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Introduction

Since BRaNCO (1879-80) described the general characteristics of early shell growth
in some ammonites, many works have been carried out on the ontogeny of siphuncle
(SMITH, 1898; GRANDJEAN, 1910; TRUEMAN, 1920; SHimizu, 1929; SpaTH., 1933:
BOHMERS, 1936) and the mode of early shell growth (ERBEN, 1966; MUTVEIL, 1967;
BIRKELUND, 1967; BIRKELUND & HANSEN, 1968; ERBEN e¢r al., 1969). More recently,
the internal structural features of many ammonites have been studied from the view-
point of major taxonomy by several Russian paleontologists (for example, DRUSHCHITS
& KHiaMI, 1969, 1970; DRUSHCHITS & DOGUZHAYEVA, 1974; ZAKHAROV, 1974, 1977;
DRUSHCHITS et al., 1976, 1977a, b).

From these works, it has become clear that the study of ontogenetic development
of internal shell structure is an important approach to the major classification and
phylogeny of the Ammonoidea at or above superfamily level. However, further
work is needed to determine exactly the taxonomic significance of internal structure,
because the early ontogeny has been studied only on 200 to 220 species, which are little
more than 29 of the approximately 10,000 ammonoid species (DRUSHCHITS & Do-
GUZHAYEVA, 1974).

In this paper we describe internal structural features and early shell growth in
28 species of the Upper Cretaceous Ammonoidea, and discuss their implications to
major taxonomy.

* Contribution to the early ontogeny in modern and fossil chambered Cephalopoda, I
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Material

The species studied in this paper are listed below, following ARKELL et al. (1957)
as to their major taxonomic positions.
Suborder Phylloceratina
Superfamily Phyllocerataceae
Family Phylloceratidae
Neophylloceras subramosum SPATH—3 specimens (GK. H 8011, 8012, 5214)
Phyllopachyceras ezoense YOkOoyaAMA—2 specimens (GK. H 2055, 8042)
Suborder Ammonitina
Superfamily Acanthocerataceae
Family Acanthoceratidae
Yubariceras yubarense MATSUMOTO, SAITO & Fukapa —1 specimen (GK.
H 8037)
Family Collignoniceratidae
Collignoniceras woollgari (MANTELL)—1 specimen (GK. H 8013)
Subprionocyclus neptuni (GEINITZ)—2 specimens (NSM. PM 7415, 7432)
Reesidites minimus (HAYASAKA & FukapA)—I1 specimen (NSM. PM 9379)
Superfamily Desmocerataceae
Family Desmoceratidae
Tragodesmoceroides subcostatus MATSUMOTO—1 specimen (GK. H 8018)
Damesites ainuanus MATSUMOTO—1 specimen (GK. H 8019)
D. damesi (JimBo)—S5 specimens (GK. H 8020-8023, 4193)
D. semicostatus MATSUMOTO—2 specimens (GK. H 8017, 8039)
Hauericeras gardeni (BAILY)—1 specimen (GK. H 8025)
Mesopuzosia pacifica MATSUMOTO—I1 specimen (GK. H 8016)
M. yubarensis (Jimpo)—?2 specimens (GK. H 8038, 8040)
Kitchinites ishikawai (JimBo)—3 specimens (GK. H 8041, 8015, 5197)
K. aff. japonicus SPATH—1 specimen (GK. H 8036)
Family Kossmaticeratidae
Yokoyamaoceras jimboi Y ABE—1 specimen (GK. H 8014)
Family Pachydiscidae
Eupachydiscus haradai (Jimo)—1 specimen (GK. H 8024)
Pachydiscid, young, gen. et sp. indet.—1 specimen (NSM. PM 6172)
Superfamily Hoplitaceae
Family Placenticeratidae
Metaplacenticeras subtilistriatum (JIMBO)—1 specimen (NSM. PM 5840)
Suborder Lytoceratina
Superfamily Lytocerataceae
Family Tetragonitidae
Tetragonites glabrus (JimBo)—2 specimens (GK. H 8029, 8§030)
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Gaudryceras denseplicatum (JIMBO)—3 specimens (GK. H 2158, 8026, 8028)
G. tenuiliratum Y ABE—3 specimens (GK. H 4195, 4196, 5019)
G. tenuiliratum Y ABE (var. ornata Y ABE)—1 specimen (GK. H 8027)
Anagaudryceras yokoyamai (Y ABE)—1 specimen (GK. H 8035)
Superfamily Scaphitaceae
Family Scaphitidae
Scaphites planus (Y ABE)—I1 specimen (GK. H 5790)
S. pseudoequalis Y ABE—1 specimen (GK. H 8031)
Otoscaphites puerculus (JIMBo)—1 specimen (GK. H 8033)
0. klamathensis (ANDERSON)—1 specimen (GK. H 8032)
Superfamily Turrilitaceae
Family Diplomoceratidae
Polyptychoceras sp.—1 specimen (GK. H 8034)

All specimens utilized were collected from selected areas of Hokkaido and South
Sakhalin (Fig. 1), and are now stored in the Type Collections of Kyushu University
(for GK. H specimens) and National Science Museum (for NSM. PM specimens).
They were found in calcareous nodules in an excellent state of preservation. Among
them, the following 7 specimens have already studied and illustrated by several authors
with locality records: GK. H 4193, 2055, 5214 (MATsumMoTOo & OBATA, 1955, pl. 30,
figs. 2, 3, 5 respectively); GK. H 4195, 5197, 4196 (OBATA, 1960, pl. 15, figs. 1, 3, 5
respectively); GK. H 5019 (HiraNoO, 1975, p. 24, fig. 6). Specimen, GK. H 8042 was
collected from the same locality as GK. H 2055.

The locality and horizon of the remaining specimens are as follows.

GK. H 2158-3: loc. N 22z, an outcrop in the Miho River, Naibuchi area; hor., Upper
Santonian; T. MATSUMOTO coll.

GK. H 8042: loc. N 182f, an outcrop in the Naibuchi Valley, Naibuchi area: hor.,
Lower Santonian; T. MATSUMOTO coll.

GK. H 8024: a specimen from a floated nodule in the middle stream of the Abeshinai
River, Saku area; hor., Lower Campanian; K. TANABE coll.

NSM. PM 6172: a specimen from a floated nodule at loc. 1301F in the Saru River,
Hidaka area; hor., Lower Campanian; H. Tsupa coll.

NSM. PM 35840: a specimen from a floated nodule in the Rubenosawa, the tri-
butary of the Abeshinai River, Saku area; hor., Lower Campanian; T. MURA-
MOTO coll.

GK. H 8036: a specimen from a floated nodule in the upper stream of the Sakasagawa
River, Haboro area; hor., Santonian; I. NAKAJIMA coll.

GK. H 8011-12, 8018: loc. R 2110d, an outcrop in the upper stream of the Obirashibe
River, Obira area; hor., Middle Turonian; T. MATSUMOTO et al. coll.

GK. H 8013, 8033: loc. R 5505, an outcrop in the lower stream of the Nambuzawa,
the tributary of the Obirashibe River, Obira area; hor. & coll. ditto.

GK. H 8014, 8017, 8039: loc. R 2673, an outcrop in the middle stream of the Jugo-
senzawa, the tributary of the Obirashibe River, Obira area; hor., Lower San-
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Fig. 1. Map of Hokkaido and south Sakhalin showing the post-Aptian Cretaceous outcrops
and the sampling areas of ammonoid specimens examined. 1. Naibuchi, 2. Kawakami,

3. Saku, 4. Haboro, 5. Obira, 6. Ikushumbets, 7. Manji, 8. Oyubari, 9. Hidaka.

tonian; H. HIRANO & K. TANABE coll.

GK. H 8015, 8020-21, 8023, 8027, 8029, 8041: loc. R 2665, an outcrop in the middle
stream of the Jugosenzawa, the tributary of the Obirashibe River, Obira area:
hor. & coll. ditto.

GK. H 8022, 8034: specimens from a floated nodule in the middle stream of the Sa-
kumazawa, the tributary of the Obirashibe River, Obira area; hor. & coll. ditto.

GK. H 8016: a specimen from a floated nodule in the middle stream of the Naka-
kinembets River, Obira area; hor., Middle Turonian; T. MATSUMOTO et al. coll.

GK. H 8028: loc. R 6072a, a river-side cliff near Takimibashi, middle stream of the
Obirashibe River, Obira area; hor. & coll. ditto.

GK. H 8030: loc. R 2113h, an outcrop in the upper stream of the Obirashibe River.
Obira area; hor. & coll. ditto.

GK. H 8038: a specimen from a floated nodule in the Sekitannaizawa, the tributary
of the Shimokinembets River, Obira area; hor., Turonian; K. TANABE coll.

GK. H 8019, 8037, 8040: specimens from a floated nodule in the Sannosawa, the tri-
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butary of the Shimokinembets River, Obira area; hor., Middle Turonian; Y.
MiyATA coll.

GK. H 8031: a specimen from a floated nodule in the Gonosawa, the tributary of the
Pombets River, Ikushumbets area; hor., Lower Coniacian; T. MATSUMOTO coll.

GK. H 8032: loc. IK 2141r, an outcrop in the Gonosawa, the tributary of the Pombets
River, Ikushumbets area; hor. & coll. ditto.

GK. H 8025: a specimen from a floated nodule in the Ikushumbets Valley (about
800 m east from the Katsurazawa Dam), Ikushumbets area; hor., Santonian;
T. MaTsuMoTO coll.

NSM. PM 9379: loc. RN 8001, an outcrop along the Pomnebets forestry road, Manji
area; hor., Upper Turonian; I. OBATA & M. FuTakaMI coll.

NSM. PM 7415, 7432: loc. PM 3002, an outcrop in the upper stream of the Pomporo-
mui River, Manji area; hor. & coll. ditto.

GK. H 5790: loc. Y 520la, an outcrop in the lower stream of the Hakkinzawa, the
tributary of the Yubari River, Oyubari area; hor., Middle Turonian; T. MATSU-
MOTO coll.

Method of Study

To study the internal structural characteristics of a species, most specimens were
cut or polished along the median plane. Only specimen, GK. H 8035 of Anagau-
dryceras yokoyamai was examined in a cross section. The following 11 internal
structural elements have been examined on the median sectional specimens: (1) proto-
conch, (2) prosiphon, (3) partial septa, (4) caecum, (5) prosepta, (6) flange, (7) nepionic
constriction, (8) ammonitella, (9) siphuncle, (10) septa, and (11) septal necks. The
observation was performed using a WILD microscope and a profile projector (Nikon
Co.) with magnifications, X40-X200. For three specimens of Kitchinites aff. japo-
nicus, Yubariceras yubarense and Polyptychoceras sp., the examination was restricted
to the morphology of septal necks, because of unfavourable preservation of early
growth stage.

The measurements were carried out on the protochonch size, ammonitella size,
prosiphonal length, siphuncular diameter, and radius vector of a spiral with a micro-
meter of 1 um accuracy, attached to a profile projector. The latter two characters
were measured at intervals of 0.25z. To describe the microstructure of several ele-
ments, a result of the study through scanning electron microscope on the three speci-
mens of Damesites semicostatus, Mesopuzosia yubarensis and Eupachydiscus haradai
(GK. H 8024, 8038-39) by TANABE et al. (in press) is partly cited into this paper. Fur-
thermore, three drawings in Fig. 4 are adapted from SHimizu (1929). The terminology
of the internal structure used in the text is based on BRANCO (1879-80), GRANDIJEAN
(1910), SHiMizu (1929), and DRrRusHCHITS & KHiami (1969). The basic morphology
and measurements of ammonoid internal shell structure are diagrammatically illu-
strated in Fig. 2.
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MEASUREMENTS

INTERNAL STRUCTURE

Fig. 2. Basic morphology and measurements of ammonoid internal shell structure in the
median section. Terminologies are cited from BrANcoO (1879-80), GRANDJEAN (1910),
SHIMIZU (1929), and DrusHCHITS & KHiAMI (1969). pr: protoconch, psh: prosiphon, c: cae-
cum, ps: partial septa, prs: proseptum, f: flange, sph: siphuncle, am: ammonitella, nc:
nepionic constriction, s: septum, sn: septal neck. 1, 2. maximum and minimum diameters
of protoconch, 3. length of prosiphon, 4. spiral length of ammonitella, 5. ammonitella size,
6. siphuncular diameter, 7. parameter showing position of siphuncle, 8. radius vector of a
spiral.

Descriptions

Before starting the descriptions, the measurements of several characters in the
specimens examined are listed in Table 1.

Protoconch: The internal shell structure in the ammonitella stage of selected spe-
cies is shown in Fig. 3 and Plate 1. Every species examined has a nearly spherical to
slightly elliptical empty protoconch in the median section; the ratio of minimum dia-
meter to maximum one is more than 0.79 (see Table 1). The protoconch is of inter-
mediate size in the phylloceratids, and rather small in the Ammonitina and the scaphi-
tids. In contrast, shells of the tetragonitids have a much larger protoconch of more
than 0.66 mm in maximum diameter. According to HirRANO (1975, 1978), the intra-
specific variation of protoconch size in Gaudryceras is smaller than those of other
characters. Therefore, it is probably certain that species of the Tetragonitidae have
an extremely larger protoconch as compared with other groups.

Prosiphon: The prosiphon is well preserved in the specimens belonging to the
following 15 species: Neophylloceras subramosum (GK. H 8012), Phyllopachyceras
ezoense (H 8042), Damesites ainuanus (H 8019), D. damesi (H 8020, 8022-23), D. semi-
costatus (H 8039, 8017), Mesopuzosia pacifica (H 8016), Kitchinites ishikawai (H 8015),
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Hauericeras gardeni (H 8025), Eupachydiscus haradai (H 8024), pachydiscid gen. et sp.
indet. (NSM. PM 6172), Gaudryceras tenuiliratum (H 4196), G. denseplicatum (H 2158),
Scaphites planus (H 5790), S. pseudoequalis (H 8031), and Otoscaphites klamathensis
(H 8032) (Figs. 3, 4; PL. 1). In these species it is characterized by a fine horny struc-
ture, extending from protoconch wall to adapical part of caecum. 1In G. tenuiliratum
and E. haradai its diameter tends to be enlarged toward caecum (Fig. 4-3, 7; Pl. I,
Figs. 2, 5).  SHimizu (1929, pl. 1, figs. 2-5; pl. 2, figs. 1-2, 5) also described the same
phenomenon in several tetragonitids, Neophylloceras ramosum (MEEK) and Reesidites
minimus. Furthermore, the prosiphon in GK. H 8023 of D. damesi spreads into two
branches near the caecum (Pl. 1, Fig. 6).

Comparing the results of observation on the prosiphon on species of the three
major taxonomic groups, it can be stated that the phylloceratids and the lytoceratids
both have an extremely short and adorally convex prosiphon with the ratio of this
length to protoconch diameter of less than 0.3, in contrast to a long and nearly straight
prosiphon of the Ammonitina (the length to protoconch size is more than 0.3) (Fig.
4, Table 1, P1. 1). According to the SEM photographs of the portion in D. semicos-
tatus and E. haradai by TANABE et al. (in press, here cited in Pl 2, Figs. 1-2, 4-5), it
is represented by a fine horny tube of less than 5 um in diameter, which is directly
connected with the horny layer of caecum.

Partial septa: SHIMIZU (1929) recognized two or three fine prosiphon-like cal-
careous (?) tubes at ventral side of caecum in several Upper Cretaceous ammonites from
South Sakhalin and Hokkaido (three examples are reproduced to Fig. 4), and termed
the structure as partial septa. In the specimens examined, two partial septa are well
preserved in G. tenuiliratum (GK. H 4196) and N. subramosum (GK. H 8012) (Fig.
4-1, 3; PL. 1, Figs. 1-2). The partial septa of the two species somewhat resemble the
prosepta in its position, but are easily distinguished for their restricted development
at the ventral side of caecum. In the examined specimens of the Ammonitina, they
are absent, although the prosiphon is well preserved in some of them. The similar
structure has already been noticed in some Jurassic and Cretaceous ammonites (Arie-
tites kridion, Amaltheus margaritatus, Ludwigia opelina; GRANDJEAN, 1910, figs. 7-9:
Phyllopachyceras sp., Tetragonites duvalianus; DRUSHCHITS & DOGUZHAYEVA, 1974,
figs. 1, 5).  As Suimizu (1929) has already pointed out, partial septa are more closely
similar to a prosiphon than prosepta for their form and position; accordingly, further
work is required to examine the microstructural similarity or dissimilarity between
the two.

Caecum: Asshownin Fig. 3 and PI. 1, the outline of the caecum in the longitudinal
section is semi-circular in the Lytoceratina, but is elliptical or rounded in the Ammoni-
tina and the Phylloceratina. The wall of caecum in every specimen examined is com-
posed of an outer thin calcareous and an inner thick horny layers. According to
the SEM observation of the portion by TANABE et al. (in press), the outer layer in D.
semicostatus, E. haradai, and M. yubarensis, about 5 um thick, has a massive micro-
structure, while the inner one, more than 20 um thick, is composed of multi-layered
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horny membranes.

Proseptum or prosepta: Every species examined has one or two prosepta around
the base of caecum (Fig. 4). The prosepta are easily distinguished from the succeed-
ing first septum in that they are connected with the outer calcareous layer of a caccum
wall.
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Fig. 3. Drawings showing the early stage of selected species in the median section. ¢: nepionic
constriction. 1. GK. H 2158, 2. H 8031, 3. H 5790, 4: H 4196, 5. H 8042, 6. H 8012, 7. H
8015, 8. H 8019, 9. H 8023, 10. NSM. PM 6172.
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Flange: The flange, that is the adapical extension of protoconch wall, is re-
strictedly preserved in specimen GK. H 8012 of N. subramosum (Fig. 4-1, P1. 1, Fig.
1). It is about 20 um in length, and gently curved toward the inside of protoconch.
In other specimens examined, the protoconch wall is directly linked with the prosepta
and the outer calcareous layer of caecum wall (Fig. 4).

Nepionic constriction: A conspicuous nepionic (=primary) constriction exists be-
tween the first and second whorls of every specimen studied (Fig. 3, Pls. 3-5). It is
represented by an abrupt thickening of the inner nacreous layer of ventral shell wall,
which begins to appear just before the constriction, as BIRKELUND (1967), BIRKELUND
& HANSEN (1968), ERBEN et al. (1969). and DRUSHCHITS & DOGUZHAYEVA (1974) have
already demonstrated in many ammonites. The constriction also marks an interrup-

Fig. 4. Drawings showing the morphology of early internal shell structure in selected species in
the median section. 1. N. subramosum (GK. H 8012), 2. P. ezoense (adapted from SHIMIZU,
1929, pl. 1, fig. 6), 3. G. tenuiliratum (H 4196), 4. G. denseplicatum (adapted from SHIMIZU,
1929, pl. 1, fig. 3), 5. Anagaudryceras limatum (adapted from SHiMIZU, 1929, pl. 1, fig. 4), 6.
D. semicostatus (H 8039), 7. E. haradai (H 8024), 8. D. damesi (H 8023). S;: first septum,
h: horny membranes. For other abbreviations in this figure see the explanations of Fig. 2.
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tion in growth of radius vector of a spiral in many species.

The ontogenetic appearance of the constriction varies among species examined.
As summarized in Table 1, it occupies between 270° and 377° of the total rotation
angle from the axis of coiling in the Phylloceratina, between 270° and 360° in the Am-
monitina, and between 280° and 374° in the Lytoceratina. At family level, the angle
ranges from 270° to 333° in the collignoniceratids, and from 290° to 360° in the des-
moceratids. In contrast, the tetragonitids have much larger angles ranging from
320° to 374°. Although we have not examined sufficient material, the angle is nearly
constant within the specimens of the same species (Table 1). The results almost coin-
cide with SHIMIZU’s (1929) data on 11 Upper Cretaceous ammonites, and both suggest
that the position of nepionic constriction is stable in each species. GRANDJEAN (1910)
interpreted that the nepionic constriction angle has progressively decreased in the
evolutionary history of the Ammonoidea. Such evidence, however, could not be
ascertained in the Upper Cretaceous ammonites studied.

Ammonitella: The term ammonitella was proposed by DRUSHCHITS & KHIAMI
(1969) for a conch with a nepionic constriction at its aperture.  As listed in Table 1, the
maximum size of ammonitella in the median section ranges from 0.902 to 1.303 mm
in the Phylloceratina, from 0.700 to 1.088 mm in the Ammonitina, and from 0.641
to 1.880 mm in the Lytoceratina. At family level, all of the collignoniceratids, des-
moceratids, and scaphitids have a more or less small ammonitella of less than 1 mm
in diameter, in contrast to the extremely large ammonitella of more than 1.3 mm in
the tetragonitids. The ammonitellas of the phylloceratids, kossmaticeratid, and
hoplitid are of intermediate size. The ratio of ammonitella size to protoconch dia-
meter remains constant (ca. 1.6-1.7) among the specimens examined; in other words,
a significant positive linear relationship exists between the dimensions of the two
characters at interspecific level (Fig. 5). We have also confirmed the significant linear
relationship within selected samples of the scaphitids, depending on the basic data of
TANABE (1977a, figs. 9, 10; 1977b, fig. 5) (Fig. 6). These results may be important to
consider the early ontogeny of ammonites. According to the hypothetical model of
ERBEN ef al. (1969, fig. 5), a protoconch and succeeding whorl(s) up to a nepionic
constriction respectively correspond to air and living chambers of a living ammonite
in the phase of metamorphosis from larval to post-larval stages. In this case, a con-
stant volume ratio between air and living chambers is necessary to maintain the neutral
buoyancy (=planktonic mode of life) of an animal. For this reason, Figs. 5-6 seem
to support their model.

Septa: The ammonitella in the species examined has 7 to 12 adorally convexed
and regularly-spaced septa (Table 1). In every specimen belonging to the three colli-
gnoniceratid species, C. woollgari, S. neptuni, and R. minimus, the approximation of
two contiguous septa periodically occurs from the end of the ammonitella stage to
the fourth or fifth whorls (P1. 5, Fig. 1), though such a periodical pause of septal growth
could not be ascertained in other ammonites studied.

Siphuncle: The siphuncle is initially located at a central or subcentral part of a
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Fig. 5. Double scatter diagram showing the interspecific relationship between protoconch
diameter and ammonitella size. Regression line with a least square method is indicated
in this figure. r: correlation coefficient. 1-3. N. subramosum (GK. H 8011, 8012, 5214),
4-5. P. ezoense (H 8042, 2055), 6: C. woollgari (H 8013), 7. R. minimus (NSM. PM 9379),
8-9. S. neptuni (PM 7415, 7432), 10. Y. jimboi (H 8014), 11. K. ishikawai (H 8015), 12. M.
pacifica (H 8016), 13: D. semicostatus (H 8017), 14. T. subcostatus (H 8018), 15. D. ainuanus
(H 8019), 16-19. D. damesi (H 8021-8023, 8020), 20: pachydiscid gen. et sp. indet. (PM 6172),
21. E. haradai (H 8024), 22. H. gardeni (H 8025), 23. M. subtilistriatum (PM 5840), 24. G.
denseplicatum (H 8026), 25-28. G. tenuiliratum (H 5019, 4196-1, 4196-2, 8027), 29-30. T.
glabrus (H 8029-8030), 31. S. pseudoequalis (H 8031), 32. S. planus (H 5790), 33. O. puer-
culus (H 8033).

whorl in every species examined, but gradually or abruptly approximates its position
to the ventral side as the shell grows. Fig. 7 summarizes the ontogenetic change of
siphuncle position with respect to total rotation angle of a spiral in selected species.
As shown in this figure and Pls. 3-5, in both the Phylloceratina and the Ammonitina the
siphuncle reaches the marginal position at some stage between the end of the second
whorl and the middle of the third one. At family level, the marginal approximation
of siphuncle in the desmoceratids is attained before the middle stage of the second
whorl, but it is prolonged up to the end of the third one in the collignoniceratids and
the pachydiscids.

In the 9 lytoceratid species studied, the siphuncle occupies a subcentral position
around the second-third septa (less than 45° in spiral length of a whorl), and then rapid-
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Fig. 6. Double scatter diagrams showing the intraspecific relationship between protoconch
diameter and ammonitella size in selected samples of four scaphitids. The basic data of
this figure are cited from TANABE (1977a, figs. 9, 10; 1977b, fig. 5).

ly shifts its position toward the ventral side with growth.

Although the growth of siphuncular diameter to radius vector of a spiral is negative
allometric in every species examined, such species as M. subtilistriatum, R. minimus,
C. woollgari, O. puerculus, and S. planus, all of which occur in the inshore to nearshore
shallower water facies (TANABE et al., 1978), have a broader siphuncle than the other
offshore-type ammonites belonging to the Phylloceratidae, Tetragonitidae, and Des-
moceratidae (Fig. 8).

Septal necks: Because of the short and ambiguous features under a light micro-
scope, we could not observe the detailed morphology of septal necks in the first whorl
of most specimens. The septal necks after the second whorl are prochoanitic (=or-
thochoanitic) in both the Ammonitina and the Lytoceratina, but are amphichoanitic
in the Phylloceratina (Fig. 9, Pl. 6). According to the scanning electron micrographs
by TANABE et al. (in press), the septal necks in the first whorl of E. haradai and D.
semicostatus are of prochoanitic type, as shown in Figs. 3, 6 on Pl. 2. DRUSHCHITS
et al. (1976) reported a thin calcareous layer (termed “‘cuff” (Mamxers) by them)
within or near septal necks in some Upper Paleozoic and Mesozoic ammonites. Fur-
thermore, they (fig. 7a) described that a more or less long cuff is extended from an
adapical end of prochoanitic short septal neck to a central part of a chamber in some
species of Phylloceratina. However, such a calcareous layer has not be observed in
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any specimen examined. Therefore, we interpreted the septal necks of the Cretaceous
Phylloceratidae as amphichoanitic, as ZAKHAROV (1974) has already pointed out.

The septal necks are fairly long in the species of Neophylloceras, Phyllopachyceras,
Damesites, Gaudryceras, Tetragonites, and Polyptychoceras (for example, they attain
about 309, of a chamber length in the fourth-fifth whorls of D. ainuanus and G. tenuili-
ratum; Pl. 6, Figs. 3, 11). Conversely, such species as C. woollgari, Y. jimboi, K.
ishikawai, O. puerculus, and S. planus have very short necks throughout the whole
stages of ontogeny. It follows that long septal necks are characteristic of the species with
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Fig. 8. Growth pattern of siphuncular diameter to total rotation angle of a spiral in selected
species.

a narrow siphuncular tube. The ventral side of septal necks in the Lytoceratina is
completely enveloped by an outer shell wall, while it is distinctly separated from a
ventral wall in every species of Phylloceratina and Ammonitina studied (Fig. 9, Pl. 6).
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Discussion

As described before, the Upper Cretaceous ammonites studied show certain
characteristic features for the morphology and ontogeny of internal shell structure
in the early stage. We discuss here the results of our observation with respect to major
taxonomy. They are concisely summarized in Fig. 10.

In the 28 species examined, the prosiphon is extremely short and adorally convex
in the Lytoceratina and the Phylloceratina, whereas it is long and straight in the Am-
monitina. A similar fact has already been noticed in some Jurassic and Cretaceous
ammonites by SHIMIZU (1929), DRUSHCHITS & KHiaMI (1969, 1970), ZAKHAROV (1974),
DRUSHCHITS & DOGUZHAYEVA (1974), and DRUSHCHITS et al. (1977a, b). According
to GRANDJEAN (1910), in the Middle Jurassic ammonites, Ludwigia opalina and Sphaero-
ceras brongniarti, the prosiphon is also very long and straight, as in many Cretaceous
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Upper Cretaceous ammonites at suborder level. *Adapted from SHimizu (1929, pl. 2,
fig. 5).

Ammonitina. However, it is extremely short and adorally-convex in two examples
of Lower Jurassic Ammonitina, Arietites kridion and Amaltheus margaritatus, which
more closely resemble in this respect Phylloceratina and Lytoceratina than Cretaceous
Ammonitina. These facts suggest us that in the Ammonitina the prosiphon may
have changed from a short and curved type to a long and straight one during the period
of Lower to Middle Jurassic.

From our study on the Upper Cretaceous ammonites, it has been made clear
that each suborder has its own characteristic pattern in the ontogenetic change of
siphuncle position. Namely, in the Lytoceratina the position changes from subcentral
to ventral in the early half of the first whorl, while the marginal approximation is pro-
longed up to the end of the second whorl or to the middle of the third whorlin the Am-
monitina and the Phylloceratina. Similar patterns of ontogenetic change in the
siphuncle position in respective suborders have also been confirmed by previous works
on many Jurassic and Cretaceous ammonites (BRaNCO, 1879-80; SMITH, 1898 ; GRAND-
JEAN, 1910; SHimizu, 1929:; SpaTH, 1933; DrusHCHITs & KHiami, 1969, 1970;
ZAKHAROV, 1974 ; DRUSHCHITS & DOGUZHAYEVA, 1974; DRUSHCHITS et al., 1976). This
and previous works, thus, suggest that patterns of ontogenetic change in siphuncle
position are important to consider the major taxonomy and phylogeny of the Mesozoic
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Ammonoidea. According to SPATH (1933, fig. 7), the marginal approach of siphuncle
in several Middle Jurassic Ammonitina and Upper Triassic Phylloceratina is attained
at the end of the third whorl. Therefore, it seems to be generally certain that the
ontogenetic change in siphuncle position in the Ammonitina and the Phylloceratina
may have been gradually accelerated with time.

Recently, DRUSHCHITS et al. (1976) have demonstrated the general characteristics
of siphuncle position in the Ammonoidea. According to them, throughout all stages
of ontogeny and phylogeny the siphuncle occupies a dorsal position in the Clymeniina
in contrast to a ventral position in the Anarcestina: in the Goniatitina and the Cerati-
tina the position is unstable up to the third whorl and thereafter ventral. The previous
works on the trends of major evolution for the ontogenetic and phylogenetic changes
of septal necks by SPATH (1933), BOHMERS (1936), ZAKHAROV (1974), and DRUSHCHITS
et al. (1976) are summarized as follows: (1) the Clymeniina and the Anarcestina have
retrochoanitic septal necks throughout ontogeny and phylogeny, (2) the ontogenetic
transition from retrochoanitic to prochoanitic necks appears in the Goniatitina,
Ceratitina, Phylloceratina, and Lytoceratina, (3) the appearance of prochoanitic
necks during ontogeny has had been gradually accelerated from the Goniatitina to
the Lytoceratina by way of the Ceratitina and the Phylloceratina, and (4) the Ammo-
nitina have prochoanitic necks throughout ontogeny and phylogeny. According to
DRUSHCHITS et al. (1976), the transition from retrochoanitic to prochoanitic necks
in the late Cretaceous tetragonitids belonging to Gaudryceras and Saghalinites occurs
within the first whorl.

We have confirmed the fact (4) in the examined examples of Upper Cretaceous
Ammonitina. But the amphichoanitic necks in our observation of the Phylloceratina
are inconsistent with the opinion of DRUSHCHITS ef al. (1976). To solve this problem,
further work is required for the microstructure of the connected part in more examples
of the Phylloceratina.

Most previous work on ammonoid major taxonomy is based on particular patterns
in the ontogenetic development of sutures, morphology of shell form and sculpture,
and stratigraphic distribution pattern at low taxonomic levels. As shown in Fig. 10,
the results of this work essentially support the scheme of the major taxonomy of the
Cretaceous Ammonoidea distinctly proposed by ARKELL et al. (1957) and DRUSHCHITS
et al. (1958). Opinions, however, remain divided as to the major taxonomic position
of the Scaphitidae. MikHAILOV & DRUSHCHITS (1958), and DRUSHCHITS & DoGu-
ZHAYEVA (1976) attributed the family to the Ammonitina, because of the ontogenetic
suture development and the prochoanitic septal necks in all stages of ontogeny.
Conversely, WRIGHT (1953), ARKELL et al. (1954), and WESTERMANN (1971) included
it into the Lytoceratina, relying on the characteristics of adult sutures and the
presence of a dorsal shell wall. It has been revealed from this work that with re-
spect to the internal shell structure of examined examples, the Scaphitidae are more
closely similar to the Tetragonitidae than the Ammonitina, especially concerning the
shape of prosiphon, completely enveloped septal necks and ontogenetic change in
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siphuncle position. This fact suggests that the Scaphitidae should be included in the
Lytoceratina rather than the Ammonitina.

Although the morphologic characters of such structural elements as protoconch,
partial septa, cascum, flange, and ammonitella are stable within species belonging to
several families, their intra- and/or interspecific variation is fairly large as compared
with the prosiphon, septal necks, and siphuncle. To evaluate the taxonomic impli-
cations of these elements, we should further examine the inter- and intraspecific vari-
ation in large samples of many species.

Summary

The characteristics of the internal shell structure in the early growth-stage of
the 28 species of Upper Cretaceous ammonites (2 Phylloceratina, 17 Ammonitina,
and 9 Lytoceratina) have been described with many well-preserved polished and thin
sectioned specimens from Hokkaido and South Sakhalin. Certain patterns in the
shape of prosiphon, morphology of septal necks, and ontogenetic change in siphuncle
position, are commonly recognized among the examined species of the same suborder,
and each suborder has its own characteristics in these early internal characters. We
have also described such characters as form and structure of partial septa and caecum,
protoconch and ammonitella sizes, position of nepionic constriction, and ontogenetic
growth pattern of siphuncular diameter in each species. We have, furthermore, dis-
cussed the implications of the observed facts to major taxonomy.

It is suggested that the study of ontogenetic development of internal shell structures
is as much important as that of suture, shape and sculpture of shells to construct the
adequate scheme of major taxonomy and phylogeny of the Cretaceous Ammonoidea.
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Explanation of Plates

Plate 1
Figs. 1-8. Light (1-3, 6-8) and scanning electron (4-5) micrographs of early internal shell
structure in selected species.
Fig. 1. Neophylloceras subramosum. GK. H 8012. < 120.

Fig. 2. Gaudryceras tenuiliratum. GK. H 4196. < 120.

Fig. 3. Otoscaphites puerculus. GK. H 8033. <100.

Fig. 4. Damesites semicostatus. GK. H 8039. <115,

Fig. 5. Eupachydiscus haradai. GK. H 8024. <100.

Fig. 6. Damesites damesi. GK. H 8023. < 120. Arrow points to branch of prosiphon.
Fig. 7. Damesites semicostatus. GK. H 8017. < 120.

Fig. 8. Mesopuzosia pacifica. GK. H 8016. > 120.
Photos by TANABE (1-3, 6-8) and FukupA (4— 5)

Plate 2

Figs. 1-2, 6. Scanning electron micrographs of prosiphon (1), caecum (2), and septal neck at
0.5 = stage (6) in Damesites semicostatus. GK. H 8039. 1(<4800), 2( <2000), 6( < 500).
psh: prosiphon.

Figs. 3-4, 5. Scanning electron micrographs of prosiphon (4), caecum (5), and septal neck at
0.5 = stage (3) in Eupachydiscus haradai. GK. H 8024. 3(<360), 4(<2000), 5( > 1400).
Psh: prosiphon.

Arrow in Figs. 3 and 6 shows the adoral direction. Scale (# means pm) and acceleration
voltage are indicated in each figure.
Photos by FUKUDA.

Plate 3

Figs. 1-6. Light micrographs showing the ontogenetic change of siphuncle position in selected
Lytoceratina (all x20).

Fig. 1. Tetragonites glabrus. GK. H 8029.

Fig. 2. Gaudryceras tenuiliratum. GK. H 4190.

Fig. 3. Gaudryceras tenuiliratum (var. ornata). GK. H 8027.
Fig. 4. Gaudryceras denseplicatum. GK. H 8026.

Fig. 5. Otoscaphites puerculus. GK. H 8033.

Fig. 6. Scaphites planus. GK. H 5790.

Photos by TANABE.

Plate 4

Figs. 1-6. Light micrographs showing the ontogenetic change of siphuncle position in selected
Ammonitina (all < 20).

Fig. 1. Damesites damesi. GK. H 8020.
Fig. 2. Damesites damesi. GK. H 8021.
Fig. 3. Damesites semicostatus. GK. H 8017.
Fig. 4. Mesopuzosia pacifica. GK. H 8016.
Fig. 5. Kitchinites ishikawai. GK. H 8015.
Fig. 6. Hauericeras gardeni. GK. H 8025.

Photos by TANABE.
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Plate 5

Figs. 1-5. Light (1-2, 4-5) and scanning electron (3) micrographs showing the ontogenetic
change of siphuncle position in selected Ammonitina and Phylloceratina.
Fig. 1. Collignoniceras woollgari. GK.H 8013. <20.

Fig. 2. Metaplacenticeras subtilistriatum. NSM. PM 5840. <20.
Fig. 3. Eupachydiscus haradai. GK. H 8024. > 30.

Fig. 4. Neophylloceras subramosum. GK. H 8012. <20.

Fig. 5. Phyllopachyceras ezoense. GK. H 2055. <20.

Photos by TANABE (1-2, 4-5) and Fukubpa (3).

Plate 6

Figs. 1-13. Light micrographs showing the morphology of median sectioned septal necks
in selected species (all < 20). Arrow means the adoral direction.
Fig. 1. Tragodesmoceroides subcostatus. GK. H. 8018. 8z stage.
Fig. 2 Damesites damesi. GK. H 8022. 8.5z stage.
Fig. 3.  Damesites ainuanus. GK. H 8019. 10z stage.
Fig. 4.  Damesites semicostatus. GK. H 8017. 8.5z stage.
5.  Mesopuzosia yubarensis. GK.H 8040. 10z stage.
Figs. 6-7. Kitchinites ishikawai. GK.H 8041 (6) 9.5z stage, GK. H 8015(7) 8= stage.
Fig. 8.  Polyptychoceras sp. GK. H 8034. At 6 mm in whorl height.
Fig. 9. Yokoyamaoceras jimboi. GK. H 8014. 12.5z stage.
Fig. 10. Collignoniceras woollgari. GK.H 8013. 9z stage.
Fig. 11. Gaudryceras tenuiliratum var. ornata. GK. H 8027. 8z stage.
Fig. 12. Tetragonites glabrus. GK.H 8029. 8z stage.
Fig. 13.  Neophylloceras subramosum. GK.H 8011. 8.5z stage.
Photos by TANABE.
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