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We examined the role of olfaction involved in schooling of Japanese sea catfish Plotosus lineatus, and
attempted to elucidate the relationship between the sensitivity to an aggregating pheromone and body
length in reference to a reduction of the school size with growth in Japanese sea catfish. Behavioral test
of preference for sea water which had held their own school were carried out on 97 fish (42 to 235mm in
total length), using filtrated sea water or sea water which had held another school as a control. The catfish
discriminated and selected the sea water holding their own school. However, anosmic fish no longer
discriminated their holding sea water, suggesting that this preference leading to a school was established
by olfaction but not other sense organs including taste. No distinct change in the preference with fish
growth was recognized. However, larger fish especially maturing females tended to show a lowered
preference. This suggests that reduction in the constituent members of the school with growth in Japanese
sea catfish was dependent upon breakaway from menace of predators or upon dispersal of maturing
females from their school to avoid incest breeding.
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BHICE, BoHAcENE T8 OBENER
TN, —HEBUTHAWEXECRELRISATL
3. BhEERTIE0o—RNBERE LT, HE
(1978) A BT 3 2BAEIRR, REVIEEZD L5
B, KIEHE = 20 F - RREFOR, BRESEEE BN
TEIEIEBEFPREEABF TS, BHORE
WIRE L DREBFENVEE L TH Y, HE (Sato, 1938)
DH1E5FIRHE (Hemmings, 1966; Thines and Vanden-
busshe, 1966; McFarland and Moss, 1967) ®fl##% (Cahn
et al., 1968; Pitcher et al., 1976) & BELEE| R/ 7.

IV XA Plotosus lineatus 13, BT B PEEICHEEH,
KESWYEMEERE T2 LTHMO TV S0
(Obara and Oomura, 1973; Shiomi et. al., 1987), HE&iiH
SR T, BhERlT 2REOhT OIS
FEEOEH, LWbwWwb Iy XL EEEKT S T X4
RAOHIC B TITE T 2BELEET 4, Kb
L THROBENL VEEETRIH2PHENELLTE
FRfTE14 2 (B « &7, 1973). Sato (1938) i, I v X
A HEOGRECEIENERR LTV Eh S, T4
OREHEBREIC LB LR L, DR EBENOH
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Froid, mECREEEL & OBRNBEEPERRED
FUOIRFEPHEL EOIEREOEAE L TEET5L%E
Z 505 (Konishi et al., 1966; KT, 1975; fiH « #iR,
1981). = XA BENE-5L 2{thoE < DffE L 3R
7y, HCOBTAHRNICHT 3ES N EHhHd TH
, BIHFAETRHNDT v XA EEXDBT LBV
(KR, 1975). KF (1975) i3, = v X4 $ifahsHErofh
Rk % SEFICHE L7k E B0 b o &85 L
RENRS—RBOES7 s 0 E Y HROEHERT L%
TEHFHNCH SHI L, REAYFHER OB Oz
KE<HE5dT3Ea2RLE L, Ty XM DES
7 2 0 ® YEYBEORIERKRBROFE T, TOZRR
HEOLWTHRHETH 3.

TV X4 ERUEF < XHICET B yellow bullhead
Ictarulus natalis T3, WKHEEMREOEIENM LA TE
D, RERLEEENG E DB HESNER AT
3&EEZ 50 TWVWS (Todd et al., 1967; Atema, 1971), —
s, BMEEKELDSVEREE L, IREIEREH
1B 53K E1TE) (Tavolga, 1956; Sorensen et al., 1987),
EhIEDFOICE T 2 EKES] (Todd et al,, 1967; LH,
1989), OANHHMLT 2 aFEOBIF DB (Myberg, 1966)
&R R RNERICEE L TWE, £k, TV X4
bEEEET I /B L TEERE OMEE o 2 LA
LTV 5 (Theisenetal.,, 1991). TS5 DHIRIWR, T X
A B OMRAMEA S T IC & ZEEEOIREICK X REES
5l L%ERETEHDTHS. LA L, Konishi et al
(1966) (37~ X 1 OB B — i HE O BEKIISE »
5, TV XA L OFMEICKIGT 2RFREHZE
%Dl &%, F7, Holland and Teeter (1981) (3
yellow bullhead DBREH 7 3 / BRIS X L TRE & F]
BEOREL LI LE2HELTEY, Tho0AED
KWHART O EMELHSMIRERH AT afettogn C
EDHREIN TV S,

AR T}, T v X4 OEEFICE T 2IREORE %
ST L, R, RIS BN %Rk % HiA%
BOORFEAT 2—B1E LT, Iv X1 O ERE
LHEHEDE VI L 5T, T v X4 HE CIhEAE S
BB L rcipkicst§ 2 8B 0 E R TEIFENICRET
L, COXHBHKPIcETNIELE7 -0 v BYE
DELEICOVTH U1,

MHE LA &

ERCHOI T Y XA ), FR LR iR R

KBRHFEE H sk, Foak LS BBE TS CRiE L
fo. FRHEL 7o v XA G RBRAFILKEEABRIS B L,
KTV XA BT ECHEKKD 100 ) v +LRIKE TR
AL, EBRET- K,
DTFIRTITHERIC RS, T X4 2EHEE TN
BHLlk UTF, #AAMNET 38HWBRO DA
Bk, BIOBNHIED b D% thB#K EIBIRT 3) %
PERR L 7. ik OFBEIEKT (1975) Ic#EL -,
BEBKkO#ERN 2K 4585mm 021 BEHVTH
BrfEKIC X 9 A RIS S ITE 2 P~ T,
Figure la IO7Rd & 5 iC, EEREE O/KIEISKE S0mm
F Tk E AN, FEAKDLE &SRR DE S I
M ORWAE (7 100mm, KX L) &%, £ohic
AR 1 BENE L. A3 R, SEREHEL,
Btk & thEtdk E 72 3B KESERARY, S8
o o2ml OFETHRLEYD, 10 RICHACEER Ik
Hicql & b, BORBENTHHICKIFA LS ITL
T, BAES G EH S IR EIC 50 AT 150 BRI b
to» CHERROMIE (XE) %25l 1B, fidbo
TAF Ly 7NV —BRBEEFAKIRALT, EARLE
#9200 WLIN TR, REOLELOXBEOKIBES LS
W EEREDLDT

FEVHEOZERE 2K 148-191mm 0 11 B%2H
WT, RELIAOKED T v X4 o[ BEKICHT 585
SIFTENCBS T A ETREMIC D WTRET L1z, S RO
F % 1/5000 ® MS222 (Tricaine methanesulfonate) T HkFE
%, BTNk A v (V=P =5A4=v TR
vb, MEHMTE 2FEALL COXHLTHEE
WUBRA N U 2 B D Filkih S D[Rl 1L, 854 O Ic il X
iR C ATERGEARTE o UBER~NOHY A
%) hOoMERL, TORICRETHERICHLL. BE
PR L fofud, ROEER (EHR) SRUVEHEE
BTENEDP 1228, Fh, TV X1 DBONEEIRA] -
BBILOMEOKREL, SSCmBs/hanth
5, FUYINLEAYMILEZRENHEIZIZITTELTH -
1EEZSND. 1, MS222 DEBICBAL TS, 6
D AE O TRET L /2. EERIEE I, Figure 1b i
RUKHBIRSREMY, £9, #AR 1 BE2ERERNT
Bk €, ROCHBREKE 2IZEB8EK 2m/ %
BUBIE (54754 v 22 VY7508, MNEE o
BA2EBREOHX ¢ 2MHiEL S 30mm D& AICKE
L. #9153%H 5 10 531, HEAROTHEBEL, &
BITRE DI Heh U 7z [IEA TR L 72,
RERICHESHIITHOEL 2K 42-235mm 0T
X4 S9REMVT, KRS BEfEkicxd 53551
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Fig. 1. Experimental apparatuses used for Japanese sea catfish in the test of preference for sea water holding
their own school. a) Schematic apparatus used for the experiment in Figure 2. D: divider (350 mm long),
F: fence, R: reservoir including filtrated sea water or the sea water in which the sea catfish had been kept,
S: smoothing net for water flow, T: tank (900X200X 150 mm high); b) schematic apparatus used for the
experiments in Figure 3 and Tables 1-3. D: dialysis tube including filtrated sea water or the sea water in
which the sea catfish had been held, T: tank (330 mm in diameter for fish less than 100 mm in total length,

550 mm for fish more than 100 mm).
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3 Fig. 2. Experimental results with Japanese sea cat-
@ [ fish in the test of preference for sea water hold-
0 ing their own school. The score was obtained

from the area occupied with fish in the tank
-02t (Fig. 1a): plus one point when the fish were on
the side of sea water holding their school; minus
| one point, the opposite side; zero point, the
other parts near the cage. Each bar shows the
mean score. a) The mean score by eleven fish
caught at Shirahama; filtrated sea water was
used as a control; b) the mean score by five fish
caught at Shirahama; sea water holding a school
caught at Fuke was used as a control; c) the
-0.2 % mean score by five caught at Fuke; sea water
. | N , ) ) holding a school caught at Shirahama was used
0 1 2 25 as a control. Water temperature ranged from
Time (min) 21.6 to 24.2°C.
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F& ot (Table 1), REMERZfE L o5& 0 BEF L, MEHLMETIZ01EELDT/NIVWEEL -
mkicstd B RIUERE, IR, EIREECE RO fE . &, EAOEEZLREL TS, EREKEHESHIC
LT, Table 2 i/RL 7. 10 EOFEE L L U4 D IREALERICET L, SRR 2HTIADELE T 1.

FEFEE IHENERIBR TRELERIBD SN, - 12 BERICESFSITHORL BREICHES BEEKIC
B, PHLERIERIL, WEMERITIE 230 TH > DI T2HTEFHOE (oW T, 2E 42-235mm O I v

Table 1. Effects of anesthesia with MS222 on the preference for sea water holding their own school in
Japanese sea catfish

Before anesthesia After anesthesia
Fish
No. Frequency* Preference Preference Frequency Preference Preference
ratio** index*¥* ratio index
1 124 73:51 17.7 129 75:54 16.3
2 141 89:52 26.2 154 97:57 26.0
3 142 107:35 50.7 132 99:33 50.0
4 116 76:40 31.0 117 78:39 333
5 119 69:50 16.0 127 75:52 18.1
6 134 85:49 26.9 116 76:40 31.0
mean 127 83:46 28.1 129 83:46 29.1

Water temperature, 25.7 to 26.5°C. * Frequency =total access times to sea water holding their own school or filtrated
sea water for ten min; ** Preference ratio=access times to sea water holding their own school : access times to a control
sea water; *** Preference index = (difference between access times to their holding sea water and to a control sea water)/
(total access times) X 100.
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XA 34 BERAOCHN, BEEEKICHT 2#IREHK
BEEAKICL > TREC BRI - 728, BRE IS BEERE
Lz SNiih 12 (Fig. 3). Ft, BHEE bKE
IS TLRED SN M o1, L L, EhHTNE
VBRI A R T AL, AEREIRA I ITRBUCET 52
£ 150mm A& OB RICED T B HRINERD S,
ZIT, 2B 125-191mm O I v XA 25 BEHWT,
BEfik & Rmkicxd g 2F5 1178 E# N £/,
ITENFEERR TR, B OMERE & EREIR OB BE % 5T
L, &5TEICH T 2:BIRIER & OBfR%E S 1. Table3

K10 BolEE 15 Botfo ek, (AE, ARk, &
PHeHAETR L. i3 No. 3 O—F 2R\ TE\VERS
o R U7, AERERREE & EREHOMIC 3 S ol
BORVHELE~ -7, —F, HETIIERERERD 0.6
» 5 10 BEORATOMEEKDIZ & A EANE VIERT
HETRL, EREIREE 0.6 L TOREHL LU 151
FoORBMREEBHEEEFELSSOVEREREARLEL. £
to, INEOMRLETRA SEINK & Bbh 2 AR
1.14 ® No. 15 DK & &S\ VERFSEER L 12,

Table 2. Effects of anosmic treatment on the preference for sea water holding their own school in Japanese sea

catfish*
Before treatment After treatment
Fish
No. Frequency Preference Preference Frequency Preference Preference

ratio index ratio index

1 118 76:42 28.8 111 54:57 —-2.7
2 133 77:56 15.8 128 70:58 9.3
3 111 70:41 26.1 93 48:45 3.2
4 141 89:52 26.2 118 59:59 0.0
5 122 72:50 18.0 108 49:59 —-9.3
mean 125 77:48 23.0 112 56:56 0.1

* The preference test was carried out at 25.7 to 25.8°C before and after anosmic treatment.

Table 3. The relationship between gonadosomatic index and preference index in adult male and female

Japanese sea catfish*

Male fish Female fish

Fish Total Body Gonadosomatic Preference Fish Total Body Gonadosomatic Preference

No. length  weight index** index No. length  weight index index
(mm) (€9) (%) (mm) (8) (%)

1 132 12.3 0.19 25.0 1 155 24.4 0.34 14.1
2 147 17.8 0.24 23.1 2 144 13.7 0.52 21.7
3 162 28.6 0.25 1.6 3 159 23.3 0.58 20.9
4 145 24.5 0.27 18.7 4 137 16.2 0.58 1.7
5 156 19.6 0.31 35.5 5 125 9.9 0.60 20.7
6 148 21.1 0.38 20.8 6 153 19.8 0.64 0.9
7 138 17.4 0.39 15.3 7 170 22.6 1.16 5.6
8 159 33.6 0.50 15.3 8 171 29.1 1.39 7.7
9 157 20.8 0.53 20.9 9 140 19.2 3.44 6.5
10 162 34.8 0.65 22.5 10 134 29.4 5.61 5.6
—_— _— _— —_— 11 162 31.2 5.66 —-0.9
_ — — — 12 158 25.1 10.09 0.0
—_— e —_— e 13 191 41.5 15.58 23.4
—_— —_— —_— —_— 14 154 24.6 21.66 18.6
—_— —_— e —_— 15 170 22.6 1.14 27.8

*The preference test was carried out at 25.2 to 26.5°C; ** Gonadosomatic index (%) =gonad weight/body weight X

100; *** this individual was considered to be just after spawing.
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Fig. 3. The relationship between the total length
and preference index for sea water holding their
own school in Japanese sea catfish. The pre-
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IV XA PRENCRBENRETER LISV ED 5 (Sato,
1938), I X4 OFBHCREASEERREE R C
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7 5 AR T — ¥ OMIKRIIERE % R 12D I BRET 2
&9 (lRHED, 1990), TRk L 7B h o#tFsicB5 ¢
HEMETEE, L, T XMGALEIO Ty X4
FEZbB &R (KT, 1975), I v X4 HHEHE
KEMBOSD EB/HNTEEEVHIKT (1975) DL
CAREBFERD S, HELEBRICORELWREL &b
BEGKEHICEE T2 ER3HATH B, T4, REM
BEMLIcT Y X4 DBHEEKE b IIPFEITELVLD
Eho, BESARBKIEEINIHSEEOESE 720
EUVRMEICHTAZABTH L RSN, BES
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HiEzZFOBhEEKTAEEI NS, T XM Dk
RHBHES7 = 0 ® YBOEMERL, 30 2EE0X
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EBHESN TS (Liley, 1982), EES1E, I v XA
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fHzdh
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