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Lising the ides of o benthic mode of Efc for amsonies, bassd on a pastroped-like shell pasilion, it is
purssihle 10 geconstruct the developmenit of all Bslepomiepd smmosiies by segaedi=g single grouth stapes
and ik presumable adting forece. The reeansinsciion of shell formatson, partcularly ike Tinal shell
pasilion af Relgromiaphs wath & hook, isdicates thal the soft Ty of the ammorie animal was
considerahly Lisger than comparison with the present-lay Nasifus wecdd suppesd,
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The undeestincding of heteromorph ammonites
15 subject 1o great diffieultics. Particulurly 25,
Ltheee-dimensionally decoiled lorms, o function of
the shell other than the generally assumed protee-
tve funciion of shell-bearing molluses cannet be
recognized, Heteromorph ammoniles used Lo be
regarded as wypicnl final members of the am-
monite phylogeny immedianely preceding the ulti-
mate decline because of their endeincy 1o lose the
planispiral shell form, Tilis view has changed
owing 1o the investigations of Wicdmann ( 1965)
and Dictl {1978 Mow heleromoerphs are consid-
eredl as entirely vitul, vet specialized members of
the ammonitic Monal spectrum  Lthat were not
condemned 10 become extinet solely because of
their strange shell Torms.

In mamy ises, the deviations [rom normally
codled ammonites are rather small. Many lorms
that aee ascoiled in the juvenile stage return to
the nommal spieal doring the following ontoge-
netic development, Wiedmann [(196%) has shown
i corresponding phylogenctic trend. On the other
hund, heteromorphs such as Macroscaphites de-
velop lrom initielly normally coiled forms. This
specitl development may serve as an indication
that the differences in the mode of life between
normilly ¢odled and Dbeweromorph  ammonites
were rather small oF ol even present.

In a previons paper (Ebel 1983) the author
presenied an explanation of shell form based on
the assumption that ammoniles had 2 benthic
mode of life and carnied ther shell in o gas-
tropod-like [ushion. Thal paper considered some
planispical heteromorph amitonites. This paper

atrs 1o show that the same ides can be applied to
all hereromorph ammeonites. Many of these [orms
arc pariicularly interesting becavse they allow
obscrvations that can hirdly be made in normally
coiled Torms, Conclusions dernved from such ob-
servitllions are, however. applicable also 1o nor-
mally coiled forms.

Previous work and assumptions

Two of the author's previous articles dealt watk
the swimming abilitics of ammonites. The first
paper ( Ebel 1983} presenied results of caloulations
concerning the ratio of wesght Lo buoyancy (den-
sity) of some oxyeone, planulite and serpenticone
ammoniies from the Middle and Upper Jurassic.
Tlese forms were [ound to be negatively buoyant.
Saunders and Shapiro (1986) and Westermann
[ 1989 questioned the vilidity of the densitics used
i 1he calculations. The results, however, are cor-
rect because the Metor reducing seawaler Lo fresh-
witter also has been applicd to the densities of shell
and soi body. In the second paper { Ebel 1990} the
swimmming abilities of some Liassic ammoniles
with regard to buoyancy, apertural orientaticons,
thrust direction and slubility were investigated,
These calculations. us well us previous wnpub-
lished results, have shown that normally coiled
ammonaids would have needed a body chambser
length of less than roughly 1807 to meet all
requirements, much like the present-day Nawtifus,
Since ammaonites exhibit body chambers mnging
feorn bess than 1807 10 more than 3007, regiardbess
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of the demands made by a swimming shelled
gephalopod, the author has become convineed
that smmonites cannat have been swimmers,

Cenerally, palpcontologists assunee that ame-
monites had @ swimming or floating mode of life
and, therefore, were neuirally buoyani. [nvesli-
pations regurding the hydrostatic properties of
Palacoroic ammonoids by Saunders and Shapiro
{19863 and Swan and Saunders { [987) also arc
bissed oo e assumption of neutral buoyiney.
The computer program vsed by these authors 1o
caleulate the apertueal onentation, stability and
the body chamber length a1 which neutral buoy-
ancy s reached 15 restncted 19 circular cross-
sections. Concerming the sccuricy of caleulated
results they regurd a devialion of +=10% be-
tween caleulated and observed body chamber
length as tolerable, This error margin, however,
appeiars oo lurge to prove o swimining or fooat-
ing moade of lile, which these auwthors did not
intend. So lar, the supporters of swimming or
Moating ammoncids have nol been able 1o
provide proof that ammonites were seluslly ncu-
trally buoyant,

For the reasons mentioned above, a new ap-
proach to the problem of the maode of life of
ammoniles has been atlempled, assummng 1hie
ammoniles were purely benthic animals ( Ebel
4853, In thar paper, as a result of balunce con-
ciderations, several reles were established.
|, Considerable cxcess weighl (weight  minus
buovieney) leads 1o normally coiled forms.

?, Decreasing exeess weight resulis in loosely
cailed forms.

1. QOrthocone shells with obliquee simple ribs de-
velop in 1he special case when the moments of
weight and buovancy just meutralise each other,
with e weight remaining slightly greater 1han
the buoyancy and o downward pull not being
required.

4. The condition of weight equal 10 buayancy
leads to a temporary inversion of the spiraliea-
tion i it oceurs in oan initinlly normally coled
slsell,

The kst statement has to be modified shghily
in 5o Tar a% newtenl equilibrium is nol necessury
in any case. To miliate an nveesion of the spi-
ralization il is sufficient for Lthe erecling momeani
{Morce muliplicd by lever arm) ol the buovincy
to exceed the pull-down moment of the weght,
Even in the case of a slight weight excess the
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huoyancy moment can be greater because of the
differing positions of the centres of gravity and
buoyancy.

These rules indicate 1hat the curvature of o
shell part can be correlited directly with the
weight of a shell with its enclosed soft paris at
the time of its formation. [nvolute shells must be
regarded as leavier than evolute ones. However,
the weight differcice betwoen involule and evo-
luie normally coiled shells may be ruther small,
because the cross-seclion of a preceding whorl
may hiave an influence on the following pars.
For example, a weight incrense in a very wide
form sucly as Telaceras would tuke effect on the
involution only very slowly.

Fipure | shows an arrangement of different
ammonites according 10 their relative excess
weight. On the one hand, ammonites are lighter
thun mstropods owing to the weight-reducing
phrugmocone, on the other hand they are heavier
ithan the extanl Nerifus because of longer body
chambers and an unfavourable ratio of shell
weight to soft body weight (Ebel 1983). The low
weight of Macrascaphites in Fig. | is valid only for
the marked shell part in which an inversion of the
spiralization occurs, This arrangement of shell
forms leads to the really surprising result that
some heicromorph ammonmites seem (o have pos-
sessedd the lightest shells among all ammonaoids,
This is surprising in so far as heteromorphs ane
reparded as most likely bottom-dwellers becuuse
of a frequently lacking bilateeal symmetry { Wied-
mann 1969 Dictl 1998; Tanabe 1979),

An inereasing involution 15 accompanied gens
erally by an increasing complication of the
sutures, The extremely  oxvoone  Pindgceceras
merternichi from the Upper Trins exhibits the
maost complicated sulures among all ammonoids.
On the other hand, n forms wily a low or
missing curvature, e.r. Spiraceras or Hochionites,
the sutures are remarkably simplified. 1n the ou-
thor's opimion, the sutwral complication repre-
sents an adaplution 1o the tensile load, which
resulls from the downward pull required to bal-
ance the shell in the crawhng position, The 1en-
sile load is transferred 1o the shell at the
connection beiween soft body and shell. In the
course of evolution, ammonites have enlarged
this comlzcl arca by a progressive sulural com-
plication and thereby bave minimized the tensile
siress. On the other hand, i case of a very low
or missing downward pull, as 5 presumably
present in orthocone forms with obhque ribs, o










































