
?i.ii-^niographica Abt. A 218 Lfg. 1-3 17-33 Stuttgart, September 1991 
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A n dem Ammoni ten Aconeceras trautscholdi SINZOW aus dem Apt ium des \&blga-Gcbietes werden d r e i l y p e n von Muskelmarken beschrie-
ben: ein paariger dorsaler, ein unpaariger ventraler und ein paariger ventrolateraler Typus. Die dorsalen M u s k d m a r k e n sind verhaltnismafiig klein. 
Die Funkt ion der Dorsalmuskeln ist noch unklar, sie konnten vielleicht dazu beniitzt warden sein, den K o p f in die Wohnkammer zuriickzuziehen 
und den Korper an der Schalenwand zu befestigen. D i e ventrale Muskelmarke war entweder die Insertionsstrlle for einen ventralen Muskel oder 
fur ein ventrales Ligament. Dieser Muskel oder dieses Ligament diente dazu, die Gestalt und Position der circumsiphonalen Invagination am Hin-
terende des Korpers wahrend des Wachstums und des Riickzugs des Korpers in die Wohnkammer zu gewahrleisten. In dieser Invagination wurde 
die Primarmembran der Siphonalhiille ausgeschieden. Die ventrolateralen Muskeleindriicke bilden einen auffallenden adaperturalen Lobus auf 
l«der Seite der Wohnkammer. Hier ist die Schalenwand nach innen verdickt u n d bildet eine zusatzliche innere Prismenschicht. Diese Muskel-
marken sind an etwa 5 0 Schalen verschiedener Wachstumsstadicn mit einem Durchmesser von 6 bis 50 m m ausgebildet. Der ventrolaterale Lobus 
ist in zwei kleinere Loben unterteilt. Der Kopfretraktor konnte von dem dorsalen der Loben zweiter O r d n u n g ausgegangen sein, von wo er sich 
in die Kopfregion erstreckt hat, wahrend der Trichterretraktor am ventralen Lobus zweiter Ordnung iroeriert haben konnte, von wo er zum Trich-
ter fuhrte. Wenn dies zutrifft, war der Trichterretraktor wesentlich kraftiger als bei Nautilus, und in dieser Hinsicht den rezenten Coleoida ahnlich. 

Ventrolaterale Muskelmarken werden auch von der Ammonitengattung Quenstcdtoceras aus dem Callovjum von Lukow (Polen) beschrieben. 

Die Gehauseoffnung bei Aconeceras und bei einem der D i m o r p h e n von Quenstcdtoceras ist ahnlich wie bei etlichen anderen mesozoischen 
Ammoniten gestaltet, indem ein scharf zugespitztes Rostrum und Seitenlappen ausgebildet wciden. In scharfcro Kontrast dazu besitzt bei Nautilus 
und fossilen Nauti loiden die Gehauseoffnung hyponomische und occulare Sinus. Dies m a g anzrigen, dafl die Kopfregion der meisten Ammoni ten 
sich betrachtlich bis iiber die Gehauseoffnung nach vorn gedehnt haben mag. Aufierdem mufi der Trichter grofi gewesen sein, weswegen durch 
das Rostrum unterstiitzt werden mufite. Wahrscheinlich bedeckte der Mantel die aufiere Oberflache der Schalenwand, wenigstens in der aperturalen 
Region. 

S c h l i i s s e l w o r t e r : Ammoniten — Muskelmarken — Korpermuskulatur — Gehauseoffnung. 

Abstract 

In the Apt ian ammonite, Aconeceras trautscholdi SINZOW, collected at the Volga River, three types of muscle-scars are described: a paired dorsal, 
an unpaired ventral, and a paired ventro-lateral. The dorsal muscle-scars are comparatively small. T h e function of the dorsal muscles is still unclear, 
but they could be used to draw the head into the living chamber and to attach the body to the shell wall. T h e ventral muscle-scar was the area 
of origin either for a ventral muscle or for a ventral ligament. This muscle or ligament was used to maintain the shape and posit ion of the circum-
siphonal invagination in the posterior end of the body during the growth and forward progression of the body into the living chamber. In this 
invagination, the pr imary membrane of the connecting ring was secreted. T h e ventro-lateral muscle-scars form a prominent, adapertiirally-directed 
lobe on each side of the living chamber. Here the shell wall is internally thickened, forming an additional nacreous and an additional inner 
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prismatic layer. These muscle-scars are preserved in about fifty shells at various ontogenetic stages, with shell diameters from 6 mm to 50 m m . 
T h e ventro-lateral lobe is subdivided into two minor lobes, ventral and dorsal. T h e cephalic retractor may have originated from the dorsal minor 
lobe and extended to the cephalic region, whereas the hyponome retractor may have originated from the ventral minor lobe and extended to 
the hyponome. If this was so, the hyponome retractor was much stronger than that in Nautilus, resembling recent coleoids in this respect. 

Ventro-lateral muscle-scars are also described in the Callovian ammonite genus Quenstcdtoceras from Lukow (Poland). 
The shell aperture in Aconeceras and in one of the dimorphs of Quenstedtoceras is similar to that in several other genera of Mesozoic 

Ammonit ina , in that it has a sharply-pointed rostrum and lateral lappets. In sharp contrast, in Nautilus and fossil nautiloids the shell aperture 
possesses hyponomic and ocular sinuses. This may indicate that the cephalic region in the majority of ammonoids was considerably extended 
in front o f the shell aperture, and that the hyponome was large and therefore needed t o be supported by the rostrum. T h e mantle probably covered 
the outer surface of the shell wall, at least in the apertural region. 

K e y w o r d s : Ammonoidea — muscle-scars — body musculature — shell aperture. 

Introduction 

The main obstacle to the reconstruction of the soft body in ammonites has been the state of preservation. In 
most cases, the apertural margin has broken, the shell structure obliterated by recrystallization, and the muscle-scars 
are too weakly developed to be clearly observed. Because of these circumstances, the body of the ammonites has been 
previously reconstructed either by analogy with living Nautilus or with living coleoids (e. g. A R K E L L 1 9 5 7 , LEHMANN 
1 9 7 0 , WESTERMANN 1 9 8 9 ) . 

The present paper deals with a large collection of the Aptian ammonite Aconeceras trautscholdi SINZOW from the 
Volga Region of the USSR. This exceptionally well-preserved material provides hitherto unreported information 
about the morphology of the shell and muscle-scars. In addition, muscle-scars have been studied in the Callovian 
Quenstedtoceras from Lukow, Poland. On the basis of the results obtained, the organization of the soft body in 
ammonoids is discussed and reconstructed. 

Material and methods 

Material for the present study comprised numerous shells of Aconeceras trautscholdi SINZOW (Fam. Oppelliidae) at various ontogenetic stages. 
This material was collected by K . A . KABANOV, G . K . K A B A N O V and L . A . DOGUZHAEVA from sideritic concretions in the Lower Cretaceous ( K | a ) 
at the Volga River, near the town of Uljanovsk. 

In about fifty shells, large ventro-lateral muscle-scars are preserved. In addition, some shells show ventral and dorsal muscle-scars. The struc­
ture of the shell wall was studied in transverse and median polished sections, etched for 1 0 — 2 0 sec. with 1 % H C 1 . 

S E M studies were carried out using a Jeo l 3 5 C at the Swedish Museum of Natural History, Stockholm, and a Jeol T 3 3 0 at the Paleontological 
Institute, Uppsala. 

According to an unpublished analysis by I. V. POCHTASOVA, at the Paleontological Institute, Acad. Sci . U S S R , Moscow, the a m m o n o i d shells 
from this locality are composed of 9 5 - 9 9 % aragonite. Their aragonitic preservation might be explained by the chemical composit ions of the 
sideritic concretions in which they occur: 6 5 - 7 9 % ferrum carbonate, 9 - 1 5 % calcite, 1 1 - 1 5 % M g C o , and 1 - 8 % M n C O . 

T h e ammonoid fauna in the sideritic concretions consists almost entirely of two genera: Aconeceras and Deshayesites. 
Characteristically numerous embryonic ammonoid shells, representing animals killed before hatching (DOGUZHAEVA & K U L I C K I 1 9 8 7 ) , also 

occur in these concretions. T h e rest of the fauna is mainly composed of small gastropods and bivalves. Remains of teuthids, fishes, icthyosaurs, 
insects, and woody, plants also occur. It has been suggested that the accumulation of this fauna occurred in situ (DOGUZHAEVA et al. 1 9 9 0 ) . 

In addition to observations on the anatomy of Aconeceras, we also describe large ventro-lateral muscle-scars in three specimens of Quensted­
toceras sp., collected by H . M U T V E I from the clay pit of the former brick factory at Lukow, Poland, about 1 0 0 k m E S E of Warsaw. They are of 
Callovian age, and occur in calcareous concretions within a large erratic boulder. MAKOWSEI ( 1 9 5 2 ) has described a large molluscan fauna from 
these concretions. 

Description 

Aconeceras trautscholdi SINZOW 

Shell morphology 

At early growth stages, the shell is less involute than at later stages, and it has a rounded ventral side in cross-section 
(Text-fig. 1B). In the third whorl, the ventral side becomes narrower, and gradually forms a ventral serrate keel (Text-
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figs. 1B,2). The ornamentation consists of indistinct ribs (Text-figs. 1 A , 6 A , B ) . The length of the living chamber is 
abouth two-thirds of the last whorl at early growth stages, at a shell diameter of 10-12 mm (Text-figs, 3 D , E , F ) . Dur­
ing the succeeding growth stages, the length of the living chamber gradually decreases, attaining about one half of 
the length of the last whorl at a shell diameter of 27 -50 mm (Text-figs. 3 A , B , C ; 4). At early ontogenetic stages (at 
shell diameters of less than 6 mm) the extremely thin apertural margin already forms a distinct triangular lappet (1) 
on the mid-lateral side, and a prominent, acute, ventral rostrum (r) (Text-figs. 6 A , B; pi. 8, figs. 1,2). 
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The shell wall in Aconeceras is considerably modified. The shell wall proper consist of the same three layers which 
occur in most other ammonites: an outer and an inner prismatic layer, separated by a nacreous layer (opr, nac, ipr, 
Text-fig. 2 ) . Characteristic for Aconeceras, and probably also for Quenstedtoceras, are two thick additional layers, 
nacreous and inner prismatic, which invest the inner surface of the shell wall proper ventrally and ventro-laterally 
(nacl, ipl, Text-fig. 2 ; PL 1 ) . These two layers are often retained on the internal mold of the living chamber when the 
shell wall proper has been broken off (icl, PI. 2 , fig. 1 ) . They have the same distribution as the ventro-lateral muscle-
scars, and have therefore been secreted by the myo-adhesive eptithelium which covered the areas of origin of the 
ventro-lateral muscles. Another characteristic feature of Aconeceras is that the keel and the adjacent ventral side of 
the shell wall are covered from the outside by a spherulitic-prismatic layer (sphpr, Text-fig. 2 ; PI. 1 ) . This layer has 
been secreted by the mantle which probably extended over the shell surface, at least in the apertural region (m, Text-
fig. 9 ) . A detailed description of the shell structure in Aconeceras will be published in a forthcoming paper. 

Muscle-scars 

Previous studies. — C R I C K ( 1 8 9 8 ) published the first comprehensive study of the paired dorsal muscle-scars 
which he found preserved as imprints on the internal mould of the living chamber in numerous ammonoid taxa. 
J O N E S ( 1 9 6 1 ) found an unpaired ventral muscle-scar in Mesozoic ammonoids, in addition to the paired dorsal scars. 
JORDAN ( 1 9 6 8 ) described the areas of attachment for the muscles (muscle-scars) in numerous Mesozoic ammonoids. 
H e distinguished the following four types of attachment area: ( 1 ) the attachment areas for the paired dorsal muscles; 
( 2 ) the attachment area for the unpaired ventral muscle ("siphuncular structure"); ( 3 ) the annular elevation, which 
was an annular attachment area for the body epithelium in front of the last septum; ( 4 ) the lateral indentation ("Ein-
buchtung") with an adoral opening, JORDAN also revised the muscle-scars described by C R I C K ( 1 8 9 8 ) . In early 
ontogenetic stages of Quenstedtoceras (BANDEL 1 9 8 2 ) and Euboplites (LANDMAN & BANDEL 1 9 8 5 ) the dorsal muscle-scar 
is paired but then becomes unpaired. A n unpaired dorsal muscle-scar was also reported by WEITSCHAT ( 1 9 8 6 ) in Triassic 
ammonoids. DOGUZHAEVA & KABANOV ( 1 9 8 7 , 1 9 8 8 ) published short descriptions on the large ventro-lateral muscle-
scars in Aconeceras^ dealt with in this paper, and in Desbayesites. 

DOGUZHAEVA & M U T V E I (in preparation) observed various types of muscle-scars in fifteen ammonoid genera. 
SHARIKADZE et al. ( 1 9 8 8 ) described paired and unpaired dorsal muscle-scars, and unpaired ventral muscle-scars in about 
twenty genera. 

Preservation of the muscle scars in Aconeceras trautscholdi, — In this species, the following muscle-scars were 
found on the internal mould of the living chamber: ( l ) ventro-lateral; ( 2 ) dorsal; and ( 3 ) ventral. 

The paired ventro-lateral muscle-scars are preserved in about fifty specimens at different ontogenetic stages, cover­
ing the range of the shell diameter from 6 mm to 5 0 mm. These scars form a prominent, adaperturally-directed, lobe 
on each side of the living chamber, in front of the last suture-line. They can be recognized only because of the 
unusually favourable state of preservation of the Aconeceras shells at our disposal. The outline of the ventro-lateral 
muscle-scar is usually marked by a narrow and low rim of shell substance with nacreous lustre. This rim is a remnant 
of the nacreous and inner prismatic layers which originally covered the scar (lvms, PI. 2 , figs. 2 , 3 , 4 ; PI. 3 , figs. 1 , 2 ; 
PI. 4 , figs. 1 , 2 ; PI. 5 , fig. 1 ; PI. 6 , figs. 1 , 2 ) . In some cases, smaller or larger portions of these layers are still preserved 
on the surface of the muscle-scars. Occasionally, the entire surface of the ventro-lateral muscle-scars is covered by the 
nacreous and inner prismatic layers (lvms, Pi. 7 , fig. 3 ; PI. 8 , figs. 2 , 3 ) . Thus, the myo-adhesive epithelium at the areas 
of origin of the ventro-lateral muscles was able to secrete not only the myostracal layer, but also an additional inner 
nacreous layer. 

In sharp contrast to the ventro-lateral muscle-scars, the paired dorsal and the unpaired ventral muscle-scars are 
preserved only in a limited number of specimens, where they appear as imprints on the surface of the internal mold 
of the living chamber (vms, PI. 5 , figs. 3 , 4 ; PI. 6 , figs. 3 , 4 ; dms, Pi. 5 , fig. 2 ) . 

In other ammonoids, the dorsal and ventral muscle-scars are usually preserved as imprints, either of their entire 
surface or of their adapertural margin (JORDAN 1 9 6 8 ) . In some cases, these muscle-scars are distinguished by their dark 
colour, caused by pyritization. Preservation of the muscle-scars as imprints was also found in fossil nautiloids (MUTVEI 
1 9 5 7 ) . If preserved in a similar way, Aconeceras would only show the dorsal and ventral muscle-scars but not the ventro­
lateral scars, because In the latter scars the marginal rim of shell substance seldom leaves any marks on the internal 
mould of the living chamber. This is apparently the reason why the ventro-lateral muscle-scars have not previosly 
been discovered in ammonoids. 



sphpr/ 
Text-fig. 2. Aconeceras. Schematic cross-section of the ventral half of a shell whorl , to show the shell structure, icl, inner additional shell layers; 
ipr, inner prismatic layer; ip l , additional inner prismatic layer; nac, nacreous layer; nac l , additional nacreous layer; opr, outer prismatic layer; 
shw, shell wall proper; sphpr, spherulitic-prismatic layer. 

(1) Ventro-lateral muscle-scars at early ontogenetic stages 

At the earliest ontogenetic stage in our material of Aconeceras, the ventro-lateral muscle-scar is distinctly visible 
in a shell which measures only 6 mm in diameter and consists of about four whorls (lvms, PL 7, fig. 3). In this shell, 
the muscle-scar can be clearly distinguished because its entire surface is covered by the nacreous layer, whereas this 
layer is absent on the rest of the internal mould of the living chamber. The muscle-scar in question extends a con­
siderable distance forwards from the last suture line, and its distal end is broadly rounded. Similar ventro-lateral scars 
occur in an incompletely preserved shell at about the same ontogenetic stage (lvms, PL 8, figs. 2,3) . 
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At succeeding growth stages, represented by numerous shells with diameter ranging from 11 mm to 14 mm, the 
ventro-lateral muscle-scars have the same size and shape as at earlier stages. At this shell size, the living chamber 
occupies about two-thirds of the length of the whorl. The ventro-lateral muscle-scars extend from the last suture-line 
forwards to about two-fifths of the total length of the living chamber (Text-fig. 3D, E , F; PI. 2, figs. 2,3,4). On both 
sides of the living chamber, the scar has an identical shape and size. VentraUy, it extends to the mid-ventral keel; 
dorsally, it extends to the mid-lateral line or to somewhat below this line. The distal (adapertural) end of the ventro­
lateral scar is either broadly or more or less narrowly rounded. 

( 2 ) Ventro-lateral muscle-scars at later ontogenetic stages 

In our largest specimens, measuring 27 -48 mm in diameter, the living chamber decreases in length, attaining 
about one half of the total length of the whorl. The ventro-lateral muscle-scar extends from the last suture-line to 
about the middle length of the living chamber (Text-figs. 3 A , B , C ; 4). Ventrally, it does not usually reach the mid-
ventral keel, as in the juveniles, but a narrow interspace is left between the scar and the keel (lvms, PI. 3, figs. 1,2; 
PI. 4, figs. 1,2; Pi. 6, figs. 1,2). Dorsally, it usually extends to the mid-lateral line or somewhat higher. The distal end 
of the scar is broadly or more or less narrowly rounded (Text-figs. 3 A, B, C ; 4). In several specimens, it is subdivided 
into two minor lobes, the ventral of which usually extends further in the adapertural direction than in the dorsal 
one (lvr, Text-fig. 5B; lvms, PI. 3, figs. 1,2). Occasionally, the minor ventral lobe is separated from the rest of the 
ventro-lateral scar by a rim of shell substance (lvms Pi. 4, figs. 1,2; PI. 6, figs. 1,2). The sub-division of the distal end 
of the ventro-lateral scar into minor lobes indicates that the muscle which originates here was also sub-divided into 
two separate bundles. 

(3) Paired dorsal muscle-scars 

Dorsal muscle-scars were found only in two large shells of this species. Consequently, these scars are much less 
frequently preserved than the ventro-lateral muscle-scars. The reason for this cannot yet be satisfactorily explained 
The dorsal muscle-scars form shallow impressions on the internal mould of the living chamber at the umbilical 
shoulders, immediately in front of the last suture line. The scars are small, and their adapertural end has an irregular 
outline (dr, Text-fig. 5 B ; dms, PI. 5, fig. 2). 

( 4 ) Unpaired ventral muscle-scar 

Similarly, the ventral scars are rarely preserved in our material of Aconeceras: they were found in only three 
specimens. Each scar forms a slight impression on the internal mould of the living chamber at the mid-ventral keel 
(vr, Text-fig. 5 B; vms, Pi. 5, figs. 3,4; PI. 6, figs. 3 ,4) . In the three specimens under discussion, the distance between 
the scar (vms) and the last septal neck (sn) varies in length between one to three chambers. In two specimens the scar 
is round (vms, PI. 6, figs. 3,4), whereas in the third specimen it is somewhat elongate (vms, PI. 5, figs. 3,4). 

Quenstedtoceras sp. 

This genus belongs to a different superfamily, the Stephanocerataceae. Both Aconeceras and Quenstedtoceras have 
a discoidal shell shape. Furthermore, Aconeceras and one of the dimorphs of Quenstedtoceras have similarly shaped 
shell apertures possessing a rostrum and lateral lappets. However, they are distinctly different in shell ornamentation: 
Quenstedtoceras has prominent sigmoid ribs (PL 7, figs. 1,2), whereas the shell surface in Aconeceras is practically 
smooth. 

In three shells of Quenstedtoceras, the ventro-lateral muscle-scars are clearly visible on the internal mould of the 
living chamber. The surface of the muscle-scars can be distinguished because it is covered by a nacreous substance 
which follows the outline of the muscle-scar (lvms, PL 7, figs. 1,2). These scars seem to extend forwards to the mid-
length of the living chamber, in a similar manner as in Aconeceras. This indicates that the organization of the soft 
body was probably similar in Aconeceras and Quenstedtoceras. 
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Discussion 

Compar i sons with muscle-scars in other ammonoids 

As described above, Aconeceras has three different muscle-scars: dorsal, ventral, and ventro-lateral. The ventro­
lateral muscle-scars are also described for Quenstedtoceras. The dorsal scars have been previously reported to occur 
in Carboniferous goniatids and Mesozoic ammonitids and lytoceratids (CRICK 1898, JORDAN 1968, BANDEL 1982, L A N D ­
MAN & BANDEL 1985, SHARIKADZE et al. 1988). The ventral scar has been found in several Mesozoic ammonitids and 
lvtoceratids (CRICK. 1898, J O N E S 1961, JORDAN 1968, SHARIKADZE et al. 1988). The ventro-lateral scars have hitherto only 
been found in the three ammonitid genera, Aconeceras and Quenstedtoceras, reported here, and Kachpurites (oral com­
munication by I . SHUMILKTN). A fourth type of muscle-scars, the "lateral indentations", were described by JORDAN 
(1968) from several taxa of Mesozoic ammonitids and lytoceratids. The "lateral indentation" forms a lobe which is 
directed adapically, whereas the lobe formed by the ventro-lateral muscle-scar has the opposite orientation, being 
directed adaperturally. JORDAN compared the "lateral indentation" with the pallial sinus in sinupalliate bivalves. The 
relationship between our ventro-lateral scars and JORDAN'S "lateral indentations" still remains uncertain. 

Interpretation of the shell muscles in Aconeceras 

(1) Cephal ic retractors and hyponome in Nautilus 

Nautilus possesses a pair of powerful cephalic retractor muscles (shell muscles) which take their origin from the 
lateral and dorso-lateral sides of the living chamber, a short distance in front of the last septum (lr, Text-fig. 5 A) . They 
extend anteriorly to the capito-pedal cartilage to which they are attached, and form a muscular roof above the ventral 
mantle cavity. These muscles develop at an early embryonic stage inside the egg (unpublished information). M U T V E I 
(1964), M U T V E I & REYMENT (1971), PACKARD et al. (1980) and CHAMBERLAIN (1981,1987) pointed out that the cephalic 
retractors are primarily responsible for providing propulsive force during jet-propelled swimming. This occurs by 
means of contractions of the longitudinal fibres of these muscles. This causes the head to withdraw into the shell, 
pressurizes mantle cavity water, and forces it out through the hyponome. 

The hyponome (funnel) is formed by two muscular folds which emerge from the ventral side of the head region 
and overlap each other ventrally (h, Text-fig. 7 A , B ) . The hyponome has (1) a pair of thin retractor muscles, situated 
on the ventral side of the cephalic retractors; and (2) more powerful adductor muscles which extend vertically between 
the capito-pedal cartilage and the hyponome (WELLS 1988, funnel retractor and adductors, fig. 1 A) . Movements of the 
posterior wings of the hyponome creates the ventilatory flow across the gills (WELLS 1987, 1988). When swimming 
by jet-propulsion, the hyponomic muscles "act to control the shape and size of the funnel opening and thus contribute 
to the elevation of hydrostatic pressure and the velocity of the expelled water" (CHAMBERLATN 1987, p. 503). 

A s described by A R N O L D et al. (1987), the early embryonic shell of Nautilus, in addition to the lateral scars for 
cephalic retractors, also has an unpaired dorsal scar which represents attachment site for the pallio-visceral ligament 
(GRIFFIN 1900; A R N O L D et al. 1987, mda, Figs. 4 ,9 ,10) . This dorsal unpaired attachment-scar is also present in adult 
shells (x, Text-fig-5 A) . 

(2) Shell-muscles in Aconeceras 

Dorsal muscle-scars. — Aconeceras, as well as other ammonoids, both monomorphic and heteromorphic (CRICK 
1898, JORDAN 1968, BANDEL 1982, LANDMAN & BANDEL 1985, SHARIKADZE et al. 1988), have an unpaired or paired dorsal 

muscle-scars in front of the last septum in the living chamber (dr, Text-fig. 5B) . These scars were, in all probability, 
attachment areas for a pair o f dorsal muscles. To judge from the size of the dorsal scars, the dorsal muscles must have 
been comparatively small. As pointed out previously (MUTVEI 1964, M U T V E I & REYMENT 1972), they probably 
extended to the cephalic region along the dorsal wall of the living chamber (dr, Text-fig. 8 A , B ; see also DOGUZHAEVA 
& M U T V E I 1986a, m, Fig. 10A). If so, they did not have the same topographical relationship to the mantle cavity as 
the cephalic retractor muscles in Nautilus which form a muscular roof above the mantle cavity. The latter condition, 
together with their small size, makes it improbable that the dorsal muscles were used for jet propelled swimming. 
The function of the dorsal muscles is still unclear, but they could be used to draw the head into the living chamber 
and to attach the body to the shell wall. 
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dorsal 

Ventro-lateral muscle-scars. — The ventro-lateral muscles in Aconeceras were probably both the hyponome 
retractors and cephalic retractors (lvr, lr, Text-figs. 8 A , B). This interpretation is supported by the observation that 
in several specimens the muscle-scar is subdivided into two minor lobes, ventral and dorsal (lvr, Text-fig. 5B) . The 
cephalic retractor may have originated from the dorsal minor lobe and extended to the cephalic region, whereas the 
hyponome retractor may have originated from the ventral minor lobe and extended to the hyponome. If this was 
so, the muscle system in Aconeceras had a certain resemblance to that of recent coleoids in having a powerful 
hyponome retractor in addition to the cephalic retractor. In Nautilus the hyponome retractor is weakly developed. 

It is possible that jet-powered swimming in Aconeceras was accomplished by the contractions of hyponome and 
cephalic retractors. In this case, the swimming mechanism was different from that in Nautilus in which propulsion 
force is generated primarily by contractions of cephalic retractors. Aconeceras has a oxycone shell shape which is 
somewhat more streamlined than that of Nautilus (CHAMBERLAIN 1 9 8 1 ) . This means that Aconeceras could have been 
a more efficient swimmer than Nautilus, but, as pointed out by CHAMBERLAIN ( 1 9 8 7 ) , the most streamlined of the 
ectocochleate cephalopods, including Aconeceras, were considerably less efficient swimmers than the fast swimmers 
among coleoid cephalopods and fishes. 

Alternative explanations of the function of the muscle system in Aconeceras are: (1) the hyponome retractors 
originated from the entire ventro-lateral muscle-scar, and the cephalic retractors corresponded solely to the com­
paratively weak muscles which originated from the dorsal muscle-scars; or (2) the hyponome retractors originated 
from the minor ventral lobe, and the muscles which originated from the dorsal minor lobe extended to aptychus and 
functioned in connection with feeding. The latter alternative is here considered as less probable. 
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Text-fig. 6 . Schematic presentation of the shell in lateral and apertural views, to show the differences in the shape of the shell aperture between 
Aconeceras (A, B) and Nautilus ( C , D ) . - hs, hyponomic sinus; 1, lateral lappet; os, ocular sinus; r, rostrum. 



- 28 -



Text-fig. 8 . Aconeceras. A: reconstruction of the hyponome retractor (lvr), cephalic retractor (Ir), dorsal muscle (dr), ventral muscle (vr) and 
cephalic region of the body; according to this reconstruction, the head and hyponome (h) extended further out from the shell aperture than 
those in Nautilus (compare with Fig . 7 ) ; note that the hyponome (h) in Aconeceras was large and supported by the rostrum (r), and that the mantle 
(m) extended in the apertural region over the shell surface; apt, aptychus B: cross-section of the shell with the hyponome retractors, cephalic 
retractors, dorsal muscles (lvr, lr, dr) and extended mantle (m). 



Text-fig. 9. Aconeceras. A , B: reconstructions of the shell and cephalic region of the body in lateral and ventral views; note that the head extended 
far from the shell aperture, the hyponome (h) was large and supported by the prominent rostrum (r), and the mantle (m) extended on the shell 
surface. 
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Ventral muscle-scar. — The ventral muscle-scar is unpaired and situated at a distance of about one to three 
chamber lengths in front of the last suture line (vr, Text-figs. 5 B, 8 B). This scar was either the area of origin for a ventral 
muscle or for a ventral ligament. It is reasonable to conclude that this muscle or ligament was used to maintain the 
shape and position of the circumsiphonal invagination in the posterior end of the body (see e. g. DOGUZHAEVA & 
MUTVEI 1986b, ep. inv, Text-fig. 8A) during the growth and forward progression of the body in the living chamber. 
As demonstrated by DRUSCHITS & DOGUZHAEVA (1974), KULICKI (1979), WESTERMANN (1982), and DOGUZHAEVA (1988) 
the length of the primary membrane of the connecting ring, found occasionally in the living chamber corresponds 
to the length of one to two chambers. The length of this membrane indicates the depth of the circumsiphonal 
invagination. Consequently, if the unpaired ventral muscle or ligament had a functional relationship to the circum­
siphonal invagination, one would expect its position to have been as in Aconeceras. 

Shell aperture in Nautilus and Aconeceras 

The shell aperture in Aconeceras is similar to that in several genera of Mesozoic Ammonitina. During the main 
ontogenetic stages, when the shell increased from 10 mm to 50 m m in diameter, the ventral side of the aperture formed 
a sharply pointed, prominent rostrum, and each lateral side formed a distinct triangular lappet (r, 1, Text-fig. 6 A, B ) . 

The shape of the shell aperture is completely different in recent Nautilus. Instead of the ventral rostrum and the 
lateral lappet, the shell aperture in Nautilus has a distinct ventral hyponomic sinus and a lateral ocular sinus, respec­
tively (hs, os, Text-figs. 7 A, B ) . Also among fossil nautiloid cephalopods, many show distinct hyponomic and ocular 
sinuses. In only a limited number of taxa are these sinuses so weakly developed that they cannot be clearly 
distinguished. N o fossil nautiloid has a ventral rostrum. In several groups of fossil nautiloids (e. g. lituitids, gom-
phocerids) a more or less prominent lateral lappet is formed on one or both sides of the ocular sinus. 

In recent coleoid cephalopods, the outer shell is reduced, but the mantle margin, immediately posterior to the 
head, has the same shape as the shell margin in Nautilus and in fossil "nautiloids": the hyponomic and ocular sinuses 
are more or less distinctly developed. 

To summarize, the apertural margins in several Mesozoic ammonoids does not possess hyponomic and ocular 
sinuses. Therefore, they differ significally from the apertural margin in Nautilus and fossil nautiloids, and from the 
mantle margin in living coleoids. In Nautilus, the cephalic region of the body always extends from the shell aperture 
to some extent whenever the animal is at rest or swimming. The anterior portion of the hyponome projects freely 
and can be turned in any directions to enable the animal to manoeuver (h, Text-fig. 7 A , B ; see also PACKARD et al. 1980, 
fig. 3). The bending movements of the funnel are facilitated by the hyponomic sinus at the shell aperture. With the 
aid of ocular sinuses, the eyes also remain exposed when the head is retracted into the shell during each pulse of the 
jet (e, Text-fig. 7A) . 

In coleoid cephalopods, the hyponome and ocular sinuses at the mantle edge have the same function as the 
sinuses at the shell margin in Nautilus. 

H y p o n o m e and eyes in Aconeceras and Quenstedtoceras 

The eyes and hyponome in Aconeceras must have had a different configuration relative to the apertural margin 
than that which occurs in Nautilus and fossil nautiloids, because the hyponomic and ocular, sinuses at the shell aper­
ture are absent. The logical explanation of this difference is that the cephalic region in the majority of ammonoids, 
exemplified here by Aconeceras and Quenstedtoceras, was considerably more extended from the shell aperture. In which 
case, the eyes and the anterior portion of the hyponome were situated some distance in front of the shell margin, 
and there was therefore no need for hyponomic and ocular sinuses (Text-fig. 9 A , B ) . 

As described above, the large ventro-lateral muscle-scars in Aconeceras and Quenstedtoceras indicate the existence 
of powerful hyponome retractor muscles. In squids and octopods also, the hyponome retractors are much more power­
ful than those in Nautilus (WELLS 1988, figs. 1 B , C ; 3 A , B , C ) . In Aconeceras and Quenstedtoceras, a prominent rostrum 
at the shell aperture could have functioned to support the large muscular hyponome (r, h, Text-fig. 9 B ; see also 
HENGSBACH 1978, WESTERMANN 1989) 
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Explanation of Plates 

Plate 1 

Aconeceras trautsckoldi SLNZOW 

Cross-section of the ventral port ion of a whorl , icl, inner additional 
shell layers; ipl , additional inner prismatic layer; nacl , additional inner 
nacreous layer; shw, shell wall proper; sphpr, external spherulitic-
prismatic layer. 

Plate 2 

Aconeceras trautsckoldi SINZOW 

Fig . 1. Surface of a juvenile shell; the shell wall proper is broken off to 
expose the inner additional shell layers (icl) which have the same exten­
sion as the ventro-lateral muscle-scars (compare figs. 2, 3, 4). x 5 . 
Figs. 2, 3, 4. Internal mould of the living chamber in three juvenile 
shells, to show the outline of the ventro-lateral muscle-scar (Ivms). 
XlO. 

Plate 3 

Aconeceras trautsckoldi SINZOW 

Figs. 1, 2. Shape and extension of the ventro-lateral muscle-scar (lvms) 
on the internal mould of the living chamber in two adult shells, Fig. 
1: X4 .5; fig. 2: X 3 . 

Plate 4 

Aconeceras trautsckoldi SINZOW 

Figs. 1, 2. Right and left side of the internal mold of a living chamber, 
to show similarities in the shape and size of the ventro-lateral m u s c l e 
scars (lvms) on both sides. x 5 . 

P l a t e 5 

Aconeceras trautsckoldi SINZOW 

Fig. 1. Left side of the internal mold of a living chamber, to show the 
ventro-lateral muscle-scar (lvms). X 4 . 

Fig . 2. Dorsal muscle-scar (dms) in the same shell in front of the last 
septum (s). X16 . 
Fig. 3. Ventral muscle-scar (vms) in the same shell, at a distance in front 
of the last septal neck (sn). X10 . 
Fig. 4. Detail of the latter muscle-scar (vms). x 3 0 . 

Plate 6 

Aconeceras trautsckoldi SINZOW 

Figs. 1,2. Right and left side of the internal mould of a living chamber, 
to show similarly sized and shaped ventro-lateral muscle-scars (lvms) on 
both sides; s, the last septum. X 6 . 
Fig . 3. Ventral muscle-scar (vms) in the same shell, at a distance in front 
of the last septal neck (sn). X10 . 
Fig. 4. Detail of the latter muscle-scar (vms). X 3 0 . 

Plate 7 

Quenstedtoceras sp. 

Figs. 1, 2. Two shells, to show the ventro-lateral muscle-scar (lvms), 
covered by the nacre, o n the internal mould of the living chamber. F ig . 
1: x 3 ; fig. 2 : X 6 . 

Aconeceras trautsckoldi SINZOW 

Fig . 3. A juvenile shell, to show the ventro-lateral muscle-scar (lvms), 
covered by the nacre, o n the internal mould of the living chamber. X18 . 

Plate 8 

Aconeceras trautsckoldi SINZOW 

Fig . 1. Juvenile shell in lateral view, to show the shape of the shell aper­
ture (ap); an aptychus (apt) in natural posit ion is visible through the 
transparent wall of the living chamber. x l O . 
Figs . 2 , 3. Internal mould of the living chamber in a juvenile shell, to 
show similarly sized and shaped ventro-lateral muscle-scars (lvms) on 
both sides of the living chamber; these scars are covered by the nacre; 
s, last septum. X 2 0 . 



Rfaeontographica Abt. A Bd. 218, Tafel 5 DOGUZHAEVA & MUTVEI , P l a t e 1 

L . D o g u z h a e v a and H . M u t v e i : Soft body in Aconeceras (Ammonit ina) . 
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L . D o g u z h a e v a and H . M u t v e i : Soft body in Aconeceras (Ammonit ina) . 
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L . D o g u z h a e v a and H . M u t v e i : Soft body in Aconeceras (Ammonitina). 


