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Abstract The semen of Hemilepidotus gilberti, a non-copulatory marine cottid
fish, includes two sperm types; eusperm for fertilization and parasperm. which
cannot be employed in fertilization. A previous study having revealed the function
of parasperm as antidispersive (reducing the lateral dispersion of semen) during
semen transportation, the number of eusperm arriving at an egg mass was esti-
mated so as to confirm the significance of parasperm function. Two simple models,
one including and one excluding the size effect of the egg mass at ejaculation,
were used. A considerable antidispersive effect was apparent when the egg mass
was small, resulting in the latter being contained within the dispersion area of
semen. When male H. gilberti emit semen, eggs that hang down from the genital
opening do not extend beyond the semen dispersion area. Therefore, it was con-
cluded that parasperm in this species ensures semen transportation and promotes
fertilization success in males via an antidispersive effect related to egg mass size.
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WIZIZFE—1E, F—@EETHh 2256,

REREEENS R LR A TOBT I
W9 % & A24F £ 9 4 (Sivinski, 1984; Jamieson,
1987). ZOL)RFEFDI L, THEIT) DIE—
BT, R OBFIDIZTHEDF V. %
B4 58T % ER (IEE) T (normal sperm ¥ 7=
(& eusperm) &\, ZHETELWHFRE (£
T2) #5F &£\ (dimorphic sperm F7:i3 parasperm).
BBy T F b vwo/zkEH (K
HEN), Yavda N (BB A4 ah
HEOHMBEEAIILO LT IRAHL L, KE%:

79 EEHEEY T X CHIS N A (Backland-Nicks et
al., 1982; Sivinski, 1984; Jamieson, 1987; Afzelius,
1992). 2 X5 (JLREH BT 5 EEEFAHIE
MR TREMIIHEBT LI LIE, ThonkF
FAMA S DOBICHIREEZHE) Z L2 TS5,
HE, IhFEFTIC, 74 IFTORRETIIGER
T OmELEIEN S 2 2 LR EN TV 5 (Os-
anai et al., 1987). —7%, Z&ZHOERFETFIZo0
Tid, EREFEZMA4EL TINERT 5@
(Silberglied et al., 1984: Jamieson, 1987; Backland-
Nicks, 1998), R &M DAEFENE % BRI BEN T 5
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s, FEIROER % B CHERE (antidispersive (A3
] Hae) = b oMl EH I N TE
(Fain-Moreal, 1966).

—J, EEOE, »IH EREEO—HETHS
I IR HTH Hemilepidotus gilberti 75T HT
TR T A2 &% R L 7 (Hayakawa et al.,
2002a). ATEDEEVE T3 IS OB THY
BEVBRICEEL, F 9 TREELFNE
DEPRESLZEIZL - TEL L 2T T
& 5 (Hayakawa et al., 2002a). =0 & ) ZHlifdid A
/) I3F 2 7 Blepsias cirrhosus (Hann, 1930; Hayakawa
and Munehara, in press) 7 & ¥ 71 ¥ 71 Hemitripterus
villosus (unpublished data) & V2o 7-{BEEME L LI L O,
712 %379 T 7 Cottus hangiongensis °/NF 1Y
71 C. nozawae (Quinitio et al., 1988, 1992; Quinitio.
1989) &2 EDPAKMEE GO T LR EED S
b FEFL S T\ % (Hann, 1927; Hayakawa et al.,
2002a).

JAATVATVHORBKEFL, EEKEF (SHE
R 1.6-2.0um, HER I {20um) (2T
KEIT, EFES-TumDHiNE TH % (Hayakawa et
al., 2002a). BEESIL, FaATHITHTEEEN
5 EIEF OB © ZHEATE) OB LW EE 0O
FHOFEEEZEPORELL. ZOHKE, Fho
SHOBRRICOPBR 2 36 3 5 o I D IE RV T i
KA ER CYEMICHET iAo 2 &
B 5212 L 72 (Hayakawa et al., 2002b). & 512,
BB SRR OBRZH &, IR~ IEEHE T3
EZErERTAKEEAT LI LELRLL
(Hayakawa et al., 2002c : #¥fflix [#EE HiE) B
HR). BB OB L, Hayakawa et al. (2002c)
i, SIATHIAIENZHETH Y, FITiEx
TRREOEEHOBGA L IRBOL S % AR
AHLOD, HEOFEEP CHIZERLT
antidispersive (FEHLENA) Bere & Fr L 7.

FARTA TN ORI B AFHILEN
HilEeE L, I e C ER F ORI X, %
IR Z SO LMEPIFEINL DY, BB
BRI L F CAMMEHRTH ), BEHTO
TEBUIRERFOERE T OB 2 EXR L, I
DIZFERR LWL S LU MEENH L. Lizho
T, EIFF X DRIt re A oM 14,
PIBRIZEES A IERE TR CiFli SN A LED H
L. 72, ITNECOERGEFEEICET 5825
HFO#ARIRFL DB % 1137, Fain-Moreal (1966)
ARG & $2ME L 72 8RR 0 ARG 12 X 2 5
LD HIRETE LS D T D EBRIIZMEE S /-6

B, FARTHTHORENETTHD THERD
N7:b D TH 5 (Hayakawa et al.. 2002¢c). FD72D,
ZDOHEMNEIAIEICR ST, REEF 2D @I
MEMmLAETEELEZONL. KRHFRIIERE
BT o) Bk Milazko Tnb2%, —AHTH
R MK DM & o 7oA & IR L
DEDLY EELNEFET A, HRIMIH SN BIIR
B, iERPRRAKPTIIEMB RIS &
boTHMiT 5. FIHETOHRE, KBERIHEEKD
Kitk, &5 WIBESFHL SIND & SDHEEIS
Lo THHDHEFIEIRELRD, SHIEETE LT
BICRESRETLLEEZONS, FARTAY
N ORERDOY e, BEEFOFELILL - THIRD
WIS 545, ZOWMENOEILEELETIE
BT OS/HIOEAN»ELLETTHE. 20
7o, RO ICEH LRI, i
BOBFDOBEIIZOVWTH -2 HE s RMT S D
DTHABH., £ZT, KWETIEIIATATAD
FRVRE - H57R RS AL FH B B 0 A 014 & BGE
% —B)& LT, Hayakawa et al. (2002¢) & Z# (2
JRSRICHET A IERBFE LB E T VIR
L, EEEFOAZE SO L ERORBIFEIRRIZ
BEMBET 2 EORHRE OB ZIT o7,

oK & A&

ARV HY HDEEIEITEN & BEUET DREHRILEX
HPHIEBE

MXEEODL L TEEERLZITRIAIA
DOEFEITE) & BEFE T OB RILHIEGIREEE IO W
TS T A, FAATHITIOMEHED T Y b
) —ANOHEE FTEYIY 5 (Hayakawa and Mune-
hara, 1996). JRIRPEDOBE VIIEER & & b IZH
THEBELTEYNE LR 1208 E LT
EABEINSL, 7 M) —HEIZINE T — F L&D
521 H F TORKEZPHBAYIZAT, ZE0RAT—
NEfEOTAZ—F > 7 (BAMHE) z7FL, EH
VB LET A, 7 ) —ERPA=—
o= (EAMFERE) 12X BB EEINRGL S
10-15#%I2f7bh, ok EHOEIMZHETY
B P BEIRHE T R I AR IZ B A R S LB BRSO
1VA-1STETH D, KEGHIIHEMNIITE - 72IKEE
Thb., 612, JEMDOAEEIEEDH DOFVE
FlIcEAHINL /O, HIZIIEEA S 10 % cm B
NIcEZHDLRERIT). Thbh, HEIEIH
WHFEDL I ENTELR .

Hayakawa et al. (2002¢) (X, ZOD X9 IZHEDH 5
FEEEEEN 7-WiBED SR S N0 S 2@ D - THk
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T5HEEI, BEPICEEINL RIS OIERE
TEEIZED L ) LR EE RITT H 2 EBRWITHR
Ak L7, MR O BEET, EEET B X O
DERTI (5:3:2) 212, BiRhoRUKET
DEVEDF B KERAFIR & AV 7o ALY 2 4 Hi 52
Britv, TNOLOFERREOEVEZHFHL, £
DFER, BIEKF 2 &2V ERRT O LD
(AT L IERIFEF D 4 =0:8:2) ICHIRTE
BEFza Ol (REBT | ERET | B
=8:0:2, BLU5:3:2) DIEEHEIFEICRS
Tols. TOX) LEROFEERHOMERIL, I
BLGRICFETEABEOB AR TI LR,
TN D HEFEE T REBICEAL SN 5E,
PHBRICEECE A ERIEFEEZEMSEH I LN
Hiff b, 3axXIHIJHOERBFEIIIM%E
TR B I B TEBNEHES RO TE L, %
FHII DMK A & B S 72K AE & RO PN BENEE
T2 & % (Hayakawa and Munehara, 1998). Z®
LN R IMOIIEE N DL { DFRFEIIN
ZHLTWA I ML LERMITON, HOEILC
TV BIIBR D —E 53 T i 72 IE RIS T-25,
PEIIHRICZ D@ CIEREE FRICIEERE
Lo TYRENIEAL TZHETH I LARIES R
TV% (Hayakawa and Munehara, 2001). L 7z74%-
T, —EOHFHEBROMERIL, HEAHYEDIEE
W2 RS OIS EES TS, &7
DRI FEHN L T2 BRI THIIRN DS <
DI ERRLPIIZIFEIEONL I L EBIRT S,
ZD7z0, FEGEFIIEET 2 2= (IR
&8T5 ECHRIHEET DD EZLNR TV
(Hayakawa et al., 2002c).

FEDFIE
FHEIR2EBTITo72. 13 LI RIS
TEOFEMEHEC RITT BTN, FLEHHECG
CCTIERMETOENED L ) IZEILT A0 &itHE
L7z GHE-1D). L2 L, EBIUokE s
FBHOIENHEE L VNS RESNE Z L5,
B IERST5%E < B2 5 722100 TEA T
GCTHAEH, FIT, YRO A4 XEEEL, Ui
CERZELEBAERBFEICOVWT, BT+ 8
LAF (BASIR) L& T kiR (EEHE )
THtEB LU AT o 72 (FHE -2).
FHEARPICEEINZIRFESIUBTFEE
Ik, BP0 TFEB I U HBEY
SHE L, WS L 0BT oER
T & BT OB B L RS, 2R

B LECAHS T 5 ERSFoMEBEzstE L 2.
ZLC, MLBFED2WBEORER, T4bbER
BFOLEEUHREEETF 2SO E DM
TIEEEFREOL RO,

i s-10ullc40uldI T AT AT HDONTKE
4% (Artificial Seminal Plasma (ASP): NaCl; 164 mM,
KCl; 204mM, CaCl,; 0.97mM: MgCl,; 2.52mM;
Hayakawa et al., 2002a) % DIl 2. 7= F FRAH R & M EKET
BARIHET L, EFEMET CERER FBLURE
BRsF et L7z, FELIILIT ORISR 7.
—fR IR P OB FRIL, BFEBEosftT
HoHANT b))y METHi NS (BA.
1989). T, LIl EA~AT N7 ) v ME
(44 1.45-1.65mm. &2 75mm) IZAN, Lz
HitTHBRLAZDBE390gTI55E Lo L7,
ZLTC, A7)y PERNTHREE  HD 5
F3titBL-AEOES D, A% 7
)y Mz ko7, RICIEFEET L ERBTFOR
it xRk D70, ASPT2EICAHR L TRy
ML T LR EAT M7 ) v PFICA
NTEGaHEL., g GIRESY) oK TE
DEMKT L, FRBEF»ORsPRBHRORS =
FnFENf -7, ZolbEMBEKSFOEREN
DEREILE Lz, &b, SHEORED =& ZER
MBI BT ERUBFOHIZIRY 2775w
Z & 75 (Hayakawa et al., 2002c), AREFHEIZBWT
b MM O OFHIIHE L L.

FE-1 RERBTOREICKSIERBEFRE
EDEV EROFEFRBIDH ERHE LIHE

DFFM G S BRIk F TIEREDZER &
LTROHLND (Fig. 1). HENIZHLIEFD) b,
SHREDOTREM A FFODIIIIR E THET S LR
BFCThD. FEROHHIEFTD S8 T TOHEE
ZEH LA, AT AETAMELD bEL
[ZHE L ERBE A2 M E T 5 (Fig. 2a).
E‘J‘Hj P AWAY {Ti@ﬂZ’Hﬂi_ﬁ% S im, EE@E?&R)H
DYy INENHFEEARES, JHICEETES
FRET ORI, HELI0E Ok 2L > TEI
5 (Fig. 2b). COLHIIERLIZETVIZEW
T, MgEho2miis S o 2 3EBROE S (F)
ER) A E L, ThERkob I EiZT5.
T4, IHELET B HiHE TS Z K FEHMIC
Y5, COWEOEFEEREL, FOWHEL DX
HilhrhErFEFRES EERT S &,

S : Rin?| | £ (1)
v=—mRm"| Im—
12 In??
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Fig. 1. Vertical dispersion of semem following artificial emission in seawater. T, the position semen

emitted; LE, leading edge of emitted semen.

1 v

13 vemanennacbuaflvanarvilan

Im

Rm

b

Fig. 2. Model for estimation-1. a. Side view of ejaculate in seawater. Gray arrows represent direc-
tion of sperm movement. b. Side view of model cone on estimation-1. R, diameter of cone base (lat-
eral width of speraded semen) at position of eggs; / and vertical arrows (/n), distance between eggs
and the male (ejaculate distance): /m, distance semen traveled; Rm, diameter of cone base represent-
ing area of spread semen; S, area of spread semen; Sv (a, b), semen potentially arriving at eggs; T, po-

sition of semen emitted.
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eggs

b

Fig. 3. Eusperm participating in fertilization. a. real model. b. modified model. R’, diameter of an

egg mass. Sv represents area of eusperm distribution.

b, L, W& 0 HHEOEEO/NNISE (E
ZFROME) Lta2koM#EIIHBIETH b,
R:l=Rm:Im&%bl xR\, £L T, LkiklL
eEFRLY, FLEFRILIEA#EEEKOKEES % H
WTM=Sv/STERDOLNS, L7d>T,

3
/

Nv=]—[—] (2)
Im

E%B (22T, NWIZRIZH Rm 2 U IRTEET, Im
WX o TRELIDEBE LA HICEE SN,
ZN% b &2 Hayakawa et al., (2002) (281F 5 5 H,

EER TR O NSl % FVTEEE L 72 (Table 1).

FE-2 IMREOKEXIAEZEICANIGE B
B2t E -1 oA L ARICH#EE T LV 2 &R
ET DY, RETETIIIHHOKE L EZET 5.
IN%, Fig. 3B X UFig 42 WTHBHT 5.

Fig. 30 & 9 IZEZER OISR A HAF NI
35L&, KA EZE - BET 55 ORI
FORDZTIEHNE D, £2T, Fig312H5
91, WBEOHL TR D O A TINDREIAHY
THSVADERNETFEZRKOLET VTS, §I
WO A4 X EE LIARFETIE, HLien

Table 1. Dispersion width and distance travelled by semen (mean=S.E.; in cm) following artificial semen
emission tests. Eusperm semen indicated semen without parasperm; natural semen indicates
intact semen which contains parasperm. Taken from Hayakawa et al. (2000c)

Eusperm semen (n=9)

Natural semen (n=12)

dispersion width (Rm)

distance (/m)

dispersion width (Rm) distance (/m)

I sec 5.09%0.22 7.84*0.44 4.77%+0.41 9.58*0.66
3sec 7.16%0.33 10.02*0.61 6.47x0.67 12.60*+0.48
Ssec 8.62+0.40 11.02+0.95 7.87%+0.82 15.22+0.68
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Im

Rc
Rm

Fig. 4. Model for estimation-2. R’, diameter of egg
mass; Rc, diameter of base of small cone in figure;
other abbreviations as in Fig. 2.

FRBE/ & o THEBIEA (LT 5. JRBLAHHE
PHTHIEVEE, T b b Fig 4 THIBE % 5t
HE TORBEIEDIT 723568 I3 OBEER 13
[FRREE I OMSERTEOBEE (R) L) KREL 2B,
L7225 T, B8 1 THRLN Q) R FHEF T I
MWIZFDFENVEIENTE, THIERmIZKK
LRV ERD, LaL, TOOELABIILE
MWoOTR<RERY, Rm\ZIKEL-EEE (W)
EB. R<RELRDZILDEFIIBITS N L,
R :I=Rc:lmMbH,

Ny R? (m* 1 3)
B _
Rim® ? Im (

Eb. —), QRIS Q) RICELLIER,
TbbR=R &5 IDEMT,
Im-R'

[:
Rm

3)

Thsb.

LB, BEE, FHIPEBIUSHEZEIIOWV
TAT o7, Im& RmidTable 1 lII7RT & Z V7o,
72, IMROKE S EHET D RITER DK

IZBUITAIIB O KRE & (Eff34em, &32-3cm
DOFEkB L M) #EE L T4cem & L7 (Haya-
kawa et al., 2002c).

& ES

FHARPICEEINIBFESSLUVRBRFEE
IR H T HOFEPOIERNET & BENET-D
AL B L ORA T oIt % 31 fEfkizonwT
g L7z, ZofE%, BEREFIEEEL Tl
FHD65.4+152% % 7 (ERET | BT
=34.6:65.4).

—7%, B, ERET  REE T =61.0
39.0TH -7 &b, BEMET EIZERET
296 0ICHIE T B LAED o7z, TOZERD,
JAE S N E RS TR OIERIR T =1L, B
DR 289 LEtE ST,

FERDENERRED H 2RI E L2158 D
(FHE-1) ERUF IR & BRI O 2 EE ORI
IZBWT, FRERBIEM S L TH, ERHF
DEEMBILEL L, R THBEITREZ LI,
PRSI FZE S B IEES T RTH LN 5, U3t
BT REFBEERG I ko v, Tht
Mel L, GHERBTIERTINTIA—Y—%K
E¥hHL,

Nve =Nv/K (5)
ZIT, K, FTlko B EICERST
FHRT1, LBURET289 L% %.

FEMDFHE 3R D Im DML, ERFE 45
T10.02cm, B TI1260cmTH Y, HHS
BHRTIEENZENIL2amB L 1522cmTH >
7z (Table 1). T box (5)NICRALTEELR
H1- L& FHE L 72 (Fig. 5).

ZOER, HHE3BHE T, S OHEEA
92cm, 5HETIZA10emUE T, EREFH5
DFEFPHMNIZ B TFEAFIR D IO F3E
ERE Tt Nve S LM B 2 DT RE N, —4,
HEAHURE§ 5 B0 2 I8 & D EEIZ BT 5
RS D Nve & LT 5 & STH 3R TR K
"DFHNE L, MIZSHETIIERBFRHIRDF
WRELRBIEIRENL., o ki, B
T OFE L BB OFLEREEOMEEAT, I
NIAET A A E DGR ERSFRERICEE T
HIEEEMTITHLE, LAMLEDL, FOEIZ
HDINTHL., ZOFEITIIIROKE SHR
EINTESY, JIOKE SILIEHE OHh 27 TY)
Lo 72T AT F R EVERE STV 5,
FOFEE, NG DBImDOAIKEL, BiROES®
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0 2 4 6 8§ 10 12 14 16

Distance between eggs and male (cm)

Relative eusperm number arriving at egg mass (n)

0 2 4 6 8§ 10 12 14 16
Distance between eggs and male (cm)

Fig. 5. Relative eusperm ratio arriving at egg mass (Nve) of estimation-1. Black and gray lines rep-
resent semen without parasperm and semen containing parasperm, respectively. Broken vertical lines
represent the average actual distance from the male to an egg mass.

MRERTRmIIKFL VWb E o/, LAL, Im- R’
ERIIZIIOK & S EHHHOB ST BEANDILA Y Is———DLE,
E+IIHAN=TEBI1TEK & {I137% > (Hayakawa
and Munehara, 1996; Hayakawa et al., 2002c). £ Z
T, ER20IIBVTIORE S 2 EE L, FE IR
L -0 B & BES 5 & L A2 X A Rk >
B OR) R E a3 5.

IMEDOARE X EEBICANGTE (FHE-2) &K
FTEIZHV S Nveld ) NBLUK LY LT Y
&b,

Nve=Nv/K (6)

NDE X,

Nve=Nv'/K (7)

ZIT, KX, FHE-o LERC, BRI T
I, FHET289TH5b.
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Distance between egg and male (cm)

Relative eusperm number arriving at egg mass (n)

Nve | 5 sec
100n': I
: I
] I
50n'. I
. I
4 ]
- MMM&"’“W
() LA B | G — | T *M:“m%

0 2 4

8 10 12 14 16

Distance between egg and male (cm)

Fig. 6. Relative eusperm ratio arriving at egg mass (Nve) of estimation-2. Black lines and gray lines
represent semen without parasperm and semen contaning parasperm, respectively. Broken vertical
lines represent average actual distance from male to egg mass.

FHDL3IHBEBLUSHZEOVWTIOEEILE
WTHIEREFREROFZEHIIN T, HFEAFERDIN
BWADEEIERE T I Nve A5 1181 5 T8I ALK
L, Z0EVHKE o7z (Fig. 6). IFI2, Fy
By 2 RS BEBE (9.4+2.8 cm) fTITIZ BT A Nve 1,
WIN DO OBE b FEHFIR O F 7 1E B T H iR
DFEJISEEL B2 B Z EATRENT.

AR TIE, FARAIH Y H OREEOGHHER
D5 (Hayakawa et al., 2002¢c) % 12, FHBRICF

ET AR FELZ2O00FFVCHMLA. ¢
bbb, —DPIROKE SEEZELT, HED
FEHEMEICOMEH LEGEOFETH D, il
DIFEFFENDIEDTY (TR TIRAK E Vi E
WAL S, b —olF, JIOKRE SAHEHRD
KEFNDIEHN D LD /ASVIBAETHS., T4
bbb, EBEOREEICAIL TIROKRE S 2EE
AN ETNVIZLAFMTHS. EDOHE, Hl
FIkoT, BEBFOEMEICL ) IERBETF2E
FHETHESELNLZEAIRENT. S HIT,
BEBEOETIVEEND, HIZHEEZIT TR (I
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R ERBFELFFMT 2 2 L2 ISR D,
PISRICIERE T2 RE S ¥ 5 L TEMBFOME
WEDVHEFIZLRDZEAIRIN, TDI LI,
BABFNEINE T L TRIEOFERBE MW E
FTAHIETTRL, BTG T HRRERNIKEL R
HIEERELTNAS,

AT T, FHEERICHOEHEREICET 52 EA
fFi5a L2aHli 2 LT, RIS HOE S
AT BRERSMERSLE L % 50°, K%k
TV 7z Hayakawa et al., (2002c) I2 & A B F
&, BODLHERSAEREEL I TV
ELTETLL TRV AR ., £2T, KEH
BAIx 2EF, E8IE, EROMEIET 515
DG AW Emic e Lo 5. KEHHE
&, BB AL E TOMEE, B LUUID
KESIEHLADDTH A0, EBIZHEI K
YRR BN 1k A SRR A 2 i S s S
MHETHAH. 7 M) — DTG EEE L,
9.4+2.8cm (n=21) T& % (Hayakawa et al., 2002c).
ZFOHBE CEET LA ERB TR, ERET%
BURATHREBTE2ETI 2 VHAD 1L5FIC
BI& SHIZENLETIE, UEHEEOMER
FICL BHBHFLEOROMFESNSE, LizdTo
T, BRAMEF ORI EIIHI B RE (L IE RS T 000
BHEENTFIIFETEIDEEZ LN,

—RANHEE E SO AN OKETICIE, EEIE
HE L IRA GERETTNEITN TS, &
SFEECHREIIEMEE & 12 LIE L IE5R 5
EbFO (BIF, 199). Z0 k) RiFiHE, HE
CHLE SIS L&, LTSN EHRISHEAKRD
BWIGlok) &9, F7, HAEPoOEGFHE
) L —IMIZTH4UE T A1EH 2 H ok 725
AT 5L, ZOHMEOHIFEOHM*E L < &1L
SELIENTFHEING, EAEFIE, faFEm
WCIEREF & DEETER N S )BTRS S h
% Z & (Hayakawa et al., 2002b), & 51(2, IFHIAEF
WCHARTREWZ EREDS, FEMFLY LE
WRIBER 2RIl EZ 6L, 29 L
TEHIA®, SHHER AR OIEIUIC £ » THEDTE A
LRREIHIL, ERBEFOFERLY HE S
LDTHS).

Z D &)\ REVEFAYEIR O R O HI15H 12 %
545LE2LNTE, BEBFIHAKWIZED
LVNNERT B0 & o 7 H R DRI 1L 4
HBROBEE LTINS, LrL, —EOFHE
B% (Hayakawa et al., 2002c) & AFHE X, iYW
FRAVREIEDS, B, & D DIFRIPICERI OB % Kk

O 5 BFOFEITHRCEEEZRMTHLDE LT
EEGIRELLDIREEZRRALEVZ S, K
fFgECI, EBREINEEARTITATATA
BT A BRI Z EEL LTW50%, £
ML BIEI I IE RO DA B R TLA ) AY
RKOONDFEN S\, & 2L, ML BERbE
&Y TEABED TV —~v FF A Thalas-
soma bifasciatum B 5. AIEIIHEHRTEINT S
MFEOMDKY 4 X2i8iE L LCEINBEREL,
FEE % 8T L CT\V2 5 (Shapiro et al.. 1994). £
7o, BUBEIRETIZBE D B ORI D
2T, WEAKPTHGRT HI025 L TRF D EEIC
LT AEMDLETHY), FTAATATHDY
ELIIELARBHEOMBEHBFEIATRER S,
T =Ny T ATIIHEFITIIRI AR S N
Tww/=o (FII, 2001), FAEETIE, RO
MEERIBTFESCHIEOR., &5 \VITHEIRIC
RELTNDY VST EE o ILET T2 EW R
BLTwRIEPEZLNSE. ZDLHIZ, RE
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