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On the microscopic shell structure
in some Jurassic ammonoids

By
Harry Mutvei, Stoekhotm

With plate 14 and 4 te_xt:figures

Introduction

As those of other recent and fossil cephalopods, ammonoid shells are
originally composed chiefly of aragonite which during fossilization usually
recrystalhz s into calcite. Due to recrystallization the original shell structure
is considerably altered, or is destroyed altogether. Exceptionally favout-
able preservatxon, however, allows large parts of the shell to retain their
aragonitic composition and .in these cases the original microscopic shell
structure can be studied in.detail and comparcd with that in the.recent
Nautilus, Such excellent preservation occurred in the material of Pro-
microceras planicosta (Sow.), fam. Eoderoceratidae, kindly supplied by
Dr. E. Currie and Dr. W. D. I.'Rovrg, The Hunterian Museum, Glasgow.
This material was collected from Lower Lias, Yeovil, Somerset, England.
The present paper deals  with the microscopic shell structure, ontogenetic
growth of the siphonal tube and problems connected with control of
buoyancy in P, planicosta. In addition, numerous thin sections of Quen-
stedtoceras spp. from Callovian, Luckow, Polen (cf. Maxowski, 1962), and
of other Jurassic ammonoids were prepared for comparison.

.'The terminology and orientation of the ammonoid shell here used are
the same as proposed by the present writer for the cephalopod shell in his
earlier papers (MUTVEL 1956, 1957, 1964a, b, c).

Microscopic structure of the shell wall

In addition to the uncalcified periostracum the shell wall of Nawtilus
consists of three calcareous layers: (1) the outer, spherulitic-prismatic layer,
(2) the nacreous layer, and (3) the inner, prismatic layer (sp.pr, nac, pr,
Text-fig. 2, respectively; sce also Murver 1964a). In the shell wall of
Promicroceras, and of the other ammonoids here investigated, only two of
these three calcareous layers—the nacreous and prismatic layérs (nac, pr,
Téxt-fig. 1; PL. 14, Fig. 1)—can be clearly distinguished, whereas the spheru-
litic-prismatic layer seems to be completely lost.
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In microscopic structure the thick nacreous layer in Promicroceras is
similar to that in Nawtilus, Its tabular aragonite crystals are comparatively
large and arranged in vertical (radial) columns separated from each other
by columnar conchiolin-accumulations (nac, Pl. 14, Fig. 1). The thin, inner,
prisnatic layer differs from that in Nauxtilus in not forming supra-septal
ridges (s.sr, Text-fig. 2), and being of rather uniform thickness (pr, Text-
fig. 1; PL. 14, Fig. 1). As in Nautilus, this layer in places is rich in conchiolin
which has a granular appearance.
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Text-fig. 1. Promicroceras sp. Diagrammatic dorso-ventral section of shell anc
siphonal cord showing microscopic shell structure; black arrows indicate osmoti
drainage of cameral liquid from a shell chamber,
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None of the specimens investigated has the periostracum preserved,

According to BbaaiLp (1930, p, 323, Pl. 14, Figs, 2—4) the shell wall of
Cadoceras and Harpoceras also consists only of the nacreous and prismatic
layers On the other hand, B&xmeRs (1936) 'and HOLDER (1952) described
m the shell wall of Daraelites and Parkinsonia, respecnvely, the same three
¥alcareous layers of Nautilus, although 'the microscopic structure of these
layers could not be clearly seen. ' '

Microscopic structure and ontogenetic development
of the shell septa and siphonal tube

The shell septum and the inferior division of its siphonal funnel (“septal
neck,” “Siphonaldute™) in Promicroceras have a somewhat simpler compo-
sition than those in'the recent Nantilus, .

In Nautilus these shell parts consist of three calcarecus layers' a dorsal,
spherulitic-prismatic layer, a nacreous layer, and a ventral, prismatic layer
(sp.pr, nac, pr, Texe-figs. 2; 3; cf, MuTvVEl, 1964a). In addition, the dorsal
and ventral faces of each septum and the inferior division of its siphonal
funnel are coated by a thin conchiolin layer (com, Text-figs, 2; 3). The
spherulitic-prismatic and prismatic layers are mostly very thin, but they
increase considerably in thickness in the inferior division of the siphonal
funnel (inf, Text-figs. 2; 3). Also, the spherulitic-prismatic layer,is markedly
thickened in the peripheral portion of the septum adjacent to the shell wall
(Text-fig. 2). Conditions similar to those in Nautilus are met with also in
the recent Spirula (MUTVEL, 1964a) and in several fossil nautiloids (MuTves,
1964¢).

On the other hand, in Promicroceras, and in the other ammonoids here
investigated, the shell septum and the prosiphonate (downwards directed)
inferior division of its siphonal funnel consist of a single calcareous layer—
the nacreous layer (nac, Text-figs. 1; 4; Pl. 14, Fig. 2; cf, BéceiLp, 1930;
BouMERs, 1936; VOORTHUYSEN, 1940; MILLER & UNKLESBAY, 1943)—
coated on the dorsal and ventral faces by a_.thin corchiolin layer (con,
Text-figs. 1; 4; Pl. 14, Fig."2). The spherulitic-prismaric and prismatic layers
of Nautilus here are gither completely lacking or, if present, are extremely
thin in their entire extension without increasing in thickness in the inferior
division of the siphonal funnel and in the peripheral part of the septum
(see above).

The most striking differencey between Promicroceras and the other
ammonoids here investigated, on “the one hand, and Nautilus, Spirula and
fossil nautiloids, on the other, occur in the microscopic structure and oato-

¢.d, annuiar calcareous deposit; con, conchiolin layers on septal faces; e.sip,
epithelium of siphonal cord; inf, inferior division of siphonal funnel; nac, nacreous
layer; pr, prismatic layer; s.com.t, secondary conchiolin tube.
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Text-fig. 2. Nantilus sp. Diagrammatic dorso-ventral section of shell and
siphonal -cord showing microscopic shell structure; black arrows indicate osmotic-
drainage of cameral l1qmd from a shell chamber,

con, conchiolin, layers on septal faces; con.i, inner conchiolin layer of supenor-
division of sxphonal funnel; inf, inferior division of siphonal funnel; pr, prismatic
laycr, sep, shell sepium; sip.c, siphonal cord; sb.-w, shell wall; sp.pr, spherulitic-
prismatic layer; s.s7, supra-septal ridge; sup, superior dmsxon .of siphonal funnel.

genetic development of the superior dxvxsxons of the siphonal funnels
(“connecting rings;” “Hiillen”).

In Nautilus each of these divisions consists of two layers: (1) an oyter,
poroﬁs, spherulitic-prismatic layer which is a direct continuation of that
layer in the septum, and (2).an inner, conchiolin layer whxch is a direct
continuation of the nacreous layer in the septum (sp.pr, con.i, Text-figh. 2;
- 3; of, MurvEr, 1964a). However, in Spirula and in fossil nauuloids hitherto
investigated by the present writer this.division seems to be made up solely.
of the spherulitic-prismatic layer (MuTVEL, 1964a, c). The ontogenetic
development of the septum and its siphonal funnel in Nautilus is shown in
Text-fig. 3 (seé also MUTVEL, 1964a, Text-fig. 17). '

In contrast, in Promicroceras and its allies this dxvxsxon of the sxphonal
funnel is replaced by a fairly thick conchiolin tube (s.con t, Text-figs. 1; 4;
Pl. 14, Fig. 2). Its thin outermost part seems to be continuous with the thm
conchiolin layer on the ventral face of the septum, but its other parts are
not continuous with the septal layers. The ventralmost portion of this

_conchiolin tube is calcified and rigidly attached to the inner face of the
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Texv-fig. 3. Nautilus sp, 1, 2, 3, 4, diagrammatic dorso-ventral sections of last
septum, its siphonal funnel and shell-secreting epithelium at four different growth-
stages.

¢.d, annular calcareous deposit; con, conchiolin layers on septal faces; con.i,
inner conchiolin layer of superior division of siphonal funnel; e.sep, septal epithe-.
lium; e.sip, epithelium of siphonal cord; inf, inferior division of siphonal funnel;
nac, nacreous layer; pr, prismatic layer; sep, shell septum; sp.pr, spherulitic-
ptismatic layer; sup, superior division of siphonal funnel,

inferior division of the siphonal funnel, where it forms an annular, ridge-
like deposit (“auxiliary deposit;” ¢.d, Text-figs. 1; 4; P, 14, Fig. 2). A ridge-
like, calcareous deposit of similar position and function also occurs in
Nautilus (c.d, Text-fig, 3 :4). The dorsalmost portion of the conchiolin tube
is not calcified, but nevertheless is tigidly attached to the inner face of the
inferior division of the siphonal funnel overlapping the annular, ridge-like,
calcareous deposit (Text-figs, 1; 4:4). As in the septum, the spherulitic-
prismatic layer is completely lacking in this portion of the siphonal tube,

Like those in Nautilus, each septum in Promicroceras was secreted by
the septal epithelium, that covering the morphologically dorsal portion of
the body proper (e.sep, Text-fig, 4). Because the inferior division of ‘the
siphonal funnel is directed downwards toward the domiciliary cavity
(prosiphonate condition) the septal epithelium must have formed a rather
‘deep and narrow, circular invagination around the ventralmost portion of
the siphonal cord (e.nv, Text-fig, 4). The epithelium lining’ the outer
(peripheral) face of this circular invagination secreted the inferior division
of the siphonal funnel.

N. Jahrbuch f. Geologie u, Paliontologis. Abhandlungen. Bd. 129, 11
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When secreting a new septum and an inferior division of its siphonal
funnel the septal epithelium formed: at first a thin conchiolin layer on its
entire surface and then on'the ventral face of this conchiolin layer secreted
the nacreous layer. Secretion was terminated by the formation of another,
thin, conchiolin layer.

After the formation of the new septum the soft body grew in size and
simultaneously migrated downwards into the domiciliary cavity of the shell.
During these processes: the epithelium of the siphonal cord probably secreted
a thin conchiolin layer around the siphonal cord (con, Text-fig. 4:2). This
conchiolin layer seems to be directly continuous with the thin conchiolin
layer on the ventral face of the last septum. Then the next new septum and
inferior division of its siphonal funnel were secreted in the way outlined
above (Text-fig. 4:3). After that growth stage or some time later (see
below) the epithelium of the siphonal cord began to secrete concentric,
conchiolin membranes on the inngr face of the primary conchiolin layer so
that a comparatively thick, secondary, conchiolin tube was formed between
the inferior divisions of two consecutive siphonal funpels (s.con.t, Text-fig.
4:4). Exactly when each secondary conchiolin tube was secreted is un-

Text-fig. 4. Promicroceras sp. 1, 2, 3, 4,.diagrammatic dorso-ventral sections of
last septum, its siphonal funnel and shell-secreting®epithelium at four different
growth-stages. . ’

c.d, annular calcareous deposit; con, conchiolin layers on septal faces; e.inv,
invagination of septal epithelium; esep, septal epithelium; e.sip, epithelium of
siphonal cord; inf, inferior division of siphonal funnel; nac, nacreous layer;
sicon.t, secondary conchiolin tube; sep, shell septum,
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known. It is possible that the formation of the secondary conchiolin tubes
proceeded slowly. If this was the case, the wall of the siphonal tube in one
or several of the ontogenetically youngest sheil chambers may have been so
thin that it usually was destroyed during fossilization (cf. TRuEMAN, 1920).

From these considerations it follows that the secondary conchiolin tubes
in the ammonoids under discussion cannot be strict homologues of the
superior divisions of the siphonal funnels in Nautilus because (1) their main
portions are not continuous with the sepral layers, and (2) they were
secreted after the formation of the adjacent septa and the inferior divisions
of their siphonal funnels. -

Several writers, e.g. BOHMERs (1936), VOORTHUYSEN (194C), MILLER &
UNKLESBAY (1943), have studied the microscopic structure of the wall of the
siphonal tube in ammonoids. As far as can be judged from their publica-
tions, in all the cases where the inferior divisions of the siphonal funnels
are directed ventrally (prosiphonate condition), the true superior divisions
are lacking, being replaced by secondary conchiolin tubes, just as in the
ammonoids studied here. In other cases where the inferior divisions of the
siphonal funnels have retained their primary dorsal direction (retrosiphonate
condition) it is unknown whether true superior divisions ‘were present, or
whether they also were replaced by secondary conchiolin tubes, There are
certain indications that the siphonal funnel$ in the genus Daraelites may
have true superior divisions (cf. BOHMERS, 1936, p. 107, Text-fig. 11), but
further investigations are needed to confirm this supposition. ‘

Regulation of buoyancy in the ammonoids

DentoN & GiLrin-BrowN (1961) and Denton (1961) demonstrated
that the shell chambers in Sepia contain both gas and liquid. The buoyancy
of the animal is regulated by changes in volume of this cameral liquid.
Thus, during the day the cameral liquid is osmotically “pumped” from the
siphonal cord into the shell chambers. Consequently, the animal becomes
more dense and buries itself into the bottom sediment. During the night the
cameral liquid is osmotically drawn out from the shell chambers into the
siphonal cord. Consequently, the animal becomes less dense and swims near
the surface of the sea. BIDDER (1962) and DENTON & GILPIN-BROWN (1963)
reported that in Nautilus also the shell chambers contain liquid in addition
to gas. These writers suggested that similar buoyancy regulation takes place
in Nautilus. B

Both in Sepia and Nautilus the cameral liquid is a ‘solution of NaCl
markedly hypotonic to sea water,"The pressure of cameral gas is always less
than 1 atm. irrespective of the depth at which the animal has been living.
The vertical migrations of Sepia are 0—200 m. and those -of Nautilus
0—700 m. (STENZEL, 1957). As pointed out by DEnTON (1961), it is un-
known how the osmotic “pump” mechanism functions at depths where the
hydrostatic pressure is higher than the osmotic pressure.

11*
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Because the shell is coiled in Naxtilus osmotic drainage of the liquid
from the shell chambers is more difficult than in Sepia. Thus, in most cham-
bers the liquid, when not filling the chambers entirely, does not contact the
permeable wall of the:siphonal tube (Text-fig. 2). DEnTON & Giein-BrowN
(1963) suggested that the shell chambers are drained of liquid acvording to
the “blotting paper principle,” i.e.: “inside walls of the chambers are lined
with a thin membrane which makes these walls wettable, so helping to
spread the liquid.” These two writers also note that “the permeable parts of
the siphupcular tube are like blotting paper, readily absorbing any water
brought to them.” Recent int-estigations: (MuTvEl, 1964a) have shown that,
in addition to the thin conchiolin layers, the dorsal and ventral faces ot the
septa are lined with thin, porous calcareous layers—the spherulitic-prismatic
and prismatic layers—respectively; the spherulmc-pnsmam layer continues
onto the outer face of the siphonal funnel where it becomes considerably
thickened (sp.pr, pr, Text-fig. 2). Thus, the conchiolin layers as well as the
porous calcareous layers may function as blomng paper, leading the cameral
liquid out of the shell chambers. The osmotic movements of the cameral
liquid in these layers are indicated by black arrows on Text-fig. 2.

It may also be noted that, despite its permeability, the inner conchiolin
laver of the superior divisions of the siphonal funnels in Nautilus has a
structure highly resistant to damage from hydrostatic ‘pressure, for it is made
up of a great number of concentric layers of tightly packed, dorso-ventrally
running, microfibrils (unpublished electron-microscopic investigations by
the present writer).

As pointed out above, in Promicroceras and its allies the porous calcareous
layers are’completely lacking in the wall of the siphonal tube and probably.
also on the dorsal and ventral faces of the septa (Text-fig. 1; Pl. 14, Fig. 2).
Both septal faces seem to be covered only by a thin conchiolin layer. Under
these circumstances the osmotic drainage of the cameral liquid from 'the
shell chambers should have been less effective than that in Nantilus. How-
ever, it was probably compensated by the folding of the septa which con-
siderably’ increased the area of the septal faces and their wettable, thin
conchiolin layers. It is thorefore possible that the complicated morphology
of the ammonoid septa, in addition to other functions, played an important
role in the osmotic buoyancy regulation. A question which still cannot: be
fully answered is what fun;tional adyantages were achieved by recurving
the inferior divisions of the siphonal funnels and by replacing the true
superior divisions of these funnels by secondary conchiolin tubes? One of
the effects must have been that the formation of these conchiolin tubes
became independent from that of the shell septa and inferior divisions of
the siphonal funnels. That being so, the secretion of the secondary conchiolin
tubes may have been retarded. What effect this might have had upon the
osmotic regulation of buoyancy is unknown.
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The secondary conchiolin tubes in Promicroceras and its allies are
approximately as thick as the inner conchiolin layers of the superior divi-
sions of the siphonal funnels in Nautilus, As far as can be seen they have
an identical microscopic structure (see above). This condition suggests that
the wall of the siphonal tube in the ammonoids under discussion could
stand as high hydrostatic pressure as that in Nautilus, On the other hand,
if the secondary conchiolin tubes had a retarded ontogenetic development
and were not well developed in the last, ontogenetically youngest shell
chambers, and if the chambers were not entirely filled by cameral liquid,
the tolerance of hydrostatic pressure in Promicroceras and other ammonoids
must have been considerably smaller than that in Nautilus,
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Explanation of Plate 14

Proinicroceras planicosta (Sow.)

Fig. 1. Dorso-ventral thin section of shell wall; polarized light; X 450; specimen
from Lower Lias, Yeovil, Somerset, England,

Fig. 2. Dorso-ventral thin section of wall of siphonal tube; polarized light;
X 450; same specimen.

c.d, annular calcareous deposit; com, conchiolin layers on septal faces; inf,
inferior division of siphonal funnel; nac, nacreous layer; prs, pra, prismatic layers
of shell wall in two adjacent whorls; s.con.t, secondary conchiolin tube; sep, shell
septum, ’
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