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Spawning of Japanese sandfish Arctoscopus japonicus brood stock
reared in pumped deep seawater and control of hatching
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Taizo Morioka and Kazuo HoTTa

Abstract

In Toyama Bay, catch of sandfish, Arctoscopus japonicus, has decreased dramatically. The
authors have reared brood stock of the deep-sea (cold water) species using pumped deep
seawater assuming the release of mass juveniles. As reported previously, we have already
succeeded in collecting eggs from reared 1-year-old brood stock in tank. In the present
study, the following trials were made to obtain mass eggs; continuing culture of the used
brood stock (continuously-reared group, N=200) in 4 k{ tank and mass production of 1-year-
old brood stock (mass production group, N=3,250) in 33 kf tank. These brood stock cultures
resulted in production of 189,400 eggs in prolonged spawning periods (2 to 3 months). Most
of these eggs were kept in surface-sea water to control water temperature (elevating from 4
to 12 °C via 7 and 10 °C) during egg incubation. As the result, we could concentrate hatching
at the expected timing (last week of December) to start the seedling production from the lar-
vae earlier than the usual trial by two months. Furthermore, by culturing the larvae in land-
based tank and subsequently in sea-based net cages, we could obtain larger seedlings by 30
mm in total length in May. Some problems, including prolonged spawning periods, low
spawning rates (= number of females spawned per stocked) (20-43 %), low eyed-egg rates
(47-73 %), low hatching rate (27%) and high initial dropout (>98% of dead juvenile in two
weeks) during seed production were pointed out and discussed in relation to the culture con-
ditions.
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control
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/N4 N % Arctoscopus japonicus 13, BARETII
B IKE 200 ~ 300 HicAER L TWB A, Kfic
RRABDIKE 05 ~4m OEHERICBHL, BHER
¥3mmOIPE+ v 5y SHORT G SR e
L CEHAfHF 3 (Okiyama, 1990). AFEiZ[E—
BB IcERT 2t s b D, EIKIE 1 RAT
#9600 kI & HRELHID 12w (R21L, 1995). EE
DHREITIR, 12~1HIT N7y ODRRBE DS IRE
ShTEMmRTcHE I Ens. L LIEFERERERDL
ZLABA LT (BkH - BH, 1997 ; #EH -
BEHH, 1998), ZAFIFOHEIMRT &R TIKIICH -
TEROWEBAGIRE N, ok, EESA,
BILERARZOBEFBKRABARAKES (T, &
BkiEREVS) T, ALRRHOKEBRHAEEEEL
RBARBESICHDATE ., ThETIT, 2002
DT o/NREGEABRRZTY, | RA%Z BREN
IH BT EITHRINL, HETERR O FEBRE LIRS
DB RIFTHE IO VLW TR A B0, ED
DRI TH % 5 A RA 500 K /RO L »E 50
-t (FRME - BH, 2001). —F, ~F~5OD
EEDRELIIINEG & & b IciEHBAKIIIc AL (GR,
1967), ZHEL ST TORBEARMGKEBRICEL -
T38~124 HETOwWM»H 2 (FkM, 2001 ; =
A, 1997). ThonlemoEX 3L, 10 AR
BEORIECREORKBEEETO BT, 1K
AThhid 1,000 BEEOHABXRMS AR TH
%, £1, RN OEPKOEINELSES 3 &
KT, 2RAICO VT HRIVOTEH 2 E I LE
MHY, WEMICRES N3 ZRINOEEEE L
CITHfedicid, SHMEoEFALIc>VWT bREFAVE
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zlT, EEoR, BREMI®LNI 51
A (KM - EHE, 2001) ofBEZH#ELT 2K

BoOEREZBEE LI, ThERB0 1 KA%:E
HOwTHABMRABREERL:., 72, 9218
IZh 72 D WTGEICEEH & n 7o STREDN A IR E E /K FE
DKBZFAEST 5 LItk > THLOREFAZRAA 7.
B, BoncSHFRMsEEEEICBELTVS
DEPERIET 2 729, FROBREEE & ARIKNR
PBEOHEEGELEK L., TITRINSDAK
BizonwWTHHET 5.
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AHARTIR, 2HRADOENKRL LU 1 KHAD
REERRRZEZLEE)HOERBKBEHRT, Mt
DEFERR L FROFMERRLO)IRFEEBETOH
ABEREBEEREERS &, KERLAHR
vy —EBRBRILREL Y ¥ —, DT, HEEEFE
BEWDH) TIT- 72, ThdD 4 ERDREN% Fig.
1icRL, BUFicEmER~,
2RADENLR

4El, ERNEBELLNS S 2KAE, 1998
F 1 ABILRKRMBE TRE S hickBE&H»
S8 ALZEIN%, EEFES b, &
HEER B~6A0), FEKHEEZTER (6 A~
BEEH) L 428 BH oM L. 19994 6 A
10 B S[EIMEE D/KE (4 kIF) THEXITL,
1018~ 11 823 Bic 1 BIBDER%EIT- 72
boT, RERFABLIIIHES 100 B, FHL2E
(fAE) &, A 126cm (16.1g), HEH 12.9cm
(172g) TH -7 (Table 1). LUTF, Thzi#ks:
B EEE & IS,

fFAE, BN (BBE 2001x LIF) THBEFEEK
% 15[Eiz/Bc#diRL, e LTEE (£ +
TIEANFTORRIA R 1 ITRBE Y I v
ANEIT2%BMATRELcbD) 200 g D
EGHEE (R0 -3 25, hifFEEHE) 40g
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Reari 1 Id fish
Hatch: 1999. Mar.

15t spawning: 1999 Oct. -Nov. Exp. 2
(Morioka & Hotta 2001) X

u Mass of

fish
Hatch: 2000 Jan. -Mar.
15t spawning: 2000 Sept.-Oct.
(Mass production group)

Exp.1
fish
2" spawning: 2000 Sept.-0Oct.
(Continually-reared group)

Exp.3

of water as follows:

4 °C— 7C - 10C — 12°C
Hatch: 2000 Dec. -Jan.

{

Exp.4
derived from
Indoor Tank culture (TL<40mm) from 2000 Dec. to 2001 Mar.

Coastal net culture (TL>40mm) from 2001 Mar. to May

Fig. 1. Outline of the four experiments conducted in the present study.
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Table 1. Initial size and number of brood stock of Japanese sandfish, Arctoscopus japonicus, used for Exp. 1 and
Exp. 2 with their rearing conditions

Initial size*' and
o 1ab31zef f‘fmh Tank Water Diet kind*? and
Group Sex fumber ot f1s water ~ temperature osch amount of
volume (C) feeding
-1
TL (cm) BW (g) n (k£) mean (range) (gxday”)
Continually-reard group Male 126*+1.0 16.1£4.7 100 40 40 (2.4-5.5) DP+FB
(For Exp. 1) Female 12.9%1.1 17.2+x48 100 ’ R (404200)
Mass production group Male 11.8%*09 13.8+3.6 1,625 33.0 5.1 (2.8-7.9) DP+FB
(For Exp. 2) Female 11.4*0.8 12.7+35 1,625 ’ e (200 +2,400)
*' Mean * SD.

Rearing conditions

Experimental
period

Jun. 10, 1999-
Dec. 31, 2000

Apr. 4, 2000-
Dec. 31, 2000

*2 DP: Dry pellet (Ezukeheru No. 2; Chubu Shiryo Co., Ltd.); FB: Fresh bait of sliced krill/sand lance (1/1) with 2 % of mixed vi-

tamins.

131 3BHMBEEL 7 (Table 1). FHB/KEIL 24 ~

55CTHh0v,

49°C) 13, 1 BRICHXT 05 CRIRSD ICHD
L7 (Fig.2).

SEMEMBVBELHML, 9 12H~12 A 31 Hi

2% 6 ~9 A0 KiE (45~ FUFIBEBLAALBEIAR (BREZT RS

EEIRICBR L T3 ATE D EJRA BED> B 1 (K 45em X 1M 100 cm,

v, IKEBBIEHEZRWE) 2KA»S5FETL, &5

H& 7cm)
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2hEICET L.

FBEHRPRIBERACRZHEL21ED, 3~6
» Ak CHES 15 EBo2 R & AELRIE LY
fExRntc, Ft, HHEOKREPHEICARREE
RULELZAKRERL L, ABEEE (AKKE
B/fBE/KE, kg/kl) & HREMRER RERE/AK
WwER, kg/RIEE/H) 2HEL.

EIOBE TR, EHsnIoksERRK
LHIMT L, MEONBREIC T BEINRKOEIA %
BEEONR (%) & L1, 1P, WEHIIHEE OWRE
RETHBIL . BRI, It S EIEAICHE L
722265 g REH L CEBLBAERE Y D O
(50.7 %iI/g) ZIMREBRICAEL TR, S 51T,
EEONE B> 5 OB IKIEH 300 CicE L 72 BRBETIP
Wz 278 L, WD Stk 100 ERikoIp
Huc 5o 2 RIRIPHOEI &2 RIBER (%) &Lk,
1 RRAOKRER - FPHR

AREEMGHRIE, 20004 4 A 4 HICHH#SR 1,
625 B 1 kA% /\Af a3/ ) — +/KE (83kZ
B, E=—nyv—+ EEBftE) TINBELTIT- X
(Table 1). o 1A 1999 F 1 icE LR
RMRETRES NI R» S8 ATZKEIN%EE
BEBES Ly, BHAER B~5AH),
REKEETER (6 A~FHFE 4 H) L7 10410
B ottt L7, RAERBAGAY 4 A 48) 0¥
2Rk (AE) (3, M 118cm (138¢g), A 11.4
cm (127g) ThH-7z. LT, ThzRKREBENKEH
E WSS,

B, EBE2EBLEARN (BB 3,000I1x
DT T, wEFEEK%E 6 [Eiz/ 8k,
SERHI AR SR AR 2B H & 42,4008 £ 200 g
fREE L 7., EAfRHIBEBMHER (YDF160 B,
YAMAHA &) ZHVWCHEEL, %3 g
d—%2%5], 988 BLUKRIHESHEN/NEL
KPTHE LTV [05H 25 ] (EH Y <l
VNI RIR =S

B KB 28~79C (FHY51°C) <, 54
wibE<, 4~8HODEHKIE 54~ 6.8 Ci3ik
GEABEHO 2L bEERTH - (Fig. 2).

ERNEBICRILAREF VI AEELILALE

8 @ Continually reared group %

O Mass production group

3

Water temperature (°C)

2

2000

Fig.2. Monthly changes in average (with range) of

water temperature.

*1 Average values between marked months in con-
tinually-reared group were significantly greater
than those year before (¢-test, p <0.05).

*2 Average values marked in those months in mass
production group were significantly greater than
those of continually-reared group.

BMEAARLEMT (L60cm XE8 cm, HA 3
cm) 2¥ERV, 9 A 12H~12 A 31 HItHE

L. AL#B# 3 50 cm R T/KED SKERIC
FBFL, BEIPEBICETLL.

FEHE, WRIER REEER EINCBET 27—
5 DINE I REBCEE BE & [ERRICAT - 7.
KEREICKLBMEDFERILRER

AHETIE, BEABHSLOCKEEKED 9
A~ 12 BicENL 0T, 3ft%x 12 A 31 HAI%k
CEDEE B, 2090 BULEELED B 9A
14 H~10 A 10 HOEHD 2 EEEFEHICHX
L CKBREEZIT- 7o, JIEINDOZ WHEHLIC
3B»5 16 BRI T 6 Bic/r, FME (2001)
MR LE3bEE (10°CTH 40 H), Lz
TOREREKE (FUL#H570°C), BITEKET
BEBEKEMNESLSE B E (B3CTREEKE
379°C) (=R, 1997) %2&Fic, LBl s it
BKIEA 520 £30°CIcE 3 L HHEB vy — v 28
ERAEICEVEREL, 4°C, 7C, 10CHBLT
12°C (RA#KIR) DEKMECIERE L T3LD
[F% A7 (Table 2).

4~10°COKEIZ3EBKAIEE 2HA - AT
3o ) —rkE (10kLA) 3EERHLV, hREE
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Incubation periods and accumulative water temperature of each egg group of Japanese sandfish,
Arctoscopus japonicus in Exp.3

Egg group Incubation periods in 4 stages of water temperature Accumulative water
Name Spawning period 4°C 7°C 10°C 12°C temperature (‘C)**
Tl Sep. 14-Sep. 29 Ovip.*-Dec. 13 Dec. 14-17 Dec. 18-21 Dec. 21-Hatching 493-553
T2 Sep. 30-Oct. 8 Ovip.-Dec. 1 Dec. 2-10 Dec. 11-21 Dec. 21-Hatching 514-550
T3 Oct. 9-Oct. 15 Ovip.-Nov. 15 Nov. 16-17 Dec. 18-21 Dec. 22-Hatching 513-541
T4 Oct. 16-Oct. 24 Ovip.-Nov. 15 Nov. 16-30 Dec. 1-21 Dec. 23-Hatching 502-530
T5 Oct. 25-Oct. 27 Ovip.-Nov. 15 Nov. 16-30 Dec. 1-13 Dec. 13-Hatching 527-535
T6 Nov.2-Nov. 10 Ovip.-Nov. 16 Nov. 16-30 Dec. 1-3 Dec. 3-Hatching 499-523

*! Ovip: Oviposition; *: From oviposition to Dec. 31.

Table 3. Details of rearing larvae and juveniles of Japanese sandfish, Arctoscopus japonicus, in Exp.4

Initial size and

Final size, number

Equipment number of fish Rearing period and conditions and survival rate
. o . Survival
*1 *3 *4 *1
n TL (mm) n Period WT (°C) Diet TL (mm) n rate (%)
Indoor tank Dec. 25, 2000~ 9.0 Ar-n, DP1,
(80 m® of Octagonal R.C) 1 13.1£02 39,380 Mar. 13, 2001 7 8—'12 5) DP2, DP3 40.8+2.8 20,100 51.0
(75 k£) (78 day) : : F-ZP
Sea net-cage* Mar. 13, 2001 )
(23X3X25 m) 2  408*28 20,100 May.5,2001 . . te tY 662185 19,150 95.3
(20 k£) (53 day)
*! Mean = SD.

*2 Sea net-cage being provided with a 60W of night-lighting from the above.

** Mean water temperature with range.

* Ar-n; Artemia nauplii, DP1-DP3; Dry pellet (Type B-400, Type B-700 and Type C-700: Kyowa Hakko Co., Ltd.); F-ZP; Frozen-

zooplankton; N-ZP; Light-allured natural zooplankton.

IR A AN SHEAET LT 0.2 [@ix/H Tk
AR L TCEEET-> 2. 12 COKIE (0.5kL
D 2B TSI2F v s BOMEEE (BER 16 cm
X60cm, H&WV3mm) 2% Ah, SFHICHE1
~2 BRI IIBE (140,000 k1, > b FKERBI
105,000 %) &35 3 ~ 6 BIHRIFDOINSE (34,770 *i,
5 b FARIP 20,370 k1) =T TNE L. PEE
(& 20 [ElEz/ B cl/REHFR L TIT - 72, HEKIE,
SMUFRBRELEVWESICES02mm DR b L—
FENLTIT- k.

SMEFROFKBIERTY, KEDEITILA I
CROEEHKL TOAFROHO G %2 LR
&Lt
RFRAOAFEHR

ErEAERRIE, FLOMLOERICL-TES
hicfFRD 5 B, 20004 12 A 25 H~ 2001 & 1
H4BicdtL 7 39,380 B (‘F¥9%£E 13.5 mm)
ZH\W7z (Table 3). INAHARIC 11 HOWEAH -

rps, BoFRCTEAMICEBTORMEAE (0B
Z12H25H& L1

513, FH2RE40mm icET 3 TERDIN
AKIE (75k0B) T2001FE3H 14 BFTO
78 AfEfTV, ZT 0%, B LOMEE 3X 3 X 25
m, EFE20k() 2ET5 A7 HE O 53 ARY
T-1. Dk, o oflE %% hz hkitEs,
MEEEE &3,

IKFERE 1, KR 7.8 ~125°C (¥399.0 °C)
O »@kE#HIRL (15 REE/H), fHE 4~ 78
HEICRTZAVF I 7D/ =7 Y 9254 (600 ~
3,700 Afd/B) LE&EXR (RMHEEEHRFD B-400,
B-700, C-700 W\ 3'h &HFAIFEEMEL, 35 ~ 200
g/B) 2%EEL, 40 HELIBRREE TS v 7 b v
(SETY ##Y, 40 ~450g/H) 5%, ERK*%
\BHIT-> THRERZHL 2.

WMEERE cREEDPROKEE LIcBFESE
(60 W EIk) L BE##GHEKE (YDF-160 &,
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Table 4. Results of spawning period, spawning rates and eyed-egg rates in two brood stock groups of Japanese

sandfish, Arctoscopus japonicus

. . Spawning No. of eggs . Eyed-egg
*1
Group Spawning period rate®? collected eggs/fish rate®
Continually-reared group Oct. 18-Nov. 23, 1999 (37 days)* 43.0 30,000 698 67.0
(For Exp. 1) Sep. 12-Dec. 4, 2000 (84 days) 36.0 28,000 778 46.8
Mass production group B
(For Exp. 2) Sep. 8-Dec. 18, 2000 (102 days) 20.0 161,400 495 72.7
*2 Number of fish spawned/Females stocked X 100.
** Number of eyed-eggs/eggs collected X 100.
* Data from Morioka & Hotta (2001).
20 —@— Females in continually reared group 80

—— Males in continually reared group
—O— Females in mass production group
—B— Males in mass production group

g
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10 Jun. Sep. Dec.
1999 2000

Fig.3. Growth of Japanese sandfish, Arctoscopus

japonicus, brood stocks in terms of total length
with SD.

* Average values between asterisked months in mass
production group were significantly greater than
those in 1999 of continually reared group (¢-test,
»<0.05).

YAMAHA &) %#% &L, ERETICKAROHEA
MrEED L LLEDIC, FABEKELREIRORET S ¥
7 b v (400 g/H/MEE) LBEE&E¥ (700 g/H
/HBEE) 2L, £EBEY 1 BRMRB TR
L, ACRREETHL .. AFHRPoEKE
13 7.8 ~145C (FH11.1°C) THo 1z,

3. & =R

2 RADE

2IRALE - BB 12, 20004 9 A 12
H~12 H 4 BD 84 HEERHED Sh, EIE
12 36 %, #AIPELIE 28,000 ki, FEHARIPHEIL 47 BT
» -1z (Table 4). Table 4 ICIZHE D HIT 1

—@— Females in continually reared group
—— Males in continually reared group
—©— Females in mass production group

60 —HE—Males in mass production group
R
<40
H
)
&)
(=3
/20
0
2000
Fig.4. Growth of Japanese sandfish, Arctoscopus

japonicus, brood stocks in terms of body weight
with SD.

* Average values between asterisked months in mass

production group were significantly greater than

those in 1999 of continually reared group (¢-test,
$<0.05).

P OEINCBET 2 E (R - BE, 2001) b
B CTh s, 2BAE, 1 BYY OENKOFSME
(778 K) T3 1 #kEE (698 %) % L[] o3,
IO RIRIV OB T R/NE LB ->TEY, W
Thd 1L OB THEEZE AL ON (UK
iE, p<0.05). Ff, BAICEARTT SN IR
2BEERLEL, BORALHBEEKEECET
EE» Shie.

FAEYMPORED > b, 2EDZE/L% Fig. 3,
BREOEALE Fig. 4 1R L., RBRETH, i
OEHLE (KE) B, #hFN 17.7cm (433g)
L 166cm (427g) EL TV, AFHEPD
HEBRBOWR % Fig. 5 Ic/R L7, FTIE 1999 &£
11 At~ 12 AR E 2000 £ 9 A FHI~ 12 AK
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77}
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Fig.5. Survival rates in two brood stock groups of
Japanese sandfish, Arctoscopus japonicus.

CEPhLTEY, TRIO—EEAENCTELIE L
KRETHT L cBOLERNZ 0 - 72, 1999 FXR &
2000 EXRBEHOAEKREIIZNZEN 820 % & 475
BThH-1:. FREMEAKEL SHE L HER
B3, 1999 &5 0.8 ~ 1.3 kg/ke, 2000 %5 0.8
~16kg/klThH -7z, £, A ELEEHEOR
MIFAEER T, 1999 FEH 09~12%<& 3.8~6.0
9%, 2000 D 06~13%& 32~65%TH -
1c.

ABRERLUIC 1 READOED

REEKHCI, 9A8H~12H 18H®D 102
HEIRAED 5 h, EIPRIT 19.8 %, KREIIK
i3 161,400 KL T&H - 7= (Table 4). FIREIZ 72.7
%T, MEHEHD 1kkEBERLTH-72 (U
BE, p>0.05) », EINKOFAME (495 %) i3,
MR BERHO 1 mbks (698 K1) X bHEIT/NZ
otz (UBRSE, p<0.05). KREERBEVLEAL
IR EMEcEA I OoNIc b0 183 L& b
Z<, Rods vy o sBATHET 72 E, KiE
ET 71 %E» .
FABEPRMPOME T Fig. 3 & Fig. 4 icRxL s
BT, RRETHIEOYLE (FE) 3%
nZn 159cm (875g) & 15.0cm (31.0g) i<
FELTW, ThoDFEELREFETED 1 %
o6 HBXU 12 HoBBELHELICE A, K
BESHIHEO 6 Aoek (BEELL) 2RE,
B LY bBBEICKEDL >0 G-RE, p<

0.05). HEEIF2%LE< (Fig.5), FL W
CRAD N, -t EEREEKEAKEDL SHE
LEfBEEIR 14 ~3.1kg/kLT, AT RHD
K2fETh -, EAFEEEEOQRKBERG,
MEEHBRL D bPPEL, ThEN02~04%
L 23~51%Th-1e.
KERBIZKLZMELDOREIL

SbkiETIE, 1282 8~FEFE0 1 A48
BEt 47596 B SL@EH SN, ZD 70 %Lk
12 H25~31HD 1 BRECEPLTVL
(Table 5). EIP» 5L F TOREKIEIT 381 ~
613°CT, SHMLAEHLDIF 417 ~564°CTH -
fo. 2UPHEE I RIRIPEUC W T 2 LRIz hE
N27%&E38%T, HMEOERIBERICHTT M
oLl By ont., ERRICE > TRESMIF
BOHILHED 17 % (8215 R) ItDiE > 7.
BOAMERBTHI-FROAE

KEEE TR, FROFHYLEIFEFTOHHK
13.3mm T&H - 725, 30 HHIZ 23.0mm, 54 H
Hic299mm &b, ¥ Tk (78 HE) <13 40.8
mm (ZZE L (Fig. 6). 5l&HVWTERL 2L
ERECTE, BTHOS3HE (BE 131 HE) «©
66.2mm IEL 7. HEAHK D) L¥HL2E
(TL) & ofic REREEKXAHIZL (Fig. 6),
B IR REREE 3K AEEEE A 0.34 mm/H, fFAEEHS
EMO0S5lmm/BEH - T, KEHABETR
20,135 BZHW 0 HBIF, D5 b5 20,100 B%#E L4
K ECRE, REMNIC 19243 BE2E D BT 7.
AR EHEAERNBTORHBOERRIR 4
51.1 % & 95.7 % C, BR 489K TH 1. —A,
ERBROBICHETII LN TEXLECAOKIZA
i1 5536 BT, Z® 80 %L LoitAERAA. 2 R
LIRicEh LTk (Fig. 6).

4, £ =

2EALKEENA 1RR) OEP

AHRTIE, NFEOEREEZ I NI 1K
BoRABFEMEET NI, DL b 2RI bR
M TER LR L. £/, KREFINEBEE



26 HER= - WEFOK

Table 5. Daily changes in number of Japanese sandfish, Arctoscopus japonicus,

larvae hatched

T1-T2% T3-T6*
Total
No. of No. of number
Date Accumulative larvae Accumulative larvae hatched
WT (C) hatched WT (C) hatched (ind.)
(ind.) (ind.)

22 381-455 250 250
23 393-467 2,200 2,200
24 405-479 3,800 3,800
25 417-491 4,686 415-477 66 4,752
2000 26 429-503 6,431 427-487 737 7,168
Dec. 27 441-516 5,950 439-500 884 6,834
28 453-528 6,274 451-512 1,326 7,600
29 465-540 3,158 463-524 398 3,656
30 477-552 2,596 475-536 348 2,944
31 490-564 2,141 488-548 249 2,390
502-577 2,276 500-561 187 2,463
2001 2 514-589 1,658 512-573 104 1,762
Jan. 3 526-601 1,355 524-585 95 1,450

4 539-613 398 536-597 29 427
Total 43,173 4,423 47,596

*1 140,000 eggs including 105,000 eyed-eggs, collected through Sept. 14 to Oct. 8.
*2.34,770 eggs including 20,370 eyed-eggs, collected through Oct. 9 to Nov. 11.

E @ Tank rearing
= 60 O Net cage rearing
£ TL =034 D +12.37
£
2 40
E
ﬁ 20 2 _
R*=0.99, 78 <D <133
0 100
° 0
° 750
<
500 -g
250 5
£
0
0 20 40 60 80 100 1 0

Days after hatching
Fig. 6. Growth in terms of average total length with
S.D. (upper) and daily number of the fish which
was found dead (lower) of Japanese sandfish,
Arctoscopus japonicus, larvae and juveniles.

L7 1 BAOEBEMRAR T, 3,000 RBBOHA%LL
ROSVERE (92%) TRBET A EMNTE.
Lirl, #EEESK 2EADIBA, 1 Kck
NT1RBHE ) OFENHEMNEZ foh, —FHTER
ROFWPEMEL, TRIVO—H2HEATELSE
HIREETORE 65 h -7z, KREEHRE (1 %A
DA, MEHABERO 1 RRFE 2L H~XT
HKBRETIEATON, 1 BYY OEINECEN

RIKOEH - 7o, EIPHRIE, BEEFE Q=K
k) %3 7 A, REESE (1KR) »WarA
T, MEATEE (MIEAR) 0 1&RRLL b3~
4fERL, ZRNLEHMICEDLTEZEnT
ERAG RS
B - EBRICEEH B ER

CDXHIT, 2EATE TORGEFTY 1 RADOK
BERZENEOETLENER ORI, Eihg
POFER EDEBE B0, RESTRIRIFO
MEHYFTE S, HERMcHEORMD S 5.
EINRD O IENARRBICE S BgnfEies h 3
B, —R&ic, BREROREEEINC 3EORITNZ
<, B, O KR, Rh, BE, KELSELOER
ORAGMNEZ S (FFRf, 1964 5 HJI1S, 1991),
SHE NS OEREERICRET T 2 4 ENH 5.
TITIR, SHROLEKFR = BENHED B 7DD
BE LTI, FAEEM EHICREROFEVER, B
K, KiE, SHEEEBXUCERESKICOVWT, B
RTEAONZSEBEL TBL.

9, fBEhcoVWTTH A5, I, RIfR, RS,
WREEL Ny s DEHBICAESTHNIEE, EBER
BYHEETORKE S, EERELENROET
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AL CEMBE NG, ABBKBEORABRI ¥
M E R cRHV AR, EEXD bRE,
BB L UERICESTH - o (R - EH,
2001) A3, KEIKHETIIHEEEARZ VBT
MR LIC o, D, KEEHRBOREHZ
FERPCHESMENEVbOICEEL 2. [{—
HOHE T — 5 TRV, KEBERBONE L
EREIBEEABTHED 1 &2 LA -7z 2 &,
EIRPOERENEDONLEP 12T EMDEZD
L, HIEEOUENRNS - EWRBENS,

e, BEHics sy OEREE Lk,
1968 ; =R, 1967 ; ithli, 1986) IFHEMEIHLE
Kk->THERZHM, =B (1967) 1<k B51HEME
EZMik - KA (1956) icfit-> TaRICEBL,
SOoEBEREHMNTA B L, 1 REOLEIIMEE
LbtEMEERIELETH - Dt LT, Rkt
BHO2EBEERPRO/NEhL sk, LED-T, K
REOBKIcB W TIE, EHOBPEOmTHED
KHNH B EBbNB.

HRIE->WVWTR, RATREBRHEOD 8 ATk
BhthE 0, MARKMKTH 2 12 A~BE 1 A
OFEH 2 BMMBEIETs I EshTWw3 B,
1995 ; &A&, 1995). #M - ¥EH (2001) BL U
AKHROEIRHS 9 A LA~ 12 AhA)om A &K
THote. LhL, RACHNTENES 2HH
IKOWTIRAHTH 5.

KBWCBEL T, JLEEAREBDO N5 N5 13, EINE
(12 A) i<id 12 CRIBOKEFICERBLTEDY,
Z D&, 1.5°CHIRDE#E (250 m HifR) IcHE)T
% ()21, 1995). L» L, 5 A, —B#ick
BRHE/KED 200 m DIERICcHERT 22 E b5 N
TW3 (Kil, 1991). BEEH,SOHEI D IC X
niE, ok REEBBRIELELBES 28EE
¥ERIOBETHITOATVWEEEI SN TED,
LI E A% T IRBEEEDOKBRRIETH 4°CLLE
(KHEKEREY Y 5 —, 1996) LEFEEATL
B, L1chioT, &5 TREKBRIBARBED
XL 3L FHENZOTRIET ZHLEND S
LEZ B,

ABEEEICOVWTI], SEEDEAICFr=F3F¥

Inimicus japonicus PEEIVEHET T2 Z & (Fxi,
1991) % ¥ < 7 ¥ Pseudocaranx dentex ® R + L
ZnmE AL (HEE, KRR vBHMShTHY,
ROENELIEELSEREEZ SN S, 40,
EEORR DR ITE D » 1o REBRREH 1L, MfAEHO
2 E0EE (BA3.1kg/kl) THBEIATLEL,
7' Seriola quinqueradiata T3, 1kg/kLRitkD
FABEEETHNITEINFICHICRIED LV T & hH
ShTBY (BT, 1999), "I s DFES,
IhEHLE L CRAEERICNZ 2LEND 5.

NE Ny DEEIIEMIC OV, KEH (1988) 4,
REKERNICK Y75, avT, BLUvAx%:
WLAATEBEEA2RBL, x5 755 4 7DHIC
EN 2 KicHh AP £ R B EhHICE
JILTW T EZEDTVE, £/, B (1989)
i, FUFIEBEEBLLATBEI MO AERRQL
EEONEBEZKENICRELcL A, ALBRIC
34 M8, fric 25 M@, KIEEIC 77 EDOIRR% D,
IKEEDCINRIERLSET LD LHERELTL
3. RATI, s vy sBEOMICEEMILITS
SMAEAFIONB I EBMOhTWS (B
th, 1985 ; BEH - ¥EH, 1997). AWK, 7
BmIBEEICZEANIT SN, ALEE sy
FaBIATTRIZEALED SN 5T L
5, ANLHIGSERES L L TRATERLD biff
BEHEZZONE, BRIATBEL D SEAD
Wiz, BEOZEMMBH D, REOREPCHDIEE
HERZ 72 DICIREEAT T RPTVEHEINS,
KERBICLSZHMEORAIL

9 AhaEL o2 n AlichbizDEHREIALIID 3.
fbd 70 BLLED 12 BRD 1 8RIcEHR LTV
(Table 5). RAIID 3t & B K 1 BREITH 3.
Lichi-> T, SEOKRFAREICEL 2 HLDORFHLE W
SBETRAEIILEEZ SN B,

Lo L, 20E &K ORRIVEUC XY 3 (LR
DEIGRZENZEN 27T B LV 38%THY (Table
5), WBONBITIRBEKL I8P MLERNICTET
L7 B ohnte, HMEERICTTE L 7B
FHEFREED 17 %2 5D TBD, FEHE
EHMPoRT IR, FEMBEEZD 2 BREIcED
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LTWwi (Fig. 6). RAMDBE, ZHEINE—M
I 80 LA ESEL (FRR, 2001), HLiFRDOEL
fic & 3EBIETHENZ 245 HT, 3Lk 28R
NOETIRIFEALRONL W GRA, KEX).
IhoDT ENDS, SEDIERITRARIVE HEL
TIES, SHMELicFRoZ BEEEEICEL TV
Bt HMrang, SMMERBERTH - 2BK
LTI}, ZHRRBEL-722E, BAKESREL
T\ 2 f2 b IS PRBR O AR < IR O J&S Rk s i A I SEEA T
LizT &, IEBEI -tz B EMERINS T
Lo, ThODHICEET BLEND B,
BOSMLRABTHI-FROEEK

IR SALRIFATEH I FRER W TKEL L U4E
ECiT-EEHAE BE 131 BH) TEE2E
66.2 mm OFEBEERE L7245, %= BEREEE
(034 ~051mm/H) &, RK&AHAD 0.23~
046 mm/H (L&A, 1984 ; F§ « A, 1985 ; #2
i, 1988) tEELIETH - 1. A0, BEORE
EAEE (M, 2001) OEAELL b2 » ALIER
WIcHEEZBIAT 32 C TR, KRORL,
T O LIREKERD EF I > TRAHEDEIIC
BEEEw 3 5 A (F21L, 1988) <id, 2K 30
mm UERZVEHEEZ L TE, AHEH
(IEEEVIRR) DB bRHETH » 1o, AEER LK
RAOEHEAES L, RKAEHOKRELIIHE
O IcENEZZI OGNS, X-T, TOXkH1HE
EMBE SN T & IERBKIERIC B 2 HABRD
REBERENVZ B,

L L, SEREBIUCAERE (BE)
19243 BB XU 489 % TH Y, 10 FRRIEOE
HAEICIES K, -7 (Table 3). fAAERLS 2
BREIBLIRRE L VRSBSOS NLEL 72T &b
5 (Fig. 6), AEHZE2 K& { TR - 7 RR I3HID
HoSMEEBEL, AL > TV LIREDS
na, LkdM-T, NNy ORBIKERIIS &
Brovicid, AEEEINOHIEICHB A ER CED
RaEEH, WEPSHMUFROEAM L€ 2 &4
BHTEETH 5.

MO

AEICHc b, FEKEETOHBTEROES
A ZTuizr e BILEKERRS, WOk
DEY F L HDIDIHEYEBE 25 - 1 RRARES
BEZER, BHANEREFERTEIRICEST 5.
RRAELVE EHBIRL, AREOEESICEET
ZERIBRARM LTV R Bk E R B
¥ v 5 —ORILFHPIKETRRICEL BB L Y
3.
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