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Heteromorph Ammonoids)
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Tatsuro MATSUMOTO

Abstract

Comments are given on the classification of the Cretaceous heteromorph
ammonoid family Nostoceratidae. A new genus is proposed to accommodate a
distinct group of species, which is similar to Turrilitoides in the mode of coiling
and ribbing but has the apertural part of the body-chamber facing obliquely
upward. This is probably ancestral to Didymoceras and several other genera,
occupying a fundamental stock in the family in parallel with Hyphantoceras.
Thus two major lines of descent may be distinguished in the Nostoceratidae.

Introduction

In the Nostoceratidae are grouped Upper Cretaceous heteromorph ammo-
noids which have fundamentally helical but more or less modified whorls as
compared with the ancestral Turrilitidae. They may or may not be provided
with rows of tubercles and/or flared ribs.

As I previously mentioned (MATSUMOTO, 1959), there are difficulties in
arriving at a satisfactory classification of the family Nostoceratidae. HYATT
(1894), 1900) may be the first who attempted a modern classification of this
group. Since then no fundamental alteration has been made for about a half
century, although such an interesting genus as Nipponites YABE, 1904, has been
added to it. SPATH (1953, p. 16-17) suggested to split the family into a number
of subfamilies, but his scheme has not been warranted by subsequent authors.
WIEDMANN (1962) modified to a great extent the definition of some genera and
put Didymoceras HYATT, 1894, Bostrychoceras HYATT, 1900, and even Nostoceras
HyATT, 1894, into synonymy of Cirroceras HYATT, 1894. HOWARTH (1965) has
recently given good comments on the taxonomic problem, with whom I would
generally, but not precisely, agree. Yet I feel that there are some unsettled
points especially in regard to the so-called Bostrychoceras and related forms.
I have had fortunately opportunities to study some of the specimens from North
America, England, Germany, Madagascar and India in addition to those from
Japan. On the basis of them my own view is presented in this paper to stimu-
late further improvement. A new genus is introduced to enlighten a difficulty
in taxonomy. It occupies an important position in the phylogeny of the family.

Manuscript received September 14, 1967.
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Another new genus will be described in the immediately succeeding paper and
two new species of Madagascarites and Nipponites in the next one.

Proposal of a New Genus,
With Descriptions of Two Species

Order Ammonoidea
Superfamily Turrilitaceae
Family Nostoceratidae HYATT, 1894
Genus Eubostrychoceras nov.

Type-species.—Eubostrychoceras indopacificum sp. nov. (described below)
{from the Coniacian of the Indo-Pacific region).

Generic diagnosis.—Helically coiled whorls are typically contiguous but
sometimes free, ending at the body-chamber which does not form a loose
retroversal hook. The apertural part ¢f the body-chamber is typically in contact
with the preceding whorl, facing obliquely upward. The earliest whorl may
run in a different plane from that of the helical ones, resulting in a change in
coiling and ribbing.

Transverse ribs are mostly simple, but occasionally bifurcated or inserted
on the umbilical margin. They have no tubercles. There are periodic constric-
tions, which are parallel or subparallel to the ribs.

The siphonal line is nearly at or somewhat above the middle of the flank.
The septal sutures are of an asymmetrically modified lytoceratid type. They
are finely and deeply incised and, accordingly, the stems of the lobes and saddles
are narrowed.

Remarks.—In addition to the type-species, from the Coniacian of Japan,
India and Madagascar, the following species are probably referable to Eubo-
strychoceras:

E. sp. (undescribed) (Upper Albian of Japan)

. thomasi (PERVINQUIERE, 1910) (Cenomanian of Algeria)

cenomanense (WIEDMANN, 1962) (Cenomanian of Algeria)

. sazontcum (SCHLUTER, 1872) (Turonian and Coniacian of Europe,
Europe, Madagascar, India and ? Japan)

woodst (KITCHIN, 1922) (Upper Turonian of England)

muramotoi sp. nov. (described below) (Coniacian of Japan)

punicum (PERVINQUIERE, 1907) (Santonian of Tunisia)

(?) serpiens (ANDERSON, 1958) (Upper Turonian of Oregon)

n. sp. (undescribed) (with free whorls which are fairly frequently con-
stricted) (Santonian of Japan)

E. n. sp. [=“Bostrychoceras japonicum”, YABE, 1915, non 1904] (Senonian

of Japan)

E. (?) indicum (STOLICZKA, 1866) (Senonian of India)

When the mode of coiling, especially in the last growth-stage, is not shown,
the generic identification may be uncertain. Some of the above species, which
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have this deficiency in the types, are tentatively referred to Eubostrychoceras
on the grounds of other characters. It is necessary to obtain better preserved
specimens.

Comparisons with other related genera are to be given after the descrip-
tions of two new species.

Geographical distribution.—Species referable to FEubostrychoceras have
been known to occur in Japan, India, Madagascar, North Africa, Western Europe
and the Pacific Coast of North America. No examples of this genus have been
found in the hitherto described fauna of the Western Interior and Gulf Coast
of North America, where Didymoceras and Nostoceras occur commonly. Bostry-
choceras secoense YOUNG (1963, p. 42, pl. 3, figs. 1-5; pl. 4, figs. 4, 8; text-fig. 7s),
from Texasg, is undoubtedly a Didymoceras, close to D. awajiense (YABE, 1902)
(emended). Bostrychoceras braithwaitei YOUNG (1963, p. 43, pl. 1, figs. 7, 8, 15;
pl. 18, fig. 4), from the Austin Chalk of Texas, is not related to Eubostrychoceras
but a good example of Tridenticeras WIEDMANN, 1962, as is Turrilites peramplus
LAsswiTZ (1904, p. 14[234], pl. 2[14], fig. 1), from Texas. Anyhow, the precise

extent in distribution of Fubostrychoceras should be determined by further
research.

Eubostrychoceras indopacificum sp. nov.
Pl. 18, Fig. 1

1895, Turrilites (Heteroceras) indicus, KossSMAT (non STOLICZKA), Beitr. Pal.
Oesterr.-Ungarns Orients, 9, p. 143[61, figs. 5, 6.

1907. Turrilites (Bostrychoceras) polyplocus, BOULE, LEMOINE and THEVENIN
(non ROEMER), Ann. Pal., 2, p. 4[61], pl. 16[7], fig. 1.

1926. Bostrychoceras indicum, TOKUNAGA and SHIMIZU, Jour. Fac. Sci., Imp.
Univ. Tokyo, [2], 1, (6), p. 193, pl. 22, fig. 4, pl. 26, figs. 1-10.

1965. Bostrychoceras indicum, COLLIGNON, Atlas des Fossiles Caracteristiques
de Madagascar (Ammonites), Fase. 18, p. 10-12, figs. 1726, 1729.

Holotype.—GPIS. 35159 (Tohoku University Collection), from Sakura-
zawa, Oriki, Hirono-machi, Futaba-gun, Fukushima Prefecture (northeast
Japan), Coniacian.

Paratypes.—Several other specimens from the type-locality. The specimens.
from India and Madagascar as indicated above.

Specific diagnosis.—Shell is variable in size. Coiling is dextral or sinistral.
Whorls are tightly coiled, embracing with each other, and narrowly umbilicate.
In the main stages of growth the whorl increases rather slowly, especially in
diameter, resulting in a high turricone. In the earlier growth stage the increase
in diameter may be larger, forming a less acute apical angle. (The characters
of the earliest stage are unknown.) The flank of the whorl is moderately to
gently rounded. The whorl section is lunate-subcircular in the main stages.

The body-whorl is spirally coiled in the same way as the septate whorls, but
its apertural part somewhat deviates from the regular spiral coiling, facing
obliquely upward (about 60° with the axis of the coiling in the holotype), and
tightly in contact with the preceding whorl. The aperture is collared and
constricted. It is broader than high and lunate in outline.
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Transverse ribs are numerous, about 50 to 55 per whorl, somewhat oblique,
less flexuous, rather sharp-headed on the test, and separated by regular inter-
spaces slightly broader than the ribs. The constrictions are infrequent, but
occurring almost at every whorl (one or two per whorl). They may be bordered
by a raised rib and nearly paralleled or slightly oblique to other ribs.

Sutures are of modified lytoceratid type, consisting of E, L, U, and I. L is
much larger than E. I is the smallest. Saddles and lobes are bipartite, except
for tripartite I, finely and deeply incised, and narrowed at their stem (see
KossmaT, 1895, pl. 20, fig. 5¢).

Comparisons.—The holotype and the paratypes of this newly named species
were previously identified mostly with Bostrychoceras indicum (STOLICZKA) and
partly with Bostrychoceras polyplocum (ROEMER).

The available types of Heteroceras indicum StoLICZKA (Pl 18, Figs.2, 3
in this paper), “from the Arrialoor Group” of India, are unfortunately incom-
pletely preserved and no topotypes in the strict sense have been supplied.
Therefore the species, H. indicum, cannot be clearly defined. I doubt the identify
of KOosSMAT’s specimens (1895, p. 143[47], pl. 20[6], figs. 5, 6), from the upper-
most part of the Trichinopoly Group, with STOLICZKA’s. The original types of
H. indicum STOLICZKA, although incomplete, have more rounded whorls, a
broader umbilicus, larger increase of whorls, and accordingly a lower helix than
the types of the present species.

This species is distinguished from Didymoceras (Bostrychoceras) polyplo-
cum (ROEMER), redefined below, in that its body-whorl does not form a loose
retroversal hook but coiled in the same way as the main helical whorls and ends
at the apertural part which is facing obliquely upward and in contact with the
preceding whorl. The former is distinctly constricted in every whorl, while the
latter is not, except for the apertural margin. The whorls in the septate stage
.are loose or lightly contiguous, more rounded on sides and subelliptical in section
in the latter, but they are always tightly coiled, less inflated and lunate-
subcircular in section in the former.

The specimens of D. (B.) polyplocum are generally larger than those of
E. indopacificum. There is, however, variation in size in E. indopacificum, as
seen in the examples from the type Futaba area themselves. The excellent
specimen from Montagnes des Francais, Madagascar, figured by BOULE et al.
(1907, p.41[61], pl. 16[7], fig.1), is the largest of all, being nearly as large
as typical specimens of D. (B.) polyplocum, but clearly shows the diagnostic
features of E. indopacificum. Incidentally this specimen is probably of Conia-
cian age, in view of the fact that Prionocycloceras aff. lenti and Ishikariceras
schneeblii (see MATSUMOTO, 1965b, p. 233, 235) occurred from the same Mon-
tagne des Francais, Diego-Suarez, Madagascar.

Eubostrychoceras saxonicum (SCHLUTER) (1876, p. 135, pl. 35, fig. 10; CoL-
LIGNON, 1965, p. 10, figs. 1728), from the Upper Turonian of Germany, Coniacian
of Madagascar and India, and an allied form [E. aff. saxonicum], from the
Upper Turonian and Coniacian of Japan (?) are similar to the present species
in the mode of coiling, but their ribs are much more numerous, more than 80



Evolution of the Nostoceratidae 335

per whorl, with the branching or intercalation near the whorl seam.
Occurrence.—Coniacian of Japan, India (Trichinopoly district) and Mada-
gascar.

Eubostrychoceras muramotoi sSp. nov.
Pl 19, Figs. 1-2

Holotype.—MURAMOTO Coll. No. 6209, from loc. Ik 2107p1, zone of Inoceramus
wwajimensis (Coniacian), Pombets-Gono-sawa, Ikushumbets area, central Hok-
kaido. The plaster cast in Kyushu University, H5589.

Paratypes.—MURAMOTO Coll. No. 6211 from the type-locality; No.1430A
[plaster cast GK.H5590], Nos. 1430 B, C, and GK.H5585 from Ichi-no-sawa,
a tributary of the Ikushumbets, zone of Inoceramus uwajimensis.

Etymology.—The specific name is dedicated to Mr. Tatsuo MURAMOTO who
has supplied me with his fine collections for the description.

Specific diagnosis—The shell is rather small, consisting of several helical
whorls which show a moderate and regular growth in breadth and height. The
general outline of the helix is roughly triangular, with an apical angle of 50°
to 60°. The detailed outline of the apex itself is modified by the irregular mode
of coiling of the young whorl, which is separated from the main helical whorls,
with its earlier part incurved into the axial part of the helix or to another
orientation. The main helical whorls are contiguous, somewhat embracing with
each other. The seam between the last and the preceding whorls is slightly
ascending near the apertural end.

The whorl itself is rounded on flanks of the helix and subcircular in section.
The umbilicus is narrow, being smaller than the breadth of the whorl.

The whorl is ornamented with numerous, oblique, gently flexuous ribs,
which are separated by the interspaces nearly as narrow as the ribs themselves.
Some of the ribs are simple and others are bifurcated near the umbilical margin
(i.e. basal part of the helix). The periodic constriction is well-marked and
bordered by a somewhat more raised rib. The ribs on the whorls of the early
growth-stage show a change in the direction of their obliquity at a constriction
which occurs somewhat later than the change of the irregular coil to the helical
one. The apertural end has a collared contriction, showing a gentle projection
(i.e. a narrow rostrum) at the middle of the flank.

The suture is similar to that of the type-species.

Variation.—The coiling in the earliest growth-stage seems to be somewhat
variable. In the holotype the earliest shell is nearly straight, ascending and
then followed by a subcircularly curved, half whorl, which, in turn, is twisted
obliquely down, passing to the main helical whorls, whose axis of coiling is along
the earliest straight shaft. Thus the youngest whorl is apparently incurved
into the axial part of the helix. The same mode of coiling does not seem to be
constantly held in the present species, since in some other specimens the apical
end of the earliest whorl shows an oblique orientation. Anyhow, the young
whorl is more or less deviated from the main helical ones, showing some
irregularity.
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Comparisons.—The present species resembles FEubostrychoceras woodst
(KITCHIN) (1922, p. 49) [=Heteroceras sp. (Woops, 1896, p. 75, pl. 2, figs. 6-8) 1,
from the Chalk Rock (Upper Turonian) of England. Although the earliest whorl
is missing in the British type-specimens, the change in the direction of the
obliquity of ribs is similarly shown, although it occurs in somewhat later stage
than in the present species. The distinction is in a larger height (i.e. a dimension
subparallel to the axis of the helix) of the whorl and a narrower umbilicus in the
Japanese species than in the British one. The bifurcation of the ribs on the
umbilical margin of the whorl frequently occurs in the present species but is not
seen in the holotype and other specimens of E. woodsi. The character of the last
whorl is not well known in E. woodsi, but a retroversal U-turn has not been
reported.

Another species of Fubostrychoceras, temporarily called E. sp. aff. E. saxo-
nicum (SCHLUTER), from the Upper Turonian and Coniacian of the same Tku-
shumbets area, similarly has an incurved or irregularly coiled earliest whorl.
It is not identical with the present species, because it has a higher helix, a slower
increase in diameters, finer, more numerous and less oblique ribs.

The present speces is distinguished from E. indopacificum, another Coniacian
species described above, by its much lower helix, larger increase in diameters,
more circular whorls, denser ribs, and the less strongly oblique orientation of the
apertural part of the last whorl.

Occurrence.—Zone of Inoceramus wwajimensis, Coniacian, in the sequence
of the Ikushumbets area, central Hokkaido.

Affinities of Eubostrychoceras

Eubostrychoceras, defined above, is closely allied to Profurrilitoides BREIS-
TROFFER, 1940 [type-species Turrilites asterianus D’'ORBIGNY, 1842, from the
Middle Albian of Europe] and also to Turrilitoides SPATH, 1923 [type-species
Turrilites hugardianus D’ORBIGNY, 1842, from the Upper Albian of Europe].

In Eubostrychoceras the apertural part of the body-chamber is facing some-
what obliquely upward, being somewhat deviated from the regular helical coiling,
while in Proturrilitoides and Turrilitoides it is facing laterally, being not particu-
larly deviated from the regular helical coiling.

In Proturrilitoides the whorls are lightly contiguous and accordingly circular
in section. In Turrilitoides they are tightly coiled and the turricone form is
firmly established. In typical species of Eubostrychoceras whorls are more or
less tightly contiguous, but free whorls may be seen in a few species of later
geological ages. In the type-species of Eubostrychoceras the whorl section is
lunate-subcircular and the aperture of the body-whorl is more clearly lunate. In
some other species, such as E. muramotoi, described above, whorls are subcircular
to elliptical in section.

In some species of Eubostrychoceras the whorl of the earliest growth-stage
is coiled in a plane which is more or less strongly oblique to that of the later
helical ones. This is accompanied by a change in the direction of the obliquity
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of the ribs. A good example of this interesting feature is seen in Eubostrycho-
ceras muramotoi, described in the preceding pages. Such a character has never
been seen in any of the hitherto described species of Proturrilitoides and Turrili-
toides. This character is important in that it suggests a potentiality of giving
rise to a more irregularly coiled genus like Nipponites YABE, 1904 (see also
another paper by MATSUMO0TO and MURAMOTO in this volume of the Memoirs.).

The periodic constrictions, with somewhat raised ribs, are normally well
marked on the whorls of Fubostrychoceras but not in Turrilitoides and Protur-
rilitoides. In all of the three genera the apertural margin is constricted and
collared, though weakly so in Proturrilitoides.

Eubostrychoceras has more finely and more deeply incised sutures in which
stems of the lobes and saddles are much more narrowed than in those of Protur-
rilitoides and Turrilitoides.

Summarizing the above and taking into consideration the stratigraphic
occurrences, the origin of Eubostrychoceras can be ascribed to Turrilitoides and
ultimately to Proturrilitoides.

Didymoceras HYATT, 1894 (p.573), represented by the type-species Ancylo-
ceras nebrascense MEEK and HAYDEN, 1856, and allied species, is distinguished
from Eubostrychoceras in that its body-chamber is loosened, descending, U-turned
and then ascending, showing a retroversal hook (see clear illustration by ScoTT
and CoBBAN, 1965) and that it has typically two rows of tubereles at intervals,
but not at every rib. The early whorls are irregular or non-spiral in some species
of Didymoceras, and 1 agree with COBBAN (personal communication and also
illustrations in ScoTT and COBBAN, 1965) in regarding Emperoceras HYATT, 1894
(p. 575) [type-species Heteroceras simplicostatum WHITFIELD] as a synonym of
Didymoceras. The main, helical whorls of Didymoceras are lightly contiguous or
narrowly or widely separated, depending on species and in some cases on in-
dividuals or on the growth-stages.

The same type of coiling as that of Didymoceras is seen in some of the
so-called Bostrychoceras. In certain atypical species such as Bostrychoceras
condamayt COLLIGNON (1932, p.71[39], pl. 12[9], figs.1, 2) from the Lower
Campanian of Madagascar, helical whorls are loosely coiled but the body-whorl is
not much descending and soon ascending obliquely upward, without showing a
long hook. ““Bostrychoceras japonicum’”, YABE, 1915 (non 1904) (p.17, pl. 1,
figs. 4-6), from the Toyajo Formation, Japan, is allied to it but has less loosely
but not tightly coiled whorls, ending at the obliquely upward facing aperture
which is in contact with the preceding whorl. They, thus, show transitional
features in the mode of coiling from Eubostrychoceras to Didymoceras or Bostry-
choceras. They have no tubercles.

There are some difficulties in the definition or distinction of Bostrychoceras
HyatT, 1900. Should WIEDMANN’s interpretation and observation of the lectotype
of Turrilites polyplocus ROEMER (1841, pl. 14, fig. 1) be approved, it would follow
that the lectotype of the type-species of Bostrychoceras has poorly developed
tubercles only on the last whorl. WIEDMANN, however, regarded better tuber-
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culate examples as identical with T. polyplocus ROEMER. This would make the
distinction of Bostrychoceras from Didymoceras slight. Bostrychoceras in such
a sense would fall in the subjective synonym of Didymoceras and such a decision
would completely neglect what HYATT (1900) originally intended.

The specimen of “Heteroceras polyplocum ROEMER” in SCHLUTER (1872, pl. 33,
fig. 4), which was regarded as a typical example of Bostrychoceras by HYATT
(1900), has no tubercles at any growth-stages. SCHLUTER (1872) included strongly
costate and tuberculate specimens in the same species. His species concept of
H. polyplocum was indeed too broad and his specimens have to be sorted again.
Further work on adequate collections from Germany is necessary to determine
the true extents of variation in this and related species. I have seen several
specimens from Haldem, Westphalia, which have a small number of tubercles on
the whorl of the late growth-stage but are otherwise very similar to those non-
tuberculate specimens of SCHLUTER’s H. polyplocum. 1, therefore, agree with
HOWARTH (1965, p.372) in restricting Bostrychoceras polyplocum to this kind
of non- or poorly tuberculate form. It would follow that B. polyplocum manifests
an exceptional case in which tubercles of typical Didymoceras are going to develop
(or possibly reducing). It might be said unfortunate that HYATT designated
such an “intermediate” species as the type-species of his Bostrychoceras, but I
do not think Bostrychoceras taxonomically unnecessary. Presence of a few inter-
mediate forms should not make a strong objection against the subdivision, so far
as the majority of a group of species can be distinguished from that of another
group.

Bostrychoceras elongatum (WHITEAVES, 1903) (see USHER, 1952, p. 105,
pl. 28, figs. 3, 4; pl. 31, fig. 24), from the Campanian of the Pacific Coast of North
America, is an example of a completely non-tuberculate species whose mode of
coiling is the same as that of typical Didymoceras. In fact it resembles Didymo-
ceras californicum ANDERSON (1958, p. 197, pl. 72, fig. 6; see also HOWARTH, 1965,
p. 376, pl. 8, fig. 1), which has unmistakable tubercles. The latter could be derived
from the former by acquiring tubercles or vice versa by reducing them.

Bostrychoceras otsukai (YABE, 1904), from the Santonian of Japan and
California, and B. japonicum (YABE, 1904), from the Santonian of Japan, have
free whorls, no tubercles and no constrictions.

In my opinion it is desirable to keep at least for the time-being Bostrycho-
ceras HYATT for a group of species with no or poorly developed tubercles. As
this is so similar to typical '(i.e. more distinetly tuberculate) Didymoceras in the
mode of coiling and as there are apparently transitional features with respect to
tuberculation, I think it better to treat Bostrychoceras as a subgenus of
Didymoceras.

Constrictions and flared ribs are commonly developed in Eubostrychoceras
but very infrequently so or found only at or near the apertural end of the adult
body-chamber in Didymoceras (s.s.) and D. (Bostrychoceras). There may be,
however, a few exceptions, as in the case of D. subtuberculatum HOWARTH (1965,
p. 374, pl. 7, figs. 2-6) which has flared ribs in addition to two rows of tubercles.
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“Bostrychoceras” sp. from the Maastrichtian of Nigeria (REYMENT, 1955, p. 15,
pl. 1, fig.4) has constrictions, although it is represented by fragmentary specimens.

Didymoceras (s.s.) occurs more commonly in the Campanian, but in Japan
there is an undescribed Santonian example of atypical Didymoceras, in which
tubercles are developed on whorls of late growth-stages but not on earlier whorls.

From the morphological closeness and stratigraphic occurrence it is highly
probable that Didymoceras (s.s.) was derived from FEubostrychoceras by way of
Didymoceras (Bostrychoceras).

I agree with REESIDE (1962, p. 119) and HOoWARTH (1965, p. 371) in regarding
Cirroceras CONRAD, 1868, as legally approval but practically unusable generic
name.

Nostoceras HYATT, 1894, represented by the type-species N. stantont HYATT,
1894 (see STEPHENSON, 1941, p. 407, pl. 80, figs. 2-5), and several other species
from the Upper Campanian and Maastrichtian of the Gulf Coast, West Africa
and other regions, is a definite genus which is closely related to but distinguish-
able from Didymoceras (s.s.). In Nostoceras the helical part, consisting of the
closely coiled, contiguous whorls, is suddenly turned to the body-whorl which
hangs nearly vertically below the helix and forms an elongated hook of a retro-
versal U-shape, with its apertural end facing immediately to the bottom of the
septate turricone.

In typical species of Nostoceras the two rows of tubercules are well developed,
although in an exceptional case the tubercles are reducing. In many species of
Nostoceras the septate whorls have periodic constrictions. This may give an
apparent similarity between Nostoceras and Eubostrychoceras, especially when
the specimens of imperfect preservation are handled. Contrary to HOWARTH
(1965, p.373), I do not consider Turrilites saundersorum STEPHENSON (1941,
p. 416, pl. 83, figs. 6-8), from the Kemp Clay of the Gulf Coast, as a species of
Bostrychoceras or Eubostrychoceras. Its holotype is probably a turrilitoid part
of Nostoceras species, which is close to N. columbriformis STEPHENSON (1941,
p. 412, pl. 81, figs. 1-3), from the Nacatoch Sand, and has much weakened tuber-
cles. It has constrictions in its helical part and is apparently similar to, but not
directly connected with Eubostrychoceras.

Anaklinoceras STEPHENSON, 1941, based on the type-species A. reflexum
STEPHENSON, 1941, from the Neylandville Marl of the Gulf Coast, is closely allied
to Nostoceras, but its last whorl forms an ascending loop, embracing the helical
part. It may be treated as a subgenus of Nostoceras by someone (see WRIGHT,
1957, p. L.224). Anyhow, it is probably a specialized offshoot of Nostoceras (s.s.).

Nostoceras and Anaklinoceras are, thus, well defined, as HOWARTH (1965,
p. 374) mentioned, and should not be included in Didymoceras, although they may
be derivatives from Didymoceras. In spite of the presence of tubercles the ulti-
mate origin of them is probably in Fubostrychoceras and not in Hyphantoceras.

In connection with Nostoceras remarks should be given on Exiteloceras and
Axonoceras, although their examples have not yet be found from Japan.

Eaiteloceras HYATT, 1894, represented by the type-species Ancyloceras jen-
neyt WHITFIELD, 1880, from the Upper Campanian of the North American Western
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Interior, and Axonoceras STEPHENSON, 1941, represented by type-species Axono-
ceras compressum STEPHENSON, 1941, and other allied species from the Neyland-
ville Marl of the Gulf Coast and a correlatable formation of Angola, are both
coiled in almost one plane and has ventrolateral tubercles. They can be derived
from Nostoceras by widening the apical angle of the helix. Such species as
Nostoceras draconis STEPHENSON (1941, p. 413, pl. 82, figs. 5-9) have a very low
spire, showing a tendency to widening the apical angle, but STEPHENSON’S species
is regarded to have the same type of body-whorl as typical Nostoceras.

It seems me fairly difficult to separate Awxonoceras from Ewiteloceras as a
distinct genus. HaAAs (19483, p. 7) stressed a peculiarity in the mode of coiling in
the early stage as diagnostic of Axonoceras, but a similar, if not identical, mode
of coiling is clearly illustrated by Scort and COBBAN (1965) for E. jenneyi.
Ventrolateral spines indeed characterize E. jenneyi, but they are not fundamen-
tally different from ventrolateral tubercles. The spinosity alone cannot be a
sound ground for the generic distinction. Unless an unmistakable difference in
the body-whorl could be confirmed, I should regard Axonoceras STEPHENSON, 1941,
as a subjective synonym of Exiteloceras HYATT, 1900.

Pravitoceras YABE, 1902, represented by a single endemic species, Pravito-
ceras sigmoidale YABE, 1902, from the Campanian of Southwest Japan, could be
likewise assumed as an offshoot of Didymoceras by widening the apical angle of
the helical part. Its S-shaped body-whorl may correspond to the retroversally U-
turned body-whorl of Didymoceras. In Pravitoceras two rows of tubercles occur
at intervals on both the septate and body-whorls as in Didymoceras.

On the other hand Pravitoceras is similar to Diplomoceras HYATT, 1900
[type-species Hamites cylindraceus DEFRANCE, 1822] in its almost plane coiling,
circular whorl-section and fine, radial ribbing, although the latter has no tubercles
and does not show S-form.

It is, thus, hardly decided whether Pravitoceras is ascribed to the Nostocera-
tidae or to the Diplomoceratidae, but I am rather inclined to warrant a closer
affinity of Pravitoceras to Didymoceras. In Japan P. sigmoidale occurs in the
same bed as D. awajiense.

Turning back again to the closer affinities of Eubostrychoceras, I should
mention two more genera of the Nostoceratidae and also some genera of the
Diplomoceratidae.

Jouaniceras BASSE, 1939, represented by the type-species Lytoceras sicardi
DE GROSSOUVRE, 1894, from the Santonian of France, has a Eubostrychoceras like
helical shell in the early growth-stage, but become suddenly changed to a lyto-
ceratoid planospiral coiling in the late growth-stage, with the coiling axis vertical
to that of the early helix. Constrictions occur on the early helical whorls and
periodic flared ribs on the outer whorl of the lytoceratoid stage. Jouaniceras is,
thus, allied to and probably a specialized offshoot from Eubostrychoceras.

There is another, interesting nostoceratid new genus [Ainoceras], from the
Lower Campanian of Japan, which can be likewise regarded as a specialized
derivative of Eubostrychoceras. The details are to be described in another paper
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of this issue.

Scalarites WRIGHT and MATSUMOTO, 1954, represented by the type-species
S. scalaris (YABE, 1904), from the Turonian and Coniacian of Japan, and allied
species, was once considered as derivative of Hyphantoceras. Now it is more
reasonably regarded as a descendant of Fubostrychoceras, because it has a helical
part in the earliest growth-stage and more or less frequent flared ribs without
tubercles. For a similar reason Glyptoxoceras SPATH, 1926, represented by the
type-species, Hamites rugatus FORBES, 1846, and G. indicum (FORBES, 1846) (see
MaTsumMmoTo, 1959b, p. 167, pl. 41, figs. 2-6), from the Campanian, may be derived
from Eubostrychoceras directly or by way of Scalarites. Diplomoceras HYATT,
1900, is closely allied to Glyptoxoceras. Scalarites and Glyptoxoceras are to be
assigned to the family Diplomoceratidae. Their whorls in the main growth-stages
are coiled in an almost flat plane, while their helical coiling occurs only in the
earliest growth-stage of some species, being a reminiscent of their ancestral
characters.

To sum up Fubosirychoceras was long ranging from Upper Albian to San-
tonian (and atypiecally further up to Campanian). It is a fundamental stock from
which various specialized genera of the Nostoceratidae and some of Diplomo-
ceratidae seem to have descended.

Affinities of Hyphantoceras

Hyphantoceras HYATT, 1894, represented by the type-species, H. reussianum
(D’ORBIGNY, 1850), from the Turonian of Europe, and closely allied species from
the Turonian, Coniacian and Santonian of various regions, including Japan, is
characterized by more or less loose septate whorls of spiral coiling, followed by a
retroversal body-whorl of an elongated hook, and flared, tuberculate ribs in addi-
tion to fine ribs. The tubercles are normally in four rows but may be reduced in
number in some species or in some growth-stages.

As to the origin of Hyphantoceras two alternatives could be considered. One
is in such a species as Eubostrychoceras cenomanense which has frequent, flared
ribs. The other is in Pseudohelicoceras, an Upper Albian genus of Turrilitidae.

One of the type-specimens of “Bostrychoceras” thomasi PERVINQUIERE (1910,
pl. 5, fig.34) from the Cenomanian of Algeria, was named as Hyphantoceras
cenomanense WIEDMANN (1962), but it has no tubercles and is tightly coiled. I
think it better to refer this species as well as B. thomast to Eubostrychoceras,
unless the loose retroversal body-whorls were found. However, if the tubercles
were acquired in addition to the flared ribs and if the coiling was modified,
Hyphantoceras could be derived from this kind of earlier Eubostrychoceras.

When the preservation is imperfect, the tubercles on the flared, major ribs
of Hyphantoceras specimens may be torn away. Such specimens would give a
misleading idea about the affinity and distinction between Hyphantoceras and
Fubostrychoceras.

Pseudohelicoceras SPATH, 1922, [type-species Turrilites robertianus D'OR-
BIGNY, 184271 has tuberculate major ribs and intervening fine ribs. In this genus
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the major ribs normally occur more frequently than the flared ribs in Hyphanto-
ceras, but are sometimes as widely separated as the latter. The spiral whorls of
Pseudohelicoceras are typically as closely coiled as those of Turrilitoides, but they
are in some cases loosely coiled. Such a loosely coiled specimen (e.g. GK. H5588,
Pseudohelicoceras cf. robertianum, from loc. Ik. 1091, Upper Albian of the Iku-
shumbets area) is, indeed, closely similar to some specimens of Hyphantoceras,
unless the difference in body-whorl is taken into consideration.

Anyhow, better evidence from the Cenomanian is needed for the definite
conclusion about the origin of Hyphantoceras.

Madagascarites COLLIGNON, 1966, based on the type-species M. andimakensis
COLLIGNON, 1966, from the Santonian of Madagascar, is described to have a
Nipponites like coiling and a Hyphantoceras like ornamentation. Another new
species, to be described in another paper of this issue (p.362), from the upper-
most Turonian of Hokkaido, is probably referred to the same genus. It is repre-
sented by a number of specimens which show a very peculiar mode of coiling. In
the early stage the coiling is similar to that of Nipponites mirabilis but in the
late stage the whorl does not embrace the early ones but is descending down with
a loose twisting and then forms two more U-turns, ascending back to the proximity
of the earlier Nipponites like whorls. In other words, it retains to some extent
the Hyphantoceras like mode of coiling. Its ornamentation is quite similar to
that of Hyphantoceras. Madagascarites is, thus, interpreted to have been derived
from Hyphantoceras.

Neocrioceras (s.s.) SPATH, 1921, [type-species Crioceras spinigerum JIMBO,
1894, from the Santonian of Hokkaido] and N. (Schlueterella) WIEDMANN, 1962,
[type-species Ancyloceras pseudoarmatum SCHLUTER, 1872, from the Campanian
of Germany] are also related to Hyphantoceras in their quadrituberculate major
ribs and low helical coiling in at least some stages of some species.

Pseudoxybeloceras WRIGHT and MATSUMOTO, 1954 [type-species Hamites
quadrinodosus JIMBO, 1894, from the Santonian and Campanian of Hokkaido] is
related to Neocrioceras in the quadrituberculate major ribs which are found at
a certain growth-stage of P. quadrinodosum, P. lineatum (GABB) (see MATSUMOTO,
1959b, p. 162, pl. 40, fig. 1) from the Campanian of California, and also another
undescribed species from the Upper Turonian of Hokkaido. C. W. WRIGHT
kindly showed me an interesting fragmentary specimen, from the Upper Turonian
of England, which is referable either to Neocrioceras or Pseudoxybeloceras. It
has four rows of tubercles at very rib, but strong ribs which bear stronger
tubercles occur at intervals. W. A. CoBBAN also showed me another interesting
species of probable Neocrioceras, in the collection of G. R. ScoTT and W. A. COBBAN
from the uppermost Coniacian of Colorado, which has fine ribs and periodic
slightly stronger ribs with four tubercles. A part of its coiling shows a J-shape
as in Pseudoxybeloceras.

In its hamitid shape Pseudoxybeloceras was once ascribed to Diplomocera-
tidae. Because of its closer affinity with Neocrioceras, it has now proved to be a.
member of the Nostoceratidae.
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Concluding Remarks

On the basis of the above discussion, the lines of descent of the Nostoceratidae
at generic level may be summarized in a chart shown in Fig. 1, although the actual
evolutional features must have been more complex than this kind of two dimen-
sional illustration. The following is a summary of results:

(1) The origin of the Nostoceratidae is in the Turrilitidae.

(2) While the Turrilitidae occur commonly in the Albian and Cenomanian,
especially abundantly in the Upper Albian and Lower Cenomanian, the Nosto-
ceratidae become more common in the Turonian and later ages. The last survival
of the former is Tridenticeras in the Lower Senonian. The latter have still several
genera evolved in the Campanian and Maastrichtian.

(8) The differentiation of the Nostoceratidae from the Turrilitidae took
place sometime in the Albian, much earlier than the flourishing time of the
former or the declining time of the latter.

(4) Two major lines of descent can be distinguished in the Nostoceratidae.
One is the line along the long ranging Eubostrychoceras, which probably gave
rise to Didymoceras (Bostrychoceras), and, in turn, Didymoceras (s.s.) and
finally Nostoceras on a main line, and also to such specialized genera as Nippo-
nites, Jouaniceras, Ainoceras, Exiteloceras and Anaklinoceras as more specialized
offshoots from this main line. The origin of Eubostrychoceras itself is probably
in Turrilitoides.

(5) The other major line is represented by another long-ranging genus
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Fig. 1. Geological ranges and lines of descent of the Nostoceratid genera
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Hyphantoceras, from which Madagascarites, Neocrioceras (s.s.), N. (Schluete-
rella) and Pseudoxbeloceras were derived.

(6) Whether Hphantoceras was originated in Pseudohelicoceras (of the
Turrilitidae) or in such species as Eubostrychoceras cenomanense is unsettled,
but I am inclined to consider the former as being more probable.

(7) Be that as it may, the following two subfamilies can be distinguished
in the Nostoceratidae:

Subfamily Nostoceratinae, comprising the first group of genera mentioned

under the heading (4).
Subfamily Hyphantoceratinae SPATH, emend., comprising the second group
of genera mentioned under (5).
The genera of Hyphantoceratinae commonly have major ribs which are normally
provided with four, more or less spinose, tubercles, as does Pseudohelicoceras.
Some of the Nostoceratinae may have flared ribs but not four rows of tubercles.
The intervening minor ribs of Hyphantoceras and Madagascarites are free from
tubercles, as are the ribs in Eubostrychoceras, many of Didymoceras (Bostrycho-
ceras), Nipponites and Jouaniceras. In species of later ages two rows of tubercles
are developed in Nostoceratinae as in Didymoceras (s.s.), Nostoceras, Anaklino-
ceras and Euxiteloceras [=? Axonoceras].

In the quadrituberculate major ribs as well as in heteromorphous coiling
some of the Hyphantoceratinae are apparently similar to the Albian Anisocera-
tidae. It is recalled in this respect that Pseudohelicoceras, a possible source of
Hyphantoceras, seems to be related to Protanisoceras, although the phylogenetic
series has not yet been confirmed on sound grounds.

(8) The above definitions of the Hyphantoceratinae and the Nostoceratinae
are not identical with those in SPATH’s (1953) sense. On the other hand the
Nostoceratinae in WIEDMANN’s (1962) sense is nearly as broad as, but not quite
identical with, the Nostoceratidae in this paper.

(9) Eubostrychoceras is not only an important source of various genera
of the Nostoceratinae but also a probable ancestor of certain genera of the
Diplomoceratidae, such as Scalarites and Glyptoxoceras, which, in turn, probably
gave rise to Polyptychoceras and Diplomoceras, respectively. Whether Pravito-
ceras belongs to the Nostoceratidae or to the Diplomoceratidae is hardly decided
for the available evidence. I preliminarily assign it to the Nostoceratidae, be-
cause it seems to be related to Didymoceras.

(10) The habitats and modes of living of variously specialized genera of
the Nostoceratidae are an interesting but difficult problem, with which the present
paper is not much concerned. However the true features of the evolution of the
family would not be satisfactorily understood without considering the problem.
This is left for further research.
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Explanation of Plate 18

Fig. 1. Eubostrychoceras indopacificum MATSUMOTO, gen. et sp. nov. ..Page 333
Holotype, IGPS. 35159, from Sakurazawa, Lower Futaba Formation (Coniaci-
an), Fukushima Prefecture. Two laterals (a,b), apical (¢) and apertural
views, X 3/2.

Figs. 2, 8. Eubostrychoceras(?) indicum (STOLICZKA) .............. Page 334
STOLICZKA’s syntypes from the “Arrialoor Group, east of Veraghoor,” south-
ern India, x1.

2. Lateral and apical view of the helical specimen, GSI. No. 373, STOLICZKA,
1866, pl. 86, fig. 1.

3. Lateral view of the fragmentary specimen, GSI. No. 874, STOLICZKA, 1866,
pl. 86, fig. 2.

Photos by the Tohoku University (Fig.1) and the Geological Survey of India
(Fig. 2), by courtesy of Prof. K. HATAI and Mr. M. V. A. SASTRY, respectively.



Plate 18

Mem. Fac. Sci., Kyushu Univ., Ser. D, Vol. XVIII

Nostoceratidae

T. MATSUMOTO :



Plate 19



Explanation of Plate 19

Figs. 1, 2. Eubostrychoceras muramotoi MATSUMOTO, gen. et sp. nov.
.............................................................. Page 335

1. Holotype, MURAMOTO Coll. No. 6209, from loc. IK 2107 p1, Pombets, Go-no-
sawa, zone of Inoceramus uwajimensis, Ikushumbets area, central Hokkai-
do. Two lateral views, Xx2.

Fig. 3. Madagascarites ryu MATSUMOTO and MURAMOTO, sp. nov. (to be described
in the succeeding paper) ..........oiiiiiiiiiiiiiieen i Page 362
Paratypes, GK. H5449a,b [ =MuraMOTO Coll. No. 9100c] probably two imma-
ture specimens, one of which shows the whorls of earlier growth-stage, from
loc. Tk. 967, zone of Reesidites minimus, main stream of the Ikushumbets, cen-
tral Hokkaido, x2.

Kyushu University Photos, without whitening.



Mem. Fac. Sci., Kyushu Univ., Ser. D, Vol. XVIII Plate 19

T. MATSUMOTO: Nostoceratidae
T. MATSUMOTO & T. MURAMOTO: Heteromorph Ammonites



