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Locomotor Activity Rhythm in Four Wrasse Species
under Varying Light Conditions

Genjirou Nishi
Institute of Oceanic Research and Development,Tokai University, 3-20-1, Orido, Shimizu 424, Japan

Under controlled laboratory conditions, the locomotor activity rhythms of four species of wrasses
(Suezichthys gracilis, Thalassoma cupido, Labroides dimidiatus and Cirrhilabrus temminckii) were indi-
vidually examined using an actograph with infra-red photo-electric switches in a dark room at temper-
atures of 21.3-24.3°C, for 7 to 14 days. The locomotor activity of S. gracilis occurred mostly during the
light period under a light-dark cycle regimen (LD 12:12; 06:00-18:00 light, 18:00-06:00 dark). The
locomotor activity commenced at the beginning of the light period and continued until a little before the
beginning of dark period. The diel activity rhythm of this species synchronizes with LD. Under constant
illumination (LL) this species shows distinct free-running activity rhythms varying in length from 23 hrs.
39 min. to 23 hrs. 47 min. Therefore, S. gracilis appears to have a circadian rthythm under LL. However,
in constant darkness (DD), the activity of this species was greatly suppressed. All the fish showed no
activity rhythms in DD conditions. After DD, the fish showed the diel activity rhythm with the
resumption of LD, but this activity began shortly after the beginning of light period. The fish required
several days to synchronize with the activity in the light period. Therefore, S. gracilis appeared to continue
the circadian rhythm under DD. In T. cupido, the locomotor activity commenced somewhat earlier than
the beginning of the light period and continued until the beginning of the dark period under LD. The diel
activity rhythm of this species synchronizes with LD. Under LL, four of the five specimens of this species
tested showed free-running activity rhythms for the first 5 days or longer varying in length from 22 hrs.
54 min. to 23 hrs. 39 min. Although the activity of this species was suppressed under DD, two of five fish
showed free-running activity rhythms throughout the experimental period. The lengths of such free-
running periods were from 23 hrs. 38 min. to 23 hrs. 50 min. under DD. Therefore, it was ascertained that
T. cupido has a circadian rhythm. In L. dimidiatus, the locomotor activity rhythm under LD resembled
that observed in T. cupido. The diel activity rhythm of this species synchronizes with LD. Under LL, four
of seven of this species showed free-running activity rhythms throughout the experimental period. The
lengths of such free-running periods were from 23 hrs. 07 min. to 25 hrs. 48 min. Although the activity of
this species was suppressed under DD, three of five fish showed free-running activity rhythms throughout
the experimental period. The lengths of such free-running periods were from 23 hrs. 36 min. to 23 hrs.
41 min. under DD. Therefore, it was ascertained that L. dimidiatus has a circadian rhythm. Almost all
locomotor activity of C. temminckii occurred during the light period under LD. The diel activity rhythm
of this species coincides with LD. Under LL, two of four of this species showed free-running activity
rhythms throughout the experimental period. The lengths of such free-running periods were from 23 hrs.
32 min. to 23 hrs. 45 min. Although the activity of this species was suppressed under DD, one of the four
fish showed free-running activity rhythms throughout the experimental period. The length of the
free-running period was 23 hrs. 21 min. under DD. Therefore, C. temminckii appeared to have a
circadian rhythm. According to field observations, S. gracilis burrows and lies in the sandy bottom while
T. cupido, L. dimidiatus, and C. temminckii hide and rest in spaces among piles of boulders or in crevices
of rocks during the night. It seems that the differences in nocturnal behavior among the four species of
wrasses mentioned above are closely related to the intensity of endogenous factors in their locomotor
activity rhythms.
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~NSHAHERBBITHEOHEBE T BEE#E /R C L5
5TV 3 (Hobson, 1965; Collette and Talbot, 1972; 1
« ¥, 1972; 78HI39, 1984; Helfman, 1986) 45, C
DS HREESD, NERMEOTESH ) XATHE0hE
9 MITO W T YN S BS A, SRET s h g
K1ZV¥TH B (Casimir, 1971; Schwassmann, 1971;
iR, 1982; P8, 1989). &3, BAEEDO~NSBEED
HEHY XLCO>VTHELZED, GIfiTRE Yy~
Halichoeres tenuispinnis (Giinther) &4/~ 035 Pre-
ragogus flagellifera (Valenciennes) D/E&E) ) X 4 DHEL
L URBAEEHOHEL OEIc>VLWTEEL L
(P4, 1989). dHbbL, BHHICHBIAEEML b+
YRFIZ, MOARMEOEE Y X LAHERD 500kt
LT, BECESTERLEICEE2FRTHRET 54
NTaxSTE, NREOEE Y XA0BH 50T,
HoES ) XL ONKEOFERICHESH 2D, &
KEBFOENXHDFEVEE#ESH DO TIRE VW ETE
L7 (78, 1989). AL T, FocmEkEE
HEDRONZ 4O HEPHFHRE LT, EE
Bick I 2HH Y XL D0FWITO>VWTERMITERL,
AR 2 f & L L >R OKRER N & oB#Eic>W»
THREEMATHL.

MEELUSE

EBRWRELIDEA XS5 Suezichthys gracilis
(Steindachner), =¥ X3 Thalassoma cupido (Temm-
inck et Schlegel), & ¥V * 7/ 5 Labroides dimidiatus
(Valenciennes), 4 b t ¥ X 35 Cirrhilabrus temminckii
Bleeker D 4T, W§h &AMPIBLIEEDINE TLHE
HEBICRoN3b0THD, ThosoRMEBHICOW
T, 1 PS5 REEBLUBHTORERERL 3 &8
HIc#Y, =Y FNITRPPREST, kv ATh
NFFEPY Y TORMICA - T OEClh LA
TIR5 T EMNFSGNTVS GREED, 1984). XL,
4 b5 OEEFMIC OV TIEE ITEER L X
BRY SRV, EEHHOBKBETE, 1 FNJ13
HE B BRI USSR 5T AT L, = v+
N5 IHETEEAOER ZHEHOBRE ICA - TKRE
THIE, FAVYATISRSBBETIEOTORIC
BoTHRETBIE, 1 EeFNSRIBETIEADMRK
MicA-> THRET B EREEHRL TV S (, KR
).

FRICHOEFORERE SR x5 BR (&
E 65-115mm), =¥ ~3 14 & (2K 67-117Tmm), +

Y ATHERS 16 (2K 55-83mm), 4 bEFRSF
R2E (RES59-70mm) T, Y5k vV A75X5D6R
374 VEVETHIY, 3T NTHAEHNTRKE
ga3ni, ThooEEREBREBERFEEYEOT
fE7k#E (60X30X30cm) T, 7Kil 20-27°C, BEHRLEL
% - 13BBOIRE Y 1 2 L (LD) FT0.5-6 7 ARIC
bl DPIBEATEET, EBRICEL > TERAEICBL
TLD FT 12 B FHEE %7 - 2.

KGR (78, 1989) & 3EREKETHS. 1
bbb, EKEKHE (F5 2K 60X30X30cm 13,
40X25%30cm) DOEERICHW % 10cm OE X T X,
hRICIEBY SR LKDA2SHEHASHLETHREL
7o, EERhO/KIREIFH I 21.3-24.3°C, BAHAD BEE 137Kk 4E
DIKMEE LT 500-1,500 lux (1 EERhz—E), BlIERE
HeL, BEAMoEZ s 4 424 F THRERIC
fTo7e. ERXKIEEAMREEREY 4 20 (LD, W
06-18 B, BEHAIE 18-06 Bd LD 12:12) 724 D LD X,
{88 (LL) Ofij&ic LD ##& b€ LLX, BX U8
% (DD) OHij#%IC LD 2 fl&bHb ¥/~ DDXD3IX &L
(Table 1), }XEZXA v FRT77 b 753 72HVTHDIE
BhAa0eR L. EERIZ 19804 5 H-1989 4E 5 HICfTL,

Table 1. Summary of the experimental conditions
of activity rhythm for four species of wrasses.
LD, 12 h light-12h dark cycle; LL, constant light;
DD, constant dark.

Photoperiod and term Exp.

Regimen (days) No.

Species

Suezichthys gracilis
LD LD 7 4

LL LD3 LL7 LD3 4
DD LD3 DD7 LD4 5
Thalassoma cupido
LD LD 7 4
LL LD3 LL7 LD3 5
DD LD3 DD7 LD3 2
LD3 DD7 LD4 3
Labroides dimidiatus
LD LD 7 4
LL LD3 LL7 LD3 4
LD3 LL8 LD2 3
DD LD3 DD7 LD3 S
Cirrhilabrus temminckii
LD LD 7 4
LL LD3 LL8 LD3 3
LD3 LL8 LD2 1
DD LD3 DD7 LD3 2
LD3 DD7 LD4 2
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Fig. 1.

Record of locomotor activity in Suezichthys gracilis kept in LD 12:12 (LD). Activity occurred mostly

during the light period. Activity is indicated by the vertical marks drawn on the horizontal bars, which
indicate light (open area) and dark (solid area) periods.
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Fig. 2. Record of locomotor activity in Suezichthys gracilis kept in LD and in constant illumination (LL).
The fish showed a distinct free-running rhythm in LL.

EEMRREREREICIRE L, EREEGD (7-14
H) 3REE LA,

= S

A4 PRSOFEHY XL EEIE, LDX4[E, LLX 4
B, DDXTS5EfT-7.. EHY XL0FEIBIL TR
BEBXTzhThic33E—#EErEo ko7, R
KB E1FERRL, Z0OERADLICHIY 3.

1) LDK: COERRXICEBIT B4 F~x50AEES
i3, B (FH, 1989) Ok v ~<5ERILL, EBEEIK
IHR BB ICXBITE /o, EHOBBRERSATE
BREI—BZITH - fo. EEHOKT (Fiabbikibfo
BAES) WTHATLIRTIC & 5 DAs (Fig. 1) 26, 4T & 134F

F—EziTh s 20 TH 7. THbE, LD FD
4 b5 3R CIEE LRI IZ & A ERLiikibd
BNEMICFEZE L AR HEAES Y X L2 RIERH
Bonk.

2) LLX: 1 EBpI%* Fig. 2 <R3, XEE% LD »
5LLIKEZTSH, 1 bS53 1B 1 EOFESHE
IEgAR L, WIBEISTES) ) X o224 RS ES
. UL, LLFicsB T 3EHHOBGELIZ1 B
Hic41 2AEL, zoRkGERFAFICHIEL, 1HOD
SERERRIEH 21 4y, LL 7 HEEE 1 BBk~
T 126 SyAiE L 7. —7, TEENHOKE TEZNC & iR
REBEH SN, LLETRICERELLLD FicBWLWT
bEE ) X LDMENSED SN, BETRIESE
T, EHHORBELIE 1 HE» S®%BL, SITE 3
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Fig. 3. Record of locomotor activity in Suezichthys gracillis kept in LD and in constant darkness (DD).
Activity was greatly suppressed under DD. After DD, the fish showed a diel activity rhythm with the
resumption of LD, but this activity began shortly after the start of the light period. The fish required
several days to synchronize with the activity in the light period.

TIME OF DAY
Fig. 4. Record of locomotor activity in Thalassoma cupido kept in LD. The activity commenced somewhat
earlier than the start of the light period and continued until the start of the dark period.

BlEZICIE » 12, TOXOD 3FlickF 5 LL Fick
J B IEE OB O 1| B O RTERR I, & 13
5}y, 1543, 1853 Th-1-.

3) DDX: 1 EEfil% Fig. 31</R9. 4 + X5 DD
TTRIBEALTEHLELSRY, EHEMNECE-D
DEABENE. CHWEBULDIKT AL, EEHOH
B & biES) XanBnids, EHHORERELE
HTHS 133 3B TEY, Z0%k, SBHRBRLICHIEL
fo. IEHOKTRZIIHEIT E 3RREBZITH - 2.
DD XOfhd 4 flicks\Td, DD FTA FXFiFIEE
AETESEFEHRIIED S Qi -7z, DDERTHERD
LD1 H B OEHH OBEELI3tho 4 Flicb W TH A

fTEEZI L BN THY, miTHE 2445, 324, 12047,
1403 TdH - 1=,

ZUEANRSOFEEHY XL EBG, LDX4[E, LLKX
5[a, DD XT 5[@fT- 7.

1) LDX: 24ERBE2E L TREIR—HEEVESH
755, REM 16]% Fig. 4 I;R9. LD Fickid 5=
v E N5 OHAEEL, EEHEKRERCXETEIE
HTES, EEPOBERLIIRER L iIcEBHIBIE—
FELTHh, STHRE KT 2ERPIE, SUTHT (B
W) Th B EERE) (Fig. 4) EMH -1z, IEHPOKRT
i TR OBIEELIc BT 50 L ERSR S
h, % E—Bd BEA L, HITRT (AEF) T
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Fig. 5.
free-running rhythm for the first 5 days in LL.

Record of locomotor activity in Thalassoma cupido kept in LD and in LL. The fish showed a
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Fig. 6. Record of locomotor activity in Thalassoma cupido kept in LD and in DD. Although the activity was
suppressed under DD, the fish showed a free-running rhythm. E, error.

BEa0d -1, $bb, LD FiKBiFs=v+~3
EEREICEFE L 7B S iE ) ) X AR L1, 7EH
g LSRR OhE C &k, Bt b7F
L EDBHONT

2) LLKX: 5EB®D5>b, LLICLTHZDKTET
TEE) ) XADREEL 1o DH 2 B, BrhE THERE L oM
2fimY, 1HEH»SMES Y RADHEE LD 1T
Hote. LL ORI TIEE) Y X 4 H5fkss L7 1 EERH
% Fig. 510" 9. COERTE, XHAEAMELD»SLL

ICEEA MR, 1 B 1 BB & KIEA R LIE
B XaxEg L L L, EEHIOBRBELICILTE
FLREMMDSH D, KTEZIC b b Hh 15 RiEmER b
BHoh, Lir->TEHHORESIAZE-> TEE
L, LL6 HH» S 1 Bt s 2 & Hiciin, 55
RLDHE L., FOBOLD FicBWTHiEHHIZ 1 H
chikit U 7o s, BElicB T 375 Idsm< Gl s n, B
OIEFRELHSHICXBIT 3 LASHEEETH b, iEF)
DX LB o, LLS HHE TR L 7258y X
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Fig. 7. Record of locomotor activity in Thalassoma cupido kept in LD and in DD. The activity was greatly
suppressed under DD. After DD, the fish showed a diel activity rhythm with the resumption of LD, but
the activity stopped before the beginning of the dark period. The fish required several days to synchronize

with the light period.

L DOFHRTERREIE 54 2 Th - 7. BIFREEEERE
-7 LLROMo 1fTi’}, LL4 HEE TEH ) X4
Dk L, IEEABEEZI O 1 B O FEIEi R 21
DTHot. EE) LD LLERT £ THEEL 222 filic
BWTh, EEOBBL RIS 2 HRREIKTH D,
TEBAL R4 ISR L. TEBIBIARZID 1 H O
BIERERNIE, ZhZN 505 & 66 3 Th - 1.

3) DDX: 25FBRIcBVWT, =vyFX50FEHIE
DD FCH S i s e hs, SHID S B 2 FTizil
FIHHEHIGE< T, DD T ETHEE Y X o3 8kEE L
fo. ML T HEL SEHMSHEE LD IFIT
otz [EH) XL L1 EBEI%E Fig. 6 1R
3. XAEAE LD » S DD ICEA 5 &, EHIZKNIBITH
HUTH, ¥1 Hic& 1 BOFESEKRIE S S 2758
) XA 3RS L. ISR ORISR I EARIE Y 518
Ficd b, DD7HHICIZFE 1 BEICH~T 68 43HidE L
fz. BULDKRY &, WICEHSERICE -7/, 7&
OB REIRA CEEBL, TCIKIEDDICY 5H]
D LD FTORMBICRS C & idiEh -1, EEh) XL
gt Lfho 1 Flcdb3BEROER LY, EHITHH
BEBEZI D 1 H ORTERRENI 22 3 TH - 7.

DD TiEEH 1< 13 - 72 1 B % Fig. 7 1SR, 3
A% LD » 5 DD icXZx 5 &, 1 HED STEBMHEEK
L, B8 XahRonislt-/. DDA SHULD

KRT &, AUTERICESZEEL, S ICEHE
HiIE L. EHHOEBERNIE b I SR —B L
7295, T3 DD 9 4]0 LD T TOMELD &
KIFICHIE L7z, T 0%, BTRIIEHRA CEREL,
b EDAFHICRE - 72,

RYVYADTRSOFHY XL EEIG, LDXT4
El, LLXT 7[EE&, DD X T 5EfT- 1.

1) LDRX: 24 ER%2E L CREIRBLERIBS
nrehs, KEH 1% Fig. 8 ITRd. LD FicsiF 3
T A7 XSOAR/FERE, = v+~ OHEAGEH
L3ERERET, LR L RIS Y XA %R
L, FBEHSHERICREOhE I Edah -1,

2) LLIX: 7TEEDS5 b, LLICLTHZDETET
B XahfkEE LD 4F, 1 HE»SIEH) XA
DR LIEDR3FITH . LLET £ TES) X4
b3kt U 72 1 EERBI% Fig. 9 10/Rd. TOERBRTIILHE
WA LDDSLLICEATS, AY YA 75351381
Hic 1 EESPERIEHARL, EEY XaRF6EL
fo. TEEHOBBELIZZIZEHRL CHEL, 1HD
SEERTERRIE TS TH . FOROLD FicBL
<, FEHHEKEEOXBEEHSH T, EH ) X o138k
L, EHHORMBELNIEAITERIC 2 BIc—HL
fo. BITERELNEREE > LLROfMO 3FlOND 1
BT, EEPORBELILHIET 2EESR SN, EF
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Fig. 8. Record of locomotor activity in Labroides dimidiatus kept in LD 12:12. Activity commenced just
prior to the beginning of the light period and continued until just prior to the beginning of the dark period.
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Fig. 9. Record of locomotor activity in Labroides dimidiatus kept in LD and in LL. The fish showed a
free-running rhythm in LL.

HFLE D 1| H OFHHIERIE 539, B 28TR%
1BL, %GB 114 & 108453 TH -7z, LL1H
B o8 Y X L05H% L 3FIOND 1 EEFI% Fig.
10 IC7RY. LLIZTB3LEF vV AT RFE, BEAL
1 HRE#HT L5y, EBHY XL3HELE 2
D%D LD F TR, HTRICKIEHSENESY Xb%
BELKL ho2flicB W TbEOERTH - 1.
3) DDX: £5FERIicB\WT DD FTiEHEn@<
FlEhreh, 2>B3FATREVIEZZIFEAS D,
DD T TIEE ) XahfEL, 2HTIHEDLSTE
BNk L., DDETETER ) Xohfke L 1 E
8% Fig. 11 1IR3, XAM% LD »5 DD IcZEX %
&, W1B 1 EVESHEKIEO S 27E8) Y X 4 134
e L7cahs, EEERIRIciER L. iEEh o BaraiE|
BEHAIET 2MEEICH D, DD 7 HHICIIKRET 167

SR L. BULDIKRT &, PHCEHNERIC
ot LdL, AL TWiiEEHoBEa®Rs
WKHIB L7208, 3 A% E CICERLAIOMBICR S8 H -
fo. TEEN) X AHREEEL 7oftho 2 BT b IZIFEIBEORER
&5, DD FicB i 2iEEHBEE O 1 B OFhi &
Mg, ThZh1943& 2259 Th -7, DD TEEHE
(- 2BZBHBULDICEL &, AITBLIESLT
TEENEBIE L, WIS 3IE—R L BB L1,

1 PEFRSOFEHY XL ERIZ, LDKX, LLK,
DD XTZ#hZN 4 [T - 1.

1) LDX: £4EBRE@E L CRIERBLSERIES
nf-o7T, REMNS 1H1% Fig. 12 1<R7. LD Ficsis
34 b eF~XSOHREER, FEHHEKRIEEICXEIG
5l ENTE, BHHEBERTE ZEFREELICEE
D, HETELZGITRT Lz, LD FTOA FE+x35 1,
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Fig. 10. Record of locomotor activity in Labroides dimidiatus kept in LD and in LL. The fish showed

continuous activity through LL.

T T T

Ll

5
6
7 TENT T
8
9

ﬂJJJlJL

10 T |

1 LBRELY) | | 1 AN (AR

HHP

p—— R

o)

18 o)

TIME OF DAY

Fig. 11 Record of locomotor activity in Labroides dimidiatus kept in LD and in DD. Although activity was
suppressed under DD, the fish showed a free-running rhythm.

EEHHBICRO N TE Y, BHTHEHOA LN/ =
YENRS, RYY RTINS LAENAE LN, TOHA
EECENIc—H L ES) XATH - 12,

2) LLX: 4EEBD> b5, LLOKT L TEE) X4
D L0285, LLO 1 HELSEH) X4
DL LD 2B TH 7. LLERTETEE) X &
%4k L7 1 EBFI%E Fig. 13 IORT. TOEBRTHE
W% LDH»SLLIKEZBE, 1 bEFNSRIZOREH

BAEKIFICER Lchs, 1 81 1 BIOTESH & KIEH
ERTTEEN) X L& Lo IEEAOBGEZI2 1313
BHEEL, | HOVHREREIIE 159 TH k. ZD
HBOLD FicBVWT, EHHEKIEHOXFZEH S H
T, ) XL 3Rk L, BRI oRMGELIE 1 B
S AEITHEIc—B L. BIERREEERE T -2 LLIX
O 1 BITH, IEEHORERZINFIET 2 BRI R
SN, EEIHIBHE O | HOEHRIERRIE 2853 Th -
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Fig. 12.
during the light period.
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Record of locomotor activity in Cirrhilabrus temminckii kept in LD. Almost all the activity occurred
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Fig. 13.
free-running rhythm in LL.

fz. LL 1 HED» SiEH Y X050k L2 28ITIR, LL
KT BEMPEFNTE, BEALETHDEHTELS
5D, G XahTEK L., Z0%D LD FTRE,
THIT®ICIRIEIA BN 1o

3)DDX: 24 EEICB W T, DD FTiFBnsE< i)
FlEh, 5516 TREBOIMEIEZF M5 DDEKYT
T TIEH ) L8k L72A5, 34T DD 1 HEBd oiE
EhHL L7, DDERTETEHY Xkt Liz 1E
E&pl% Fig. 14 17"9. XAEAMZ LD H» 5 DD IcEZ 5
&, BHZE- TEHIET Lcds, BRASESH LD
DOIICHEY T 2R ICER A S5 h, REBLHSE
BASEEL, B8 X4 38kEE L 1. EEIH BRI
ZhcHAMER RSN, BHAXELL. BEHo

Record of locomotor activity in Cirrhilabrus temminckii kept in LD and in LL. The fish showed a

“ LG EHRET 2E[ICH O, DDTHHICR
270 S3fiiidE L 7o, THAERFU LD IIcBL &, SiTEED
SIEEIATERICIE Y, S BEF—B L ESLEE
Lt. DD TiEEMELE-7230TIR, BULDICE
CEASTEBICIEE) 25 L, I E —B L iGEiss
HiEL 7.

e #

AKFROHRE I -1 4 ED~S5¥E, DD FoA +
~NFEKRE, LL-DDEEHTTLEES 1 ERICE
WTIEE ) R sk ks 7. Cho Bk XaD
DR S FiEAORGRLEREE T E, 1 b
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Fig. 14. Record of locomotor activity in Cirrhilabrus temminckii kept in LD and in DD. Although the
activity was suppressed under DD, the fish showed a free-running rhythm.

SO LL NT¥H 23 B 434y, =V FXSOLLFT
S 23 B3] 12 43, DD FCEE 23 K544 43, w2V v
A7 ~50LL FTHEE 24 #1545}, DD FT¥Y
23 B8 384), A b b F~350DLL T 23 R 39
5y, DD FT 23121 3 TH - T, WIh b 24 Bl
STFNTVA, Lh->T, ChooBHBRkEEY X4
BHY) XLLbiaEns,

LL F& DD Fo#fH ) XL DEBORS EH~TA
5L, =¥FX5TEDD F&H LL FOHMEW. T
NISATR (P8, 1989) D& v ~35 E[EkE, BiTHEo
HMHY XA0BHIE DD T&o LL FTEL, ®ITHS
WICI3IC s B & L7 [Aschoff (1960) @i:RI] 1@ S
4 5. T Dl E LT, Lissman and Schwassmann
(1965) @ Gymnorhamphichthys hypostomus, Eriksson and
Van Veen (1980) D Ictalurus nebulosus, Kavaliers (1980)
@ Fundulus heteroclitus 13 EDsBIF S5 3. —K, &V
AT EL PEFRSOBAY) XL0RPOES
i3, LL F& 9 DD FToA»% <, [Aschoff dE:HI] icid
BE LIV, COHLEM OB T, Godin (1981) DA
5 7 b = R Oncorhynchus gorbuscha D%, Tabata et al.
(1989) d F = X Silurus asotus 75 EH3dH 5.

A +NFTTR, BIEOT Yy RIBLOA N TONTE
[EIbE, SEBRX CEHEENET- EBRTZAZTNECHER
MHESHk, THICHLT=v X35, drvvyx7sx
5, 41 bEF~5TR, LL & DD lRicBWT, [E—FE
THIEE ) XsDfkE L1plE, HELIBIOMANS

b, WREEKICK - TRLIERMEB SN F—ET
EH Y XL 0GHICHENSENZDERBTIEELA
FETH B E &S (Tabata et el., 1989), Richardson and
McCleave (1974) O KPEEY 4 Salmo salar DY, T4
(1980) D+ % /~+ Eleotriodes wardi & 57 /~+¥ Ambly-
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