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Maturation and Spawning of Japanese Sandfish
Arctoscopus japonicus Reared in Deep Seawater.

FE Z&R='-3EH MK

Taizo MoriokA and Kazuo HoTTtA

Abstract

To investigate the possibility of using deep seawater for rearing Japanese sandfish
(Arctoscopus japonicus) for brood stock and to obtain basic knowledge for promoting the
brood stock management, spawning, effect of diets on growth and maturity and changes in
gonad conditions of the fish were examined from June to December in 1999. The mean tem-
perature of the deep seawater used was around 5°C.

In the spawning test, 84% of the fish survived, and 43% of the females spawned from
October to November. Their first spawning was 2 months earlier than that of the wild ones.

The growth of the fish of experimental Group A, which were fed on a dry diet, was almost
the same as that of Group B, which were fed on a fresh diet, but the maturity rate of Group
A was superior to that of Group B. The maturity rate of the females of Group A was 77%
versus 33% of Group B.

G.S.I (gonad weight/body weight excluding the internal organs X 100) did not change in
most of the fish from June to July, but afterwards it increased in more than half of the fish.
The mean total length of mature females and males were 15.5cm and 13.8cm, respectively.
These lengths nearly coincided with the size of the smallest mature wild fish.

Thus, these investigations proved that the brood stock management of this species using
deep seawater is possible and suggested that some rearing conditions in deep seawater would
hasten the spawning time. This will be very effective to reduce the mortality of the released
fish, because the size of young fishes produced from the brood stock will be larger than that
of the wild ones when they migrate to the sea after release. This study also suggests that in
order to raise the spawning rate, a suitable diet must be chosen, and the growth of the fish
should be promoted so that they can get mature by August.

Key Words: Deep seawater, sandfish, Arctoscopus japonicus, brood stock.
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» 1999 £ 6~12 Aic 1 IRADEIKE, FHAEAROEVSEREERIICKRITTEZEL X UATEIR
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1. IU®IC

BA# D/ ¥ /N5 Arctoscopus japonicus |3, &
HWIKE 200~300m HicAEB L TWE., AEIRE
—EINGICERT 2 A>TV T BRSO N
TW3 (Okiyama, 1990 ; #2111, 1995a). EEFRIZ
ZHITIKE 0.56~4 m OFHROEG TITHON, I
v 57 SHOEIMICIMRE L TEATIT o 5.
BRI ho% C oRBICRTDB VA (1%
AT 6004, JIOER (3mm LlE), 31t
FR (2K 13mm) &b KREV (ML, #1,
1995a).

EILBRFICE VT, 12~1 BITEKBEBDE
TiEsn (5, 1989 KA, 1995), Stk
THEIEh TV, L LAFEZOREENFEL |
B Lz, BILERUBAKERERREES
FEY (BEW) TRAEOATEHEKKICX 35
NEROEIEEBIEL T3, OEEBREEITD
i3, FTZRPELEFNCHRLSTEE S
Vs, RAHAH» S OREERMGEL Wcwic, A
Ty S RIMAOBREBRT 2L4ENH 5.

BT DNy 5 OEINZ, ©& U FEBARK
REE R O BB DG HIRFBER 2 87KHE OKkiE 5~10
C) LBV AFIBEDSNTWS (RH, 1988 ;
B, 1989 ; &&, 1995). L L, KEHBE(LL
PTVAHITKEBRABENSE L V. BILEKERRS
IERBKFIAEE S H D, KE321m »S5EH
%7 3,000 m* D#BEFERBKERA LFTWE (BRE,
1994). zDKER, KE (1~2°C), HRIZLD
HEHHEEAE-TBY (BB, 1994), AFEOHAE
BRICBAL TBRD TEMNTH 5 T LB TFREINL. £
T, EfERICBVT, BERBKERVWTALE
H2 SHEINAOBREFRT A MA .

wERBKER W, AEATEHOHEE 76
THBIENEREIN TS (BH, 1998 ; HEMH,
1999 ; ¥EH, 2000). 4S[ENG, EHEAEI AN
s 1 KBD S OBRABRDTRETH I M ED
WEEINRRICK > THS I Lic, BRESE
mEotcwic, BREROZEVENS NS 1 KRR
DRk « BRBICKRITTRE, S SICHEEIROFEIC

SWTORBEIT- 1.
2. A &

(1) #HRALHEEK

19984 1 A 17 Biz, BILWEKRHARETRE
SN RARBED O ALRIEIC L B2 %,
BB OB FAKEIBWTHRAEEL, 3823 H
b LFREAWTS A 25 BE TRREAES
fT-%. @B, £EsNn7- 648 B (2K 454
mm) %PE L#ix L CE LIRKERBSFBKFIH
%D 6 m® KIEICINAE L, 1999 6 H10HE T
kiR 4.1~6.8°CDHEEFERBKER W TEREFEH KRV
EEICEEFLL (BEEE66%). 20 1KA
(g2 EMf 126 cm, # 129cm) %, LTFD 3
SDHRERICH L 72 (Table—1). HEIE, +~T
19994 6 A 10 BichAtEL, BERNOBANXTTE
L, BEBBRITOE,- K.

(2) ERR

ARy ) — b4 m? ki 1 IS 200 BB (it
M1 1) 2NAEL, Kl 2.7~48C (541
°C) DMpFEFREKERER 15E]/8 THRAKL, E
PR %1T> 72 (Table—1). Akl 1 Bd b
RO SA4 =Ly b (AW -3 25, hifid
Bk at®) 40g, ROHEMSE (BEshicsr+
TIRVAHF TEZRBICR 54 2 L1z bDIKRE
By I vEIE2%GMLIcdD) 200g #F5EH L 72
10 19 BichilRo ALiBE (2235 v, KEHE
BRSNS HE) 9 A% KE» SKEEKS TF
UL, EIFEME L. BABRIT 1999 F 12 A 31
B TEML .

(3) KRR
[ERERIHN 7~ s BRADOKE, BAUcEZ 3%
EEARETE20, 2HD ImPKiiiczhZh 45
B (MM 1:1) WAL, F4 vy bEE
fHIC X 2RRER, RRFADHE%ETT- 7 (Table—1).
fF I3 KiE 3.6~6.8C (19 5.1°C) DHBHFEER
K% [ElExF 15 [E]/BTHEAKL, ARICIRF S A
Ly b 20g %, BRICHERES0g 2, ThEhE
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Table—1
experiment *!

Length, weight and number of Arctoscopus japonicus brood stock used and rearing conditions of each

Initial size*? and number of fish

Rearing conditions

Experiment

Water Diet

Tank
Female Male water  temperature ('C) and feeding weight
volume Feed

(Group) TL (cm) BW (g) n TL (cm) BW (g) n (m?) mean (range) diet** ,
Spawning test® 100 100 4.0 41 (27-48) DP,FB 40, 200

(A) 22 23 1.0 50 (36-68) DP 20

Diet test 126+1.0 16147 129+1.1 172448

6x10 16147 o) SETL1 172148 g4 1.0 51 (36-68) FB 50

Investigation of 53 52 40 40 (32-49) DP,FB 20,100

fish maturity

*! Indoor tanks in Toyama Prefectual Fisheries Research Institute were used for experiments. The intensity of illumination was
not regulated.The experiment of the natural spawning was carried out from June 10 to December 31. Both of the diet test
and the investigation of fish maturity were carried out from June to December 10.

*2 Mean + SD

*3 Six artificial seaweeds were fixed in the rearing tank as spawning bases from October 19 to December 31.
** DP ; Commercially available dry pellet (Ezukeheru No.2; Chubu Shiryo Co., Ltd.), FB; Fresh bait of sliced Krill/Sand lance

(1/1) with 2 % of mixed vitamins.

H#AE L., RBRIZ1999F 12 A 10 HE TT -
fe. BB TRICEER, REXAIEREREEEL,
ZOBBIISEH SN B, &5V IRPHET 2EE
ERBEEE R L, 7, BBMEFIC>VWTR
G.S.I (HFERRER/MEREEE X100) %2RIE L
7.

(4) RBERE

4m®KiE 1 106 B (LK 1:1) 2N
AL, Kii 3.2~4.9C (F54.0°C) DHrFEERREK
(g 16 [E/BTHEKL, 1HSH FF4 <
Ly b 20g RUHERT100g 2#fHL T 12108
F B L7 (Table—1). AKOEEUIAIC]
| (78, 8 A)Fi32E (9~12 A)fTW, 1
Eico xR 5 (12 810 B3t 8 E, 3
B)EFRIL 7. B6iiz0HD S bicek, KE,
G.S.I ZRFE L. & SIcHEdEEY 720 100 Ko
IR A MAE A I L CORER A RIE L 7e.

3. & R

(1) ERRR

6 H10 H~12 A 31 B % TEME = h 7 IR
B3 ARIOFEKE R, 4.0C, 4.2°C, 45C,
44°C, 4.1°C, 36CKU33CTHh-1. RESH
KB RTH & DENFEE 0.2°C, &K 0.6CTH

v, HEHEEBELCTREL TV,
EEIIERER DEE R AR L (Table—2). 10 A 30
H~11 A 23 Bich i THikeANICEIRBED S h
KB & 3.4~3.7°C), 100 ED#EH» 5 43 JPiR
(658 g)Msfg SN tc. EINEIIK 3 kL (544 K1/
10 g % 558 g Ic/4M4F), FRERE (67%)» 5,
FRERHT0% LTSN, ARG OAER
RI1F84%THY, 12 A 10 Bick T 30Ty
2R3, #h€h 14.7cm R 14.2cm TH - 72,

(2) fAXEER

6 A 10 B~12 A 10 B ¥ TEE S © 7 kR
B 5 ARIO¥EKER, AKXTIEE0C, 5.0
°C, 5.7°C, 5.3C, 4.8°C, 42CHLVU4.1CTH -
fz. BXKTIEA KX EI1ZIEE L 5.2°C, 5.5C, 6.0C,
55°C, 4.9C, 42 CRU39CTH 7. AlEZH
tKBOFIHEDER, AXTRFEY0ICRIER
K 20C (8A6H), BXTIR¥H0ICRUVKRK
18C (9H20H)THH, ARKD8H6H, BK
D9 H 20 BxKE, KBIIEEHLEL TV,

FRRBROFEREZ/R L. (Table—2). KR
KBXTIRRECLLDAT, AEEEOKXK
Zlbad -, BRBRETHRICEBT2AXOFY
2K (#f 159cm, # 14.7cm) 13IBX (#f 156
cm, #142cm) L13IEELCTH - 7ds (p>0.05,
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Table—2 Length, weight and survival and maturity rates of Arctoscopus japonicus brood stock

Number of females from

Number of

Fish size*' which mature eggs were | .joc from
Experiment Survival collected/conducted and which mature
rate (%) total number of mature spermatogonia
Female Male €gegs. were squeezed
out/conducted.
(measured group) TL (cm) BW (cm) TL (cm) BW (cm) Females Eggs /
Spawning test*? 14.7+£1.0 258%*4.7 14.2+0.7 272%57 83.5 43/100(43%) 30,000
(A) 159+1.0 44.2*+12.1*° 14.7%£08 28.1%53* 1000 17/22 (77%) 9357** 8/23 (35%)
Diet test
(B) 156+13 33.3%£10.8 14.2+0.8 23.4%5.0 97.8 7/21 (33%) 3526 9/24 (38%)
Investigation (immature)*® 13.8£1.0 22.0+44  132%13 20.1%54
of 95.2

(mature)*® 155*1.3*° 37.8t11.1*

fish maturity

13.9£08 245%52°°

*! Fish size (mean * SD) in the natural spawning and diet test were measured on December 10.
‘2 Natural spawning intermittently occured from October 30 to November 23.
** These mean values were significantly greater than those in group B (p<0.05 t-test). These differences were ascribed to the difference

of their gonad weight.
** These mature eggs were squeezed out from the fish bodies.

** The fish whose gonad development was not recognized from August to December were grouped into ‘immature’, and the fish whose

gonad development was recognized were grouped into ‘mature’.

*¢ These mean values were significantly greater than those in the 'immature' group (p<0.05, t-test).

tHRE), AXDEEIKE (#f 44.2¢, #28.1g)
3IBX (#f333g, 234g) LY LHEEILKE
mote (p<0.05). L»L, IEHE (WRKREE
B/2K*X10°) OFEHIE 11.1~11.7 &I H -
THEEENBED LN -7z (p>0.05). TDZ
Emo, SE0KEZREEREEDCOZICLZ LD
Thotcltificns, ARTIR22 B 17 R
I (A3 9,357 KD 3%, 23 Bh 8 BICHEREH R
ot chicxtl, BXTIR21 B 7RI
U (A3t 3,526%0) 5, 24 Bh 9 BICHERE MY
Shtc., TORER»S, F5A4 Ly b BEEXD
bUFICHEDETEIR O FIEREICENTH 3 T &R
I ht. ik, BN, HEMSEDShc@EED
G.S.I 3tz nzh 40.2~588 kU 4.7~14.1 T
»H -7,
(3) KMBRERE
6 H10 H~12 A 10 B TE & - KKBRic
B3 HEDFEKEIR, 3.8C, 3.9°C, 4.27C,
4.1°C, 8.9°C, 36°CKRU35CTH 1. RESH
kKB ORIA & DKEIRFEH 02°C, &K 1.7°C
(11 A158)THb, 11 A 15 BAkKE, KB
HEHILE L TV,

6 H10 H~8 A 10 B TO /¥ 5 DATERR

i, ZOZLBRFEET, GSIMW2UTTH- 12
(Fig.—1). L»L, 981 BIKIEGSL HERL
T8 (CETiHf 10, H#7), ML S 8 Tk
BHEE - T L EMR L. D GCSLIZZT D%
12818 (FH24) FTERLAHRBARERICK
DIETF L7 (Fig.—1A). 11A1H~12H10H
KHEEBELK 21 B 7B SBIIMEMEEIC X -
Boh, SEVENEATH-k. —4, H#OD
GSI 39 A3 B~11 181k (FH
104~14.8) /R LIBIET LA (Fig.—1B). &K
Bid, GSI OTRBICHENIEE 2 LMBHSN
Tw3 (R, 1992 ; #21L, 1995a). 46, HHE
39HS3HEKRTI2ZAI0BIKZAZN1RKRU 3
Byvohn, TOMEMKD GS.LIE6~10Tdh 1.
JiRicowTid, 6 A, 7 AIZTXT 1.5 mm K
Th-7:dD05, 8 Aicid 1.5mm UL, 9 ALK,
Bi211 A, 12T 3mm UL DOHBHERL
7 (Fig. 2).

ok, ARRBRIcBW TS & 8 A
WKEBADIEE D, 11~12 AhAICHEMSTRL 722
LHRENTL,

RIE (1992) (&, IR (IREIFIIRFI AR
Eh, I EMRAICRET 3 & 5z 2E
DOHEMMWBIE2ITT)IONS N OINEM
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Fig.—1 Changes of G.S.I. (gonad weight/body weight excluding the internal organs X 10?%) of females [A] and
males [B] of Arctoscopus japonicus brood stock collected from June 10 to December 10
The solid circles show the fish that already spawned. The solid triangles show the fish from which ma-

ture eggs were squeezed out. The solid diamonds show the fish from which mature sperms were squeezed
out.

Frequency (%)

Fig. —2 Frequency distribution of egg diameter of Arctoscopus japonicus brood stock collected from June 10 to
December 10
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Fig.—3 Total length distribution of Arctoscopus japonicus brood stock collected from August 10 to December 10
The white bars show the fish of which G.S.I. were above 5%, and the black bars under 5%.
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1.6~30mm TH- I EEREL TV, 4,
TDXSBEEOIMED >N EED GSI 135
PlE, B 5 U bofEEIcED SN, %
ITGSIL M5 LoMiEEAETERASTFEL I,
brVWEREZEDOMETH 2 LEEL LGE,
8~12 Rtk 2 REREEDOFELE (# 155 cm,
139 cm)id, FFELUEH» - 7Bk (Hf 13.8cm,
M 132cm) kW b KE» -7 (p<0.05 tHRE)
(Table—2). 2K 15cm YU ELDO#ER D 13 cm LU
Lt ot 3ERERAFE L B Eh - o (Fig.—
3).

4. ¥ B

EEOREABRIC B VW TIE, 84%DHEERE TIHED 43%
7510~11 BICEII L7z (Table—2). KKPERE
KBVWTH 11~12 BicER»@B» s h e (Fig.—
1). SEEERRICBVTIZ ISKLI EOEERERTHED
BBV TTW%MBFTEHL 72 (Table—2). T DFRER
no, BEFBKERVEAROBABEMSAIHET
HBEMESMITENL,

BT DNy N5 DEICOVWTIR, BHDOME
IR2EKKE (REK%E 5~10CITBED) NTHED
S5nTldWVW3 (WM, 1988 ; &, 1989 ; KA,
1995). LaL, FEEFR 30BLUTOEETHY,
BEFOKELRCKEDEICL 2L2EH BV
PR (1989)}. 4E, mAEREIBONID
13, FBEKPSKE A~ CTEEL TV E, &
SICEEBAK%E 15 M/ ATH R LA EICE-
TIKEBERIR N EICX B EERINS.
EILRKERBRE SRS LTV 2 EBKIEER
(1~2°C), FEETHIIEBHONTEY (RE,
1994), F 7o ATERRRAMBER T 27KE 200~300m
#wokiEld, 1~6CThaEEEINS (IRE,
1994).

AMBEICB I 2ARBOERYIE, 12 8»0F
FD1ATHY (F21l, 1995a; KB, 1995), &
IUHAR I EER 2 BEILINTH 3 Z &GS h
TWw3 (#21l, 1995a). RARELHLKT 2L, &
Bl D/~ 5 N5 ZEEIRBALEDS 1~2 » AR, »DE
SRR A R - 7.

EIRtE R TH 3 T L 13, B IicRESAREL
FtETx 3, $1ubbREOKTRAEN 2RS35
CEEAELCL, MRADEERRE G L&+ 5 Ak
Wbz EEEKRLTW. ARERGFEKE 12
CLF (#21l, 1988b) @ 4 AR %1T D 44
BEhb, 28, 3 icdibd 2 RABABRDK
WARTWE, BRY 1 XHPEELE 4cm iz v
O MEAEBED ShTWE FKHE, 1997). &
nicxtl, BEEL L2 r BECHEERZBB L
NINSTIE, 5 A EANICEEALE8em ITEL K
BHInH 5 (FRE, 1999). D& 5 HKREEHT
phidRIcH L TEREEEZEZ SN S,

LipL, ENPROEWC & RMMUFREZ ED
THEILVWEVLHTEHEEOSHEILICBAL TRRITH
2. SEOEIFHBEZVWHICERET 2 0 5EOR
BTHB. Ny OERNERAL, BB LT 28
213, BB ABKEEBAVEBTICEVT RS
hTwaIenrs (FEH, 1988 ; &, 1989 ; K&,
1995), FEBKFEDHRRZTH S LIIEZLIT W,

BHORH - EEINCIIE, KB, ih, BE, K
B, RS EHs nBERSBERLTED, ik
(BR) LKBNEERBERTHE I EBHOENT
W3 (B, 1964 ; HlS, 1991). SREIZ2EE
FEBETON Ny OENR, RALEBLLPPED
DKE (4~10C)RUERNBAE, H2VWIER
FHICHRORBEEAIND - L RE T TED SN TV B,
ZDOHEFHBEADEHICEIEIFELVWEEZTL
, REABROEEKEICBIBEMEL IR ->TV
pLiERENG. $bbL, ENORL, it
IRFHEEKBDBRLTVWE EEZ SN, ZORR
AERINCHS T 3 2 EHENPMEERS ¢
BIDICHLETH 5.

fth, BAREBRENRANITOIICE, ~sy~sD
R (BRBVEGRE/ 2EEE) 2 LT 308 0H
3. ZORREICOWVTI}, SEIFS A4 _Ly K
fHE D bR LAAERLESB] S 7 (Table—2).
7, 8 AURBROEHYLENHE 155 cm RO
138cm DEFICHETFEROFEENRD SN 1
(Table—2, Fig.—3). Th 5 R RABOKHADE
MFHR/NE (LK 17cm , # 15cm,W\Fhd



MEERBKTHEI NI/~ 9 ORZREEED 71

12 A) (#21L, 1995a) KL\, TOXH T &n
5, BRBREREEZYD B oI MRS 2R3 &
Ebic, BB EhZ 8 A Tcicifciiek
15cm LIk, T 14cm DLEICERKT 5 2 &8
BHTREBEVWNEEZ 3.

5 X¢&o

SEOWREEL, BEFBKERVIAREOR
BBERDARETH 2 T LS s nr, EIE
EHBRHTH 2 &1, BHOBEAEICL > TR
BLOOARBOBHEEBICKATX3ATER TS
. EIHREEML, KARERLEIEZILED
HHORETH 5. EINVHREEMT 21013, e
KERHEORFTBSLETHZEBbh 3. KRED
mMEicoWTid, RS EEET S L, kU
INIDOERERESEZIENENTHE T &0
N En.

A

AREICHIcD, FEKEETORBERDOKES
A5 ZTui 20 BILEKERRES, RUARD
HR D §o D 12 ¥ (@Y 12 BYE %8 - 7 [FE BRI RS
HIRICEHT 5.
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