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Abstract
Shell structure is described in a well preserved material of four Caucasian species of the Cretaceous heteromorph Ptycboceras [P minimum
RQUCHADZE, / ? rentigarteni EGOIAN, P. levigatum EGOIAN and P. pttrvum EGOIAN). The following features indicate that the shell in Ptycboceras may
have been covered, at least partially, by soft tissues (mantle) during its lifetime: (1) shell structure is considerably different from that in all other
hitherto studied ammonites; (2) a breakage and removal of the initial part of the shell (truncation) took place during lifetime in three of our
four species (/? renngarteni, P. levigatum, P.parvum); (3) the broken end of the retained first shaft of the shell was left completely open without
a plug or other closing structures; (4) fracturing of large parts of the shell took place often, without removal of the shell fragments, followed
by a large-scale reparation of the shell; (5) a thin external nacreous layer was secreted from the outside on the shell surface,, at least in the apertural
region.
Detailed description of the organic siphonal sheets (siphonal membranes) is given. These sheets occur together with a calcareous ventromedian deposit on the inner chamber surface, in contact with the siphonal tube. This deposit is termed the calcareous siphonal band. Growth
analysis of the organic siphon al sheets and calcareous siphonal bands indicate that the shape of die circumsiphonal invagination of the body proper
changed periodically between the formation of the consecutive septa.
The shell wall in Ptycboceras is traversed by minute pores, about one millimicron in diameter. These pores are compared with shell pores
in other molluscan classes.
Key

w o r d s : Ammonoidea — heteromorpbic shell — shell structure — internal shell — truncation.
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Zusammenfa&sung
An wohlerhaltenem Material von vier kaukasischen Arten des Kreide-Heteromorphen Ptycboceras {P. minimum ROUCHADZE, P. renngarteni
EGOIAN, P. levigatum EGOIAN und P.parvum EGOIAN) wird die Schalenstruktur beschrieben. Die nachfolgend genannten Merkmale zeigen an,
daft die Schale von Ptycboceras zu Lebzeiten wenigstens teilwcise mit Mantelgewebe bedeckt war: (1) Die Schalenstruktur ist auffallend von der
anderer bis jetzt untersuchter Ammoniten verschieden; (2) Wahrend der Lebenszeit erfblgEe e»n Abbrechen des Anfangsteils der Schale (Trunkation) bei drei unserer 4 Arten {P. renngtrteni, P. levigatum, P. parvum^ (3) Das durch Bruch enwandene Ende des erstea erbaltenen Gehauseschaftes verblieb vollkommen offen — ohne einen Stopfen odcr ein anderes VerschlufigebUde; (4) Zerbrechen grofier Teile der Schale, ohne dafi die
Schalenfragmente entfernt worden waren, erfolgte dfters und wurde anschliefiend von groflraumiger Schalenreparatur gefolgt; (5) Von der Aufienseite her wurde auf die Schalenoberflache eine diinne aufiere Perlmutterschicht, zumindest in der aperturalen Gehauseregion, abgeschieden.

*) Addresses of the authors: Dr. L. DOGUZHAEY\, Paleontological Institute of the USSR Academy of Science, Ul. Profzojuznaja 123, Moscow
117868, USSR. Prof. Dr. H. MUTVEI, Swedish Museum of Natural History, Department of Palaeozoology, S-10405 Stockholm, Sweden.
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Die Schalenwand von Ptycboceras wird von winzigen Poren von erwa 1 /un Durchmesser ilmi liliuhn D i o r f t g
bei anderen Molluskenklassen verglichen. Die organischen Siphonalmembranen werden genan beschmbc*. D i n e I f a J
men mit einer kalkigen ventromedianen Ablagerung auf der inneren Kammeroberflache im Kootakt mm A x
wird „Kalkiges Siphonalband" genannt.
Eine Analyse des Wachstums der organischen Siphonalmembran und des Kalkigen Sipfaonalbando tap. a ,
siphonalen Invagination des Weichkorpers periodisch zwischen der Bildung aufeinanderfolgender Sepien wcdnehe
S c h l i i s s e l w o r t e r : Ammoniten — Heteromorphen — Schalenstruktur — innere Schale — Trunkarion.

Introduction
In the lytoceratid Gaudryceras tenuiliratum YABE, DRUSCHITS et al. ( 1 9 7 8 ) described an additional
layer, which they considered to indicate that the shell was covered by the mantle. This discovery node i
to study if there are similar indications in some other ammonites. As is well known, internal and seni-aBC
occur in several molluscan groups, notably in coleoid cephalopods and in numerous gastropods. O B ike h a v o f a
multilayered structure in the shell wall, SHIMANSKY ( 1 9 5 4 ) suggested that some bactritoid cephalopods •^UnMelHl
internal or semi-internal shells.
In Gaudryceras tenuiliratum, the formation of the additional external shell layer is the only uxficKiaallMt A c
shell was internal. As demonstrated in the present paper, Ptycboceras also has other features which ' "
IJMI J b
shell may have been covered, at least partially, by soft tissues, notably the truncation of the initial s h d l p o r a o a j b a ^
its lifetime and repair of the shell.
Ptycboceras is a heteromorphic ammonoid which belongs to the superfamily Turrilitaceae of the onler [§m»ceratida. The ontogenetic growth of the shell in Ptycboceras has the following characteristic features ( D u n n k
DOGUZHAEVA 1976). The protoconch is surrounded by a planispiral whorl. As typical for lytoceratids, the
tube has the ventral position during the entire ontogeny except in the first chamber where it is central. The he
phic shell begins immediately after the primary varix and the primary constriction. It consists of three
straight shafts in contact with each other. The first shaft reverses and passes into the second straight shaft which
the dorsal wall of the first shaft. When the second shaft reaches the position of the ammonitella, it reveries
and forms the third shaft.
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Material and methods
The material of Ptycboceras, described in the present paper, comprises three complete shells and about one hun
dred fragmentary shells, which belong to four species. P minimum ROUCHADZE, P renngarteni EGOIAN, P. levigttmm
EGOIAN and P.parvum EGOIAN. The material was collected in nw Caucasus, along the rivers Hokodz and Kurdzmps
from the uppermost Aptian (Clansenian) concretions. The rich and well preserved ammonoid fauna from these con
cretions has been described mainly by EGOIAN ( 1 9 6 5 , 1 9 6 8 , 1 9 6 9 , 1 9 7 4 ) . Our studies with the energy dispersive ap
paratus, EDAX, showed that the limestone matrix and the ammonoid shells are to a high degree phosphatized. This
may explain the excellent preservation of the shell structures.
All the material listed above is deposited in the collection of the Paleontological Institute of the USSR Academy
of Science, Moscow.

-

93

-

The shell structure was studied in transverse and median sections polished with graded diamond pastes (6, 3 and
1 micron grain size). They were etched for some seconds with 1 %—2 % hydrochloric acid, and studied either with
light microscope or with a Jeol 35 C scanning electron microscope, SEM, at the Swedish Museum of Natural History,
Stockholm. Totally about 50 polished and etched sections were studied.

Text-fig. 1. Diagrammatic median sections of the shell in ( A ) Ptycboceras minimum ROUCH., (B) Ptycbocerasparvum EGOIAN, and (C) Ptycboceras
renngarteni EGOIAN, to show differences in size and shape (compare Pi. 1, fig. 2; PI. 2, figs. 1, 4), x 2 .
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Description

Among the four Ptychoceras species here dealt with, the initial shell portion is preserved only in P. minimum,
whereas in P. renngarteni, P. levigatum and P.parvum it has been truncated.

Ontogenetic development of the shell structure in Ptychoceras minimum
The material available of this species comprises four specimens: one nearly complete (Text-fig. 1 A; Pi. 1, figs.
1, 2), and three fragmentary. All four specimens have the initial shell portion with ammonitella preserved. Two of
them have been previously described and illustrated by DRUSCHIT$& DOGUZHAEVA (1976,1981). This species is charac
terized by the following features: the shell has a small size (measuring 35 mm in length); the initial part of the shell
is not truncated; the protoconch is surrounded by the planispiral whorl with about 14 chambers; and the third shaft
is comparatively long, equal to half of the total length of the shell (Text-fig.l A, 2 A, 3 A; PL 1, figs. 1, 2; PI. 3, fig.
1; PI. 4, fig. 1).

Ammonitella in Ptychoceras minimum
The protoconch is oval in median section and has the diameters of 0.41 mm and 0.36 mm (pre, Text-fig. 2 A;
Pi. 3, fig. 1). The first and second septa have a prismatic structure, whereas the succeeding septa are nacreous. The
primary varix is situated at about 270 degrees from the proseptum (v, Text-fig. 2 A; Pi. 3, fig. 1). Before the primary
varix, the shell wall is entirely prismatic (pr, Text-fig. 2 A; Pi. 3, fig. 3). At the beginning of the primary varix, the
prismatic layer abruptly decreases in thickness but continues to the end of the varix. At the same place, the nacreous
layer of the varix appears and grows rapidly in thickness (v, pr, n, Text-fig. 2 A; PI. 3, fig. 2). The primary constriction
is weakly developed.
The ammonitella of P. minimum has the same structure as in all studied ammonites, disregarding their monoor heteromorphic condition. Thus, the early ontogenetic development of the mono- and heteromorphic ammonoids
has been principally the same.

Early post-embryonic stage in Ptychoceras minimum
Immediately after the varix, the first straight shaft begins. The number of the chambers in this shaft is about
33 counted after the primary varix (Pl.T, fig. 2). At the beginning of the first shaft, the dorsal, lateral and ventral
walls consist of two layers: the outer prismatic and the inner nacreous (opl, nl, Text-figs. 2B, C; PI. 3,fig.2). Between
5 and 10 chambers after the primary varix, a third layer: the inner prismatic layer, appears (ipl, Pi. 4, fig. 2). In another
lytoceratid, Luppovia (DOGUZHAEVA & MIKHAILOVA 1982), the ammonitella and early post-embryonic part of the shell
have similar structural development as in P. minimum. These heteromorphs differ from monomorphs only in the
respect that in the latter, the outer of these three layers wedge out dorsally where the whorls come into contact with
each other.

of the 6 m shaft; the dorsal waU of the second shaft (dw2) covers the dorsal wall of the first shaft (dwl) and surrounds the planispiral whorl
compare PI. 3 fig. ). B: magnified part o the section in fig. A, to show the prismatic wall of the ammonitella ( M varix (v) with the nacreous
layer(„), ventral waU of the first shaft (vwl)w,th outer ^^^^^
^
of the outer nacreous, mner prismatic and additional nacreous layers (on3, ip3, an3) (compare PI. 3, fig. 2). C: contact between the planispiral
whorl with pnsmatic structure (pr) and the dorsal wall of the first shaft (dwl), consisting of the outer prismatic and nacreous layers (opl nl)
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Later ontogenetic stages in Ptycboceras minimum
F i r s t s h a f t : d o r s a l w a l l — Towards the end of the first shaft, the outer prismatic layer gradually decreases
i n thickness and disappears. As a consequence, the dorsal wall is composed of two layers only: the nacreous layer,
•ow being the outermost layer, and the inner prismatic layer (dwl, Text-fig. 3 C; onl, ipl, PL 5, fig. 4).
F i r s t s h a f t : v e n t r a l w a l l — The outer prismatic layer decreases much in thickness but is retained as an
orxremely thin layer. On the other hand, the inner prismatic layer increases in thickness so that at the transition be
tween the first and the second shaft, this layer makes up most of the thickness of the ventral wall.
S e c o n d s h a f t : d o r s a l w a l l — At the beginning of this shaft, the dorsal wall consists of the outer nacreous
and ;he inner prismatic layer of equal thickness (dw2, Text-fig. 3 Q PL 5, fig. 3). Towards the last chamber, which
is situated about in the middle length of the second shaft, the inner prismatic layer increases in thickness (dw2, ip2,
PL 5, fig. 4). At the level of the last septum, considerable changes in the structure of the dorsal wall take place. The
inner prismatic layer attains here its maximum thickness (dw2, ip2, PL 4, fig. 4) and forms a varix which subsequently
becomes covered by the mural part of the last septum (dw2, v, PL 4, fig. 3). This thickened layer contains several di
stinct lamellae probably separated by thin organic sheets. At the boundary which separates two of these lamellae, an
additional nacreous layer gradually appears (an2, PL 4, figs. 5, 6, 7) and increases in thickness towards the end of the
second shaft. Thus, at the beginning of the living chamber the thick inner prismatic layer is split into two sub-layers,
separated by an additional nacreous layer. The dorsal wall consists here consequently of four layers: the outer nacreous
layer, the outer prismatic sub-layer, the additional nacreous layer, and the inner prismatic sub-layer (on2, ip2, an2,
ip2, PL 4, fig. 5). At a distance corresponding to less than two chambers in front of the last septum, the inner prismatic
sub-layer gradually disappears (ip2, PL 4, figs. 6, 7). The additional nacreous layer (an2), now at the innermost posi
tion, grows gradually in thickness and continues as a comparatively thick layer to the end of the second shaft. At
this growth stage, the dorsal wall consequently consists of two nacreous layers, separated by a prismatic layer (dw2,
Text-fig. 2 A; dw2, on2, ip2, an2, PL 3, fig. 3).
S e c o n d s h a f t : v e n t r a l w a l l — At the beginning of this shaft, the ventral wall consists of a very thin
outer prismatic layer, a nacreous layer, and a thick inner prismatic layer. Similar structural changes as in the dorsal
wall can be observed at the level of the last septum, except that the varix is absent. In addition to these changes, the
extremely thin outer prismatic layer wedges completely out and, as a result, the nacreous layer becomes the outermost
layer also in the ventral wall (on2, ip2, an2, Text-fig. 3 B). In comparison with the dorsal wall, the ventral wall is twice
as thick at the end of the second shaft.
T h i r d s h a f t : d o r s a l w a l l — At the transition between the second and third shaft, which occurs at the
middle length of the living chamber, a reduction of the number of shell layers takes gradually place in the dorsal wall:
the additional (inner) nacreous layer and the inner prismatic layer (an3, ip3, PL 3, fig. 2) decrease in thickness and
wedge completely out at the beginning of the third shaft (indicated by an narrow in PL 3, fig. 1). Solely the outer
nacreous layer continues into the third shaft and makes up the extremely thin dorsal wall of that shaft (dw3, nw3,
PL 4, fig. 2).
T h i r d s h a f t : v e n t r a l w a l l — At the transition between the second and the third shaft, the ventral shell
wall consists of three layers: two nacreous and, between them, one prismatic (an2, ip2, on2, Text-fig. 3 B). At the begin
ning of the third shaft, the outer nacreous layer increases in thickness towards the first apertural fold, first gradually
and then more rapidly. On the other hand, the thick prismatic layer wedges completely out in the same direction.
The additional (inner) nacreous layer decreases gradually in thickness and seems to be in places absent before it in
creases again in thickness and fuses with the outer nacreous layer (vw3, on3, ip3, Text-fig. 3B).

«

__

Text-fig. 3. Ptycboceras minimum ROUCH. A : diagrammatic median section of the shell. B: magnified lower portion of fig. A , to show: the ammonitella and the first shaft, three layers in the ventral wall of the second shaft (outer nacreous: on2, inner prismatic: ip2, and additional nacreous:
an2), and the structural changes in the ventral wall of the third shaft (vw3): the wedging out of the inner prismatic layer (ip3) and the fusion
between the outer (on3) and additional nacreous layers. C: magnified portion of fig. A , to illustrate two layers in the dorsal wall of the first shaft
(dwl) and the second shaft (dw2).
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Text-fig. 4. Ptychoceras parvum EGOIAN. A , B: diagrammatic median section of the shell to show: the dorsal and ventral walls of the first shaft
(dwt, vwl) with three layers (outer prismatic: opl, nacreous: n l , inner prismatic* ipl); the d o r a l wall of the second shaft (dw2) with four layers
(outer nacreous: on2, outer prismatic sublayer: ip2, additional nacreous: an2, inner prismatic sublayer: ip2); the nacreous dorsal wall of the third
shaft (dw3); and the siphonal tube of the first shaft with a short prochoanitic septal neck, cuff (c) and connecting ring (con) (compare Pi. 6,
figs. 3, 4). C: continuation of the dorsal wall of the second shaft (dw2) and the dorsal wall of the third shaft (dw3) near the transition between
the second and third shafts (compare Pi. 7, figs. 3, 4). D: the truncated end of the first shaft, covered on the dorsal side and on the ventral side
by the dorsal wall of the second shaft (dw2) and the dorsal wall of the third shaft (dw3), respectively.
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A p e r t u r a l r e g i o n — At the first apertural fold, the entirely nacreous ventral wall increases twice in thick
ness (vw3, Text-fig. 3 B). This fold is distinct ventrally but less distinct laterally (PI. 1, figs. 1,2). After the first apertural
fold, the ventral wall grows considerably thinner. The second fold is situated at the apertural margin (indicated by
arrows in PI. 1, figs. 1, 2) where the ventral wall increases again in thickness.

Ontogenetic development of the shell structure in Ptycboceras renngarteni,
Ptycboceras levigatum and Ptycboceras parvum
The ontogenetic development of the shell structure in these three species was studied in numerous median and
para-median sections, and cross-sections.
The early ontogenetic stages in these three species are not preserved because in all studied shells the initial portion
was truncated. To judge from the conditions in P. minimum, the initial portion seems to have comprised the ammoniBella and about 14 chambers of the first shaft.
At the site of truncation, the ventral and the dorsal wall of the first shaft have three layers: the outer prismatic,
the nacreous, and the inner prismatic (dwl, vwl, PI. 6, figs. 1, 3; opl, nl, ipl, PL 6, figs. 2, 4). About in the middle
part of the first shaft, the outer prismatic layer wedges out both in the ventral and in the dorsal wall. After this growth
stage, the shell wall is composed of two layers: the inner prismatic and the nacreous, the latter having now the outer
most position (onl, ipl, PL 11, fig. 4). Towards the end of the first shaft, the inner prismatic layer grows rapidly in
thickness and becomes twice to four times thicker than the outer nacreous layer (ipl, onl, PL 11, fig. 4).
In the middle length of the first shaft, the cross section is about circular, but at the end of the first shaft it becomes
flattened on the dorsal side (shl, PI. 11, figs. 1, 3). In connection with this change, the dorsal wall becomes thinner
in relation to the thickness of the ventral and lateral walls. This difference in thickness is due to the thicker inner
prismatic layer ventrally and laterally.
T h e s e c o n d s h a f t — At the beginning of the second shaft, the inner prismatic layer decreases considerably
in thickness and wedges out laterally and ventrally (ip2, Text-fig. 6 A, C; PL 11, fig, 3,4) but appears again in the middle
portion of the second shaft. At the level of the last chamber, this layer becomes subdivided into two sub-layers, be
tween which an additional nacreous layer appears and gradually increases in thickness. As a result, the dorsal and the
ventral shell wall consist here of four layers: the inner nacreous layer, the outer prismatic sub-layer, the additional
nacreous layer, and the inner prismatic sub-layer (on2, ip2, an2, ip2, dw2, Text-fig. 7, figs. A, C: PL 6, figs. 1, 2: PI.
11, figs. 1,2). The inner prismatic sub-layer then grows gradually thinner both in dorsal and ventral walls, and is wed
ged out, whereas the additional nacreous layer increases in thickness (on2, lp2, an2, ip2, dw2, Text-fig. 4 A; PL 6, figs.
3, 4). Towards the end of the second shaft, the inner prismatic layer ( - the outer prismatic sub-layer) in the ventral
wall increases much in thickness and makes up the main part of that wall. In the dorsal wall, the inner prismatic layer
is much thinner (ip2, Text-fig. 4 C; PL 7, fig. 4), and it wedges completely out at the end of the second shaft (dw2,
Text-fig. 5B; PL 7, fig. 3).
T h e t h i r d s h a f t — At the beginning of the third shaft, the ventral wall consists oftwo equally thick nacreous
layers separated by a much thicker inner prismatic layer (on3, in3, ip3, Text-fig. 5 A; Pi. 7, fig. 2). Towards the aperture,
the inner prismatic layer wedges completely out and, as a consequence, the outer and inner nacreous layers become
fused with each other to form a sole thick nacreous layer (ip3, on3, an3, Text-fig. 5 A; PL 7, fig. 1). Already at the
beginning of the third shaft, the dorsal wall is composed entirely of the nacreous layer which is formed by the fusion
of the outer and inner nacreous layers (dw3, Text-fig. 5B, 8 A; PL 7, fig. 3; n3, PL 7, fig. 4).
The ontogenetic development of the shell structure in the three species dealt with above agrees with that in P. minimum in most respects: (a) reduction of the outer prismatic layer, (b) subdivision of the inner prismatic layer and
appearence of an additional nacreous layer at the beginning of the living chamber, (c) considerably increased thickness
of the inner prismatic layer in the ventral wall at the transition from thefirstto the second shaft and from the second
to the third shaft, and (d) complete reduction of the inner prismatic layer in the apertural region.
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Truncation of the initial shell portion in Ptychoceras renngarteni,
Ptychoceras levigatum and Ptychoceras parvum
In all studies specimens of P. renngarteni, P. levigatum and P parvum (totally 20 specimens), which all are larger
H size than P. minimum, the initial portion of the shell is always truncated. To judge from the conditions in
^minimum, the truncated shell comprised: the protoconch, the planispiral whorl, and the beginning of the first shaft,
ufae truncated shell has about the same length in the two species, P. renngarteni and P. parvum, but in relation to the
heal shell length it shows a characteristic difference: in the large-size species, P. renngarteni, it is comparatively much
prater than in the small-sized species, P. parvum (compare Text-figs.lB and C; see also Pi. 1, fig. 1 ) . At the site of
pmcation, the diameter of the first shaft is about 0.4—0.6 mm in P. renngarteni, P. parvum and P. levigatum. In fully
^own shells of these three species, the truncated end of the first shaft is always situated between the second and the
fed shaft.
The broken end of the first shaft was studied with SEM and light microscope on polished and etched median
pcrions. In several shells of the three species, the broken end of the first shaft is visible when the second and the
jkrd shaft become separated from each other.
Ptychoceras

renngarteni

S p e c i m e n A (Text-fig. 9 A; PI. 8, figs. 1, 2, 3): The broken end of the first shaft is strongly oblique in that
^Bwntral wall is much longer than its dorsal wall (shl, vwl, dwl). On both sides of the dorsal wall, there are numerous
hnger and shorter shell fragments (f, Text-fig. 9 A; indicated by arrows in Pi. 8 , figs. 1, 2). These fragments belong
)m the dorsal wall which has been severely fractured. The last preserved septum is slightly disrupted in its middle
portion (Text-fig.9 A; s, Pi. 8 , fig. 1). This disruption has probably taken place simultaneously with the fragmentation
| f the dorsal wall. The last preserved septum has the same thickness as the succeeding septa (s, Pi. 8, fig. 1). In the
fast preserved chamber a portion of the siphonal tube is also visible (sip, Text-fig. 9 A; PI. 8 , figs. 1 , 3). It has a short
•rochoanitic septal neck. The wall of the first shaft, the last preserved septum, and the wall of the siphonal tube do
•Dt show any signs of chemical etching or dissolution. It must be particularly emphasized that the broken end of
• W first shaft and the siphonal tube is completely open without any kind of plugs or other closing structures.
The dorsal wall of the second shaft has a typical three-layered structure. At the broken end of the first shaft, this
•all curves gently in the dorsal direction (outwards) and increases somewhat in thickness (dw2, Text-fig.9 A; PI. 8 ,
Egs. 1, 2). By its curvature, it intersects obliquely the distal end of the fragmented dorsal wall of the first shaft.
The dorsal wall of the third shaft is imperfectly preserved but seems to consist of a nacreous layer only. AdapicalIj; before it reaches the broken end of the first shaft, it is situated close to or in contact with the dorsal wall of the
•econd shaft (dw2, dw3, Text-fig. 9 A; PI. 8 , fig. 1). When the dorsal wall of the third shaft reaches the broken end
of the first shaft, it curves sharply outwards and forms a thickening (dw3, Text-fig. 9 A; PL 8 , figs. 1,3). This thickening
rfiows a structure which is not fully nacreous but composed of several nacreous lamellae separated by prismatic
lamellae. In the adapertural direction, the dorsal wall of the third shaft becomes thinner, acquires an uniform nacreous
aructure, and covers the ventral wall of the first shaft.
S p e c i m e n B (Pi. 10, fig. 1): In this specimen, the first shaft (sh 1) has been broken in the same way as in the
specimen A. The broken end is strongly oblique, its ventral wall being much longer than its dorsal wall (vwl, dwl,
PL 10, fig. 1). The last septum and the most distal portion of the dorsal wall are severely fragmented. The fragments
are indicated by arrows in Pi. 10, fig. 1. The non-fragmented last septum, and the dorsal and the ventral shell wall
of the first shaft (dwl, vwl), do not show any signs of chemical dissolution.
4
Test-fig. 5. Ptychoceras parvum EGOIAN. A : diagrammatic median section of the shell, and five magnified sections of the ventral wall of the third
shaft, to show the structural changes: wedging out of the inner prismatic layer (ip3) and fusion between the outer and additional nacreous layers
lon3, an3) (compare PI. 7, figs. 1, 2). B: dorsal wall of the second (dw2) and the third shaft (dw3) at the transition between these shafts (compare
PI. 7, fig. 3). C: Ptychoceras renngarteni EGOIAN. Diagrammatic median section of the first shaft (shl) and dorsal wall of the second shaft (dw2);
note that the shell walls of the first and second shafts have been damaged and perforated (indicated by arrows), and subsequently repaired by
i secretion of a thick prismatic layer (pr) and a nacreous layer (n) (compare PI. 5, fig. 2).
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lea-fig. 7. Ptycboceras renngarteni EGOIAN. A,- diagrammatic cross section of the first shaft, covered dorsalry and ventrally by the dorsal wall of
oW second shaft (dw2) and the dorsal wall of the third shaft (dw3), respectively (compare Pt. 11, fig. 1). B: detail of the siphonal region, to show
•fee septal neck (sn), connecting ring (con), calcareous siphonal band (csb), ventral wall of the first shaft (vwl) in contact with the dorsal wall
• f the third shaft (dw3). C: detail of the contact between the dorsal wall of the second shaft (dw2) with four layers (outer nacreous: on2, outer
prismatic sublayer: ip2, additional nacreous: an2, inner prismatic sublayer: ip2), and the dorsal wall of the third shaft (dw3) which consists solely
erf a nacreous layer.
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Text-fig. S. Ptycboceras renngarteni EGOIAN. A : diagrammatic cross section of the first shaft (shl), covered dorsally by the dorsal wall of the second
shaft (dw2) and ventrally by the dorsal wall of the third shaft (dw3). B: detail of the siphonal region, to show the connecting ring (con), narrow
calcareous siphonal band (csb), ventral wall of the first shaft (vwl) with outer prismatic (opl), nacreous (nl) and inner prismatic (ipl) layers; the
latter shell wall is covered by the dorsal wall of the third shaft (dw3). C; similar cross section as in fig. B, but the calcareous siphonal band (csb)
is here not in contact with the connecting ring (con) (compare PI. 12, fig. 3). Ptycboceras SP. D: diagrammatic cross section of the siphonal region
in a first shaft, to show a thick calcareous siphonal band (csb) which consists of a prismatic layer (pr) and a nacreous layer (n), both extending
laterally to the septal fold (s); siphonal sheets (ss) are well developed (compare P L 13).

Text-fig. 9. Ptychoceras rermptrteni EGOIAN. A : diagrammatic median section €tmjokX^^.^f^0^
f-nd OF tfa* first shaft (shl); note the occur
rence of numerous fragments (f) of THE fractured dorsal wall (dwl); tfae broken end of m
and (lie dphoaal tube (sip) are left open
without any closing mechanism; the dorsal walls of the second and TAINF shafts (dw2, d S ^ a t t p f i l t o i e d : at the truncated end of the first shaft
(compare PI. 8). IT i liwilli LML MI
Ay HUM MIL I ML IIFLLIIFILTihilft (alii) ihin hi FJFR fl[ jwftit INNLIM illMwij NIMI llnl lln dorsal shell
wall of the first shaft (dwl) is not fragmented.
- ?/
I
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When the dorsal wall of the second shaft reaches the broken end of the first shaft, it curves somewhat in the
dorsal direction (outwards) and increases in thickness (dw2, PI. 10, fig. 1). As in specimen A, it intersects obliquely
the fragmented distal end of the dorsal wall of the first shaft.
The dorsal wall of the third shaft (dw3) also curves outwards and thickens considerably at the broken distal end
of the ventral wall of the first shaft. As in specimen A, this thickened portion has acquired a modified structure, com
posed of thin nacreous lamellae alternating with thin prismatic lamellae (dw3, Pi. 10, fig. 1).
S p e c i m e n C (Text-fig. 9 B): In this specimen, the first shaft (shl) is broken off more evenly than that in the
specimens A and B. The dorsal wall is not fragmented (dwl). There are no signs of chemical dissolution of the shell
wall and the last preserved septum, nor are there any plug or other structures to close the broken end of the first shaft.

Ptycboceras

parvum

A general view of a nearly complete specimen is shown in a polished median section (PL 2, fig. 1). The truncated
end of the first shaft and the apertural margin are indicated by arrows. The length of the truncated initial shell portion
can be estimated by a comparison with that shell portion in P. minimum (compare PL 1, fig. 2 and PI. 2, fig. 2).
In SEM preparations of polished median sections, the truncated end of the first shaft was studied in three
specimens (Text-fig.4 D; PL 10, figs. 2, 3). In these specimens, the initial portion of the shell was broken off evenly,
as in the specimen C of P. renngarteniy without a fragmentation of the dorsal wall of the first shaft. The shell wall
and the last preserved septum do not show any signs of chemical dissolution.
In one of the specimens, dealt with above (Text-fig.4 D), the dorsal wall of the second and of the third shaft (dw2,
dw3) increases considerably in thickness and curves strongly outwards to intersect the broken end of the dorsal and
the ventral wall of the first shaft, respectively. In the second specimen (PL 10, fig. 2), only the dorsal wall of the second
shaft (dw2) is strongly curved and considerably thickened. In the third specimen (PL 10, fig. 3), on the other hand,
the dorsal wall of the third shaft (dw3) is strongly curved and thickened.

Ptycboceras

levigatum

The truncated ends of the first shaft are illustrated in a light microscopic surface view in two specimens (PI. 2,
fig. 2; PL 10, fig. 4). In these specimens the truncation has taken place similarly to that in P renngarteni and P parvum.

Apertural region in fully grown shells of Ptycboceras
renngarteniy
Ptycboceras parvum and Ptycboceras
levigatum
As in R minimum, the shell wall in the apertural region is composed solely of the nacreous layer which grows
in thickness towards the aperture. Both in the ventral and lateral walls, this layer forms one or several, transverse, inter
nal, ridge-like thickenings. In longitudinal sections, each thickening has the shape of a typical varix (v, Text-fig. 11C;
PL 14, Fig. 3). The apertural margin itself is often much thinner than the shell wall elsewhere (Text-fig. 11C; PL 14,
fig. 3). As the shell wall at earlier growth stages, the apertural region shows numerous vertical pores of about 1
millimicron in diameter and arranged in rows (pc, Text-fig. 11B; indicated by arrows in PL 14, fig. 2).
The growth lines in the nacreous layer become increasingly oblique as one approaches the apertural margin (n,
Text-fig. 11A; PL 14, figs. 1,3,4). The nacreous structure becomes considerably modified at the very edge of the aper
tural margin, probably by an increased content of organic matter (m, Text-fig. 11 A; PL 14, figs. 1, 4). In the recent
Nautilus, it is well known that the nacreous layer at the aperture of fully grown shells acquires a prismatic structure
and seems to contain less organic matter than the ordinary nacreous layer (e. g. DOGUZHAEVA & MUTVFJ 1986 b). As
a contrast, the structurally modified layer in Ptycboceras seems to be richer in organic matter, and acquires not a
prismatic but an irregular nacreous structure.
/
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Tact-fig. 10. Ptychoceras parvum EGOIAN. A : diagrammatic median section of the siphonal tube in the first shaft, to show the septal neck (sn),
connecting ring (con), cuff (c), auxiliary deposit (aux) (compare PL 9, fig. 2). B: the last septal neck(sn) in the second shaft, to show structurally
modified nacreous layer (m) in the distal end.

External coating-layer
A particular feature in Ptychoceras is the formation of an external thin coating-layer which is distinctly developed
only at the apertural region in fully grown shells. This layer is nacreous with several prominent growth lines which
are probably rich in organic matter (ext, Text-figs. 11 A, B; PL 14, figs. 1,2,4), It differs from the nacreous layer of
the shell wall only in the respect of the direction of the growth lines. Thus, the growth lines in the nacreous layer
at the aperture are distinctly oblique, whereas in the external coating-layer they are strictly parallel to the shell surface
or even slightly oblique in the opposite direction, La. inclining inwards in adapted direction. The latter feature in
dicates that the external coating-layer has been deposited from the outside and not at the apertural margin. It has not
been possible to establish whether or not a thin external-coating layer also cowers the shell surface at earlier growth
stages.
In comparison with Gaudryceras tcnuiliratum (Dnjscurrs et aL 1 9 7 1 ) , die external coating-layer in Ptychoceras
is considerably less distinctly developed and found only at the aperttuaJ region.

Shell pores
In structurally well preserved material of Ptychocerms here desk wfch,tfce shell wall is always traversed by
numerous pores which have aregulardiameter of one millimicron (PL 1 5 ,figs.1,2). These pores have mostly a vertical
course (PL 15, fig. 2) but in places they can be oblique. They penetrate both A C prismatic and the nacreous layers
but in the latter layer, they are easier to observe (n, PL 14, fig. 2). On thefcoriiontalfracture planes of the nacreous
layer, it can be clearly seen that the pores are not evenly distributed but arrtfcged in rows (PL 15, fig. 1). Between
the rows of pores there are left smaller or larger areas in which pores <fe not occur (PL 15, fig. 1). The regular size
and orientation of the pores, and their characteristic ttm4fa<^ibvtom,txqii&
that they could have been arisen
by the activity of boring organisms.
Palaeontogcaphka Abt. A-Bd.208

15

Text-fig. 11. Ptycboceras parvum EGOIAN. A: diagrammatic median section of the ventral apertural magpn in a fully grown shell; note the oblique
growth lines in the nacreous layer (n), structurally modified nacreous layer (m), and the exeenui tmMw^ IJJI I (ext); it is supposed that the
epithelium (ep) covered the apertural margin and secreted the coating-layer from the outside ( c o a f M c f t . 14, fig. 1). B: detail of fig. A, to show
the orientation of the growth lines in the external coating-layer (ext) and in the nacreous byer (a^ A c h a e r traversed by more pore canals (pc).
C : ventral apertural margin in another shell; note the formation of a varix (v) (compare PL 14, fig. J , 4).
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Siphonal tube
As seen in Ptychoceras minimum, the rounded caecum is attached to the inner surface of the protoconch by a
prosiphon (c, ps, Text-fig. 2 A). Only in the first chamber, the siphonal tube has a central position. In the second
chamber, it moves to the ventral side. In the entire planispiral whorl, it has a ventral position, without being in contact
with the ventral shell wall (Text-fig. 2 A).
At subsequent growth stages, the siphonal tube in all four Ptychoceras
species here dealt with, has a ventral posi
tion, being either in contact with the ventral shell wall (Text-figs. 6 A, B; 8 A, B, D; 10B; PI. 11, fig. 1, PI. 12, figs.
1, 2, PI. 13, fig. 1), or separated from by a narrow interspace (Text-figs. 3 B, 4B, 8 C , 9 A, 10 A; Pi. 6, fig. 3, Pi. 8, figs.
1, 3, PI. 9, fig. 2, Pi. 12, fig. 3). With the exception of the first chamber, the shiphonal tube has a comparatively small
diameter. During ontogeny, its diameter grows gradually smaller in relation to the diameter of the shell.
In P minimum, the septal necks could be observed in the middle portion of the planispiral whorl where they
are already prochoanitic. In the first shaft, the septal necks are very short, less than one tenth of the distance between
the septa (Text-fig. 4 B; PI. 6, fig. 3). The septal necks then gradually grow longer attaining a length of about one fifth
of the distance between septa in the middle part of the first shaft (Text-fig. 10 A; PI. 9, fig. 2). The longest septal necks
are in the second shaft where they have a length of one third to one fifth of the septal distance.
In fully grown shells, the last one to last three septal necks are thickened and structurally modified in that their
distal (adapertural) ends acquire a prismatic structure (m, Text-fig. 10 B).
The prochoanitic siphonal tube in Ptychoceras
has a similar structure as in prochoanitic ammonoids in general.
As in other lytoceratids (DOGUZHAJEVA & MUTVEI 1986a), the cuff invests the whole length of the prochoanitic neck
(c, Text-figs. 4B, 10 A, B; Pi. 9, fig. 2). In each chamber, the adapical end of the connecting ring is fused to the cuff
by means of the auxiliary deposit (aux, Text-fig. 1 0 A; PL 9 , fig. 2). This deposit is situated on the adapertural end
of the cuff. The adapertural end of the connecting ring fuses directly to t h e cuff. The prochoanitic necks are nacreous
and have a typical columnar structure, as does the septal nacre (PL 9 , fig. 2). The cuffs, and probably also the auxiliary
deposits, have a prismatic structure.

Calcareous s i p h o n a l hand
Along the inner surface of the ventral w a l l , there is a narrow, longitudinal, median, calcareous elevation which
in transverse sections shows a prismatic structure and a subdivision infer* t w o Or several lamellae parallel to the shell
wall (csb, Text-figs. 6B, 8C; PL 12, figs. 1, 2, 3). This elevation i s here tertnedbthe calcareous siphonal band. Along
most of its extension this band is in contact with the w a i l of t h e siphonal tube, both at the septal necks and at the
connecting rings (csb, Text-figs. 6B<, 8A,B;PL 11, fig. 1,PL 12, figs. 1,2L Only i n some cases, this contact is absent,
and a narrow interspace is left between the band a n d t h e siphonal t u b e (lbc£-$g. 8 C; PL 12, fig. 3). In some places,
the siphonal band may be comparatively narrow and practically of a n upfoan thickness. In other places, notably
within the ventral lobe of the septum, the band is m u c h b r o a d e r (csb, Tkmt&Q. 6 B ; PL 12, figs. 1, 2). It is very thin
at the contact with the siphonal tube, but laterally i t increases i n thickness by addition of new growth lamellae. In
one preparation, t h e calcareous band is still b r o a d e r a n d forms a p s o u u j p « i t toilfiitudinal ridge-like thickening on the

septal fold of both sides. The inner part of this t h i c k r m n g , i n contact; w i t h t h * septal fold, has a nacreous structure,
whereas the outer part forms a prismatic lamella w h i c h i s a direct s t r w x n r a l O M t m u a t i o n of the median portion of
the band (csb, n, pr, Text-fig. 8D; PL 13, figs. 1, 2).
J
JOWAN ( 1 9 6 8 ) d e s c r i b e d a m e d i a n d a r k s i p h o n a l band in s e w n d t c a v s A i o i w n m o n o i d B . He interpreted this band
as formed b y the forward m o v e m e n t of the attachmentsile of <lli iiai»MI»d HWilli muscle. In o u r material, only the
1

basal p o r t i o n of the calcareous s i p h o n a l b a n d sccmstebeconiiniwsn fmrnnparh imU i t o a n o t h e r , and may corres
pond to t h e m e d i a n d a r k siphonal b a n d of J o s n u * . T h e n iin jiMToilysj iishissjumii •ipliupiil b a n d is formed in each
chamber separately.
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Siphonal sheets (siphonal membranes)
Well preserved organic siphonal sheets were observed in cross sections of the first shaft in two Ptychoceras speci
mens. In one specimen, the siphonal sheets are numerous, and have a varying extension (ss, Text-fig. 6B; PL 12, fig.
1). The most dorsal of these sheets covers the dorsal side of the connecting ring and extends upon the septal fold (s)
on each side, where it fuses to the organic sheet, covering these folds. As a consequence, a closed cavity is formed
around the connecting ring. In the second specimen, a single dorsal organic sheet was formed. It extends from the
connecting ring in lateral direction to the prominent longitudinal ridge-like thickening on the septal fold (s), and con
tinues then somewhat laterally from this fold (ss, Text-fig. 8D; PL 13, figs. 1, 2).

Shell repair
In numerous specimens of Ptychoceras, considerable shell repair was observed. In some specimens, the shell seems
to have been severely fractioned and then repaired. Unfortunately, only a small number of these cases can be satisfac
torily analyzed and understood.
In a specimen of P. renngarteni (Text-fig. 5 C; PL 5, fig. 2), the shell wall of the first and the second shaft has been
severely damaged, and repaired during its life. In several places, situated adaperturally from the last septum (s), the
ventral wall of the first shaft and the adjacent dorsal wall of the second shaft have been removed, probably both by
mechanical fracturing and chemical dissolution (indicated by arrows in Text-fig. 5 C and PL 5, fig. 2). The reparation
of the damaged sites has taken place in such a way that the animal secreted an extra nacreous layer (n) and an extra
prismatic layer (pr) on the inner surface of the living chamber in the second shaft. These two layers cover the perfora
tions in the first and second shafts. The extra prismatic layer becomes first abnormally thickened but in the adapertural direction, it is transformed into the extra nacreous layer (n). The latter nacreous layer continues in the adapertural direction. Together with the ordinary three layers (dw2, outer nacreous, inner prismatic, additional nacreous),
it is included in the dorsal wall of the second shaft (PL 5, fig. 2). The boundary between the two innermost nacreous
layers: the additional nacreous and the extra nacreous, is marked by a distinct line.
In the same specimen of P. renngarteni, a fragment of the initial part of a Ptychoceras shell has been trapped within
the dorsal shell wall of the second shaft, below the truncated end of the first shaft. This shell fragment is composed
of: (a) a portion of the prismatic ventral wall at the beginning of the planispiral whorl (Fpr, PL 5, fig. 1) which is
attached to (b) a portion of the dorsal wall of the second shaft (Fdw2, PL 5, fig. 1). A comparison between the shell
fragment under discussion and the initial shell portion in P. minimum shows that they are close in shape and structure.
How this fragment became encapsulated into the shell of this specimen is difficult to understand. However, this seems
to have occurred about at the same time as the shell wall in the first and second shafts was damaged (see above). That
this was so is demonstrated by the sequence of the shell layers around the enclosed fragment. It is seen that the wall
of the second shaft is here fully developed at one side of the fragment, and composed of the characteristic three layers.
The opposite side, on the other hand, consists of the continuation of the inner extra nacreous layer from the damaged
portion of the shell (compare: n, PL 5, fig. 2 and n2, PL 5, fig. 1). There are two possible ways of explaining the case
under discussion: (1) The fragment of the initial shell portion does not belong to the present specimen but was ac
cidentally enclosed into the dorsal wall in connection with the damage of the shell wall in the first and second shafts;
(2) this fragment belongs to the specimen where it is found. This means that the animal failed to truncate the initial
shell portion at the usual growth stage, but managed to truncate it when the second shaft reached the planispiral wall.
The earlier attempts for truncation may have caused a damage of the shell wall of the first and second shafts.
In a specimen of P. levigatum, the first shaft has been severely damaged a short distance adaperturally to the trun
cated end of the first shaft (t, PL 2, fig. 2). This damage is marked by the secretion of a black, thin, coating layer
on the dorsal wall of the second shaft and by an oblique depression which looks Like a cut through the first shaft,
less than fourteen chambers from the truncated end (f, PI. 2, fig. 2). A fragment of the first shaft, which has the same
diameter as the damaged portion of the first shaft, and which consists of four chambers attached to a piece of the
dorsal wall of the second shaft, is situated at the end of the second shaft (fiyPL 2, figs. 2, 3). It is practically certain
that the fragment in question comes from the damaged portion of the first shaft. This displacement has taken prob
ably place when the location of the apertural margin was at the end of the second shaft or slightly later.
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Discussion

Ontogenetical changes in the structure of the shell wall
As demonstrated above, the shell structure of the ammonitella in Ptychoceras
minimum
is as in other ammonites
the review by BIRKELUND 1980; LANDMAN & BANDEL 1 9 8 6 ) . In P. renngarteni,
P. parvum
and P. levigatum
the amsjnitella is not preserved because of the truncation of the inital portion of the shell.
In the four Ptychoceras species here studied, the shell wall of the first shaft has a three-layered structure, typical
r other ammonites: the outer prismatic, the nacreous and the inner prismatic. The only difference with planispiral
Ssnonites is that the two outer layers do not wedge out dorsally.
A major change in the structure of the shell wall occurs before the transition between the first and second shaft:
r outer prismatic layer either wedges out, as in P. renngarteni,
P. levigatum
and P. parvum,
or becomes very thin,
m P. minimum. At the same time, the inner prismatic layer in all four species becomes considerably thickened.
The next major structural change takes place at the site of the last septum in the second shaft, where the inner
•matte layer is split into two sublayers, between which an additional nacreous layer appears. Soon after that, the
•ermost prismatic sub-layer wedges out and, simultaneously, the additional nacreous layer grows rapidly in
•ckness. As a result of these changes, the shell wall towards the end of the second shaft consists of two nacreous
(KTS separated by a prismatic layer.
The third major change in the structure of the shell wall occurs at the transition between the second and the
ird shaft. The inner prismatic layer grows much in thickness, particularly in the ventral wall, whereas the outer
creous layer practically wedges out and then appears again. These structural changes are similar to those which
cur ontogenetically earlier, at the transition between the first and second shafts.
The fourth and last structural change occurs in the apertural region of the third shaft. The inner prismatic layer
dges out and only the nacreous layer, formed by a fusion between the outer and additional nacreous layers, conlutes the shell wall. The shell wall grows in thickness and forms ventrally and laterally an apertural varix, and then
»ws thinner again. In the majority of our fully grown specimens, the shell wall at the apertural margin is much
inner than elsewhere.
A thin external nacreous layer, probably rich in organic lamellae, covers the outer surface of the shell wall at
r apertural region. To judge from the direction of the growth lamellae, this layer has probably been secreted from
t epithelium which covered the shell surface.
As pointed out, one of the unique features in Ptychoceras
is the reduction of the outer prismatic layer. As a consc
ience, the nacreous layer becomes the outermost shell layer. In other molluscs* a nacreous outermost layer is only
wwn to occur in some tropical mytilid bivalves (TAYLOR et al. 1969). According to our light microscopic observations
t the shells of Mytilus smaragdinus
from Ceylon, there is a very thin layer with granular structure between the
riostracum and the nacreous layer. However, the preservation of such a thin layer in fossil shells is doubtful, even
rier favourable conditions of fossilization.
r

Pores in the shell wall
As demonstrated in the present paper, all calcareous layers of the shell wall in Ptychoceras are traversed by
erous pores of about one millimicron in diameter. These pores are arranged in rows.
As pointed out in a previous paper (DOGUZHAEVA & MUTVEI 1986 b), vertical pores also occur in the shell wall
pf the recent Nautilus
and the Triassic ceratid PhyUocladiscites. However, in Nautilus, the pores are confined to the
bantle attachment layer at the shell aperture (DOGUZHAEVA & MUTVEI 1986b, ma, Text-figs. 8 and 9) and they have
l much larger diameter, about 10 millimicrons. In PhyUocladiscites they occur in the myostracal layer and haVe a
Itameter of about 50 and 60 millimicrons (DOGUZHAEVA & MUTVEI 1986b*fig.4 A , B ) . There are indications that ver
tical pores in the shell wall occur in several other ammonites (DOGUZHAEVA & MUTVEI, in preparation), but they can
be observed only in exceptionally well preserved material.
Among other molluscan groups, shell pores are reported in two species of Neopilina
among recent
monoplacophors (WAREN 1987), in the Silurian monoplacophorid genus TryUtdium (ERBEN et al. 1968), in certain

r

recent bivalves (see e.g.

112 -

in the mesogastropod family Epitoniidae
in the archaeogastropod subfamily Emarginulinae (BANDEL 1982; PIANI 1982; HERBERT &
KILBURN 1 9 8 6 ) , and in the deep water limpet Neomphaltts (BATTEN 1 9 8 4 ) .
The occurrence and function of the shell pores in molluscs are still inadequately known. They may have various
functions. Some may function to strengthen the attachment of the mantle to the shell, notably the pores at the aper
tural margin of Nautilus (DOGUZHAEVA & MUTVEI 1 9 8 6 b), others may have a sensory function, as suggested by BANDEL
( 1 9 8 2 ) , or to protect the shell surface against boring organisms (WALLER 1 9 8 0 ) .
In Ptychoceras, the shell pores penetrate all the calcareous layers of the shell wall in contrast to those in the recent
Nautilus and ceratid Pbyllocladiscites, where they are confined to the innermost shell layers. Besides, the pores in the
latter two genera have a considerably larger diameter. The function of the shell pores in Ptychoceras cannot be ade
quately explained at the present.
HUDSON 1969; WALLER 1980; SHTBATA 1 9 8 0 ) ,

(BOUCHET & WAREN 1986),

Siphonal sheets (siphonal membranes)
These organic sheets were described first by GRANDJEAN (1910), followed by SHULGA-NESTERENKO (1926), ERBEN
(1971), BAYER (1975) and WEITSCHAT (1986). Three types of such sheets have been distinguished: (1) sheets
oriented perpendicular to the median symmetry plane and extending from the siphonal tube in the dorsal direction
into the shell chambers; (2) sheets extending from the siphonal tube to the inner surface of the ventral wall; and (3)
sheets extending from the siphonal tube to the place where the septum passes into the septal neck. DRUSCHITS &
DOGUZHAEVA (1981, text-fig. 12) reported a fourth type of siphonal sheets, called the covering sheets. These cover from
the adapertural side the ventral septal lobe and the portion of the siphonal tube, situated within this lobe. According
to all these writers, the sheets between the ventral wall and the siphonal tube (sheets of type 2) had the function to
attach the siphonal tube to the shell wall. Besides, BAYER (1975) suggested that the latter sheets may have improved
the transportation of the cameral liquid to the siphonal tube. The covering sheets (type 4 ) had the function to separate
the portion of the chamber at the ventral septal lobe, in which the siphonal tube was located, from the rest of the
chamber. The siphonal sheets in Ptychoceras, described in the present paper, represent the covering sheets of DRUSCHITS
8c DOGUZHAEVA. AS stressed by KULICKI & MUTVEI (1987), am monoids had the ability to keep a considerable amount
of cameral liquid in the narrow cavities between the shell wall and septal friUings by surface tension. A circumsiphonal
liquid reservoir was also formed around the siphonal tube. The present study indicates that the circumsiphonal reser
voir was not only created by surface tension but that the covering membranes may have played an important role
in the function to keep a larger volume of the cameral liquid around the siphonal tube.
& REID

The ventro-median, calcareous, siphonal band, described for thefirsttime in the present paper, seems to be better
developed in the first shaft than in the second shaft of the Ptychoceras shells, it is clearly seen that this band attaches
the septal necks and the connecting rings strongly to the ventral side of the shell wall. The basalmost portion of this
band, adjacent to the ventral wall, is probably continuous from one chamber to another. This portion may represent
the myostracal layer which was formed at the site of attachment for the unpaired ventral (siphonal) muscle, and which
corresponds to the siphonal band by JORDAN (1968). However, the main portion of the calcareous siphonal band, as
defined in the present paper, is discontinuous and wasformedseparately in each chamber, after the secretion of the
last septum. The latter condition makes it possible to reconstruct some of the inter-septal secretory sequence.
Ptychoceras as other ammonoids with prosiphonate septal necks, must have had a circumsiphonal invagination
of the septal epithelium which extended deep into the posterior portion of %jpe body proper and which secreted the
septal necks and the connecting rings (see e.g. MUTVEI 1967; DOGUZHAEVA 1973; MUTVEI & REYMENT 1973;
DOGUZHAEVA & MUTVEI 1986 a). On the basis of the arrangement of the growth increments (Text-figs. 6B, 8D; Pi.
12, fig. 1, Pi. 13, figs. 1,2), the following reconstruction can be made about t | e secretory sequence of the epithelium

Text-fig. 12. Ptychoceras sp. Diagrammatic representation of the secretory sequence duqag*he;ficH-matkH] of the calcareous siphonal band (csb)
and the siphonal sheet (ss); C: growth stage after the formation of a septum; the septal ejMfke&M^ (bp) and the epithelium of the circumsiphonal
invagination (inv) were still separated. B: during the formation the calcareous siplMM^
of the
circumsiphonal invagination became connected to each other. Ar siphonal sheets (si) * M B jetfRted by the stmc eftthebnm as the calcareous
siphonal band.
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of the circumsiphonal invagination and body proper. Immediately after the formation of the last septum, the circumsiphonal invagination was still completely separated from the ventral side of the body wall (inv, bp, Text-fig. 12 C ) .
However, during the secretion of the calcareous siphonal band, which attached the siphonal tube to the ventral wall,
the epithelium on the ventral side of the circumsiphonal invagination became continuous with that on the outer sur
face of the body proper (inv, pb, Text-fig. 1 2 B ) . The covering siphonal sheets were formed in the same manner as
the median calcareous band, that is to say, from a continuous secretory epithelium which originated both from the
circumsiphonal invagination and the body proper (inv, bp, Text-fig. 1 2 A ) . It is therefore obvious that the shape of
the circumsiphonal invagination and the body proper was not permanent but changed periodically between the for
mation of the consecutive septa.

Shell truncation in Palaeozoic nautiloids
Truncation of the shell during the lifetime has been described in the Palaeozoic nautiloid orders Ascocerida and
Orthocerida (e.g. BARRAKDE 1877; LINDSTRDM 1 8 9 0 ; FLOWER 1 9 4 1 ; FURNKH et al. 1962; TEICHEBT 1964; FURNISH &
GLENISTER 1 9 6 4 ; SWEET 1 9 6 4 ) . According to these writers, the site of truncation is characterized by the following mor
phological features: ( 1 ) in some forms, as in Spooceras r'Orthoceras"] truncation (BARRANDE), the apical end of the re
tained shell is sealed off by a thick, 3-layered, conical callus; ( 2 ) in other forms, the septum of truncation is con
siderably thickened, and a mineralized plug or plate is formed within the broken end of the siphonal tube (e. g. in
ascosorids and in the orthocerid Brachycycloceras). However, some authors have pointed out that the evidence for the
truncation is generally inconclusive. This is due to the fact that the Palaeozoic nautiloids, as a rule, show a poor struc
tural preservation. Therefore, the structural features supposed to be characteristic for truncation, cannot be studied
in sufficient accuracy. FRYE ( 1 9 8 2 , p. 1 2 7 5 ) concluded that it was not certain "whether truncation occurred ontogenetically or post-mortally". Dzix ( 1 9 8 4 ) refuted the idea of truncation during the lifetime in nautiloids altogether,
but without giving any additional evidence for this.

Shell truncation in recent gastropods
Truncation of the larval shell has been reported to occur in some recent archaeogastropod families (SMITH 1935;
This takes place shortly after the post-larval shell begins to grow in size. Before the truncation ( 1 ) a
narrow zone of the shell wall at the boundary between the larval/post-larval shell is partially dissolved from the inside;
along this zone, the larval shell is broken off; and ( 2 ) a calcareous septum or plug is secreted by the adult mantle in
order to seal off the opening which will be left after the rejection of the larval shell (WAREN 1987, figs. 12—14).
WAREN 1 9 8 7 ) .

Truncation in Ptychoceras
SCHARIKADZE ( 1 9 8 6 ) was the first who found that in some species of Ptychoceras, the initial shell portion has been
broken off during lifetime. However, it was not clear from his description if this was an accidental or a normal
phenomenon, and what consequences it had for the animal.
The three Ptychoceras species, dealt with in the present paper, are the only fossil cephalopods in which the shell
truncation during lifetime can be satisfactorily proved. The evidence suggests that the truncation has taken place
essentially mechanically. The concept of mechanical truncation is supported by the fact that numerous fragments
of the shell wall and last preserved septum can be often found at the side of truncation. None of the Specimens studied
with SEM shows any signs of chemical dissolution of the shell wall and the last preserved septum. Because the material
is exceptionally well preserved, a chemical dissolution could be easily observed if it had occurred.
From our observations it can be clearly concluded that after the truncation, the broken end of the first shaft
was left completely open for a comparatively long period of time. In contrast to certain recent archaeogastropods
which reject their larval shell (see above), no calcareous plate or septum was secreted to seal off the broken end of
the first shaft. Nor was the last preserved septum thickened, as proposed to occur at the site of truncation in certain

Text-fig. 13. Ptycboceras sp. A—F: hypothetical reconstruction of the relationship between the soft body/shell. A, B: the shell is reconstructed
as external, at a growth stage prior to shell truncation. C: the shell is reconstructed as fully internal and covered by a thin-walled shell-sack; D:
the fully grown shell is reconstructed as partially covered by the mantle; E, F: the shell is reconstructed as internal and enclosed in a soft body
of larger size, (after the shell in P. renngartent).
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fossil nautiloid cephalopods (see above). On the contrary, this septum i n our Ptychoceras shells has the same shape
and thickness as the succeeding septa. Also the broken end of the siphonal tube w a s found to h a v e b e e n completely
open outwards without any plug or other closing mechanism.
The mechanically induced truncation could have been caused by the breakage of the thin shell by contractions
of muscles. This has probably taken place when the shell aperture reached the site of truncation. The broken end
of the first shaft was left completely open, until tt became embedded between the second and the third shaft. To judge
from the conditions in P minimum, in which the initial shell portion is always preserved, the truncated initial portion
of the first shaft was probably composed of about 15 chambers.

Summary
(1) T r u n c a t i o n of t h e i n i t i a l p o r t i o n of t h e s h e l l — This occurred in all studied specimens (total
ly about 30) of three of our four species. After the truncation, the broken end of-the first shaft and siphonal tube
was left completely open, without any kinds of closing structures. At a late ontogenetic stage, it became embedded
between the second and third shafts, and thereby closed. The site of truncation in the three Ptychoceras species is
situated approximately at the same place, about 15 chambers adapertural from the planispiral whorl. The truncation
probably took place when the shell aperture of the second shaft reached the site of truncation. This is indicated by
the fact that the dorsal wall of the first shaft is often mechanically fractured here, and as a result, numerous shell
fragments are left between the first and second shafts, and in the last preserved chamber.
(2) U n i q u e s t r u c t u r e of t h e s h e l l w a l l — Ptychoceras has a shell structure which differs from all other,
hitherto known ammonites, (a) The outer prismatic layer becomes reduced in the shell wall. As a consequence, the
nacreous layer forms the outermost layer of the shell wall except at early growth stages, (b) An additional nacreous
layer appears on the inner surface of the living chamber in fully grown shells, (c) The nacreous layer makes up the
entire shell wall at the apertural region in fully grown shells, (d) The outer shell surface, at least in the apertural region,
is covered by a thin external nacreous coating-layer which, according to the direction of growth lines, seems to have
been secreted from the outside, (e) All layers in the shell wall are traversed by numerous pore canals with a constant
diameter of one millimicron.
(3) F r a g m e n t a t i o n a n d r e p a i r — In several cases, large parts of the shell seem to have been imploded
and broken up into smaller or larger fragments which have been kept together and mended. In one specimen, a por
tion of the first shaft, situated adaperturally to the truncated end, was broken off, transported in the adapertural direc
tion, and embedded eventually between the second and third shafts.
In Text-fig. 13 A—F, hypothetical reconstructions of the relationship between the shell/body are given. In figs.
A and B, the shell is reconstructed as external, at a growth stage prior to shell truncation; the extremely thin and
fragile apical portion of the first shaft was situated above the head; in fig. C, the shell is reconstructed as fully internal
and covered by a thin-walled shell-sack; in fig. D, the fully grown shell is reconstructed as partially covered by the
mantle, and in figs. £ and F, the shell is reconstructed as internal and enclosed in a soft body of larger size.
The shell truncation, the unique structure of the shell wall, the formation of the nacreous coating layer, and the
fragmentation and repair of the shell, indicate that the shell in Ptychoceras has been covered, at least partially, by the
mantle (compare with fig. 13 D).
Coleoid cephalopods have internal shells which are in a varying degree reduced and modified (JELETZKY 1966).
Only in the fossil Aulacocerida does the living chamber remain unreduced. In most forms, the phragmocone is
covered from the outside by an organic or calcareous deposit, e. g. the rostrum. In comparison with coleoids, the shell
in Ptychoceras was structurally modified but its living chamber remained unreduced.
As pointed out by POUUCEK et al. (1986, p. 9), "in the evolutive lines where the shells become more and more
embedded within dorsal palleal expansions (Cephalopods, Opistobranchs, Pulmonates, Placophora,...), the increase
of the chitin content is connected with a decrease of the calcification degree" In the shell of Ptychoceras, there has
not been a noticeable increase of organic matter, and the nacreous and prismatic layers show a typical ultrastructure,
without any decrease of the calcification degree.
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Explanation of Plates
Plate 1
Ptychoceras minimum RouCHADZE
Fig. 1. Nearly complete shell from the lateral side showing three shafts.
Fig. 2. Median section of the same shell; ammonitella, apertural margin, and last septum indicated by arrows, x 6.0.

Plate 2
Ptychoceras parvum EGOIAN
Fig. 1. Median section of the shell; apertural margin and truncated end of the first shaft indicated by arrows; x 2.75.
Ptychoceras levigatum EGOIAN
Fig. 2. Surface view on the dorsal side of the second shaft and truncated first shaft (t); note that the first shaft has been fractured (f) and that
a fragment of the first shaft (fr) has been removed to the end of the second shaft (x 5.0).
Fig. 3. Removed fragment in higher magnification on the dorsal side of the third shaft; x 8 .
Ptychoceras renngarteni EGOIAN
Fig. 4. A complete shell from the lateral side, x2.0.

Plate 3
Ptychoceras minimum ROUCHADZE
Fig. 1. Median section of the protoconch, planispiral whorl and the beginning of the first shaft; the heteromorphic shell begins after the primary
varix (v).
Fig. 2. Detail of fig. 1 to show the structure of the shell wall in the region of the primary varix (v); note the prismatic layer of the planispiral
whorl (pr), the appearance of the nacreous layer (n) in the varix (v), the outer prismatic (qpl) and the nacreous (nl) layers at the beginning of
the first shaft, and the dorsal wall of the third shaft (dw3), composed of the additional nacreous (in3), inner prismatic (ip3) and outer nacreous
(on3) layers.
Fig. 3. Detail of fig. 1, to show the prismatic layer of the planispiral whorl (pr), the dorsal wall of the first shaft (dwl) with outer nacreous (onl)
and inner prismatic (ipl) layers, and the dorsal wall of the second shaft (dw2) with outer nacreous (on2), inner prismatic (ip2) and additional
nacreous (an2) layers.
Bar in figs. 1, 3 - 100 fan, in fig. 2 - 10 u m .
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Plate 4
Ptychoceras minimum ROUCHADZE
Fig. 1. General view of the ammonitella and the first shaft; the same specimen as in PI. 3.
Fig. 2. Detail of fig. 1, to show the ventral wall of the first shaft (vwl), composed of outer prismatic (opl), nacreous (nl) and inner prismatic
(ipl) layers, and the dorsal wall of the third shaft (dw3), consisting of nacreous layer only (n3).
Fig. 3. Detail of fig. 1 to show the dorsal wall of the first shaft (dwl) and the dorsal wall of the second shaft (dw2) with a varix (v) in the region
of the last septum (s) and the beginning of the living chamber; the squares indicate the position of the figs. 4 and 5.
Fig. 4. Detail of fig. 3, immediately before the last septum, to show the dorsal wall of the first shaft (dwl) with the same sequence of the layers
as in the ventral wall in fig. 2, and the dorsal wall of the second shaft (dw2) with the thin outer nacreous layer (on2) and the thick inner prismatic
layer (ip2).
Fig. 5. Detail of fig. 3, immediately adapertural to the last septum, to show the structural changes in the dorsal wall of the second shaft; the splitting
of the inner prismatic layer into two sub-layers (ip2) and the appearence of the additional nacreous layer (an2) between them.
Figs. 6, 7. Details of fig. 1, to show the dorsal wall of the second shaft in the living chamber, adaperturally to figs. 4 and 5; note that the inner
prismatic sub-layer (ip2) decreases in thickness before it wedges completely out, and that the additional nacreous layer (an2) increases in thickness
in the same direction.
Bar in fig. 1 - 1000 p.m, in fig. 3 = 100 urn, m figs. 2, 4, 5, 6, 7 = 10 pm.

Plate 5
Ptychoceras renngarteni EGOIAN
Fig. 1. Fragment of the dorsal wall of second shaft (Fdw2), in contact with a portion of the planispiral whorl (Fpr), embedded between the dorsal
wall of the second shaft (dw2) and the extra internal nacreous layer (n2) of the same shaft (compare n, fig. 2).
Fig. 2. Median section of the first shaft, covered on the right hand side by the dorsal wall of the second shaft, at the beginning of the living
chamber; note the position of the last septum (s); parts of the shell wall of the first and second shafts were damaged and removed (indicated by
arrows); the damaged portions were repaired by thick nacreous (n) and prismatic (pr) layers, the latter of which wedges out.
Ptychoceras minimum ROUCHADZE
Fig. 3. Median section of the dorsal wall of the first and second shafts at the transition between these shafts.
Fig. 4. Detail of fig. 1, to show the composition of the dorsal wall of the first (dwl) and second (dw2) shaft of two layers: outer nacreous (onl,
on2) and inner prismatic (ipl, ip2).
Bar in figs. 1, 3 = 100 /im, in fig. 2 - 1000 j*m, in fig. 4 = 10 /«n.

Plate 6
Ptychoceras parvum EGOIAN
Fig. 1. Median section of the shell at the beginning of the living chamber: first shaft (dwl, v w l ) , covered on the left hand side by the dorsal
wall of the second shaft (dw2), and on the right hand side by the dorsal wall of the third shaft (dw3).
Fig. 2. Magnified portion of the left hand side of the same section, to show three layers in the dorsal wall of the first shaft: inner prismatic,
nacreous, and outer prismatic (ipl, nl, opl), and four layers in the dorsal wall of the second shaft: outer nacreous, outer prismatic sublayer, addi
tional nacreous, and inner prismatic sublayer (on2, ip2, an2, ip2), the first and second shafts are separated by an open space (sp); pore canals in
dicated by arrows.
Fig. 3. Median section of the same shell, somewhat further in the adapertural direction.
Fig. 4. Magnified portion of the left hand side of the same^section, to show that the inner prismatic sublayer (ip2) has become extremely thin,
before it wedges completely out; pore canals indicated by arrows.
Bar in figs. 1, 3 •= 100 ^m, in figs. 2, 4 - 10 pm.
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Plate 7
Ptychoceras parvum EGOIAN
Fig. 1. Median section of the ventral shell wall of the third shaft, adapical to the shell aperture, to show the wedging out of the inner prismatic
layer (ip3) in the adapertural direction (indicated by an arrow).
Fig. 2. Detail of the same section, somewhat more adapically; note that the inner prismatic layer (ip3) is here much thicker than the outer nacreous
layer (on3) and the additional nacreous layer (an3).
Fig. 3. Dorsal wall of the second (dw2) and third (dw3) shafts at the transition between them.
Fig. 4. Detail of fig. 3, to show the wedging out of the inner prismatic layer of the second shaft (ip2).
Bar in figs. 1, 2, 4 = 100 urn, in fig. 3 - 1000 jtm.

Plate 8
Ptychoceras renngarteni EGOIAN
Fig. 1. Obliquely truncated end of the first shaft (shl) in median section; the dorsal wall of the second (dw2) and the third (dw3) shaft is thickened
at the truncated end of the first shaft; note the occurrence of numerous fragments of the fractured dorsal wall of the first shaft (indicated by arrows).
Fig. 2. Detail of the left hand side of the same section, to show the thickened dorsal m i l of the second shaft (dw2), and the fractured dorsal
wall of the first shaft (dwl); fragments of the dorsal wall indicated by arrows.
Fig. 3. Detail of the right hand side of the same section, to show the last preserved septum (s), the siphonal tube (sip), and the thickened dorsal
wall of the third shaft (dw3); note the absence of a plug or other closing structures at the broken end of the first shaft and of its siphonal tube
(compare with Text-fig. 9 A).
Bar = 1 0 0 pm.

Plate 9
Ptychoceras parvum EGOIAN
Fig. 1. Median section of a truncated end of the first shaft (shl); note that the distal portions of the dorsal and ventral walls of the first shaft
(dwl, vwl) do not show any signs of chemical dissolution; the dorsal walls of the second and third shafts (dw2, dw3) are considerably thickened.
Fig. 2. Median section of the siphonal tube in the first shaft, to show the comparatively long prochoanitic septal neck (sn), cuff (c), auxiliary
deposit (aux) and connecting ring (con); the ventral wall of the first shaft consists of three layers: outer prismatic nacreous and inner prismatic
(opl, nl, ipl); it is covered by the dorsal wall of the third shaft (dw3).
Bar = 100 ^m.

Plate 10
Ptychoceras renngarteni EGOIAN
Fig. 1. Para-median section of the obliquely truncated end of the first shaft (shl); note that the distalmost septum and distal portion of the dorsal
wall of the first shaft (dwl) are severly fractured; fragments are indicated by arrows; dorsal walls of the second and third shafts (dw2, dw3) are
considerably thickened at the broken end of the first shaft.
Ptychoceras parvum EGOIAN
Figs. 2, 3. Similarily truncated ends of the first shaft (shl) as in fig. 1.
Ptychoceras levigatum EGOIAN
Fig. 4. Truncated end of the first shaft in dorsal view (shl); note that the dorsal wall of the third shaft (<Hr3) originally covers the first shaft,
but is broken in our preparation.
Bar in figs. 1, 2, 3 = 100 pm, in fig. 4 -

1000>m.<
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Ptychoceras renngarteni EGOIAN
Fig. 1. Cross-section through the first shaft (shl), at a short distance adaperturally from the last septum; it is covered dorsally by the dorsal wall
of the second shaft (dw2) and ventrally by the dorsal wall of the third shaft (dw3); note that the directions of the median planes of the first and
second shafts are not concordant but form an angle.
Fig. 2. Detail of the right hand side of the same section, to show the contact between the dorsal walls of the second (dw2) and third (dw3) shafts;
the dorsal wall of the second shaft consists of four layers: outer nacreous (on2), outer prismatic sub-layer (ip2), additional nacreous (an2), and
inner prismatic sub-layer (ip2).
Fig. 3. Cross-section of the first and second shafts (shl, sh2), close to the transition between these shafts; note the considerable differences in
thickness of the layers in the first and second shafts.
Fig. 4. Detail of the corner between the first and second shafts in fig. 3; first shaft consists of thin outer nacreous layer (onl) and thick inner
prismatic layer (ipl), whereas the second shaft is composed of thick outer nacreous layer (on2) and thin inner prismatic layer (ip2), the latter
of which wedges out laterally.
Bar in figs. 1, 3 = 1000 /tm, in figs. 2, 4 = 100 jim.

Plate 12
Ptychoceras renngarteni EGOIAN
Fig. 1. Cross-section of the connecting ring (con), calcareous siphonal band (csb) and siphonal sheets (ss) which extend to the septal folds (s).
Fig. 2. Detail of the contact between the connecting ring (con) and the calcareous siphonal band (csb).
Fig. 3. Detail of a cross-section where the connecting ring (con) is not in contact with the calcareous siphonal band (csb).
Bar in figs. 1, 2 - 100 pm, in fig. 3 = 10 pm.

Plate 13
Ptychoceras sp.
Fig. 1. Cross-section of the first shaft, to show the connecting ring (con), siphonal sheets (ss), and calcareous siphonal band (csb); the latter forms
longitudinal ridge-like thickenings, composed of nacreous (n) and prismatic layers (pr), which are situated on the septal folds (s).
Fig. 2. Detail of the right hand side of the same section, to show the structure of the calcareous siphonal band (csb).
Bar = 100 fim.

Plate 14
Ptycboceras parvum EGOIAN
Fig. 1. Median section of the ventral apertural margin in a fully grown shell; note that the shell wall is composed entirely of the nacreous layer
(n) which on the inner side is structurally modified (m); an external, thin, nacreous, coating-layer (ext) covers the shell surface; the growth lines
in that layer are parallel to the shell surface, whereas in the main part of the apertural region, they are strongly oblique.
Fig. 2. Detail of the same section, to show the external coating-layer (ext), and the ordinary nacreous layer (n); pore canals indicated by arrows.
Ptycboceras levigatum EGOIAN
Fig. 3. Median section of the apertural margin in a fully grown shell; note an internal, varix-like thickening (v).
Fig. 4. Detail of the apertural margin of the same section, to show the unmodified and modified (m) nacre with oblique growth lines, and the
thin external nacreous coating-layer (ext) with growth lines parallel to the shell surface.
Bar in figs. 1, 4 = 100 ^m, in fig. 3 - 1000 /im, in fig. 2 = 10 pm.

Plate 15
Ptycboceras sp.
Fig. 1. Horizontal fracture plane of the outer nacreous layer in the second shaft, to show the arrangement of the numerous pore canals.
Fig. 2. Vertical and horizontal fracture planes of the same nacreous layer, to show the pore canals (indicated by arrows).
Bar = 10

ftm.
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Palaeomographica Abt. A Bd. 208, Tafel 12

DOGUZHAEVA & MUTVEI, Plate 1

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

lyaeontographica A b t . A

DOGUZHAEVA & MUTVEI, Plate 2
Bd. 2C8, Tatel 13

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

DOGUZHAEVA & MUTVEI, Plate 3
rs-jeontographica A b t . A Bd. 2 0 8 , Tatel 1 4

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

Palaeomographica Abe A Bel 2C>. Tafel 15

DOGUZHAFVA & MUTVEI. Plate 4

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — 2 heteromorphic lytoceratid.

P a l a e o n t o g r a p h i c a A n t . A Bd. 2 0 8 , Tafel 1 6

DOGUZHAEVA & MUTVEI, Plate 5

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

P a l a e o n t o g r a p h i c a A b t . A Bd. 2 0 8 , Tafel 1 7

DOGUZHAEVA & MUTVEI. Plate 6

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

P a i a e o n t o g r a p h i c a A b t . A Bd. 2 0 8 , Tafel 1 8

DOGUZHAEVA & MUTVEI, Plate 7

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

Palaeontographica Abt. A Bd. 208, Tafel 19

DOGUZHAEVA & MUTVEI, PLATE 8

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic 1 ytoceratid.

Palaeontographica Abt. A Bd. 208, Tafel 20

DOGUZHAEVA & MUTVEI. Plate 9

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

Palaeomographica Abt. A Bd. 208, Tafel 22

DOGUZHAEVA & MUTVEI, Plate 11

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.
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:.: - r a p h i c a A b t . A Bd. 2 0 8 , Tatel 2 3

DOGUZHAEVA & MUTVEI. Plate

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

Palaeontographica Abt. A Bd. 208, Tatel 24

DOGUZHAEVA & MUTVEI, Plate 13

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

P a l a e o n t o g r a p h i c a A b t . A Bd. 2 0 8 , Tatel 2 5

DOGUZHAEVA & MUTVEI. Plate 1 4

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

P a l a e o n t o g r a p h i c a A b t . A Bd. 2 0 8 , Tafel 2 6

DOGUZHAEVA & MUTVEI, Plate 1 3

L a r i s a D o g u z h a e v a a n d H a r r y M u t v e i : Ptychoceras — a heteromorphic lytoceratid.

