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Aptychi are calcitic coverings on the outer surface of organic ammonite lower jaws. They are similar in 
shape to that of the corresponding ammonite apertures. This observation and additional features of many 
aptychi are in harmony with their former interpretation as protective opercula. We suggest that they 
served as opercula in addition to functioning as jaws. The primary function of the lower jaws was thus 
secondarily extended to that of protective shields when they acquired their calcitic covering, while as 
lower jaws their importance dwindled to that of a more passive abutment. Phylogenetically, this seems 
to have started slowly in some anaptychi and became obvious with the first aptychi. OAmmonites, 
aptychus, operculum, jaw apparatus, evolution, function. 
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The centuries-old discussion about the function 
of anaptychi and aptychi entered a new phase 
when Lehmann (1970) demonstrated the anap- 
tychi of Psiloceras, Pleuroceras and Arnioceras 
to have been lower jaws. Soon afterwards, the 
aptychi were also interpreted as jaws (Kaiser & 
Lehmann 1971; Lehmann 1972). Aptychi of the 
genera Harpoceras (Eleganticeras), Hildoceras, 
Normannites, Physodoceras and Scaphites were 
shown in close connection with upper jaws and in 
some cases with radula and crop, testifying to 
their former function as lower jaws (Fig. 1). These 
interpretatioqs were extrapolated to be valid for 
aptychi and anaptychi in general and soon found 
approval among ammonitologists. In conse- 
quence, the former interpretation as opercula 
was considered as improbable. 

Previous interpretations 
According to the most popular and almost uni- 
versally accepted opinion, which was based 
mainly on the authority of Trauth (numerous 
papers, 1927-1938), both anaptychi and aptychi 
functioned as opercula. In the majority of cases 
the position of aptychi, when found within the 
%ody chamber of an ammonite, is in the front 
third of the body chamber; Trauth called this the 
‘normal position’, assuming that it had been their 

normal position in life also, where they had been 
embedded in a ventral mantle fold. From this 
position, Trauth thought, they could be tilted 
forward like a visor, when the animal withdrew 
into its body chamber. 

Trauth’s main arguments for this interpretation 
were: (1) the close correspondence between the 
size and shape of both body chamber and aptychi; 
(2) the presence of well-defined sculpturing at the 
convex outer side of many aptychi which seemed 
hard to reconcile with an interpretation as part of 
any other body organ, and (3) discoveries of 
ammonite shells with aptychi sealing off the very 
aperture in a fairly close fit. 

Schindewolf (1958) had also advocated the 
opercular function of aptychi, but in a different 
way. In a comprehensive study, he demonstrated 
that the position in a ventral mantle fold was 
extremely unlikely, especially since the mantle 
secretes aragonitic shell material, whereas the 
aptychi are calcitic. He concluded that the aptychi 
originated at the dorsal side of the animal and 
were homologous to the fleshy hood of Recent 
Nautilus and to the calcitic brood chamber of 
Argonauta, which are .both secreted by the ten- 
tacles. This idea had already been ventilated by 
Trauth but rejected, because it was inconsistent 
with the frequent ‘normal position’ of aptychi. 
Schindewolf‘s opinion was based mainly on a 
specimen of the genus Physodoceras with its 
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Fig. 1.  Cross-sections of apertures and corresponding aptychi 
and anaptychi. The organic sublayer of the lower jaws is indi- 
cated in dotted lines (from Kaiser & Lehmann 1971, with 
additions). 

aptychus in an apertural position. The aptychi of 
this genus, called Laevaptychi by Trauth (1938), 
are very thick and fit well into the aperture 
of the ammonite shell. Although Morton (1981) 
demonstrated this position to be caused by post- 
mortem processes, the close fit remained an 
enigma, unless a double function of the aptychi 
as jaws and opercula was taken into consider- 
ation, as first considered ‘possible’ by Kaiser & 
Lehmann (1971), Kennedy & Cobban (1976), and 
‘unquestionable’ by Kulicki et al. (1988) and Dzik 
(1981, 1986). In Dzik‘s opinion, anaptychi and 
aptychi first functioned as opercula and only sec- 
ondarily and later in phylogeny as jaws. We try 
to demonstrate that at first jaws of the type normal 
to Recent dibranchiate cephalopods developed; 
only secondarily was the aptychus-covered type 
of lower jaw used as protective operculum. 

New considerations 
What is double function? 
The jaw function of aptychi (and anaptychi) can 
now be considered as established. A double func- 
tion would mean functioning as jaws and 
opercula. The jaw apparati of Recent dibranchi- 
ate cephalopods, which are homologous to those 
of ammonites, consist of organic material (‘con- 
chiolin’) only. The underside of their lower jaws 
is free of muscles, as was also demonstrated by 
their lack of beccublasts by Dilly & Nixon (1976). 
Since aptychi are calcareous coverings on the 
outer surface of their respective organic lower 
jaws and thus deposited at the very places where 
no muscular tissue is observed with the hom- 
ologous jaw elements of Recent dibranchiates, it 
can safely be assumed also that they were not 
covered by muscular tissue. That made them 
rather unattractive for enemies, the more so, if 
they were fortified by ribs, knobs or other sculp- 
turing elements. Tanabe & Fukuda (1983) 
described beccublast impressions on the upper 
jaws of Gaudryceras sp. from upper Santonian 
rocks of Hokkaido, Japan. 

A double function would not be possible if 
aptychi were opercula similar to the hood of 
Nautilus (as has been assumed by Schindewolf 
1958), for obvious reasons, because a dorsally 
located plate cannot possibly be changed into two 
jaws within the head region. But for a large lower 
jaw of the ammonoid type, an additional opercu- 
lar function is anatomically possible (Fig. 2). 
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Fig. 2. Tentative reconstruction of soft part anatomy of a Jurassic ammonite with aptychi. A-C Sagittal section. 0 A. Normal 
swimming position, arms extended, jaws in a biting position. Abbreviations: a = arms, bm = buccal mass, f = funnel, ga = stomach, 
gi = gills, I j  = lower jaw, ra = radula, rm = retractor muscle, uj  = upper jaw. 0 B. Sketch of an intermediate stage, position of 
aptychus not yet changed, but arms and funnel partly redrawn. 0 C. Arms redrawn completely behind and below the aptychus, 
aptychus tilted to a nearly vertical position to serve as a protective operculum. D-F Oral view. 0 D. Normal swimming position 
with extended arms. Shape and number of arms conjectural. 0 E. Arms partly redrawn, aptychus not yet unfolded and tilted, 
kept in positiod by buccal and visceral masses. 0 F. Aperture closed by aptychus (operculum), arms completely redrawn behind 
and below the aptychus, aptychus unfolded, its organic parts touch the walls of the living chamber, at the base a free space is left 
for the funnel. (From Lehmann 1990. with permission by Enke-Verlag.) 
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Arguments for opercular function 
of aptychi 
1. Shape 
The strongest argument for an actual function of 
aptychi as opercula is their shape. Their outline 
in many cases fits rather well into the aperture of 
their respective ammonites. Consideration has to 
be given to the fact that the size of the complete 
lower jaw surpassed that of the aptychi, the latter 
measuring only 3 14 to 415 of the length and width 
of their organic sublayer. This sublayer thinned 
out marginally and became extremely elastic 
(Kaiser & Lehmann 1971; Lehmann 1972, 1981 
and unpublished data). The rigid central part of 
the lower jaw was made flexible along its midline 
by the joint between the two aptychi. Thus the 
whole structure could adapt to the space dispos- 
able within the living chamber and could easily 
be pushed forward and pulled back again at will. 
In its rear part, the midline joint between the jaw 
valves forms an indentation, similar to that of the 
Nautilus hood, allowing space for the funnel and 
for water to enter the mantle cavity for breathing. 

Ontogenetically, the height : width ratio of the 
aperture and of the pairs of aptychi remains 
subequal in sphaerocone and serpenticone 
ammonites, whereas it rises considerably in oxy- 
cones. For example, it rises from 0.46 to 0.63 in 
the sphaerocone genus Aspidoceras, but from 
0.45 to 1.3 in the oxycone subgenus Harpoceras 
(Eleganticeras). This feature is apparent wherever 
comparisons can be made. The shape of aptychi 
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remains similar to that of their respective aper- 
tures - not in every detail, but with great con- 
stancy throughout their ontogeny. The length of 
the aptychi tends to be more or less equal to that 
of the corresponding aperture, whereas the width 
may surpass that of the aperture to some extent 
(Table 1). 

In two respects, the shape of aptychi does not 
harmonize well with the corresponding apertures: 
(1) The front part of the aptychi is more or less 
straight and not adjusted to the dorsal part of the 
aperture with the protruding ventral portion of 
the previous whorl. This is in agreement, though, 
with the primary function of the aptychi as lower 
jaws. (2) In some cases the width of the pair 
of aptychi surpasses that of the aperture. The 
difference is even greater if it is considered that 
the organic sublayer of the lower jaw extends 
significantly beyond the dorsal and posterior mar- 
gins of the calcareous aptychus. This does not 
prevent an opercular function, but makes it rather 
more probable, because in this way the two cal- 
careous valves need not be stretched out com- 
pletely to 180" for the aperture to be closed - 
which would not be possible anyway owing to the 
keel-like structure of their joint. An angle of 90" 
between them would be sufficient. Besides, the 
elastic organic material at the margins thins out 
and adapts easily to the apertural part of the 
ammonoid shell. 

2. Size 
The size of aptychi (= lower jaws) surpasses that 

Table 1.  Measurements of specimens with aptychi in situ within the living chamber. These measurements are very coarse and 
cannot be exact, because the 'width of the aperture' is measured a little in front of the actual position of the aptychi; it  may have 
been greater than assumed. The proportion length/width is probably correct, however. 

Pair of aptychi Aperture 

Specimen Length Width Length (height) Width 

Arnioceras aff. bodleyi 
(lower Lias) (anaptychus) 14 14 15 

Euaspidoceras subbabeanum 
(upper Callovian) 

Scaphites cheyennemis 
(Cretaceous) 

Baculites knorrianus 
(Campanian) 

(middle Jurassic) 
Parkinsonia parkimoni 

30 50 30 28 

29 30 30 30 

45 48 61 28 

12 25 14 18 
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of their respective upper jaws. This is obvious 
in comparison with the jaw apparati of Recent 
coleoids and also of Recent Nautilus, where the 
upper jaws are larger or subequal in length, com- 
pared with the lower jaws, in good corre- 
spondence with their sole function as jaws. The 
length of aptychi and anaptychi relative to their 
upper jaws increases towards a maximum in 
aptychi of the genera Harpoceras, Hildoceras and 
Scaphites. The relative length of the lower jaw in 
Recent coleoids like Loligo is 50% that of the 
upper jaw, in Nautilus loo%, in ammonites with 
anaptychi like Arnioceras and Psiloceras it is 
150%, and in ammonites with aptychi it is up 
to 200% that of the upper jaw (Fig. 3) .  This 
elongation is not necessary for the function as 
lower jaw, but it corresponds well with the onto- 
genetic and phylogenetic elongation of the aper- 
ture. In early ontogenetic stages even oxyconic 
ammonites have rather wide apertures and wide 
aptychi too. Thus the shapes of apertures and of 
aptychi develop isometrically, corresponding to 
each other throughout their whole ontogeny. 
There can hardly be any other reason than to fit 
into the aperture as closely as possible all through 
life - as a protecting operculum. 

0 

x 

0 

0 

Normmn Elegant 
Scalar Parkins Mild. 

5CaPh. 

Fig. 3. Relative length of lower jaws (expressed as percentage 
of the corresponding upper jaws). Closed circles: jaws of Recenc 
cephalopods. Crosses: anaptychi. Open circles: aptychi. (Data 
from Lehmann 1981; Todar. = Todarodes, Dactyl. = Dactyli- 
oceras, Olenek. = Olenekites, Gaudric. = Gaudriceras, 
Psiloc. = Psiloceras, Arnioc. = Arnioceras, Normann. = Nor- 
mannites, Scalar. = Scalarites, Parkins. = Parkinsonia, Ele 
gant. = Eleganticeras, Hild. = Hildoceras, Scaph. = Scaphires). 
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3 .  Sculpture 
As considered by previous authors, especially 
Holder (1951:178), the sculpture of the aptychi 
(ribs, pustules and even thorns) may well serve 
this protective function. But it is not really under- 
standable in the jaw function of aptychi. Only the 
double function of the aptychi as a more or less 
passive part of the jaw apparatus and as protective 
operculum seems to explain this enigma. 

4. Double function 
The jaw function of the aptychi and anaptychi is 
quite independent of the apertural shape. It took 
very strong and rarely observed evidence to prove 
it convincingly. What was first? In our opinion 
the jaw function was first and prevailed through- 
out the Palaeozoic and Mesozoic, when only 
anaptychi existed. The length ratio of lower and 
upper jaws in jaw apparati with anaptychi seems 
to have increased slowly, possibly pointing to a 
tendency towards additional use of the lower jaw 
as a protective device. 

Aptychi proper first appeared in the lower Jur- 
assic, and with them, the opercular function seems 
to have gained in relative importance. What made 
ammonites deposit calcite on their lower jaws 
may be an open question. At any rate, they lived 
successfully with it for another one hundred mil- 
lion years. 

If aptychi of ammonoids thus served primarily 
as jaws and secondarily, with increasing import- 
ance and effectiveness, as opercula, there was no 
need for an extra operculum like the hood of 
Nautilus, as claimed by Closs (1967) and Ban- 
del (1988) - although even that cznnot entirely 
be precluded, considering the multiformity of 
ammonoids as a whole. 

5. Anatomical considerations 
In Recent cephalopods, the jaw apparatus forms 
part of the muscular buccal mass, so the jaws can 
move only in connection with that system. The 
buccal mass of coleoids is fairly mobile as far as 
lateral rotation is concerned, but movements in a 
sagittal plane (around the transverse axis) are 
very limited (v. Boletzky, in litt.). In ammonites, 
the cephalic complex was attached to the retractor 
muscle, probably via a cartilaginous head capsule, 
as in modern coleoids. The association of the 
beaks with the principal mandibular muscles of 
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Recent Octopus vulgaris was shown by Boyle et 
aI. (1979: fig. 8). 

The jaw movements of ammonites were prob- 
ably achieved by a muscular system similar to that 
of Recent cephalopods, but when the head was 
retreated, it may have been tilted in a sagittal 
plane due to a dorsal attachment of the retractor 
muscle. 

An important difference between ammonites 
and Recent coleoids existed in the relative size of 
outer and inner lamella of the lower jaw: In 
Recent Octopus, the inner lamella is large and 
extends far backwards, whereas in ammonites it 
forms a short brim only; the outer lamella is 
extremely long in ammonites, much longer than 
in Vampyroteuthis. Consequently, the lower jaw 
was probably rather immobile in the biting cycle, 
most or all of the biting movement being achieved 
by the upper jaw. 

What made movements of the buccal mass in a 
sagittal plane possible in ammonites - the kind of 
movement not observed in Recent cephalopods 
including Nautilus? Possibly, the insertion of the 
retractor muscle at the cephalic complex was 
located so that retraction of the head resulted 
almost automatically in rotation of the cephalic 
complex around the transverse axis and in expo- 
sition of the lower jaw shield. This rotation 
around the transverse axis seems probable, con- 
sidering the well-known existence and position of 
the retractor muscle - it may have exposed the 
lower jaw as an operculum even if the buccal mass 
rotated for not more than 4.5". 

We have no clues as to what happened to the 
arms nor even what they looked like. Judging 
from Recent cephalopods, the backward rotation 
of the cephalic complex with the buccal mass must 
have been preceded by a counter movement, by 
which the arms and the funnel were pulled back 
behind this protruded ventral part of the buccal 
mass. A partial dorsal rotation of the buccal mass 
would thus have been preceded by a retraction of 
the arm-funnel complex in the opposite, ventral 
direction, resulting in good fitting of the lower 
jaw operculum with the outer shell. If the arms 
were contracted or bent rearwards in this way, 
they may have contributed to the dorsal rotation 
of the buccal mass. For this movement it is impor- 
tant that in Loligo and other Recent coleoids the 
circle of arms is not completely grown together 
dorsally in its primary state. In embryological 
evolution, the dorsal coalescence takes place rela- 
tively late (v. Boletzky & v. Boletzky 1973). 

Therefore it can easily be imagined that, onto- 
genetically, ammonites remained at a relatively 
primitive morphogenetic stage, which in coleoids 
and Nautilus was passed as an early intermediate 
stage and in which the arms formed a horseshoe- 
like bow around the mouth from the ventral side. 
In Nautilus, the dorsal coalescence of the arms is 
extremely differentiated by the fact that the hood 
is formed by the bases of the dorsal cirri. A 
hood of this type is simply incompatible with an 
ammonite operculum. These convincing con- 
siderations were kindly suggested as a possibility 
by S. v. Boletzky (in litt.). 

An alternative movement of the arms, in a 
dorsal direction, parallel to the buccal mass, was 
at first considered more probable by the authors, 
but it seems less so in comparison with the mor- 
phogenetic evolution of arms in Recent cepha- 
lopods. 

The muscular system within the buccal mass 
even of Recent cephalopods is not yet completely 
understood in its function. About the muscular 
systems of ammonites we know only of the exist- 
ence of the retractor muscle from its insertion 
area in the dorsal corner of the living chamber, 
but nothing else. Therefore this reconstruction 
of muscular effects in connection with the head 
complex and the jaw apparati cannot be more 
than an attempt at reconciling conclusions drawn 
from the morphology of shells and jaws with what 
is known about the soft part anatomy of Recent 
cephalopods. 

In Recent Nautilus, the head and retractor 
muscles help considerably to increase swimming 
velocity. They are involved in the contraction 
mechanism of the mantle cavity. The retractor 
muscles of ammonites were much weaker, and if 
they did work in a similar way, their effect must 
necessarily have been weak. Aptychi as resistant 
plates may possibly have intensified their effect, 
as another benefit to their bearers, Westermann 
(1987) even imagined that they may have acted 
like a hinged louvre fan, producing a strong water 
current for the hyponome, somewhat similar, but 
more effective than the pumping mechanism exer- 
cised by the cephalic mass of Nautilus. That 
sounds rather hypothetical, though. 

Evolutionary aspects 
As was shown by Lehmann (1990, in press), the 
evolution of ammonoids is characterized by 
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increasing acceleration. The ammonites of Jur- 
assic and Cretaceous time demonstrate this by 
specializations of their own: the complication of 
their suture lines and of the organic lining and 
subdivision of their air chambers reached an 
extent far beyond that of earlier forms; sexual 
dimorphism became obvious and reached 
extreme proportions; aptychi developed almost 
in parallel to dimorphism and to a similar extent, 
growing on the lower jaws like foreign bodies. 
Parallel with their growth, the length of the cor- 
responding lower jaws increases far beyond func- 
tional need. Aptychi thus symbolize a strange 
peak of specialization. 

Seen ecologically, the occlusion of the aperture 
by opercular plates may provide passive defence 
all through the life of its bearer - possibly a last 
and final, though futile strategy for overcoming 
danger from the increasingly quick and voracious 
fish crowd. 
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