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A Model on Scale-eater's laterality in Lake Tanganyika

AKERHFiK-EH-H¥ SEHE (satoshi Takahashi)
FKLEKXK-EFXBE WER (Michio Hori)

Abstract Mouth-opening of scale-eating cichlid in
Lake Tanganyika is distorted either rightward or
leftwards. Theory of ESS predicts that'the
frequency of left-handed individuals settles to
0.5. However, data of scale-eaters laterality
shows oscillation around 0.5. This iéterality
dynamics is modeled as a discrete dyﬁamical
- system. The stability condition of the stationary
solution at ESS suggests thét the keén switching
of preyfs guard direction is an essential factor
for the oscillation of the frequency of right-
handed and left-handed individuals. The model and
the data agree well on the period and the
amplitude of the oscillation, which strongly
indicates that the observed oscillatién is a
consequence of a strong frequency-dependent

selection.



| | 189

Lo ‘ 1 @i»ic. 5 A
9 @ P.microlepis
8 . =L ABRIT 7Y PR
o @:Q P.straeleni
s RELHDOI B, b-o&bh
2 @ P.paradoxus
- {, ZORISVWTIE, B~X
B ez ‘ N N AL 3
g , L.elongatus BED S DHELSEA TS,
g \ | Rlic, #o4H=4144#HT,
, i (Hori 1987) . it
[ K G.pfefferi
5 S R, v FIrRIBE-TWVWERZ
D % .
$ L.comprgss:.ceps Lick - TE%@;&ﬁﬁ{ﬁﬂﬂ
1]
?::- @( L. furcifer SnTE%k. LbL, Thb
T B DRTIR, XEZHBEIT 2L

’ Fig. 1. Fish show more than 90% of similarity L = > \ - 7T
- of food and food habit. (Hori ’87) 27 4 7‘@]3‘4 6:!209 bﬂ -

. K2, BRVOMEOD

==m  p.microlepis BB LUCEANOHEEEH
Os p.straeleni R~ L7. P.Microlepis- -
iT&EoTdH,

_—dm <}s =={m .
— Qs ==n  {s <>€S P.straelenilt & - Thdh,

O BREI R IMBORELIC
- THEBORIIEIK =
(B->TVWBDOHHELND

sy (Hori 1987) . Ihig,
RE-1BVFHETHME
DEHEITE-T, HEUL3
ROBERNZHEIN G

Fig. 2. Hunting success of P.microlepis and . .
P.straeleni with their foraging HBThHhrEELAONTWL

situation. (Hori ’87)



190

5.
® ZhTl, AENTOSR
s dextral
\\\\\_ = NAHELNBEE, TOFR%E
S e < )
= MET 301, AEOBEDY
: HOoNIEWKEEID. FUH
______"’—,__-\_\ )
| ZAABOBBVIIET AT
s O sinistral X
X ODBEACEAKELS LN
\b’ % (K3, Hori to appear-

. N 3 k] ~ @ —\‘—
Fig. 3. Sinistral and destral individual of ) P mcrOlepls T 7

P.microlepis (Hori to appear)

FickdE, EFIZLARE

% LohEE, BIZ1: 1T,
g, Kok (1FECETHERS
% | BIEVA) 1R 5 EABTR
gas }’\\§k/%}\€}%//{ﬁbfméiéuﬁbné |
g | (K 4, Hori to appear) .
g , , _LoxW, ZhZhOET,
g 0 80 81 82 83 84 85 86 87 88 89 goEf‘Jé, }E*‘J%"C“. IR

year(t)
SOEH, KB OHEELE

D, BHRHARTHOHEE

Fig. 4. Frequency of sinistral iﬁdividuals
with 95% confidence intervals.

5oTWB T ENHEIDSNTW 3.
2T, P. microlepisPEAEDHEEILSVWTOEFLEDLD,

ENDRET DO, BREAY, BLEF, RBIOVWTHANRTLL.

2 EFIN. . microlepisico W T, UFO &S KT & 2D
5N TW53 (Hori to appear) .

(a) EAMKE, AREIERO | BERTEA2HEBEFICL - TRES N



reproduction TW3.

survival

(b) P. microlepis® ik

‘ — T musmcrELlcus.
20(di(t)] —= | sd®) | DT ) mmscompEg 2
2 . T '
di(t) dd®) |27 mezzoncus.
1-year-old fish adults

(d) Ho#ix, £FZx, AF
ED9B, XDDITVWIES DR

sinistral

Pig. 5. Acheme of the model POoEBLBONTWVS. 7z,
KR THOEGHOLER, ThUAORRBEGOELAEOLELE B
H-oTW3, B
C(a), (0) AL lFOREEMLAROBETRE bBWTEF N
S EDKSTVRIEET Sk, (b)) HOEKMTHEL, ThETLO
MEFHOERFTORE CEMORBEARDT 52 LTS 5. sTER
% (sinistral) DMET %, ATHME (dextral) DBMETA55bT.
ssPZER %, sdldabBRIE LN, FrTO1FR, B URADSss,
sd, AAENZENOBETHOHEZss (t), sd, (t), dd,(t) BLT
ss(t), sd(t), dA(t) THEDT. 1 FTROSBETOHBEs, () LT
5. 5V LRRAREYT B, Hardy-Weinberg® BRI &

ss,(t) = s,(t)°

sd () = 2s,(t) (1-s(t)) | (1)

Il

ad, (t) = (1-s,(t))?

L3 BAODAFERErLTEL, 1FROKABDZENELOBRBETFROD

a3,
ss(t+l) = rss(t)+(1-r)ss, (t)
sd(t+l) = rsd(t)+(1l-r)sd (t) - (2)

191



192

dd(t+1) = rdd(t)+(1-r)dd (t)
L85, ENELANEDOEAENss:1-ssDEED, 1S DKM
RO AEf (ss):1-f(ss) & T 5. (d) D Sf(ss)ldssDBRABDLEY
Ly, ¥k, EHEOXNBHE» S
£(0.5) = 0.5 (3)

B, f(ss)B2bHBWVWT, 1FRDIFTARADsEIETFOHEEIR

S(t+l) = f(ss)ss(t)+0.5(1-f(ss)sd(t) (2)
f(ss)ss(t)+(1-f(ss)) (sd(t)+dd(t))

EhobHE3. (1),(2),4)T, EFMNEREINE. Ihdh S5,
f(ss) DEARMBIEDTIC, ss=0.5TDOHHDHEH
£/ (0.5) = - d (5)

LBV THEIFLTVL. (d) 5 d> 0 2KET 5.

3 RBOXHK. 2EDEFINT, EAOHENL1 : 1 DEHEBEDOEK
EHEHANE. £, RAOsHEZTFOEHA%2s(t)ET 5. FEBELLOT
npvhE VLS EIE, KRADOBIEFEOLROHardy-Weinbergik A 5

DFNIIEFEr (K1) TRET 50T,

ss(t) = s(t)?

sd(t) = 2s(t) (1-s(t)) (6)
dd(t) = (1-s(t))?

LERT 3. FER s (t) = ¥2/2, s(t) = ¥2/2 DAL THREULT 3

L1775

r . l-r (7)
-2(Y2-1)d+1 0

NALond., s, FEBIALLEIIKZDIF



193

5 as I_Z_—z"'_l(;.l_l+ l) (8)
3 N -
3 \ oscillation e
%Es§\ RN 2B THETHY, TOLEFHRD
£ table BoOBEBEERKE 5. FHAN
58 _
£} — T AKELE B (4, r) DEBEER 6 TR
r (year-survival rate of adults) Le.

Fig. 6. Stability of the equilibrium

HOBROYOFEAIE, ss =
0.5Tb-LtbREVEEA LA,
%:'Gf(ss)f?){té%@%ﬂﬁﬁfﬁkéfié&%ﬁéné. KX THOER
e, 3)&Eh6, £(ss) DEHRMAROMEINEELRD B L, 815, '87-
B, '90FENZTNENL.9, 6.5, 4.9, 5. |£/(0.5) | BREBHEMAEKRD
BIELO BREVOT, 9*&(&:%52&_t7‘:“&5]"2!‘§én5; ok, K
e, EEA0.TETH, THARKEELELD, REEHT 5L

Rohrs.

4 REHOREY. (7) DIFFIOEEEAL = pexp(10) EH <. 0T
HEOE O THRY I ECEETAAEA55bTOT, RENNSVE &

ik, BRBOBAYIZ2n/0TEMTEZS. (7)) bcosd = x/(2p) &M ED

T, OOFHI

cos™(r/2) £0 < w/2

5

N TEHALNEB. nbs, BOEH
\ &, 4%F & 2n/cos™ (x/2) L DRE, &
0 0.5

1 .
survival rate(r) CIC4EDrS6FEDHE LB (K
7). IR, F-IDEHFELLL

~ period

Fig. 7. Oscillation period is within

the shaded region —¥T5. 2, NTHo, 5HA



194

HOME L DD, EFERAIWN0.6205ZNULTRIFNEFR SOV

ERDLMB.

5 RBOKRRE. BRBOWBERD 57012, UT, W 22D
175, ¥F, 254 1EATEUT S, §5&, (9)RiB

f(ss)ss(t)

ss (t+l) = -
f(ss)ss(t)+(1-f(ss)) (1-ss(t))

(9)

B BOSLAFHAYTHARLELEHD

ss(t+4) = ss(t),

ss(0) + ss(2) = ss(l) + ss(3) =1

TS 5Iss(0) < ss(3) < 0.5 < ss(l) < ss(2)LWBHDDEKRE%E
KD 5. fxHEss(2)-ss(0)ZLEHBK.

ss,(0) - ss,(2) = k(ss,(0) - ss,(2))

EB<LE @& @)

2f (ss(0))-1-L + (1-1) 2f(ss(0))-1-L

L = -r’L+kr(l-r)
1-(2f(ss(0))-1)L 1-(2f(ss(0))-1)L

(10)

LB k=1Lt E, (1)2ATLEAEFRrOBRELTHS
DLEOAXKB8THS. kZ0.572FFS5 LA xic, RIBOEALIX

£(s30) ~0.6 =0.7 0.8 0.01~0.027% > fz.
\ R
0.3 < £(ss(0)) 13, EEDF—4T
3 02F= AN i,
§°J S {f(ss(t)),1-£(ss(t)) HTHIE
0 LTWBEBBIENTES. ¥

0 : 05 1
survival rate (r) . .
WMRXT7OERES
Fig. 8. Amplitude of the oscillation.
The graph is for f(ss(0)) = 0.6, max{f (ss(t)),
0.7 and 0.8 from below.



1-f(ss(t))}DEEZXKRD 5 &

t='81, 87, '90TZNZh0.63, 0.61, 0.70&K 3. Lih->T
£(ss(0))kKO0.7IEELEbI . R8rLEEIM0.2UTENS. &
BRDF— 45 TIREAK0.15TH 5. CORRRSOSEFRIW.60%
nUTERS.

6 L. ﬁﬁmwzﬁw@ﬁanomrfﬁw%5<oﬁﬁ%ﬁa
7o, RBORAY, RIBELEFALSTFRAS L ZEHICKEOT — 5 D
BNE->TWB., &KL, RROFMEFRZ0.6L£95&, A, wEBL
BF—SEECAETS (K9) . Thik, EAHOREIVHEEKRERR
KEDSIEEIINTVWEILERETS. bR ndLdi, &Y
MU BibiciE, ERIE OB OB A MR OE LIS D A E <
(25D EORT) FnwTIRFNER STV, Thik, HY, AR
EFMEOS55L0B8WES CBREMT 20, EAENL : 1 OME
T, BOBROEANKEZVLDIAIEKLLED0THSH. TRBER
@%meb,ﬁﬁ,%%@%E%bokﬁﬁ%%%ﬂfécaﬁﬂ%&
rﬁé&%,ﬁﬁmeE%@ﬁﬁmiéu,%n?nG%E%%Oﬁﬁ%
DEPRET201E, —BRUKREROL > TBbNI 3.

«g-Data  -e~Simulation

1

0.8

[X:]

07

0.8

05 l : Vz

0.4

03

0.2

Frequency of sinistral individuals

0.1

0
80 81 82 83 84 85 86 87 1] 89 80

Year

Fig. 9. Comparison between the data and the
simulation result.

195



196

3C#R

Ayala, F. J., and C. A. Campbell. 1974. Frequency-
dependent selection. Annu. Rev. Ecol. Syst.
5:115-138.

Clarke, B. 1962. Natural selection in mixed colonies
of Cepaea nemoralis and Cepaea hortensis.
Heredity 22:117-39.

Dominey, W. J. 1980. Femalé mimicry in male bluegill
sunfish — a genetic polymorphism?. Nature
284:546-548.

Ehrman, L. 1967. Further studies in genotype
frequency and mating success in Drosophila. Am.
Nat. 101:415—24.

Gayley, T. W., and R. E. Michod. 1990. Modification
of genetic constraints on frequency-dependent
selection. Am. Nat. 136:406-427.

Haldane, J.B.S. 1955. On the biochemistry of
heterosis, and.the stabilization of
polymorphisms. Proc. Roy. Soc. London B 144:217-
220.

Hori, M., K. Yamaoka and K. Takamura 1983. Abundance
and micro-distribution of cichlid fishes on a
rocky shore of Lake Tanganyika. Afr. Stud.
Monogr. 3:25-38.

Hori, M. 1983. Feeding ecology of thirteen species of



197

Lamprologus (Teleostei; Cichlidae) Coexisting at
a Rocky shore of Lake Tanganyika. Physiol. Ecol.

Japan 20:129-149.

1987. Mutualism and commensalism in a fish
community in Lake Tanganyika. S. Kawano, J. H.
Connell and T. Hidaka(eds.), Evolution and
coadaptation in bioti¢ communities, pp.219-239,

Univ. of Tokyo Press, Tokyo.

———. (1991a). Feeding relationships among cichlid

r fishes in Lake Tanganyika: effects of intra- and

interspecific variations of feeding behaviour on
their coexistence. Ecology international 19:89-
101.

. (1991b). X ¥ =4 —% —DF. KERY No. 342'.
(1991 December): 74-77.

—_—, (to appear). Frequency-dependent selection on
the laterality of a scale-eating cichlid in Lake
Tanganyika.

Kohda, M. 1989. Feeding.habits of Lamprologus savoryi
(Teleostei: Cichlidae) with reference to its
social behaviour. Physiol. Ecol. Japan 23:1-15.

Kojima, K. 1971. Is there a constant fitness value
for a given genotype? No!.Evolution 25:281-285.

Lessard, S. 1984. Evolutionary dynamics in frequency-
dependent two-phenotype models. Theér. Popul.

Biol. 25:210-234.



198

Maynard Smith, J., and G. R. Price. 1973. Tﬁe‘logic
of animal conflict. Nature 246:15-18.

Nshombo, M., Y. Yaﬁagisawa, and M. Nagoshi. 1985.
Scale-eating in Perissodus microlepis (Cichlidae)
and change of its food habits with growth. Japan
J. Ichthyol. 32(1):66-73.

Paulson,.D. R. 1973. Predator polymorphism and
apostatic seleétion. Evolution 27:369-277.

Shuster, S. M., and M. J. Wade. 1991. Equal mating

| success among male reproductive strategies in a

marine isopod. Nature 350:608-610.

Takahashi, S., and M. Hori. (to appear). Unstable Ess

and oscillation

a model on scale-eating
fish's laterality. |

Turner, J. R. G. 1980. Oscillations of frequency in
Batesian mimics, hawks and doves,kand other
simple frequency-dependent polymbfphisms.
Heredity 45:113-126.

Yanagisawa, Y., M. Nshombo, M. Nishida; and Y.
Niimura. 1990. Sexual Dichromatism and feeding
habits of the scale-eater Plecodus straeleni
(Cichlidae, Teleostei) in Lake Tanganyika. J.

Ethol. 8:25-28.

e



