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Theoretical morphology of shell ornamentation in a Late Cretaceous
heteromorph ammonite Polyptychoceras
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Abstract. To understand the inter- and intraspecies variation and ontogenetic change in shell ornamentation
of Polyptychoceras (Cretaceous diplomoceratid), reproduction of shell morphologies was carried out based on
the creeping soft-part model and the lazy messenger effect. As a result, we found several constructional rules
on this ammonite as follows. (1) The shell surface of Polyptychoceras consists of “striation-” and “smooth-parts”,
and the former was much more slowly formed than the latter. (2) The changes in shell ornamentation during
growth of Polyptychoceras (Polyptychoceras) haradanum were probably caused by change in shell prolongation
rate, and were successfully restored if the striation- and smooth-parts were assumed to be formed through
gradual expansion and intermittent forward movement of the soft-part, respectively. (3) The formation of the
multiple ribs observed in Polyptychoceras (Subptychoceras) yubarense can be attributed to a refractory period for
propagation of the morphogenetic signals just after the formation of the continuous smooth-part including ribs.

Our conclusion is that the great variability of shell ornamentation developed in Polyptychoceras is the result
of compound effect of two factors, i.e. the rate of shell prolongation and the duration of the refractory period
for ribbing.
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1. ACHEEIRFIEREPED 7 = F 4 b, Polyptychoceras (Polyptychoceras) haradanum (Yokoyama) (A~B) &, Polyptychoceras (Subptychoceras)
yubarense (Jimbo) (C~F) OEARFI. A, RpFER, FR=FH)I [HB1057], > =7 . B, BFm, FBHHFER [(HB3619],
V=7 C, KRR, EATHEBIR [TP2013], ¥~ =7 . D, s, PR [HB6012], > ¢=7 . E, RN
[HB2611], ¥~ =7 . F, FBAFEIR [HB3613], ¥~ =7 .

Fig. 1. Polyptychoceras (Polyptychoceras) haradanum (Yokoyama) (A-B) and Polyptychoceras (Subptychoceras) yubarense (Jimbo) (C-F). All
specimens are obtained from the Yezo Group, Hokkaido. A, Immature shell from Sankebetsu-Gawa [HB1057], Haboro, Santonian. B, Mature
shell from Machiyoi-Zawa [HB3619], Haboro, Santonian. C, Immature shell from Jugosen-Zawa [TP2013], Tappu, Santonian. D, Mature shell
from Chimei-Zawa [HB6012], Campanian. E, Minoru-Sawa [HB2611], Haboro, Santonian. F, Machiyoi-Zawa [HB3613], Haboro, Santonian.
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X2, WARERHETHEE 7 v & W CHEILS L7z Polyptychoceras DIRAEZHA L BSH DI v a—F vy Iab—ya v (R, 1999 & —HHZE L
THR). ZBORZBUBNIIRD X — v D5 &RICL 2T L, FEP4° L) TH S OLAERS LATER (y=45) T, LASOHENS
THIHESE (y=15) CHREEHHIBEIT 2 Z L2 {REL TELRTWS. §HE#E, BIfERIARN LRI 252 2 2 L TRbaS AT &
B 1, EBRICR S NS K — v OB FPL T 5.

Fig. 2. Hydrostatically restored benthic life orientation and shell coiling of Polyptychoceras based on the creeping soft-part model, after Okamoto
(1999) in Japanese. During the computer simulation, a rapid uplift of aboral part triggers the 180° shell turning. And the creeping rate is assumed
to be large (y =4.5) when the ammonite faces lower (< 45°) or downward direction, and to be small (y = 1.5) when the ammonite faces upper
direction (=45°). Surface texture expressed by a periodic oscillation of generating curve’s size is more or less similar to the actual pattern of

shell ornamentation.
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Fig. 3. Idealized sketches of some typical ribbing types observed in Polyptychoceras. Each rib is composed of smooth [sm] and striation parts [st].

(A) Simple ribs and double ribs, (B) serrate ribs, and (C) multiple ribs.
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58Rh (flared rib)
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—E#H#h (double collar rib)
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Table 1. Location of the peristome in all the full-aperture specimens.

SR ES Total
(Smooth part) (Striation part)
¥ (Simple rib) 1 8 9
SEHERAD ( Serrate rib) 3 40 43
A (Multiple ribs) 1 3 4
Total 5 51 56
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Soft Part (upper half)
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D Shell (upper half)
z| 2
<>
A= kR’ /(y-1)

B4, PAEBOBRRNE 2 RRWIcRb LK. Z0EFVTH,
Ao HIE T 2 2 & OB [sm] &L, KT 2L
THARE [st] 2TET 2 £E 22D T, ZoOHMH ORERLILIE
y-1:112% 5. 1FEHOEEZ AR TROLT LT 2L, AT
T LM OmEIEA=kR/(y-1) TEZLN5.

Fig. 4. Schematic diagram showing a hypothetical soft-part advancing
intermittently. In this model, smooth and striated parts of
ornamentation are respectively formed by advance and expand of
the soft-part, and the ratio in length of the two parts will be
y-1:1. So, a single rib having kR’ of its smooth part in length will
appear after the striation part having A = kR’/(y - 1) in length.
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bharb, flziE, LoBfrAVWTK2ITRLTE
Polyptychoceras DHLFHTERE 1 E DM 4 2 & 28
TREL % 5.

K OREZEM

CREICEI S 2R E TV ESL TR, £ ZITEALT:
FELNRT A= PHBRIERICED LD ITHELEZ TV
% IEREZEE] (Raup, 1966; Savazzi, 1999) % 1E-o CHED
DB EDD D, WIREBO M RTHENGEL A REER T 2 HlEm
WMo EMEEZ TA LD (K5). ERERD
W& LD ELINT A= E LTI, FITEALTEE
olE (k) offiz, WiER (B) LE#EER (y) TFEA
2. BABLELIBDNRT A—R1Fk=04, B=12, B
X Py=20TH 3. RONEELHET L7:DI21E, 2D
iz B bR (C) LEE(IRE (T) 24BE T2
25, FRER, —EfEC=03, T=0%527. KD
Polyptychoceras b2 D & 5 B S HIRT Z LIX L WDS, 7

B5. Wikiai R ATE D < DEMOEIEZERM. B, v B LUk 2 Z(L S IFITEO b2 MR LMD 7o 7 7 4 v. BOEIL,
TROIAERIEE 52 2120 T, BT EBELE 2TV, vy ORLIBEMICK S WE 25 2 FiE () L EMBoE&EzR 5.
E72, kOZCIIIOIESL AL L Z 2 503, FIBES & LM OB &I EL 5 2 Twv.,

Fig. 5. Morphospace showing various ornamentation patterns produced theoretically by the intermittent advance hypothesis of soft-part with
changing B, y and k, respectively. The soft-part length B does not influence the shell ornamentation, while it can change the enlarging rate of
shell aperture. The creep rate y determines the ratio between smooth (ribbing) and striation parts. And & changes both the width and frequency

of rib with maintaining the ratio between smooth and striation parts.
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Fig. 6. Theoretically reconstructed shell ornamentations of Polyptychoceras. Based on the basic shell coiling shown in Fig. 1, the striation and
ribbing parts are distinctly expressed according to the corresponding y value. (A), Polyptychoceras (P.) haradanum; (B) and (C), Polyptychoceras
(S.) yubarense showing modest and conspicuous rib multiplication, respectively. The standard ribbing interval A in the chart on the bottom was

calculated from y value with assuming a constant value k= 0.3. The hypothesized ontogenetic changes as to the refractory period ¢ are also
shown in the chart on the bottom. The multiple ribs appear when the A is lower than ¢.
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Lazy messenger effect
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Fig. 7. Schematic diagram showing the “lazy messenger effect” which explains formation of the multiple ribs. In this system, a messenger goes

back and forth by a period ¢ (refractory period) between an instructor and an executer is hypothesized. The instructor makes a command with
an interval A, and the executer forms ribs according to the command. When the ¢ is longer than the A, ribs are multiply formed after a relatively

long idling interval.
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Fig. 8. Morphospace showing various ornamentation patterns modified by the lazy messenger effect.
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