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F=AdavRicE I 24 aBHEHITe A4 =42 ¥ Inimicus didactylus
(Pallas), 4 =4 =¥ Inimicus japonicus (Cuvier), & h 4 =4 =¥ Inimicus
joubini (Chevey), bt # 4 = Minous monodactylus (Bloch et Schneider), ¥ &
4 =¥ Minous pusillus Temminck et Schlegel, - k4 = Minous quincarinatus
(Fowler), # /L~ # =¥ Erosa erosa (Langsdor$)¥ L QN4 =X L ~A4 a2t
Synanceia verrucosa Bloch et Schneider ® 8 FEIZ /I N5 (¥ 1993), fik
WipL, FA=Fa¥, ¥r~vtat, F=Fr~vFaBRETIIEEMSEIC
MmN HDH I ETHMOENTWD (S - HF 1986; FI#EE 1987; MR - R
2001), 2D 5 bA=AaBIIM AR LOM Y FTHALHICIE 2T 5 JEHE
AT, NENGKE200m BLEOBIBEIZARLTWS (P8 1993), #iiE
RTEEELE L TUMEG @O LETHRESATEY, FFHICK > TLE
XH5b00HHMET 1 kg 72V 1,500 725 3,000 [ THEG &5 &k
ATHLH, TOLD—REETHE I NLIEIITD 20N, WEPIAS TE
KTHY, Bl Tlly, i, FEHTHFORMLLTBHEINTE L,
ILARROMEDOEMIZONWT RGO &2 il Lo Kyl (AR
1897) ICb R ZHE, WEHRTENLLEHEINATVDEZ L, <7D
HROBHAIZ ENR > TWEZ EREZ DL, LrL, 4, REEII2EMNIC
WA H D Z L bR AE - tIC X 2B RK~OH Y AT KE
B RFELNL TV D,

A=A BT 1981 I, HARBEEHEG S T O THIBREO SR L L
THEY EFoh (HARRRERS 1982, 1983), TN E TE < OB
R CRE N APERIN OB N ED b TE e (REDS  1983; AL 1994;
M)l 1997, BER 1997; &) B 2000), HFiT, VR FEIRZEE IO MK &REE
wEOMBUEE L BRIC, EEMIMFEL L TERS FEND 9FEET



D 5 7 A FHE C I X AU 7o i Ry pE R A E RO BT B RS TR, KRR,
BRI, HREN A =4 o B A2 Y LR AR PE S B B o0 B IS B FL A
TWD (KRBKE 1997, ZREKE 1997, BR/KE  1997),

() ®REEN RS D HEEH ST o 72k 11 FEB KO 16 FERK
Rl ERE A E, AT - BORERE (&) #f&EICLLE, F& L TRERM,
o, ML, R R, SEUR, IO, EBRE, RIEREA EARINCIED
1R 15 RO AESCKESTONTEY, Fk 16 FEICBIT D4 =4=
YoM A EREITN 111 TR T, BT 100 TRIZEL TWD, Fhk
1 AEEOR S AFERBITN 41 TR THY, SEMTHIMICH KL, RE
B 7o dk E5 ¥R G FECH H & 7 A Paralichthys olivaceus °~ % 1 Pagrus
major @ik 16 4F FEFE & A PEREIT Z 24 3,600 Tk KOV 2,300 HET, 2
O OMFEICITBE KT WD, F=AaBofEEEERL L OB REEIX
A, HREMICHY, 4%, EEEESENABRETVIXEEED —E O
ORI s () REE 2ROV #HEERK S 2001, 2006),

BEOA =4 a OB EETIEITE 7 A0~ X4 & EARMICKE 2%
T, BlAlZIE, L TMETY Y, A )73, IfE=bv 252 TEKLE
HSE DR E T ND Z ENZ W, INIFEIIH AR ICHEEL 1:1 0FIE T
AL T (10~15 2 /7t) BREINSE, T—2AAMBOEINX v h & H T
HRINT 2, A=A aBOINISEEFMHIINTHL Z L0 n, BINE, & LINE
I B L RO 2w A Ic it 5, FHEMAICIIME LT A I XY
KU LY, TATITHREOE, EaFEBZREICEDLDETHERE X, 2K
117225 15 mm il £ TlE LEBERET, =@M PMER LKL TS (K
Bket 1997, ER/KEX 1997, BRAR 1997).

St%, MEAEEEZHRTLHEOICE, HF IV EZOREWERED Z
ERRETHDL, LML, AHBROFECO W TIRFENZ2HE - #EF6
MIE <, BBV T DA AL R LRI CHAE ORI E i ST



D, BAOERBENZ LR L REIINELENITHERT D72DI100E, MR E
IMZB 3 2 B 2 m LA E£E T 2 & & b, FHGHIRIZ BT 2 A FJE
WMZH O L CEINMCENREB 2B L TS ZLEPREETH D,

Fo, FHAOEET TIX, BACEEMBICKEENEETLILGERH Y
(BEARR 1997, BRAKR 1997), IWEXEEBESHFTICLD2 A ML X,
BIARRICE D RBEARARBIOEFRREDKRBHLEOFINLE LTEZLNATVD
B, JREIZOWTIXELEH LR > TR W (AR 1997), £72, &
I CAE I N KRE SO NTHFEEIX 20~50 mm L LW A X THOE S 41T
D0, WX > THIRBEOEERUSCERBMZRIZENALND Z &
ST A XL BMAEBFTOEMEICONTHELLBRATILERHD L SN T
W5 (KRBT 1997; ZiEAKR  1997), ZhE TEMEMIC OV TIE, KiE
25 005 40m THEBORENH 2 DA T (FHRAKRK 1997), EREE % OHEMA
DEEBNL N2 E, RIRDOIFHEMOARBICET 2MAIEIEDLDTZLND
MBI THY, 5%, FROKREHLZIET D E & BITHIRERINZESLT 5
DI HERDOE BT LARBICEHT OMAOEFEENLETH 5,

RAIZOWTHE RBMAICRLZ2EEIFHFATOFEREENEHEL S GG
2000), BREH TFEEZMRF T2 9 2 CREMOFREEIEEZMHN L, Fin b
WERICEHT 2R ZH/LZENEHETH D,

LoL, A=A a3 Bz onTiL, BAaER, (FHMAMEEH, 1B,
itk OB R e EAEEEOR A2 B LEIRN R REFIEZ L AN D
b OO JIUF & 1990a; K 1996; JTfE - ZB  1998; KBKE 1997, %
BEARE 1997, HARAKE 1997; 3E)II 2003) B v BH 8 0 B & 722 5 R O Rk
RBLOWDFEA - Bk SICET 24EMFHIREIC OV TOMEIZLT L
HEZ LRV, KRICOWTIE, ANLFEEOHE (FBH - F5 1987, EH -
R 1987, =K 1989; =K 1990; AL - JEH  1993; =K  1993;
BB 1993 BH 1994) iEME A O R BE (BB - BERE 1985, A (L



1995), BAXHBEREIZLDFEIAEE (FEAR  1989,1990,1991) 2 LV
WS ODPDFAENHFGLNTNDD, MENEASL TS, KMEENREENT
WRVY, D WITEBREE O A NEN T+ ICBmE S T Rnie EoRER
WD, FEIE L ORBIZ DWW TIEEITE) (¥ 1981) <ofil & #E o #E op
B (Elwd 1985 (M - E  1988) BT 2 E T H 508, EIKDRE
IR ECPEIR I 2, SR B L ORI 72 Tk 2 W2 AT IR O BRI BT 5
WALV E, IR AEORE LS D03 R - 1955; Shaet al. 1981),
RO LER L, ROBEELZX LN HBESCIHIC KT T KBRS D
BB AWM T A, (FHEAIC O W TIE, AERTERE (BEM - PR 1955; /K
7 1966; Shaetal. 1981; =74 1983), 1T®) (K= FF'T  1987), tAXKE

(Sawada et al. 2001) , vk & HATICEAE T 2 B E O R ZE (- HH  1998),
A E (CFES  2001) C=EFHAJEM (Kikuchi et al. 1996) ([ZB4 % &
XH 250, AHEEROEICESWIERE AT — Y O ENITHE S M Xt
ER IONEIZEOZLIZET 2 BEHIR AN TV 2RV, FRJIZ, M
W OEE - RN ARSI, BROMREZK L 72020, kB3 o A
WL R EMTFRRECET2MAZ LV EBIT LI ENEETHD &
EZbND,

LEOBANS, KIFETIE, =43 BOEWFEMFEICET 5 A%
EMTL2ILE2E-ICBZAT, HBRRLEBETIHREINTZRAMAL IO
1999 I AEPE S NTEBAHELZ MO TRELCHRABICET 2/ EH LTS
EEHIT, FRMARIAREINICL > THELNTEZHEIINZ HWTHRAE - IR
IZKIEFTKIR LB OREL IO HAORBFTREIZEIT 2 BEEIHE
L& DIEFEIZHOWTH ST LTz,

FIETIE, FWMEEHE L THEBLZXFTLHEZDO 1 DTHLHHEEIR
B2 HWT 202 HEDEREEE L, Zh%HIZ von Bertalanffy D g £ X %
KOT, FHBERBFBHICERT A =FaBOREEZDOREZH LT



L7,

BOE CIX, FRE A E H CE AR o FE I RS0 IR A 0k K OV IC o
WTHRRTT 2 & &b, Bk RIL i Tl S 7o KR M L & plcfa o IR B
EHAWT, PR OMBEFENEEE X OGS OFERHER 2 b AFEAEE B L O
IR I D F8 AR A2 B & 2z Lz,

HIME T, BRAAOAREINCE > THONZZREINEAWT, ¥4
WEE L IC B KIET KR LB O BEEZRF L, B KELRKREL IO
WhzR oIt 5L E I, TNENDOIIRIEIZOWTHREL 72,

BIVE T, M AE L A Z AT, [FHAOH R E & xR E
FHLMNCL, REICHEIABBEOENEZFARTCREAT — VO nEE R
FHEEHIT, MEBFEHBEICLVELLBREOREL R,



1 B IRIR RIS B T D Film & kR

RERICOW T, BREMEORERINCERBEE L L THEAPLEREIRE &2 M
WEEREEICL YV FEim ek OBKREMETI LIc®mE "2 (I - M
1985 ; &= /AKE 1989, 1990, 1991 ; Al 1995 ; iE)II 5 2000), L L,
F=FaBORBAOTFAITITEHHERNZLEAEHALALRNVEDEH D Z &
me, HAZ X2 REAOERBEECIIHFEFICHNETHL LTS (F)
5 2000), — 5, BEHFLRMEINIOBHZ LT HHERERTHHEEIR

BEHEAID b REARBETHMBEZRELLTWVE SN TWDA, EWHD
FlpEE & L TOREDMEIZHOWNTIE, 1 A 8 HE TOKIDKE L Z KRG
LTEWmEN 1 HHL20H5THDICHRFT SN TS EIFEWEW (E AR
1990), S, A=A a2 BOEHFEWBREZM D -DIZITREICET 25 %E% £ R
WIREICH L2 LT, BROBREZEE LERFIELHELT 2 ENEET
o)

Z 2T, AWZETE, HRRRFRBETHESN A= a BOBRERE
FILEIZ BT 2 EZHF EARAEHFOHBLEIS ZEFEICDE > TIRAEL, Wik
OFEHE & L COR M ZBRE L CHERERNICF R L R 26T L,

-1 B R KOV IA

fiLal fa

1999 4£ 9 H 7225 2000 4 8 H oI, FiHRALINTHRFREAEICH D I
i FEES (IHEBRETHSB I OHAREHBRES) POBALEA=
Fa® 292 fElKEZ AWz (Table I -1), 2B iTEE LT, i LG R
WICBW /MRS S CciRrEINZLOTHD (Fig. 1-1), 2721, 2 AT
DWW TIEHRLIC K D RBEDIZDIERZ AFTE RN, BONTAERIT



—20°C CHFERGF LIz, MEL CT2E (m), AE (992 HE Lz, MLED
HIBNIWIRIC X 2 AR O/ BB ZIZ K - TIT o 72, % EARE I LEEE & &
L%, BRAILTHEL 70%F /L7 )La— L TR L,

EEEE R L Ok E R

BRREOWMMOTKER 2SN T 5012, BOEOKEE a-b-c
(Fig. I -2) (2B T 2 & X O F B O HBUR B 2 BR B AR BEEE (X
2002 W TIR~, 260 ARIHBEIG 2RO T, FlndE L, s N
B CHEA D 23 R 70 8 R 2 BR < 221 R (BEARAD 75%) OFL D% AR
BIZX o TIT o720, MHKFICAEMARB LGS EME AWz, Bk
(TR S AT d L D FE A B0 AL L E A #H O/ & L, %IERE oL E
(P2 6 ERICH » T (r1, r2-+, ) EHFEREFL R %2 0.01 mmE THl
E L7 (Fig. T-2), HIE THEBEM (X10) Z26HEH LT,

BEREFRR (mm)E 2E TL (mm)DHIEME» 5 R =a + bTL % X,
BFEEOZBERETEOMMFERZFHEL T, EHOBEIRETER L DR /R
EROE, ShESWREEmM TR LD LICX Y R 2 EEL L, 1R
N DWW THRRCEE (1, 12+, ) BICENZENOEHEEEHR L, &5
2, T OFHmLENLImERRFOFREEELZHEL, Zhzxb il
MS—DOS H N88BASIC ' 1r 7 7 & (f¥ 1988) & M TIEME F/h 5
{512 X % von Bertalanffy sli DY TILD E 1T o 72,

2.5 R

AT R D FF s X OMEE OBV R Y

LEIREBFELTICBITI2EHAEBLOAEHTEO H B HBLES 2307,
BHEIZO AN HBEBEENRAICHEML T, 12 AR EHT %

J.

A\
\
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Table I -1. Sampling date of Inimicus japonicus examined

Month Nuerg:f; Icl)i gish Range o(f r::lc;fsll length
Sep. 1999 7 185—249
Oct. 23 158—287
Nov. 19 174—283
Dec. 2 197—208
Jan. 2000 34 185—273
Feb. 0
Mar. 25 160—273
Apr 6 175—236
May 58 152—266
Jun. 37 166—270
Jul. 76 164—287
Aug. 5 202—234

Total 292

Sado
38° N [~

The Sea of Japan

/e Nou
|

®Kashiwazaki

®Naoetsu

30km

138° E

Fig. I -1. Fishing grounds of Inimicus japonicus.

11



Dorsal

— I'1

r3

Ventral

Fig. I -2. Graphical pattern of metapterygoid annulus and axis of
measurement in Inimicus japonicus. F, focus; R, metapterygoid
radius; H, hyaline zone; O, opaque zone; r; —r3, annual ring radii.
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BT D895 hhotc, TOHK, HEBGIZHE AL TVE, 8 AIZIZEREL
Ronrolc, REWAFHEOHBLESITERHA L ITHC, 220 0ET
HEAFEIZHL - L BIEL, ZO%, HAIZHML T 8 HICIZaE kiR %N
AT HEOICR o (Fig. 1-3), 2DOZ MO BHEIIAZT %2, REWHEIX
HEZPOICZENTNE 1 BIBRINDERTH DL EHE SN, FinoFE
VIRV I REHHENERSNSESE (8 A) UL LiFEMm Ciro, &
o, B 1 EOMBEIZONTIE, 1 A0 NLTHEEOZRERETEZ MO THZEL

Too HMEOERBUIE 12 W E T, MOWBIIE O METHET LI ENTE

100% T I I
80% I
60% [
40%
20%
0% L L L L L L L L L L L

Sep Oct Nov Dec Jan Feb Mar Apr May Jun dJul Aug

(Table I -2),

Occurrence (%)

Ohyaline zone M opaque zone

Fig. I -3. Seasonal changes in percentage occurrence of hyaline zone
and opaque zone in /nimicus japonicus.
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Table I-2. Calculated annulus radii (mm) and calculated total length (mm) in each age group of

Inimicus japonicus
Male
Age N rl r2 r3 rd r5 r6 r7 r8 r9 rl0 rll rl2
2 2 3.48 6.02
3 6 2.87 4.86 6.39
4 17 3.03 4.90 6.09 7.15
5 13 3.34 5.03 6.07 6.87 7.59
6 27 3.40 5.03 5.92 6.62 7.31 7.92
7 32 3.38 5.30 6.19 6.96 7.52 8.05 8.55
8 3.78 5.43 6.36 7.14 7.68 8.15 8.57 8.99
9 3.15 5.17 6.30 6.91 7.39 7.82 8.29 8.73 9.08
12 1 2.40 5.85 6.71 7.22 7.61 7.93 8.41 8.90 9.28 9.61 10.02  10.52
1\,/[9;3111*2 3.21 5.29 6.25 6.98 7.52 7.97 8.45 8.87 9.18 9.61 10.02  10.52
C’I‘Ij3 87.4 142.0 167.2 186.3 200.3 212.3 224.8 235.8 243.8 255.0 265.9 279.0
Female
Age N rl r2 r3 r4 rb 6 r7 r8 r9
2 8 4.01 6.32
3 13 3.13 5.73 7.46
4 15 3.41 5.38 6.86 8.09
5 25 3.73 5.63 6.85 7.85 8.58
6 33 4.12 5.72 7.04 8.02 8.82 9.47
7 8 3.92 5.96 7.30 8.10 8.66 9.29 9.73
8 7 4.52 5.88 6.82 7.61 8.24 8.95 9.56 10.11
9 1 3.06 4.35 5.10 6.63 7.20 9.18 9.84 10.73 10.90
Mean*2 3.74 5.62 6.78 7.72 8.30 9.23 9.71 10.42 10.90
CTL*3 96.3  145.8 176.0 200.6 216.1 240.3 253.0 271.7 284.3

*1 : Number of fish examined, *2 : Means of calculated annulus radii, *3 : Calculated total length.

il A =G

Tl & R OBR A MERERNICIR R D720, M 111 EE, #f 110 @EERCo 0
THBEREHER (mm) 2K TL(mm) OFAEZ ey Lz Z A, WHE
OBBRITEUFEARIC L > TR E N (Fig. 1-4), £/, BEIRUT(DHB X 0(Q)
TRSN, WMEDOMICITmWHEBERBGR RSO,

" R=0.0382TL—0.1341 (r>=0.8386,n

111, P <0.01) (1)

? R=0.0381TL+0.0709 (r:=0.8628,n

110, P <0.01) (2)
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(), QAN FIBIERFOH AR ZHE T L (Table I -2), HEKERIIZ von
Bertalanffy O ERXZROFER L 2R OBAKREZRTREHMRZE72(3), 4)
X, Fig. 1-5). F- BEEIC I VERENV T MA ik U2 &, mh# i3 A 2K
e 25% CHRBE CTh-o7= (F=20.703, P <0.025),

F Lt =283.315 (1-¢ 2406 (+05104)y (3

f Lt =324.400 (1-¢ 0200 1000%)) - (4)

Lt tic BT 248 E t 4

T, EELAREBOBEMBITIRETELRC L > TREIN), (6)X, Fig. I -6),
FH R AR AR B 1T HEAY 3.1073, MEAS 3.3408 TH - 7,

J BW =1.076X10°TL*'" (r2=0.8904,n=111,P <0.01) (5)

Q BW =3.347X 10 °TL > (r2=0.9427, n=110, P <0.01) (6)
R EREOBEEZRT(S), (6)XD TLIZ von Bertalanffy D k£ XD Lt &2 1%
ALT 3), WREEEIZEBL, (7), Q)RXE KD THE L KEOREIGREF
TREMMBAE ST (Fig. 1-7), F- MEIEIC LV EELTME LR LR,
M AR E B KM 25% THE CTh 7= (F=20.967, P <0.025),

o' Wt = 4485 (1-¢ t2i00trost0in 21073 (7)

f Wt =1819.7 (1-¢ 0204 100058y 33905 (g

Lt: t IC BT 28K t Fin
(3), (4), (1), )X XLV Fhmicxt¥ oH#HERR I L OHEE KR E % 5K 8 72 (Table
[-3), TORE, MEIZLIINEZEZPRBDOONMO RN H A LE 572, 3
% E TIX 10 mm LN TZEFHEA/NI WA, 45T 13 mm, 5% T 16 mm, 6
% T 19 mm, 7 4% C 22mm, 8% C24mm, 9% T 26 mm & &z bz Lz
Mo TREL Igolz, £, KEIZOWTHLHOKRENHEL EFV, 2 HE
TILT7gl L FTHDIN, 3T20g, 43 T40g, 5% T67¢g 6% T96g, 7k
T 127 g, 8 T 156 g, 9 T 186 g & BRFEFRICHEENIZ/R DIZ LN - THKRE
EMRKREL o T,

15



 R=0.03827L-0.1341

12 r*=0.8386

Metapterygoid radius (mm)

male '

0 100 200 300 400

R=0.03817L-0.0709

12 72=0.8628

Metapterygoid radius (mm)

female
0 1 1 J

0 100 200 300 400
Total length (mm)

Fig. I -4. Relationship between total length and
metapterygoid radius of Inimicus japonicus.
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Estimated total length (mm)

350

female
300

male

250

200

150

100

50

Fig. I -5. Estimated growth curves of Inimicus japonicus by von

Bertalanffy growth formula. A: male, O: female.
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Body weight (g)

Body weight (g)

600

400

200

600

400

200

BW=1.076x10"° L3107

r?=0.8904
' ' ' male .
100 150 200 250 300 350
BW=3.347x10° 77 33108
r?=0.9427 ..
' ' ' female '
100 150 200 250 300 350

Total length (mm)

Fig. I -6. Relationship between total length and body weight of
Inimicus japonicus in each sex.
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Estimated weight (g)

700 -
female
600 |-
o o
500 | O 8
o)
S5 o
@] O A
g O
400 o © © male
o 3 o 4
VA
300 © é po
- 5 O -
o o §% A
o O O ' g A
o o R
AV
e ‘ A
200 | é
A A &
A A A
o A 3
100 | 8 : i
A
R /A
0 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14

Age

Fig. I -7. Estimated growth curves of Inimicus japonicus by von

Bertalanffy growth formula. A: male, O: female.
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Table I-3. Comparison between both sexes on age and growth of Inimicus japonicus
from the coastal waters of Joetsu, Niigata Prefecture

Age Male Female
TL (mm) BW (g) TL (mm) BW (g)

1 86 11 92 12
2 128 38 136 45
3 161 78 171 98
4 187 124 200 164
5 208 171 224 238
6 224 216 243 312
7 236 256 258 383
8 246 292 270 448
9 254 321 280 507

10 260 346

11 265 366

12 269 383

[-3. %5 %

BHEOF A TICIE, BOH A, FHEE R & OBAAMKICTER S LD i E
FATHEBEEENS D, A=A a B XEHATHY (ME  1987), 4
MEEIIFACHKERENIHOND, LL, INLEFMHLZERE
BT HETFELI AR ()L 2000, AR 1990), %EIRE
X, —ic, BEFERHINIODET L LT H2HFERT, PO (FE
) WCIEERZRBO LN, BRLh.O0s LTIRERRICERR & AEHEDN
RHIZIEREN TS, AFRICEIT2HBIREROEHOBENS, BRAH
X9 HUBOAZZF 0, REWAFIZEZ P OICENZNLE 1 BB S
NHZFEWHTHDLEHESNTI D, WMKOFEREE L L TORMENE

20



W, Lal, BRRBEBRICERT 2 A=A aE0%EIRE
WL 5, 6 HEMNGIREDL L INTEHBY (BEAR 1990), #HEHRRFE
Wik X v b 3 HiZEF VW, 4 24 LA Kareius bicoloratus @ H £ fig i 1L AL 5
W E RN ELS 70D Z LA BTV 52 (Uehara and Shimizu 1996; 1E
KE 1986), 2D i, A=A aBPOBRELBEEHAIZ OV TS E R D
IR FEHSLCEMICOWTORIENLETHDLZ EE2RBL TS, B
DERFE, FESE PRI R E OOV T T/ R N E BB SN T
REW L7220, KEEOEERE T ITIEMBITRE L 20 IRUIERICRD
EWVbNTWD, AT ATIE, EREOEWEFIZREWFELN, KEE
W OAFITEHFERERIND (EF 1997). FHBRBREERICELET D
F=AaROBBREFICOVWTHEFICRGHEN, LFICEHENFEK S
NOZENBATHTUAFAMRICIREREORBERD D Z g, 4
%, RO EREREOBEBIZOVWT LR T ILERS D, A
WIZHENDBEB AR Z AR ILEROAFREOLNERILEE ~D I L
VU LADLERCHEMICICHEL RIFTT LI o TSNS EHERN ST
WD A, FOMAMARLHTE DONFRIMHEIZ DN TITELZHL N2> TR
W (EA 1997),

HAazfH LA =Fa BOFiaE CTiL, BWmiEIZ Lo THERELE &1
7T ET GE)H 2000), HEIREZHOTCFEEEE CIEMET 7, MTS8
METEELEWEND D (BEAR 1990), %EIRE O ZFA LA
IR CIEL, HETIX 1200, MTIXIME CHEMZAEET 2N TEL, 4=
FaBORBEDOFAIIWMMLDOENANLERI 2, BRSb—FELTELT,
BHmNIEEAERANRNE D DD LG, BHAID LD REAOF
BEEFFEFICHELOEINTWS IS 2000), BEAZRRBRI LY T LR
Fag T MEORBEICEE L TERINDD, REAICRDIIZLENVE

SAEMITZ ERERINTEY (Fujiwara and Hankin 1988; Beamish and

21



Chilton 1982), KM A DA DFEAMI Y ZHEIZ L TV D R EHEH I N D,
kL, BERE B2V BN T AREE L THERINDIE
PEREE C, WITRFETHES, FA LY b REWTZOEmEOHE b )&
SThHD, LIehoT, BACAHBLERNH > T, MBEEIZL > THR
Rl OHAR Y DR R =Fa o ko 2AaEICHoNTIE, BaixH
WL R L BREREEFALCEREENANTHLIEZEAOND,
EETEE & L CTHEINE 2 W T von Bertalanffy O aE R & KD, & 4E
CBTLRREREELME LR, MOGRELY L6 IHRENR)
S, HAZFAMAL THEBEE LEAEBICKT 2 FHERERD - BIREKR
IR R AR T DA =4 3 T, 3 OMETIX 183.4 mm, M TiX 188.8
mm, 5 7% O TIE 224.4 mm, M TiX 242.1 mm, 7 5% ORETIX 247.8 mm, HET
1% 260.0 mm ToHo7 (F) D 2000), AL LFEEOFIETRELHE L
R EREEIRICA R T A=A a P TIE, 3O TIZ 178 mm, I Tl
191 mm, 5% DO METIX 215 mm, M TIiE 240 mm, 7 % O KETIiX 233 mm, T
12268 mm Toh o7 (FEEAR 1990), —F, KRBT LERILIHD
HETIX 161 mm, M TiX 171 mm, 5 /% O M TIX 208 mm, M TIX 224 mm, 7 %
ORETIX 236 mm, M T 258 mm Th o7z, FlEESLER ORI LN R
25 DT, FHARBRIEIDRWEOER L ARFROFME L HMIZEBRT L L
T TEZRAY, B B M SO IR R IR R R R 0 VLA 23 D A
MR, BARDIZFERBCRARAOATELIZAT IHMERITTOAL TS E T
AT, MORENREE ERID 2 &4 BT DMEIRIC K o TR 3 B e
D, dAFKBIZEBLTWDE T AIRERENES FMmbRELS 2 L2MEmO
HOHZENMBIATWD (B 1997), Fiis R REEIRICE T 28K OMER
BT HEDS 0.2406, MEAS 0.2094 Td D DKt L, 208 B BREERIC BT 5l E
FRBUIHEDY 0.3674, MEAS 0.2879 T (EE/AKR  1990), HinRIGEEHR LY &
BVWVEA R L2 Enn, BT A LFEEE, LHFRICART LA =4 aBIdH
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HIHED bRERENBENEZEZ LMD, TRAENOWIRIZE T 5 HER
EOEMITICER L TV OVWTIEASBORFBEETH D, £z,
T 120, MECOMETAEAELLED, MHEOHFMIIONTHLEEZDOMRITIRE T
o, MHEOKEZ KT 2 L BRR, ZREROBEERICE DTl
HEL D BHRENRLS, ZOMBEOREET 3 MBHRICEWVWTROLNAL Z &2
bA=FaBORERETHLEBEZOND,
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FIOE R RIR RS T 2 IR X OMER D Rl

HIEWENGRE THIL~ LA L BT ATHONTIHE, BE L)L TOREINE
Bk X O R AN S, MR ZRIPEINE TH 5 & &b IR D
FFERNXTHERYRER CAMAEINZ L bBHEINT 5 Z ERMbA T
5 (Fafii & 1988; B - (LA 1992; /AR - B2 2002),

F=AaBiE, HEEME ST EINVR AR ORI RSHIRIC X 2908 08
HZRERNG, vHAREETRALELARICZEENELEEZEZ LN (RIEDL
1985), fEfR L~ ToORM, FEIREITIHL STV RN, £, K
AR D AETEIR O AL E R 2 TAE WG 1272 <, IR 0 % 1 AR O A R
ERIIZOWTIIAWTH D, FFRIC, M AEEDOHE KA X 5 20121,
PEIRC AT BT 2 BRI e R 2 HR L, BAERETz B ESETLY
Z<ORBEIWE[RLZENFETH D, iz, BIROMEU LEREHEETH
72D, A MM 3T D AT JE A BT S AT L TR IR 0 PE IR K
ZHEL TBS ZEPREETH D,

IM-1. PESN & I

B L )V TOEINEHELEINEZALNCT 272010, NLAEMAOIM 1

BLiE3RzMAabETEHEL, M1 RBOEIVEM, EINEE, PEIRE,

PgE, WibREB L O bR o EA A ARBERIC OV THA L,

M-1-1. MELE KOG E

i £

1998 4 4 H 225 1999 4 3 HlziF ¢, #FHiB Rk RkFrREIch D b
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BORERFMAES (HREGETS) CKG TS RBRAZERL, 1999 F 6
H28 BIZ, BNICKE LKA THREINSEHEE EEZIToT, 2D
DO B bR L LT 500 24 @80 L CER L%, 2002 41 50 2,

M 50 A& pEDN KA (7t FRP S RIKRE) QA L CREIBARE Lz, K
FFRICIE, 2D OBMEE (4'5) O b, 200445 4 25 AICHEL R &
HE3RAEMMMEL, A RAEBH TEoZ 1t /30T A FAKMICINE L THE
BrX & L7z, MEO2FEIX22.0cm, KEIX223.0g, HEO L KT 16.8~17.3 cm,

fAHE X 103.0~108.0 g TH o7z, K ITEANICKEL, K (JEEEK) &
L7, EKEIX 16 His/B T, BRIZBALFRLUTH-T-, BRITZT — A
F—r (1) ZHOTESHICIT -, ERRIZEAITY, EES 2R
Eli, EELT, FI777 - eI XAERMAREGEEIAY A F 8 5 (M
PEEMA M) 2 1 HEMIC3~4BOMET, 1 B 1EFFIPICEEEZGE
L7z, KR, @A F% 2 RFICKREBRRKIEEZ BV THE L,

PEIN SR & IR PR

PEHIMIZBE AR DAL O EIRFE (70 | KU = F L o BEAKIE) ICRE L7z
T—2 MMM ORI vy b (BE 300 m, EE 40 cm, S 50 cm) % H W
TEIN L7z, % 4 RENGBEMNBIEZE SN, T#% 8K X TIZEIINITH
N2 e, BRIy MIERTF% 3 REICHKE Lz, ATA OEHINEEA
DR 8 FEIZEIUL L7z, BREINIEHIZ 11 ORY = F L o BERICE L, 30
SE L%, LI E R BN aBEL TERE RO EE (g #WE LT,
PEII I ZEN ENDOWERIZ 1 g H72 0 OFYIIKEZFT L TROZ, i,
EHIRBITEE I 1 g GREE) M7= 0 O E 10 BT > TEHHEZ KD
BE LTz, % EONRITHREINEIC T 2% IO ERIZL TRk, £
7=, BRINEH% OV LI 50 H O IR & T REREE R T 10 52K L T 0.01
mm F THIE L7z,
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R R & AR

HAEAR 1T IB AN 72— =12 103~179 R D% LI ZE L, LK
ERCMEKZRWTED =2 = N ZAPICRE L, FERICH LI 4K
PEIZPEDN 1440 10 BREfd] z2 ikl L 72 BRI CTd o 7o, FBRPITEm< & L, 1
KOZHIIAT Do T, MAERFE T LR Tk BRI 2 55 L,
FRIBMOEAR EOTFBI A AOHBIREZFT T, BE L FBRITK
A AZHL > T2,

W L= (%) = {(E® £+ &A%, (BT A+ a8+ LI )}

X 100

EHEBEIEER (%)= {(IE# A1),/ (IE# A%+ A A+ 500 %)} X 100

WTIHE (%) = (FRAE), (EHEBE+ & HE)} X100

IS A A TR R 2K
HAEAR 11 B A>T E—H—I2 76~111 RO AR E2IUE L, LK
ERCHEARZHWZD £ —F = N2 E LT, BLFaNERT 2 ET
il B L7, ST B AFET 9 BRRICRHE L, By R THD BRW, BRI
WA, BEKE LIBKORZHRIIITDR N T, (FROIEN 2R T BIGHAE
AR EC (SAD 1Ficl > 7= CBrf#l - i % 1981),
k

SAI = 1/N i{I(N-hi) X i

N IR D7 fa 2k

hi i HHOBEMDRFEZK

k  ARRBREN 0 Lo H
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M H L= Ao

BNIZEE L7z 7t FRP 8L R KRE T3 sl o PEIRE FaRE 60 2 (M 30 /2,
HE30 ) ICHOWT, PEINIIM L EINEIF G K OEINELRAE L, oORRK
X 20.8~22.6 cm, KE L 206.0~240.5 g, HEOEEFEIL 16.5~18.2 cm, KEIX
94.0~125.5¢ T, FhlZ 4 mCTho7z, HEIZEAN LR U T, HEAKEIZ 16 [H
fin/HE Lo, Rt X OREIIHE 1 EOERKX ERIEEE LT,

M-1-2. # 3

PE DN

PE DN ] o oD KR 1E 19.3~28.9°C T, EEIFBH 46 D K 1X 19.3°C T H - 7= (Fig.
0-1-1-A), W1 RBEEEEBRXOEINL 2004 6 H 8 H22H 8 A 26 HE TD
80 HIW CHEM 14 HfER N7z, 6 H8HH 6 H 17T HETIX2 HORRT
400, 2 EME%EDOTH2HEPD 8HA2HETIE3I~6 HOMMBT 7R, &b
2% O 8 H 15 HD 8 H 26 HE TIL 4~5 H ORI T 3 [0 TN A3 W i
Bizfrb iz (Fig.I-1-1-B), = D%, 9 H 25 HE TEINIRD 2o
To. PEINBETE (PEUN AA%/PEONHIR R O B R) X 17.5% Thote, 1 g 7Y
DIEHJINEITA 760 KL To o 7=, HEINEIL 277.68 g (K9 21.1 ki) T, #
FORIE 11114 g (K9 8.4 THL), B TFINIL 166.54 g (K 12.6 Thi) Th o7,
7% EOR=ER1E 0~99.84% T, FHJiE LIIRIL 3247% ThH 7=, 1 H D KEI
1% 48.57 ¢ (K 3.6 Thi) T, PEINEIIEINE N EIT T DI LN > THEA
L7 (Tablel-1-1),

P E LI-AOEINX 20044 6 A 12 B25 9 A 18 HETD 99 A TH
FreTEIfEFR SN, TOHISBLTHTHEHNLGTHITHBLOTH23 ML
A28 FTIE, TEBLL Ricbh2 v 48 A EIF SR S 1172 (Fig. T-1-1-C),
RPEDR T 14,196 g (1,078 IhL) T, VEHJ¥F EIIFRIL 3481 % TH 7=, 9
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Wet weight of spawned Water temperature (°C)

Wet weight of spawned eggs (g)

eggs/female (g)

30 r

25

40 + §

20

1200 r
1000
800 |
600
400

N | PR AT A P TR P

6 20 4 15 25 4 16 26 5 17

June July August

Fig. Il -1-1. Changes in water temperature (A), wet weight of eggs spawned by
single female (B) and wet weight of eggs spawned by a group of thirty females
Inimicus japonicus (C) during experimental period.

[]: floated eggs, M :sunken eggs.
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Table II-1- 1. Spawning date, wet weight of eggs spawned, proportion of floated eggs and average diameter
of eggs in single female /nimicus_japonicus

Wet weight of Wet weight of Wet weight of Proportion of  Average diameter

S ing dat
Pawning aate < hawned eggs (¢) floated eggs (g) sunken eggs () floated eggs (%) of eggs (mm)

June 8 43.00 1.69 41.31 3.93 1.32
June 11 35.38 0.95 34.43 2.69 1.29
June 14 43.50 43.43 0.07 99.84 1.32
June 17 48.57 21.03 27.54 43.30 1.31
July 2 27.77 17.44 10.33 62.80 1.30
July 8 16.70 8.48 8.22 50.78 1.24
July 15 11.72 4.81 6.91 41.04 1.22
July 20 8.12 2.76 5.36 33.99 1.18
July 25 9.99 478 5.21 47.85 1.16
July 29 8.44 5.77 2.67 68.36 1.14
August 2 9.87 0.00 9.87 0.00 —
August 15 6.47 0.00 6.47 0.00 —
August 21 453 0.00 453 0.00 —
August 26 3.62 0.00 3.62 0.00 —

Total 277.68 111.14 166.54 mean = 32.47 -

H 18 HLAKE 10 A 17 H £ TEIIZRD LN o T,

IRAE &R b33 L OVIRAS AR FR R 4L (SAD

I BEZEIR CERIE TH D, HMEKITHE S, JIRIC O AR EITIR O
2R 1R E ERX OFEINIEIL 6 H 8 H o WIEl ORI i KA 1.32 mm,
7H 29 HO%E 10 A1 H OFEIN CTHce/ME 1.14 mm % 75 L7z (Tablell -1-1, Fig. I
-1-2), EPREE & PEIR Y B O KB O BRIE, KA D L O REFEMRTEI N,
KIED BT DI TR /ML e oM %z~ L7 (Fig. I-1-3),

Y=1.7411—0.0213X (r*=0.912, P <0.01)

Y @ IR
X : PEYNH O K
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140

a0 | %ﬁ ;

|y

1.10 |

130

120

n=10
r?= 0912
P <0.01

Average diameter of eggs (mm)

Average diameter of eggs (mm)

1.00 L L L 15 20 25 30

Water temperature (°C)

Fig. I -1-2. Changes in average diameter of eggs Fig. I -1-3. Relationship between water
spawned by single female Inimicus japonicus. temperature and average diameter of eggs
Vertical bars indicate standard diviation. spawned by single female Inimicus japonicus.

PEIN AR ORI 21T 28.47~97.11% (°F-¥) 75.84%) Th o7, EFHF
fbFEIx 6 A8 HOMYEIDMEIIT 22.91% LR WEEZ R LA, 6 A 11, 14 H
XENZEN 70.17%,87.50%,6 H 17 0,7 H 2 RIZZENZE 1L 54.74%, 66.99%,
TH8HMNGTH 29 HIZ 1.81~40.00% %7~ L, PEIVIADNEIT T D2 L72h -
TIEFMAEEMMEL R MR bivic, —F, A HEIL 9.90~97.22% (*F
%] 46.40%) T, FEINHI N HEIT T DI LT BN > TEWEZ 7R L7 (TableI-1-2),
SAI 1% 23.81~0.58 OFAPHIZ > - T, PFEINHNEAITT DI L2 » TIRWE %
sk L7z (Tablel -1-3),

PIEE & bR & ORNICIIAMHBEBER B S o2 a, IR & BT
b (r=0.726, P <0.05), JPEE& SAI (r=0.741, P < 0.05) & ORIZILIE
OB/ NRO bive, & EINE LR, & EIFR & EFR bE, =
IR L SAT & ORIICTITMHEBEBE{RITR O bive s> 7= (Fig. I -1-4),
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Table II-1-2. Percent total hatch, % normal hatch and % abnormal hatch of eggs spawned by single
female /nimicus_ japonicus

Spawning date Temperature (°C) Number of  Total hatching Normal hatching Abnormal hatching

eggs used rate (%) rate (%) rate (%)
June 8 19.0 144 28.47 22.91 19.51
June 11 195 114 80.70 70.17 13.04
June 14 20.7 104 97.11 87.50 9.90
June 17 20.9 179 85.47 54.74 35.94
July 2 20.8 103 91.26 66.99 26.59
July 8 241 137 42.33 17.51 58.62
July 15 25.0 135 85.18 40.00 53.04
July 20 250 169 96.44 22.48 76.68
July 25 26.1 158 86.07 22.78 73.52
July 29 278 110 65.45 1.81 97.22

Total hatching rate(%)= (A+B) X 100/(A+B+C). Normal hatching rate(%)=(A) x 100/(A+B+C).
Abnormal hatching rate(%)=(B) X 100/(A+B). A: normal larvae, B: abnormal larvae, C: dead eggs.

Table II-1-3. SAI and survival rate in each day after hatching in single female Inimicus japonicus

Number of Survival rate in each date after hatching (%)

Spawning date SAI
larvae used 1 2 3 4 5 6 7 8 9
June 8 90 97.7 933 866 766 755 733 700 277 00 2381
June 11 86 976 930 918 895 872 848 15.1 0.0 19.68
June 14 98 989 959 88.7 857 857 255 00 14.81
June 17 100 99.0 980 940 840 490 1.0 0.0 11.64
July 2 76 88.1 52.6 50.0 500 38.1 0.0 7.34
July 8 102 29.4 58 5.8 0.0 0.58
July 15 90 288 100 44 1.1 0.0 0.66
July 20 90 822 600 533 511 0.0 5.66
July 25 111 216 16.2 10.8 0.0 0.68
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Fig.II -1-4. Relationships of total hatching rate (A), normal hatching rate (B),
SAI (C) with floated egg rate, and relationships of total hatching rate (D),
normal hatching rate (E), SAI (F) with average diameter of eggs spawned by

single female Inimicus japonicus.

M1 BRI REMAADETHEHE LR, M1 ROEINYIRK, EINE
B, I, IRER, W LRI X O AT A 0BG REA SRR (SAD 2380 & e
2oz, LT, M1 ROKETHLZLARIRICEELZT T OL L LT
5. PEIIEAMIIZ 6 H 8 H225H 8 A 26 HE T 80 HM T, A#ft 14 BIDFEIEN
RN, ZOZEiE, A=Az ERLZEEIINATHDLZ EEREL TV
LEEZOND, BT ATIE, 1 kI X OEEMEIC X 2 pEINHE D pE IR ]
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BRISNHAT, FE-BT2ZEn0, HEEENPARHOEIIHEZ LS &N
HBALTWD CEE - A 1992), AWFFETIX, 1 BT ERX & pEINE
A CHERNRRL Y, ERMENRE TRV OWE 2 HMIZ i T
RS, PEINHIRIAENEN 80 HEB L9 A ThHh o722 &b, 4=
FaBIZONWThHE T ALK, FEEREMOEIIMZLSLEZ BN
2o
ZEEINIATH DL~ Z A (A5 1988; Matsuyama et al. 1988), & T X (3
B . AR 1992), K E X AU Repomucenus beniteguri (Yong et al. 1991abc)
F, RIS, EIEIARVERE T, EINHIM T OEINEE S~ XA T 68.0%
(f2jfi & 1988), b7 AT 66~88% (*FE - (LA 1992), FEXRAUT
77.1% (Yong et al. 1991a) & &V, TR L, A=A =aBIZBIT 5 EINY
Wi~ Z A2 ELRRIZN3 » AR ERHIMICDIE2 b 00, HE 1 F D PEDH
BEIX 17.5% T, SUOOMBELY 2R VIKRWEEZ R LT, £/, v & 1,
b7 A, o X2 Sillago japonica, bk E X A V2%, 45E B EHNEE L E
HEEGNMERO HLd (MR - BN 2002), F5iC, ~ & A Tix 24 B A ©
HENnNsMMHFP AT a4 RELVEVyEOEEBDRRA, PEIFoEEIC L < &t
L TRY, EIRMEILY FERMIL TR THLIZ ENMORATWSD
(Matsuyama et al. 1988; Kagawa et al. 1991), A=A a Bz >\ Tix, F#% 4
FFENOBENBIEIN, T#% SHFEHE TIZHEIIN TN D L DHRENH Y
(3 1981; e 1985; (FZH - HE  1988), ARMIEIZE W TH[AER
DERPBILEINTZZ b, EIRRMEFIZERIEIINT 2~ A28 LFELT
SHERIZELEEZAOND, LML, EIFEL L TIHBHAENRN AL D b D
O, ME1REELTTEMBEMNICITbLTEBY, XAt T A LT8R D500 -
FEIND U X KNZFEORREMEN B 2 b D,
PENIIRI TP O ME 1 B 872V DR EEINET 21.1 KL (277.68 g) ToH o7z,
CTHETIRHRESN TS I RHY OREINEIT 5~5.5 ki (K%KA, F
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Y45 27 cm) (FE5H - &7 1988), #9 15 kL (R, 2K 22.7 cm,
KT 266.2g) (B D  1985) 705 32.3 Jhr (K&, EH2E 27 cm,
VYR 414 g) (BEE 1998) TH 5., BEMOKREINE X W T4 & EHHE I
LBENBO LB THY, KEOERMLBAOHEKELRELRDLZ LD
HAIIZ LB T & 220, S DN REIVEUIBEMRE O FENICH - Tl
W R4 EZ m L, RIRBHRBAOEHIIOIRIZ7H AT 1.3~14
mm, 7 A FATIT 1.2 mm #i# T, BHICEINSNZINETINEN/NS <2 D
EEnTwad (IR S 1990), ABFFEICIH W TS, FEINH GO FEEIIE T
1.14~132 mm T, PEUNHFHIZNEZ, KIENS LR TL50ICE b7 - T, FHy
RN /NS RO EMAED bRz, ZO X RBEMIT~Z A (B H
1988), 7 X (AW 5 1988), "% Epinephelus akaara (Fukuhara 1989)
FZORBERERKMATHONATWD, 205 L, wX A TIEATHOKIRE
IR DR E N2 inh, IEERMPOKIEOMEREHI LT
D0 (D 1988), EDO L) LA TINO KE I BWRESIND D NITH
HINT72e,

BEIE T RN E<, BEgoEERbE W] s hTnd (0
B 1974; HIE - MK 1989), A=A a V¥ OFEINHAREN S ORIITIX, 4
Z, PEIRMIMIC REWRBA G oL o®mENH D (FEHE - HE  1988), &K
RS CIEME 1 RBIZHB T 548 14 EoEINFR, FIE O FE I o IE & b= 1T
22.91% L IRVWMEZ R L7y, 5 2 B H O EHINE 70.17%, 3 B H O FE HIF I
87.50% L mMHE AR L, TD%, PEINRHNETT LI T, EFEEER
TR 22 & LBz, HRAOHBLENGS RAMEMB R bz, £72, SAI
ZPESRBF I D MEAT & & BITIR T Lz, 202 &6 PEH U o B 13 2E OF 5 fif
YR BBWEEBEZOND, v~ F A TR NI ERY > (P) RZEER
TRPEINEL 0 EO RS L NS EE R EOMK T 2 < (Watanabe et al. 1984a,
1984b) Z &0, fAEtFICB- I FrBLOI XX U FUEIRAET DL
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7 LI £ 5 (Watanabe et al. 1984c) 72 &, FEHIIOINVE X B A DB
NS ICLsTEBH TN DA THOLRTWVD (KA
1994), A=FaPo NLTERBAICONVTH, T (L, 7HxTbE)
R LA CEAEI ZRE LA TIE, B AR L BATE
EopsERm EL, IPEEKESELABDONTZEORENH D (B LS 2001),
ARHFFEIC BT HEINEHOINER TORKICHOWTIERHATH 52, 8k
LCERAFBIZHMELTWD Z &b, Ak, BAESMGSEIN%G M OINEIC
EOXIBREELZRETHCONVTHRINT LA H 5,
BEIOEIIFEEAFEDOKR I LD ERERMETHY, EMETLY
R 2 ONVE ORI A RO ST W5, IIE O MEEICIIZER, 7L
PR, FEAR =R, PR b, BRI, (FRAEERE IoRE S, B (RE),
WE, G, pHERH 228 GEE  1974; HH - Ak 1989), A#F%E T,
IO OFEIEED S B, IR LR EINEOFEHNMEE REINOERICH > T
Bt L7z, IIRICHOWVWTIE, e X200 X 912, MR L oI BEE&F
FROLNE VWA, EFBAEEOBICITHABEBEERIRD b L AHE
(Kashiwagi et al. 1987b) &, =& A D X 51, IR LMK L OBICFE RS
RGO L/ FE (Watanabe et al. 1985; fAJH & 1988) BdH v, Jpk L
B & OBEMRITH E 0 HME TR 5 - MK 1989), AHFZEICE VT,
IRFE &R bR & o MICHBIBRITR D b ive o 228, PR & IE IR
BELOIIE L SAI L ORICIX, ZREALBARWVIEDMHEBEREGRNRD &
e ZDZEME, A=FaBizonTix, IIENINEOFFMEE S L TH
MThidEBEZLND, £z, SEEREINEZENT 5 A HilERETIE, #
FORENFEMEE S LTHOLLN TSN CEH-MAR 1989), v r ¥ (F+
M- BEfE 1981; THED  2001) X°A % Parapristipoma trilineatum (A4 -
A 1985) TiX, W EIRE LR L OBICITMHBEBERNED it
ABFEIZEBNT S, 7 EUIR LB bR, EFBEER, SAL & OMICHHBEIEE
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BORBO N oTcZ b, B EINRPAEDRFMBETH D L ITVW
v, o FAPITIR, PEFENE DB I CRGEN EFEBLERE ORIZR
WHIRSBIMRIZH D, BB ED 480mOsm/kg Z B2 ZINI AR RO E g9 2 &
MTED, o T, ThorEFHATLIZEICL TELEIIFIZEENDIAR
2R THZLENAIRETHLE LB, AORIVEMOIRIEIZRD &E
ZHNTWD GEEEDL 2001), A=A a3 BIZO0TiE, IIRNIVE O MG
mLLTHEDTHIEEZONDN, 4%, PUBEWESEZFIALEZ LY
TR T E R INVE R E OB A RO N D,
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IT-2. JRREHE AL D 38 kR 2 & AR 5l 4 8 /A

A=A aBTIE, BRLEZERRAE BREINS & THREZEINE v TR
HAEMTOILTWD A, AR OFEIZ DN CTIEFHAE - BEFHHDEL,
FREAC B DR R RVE LI IRIEE THAAERLHRINN ER S LT\ 5, 4,
BAOBRBINRZER L, REWNEZLEMICHRT 20T ABICET 5
WM AR T 22 ENHFETH D, AR TIE, HERIBEERT
wEINEA=A 2Bz AW T, INRAZMEMKFICBIZE L, IR O3
AL I OCAEBERMZPR O NCT D& L HIT, EAUCE AN D HE
EEIZ OV T HIRE L7,

M-2-1. e X PFHIE

fit 5k A

ek & U CRARM 175 fER & #akfa 59 [H{K %4 i 7z (Table M-2-1), K
SRAAIX 2002 4 12 A5 2004 4F 11 A IR, #rig R BB O iR
TEE L TNMES & TlE S, FiBRAEIINTICH 5 Bf e R
& (HEBRETS) CKkBTFSnicboThsd, 200342 A, 3 A4, 9 A,
12 AR L2004 41 A, 5 HEFLIZE D RRED T DIEARZ AT TE )
ST, HEEOFMITFMETICLA2MORERX (B 1 %) Lxtic ¥ TR
Dz, ERAAIL 1999 4 6 H 28 HIZ, BNICHE L7 AKMWE (7t FRP 8 RIK
M) NCRRAZBEREINIE, FHEAEEL TER L 3T ~4" %A T, 2003
6 A0 D 200445 AT T 4~5 BT SBEZAICHE L, EK
% (15t FRP P HUKAE - 200 BINE) FENOBRIEO T TEHE L, HE
TEAA LRI TH -7, MEKIEIRA GEEEAK) &L, HEARREIZ 15 B/
HeL, fERFELTHRT 77 - T 2 ABAME (MiEEKRLUSHT) %
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1 ARIC 3 ~4EOMEET1I A 1R, FrRiFICHAEELHEELE, F8EKEO
KR B AR 2 BF IS KERIRIRIR B 5t 2 H v TRIE L 72,
INHDOERIZHOWT, 2K (mm), KH (g), AHREER (g) ZHIEL,
AGE AR (GSD 2 RAUZ K- TR 72,
GSI= 4= 5 it B & X 100/{A& B

P RE A 0 36 3 AR & 5 B oD pl A
UE L oD 5 sz B & JP B O BB BE 2 MR F R ICF N D 2T, BN &
TR THEE L%, 8% DORT T 0 RIS T 7-8um DY E R
L, ~4 v —DO~~brF Uy -4y T@EYE (HE Yth) % L TLs
PAMBE TR Lz, IIROEAIC L2 RAEICETRD bk oiz, &k
D EREALIT IR o th A & U7, A IR 226 1~2 fERIC >\ T
GHREME A DR RL 2 FH R D 7201, W0 1 i 2 BERICHH L, JER
BRIZHERSWTIN R MR 253 L, 72, IR O R ZEM Z L2, &0
ABICEO 5N D 20 KOIIRMOEREZ ~ A 7 1 X —2 —% ] THlE
L, PHMEEEEREZ RO, 2720, BRIV Tk RINE & i
SDINREAIR 22 A THIE L7, IR O IZR T 2 KRARAE L OEK
D GSI OFEEIZIR CRAEICH 2 HEE2Z O THL L, T T
CRkdlz, Fiz, A (JPROKRAELSROZ L) OEEIEBT S 6
Hint 8 HOT R TOMMBIZHOWTHEREGICKREOHBE G EZKRD D L L
TR E AT GSI D LA 2 RO THEDO R FEI 2 HEE L7z, S 512, K
P ORAEN TS 6 Hnd 8 HOTXTOKD 5 B8 1 R INEERY
O E b O A REEAR E LT, EMFNEIEEHE LT,
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Table I -2-1. Sampling date, number of specimens, total length, gonadosomatic index (GSI) of the wild (upper) and reared
(lower) female Inimicus japonicus

. Number of . Total length (mm) GSI?
Sampling date . Age . ) o .
wild females Mean=*SD Minimum Maximum Mean=®SD Minimum Maximum
December 2002 25 2~1 2157 = 30 165 268 085 =+ 0.39 0.35 2.07
January 2003 3 3~4 1920 == 22 175 217 067 =+ 0.15 0.53 0.82
April 6 2~17 2238 += 37 165 260 161 = 108 0.49 3.02
May 16 2~6 1946 =+ 32 140 245 099 =+ 046 0.33 1.89
June 26 2~9 2163 = 27 165 256 292 + 314 0.56 12.74
July 8 4~9< 2406 =+ 3.1 215 312 10.18 =+ 558 0.81 16.64
August 4 4~8 2375 = 29 205 275 202 *= 129 0.66 3.28
October 4 3~8 2363 = 42 175 270 091 =+ 0.20 0.71 1.15
November 2 4~17 2360 =+ 4.1 207 265 111 = 029 0.90 1.31
February 2004 4 4~6 2225 £ 2.1 200 250 1.00 = 0.09 0.89 1.11
March 9 3~6 2162 += 18 188 246 092 =+ 032 0.63 1.65
April 6 4~6 2262 = 16 206 244 164 == 129 0.70 4.21
June 15 3~9 2283 =+ 32 175 260 524 £ 522 0.63 19.53
July 19 4~9< 256.1 =+ 3.1 210 325 831 =+ 6.60 0.67 23.28
August 11 4~17 2368 = 15 220 265 251 =+ 392 0.57 14.00
September 8 4~7 2363 *= 16 210 265 081 = 0.25 0.55 1.30
October 6 3~9< 236.7 *= 43 180 295 089 =+ 031 0.56 1.29
November 3 5~8 2517 £+ 16 240 270 092 =+ 022 0.69 1.12
. Number of Total length (mm) GSI*?
Sampling date Age
reared females Mean=*SD Minimum Maximum Mean=*=SD Minimum Maximum

June 2003 5 3 2032 = 06 198 213 16.20 =+ 3.87 11.21 21.87
July 5 4 2052 += 09 190 213 2311 =*= 286 19.22 26.97
August 5 4 2060 =+ 038 195 215 870 =+ 3.36 5.89 14.02
September 5 4 2104 = 13 195 230 403 =+ 446 1.56 11.96
October 4 4 2153 = 10 205 228 165 = 0.20 1.39 1.88
November 5 4 2204 =+ 09 208 233 357 =+ 216 1.77 7.20
December 5 4 2154 £ 0.7 206 223 222 + 034 1.90 2.67
January 5 4 2104 = 09 203 221 317 = 063 2.54 419
February 2004 5 4 2136 =*= 04 208 218 260 =+ 055 1.80 3.20
March 5 4 2146 =+ 06 208 222 325 =+ 051 2.86 410
April 5 4 2064 =+ 0.7 200 217 443 =+ 108 2.90 587
May 5 4 2080 =+ 06 200 215 840 £ 290 4.69 11.93

*1 Age was estimated from von Bertalanffy growth equations, Lt=324.4(1—-¢ 02094¢*08058) (Gpanter 1 -1).
*2 GSI=100 X GW (g)/BW (g).

M-2-2. #% 5

il B K L OVR IR I 0 KR

2002 4 12 H 226 2004 4F 11 H o HIIZ BT 2 8B KO H SEEIKIE & 4 )l
AN & 3 2 8 R M oo R g KR (T IR R K PE Mg T AF 58 BT
2002,2003,2004) %7~ L7z (Fig. I -2-1), il B /K O/KIRIL 2003 4, 2004 4F D
8 HIZ 254 B LU 27.0C & mb A<, 2003 X2 A2 9.1°C, 2004 41X 1 A
12 9.0C Ll bk » 7o, KIRAKIRIL 2003 45, 2004 FF D 8 2N ZE 4L 24.8
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BLO273CEHELEL, 3 AIC987T BLM986CLHEbLIKWEEZTRL,
KIBZALIZEHE B K EIZIERETH - 72,

The coastal waters of south Niigata Prefecture
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Fig. Il -2-1. Monthly changes in the water temperature from December
2002 to November 2004. O: The surface temperature, @: The mean of water

temperature. Vertical bars indicate the range.
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YR R0 e oD JE 1 A &GN B oD Rl A

YR REAN G o0 J6 i e 2 JA 0, B el ], 25 1 RN EERE, 25 2 ROF
BRI, %5 3 UM BRI, BB Eh I, Ak ple Y, ZEMEPR D 8 W X 5y (Fig.
0-2-2) 2 & &b, mbIEE LN Z LML LTIV O A 2 (K
L3, BRI RCH], pREV, BATHIO 48] (Fig. 1-2-3) (2K L7,

IF R e o> %6 2t 2

1. A {=H# (Peri-nucleolus stage, Fig.Il-2-2-A) #Z NI IE 15 f O 1= 2N K i
T H L0 ICiST 5, MIEEIXHE 2T~ hX U g Y
ENDHN, MBWEREETHIC LN > THEEITEN D, FHINEIX
88.1113.3 um (CF¥LIEEERAE) TH D,

2. UREE R (Yolk vesicle stage, Fig. 11 -2-2-B)  Hl a2 J& 320 12 B ¥ i 73 H B4
2 7%, HE Gef TIRZE Rk 2R3, DN REM G & 38 I /i fg oo ] 12 IR S 208 58
DHDd, IR 24455305 mTH S,

3. % 1 INEERM (Primary yolk globule stage, Fig.Il-2-2-C) HiJIA/E 4% i

E Qo CxA Y U ICHF T 20BN BLT 5, MERIZRD Hivien,
PIAR 1 297.0£30.6 mTH 5,

4. %2 WIIEE BRI (Secondary yolk globule stage, Fig. I1 -2-2-D) i i B 51 #% 1<
HEBL L7 s ISR 208 ERIT P LI n-o TEDORE S L%
W, ~~ bF ) I RETOMBERIEORLICORBREIND, I
£21% 372.0£26. 1 mmTH 5,

5. %5 3 YN E BRI (Tertiary yolk globule stage, Fig. Il -2-2-E) R £kl fo o> K
ST YT AR TEO L, A~ XU YT D
JBEITIE & A CBIR SR, JIEIE 55432437 mTH %,

6. B EIH (Migratory nucleus stage, Fig. I -2-2-F) B R0 o PP & 25 7% 28 58

TT5¢, BIZ¥ARBIZEWEZ/RL, JIREHIE O F.0 0 5 B9 a2
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BEi+ 5, UL 6293£33.9umTH D,

7. B (Final maturation stage, Fig. I -2-2-G,H) JNEZ i Hf B2 (2 £V, B
HIERAREE LN 2B T 5, IIFEIE 825.0+21.2mTH 5,

8. BT MU (Atretic oocyte, Fig.IlI-2-2-1) JF Bk o @il g 35 K VIR o A< BH
AT RO b s,

[ B 0D A B

I. ki3] (Resting phase, Fig. I -2-3-A,B) J& #1725 JP & f i & T o0 B Bk
ML~ 72 %5, GSI DFEEEIZRARMT 0.87, BRAT2.77T TH D,

0. IR (Vitellogenic phase, Fig. Il -2-3-C,D) J&{=#, IRk X
OV 1~ 3 RN S BRI 0 IR R 2> & 72 5, GST O - i 13 K #K £ C 3.30,
FRFAT6.68 THD,

M. g (Maturation phase, Fig. I1 -2-3-E,F,G) JE 2=k L O 1 ~ 3 &I
HERHI O IR & BB b L IR ERAM OIS D,
PO ZIEN A B O NS ME S H 5, GSI OFEHHE T RIKMT 9.41, &
KT 1591 ThH D,

V. iB17H#] (Atretic phase, Fig. 1 -2-3-H) JEZ{-HOINRMENRBD 5D &
EBHIT, HELLIEMIEO 50%L, EARITH ZR"d, GSI OF¥)HE
KIRFAT 143, BERAT3.17 Th D,

IR RE HI K 0 & A%
N REHERL DI AR X AT D 72012, IR OB ERREZ b &Ik MA
O YR RERE R A & SR D TE DREFI &2~ LTz (Table-2-2), RRMATIX, JH
WM OIPREIEN EO 28 E1L 6 A2 41.6% R BBEWEEZRTHODIZE
FEEFEICDE > T EWEIS TR bz, 2 AT I8 5K o 59 #
oz A+ 5EENHEI LZ, 4 AP SEREI 2 G IF K~ BITT 5,
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Fig. I -2-2. Photomicrographs of eight histological oocyte stages of

Inimicus japonicus. A, Peri-nucleolus stage. X400; B, Yolk vesicle

stage. X200; C, Primary yolk globule stage. X200; D, Secondary

yolk globule stage. X200; E, Tertiary yolk globule stage. X 100; F, Migratory
nucleus stage. X 100; G, H, Final maturation stage. X 100;

and I, Atretic oocyte. X 100.
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Fig. I -2-3. Photomicrographs of four ovarian maturity phases of

Inimicus japonicus (X 40). A and B, Resting phase ; C and D, Vitellogenic phase ; E, F and
G, Maturation phase ; H, Atretic phase. Abbreviations: PNS, peri-nucleolus stage; YVS,
yolk vesicle stage; SYS, secondary yolk globule stage; TYS, tertiary yolk globule stage;

FMS, final maturation stage; POF, postovulatory follicle; AO, atretic oocyte.
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Table II-2-2 . Summary of the stage composition in oocytes of the wild (upper) and reared (lower) female Inimicus japonicus

) TL (mm) of wild Maturity Number of Percentage of oocytes at each stage™ (%)
Sampling date femal ined GSI h oocytes
emale examine phase .
examined PN YV 1-2Y 3Y MN FM PF AO
13 February 2004 250 0.98 I 143 95.1 49
13 February 225 1.00 I 126 94.4 5.6
17 March 246 1.64 I 156 78.8 21.2
17 March 188 0.69 I 140 91.4 8.6
14 April 207 0.69 I 164 88.4 11.6
7 April 235 420 I 152 65.8 20 33 28.9
23 June 275 6.66 I 133 50.4 30 10.5 36.1
23 June 215 19.53 m 226 41.6 2.7 394 3.1 13.2
8 July 275 17.80 m 125 46.6 23 435 3.0 46
8 July 275 23.27 m 121 65.2 25 29.8 25 +
28 July 300 14.54 m 206 78.6 49 16.0 05 +
2 August 235 13.90 m 268 83.2 3.6 6.7 67 + +
12 August 245 1.08 I\ 114 100.0 +
13 September 235 0.89 I 170 100.0
17 September 230 1.29 I 185 100.0
19 October 295 1.22 I 182 100.0
8 October 260 0.55 I 203 100.0
10 November 270 112 I 263 100.0
10 November 245 0.95 I 257 100.0
) TL (mm) of reared Maturity Number of Percentage of oocytes at each stage” (%)
Sampling date . GSI oocytes
female examined phase .
examined PN YV 1-2Y 3y MN FM PF AO
16 June 2003 205 15.95 m 140 450 29.0 52.1 +
14 July 215 22.12 m 58 32.8 1.7 46.6 1.7 172 + +
13 August 215 9.93 m 162 71.8 3.7 43 1.9 123 + +
18 September 195 11.96 v 101 100.0 + o+
14 October 228 1.88 I 99 96.0 40
12 November 219 2.38 I 187 87.7 1.1 11.2
17 December 217 2.46 I 201 85.1 0.5 40 10.4 +
19 January 2004 203 2.54 v 104 100.0 ++
17 February 218 1.81 I\ 115 100.0 ++
15 March 215 2.86 v 138 100.0 ++
15 March 218 410 I 127 62.2 39 299 39 +
15 April 205 425 I 257 724 0.8 12.5 14.4 +
13 May 205 11.93 I 149 63.8 2.7 33.6

* PN: peri—nucleolus stage, YV: yolk vesicle stage, 1+2Y: primary and secondary yolk globule stage, 3Y: tertiary yolk globule stage, MN: migratory
nucleus stage, FM: final maturation stage, PF: postovulatory follicle, AO: atretic oocyte. +symbol represents the relative frequency of occurrence.

ISR NS & E BT, 7 AICIEHE 3WINHERMOIFEMIE D 5D
LHEGVNELSRY 35% LExmMEER LI, 6 AD 8 AIFEUICH, H1
~ 3 YR UM B BRI 0> B REHA A 0D 1 12 f sl R o0 DN RE A T & Bl DR % U8 1 8 7R

HiLTe, 8 AITIZIBITIR RO 7o ny, 9 H LUK, A2 o JFEE A0 e 25 5
D5 EIEIX 100% % 7~ LTz,

— 7, BARATIE, RERALFERICHELCHOINMEIXe AL 7TA%EKRE,
JFAFEIZ Do TEWEIG TRO LI, 6 AD 9 A F THEIPE I8 i 23
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wHOLNLEEBIZ, 7THE 8 HIFEZLEH, F 1~ 3 WINEHERW @ IF LM
L D AT B e BRI ~ B AT L7 IR R 3R Bz, L L, RARMTIE
RIS A AN B E D0k L, BlRATIET 3 A L 11 HICIREE R
DB, 12 AICIEE SWINREKMICE CRELZINBMBEIBEZ SN, =
2L, &3 WINHERI OIS E O 28 EIX 6 AN 52.1% Th 5 DIkt
L, 121X 104% EIEWEAZ R LT, THPD9ABEIR12 A 4 HOH
FHFRITON S GR D bz,

e o> A2 Bt AT JE

R DR AE 2 b & IC KR L AR O A FEA 8 ] % i ~ 7= (Table 11-2-3),
RIRFATIZ 4 ANSIER RS A E D, 2003 45121F 33.3%, 2004 421213 16.6%
OFEESINER L (1) 2R Lz, 6 H2 D 8 HITHhIF TiX, 2003 412 11.5
~87.5%, 2004 12 13.3~94.7% DA gy (M) %R L7, 2003 35
F 2004 F & BT (D) OFEAEOHBRIT T HA 87.5%, 94.7% & i
HENoTz, 8 ATV D L 2003 F121E 25.0%, 2004 4F121E 36.3% O fH K23
BATH (V) 2R L7228, 9 AUBRIZ T R CoOMEEMRER (1) 2R L7,

ERATIE, 2003 4 6 AI2R T 2 (D) OEAKIT 20% TH - 7228,
TAHBELO 8 AICIE T NTOM/MENAL () 27xL72, 9 HIZIE 80%D
A ASRATH (IV) 2R L, 10 AIIET X CO@EEMRIES (1) 2R L7,
11 A2 ONEE A (D) OMEED 60%HBL L2, 12 Hnb B4 3 H
23T T 40~100% O E AR AHRITH (IV) 22" L7z, 4 I 100% O & A3
IR R (1) %R L7,
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Table I -2-3. Frequency occurrence each maturity phase in oocytes of the wild (upper) and reared
(lower) female Inimicus _japonicus

Sampling date

Number of wild
females examined

Maturity phase” (%)

I I I v

December 2002 25 100.0
January 2003 3 100.0
April 6 66.6 33.3
May 16 81.2 18.7
June 26 26.9 61.5 115
July 8 12.5 875
August 4 250 50.0 250
October 4 100.0
November 2 100.0
February 2004 4 100.0
March 9 100.0
April 6 83.3 16.6
June 15 26.6 60.0 13.3
July 19 53 94.7
August 11 454 18.1 36.3
September 8 100.0
October 6 100.0
November 3 100.0

. Number of reared Maturity phase” (%)

Sampling date fermal ned
emales examine I I I I\

June 2003 5 80.0 200
July 5 100.0
August 5 100.0
September 5 20.0 80.0
October 4 100.0
November 5 400 60.0
December 5 60.0 40.0
January 2004 5 40.0 60.0
February 5 0.0 100.0
March 5 20.0 80.0
April 5 100.0
May 5 100.0

* I : Resting phase, II: Vitellogenic phase, II: Maturation phase, IV: Atretic phase.
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GST O ZF=HiZ Ak

RIRFATIE, 5 HETIETRXTOEMKD ST 1L 5 L FTH D25, 6 HITiX
10 LEDEENHBLL, 7 AT 20 225 BAERRO Lz, 10 L ED
I8 HETROOLNIN, 9 AURITT XTOMEAE,L 5 LLTE2 R LT,
ERRATIE, 6 HE THIZ20L EE2RTHEENRRBDOHN, 9HETI0L L%
AITEERRD DT, 0%, EA L6 HIZiE 10 YL EA2 w3l A28 H

L 7= (Fig. I -2-4),
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Fig.II -2-4. Monthly changes in the gonadosomatic index of the wild and reared female

Inimicus japonicus.
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RIRF O R AAE I F & OV W /NP

KRBT DIRAEMERARDLZOICEMTEIC6 HnD 8 AlTBIT5
RREVE O HEE S (Fig. 1-2-5) & GSI O JAELE A KD 7= (Fig. I -2-6), Ak
AEOHBEEIE, 2ATIETSTRIES (1) Tho7edd, 3Rk
(1) 267%, IIFEBRY (1) 2 33%% 5%, 3% CTix U CTINER K
NRO DTz, 4 L ETIEENERRIEE (1), IREERE (1), m#
B/, BATH (V) 2D bz, FElnlo ST DOFRFEEIITBNTS 6
HIZ, 3 AT LD TIEERIICHYSY TS 5.7 27" Lk, 2O &b
A=A aROMBERIZ IR E AR EINT, EMFENR/NTEERRD DI,
A (D) OfEENHELT 56 Ad 8 AT XTOMRAMAMITHONT, 4
RHNTE 1 WONEE BRI L B o ORREAR A 2 b S E{K O B (Table I1-2-4) %
KTz AR AR 2L Lo THEBLT 2 2K BEHIL 190~199mm(127. 0~163. 0g)
T, T XTOMEKTHRANRD 5D REMEHKIE 260~269mm(331. 5~398. 5g)
Thole, REEAOEYFHE/NZITAEK 190mn (127.0g) IZH BV,
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Fig. T —-2-5. Rate (%) of maturity phase in each age of wild female /nimicus japonicus.

O: Resting phase, O: Vitellogenic phase, B: Maturation phase, E: Atretic phase.
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Fig. Il -2-6. Annual changes in the gonadosomatic index of the wild female

Inimicus japonicus in each age.
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Table II -2—-4. Percentage (%) of mature females in each total
length class of the natural female /nimicus_japonicus collected
from June to August

Total length Number of Number of % of mature
(mm) mature females inmature females females

150-159

160-169 1 0
170-179 2 0
180-189 3 0
190-199 3 1 75
200-209 5 3 62
210-219 6 1 85
220-229 6 3 66
230-239 16 3 84
240-249 4 1 80
250-259 8 1 88
260-269 5 100
270-279 5 100
280-289 2 100
290-299

300-309 2 100
310-319 1 100
320-329 1 100
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KWL, A=FaBHMOIIRMIBOIERANMO THL N E R -
2o SREEMIRE o RER I BAEO L I A 1 E, PRI LET T
DRI ZER &~ & A O L DA O PN BN 9~ T o FE 2 B [ D PN R
Fa2AfFAE L, B HPEIRS 2 b % FE R 158 R J6 I O R 244 o0 IR B PN I 8 oz
U7-ORREM I B & RIEZ O IR IAREN R O b D INFER M R ER N H 5
(F% 1996), 6 ADH 8 ADOKAMICHIT 24 =4 a3 BOINENITIE, H
WA ORBAZZIFREMIOHE L ZE LI RDOOND Z b, &
=4 a ORI O FEERUIIIFEREER IR T2 E5200 5, F
7o, M1 RICKEDENBEORRND, A=A aBIZLEENHTHD LH
X HIVDHN, RAMOIFRITIZE 1~ 3 RIFEERH O L 72 IPRHHE Bt &
[ RFIZ & A O IR R EE RN RO 6D 2 L b, AEIZE DWW I IREE
RN DT> TRV IRLYEIE - EEIR STV 2 & F 2 b, MikFERIC
LEZEEINETH DL ERMR SN, INHERMEZEROAMICIT I 2l L
A Liopsetta obscura (IIA 1954) ° =3~ & Oncorhynchus mykiss (LA
5 1965), ~# 7 Gadus macrocephalus (Hattori et al. 1992) @ X 95 (2
SN R 1 moERE”IALNLD S O E, A4 KT X Z Theragra
chalcogramma (F# 1981), A T 7 A4 F A Hexagrammos octogrammus
(Munehara et al. 1987), >~ Cololabis saira (H|L15 1996), I I X
~F¥ Luciogobius guttatus (4% &  2003), 7 A 7 A Hexagrammos otakii ([
S 2003) OXSICEHBROEINZIT) bORL DL, EINNPLHRD EA=
FavBEFIATr N THFELRKTH - T,

B R BB o RO AR T 5 RRMAIZE W TIE, 4 AIZIFEIE K
WIEED 6 AND 8 HDOMAM Z R TRED I HETRIEHZRTZ LN,
O NRAER I ZFF>Z EHH L, WOV OB Z B L O
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GSI DEFZEAL LV EIIMIIT 6 AvD 8 H THEIVEMIZ 7T A ThH s EHERS
Nz, g E»ro ERH AL KK TIE6 A TA»L 8 A R (Fikb
1985), EiREHIEAKIETIZ 7T AMS 8 A (FRED  1983), REAR R HIJE Kk
TiE 6 A Ea»rs 7 A (JHEH - E 1988) NEINMITH 5 LHEE S
NTEY, FEIIYoBERKIZL2ZEFTIEFEEThhnWEEZLOND, £7-, A
FORERDBFERMIZONTH RARMEFRICEINMIT 6 A 8 ALE X
bivlc, LarL, KK 8 AIZEINEZK T L, F4E 3 H £ TORIEW &4 #E
TAADPLIHEEERT 5015t L, BRMATIEI HBIOENKTHD 11
AOIIEZ R T 2 KN bz, £D%, 1 A2 3 A DKAKIEH
[CIBATHI A R L CEINIC B D R IZBE SN oo hy, BHo N IC KK L
TR HDRFHICIR R A EE S N D 2 E RO TH LN E o7, FAFED
PERCEA 2 Hil A L T W D ATEN 2 W RIT KRS A R EOSNV I REZERIC XL -
THE S TWnD (&l 1996), = A FdDF ¥ = Carassiusauratus Tl
KA D FEAEEAC N ETHER ORI EHE 2B L RicT bz, HED
b R EL G 2 HREIN TS (HIHE 1996), £72, 73
A ~F Rudarius ercodes (ZK B BRI EERH VY, EH S REIZIER
T5, ZOXIICTHEFFERPITKIESLAR R EDREERIC LY KE
ENDHZEBRDLPoSTND (HII 1991, IIEREHREIND 3 ANDL 6 AD
i F KO A LKL 9.4~19.6°C, EINEB TH D 7 HiE21.6°C, 11 H»
512 A1 18.7~13.8°CT, 11 A5 12 ADFHKIRIZ 3 A6 6 HDKIE
HPHANICH D Z LD, JIEEHRICHE L KIBICE TR TT S 2 & AR
EMRT 1 OOHERICR-sTWD EHRSND, Lo, KARKIEIZIZEH
BAROKE EFBEOHS 2RI b o $, KKMATIX 11 HIZIPEEK
DR OB e, KIBETFTET CHEOHELZRT A LITTET,
ZOZELIEZHONWTIEHABORFHRETH DL, £z, FRAEICH T D GSI X

WIS RIRALID BEKBOTNEDP TN, FORKIZ OV TR T

vy
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WL TE ol Ak, WMEORWINVELINEFIZ O THRE T 24
ERnbhbHEEZbND,

FEX A VT A 26, FHEMRBICEINT 52, FEIKED 30C (7
~8 H) 270 % LR OBRITNER O H AL, Kl 26~28CIZ T 5 L FEIN (Fk
W) Z#BAMAL, 14°CELTF (11 A) 2722 L AMBRBBITTD, 202 EMD
30°C D@ KRR FEIME IEIZh < & & BT, KR 26~28CHRAEIRK# O ER
T, 4CHTREENTWS (Zhu et al. 1989), 7=, YaXATE S AF
W5 10 A FAECRBMMICODI o TEMBKELS 2, 7TAL 8 HDEHIC
FRAICLTHENDMESND Z &0, K 24~25CT 12 HETEWNL
B2 s, MALEINITARLIV B KENIRESIEFboTng &
Z2zbNT0D (HNI 1991), A=Fa ¥ OEMMA TIIAKIED LHSE R
WO HID 3HMNLINHEBRT D EEPBLE S 1L, KED 2002825 6
AICFEII MR D b, EHIKIED 25CIC7e 5 8 HICIFKBITIINBE I N D
ELbIT, EINKRT LI &b, ARIZ25CULIZRDE FPEX AT &
FIARICEEIN 2= L2 £ B2 6N 5, 11 H ORI 1T I8 F I KB o 74 53 8
RBINTD, ZTORBOBREFIERICDLroTWWDLHZ b, =4zt
OWNTH FPEXATRTvEFRLERRICHEKR XY bIKIEIZ X > TAEHME B2
HAE & T B ATREME 23 U,

AR A R T RABEIIKIRESCAR R EOREAMEI T 5 2 LT kv AdH
ENAWICHIET 2 2 EBEHTHY, ~F A TIEERTKRBZHIET S 2
ENTENIZERIIBARETHDL ESNTWD (B 2002), EEEIZ, ¥
X a CTHABRERESE T LICE o CTHERIAARETHD (ILAD
1966), £72, t 7 A TIIR BRI AITS Z & THEMNZ 2 » AL ERHIET S
TERTED (FED 1986), A=A VIO TH LRI EINMTHL M
AR AE Lo L LB, BRATIETFE2E, 3H & 11 AICINEF A
BENTZZ LD, KEZHAE T2 LI X o TEEIERIISE o pE N HI 0 & 17
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FIZEMARETHL EEZILND,

PEIRIIC 36 1T 2 4E lm Bl O B RAEE O HHBLEI S, e O GSI O FE 2k &
ORI OAEEO HBLE A5, REEERAIZE T 2 KAKMOEYFH K
ML ARE 190 mm (127.0 g) IZHA L3I THRAT H &R INT, 3%
TIE, 53 IV ER I O IIREM R 2> © 7 2 90 55 T2 R 0 B 1R 2358 0 B AL T2 23,
B OFEEIZEBD SR tz, LaL, ZhbOFEEIZRMORE L &
HICHRBAMICBIT T2 ZBA 00T, KRB OBEENRD bh oD,
PEINIIC BT 2 3 ORIk D holcZ biIT kD LR SN D,
Fl3MUETHoTH 2%ALY GSIOEWEENH YV, GST DKV E K
T 2MUTTHD LITWVWRARMNoT, FHEOBIETIE, EBRMIT 7 H ZPEDN
DIMEHR L LG E, EEN TG 3 BEHOEINHICH D TEINDHER S
B Lnb, EBRMALRARMLEABIC IR TRATIEHESND, v ¥ A
IZOWTIE, 0 OREZ B AV, WP N TP PR CE B EL AN (%
) WL THEEIm U FTORMAEEEIEL TS, £, WEER (6em) X
KAE (9 ecm) TiE, BEMEHAICI > THRHEKELHIEBL TS (K
2003), KBTI A =4 a¥oEEICOVWTHRERIREZHF T TR n), &2
190 mm THRRAIIC 2D LI D Z b, BREH E, 2K 190 mm X
DN DOEERIZ O N TITRERRERIREORENLEN D,
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HIE  JIFEAR L OUL

ZAGIN O W E AR WAL IS AEE AT E R b EE R A EEHFEHD
CEDTHD, WRELBILICEEZEX D22 REEEKOFTH, Kik
RE D IR OEANPOBEERERNTHY, I 2Z2EFILHETIEL O
BRENZE CHANEE SN TS (Kajiyama 1929a, 1929b; %7k 1988;
BB - KA 1993; Kashiwagi et al. 1984, 1986, 1987a), L2»L, A=A =a¥ic
DWTIEEINBR I ER SN ZRBIPOMLKIRICET 2MENH 2 DOHT
A B 1990b) , /KL 70 S AL R LI A M I KT T RBICHE T 5
MAZRET-67220, 5%, A=FaBICBS2MEEEESINORRE - Mk
M55 2 TINOBEG ML FIEA LT 272 0I121%, IIFAERLK IR
THEMFHIREEZHONCTHZEPEETHDLH, £Z TARIETITIA =
F 2B OIRASCHIZKIZT KBS LS OEEBIZO N TR L,

M-1. PRFEAE & AR KA 3 KR o 52 %

ZAFINDFEA T L OFHLE KR 2 B 5 202 5 BT, ZKIE A JF 38 42 W,
FRALPT R, LR, WRRICKIETRBIC OV TR LI,

-1 MR R KOG IA

{5 o

AT E N E-1 EFBROBALDELAREHIIZH W, HO2E
1L 19.5~23.3 cm, KEIL 162.0~284.0 g, HED KX 16.0~19.5 cm, KE X
105.0~158.5 ¢ C, FEiZ 4k Th o7z, FARMBEPIX, & L TEEEE
EH 2D, EIRHMOK 1y ARiNSARya s T AT EHE L,
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PEINREZ 2 TATRIC T D720, HENMZEAICBR T 2ITHNBLESND 18
ey B 10 23 RIS PEON KA 2 sk U, P K B8 L 72 8RB % >~ F NI IR 23
TN LT 2 PESRIEZ) & U7z, BRIRR, EH 7% LI L VE ORI Bt L,
Oz Tk o BRI Lz, SEERBIM T (2003 42 6 H 27 H~7 H 11 H)
DFREINELIX 500,000 KL, ¥ EIFEIE 256,000 K7, % EINERIL 51.2% T, KiR
I% 20.4~21.2°C, tE (0 15) 1% 25.27~25.37 TH o7z, WAKLEIZREZ
e EF A W CHRIE L,

B D % A FE I e 1E KR 0

fILEIF & LT 2003 4% 6 A 27 H 20 BRIZPEH S 7= W90 2 f 7o, PEIRIE
DKIRIX 20.4°C, E (015) X 2527 Thot=, AWK (KR 20.4°C)
N AST- 4HOE—H—I124 2300~400 ki DII (ZHEEKR) 28Xy T
WAL, KR 18, 20, 22, 24CITRE LHIEKEANTERENRE LI,
IR AE OB ST BMEE T CITVy, M, e, EMH, IR H B, Kupffer
K8, O ®, WEBRM O R AERBICET 2T ERFMZ2EE L oW
(REM - FE 1955)ICE-> T, 105 ~1 B oM CRIEFMICHE LZ, &%
BB FE~OBIZEREMIX, MEICIRYHE LI 10KOIID 5 5, #5808 % O
ABRMEICEIE LR E L, AEBRBIOTFTROFERIT, WInbEEK
ELWARKDRZWIIAT Do Te, FEEAKME O KIBEEZ#HIXE0.ICUATH -
72

A T BB RIS K 0E 3Kl oD 52 %

AP E LT 2003457 A 1 H 19K 50 I ICPEH ST FEOn &2 iz, oE
GHIE D K IRIE 20.4°C, E (0 15) 12527 Th o7z, AiiEAK (K 20.4C)
AN B = —IZ 50 KiD I (ZFFEEZ) Z VA L, Kill 18~30°C % T 2°C
T 7 BEREICRE LERAKEATEAENEE L, BEKRXEIC, 7
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LB R (M bfr R SNk b B VRFH) &P bE TIRHE (2To
PRSI b U7 Be ) 2 A U7z, MR BB A £ TR HEREH & 5= KR & 0 B
FRIZOWT, ARRHENIUS B L O HE - HNOXIZ K H1EH (1, o) & VAN'T
HOFF ® Q10 fEZ kD 7= (ILA  1943),

A R I 3 KR D

fEEk PP e LT 2003457 H 5 H 19454y LIA4E 7 H 11 B 20 FRICPEH & 1
ek 2 W TR Z 2 BIAT - 7o, EEUNRF OKIRIT 21.0~21.2°C, HHEH (o
15) 1% 25.32~2537 Th o7z, AwlmifEAK (OKiE 21.0C) LI A A-72E—H —
12 43~66 FLOIIZ I Lo, MERICH L7ZIFORAEERIX, EIIEZK 10
e 2 #i L 72 BIRPI CTh o 72, BERKIRITW I s 2°CHEIC, 1B HMAK
IR 12~28CETO 9REX, 2HHNKIR 24~32CETO SIREREZHREL
o WEHAKIBXAFEIS, WAEBET LIRS T bfFREEINZ L, BR
JE AR T & o wF IR R D HBLR 2T T, BB R L IR TR A
-7,

AbE (%) = (B birfs/ BRINE) X100

EFIE (%) = (EEP bR BRI X100

IR (%) = (FEAFa 2miratk) X100

Iy

Mm-1-2. #& H

JF D 5 Az 3 I A FE 3K IR 0 522

KR 18~24CIlZHB T DIV AEOBLIE T, RRH £ ToREKR M-I 6 K fH
10 53~7 K TIRE A EERRBO N2 o2y, FEIRHNIZ I & KRR O
24°CC 9 W5fE] 8 43, MK/AKIRMI D 18 CTiX 11 FEff 27 /3 LA 2 Rl D =N A U
oo ZOMIMITRHABROMEITE & HITHER L, Kupffer K H BLEREIZ 13 & K
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Table IT-1-1. The time lapsed from the spawning to each developmental stage under different incubation temperatures
in Inimicus japonicus eggs

Time after spawning (h: min) Equation between time and incubation temperature
Developmental stage T=atbB+c02+d03
18°C 20°C 22°C 24°C (7=Time: hr., 6 =incubation temperature: °C)
Morula stage 420 405 330 314 7=-11387+17.3896-0.84136°+001336° (r*=1.00)
Blastula stage 7:00 642 6:15 6:10 7=-81.2+13.276-0.656362+0.010668° (+* = 1.00)
Gastrula stage 11:27 10:48 955 9:08  7=-51.25+9.5358 8 -0.4675 6 2+0.0073 6 3 (+* = 1.00)

Appearance of embryonic shield 23:18 19:10 15:07 13:13  7=-275.29+48.831 6 -2.5638 6 +0.0429 6 (+* = 1.00)
Appearance of Kupffer's vesicle 27:40 23:15 17:31 15:56 7=141.18-9.4753 9 +0.1769 6 2 (+*= 0.98)
Beginning of heart beat 51:50 40:06 31:15 28:15 7=-203.05+54.457 6 -3.3525 6 %+0.0619 9 ° (r? =1.00)
First hatching 62:40 51:20 38:14 37:20 7=42515-31.8336+0.651982% (+* = 0.97)

The relationship between the time and incubation temperature is indicated by the equation.

A—\ﬂ_\ﬁ\ﬂ

10

Time (h)

Incubation temperature (°C)

Fig.ll-1-1. Relationship between incubation temperature and time for reaching each
developmental stage in Inimicus japonicus eggs. <>: morula, A: blastula, A:
gastrula, B : appearance of embryonic shield, [1: appearance of Kupffer’s vesicle,

@ : heart beat, O: hatch out.
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Fig. Il -1-2. Time for hatching under different incubation temperatures in Inimicus

japonicus eggs.

A 24°C T 15 B[l 56 4, 1E/KIEAMI O 18°C Tlix 27 Bl 40 4y, Wi L BH 44
WA & KRR D 24°C T 37 FEfE 20 47, IR/KIEM @ 18°C Tl 62 Wil 40 75 % %
L, ERABERBE~ORZEREFMIZAKENEH L 2512/ ->THL 72 o7 (Table I

-1-1, Fig. M -1-1),

W7 b AT B )T M U 9 KR o R
B2 2 KR 18~30°CO#IH CTIL. T X TOKIEXICBW T LR 6 v,
KRG OB LI E S 5 R, KR 18CH 62 Bl 10 43, 20°CH 51 B

] 20 45, 22°C A% 42 WEfE 5 4y, 24°C s 33 BR[E 45 4y, 26°C 28 30 W[ 55 4y
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28°C A% 29 Wi 24 43, 30°C7A% 27 KR 21 43 L 85 B KR < 72 D12 e W<
78 o 1= (Fig. I -1-2),
R K & WAL B AA £ CoOFTEEH O BRI, kAo X5 eREFE g TR T
ZENTE,

T=—10.0059 #°+0.706 #°—26.31 ¢ +341.97

(R*=0.9964)

T: W bBAtG £ COFTERH (h) g: “EHKIE (C)
WEALBH 4G £ T OPT ERF ] Ot E & R OKIE & ORI 24 CHIETARET S 2
AROEMBR TR INT(Fig. M-1-3) , /KiE 18~24CE L OV/KIE 24~30C DiEE
HAICEWNT, £x0RFERZR/DERECIVEHLEGER, RO XL
IR INT,

1000

100

Time (h)

10

-I | | | | |
15 20 25 30 35

Incubation temperature (°C)

—
o

Fig.Il-1-3. Relationship between incubation temperature and time for hatching in

Inimicus japonicus eggs.
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Table IT-1-2. The temperature characteristics (¢ , @) and values of constants (Q10) for
relationship between incubation temperature and time required from spawning to hatching in
Inumicus japonicus eggs

Incubation temperature (°C) 18-24 24-30 18-30
u 17613 6313 12077

(4 0.101 0.035 0.068

Q10 1.842 1.234 2274

U : temperature characteristic of ARRHENIUS'S formula (LA 1943).
o/ : temperature characteristic of HHGURASHI and TAUCHI'S formula (LA 1943).

18~24°C log T=2.5902—10.0441 ¢ (R*=0.9989, P <0.01)
24~30°C log T=1.8801—0.0148 ¢ (R*=10.9897, P <0.01)
T: WibBHLE E TORTERER (h) 4 FEKIE (C)
W EA T IS TICLV AEKE 1% THE TH -7 (F=49.071,P <0.01),

WAL A & COPT B & B R KR & 0% %, KiR 18~24C, 24~30C
BELRI8~30COIREFHMMMICIEEER n, o« BLTQIOM (LA  1943)
IZ X VR L7 (Table M-1-2), /KR 18~24CO#iH CTlX u =17,613, a =0.101,
Q10=1.842 £ 721, /Kik 24~30CDO#PH D u =6,313, a =0.035, Q10=1.234
IZHART, TR 2.8 7, 334, 1.5FEmWMEEZ R LA, KR 18~30C
DR ERPE TIX, BEEH B P aelZZTNEN 12,077 B L O 0.068, Q10
fEi1X 2.274 TH - 7=,

LB AA N S 52 T £ TICE T DB MIE, B3 KIE 24°C 8 3 R 45 &y & &%
HLEL<, T HIRAKIRE (18~22°C, 6 FFf] 40 /0 ~9 Kl 30 7y) B X OF
AR (26~30°C, 6 IR 10 53 ~7 RffH 45 4r) TlE, RS 22MEAAE O 6
iz, L2 T £ TORMMARLEN 701X, 18CHEED 9 K 30 0 Th
- 7= (Fig. I -1-4),
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AL R R IE T KR O B

Kl 12~32CDERICE VT, FERITKIE 12 BLT 14CT 0%, 16C
T 42.0%, 18°C T 81.9%, 20°C T 86.2%, 22°C T 90.6%, 24°C T 80.3~85.7%,
26°C T 96.8~97.9%, 28°C T 83.0~96.0%, 30°C T 70.0%, 32°C T 24.4% T
D, BREIEKIE 16°CUL ETRO B4, KR 14CLU Tl 2ot
(Table II-1-3, Fig.ll-1-5),

1E WAL A F 23 15 D AL 72 K IR & PH 13 K IR 16~28°C (10.0~70.5%) TH Y,
KU 30CLL E T fbirfil e TcHEhaATholz, kb EFILENEI -
e EKIRIZ 26CD 87.5% Th o7z, —77, b arBRPE D o 72 DIFTKIR
24CD 7.1% Td > 72, 50%LL £ O IEH b= 2 7= 3 55 2% KR O #i P IE KR 18
~28°C (10C) TH YV, Kili&IEFIROELMRIL, K 24 CHHE % ik K&
ET DB TET Z &) TE = (Table II-1-3, Fig.M-1-6),

Table I-1-3. Percent total hatch, % viable hatch and % anomalous hatch of /nimicus_japonicus eggs

Temperature (°C) Number of Total hatch (%) Viable hatch (%)  Anomalous hatch (%)
eggs used
12 54 0.0 0.0 00
14 50 0.0 0.0 00
16 50 420 10.0 76.1
18 61 81.9 57.3 30.0
20 51 86.2 72.5 17.0
22 43 90.6 74.4 17.9
24 66 80.3 71.2 11.3
24 *1 49 85.7 79.5 71
26 48 979 854 12.7
26 *1 64 96.8 875 9.6
28 53 83.0 490 40.9
28 *1 51 96.0 70.5 26.5
30 *1 50 70.0 0.0 100.0
32 *1 49 24.4 0.0 100.0

*1 Date at in 17, Jul. 2003.
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Time (h)
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Incubation temperature (°C)

Fig.lll-1-4. Relationship between incubation temperature and time required

from the beginning to the end of hatching in Inimicus japonicus eggs.

100

80

60

40

Total hatching rate (%)

20

10 15 20 25 30 35

Incubation temperature (°C)

Fig.Ill-1-5. Relationship between incubation temperature and total hatching rate

in Inimicus japonicus eggs.

65



100 a
80
60
@
8
©
o
40
20
0 1 1 1 A
10 15 20 25 30 35

Incubation temperature (°C)

Fig.Il-1-6. Relationship between incubation temperature and viable hatching

rate (O), anomalous hatching rate (A) in Inimicus Japonicus eggs.

P

Mm-1-3. &

BB OKIR 18~24CIC R 2 M, e, IRy, mEHBES, Kupffer
Ko H3, OhgEm®h, P nIc8ES 58RIE, KBS RDITEHE
725 L & biT, FERRMILLME TId4s 38 2 B Fg (2 223 2 By ] o 22 13K K AR
THERLE, AEORKEITE 7 A (&K 1988), ¥~ 7 ¥ Caranx
delicatissimus (JI[3Z2 & 1991), % I % Epinephelus akaara (&% - & H
1991), 7 =~ 2 = Thunnus thynnus (&= T 5 2000) 3 X "X X% Lateolabrax
japonicus (H®F & 2003) << oAFETH LN TS

B KR & WAL B 46 £ T ORTERERH & 0 B4R TIE, JKIR 24 CAHF T 2 ih R

6 6



WD, ZOREEZBZTHBILE CORERRIT - EOLRETHEMEIN A
WZENTREnT, £, BEESELY, o« BLXTQI0EIT, KiR24CLUTOD
AR 2N S KRR TRE DT D, KB 24CTH A=A a2 BIZ
BITOIEADEMEE THL LHEINTL, 2O &b, JIEKIRE 247C
LT TR LGS, IIRAEEITKIE 24 CLL EOE: 3 IZ R TARIROFE
T nweEEILLND, ERIBEOFIEIX, A X 7 Oryzias latipes ([UA
1943), H N Scomber scombrus ([LUA  1943), B Z A (%7K 1988), F U/
Z (E¥ - RBH 1991), Zun~<w7snm (HEF56H 2000 BLXOCARAXx (K5
2003) FETHEINTWD, —7F, KL 18~30COHHIMHICK T LA =F =L
OIREEH n (12,077) BEL PN a (0.068) 1%, ~& A (un=20,400, «=0.115,
12~20°C) (A 1943) b Z A (u=27,700, 12~20°C) (%K 1988) Bk
DA XF (p=24,200, 10~20C) (HHEH 2003) [Zb_T/haL, 744
Calotomus japonicus (u =12,400, «=0.071, 15.6~29.5C) (luA 1943) &
FOF U H (1=12,950, «=0.073, 20~28C) (=¥ - EMH 1991) L IiF
E—H Lz, o2, A=FaBIIORAEEA8~30C)E, 7414 B
FOF TN LR, X4, ETABLPAXIF LD QKIBOZEL ST
< WeE2xbh b,

AKWFFIZBT DA =4 a O AT REZRKEIX 16~32CTh o7z, AH -
FAAR DR 12 O LI OPAL IR KR (50% EH L L 72 2 KR #PH)
CHT DL, A=A a B ERAKIE 18~28C (REZHH 10C) 1X, 7
= Plecoglossus altivelis (9.9~27.9C, RJE#iPH 18.0C) & - #AAK 1989)
& L7 LA J& Eopsetta jordani (5.8~8.0°C, EE#PH 2.2°C) CaIF - MAK
1989) oH AR L7z, T4tk 7 2 (11.2~20.6°C, REHPH 9.4C) (LK
1988), = 7 ¥ Trachurus japonicus(16~25°C, i E & H 9°C) (& H A  1989)
BLUO7m~27nm (21.2~29.8°C, HEHPH 8.6C) (H T 5H 2000 &IXIX[A
CETH -7,
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Ll A A e KRB T 5 A =4 a Y oEIHmIE, 6 Ada (A
2o 8 HdA) (1) T, 8 AL O EHINTE RIFE T L O LR 18K <,
JIE b/ hs< RpZ EnmonTnsd (JIF S 1990b), JIF &% 8 A LIk

(W) ICEIESNTZZNLOIEHANT, MERBLMMFROFERICK
ETHEAKRE OBRMREZMAE LR, BEKEEZ 8 HDBKRKIE 27.0~
27.6CHh 5 23.0~25.0C L FiIFAZ &2k v, EIEMOIN & RO MLRIC
WHFETELHZLzHELTWD (UKD 1990b), AHFFETH RIS, Kik
2026 COREBRICBWVWTIEFRBILELBLOFEENIRBRF THoTZ, 20O
ZEnn, A=A a B biEKIRIL 20~26CTH D EHERE I T,

SYBETEPEIR 2 PEH T S AR I B I bEKIRIX, BT A (&K 1988)
BLOAXE (B 5 2003) 28K 15C, %A (Kajiyama 1929a) 237K
R 17C, ¥~7 Y (b 1991) 23KIE 20~22C, ¥ % (E¥ - EH
1991) BXLWZ7mr~2nm (FEF5 2000 BAKIE25CTHY, =42
fBEAKBIZY~T Y, SVNZBLONZ7 e~ il TWE, £/, B
FORE (24°CHHE) X, Pl KERICH 72, 20X RBBEEF UK

(¥ - BH 1991) Bz~ (8F5 2000 I2BVWTHRDH
hT\ws,

~ %A (Kajiyama 1929a; H¥ «- A H 1977), 4 %% (KK - &K 1981 ;
Kashiwagi et al. 1984), b 7 A (%7 1988), ¥~7 ¥ (JIliZ6 1991) ¥
FOAXF (KBS 2003) TiX, PRAb@E KR & 2E N o itk o0 KR S —
LTHY, Z0OX572MmE 0B ITEESSBEFMEINZ E N 22—
HONDBREEZEZ LN TWD (LA 1943), H O E-2 1TF1F 2 I B O M
FHIBRM R LA AREROPEH RO, HBRBREBERICKST S
F=AaBOREINHIL6~8 H TRHEINEMITTATHLZEBHLMNIR-T
W5, ZOWEKIZHE TS 200344 7 A b 8 A EAIOREAKIRIEL, 19.85
~24 87 CEFHFELD HOCIEVIRIE & e o TW DAY Gk W K PE i v BIF 58 B
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2003), 7 fb i K (20~26°C) IZEEIRRE I O I D KR E 1IFIEREE TH - 7=,
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M-2. GRFEA & AR KIAT 3 3R 05 D 52 %

ZREIINORAL L O LICRIETHE SO EL KB L, ML EREME, 07
b=, M bIC i@ 2y 2 6Lz,

M-2-1. kB X O HE

{5 on

BAOFREEMR, WINFIEL XOEINMICI T 2REINE, Fyiz Lo
FEONELRRTH D, KIRIE, 8HFH 2 REICKEBREER 2 Ay Tl
E LT, 72, WKBREIIAREXNEEZ AW THE L7,

I & LT, 200446 H 14 H 20 K L A4 6 A 20 H 19 FF 50 43 IZEH
SNTZRINZ Wiz, FHIPRITZENZH 1.32 mm (BEHERE£0.02) &
1.31 mm (FE¥ERZ2+0.02) T, WH CEREFEDONR o, IIRIXZH
UP 50 f % HEAE 2 ISR LT, Re&EHE (X10) 2T 0.0l mm £ THIE
L7c, PEIRIEDKIRIZ, 6 H 14 H 2 20.7C, 6 A 20 HH 21.7CT, k& (o

15) 1% 23.57 ThH o7,

97 A e 3 5y

2004 - 6 H 14 H 20 Rf L [FI4E 6 H 20 H 19 I 50 3 ICEH SN2 %
MWTEE A 2 ATV, FAEB AR (B A A3 fERl S vz e & 5O FfH)
Z 30 oy DEIFHE O TREMICHET 2 & L b2, T b®R, 1E
WAL EBLOHFEEL RS CEYMEAFE Lo, EIREZIL 18 B s 10
SIS PEIN RS 2 S L, HEAK DICRRE LRI R v N INICIR SR A L 7z
RE e LTz,

IR & BT EE KR IT 7 B (15.0~35.0C), HEyix 8 B (0~64.3)
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EL, IO EMAGOLETS6 DERKZRE LT, Wizl Lz ik
AKOKIR 207 BELT21.7C) I A A-T2E—H—IT 102~194 ki DO JF (Ja s
B ZINAEL, EHICFL2OE—F — 2 HIEKEIZE L TEELZRG L,
Wb EER L L, WAKOREIIITOR Doz, A TEIRKMEOKIRZ B IX
T0.ICUNTH -7, WX E AR By 32.4) ZlEUEKE L, Kk
SIIFAEBAKTHRL T, mESIIMBER S TER L, \oiEt ) 2 2
— 4% — (COS CO., Ltd.B) Z MW THlIE Lz, 7272L, 150%& 200%E K D
WaiEHd ) 2 A—F—OREHHZE R DD EMEE L,

Hx OKIE - WHROE—H —mIC, PERET LI R TR kirf L3t
IRz GtE L, AUT & o TR, EFBIRB X OTEERELRD =, vk,
BRBMSEAER EOLER L bz s LT LT,

e (%) = (& bfFafe BIE) X100
ER R (%) = (EFREFRaE/ #IIE) X100
wIER (%) = (WEAFaE 2 a%) X100

m-2-2. #% %

I AY e 8 Sy

KIEE X O S B OMALBI AR NIX W TR o /2 Iic B8 W0 T HE#E KRN &
KBS THEL 2V, K 30.0COHE sy 32.4 T23.5 M &b <, K
i 15.0C D5y 32.4 T30 M & ik bR -T2, 2, Kiik 20.0~30.0C D
HPHTIIWTIOKIRIZE W TS, WL MIZE S 324 TRbHEL, 2
NEVBLESPELS DD VIEEL R DTS T, MALBHBIFMIZE < 72 2@
MR B, AKild 25.0C TlIHEs 8.2 T 4 WffE], /Kild 27.5°C Cl3fE sy 48.3
TS5SEMEN->7- (Table M-2-1),
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AL 1T HE 5y 8.2~48.3 B L UVKIE 15.0~30.0C O #iH TR ® b v, EFIFL
IXHE Y 15.2~48.3 B X VKR 20.0~30.0C O #iH TR D S 7= H5 0 L 64.3
BLOKIE 35.0CTiE, T XTOEBRKXTHEELRD LR, FEA
RO LT AKIED D HAKIE 30.0°CTix, ¥4 8.2~22.4 & 483 T, £7, K
IR 15.0C TlE, ¥y 41.4 & 483 THERRE O b oo, £72, Kik 27.5C
TIE, %o 82 THIERRO vz o Tz,

50% UL E O FRAL R A D A7z FEBR XL, KR 20.0~30.0°C D Hi 5y 32.4 £ 22.5
BELOKIE 25.0COH 57 41.4 ThoT=, 50% L EOEFILENG LT HE
BR XX 7K IR 20.0~25.0°C D43 32.4 & KIR 22.5°C D4y 41.4 T, W LR HE
YT AKIR 22.5C THEAYy 32.4~41.4 LI b IEM o T,

b E W LR E EFIEENEG LN EBRKIE, KiE 25.0CHHE Y 32.4
T, TNENEHMETILS & 81.5%% -1, wEED 11.0% & &b IKWET

& > 7= (Table I-2-2, Fig.IM-2-1, Fig.-2-2),

Table I-2-1. Time (hours) for first hatching under different temperature—salinity
(8.2-48.3) combinations in [nimicus japonicus eggs

Salinity
Temperature(°C)

48.3 4114 324 224 15.2 8.2
15.0 * * 93.0 85.0 * 85.0
20.0 51.0 50.0 49.0 50.5 51.0 51.5
22.5 41.0 40.0 39.0 410 41.0 415
25.0 34.0 32.0 31.5 33.0 34.0 35.5
27.5 345 29.5 29.5 30.0 30.0 *
30.0 * 29.0 23.5 * * *

Data at June 14, 2004. * All eggs died before hatching.
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Fig.Il-2-1. Relationship between incubation temperature and rates of total, normal and
abnormal hatches under 8.2 —48.3 salinity in Inimicus japonicus eggs. [: 48.3, A:41.4,
O: 324, B: 224, A: 152, @: 8.2. Each point represents the mean value of two

experiments.
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Fig.ll-2-2. Effects of salinity-temperature combinations on the percentage of normal
hatch in Inimicus japonicus eggs. Normal hatch are shown by 25, 50, and 75% isopleth

lines obtained from the mean value of two experiments.

AL B AR FE R I W T L OB VW T, BERAKIENE L 225120t » TH
{Tleote, £z, K 20.0~30.0COFIPH TIL, K (HEy 324) L0 b
WP HDOIERE L R DI > T, FLBMAIFRITE < 72 2 @[ 28589
Sz b o0, [F—KEXIZE T DML MR O 2T KIE 20.0°CD 2.5 K
172> 5 KR 30.0C D 5.5 B OFMHRNICH VY, KL & i+ 2 Loy E

HEICBRXIETHEII/NEhoTz, 2B, KR 15.0C, HE5S5 152 DA ED
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B CTIEERGEFT TIPN T RTHBE LN, ZOHBIZOWTIIAHATH D,
R BRI A RE 2 IEH T2 2 L%, v~7T Y (FIHFL 1992), 1%

(Kashiwagi et al. 1984), & L A £ ® Parophrys vetulus (Alderdice and Forrester
1968), % A & A = 7 =3 > Clupea harengus (Holliday and Blaxter 1960) T3
HINTWDN, KREHET D EHEPPBEAEAREICE LETEZEIT NIV
E SN THY (Blaxter 1969; Holliday 1969; Rosenthal and Alderdice 1976), A
=F aBINZ SN T b FEROMENFE D b iz,

— T, MEPEMDOINIE, Wr b FTRE 2R M oy #HPH S IRV, BRI, ST o
RANE < Cadh - A 1989), ¥ 7 47 L A J& @ Pleuronectes platessa, 4 A
A4 a =y, ¥ H® Gadus callarius TIiZ# % 60, » LA H®D
Pleuronectes flesus TidHisy 50 TIEFIZHL L& D|mENH S (Holliday
1969), AWFFETIL, Hsr 8.2~483 OHiH TR RBDOOEN D & L bHIT, K
IR 22.5~27.5C O TIX, ¥4 483 CERICI b LzZ &2 b, =4
BINZ DWW T S WAL FTRE R 0 GEPH S AW 2 &R0, & 0 T o R FL 23 m o
ZLEBHLNT o, e, EWBAERS0% U EETRTIRICRAE S O
Hoe AR 1989) OIS 32.4~41.4 Th o7z, fMOUFEHERORLIRA
#i431%, = Clupea pallasi T<5~41.9 (Alderdice and Velsen 1971), ~ 7 ¥
T 14~40 (£ 4 1984), ~ & A T 11~>40 (Apostolopoulos 1976),~ % 7 T<10
~29 (Alderdice and Forrester 1971a),>~ 7 ¥ T 17.34~52.02 (K H 5  1992)
EHEINTWVWD, 2oL tbiRd 5L, F=FaBIFORLIRAE
S OFFAIT BRI o T, B, EHAEOR MR CESNEET L
ENEEB T WA, WRALBR S T ek (5 32.4) 226 | T B
L22E00, MBEKOEASBETIZIETF2REERLETHLEEALND,
S BT, MIFOIR R LT ENI TIN5 LRI oA 3 D HEE M 23 K & 2
ERIZLTWD (@F 2002) 25, FAFEIREIEZE O HEY (Alderdice 1988)
BLOERESH (KEF S 2003) CEIATLEELON TV D, RIFFE T,
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AN & L CRIREHOZHEINE R LA, EF2PLENRO LSS
15.2~483 TiX, IWNORGEDHEEMEN RN EHBI SN Z LD,
HE L DR T A I OV T EDLICH LSBT OILERD 5,

— 7, WEEL X OEFI LRI &S &2 > 72 DIEKIE 25.0C & 55 32.4
DABEDLET, TNENFEHMET 91.5%, 81.5% %=L, @wHEEDL 11.0%
E bR hode, ZOZEND, ¥y 324 BN LREES THD E L HITKE
Bl Fcii 72 KR E A O A A DEIT KR 25.0C #5324 ThDH EB 2B
o, FME-1 T, &A=F a3 EOM(LEKIEL 20.0~260CTHDH I &2
DN o2y, RFEICKEIT 2 L#EKIED ZO®ENICH -T2, T E
TITHE S AT O g PE e O L E R 5y 13~ % 7 2 149 (Alderdice and
Forrester 1971a), =3 > 7% 17.0 (Alderdice and Velsen 1971), L A & D
Parophrys vetulus 7% 25.9 (Alderdice and Forrester 1968), AT T L A & D
Eopsetta jordani 7% 27.9 (Alderdice and Forrester 1971b), ~7 V2% 27~33 (%
A 1984), A XX N 33.8(E S 2003), 1 V% 2 34.2(Kasiwagi et al. 1984),
~ %4 7 35 (Apostolopoulos 1976), ¥~ 7 UM 34.68~40.46 (A5 1992)
ThHY, A=FdaBolibtikEESII~T Y, AAFICHEWVEEZ R L, %
7o, BME-1ITEBNT, WEFEER KR 16.0~320CTH D Z & 5 M
2725 7ehy, RMFEICEBNTS, BLFRERKIRIL 15.0C~30.0C TIZIXHE
CEzmr LT,

(s



BIVE [FHAOET

F=AaBide T AREORMKIEEFRKIS, HlEAENEBEER~ LA
EHRANPKRELS BT 28 TH 505, FEEERICIIFEA R X OEEA%
KRBT LDHEN DD, L, RAOFEROATLOREN LD 505, FE
HOFARERBER OMHEAOREF L2 < (BRAR 1997), {FHMH D AERE
COWTIEAHTH D Z &0 RTIEH B O BORE # O A2 A#HEIZ 72 > T
Wi (B 1997), A1k, TR AEER O REIERE 2 R L, FHEMA
DAERRAZMIAL TLE LM e AE L BRI RZ2/L2010%, gD
BACIZH AW TR T EIEOEESLR B IS O HALSGE OFER SIFHER O3
B D L EENLRMAZHALN L TELEND D,

IV-1. lEB L ORFITH O AEEE D LA

FEERBEOREICOWTIE, ME S (1998) 2NibEik & EEICEES 2 BY
DFFEIZHE SN TA~S BEFEOR D E2RATWD, 70, EICHE S I EFE
DEALIZ DWW TIE 120 Bl £ TORRELEL (BEHEDS  1955) B L O LI M&
& 7.77 mm OEAEOFHE (KT 1966), {14 22 H £ TOFHEZ {L(Sha et al.
1981), ##fkiz 60 H £ TORRRE/L CEA 1983) IOV THENH D, L
L,Shaetal. (1981) X UAEAR (1983) 1T Xk 5 #H&E TIHFALH A DINETE
RROZAABARFRBL IO ERORBITEONVRFHICFERAEESNTNDEHDD,
A DFFBICESWERFTEMOKREITRAALAL TR, £I T, K
MR TIEIA = a BDOREORNTRGELWEILEZ R TREDTEEL,
FrIZHafigss 11 & 12 SRGTE R MI R PIc ol L, MERICBAIT LIS TH
BELTOERHEZRLETZ 0D, B 1R2RGODBEEICER L TREERD
Xy &R BT, PFET, RESEETHOMIIHREIZONT G L, Ak

7 8



RICHEI FHEROERERELLZH LI LT,

IV-1-1. kB L OH ik

20054E 7 H 9 HICEH SN EZEINEMWTHEEAEEL, GOz
EBICHE L, BAOMBEEHES I ORI GEEFHEIE-1 LRETHD, #H
OO R RIL 22.4 cm, FEIEREIT 230.0 g, OV AKX 18.5 cm,
YR EIT 150.8 ¢ T, FMpiTMEELE BT 6 Th o 72, ZIEINOIIRIT 1.31
mm=*0.04 (P EAEMERZE) Tholo, JIBITIZAEIN 50 8 2 BEAE 2 (2 L
T, TREH S (X10) 2 FW T 0.0l mm £ CTHIE L 7=, FEINEF O KR I 23.5C
T, WHE (015 12357 ThoT,

PRON L 72 ORIk TOR & v BONIC v B L 7o %2, 8 RLDFE RIN4&, 201E /10D Hl
A T4t FRPELHAIKMIZINA L CIb S ® 72, ke LT, B2 SRk
%I10H £ TIX, BEKIMBEDS~I0HOFE T AIXYART LT E, 7
fE#h6H N H30H B E T, fABAKImd2~3E0E A& TT VT I TR
S %E, SMEBI128 B LLBED & IXALA SR (AR HE -k S v e FE v )
k) %, TNENIAHLV1I~3EE5 2 THE L7, MBEKE L TEHEIMIHR
FRGTIE @K 2 v, b E#0 b FIERGE TOMRK, T r7mr 7y
A %1007 cell/ml o % £ T B AKIZHI L7z, #aK#E120.5~8[Ex/H T, KA
B oEAL, FHHPROX ML —F =12k o THAKLEZ, BRITAMES
BATIC =Y — A b &2 E L TIT o7z, flEHH T OKIRIZ23.7~28.9C T (
Fig.IV-1-1), HE (o 15) 1%22.79~2530TH - /=,

Wbt 8A £ CIXmH, 10~300 £ TIXWAME (AL, A>TV 7
TEFI3HICAT-72) 12, 30HLLRRIZ37H L47HIZ40~60RZ Y 7V v 7
THLELEBIT, KMENOMFHADITBZBLE L, 209 L20EKITT =/
¥y )= L THBELIER, EREAKEBIVCIIKHOEREEZNME L, 1K
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HILER TR ZIMYBRE, 20 Z £ O TEHELIEELHZ Y OFHEE
RD Tz, 72V OAFHERIZS~10% DM AKF /N~ U > THEHE L, HHFEOBE
FATH L L BT, 36MEBICONWTHREARAT —VOREBS L 0L R, KE, IT
Mef, ke, BHE, E&, #HiE, R, wE, L#EE, THE, DiE, K
Bk, HiERk, HEEAR, BER, BELR BER BWS, BER, 2
figrm (mm) DOMEZIT o7z, EAEOREIELMIL (1988) 26> 7=,

T, BELEBAAEPBIEZINTEHENOEENE T T 5FE TOWME, FIE
LTWAEE20BIZHOWNT, MEESH 12K D Timn b MiERLIEE TORE (A
) LI E DL N D EHEILE 12ERSEELZETE TOES (B) #H&E
L (Fig.IV-1-2), MEEF128KE D FE1BKE O O3 BEE 2 kAT L > TR D
77

W5 128k D 7 BEEE (%) =BX100/A
2R, BREEHMB LOMEBREOWEIXTEEEE, TOXLFABLIV
~A 7 mA—=FZHNT0.0l mmE T, KFEHT EME 7758 KFE2Z v T0.01
mgE THIE Lz, SAEFERED 2 7 o FIXHEE B A & O ERBEMBE 2 AV T

1T 7,
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Fig. IV-1-1. Change of water temperature during the rearing
period of [nimicus_japonicus larvae and juveniles.

Fig. IV-1-2. Two measurement parts (A and B) of 12th
lowest pectoral fin ray of /nimicus_japonicus.

81



V-1-2. # %2

At B AL ORI Ik S HE Xt kR

AP ST L 2 H CIRITIRE AN L, BAA L7z, WMk 3 HiCixy
FIAYRY LOBEINRRD iz, Btk 16 HITITEET A0
L, 20k, W% AKORKE L & bICEKRT DMEEIEML 2, &EEH
FEICA ML —F —F—ADE FH DI AR E i o ek 0% % < EE
12cm, HE 10ecm O F—aREEyOFNT, £EHEZHBK L CEETD LD
ICEEL TWDLONRBEINT, bt 26~28 HIZIX 80~90% N &K L,
R bt 30 BLARRIZIZilE L CO A EEITIZ E A RO LTI ek 37 BICiX
EENET Lic, BERBMBLE, AaixBoniBanoBogisea~Lt 2t
L7z,

itz 0 B OV 2RI 3.0820.11 mm (%) AR HER ), FEIRET 0.61
mg TH o7, Wb 1 BITITEH2RKIT3.7620.16 mm, FEKRE L 0.42 mg
ERVEEOMONRD b, B b% 2 A TIZIENEAWIRL, oLk
TR OFY2EIT 42020.19 mm, FHEET054mg THho7m, TATIT
B Lo bt: 6 HEOARE, BREHENE 2V, 10 H CHEHRREIX 581+
0.46 mm, FHAREIT 1.96 mg Zn L7z, FIET DEMENPBE S b 16

I RIL 8.2910.92 mm, FEHAREIX 5.12 mg (T2 L 72, W Li% 28

YRR 12.9421.97 mm, FEREIT 27.53 mg, P b1& 30 BIZITF
A4 RIE 13.92£2.08 mm, EHIKREIL 32.17mg T, FENFE T Lz b 37
XKD 15135223 mm, FEREIT 48.71 mg TH - 7= (Fig.IV-1-3,

Fig.IV-1-4), £7-, EORERZ O 2R HITI(EHE 0 HIZIX 444% % 5D 503,
ML 1 BIZIE 21.0%, W btk 2 BICIX 11.1% £ THA L, Me# 3 B
MR LTz,
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Fig. IV-1-3. Changes of total length in reared larvae and juveniles
of Inimicus_japonicus. Each value represents mean =SD.
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Fig. IV-1-4. Changes of body weight in reared larvae and juveniles
of Inimicus _japonicus .
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EIEMNC 31T 2 EESH 1 2 85k 0 4y
% 16 RICITEET DMEAENBE SN2 D, MWEESE 12 &1 oBEL 72
ERILED b h oo, Wktg 18 HIIT B2 0, 11~20, 21~30,
31~40% DEEN TN EN 25% T DT, DEERED bR/ DOKEKEIL 7.08
mm Tholc, WLEHBBEORBEIZL BARWEFEL TV D EEDE S 23BN
Uiz, £70, BEOME EME - T, BRI REmE R L, Bk 20 A
STHEREDS 0706 51~60% 2 R § Ak % Ry BBt P OB RN B S iz, W7
bt 22 AICIE T X CTOMEER D HEE 41~50% 2L L& 7R L7z, kit 24 A I
STEERE 61~70% DEKN H D 2 HE1X 52.6% T b Znoiz, WL 26
TIET T OMERNTEEEE 51~60%LL L& L, 578 71~80% O {41
55% % AT, Wi kg 28 AICIET KR OMEENEIRT 2 & & bIZHBEE 71
~80% DA 90% & & w7z, W bt 30 HLIRRIZE L TWv 2 EFI3IF &
IMERBDOLNT T XCTOREKNSEEE 71~80% & 81~90% %~ L 7= (Fig.IV

'1'5)0

R A E D AT HEF D ST g o0 22 1b

Kendall et al. (1983) D4yEi & AT, gD T & RF 0 M fE 25 12 i
SHEE L AR E OBRICESNT, FHADREEZAT -V ANDL AT —
VHETO BRI LI, £#AT —VOERIZEEZDOE T, 19~90 &
RO E EMER A (mm) THE LT,

Stage A (Fig.IV-1-6-A)

SLEZR D WG RABK A BT 2 £ TOINHEFH T, KEIL 2.38%
0.08 mm (¥ =HEUE(R ), bt 0 H,

P IT EEAZH THAE THY, RBITERD 44% %2 5D 5, KEITE
T, BRAZRIFRICH > TRIET D10, ECHE, MiEZH o
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Fig. IV-1-5. The frequency distributions of separation degree (%) of 12th lowest pectoral
fin ray of reared larvae and juveniles in /nimicus _japonicus .
20%; IV, 21~30%; V, 31~40%; VI, 41~50%; VI, 51~60%; VI, 61~70% IX, 71~80% X,
81~90%.
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ReND, HERBITEEE, INE, WiEE (FAEICH L ABECRIC KL
RELTWS, HEHIT 11+17~18=28~29 T, OB L OILMIFBEWV TV A
W, IEMIEEOIZE P RICHET 5, WEIE T TIcBRISnTEY, AP
Thsb (FiglV-1-7-A), SMEEZOFHIIIFELZ LI L THEEFELTEY, &
ENEEBNT D EIER,

Stage B (Fig.IV-1-6-B)
Fafg o BRABEANHBE L TOLAT 2 TOINREFART, KEIX 3.14%
0.10 mm, L% 1 A,

IHEDORERIZAED 21.0% % 505, KEAITEWAT, BAFERIINE, K
MBI RTET 21D, FRICH -T2 HOBAHMNEH 5, RICHAREID
WENHE LN D, ETHARERICIERL, 3SEORAHMINA LN D (Fig. IV
-1-7-B), MfiiZ 27 TH D, KFEHDIWVIEFHTEZLSL T CEEL TV,
EEMEIXZ LW, By R EERSIT D ETIECL LT 5,

Stage C (Fig.IV-1-6-C)
RO S REOCFEENHET S £ TOR LEFM#A T, KEIX3.822030mm,
k% 2~10 H,

btz 2 HCROL, IHOERIIEED M1% % HD 5, LM EOF
REVRIGICAET D, REIXER T, FH (12,21 HEMII) Zho THRA
BEALDS 2~3 > 5, EEICHECRD BRARRA AL D, MfEO R ABELIT
6 HIZH X, RO NPEED L& EbITHEIDE M MRS (Fig. IV
-1-7-C), MR L% 3 BICITON SIS, WHRT 5, Mifig% 68> CilEk L,
VAIRXVRY LYV EIERICEET S,

Stage D (Fig.IV-1-6-D)
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RAED R B b HFR LB TOR EEfFA T, (K& 4.58£0.20 mm,
iE (k% 6~10 H.

JRAED RN RMIBEICHBLT 2 & & bICEBORENHILT 5, K
ZHTHDH, EHBICHEEBEIROBARBEAA LN DA, HOAFBRILNRDER
LTW5s, MEDORAHERIL I MEICHRD L & BITESRDEIRDOERIZEIN
AWM AY D 5 (FigIV-1-7-D), 7V 7 I 7L sh A= EBET 5,

Stage E (Fig.IV-1-6-E)
FREEHBNO/T ETO LEFAT, KKEIX 5.4810.35 mm, L% 10
~16 H,

BRAMmGO LEABAT 2, REITEH CHEIHO®Z T &S X O gD
I BCR O BEFERNALND, FRICH->T 2 HORAHMN2 LN
5., HMEOEFRIIMEOKZD & RAMBOBDICALND, FRKE L RIEE
SN ENED D L EHICHERB L OBEOBRBEHSMHET S, WiEo
RABERIL 9 H TRESREIE 12 £V SER T 5. Mg D fiE 5k 5 i O fEIE D Bl
ANBDBHIRE 72 D (Fig.IV-1-7-E), IR Eiz 1 @, IRo%Fi 1, mifiis
BONRRIC 2, ARIC3IEOMPEDOLND, EEEMELZEETLIE LD
I, WK IS Lt c Bt LTk <

Stage F (Fig.IV-1-6-F)

FREBOMKT D0 Mg o g SR Joim O RERA NN LT 12 KGR DHET 2 %

TO% EEFA T, KEIL 6.84+£0.53 mm, ML 14~30 H,
RETHBAErET, BEBIOEEBOBIRENENEN 16 B8RV 6 I10E

LoEk T 5, MfEDOIESLMOBEIRIIMET 2 (Fig.IV-1-7-F), FH O @2

RETHELELHIT, B L ATEEIZ 1, Ro% I 2@, fifEgon

%I 3 E, I ABEOMMARD D, KE 6 mm Al THEET DI MAN
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M5,

Stage G (Fig.IV-1-6-G)
iy fi o fil SR S i D BERE AN GHE L 72, 5 12 KD BEE DS 70% LT 0% L
Ff T, WEIX7.8420.53 mm, MLt 18~30 H,
KOITENEBANLKBOZEL, AGOMMMAER SN TRE IR
HEETH, BAOKBHNIERI Y, UHEAHET L, THO FIZ 1 X0
BRAEBT 5, ATEHIC3M, IRo B2 1, IRo% 52 M, §ifiss
DNFx & IMRIZ 4 OB RD HILD, Mifig o g S5 O BN IUE T 2 &
EHITHE 12 REOBBERIRE D, DBEEIX T0% U T TH D, T XTORED
ERBDERICET D, Mg BAKAUIERR E 20, BEANZIZEADON
TR HHBLT 2, Mg D 5 1 #k ek L Thedmid v agikic 22 5 (Fig. IV
-1-7-G), BELERETEEL TWOIKFRBIEIND,

Stage H (Fig.IV-1-6-H)
Fafgss 11 & 12 KGO OBEEN 7T1% L EOHA T, WEITH L 7HMAoD
REIE 11.92+1.89 mm, ##{k% 24 A ~,

FEIIRE-FTVBEAETrET S, BEOKEEL X OIS > TEAED /N
EERNPMHET 5, MEBOE | MFITILICHET I ELEHIT, B 128EDN
FEREEZS T1% LA EE 7D, MEEOEXRMmMI/NSREANRBOOND & LHIZ, H
MOBEOBEFITENELS Y —BHESLH I 2T (Fig.IV-1-7-H), RBfEIZ
HbEAOMEEMARO 6D, FREOBMIZEFFHMEL L, B o Jim ek
C72 %, WS 11, 12K G2 - TKIEELIES X5 CBBIT 2 E KN B4
ShD,
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Plate 1
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Plate 2

Fig.IV-1-6. Larva and juvenile stages of reared Inimicus japonicus. A) Stage A: newly-hatched
larvae, 2.38 mm SL. B) Stage B: yolk-sac larvae, 1 day after hatching, 3.14 mm SL. C) Stage C:
preflexion larvae, 3 days, 3.82 mm SL. D) Stage D: preflexion larvae, 8 days, 4.58 mm SL. E)
Stage E: flexion larvae, 12 days, 5.48 mm SL. F) Stage F: postflexion larvae, 16 days, 6.48 mm SL.
G) Stage G: postflexion larvae, early phase in separation of 12th lowest pectral fin ray, 20 days,

7.48 mm SL. H) Stage H: juvenile, 30 days, 11.92 mm SL.
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Fig.IV-1-7. Morphological changes of pectoral fin with reared larvae and juveniles of Inimicus
japonicus. A) Stage A, 0.15 mm PFL. B) Stage B, 0.57 mm PFL. C) Stage C, 1.25 mm PFL. D)
Stage D, 1.43 mm PFL. E) Stage E, 2.68 mm PFL. F) Stage F, 3.25 mm PFL. G) Stage G, 3.31 mm

PFL. H) Stage H, 4.50 mm PFL.
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TR 6F Al =

KR 16.45mm £ COREMA 2 W E L, MEELEZRD 2, WEBMITR
R, K&, IIMATE, k&, BHE, BEHa, BHiE, RE R EHER THEE,
g, MEER, WER, TRAR, BEER, BRELR, HE REWe, B

E, BiEmO 21 i TH 5 (Fig.IV-1-8A,8B,8C),

4 £ (Fig.IV-1-8A)
AKE 6 mm& 10 mmATZICKERITANBO LT, MAEFELTIE 6 mm
F TIX 120% A% CIEIE-EDOHEZ I LEZDN, 6~10mm DX 124~133% &

#mA R L, 10mm A 135% i CTIEIE—E L o,

I PSR (Fig.IV-1-8A)
BE4mm & SmmATZICRERITANRED LN, R EE TIEAE 4mm
FT52~37% &AL, 4~8mm TIX 54% F THEII L 7=, 8 mm LA 55% Rl

B"LIFIFT—E L 0T,

& & (Fig.IV-1-8A)

HBESmm & Smm Al ICKERTANRBO LN, FAEREL T Smm £
T 50~26% &I+ 223, 5~8 mm OMIIH N L 8.2 mm T 40% & i KfE
Zax L7z, 8§mm L F CIEBESH 2B 2R LT,

FHE LUHE B L OEEE (Fig.IV-1-8A)
WTFNHAEE Smm & Tmm AR ICKERITAZRBD SN, ZOR, fEE
X 15~32% it CHEMZRTHA, §mm UUEIXIZIE —ENELEZ LT,

iE £ (Fig.IV-1-8A)
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AKE3mm & 8mmAlZICKERITANZBD LI, SEREETIX3mm £ T
12 10~6% LA L, 3~8mm DO T 10% &8I L7~2, 8 mm LA ILHEA %
~ LT,

¥ K (Fig.IV-1-8A)

AR 6 mm & 8 mm A ICH R BT AN O O, ZOM, MHEEETIX
6~9% & DTN %, 8 mm LA, WBMHEMEIZIALNLZRNEDDIEH D
ENRREL o7,

¥R (Fig.IV-1-8B)
AKE 6mm & §mm A& ICKREEITSANEBO LN, ZOM, MEEkIT I~
13% &M+ 228, 8 mm LARIE 13%R(#% CTIZIE—E Loz,

T# K (Fig.IV-1-8B)
EBE 6mmé 8mmAEiRICKERITEADBDO S, Z0OMH, STEEHIZ I~
12% THMZ =372, §mm LLREIX 3% CTIRIE T & RoTz,

0 hE (Fig.IV-1-8B)

KE3Imm & Smm B L 8§ mm BRI ERITAPR O 51, 3~5mm D
AR HIT 4~14%, 5~8 mm O AR 14~17% T, 3~5 mm (Z) T
SRR IR E 2N AZ R L7z, 8 mm BLE X 17%RI11Z TIRIE—E L ol

ffofg & (Fig.IV-1-8B)
AHRE3mm & Tmm AR ICKERTANRB OO, FEEHIZ3mm £ T
1 3~7% %~ L7=72%, 3 mmBlLlfE 6.4 mm £ T 15~60% & 2128 K L7,

6.4~7.8 mm O TREHIZ 40% F T L, LA 34% a1 £ TR 2D
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o LT,

gL (Fig.IV-1-8B)

AR 55mm & 7.5 mm AR ICARE BT ANRBD 6, KL TIE 5.5 mm
EFTI~8%EHA L, 55~7.5 mm OMIL 18% & BN L7228, 7.5 mm LA
XA E R LT,

gl & (Fig.IV-1-8B)

BE 6mmAailZIcRERITANED 51, SR EE TIX 6 mm £ T 49~55%
EHEMEZRLTZE, BN KELRDILEDD 68%HIEZETIZIE—EE 2o
7=,

Bfg K (Fig.IV-1-8B)

HiER & FERIZ, 5.5 mm & 7.5 mm AT ICREEITABZRZBD b, xHERE
T 5.5mm £T8% &AL, 5.5~7.5mm ORIX 15 % &ML =2, 7.5
mm LA XA & o LTz,

gL & (Fig.IV-1-8B)
AE 7 mm i ICKRERITANRD 5L, SEEHETIX 7 mm £ T 26 ~
37 %t WMERLIZE, 62N KRELRDILDD 35 %k TIEIE &

Lol

fEfg & (Fig.IV-1-8C)
KE 7 mm gl ICKERITAPED LI, MHEELTIZ7 mm £T23% &
HNZ R LTctk, 27T%HIZE TIEIE—EE R - T,

EBAiE (Fig.IV-1-8C)
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KE Smm & 7.5 mm BiZICKRERITANE D 6, ZOM, SEEER TR
5~10% & #mAE <L, 7.5mm LRI 2R/ LT,

EfER (Fig.IV-1-8C)
HKE 7.5mmAiBICKERITADNRBO b, XEEE T 7.5mm £ T 13
~34% L EmWEINER A2 R L=, 7.5 mm VAR 26% £ THAD L 7=,

Efigm (Fig.IV-1-8C)
KES55mm & 7.5 mm i ICKERITANBD S0, Z0/, HEEkRT
X 22~31% &L mZEZ1R~ L, 7.5mm AR 205 L 72,

RO R RICB I DRI A3 AEKE 5.5 mm & 7.5 mm Aif2 IZHE T
LTHRDLN, KESSmmZAT —Y E (FR EREBEBHIOKTEToO LR
) 12, RET75mm I TAT—2 G (EES 12 KD TBERE D 70%LLF O
frf) ORFHIZHEY L7 (Fig.IlV-1-9),
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Fig. IV-1-8A. Relative growth of 8 body parts against the standard length of reared larvae

and juveniles in Inimicus japonicus.

45

35

25

Head height

el
0% ,% ?.,. ®
5 10 15 20
Head width
* . ‘.... .
:tﬂ "’..." .
5 10 15 20
Eye diameter
20
5 10 15 20

Standard length (mm)

96



Upper jaw length Dorsal fin length

18 r 30 r
16 . 25 -
14 .- Po: o
" gg.. RESR 0 L &
- L] [ A ° :. .'l. L]
10 F 15 F .d'.. o .:’é‘ H
6 o ‘. ° 5 | °
3 0
) 2 \ \ R , 0 1 1 1 )
= 0 5 10 15 20 0 5 10 15 20
% Lower jaw length Dorsal fin base length
© 18 r 80 r
Q
2 16 * oy ‘ ot od
o 14 f o s M Lot 70 F ,1‘ By l-
Q ] Y Y R Ah
qc—) 12 I~ %".? o
. . |
o 10 f 60 f‘
2 0 W 50 | B
2 6 [ .
o 4}
E 2 1 1 1 y 40 1 1 1 )
O
° 0 5 10 15 20 0 5 10 15 20
o
Mouth width Anal fin length
25 r 25
20 | 20 | ’
15 15 F
10 10 F
5 F 5 F
0 1 1 1 J 0 1 1 1 1
0 5 10 15 20 0 5 10 15 20
Pectoral fin length Anal fin base length
oo 45
> g 40 ALY S
0 3 35 | ;J*n_.-«ﬁ:"‘ A
40 o "".El .* . 3" 00 ..- .
b . TRE e r _{ )
20 | f 25 r
20 '
10 f -
’ 1 1 1 J
0 1 1 1 ) 15
0 5 10 15 20 0 5 10 15 20

Standard length

Fig. IV-1-8B. Relative growth of 8 body parts against the standard length of reared larvae
and juveniles in lnimicus_japonicus.
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Fig. IV-1-8C. Relative growth of 4 body parts against the standard length of reared larvae
and juveniles in /nimicus _japonicus.
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Fig. IV—-1-9. Average of standard length at each developmental stage
of reared larvae and juveniles in /nimicus_japonicus. Opened circle
represents the mean . Vertical bar represents the maximum and
minimum value.

IV-1-3. & %2

Fo=Fa O HAOKREICOVWTEREBTATHEAOREN D 51, 2F
10mm (23T 2 ML ATE A OKIR 21~29C) I3V b 20 ARl & S
NTWad (EAR 1983 ; JIIAF S 1990a ; Sawada et al. 2001), ARAFIEIZLB VT
H 20 H TRE 1046 mm IZFE L= Z £ D, 4RO EERIZKIR 21~29C
DEERETICBIT 2BEENLREEEZRLTWD AR INT,
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Fz, AEA (1983) IXILERZ OfF A OEEIT 1.05mg T, M 24 Byl
T 0.66 mg, Wfb#% 48 KE[C 0.48 mg & 72 0 (L2 BB O F TORERA M
ELWZ L EHE L TWD, Sawadaetal. (2001) DA TIEMILE % D7 A
DONEHIREIT 053 mg T, L% 2 BIZ036mg 2 Lz &N Tnbd, K
IR BN T B % 0 BICH T 2 FEBKREIX 0.6l mg Th - 7203, ML 1
HT 042 mg (2§D L, 20X 5B bE 065 0B/ 23T T K
01X~ U Seriola quinqueradiata DfFfICE W THRO LN D (T 1994), &
=A A POINHBEREOXNERLITICERIZIT 44.6% L 2RO 22 5
DL, W% 1B CREICHINE N 21.1%12, WLk 2 B T 11.1% £ T
AL, B btk 3 BICIEWINDASE T T2 8000, M{EEZ2 OGO E TOM

RO ERERAIIINENREICRNINLZ EICLDEEZOND, W
fLE % DI HBAFAIIET CIEAROMENFET 22, O TcoMic
BHRET DL LB 23 EORBHUNERIND, > T, HETRLF
— DY O IIMEE DL, T b bERilEAEEICHEIET 27 OICHE S
o EHR SN D,

FHEA DR EIZ DWW TIE, Kendall et al. (1983) O3 % EARIZ, KfEDR
ERRECMWEES 12 MEOSEEEICE ST, AT —Y APDBAT—Y H
FTO8EMBICHBE LI, MEPREERFHEZ AT —Y A, BRELTHE
BN B LR 2 27— B &L, T0%, WiEo BRABEUIITA
DR E EBICHEZE LN E 9~10#E 722570, BREICITBEEZENH Y
Bl BEAT —VICHIE LRV, AT —Y C~F £ TIHMEREIMET S L &
HICHELE s TefhIZMMk & 720, AT =TV OEITE & HITHES O N D
ERE AR L CEOMIMITIRLS R5HM ZRT, A7 — ¥ DIZBWTIIILER
DIV OIIAB PN AV GO AT =V OHEIT L L HICRLS D, AT —Y G
IZAD &, iR U7 fESR 0 D FENR 1T ROIR & 72 o THE SR e din 6 % T UM
L, fESREWEICAIE T 5 BAaMBUTERRIZZRD L L b, MiESE 11 &
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12EDRDBE LD D, 20 X 9 7R B 5RJ bi i o g I o IHE 13 4R & 7 mm Al
%I, MEESE 11 & 12 KO SHEITAER 7.08 mm TRREEI LD Z b, L
M & D BETIFIE R ERENICE Z 2 EHR SN D, IEESE 12 #5055 HEk
BIZOWTEZORHEZREH L THRFI LI E 25,8 12 KEDTBEEDR 71%
LLEICn EEFEBENETTDERRENTE, LA BAEOERITLRE L FH
FRICHEAT L, BB ORIRAEHELICBEH T 5HMICkE 5 (B 2001), &
= 2B O KN E ORGSR OB O IUHE B X OV 12 $R 5k 0 4y &
S THEITL, IZITIMEE DEEN A E DRFlICBE 2B x5, €5 T,
[ feg DULHE & 5 12 MR D GBEE T1% U L2 F RO RN L% T 2 KTk
MRMELTEDLXDIENTEDLLEEX LN, MEDOIHE L 12 G D5
HEEE 70% £ CORMZ X T —Y G T RbbaaEY, ol 71%LL L2 pif b
RO oA LARLAT Y HITRbbHAL L LTS
THZENTEDLEBZ 2N, WH (1963) OFIZ LD &, BEOEREIX
ATVHR, R, N e T AREREL 4 ODNRE =TSN
Do WINTHE T AREODRMKBEICE T HIROBEITLAITKIT 2 MM
EROFELTELS MO TS, TORESCHE XML > TR D0,
BHEICEZD EVAEBRRDFET 2 EE2 6 TWS, F72,Balon #iZ &
HE, EREFROBEEREICAIT THROBELHRELHMET LI L &3
BN TWS (Balon -« % 1989), @¥H, MEEIXHH, FikBXLO7 L —
FOEEE L ON (BH 1987), KEANOBLECIX, & =F a3 BIXEFEAE
CBATT D L, BEES 11 & 12 A EZADETFICHT, 0Bl & Tkl
EICHEM L CEMT D EEBIZ, Thapwo< 0 LRk S E2RD TAKME
ExE>2E2CBBT L0, TALEBEOLEBIOHTHRLELTO
BEEFRFS TV D EHEIN D, BID A KB H 2 M g o R & B RE % 1% 37
EENDIEEAETGEICHEICT 272D EI RN, =4tk
FOEREE R THERBEELTHIEZZOND, MEORESOT KT
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k%2 H (A5 —2 C) 12K 346 mm THH N, BEE 10H (RF—2
E) IR 470 mm TEHICELL, OFTTEHED RS EHICELELZ L2
SR EME TR OWEKIZHOWTIIMEN FERBE AL L TVWDL I LERHERIN

o TEF 5 (1998) O#E TIXARE 3.68 mm THEDFESLAHIL L, KE 3.91

CIXEHICET DL &, ERICETDHMIIARFROER LD b En
> 72,
FRMOBEEZILFIEREHLOLROLELICI > THREND L L HIC,KE

R RITAF R OIT B AR LB LICHIEL TV 2 b (KBS
1970; FElE  1982; BEA 1990), ZhEZHOLNICTH I LIZK > TIHrHEMD
ERMEEZMD Z LN TE D, WILERICE T 2ILM AR O AR I 52%
ATfE CHILAIXIZIE R RAEICH 22, AR 4mm ik (A7 —Y C) TxHEER
ix37% &AL, IEMIZEVETIGFICMET D, 0%, A& 8 mm Az (X
T—Y G) THEERITSS%AETHZETHEML, ILMOAE S KD F RGBT
EFTB®HT L, 2oL ) RILMETROZiTHEAS (X7 —2 H) ZmiJ T
HIERBSEDER, BENICRZET LI LEZRLTVWDLEEXLND, KED
KRR I EERZIZK 50% 2 RT 2, KK S mmAiz (A7 —Y D) IZiF
26% F T L, TDO% 30%RiItLE THEIML, DBRESCH AR ZRT N,

COZEEFBENAEICHELS RDZEERLTND, 2D XKD RBLGITA
v % A Oplegnathus fasciatus (f&8FT 1979) =~ %4 (dtH 1978) THL AL
ns,

BAEEICET 2 B3, THBIOOWORE BRI AIEEE 6 mm (A7 —
YE) L8mmiiE (AT —Y G) IZHLNLN, KK 6 mm Fifk TILALE &
B2 A ISR T 28k P AR SN D, IRIZAEE 3 mm & 8 mm A IR
BT ENFEL, Z0oM, HERERITERT S, KE 3mmaitk o (2
TV C) ICHE LV A IAYRTY LAV EHRTILIICAD, £/, HEH
BRAG AR ICBER S 3835 2 L 1T A B % ORF 1987) ,7 = (B & 1982),
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7Y (I 1992) THEINLTWD, A=A TiX, HE, Hab
LB ORERITAIE3 mm (A7 —YC) &5 mm (A7 —YE) BLY
7.5mm % (A7 —Y G) 1AL, TRLIEFHECIEZREHE - BT
DOHEORERITRICIFIERNISCLTEY, EEHITWVTNY 32% F TH
KLE#%, BYbHHrWE—EERD, AT —Y CIEBAMTHLI b A
=FaBizkBWnW bt x, 72, U7V ERKICEEMGUE, IR
DR KIS L CHEREET DL L VWR D,

fi fig & Ot AR IR IE & 2 S KR 7 mm Fifk £ To I 2N
20, ZOROEMBITESTHOP TR REL, 202 L0450 E L, i
DEEACEBETEHETVWDE —D2DERE RS> TS, TD%, — HABIZ
B (AT — G) T 28, ZAUTMiED ST OEENIEST 2 2 &
ZEXBHHOT, o X HiZ, FRETOFREEE (AT —Y A~F) NbHIJE
AW (A7 —Y HURE) TS T 27D MiEDRE EHBELZE{LIED
EEZOND, WER P L OVEERIIEE 5.5 mm Aith £ TIHEXHER 23D
Lz, SHIEFABENBE L EICE D LD TAT—Y EETICHYT S,
0%, HRETSmm A% E TCHAEELITEAL, TO®BBL EZRTHS, Zh
TRE 7.5 mm fii#k CREANERICELEZZLICLD (AT =V G), BWE
IEE Smm & 7.5 mm AT IR ERITARH Y, oM, sHERRIEHE KT
L5206 75mm ETICREOCERNZ XFHTLHENEI LAHLND (AT
=V G), INICHEL TRERSCREES S FKIC 7.5 mm §i# 12 B E T8
NHLNDELBITEENERICETSE (A7 -V ). UEORENL, K
XA E 55mm (A7 —Y E) CTEENHBL, AR 75mm (X7 —Y G)
THEGDNEHICE L%, MESBEEN T1%U E (AT —Y H) &lhoTE
RETTHEEZLND,

ABFFECTHRIE L7z 20 EALICIE R BT 1 S 6 AR b, Wih

HIERESSmMm (AT —YE) & 7.5mmEjE (AT —2 G) IZEH L7, Sawada



et al. (2001) %, A=A zaBHHAOHIIKEDEIT S EZIKE 55~6.1 mm
BELORI~82 mm ICEFMIZRD TEHEY, ABFEIZE VT HIZIEREDRE
EnfFohiz,

AR 5.5 mm B LG 7.5 mm A& 1%, EEIMAICET D2 BEDLENBRD S
NORETHD L L HIT, 7.5 mm AR ITVREEEAETE D D JEBEATE~ & ATEKER
PRELS BT LT RbbHM (X7 —Y H) ~OBITHIC &L Tw
oo £, BHEMMOEEICH T HEAEIT 7.5 mm @i THK T L, DTS
REHDLIWIEEERELZ R L, 202 &, FAY (27— A~F) ([Zi3fK
RICKHT 2FMALOREEENEHLS, BWEREDEA THEBIIZKE REL
AT, HAMUE (27— H) REESKRE & R ERENZRE/IT/N
SWNWZLERLTWND, 2D &iTA¥F ORA 1987),7 = (F&E  1982),
TV s 1992) THHRESINLTWVWD, S HIT, REBFTAOHFR
Rimih oo L] (27— BE) LEKH (X7 -V G) BT %P4 =
FaB L FARRICFEAE DD EEEE~EAFERARRES LTS T A
(&t 1985), ¥ =4 L A Limanda yokohamae (Fukuhara 1988), -« >4 L A
(KM 1973), AA % H LA Pleuronichthys cornutus (d£& 5 1988), 7k

v H L A Verasper variegatus (AHEDS 2001) 72O RAEMEEFEE L T\,

104



IV-2. B EIZHE D HILaE O E

FEEAEICB T HEEELZM LT bICBEEERT H7DIT
FHEMADORBHERSOREBREBZIET I ENFETHL, LrL, 20k
HODIEMREL R DFAIOEFTI I HIEGEOREBRICEHTLI2RETZ2D
Tebpvy, £ZT, KPR TIIIEE 0 A5 28 A £ TOfFHEMDOHELLSRE
DRELZFEFEE LIS ETHLNI LK,

IV-2-1. ¥kt LUKk

B, INBLOMFAOEBICOVWTIIEIVE-1 LRKTH DL, (FRADH
LERBEOREZMNL720IC, Mk 8 HE TiEMH, 10~28 HE TIXMRH
 (BEL, 12 AV 7Y 7 TET 13 BHIZIT-72) I 5~10 B2
Vo7 L7 T VR T24MBEE L, TD%, X774 THUHL, @HEOD
HIET Tum ODESOEFGOF ZHFERL, v~/ vY—D~~ %2 -xoF
vy HEYt (HEJf) % L CHRERBIZICHL 72,

IV-2-2. ft &

P BEORBIZE LR )L EORZREZ B EFEMRE L XFILIET
£ L1,

Stage A

(1t 6 FF[A KR 2.30 mm)

SNBSS N D0, MEKT RV, BEOREIARD LN, BE ORI
BT E0ICEENARED 5D (Fig.IV-2-1-A),
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Stage B

itz 1 H AR 3.04 mm)
IRED O PBEIND, FBBS I OB LER ED N D, WEEEER G
g2 545 (Fig.IV-2-1-B),

I

Stage C

({3 H A& 3.89 mm)
BENICHELERICH DV LA VRBREIND L L HIC, BEORENRD L
7z (Fig.Iv-2-1-C),

Stage D
(b 8 H A& 4.39 mm)
RIEICIHEE S N80 bz (Fig.IV-2-1-D),

Stage E
(UFEfet% 10 H A& 5.24 mm)
BEICHEMBEAEDO D & EbiC, BIZERISELBD - (Fig. IV

-2-1-E,F),

({2 13 B K&K 5.19 mm)
B L0 %I miET 5, ESICIESE A 2+ 5 (Fig. IV-2-1-GH) .

(Wit 14 B {AE 5.66 mm)
I BRSO N D 55 (FigIv-2-1-1),
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Stage F
(bt 16 H &K 6.01 mm)
HEMBOFENFIEICEMEN b LisH 5 (Fig.IV-2-1-J),

Stage G
(k% 18 H &K 7.2 mm)
BIRIZBEEORRICOMATDHELEBIZED I BILKT 5 (Fig.IV-2-1-K),

Stage H

(k% 26 B KK 9.05 mm)
HlbsmE OREN —BEED, MEIZ X 5812 TITWMEDOKD 4 RiEiR
S5 EEBITHBOERNRD LNIEREBAICILARMA L FEROHEE % =~ T (Fig.
IV-2-1-L),
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Plate I
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Plate I

Fig.IV-2-1. Longitudinal sections of larvae in Inimicus japonicus aged 6 hours (A), 1 day
(B),3 days (C), 8 days (D), 10 days (E) and (F), 13 days (G) and (H) , 14 days (I), 16 days
(J), 18 days (K), 26 days (L) after hatching. yo, yolksac; it,intestine; ub, urine bladder; pa,
pancreas; li, liver; ki, kidney; re, rectum; pt, pharyngeal teeth; mc, mucous cells of
esophagus; st, stomach; gg, gastric gland; ujt, upper jaw teeth; gc, goblet cells; pc, pyloric

cacca.
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IV-2-3. & %2

— WIS, TBEEEEIN A DA E N D MM T, MRS IZEAL R AR E IR
AL TH DN, fFRABICT TOoRER RN REERELIND, %
Wi gE o, WA S ok L, HEFR A~ OBATER NI E R ook & BReit
BLOWMMEOZIZE > T, (FRAOELLRIIRMBOEREIZED LI T
L (W 1975),

F=FaBiIe T A, vX A ERRICHBERFMEINZER T 523, KAF5EIC
B AHELRBEOMBFENBIEZICE D L, T, B2 OMELReEE XTI
HEFAMICHEZD2 AT —Y A, B oGk Lz, &6, ALY A
RAYARUAVERBHTLIEIICARDZ AT =Y CIZIIBOEENGED b,
HILREE OERN R EENHENL Lz, FLFRENEET L2 AT —Y EIZIE
BIRCHEME Ok, BEEOMENRRBD b, A7 — Y FICITEH#MEN 5
b3 nLLbll, FEOEENPERICETDIAT—Y GIINTT, BRI
ZH L CTHOMEBIEPHEEFNICHER SN2 b, F=FaBIZBWNT
HIFHEAIC LN D — K REE RSB EORFRENRD b, HXRE
BT D ILM AT R O AR HIIIF L ER D S0%/#Z NS MIcH 725 27
— Y CIlTIE 35%BETH AT L, £2DH%, AT —Y GITMITT 55%i0i#%
ETHEMT 22, ZoOREITER L, BRMMEERTICHMET L L L

ZHIPEE DS b LAF R G HEAIZ AT CHEHE RSB ENER S BICHET D
BT, LM EORERIIZB T D2 2D X9 BT AT —Y GIZNITT
DAL EE OFZEITKIGE L TW 5D,

F=AaPOHRIIIE 108, 27— EDORFR EEBEBG L& THIC
B Ens, BRAER SN DT ARICE > THESRD LR, v X A,
7 v % A Acanthopagrus schlegeli, 7 # = Sebastiscus marmoratus, 7 = TL{¥

BB o 2/3 OFFHIIZ (Tanaka 1973), 7 U (BEH - %4 1973) ,vuaF A
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(Oozeki etal. 1992) TIHfFfaBMOZ T, BT A2 &0 RKECTITAEY
IR S35 (&7 1972; Boulhic and Gabaudan 1992; Senger et al. 1994), =
i L <, Z7r~7n0TEHREEFPORIEE 10 HIZ (Miyasita et al. 1998),
7 7 Scomberomorus niphonius TIZE I BZICHRPIBOND (FH L
1992), A=A aBICBT 2BROLIZ I v~ v LFAKRIS, ~FA4, 71
LD EREWRHICE D b,

F o FIEATED 30 BET#Z OB EEATEICE O UL E RO 6 H 2 i

BT OETEHBEOESRO DL LERILE THAXIGL THBY 30 HAETE
THRBTHEIhTWD (HY 1975), AFEOFEMMIL 16~28 Hili# T
HY, BB LIOEOSLIZ AT —Y D,E O b 10 Haitk, H OMiElbs
FOER D ERBALIZTAT —Y G O biE 18 HEl# T, WL h 1 @M A% D
A¥E2EST 5 &L bic, Holib L EROEELIZITFREICHET LT,

F=da oG EETIIVAI XY RY LY, TAT I TN E, B
BB AREICIE U TR STV DEN, TAT I TRESAEIC O Tikig
kB 6 RHDHWIT 10 A, BEEEEHZ S W TIEIME® 10H, 15 HH 50
X225 B OAGEEABAIE S N D 7 & (CRIRAKE 1997; ZRAK 1997, B AR K
A 1997; MR 1999), 45 BE OO & A BE AR IE I (IR A AR PE 2 AT o TV D HERT
C kR D, HRASET DEIE, MBI Lo TEE LR AGEFEEOEA
BIXIERIC Lo THilaANEfLEN 2 ERmbitTwd (i 1985),
o T, A=A atoHhs, A LG 2RI, HRA5bT 50
bt 10 BUREREY & B2 5N 50, RIFROME, BR/EET D00
bk 18 H CTho/Z &b, Z0WE, EREiELT 2LE2 LN, BA L
DIEIZ OV TIHIE% 18 BRIZ 61T ) ONEYI TH D L a5,
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L FEE T D WA Tk D Ak

fFHER DOPFEIC KT T KIECH 5770 EOREKE ZER O B3 F & A E LB T
LAEFEMED M LA HERDOAEREZMAT 5 ETRNT I DO TERVEKRY
REMATHL0, THICETLIHMETRALEZ62, £ 2 T, KN TIEKIR
LN EMABAEDE TERKZHEL, BE% 0B ~23 HE TOfFMHADHE
SYTHPEIZ DWW THiET L 7=,

IV-3-1. Mkt L Ok

PR & BRI K OVEE

ARWFFEICIE, FUE-1 EFEEOBMAND 200446 H 17 BICEH S5
RO Z vy, g AE L TR LN AR Z EBRICH L, BAaofmEFE i
BN FEITE N ®E-1 L{FRAOE T HIETHEVE-1 LREETH D,

fitikfa e LT, Mt o0 H (A7—Y A) BLO8H (A7—Y D), 15
H (A7—YF), 23HE (A7 —Y H) OfFffE Az, EBRXOKIRIX
5 B PE (15.0~35.0°C), Hi/rix 8 BB (0~64.3) &L, T b aMlAiasby
T 40 DEBRXARE Lz, oy Lz AiliAK (KR 20.9~24.9C) 11
MANSTEE = —IZ20 B2 AL, EHIZHEHIEKMEICELT, 4507 -
KIBX O E—H —mIZ, 24 BB LINOAERRE 3 KM, 6 FEM, 24 BEff S
AT, AP E TR OEICHER L TEN R Ro o frx e L,
DHOARmEZHBERL TiTo72 (%7K 1988), Wih b EK s L, WHAKOKR
BT O R o7z, FEEAKMEOKIRZEBIZL0.1CLULATH o7z, oD
BITFEME-2 ERKETH D,

IV-3-2. #& % (Table IV-3-1, Fig.IV-3-1)
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Wy 0L 643 8L OUKIE 35.0CTIE, WTFNOERKIZEWTE 3~24 K
FLLNIT 100% 23 B84E L 7=,

Atz 0 B (A7 —Y A) OfFFADOARREIE 2.90£0.08 mm (F ) = £ {7 )
T, FAFEHEH2VEINEZ EICLTRELTEY, WkIIXIFEAL
MO, LERBVEREREEACEDIDECEET LI ENH D, 24 FEE
DAETRFEN 80% LL Ed o 72 EER XX, /Kil 15.0°C DM 5y 8.2~32.4, /Kl 20.0C
DHi5y 8.2~41.4, Kikik 25.0C D5y 8.2~32.4 ThH o7z, Kiik 30.0CIZF IS
% 24 REf#6 D AETRRIT, W5y 8.2~32.4 T21.1~73.9% % = L7223, M5y 41.4
& 483 TIX 100% AN BESE Lo, 0253 2 M 1T AR 20 TV s, kIR
30.0C O EHR TIXI £ DM BB D b,

b 8 HEH (A7 —Y D) OfFMOL2EIE 5.2840.26 mm T, Mfigid k<
FEL, HEAMKRKTDLEEBICERDBEL, 7AVT7 I 7RIS ELRHA
T 5, 24 KB O AETRFEN 80% UL b - 72 FZERIXIX, /KIE 15.0CHHE S5 8.2
~32.4, kiR 20.0°C DHL 5y 8.2~41.4, /KiR 25.0°C D5y 8.2~32.4, K 30.0C
DLy 8.2~32.4 T, W IZk+ 2 M PEITRE 2/ Tiwv e & b2, Kil
30.0CICB WV T bR TOMME G < 72 o 7,

WL ISHE (A7 —YF) OfFAO2ET 7.81£0.49 mm T, /Ko F)F
RMEFICHENERR LD, KEOBE®ICXH L TEMLIZY T 287038l
S, BEETDHFENHET D, 24 FER#% O AR RN 80%LL Ed - 7= FEBr
X%, KIR 15.0C D5 8.2~41.4, /KiR 20.0°C DM 45y 8.2~41.4, /KIR 25.0C
DSy 8.2~41.4, Kik 30.0C D45y 8.2~32.4 T, Wbtk 8 H H & Rk DM
%R L7c, K 15.0~25.0CI2 DWW CIE, H5r 41.4 T 24 BefEl 1% O B FE R
86.4~100% %~ L, M5 COMMENRE S M AR b,

btz 23 HA (A7 —Y H) OMMADORKIL 9.4540.50 mm T, KEIIH
Bz 72 0 EHERBAT T 2 BEER BB Sz, 24 FER O ERREN 80% L & -

72 FEBR XL, KIE 15.0C DKL 5y 8.2~41.4, /KilE 20.0°C D5y 8.2~41.4, /Kid
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Fig.IV-3-1. Relationship between incubation temperature and 24-hour survival rate of
larvae and juvenile in Inimicus japonicus reared under different salinity. A: 0-day larvae,
B: 8-day larvae, C: 15- day larvae, D: 23-day juvenile. Salinity, [J: 48.3, A: 41.4, O:

324, M:22.4, A:152, @:8.2.
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25.0C D4y 8.2~41.4, KIE 30.0C D4y 82~483 Th 7=, 15 HLAETD
L i3 25 & EKIE « S CTOMMENRE - 72,

IV-3-3. & %2

= aBoFHAIL, ¥ 8.2~483 OEIPHN T 24 B D EFE 2N Al HE T
b, ARRIIEESMEIVEESMTEHWELZ R L &G, JREME
Lok b, KIES~OMEREN ERHL NI -T2, BWFADK
HAY WML, & T A OfF#CCITRE /K h TIHROK G OEEEZ RS 2 Lo
bR I TS (&K 1988), £7o, Kik 25.0CLL N D5 8.2~32.4
O T, BEH (A7 —Y A, B 15 Bofff (A7 —YF) B
L O b % 23 BOMM (A7 —T H) THERAOMMEIZKRE RETE O 50
o723, KR 30.0CTix, WbE#ZOfFAITEIROEE L= T T, Mtk 8
HUBEDOFHEMR & i3 25 L MPENR 99 F o 72, 2 O 1 & 3 4 il T oA
FEThole, 2O b, MEAEELITOHE, BWLERZOIFHIZONT
%, KR 25.0CEZ B2 @mKRBI LEERNLETHDL EEXND, 71
ARRERE S E b S22 X, A3 0= (S 1.4~60),
/ 77 v A J& ® Pleuronectes platessa (¥i%r 5~65) (Holliday and Blaxter 1960),
B A (M4 0.74~35) (&K 1988), B X OEESMORE IZITHLITW
RN, FUNZ (M4 30~9) (FEE - KF 1993) THHLNATWD, fil
PRBEZECTHEBMEORENELHDICHREL TOARVWFATIE, KRS
FELRICHATHHEBHBRICE > TA A URAE N ITTOILTWD R, KEEE
FIZ B LT DA A O T ELEAA R AL (B 2002), 5% DMK
ARETH D,

WEMEFEOZLZ 1L, (FRANPOHEA~OBITHNIZ R ~SRET 5 & SN
TWs (HF 1997), Fi, WIHAERORBOBHLNIR>TDHE T A
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T, MEPOEREBENIC X o> THFEBICEIE L 2FA0, RiE S 0K
WHFIRICAEF LGB T2 2 ENHBALTWS (Jh— 1997), A=A =atED
fFra bt T AFAERBICEELEZ SO &b, HADKWEER T &
BRARTHDLIEEZEZDOND, (FRITBFEEENDEBEAEIE~BITTH L L
HIZ M 19815 JAA  1983; i Hf - & H 1998; fRiE  1999), &K 40 mm
UUETHEBEE iDL ZERMbRTWDLD (Fik - FFF 1987), #1#14&
EEZITILOELTA=FaBOEFERICONTIHERERHLR AN Z WV, 414,
RIRWIL BT DA HER DO AR Z I L TR RO RICET 2 LER H
B
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Pl

BN EERICART A4 =4 2B iX 3% Tl 171 mm(£E), # 161 mm,
5% CHff 224 mm, K 208 mm, 7 ik T 258 mm, K 236 mm, 9 ik THE 280 mm,
W 254 mm IZKE L, HODICHOIE) DELVRENB W, 20X 5 i
HEIZ A BN D REZITMmoERicEW T RN b, =42t
DEMFHRETH D EEZ N D, FERIBERRICK T 22K OMERK
BT HEDS 0.2406, HEAS 0.2094 TH D DKt L, g REETERICB T 5 KE
FRBUTHEDS 0.3674, MEAY 0.2879 T (ZFEE/AKF  1990), ik Rin FiEiEk L v
bEWEZ R L2 s, EHFRICART 2 A=A BITEFE LD Ak
RHENPBENWEEZIOLND D, MEHEDOZENPMIZERK L TWDDONITD0
TRHABROBFNBRETH D,

KIKFa B L OFE A O I HE O MBI 25 X ORI fE 5 (GSD @ JEE
Lo, BRRIBREEICK T 2T 6 Ao 8 A THEMNEHIZ 7 AT
bHZEPHBMNCR oo, FMEMEN O BB A KB TIZ 6 A TA
Mmoo 8 H kM (RiEb  1985), FIEME K TIZ 7 Ab 8 0 (FRFES
1983), ReARFEME /KL TIZ 6 A LA H 7 AA (F5H - FE 1988) 2
PEINHITH D LHEESNTEY, EINMOMEICL2EZTIFETRNESE
XN D, 7o, RARM, BRAL BITH LR AETHEE B O bz,
RARMTIL 8 HIZEINAKRTL, BHE3IHETOKRIEHZET, 4 Ao HH
HRBBEDLOICR L, JBRATIE3I AL 11 AICIIEERISBRINT,
1 HUBIZAKEMME T Lo EINIR O b ooy, ERARMITH S
KRR E TR AEMEEMZ R LTc, IWEDPERIND 3 H)D 6 H O
BARKDHEEKIRIL 9.4~19.6°C, 11 H»H 12 A% 18.7~138CTH v, 11
A5 12 ADFHKIRIZ3 ANG 6 HADOKRBRLENICH D Z LD, KR
FRAIZTHE L7 KIBICE TR T2 2 ERINRER AR T 1 DO HERKIZ/R > T
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HEHREIND, £, ZTORPMOBAENREAIZHM»>TNDII EEELA
b¥s &, A=FaBOAEHMEYITKIEICE > THIE I 4TV D ATREM 2 &
W, L2L, RARKENFEFEFAMEKOKELEFAFEOHEREZ RTICLLNDDL
T, RARMTIE 1 HZIREFBEARO bRV &b, KIRIK 20 Tl
FOMEEZRTHILEITET, ZOHBIZOWTHEARORFREETH 5,
AIEE B AR TRABIIAKESCHREREORELHEG T2 I X0 &%
ANBWIZHE T EDRE THDH, A=FaBIZONTHHLNRAERE
FMZ 65, BRATIEE2E, 3HE 11 AICIERBARNIBHGB SN Z &)
5, KiERZME T2 LIC K> THERIFL, EEAEEZHRT LI LM
ARETHDIEBERALND, £, EINHIZE T 2 RN O RCREF o H 3L E
A, FEROREAE O HEBLEIG B X OERR O GSI O FFEELr D, AREER
BB T 2 RARMOEMFENER/NIFIZTEE 190 mm (127.0 g) 1A B 3 5%
THRAT D LRI NTZ, RRTEA =4 BOEEYIZ OV TKRESRRA
RIT TRV, ERER L, AR 22K 190 mm XV /MO EEIZS
WTIHIRERERGIREFORGIZRITLENLEEND,

GRRE A o0 8 AR L, 6 A2D 8 A @R O JFE NI JE 2= 1 D F A
7ZRIRRE IR & R E LTS IP R MR EE SRR D LD T b o b PN EE R ] 5 = Y
(@2 1996) R T 2L EALND, IR EMOMMICITZ oL
A4 (AR 1954) =Y ~RX (LA 1965), ¥4 7 (Hattori et al. 1992)
OEXOIWEINBHEPIC 1 BOERIZNLDZbDOE, AT U X T (FF
1981), AY 7 A+ A (Munchara et al. 1987), I I X ~E (L% 5 2003),
TAFA (FEMS 2003) ORI ICEBEOEINZITO bONRH D, K%
TIX 1 ROMETE 14 BIOFEII AWt AICBIZ SN2 Z &b, ZEIFEIIA T
DI ERPLNIIe o7 h, B OIREIZIETE 1~ 3 WRINE K 0 %8 =
U 72 IR REAR IR & IR IR IS I A BRI O DR RERB I BE N R bl Z &b, Ak
BAE S W IR BN DT > THED IR LPEIR - EEIIS TV D L& X
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HAL, PRI ZREINATH D Z & DMHER Iz, IR O 5 2= Rk
T ONFEA e & BIEAR A DM ED b R A, JVRERE 5 A, FEFR B
MO 3 ZAFITHBEINLD (FE 1996), YNRE R I3 A X — I B
LCHEOR T 2~ X T5D K A 7 L3 L 72 U0 REM R BE 23 i i plc i ks X OV B
NEMDPo TS BBRICHERZN S > THEEEBICDZ VIS 24 =42 €
FEDOZATEIIDEEINLIWEERND D, 5%, TOX I BREKRARICAHD
ORI ZENED L5 AR WMHEHI ORI Lo TET 2002 W5 NIC
TOMLEND D,

PESRHARI BT 2 1 HIKH 7= OFEIF &I 277.68 ¢ (21.1 THL) T, %
O IR 1T IE 7 AL R R A A AR JR R AL (SAD O F &S, FEINHIATHIC
BwWweHzganli, - T, MEAEICMT 22 HEINIEINEY ORI ToH
D7 HERATPICHERT A ZENREETLWVWEEZOND, £, EINY N EST
L, KR EFIZE b0 TEHIPED /NS LS DM BRO LD L & HIT
JFR & IEE ML d L OV & MAG BT AR 7R fR 50 (SAD & ORI IEIE o 8 B B
BpaBOENTZ Enn, NENINEOFHMEEL LTARTHDLEERDL
Nz, £/, YaXATIIRENO&ENEE LTHEEDE S OFHANEZ
ThireEnTnLZ D GEEDL 2001), 5%, A=4=2€IZ>1TH
TOHENEERFTD2LEND D,

JEALIZ RE T AKIBOFE O, P bIC#E 3 5 /KR IZKIE 20~26CThH
HEEBEZ DI BERKIE & WRLBbh £ TOPTERERH & @ B4R TI, KR 24°C
FEICEHERHY, ZORELBZTHMH{LE TORGERMIX, —EDL
RCHEMIN WD ENRENT, Fo, REES L, o« KOCQI0MEIX, XK
i 24°C LA T OARZKIRIR 28 B K IR IS R TR E o lo 2 &b, KR 24T R
F=AaBIZBITLHIIMBEOEFRIBETHY, F=FaBOI % KR 24CL
TCHE LGS, IPRAFHEITKIE 24CU EOEEEICHXTKIEDEE S
ZIFRTWEEBXLND, EINEMITT7T ATHDHH, ZoOUWRIZEIT 5 2003
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F£T7TAHERANS 8 H EAORBAKIEIX 19.85~2487CL7->TEY (CHER
KPEMEFERFZERT  2003), A=A 3 BICBIT 28 KE (20~26C) (XN
B O OKIE L I1FIE—F LTV,

Fo, WRIZKIETESOMRENL S, PWLBRBRFHIZTWToESIZHE N
Th, HEKENGLS RIS TEHLS 2200, K& k4 5 & o
MBAEREIZKRETTHZEIT NS ENHHLE, 61T, 5 8.2~483 D
HPHCIEARD BN D & & bHIT, KR 22.5~27.5C OB TiX, Ho 483
TIEFIZHEMIE LI 06, WL RESEHNIANZ &0, mESMHT
DRAPNENZ ERHAB N R oT, — 77, BWERE L OCEFER RIS
B o T2 ORI 25.0C, M5y 32.4 DA G OE T, ZNENEHE T 91.5%,
81.5% % "L, wEL 11.0% Lk bENL-T, TDOZ LG, By 32.4 3
b > TH D E L BT, PbickxE R KB L HE Y OMAE DR ITKIE
25.0C, 324 ThDHEEXZLND,

fFHEM DO FEEIZ DUV TId Kendall et al. (1983) Oy fE % RIS, KR
RERRF O BE S 12 MR O DBEEIC K ST, AT —Y AL AT—Y H
FETO 8BEFEIZHIH Lz, AFZETHIE L7z 20 ML IR BT =208 1 =70
LEERDLN, WITNHKRESSmm (A7 —YE) & 7.5mm A% (A7 —
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Studies on Growth and Maturity of the Devil Stinger, Inimicus japonicus

Kenichi Watanabe

Summary

The devil stinger, Inimicus japonicus (Cuvier), is widespread throughout
South China Sea region and the coastal water of South Japan, and inhabits sand and
mud bottoms to a depth of 200 meters. It is taken commercially by small bottom
trawls and trammel nets in Niigata Prefecture, and is one of the important species in
the inshore fishery. In recent years, the fishing quantity is inclined to decrease, and
therefore much is expected of the increase of natural resource about which mass
seedling production and release bring.

However there is a little information with regard to its biological characteristics
about growth and maturity, which are essential for the development of technology
for the propagation, compared with its aquaculture. In future, it is necessary to
accumulate the fundamental knowledge with regard to growth and maturity for the
development of technologies of the aquaculture and sea farming of the devil stinger.

This study was made to find fundamental knowledge with regard to growth,
sexual maturity of female, spawning, embryonic development, and development of
external morphology and digestive organ, tolerance of salinity in larva and juvenile,

which were indispensable for the propagation of the devil stinger.

I . The age and growth of the devil stinger, collected from the coastal waters
of Joetsu City, Niigata Prefecture, were examined by way of the metapterygoid of

292 individuals. Observation of the outer margin of the metapterygoid showed that
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hyaline and opaque zones composed the ring mark which was formed once a year.
The relationship between the metapterygoid radius (R) and the total length (TL) of
the fish was estimated by o R = 0.0382TL—0.1341, £ R = 0.0381TL+0.0709.
The von Bertalanffy growth equations, estimated from metapterygoid ring radii,

were as follows : o Lt = 283.315(1-¢ %2400 7051040 Q | t = 324.400(1-¢ 2+ *
0-6038)y "Lt : total length (mm) at age (t), t : age. It was remarkable that the growth of

females was rather superior to that of males.

II. Spawning and egg quality of individually reared female, and annual
reproduction cycle and the development form of oocytes in ovaries each of wild and
reared female were investigated.

1. One female and three males were reared in an indoor tank (1 t) from late
March to late September. Spawning was observed from June 8 to August 26, and the
14 times spawning occurred intermittingly. The total wet weight of eggs spawned
from one female was 277.68 g (about 211,000 eggs) and the largest wet weight in
one day was 48.57 g (about 36,000 eggs). The average diameter of eggs varied
between 1.14 mm and 1.32 mm, decreased as spawning season passed, and a
significant correlation was detected between the average diameter and the water
temperature on the spawning day (r> = 0.912, P < 0.01). The total hatching rate
varied between 28.47% and 97.11%. The normal hatching rate varied between
1.81% and 87.50%, and Survival activity index (SAI) varied between 0.58 and
23.81, both decreased as spawning season passed. On the contrary the abnormal
hatching rate increased. Statistically significant correlations between egg diameter
and normal hatching rate (r = 0.726, P < 0.05), and egg diameter and SAI (r = 0.741,
P < 0.05) were observed, however no relation were observed between egg diameter

and total hatching rate. These results indicate that the devil stinger used in this
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study is a multiple spawner and eggs spawned at the beginning of the spawning
season had high quality.

2. To examine the maturation process of female, histological investigations
were performed on the ovaries of 175 individuals collected from the coastal water
of Niigata Prefecture, from December 2002 to November 2004 and of 59 individuals
reared in an indoor tank (15t) under natural conditions from June 2003 to May 2004.
During the spawning season, oocytes at the yolk globule stage, oocyte at the final
mature stage and postovulatory follicles were observed with immature oocytes at
the peri-nucleolus stage in ovaries. This suggests that the devil stinger is a multiple
spawner and that the development form of oocytes in ovary belongs to the
“group-synchronous oocyte development” type.

Based on the seasonal changes of maturity and gonadosomatic index, the
spawning period was considered to occur from June through August, peaking in
July in both wild and reared females. In wild female, vitellogenic individuals were
found in April, however in reared female they were found in March and November.
This shows that the annual reproductive cycle of reared female is different from that
of wild female. The minimum size for maturation of wild female used in this study
was 190mm (127.0 g) in total length, and the maturation was estimated to occur at a

3- year-old wild female.

Il. Egg development and hatching were investigated in relation to water
temperature and salinity, using eggs which the reared female spawned naturally in
the tank.

1. The effect of water temperature on time for reaching each developmental
stage, time for hatching and hatching was examined. The time between each

developmental stage decreased exponentially with the increasing of temperature in
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the ranges of 18.0°C —24.0°C. The relationship between hatching time and the
incubation temperature was expressed by the two regression lines which intersected
at 24.0°C in temperatures ranging from 18.0°C to 30.0°C. Values of temperature
characteristics u,a and Q10 in temperatures ranging from 18.0°C to 24.0°C
were higher than those in temperatures ranging from 24.0°C to 30.0°C. The eggs
hatched at temperatures ranging from 16.0°C to 32.0°C. No eggs hatched below
14.0°C in temperatures ranging from 12.0°C to 32.0°C. Normal hatching occurred
at temperatures ranging from 16.0°C to 28.0°C. More than 50% of the total eggs
hatched normally at temperatures ranging from 18.0°C to 28.0°C, and more than
70% of the total eggs hatched normally at temperatures ranging from 20.0°C to
26.0 °C . The relationship between viable hatching rate and the incubation
temperatures was expressed by the curve of which the maximum value was at 24.0
°C. The rate of abnormal hatching was the lowest at 24.0°C. From the results, it was
considered that 24.0°C would be a flection point and the suitable water temperature
for hatching would be temperatures ranging from 20.0°C to 26.0°C.

2. To examine the effect of salinity on hatching, fertilized eggs were
incubated at 56 combinations of temperature (15.0—35.0°C) and salinity (0 — 64.3),
then the percentages of total hatch, normal hatch, abnormal hatch were measured.
Hatching was observed in the ranges of 15.0—30.0°C and 8.2 —48.3 salinity. The
rate of normal hatch was higher than 50% at 22.5°C, 41.4 salinity and also within
the range of 20.0—25.0°C at 32.4 salinity. The maximum percentages of total and
normal hatch were 91.5 and 81.5%, the minimum percentages of abnormal hatch
was 11.0% and both occurred at 25.0°C, 32.4 salinity. From the results, it was
considered that the optimum conditions for the hatching was a salinity of 32.4 at

25.0C.
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IV. Development of external morphology and digestive organ and tolerance of
salinity were investigated in the reared larvae and juveniles.

1. The larvae grew to average total length of 15.13 (£2.23) mm and average
weight of 48.71mg on 37 days after hatching, when they changed completely from a
pelagic to a benthic habitat, in the condition that the range of water temperature was
from 23.7 to 28.9°C. Eight developmental stages (A-H) were recognized based on
morphological characteristics of pectoral fin and the classification by Kendall et al.
(1983). The depositting stage (Stage G) from a pelagic to benthic habitat began at
the period when the contraction of fin membrane in pectoral fin tips and the
separation between 11th and 12th pectoral fin ray occurred, and finished at the
period when the degree of separation was more than 71%. The 11th and 12th
pectoral fin ray were used for creeping and orientation on the tank bottom
according to the habitat shift from a pelagic to a benthic, therefore it was
considered that the structure and function of pectoral fin were adapted for a benthic
habitat during the depositting stage (Stage G). The specimen with full complement
of fin rays appeared at Stage G which the average of body length was 7.84 (£0.53)
mm.

2. The relative growth of larvae and juveniles was examined on 20 external
characteristics against the standard length. Inflexion points in the relative growth of
body parts were concentrated at about 5.5 mm (Stage E) and 7.5 mm (Stage G) in
standard length. The inflexion points in Stage G were corresponded with the change
from a pelagic to benthic habitat, and from larva to juvenile. Positive growth of
body parts was recognized under 7.5 mm SL, isometric or negative growth was
recognized at more than 7.5 mm SL. This indicates that the relative growth of body
parts against the standard length is about at a fixed rate from juveniles.

3. Development of digestive organ was examined from larva to juvenile. The
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general development of digestive organ of larva and juvenile was recognized in
reared larva and juvenile. The differentiation of gastric gland was observed at 10
days after hatching (Stage E), earlier than that of Red sea bream, Black sea bream,
Ayu, Japanese whiting, Marbled rockfish, Yellowtail, Plaice and similar to that of
Pacific bluefin tuna. A number of gastric gland increased gradually since 10 days
after hatching. It was considered from the distribution of gastric gland that the
function of stomach developed remarkably at about 18 days after hatching. The
pyloric caeca began to form at 16 days after hatching. The development of gastric
gland and pyloric caeca were corresponded with the transition from a pelagic to
benthic habitat, and from larva to juvenile. At 26 days after hatching (Stage H), the
turning of intestine and four pyloric caeca were recognized by the dissection, and
an internal morphology was similar to the adult.

4. To examine the effect of salinity on viabilities, larvae and juveniles were
reared at 40 combinations of temperature (15.0—35.0°C) and salinity (0—64.3),
then survival of the 0 (Stage A), 8 (Stage D), 15 (Stage F) and 23-day (Stage H)
larvae and juveniles were measured. The 0 (Stage A), 8 (Stage D), 15 (Stage F) and
23-day (Stage H) larvae and juveniles were still active after 24 hours in the
seawater ranging in salinity from 8.2 —48.3. The survival rate of larvae and
juveniles after 24 hours was higher in the diluted seawater (salinity 8.2 —32.4) than
in the concentrated seawater. The survival rate of just-hatched larvae (Stage A)
after 24 hours within the range of 8.2 —48.3 salinity at 30.0°C was between 0 and
73.9%, which was lower than that (86.7—100%) of the 8 (Stage D), 15 (Stage F)
and 23-day (Stage H) larvae and juveniles. From these results, it was considered
that for hatched larvae (Stage A), there is a high risk of a damage in water

temperature more than 25°C.
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