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Summary. The length of lappets, lateral apertural extensions of ammonites, is found to depend
on the ultimate shell diameter. In the case of Otosphinctes-Dichotomosphinctes-Dichotomoceras
fauna the length of lappets increases along with the increase of the ultimate shell diameter up to
some 65 mm, showing thereafter a distinct trend to reduction and finally to complete reduc-
tion at diameters over 200 mm. Moreover, it seems that their macroconchs less than 200 mm in
diameter were lappetted. The dependence of the length of lappets on the shell diameter does not
support the hypothesis of a sexual function of the lappets but rather implicates that they were
a ballast device acting when the shell growth finally ceased.

Introduction

Lappets, lateral apertural extensions of Jurassic ammonites, are the subject
of remarkable interest since the last decades of the 19th century. The discussions
primarily concerned two questions: (1) whether or not the lappets are signs of ma-
turity of ammonites, and (2) what was their function. The positive answer to the
former question was given by studies of Makowski [10] and others, whereas the
latter is still debatable. Various authors attributed different but mostly sexual func-
tions to the lappets (see [10, 6] for discussions of previous views). In the theory
of sexual dimorphism in ammonites ([10, 4, 5] an references cited therein) the
lappetted ammonites were interpreted as males or microconchs of larger forms
with a simple sinuous peristome, interpreted as females or macroconchs.

Differences in the length of lappets were found in Kosmoceras faunas by Brmkman
[2] and Lange [9] and interpreted in terms of dependence on the phylogenetxc age
of a species [9, p. 64]. In turn, the analysis of evolutionary series of Upper Jurassic
Aulacostephanus fauna [16] showed complete reduction of lappets. along with an
increase of the ultlmate shell dlameter If this is the case, then either Ziegler is rlght
stating that “im Verlauf der Stammesc'ntwwklung entstehen dabei Macroconchs
aus Microconchs” [16, p. 79], or the lappets are the feature of ammonites with
the final shell diameter not exceeding a certain size interval. A few evolutionary
series displaying a distinct tendency to shell size changes are known at present,
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e.g. Glochiceras and Creniceras [15, 16] and Otosphinctes-Dichotomosphinctes-
-Dichotomoceras [7, 3, 18]. The latter series appeared suitable for the analysis of chan
ges in size and length of lappets versus the ultimate shell diameter.

Changes in the size of lappets in Oxfordian microconchs

The analysis was carried out on over 20 representatives of a relatively well-known
evolutionary series of Upper Jurassic (Oxfordian) perisphinctids, Otosphinctes—
Dichotomosphinctes— Dichotomoceras, collected in the Czestochowa area, Polish
Jura Chain, as well as on some other forms of this series figured in the literature
(mostly by Arkell [1] and Enay [7]). Perisphinctids of this series and their close allies
show a distinct tendency to increase the ultimate shell size [7] from some 40 mm
or less to over 240 mm, which is followed by a decrease to less than 50 mm [3, 18].
The material available is rather innumerous, as forms with peristome are very
rare, and those with measurable undamaged lappets are still scarcer. However, when
the length of lappets is plotted versus the shell diameter, a distinct relationship is
found (Fig. 1). The length of lappets markedly increases along with an increase of the
shell size from about 35 to 60—70 mm. The largest lappet attained by the perisphinc-
tid available (PL. I, Photo 1) equals about 439, of the shell diameter. A relatively
larger lappet — equalling about 48 9, — is displayed by Perisphinctes (Otosphinctes)
laisinensis Lor. figured by Enay [7]. It may be mentioned here that in some other
groups of ammonites the lappets are larger and, as far as we know, the record is
held by Kosmoceras castor figured by Lange [9], which displays a lappet equal to 779
of the shell diameter. A further increase of the shell size does not lead to any further
increase of either the relative or absolute length of lappets. Quite conversely, the
curve of changes of the lappet length versus the ultimate shell size shows a distinct
peak at about 65 mm diameter and gently descends thereafter (Fig. 1). It follows that
the lappet length is no longer proportional to the shell diameter but, after reaching
a certain maximum, it shows a distinct tendency to decrease. Although the number
of specimens sufficiently preserved for studying these changes is rather small (about
10 plus those figured by other authors), any further trend to increase the length
of lappets is improbable and a trend to their reduction seems to be marked. Specimens
over 100 mm in size do not display lappets but rather elongate apertural lips. The
apertural “lips” become narrower and shorter along with a further increase of the
shell size and the lappet length/shell diameter ratio decreases down to 59 or less
in the case of forms attaining about 180 mm in size (Fig.1). It seems that speci-
mens attaining over 200 mm in diameter may be completely devoid of lappets, as
a few forms exceeding 180 mm in size and bearing relict lappets, if any, are
available. It should be noted that the maximum size attained by a representative of
the series, Perisphinctes (Dichotomosphinctes) wartae bedoensis Collignon figured by
Malinowska [11], equals over 240 mm; unfortunately, the peristomal part of this
specimen is broken off.

Along with the shell size reduction (Dichotomosphinctes wartae Buk. and its
descendants; see [3, 18]), large lappets appear once more.
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Forms figured by Enay [7]): 1| — P. laisinensis Lor. ({7], Pl. 32, Fig. 5), 2 — P. elisabethae Riaz ({7], Pl. 31, Fig. 4),
3 —— P. dobrogensis Simion. ([7), PI. 29, Fig. 4), 4— L. patturatensis Lor. ((7) Text-fig. 123—6b), $ — P. sp. n. aff. P, ri-
choplocus Gemm. ({7] Text-fig. 119 —5). Forms figured by Arkell {1]: 6 —- P. ouarius Buck. ({1} Pi. XVI1I, Fig. 5a), 7 —
P. rotoides Ronch. ({1] PI. XV1, Fig. 5; Diameter as rcad from Text-fig. 23), 8 — P. rotoides Ronch. ({(1]. Pl. XVI, Fig. 5),
9 — P. guriculatus Ark. ({1}, Pl. B, Fig. 3).

Polish material from the Cz¢stochowa arca: 10 — P. (Otosphinctes) sp., K) 8/ x {52, Przybynow, Plicatlis Zone,
Antecedens Subzone, 11 — P, (Orosp hinctes) sp., Kt 16/20a, Jaworzaik, Plicatilis Zone, Antecedens Subzone, 12 — P,
(Orosphinctes) sp., K| 2561, Zarki, Plicatilis Zone, Anteccdens Subzone, 13 — P. (Orosphinctes) sp., K| 25,63, 2arki,
Plicatilis Zone, Antecedens Subzone, (4 — P. (Otcsphincies) sp., Br 11/87 , Predziszow, Plicatilis Zone, Antecedens or
uppermost Tenvicostatum Subzone, |5 — P. (Dichotomosphinctes) cf. antecedens. Salf,, Br 11/036, Predziszow, Plicatilis
Zone, Antecedens Subzone, 16 — P. (Dichoromosphinctes) wartae Buk., Br 02/070, Zawodrzic, Transversarium Zone,
17 — P. (Dichotomosphinctes) sp., Zawady, Transversarium or lower Bifurcatus Zone, coll. by A. Bitiner; 18 —- P. (Dicho-
tamosphinctes) sp. ¢x gr. wartac Buk, Br 02/223, Zawodzie, Transversarium or uppermost Plicatilis Zone, 19 — P. (Dicho-
tomosphinctes) sp., Zawodzie, Transversarium or uppermost Plicatilis Zone, 20 — P. (Dichotomoceras) sp., Biskupice,
Bifurcatus Zone.

For comparison: 21 — Mirosphinctes niediwiedzkii (Siem.) (Enay, {7}, Text-fig. 160-3), 22 — Nebroditcs (Passen-
dorferia) czenstochovensis (Siem.), K). 25/5 2, Zarki, Plicatilis Zone, Antecedens or upper Tenuicostatum Zone, 23 — N.

(P.) birmensdortensis (Mo esch), Zawady, Transversarium Zone, coll. by A. Bitiner

The review of literature on Oxfordian perisphinctids of this evolutionary series

revealed several lappetted forms (figured by Arkell [1), Enay [7] and others), which
generally match the above scheme (Fig. 1). In the case of other Oxfordian perisphinc-
tids there are certain differences with respect to that scheme, particularly in the case
of more involute forms such as Subdiscosphinctes,? Rasenia (P). 1, Photc 6) displaying _
lappcts shorter and more lip-like at the comp__mble diameters.
—Q Quenstedt ([12], Pl 94 Figs. 54~55) figured two peristomal fragments of Malma
perisphinctids identified as Ammonites cf. plicatilis and A. ernesti, respectively. These
perisphinctids, attaining presumably over 200 mm in diameter, display fairly large
lappets. However, even if those forms belong to the Otosphinctes-Dichotomosphinctes
series they would fit the above scheme of the relative reduction of the length
of lappets, as in that case the lappet length/ultimate shell diameter ratio would
be less than 109,.

Analyses of lappeted Orthosphinctes and Ataxioceras figured by Quenstedt
[12] and Geyer (8] implicate that in those groups the peak of the curve of the lappet
length versus the ultimate shell diameter appears somewhat later, at about 90 mm
in diameter. It is possible that in some groups it may be marked earlier.
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It follows that after rzaching a certain diameter representatives of a given evo-
futionary series may have lost lappets. Therefore the passage from Aulacostephanus
volgensis to the macroconch-like, lappet-less A. autissiodorensis [16] seems fairly
probable and the find of transitional forms with reduced lappets would be its une-
quivocal evidence.

The problem of the shape of peristome of small-size macroconchs

An opposite question arises — whether or not a decrease in size of macroconchs
leads to the appearance of lappets in macroconch series. Here the data are still scarcer,
as macroconchs from periods of far-going size reduction during the Oxfordian
[3] are still little known. The corresponding strata yield some small Mediterranean
Kranaosphinctes about 200 mm in diameter and characterized by variocostate ribbing
(typical of macroconchs — [4], p. 28, [17], p. 156) and with the rostrum-type peri-
stome, regarded as characteristic of microconchs (see [4], p. 28, [14], p. 9). Repre-
sentatives of this group, which measure about 180 mm in size, display ornamentation
transitional between iso-and variocostate ones (PL. V, Photos 1, 2), but, unfortunately,
their peristomes are damaged. There is also a single form (PL. VI, Photo 2) about
100 mm in size, lappetted and displaying sculpture closer to that of the macroconches
allocated in Kranaosphinctes than to that of their microconchs, some Otosphinctes [7].

Moreover, there are some variocostate forms assignable to the subfamily Ido-
ceratinae (see Pl. VI, Photo 1 and Text-fig. 2) with the peristome of the microconch
lappetted type.

Little is known about small-sized macroconchs, the sexual counterparts
of the Otosphinctes (proper)— Dichotomosphinctes— Dichotomoceras series. Dwar-
fish macroconches of Dichotomoceras recently identified (Brochwicz-Lewiriski,
in preparation; see [3], PL. VI, Photo 1), attaining about 200 mm in size, have
the peristome broken off. There are some early Arisphinctes or Perisphinctes s.
stricto, measuring about 200 mm in size. The forms do not achieve ridge-like
ribs on the final body chamber; which are typical of this group, but may hardly be
considered as immature (approximated suture, the final body chamber almost a whorl
long). The peristomes displayed by them are similar to those found in small-sized
Kranaosphinctes, i.e. closer to those of giant microconchs than to the ones typical
of full-size macroconchs (see Pl. III).

Conclusions

1) The lappet size appears somewhat dependent on the shell size. In an evolutio-
nary series or population of closely related ammonites differing in size it is possible
to find a size interval at which the lappets attain the maximum length and size. Shells
exceeding that size interval bear progressively smaller lappets, if any. The process
of lappet reduction may be reversible in a given series. ‘

2) The length and size of lappets may also depend on the mode of shell coiling.
In perisphinctids, more involute forms such as Subdiscosphinctes and ? Rasenia
bear generally smaller and shorter lappets than Orosphinctes— Dichotomosphinctes—
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Dichotomoceras fauna at the comparable diameters. Generally, the more involute
a perisphinctid, the smaller its lappets.

3) It is possible that large-size ammonites (macroconchs) devoid of lappets
obtain them along with the shell size reduction (or had them before attaining the
large ultimate sheel size); in such a case “‘macroconchs” would give rise to “micro-
conchs™ (or vice versa). Therefore it is also possible that both macro- and micro-
conchs bore lappets in the times of size reduction or dwarfism and not in the times
of gigantism. ,

4) The above phenomena of lappet length reduction along with the increase
of the uitimate shell size or shell involuteness make it necessary to reevaluate the
criteria for the identification of micro- and macroconchs. But it should be noted
that it is not in contradiction with the phenomenon of sexual dimorphism in ammoni-
tes, as it was admitted by Makowski ([10], p. 56) that “in my ammoncids the aper-
tures of large and small forms show nc differences at all”.

5) It is also desirable to reevaluate the association of the lateral lappets with
the sexual function, suggested by several authors (see [10, 13, 6] and others). The
fact that the lappets may disappear in certain shell-size intervals speaks against
the above assumption. It should be taken into account that lappets “may have
added weight anteriorly to alter the orientation of the conch” ([6], p. 64). Such a
function of the lappets seems to be confirmed by the occurrence of certain forms
such as Cleistosphinctes Arkell, 1953, and similar ones with lappets projected down-
wards and embracing the sides of preceding whorls or even umbilicus and thus
hardly applicable to any sexual function. The latter point of view is also supported
by a high variability in shape of lappets, observed even in the case of a single species
of Kosmoceras [9] and of the series discussed here. If it is the case, then along with
the increase of the shell size and weight the ballast device of the lappet type would
be less and less effective. Therefore, it seems that the above-described phenomenon
can be explained much more easily if lappets are assumed to have an asexual function.

If the ballast function of the lappets is the case, then their appearance at the end
of the shell growth may be explained in two ways: (1) they were formed in order
to compensate for the effect of the rapidly growing sexual organ on the shell buoyancy
or, which is less probable, (2) to reestablish the shell buoyancy in a new envi-
ronment —but here it is also necessary to assume that the ammonites grow and
mate in different environments).

Warm thanks are due t¢ R. Enay, J. Kutek, J. Liszkowski, L. Malinowska,
K. Poza yska, J. Sapunov, A. Wierzbowski and B. Ziegler for fruitful discussions
and helpful comments. Any error in the interpretation is entirely the authors’.

DEPARTMENT OF GEOLOGY, UNIVERSITY, ZWIRKI I WIGURY 93, 02-089 WARSAW
(WYDZIAL GEOLOGII UNIWERSYTETU WARSZAWSKIEGO)
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B. EpOXBH‘l-ﬂeBHP‘LCKP’, 3. Pyxax, Momuduxaonuu anepTypsi BepXHEIOPCKAX WepHCHUHKRTOB

Conepxamme. [InHHAa aneprypajbHbLIX YUIKOB IEPUCPHHKTOB OKa3bIBaeTcsi ObiTh 3aBHCUMOM OT
JMaMeTpa pakoBMHBL. B clyvae aMMOHMTOB M3 3BOJIIONMOHNON cepuu Otosphinctes—Dichiomo-
sphinctes—>Dichotomoceras NTMHA YLIKOB YBENMYMBAETCH BMECTE C POCTOM OMAMETPA PAKOBHHBE
Ao puameTpa 65 M. Jina GonbluMx OUAMETPOB CBOMCTBEHHA pejyKuuA aGCONIOTHOH M OTHOCH~
TeNbHOH IyMHBI ymkoB. OO6pasjubl gocTurarolime pasMmepbi cBeiie 200 MM OHaMeTpa MOLYT
BooOmie 6bITE M3baByeHbl yIKOB. He MCKIIIOYEHO, YTO MAKPOKOHXM CaMOK AOCTHIAIOLIME B WA~
merpe MeHee 200 MM obnamamm ywixkamu. 3aBUCHMOCTb MJIMHBIL YHIKOB OT KOHEYHOM BETMYHHBE
PaKOBMHBI ABNAETCA HPOTHBOPEYALUMM J10KAa3aTEeNbCTBOM THIIOTE3bl yCMATpMBalowleil B ylokax
BX nonosiyto ¢ynkunio. Haitfosee BepOATHBIM KaXeTCs, ¥TO YLIKM HCNOJHANMA ponb Ganacta [6).



Photo 1. Perisphinctes (Otosphinctes) sp., KI 8/x /52, D (diameter) —69 mm, Przybynéw
Photo 2. P,(0.)sp., KI 25/71, D — 117 mm, Zarki

Photo 3. P.{Dichotomoceras) sp., Br 36/A/011, D — 125 mm, Biskupice

Photo 4. P. (Dichotomosphinctes) wartae Buk., Br 02/070, D — 160 mra. Zawodzie
Photo 5. Nebrodites (Passendorferia) czenstochovensis (Siem.), Kl 25/52, D — 49 mm, Zarki
Photo 6. ? Rasenia sp., R — 171a, D — 62 mm, Nicgowonice



Photo 1 Perisphinctes (Dichotomosphinctes) sp. ex gr. wartae Buk., Br 02/223, D — 184 mm, Zawodzie
Photo 2. Peristome of macroconch Perisphinctes (Perisphinctes) cf. cautisnigrae Ark., Br 05/202,
D — 340 mm. Zawodzie
Photo 3. Peristome of macroconch Subdiscosphinctes (Aureimontanites) sp., Br 36/F/002, D — 281,
Choron



Photo 1 Perisphinctes (Arisphinctes) sp., KL 25/91, D — 240 mm, Zarki
Photo 2. Ventral view of the peristome of the above specimen
Photo 3. Latero-ventral view of the peristome of the above specimen



Photo 1. Peristomal part of Kranaosphinctes cf. decurrcns Buck., K1 25/41, £~—230 mm, Zarki
Photo 2. Kranaosphinctes of the K. promiscuus group (KI 16/2/51, D — 231 mm, Jaworznik) display-
ing peristome of the rostrum type



Photo I. Kranaosphinctes of the K. promiscuus group (K1 25/81, D —c. 180 mm, Zarki)
Photo 2. End part of the final body chamber of the above specimen displaying ornamentation
of the macroconch type



Photo L? Kramosphinctes sp. (D — 103 mm. BlesznoV, a form with fragmentary preserved
prominent lappets. Ornamentation of the final body chamber closer to that of the Kranaosphinctes
promiscuits group than to that of their microconchs  Otosphincles
Photo 2. Lappctted ammonite, presumably a macroconch from the family Idoccratinae; Br 25/006,
D - ¢ 90 mm, Skrajnica



