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Abstract

Remarkable successive changes of the shell structure in early ontogenetic stages
of the Upper Cretaceous ammonites Saghalinites WRIGHT & MATsuMOTO and
Scaphites (Discoscaphites) MEEK have been found. The protoconch is composed
of a thin porcellaneous layer. At the beginning of the first whorl this is
gradually replaced by another porcellaneous layer. At the constriction about one
volution from the apex a prominent nacreous layer gradually appears and the
porcellaneous layer of the first whorl gradually wedges out. Finally at the edge
of this nacreous layer the porcellaneous and nacreous layers of the later part of
the shell wall appear. The changes in shell structure between the protoconch and
the first whorl and at the constriction about one volution from apex confirm
that these mark important stages in the development of ammonites.
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MATERIAL

Saghalinites wrighti BIRKELUND and Scaphites (Discoscaphites) sp., the
shell structures of which are described in the present paper, are from the
Maastrichtian of West Greenland. The material was collected by Professor
A. RoOsENKRANTZ and described by the author (1965, p.30-37, pp. 116—
129). The species occur in great numbers in a Danian basal conglomerate
(Oyster-ammonite Conglomerate) exposed in Agatdalen, Niigssuag. The
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ammonites are derived from Maastrichtian deposits. They are enclosed in
calcareous concretions and the aragonitic shell material (compare BgG-

GILD, 1930, pp. 323-324) is excellently preserved and suitable for submi-
croscopic investigations.

PREPARATION

Carbon replicas of polished and etched median dorso-ventral sections and
cross sections of the two species have been investigated by electron-
microscope. The technique, described by HanseN (1967, p. 130), made it
possible to prepare composite photographs of the protoconch and the
first and second whorls. By means of these it is possible to demonstrate
all the successive changes of the shell structure of the outer shell wall
during the early growth stages.

THE SHELL STRUCTURES OF SAGHALINITES

The protoconch (text-fig. 1; pl. 1, figs. 1,2). v

The protoconch is thin, about 5 micron. It is composed of a porcella-
neous layer, the inner part of which is made up of elongated crystals set
at right angles to the inner face. The outer part is composed of crystals
without any apparent orientation. In the latest part of the protoconch
the outer irregular part gradually becomes thicker, and the outermost part
acquires an irregular prismatic structure.

The first whorl (text-fig. 1; pl. 2, figs. 3,4).

At the beginning of the first whorl a new porcellaneous layer appears
on the inner side of the porcellaneous layer of the protoconch (pl. 1,
fig. 2). This layer gradually grows thicker and replaces the porcellaneous
layer of the protoconch, which wedges out. ’

The porcellaneous layer of the first whorl is thicker than that of the
protoconch, about-15 micron, but very similar in structure, being compos-
ed of an inner prismatic part and an outer part with crystals showing no
particular orientation. In the later part of the first whorl the boundary
between the two different parts of the porcellaneous layer becomes
sharper. B

Changes in shell structure between first and second whorl (text-figs. 1-2; .
pl. 3, figs. 5,6).

At the constriction, which seems to occur in all ammonites about one
volution from apex, the most remarkable changes in shell structure occur.
At this stage a nacreous layer gradually appears. It shows the brick-wall
configuration of mother-of-pearl and looks very similar to the nacreous
layer of living Nautilus described by GREGOIRE (1962). This nacreous layer
rapidly grows thicker and simultaneously the porcellaneous layer of the
first whorl wedges out. The inner prismatic part of the porcellaneous
layer wedges out more rapidly than the outer part. At the stage where
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Fig. 1. Saghalinites wrighti BIRKELUND. Median dorso-ventral section of the
adapical portion of the shell, showing diagrammatically the various structures
: of the shell wall. x 85.

: Porcellaneous layer of the protoconch.
. Porcellaneous layer of the first wall,
: Nacreous layer of the constricted area.
Porcellaneous layer of the later whorls.
Nacreous layer of the later whorls. .

[~

Qan

the nacreous layer attains its greatest thickness, corresponding to the
deepest part of the constriction mentioned above, the final porcellaneous
layer of the outer ostracum appears at the inner surface of the nacreous
layer and crosses to the outer side. The final nacreous layer of the outer
ostracum develops along the inner surface of the final porcellaneous lay-
er¥).

The second whorl (text-figs. 1,2; pl. 4, fig. 7).
The porcellaneous layer of the outer ostracum is composed of elongated

crystals generally disposed in palisades at right angle to the outer face.

*) In the present paper the provisional terminology of the shell layers re-
commended by STENZEL (1964, p. K78) in ‘Treatise on Invertebrate Paleontology’
has been used.
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" Fig. 2. Saghalinites wrighti BIRKELUND. Median dorso-ventral section of the con-
stricted area about one volution from the apex, showing diagrammatically the
various structures of the shell wall. x450.

a: Outline of the dorsal shell wall of the succeeding volution,
b: Porcellaneous layer of the first wall.

c: Nacreous layer of the constricted area.

d: Porcellaneous layer of the later whorls.

e: Nacreous layer of the later whotls.

It is less complicated than the porcellaneous layer of living Nautilus as
described by Mutver (1964, pp.257-258) and GREGOIRE (1962, pp.7-
8). The structure is more similar to the inner prismatic part of the
porcellaneous layer of Nautilus, whereas the outer “spherulitic” part (Mut-
VEIL, 1964, p. 257) is absent in this ammonite at least in the early whorls.
The nacreous layer of the outer ostracum is slightly thicker than the por-
cellaneous layer and shows the usual brick-wall configuration. Within the
adoral part of the whorl the hypostracum can be recognized.

Later whorls.

The shell wall of later whorls of Saghalinites gradually grows thicker
and the hypostracum grows more prominent,

Closer examination of the sub-microscopic structures of the walls: of
the later whorls, the septa and the siphuncle has not yet been carried
out.

THE SHELL STRUCTURES OF SCAPHITES (DISCOSCAPHITES) SP.

The inner whorls of Scaphites (Discoscaphites) (text-fig. 3) show similar
shell patterns as the inner whorls of Saghalinites. It thus looks as if the
changes in shell structures described here occur generally in lytoceratid
ammonites. Non-lytoceratid ammonites have not yet been closely investi-
gated. :

DISCUSSION

ERBEN (1964a, pp. 161-162) gave a short historical review of the most
important interpretations of the early ontogenetic stages in ammonites
and described in detail (pp. 162-164) the ontogenetic phases of primitive
Ammonoidea. The first phase comprises the protoconch, the second phase
reaches from the protoconch to the shell constriction about one volution
from the apex. The third phase includes all the later part of the shell.
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Fig. 2. (continued)

The phases are expressed by shell constrictions and changes of the con-
figuration of growth-lines. ERBEN points out that several characters in the
two first phases pass through an evolution completely unlike that of their
evolution in the third phase, for example the growth lines and presumably
the sutures. The different stages of development of the suture, of course,
cannot be exactly correlated with the three phases, for each septum is
formed at a later stage than the corresponding part of the conch in
which it appears. According to ERBEN (1964b, p.K494) it seems as
if the first septum appeared in the late stages or at the end of the second
ontogenetic phase.

Early ontogenetic stages of Mesozoic ammonites have been investigated
in Jurassic forms by CURRIE (i.a. 1942, 1944). In these ammonites the
transition from the second to the third ontogenetic phase can be recog-
nized by a remarkable change in growth rate between 2nd and 3rd
half-whorl. In the ammonites investigated here the change in growth rate
between these ontogenetic phases is also very distinct (text-figs. 1, 3).
Unfortunately the growth lines of the early phases of Mesozoic ammo-
nites are unknown.

In living Nautilus a constriction can be distinguished about 1.25 volu-
tion from the apex. This constriction may be analogous to the constric-
tion near the adoral end of the first volution in ammonites (MILLER &
UNKLESBAY, 1943, p. 3), but it is much weaker. At this stage of growth
the shell of Nautilus is 25 to 27 mm in diameter. As described by STEN-
zeL (1964, p. K82, figs. 64,65) certain changes take place at this stage
and originally WiLEy (1896, p.225) interpreted this constriction or line
of discontinuous growth (“nepionic line”) as the end of the embryonic
stage. However, the changes are by no means so radical as in ammonites
and the main structures of the shell wall seem to be established at a
much earlier stage in Nautilus (compare APPELLOF (1893) and MutvEl
(1964)).

On the basis of morphologic and isotopic evidence EiCHLER & RISTEDT
(1966) suggested that living Nautilus, when it hatches from the egg, has a
shell diameter of about 12 mm and that the constriction about 1.25 volution
from the apex marks migration from warm to cooler water.

ERBEN (1964a, p. 177) suggested, as did WiLEY (1896) and many later
authors, that Nautilus has no larval stages outside the egg, whereas
ammonites, according to ERBEN, might pass through a metamorphosis
similar to that of gastropods with free-swimming larvae. This opinion is
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Fig. 3. Scaphites (Discoscaphites) sp. Polished dorso-ventral section of the

adapical portion of the shell, showing the constriction about one volution from

the apex. The nacreous shell layer is dotted. The caecum and the siphuncle are
visible through the transparent calcite filling. X 60.

based on the distinct changes in growth lines and sutures between the
second and the third phase in ammonite ontogeny. The small size of the
early ontogenetic stages of ammonites in comparison with those in Nau-
tilus also supports this suggestion. ERBEN (1964a, p. 167) interprets the
first ontogenetic phase in ammonites as an embryonic stage, while the
second may be correlated with larval and the third one with post larval
development.

The remarkable changes of shell structure at the constriction between
the second and third ontogenetic phase in the ammonites here investigat-
ed, accentuate the differencé in ammonoid and nautiloid development
and support ERBEN’s conclusion.

In order to be able to make a closer comparison of the shell structures
of early ontogenetic stages of gastropods and ammonites, the author has
begun an examination of the structures of the termination of gastropod
protoconchs.
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Plates 1-4. Saghalinites wrighti BIRKELUND. Electron micrographs of dorso-

ventral median sections of the adapical portion of the shell wall. The arrow at

the outer face of the shell wall indicates the adoral direction. The position of
the sections is shown in text-fig. 1.

PL 1. Fig. 1: Protoconch, X3750. Fig. 2: Adoral part of protoconch, showing
the beginning of the porcellaneous layer of the first whorl, X3750.

PL 2. Fig. 3: Adapical part of first whorl, X3750. Fig. 4: Adoral part of first
whorl; this part shows a sharper boundary between the inner and the outer part
of the porcellaneous layer than does the adapical part, X3750.

Pl. 3. Fig. 5: Adapical part of the constricted area, showing the beginning of
the nacreous layer of the constriction and the beginning of the reduction of the
porcellancous layer of the first whorl, X 1875. Fig. 6: Adoral part of the
constricted area, showing the nacreous layer of the constriction, the wedging
out of the porcellaneous layer of the first whorl and the appearance of the
porcellaneous and nacreous layers of the later whorls, X 1875.

Pl. 4, Fig. 7: Adapical part of the second whorl, showing the final nacreous and
porcellaneous layers.
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