, 1947
[*C. primum; OD]. Nautiliconic, involute, com-
pressed, umbilicus small; whorl section subcircu-
lar, umbilical shoulder rounded; suture with shal-
low ventral and lateral lobes; siphuncle small,
subcentral (132). Penn. (N.Am.)-L.Perm. (Eu.).

Fic. 324,4. *C. primum, Penn., USA(Kans.);
4a,b, X0.5 (132).

Hemiliroceras RuzHENTSEV & SHIMANSKIY, 1954
[*H. inflatum; OD]. Like Liroceras, but evolute,
with wide deep, perforate umbilicus and deep
funnel-shaped  dorsal lobe (153). L.Perm.
(Artinsk.), Eu.(USSR). Fic. 324,7. *H. in-
fatum; 7a,b, X1; 7¢, X1.5 (153).

Indonautilus Mojsisovics, 1902 [*Nautilus krafiti
Mojysisovics, 1902 (=N. sp. indet. ex N. aff.
mesodici  Mojsisovics, 1896); OD]. Com-
pressed, involute nautilicone with small or oc-
cluded umbilicus; whorl section subrectangular,
with slightly convex flanks converging ventrally,
venter flattened, ventral shoulders rounded to sub-
angular, umbilical shoulders broadly rounded;
suture essentially straight over venter, broad shal-
low lateral lobe, no annular lobe; siphuncle sub-
dorsal (113). M.Trias.( Anis.)-U.Trias.(Nor.), N.
Afr.(Egypt)-Asia (Himalayas-Israel)-E. Indies.
Fic. 324,5. *1. kraffti (Moysisovics), Nor., Hima-
layas; 5a,6, X 0.8 (142).

Paranautilus Moysisovics, 1902 [*Nautilus simonyi
Hauer, 1849; OD]. Very involute to occluded
smooth conch, as in Liroceras, but tending to be
more compressed (113). M.Trias.(Anis.)-U.Trias.
(Nor.), N.Am.-Eu.(Alps-Yugo.)-Asia(Pak.-Hima-
layas)-E.Indjes. Fic. 3254. *P. simonyi
(Hauer), Nor., Alps; 4a,b, X0.7 (139).

Peripetoceras Hyatt, 1894 [*Nautilus freieslebeni
Genirz, 1843; OD)]  [=Cyclonautilus Hinb,
1911; Periptoceras Cuao, 1954 (nom. null.);
Nannoceras Hyatt, 1894 (nom. null.)]. Smooth,
involute conch with deep small umbilicus; whorl
section with flattened venter, rounded ventral
shoulders, convergent slightly convex flanks,
rounded umbilical shoulder, steep convex umbili-
cal wall; suture with slight ventral and lateral
lobes; siphuncle small, dorsal of center. L.Carb.(U.
Miss.)-Perm., Eu.(Eng.-Ger.-USSR)-Asia (China).

Fic. 324,6. *P. freieslebeni (GriNiTZ), Perm.,
Eng.; 6a-c, X1.4 (Kummel, n).

Permonautilus Krucrov, 1933 [*Nautilus cornutus
GoLovkinsky, 1868; OD]. Involute, globular,
with deep umbilicus; whorl section depressed,
venter broadly rounded with median sulcus on
most adoral whorl; umbilical shoulders subangu-
lar, adoral portion of umbilical shoulder extended
laterally to form long spinelike processes; suture
only slightly sinuous; siphuncle subcentral (134).
[Genus may be synonym of Acanthonautilus
Foorp but the position of the siphuncle in that
genus is not known.] U.Perm., USSR. Fic.
325,1. *P. cornutus (GoLovkinsky); la,b, X0.7;
Ic, X0.4 (134).

Potoceras Hvarr, 1894 [*P. dubium; OD]. In-
volute, smooth conch, with deep umbilicus; whorl
section suboval, with broadly arched venter and
broadly rounded ventral shoulders which grade
imperceptibly onto convex lateral areas; umbilical
shoulders more sharply rounded, umbilical wall
steep; suture straight except for slight lateral
lobe, and broad, low, V-shaped dorsal lobe and
minute annular lobe. ?U.Dev., Eu.(Ger.); ?L.
Carb., Eu.(Belg.). Fic. 325,3. *P. dubium;
3a,b, X1.4 (Kummel, n).

Sibyllonautilus DieNERr, 1915 [*Nautilus sibyllae
Mojysisovics, 1886; OD] [=Tumidonautilus DiE-
NER, 1915]. Tightly involute, globular, like aver-
age Paranautilus, characterized by extraordinary
expansion of adoral part of conch; suture essen-
tially straight; position of siphuncle not known
(113). M.Trias. (Anis.) - U.Trias. (Nor.), N.Am.
(Nev.-B.C.)-Eu.(Alps-Spitz.). Fic. 325,2. *S.
sibyllae (Moysisovics), Anis., Spitz.; 24,6, X0.7
(141).
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Fic. 327. *Gonionautilus securis (voN DITTMAR)
(Gonionautilidae) (p.K448).

Family EPHIPPIOCERATIDAE
Miller & Youngquist, 1949

[=Ephippioceratidae Scumiot, 1951 (jr. syn. homonym);
Epphippioceratidae SHIMANsK1Y, 1956 (jr. syn. homonym)]

Conch as in typical representatives of Liro-
ceratidae but suture forming deep ventral
and dorsal saddles (134). L.Card.(Miss.)-
L.Perm.

Ephippioceras Hyatrt, 1884 [*Nautilus ferratus

Cox, 1858; OD]. Nautiliconic, subglobose, smooth
or slightly costate, rapidly expanding adorally;
whorl sections reniform, broadly rounded ven-
trally and laterally, impressed dorsally; umbilicus
closed at maturity; suture with V-shaped, nar-
rowly rounded ventral saddle, broadly rounded
lateral lobe; siphuncle small, subcentral (128).
L.Carb.(Miss.)-L.Perm., N.Am.-Eu.-Asia(China).

F1c. 326,2. *E. ferratum (Cox), Penn., USA
(Mo.); X0.7 (133). [=Arthuroceras SHIMANSK1Y,
1962.]

Megaglossoceras MiLLER, DunsarR & CoNDRra, 1933
[*Nautilus montgomeryensis WORTHEN, 1884;
OD]. Like Ephippioceras except that ventral sad-
dle is broad, tongue-shaped (128). Penn., N.Am.
(Kans.-Neb.-Colo.-Mo.).——Fic. 326,1. M. pristi-
num MILLER & OweN, USA(Mo.); X 0.7 (133).

Family GONIONAUTILIDAE Kummel
in Flower & Kummel, 1950

Involute, smooth, compressed conch, an-
gular ventral shoulders, flattened venter.
Suture like that of Clydonautilus but with
more highly developed median saddle and
double-pointed annular lobe (113). U.Trias.

Gonionautilus Moysisovics, 1902 [*Nautilus se-
curis voN DiTT™MAR, 1866; OD]. Characters of
family. U.Trias.(Nor.), Eu.(Alps)-N.Am.(Nev.).
Fic. 327,1. *G. securis (voN DirTMaR), Alps;
la,b, X0.4 (139).

© 2
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Fic. 328. *Siberionautilus multilobatus Popov
(Siberionautilidae) (p. K448).

Family SIBERIONAUTILIDAE Popov,
1951

Involute, globular, flanks flattened, con-
verging toward venter which is rounded;
umbilical ~ shoulders  distinct.  Surface
marked by fine radial ribs. Suture highly
differentiated, goniatitic in character. Si-
phuncle central (145). U.Trias.

1951 [*S. maultilobatus;
of family. U.Trias.(Carn.),
F1c. 328. *S. multilobatus; X0.5

Siberionautilus Porov,
OD]. Characters
USSR (Sib.).
(145).

Superfamily NAUTILACEAE
de Blainville, 1825

[nom. transl. SHimaNskiy, 1957 (ex family Nautilacea pE
Brainviiie, 1825)] [incl. Digonioceratida HyaTt in ZITTEL,
1900 (div. of suborder)]

Involute, generally smooth, with sinuous
plications or ribs in some groups; whorl sec-
tion compressed to depressed. Sutures

straight to strongly sinuous. Siphuncle cen-
tral or dorsal (49). U.Trias.-Rec.

Family NAUTILIDAE de Blainville, 1825

[nom. correct. Broberip, 1839 (pro family Nautilacea pE
BLAINvILLE, 1825)] [=Nautilacées LaMARck, 1809 (vernacu-
lar)] [incl. Eutrephoceratidae, MiLLER 1951]

Involute or slightly evolute, generally
smooth, with compressed to depressed
whorl sections. Sutures straight to sinuous

(115). U.Trias.-Rec.

Nautilus LINNE, 1758 [*N. pompilius; SD pEMoNT-
ForT, 1808]. Smooth, nautiliconic, involute to
occluded; suture consisting of broad rounded
ventral saddle, broad lateral lobe, small saddle in
vicinity of umbilical shoulder, shallow lobe on
umbilical wall, small saddle near umbilical seam,
broad shallow dorsal lobe and annular lobe;
siphuncle subcentral (124). Oligo.-Rec., SW.Pac.-
E.Indies-Australia-Eu. (USSR). Fic. 329,1; 330,
1. *N. pompilius, Rec., SW.Pac.; 329,1a,b, apert.
and lat. views of artificial internal mold prepared
by dissolving paraffin-filled shell in hydrochloric
acid, X0.7 (A. K. Miller); 330,1a-c, X0.5 (124).
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Carinonautilus SPENGLER, 1910 [*C. ariyalurensis;
OD]. Nautiliconic, very involute, compressed;
whorl section higher than wide; umbilicus small
and shallow; flanks broadly convex, converging
toward venter, ventral shoulders aligned by dis-
tinct furrow; venter with prominent rounded keel
that is broader on adoral part of living chamber
and divided by median furrow; umbilical shoul-
ders broadly rounded; suture only slightly con-
vex; surface smooth except for growth lines; posi-
tion of siphuncle unknown (115). U.Cret., Asia

(India). Fic. 330,4. *C. ariyalurensis; 4a-c,
% 0.4 (115).

Cenoceras Hyatr, 1884 [*Nautilus intermedius
SowerBy, 1816 (non »’OrBIGNY, 1843; OD]

[=Digonioceras Hyarr, 1894; Nautilites Z1ETEN,
1830 (non Pavrvras, 1771); Ophionautilus, Sphaero-
nautilus SeatH, 1927]. Evolute to involute, com-
pressed lenticular to globose, depressed venter and
flanks rounded to flattened; test generally bearing
fine longitudinal lines and growth lines; suture
generally with shallow ventral and lateral lobes;

K449

position of siphuncle variable but never at extreme
dorsal or ventral position (115). U.Trias.-M.Jur.,
€osmop. Fic. 331,1. *C. intermedius (SOWER-
BY), L.Jur., Eu.; 14,6, X0.5 (115).

Eutrephoceras Hvarrt, 1894 [*Nautilus Dekayi
MorTon, 1834; OD]. Nautiliconic, generally sub-
globular; whorl section reniform, broadly rounded
ventrally and laterally; aperture marked ven-
trally by broad shallow rounded hyponomic sinus;
umbilicus small to occluded; surface smooth; su-
ture only slightly sinuous; annular lobe may be
present; siphuncle small, variable in position
(115). U.Jur.-Mio., cosmop. Fic. 330,2a,6. E.
laverdei DurnaM, L.Cret., S.Am.(Colom.); X0.3
(226). Fic. 330,2c. E. aff. *E. dekayi (Mor-
toN), U.Cret., USA(S.Dak.); X1 (226).

Obinautilus KosavasHi, 1954 [*O. pulchra; OD].
Discoidal, very involute, umbilicus almost closed,
whorls rapidly expanding, compressed, parallel,
slightly convex; venter rounded, with broad, shal-
low furrow having subangular margins; ventral
shoulders broadly rounded merging with flanks;

Nautilus
Fic. 329. *Nautilus pompilius Linnt (Nautilidae) (p. K448).
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test bearing radial ribs (or bunched growth lines)
separated by narrow, shallow grooves; suture and
position of siphuncle not known (111). Oligo.,
Japan.——Fic. 330,3. *O. pulcher; 3ab, X0.4
(111).

Pseudocenoceras SpaTH, 1927 [*Nautilus largil-
liertianus D’ORBIGNY, 1840; OD]. Nautiliconic,
compressed, smooth; whorl section subrectangu-
lar, venter broad, flattened, ventral shoulders

Strionautilus

Cephalopoda—Nautiloidea

rounded; flanks flattened, subparallel; umbilical
shoulders rounded, umbilical wall nearly vertical;
suture essentially straight across venter, with
broad, shallow lateral lobe; siphuncle subcentral
(115). Cret., Eu. (Crimea) - N. Afr.(Libya).
Fic. 330,6. *P. largilliertianum (D'ORrBIGNY), Eu.;
6a,b, X0.7 (115).

Strionautilus SHiMANsK1Y, 1951 [*Nautilus pond;-
cherriensis BLANFoRrD, 1866; OD]. Involute, com-

Eutrephoceras

Pseudocenoceras

Fic. 330. Nautilaceae (Nautilidae) (p. K448-K451).
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Fic. 331. Cenoceras intermedius (SOWERBY)
(Nautilidae) (p. K449).

pressed nautilicone; whorl section subrectangular,
with flattened venter and whorl sides; ventral and
umbilical shoulders subangular; umbilicus small
but deep; suture poorly known but appears to
have ventral and lateral lobes; siphuncle subcen-
tral; surface with fine longitudinal lirae (217).
L.Cret., Eu.(USSR)-Asia(India). Fic. 330,5.
*S. pondicherriensis (Branrorp), India; 5ab,
% 0.4 (217).

Family PSEUDONAUTILIDAE
Shimanskiy & Erlanger, 1955
[=Pseudaganidinae KummeL, 1956)

Involute nautilicones, generally com-
pressed, characterized by highly sinuous

“goniatitic” suture; siphuncle generally be-
tween center and venter (115). Jur.-L.Cret.

Pseudonautilus Meex, 1876 [*Nautilus geinitzi
OppEL in ZiTTEL, 1868; OD]. Nautiliconic, in-
volute, compressed; whorl section higher than
wide, flanks flattened; venter low and broadly
arched; umbilicus small and deep; suture with
deep narrow ventral lobe, large V-shaped lateral
lobe, followed by rounded saddle with small sec-
ond lateral lobe just above umbilical seam, dor-
sal lobe deep and pointed; siphuncle subventral
(115). [This genus is an almost perfect homeo-
morph of the Permian Permoceras MILLER &
CoLLiNsON.] U.Jur.-L.Cret., Eu.-N.Afr.(Tunisia).

Fie. 315,2a,b; 332,2. *P. geinitzi (OPPEL),
U.Jur.(Tithon.), Eu.; 315,24,6, X0.7; 332,2a,0,
X0.4 (228).

Pscudaganides Seatn, 1927 [*Nautilus Rutchensis
WaaGeN, 1873; OD] [=Hercoglossoceras SPATH,
1927; Paracymatoceras (Palelialia) SHIMANSKIY,
1955, non Paracymatoceras Seath, 1927]. Nau-
tiliconic, umbilicus very small; whorl section gen-
erally subrectangular to compressed, with flat-
tened converging flanks; venter flattened to
rounded; suture with ventral lobe and broad
deep lateral lobe; siphuncle central to subcentral
(115). Jur., Eu.-Asia(Pak.). Fic. 332,1. *P.
kutchensis (Waacen), U.Jur., Pak.; Iab, X0.7
(238).

© 2
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Xenocheilus SHIMANSKIY & ERLANGER, 1955 [*Nau-
tilus ulixis; OD]. Like Pseudonautilus but ventral
shoulders subangular; ventral and lateral lobes
rounded rather than acute (164). U.Jur.-L.Cret.,
Eu.(Fr.-Crimea)-N.Afr.(Algeria).

Family PARACENOCERATIDAE
Spath, 1927

Generally involute, characterized by dif-
ferentiation of venter, generally associated
with increase of sinuosity of suture line and
presence of ventral lobe. [Family believed
to be derived from various parts of the
Lower Jurassic Cenoceras complex. Para-
cenoceras has most species and widest dis-
tribution, other genera being known by few
species. Family largely confined to eastern

hemisphere (115).] M.Jur-L.Cret.(Alb.).

Paracenoceras SPATH, 1927 [*Nautilus hexagonus
Sowersy, 1826; OD]. Robust, involute, smooth;
whorl section subtrapezoidal; flanks flattened,
convergent toward broad venter that may be
flattened, truncate or sulcate; ventral shoulders
rounded; umbilicus small, umbilical shoulders
rounded, umbilical walls steep; suture with slight-
ly sinuous ventral and lateral lobes, plus small
saddle at umbilical shoulders and wall; position

Pseudaganides

Pseudonautilus
Fic. 332. Nautilaceae (Pseudonautilidae) (p. K451).
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Aulaconautilus

Cephalopoda—Nautiloidea

Paracenoceras

Fic. 333. Nautilaceae (Paracenoceratidae) (p. K451-K452).

of siphuncle variable, siphuncle beaded with short
funnels (115). M.Jur.-L.Cret.(Alb.), Eu.-E.Afr.-
N. Afr.-Asia(Pak.)-W.Indies(Cuba). Fic. 333,
4. *P. hexagonum (Sowersy), U.Jur., Eu.; 44,5,
X0.4 (115).

Aulaconautilus Seatn, 1927 [*Nautilus sexcarina-
tus Picter, 1867; OD]. Nautiliconic, involute,
generally compressed; flanks smooth, convex, and
converging ventrally; ventral shoulders rounded,
venter broad, low, with longitudinal ribs; um-
bilicus very small, umbilical shoulders rounded;
suture sinuous, with shallow ventral lobe, broad
deep lateral lobe, and saddle at umbilical shoul-
ders; position of siphuncle unknown (115). U.
Jur., Eu. Fic. 333,3. *A4. sexcarinatus (Pic-
TET), 34,6, X0.5 (115).

Somalinautilus SpatH, 1927 [*Nautilus antiquus
Dacqué, 1910; OD (=N. bisulcatus Dacqut,
1905, non pE KoNiNck, 1878)] [=Somaliceras
SeatH, 1927 (nom. null.)]. Involute, depressed,
rapidly expanding, whorls wider than high; ven-
ter slightly arched, ventral shoulders subangular,
adjoined on venter by distinct furrow; flanks
concave adjacent to ventral shoulder, convex to-
ward umbilicus; umbilical shoulders sharply
rounded, umbilical wall steep; surface with sinu-
ous growth lines and in places longitudinal striae;
suture with shallow ventral lobe, generally angu-
lar saddle at ventral shoulder, broad shallow, lat-
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eral lobe, low saddle on umbilical wall; siphuncle
subcentral (115). M.Jur.-U.Jur., Eu.(Eng.-Fr.)-
Afr.(Somali.). Fic. 333,1. *S. antiquus
(Dacqug), U.Jur.(Kimm.), Somali.; Iazb, X0.7
(115).

Tithonoceras Retowski, 1894 [*T. =zitteli; OD].
Evolute, compressed, smooth; whorl section sub-
rectangular, higher than wide; venter broad, flat-
tened, with shallow median furrow; ventral shoul-
ders inflated, forming smooth keel-like ridge
which is aligned on venter and flanks by furrows
that on flanks are broadly concave, occupying
nearly half of flanks; umbilical shoulder broadly
rounded; suture sinuous, with ventral and lateral
lobes; position of siphuncle unknown (115). U.
Jur.(Tithon.), Eu.(Crimea). Fic. 333,2. *T.
zitteli; 2a,b, %X0.3 (230).

Family CYMATOCERATIDAE Spath,
1927
[=Heminautilinae SHIMANsK1Y, 1962]

Involute nautilicones bearing ribs; conch
shape highly variable, suture only so to
limited extent. Members of this family are
most common Cretaceous nautiloids. [Ori-
gin of family uncertain, possibly stemming
from Lower Jurassic Cenoceras complex

(115).] M .Jur.-Oligo.




Nautilida—Nautilaceae

Cymatoceras Hyatt, 1884 [*Nautilus pseudoele-
gans D'ORBIGNY, 1840; OD] [=Neocymatoceras
KosayasHi, 1954]. Involute, generally subglobu-
lar with rounded whorl section but this feature
variable; degree of involution varying from oc-
cluded to slightly evolute conch; suture only
slightly sinuous; position of siphuncle variable;
surface with conspicuous ribs that cover whorl
sides and venter (115). U.Jur.-Oligo., cosmop.
—Fic. 334,4. *C. pseudoelegans (p’ORBIGNY),
Cret., Eu.; 44,6, X0.2 (115).

Anglonautilus Seath, 1927 [*Nautilus undulatus
SowerBy, 1813; OD]. Cymatoceratid with large

3b

Deltocymatoceras
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foldlike undulations on venter which decrease
rapidly on flanks; suture with shallow ventral
and lateral lobes; siphuncle subcentral (115). L.
Cret.(Hauteriy.)-U.Cret.(Cenom.), Eu.(Eng.-Fr.-
Crimea). Fic. 334,3. *A. undulatus (SowEer-
BY), L.Cret., Eng.; 34,6, X0.4 (115).

Cymatonautilus  SpatH, 1927 [*Nautilus julii
D’ORrBIGNY, 1850; OD]. Widely umbilicate, ro-
bust, whorls subquadratic, slightly wider than
high; flanks flattened, with broad lateral groove;
venter flattened and with median groove; conch
bearing sinuous ribs that obliquely cross suture
and form deep ventral sinus; suture with shallow

Epicymatoceras

Fic. 334. Nautilaceae (Cymatoceratidae) (p. K453-K455).
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Eucymatoceras

Cephalopoda—Nautiloidea

Paracymatoceras

Fic. 335. Nautilaceae (Cymatoceratidae) (p. K454-K455).

ventral lobe and broad concave lateral lobe; si-
phuncle subcentral (115). M.Jur.-U.Jur., Eu.(Fr.-
Aus.). Fic. 334,2. *C. julii (p’OrBIGNY), U.
Jur.(Callov.), Fr.; 2a-c, X0.7 (222).
Deltocymatoceras KuMMEL, 1956 [*Nautilus leio-
tropis ScHLUTER, 1876; OD]. Involute, with
broadly arched strongly convergent whorl sides;
venter marked by slight rounded, smooth, keel-
like ridge; no distinct ventral shoulders; flanks
bearing prominent cymatoceratid ribs that bifur-
cate near middle of whorl sides, ribs not crossing
venter; suture with narrow, somewhat pointed
ventral saddle, broad shallow lateral lobe, and
prominent saddle on umbilical shoulder; position
of siphuncle unknown (115). U.Cret., Eu.
Fic. 334,5. *D. leiotropis (ScHLUTER), Ger.; 5a,b,
X 0.2 (115).

Epicymatoceras KuMMEL, 1956 [*Nautilus vaelsen-
sis BINckHORsT, 1861; OD]. Widely evolute,
greatly compressed; whorl section subquadrate,
nearly twice as high as wide; ventral shoulders
angular, venter narrow and flattened; flanks only
slightly inflated; wumbilical shoulders broadly
arched; suture with shallow ventral lobe and
shallow lateral lobe; position of siphuncle un-
known; surface bearing fine sinuous ribs that
curve backward toward ventral shoulders and

© 2009 University of Kansas Paleontological Institute

form slight sinus on venter (115). U.Cret.
(Maastricht.), Eu.(Ger.-Belg.). Fic. 334,6. *E.
vaelsense (BINCKHORsT), Ger.; 64,6, X0.4 (115).
Eucymatoceras SpatH, 1927 [*Nautilus plicatus
Firton, 1835; OD]. Subglobular, involute, um-
bilicus closed, whorl section rounded, broader
than high; suture only slightly sinuous; siphuncle
small, subcentral; surface bearing prominent ribs
that form deep, angular V-shaped ventral sinus
and on whorl sides, similar but asymmetrical
salient (115). L.Cret., Eu.(Eng.-USSR). Fic.
335,3. *E. plicatum (Firton), Eng.; 34,6, X0.4
(115).
Heminautilus Seatn, 1927 [*Nautilus saxbii Mor-
ris, 1848; OD] [=Vorticoceras Scorr, 1940;
Platynautilus Yase & Ozaki, 1953]. Involute,
compressed, whorls much higher than wide;
flanks flattened, strongly converging toward nar-
row, flattened or slightly concave venter; ventral
shoulders angular, venter on earlier volutions
rounded; umbilical shoulders broadly rounded;
suture sinuous, with ventral lobe, subangular
saddle on ventral shoulder, broad deep lateral
lobe and narrowly rounded saddle on umbilical
shoulder; siphuncle subcentral; surface with sinu-
ous ribs that curve strongly adorally over ventral
half of whorl sides; ribbing may be weak or ab-
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Hercoglossa

Aturoidea Deltoidonautilus

Fic. 336. Nautilaceae (Hercoglossidae) (p. K456).

sent on immature forms (115). L.Cret., N.Am. living chamber (115). M.Jur., Eu.(Eng.-Fr.)-Afr.
(Ark.) -Eu.(Eng. - Fr.-Switz.)-N. Afr.(Egypt) -Asia (Ethiopia). Fic. 335,1. *P. subtruncatum
(Israel - Japan) - S.Am.(Colom.). Fic. 335,2. (Morris & Lycerr), Eng.; 1a,b, X0.4 (115).

*H. saxbii (Morris), L.Cret.(Apt.), Eng.; 24,5, Syrionautilus SpatH, 1927 [*Nautilus libanoticus

X0.5 (115). Foorp & Crick, 1890; OD] [=Syrinautilus
Paracymatoceras SpatH, 1927 [*Nautilus asper Op- SHIMANSKIY, 1949, nom. null]. Like Cymato-
PEL 1n ZITTF-L; 1868; OP]- Like Cymatoceras but ceras but with acute ribs separated by interspaces
suture more sinuous, with deep, broadly rounded  wider than rib width (115). U.Cret.(Senon.), Asia

lateral lobe, and second lobe on umbilical wall (Syria-Israel)-S.USSR. Fic. 334,1. *S. libanoui-
(115). U.Jur.-L.Cret., Eu. (Crimea)-Asia (India)- cus (Foorp & CRick), Syria; X 0.6 (115).
Afr.(Madag.)-E. Indies-N. Am.(Mex.-Tex.).

B et aghy cperum (Oevrn), Ujur, Euws - Family HERCOGLOSSIDAE Spath, 1927
a' ’ ) * . g
Procymatoceras Seath, 1927 [*Nautilus subtrunca- Smooth, involute nautilicones character-

tus Morris & Lycert, 1850; OD]. Tightly in- ized by differentiation of suture; whorl sec-
volute, large, rapidly expanding conch; flanks and  tions generally rounded except in Deltoido-
center flattened on living chamber, shoulders  ngutilus where it is triangular in outline.
rounded; earlier volutions more rounded in cross A increasing grade of sutural complexity
section; whorl section subquadrate, with flanks is observed from Cimomia to Hercoglossa
Solverging towsand. venters sutures, puly slightly to Aturoidea. Deltoidonautilus has a suture
sinuous, with shallow ventral and dorsal lobes; > : . <.

like that of Hercoglossa. Cimomia is be-

surface with sinuous ribs that form broad sinus A £ E ¥
on venter, ribs appearing to be fasciculate growth lieved to be an offshoot of Eutrephoceras,

lines that may not be homologous to ribs of With which it appears to intergrade (124).
typical Cymatoceras; ribbing most distinctive on  U.Jur.-Oligo.
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Aturia
Fic. 337. Nautilaceae (Aturiidae) (p. K457).

Hercoglossa ConNrap, 1866 [*Nautilus orbiculatus
Tuomey, 1856; SD Hyatt, 1883; neotype, MiL-
LER & TraompsoN, 1933] [=Enclimatoceras
Hyartt, 1883; Woodringia StenzeL, 1940]. Nau-
tiliconic, subglobular to subdiscoidal; whorls flat-

tened to broadly rounded laterally, narrowly
rounded ventrally, deeply impressed dorsally;
umbilicus small, umbilical shoulders rounded;

surface smooth; suture with broad rounded ven-
tral saddle, deep rounded lateral lobe, similar
lateral saddle, shallower and rather broad rounded
lobe on or near umbilical wall, and broad rounded
internal lateral saddle that extends to deep nar-
rowly rounded dorsal lobe; siphuncle small, vari-
able in position but never marginal (124). ?L.
Cret., Paleoc.-Eoc., cosmop. Fic. 336,1a-c. *H.
orbiculata (TuoMey), Paleoc., Ala. (124); Iab,
X0.5; Ic, X0.2 (226). Fic. 336,1d. H.
harrisi MiLLEr & Taompson, Paleoc., Trinidad;
X 0.5 (226).

Aturoidea VrEDENBUrg, 1925 (ICZN pend.)
[*Nautilus parkinsoni Epwarps, 1849; SD MIiLLER
& TuompsoN, 1935) [=Paraturia Spatm, 1927
(obj.)]. Nautiliconic, occluded, sublenticular;
whorls compressed, flattened laterally, rounded
ventrally, impressed dorsally, umbilical shoulders
rounded; suture with broad, high, blunt ventral
saddle, aligned by deep, narrow asymmetrical lat-
eral lobe, broad, high, rounded asymmetrical lateral
saddle, broad rounded lobe with center near um-
bilical seam, broad rounded saddle on side of
impressed zone and large rounded V-shaped dor-

Cephalopoda—Nautiloidea

sal lobe; siphuncle subcentral (124). U.Cret.-Eoc.,
N.Am.(Calif -N.].)-S. Am.(Peru)-Eu.(Eng.-Aus.)-
Afr. (Libya - Angola) - Asia (India)-Australia.
Fic. 336,2a,b. A. olssoni MiLLEr, Eoc., Peru;
X 0.4 (124). Fic. 336,2¢c. A. paucifex (Copg),
L.Eoc., USA(N.J.); X0.5 (226).

Cimomia Conrap, 1866 [*Nautilus burtini Garg-
orri, 1837; OD) [=Nautilus (Javanoceras) Mar-
TIN, 1932; Cymomia CoNraD, 1866 (nom. null.);
Cymmomea CoNraD, 1868 (nom. null.); Cimonia
Fiscuer, 1882 (nom. null.)). Subglobular to sub-
discoidal, nautiliconic; whorls broadly rounded
laterally and ventrally; umbilicus small, umbilical
shoulders low, broadly rounded; surface smooth
except for growth lines; suture with broad, shal-
low, rounded ventral saddle, broad, shallow lateral
lobe, narrower and higher rounded lateral sad-
dle near umbilical shoulder, and broad, rounded
lobe on umbilical wall; siphuncle small, variable
in position but never marginal (124). [Genus is
a morphologically transitional form between Eu-
trephoceras and Hercoglossa.] U.Jur.-Oligo., cos-
mop. Fic. 336,3. C. vincenti MiLLER, Paleoc.,

Afr.; X0.5 (226).

Deltoidonautilus Spath, 1927 [*Nautilus Sowerbyi
Sowersy, 1843; OD] [=Lissoniceras BENAVIDEs-
CAcErgs, 1956; Teichertia GLENISTER, MILLER, &
Furwish, 1956; P—=Angulithes pEMonTFORT, 1808
(nom. dub.); Angulites SHIMANSK1Y, 1957 (nom.
null.)}. Nautiliconic, involute, compressed, with
small inconspicuous umbilicus; whorl section
sagittate, with narrowly rounded to angular ven-
tral zone; lateral areas converging toward venter;
deeply impressed dorsal zone, Growth lines form-
ing deep hyponomic sinus; suture with broad nar-
rowly rounded to acute ventral saddle, large lat-
eral lobe, small lateral saddle and lobe on um-
bilical wall, dorsal lobe which may be very nar-
row; siphuncle near dorsum (115). U.Cret.-Oligo.,
cosmop. Fic. 336,4. D. triangularis (DEMoNT-
ForT), U.Cret., Fr.; 4a,6, X0.3 (115).

[Type-species of Deltoidonautilus—When Seatm (1927,
p. 22) proposed the genus Deltoidonautilus, he cited as
type-species ‘‘Nautilus sowerbyi Wetherell, 1836, in J. de
C. Sowerby, 1843, p. 35, pl. dcxxvii, figs. 1-3.”” WETHERELL
(1836, p. 466) merely announced the discovery in the
London Clay (Eocene) of a new species of ‘‘Nautilus’ re-
ferred to as ‘‘minute cephalopodous Mollusca.”” He did
not name the fossils but wrote: ‘“The great zeal which
Mr. J. de C. Sowerby has always evinced in the advance-
ment of science has induced me to give his name to a
new species of Nautilus which I have discovered at the
railroad.” It is clear from the published discussion that
the fossils in question are Foraminifera. Sowersy (1843)
described a nautiloid cephalopod—not a foraminifer—
from the London Clay under the name ‘‘Naurilus Sower-
byi,” attributing the species to WeTHERELL, 1836, and
giving a reference to p. 466 in the article already men-
tioned which actually relates to unnamed foraminifers.
Sowersy's nautiloid is an involute shell with a siphuncle
near the dorsal side of the conch but not in contact with
it; the whorl section has slightly convex flanks and broadly
rounded venter (Sowersy, 1843, pl. 627, fig. 2, 3), al-
though his accompanying description (p. 35) states that
the aperture is triangular. Since the cited figures (2, 3)
represent immature growth stages, it is reasonable to as-
sume that the ‘‘triangular’’ shape of the aperture does
not develop until the adult stage is reached. .

Since WeTHERELL did not actually name a species

“‘sowerbyi,’ and since this specific name, if published in
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1836, would have been attached to a foraminifer, the
name ““Nautilus Sowerbyi,” as used for a nautiloid cephalo-
pod, must be attributed to Sowersy (1843) himself and
not to WETHERELL, as erroncously recorded by Sowersy.
(References—WETHERELL, N. T., ‘‘Observations on some
of the fossils of the London Clay . . .”’: Philos. Mag. &
Jour. Sci., v. 9, p. 462-469, 1836, London and Edinburgh.
Sowerey, J. DE C., The mineral conchology of Great
Britain, v. 7, 1843, London.)—Curt TEICHERT.]

Family ATURIIDAE Chapman, 1857

[nom, correct. KuMMEL, herein (pro Aturidae CHAPMAN,
1857)] [=Aturidae SpaTh, 1927; Aturiaceae Hvarr, 1894
(nom. transl. SHIMANSKIY, 1962, superfam.)]

Smooth, very involute to occluded, dis-
coidal conch, flattened laterally, rounded
ventrally, with deep impressed zone; suture
with broad, flattened ventral saddle, narrow
pointed lateral lobe, broadly rounded lat-
eral saddle, broad lobe on umbilical slope

K457

and dorsal area, and broad saddle on dorsal

area divided by deep, narrow lobe; siphuncle

moderate in size, subdorsal and located in
infundibuliform dorsal adapical flexure of
septa. Paleoc.-Mio.

Aturia Bronwn, 1838 [*Nautilus aturi BasTEROT,
1825; SD HEermaNNSEN, 1846 (p. 90)] [=?Pela-
gus DEMoNTForT, 1808; Nautilopsis CoNrap, 1847;
Megasiphonia D'ORBIGNY, 1849; A.(Sphenaturia)

IneriNG, 1921; A.(Nilaturia), A.(Brazaturia)
StENzEL, 1935]. Characters of family. Paleoc.-
Mio., cosmop. Fic. 337,1ab. A. angustata

(ConraD), Mio., USA(Wash.); X0.4 (124).
Fic. 337,Ic. A. alabamensis (Morton), U.Eoc.,
Afr.; X1 (226). Fic. 337,1d. A. curvilineata
(MiLLEr & THompsoN), Mio., S.Am.(Venez.);
X 0.3 (226).
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