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Maternal effects of marine fishes and shellfishes on the growth and survival of
larvae and juveniles: examples of kuruma prawn Marsupenaeus japonicus,
yellowtail Seriola quinqueradiata and striped jack Pseudocaranx dentex

Keiichi MUSHIAKE

Present studies were carried out to examine the maternal effects on the growth and survival of juveniles and larvae in
both marine prawn (kuruma prawn Marsupenaeus japonicas) and fishes (yellowtail Seriola quinqueradiata and striped
jack Pseudocaranx dentex). Survival rate in the seed production of kuruma prawn by pedigree assessment based on
PCR-RFLP analysis of mitochondrial DNA D-Loop region and microsatellite DNA analysis using three polymorphic
loci was investigated, and it was found the survival rate was dependent on the juveniles originated from the broostock.
In both yellowtail and striped jack, spawning results were depended on the diet fed with broodstock during the manage-
ment. Larval activity was estimated by survival activity index (SAI) in these fishes, and no relationships were recog-
nized between SAI of larvae and properties of eggs, i.e., floating eggs rate, fertilized eggs rate, egg diameter or diameter
of oil globules. However, larvae with the higher SAI value in yellowtail and striped jack survived more during the initial
10 days in the seed production. The SAI of larvae obtained from the younger broodstock showed the higher value in
yellowtail. SAI of larvae from the same spawning groups in striped jack during the multiple spawning showed higher
value at the beginning in the spawning season, and decreased gradually at the middle and late spawning season. These
results demonstrate that the maternal effect is important in marine fishes and prawn and should be researched based on

the scientific results.
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ZOXS BHFRO T, BEAORHEL T DROIFHEF DK
EBXOARIZKETHEIZONT, SN birfEik L
NINSEWFEE LT, Do EOKEHEES G TS %
JL~ I ¥ Marsupenaeus japonicus, 7 ") Seriola quinqueradi-
ata 5 X 'Y ¥ 7 ¥ Pseudocaranx dentex TDHHFINZ DT
IS 5.

2. 7IXIETCOWEREH

[H B AR 212 50 TE 19672000 4F- £ TOM,
R 128 1V ABRO B 2 v~ T E O % 17 -
T&E 7 (HARREEWS, 2003). BmHMERIZ DWW T
X, 1924 FEDMERY I N TOAEM L MR EENOR
PFUSHD < [HAEEROBIZN ZRMEDO RS OB EH
WM EN TS, VLI EOMEAEEICELTE, Th
F TR R O EIE ) ZARMED CREFICELRE 9 5 M2
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eI N TE 2, MEEEEEIC ST 2RO ER
AR, R PE & FRARILC D W CEH§ 5 5 A
T, g7z, s v (UTHxIY) ORMEEmM5E
PhAns~v—nbikxd, FERIZE, AROPEINGAERIZ{H
LT CIC X0 BR o N EOAEKRRI L EnERL S,
Thbb, FREDEEZRD DENHED 5N D T &k
BRI g, 22T, BE (2005) A& Lz
Z v T EDNA Y — 7 —IZ K 287 FlHe i & o 7=
WA PEBFEIC I 1) % ZCRBID R & AR ODE NI DWW T
5.

FERIL, b 5ROME T2 5H-—-HIZERINE i
YA 5 3L L 2294 % 10 HRE O 50 hEZ [Rl—n a3~
) — FEUKRE (25k1) (CRIRFICINE L CRIE ARG S h
7=, BEMRHCE, RO L EORRA, kb
%, 7 b7 XL I X Tetraselmis tetrathele, 7IV7 I T J —
TV U X Artemia salina ¥5 & OTHRO N TEABTRH % BV,

Table 1. Observed number of individuals in each family at three
developmental stages among communally reared kuruma
prawn.

Stage*
Family

P21 P41 P82

1 12 27 19

2 84 40 70

3 36 39 32

4 18 44 29

5 0 1 0
Total 150 150 150

*P21, P41 and P82 show 21, 41 and 82 day-old at the postlar-
val stage, respectively.

Stage P21

o9
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0
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Figure 1.

RZbT =382 Hifit (P82 &ilik) = CTIRAKITE &k L
72, 22T, RZA 7= MO %1% Hudinaga (1942)
OWME L 7zitik e 3B A, A b7 =/ HISE L 2B
276 O Hi Catil§ % Kk amplic il e hTn b 72
W, ZOREITEICUEL 72, P82 X TOIR, P21, P4l B &
VP82 DIF R TARNE 2 & A 12 dgE M 150 B &2 ¥ v 7)) v
7L, 33 K1) 7 DNA® D-Loop Ik 3513 % fHIBREE
FZW R LM (RFLP) L3u—H 2D~V A 7 a4 574

F DNA Z AN HED W 22BN & - THEZFR DRI %
AL 7z,

ZORER, R (R MHICHR T 2HEN) Z&ICk
MEEEBMOEK 2 T — DIZH 0 29E 150 B O A5k EE
2RO, $Tabb, AREOENHED 57z (Table 1),
72, BRRROVFHERIINT 3 RO 2R % K
T5&, RERBTHEEREDZENZRD 5/ (Fig 1).
ZD XD END, ST U S OMBIER 2 E WIS E
EZTTOE0%0, &5 WIFEHEREICHEE L2851 %
HY BRRZD AR R EREK AR L2202 05
DWTEANTH %28, BIREOHRTHS., ZOLIH %
BOREMFR (D) DR - AEFKISH2 IS L T
0BT AR EGIC OV TIE, S8, fSHICEWTE
FEiiEhsNExELEIZOND,

3. AETCOMRESN

BIHICkWTE, IhE ThHOEH & %\ VI3 EE i OFfE AR
PE % [0 ¢ 2 5k TR L~ ToO MR A 0 IR Y
% &) MM AEETEIID AN TZ hr 72, 20D
7%, BEE U CTIEA B0 L THEROKRE B JOVE
BACHIETHEIZOWT, 7Y v~ T U Tirbh g3l

IZDWTHITT 5.
31. JU
3.1.1. EBREFHEARIC A R A DRIV E

B IC X B ] (~ 7 ¥ Trachurus japonicus:~ 373

P41 P82
b b
C a
c
#2  #3 #4 #1 #2  #3 #4

Average standardized total length within each full-sib group at three stages of development. Different let-

ters (a, b, ¢) in each panel indicate significant differences (Mann-Whitney U-test, p<<0.05).
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Scomber japonicus=1:1) (RF), €A A2 bXVL v I (K
BARGIRE C AN v F=1:1) (MP) BIOHIREF 54
~NLw b (SDP) 2 ZhZFNMGM L TEALZT Y EA
CEWfafkE S 6kg) AL 7= (REEA, 1995). £ il il
Bafg U 2= 820 (Mt =10:10) &2 ATHHEIC
KB PRIEAERIZ 102 (e =5:5), 5&D 108 (5:5) iF
KEEN (a2 ) — M8 EEFE6SK) TOREIFEEINGRER
IR U 72, ALPORSIC & 2 $R0NEAER J6 & O af 78 s ekl &
&, BAOYEIN - Pk A L9 72812 HCG (human chorionic
gonadotropin) # D FAKRE 1kgX 721D 6001U & & 5 K
IUZARAINTES U7z, A LFZAE I HCG 4 48 IR #4212 52
JE U, FAFSEEYN CIEAKIE NI BTN & 7= 90 % B4 5 FR91
KEEC g % &R L 7.

N THREZ & 5 FRIGRER T, BRINTTRE T & - 7= M
1Y 720 ORI T3 % &, RF, MP# KU SDP#G
fEIXTENZFN110 Tk, 128 Fhids L UN 124 ki &, MP
FGEX TR £ DIINE 6N (Fig 2. k). 72, MR
ORS00 OIEHESMUFRE TS % &, RF, MPH
K U'SDPIGHIX T ZhZEh45 JifE, 719 iR L U83 )i
LD, MP¥ KU SDPMiAGAF X IZ RFAGEHIX L D & 75
(p<0.01) IZ@ENMlE AR L 72,

KIZ, FEFEEEINGRER C I3 e INEAER H vh oD £45 X oD
Bl EY 20 OFEIEIE, RE, MP¥ X U'SDPHERX T
ZNEN160 Jifi, 213 ki K U267 iKiTdh D, SDPAG
X Tk & % < DRI B S iz (Fig. 2 F). MPE®

200

100

Total eggs or normal hatched larvae
(X10%) obtained from one female

0
300
200
100
0
RF MP SDP
Diet

Figure 2. Results of egg collection by artificial insemination
(A) or induced spawning (B) from yellowtail fed with differ-
ent diets. Vertical bars represent standard deviations. Solid
squares, total eggs collected per one female; gray squares,
normal hatched larvae; RF, raw fish; MP, moist pellet; SDP,
soft dry pellet.

K U'SDPAGEHX & REFGHEX & ORIZHE (p<0.01) 3%
N O N7z, £, BE1EY: D OIEESMUFHET
W% L RF, MPH K U'SDPIGEEX TZhZh 69 )i
B, MHRBXIUSBHREE, NLEKEOEA LRI
SDPASGEIX Tl & LR & 55 7z,

ZhoDORBHR,»EMHE 2 k12, BT 5
FASRI ORI K 0 2 DO BEINRRE N s 5 Z & AR &
Nz, ZOZ LMD L L OWEATERD SN TWEE]
RThb. 7)RBREAOHAEIZIE, HROEBBHAIZE
FERIEA L TOBAPRHI N T— Y g Vidan e s X
NB 0, ZOHAETE I 2 R S O FEFH R I
BIckIREGELEENKRELSET S0, ThIZHD
WAL 2 A ORFIRAEIC X 0 BEINERE R INVE 12D 7
NOETHEND D LD LTINS,

3.1.2. HAREMBICHIFADEZRE
LEED 7Y OB AR FE N EAER T 5 7z SUAF
MAEHCT, GEYH 10 HBORTE 17\, FIHIERR
DO A A7z (R, 1996). WIHIEGIH BRI 19954 &
1996 412 4% 2 Mt 4152 L 7=, flHRERIZIZ 1kIDOER Y
IFL R AR L, SAIRPR A G L 22 oL
L CHImRIFEYE & 310l H 0 pEYIC 15 5 7z S EAF 42,000 &
ERHBL A5 INE L, WIEEOPRHIIE S+ I XY
AT LAY EMHU 72, GBI o Sl E AR I3 S KR
(20°C) 75 Z21°CD21°CE L7z, {FAPHE10IZEL -
AP CRIE 4% T L, Ablih o 2{FREF LU AN SHLD
L THEEREERD .

ZOMER, WThOREIZHWTE [SDP]> [MP] >
[RF] DOJEIZEWAERFEA/RL 72 (Fig. 3). Zh 6 OFEHE
&, BBk ERLOAIEPRHA ORI O & LEL & A
LCHD, THFETREICHNS LT B e o sl
BNZ L ZDOHFAIEEZOBRDERKNE BIFTH B Z
ERFFTIHRE o7,

60
’c\?
9 40 SDP
® MP
I
> RF
-
=}
9p]
1995-1 1995-2 1996-1 1996-2
Year-trial No.
Figure 3. Survival rate of yellowtail larvae obtained from

broodstock fed with different diets among the initial 10 days
of the seed production. RE, raw fish; MP, moist pellet; SDP,
soft dry pellet.
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3.1.3. FAEOFENFE & £5&FE

M EPEAIT S B CId, Koleaf@ili+EEdsZ L
BERELESKELEETHS. 20720I101F, RELIN
RWENDENSMUTFHRESE I VERDH 5. RERINE, pE
PaORFEREBICARESELENS 720, BEHADRE
EAERE 5T 5. —J7, (FROEIZEL T, Z
NETICERBN S 2VIIREMNIZHBFEELS5Z2 61T
ETCN2800, WHEFHEROKREZ E & akkiZ Bt
LEWIRD , BBt R & 425 2 L3N TH 5.
N LA OB R 2 B U T3 7 Oncorhynchus keta (h
¥ - HiE, 1988) THRODBIRALER & A IRB 7 D 73 B R0 vk
M OWEIC K B VEREG, £ 72~ & A Pagrus major
(f&J, 1974, BHEIZ 2, 1985; @B, 1986; JuilnE A,
1986) TIXMEASEEIH 12 & 2 FHADOENER B L U7ZE g
R 1 & B TP DRI IS DWW TR 23 e S
T3, F72, ¥ 3 Sebastiscus marmoratus Tl ST
OEAGHAT (WUARIHEEAER) 2170, ZOAKER & E
B H B & IEAS AR B 48 X (survival activity index @ DA
SAT &WEED) %KD T, SMLAFROIEJIHIE O - &
THZEPREINTHS (Bl - E73E, 1981). ZD
SAIZZZ ) (HRIIEA, 1993) XUy ~v7 Y (bl - B
7, 1993) OSUAFROTEIIHIEDO AR sfaEE 55 Z L
METIZWESNTED, ARTIIZDSAIZ W=7
SO DR ORER AT 5. Ak, SALIEXRA
(e -5t it 1981) Ik B Eh 5.

k
SAI=N"'Y (N —h)xi
i=1
22T, NiZkBRPRGEE O SUIF s, ridi H B O RR
WERE, BEOHIARERP 055 TOHKTH
5.

7 ST D SAT & AT o Al HHIHA 10 H R o 4: =R
EDBIRIZDONT, 1988420 5 1992123 TR 6 M7z
HFREOYHFEE RS 217 - 72 (RINEA, 1993). Z Ok
WRAEFig 412R L7z, HEw10 £ TOPIAERE (x) & SAI
(y) EDORIZIZ,

3=0.22x+10.19 (2=0.64)

EIEOHIBBERARD 5 h 7z, SRORERIZLD, 7V
O SAINEVSUTHOT v MEE ZOHOAHRERT
DOYIERE G HNZ 2R Eh, BES ZORHIFEIEZTY
OFWAFEBUGICE W THHIhTW5S, Ak, 22T
KUER & Ay, SUFHO SAT & 77 EUIER | 28GR, i
3 K OMEREE L ORICIE, FRCBEMEISRD S s h -
7eht, ML ORIZO A B EMHBBEGRAED 6 hi:
(HEIZE A, 1993).

40

r=0.7321

SAI of larvae

0 20 40 60 80

Survival rate at 10 days after
hatching (%)

Figure 4. Relationship between SAI of hatched larvae and sur-
vival rate of fed larvae in 10 days after hatching in yellowtail.

25

SAI of larvae

3 4 5 6
Age of broodstock (year)

Figure 5. Effects of age of broodstock and methods of egg-col-
lection on SAI of yellowtail larvae. Al, SAI of larvae ob-
tained from artificial insemination; IS, SAI of larvae from in-
duced spawning.

3.1.4. BADEREFADEN

N T & MO 2 & —B L TSDP 238 L THK L
72T VRBOWIE, S 65k E TOM, WFIT - 72 ANTHK
FEIZ & 2500 B K OA TS aER TfF & N7z {FF D SAT # Fig.
SIS L7z, ZORHE, AN TIHiE X OFBREINE VW 72
PRI & I BIRICH IO BAL» 5/ 5 W AFRIZE R
WSATLZ/R L7z (REIEA, 1993). 2o, e
PEBIBIC B W TR EN» I NTEH D, Wid4mfas hDIciR
PI2THbI T2 DIE, il & RO AR 2
BWOREDRREEIZE D) A2 L BRI P AEL 55
DOTHRE XN TWBEZ L L, fF6NhA{FRDSAIMME T
220 CTh5. kb, wEMEEETREINS 7)) KRH
ARSI 258028 W NEEE R E To
BRFERP RS B2 EFROSALIXK T ¥ 25 Z & o3l
ShTnd (BEA,, 1993).
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3.2. ¥vT7Y

3.2.1. EREEFBIC A -RADRIVRIE
BRI AT (7 ¥ 0 2L X A A1 Todarodes pacificus :
IVE (FEARW) =2:2:1) (RF), EA A2 FXLy b (TR
ByARADR AN Y F=1:1) (MP) B X OHIK K 54
XLy b (SDP) #ZhZHiGHIL THRK LY 77 VHl
i CRYfatkE48kg) AL 72 (R, 1996). & Ailfkt
EREE L 2B 12 (HE:M=6:6) 2#ZhZThioa
v o) — MEUKKE (AR 6SK) ISIEL, KEENTOH
FEEEINGABRICHE U7z, a ks, BAOPRIN - PG A LT 720
2 KFE N 2R LR IS HOG % M F o iR 8 1 kg ¥ 72 D 600 TU
ERBDEIDICHANGH L. Bk, w7 VDEAICIE
T VIZHARTEEDIER IZBEH LT W@ 20, AT
PRSIC K A EHINC IR Z 2@ Th 5720, NTHFEIC
& B PRINGRER 3320 L Ty,

ARBROD KSR, PEINGAER HA R v o £AG B X O MR 1 2y
720 OFEINEIE, RF, MPB X U'SDPIREIX TZhZh
213 5K, 82 ikl kU198 Jikik, ThEr Ty ~7 V0D
BB T LU C & 2 RFAGEFIX Tl & Bl 2R L 72
(Fig. 6). F 7=, MEBF1E Y720 OIEE SMUAFREL,
RE, MP¥ K U'SDPHSEEIX T2 Zh 132 ik, 35 Jiki%k
kU146 Jiki L e, SDPAGERIX AR R OFEREZR L 72,

v 7 VIR S 3R o b/ NEI AR T ORI
B 5 MPORERIE, MR - PENC AR 2 A R 5wt
W LEOPEME E EARDITRAIELZ LN TEX DL
L OAMNERERTHIERE LTHIGN TS, L
L, e BRI T OB s O BRI 133 K i T RF %X SDP
E R B LRI L9 <, KBNS FLE EICTE

BWENRLTVEVIREEZAL TS, Y97 VDLHIZ,

il BEDRE DRSO CHiERE U CHEBT§ 2 ffIC & > T,
ZOBEESAKEDOEN L & 312, MOPEMENES 5D L

ER:
28 250
]
-
<= g 200 |-
§£2

< c
£ £ & 150 |-
= i&
IS é g 100 |-
g ©
EO @ 50 |....]
g
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Figure 6. Results of natural spawning without hormone injec-
tion in striped jack fed with different diets. Solid squares,
total eggs collected per one female; gray squares, normal
hatched larvae; RF, raw fish; MP, moist pellet; SDP, soft dry
pellet.

W) RTAME E Wb E 52880,

3.2.2. HAREHBICHFADEZRSE
7)) & AR S EAPR TR L 22 8L 2 & OW)nl e ¢
5= SMUAFf A T, WO 10 HIE O &l H I8 % il
Az (R, 1996). BRSO ERHET Hikid, &iH
A A S (22°C) 7°F 2 1°CD23°C & L=PISbE,
bikd 7 ) OFPICHET 7=,

ZOME, HE1012k 3 2FAOAEEREIL, [RF] =
[SDP] > [MP] ¢ &0, Bxdha LiLOmIRERO KL L
WL LT AR L (Fig 7).

3.23. FAMENEEERINE
LR U227 ) LRI, YT I T MUTFRDOWE
T EBAEL T 27201 SATEFEH L, £ D% O
Bz BH0 i (2R30mm) F TORIFE L DR
PEAFRA L 72 (R - BIRY, 1993).

198820 5 1992 FF A2 1F THT o 72 ¥ v 7 ¥ O E
MERAS R E 2N ZhOfHFICHE L 2Rt e vy D5
{LAF 0D SAL % Table 21Z/R L 72, %k, 1990 - 12 1 AFH

80

60 B W———

40 |-

20 |-

Survival rate (%)

1993 1994
Year

Figure 7. Survival rate of striped jack larvae obtained from
broodstock fed with different diets among the initial 10 days
of the seed production. RE, raw fish; MP, moist pellet; SDP,
soft dry pellet.

Table 2. Relationship between SAI of larvae and results of seed
production of striped jack.

SAT*! of larvae

Year

0-6 612 1218 18-24 24-30
1988 0/1*? — 2/2 — —
1989 0/1 — 2/3 4/5 1/1
1991 0/2 1/1 7/8 — —
1992 — — 1/1 77 2/2
Total 0/4 1/1 12/14 11/12 3/3

* Survival activity index.
*2Number of seed prodctuion trials successful/conducted.
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2B 5940 2 MREIESESE  (Yoshikoshi and Inoue,
1990) ORI K DFEEHEEENTE Lh o220 EK» Lk
7.

SAIZZ6 LT T v O SMUAFfE ML 7z 45 OfE N
BT, IRTHEFITFHROETENF L, S 10
HHE CICREEEZPILE X228 -7, —J, SAID
6XEWT Y N AERFEHLZEEEMTIE, 30605 527
HTEEOmmAIZEOMH LY 4 XOMN L ET 52 L
MTE, SHORBRIZLD, SAIR6LDEmN Y YTV
SMUFfaE W3 &, GIEVIBIOWFE S RN D 5w &
DEP D S NIz, ZOHOWFICKD, ¥~ 7 Y TIESAI
N EOfFfaoa y N A EEICHTIZ T, R
ROFANZ K B KEIECDOFE 2 & QR HI 2 BLEH 23 78 W FR

D, (AR OEENARELE I ENbhro>TE - (B,

FKFRE). K, SHITRHCHEREZ RS 20D, SMUFf
D SALETF IR 2h58, S b, Wtts KOUhERE L
ORI IZFRICBEME IR Sk 572 (R - 5,
1993).

3.24. FAOENELEFADENE DOFERFR
FHIEA (1985) 12, ¥~ 7 VBEAOINHIN A HFEAA 2
FEL , AFEOINREINO FEIZIERRFEAIFE TS5 2 &

60
50 |
40 |
30 | .

SAI of larvae

20 * .
10 *

LR
*" et >
", *,

0

Mar. Apr. May
Date of egg collection

Figure 8. Changes in SAI of hatched larvae from natural
spawning in striped jack.

AWELTWAE, 20O &S AIERIHRELIIHINO R & %+
AL MRS < A5, EINNE AR
E<, ZOMIZAFEEDINIREHEA & BB OHiFE
NI BEREINTNDE (FIF, 1989). P77 V84
AT, AR LZRPEIIRIO M TH 5 Z L 2 H DT T
W3, YT OTIRMEREL A IFIT L NISERET B &, N
KIEN D ERAH KR 24°CIZEET 5 £ TOM, HARSGHF
TTR2y ARBIBEIIL , # & L TANELI Y — X v iZ400]
P LoZbpEI AN RS Z EAHHL TnE (R,
1996) .

1991 A HARGAF T TRrEDN & i dg L 72 S D0\ T
BEE U TAZGAOMBEINNNEIZE 35BN KA. 20
BT 5 N2 TR TOREINBIRD MU E v, L
LD SAIZHMA L 72, T ORR, RO SATITEIIPINIC
<, BEE U TOREINRIBAE Z 5126 > TIK T3 2
BNALNT (Fig. 8). ZD KD AEIIARBIZFARHED
WHPFHF LK T 28R, v~7 Y (W - By,
1993; Watanabe et al., 1998) 721} T4& <, ZRETIZTY
(HRFAIZ A, 1993; Mushiake et al., 1994; HEJIE A, 1995)
F UK Epinephelus akaara (E¥ - JEH, 1990; EHHE ),
1998) * &K U7 ¥ & H = Ranina ranina (EHIE A, 2002)
TEMEIN TS, ZOFRKIE, BEDZPEINIZTES
EWHOMREITERE L TWB EHEE TS A (R,
1996) , AEHEMAAHIZE IhThEn, 5%, 20
BIZBW TR L XL TOMERKE BB L 555 .
33. ¥&8
7)) B LY v 7 Vi EOFEBERE, RN, IVE
B L OMFROFB IO 5155 W ATHOAFRIZ IET
BN DOWTEM L 72 (Table 3). FREIFPR OIS, S |
YO BHITHEORMEE WS K0 & L AR HREIR
NWERMRS 2 Z 0L OMERTHRE SN TE D, I
R AR T DHAOEELERO DO TH 5. I
HBIZonTid, 7V BLX0Y YTV TENRZFNHCG % F
U 728556 PE0N I K OTEARGAE T 0 BERBEDN T3 & L 7=AF
oA - REN KRG BIFAE Z &SRB S h T

Table 3. Effects of broodstock management properties on their larvae in yellowtail and striped jack.

Items Yellowtail Striped jack
Diets*! RF<MP<SDP MP<RF=SDP
Egg collection™? AI<IS IS<NS
Egg quality No relationships between SAT** of larvae and properties of eggs, i.e., floating rate, fertilization rate, egg

diameter or diameter of oil globules

Larval activity

The larvae showing higher SAI values in the starvation test also showed higher survival rates in the seed

production from 0 to 10 days after hatching.

*I RF, raw fish; MP, moist pellet; SDP, soft dry pellet.

*2 Al artificial insemination; IS, induced spawning by hormone injection; NS, natural spawning without hormone injection.

*3 Survival activity index.
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5. IWEIZOWTE, BLMIRIZITHODNRTETWEE0D0D,

WEZIIHERER S A 5L, HOEKTOINE % il ¢
ETCWBELEFBEVERY, ShfELZT)EY T VICD
WTH, FERIN, ZEED 203N E EOEE 1R
OEFR - REZ0O30 L OBEMIZ O W TIZWHETIE &
W, 2L, BIZHRRZE XS IFROWE S (SAD) & 7D
HBOAFRE OBRIZOWTIE, Wiff & & SAIOE A E W
Ty MEE, HE10E TOAEBRENENT L AHBIL T
W5, S, MR OV T KR L ~L TOFED HE
AUS ML, BREERRIUC D < R4 TP O Fhi A
YHEhb.

5 Ak

B (1974) WO S < £ AFROAKD , REL LU
FEE IR TS OWT, UK PER ST e, 7,
19-29.

il 5 (1986) MR O [~ 4 4 OG R EEG ] Wb
Ve RAE RN, AL, R, pp. 26-36.

EHAIA - IR - RI— (2002) 79 & = SLIEOE
THE DA, REERE, 50, 79-84.

Hudinaga, M. (1942) Reproduction, development and rearing of Penaeus
Japonicus Bate. Jap. J. Zool., 10, 305-422.

HERA - KB - B - fEaCUAN (1998) ARl o 5
2F N BAMOAREMINOYE., KFERH, 46,
213-218.

HERA - RBH IE (1990) Wbk L7z 20 2 BAREINO
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