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ABSTRACT

The spontaneous bilateral asymmetry was analyzed in the hermaphroditic fish
Rivulus marmoratus to obtain base line data on the developmental stability of
this fish. The results obtained were as follows;

1. Eight kinds of countable anatomical characters except numbers of otolith
and radii branchiostegi showed bilateral asymmetry at the frequency ranging
from 9.8% to 64.7%.

2. Asymmetry index was not significantly different from that of gonochoristic
fish species previously reported.

Genetical implication of the results was discussed in relation to developmental

stability and homozygosity of this species.
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o AA e oA A (developmental stability) ] x| 844 (homeostasis)e] # =2 o]-&4
4= 9lth(Mather, 1953; Van Valen, 1962; Felley, 1980).

Rivulus marmoratus= H2FFoA £438 7j%4 <¢sFA4 E3r] (Harrington,
1961) 24 $xde g oulsl 2448 %3 9lvb(Kallman and Harrington, 1964; Har-
rington and Kallman, 1968; Harrington, 1971). w2t o] &8 AFAE2 A& A F A
AApel o FAAQl o] AAe] 3 A metd F£IHE F AT, A5 5&“3]51' A e
AYEF2A e A Aol rh(Park and Kim, 1984a). o]ldt Aol =43t £ A<
R. marmoratus®] 71z A EFH AT Fo 2 o] FA veE AdwAA 4‘1— n] o
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Aot JdTEE 10+H1%2 FASAh. Bxrle) B4 ek ALY Y2 A
4] o] gl o o2 (Harrington and Crossman, 1976; Dentry and Lindsey, 1978), -&X+ 25

+1°Cz & zAsYch FF7E OWHFEo R 19 44z As24sgch 53 F
1709 7k 8] $-0] = brine shrimp(Artemia salina)?] F4 (naupliDe 2 Agorn, 2 o]F
o #olzE gl 7, Aol F& xvg & Ak ¥ Adde F3 F 90~100
d = 1024 E AL A oz Aol ARgsgth
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(1) g9 A

5wl A A e sAekst o] oletx FFshe], HiF R FHEH Ao ofgH
oo 10744 gawre Agskel zAekg ek (Fig 1.

1) A& =g 7}A o 24 (Valentine ef al., 1973; Mitton, 1978)

2) wj A =glw] 9 7}Al ¢ &< (Vrijenhoek and Lerman, 1982; Leary et al., 1983; Bell es
al., 1985)

3) A ev e 7] (pterygophore=radialia) ] <= (Harder, 1975)

4) o] Z(otolith) 9] < (Felley, 1980)

2 A v EF A =] Al 172 Dol A FE] 4 7bR] 9] ¥k (caudoventrad)
2= Valentine et al., 1973]
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u] &<, Valentine et al., 1973]

7) Z41219] w54 (Valentine et al., 1973; Mitton, 1978; Felley, 1980)
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Fig. 1. Diagrammatic representation of selected ten characters for measuring bilateral asymmetry
in R. marmoratus. BR; No. of radii branchiostegi, CD; No. of craniodorsad scales above
lateral line, CV! No. of caudoventrad scales below the lateral line, OT; No. of otolith,
PR; No. of pectoral fin rays, PS; No. of pored scales in the lateral line, PT; No. of
pterygophores, PVR; No. of pelvic fin rays, SL; No of scales in the lateral line, TD;
No. of outer teeth of dentary. Sacle bar; 2mm.
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Table 1. Mean number and asymmetry data from the selected 10 characters of Rivulus

marmoratus*
Mean =+ S D.** Frequency T9ta1 of CVaz
Characters o " as nln)lf'netr d?flfger;ggces F ratios
Left Rnght y(%) v values
Pectoral fin rays 12.98+0.46 13.0520.45 14.71 15 1.8513 1.058
Pelvic fin rays 5.74+1.63 5.46+1.64 25. 45 94 296.7111 1.013
Pterygophores 4.00+0.20 4.0410.34 15. 69 16 20.4640 2, 962%**
Otolith 3.0040.00 3.00£0.00 0. 00 0 0 1. 000
Scales above the lateral line 6.00+0.28 6.06+0,24 9.80 10 6.0810 1.417
Scales below the lateral line 7.914+0.49 8.06%0.57 20. 59 21 6.4101 1.390
Scales in the lateral line 46.131+2.30 46.02+2.39 64.71 135 1.8511  1.083
Pored scales in the lateral line 23.52+4.50 23.32+4.59 61.76 170 15.6676  1.043
Radii branchiostegi 6.00+0.00 6.0010.00 0.00 0 0 1. 000
Outer teeth of dentary 5.99+1.14 5.95+1.24 38. 24 58 50,2048 1.179
* Sample size; 102 ** S D.; standard deviation, X >0, 05

2. v 49 3¢9 A
R. marmoratusel A zAt5l 107}4] §3 Z7e] 2, $9o FFA L Table 1 el gl
th o]l Fe ot AHEAEY FE A v RS A fdgted & JAgME A
o Aol UAAW EF v A& el gich Table 1o] 4 ehf vho} zto] gAd g
B A9 v EF64.71%)9 A8 FEulET(61.76%)0 A v A gl sbF @A st
i, ofele wpgE X ojr(38.24%)0 A5 wlaH el vepukslch
A v e vasty) §ste] A" CVa? g B Wi x=e] sHA] gz
(CVa?=296. 71111 A 7+3 & & ez, go] oy wgE Aot (CVai=
50. 2048)ol A At} o} R & A w] Al x5 ol E o wpEF ol AL Hl
6H vdehd Woelst treFate @] o Fo Al H e CVa® go] AR RAele =i
H AFrt e 244 v 544 (CVai=1, 082} &4 49 $F ¥ 54 (CVal=], 0430)01]
1“ g A wlEE glxn CVa? ghg A vebstie
2, - A Sy JRE Gotrr] et A sl £ FEEgho|(Table 1) o &
B FAAE 1% oW @& ez oqr 4 Fad Hlﬂlx‘ £ fluctuating asymmetry
2 wddd. 2ol o498 WA el Ane A, $9 3Fa]st §9 Ao =2 directio-
nal asymmetryql o2 2 = 9lc}(Soulé, 1967;Jackson, 1973; Bell et al., 1985).
3. w3 A9 ¥
225 A Fol A shEA=En s dz2e v BF 3, $7113:11322 A S 9
F1 121 13(Fig. 2a), 13: 14(Fig. 20) 59 wldAe] EA3s, A7 F9 5 3, ¢
7} BE 4: 40} 3: 4(Fig. 2a), 4:5(Fig. 2b) T wiehA o] stebrkch, 53] wi x| =ein|
%“’ SHAF Aol BEoln o]l F9 s dzgE 3, $7F 6169 HAA ] HH-Folt
A3 ®moke] Rxee]s) gt o] A AFig. 32), #}F Ax=gwst E4A A EFig.
), hE Aol A3 9l AFig 30) G2 ofF Holdtgrh. ol wlgF: Aol x
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Fig. 2. Microphotographs showing bilateral asymmetry in some unit bones of pectoral
girdle of R. marmoratus. Numbers of fin rays (FR) and/or pterygophores (PT)
between left and right sides are different in given specimens (a-c). Scale bars;
0.5 mm,
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Fig. 3. Microphotographs showing bilateral asymmetry of pelvic fin complexes of R.
marmoratus. a. Extra rudiment (arrow) in one side, b. Typical type of unilateral
vestigial (arrow), c. Complete absence of pelvic structures in one side. Scale bars;
0,2 mm,
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Fig. 4. Microphotographs showing bilateral asymmetry in numbers of outer teeth of dentary in R.
maromoratus(a, b). Scale bars; 0.1 mm.
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Az iAo Frhge, 2 ol & Valentine 5 (1973)2 299 FJell A v A A o
i EJJP%"%-
37 5 Qo m f-4% ‘zl 2.9l 0 % A= heterozygositys} w-a 3Fz kA A3 A St Q)
4] (gonochorism)? 7 9 =z} 7}aLulf of 2] & inbreeding depression
27 493 o)gd A3 SARe 7 (over dominance H) H& oA FAAFARY F5)
(dominanced} )& <l whA Jo] T Aelebxz M glvp(Lerner, 1954). T2} 3
A Eojol A £ F 49 heterozygositys] iyt vt A A e Friel A#IAA L glSo] A
A 5] 9}tk (Leary et al., 1983; 1985).

A7) & =g]o] A 2w R. marmoratusy o|v] A Kol F44 22 Fx2 homozygosity
Aol nz v Ao FFaAAe] obd ggelAAY BE FaUEG v F Hox
dl A= b, e} Table 1o 4] vhebu nj ] & Al 4= (CVa®) S b0} A A ¢l barred sand bass
(Paralabrax nebulzfer)b} grunion(Leuresthes tenius) (Valentine et al., 1973)¢] u|d A A <
of vlmal %ol u% FS Iy FHG Aol AT 4 Ak AN FAE v
E49 vl A A Fr} R. marmoratuso] A} = 6.0810¢] ] barred sand bass®] } Californiag}
Baja California = che} s34 v A A 4+ 6.2011(Valentine et al., 19739] T 1DEA x{i
fApEleh oleld Aae v A7R YA wrlehleh AEA melvle) Az
ol A vhebyke}l, w}ebA] R maramoratus = A A Ql A rbrAe g Al 1nbree-
ding depression© 2. ¥-¥] ofr|¥ 4 9l AT kA4S SEsE ofd A ] Aol
A et &3S fAsE AoR F5dAeh ey ofel AE A AL A g AA
o ogler o ATl & Fa A9 siehw e,

TS 4ok AN RATY FF AG 2AE ZE GANA A ge] Gehd e
Faro e & QF A} fAsFh(Valentine et al., 1973; Felley, 1980; Leary et al.,
1983). ol %ol up AlHHATE ol WA o]l YEL ol HAel S A3
o, obdnl olel @ @Ae] v AAA AAE 27 wAUA ofsl A welss] @ Ee]
AR e Aoz 47,
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