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Abstract. The ecological adaptive significance of sexual dimorphism in an opportunistic ammonite species,

Yezoites puerculus (Jimbo), was investigated by means of computer simulations of population dynamics under
unsteady food supply and low predatory pressure conditions. The results of our simulations showed that: (1)
the peak in the adaptive landscape diagram is generally located where adult males are smaller than females. A
similar result was obtained through additional simulations of anagenetic evolution based on a simple hereditary
model (e.g. phyletic transition, thereafter). (2) The sexual dimorphism in this specie is controlled by the
difference in size between males and females: a smaller adult size is suitable for males and females to avoid
starvation, whereas a larger adult size increases breeding opportunities for females. (3) High starvation risk,
resulting from high population density in a domestic environment, particularly facilitates sexual dimorphism in
size. Sexual dimorphism was however not observed when the starvation risk was set to be low enough. These
results suggest that other ammonite species which commonly co-exist with Yezoites but do not show explicit
sexual dimorphism, likely have a pelagic mode of life during the latter half of their life.
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Yezoites Do b 5 —o D E LT, FHEIL 7B
FEORNDRT DFEIEDH N, b IZEHNEIZ R
THDLEEZ LNTWS (Tanabe, 1977a, b, 2022). £
LB S IIEY RO 4 L ER T O, BE D
WEf 235 3 (F) 2121110, 1986; Yamaguchi et al., 2013;
Berns, 2013; Tamate, 2015; i##{%, 2017; Rohner et al.,
2018; Horita et al., 2018). Z N5 OFFSAER 1T MRy % HY
OHEIZBAL THT L H—DERTIFHHATE LW
LERLTWEHR, % O%h, MNLRBREORRALIZ
TAERERY - HIGHBERNES BboTwa LIEfs T
W3, 7rEFA MEIIBY ENZEBESR NS /KT
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FIZBWCIE TRAFE F 73 s n s L 5 &t “#i”
PEHAS NN D 5.

% 2 COARBFZETIL, Yezoites puerculus (Jimbo) % XJ 5
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STz ERE—-BIUOBE_0ANE L. —HT, B
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1. Yezoites puerculus (Jimbo) (A-1) I & OF Tragodesmoceroides subcostatus Matsumoto (J-0) DEFFAELLEZRTE. A-D : G4k, E,
F:<=zuav 7Rk G:~Zuav s H: I7uavy 7 REEHR. 1 3703y 7R J-N @ REEE. O B4FEHR
(?). & CTOERTIHEEEHENFH O WEHRIEHE 2 SEH L7z b @, Turonian. E, 19TP9422p. 1, 93TP9407b, O : 13TP9405p. %

Dt DIEER, [TP10] (= UMUT.MM-27541).

Fig. 1. Photograph of Yezoites puerculus (Jimbo) (A-I) and Tragodesmoceroides subcostatus Matsumoto (J-O) showing ontogenetic change in
shell form. A-D, juvenile conchs. E, F, premature macroconchs. G, mature macroconch. H, premature microconch. I, mature microconch. J—
N, juvenile and premature conchs. O, mature conch (?). All the specimens were collected from the Turonian of the Yezo Group in Obira area,
Rumoi County, Hokkaido. E: 19TP9422p. I: 93TP9407b. O: 13TP9405p. Others: [TP10] (= UMUT.MM-27541).



HFRT v & F A NE Yezoites puerculus (Jimbo)
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ARG TIE, ST - fA (2022) AT L 72 ALE#E
(TP1-TP9) #ZMF 5 L &bz, —oDftaEE (TP10;
EFAY20cm) Zhnz CELMESRE L (K1).
NS 3T ETEERBRBHEOOIKE ) ¥ 2 — v
bEonie T vEF A MUARETH 5. TP10 DEREST
VA B B AR /N R INTZE) 1 3R o _RESEBI) Tt
(BH) <, iz (1977, 9, 10K) 1231 % R2603
TIRITHYE T . BREEMIEE PR L B iR (1958),
B OWEBIZ A (1977) 12 XL Z DML “Mm-nEp
J&” (Turonian D EEB) 1% $ 5. £7:20/Va—
NVHPIIZRFOR WY v+ 4 MH, B SHE
IZINZ TEHHMORFCEBRENZTENTE D, i - M
A (2022) DWH WFEFE” WLERETRLTVWS. &
ENZNMAOLTETELRIMHLIEZS, Tv=E
F A MU CRET281ER R E 2 7: (R1). ZTab i
R T TIHA - AR (2022) I2koTY R PSR, B
FRFRA TR I8 (UMUT. MM-27541) &
nTWa, Tz, MEMIZKRS iAo sk (K1E,
[, O) BERARFRFHH T APERTER - RE SN
TWa5,

LAEEETP10 1Z Yezoites puerculs DAL DSFEH 12
FEH S 2 mUCHAR - B (2022) AYERE LTV 5#%
TP1-TP9 12k 5 23, Tragodesmoceroides subcustatus D%
ERDFABREELEL TV A THENTH 2. 22T,
Y. puerculs 38 X OF T. subcustatus D 9 HHFULESDRAT S 1

-
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TV BEFRICE L CRERBOEZZFHIL, 4 X010
TENEIER LT (2).

A - R (2022) 23HEIR U 7z Yezoites spp. D\ < D
DOV Y TNTEY A DM ZIEEIRIES T W2,
FMED Y. puerculs THELOAHFHRD b, FFIZE
BT-8mm DY A X T/MRBRLE— FEZERLTWS &

Rz 5 (F2A). 727120, Yy unN—<vigiE (Hik
IS - fA, 20151288H) DFER? LI ZODHIZZ
%R d 22 ExTEs Lol (FR2).

Tragodesmoceroides |2 \EAFE DM T. matsumotoi Hirano
et al. BN BTN B 2%, T BEERTH o T HIRERIE
KEE %GR AUTHIRE I X C & 2 (Hirano er al. 1990).
VAN UTAERE, SEEOR ST #HE - FHllic k-
T (D7 & b Hirano et al, 1990 D\~ 5 ) T. subcustatus
THEZLEHEI»OT:. T subcustatus D T 1T Ak,
Y. puerculs X ) K =\v (Matsumoto, 1942; Hirano et al.,
1990). U723 - T DEBEEDH U % 5 1XHTEH O
FHERENMEE LT L DL EFLIET RO, ERICE
T T A Ao TIREITNS ZAEs S WL S IRz
5. SLITHEHZET-8mm DY A XITEBT 5 € — IR
TEY, HANCRWVEEZEI S LR EL TWL ﬁﬂl%‘l{j&
DO ERT. €I CEHOSHRNIED L DI
LT EDD 572017, RBEANEHE T 2 Ek L’C .
2DITRL T, ZORDOEDRAIED, (=1544%) » 5
Kormogorov-Smirnov iR E (78D 2 OMIE ; 711341
Z W FEH (1975) 1IZFEL W) 2B BHfiEHR x° OFHE L
T& 5. T subcustatus DY A X375 1E Y. puerculs D % i
LD HNSVHIR o TS &\ D WA (BRI
®BELAFErZNLDREV) OTF, EEEIZKormogorov-
SmirnovifE (FIRE) %1757, ZOFER, R
ORI S L (p=0.0436), WHEOSMIZIIHE LER
DEBH ST (3R2).

F1. MEE LT Ya—n [TP10] HiIZEERTWTALAED Y X b,

Table 1. List of material obtained from the calcareous nodule [TP10].

Number of specimens.

Sample No. / Species

Total Pre-adult Adult  (Macroconch) (Microconch)

TP10 [UMUT.MM-27541]

Yezoites puerculus (Jimbo) 128 116 12 “4) ®)
Tragodesmoceroides subcostatus Matsumoto 135 135 0 — —
Hypophylloceras ramosum (Meek) 8 8 0 — —
Mesopuzosia pacifica Matsumoto 3 3 0 0) (0)
Gaudryceras denseplicatum (Jimbo) 2 2 0 — —
Tetragonites glabrus (Jimbo) 1 1 0 — —
Scalarites scalaris (Yabe) 4 4 0 — —
Inoceramus hobetsensis Nagao and Matsumoto 3 — — — —
Teredo sp. 2 — — — —
Bivalvia gen. et spp. indet. 2 — — — —
Dentalium sp. 1 — — — —
Gastrapoda gen. et sp. indet. 1 — — — —

(): Internal number
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2. B—p/Va— [TP10] B ol 7 vEF A b DBEEST. A-C, Yezoites (A), Tragodesmoceroides (B) ¥ X (FZ Dfth 7 >
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Fig. 2. Diagrams showing the frequency distributions of shell size of ammonites recovered from the calcareous nodule [TP10]. A-C, size
distribution of Yezoites (A), Tragodesmoceroides (B) and other ammonites (C). D, cumulative relative frequency distribution curve of Yezoites
and Tragodesmoceroides.

F£2. HHOEMEOBE (SilvermanifiE) &EAHEIOZEROMIE (Kolmogorov-SmirnovifiE) DfER.
Table 2. Results of Silverman’s test for multimodality of empirical distributions and Kolmogorov-Smirnov test for difference in
the distributions.

Silverman’s Test (mode=1) N Band length p-value  Result
Yezoites puerculus (all pre-adults) 115 0.949 33.5%  *N.S.
Tragodesmoceroides subcostatus (all pre-adults) 135 2.276 44.1% N.S.
Kolmogorov-Smirnov Test N, N, Dr )(2 p-value Result

Yezoites puerculus.  v.s.

. 128 135 0.154  6.265 4.36% *S.
Tragodesmoceroides subcostatus (all specimens) ’

*N. S.: null hypothesis not rejected, S.: null hypothesis rejected
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(Randman et al. 1988; Cooper, 1994; Tanabe, 2022). Z TVEFANITEBRETH L6, KR E L CHELE
DIEDBRIID 7 VEF A LD E o TeBICHEIE DR & BEEET 5. £ L THERED D23 HI5IRC L — B
LTHod3NTzb DR ETUX, A - A (2022) (semelparity) DDOBLFHTETLHDELTZ. ¥YIalb—v=
DYIal—yavyDRNITBWT ML THRAY 4 X VOREPLEIRAUIFREEE—F (PR - [, 2022
DERL N E D Oﬁd)ﬁiﬂﬁtﬁﬁﬁﬂ*f/( AXOELD DOH5 B L OCRMIFE) LRAETH 2. FEROEEI DY
HEMTHERETHS. I TR MEHEE—F (h ELCHAXEILZ 222001 EK o727 4 — v
- A, 2022) %%wﬁﬁé%%ﬁ#4x%%oﬂb REREL, ZZICBEE ZNTRO THM - lRET 2
ORI L %BibE 2 2 LT, WL OrORI TBREIC TVEFIALERET S, BELT VEFA FEEED
B1F 2#578 (Raup and Stanley, 1978) DJEAR % FAA FEREICEYEOENE LTEHET 2. EofE %R
32 (¥3). LI L e TOMHRDOZE Y A X (Pye) % 0.5mm,
EME%0.125cal LEEL, MUEXmmOKEY A X%

—EHReTE—Foh&E o7 vErA FOEYEE X cal LA T 2. 7 4 —
THEBLEE— RIX, A - B (2021) TRES A, NV EWITHIERRE S nfz (L) L Cos@EkiE, =

A - B4 (2022) O 70 7T ATEESATLZDDOTD D%, BARMEII—ETo, [EErv—7 1] ZX[E
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Fig. 3. Interface of the computer program used in the present study (competition between species). A, field B, histogram. C, chronological changes

in the numerical ratio between species A and B.

K3, ERHBEY I 2V —va Yy THVWLATWVEELSTA—ZDY R .
Table 3. List of major parameters used for the present population dynamics simulation.

NS A4 EERETOE SHER
Coin 0.010 szﬁf BEOEMRICH LT Lday ISERLETRERSBVRBOFE. BTl
=

Ca 0.030 BERRE BAROEMEITH LT Ldy B Y ITHEMHBRAFAZENEDEE.

D 1000 cal —EMRE (RBRZETIE 100 day [CEE) BICEMELICHIESMOIBEORKE BEOH
max REOIERICES.

F o 353 day * HEEAEOIHE L TH DR 1 XCET 2 F TOHREYM. C EF D DitHENS.

F. 16 mm * BAMBORES (X ENBECOIRTHASND. RIHBT— FTRBETFEDVHR
size IC& > TREMICELLES.

F opan 458 day * WEROTYHESD. Fg* 1 2THESLS.

G efiec 1.12 Y A XERBET HERTFORBENRERT /NI A -2, 1DHEDIEITG . MEIT1 S,

M 353 day * BERDIL L THDREY A RITET 2 TOREHM. C EM N EEEShD

M. 16 mm * AR OIREY 4 X EMBRCOIRTHASNSD. RIMBE— FTREETEOHRE
size I2& > TREICEL LSS

M o 458 day * BEROTHHESFH. M,y X 12THESLD.

N 0<N <20 BEMNETRBERIH ORMELRETFOR. BRI EIZELT 5.

P, 0.5 mm SRERTRREINAYPROY A X. EMEEZOIRTHEIND.

O ene 0.006 BOEEBE, | day ORICEANHERSNIHER, BRECERICES.

T5., YIav—vyaryNTOREREZZov—7
OBBEIELTH D, 1[EEICEAIR 1day 2 S 2 H D
L35, AENV—T 4 vOFRIRS Iz (178, [E8],
(] 12 snsg. AFFEO— X I Ns OIHA ©#
W 5T, [l [#MFE), 723 [Fwl 02
DVWITNDDRETIHEHA 2, FROEEIFESTSZ
LT s, —FHT, v— 7S EKEIFIZH UEER R
AT U EOFKMEIEZE [HEHH] #ﬁ;bﬂ 74—
R OEHIZHT 72 LIRS AN T b s, B I
LERB BN S e, 7Y EF A M, %ﬁ% , &
AR B 5 W I FE R T progenesis-hypermorphosis /5 4] @:ﬁ
REHZEERTDOLEL, [RBITET X4 I v %R
TE] & UTEERRET A X (M 5 Fo.B & 0K S

M) %&ETS. ML LTHRESNDRIGEF A XD

* CNOOHBREEZRT SERBFOREMNZEETYT.

HIRHEIIHERE 2 2 1 DT D 12H8, R D FE BRI

47‘47: RS2 ENDH 272017, Ry ldfiliE
ICEBOMEDPRES NS Z LT 5. FEREY A

X%%\,?i&mﬁm,T&b%,ﬁ%ﬁ%%bf@
LAY A IEST 2 2 COIM (M5 fa D D030
Mo, HALIEday) 25, ZREN,

f‘;dl = (log(ﬁiles) - 1Og(Psizea)) / log(l + Csld) """" (1)
Mg = (log(mg,e°) - 10g(Pye?)) /1og(1 + Cyg) =+ (2)
TEHHEEND. 22T, Culdlday7z D izsghnss ik

FN2AYROES (FHEEEE, Kikd 2 “BoikE
E— R DA TIE—EE Coqy=0.03) TH 5. I
1232 L T2RRITIE fo D D \WIE 1,0 1R L T—F20% D 1y
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LI TIELTVE, HBEBLTVWLAREZENEI Z LI
%5, LEzdoT, ZTD7 44— RNT—HDOEHIMG
FEERLCLE I LS, 2OMIZE 2 bNBEEIZEW
TEOVBEENTH 2 EHWTTE 27255, Lk, Mk
L7z TIKBIEREIC B I 2 W OS2 i 2, FLIcHH
RS (i & BB I E B LT A X
SNG) CTHOEWICABEOEEE» LY I 2 v —v 3
VEBBT 2L oT WS, BEEERT T A—X
BBLUZNZNOBOBM R T /ST X — ZHITOH
HBELE LTCEHERMITAT SRS, oG Z1E
B Bz o CORMENT X=X IZATL X UBEOD
MERERR B 4 X730 & T B,

A - AR (2022) OFERAE T — ROFHR ClERa
HAERZI L CHEEOFMERIZ 2 X ORET L LW
IBEZTo TV 05, AWIRTIE LD & D1y A
IS 2 EETHBMICRE 2 X HOEFE L. 2,
FER, AR, BRI B TRY A XL ORISR % IEE
IS 2 72 D121E A IR A4 (progenesis-
hypermorphosis DRfR) ZBR&IHERFT 2 00D 5 &
EZLTOTHE., BB, ZOEFEZMNZTHHH - [
A (2022) DFCRAEREDFTEAERICREAN LE(L 4T
TWZ LEEPOTVD., ZRBSNDNRT 2 —Z OHIHE
WEHAT - AR (2022 D7 OFRE) T REELTC.

HEMFERL LTI, 74— NVFRIIBETIARE, 4
FEEE, BAEMRIRRNIGHRSh, Zhzhofd
IZOWTEBEI NIRRT A AL L iz Ens.
EFEFEORETIX3o0ME [7 1 —VEY 4 v RY ], Tk
ANTITLVAVEY] BXO REEELY v FY] I
FoTE=R NV IFTLILEDNTEDL. 74 —NVEFY 4
Y RYWNOBED N ITEST L TOURS A, HEEED
JBIE L BBV A AT ZFNZ0BY 4 v FUTRS
ZentEs (K3).

1. f& & SHRAH A DR

WL DD TR LSRR 0 &, R LIS E BT
B D WIS O MERER & D ICKEEBELE4 mm 225 20 mm
DOEIchHddbDEFHLI. 22T, ZOHPHZ 1mmZ)
AITEEND, HE178 D X ME1738 D DFF219:8 D OFE %
FEME LTz, 2INLDFEIZTOWTRIZIRY 72 D TRk %
79 L35 & 50Cy=23871[E & W 5 B LW RFHRE AR EE &
D, TAUEKRD BB OB S 1T AR TRRE %
FHEETH L. 22T, WY — FEFHEIERE LT,
F 9 LEHEEOBHrLAZ V-7 (& 1 4imm, 2
4mm®D25FF), BZVv—7 (" :2+4imm, ¢ :4/mm
D20fE), CZNV—7 (& 4imm, { :2+4 mm®D 20
), BLUODZ/Vv—7 (& :2+4imm, ? :2+4/mm

R i N

D16FH), DA4TNV—TERIL, ZNEFNDOF TS
DDMRHET DD ) =T AT (TR LiBXTy I
EDQBIET, HEINLI YA ABERTLL»LIANLGEE
EIUWV)., SHICEKSNT:ZNE81F (F: My, mm,
R F,mm & $5) DZNFIUTDOWT 8 D DT
("t My,e+2mm, ¢ ! Fye+2mm), (& My, +2mm,
?:F,.mm), (& Mg,+2mm, 2 : F;.-2mm),
("t Mg,emm, 2 ! Fy+2mm), (" Mg,mm, % :
Fye-2mm), (" Mye-2mm, 9 ! Fy.+2mm), (J*:
M.-2mm, 2 : F,mm), BX® (& M. -2mm,
@ ! Fye-2mm) £ WHHT —EFToTHI LT
TN—THOVv— s OREETH (212 LEEEO A
ZADVERITD BN BHEITITOLN). TNE DR %
BzRTECRBOMEr 0O 2 L oIk 5. #
GO DTIRIZOWTIZ S SIZIEEREI 7.0,
OED S 1mmE 4TI~ 16FEFRE 2 RATE D — R
2HTODMMETIZD Y — T EIT o 2. FDIE TR
HEEH T RSEROFMEHL »cT 5700, TR TEM
DREEIT > T WS, 12721, HHcinz i/ (A-DZ
V—=TIRE W) 1B U IR+ T
NDIHDLDTAT NV—TDOFEE ZNEFN1E T OF 25
OB EITD Z EFMHE LT, Bk, ADDY —
Wk AR L T16004k, V) — ZTHOXNTTHAI272H., Z
DM DI F THEHT IE—o DFIEEE T & 2000 ~
3000 kDL FOFEREZEF L TWE T LIZXL B,

BRI B 2 HIFRE % 20,000day & L, HHFL ZEK
BT IS, BRZRS WAUTEIT E 5. BT 4 —
N RHRICHENZNZRMEERTH R > T iuds &4
JET B, E7:, WML DHIT1,000day I IZAE LT L
F o TG A IO WD S0 EHE LT,

2. fa - v—F4v7

K2 GRER L2 6 S v 1B R 9 200 T U,
Bradley-Terry (1952) Model #fIfi5 5 Z & T, #h %
NOFED BRE” L) LR SR MBRED -
IZHMEL L CORT Z ED5ABEE 5. AR CTIERE T
NMIZESWTEANIZY—F (R S OME) 28H
540 v—74 v (Elo, 1986) ZFIf L7z,
DFETIHBROHEM (E; #ih) 2Ho0 L dRD,
R T Lz v — b OHEEE R

Ryew=Roa+ K(S-E) (3)
IZL 72055 T, Royg— Ruew ™ EWHERNIZHE LT WL,
ZTSIEBED L X120.95, AJDE X120.05, 5l&H
O ESIZIF05ET 2. B LATOHAEITENEN
L, 0 LZWVDIE, BT 2 & DI Ruey ZINH S ¥ 2548
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Fig. 8. Flow chart of computer program (challenging emigrant mode) newly developed in the present study, in which the virtual world is composed

of domestic (inner field) and pelagic (outer fields) areas.
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