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Ecological and Genetic Characteristics of Common Rockfish,
Sebastiscus marmoratus in Shimizu harbor, Shizuoka

Hiromichi YATOMI, Tomonori MIYAGAWA and Masashi AKIBA

Abstract

Total length of 187 common rockfishes, Sebastiscus marmoratus collected in Shimizu harbor ranged from 10.5-
24.2cm. From the results of total length composition, sex ratio and condition factor, the life cycle of adult fish is
divided into two stages: April~September and October ~ March. In April ~ September, small individuals appear,
males are more abundant and the condition factor increases as a result of active feeding. Therefore, this period is
a time of recruitment and individual growth. During October ~ March, females are more abundant, large individuals
with high gonad-somatic index appeared and larvae were produced. This period, therefore, is a time of reproduction.

Data from Shimizu harbor, such as relative growth, growth formulae, age and maturation were compared with
the Kyushu and Setonaikai regions. The data on morphology and ecology indicate that there are quantitative and
seasonal differences between the sites. However, the results of distinguishing the group clearly were no obtained. In
particular, fish from Shimizu were more similar to Kyushu region. Genetic variability of Shimizu fish was compared
with that of fish from Megi Island in Kagawa Prefecture, but statistically significant difference was not found.
However, it was shown that the uniformity of fish from Hinode wharf was lower than that of fish from Miho marina
in Shimizu harbor. From these results, it is apparent that fish from Shimizu harbor and the Kyushu and Setonaikai

groups are close relations and there does appear to be genetic exchange between these groups.

&

[l
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Table 1 Sample data for Sebastiscus marmoratus collected from Shimizu harbor,

Shizuoka.

Date of Fishing Number of specimens
Collection area Male Female | Unknown | Total
Mar. 2003 Hinode*! 11 8 0 19
Apr. 2003 Hinode 11 3 0 14
Jun. 2003 Hinode & Miho*? 12 9 0 21
Jul. 2003 Hinode 3 3 0 6
Sep. 2003 Miho 16 11 3 27(+3)
Oct. 2003 Hinode 5 2 0 7
Nov. 2003 Hinode & Miho 16 12 0 28
Dec. 2003 Hinode 27 27 0 54
Jan. 2004 Hinode 3 5 0 8

Total 80 104 3 184

*1; Hinode wharf. % 2; Miho marina
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TR IS AU I B 9 B 4 W T Sebastiscus marmorvatus OLERERIERE & AR HRE

(FI) 1%, FI={SCW/(BW—-SCW —-GW) } X100 (SCW;
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ORI 2 HEE T 5 72, HA O S dE s EHE
ERBIHE IR SN A REREIZ LT (KT, 1958Db).

Fig.1 Sagittal Otolith of Sebastiscus marmoratus showing
area of measurement.

F: Focus.
R: Otolith radius.
rl~r3: From first to third ring radii.
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R, WHRBIZC X 2 NN OZFEBHIN - FEARIY - Bafrz &
DOFHE, EWINE L HRINFLANT R BT T OEH#R £
BEAEL LI, ZHICX - TC, REGIAINE, BRETHATN
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SERBE T Tz,
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Table 2 Comparison of data between Hinode wharf and Miho marina in Shimizu harbor.

Male
Hinode Miho

Female
Hinode Miho

HL/TL mean value
Variance (o?)
F-test

t-test

0.3317 0.3268

0.0002 0.0001
Fcal=2.6131>F(0.01) =2.0175 *
tcal=2.1272<F(0.01) =2.6521

0.3305 0.3279

0.0001 0.0002
Fcal=1.5022<F(0.01) =2.2398
tcal=0.9382<F (0.01) =2.6490

BD/TL mean value
Variance (o?)
F-test

t-test

0.2846 0.2866

0.0003 0.0002
Fcal=1.2804<F(0.01) =2.0175
tcal=0.6086<F(0.01) =2.6322

0.2967 0.2963

0.0005 0.0003
Fcal=1.9913<F(0.01) =2.2494
tcal=0.0987<F(0.01) =2.6490

PL/TL mean value
Variance (¢?)
F-test

t-test

0.2374 0.2386

0.0003 0.0002
Fcal=1.0944<F(0.01) =2.0175
tcal=0.3780<F(0.01) =2.6322

0.2437 0.2432

0.0003 0.0001
Fcal=2.3495>F (0.01) =2.2494 *
tcal=0.1489<F (0.01) =2.6597

UL/TL mean value
Variance (0?)
F-test

t-test

0.1618 0.1561

0.0060 0.0040
Fcal=1.4916<F(0.01) =2.0175
tcal=3.8412>F(0.01) =2.6322 %

0.1531 0.1523

0.0035 0.0051
Fcal=1.4570<F(0.01) =2.2398
tcal=0.5218 <F (0.01) =2.6490

*: significant.
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Fig. 2 Seasonal changes in size (total length, mm) frequency of Sebastiscus marmoratus
caught with fishing gear in Shimizu harbor.
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BB S KR I BE R 3 3 4 - I Sebastiscus marmoratus OH:BERVERE L R ERE

RSN OFEEERNTIE, HAEBANTRESALL
4 250~274mm O AN T ERIE TCHRES LT W
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— A0 EEEIREROIERE S IZIZEICTH Y, FEDZER
M & D KBERBERE S h ol b F 2 6N 5,
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naHronl, LrL, x*#®E (P<0.05) OFETIE
4 H (x*=4.58) %W, 231 1 Thsr L%
BETEpole, £, @EROMEIL (x2=3.42) 1
DWTYH, 11 THEIEERBEETERMhoTz.

g n=104
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34567991101

Fig.3 Monthly changes of sex ratio and result of
chi-square test.
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JI - HE, 1992).
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&K (TL) ¥ 28E (HL), A& (BD), ffigR
(PL), E¥EE (UL) L 0PBfR% Fig. 4 1cmLiz, 20
BRI, UToRTRENT.

SRR OB HL=0.331+ TL—0.030(r=0.97)

SR —EOBR: BD=0.294 - TL—0.073(r=0.88)

4R — iR OB PL=0.209 « TL—0.526(r=0.87)

SR — FEEORER: UL=1.727 « TL—2.771(r=0.94)
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REDY0.88 Lx s Te ek EREOBKR T, 2RO
- THREOEFN PR E L kaEABR S, L
HL, Ffol-EREGHNTIRIEHESIRED shikhro i,
ARE O ERE 0.294 13, F/INEOFEE—KLTw»
7o (BENNZ A, 1992).
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DIFARE L, IWOREARYEOHE 3.133 LI 3.181 (A IZ
2, 1978), FIED 3.164 (MEMERHA) (BE)INEA», 1992)
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AIERRER o, SCW: ENEYERE g, SL: BHE(KE mm)
DHEEINTWS (#)INEh, 1992). ZOFERIZE 2 &,
EFEE Y — IR ERFZA LN TR, KT
i, CF=(BW/SL?) x10° OFtHEACIEME 2R, FHi
24t % Fig. 6 <R~ L7z,

SRR O BB G (R ) 1%, MEY1.823+
0.141, 13 1.746£0.090 ThH -7z, ZHEz2H 2 &,
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TR OB & FHBEOMEA 2R T 2 EDBERS A TWw 3
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Fig. 4 Relationships between total length and head length, depth of body, pectoral
fin length and upper jaw length. Sexes combined.

(BE S, 1978 ; #)111Z», 1992).
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Fig.5 Relationship between total length and body weight of Sebastiscus marmoratus.
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Fig.6 Monthly changes of condition factor in male and female. Vertical bars

indicate standard deviations.
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LRIBEDOETH > 7.

Fig. 73 k51, ABOEHEEREHOLH T K
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HER L 2 A RNCHERE L, 9 ARIBRIZ R WETIRZ I
B 22 b2 Rm Uiz, FEZENCE T 2 HHEOEWIT,
HETIZI0H, HETIZIIALIE G, BEREHNMET 28T
b5,

EENSEIONETEC % 2 IKHDY, MDA O R E
HE—89 2 2 enMfgfanctnwsd (B« 0, 1992).
f7z, ORI, BENEE & EEZBERO H 2 IEIC X

LREETEMET 2 2 L bIEHINL TS (Miyagawa
and Takemura, 1985).
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Fig.7 Monthly changes of feeding index in male and female. Vertical bars
indicate standard deviations.
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Fig.8 Monthly changes of proportion of transparent and opaque bands in otolith margin.

[]: Opaque zone.
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O E NS LM I Nz DT, BAIKCR S HRHIIE
AThs Ez o5hi,

%< DAFETIE, KIEETH2BHFRELTICER S
B, AV ITOMOEER T~ 2 AEE CITER SN, M
DEERELVENT, 1I~4 HETERKINE L
2, BFEEMEOEAETCHRINTYS, £, XF]

28

[]: Transparent zone.

B AHBIERH 100% BRI 25 LIZE S 2Wn 2 L biaf
EhTws (KL, 1958b).

AT, S OFEAID ALE 2 NEHF O/ & L
7z, WKER OGBS - SEREOFRRERIZ, £
RrR, FEEE, KOR, BEREZED6~8HLD b 2 »
A&DEL, FRED4~8 HIZEWwEFH 272 (KT,
1958b; 4 ¥ TIRERELART B FEWTFe 2, 1975; PRigH, 1995,
T, 2002).

Fig. 9 &£ (TL; mm) EHAE (R; mm) OPRERIC
FIEOMBENBE S, TR 25,

ff: TL=48.799 + R—2.199 (r=0.857)
Jit: TL=50.122 + R—10.399 (r=0.853)
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Fig.9 Relationships between otolith radius and total length of Sebastiscus marmoratus.

Table 3 Mean values and standard deviation of ring formation radii (mm) in otolith of Sebastiscus

marmoratus.
Sex Rn*! N#*2 | TL*® R I Iy s Ty
Male 1 43 153 3.2+0.31 2.8+10.29
2 38 189 3.94+0.43 2.9+0.32 3.7+t0.37
3 17 212 4.3+0.39 2.8+0.30 3.7+0.38 4.3+0.39
4 2 234 4.94+0.35 3.2+0.92 4.0+0.78 4.5+0.35 4.9+0.50
Total | 100 Mean 2.9%0.31 3.840.38 4.4+0.37 4.9£0.50
Female 1 28 140 3.1+£0.33 2.7%10.76
2 35 171 3.610.36 2.7%10.23 3.3%0.30
3 14 188 3.94+0.36 2.6+0.26 3.2+0.34 3.6+0.27
4 3 201 4.2+0.66 2.6+0.32 3.3+0.35 3.7+0.50 3.9+0.51
Total 80 Mean 2.7+0.25 3.3+0.31 3.6+0.34 3.9+0.51

*1 Number of annual rings.
*2 Number of specimens.
%3 Average total length (mm) of specimens examined.

BRI B 2 EimisiE 2, Table3 wwml7z, &
HRRRIZ1Z Lee IR, X Lee BIRIIFED SN o7z,

3) von Bertalanffy OpiR: Pk z LEloeRk
EEAEOBIFRRICRAL, WBIEREOEREZRD .,
s DfESRE Iz, Fig 10 1278 L7z Walford ©%E
EHEERL, FnFOo2E L, (mm) & FE#n+ 1K
DEF L, OB E2E.

J: Lo =0.728 « L,+81.035 (r=0.996)
M Lnii=0.643 « L, +73.593 (r=0.964)

EEMBEIC LY, von Bertalanffy O Efhg%2 H T
FO 7R, nwEREOHESLE Ln U TORic &L -
TERINT.

T T L,=297.9 {1—e 0317+100D}
M © L,=206.1 {1—e 0-442+1132)}

ZOFRERICE > TR -EEME %, Fig 1112RL

Jo. Tbb, HEZE 1K T139.9mm, 2% 7T 182.8mm,

95 3&M 25 (2005)

3T 214.1mm, 43K T 236.9mm, 5% T 253.4mm T
HY, MEZHEE 1K T125.8mm, 2 % T 154.5mm, 3 %
T172.9mm, 43K T184.8mm, 5% T 192.4mm TH >
2. ZDX3E, 1L S5V TIRMERHEE IZIZFEBRED
BEERTH, TNLABMOREE MY, 5K TN
61lmm DEEZEZZ 4 U Tz,

HKEICB T B ERL BT 27912, JulHE & 9§
FREBTHNIREAEA22RIC L 2ERICUD
T, Fig. 12 12m U7z (KL, 1959b; A 4 I Gl b F
WHgess, 1975, BEIE >, 1978; f)INIE A, 1992).

—C RIS ES H D, FETTHHEIZHEL DS
22 ENHLNICENT VS, BHAETY, HOBERERZ
HEX Do Tz, MORRIE, FREFHED 2~ 6%
DOHEFAICB T 2HEERE LIZIZ—HL TWwiz, I35,
ERABRAICR SN ERARNSKIZ 206mm & 7% o7
7, BELPICRRAREE 234mm OMHEER B - 7-.
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Fig. 10 Walford’s growth transformation of back-calculated length.
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Fig. 11 Estimated growth curve of Sebastiscus marmoratus in Shimizu harbor.

DT EMD, MORERIZEDICHEE S N-ATREMEN H
5., HXFHEOMEL D bEENH L, BRFEICTOER
Keigot, L, BAKED1~5EOEHIZB T 25T
HeRIZ, JRRLD S 14~2Imm /NS < ko Tk,
ETERORFA & EF

1) AGERRIEE (GSD) AR AKER X, I
46.5g, FEHIF3.3g LIEFICKE REND T2, TDH
WOWT, UIRERBERRNZROI:®, LROBTF LA
BELRWLSTHS S LIS TWE (KL, 1959b;
BT - H 0, 1992).,

AFEARTE B O MERER H 25 b %2, Fig. 13 2R L7z, HEoD
ETERESEU, 3~ 9 ADM 0.2 UF O{EAAETHERS L 72
23, 0B CIREROREMHE0.8+10.1 x>/, ZDHD

30

12~ 3 HOMIZ 0.2 LTFTOERNETHRE L2, —F, D
ARSI, 3 HIC6.321.9 EEVWEIEZRL Twiz
2, 4~10ADOIZ 0.5 X TOENETHEL, 11712
ACFEEBC CREDEE % o7, D2 » HEOFE
M7 ETERR RSO, 11HBF7.340.3, %¥9.2+1.7 &
FAL, 2o 2ARPRICHREMED 10.512.4 Lo Tz,
Lo, 12HZFI0136.4410.9 S IIZHREL, 1 HiIcix
4.2+41.2 £ o7z,

AETEIREB R B & AR R B E 35 &, K
HIC B MO0 L HEE s L, —F, M
E0b 1y HBOWII~LANERIHE 2D, 0% 3 HE
F TR L T BRDSHHBLT 2R R R Lz, 9 T OEGH
WM TEL D 50, BROEAHICZESTH
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Fig.12 Comparison of growth curves estimated in Sebastiscus marmoratus of each place.

M ; Nagasaki, @; Oita, A; Miyazaki, €; Kagoshima, []; Uwakai,
O; Kurushima, A ; Yamaguchi, <; Kagawa, »&4; Shimizu.
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Fig.13 Monthly changes of gonad-somatic index of Sebastiscus marmoratus in Shimizu harbor.
Vertical bars indicate standard deviations.
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M, FEFIIHEOERNICIRIEREETE 2 511, IR L
TR E N3 LF 2 5 Tw b (Tsukahara,
1962). FEHEMNFEL TV AFHATRIFLE T 5% 5, 1H
KEATIHI~TTAHCEZREMTbhb Z ik 5, L
T, BEMEERDHBRI A 5, AN TOEFIZII~3
HoORIZiTbh 3 L #EHl & iz,

INFTOHFI L E, HEOREENFET 2 R,
RIFFE2 8 ~10H, MR, Ko, =HIFR, ERER,
FRRFRE10~128, FRIESkEERE, 110REHANE
@, FNENI~3HER>TWwW5, —F, MEOIIHENF
LRI, SuNSH, FRIETRNE, (L0 EARYES
Wll~4 B, FREkEEE, FIEN12~6 k-5
Tw3 (KL, 1957, 1958a, 1959b; =R, 1961; # ¥ Tk
TELAT B Fs It gE s, 1975; BEE A, 1978; B - HO,
1992). oo, MEHEORRBINC I Y R ENDH S 2
LIS TH B,

HKEIZ BT 2 EOATEIRIER D © — 7 1%, RFEZER
FIFHEREAHO R W EEIRE IR, HIRE, FERFHE
L—BL iz, %7, MOERBREROE— 213, Jul
s ClE BRI RSO B WEIFIR X D b, 25121 7 H
KDHELI s Tz, 25 LRBWOHEICOWT,
DER L U THREEO#EROIE 2 5208, ERFO®E
E e L BES I HmE b b 2 (B - HFm, 1992 ; ##
JIE 2y, 1992).

2) DPRHAERK & RERRVERZE INEEAHRRIC BT 2 D€
— F OALE & FEARIC M5 17 O LRI e £ OBIZ SR &
D, BINHEOBRAERE 2 HE Lz, 5 BRI 7o
BREICDOWT, IR RSB O E R 2, Fig. 141
~L7z.

(A7 =¥ 15 REGHIIH)

EEMEE LCINEOERTHIEROE2E L, ERIIdg
DTFThote. FABEIMCITY, JIEEEH» S L 72
DNEIICH T 2 2 Eid o T, IR ICEH N2 £
— P 12T, FHIFE (LEAEMZE) 130.1lmm+
0.04 THo7z.

(R 7 =V II; BEARTHAINE)

DNEIIAER L THhaz B, EOICERGZ2ET NS
BLhBEIRFOEE L, TEWPINE LT, WIRTHE
HTEDLRESOINEFELEL, IEHEHKIE 1 >OE—F
TR & 1, PRI 0.26mm=+0.08 TH - 7z,

(A7 —VI; BRAGHINE)

B REEEE T 2N, JRBI 2 BIAIN & F5HR
IR o iz, /INETREINIINRFTESC % <, &
HAGH & FEIRINIE P~ EIc B & iz, TR IX 2
~3DE— PP S, EAINEFHERINITF I 0.72~
0.76mm OE— NIZEENTWIz,

(AT — VIV, BTN

PR E AR ATV L, ks

EL T, JIEZEHET 2 LRI HE L3,

32

YHBERTERIC I R A R AEAIN b 3B s iz, IR
E2~3DF—FBHo7h, T— FOBIZEEIC L > T
B o Twiz, F72, 0. 7mm BLEDOINIZFED s>k
Motz JIENIZH 2P O2RIX 2.9mm+0.2 Th -7z,
(RT =Y V; EFHHIIE)

KIENTHREF LI R R AT —YV E LTz, PIEIZ
B Z2dw, BREEZEL TWz, JIERIC I FEIRITCR
FFED oz was, EINVENICIED T2 ICHFE 2
Y H otz IEMHKIZAT —YIIIERLT2~3 D%
— P2 D 51503, /NEINDO D% < 75 2 EANC H >
Jz. EfFsnlffaoeRlE, 3.3mm=+0.2 Th-oiz.,

EC DB e > T, R Z &I BB 2 E L
7z, 2O LT, BEARNC & BEABEE OREEL BT 5 E
&%, Tabled 2R L7z,

ZhIC Xk B &, AFEREE S REE E e 5 11H L 12H 1
&, BIAINEE T 2 BTN EL & FERIN L AT R E T A R
PRI & 23 83~100% Z H» Tz, F7z, FEFEK
ZTZINE L% 2 5 2 EFIIIEIZI2A & 1 HicH#L,
1 HIZIX 100% Z2hH®7, &512, 3 BICbEFORENE
DB B AEIAIIE S HEIL, 67% R 2Hd. 20
ZENS, FKEBICBY ZINROEHIIZII~1 AT,
fFERIZ12~ 3 HE E THi LHEES N, S 512, BRIl
DOREWIZI2~1 BETH 2 LFZ ol

BZ5 D SN HBI WA YR IS B 1 2 TI1E, FEIREIR
TRBFEZERT 2EEZI2A» S HEL, 2 Ahaicz
DHBEERPREICEL Tz, KSR TIR1IH I EFY
WA, 1 BCFEFROEESHEEL Twiz, FRETF
METIX12~ 3 AWEMFET, 1~2 AVEFOBIATH
o7z, BIREREMIE T, FEHRINS 3 it L C5 H
KEREERD, oL 3~4 > ABRLTWE (HY
TR BARBIFEFSE S, 1975). Thn o, WEAEIZE T
2 PEFFIANE, BRIk YR 2 B < oMl & 12IZ—3 L
Twe.

3) D EEFEH 1TEEOIIEICOWT, IR
g Uiz, W LEROZINEIL, &R & Z20e e L
7o SERERIEN (x°=5.99) 12 X 2ME TR L,
falf® 5 % TEH I NIz, Fig 15121%, 16K L 24
R ZPIBOBIRER L7,

AW T, INEANOINE, H2 I3 L hFazs
FFU TN e Ui, £RICHH L THINLEEIN 5 1E
FDMEAZ 728, [E—2RTHZPIICIZ 1R D DERHS
niz. ZOERELT, »HITRESEEIPTHZ & (K
T, 1959b) SEMFHNEHECO 2 2 s, HED
EFEREZ I NG EN TR EEZ T, 22T,
F—&RIH T 2 FZINBO S &, B TRT 5% 3
~ 4 OBYNBOERFENR D 5 L F 2 T2, /TN — T HEFE
KOBENEDHSDLL TS ERET 2% 51F, D%
Wik EEEPIET, M2, 3EHEHOEFICED S 7V —
TREHEZDIENTES, ZORENELWE S, FEF
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O 3 A D T, EFEIXEIZE-> TP T 5 2 &idk
%, BEERORER 2R 2 £, K EED 7 V—733114,
RM1I~12H, 11~3 A &b, B FE 24 L%
-7z,

2fffRic X 2 2R EZIBOMKR () » o, BRE
A LTUToRBES .

E=86175 « TL—1198930

(TL: &K mm, E: Z20i#, r=0.518, n=16)
ZOROHBEBEIZFAE LT vw 2B nd, £EICH

95 3&M 25 (2005)
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Fig.14 Egg diameter composition and ovarian condition in each mature stage.

BIL CZRIEs g 2 A 2R Uiz, RO EIRE %2 h
DELTE EDSNIYIEHOZIFOBERICL D L, &
£ 171lmm T 4.5 ki, 195mm T 6.5 FHi, 219mm T
85K &% o T3 (¥ IR FE il B s 5e &,
1975). HIROR TR 72 A W B 2 Z2I080%, &<
DERTHI 2.7 ki, 4.8 5k, 6.9 ki cD, 1.6~1.8
TRVl nliE ot —7, FBICHFELBE L7 Vv —
7 ORI (Fig. 15, & LB DAY E=(0.12XTL—
160) X104, TL: ££ mm, E: 22000 X, ®RXDLET
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Table 4 Monthly appearance of each mature stage which was decided in
egg diameter composition and ovarian condition.

Mature stage
I II I v A%
Oct. 1(100) **
Nov. 1(16.7) 3(50.0) 2(33.3)
Dec. 2(50.0) 1(25.0) 1(25.0)
Jan. 3(100)
Mar. 1(33.3) 2(66.79)

%1 Composition (%).

#14.5 5K, 7.4 75K, 10.3 kL& RAED sk,
BFEHET 5 6 lEIC OV T, JURNOINE & faFEcE
Table5 12w L7z, 2k, (I+IRTFE)/IRFHEoO

HBEC (0 R EAB T g, 1975) Eke, Zian

100

.,.

— B First ? /!
PEN larviposition
x 8¢ o
® 5
[\v]
<
< 60
©
c -
«©
[75)
& 401 Second ?
) . larviposition
Y= |
(@]
5 ) ,Third =
o 201 @ larviposition
= ,
=3
5L e

0 1 : ” 1 1

100 150 200 250

Total length (mm)

Fig. 15 Relationship between total length and egg number
(egg+larvae) of ovary.

SEMFEBERE L, ZORE, BRI 1.0~3.0 &%
D, o TAEARPIFET &3 5 L FEFEEUL 1~ 3 EIFfRE
LHEEEI N, BEOHMRICE 3 L, HYTR—EFIC
3~ 4 EfFRAEEHT 2 L LTWw3 (KL, 1959b; =R,
1961; # ¥ I RIREARBAFEWI 9E 2=, 1975). 2 S DfGER
£, HABICB U EFREEIIZIZ T2 EH 22 L
»L, FEOEREA T, FE—@E&T 3 EEDEF
DEE s NI PR L, EFHEREEERC L > TEL S
23, 1[EHODEFD» 513~2HDORMEZ B\ 2 B HORE
FREEs NI LGS hTnwd (REEH, 1978),

4) MBEBLIUFREOKES 27 —YVIVOHKBEERREC
b o I INEMNIC B U - BAfF £ EHEZROF A D2 REMRK
%, Fig. 16 iR L7z, BB SR O INEMEK TH S %
21, A7 —YITHE LI 0.7~0.9mm O FHR
JHIA 7 —YIVCIREHL, Zhicffb ) A7 —YIVON
BNIZIEBELRERL Twi, 20BF0LE#MIE
2.55~3.26mm T, FH K EHEMRFZE) 1 2.86mm+
0.2 THo7. 2L T, KIENTERFS NI, EHERE
DIF D4 REP 13 2.55~3.60mm T, FHEE (i
#EREE) 133.32mm=*0.03 Th oz, ZOFERIZ, AT
— VIV SEFS NS £ TOMMIIC, JIEF THRFFES
2RIZLTHW.mmEELI:ZEE2RLTW5,

TIEANORBFOKR & 1%, FETEXKERTEITOMERE T
13 2.29~3.77Tmm O TH 5. £z, EHEZDTA
DR E X1, HEMEXRAKENLFT T 3.8~4.1mm, JE
RESRTIX 3.5~4.2mm, FidRFE TIiE 3.72~4.26mm
O TH 2 (4 Y THIEAGFFEWT e, 1975 0 K RiE
», 1978). Zh o DFERICIEN, FEKEBORBT EFAIR

Table 5 Egg number and fish larva number in ovary, and number of larviposition.

Colle- Total Body Ovary Number Number Breeding Number of
cted length weight weight of eggs of larvae eggs larvipositions
month (mm) () (g) (A) X103 (B) X103 (A+B) x10° (A+B)/B
Nov. 180 133.5 19.6 23.0 36.5 59.5 1.6

206 195.4 32.5 20.4 55.8 76.2 1.4
Dec. 167 100.3 16.9 4.6 6.7 11.3 1.7

196 130.8 9.9 0.4 30.0 30.4 1.0
Mar. 143 55.8 2.2 2.0 1.0 3.0 3.0

170 113.5 6.8 5.1 10.8 15.9 1.5
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Fig. 16 Comparison of total length compositions between
ovarian larvae and newborn larvae.

[ ]: Ovarian larvae. []: Newborn larvae.

EDIEREBPR/NTH oz, FRIZOWTIEHS T
S, AR TIIFEFICE S £ TO 2~ 5B 2 Kkish
TEHBE LD, ZOROFERENFE L BWRHTH
STeuREEb BB, T eBEL, HEIREOREE4ERE T
&, AL fERES R O BN BRI 415
WhE2 22 ERERHLTWS, £, EHINFAD
K& &9, EFHOPERIc/NS L, BIcKREL T 2 {EHHA
MHHZERRLTWS (CKEIE», 1978).

5 HEeREEH %I R L7 von Bertalanffy
DFEERPENCFHI S N T ITTRESE N H B 2 L b,
2 ZTIRET RN O A TEIR TR & BB D MEL &
L, ZOLETER» SAFREZHEE S 5 2 Lic L,

B & S B 11~ 1 HICERE & Lz lE43fER iz O »
T, @RNCEHERIES  Fig. 1T1CR Lz, 2hicXk s
L, RO > TATERERIIR & < 2 2 EAN A
5h, £F 110~150mm O gk T ETERIE R O T E
M5.65713.732 Loz, TOMERICE T 2L 72 &
IMEEIZ, R 128mm T% QAT EIZ 11.0 TH
Sz, ZOfEIE, £F 180mm LRk o FEHE & ok
DRNETH S, Eiz, WHENC X > T, BN A T
— VL ETH - 7 flEOE & %2R LIz DA Fig. 18 TH
5. Wi R 1 AET 3K TIE, 62.5% 232 T — YIIEA
FORBERERR LT, AT — Y TIOIIEI 12 EHII R F
RN SNE 2 s, ENCHSTELHEKTH S,

95 3&M 25 (2005)
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Fig. 17 Relationship between total length and
gonad-somatic index. Vertical bars
indicate standard deviations.

Stage I ~1I n=39
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Fig. 18 Change of mature stage composition by
number of rings.

R 5 1% L #EE S N7z 2 E 139mm H 7K O 4 FE iR 5
13 6.4, £F 140mm TIX 7.4, ©£ 142mm TIZ 7.9,
2R 143mm T3 9.2 20, RERERCT 5 Lfhd R
7—=YIUETHo T,

PLED#ER D 5, EAENTEFOAEML b 5 [k
i, @& 130mm FiOEE T, 5o von Bertalanffy &
RERTEILERICT 2L 1 ~2KTH2 LRI,
AFER I LT, MO 2 9 T Tk, WK TH LR
110mm (f&F 90~100mm) DA U7 i AL i A Ff
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BEEFlzZwELTWS (79 IR MBS se s,
1975).

BRANFE BEKENOHZHBIHEZHF~) -7, B
L OFNEBELZAREDEAFIZOWT, FLONTTY A4S
TR EnNTa v 4 THikE (h) % Table 6 IZ7R L7z,

NTay AT, 18 e 28720 T43% %259
273, SR TRBFEED N7 Oy A4 FHHIR LT, AR
Wik, =R~V —7F18, HZHRE, FIEZOKE120
nNTuy 4 IRHEREL Twi, 3EREADONTeY 47
ZFRE 1 0.8121~0.9035 O#EIFH &2 D, FEMAIICKE
BERNDHLZENHE L ER ST, 2nsDfEX, FU
A2OVHERIDO Y A AN 1.00, Ry b X231 0.93, X

NV 0.93 LD RRNE LD, KRS 0.889~0.968,
KREF £ 0.82~0.93 LIFIZFECMETH2 (FAHHIZH,
1998; &'F « #8410, 1998; Higuchi and Kato, 2002). 7%k
HI D EMNOERMNNS WX OVHERIE LT, 70V 4
0.46, NV X 0.6923H 2% Z L bHESINLTW S (Higu-
chi and Kato, 2002).

NTa g A TR & o T SRR 0¥ —M 2 et
FCRRE L, Bo iz P{E% Table7 2w L7z, %7z,
HAFESIRTIZ, P=0.3354 2157, MEDORE, 5%
KETHERZRZRD 5NT, IERFERY—LERTH
pEHESNI, XD, BAEBEFINELZARED 7Y
TIREFTH Y, BHRECHIER E T2 & O REENERI

Table 6 Mitochondrial DNA haplotypes and haplotype diversity in Sesastiscus marmoratus

collected from three areas.

Haplo- Composite Hinode Miho Kagawa P. Total
type # haplotype Wharf Marina Megi 1
1 AABABA 22 (40.0) 12 (23.5) 7 (19.4) 41 (28.9)
2 BABACA 6 (10.9) 8 (15.7) 6 (16.7) 20 (14.1)
3 AACABB 5(9.1) 3(5.9 8(22.2) 16 (11.3)
4 AABACA 4(7.3) 6 (11.8) 1(2.8) 11(7.7)
5 AABADA 5(9.1) 3(5.9) 2(5.6) 10 ( 7.0)
6 AABCBB 1(1.8) 3(5.9) 4 (11.1) 8 (5.6)
7 AACABA 4(7.3) 3(5.9) 1(2.8) 8 (5.6)
8 AABABB 1(1.8) 2(3.9 3(38.3) 6 (4.2
9 BACACA 1(1.8) 1(2.0) 1(2.8) 3(2.1)
10 AAAABA 2(3.9 2(1.4)
11 AABCBA 2(3.6) 2(1.4)
12 BABABA 1(1.8) 2.0) 2(1.4)
13 BABADA 2.0) 1(2.8) 2(1.4)
14 AACADA 1(1.8) 2.0) 1(0.7)
15 AAAABB 2.0) 100.7)
16 AABCAA 2.0) 1(0.7
17 AABCAB 2.8) 1(0.7)
18 AACAAA 2.8) 1(0.7)
19 AACBBB 1(2.0) 1(0.7)
20 AACCBA 1(1.8) 1(0.7)
21 ABCABA 1(1.8) 1(0.7)
22 BABBCA 1(2.0) 1(0.7)
23 BACABA 1(2.0) 1(0.7)
No. of samples 55 51 36 142
No. of haplotypes 14 18 12 23
Haplotype diversity 0.8121 0.9035 0.8825 0.8692

Composite designations are as follows: Hinf 1, Taq 1, Cfr 131, Mbo 1, PshB 1, EcoT 141 .

Table 7 Chi-square randomization test (Monte Carlo Technique) of
population differentiation based on haplotype frequencies of
mtDNA in Sebastiscus marmoratus.

Hinode Miho Kagawa P.

wharf marina Megi 1
Hinode Wharf — NS NS
Miho Marina 0.6845 — NS
Megi Island 0.0773 0.5908 —

Above the diagonal: p value of chi-square randomization test.

P<0.05, NS=not significant.
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TnEFEz 7z,

—%, HZHEE (12 3 HEE) cFINELRE (8
AE) LOMBETE» BV OENDY, ZfF~) —F
(6« 9 AE) LLKRELOHBTIIENDE LI LD
o o7z, ZOREIE, HRKENOEACELCK
NFay A FHEKOEIC L > TEHHTE 2, 2 & I8/
iz, FUEEEGEEZT 2RARE 7 AT, BRELSEH
WIRICES 5EFOT7 A Y VA AT, B THEENIFE
EF—E LR BERP2ETHD (BRIE,, 1985). 22T
&, O T NTHR EEE CEIEFHEE D IZIZF—ETDH
52 s, BIETHEDRL2LHO/NERBFEL,
THERNIC S  OEMPNEE S NI TREMD B 5 LI L ¢
Wb, KEERO L 52, FFOERMICNTT Y A TR
DFER, MBI s ERECSEL2HRNE LT, MIZLE
INEFDFLE, 1R 72 EEREEER O 4T, M » S 0
BELEPEZSNS, [THEORS T T, /NMEF
PIEAET 2 AR & 02 b 53, DEROHERRLES D
MEREZHET 50121, S5IHELVWHAENEEN
5.

W

EAKED A Y TICOWTIERERY, LN, EWZrErE:
WOWTHSIZ L, EFRICHHE S iz SuhEk, PYES
YL & W P, I OIRSNEE O T e HR L Tz,

Z ORGSR, AEHEBIIRS R FRIEFREO—RE &
FERBEOEMEFE U T, HHOFHE I RER EJE
PLTz, &R EEREORBRIZFINNR E—EL122, £RE
R DBIR TR M RAEUE, Sub iR & BRI 52/
WHEDIFREL, FNRELIV/ASLSEoTni, EEED
EEZAbIE, SN O W TOFEIZ R L, FIIEDLL
CR EFHE L Tz, O R IRE L e IR e & %
U T, HEORR S FRETANE L EPIL 722, HORE
W EIRFIR S SR L 7o, MERED RN, Ju NI & XIZE
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45 170~220mm OfEAEDS 4.5 5~10.3 F OF A %24
CHEE LT, 2o DREED» S, RN, ERIEFED S
T, HEAREED 79 I3 NI R IR R & S 5
EF 27z, L L, T XTORMESELIS 2 L 5 2REi
Wiz no iz,

7z, FHNESLBFREEES RO 2 3 2%, N
EWXBIRETH 2 AREESRIB S LT WA (1)1 - 3
M, 1992; #5)11E A, 1992), EET L~V THEAKELER
JWRZARBEOH TR HEL, WEEEICH L 72 EH
Tl we T 2/BRNES T,

TEIE O 2V T TR, ERROBECEREE L
DEIZE - T, ERE, R, BE, IR Sz »4:
TrAREER DS, L, RIUVEBEERET 52557V 4
WCOWTHRN, By g, FfOFKGE, BRE, e, 5%

95 3&M 25 (2005)

T DRI EFEINZ DV TREN W ET BFEREZHT,
2 S QMBI 138 LI - EFR OIS X 23358
FETLILEZRBLTVS EHELTWE (FiF -5
&, 1988). # ¥ T D¥E, KAOBEEEIX, KOERT
T E£88~365H DI Skm &) L 72 50808 H 2 23, %
COEMMIFEL TH 3~2.5km T, KEFESIF 1km AN
CEEFZDEEINTWS, —F, EFBROFAIL, BT
BE L CRE 2 U7 RSB AETEICAT T 203, EfF
HIOH BT ICE T 524 E 17~20mm A EBERAT O 1 1
ThdEahTwd (FY TR EMBEFMIES, 1975).
B IO S LI AR, HISERMORG %E
FVNNVTHEZIZGE, (FROEMENE W & 2RRS
®5, kL, FASOBEERCBE T 25E L
xR, EFHOBGIEICS 2 2 ERITHEE b DI D
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LEZONDIDLSTHS, 29 LIREDHIT 5% 5,
H/KEE, JUNB X OVHESNEE, R R, (0O IR
Bz 8 2 BRI OBEAIEES, 269U b HIE 2 (E R
REBIET 2 MBI W EFZ oND, SHIE, £ OH
B S B RIEL, SFL bSO 2T T &
7z,

& B

AW R FETT 512 H72 0, R WFEFERARES R}
FERIMTSEE, RIWEE, REWRES L USROSk
2iE, RO EFREC IR IIveEEE L, £,
WA K EE RIS T & - TR, TCRMER, BEO
BFIRICE, mtDNA OSCclminiciis s Lz, &
BRIZ, Lo DREHOEERL 7.
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