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Introduction

Recent electron microscope studies on ammonoid shell microstructure have greatly
contributed to clarify the early ontogenetic development of the group. Such authors
as BIRKELUND (1967), BIRKELUND & HANSEN (1968, 1974), ERBEN et al. (1968, 1969),
DRruUsHCHITS & KHiaMI (1969, 1970), ERBEN & REID (1971), and DRUSHCHITS ef al.
(1977a, b) have made clear that a definite pattern for the ontogenetic development of
shell wall, septa, and septal necks occurs in the early growth-stages of many am-
monoids.

The microstructural characteristics of prosiphon, caecum, partial “septa” etc.,
however, have not yet been fully described, although they may be important to con-
sider the early ontogeny and functional morphology of the Ammonoidea. As TANABE
et al. (1979) have already pointed out, the late Cretaceous ammonites from the meri-
dional zone of Hokkaido are so well preserved in calcareous nodules that they may be
suitable for the study of early ontogenetic development. In this article, we discuss
the ontogenetic development and functional morphology in the early stage of the
three Cretaceous ammonites through the SEM investigations of internal shell micro-
structure on several well-preserved specimens from the region.

Material

This work is based on four well-preserved specimens of Mesopuzosia yubarensis
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(JiMBO), Damesites semicostatus MATSUMOTO, and Eupachydiscus haradai (JiMBO), as

recorded below with their locations and horizons.

M. yubarensis: One specimen (GK. H 8038) from a nodule lay in the Sekitannaizawa,
the tributary of the Shimokinembets River, Obira area, northwestern Hokkaido.
Middle Turonian. K. TANABE coll.

D. semicostatus: Two specimens (GK. H 8039, 8085) from a nodule in mudstone beds
at loc. R 2673 in the middle stream of the Jugosenzawa, the tributary of the
Obirashibe River, Obira area. Lower Santonian. H. HIRANO & K. TANABE coll.

E. haradai: One specimen (GK. H 8024) from a nodule lay in the middle stream of
the Abeshinai River, Saku area, northern-central Hokkaido. Lower Campanian.
K. TANABE coll.

The specimens utilized are deposited at Kyushu University with the registered
number shown in parentheses. According to ARKELL et al. (1957), these three species
belong to the suborder Ammonitina.

Preparation

For the SEM observation of internal structure, each specimen was first cut or
polished along the median dorsoventral plane. The median-sectioned specimen was
etched with 4% hydrochloric acid for about three minutes, and subsequently the
etched specimen was washed with pure water for several times. The etched surface
was coated with gold or carbon for ten minutes using an ioncoater (Eiko Engineering
Co., IB-3 type). The microstructural observation was made on the carbon- or gold-
coated median plane by means of a scanning electron microscope (SEM) (Hitachi Co.,
H-450 type) of the Chiba Prefectural Institute of Public Health under 20KV for an
acceleration voltage. We also analysed the ultimate composition of several structural
elements on the carbon-coated specimen of D. semicostatus (GK. H 8085) with an aid
of an energy dispersive X-ray microanalyser (EDX) (Kevex Co., 7000 type) attached
to the SEM.

Internal Structural Characteristics of Ammonitella

Before describing the shell microstructure, we briefly summarize the internal
structural characteristics of ammonitella. The term ammonitella was defined as a
conch with a nepionic constriction (=primary varimax used by Russian paleontologists)
at its aperture by DRUsHCHITS & KHIAMI (1969). As diagrammatically illustrated in
Fig. 1, the ammonitella of all ammonoids consists of such internal structural elements
as protoconch, prosiphon, caecum, prosepta, siphuncle, septa, septal necks, and shell
wall with a nepionic constriction (BRANCO, 1879-80; GRANDIEAN, 1910; SPATH, 1933;
BOHMERS, 1936; MILLER & UNKLESBAY, 1943; ERBEN ef al., 1969; ZAKHAROV, 1974;
DRUSHCHITS & DOGUZHAYEVA, 1974; TANABE ef al., 1979). Some ammonoids also
have partial ““septa” (termed by SHiMIzU, 1929, but they are structurally similar to
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prosiphon rather than septa) and flange in the ammonitella, but the three species
examined do not possess these characters (see Pl. 1). As will be discussed after the
description, septa, septal necks, and majority of siphuncle in the ammonitella were
probably secreted after the formation of the nepionic constriction. DRUSHCHITS &
DOGUZHAYEVA (1974), ZAKHAROV (1974), and TANABE et al. (1979) have noticed
the fact that ammonoids have their own characteristic features in the above-mentioned
early internal structures at superfamily or suborder level.

Ammopitel\®

nepionic
constriction

Fig. 1. Diagram showing the internal structural characteristics of the ammonitella in the
medien section. Terminologies are cited from Branco (1879-80), GRANDIJEAN (1910),
SHimIzU (1929), and DrusHcHITS & KHiaMI (1969).

Description of Microstructure

Protoconch wall: The microstructure of protoconch wall is well preserved in
GK. H 8024 of E. haradai. The SEM micrographs of the portion (Figs. 1-2 on Pl. 2)
show that the protoconch wall is composed of a thin subprismatic layer of about 5 ym
in thickness. In the ventral part near the caecum the inner part of the layer consists
of elongate crystals which are arranged at right angle to the inner surface; the crystals
of the outer part, however, do not show any apparent orientation (see Fig. 1 on Pl. 2).
ERBEN et al. (1969) distinguished three subprismatic sublayers within the protoconch
wall in some ammonoids, and discussed their ontogenetic development. Such sublayers,
however, are not ascertained in the specimens examined. As shown in Figs. 1-4 on
Pl 1, Fig. 1 on PL 3, and Fig. 2, in the three species examined the protoconch wall is
directly linked with the succeeding prosepta and outer calcareous layer of caecum
without any trace of adapical extension, flange.

Prosiphon: All of E. haradai, M. yubarensis, and D. semicostatus have a long,
nearly straight prosiphon whose morphology is one of the characteristic features in
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the Cretaceous Ammonitina (TANABE et al., 1979). In the examined specimens of
E. haradai and D. semicostatus it is extended from the posterior part of protoconch wall
to the adapical part of caecum (see Figs. 1-3 on PL. 1). The prosiphon could not be
observed in GK. H 8038 of M. yubarensis, because of inexact cutting along the median
plane. As the prosiphon in GK. H 8039 of D. semicostatus happened to be partly
broken in the central part, we can observe the internal structure of prosiphonal wall
in detail. The SEM micrograph of the portion (Fig. 3 on Pl. 3) shows that the pro-
siphon is a fine tube of about 5 um in diameter. The wall, about 1 um thick, is charac-
terized by the multi-layered structure of compact material. The layered microstructure
of prosiphonal wall is closely similar to that of a chitinous siphuncular wall in am-
monites and that of inner horny membranes of siphuncular wall in modern Nautilus
(Fig. 1 on PL 5; MuTVEL, 1972; OBATA et al., in prep.).

The similar microstructural features of a prosiphonal wall are also observed in
GK. H 8024 of E. haradai. As shown in Fig. 3 on Pl. 1 and Fig. 5 on PL 3, the prosi-
phon tends to be larger toward caecum, and at the base of caecum it attains to about
30 um in diameter. The enlarged SEM micrograph around the caecum (Fig. 6 on
Pl. 3) shows that the prosiphonal wall is formed of multi-layered organic membranes
with a thin calcareous covering (about 1 xm thick) which is apparently connected
with the outer calcareous layer of caecum wall (see also Fig. 5 on Pl. 3).

From these observations it seems certain that the prosiphonal tube is directly
connected with the inner horny layer of caecum wall. As to be described later, the
inner horny layer of caecum wall is the initial part of siphuncular tube. This means
that a prosiphonal tube is equivalent to a siphuncular tube in form and microstructure.

To determine the mineral composition of a prosiphonal wall, we made the EDX
analysis on GK. H 8035 of D. semicostatus. As shown in the characteristic X-ray
images of silica and calcium on the part of carbon-coated median sectioned specimen
(Figs. 2-3 on PI. 5), the aragonitic shelly parts such as shell wall and septa had been
diagenetically replaced by silica-rich material, but a large amount of phosphate along
the prosiphonal wall was recognized by the line EDX analysis (Fig. 3). According to
OBATA et al. (in prep.), the siphuncular wall in the specimen of Scalarites scalaris
(YABE) from the Obira area is also rich in phosphate. Although we were unable to
decide directly the original mineral composition of prosiphonal wall, the structural
relationship between prosiphon and siphuncle and the line EDX analysis suggest
that the original composition of prosiphonal wall is probably chitinous, like that of
the siphuncular wall.

Caecum wall: The three species examined have a round or elliptical caecum
which is convex adapically in the median section (Pl. 1). The caecum wall in the three
species consists of an outer, thinner calcareous layer and an inner, thicker horny layer
(Figs. 1-2, 4, 7 on PL 3; Figs. 1-2 on Pl. 4). The outer layer, about 3 um in every
species, is founded up of closely packed calcareous crystals in which no apparent
layered structure is observed. As shown in Fig. 4 on Pl. 3, in M. yubarensis the outer
(adapical) surface of caecum wall is smooth without any trace of surface ornamen-
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INTENSITY

X-RAY

Fig. 3. Characteristic X-ray intensity spectrum of phosphate along prosiphonal wall on GK.
H 8085 of Damesites semicostatus. > 1400.

tation, as in the Upper Jurassic Xipheroceras ziphus (ERBEN et al., 1969, fig. 6 on pl. 4)
and Paviovia sp. (ERBEN & REID, 1971, fig. 4 on pl. 1). In E. haradai and D. semi-
costatus the dorsal extension of this layer is directly linked with the two prosepta (Fig. 1
on Pl 3; Fig.2). ERrBEN & REID (1971) reported the same relationship between the
outer caecum layer and the proseptum in Pavlovia sp.

The inner layer of caecum wall is directly covered with the outer one in GK.
H 8085 of D. semicostatus (see Fig. 1 on Pl 1), although it has been secondarily segre-
gated from the outer one in the other specimens examined (Figs. 2-4 on PL 1). As
shown in Figs. 1-4 on PL. 1, the inner layer corresponds to the initial part of the suc-
ceeding siphuncular wall. In D. semicostatus and E. haradai it is characterized by
the multi-layered microstructure of horny material, as in the siphuncular wall (Fig. 1
on PI 3; Figs. 1-2 on PI 4).

Prosepta: E. haradai and D. semicostatus have two short prosepta at the con-
stricted base of caecum (Fig. 1 on PL 3; Fig.2). In both species their length in the
dorsal side (ca. 20 um) is much longer than that in the ventral one (ca. 10 um). The
first proseptum obviously corresponds to an adoral extension of the outer calcareous
layer of caecum wall, and it is connected with the second proseptum at the base of
caecum. The second proseptum is gently convex toward the apex in constrast to
the adorally convexed succeeding septa. We were unable to observe the micro-
structure of prosepta in the specimens examined. ERBEN ef al. (1969) described
prismatic prosepta in some Paleozoic and Mesozoic ammonoids. Judging from
the intimate structural relationship among protoconch wall, outer caecum wall, and
prosepta, it is suggested that both E. haradai and D. semicostatus have also prismatic
prosepta.
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Septa and septal necks: As shown on Pl 1, the ammonitella in the specimens
examined has 9 (D. semicostatus and M. yubarensis) or 11 (E. haradai) regular-spaced
septa which are gently convex adorally. The 8th septum in GK. H 8024 of E. haradai
is composed of multi-layered tabular aragonitic crystals which are arranged in parallel
to the outer and inner septal surfaces (Fig.1 on Pl 2; Fig. 2). This observation
suggests us that septa in the three species examined are constructed from the nacreous
layer, as in many ammonoids studied by BIRKELUND (1967), BIRKELUND & HANSEN
(1968, 1974), ERBEN et al. (1969), ERBEN & REID (1971), and KuLickI (1979).

The three species examined have short, prochoanitic (prosiphonate) septal necks
in the early-growth stages (Figs. 3, 5and 6 on Pl. 4). In D. semicostatus the necks tend
to be longer after the second whorl (Fig. 4 on Pl 4).

Recently, BANDEL & BOLETZKY (1979) have summarized the morphologic charac-
teristics of ammonoid septal necks, following the previous works of BrRaNco (1880),
BOHMERS (1936), ERBEN & REID (1971), and BAYER (1975). According to their diagram
(fig. 26), septal necks in ammonoids are formed of such structural elements as the
nacreous layer, porous prismatic zone, and de-coupling room; and the horny siphun-
cular tube does not exist around the septal necks. Although we could not confirm the
existence of decoupling room and porous prismatic zone in the specimens examined
under the SEM, the siphuncular tube is not continuous at the site of septal neck even
in the early stage (Figs. 3, 5, and 6 on Pl. 4; Fig. 2).

Shell wall: Based on the well-preserved specimen, GK. H 8024, of E. haradai,
we made the SEM observation on the shell wall microstructure in the first whorl.
The ventral shell wall in most stages of the first whorl of the specimen is made up of
the prismatic layer (Fig. 3a on Pl 2). It starts from the inner prismatic sublayer of
protoconch wall near the ventral side of caecum (Fig. 2 on Pl. 2) and gradually becomes
thicker with growth. Its thickness attains to the maximum (10 xm) immediately
before the nepionic constriction. BIRKELUND (1967, fig. 4 on pl. 2) distinguished an
outer sublayer with crystals of random orientation within the ventral shell wall of
the first whorl in the late Cretaceous Saghalinites wrighti from Greenland. Such an
outer sublayer, however, was not observed in the specimens examined (see Fig. 3 on
Pl 2).

Nepionic constriction: The three species examined have a clear nepionic constric-
tion near the end of the first whorl (P1. 1) Figs. 3-5 on PI. 2 are the SEM micrographs
showing the microstructure of shell wall around the nepionic constriction in GK. H 8024
of E. haradai. At the stage of about 320° in total rotation angle from the centre of
protoconch, a thin nacreous layer begins to appear on the inner side of the preceding
prismatic layer (Fig. 3a on PL 2). It gradually thickens with growth, and attains to
the maximum thickness (ca. 20 xm) at the nepionic constriction. Subsequently, both
inner nacreous and outer prismatic layers forming the nepionic constriction abruptly
decrease their thickness with growth, and at the end of the constriction they are re-
placed by a new set of outer prismatic and inner nacreous layers (see Fig. 2). Fig. 3b
on Pl. 2 shows the transitional part from the inner nacreous layer forming the constric-
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