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%1% #E

r5 7 & Takifugu rubripestd, BAITIIT AR
B 7 ZEONTiEb - & HRET, & 80cn, &
& 10kg LLEITETHREFETH Y, 7 7 BBEORKE
WM THS (P - ZEHE 1994, A7 1997), &
FEO A BT O B ARSI, KT
BT R PNE, ERKEE SO TR
REEC, BEFRR =6 PEAW, R
DJFFTHEETE SN, BAREERLHRE - 5
IR IERR I L VIR SRS EEER TS
B, AFEOAEMPERWSIEIZ OV TR, /I - 5
HEORES PIHERERD OE IR OISR ED B,
FORCRIEEE (1962), ZHBE (1986, 1997), &
S (1997), FHE(199D I L » TE L HHERLTND,
FEURERLY, SRR IR IVIEE O BRI &
U RO BB O R o L, FiiE
RO/ MIEED, RSO, EEEL, B
P, AT, SRR 7 & O e B,
FENET, 5%, TKORRKERHIEM LR TVD (i
FH 1988),
ATFGEOTRAAER L fe o T EHHRDT, 18R, fER
Bk, EEO 4 BZBEENMNEEICENHEHEA
DAATETEE 1, T00km2 OKEEFETDHPET, A
£, BAPRMEE:, AAUEDS, (REEMEE & IWOMHIR
xR EEZ b TS (BEM 1981), HH
HETIL 4 A RA~6 B o niRicE AL
FEBAM T (BEE 1088), BAEINI(FHEAILS
~12 BIzZiT2eR 18~25cm DEHA~LEET S (1
OB 1987), HEAERARLRAL HVToHGAR
i, FRRICE B ERORNE - FIE TSN T
WHTEdD GRTE - 81984, 1LITIIRAR 1987),
AN OEEIME LR L D IR ORI D
—o )k LTEZ BTV (HRE 1988, £ 1997),

ARG CRWT, EIASEOMIET 4
~5 FiZ, 9~12 A iEiRAN EIcs ) IERI L
DB END (HEH 1988, #a%T 2005a), FEDRHRAD
HIEE R TE IEHOAETHD &, 1980 FAFHI
1310 FUEBATWEDR, FO%B O—RE T E

D 1990 FERICIT 2 MREIL o CREF - 8L
1997), YrREOIIERIT 1980 £ 10 b Ll ko
T KEER TR LTV, 0% L, 1990 4
AR IO B E VW ODPMEE T D (ILLH K
ITH> 1991, FA%T 2005a), —7F, BAUNEEGRIROME
S ThDHEE, B (L RRHO B AMFEE T,
7T 9~ AICERREORNS L UTERR
EETHEN, 7IEEEKBTEMTHS TRE
FHIBOAHEE b 7 7 FEIRER, 1989 LR
Eeert, 1998~~2000 FE13REH] (1975 47 1000 H2)
D10 45D 1 D 100 b, 2001 SRR 100 h &
TEY, 2004 FLRBEREED 73 bATRo7n Ok
T 2005), ZO X I ifMHOMBRICE W THER
PO L CWAEEBLDBNDZ LD, BARER
DOEENREEI TN S,
kT 7 FEIROMSRS « $ERE D I DI I FEE R

WBEEEEZ LRAR, TOfDIiiiEdio
MNLPYEHE TH D, APETH, KT V77 7ER
Wt U ORISR ERR L, ThERVWEX
BOESHR A EINE Ch A E A THEIEL, EHF
TSGR SR R R o DV TS
L,

E2E AR

TSR OMREZ EBANTE LT 57T,
EROBRHBIRSMETH D, ZOT-DITIHEHO
{FREEA~ DR, EROXEE, EEESICoW
THAARNEHE S DN BB, T Z TIPSR
T D ERERR & SRR T 2 JBUIRERRD 2
B Y DESFECOWTHMEERRA NI L (4
#2000, 2005¢),

B8 HAEHAE

BRI LT, 7 vh—4 7ETR
LOIENETRITE (BEANEH 1974, SLAED 1981)
WNE, STERNE E e BRI L DR
LI Bbhb X D227, AT
I % R SRR I TR — BT
WETAZ LTk Y, ERORBER CHMEE
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BARICHAESERHE CUT, BER T 7
A2V (BT, TC) 7 UHFVrarsF s
Y (LT, ALC) #AWVWT72TCHRRsh

(Tsukamoto 1985, 1988), F0fg~4 A Rk T A%
DUFEEME DFREBFE CIBA R b T 5 G
HIS7A> 1987, 1989, BEMRIE/» 1988, 4RI/ 1989,
1990, TjEEIEA»1991, RiANIEA1993), ¥£7-ALC
OREEIC L 0 BRI & 3 2 58 (hfT 1994,
1L 2001) °A L CEEAERHIENL, ROKkE
W R THERYERTIFIELRBSN (8K
1994} , MBI B OPR{L L IR B OfhA
ATREE LT3, Zh b P MER IR RS~ DFE
BSOS SN EEZ DT, Tua
— & JEOIENER CIEEE AT Tl o o/l
A ROMFEAOIZHDTREIR Z LG, AR
RSN B Y 7Y VRIT O RS
LTwW5 (el 2001}, LAL, BEROTZHOEE
IRAES AT OVTEY, IR RIS s h
BEEMITEAETHY, FBEOERAI RGN
FEENTNDHTAR,

R~ T 7 SO ST B T D DSBS
ZEMELT, ALCEWIZTCORELETCOR
NS LA ERERFEC N, SREERE
ORI, RRSCER DR R NEH O
SHEARAZ R Ui, 7, TE DL OEH
H — L ERRIET D Io DI E & AV T SIS
HEARETT A L 2 b, ZhbomAiE S EE
EIECOEBERAITY, ARECEHERSIC
UWTERMEEMRGE LT,

1. MHEUFE
1) BEERCLDALCRUT COMERBER UL
FERFH]

EEAUE A Table 1 (Exp. 1) (2R L7, ZODFER
WL, FAIVENOESEIT VT, SRR, ST
IS BSR4 X TER L, el
SRR MFERRERBE BN SE &
FIFRREKEERSRE) TN, SHMERUTEEERE
LicbOERWE, ZhEhod4 A, FEiEkrE
DR B CRIERCY 7Y 7 LT 30~60

fEEIZ2NT, BIE (THERIIRREME) Shicbo
T D,

@. S EBRICIIEES B (b2 ARD o
SR (EXHEE 1.3 m) 2B E=, ALC

(CI9HL5NOB, RH L FHHIERTHRD 122V Tik 6 By
DOMEIRE (5, 10, 20, 30, 50, 100 mg/L) & 4
EXBE o AUERRERS (6, 12, 18, 24 B[], TC
(C22H24N208 - Hel, FYEAEETZEED 2o Tid6
B ooERMEr (50, 100, 200, 300, 500, 1,000
mg/L) & 4 EXREOFEIER] (6, 12, 18, 24 IFHE)
DEFERG 24 DEBRRETIT I, AL COEET
THALCE VIREDKE LT MY o ARG
iR 34, 1 HUE OERBOKERRE A pH% 8 HifRiCHE
7z b YAL CAEIEEF-ThE, LEERE
AR L CRELZ L, T CRERITT
DT CREBKCEHSE 10T CAEREE 2L »
THE, ALCEFEHRCHERZIEEHERKICIRML
TR,

TR T R T L H 1 EK L, 3B
BRBESS 4 BRRITHEE O MESREREN L, Ea
DRTFBESEREIN 50 EDSEE Lt U, & Blcs
{LIFRPOREREATA F7ZALIZRE LY
B U R Mk, BN CEE LSO EY
R LT, BHfNY, SRR LEESIZS BO
YL FY LT, T Y o R OFROERN
5 BATHIBICHRITE 2RI, Tnlisio
ERRAAAE LT EoTs,

@. HMHiTAR LR 3. 3m D5k 1 BEOFA
RV, ALC, T CIHUTEIBINE FiRD 24 DFE
BRREARRT T, BRI R A IS RN & e
WAL, AEEEE T AR K T L B 1 E
kL, 3 HREEGEECTEE Lo 7 vy
Ui, EFEEiTY 077 ) v TR OSBRI bR,
IR TROHENIRBIRDOIR & FRAT 72,
®. fefa TSR 10, 15, 22, 31, 52 mm D5

By XCEE L, FhEhot-f ATA

L C, T CIIZEEEI & Mg OF 24 DFEBRRERIT
ro FEBRMTAV - BRI ISR & FERIC/ERLL,
£ R &b Nl 58 (Table 1) ITfEfA%E
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20~25 B3R LT T AE CEBR U, iRk
ETHRITHERARE S0LAERRY I —RRA MRS
L, J&@HKIc L B0k (1 AdHieh 4~bElR) &
L, £F10, 15, 22 m X7 /7 I TEHERUEGEE
FRTAT 7, 2F31 52 mic oW iaEREaE
HREOWET IABELTREL, 3 Bk
U7 Ui, EBRRIIY 7Y o SREOERED
R, (EROFROHEIISZRIIOER & FRRIC
1270,
2) BEEHZIBALCRUT CIEEMNRR & 45
CRIFIEE

EEROE R Table 1 (Bxp.2) ITRLFE, ZO%E
BIIFN NS EICOWT, MeiE s 4B
FEOHER DY A CHE LT,
O. SuFA SMurh (FFER 3. 3m) AW,
SMUFRTHEDE B L DIVAEEEE (ALC 20
mg/L-12 B, TC :300me/L-12F5R]) T, ALC
R & T CHERRMIT 30 LAKHEIZ 2, 000 B30 %N
LTEIR L, BREE T, SEticeheh
[R5t B OS2, 000 B-S5o% INZ -5t 2
B 4,000 B 1, 000 LR U =F L w kg
LIBEEE Uiz, EEKICO W THSEEKIZL S
ke L, FBRICH HukEE 1 B 2 BiEhs 10
[EEEE THE L, =7 A b— 2B CBREI T2/,
FEEHZIZT &y, TAT I TEAE, WET I &8
L 90 BfEIEHE Lz, 5tk 16, 31, 45, 58, 90 H
124\ 50 B-3-0%+ 5 BIDY- 7Y 1 FERAT, Rl
BIZEROIE L READRY HLETo7k, 06
TSI L D ISROFELHEEL, Sl s A
DFEHERROER (EHOZRRHE T
X100) ZHELT,
@. fef TR 10, 16, 23, 32 m O 4 BEO
YA A CEH L, TNEROYA X CIBELTH
Bhe B Z B AEEEHE (A L C 120 mg/L- 24 R,
T C : 300 mg/L-24 HF#]) “C 10 mm "Thk 500 B33,
16 mu Ti% 250 B-5->, 23 BUR32 mn TR 150 B
OOFERFEESL D, ThbOBAZENTIFED
RS- Z 1, 000 LAY = Lo 7Kl L
BEEE Uiz, HEILMUFREFRRIZIT, 7

73 THE, IR X BAAER L 81~115 RRTo7,
45 10 mn CrUERE 16, 35, 47, 63, 87T A, &F
16 mm TIIAZEEL 16, 32, 47, 67, 81 B, &F 23m
CIAES 16, 32, 43, 52, %4 H, £ 32 m TiX
A% 20, 37, 50, 64, 115 Bic4E]50 B-S52o%
T T EITY, SMEFR L FRICERROEESD
TR LRI DO SRR B U, fERDA
BRIZOWTIIER~VEENOREGERY HL
BEROFEENER L, ThEohRBRENLZE LS
VWORSTE,
3) BEEICLBZALCRUT CEROALHIR
HEEROWEES Table | (Exp. 3) WL, R
ST L TR 22 m DR THEIE LT,
D. i TFHEE 3 2 mOSMUFRERA,
ALCIZoWTEE 20 mg/L- 12 B, T Clz2WTid
300 mg/L-12 RFEDUFREAT 9, 000 B-S-OF L
Tzo HEERAUITENFRL 000 LR Y AR Rk
WIS Uk, BRI DO THEIREHEAIC X B3
k&L, EEITH MKROERE (1 B 2~10 lalfz)
&, KEGKIE (BT I5KL KM, 2PIMH 30k
HAE) ~DORAEEAT oz, FPRNTIXT AL, TAT
ITEE, WET I, EAFEEAVL, ALCEE
IOV NT HAERAS 16, 32, 46, 60, 92, 121, 151,
203, 299, 598 HiZ, T CIEFRI-OVTidE#ts 17,
31, 45, 59, 91, 120, 151, 202, 298, 597 AIZ 10
~20 B AN UL, R EROBIE LR
FORRY B LEITY, EROF AR LT,
@. #tfH THEE 2 mOMAEZHAY, ALCIZ
DUV 20 mg/Le 18 B, T CH2-ob YT 300 mg/L-
18 BER OAIEEAC 500 B3 o5 Ui, EkAut
FNFENL 000 LAY I—RpA bAREIIE L,
FEAREE LSRR E RURITATY, BRI OK
WK (BPY 15 kL FAZKAE, B 50 kL K
IS Ui, $ERRT%L 16, 35, b1, 63, 92, 112, 134,
164, 204, 260, 549 AIT 10~20 B-3o% 7Y v
7L, MMUFEfR kR 2RAE SR OR AT
FALTz, APRNCIMRERERRT V7 X7, W7 IR
UELa sk AV,

e, ThOESRAII OSBRSS CE
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AR L LTHBHRAE SR, 1999 4F 10 BizkHTHA
AL CIZiITE% 1,996 B, SHFAT CHEH
RIS 1,99 H, 22 m#ERALCHFWITC
ERAIHERE 1, 957 BicH 7Y L, HoRE
FOWGRRAT OB RO TINL bERIZINA
e
4) T CROBEEIC L DFMEER RSN
LIS Table 2 (Bxp. 1) (R LTZ, Z03EERT
4R 39, 62, 80 mn D 3 EXEDY- XTEML
Tro HERUITRIGR KBRS CHREAE L
b DEAVWE, T CHREAFRBHIRIN S8 TS
L, ENFENOFEH- AT 4 BRREORIEE (2. 5,
12.5, 25, 50 mg/g) & 4 EXMEOREH (1, 3, 6,
9 ) OFF 16 ODERXEFRIT -, BEESEHEF~DTC
DEFINST, FT7 M T A & U 30 25 g T3
BBk &N % S TR ST 100 ml 4T LAk :
R, ZhAFREK CHEDIREFEHIRIN ST
P L, TCRBHIMBEIRE L 1 A CEVTD
>, BEFRBHITRObLOE A, R4 X
EAPET2E 39 m Tid 1l m, 28 62 K80 m
T L 5 mm ORIFEE AV, ERICIX 0L AR A
—ARIA FAKEEAY, WTROYFA XBEK 30
ROMREIE LT, FH7KISIEEAR % RV 20
B, B ik Uiz, §Hid 8~18 BFE TIRIE 2 B
BEIL, SEMAICRDETEL, BOREKT
BB A RIEHAENC K B EEE 6 AT, AEREsR
FEHLL, 3L, SEBRENLEERIZERED
DY TV T L, ERIEORERER L, 1
BB EORIEILIEEOHA L Rk ATo 7,
5) TCROBSACLIERIEANHER VA
ICRIET=E

HEEOIEBLA Table 2 (Bxp. 2) {ORLT-, EHE
£ 59 nm O 110 B % 1,000 LRV =L Loki#
IR L, RRORAREIEERTEDLEZ LR
T TR (25 mg/g) T 6 HREHEDREIC L VSRR
L, SR DE CTH DR A TR
D 110 BFE 220 BAERF CARBONE UIRGEB L
Tro JEEMIKIZ L BRI E L, R kRS
Wi (1 B 5~10 [ER) L, ERAEIEL HET 1%

Table 2 Materials and processes used in the marking experiments by oral administration of TC

Rearing method

Marking treatment

Initial materials

Test
period

Cone.

Total length
(mm) {meant No./lot

No.of

Rearing
temp. (C)

19.0-19.5

Duration No.of

{days)

Marking

Container®*

No./lot

Container™

WT (°C)

Stage

(mg/g)

chemical

lots

{days)

lots

SD)
38.8+3.5

30L
30L
30L

16
16
16

6
16
16

220
22.0

16 100L 6
16 100L 6
16 100L 6

15.0-19.5
21.4-22.1
21.4-221

1-9
1-9
1-9

2.5-50
2.5-50
2.5-50

TC
TC
TC
TC

30
30
30

61.9£5.7
80.1+£5.6
50.3+8.4

Juvenile
Jjuvenile
Juvenile
Jjuvenile

Exp.1*

1000L-30kL.

S00 1

18.5-26.0

1000L S0

1
1
1

19.5-20.0
19.5-20.0
19.5-20.0

110 25 6

110
200

Exp.2#

con.*
TC

1000L-30kL

18.5-26.0 900 1

482

1000L

3

25

77.287.7

juvenile

Exp.3*

* 30L polycarbonate container, 100L polycarbonate container, 1000L polycarbonate container, <30kL tank

"Exp.1 Optimum range of TC concenirations and treatment days
*con. Control

?Exp.2 Effect of oral administration of TC on survival and growth

* Exp.3 Remaining period of mark

® % & ¥

+
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FGREL 90 AFERE L7, #Z38i% 16, 32, 64, 90 H
I[Z4BE] 20~25 B30 7 LT, BlEIC 2
FOBIE & RFEA OB H LEIT, EEmEEEC
L 0 OF WA HIE L RO 4 R R O TR
Bl Ui, AEEERICOWTILEEOHER & [k
LR,

6) TCREROBREXRICKIEREZHOFHM
EBOWMES Table 2 (Exp. 3) IR L7, FEERIX
25mg/g DFNIHRE T 3 AMRORE LIZ SR
77nm OFEE 200 B4 1, 000L R U A —R A hrki#
WIE LT T 7, FE TSI KL A5k E L,
FERAZAE KR OIS (1 B 5~10 [E#5) &, K
BUkiE (B 15 kL K48, EPIFIFE 30 kL 7K4#)
SO EATo 7z, BEENZITGEHT 2, EAaFEE
FAV -, AR 23, 40, 98, 138, 193, 482 HIZ 10
~20 B3OY 7Y L, FEMEICEEORIE &
REEOR Y H L 21TV koG 1%

o N

7) TEAMEIC K DHESER

ALC & TCIZE2SENEETTROFTREME 2 1R
L. TTSUFR (2R3 0m) TTCHE
S (RUEEECHE - 500 mg/L- 18 BFRE) 4R L, Hiin40
HOEHLE 30 nm TAL CHERE (WUEEEHE : 20
mg/L-12 ), S HICHER 46 HOYEEER 38 m
CTT CIER (WUEREME - 300 mg/L- 18 F§fH), H#H 55
HOFHER 48 mn TA L CEik (JAFREEYE . 15
mg/L+12 BFH), HZICAE 74 BOFEEER 73 m
TT CHZ (12. 5 mg/g HIREED 3 A MR A5
T, BER-OT o LM% ERE 80 m
TH TV 7L, ENTEMEE O AT LTz,
8) KEAZH=EM|

INETIIHB LN ARG ESHEIZ LT 1994
~1995 I ITKEERER G Bl 735, 1999~2002 SH3 R
[ OTER A FERRE CRERGR DT 21TV, 1Rk
USEFERIC OV TR A REET D & I TR
IZOWTHIRET LTz, SMEFROALCKRUTCOD

Fig.1 Comparison between fluorescent marks and control otoliths of 31mm
juvenile under B-excited UV light. A; otolith after immersion in 20mg/L
ALC solution for 18 hours, B; otolith after immersion in 300mg/L TC
solution for 18 hours, C; control. Scale bar=200 ¢ m.



AR BEEEIC BT A b 5 7 F ORRET & BT R BT AT

FEL AT 500~1, 000 L DAGE R =T A b— T
KL, BEEOALCEMIET CEEN LI AFRH
AN TAT o7, HEROEFIEET 20~50 kL OfF)
T RRE KA ARD ISFREAN, =7 2R
FoCEREITY & LB, VRV CRA BT
T FE R BUIT A~ F S5 Z & TREAKIC
FnAERBIZ L, MEBRORER~DHE L EFERSR
IETORLEIZEDT-, T COROHRE L A8k
B IFEE AR OESIC 1~6 HEORDEEIZL
S TTo Tz, FNENOEREERT 30~100 52
Yo 7Y o TETG, ERROEBLHE L. &5
Z I ENOFHFCOVWT, ALCI900M, g, T
Cit 110 M g & L TERB T EH L7,

2. R

1) BEEIZEIHALCRUT COBMUESEHE
Fig.1 {2£F 31 m OFEADAL CEZERGE (20
mg/L- 18 BERR), T CHEEFAE (300 mg/L - 18 BfH)
B OB ORFE AR Ui, S T Bk

Juveni e (15mm)

T g A —HAER LCRET S L AL CHlEERIT,
T CHEFIREAOENE R UNEIEIT L 5558
IERIATRETH B, Fig. 2 ICENZNOENDE
[TOWT, R CERROFEANTRETHY,
ZHEIMT DU TR D 5EZRD 90 WLl b, 5L
{FAR OHERIT 2V VT IHAERERDS 90 %A LoD SZERX
ARG (B & LTURLI, FEF
BT 70 5 L AEEMOERS X A L CRREOSTIRIN
EOSUFATIE 17 80 Thote, UL, &k
10, 15 B (R 22 mm T, {REREEOERRERIZR
CIESPFER Tho I L b, BIEEORRERML
BB WTAERSEMET LI Z LIk -T, 9~12
B Lbihotz, & ZAD, 2R 31 m RUN52m
THRREEEOEREIZ W AR ER L
7 & R5~10 me/L DRIV ARSI /R
2T T & T, ARSI R R O A
& [RHEED 18~1930 Y & lroTz,

TCTIE, ZHINT- DV TiE 500~1, 000 mg/L @

-
:‘5 100 7R A A | [Mz/Ry
E
c
°
T o
o] oo ///
s | 7/, A
Qa0
o / |
= o (5 a| alls
O C O |[m; o
3
=1 9 88 33
6 12 18 24 & 2
3]000 X X X X X X X XX ®x X X
=
&d
E o
=
=)
o
w o mm A A A 7 ' Al
© u] o o o o o |:| ///: “ p/
o 2 /) Wiy V: ;
£ o 0 O o o oOofo o O 6 o m //////////é/
o a o o o pfo DO o g o o A o
o L0 _C o 0 0 o o|o o O A O O © @
— 6 12 18 24 6 12 18 24 8 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
Duration of treatment (hour}

Fig.2 Optimum range of ALC and TC concentrations and treatment duration
for marking eggs, larvae and juveniles of ocellate puffer. Square(L1),
hatching or survival rate Z90%; triangle (A), <90%; cross( X ), 0%.
Closed symbols indicate all othlith (N=5) marks are visible and open
symbols invisible at least one. Shaded areas indicate clearly marked and

open areas unsuccessfully marked.
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Table 3 Effect of ALC, TC marking on the survival and growth of larvae and juveniles

Total length (mm) Days after Total length (mm) Com-position"‘l or
. {meantSD) Survival rate (%)

marked {meantSD) - marking Marked Control Marked Control
3.2+0.2 16 50 * 1.0 50 £ 09 46.0 54.0
(ALLC) 31 123 =+ 1.3 128 = 0.8 54.0 46.0
45 209 = 20 212 £ 21 56.0 44.0

58 312 £ 44 329 + 33 46.0 54.0

90 703 £ 42 718 = 64 52.0 48.0

3.240.2 16 52 £ 0% 50 £ 09 50.0 50.0
(TC) 31 131 = 1.2 129 += 09 52.0 48.0
45 220 £ 19 218 = 20 52.0 48.0

58 313 £ 4.0 330 = 33 52.0 48.0

90 69.6 + 58 715 £ 6.0 52.0 48.0

10.1+1.4 16 235 £ 22 235 £ 22 72.4 68.0
{ALC) 35 404 + 43 422 + 38 60.8 584
47 566 L+ 77 579 =+ 67 59.6 57.6

. 63 837 == 58 812 =+ 86 59.2 56.4

87 101.8 = 79 1008 £ 83 584 55.6

10.1=1.4 16 235 =+ 22 235 &= 22 66.4 68.0
(TC) 35 415 =+ 37 420 =*= 39 572 57.2
47 588 £ 5.6 589 4 6.7 56.4 564

63 805 = 50 800 =+ 6.6 56.4 55.2

87 987 =+ 102 1002 =+ 91 55.6 54.0

15.4+1.4 17 260 + 30 235 £ 26 61.6 63.2
(ALC) 32 456 =+ 40 471 * 43 59.2 56.8
47 696 £ 58 660 £ 6.1 58.8 54.8

67 896 =+ 6.3 875 £ 55 56.8 53.6

81 103.9 =+ 87 1040 = 87 56.0 52.8

15.4x1.4 17 252 £ 3.0 245 £ 26 63.6 63.2
(TC) 32 452 =+ 63 467 £ 45 54.0 56.4
47 734 =+ 85 67.0 + 635 53.6 54.8

67 862 £ 58 877 X+ 55 524 53.2

81 101.0 = 95 102.0 £ 80 52.0 52.4

23.1+£2.3 16 395 =+ 32 410 £ 34 84.0 84.0
(ALC) 32 61,5 =+ 49 619 = 49 84.0 84.0
43 715 £ 6.6 742 £ 56 84.0 84.0

52 89.3 + 6.9 865 £ 83 80.7 827

94 1209 =+ 92 1236 = 99 7713 753

23.1£2.3 16 394 = 3.1 41.1 £ 34 873 853
(TC) 32 628 + 59 615 + 44 87.3 84.0
43 729 £ 69 740 + 55 87.3 84.0

52 839 =+ 586 864 =+ 82 84.7 82.0

94 1279 =+ 9.0 234 = 97 82.0 75.3

31.643.8 20 569 X 54 543 £ 37 773 82.0
(ALC) 37 752 X 6.3 776 = 74 76.0 79.3
50 910 = 59 93.0 = 6.1 74.7 78.7

64 1074 =+ 6.1 1049 = 62 74.7 78.7

115 1524 £ 130 1481 &+ 159 74.7 78.7

31.6+£3.8 20 564 =+ 55 543 = 37 80.7 82.0
(TC) 37 793 4 47 779 £ 75 78.7 79.3
50 906 + 86 932+ 6.2 78.0 76.7

64 1039 =+ 89 1055 £ 6.5 78.0 76.7

115 1514 &+ 117 1491 =+ 158 78.0 76.7

*1 Values show percentage composition of marked and contral fish for newly hatched larvae,



AR - BB B b 5 7 F ol & ks s B4 2 ok

ERED 480 BEHTHT-D, SMUFRT

13 18 BERLAECik 200 me/L OOEEE-CHAZER) TTHE
L7 1180 &feolz, LinL, & 10 mm XOF
15 mm TIIARRMIL 2~3 @Y &47<, 2K 22m
LU B CHE 200 mg/L TORGSRAREL 72 ¥ 8~1018 Y
Tdh-ol-, ¥/, £F 10mm LLETid 1, 000mg/L 1233
DTS, W HLOAERTR &~V O SEERS 100% T -
ey

2) REZRCEDALCRUT CIEEENBRRUAE
HEICEZ HEE LRV

WO A BT, FEREAEA@EL TAL
C R O'T CHERlE & HRR L O CaRICHEZET
I BT (¢ BIE, p>0.05) (Table 3),
F7m, AFERICOWT D ERRICERRS & R L O
BMCeHEEZEIRDON o (2 BE, p>
0.05) (Table 3), LAEdS, ZITHWEEHETT
OIEFANFRDS, SRR OHERORRSAETRIC

ERMERIFT LidnwEER bR,
SMUFRDAL CROT CIEEHITIER% 1, 995~
1,996 BT 1L EOH 7Y A2 L V£ 183 R
DEREFRD, BAEZPE LR THETOE
{BINLEGRDHER TE, 1Zaki% 5 5 U B RO/
DY 7Y 7 (R 444~458 mn) THAZR
TR ThoTz, Eio, MERMIERIZ OV T LIRS
#1,957 HETEF REIOV LTV T ETo TN,
% 173 ROBIRD BAATH G MTE RS s S
hite, {Fig.3)

3) BO/EXRIZLDT CIEROANNESEHE
Fig. 4 {22&F 59 mm CREOEEEIZL Y T CHERE (25
mg/ g -6 AR LI-REAZ R L, BAlXEEE
& R T CHSHED BoA OB 0 e, S FUE
ORI FIRE T D, Fig. b 12, IEARAUERIFO Y
A RBNAZROHBINEETH Y, = HITAEFERN
90 %A EOEBRX A FMERSEM: (RS &L

Fig.3 Fluorescent marks under B-excited UV light on otoliths of ocellate puffer

reared for 1,995(A), 1,996(B)and

1.957(C and D)days of post-treatment.

A; marks by immersion in ALC solution(20mg/L)for 12 hour in larva.

B; marks by immersion in TC solution(300mg/L)for 12 hour in larva.

C; marks by immersion in ALC solution(20mg/L)for 12 hour in 22mm juvenile.
D: marks by immersion in TC solution(300mg/L)for 12 hour in 22mm juvenile.
Arrows; fluorescent marks. Scale bar=200 ¢ m.
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Trlie, Ziucdkd e, &R 39 m CiEaERRa
HEEEM 58 THo7h3, £&F 62 mn ClHEHAR
TONFENFRES 720 78D LML, 2K 80 m
TS HITERV VRIMREE 238V v TS D3 FTRE
ol

4) BOBEEXCLD T CEEENRER UEERIC

52 5528 L AR

EEE A AL T, 2REUEHRRE HIZT CIZ
TREE LR L ORICHEEETALNT (&Rt
BE, EER 2z B7E, p>0.05) (Table 4), &0
BRI BT HIZRIEME OFERORER & A7
X9 HEEEIEED bRd Tz, e, EOf

Fig.4 Fluorescent mark by oral administration of TC on otolith of
59mm juvenile under B-excited UV light. Fishes were supplied

with TC diets (25mg/g)for 6 days.

Arrow; fluorescent mark..

Scale bar=500 ¢ m.
Juveni | e (39mm) Juveni le (62mm) Juveni | e (80mm)

~ 50F o ] | | 7. | 25 w W]
.Sf
=
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"; 30 FHoo -
=t o i ] ¢ ] £ e | n
= 4 )
8 20} - , =
= .
(=] Z
= o = o o o o o| o n - n
o 10¢ L
—

0 o o o o o o o fu] o o o

0 3 6 9 o 3 90 3 6 9

Diet treatment period (day)

Fig.5 Optimum range of TC concentration and diet treatment period (day).
Shaded areas indicate marked clearly and open areas unsuccessfully
marked. For meaning of symbols refer to Fig.2.



PARE D A BT 5 b 5 7 OB & R R B A R

BEIRNC VTS, k% 482 A £ TIZ 6 mIDH
I T ETORN (N=120) & TOEE CHAZE
WIIEBI SRR TET,

5) MENAYIEIC L HEEEH

MUFEPLER T4 mETTCEHREAL CHE
WA AZEICATV b EIER L EROBBESES
Fig.6 |ZR L7, BRHE 7 4 V% —CIET CHEED
Bh L AL CEROBENABICHEITE, Mt

WEIZ L 2 ZEDOEAIERDFIRE Th - 7=,
6) REFFHEH

Table 5, 6 BUNT ICREMEHFEHZ LT, AL
C DFEFEIZ 19 =44, T CIL3 =, ROi%Eic
X BT CAZgiE 10 FFIFEM L, D FET bk
IR OAETESRIT 95~100% L BV MEE R LTz, &5
IAERER T OZR S 1006 THh -7, BMHIAL
CEEFETIZ0.02~6.9H B, TCEEHFET

Fig.6 Five fluorescent marks by ALC and TC. A; mark by immersion in TC
solution(500mg/L)for 18 hour in larvae, B; ALC solution(20mg/L)for 12
hour in 30mm juvenile, C; TC solution(300mg/L)for 18 hour in 38mm
juvenile, D; ALC solution(15mg/L)for 12 hour in 48mm juvenile, E; mark
by oral administration of TC diet (10mg/g) for 3 days in 73mm juvenile.

Scale bar=500 ¢ m.

Table 5 Mass-marking by immersion in ALC solution

Total length (mm) No.of  Density  Survival Concentration Treatment Marked Temperture Marking Wik dat
(mean + SD) inds. (N/KL)  rate (%) (mg/L) duration (h) _rate (%) (°c) cost i
1 188+ 19 109,000 15,571 95.4 14.4 12 100 20.5-23.9 0.8 June 2, 1994
2 314+ 34 23,900 4345 998 11 11 100 21.5-24.0 2.3 June 15, 1994
3 166 £ 2.1 69,500 23,167 928 14 11 100 21.3-232 0.5 June 23, 1994
4 237+ 33 37,700 10,771  97.6 14.4 13 100 23.5-24.2 1.2 June 29, 1994
5 503+ 6.4 72,400 3,148 993 75 12 100 229252 2.1 June 30, 1994
6 608+ 7.1 11,762 1,960  99.9 5 12 100 26.2-28 4 23 July 8,1994
7 63.6 £ 6.7 32,800 2343 994 10 10 100 27.0-30.1 3.8 July 19, 1994
8 334+ 0.05 231,000 462,000 100 25 18 100 17.2-18.0 0.05 May 9, 1995
9 3.1+ 0.05 699,000 728,125 100 20 23 100 17.2-18.0 0.02 May 11, 1995
10 200+ 2.1 60,000 13,333 976 22 12 100 20.4 1.5 June 13, 1995
11 314+ 49 18,900 4021 984 11 12 100 21.0-23.1 2.5 June 21, 19935
12 384+ 6.8 8,400 2,400 98.1 10 12 100 22,4234 3.8 July 3, 1995
13 551+ 8.1 6,890 1,723 986 10 11 100 245255 5.2 July 10, 19935
14 286+ 3.7 11,370 3,790 98.6 11 12 100 24.5-25.0 2.6 July 11, 1995
15 533+ 5.5 11,100 1,586  98.6 5 18 100 23.9-243 2.8 July 24, 1995
16 744 £ 59 8,900 1,271 97.9 75 18 100 23.6-24.0 53 Tuly 24, 1995
17 735+ 83 4,420 982 993 7.5 20 100 24.5-25.0 6.9 Tuly 24, 1995
18 3.0+ 0.1 200,000 400,000 100 30 6 100 18.0-19.0 0.1 Apr. 29, 2001
19 3.0+ 0.1 100,000 222222 100 25 12 100 18.5 0.1 May 5, 2001
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Table 6 Mass-marking by immersion in TC solution

Total [ength (mm) No.of  Density  Survival Concentration Treatment Marked Temperture Marking

(mean = SD) inds. (VALY rate (%) (me/1.) duration (h) _rate (%) ey cost Marking date
1 33+ 003 61,000 610,000 100 300 13 100  18.0-19.0 01  May 6, 1995
2 324004 75880 505867 100 400 20 100 18.0-19.0 0.1  May 25, 1995
3 320+ 46 1050 3,500 99 350 20 100 25.0-25.5 11 July 24,1995
Table 7 Mass-marking by oral administration of TC
Total length (mm) No. of Survival Concentration Marked  Marking Marking date
(mean+SD) inds.  rate (%) (mg/g) rate (%) cost
1 505 £ 54 11,090 99 2.50 100 2.0 July 18-23, 1994
2 795 £ 73 5,800 993 1.25 100 4.7 Aug. 8-13, 1994
3 70.5 £ 6.6 8,890 99.8 1.25 100 2.8 July 16-19, 1995
4 60.1 £ 7.0 4400 971 2.00 100 2.8 Aug. 53-8, 1995
5 550 £ 6.0 65,000 - 5.00 100 23 June 27, 2000
6 60.0 £ 6.6 36,000 995 5.00 100 3.1 Tuly 4-5, 2001
7 900 £ 9.9 4300 983 2.00 100 54 Tuly 16, 2001
8 50.0 £ 6.5 40,000 997 5.00 100 1.7 June 20-21, 2002
9 66.7 £ 7.0 29,000 - 3.00 100 2.4 July 1-2, 2002
10 77.0 £ 8.3 16,000 - 2.00 100 3.3 July 9, 2002

0. 1~11 B8, TCROBRS HFETI L T~
5.4 M/ BThol, EHERO2R (xen &
Bl (v /B OBRE, ALCOEERE TC
DR OREE & b & FEIRTCEE S, BT
DHTRINI,

ALCREE

770.0114 X x1. 46 (z=0. 970, P<0.01)
T CRRNEI5:

y=0.0031 X x1.68  (=0.869, P£<0.01)
TR B XBIEMAOMEETITA L CIEEE
T3efE 50 i T3.4M, 60mn T45M, 70 mm T
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AL OFAAE W E L T2 5 25 B OfE R

DA, 1EHATRE R I IAL CIBIRE T
CRETH0EUEERE B, FZALC
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k5 7 TR 10 450D | FREE iR R RG-SV ) 25 FTRE
Thotz, —H, B (1999 IRALC FRnE

10mg/g) DIROIFIZL D b T ADE-GEREAIHE
EHEL TS, 7T LTHTC L [RRED
TR 50 mg/g DAL CRORE% 10 AR
FERE U8, BRSO o7 (aFER
BR), 0L, EERESTEECLY,
FRAEATAERRRC L W K& < RS, ZOFK
& U TEEE ORISR R FEAER TR X o
TRRDZEBEZLNDY, TRz ONTIES
HOFE T D,

W7t & bRAZIRAIRRECIY, B ORER
UEFERERICE BRIELD LT, Ao
T S ED B END 7 L BT ER CHEREN
Tro BEDIIHVHET N T 7 /O FAESE AT
VY, FOHOEHRRE CHIREIC EIRERE U - HA
2o IO BOEE L TER Ui, WHEEOQIRE
LIZ, ®BbhcHaEmRo DIEREg, B, 5%
Bx W CRER RO R 2R, 2~7 A
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EHI L7 e EHEE STz, REERITRWT.
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i L3, mVEESRE 10000ESERE b,
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INEREE X 0 IS R 2 B, SIS LTI
REED, R A8 5T FED 4 FL R
Y95, ChELLOBRBETE, WAEWOFER
(R EIED 1982, BRIFE)1993) 1 &V RRDIE
TR OHETIC L HITFFEIOE Y A O WE
HEND T Ehb, ENEFITZ S TR/ EM
BB B X bhd, T bR TRk
filiiL 0.02 B~11 A Ch-ol, ZOHTTCIZLD
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Moz, TCIREMMPBALCDS D 1RETHD
AR, B U AT 20505 30 %
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NAOREEE Ry, MHEECHRR YO 77
R BIERSATAE R 2 Lk, MERAE COTHE
FPICEECE 5 LV ORI B, S5IE, &6
RO/ SVELEER~T CEIFMT5 - LItk
Y, R L DAZDA A0/ Y EORETD MET
HB,
EAiZnoitic & DGR CIL, Rl
DEEIC L AR E NTRESOHBIINZ, 5
DERETE X TG DHREAT 5 BERH

. SEEGLNI-ZEOESERONRCLY, 55
BHOMARDEEHRES T T LWL 2o,
FEHIINSOFEELEAEOET, AUHEHIBD
C 1994 E{Z13 8 FEfE, 1995 4EITI3 9 FRIE =R
BRI B, Hhit KBl 50 EHEGRERR o
ERRFOREATY, YRR OBGEIRORERD b BE
TR Ui (R 2005b) ,

E28 MfEUIRMERSE

HUREIR BT D 7 7 FEIROMEIER
LEZ bR (HEE 1988, FRE1997), EfRKEK
BERERIG DS I U 7o AR IR A DA MRS iR
RIZBWTY, 1AL ACENEEE i &
LN CRRFA B, R BE) - B
T B EPHLMNAR TS (LEIRIED 1999),
ORI TRENTFHRINSERENT 7
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A

Fig.7 Clipping method of pectoral fin of juvenile puffer. A)Half-clipping of right

B

pectoral fin, B)Whole-clipping of left pectoral fin. Arrows indicate the clipping

directions.
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Fig.8 Results of the pectoral fin clipping experiment.
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Table 8 Average length and weight of juvenile puffer at each time after fin-clipping

Day after Total l_engt_h (rnm)*1 _ Bod}_f we!'ght (g)*1 _
marking Control Fin-clipped  Fin-clipped Control Fin-clipped Fin-clipped
(half) {(whole) (half) {whole)
15 733+ 35 727+ 42 734+ 38 100+ 17 99 19 102+ 19
30 821+ 47 812+ 43 808+ 43 144+ 30 142+ 23 138+ 26
50 9.1+ 52 897+ 50 913x 54 184+ 33 177+ 36 191+ 37
75 11054+ 7.5 1106+ 59 1098+ 6.1 348+ 67 333 51 334+ 59

100 1339+ 94 1288+ 74 1329+ 95 608=x 132 525 78 586=% 136
150 1889+ 10.7 189.8% 10.1 1883+ 86 1888+ 356 1927+ 266 1853+ 219
200 2372+ 137 2369+ 143 2321+ 11.0 3565+ 574 3725+ 693 3460+ 445
250 2706+ 135 2729+ 138 2738+ 11.8 5265+ 948 5333+ 889 5525+ 883
300 28864 152 2873+ 134 2843+ 11.0 6724+ 104.7 671.6 + 133.7 631.8+ 90.6

! Meantstandard deviation

Table 9 Work efficiancy for half-clipping of right pectoral fin of juvenile puffer

Number of  Time(hour)  Number Work efficiency of clipping
Date of clipping  engaged spent for  of juvenile  (number of juveniles clipped /

persons clipping clipped person *hour)
July 5,2000 6 4.1 10,190 414
July 6,2000 6 32 9,900 516
Total or average 6 7.3 20,090 459

Table 10 Results of the survey on the sampling fraction, mark rate, and cost of
fish samples during Oct.31 to Dec.15,2000 at the fish market around

Ariake Sound
Marking method
Tetracycline on otolith Pectral fin-clipping
Number of fish landed (a) 17,076 17,076
Number of fish examined (b) 293 1,658
Number of fish purchased 293 62
Number of fish recaptured 12 62
Sampling fraction{b/a,%) 2 10
Mark rate(%) 4.1+2.2*" 3.740.9 *7
Cost (yen) of fish samples 175,800 37,200
*1 95% confidence interval
R EES DRSS bz, TBRERRICOWOR L, iR mi
3. EE SO0 298 RATKE L, Mg UIMEROT IR 1, 658

HOfE-AIRERR D IESEREER % Table 9 IR L7, BTholr, ERIESFETCIITEOBELE 1
THS5BL6BIZ6 ADIEES CIEBMELSFHL Hie 0 OEANBEUIIRE R - 7205, JEEgtlisE
TehER, L RBEA4RFRT 64 T10,190 2, 2 HAR BT TG S5 2RI DR S RTREA T

3WFH 12 43T 9, 900 BIR 2 IR T 7, W, SEIOFHE TS5 FU LOFEEREME LN
BRI OEH Lz LA - 1570 oiEgs il 7o, BRI OB TR EENT 17, 076 B Choi- 2
HE 41428, 2HE 516 B&720, fEEDE & DA SRS E N EN B R 1. T,

AUz XY 2 A HOERERESRNH L U, Table 1042 NalED » MERTHIE : 9. T Tho T,



¥ D BIMRIC BT B b 3 7 S OEE & BRI BT AT

U7 B DRI BT BAE S hipd o T fafgoZs
T~ FEGIREE & ORRIMENSEN T L H3EA T e
oz, BHROB—EE VD EHENE, RIREHTE
WTEESEOELN TP TH-T=DI LT, £
TIBREE CIEN ERICEE SN T I E R T 537 —
VR DB, —EIC TR L
T A Ay OBESROTILh OB OREER LD b, B
—HEE R, SUIRER TR T B
BAEE O T O BRI LT b E A D
N5, BRED R CIEETRICA B DEERDEN
W, RUIREEOREOETEOT R L D Ev, ik
B THRTEETT 5 AHCrlEIMER OIS FTEE
Than, BEETHBRENRE L OERREED
FHE TIIEEIMDS XV BV USSR ORI A8
Thb,

BAL (1999) [WMHMESTEL LTA 7 A M
— AR U, AFERS ) IR AT
T 52 & CHASHENEE Th A KM, 1EHEk (R
ld7z D OYIEREST) A5 200~300 JEAFREE & MEfED)
BFRIC D RS, BEb U 2 milE e s
B ERBEET D LN RENHD, SEIOH
ETIR, 4 BEC OV THEINESA L sh
T R EAERHER &N o, TCILLDER
EERIT 1005 TH H 2 &, FHETIISEIORERK
MLSNT 25 BROBGEEER H oI Z L b, T
B 4 (BRI S EORBHOTRUADESIR EE AL
iz, HEESIMESROMAE R E 2@y &
TRV, T OB A F T HOERREORRA (3
TR & OREBICHGEEZ & DR 1IARFIET
bD, T, FHEIEMTHNLOTIRL,
SEIDHRGERERD X 5 I EAESRE L Aa Y
B ECLY, EEOEREHRIT D T LA
T D, EEEIERC L AAEREL 1 B 1 AT 3,000
RAETE UL, (RSN EN 2 [/ R 29,
ZHCEREHO2A N FA 20050) A TH 6
~9 [0/ RRE LM TTED, B, THHRET
RS TR L, AL TUZRERD
e tt~, ERESRED, BRAEDHINRD
wREL Ao Tn, ABEETIT- AL A DR

SGEREICRWT, T bLOEEEREIES -, &
B 300 REOSRIIRKRE TN L Al Elcigy
T2, FEHBRITIVT 200 AL miErE,
NZAEAEN T L s, HIESIRAERRORRAIIL 1 A%
LB RREEEZ BID,

EIE LmAOKISRNMoHT:
BB A

SRR A RAHERE T B T DI T RAT O
RNLOWETH D, FETE, TTHHIEEHEE
15 L CEE L AR ADRIERELZHL
DN L, WA R, YERBICHGE L AR A DO E
FERDG, BB CEEARTER Th AR £,
Heptatk, FEEMROWEEF (Yamashita et al.
1999) T2V NTIRE LT,

H18 BEECHTLAmRADREEE
HEMEIEFNIE (Kusakabe et al. 1962), B4
PRUEEE, RELKHE EIGE (BEE 1962), {FEE
O GRAED) Sk, HEEBTD N7
Takifugu rubripes DETBAREIME L L THILBNT
Wb, HEHETH 4 A LR~ BB ik
Sl LEEIAM T (BEM 1983), BAEESH
ToAFRERIT 9~12 A 1132 18~25cm DEhfa~ L B
FL, — R0 o cREshd (LARE
7> 1987), HisghRAEWET 5 L THERIRT S
UM OIER, WESEB I URETAEDORE
EREONHRITEE 2 ERMR & 72 205, TOERE
SRR I TR, ARSIk
i BIRERSRTE, TROAATROE
B PIREERIA L TR, £ITC, AT
BT 5 b7 7 SRR OWESER SRR
I VBB L adt 2005a),
1. MEEAE

HIRE GBS b7 7 7 SRaikERT Sk
DRI, ERROERATSHRASHFE TR
il (LTSRS L #95), iRk
NAHKAMATE CATRREATS &P D)
D 2 JEHTTE, AEARROAARSH (BAITHE



RimRKERERIBHTIRE

AETH L) ©1HEHTE, RIEROSR
WEHFHE CITSRESR P 2), HEingsE
WERES (CUTAmERAT A L #532), BRITIRER
RS (A TAZFIRG LFr95) © 3 RERRER
Ak L UMEEH R EATTS (I THEARE
9 2), BRRSHATRAEATS CUFATHRE
JE LB 5), JIEAKERTS (LUF)FAE & #d
%) O3 EMHEOE 6 T 3 BIHTH 5 (Fie. 9),
S TEERTERICIL, 9~12 BICERRO—&8A
SEEOMITEEIRS

REARIRD—AE Y DIEEEE KBTI 5, KEAA
AL, 9~12 BICEmE L AEARIRD—4$91 i
EENKGTT DM, EEBO—FED FEEE DR
TEZSRE LT BRI KT 5, FEARNTIE T 9
~10 B I ZREARO—A9 Y EE KT8, B

345 20084

TR, fhEAKEE, ATRENER JOUIEAE T,
10 Az BEHANO—FI0 ESs, 11~12 BILH
HAOEDE BEEE T3 5, MRl
L UHEITREG T, 10~12 A& RHBOEEED
AEREIRSEE AT TS (Table 11), 1991~1995
£ 1 1999~2002 27, = b ATHE R R SUTIREE
HERRIAE 2 Sl L7z,
1) EhiBOARRERY, RESEL L URES
]

AR Table 11 1Z7R U,

O. HEhEaTERS LOREMATE TR
BNTEIH ENTHBEAD T 7 S ORI E 1
BT OFHEMEChR L CA BNEEREE R,
T OB B RIDOTHRE R R U CREEERHEE L
7

Saga Pref.

Ikeda (3

Irichiyo
Kawdta

OChikugochubu

Shimabara TN

Fukuoka Pref.

34°
00N

33°
50N

33°
40N

130°20E

130°30 E

Fig.9 Map of the study area, Ariake Sound. Open circles
indicate the location of fish markets used in this study.



Table 11 Outline of fish markets investigations

AR C HIMgEC BT 3 b 5 7 7 OMGREN & SR ic BT A5

_ . . Investigation method
Fish market F lshmg season Type of fisheries Monthly catchin ~ Monthly catchin =~ Monthly catch in
number weight sales

Chikugochubu Sep.- Dec. Angling estimation estimation actual number

Omuta Sep.- Dec. Angling estimation estimation actual number
Kumamoto Sep.- Oct. Angling questionnaire  questionnaire estimation
Shimabara Oct. -Dec.  Angling, Bottom trawl  questionnaire ~ questionnaire estimation
Ikeda Oct. -~ Dec.  Angling, Bottom trawl  questionnaire questionnaire estimation
Irichiyo Oct. - Dec.  Angling, Bottom trawl questionnaire  questionnaire estimation
Kawata Oct. -Dec.  Angling, Bottom trawl questionnaire = questionnaire estimation
Futsu Oct. - Dec. Longline estimation questionnaire estimation
Ariecho Oct. - Dec. Longline estimation questionnaire estimation
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Table 12 Summary of the release-recapture studies of ocellate puffer seeds

in Ariake Sound

Released Meantotal  Number )
Year of Date of ot length (mm)  of seeds Degree of normality of Rt.éleisle Marking method ™2
release  release the caudal fin site
number  (meantSD) released
1991 6 Jun. 1 199+ 1.7 107,900 Normal or minimal loss A ALC()
29 Jun. 2 304+ 38 29,760 Normal or minimal loss A ALC(I)
18 Jul. 3 528+ 5.7 22,350 Normal or minimal loss A ALC(2)
1992 7 Jul, 1 51.6 = 5.8 22,700 Normal or minimal loss A ALC(L)
15 Jul, 2 623+ 62 11,980 Normal or minimat loss A ALC(D
21 Jul. 3 704 £ 85 12,250 Normal or minimal loss A ALC(2)
1993 20 Jul. 1 69.1 £ 83 15,130 Normal or minimal loss B ALC(2)
2] Tul. 2 69.6 = 8.1 24,500 Normal or minimal loss A ALC(1)
28 Jul. 3 66.5 & &3 7,630 Half level loss*? A ALC(1)
1994 13 Jul. 1 688+ 7.5 11,940 Normal or minimal loss B ALC(1)
14 Jul, 2 687+ 74 11,610 Normal or minimal loss C ALC(1)
15 Jul. 3 437+ 4.4 12,000 Normal or minimal loss A ALC(1)
15 Jul. 4 677+ 59 21,770 Normal or minimal loss A ALC(T)
20 Tul. 5 655+ 5.0 16,570 Normal or minimal loss A ALC(D
1 Aug. 6 653+ 5.7 24,570 Half level loss*? A ALC(2)
15 Aug, 7 824+ 7.0 10,260 Normal or minimal loss A ALC(2),TC(1)
22 Aug. 8 100.2 £ 6.2 5,350 Normal or minimal loss A ALC(2),TC(1)
1995 28 Apr, 1 33+ 01 290,000 Normal A ALC(1)
6 Jul. 2 3944 53 7,060 Normal or minimal loss B ALC(2)
6 Jul. 3 508 4.6 7,980 Normal or minimal loss B ALC(D)
13 Jul. 4 307+ 4.7 10,920 Normal or minimal loss B TC(1),ALC(1)
21 Jul. 5 72.8=.92 8,710 Normal or minimal loss B TC(1)
25 Jul. 6 788 = 1.7 6,340 Normal or minimal loss A ALC(1)
26 Jul. 7 786 + 7.7 8,330 Normal or minimal loss A ALC(1)
28 Jul. 8 776 £ 9.5 10,480 Normal or minimal loss A ALC(2)
9 Aug. 9 8294 55 4,130 Normal or minimal loss B ALC(2)
1999 21 Jul. 1 623+ 69 51,000 Half level logs*® B TC(1)
2000 1 Jul 1 63+ 59 8,700 Normal or minimal loss A ALC(1)
10 Jul. 2 75.8+ 6.8 18,300 Normal or minimal loss D TC(1)
11 Jul. 3 752+ 6.7 19,880 Normal or minimal loss A TC(2)
2001 10 Jul. 1 708+ 59 36,000 Normal or minimal loss D ALC(1),TC(1)
2002 28 Apr. 1 3.2+ 0.1 190,000 Normal D ALC(1)
28 Jun, 2 574+ 4.7 12,000 Normal or minimal loss D ALC(1),TC(1)
4 Jul. 3 676+ 59 14,000 Normal or minimal loss D ALC(D,TC(2)
11 Jul. 4 793+ 54 10,000 Normal or minimal loss D ALC(, TC(3)

*! A: Shimabara coast, B: Isahaya Bay, C and D: Innermost area of Ariake Sound
*# ALC, Alizarin complexone; TC, Tetracycline and the number indicates the number of times marked
*? Fin reduced in size by ca. 50%
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Table 13 Results of the survey on number of sample, sampling rate, number of
fish marked and mark rate at fish markets in Ariake Sound

Number of

Total number

Sampling Number of recaptured marked fish in each release lot ark

Year  samples o of recaptured rate (%)

suveved P TR 5 6 7 8 9 markedfish P
1991 1,506 3.2 11 16 91 118 7.8
1992 573 2.7 20 29 53 111 19.4
1993 2,172 25 98 54 12 164 7.6
1994 2,174 8.5 185 220 25 290 184 130 85 838 1,207 55.5
1995 2,862 3.9 1 12 45 4 107 48 62 56 36 371 13.0
1999 2,251 6.4 205 205 9.1
2000 5,724 6.9 62 210 169 441 7.7
2001 2,738 8.4 538 538 19.6
2002 4,550 11.5 1 240 353 274 868 19.1

2. f=R

Table 14 Estimated number of recaptures, recapture rate
and income from recapture in Ariake Sound

1) THIBHREEROEE
1991~-1995 4E33 1 U8 1999~2002 EDTHE R

Year of Released Number of Recapture Income of recapture 13 573~5, 724 ., {EAHHERIT 2. 5~11. 5% T
release . recaptures rate (%) (1000 yen) ’ P T
oo 3 53 508 e (Table 13), T 5HDERNLETREFICH
§ ) ‘:23 ;g . g; T 111~1, 207 ROHEHARD SHERS Sz, AR
1992 1 1,154 5.1 477 HIAHD & 1~638 BORGREANEE S, Bl
2 1,133 9.5 505 w S N
3 2,064 16.8 1,022 ﬂﬁl’fm@%fj ‘1@51&'{[5{%@7&?%% (ﬁ'fﬁﬂi 1995-1
0951 104 127 ted BRUR2002-1) OF 1R, RAEIIAIREEES
3 388 5.1 218 5= Tlmm Fiiikt (BchcsE 2001-1) D 538 B Th-
1994 1 2,116 17.8 1,611 .
2 2,019 17.4 1,604 7a %@Y%‘—jﬁfi 7.6~55.5% TH Y, 1994 4F
: M o2 2L D DI REVESTRD b,
5 1,984 12.0 1,490 Table 15 Estimated contribution rate of released
g }=ggg 18-1 L;‘}’i ocellate puffer in Ariake Sound
8 ’985 18:4 804 Surv::y Catches M;ﬂ;ed TFotal fish Cizigt();t;on
1995 1 16 0.01 7 = e .
5 96 23 109 1991  Number 2,975 47,257 6.3
X 018 1L5 449 Value*2 2295 36,274 6.3
4 140 13 7 1992 Number 4,351 21,168 20.6
5 1,891 217 941 Value 2,005 8,165 24.6
7 1,364 16.4 701 Value 3,755 47,277 7.9
3 1,117 10.7 550 1994 Number 13,242 25,566 51.8
9 226 20.0 440 Value 10,050 22713 44.2
1999 1 3,306 6.5 2,448 1995 Number 7,602 73,786 10.3
2000 1 269 10.0 286 Value 3,793 38,661 9.8
2 3,004 16.9 1,059 1999 Number 2,089 35,259 5.9
3 2,182 11.0 821 Value 1,461 23,547 6.2
2001 1 7,991 22.2 3,744 2000 Number 6,145 82,630 7.4
2002 1 19 0.01 9 Value 2,166 42022 5.2
2 1,963 16.4 873 2001 Number 7,991 32621 24.5
3 2,731 19.5 1,251 Value 3,744 15,740 23.8
4 2,230 22.3 1,010 2002 Number 6,943 39,500 17.6
IS BAETIIA TRIRIRIE L LB, L
k : ndividuals
SR OV TH RS THEE U, *2 1000 yen
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T HCTHER & 4R 50 mn BUSREINERASREI B
F Uiz, £, WRE - UL BT
FEHUERREL 0 BV ERARD b, ERihoEK

(r = 0.940, p{0.01)

BEL- BRAE (r =0.959, p(0.01)

{o%,mlam O Balnya By Almomst acof Arinke Somd

Total lengih al release ()

Fig18 Relationship between total letypth (o) at release and
recaplure rate (%6 by fitting (he Iogistic curve. Open circles and
solid line indicate fish released at Shinabara coast, open scuares,
triangles and dashed line at Tsahaya Bay and the inoenmost area off
Arigke Sound

FREECLR U AP A X OB - HERUEIEHLHGREED 65
~TSRONE T o 2T, BT X (Jm) & 1 RH7D
DEYEHA (Bs) DA HHESOBRAITR O Y T
H% (Fig. 19),

113.7
BEMERTER  ES =W(r =0.895, p{0.01)
1519

HRE EEMEN  ES= (r=0912, p(0.01)

1410623701
EEVROBME & Bk, 1 BT b ERESHEILK
P AR E L AR BEELRY, TOEREERE
[ SERIC AT L, BIRHSEEEE L Y
5 « AU IR O T ANE BRI BT,
BIEHSEHFIRA IR U A ROHEE - &
BRMRE B ATTRED 61~ T4%DH ThH -7z,
4) FFCEIEY A XOHEE
FIRERIDANTNOWBE B BT A APREL 2D

gmﬂ
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Eloo
2w
% &
g 40
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ER N
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Total length at release(nm)

Fig.19 Relationship between total length (mn1) at release and
estimated landed cash value per released seed by fitting the
logistic curve. Open circles and solid line indicate fish released at

Shimabara coast, open squares, triangles and broken line at Isahaya
Bay and the innermost area of Ariake Sound.
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Fig.20 Relationship between total length (mm) at release and

estimated economic retum rate. Solid line, released at Shimabara
coast; dashed line, released at Isahaya Bay and the innermost area
of Ariake Sound.
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IEEEEY, 2R 70 mETRERERoTkilike
ET T atHAs# b Fig 20), FIZEZE 1 B L
i, BIEMIHREECIeR 61 e, SR -
AL BT CIieRE 54 m U ETELNE,
BREDOTRASE 75 m TR L, BEHLE
JAFTEE 1.2, TRED - AUANEE RO 1.7 &R L
Izt

5) FROZHINEGOHTE

L A
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3. E=E
1) BERRIC L EEORTE

HBHED 3 HERIZBO T & X E A A0S
HRAAT > Tk, Htfid 9~12 AlcYag@s L
TAIGT &h, 4 RIS EZ LA SN
ofz, BIED T 7 7 Mgl OTER K&
WZ LS TH D, TAEEITo729 VEOENIE
B (Table 15) OEEIREIT 48%5THY, Thk

Saga

0 Fukuoka I Kumamoto
[] Nagasaki

Shimabara coast .

Catch in number

Catch in value

Isahaya Bay

Innermost area of Ariake Sound

Fig.21 Composition of catches of released puffer in number and
value by prefecture (Fukuoka, Saga, Kumamoto and Nagasaki).

Averages of 9-year surveys.

[EUREEETAHD &, SHIREIE T I SE e &
AL HGTHELTERI U TH Y, BRIR 22~25%,
EBIR 31%, AEARIR 4%, RIFR: 41~43%Céh -l

(Fig. 21), AERBOBIEGETIL, BN 56%, £
BIR 1%, FEARR 7%, RIFE 26%ERL, BIFHG
TR L URRE R L MERIR O S
MEHE L, EERRPREROZIERS DRI
LD Th o7z, EREERICSNTH, &
ISR & TREYE B RE T, TR R 23~27%,
PR 20~30%, FEASIRL 3~4%, FfFIE. 43%, AWM
DEEFUFRETIE, IR 56%, IR 11%, FEXR
T, RIER 26%THY, ENES S FHEOFHREZT
Lz,

Y BB E IR e KRR DL DLERIL 56%5 Y &
&y, ZDZbid, BaRic L 2IAEDEMC L b
BHREOEENICREE LIl LERNBLTVD,
YT, 9 HFEORTAGTERN 2 BB ICE) T
1994 G120, B EEER ORISR 51. 8% & &
UL @hoiz, ZOREOHGHENY, £F 66~100m
DFEMA ZT 10 BRETH T Losh, HiahE
R (B roiRE iR ; JbE 2001) (=Y
FAMEN 2R 50 mm REEEBRA LT 114.0 2720
9 HETHRBE (FOMDEL0.5~2.2), Zhds
BRAEL G| & BT b0 LER BND, ZOEDIE
RIRFED CPUE 11 7 kg /B - %R L, TSI
ETNEZOERPER L EZOND (A
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2005a), 1992 %1% 4 kg H - ETEEN SO
BRIl L BEBETH L (M 2005a),
1994 FIHFADTR &V D BERYRBERIC
EEST, MAROEIMZY VIEERRSIL, B
BECA-SICER U S EThon b X
Do

2) Moy A&

TR TR & At A CIEREE EM L,
o D ENERDHEE Sz, SUFRRindE
FESRER & NEE L BT IRBESFER DN L IR FEL
L CEDARRIEERAI b OTH S0, 20~30 TR
LAV O REIEOBERIC b Ab b, H#EEREM
BN 16~19 Blc & K0, BRI 0.01%
RO TIED 2T, EiMUFRIERED 77
ZHBEL VNS 7, 000~9, 000 HTH Y, Rz
TR BAAHEY (4 kg T 20,000 H2E) &
LChERIIEDRNT EAEEA L,

kT 7 ZOMREEICET DEIREN, BT
2. 4~4.T% (CEER 74~88 mm), FENETIL 7.0
~12.6% (FHLER 62~101 mm) LHEESNHTRY

(IR RiFEA> 2002), HEREOHEEY A XTHLIL
HENER L DETHE, ZOEOFRE LT, HEHE
DEOM BB RO SRR DR EZ %D
BN EREZ NS, BT A LEEROE
Rz oW, EEATIEEZ A (IUTF 1997,
1999), <= 7 (BHIFH2003),
=3 (B 2000), 7 TR (AREEKESML
3£ 2000) TEHERE B UENEN TS, WT

(1997) i3k T AW THE A X & EIREEDES
Rz PRT o 7 iREER L, FaaROEN
WX D EIEEOEMORISTE, 4Kk 60~110 m
DORITREVEWIFBEREEE, FHETE, 2k
50~70 mm CEUREDEMOEEIFHIRE VLW
HBENELN, HEAOEFEERIZIINERR R
BHBEZONAH (UTF 1997), 2F 50~70 mn {2
B BENREOZE LW R, YIRSl aE )
5 OHGRERE S 1 VEREEA~DEIS D3R 50 6 70
mm o~ & T SRR TR EE D, [ERERAN
PRBIZ A2 B F L LDV A X TRINGREDDHS

Yamashita et al.

BESERESNEZ LETTLOEEL RS, T
7 JFER O A X OBEILER b SRR b
BHREB LT D 2 LIS BROIETH B,
3) MU & ERE

RS E iR & SRR - AL BRI,
HHEOBIREN L D EVERSS b, Zo0EE
& LTH, HitRDATRROBE OB HE X
HALD, GRS 2 RAHERD Bk
EHRM I ChH Y, T L OUBRA AR
DFERREHLEZLNTWE (M 1965, M
dt - Smonta 1991), ARMEIZIT A2 EENL, #HERE
RO BRI IR 53 L UM IRt de s & 1S it
FUROREAIRHIS S E TIERITIERS > TV AR, B
BB EITTIRORERCT LV GFM 1967, 1980),
1994 0 T~8 B Zh b OTEERRLZiEE T
BHAT HH8, PR L UM L 0 IRE SN
LS SRR E DA, Rl FRHTZY
OFRETY, HERE RO Tl Ui RIS
FiEE 7.6 B, TYMEBRAFEEL 2 BT, B
HAEHITRECIE 2. 4 B Cdh o7z (IMTHRER), 20
T LT, BRSO D R e R AAHE
B OREE~DOIADEY R A TR LTV,
ZOFERE UTH, SRMEBOTERL, BoiEnd
B\ NI . RRHER O E R~ 5l
BB\, FESESDERII A0 7R T ORE
BRSO R I X 0 AEEMET Ul Z L A5HEER
Ehb, £, BIRHSEERRT, BOtERTEZC
& UE SIS ORCREA RIS B L,
BIEMARIMET L TREEbLEL bILD, FEE
WRWT D, KIRHERO g Tl L 7=l
WT, FRLAOHER Tl L 7o L D bR
RENZ ERBRE SN TWA (T 2004), A/
DORFOERN DV T, A EBTROBEISER
BIERSESORP LN L T BEN D D,
4) BEshE L B AR

FEERE A DRANCHEET D LT, BIERBRY
A A L IR S SO AR S EE RS
{#=CdHD (Yamashita et al. 1999), FIRESEHHE&D
B YA RO S 2R 75 m THh-oT,
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e, FRSRITREY - SRR IV T
Eholr, ZhbHOZ MG, FHEERAIRHEENR
DR 75 mm CORGTEAEENEE BB Uik
WMLV LD, B OAETCEL R
Wk, WA 5 o B LI E WS BRI b dvinib 5
L7 &L, ARNRESEETH D b T ARt
D YIS 2 BIeEE (BEH 1993) bifEEL
ToFERER 0. 2 IR TE L B o/, kA (2001)
PP B & AN T Bl HIRRS mE R R
BREL, ERERLL, RECEEL, EEE,
Z EEEREEOL&LEE LTWA, a2 VA
%09 Azt 100g SLECHEEMAL, 11 AL
i3 300g FREICRIIT AR5 (AfT 20068), E 7z,
HEECIE M7 7 VYA R b E S R Bt
DGR S A, (EEERE (B 20058) AsBHERE L7z
FENEHIBTRLT 1, 800~4, 100 F/ke,  400~900 [,/
BERL, @Al L THRELLBV-OIMETH
5o MZT, FRBEHFEET CRENER 2006 <
WL Z &, BVEEERIC 02 bDEE
ZBD, BWIEHG X U Cieaosss
2 (Yamashita et al. 1994, &fT2003), 1EAFAES

(GEHIED1990), REOFER (UL 1982) B
XN — DRI (F)111990) 2HAEL L
T, —ELA RO A RO RRT ST
Bo SEIOBEFHID L 5T RENRICES < EE D
LR IERRGE - X &30 L7-FliY, Yamashita et
al. (1999) R°HAHERZER S (1989) Ak T A
DNTHT 2T HHIDHTH D, AL FDHINE
DIFFETIL, —EDVA A TR OFEREIE L Fh
LY REVTA XTIHET S 2 &) FHBEOMEAA
BB, BEL-YLTRIERES BT A5E
i3, FROIFERBEEMRR D A—R BRI
AL, ¥ REDEERNDLRIOFHEIVED
NDRHEA XL 5148 (Yamashita et al. 1999)
LEEL, BANIRHTRETHS S,
5) EmtE

BE AT~ 1o 4 BB G, ERe
H SRR N EN M E T, VTS
TR DR FE B AE TENC L > TR &I &

., AR, BERESE, BEMRERREE LT
H|EINTHD KL - #5K 1982), FEEMEISHIR
A X, R, BRI L b, KR
WRE < BT Bt Téh D (Vamashita et al.
1999) , FE ik & FEE M2V T, B LA (1993)
e A FERICENEI T 2 ER L LURERES:
B0 BT, BERECRE Ui~ 7 fid O
HRER, {REkSy, Tk, TR HREE RS L,
ERERET CREBERT L bAERRENREL,
LRV HSRER R RENR L A & U, R
B LIoHiRE 1995-8 Tk, BRSO RIBIIEH Th-
7B LRSI E - T L R EBET B L,
LT 7700, RBEEORBENE RO
KT, FBEEEOFRESRLODE AR - 4
{bEa3eR A2, ZDZ LIk B HEERE A~
JEREAI DA FASEZRRO(E Ol SRR T I B
L7-a[eBfEbE A DILD, BEENIBDERTL, FF
FHICE S THERINBA PV ADBIZTTLO
LEZLNDZ DD (A% 1997), BEEXKBLTE
WEDRIE E L THWA Z EBHsRA 1 L,
41, HIAOEEM L FEERERS LU ICHED
REERIEOERVNTOWT, 1TEAER, 43, 4k
FHIZRED DEETRFH DB S 5,

FIH ATEEOREY  XH K FTHUREH
BEREERE I WKEDFE

HRORTE A O RCRREE I R R BE S D EE A
HERD—2LEZ b (Yamashita et al. 1994,
Yamashita et al. 1999), HFEADEEIITHES
5, HEREERCHARE T A RO SRR I ONERT
DHREPRERBERIET B 1993), fE-
T, ZhbDOFEE L HGTADRE & OR A7
THI L, KRORE L EEOT OB
B (aiesA X, BEiind) #RETHILT
TOOTEHETHD, AEICE, AHECTERLE
BRI R OB ESE, YRAOREIA
RpDERIZE X BT X, Hel, RofseT
BEORER: & EIRER L UYKIROFEE T L
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(Fa 2006),
1. HEEAEE
1) BURMEITS L U EZEH

FEATIZ V=00, 1991~1995 £ K TN 2000~
2002 ££D 7 BICHIRHE CHOR S5t 23 ORricRE
ThD (Table 16), I LEGRADIEERINTH D
9~12 B OTHEFRE #a% 2000b) (X VLM
TERESRE AV, BittkDBE (x) L2ROBNE

{ v, SO E—HimsO¥EHLR) DR,
B~ E RER G L CGRd, &51T,
INEORITL 0 MFAOBEHICH-S 11 A 1
ARFOSREEMEREE L, TR OTE e
REMz T2k UTHESRLVD) RHERHEHE
(R, HAYZEEE (D & L7,
2) Az

Table 16 Summary of the release-recapiure studies of ocellate puffer

seeds in Arjake Sound
Year of Released Date of ]Mneaul: ;otal Quality of Release
releasc umber release (emfa l&rsn];n)) seeds released  site™?!
1991 1 18 Jul. 528+ 57 good A
1992 1 7 Jul. 516+ 58 good A
2 15 Jul 623+ 6.2 good A
3 21 Jul 704 + 8.5 good A
1993 1 20 Jul 69.1+ 83 good B
2 21 Jul. 696+ 8.1 good A
3 28 Jul. 66,5+ 8.3 bad A
1994 H 13 Jul 688+ 75 good B
2 14 Jul. 687+ 74 good C
3 15 Jul. 437+ 44 good A
4 15 Jul. 677+ 59 good A
5 20 Jul 655+ 5.0 good A
1995 1 6 Jul, 5084 4.6 good B
2 21 Jul. 728+ 92 good B
3 25 Jul. 788 77 good A
4 26 Jul 786+ 7.7 good A
5 28 Jul 776+ 9.5 trad A
2000 1 1 Jul, 630 £ 59 good A
2 10 Jul. 758+ 6.8 good D
3 11 Jul 7524+ 6.7 good A
2001 1 10 Jul. 08+ 59 good D
2002 1 4 Jul, 676+ 59 good D
2 11 Jul. 79.3 4+ 3.4 good D

*1 A: Shimabara coast, B: Isahaya Bay, C and D: Innermost arca of
Ariake Sound, see Fig.22
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Fig.22 Map showing the study area, Ariake Sound. Solid
triangles (A, B and C) and line (D) indicate the release sites.
Open circles indicate locations of the fish markets surveyed.
Solid circles indicate oceanographic stations where data on
surface water temperature were taken.
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WY A AOEECHETAIERE LT, UTE
BIE LRAZS S L,
BRRAREEENC F W3 BRI T DR Y Th D,
@. Horihes () HsiI7 A1 R~T A 28
ACHY, 7TADHDEAETHELRE L,
@. B X (B By AR 4~
9 ThY, BSHOFGIFEELR (m) 27
L UCHVE,
®@. Hoismr () HospnieRis (), R
¥ (B BIUERMEE C D) O3IWERTHAM

(Fig. 22), B, C, DiHE % D7 —& b/l Th
LREFEARDORE SR CHAHZ £ (HAL - Smonta
1991}, EIRHIZE (A) Mok 14 B & BREE - G
LB (B, C, D) Ha#EO MO 2@ ITHT, F3I—
¥ (HEMFH)~1989) (BFRHMSCHGEE - 1, SREE
BLOEAMEERSGRE : 0 2517
@. EEH () ST IONCEE T, EEE
AR TR LA RIE THlA-EY YTENC L 1 B
KB UEETIL, EMNERAE ETITD @k
2005b), ZiLLTEEMEDREEE 5T, BH O
EEE L B AERE 19933 « RHEKIERE 1995-5 i
G, FI—g (BEARNE 1, SBEMEH -
BAETIERE  0) 25 R T,
®. BFEE () FAHEYRAITEREOLEEH
REVOPEETHS (R 20062}, T HDEE)
DNEREY A B X DR R DT, BEENS
VATHETIR TN IS D HEEREEO CPIE (kg/#- )

{(F%F 2005a) ZEIREOEZEL L CHVVE,
®. KiR (~X) BRI E COKED
PR . 5 T8, RIRAB Ot O A RS (F
#+2005a, FEL + Smonta 1991) BV TAH 1[E
OFEE CIREIRA P KERRE 2 —REEL T
LIREENEI 3 £ Fig. 22) @7 B~10 At
VI HREZRILDE P OVIEE Vi, 738, 7 A
& 8H (:=0.87, PL0.01), 9 AL 108 (2=0.88,
P<0.01) WZhEmY EBIBRAGRD b A T Lnb,
FNENETBRER L LTV L S EIEEDR
ERRAETS (BT 1988), fE-T, 22T
P O R/ < $ 57, THE8H, 9

AL 103 ZFNERTFHL, 7~8 H DIREHEIKIER (X6)
& 9~10 BOFHKIE (X7 RFNT, SIAZEME
B R/ EL L (=0.21, P>0.05),

3) EEFESH

PLLD X~ OBERZFRAZTEEEL, 1LALR

RrOfESRE B (D L L CERRSTTZT
o7, BREERFRNE, BROITHYY EEr =
2.0 & UCESUERIE (BLEFEA» 1989) 2k R
7

2. # B

1) BB

HiiEt 23 EHNC oW, R & 11 A 1 RigD
HEeRE% Table 17 IR L, HE2REIT 181~
226mn & 721, Fr/IME & HRAE T 40m LA EDFEDI
bz,

Table 17 Results of the analysis of growih equations and estimated total length
(mm) on Now.1 by using the release-recapture data of acellate puffer
seeds in Ariake Sound

Year of Released Grawth cquation l[?slirl:utcdluml
rekase number ¥ (mm)y=a xx(day)b Data numbsr 7 mglwm] o
1991 1 y o= 1690 X x™ 2 om" 203
1992 1 y = 673 X ¢ 20 0.80*! 187
2 y = 279 X ™ % 0.82** 194
3 y = 410 %X ™ 4. 0.84™" 193
1993 1 y o= M X g 3 o0as*! 203
2 y = 531 X x"% 35 0.94%1 199
3 y o= 193 X g% 4 0.99%" 202
1994 1 y o= 1T x5 54 a91*! 205
2 y = 426 x "% 48 091! 21
3 y = 20,00 X x*"% 7 0.75** 186
4 y = 1030 X x°% 81 092"t 190
5 y = 695 X % a0 0,897 189
1995 1 y = 691 % x*% 15 074! 208
2 y = ILIO X x%%% 2% 0.86*" 196
3 y = 006 X % 15 D70t 193
4 y = 483 X K 19 0.88** 181
5 y = 435 % 0% 25 0,80*! 183
2000 1 y = L6 X ™ 2 0.88%* 213
2 y o= 245 X 35 0.96*! 214
3 y = 503 X x*™ 36 0.90™! 214
2001 1 y = 1L70 X ™ 186 087" 222
2002 1 yo= 647 X 50 a8 090™! 24
2 y = 641 X " 58 0.89*! 226

»: Amount of growih in total leagth (mm)
x i Days after release
r: Correlation cosfficient

© " Significant at 1% level

‘2 Significant at 5% level

2) EMRHHIC &k DEHERDEH
EEYFOATORER, ¥ %< 6 DOBBAEEANER
Ehi, REEEFRRIZ E—1.14 5+0.498—
6. 03.55-+0. 5485 2. 604+ 1. 874--211. 7, EFRRIHG
F ri30.93 Thole, HBRTORERIL FG, 16;
0.01)=4. 20<<15.84 720 WNDKETHE Thol
(fable 18), 4 7pdoh X, X2, X3, X5 X6, X7
AR DM AE I FEBRAT 5D T
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Fig23 Comparison between the observed value
(solid bar) and estimated one (open bar) by using
the multiple regression for the total length of

hatchery-produced ocellate puffer released in
Ariake Sound.
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2% Fig 23 1R LT, BHEHIR Y 1~9m D7
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Bz & <ERUT e, RERERROE 50> bif
YA LT, X2 X6, A7I3MER, &, X3,
X6 (IO ERTh -7, EEURERR RN &
—0.65, X2:0.36, X3:-0.23, X£:0.23, X6:-0.28,
X7:0.21 L7pY, EOREINL X, X2 X6, X7,
X6, X3 ONEIIRIEY A XOEENCFES L TWBEE
Z 6T,

3. % &

FHFFITRNT, Fidet & UK (1D,
By X (1) BEOHGRERT (13 Ay~
RN > TWB Z L o7, o TE
HUIREISIRED D EGTE () ORENEDR
&, B X (1 BThRWE, REERSE
B, pmeas 1 HEL Zphidl 11 B 1 HolES
& 1 I OIS, Bofet - X35 I K& < Zphuid
2 0. 5m OBINZFET 5 Z L REWRT 5, YUk
ADRIAIIL9~12 AThH Y, Hai® 2~5 » A &ITR
BMAT 2, BOREEEARITIL, Hoioh O

Table 18 The results of multiple regression of total length (mm) estimated on Nov. 1 on nine

selected variables

X, X3 Xy X5 X Xy
Partial regression coefficient -1.14 049 -6.03 054 -260 187
Standard partial regression coefficient -0.65 036 023 023 -028 027
t value 5550 295 195 1.84  241% 266"
Constant term 211.7"
Multiple correlation coefficient 0.93"
F value 15.84""
Minmimum [ 437 1 1 41 249 211
Maximum 28 788 0 0 205 292 260
Mean 1565 6726 061 091 1302 2788 234

X, Day of release in July

X, Total length at release
X5 : Release site

X, Quality of seeds released
X5 : CPUE (kg/boat=day)

X Average surface water temperature (°C) in July and August
X7 Average surface water temperature (°C) in September and October

"I Significant at 1% level
2, Significant at 5% level
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BT 0. 1~8t ThH I Eb (Al 2005a), H#GTR
& LT OMREME T L OB TTREEERE 2 bhd,
SEROEIREZ B S DI, FHBIBVTR
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F4E HRAOERNERHFORFHR

T 7 P EESMEER IS A (R L UGAD
HRkiE L L (i 1965, BEiEh» 1088, Hidk -Smonta
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Lz, FERHIC OV, FEREFEETER Tkt
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Fig.24 Map showing the study area, Ariake Sound. Solid
triangles (A, B and C) and line (D) indicate the release
sites. Solid circles indicate locations of the fish markets
surveyed and dotted area indicates the fishing ground for

adult ocellate puffer.

IR EIKPERRERES) , 1997 fEITRIFIRA S/ FERER
Y CRERTAERE L7-HEfR, 1998~2003 4R/ LR oofEgs
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1995 S RIRIRKEEREIE BIR 5585 C, 2002 Bl R
W DFE R ARERERE CA5E L7 b BaiiBRIc L
T2, RSN IES -0 27, 350~353, 950 B, Kt
A K2R 3~100 m OFFICH -7, T
77 ONTHEE T, SEEAECIERENERT
WAEYITENC L W BEENRIBT D5 2 & s B, &
BRI, 2 SEAEWERLLET A7-H
(CHAERECIREERY, AEEEICHODEE 2 HW
EESHIZHOT, 1993 45 3 BifeE LT, #
TiRE 1993-3 LR, HfthE 1994-6 I J OVt
1999-1 00 3 BEABR N TIREED RARI TV ) SR Cdo

oz, ZOHT, FiikE 1993-3 (2T IEHE I
EHEEZEE D 3 50 1 BEICRED L, Mk
1994-6 F5 L TN 1995-8 13, fABEHELEE LY B
ICBRELTHEBL, SESRMLEREERE L OMRE
ATz, FORER, KRt 1995-8 TIRERMED KR
) S T > 723, HOichE 1993-3 & 19946 T
(FREEIZ OV TREEO EATREA KR LTV,
7283, BRI DR U T U7 iieie 1999-1 & #%
BBV 7 <, B CRAEI S ETREKIE LT
Wz, BRI EIcT V) ar Ly vy uhm
7T IV A 7 U o EIEEEC L D BEERA T,
TR OTEER PR ON AZ AR CHOTAE, e,
JECHCY A AR DR BT 2 5 L 52 L=
(FAt 2005¢), Fiit LSRG (4), SRR (B),
HHREEE (C) ROEHHEEE (D T A 2) OF-4 B
TIT27=(Fig. 24), BFRATHYE CORFEITRIBEK
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HABIERITE CIER N T o 7 THREL, BRETh
F v o OFERIAIED B AR — A % B THGE L, &
B, FREEREUEIRELR 7 A o L CORGE
HKERBE BRI T fo IR O A PEREE > SEOERPBATIZ LIIE#ECHD, 22T
BiER LT v 7 CRIFEHADIREE IILUREE 1996 4E° 5 2005 FFIZRIGRD 4 WiH»L F 7727

Table 19 Summary of the release recapture studies of ocellate puffer seeds in Ariake Sound
Released

THRELTA%, R—ACRANCREREE L, B
FEESIE T VW B S Lk,
T -3) EAEE

kST S TR I, MR ERAT

Year of Date of ot Total length Number of  Degree of normality of Release Marking method
release release (mm) (mean+SD) seeds released the caudal fin site™* *2
number
1991 6 Jun. 1 199+ 1.7 107,900 Normal or minimal loss A ALC()
29 Jun, 2 304+ 38 29,760 Normal or minimal loss A ALC(1)
18 Jul. 3 528 + 5.7 22,350 Normal or minimal foss A ALC(2)
1992 7Jul 1 51,658 22,700 Normal or minimal loss A ALC(1)
15 Jul, 2 623+ 62 11,980 Normal or minimal loss A ALC(D)
21 Jul. 3 704 + 85 12,250 Normal or minimal loss A ALC(2)
1993 20 Jul 1 69.1 £ 8.3 15,130 Normal or minimal loss B ALC(2)
21 Jul 2 69.6 + 8.1 24,500 Normal or minimal loss A ALC(1)
28 Jul. 3 665+ 83 7,630 Half level logs *® A ALC(1)
1994 13 Jul. 1 688+ 75 11,940 Normal or minimal loss B ALC(1)
14 Jul. 2 68.7+ 7.4 11,610 Normal or minimal loss C ALC(1)
15 Jul. 3 437+ 44 12,000 Normal or minimal loss A ALC(1)
15 Jul. 4 677+ 59 21,770 Normal or minimal loss A ALC(1)
20 Jul. 5 655+ 5.0 16,570 Normal or minimal loss A ALC(1)
1 Aug, 6 653 & 5.7 24,570 Half level loss™® A ALC(2)
15 Aug. 7 824+ 170 10,260 Normal or minimal loss A ALC(2),TC(1)
22 Aug, 8 1002 £ 6.2 5,350 Normal or minimal loss A ALC(2),TC(D)
1995 28 Apr. 1 33+ 0.1 290,000 Normal A ALC(1})
6 Jul. 2 394+ 53 7,060 Normal or minimal loss B ALC(2)
6 Jul. 3 508+ 46 7,980 Normal or minimal loss B ALC(1)
13 Jul. 4 307+ 47 10,920 Normal or minimal loss B TC(1),ALC(1)
21 Jul. 5 728+ 92 8,710 Normal or minimal loss B TC(1})
25 Jul. 6 788+ 7.7 6,340 Normal or minimal loss A ALC(D)
26 Jul, 7 78.6 £ 7.7 8,330 Normal or minimal loss A ALC(1)
28 Jul. 8 776 £ 9.5 10,480 Normal or minimal loss A ALC(2)
9 Aug. 9 829+ 55 4,130 Normal or minimal loss B ALC(2)
1996 16 Jul. 1 697+ 59 24,000 Normal or minimal loss B ALC(2)
16 Jul. 2 694+ 6.4 28,000 Normal or minimal loss B ALC(3)
17 Jul. 3 69.0 £ 74 26,000 Normal or minimal loss B ALC(4)
1997 21 Jul 1 428 + 8.1 76,000 Normal or minimal loss A ALC(1),TC(1)
1998 19 Jul 1 43,5+ 3.5 50,000 Normal or minimal loss A TC(1)
1999 21 Jul. 1 623+ 69 51,000 Half level loss™® B TC(1)
2000  1Jul 1 63.0 £59 8,700 Normal or minimal loss A ALC(L)
10 Jul. 2 758+ 6.8 18,300 Normal or minimal loss D TC(1)
11 Jul. 3 752+ 6.7 19,880 Normal or minimal loss A TC(2)
2001 10 Jul I 708 £ 5.9 36,000 Normal or minimal [oss D ALC(1),TC(1)
2002 28 Apr. 1 324 0.1 150,000 Normal D ALC(1)
28 Jun, 2 574 4+ 47 12,000 Normal or minimal loss D ALC(1),TC(1)
4 Jul. 3 67.6 %59 14,000 Normal or minimal loss D ALC(1),TC(2}
11 Jul. 4 793 £ 5.4 10,000 Normal or minimal loss D ALC(D,TC(3)
2003 4 Jul 1 717+ 52 12,000 Normal or minimal loss B ALC(2),TC(1)
14 Jul. 2 820 £ 67 7,350 Normal or minimal loss B ALC(1),TC(1)
17 Jul. 3 90,6 £ 7.2 8,000 Normal or minimal loss D ALC(1),TC(2)

*1 A: Shimabara coast, B: Isahaya Bay, C and D: Innermost area of Ariake Sound (refer to Fig.1)

*2 ALC, Alizarin complexone, TC, Tetracycline and the number indicates the number of marked ring

*# Fin reduced in size by ca. 50%
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1994~1997 D 4 HEOHGEEF MR E L, FE
& FHRICRIBHER OB RS & ST A BRB
£ (B) L HUELEAGEEE C, D) @3 MaiErE s
EHTERDR, Zhl BRHSEHGRE W2
Wiz, Ebis, ThbHOBRESME2HFE—LT
PEBST 5728, 4 FEED 21 HAHTEEO 5 b, BIEHE
TR CHR 7 o THEL Y A DR 2 Rt
1995-1 (25 3mm) (1 1994-8 (£F 100mm) AT
GRS TR o To TR 1994-6 BTN 1995-8 134k L
T, BaetA A (1 mm) & EHTER (¥S) DERICDNT
EHEENR AT &1T 270
7) HEEFOENRNE & FEIRRAROEIRE & DR
ALY, FEUIMAERNCHD 210 8 mOR
R COMANTHEHE BRRD O b, i

Catch in weight (k2)

Catch in mumber

8) RERDOHTIIH

S THEEOSET — & RHERIFE L, Zhi
b &R W LR AR, EEFITEE von
Bertalanffy OBk HHGEE ALY, MS-Excel @ VL3
o L AP R N Rtk (AL 2001) 2T
INT A HEWEE LT,
9) FRE

R BT T, B & BSOS (L
TREME D) (T TAERBMAER (GSI) %5k
B, EBILIOMESBOTEEERRNT 570
WIERFZEHA L, ZNETHNDEMEEZ RO TEOEE
BELRE (¢ 8,

GSI=100 X GH,/BW GW : ATHARER (2)

BW : & ()
2. % B
1) EE, RERNSJURESSE

FIERIT 5 b7 7 SEIRBAOREE, 1
BEs J OB SEROREIN LA Fig 2610 L.

Catch in sales (million yen)
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Fig25 Annual changes in catch in nurrber, catch in weight (kg and catch in sales (million yen) of adult ocellate puffer (left)
and annual changes in commposition of each value by fishrarkets (right).
DEMERAHERE E T 5 1994 K U01995 S20F 17 BAEDEERT 605~5, 046kg (45T 3, 482%g),
FtRE (R 2005b) AR L L, WrREFOENER MR ENI 371~2,600 )2 (BT 1, 766 FB), iR
& PESRANARED BN RO BRIV CEAHENR /T SHRIL2.9~23. 4 B M (Y 4. L BAE) L
e Y il &, 1998 ELMRRER, JREREL HICKE
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U CHERS LT, SEOIEER OISR OMRE
BHOEIE%A5 &, EEFEERG TIHER, R
R L BT 23~37%, TRIEEHE 23~49%, BFET
B CIEER, RS b 17T~45%, RS
B 22~51% %R L, 10 r FEONHYTIRER, 1RIE
B, eI Z O 2 il T2ED 60%LAEE
7,
2) {ERAE

1996~2005 SEOFFERHIL 68~243 B, BLAHH
L 5.4~18. 3% Th 2Tz, ETOFE THEA LR
FiHEEEOEESM L ICETTROBNT (>
0. 05) , AR T YD EEERE L LTS &
ZZ b, ERAOERMBEIIEELLETRERD
25, 2R don #EEITERE 42~46em ZE— F
Wbl T o7 (Rig. 26), BREEEICREWT 1
~18 B (RS 1.6~7. %), &8 T 85 BOHMUiEA
DFERR ST RN A B & 3R M B LR b

<, WWNT28 (17)2), 45 (10R) DIRE 20,
BT 8 mTHhoT- (Table 20), HofitleR
35~6lem, A 0.92~4. 46kg THY, 76 BHHET
oz, EAOEEHFRIIAE L bETRRDN,
a2 R 4om & FEIZER 42~46en 2E— FiZh
MR TH oIz,

3) ENRE, OIRES EBEUREEES S UFIEREE
TFifa 85 4T 1991 FE~2003 SRITHGE L7z 43 BED
5H 32 BATEEY LT, BIHOERI0~8 R
LRy, O BHEE S ENRESG L 0~98 BB,
[EULEREL 0~0. 41% T o7z, SHGTEEOBEINEEIT
0~235. 9kg, EINEZET 0~1, 172 FHZA L, EIX
SHEATEROBN (kt 2005b) HsBaRebi-FErE
BT U FIREEIL 0~0. 83 Tdh-o7- (Table 21),
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Fig26 Frequency distributions of total length of the sample and marked puffer obtained by the
survey in each year, White sections of the bars indicate wild puffer and black sections of the bars

indicate marded puffer.
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Table 20 Results of the survey on number of samples, sampling rate, number of fish
marked for each age and mark rate in Ariake Sound

Number of

Number of recaptured marked Total number of

Year  samples Sami)lm*g 1 fish for each age recaptured Mar(!:c rate
suveyed €0 T3 1 5 6 7 8 markedfish OO
1996 162 11.3 4 4 1 9 5.6
1997 133 89 1 5 1 7 53
1998 68 18.3 1 1 1.5
1999 117 54 7 1 1 9 7.7
2000 188 94 4 2 2 2 13 6.9
2001 225 12.2 4 1 1 2 1 9 4.0
2002 113 59 1 1 1 2 5 44
2003 167 10.8 5 1 1 7 4.2
2004 168 7.9 1 2 2 2 7 42
2005 243 9.2 7 6 2 3 18 7.4
Total 1,584 9.0 17 34 10 7 6 7 4 85 5.4
*!Number of samples / catch in number x100
4) TR X & EUREOBER HHTRED QR D Th o Te,

BRI A Rk & e BB < Z B
L Fig 27), BHGRBEOKFFEOTHE2REA
mm) & EMER (F ST T ORMRSAE S,

0. 0052 X1-0. 1884 (r=0. 81, »<0.05)
PR - VEBLRRE
J50. 00657 X1-0. 2048 (r=0.71, p<0.05)
b 2RGSO, AREEIO BN
Fdsotz (p>0.05) B3, THEME - AL R AGHE
DR BIFHERREL O BE TR R AR b,
B FHSE AR U XOMED - HEELE

O

. Tsohayn Boy ard innesyrest arca of
Arinlee Soand

0.1
30 40 50 60 70 80 S0
Mean total length at release (mm)

Fig27 Relationship between mean total length (nam) at

release and recapture rate (%9).  Open circles and dashed
line indicate fish released at Shimabara coast, solid circles

and solid line at Isahaya Bay and the innenost area of
Ariake Sound.

5) ZigRFOEMNE - EIRMAROENIRE & DB

LkRFOETER (Foung %) & FEIIAN ARG O [EIR R

(Jadult 9 WISEATOBHERME b (Fig. 28),
Jadult =0, 0108 XYyoung—0. 0062 {z=0. 75,
2<0.01)

Z ORI KB L BETHIARROENR R I Y RIFDEIRY
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Recapture rate of youngs- of-the-year puflfer (99
Fig 28 Relationship between recapture rate (%0 of young-
of-the-year and recapture rate (%) of nature puffer fiomage
2 years old to age 8 years old.
6) BREHR AEHMEFOSERLEROT—F %
H &12 von Bertalanffy DR ERE Y Tt
B BAO tRICB AR Lol iTRanic
(Fig. 29),
HE 2 £6=63.3 {l-exp [-0.245(£+1.92)]}
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Table 21 Estimated number of samples, number of recaptures, recapture rate, catch in weight,
catch in sales and economic efficiency

Year of Released Number of Number of  Recapture Catchin Catchinsales Economic
release lot number sample recaptures rate (%)  weight (kg) (1000 yen)  efficiency

1991 1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
1992 1 1 6 0.03 13.7 65 0.08
2 0 0 0.00 0.0 0 0
3 1 5 0.04 8.8 41 0.05
1993 1 2 18 0.12 303 96 0.10
2 8 85 0.35 240.2 1,095 0.72
3 0 0 0.00 0.0 0 0
1994 1 1 9 0.08 10.1 32 0.04
2 2 20 0.17 40.2 174 0.25
3 0 0 0 0 0 0.00
4 3 39 0.18 76.1 383 0.30
5 2 22 0.13 50.0 240 0.26
6 3 31 0.13 71.3 328 0.24
7 2 20 0.19 29.7 130 0.15
8 1 11 0.21 30.2 142 0.23
1995 1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 1 17 0.20 66.3 251 043
6 2 22 0.35 37.0 178 0.36
7 1 11 0.13 225 106 0.17
8 1 9 0.09 36.2 133 0.17
9 1 9 0.22 36.2 133 0.38
1996 1 5 98 0.41 2359 1,172 0.83
2 6 64 0.23 207.5 884 0.51
3 3 50 0.19 121.6 604 0.38
1997 1 5 51 0.07 107.1 494 0.25
1998 1 1 17 0.03 50.9 193 0.14
1999 1 5 50 0.10 98.8 393 0.15
2000 1 3 31 0.36 65.4 239 0.53
2 4 43 0.23 106.6 345 0.26
3 3 29 0.15 59.1 194 0.14
2001 1 4 47 0.13 90.3 299 0.13
2002 1 0 0 0.00 0.0 0 0.00
2 2 21 0.18 34.8 100 0.19
3 3 34 0.24 47.0 144 0.17
4 2 21 021 30.8 88 0.11
2003 1 3 32 0.27 42.6 122 0.16
2 2 21 0.29 26.1 75 0.12
3 2 21 0.26 28.8 33 0.11
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M : 2¢=75.0 {l-exp [-0.173(#+2.13)]}

g’
40 8 C —@— Femie N=O
© -{--Mile N=T0
30 1 () 1 1
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Age (year)

Fig29 Von Bertal anfly growth curves fitted to length-at-age
cbta of male (open cirdes) and fermele (solid circles). V is
the total murber of marked fish examined.

2& (m *HE ke LOMIZIX
HE - BI=3.95X10-5 T72.82 (7=0.93, p<0.01)
I ; BHES. 30X 105 772.74 (1=0.92, p<0.01)
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TRT LR Thotr, kb L, 3~4 L
MR PR & X THHH, TSI IRE
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t BRI &0 Ll U7-AdR, MR it & R
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Table 22 Total length (TL, cm) and body weight (BW, kg)
at each age calculated from the von Bertalanffy
growth equations and the length-weight relations
of released ocellate puffer

Age Male Female

(vear) TL {cm) BW (ke) TL (cm) BW (kg)
2 39.1 1.22

3 44,4 1.74 441 1.70
4 485 2.24 49.0 2.27
5 51.7 2.69 53.1 2.83
6 54.3 3.07 56.6 3.37
7 56.2 3.40 59.5 3.86
8 57.8 3.67 62.0 4.32
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Summary

Ariake Sound is one of the spawning grounds for the ocellate puffer, Takifugu rubripes, and the
replenishment source of the resource to the East China Sea. In these sea areas, ocellate puffer have been
traditionally caught by angling and longlines but recently these catches have sharply decreased. Therefore it
is necessary to enhance the resources by stocking of artificially produced seed. The ﬁrst step of this study
was to establish effective marking methods by ALC or TC and pectoral fin-clipping for juveniles. The
second step was to evaluate the stocking effectiveness of hatchery-produced ocellate puffer for
young-of-the-year (YOY) and spawning adult and to establish the optimal release strategy by mass
mark-recapture experiments in the Ariake Sound.

Effective conditions for alizarin complexone (ALC) and tetracycline (TC) staining for the otoliths were
examined in ocellate puffer eggs, larvae and juveniles to establish optimal methods by immersing in ALC
or TC solution or by TC oral administration. To determine the optimum ALC or TC immersion conditions,
eggs, larvae and juveniles were immersed in various combinations of ALC (5-100 mg/L) and TC (50-1000
mg/L) concentrations and treatment durations (6-24 h). To determine the optimum conditions for oral
administration, juveniles were reared using artificial diets with various concentrations of TC (2.5-50 ma/g)
and treatment periods (1-9 days). For both methods, optimum conditions were judged by the presence of
fluorescent marks on otoliths under B-excited UV light and high survival rates (>90%) during the
treatment. As a result, 9-19 combinations of concentration and duration of ALC and 2-11 combinations
(TC) were found to be effective for immersion, and 5-11 combinations for oral administration depending on
the fish stage. Fluorescent marks of ALC and TC were detected after more than 5  years and the treatments
had no effect on the post-treatment survival and growth. These results suggest that these methods can be
applied to surveys of stocking effectiveness by mark-recapture studies.

Merits of the pectoral fin-clipping marking method for ocellate puffer, Takifugu rubripes were examined.
Three groups of fishes were reared together in a tank for 300 days: (1) 60 juveniles were marked with the
half-clipped right pectoral fin, (2) 60 juveniles marked with the whole-clipped left pectoral fin, and (3) 60
juveniles without fin-clipping (control). After 300 days, the half- and whole-clipped pectoral fins were
irregularly regenerated or unregenerated, and could be easily distinguished from the non-clipped ones.
Growth and survival rates did not differ statistically among the three groups. The mark-recapture
experiment with this method in the Ariake Sound during Oct. 31 to Dec. 15, 2000 revealed that it produced
a more accurate estimation for the mark rate and lower costs than the otolith-marking with tetracycline.
Thus, the pectoral fin-clipping marking method is considered to be a suitable technique for ocellate puffer.

To estimate the amount of catches in number, weight and cash value of YOY in Ariake Sound from
September to December, an investigation on the basis of catch statistics at the landing markets from 1991 to
1995 and from 1999 to 2002 was conducted. Annual catches ranged from 21,000 to 88,000 in number;
from 3.1 to 20.0 tons in weight and from 8 to 47 million yen in sales. The majority of the catches was
brought in by angling fishery and longline fishery. Catch information obtained by a questionnaire to

fishermen during the fishing season in 1995 showed that YOY are distributed in inshore regions of less than
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10m depth in September, at 5-20 m depth in October by migration to offshore, and inshore off Shimabara
city from November to December by migration to the south. Annual change of CPUE of YOY in Ariake
Sound showed a wide fluctuation from 4 to 26 kg boat-day and the same tendency to those in Yatsushiro
Sea and Fukuoka Bay.

The stocking effectiveness of hatchery-produced ocellate puffer by sampling surveys at fish markets in
Ariake Sound where YOY puffer are landed was evaluated. The recapture rate of released seeds (3-100
mm in total length) for each annual release in the areas, Shimabara coast; Isahaya Bay; and the innermost
area of Ariake Sound was estimated at between 0.01 and 22.2%, and was found to increase with increasing
release size and showed a tendency that the recapture rate released at Isahaya Bay and innermost area are
higher than those of at Shimabara coast. The contribuiion rates of the released puffer to the total landings
m number were estimated to range between 6 and 52%. Stocking effectiveness was shown in Fukuoka,
Saga, Kumamoto and Nagasaki prefectures and the ratios of landings number and value differed among the
release sites. It was suggesied that 75 mm in total length is the optimal size for release and Isahaya Bay
and innermost area in Ariake Sound are the best sites for release in view of the ratio of landing cash value
to the cost of seed.

To examine the effects of release time, release size, release site, quality of fry, CPUE of
Young-of-the-Year and water temperature of the habitat on the growth of hatchery-produced ocellate puffer
Takifugu rubripes released in Ariake Sound, the effects of six factors on the fluctuations of the total length
at recapture on November 1 (Y) of 23 release groups of seeds released as part of mark-recapture
experiments from 1991 to 1995 and from 2000 to 2002 were examined by multiple regression analysis.
The factors were as follows the date of release in July {X;), total length at release (X;), release site (X3),
CPUE (X;) and average surface water temperature of the habitat in July and August (Xs) and in September
and Qctober (X7). The relationship of total length to these factors was follows:

Y=—1.14X;+0.49X;—6.03%;+0.54 X5 —2.60X; + 1.87Xo1+211.69
The regression was significant at the 1% level. The calculated values of the total length follow the trend
of fluctuations of the observed values. Thus, it is concluded to release hatchery-produced ocellate puffer
early in July and at a large size in the areas, Isahaya Bay and the innermost area of Ariake Sound ig
necessary to maximize the total length at recruitment.

The stock effectiveness of hatchery-produced ocellate puffer by sampling survey in Ariake Sound where
mature puffer are landed was evaluated. In 1,584 samples, 85 marked puffer were observed, and were
Jjudged to be from age 2 to 8 years old (mainly 3 years old) from marked otolith by alizarin complexone
and/or tetracycline. The recapture rate of released seeds (3-100 mm in total length) estimated at 0 - 0.41%,
and corresponded to release size. The von Bertalanffy growth equations were fitted as Lt = 63.3 {1-exp

[-0.245 (£+0.192) ] for male, and Lt =75.0 {1-exp [-0.130 (t+2.13)] for female, where t is age (vear)
and Lt is total length (cm) at the age. All recaptured puffers had been matured similar to wild puffer as
Judged from GSI. These results suggested that hatchery-produced ocellate puffer returned to Ariake
Sound by homing ability to the same natal spawning ground.

Thus, otolith marking by alizarin complexone and tetracycline and  pectoral fin-clipping marking were

established. By using these marking methods, the stocking effectiveness of hatchery-produced ocellate
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puffer for YOY, spawning adult and optimal release strategy in Ariake were evaluated. These stocking

techniques will be expected to be useful to enhance the resources for ocellate puffer in the Ariake Sound

and outer sea areas such as the East China Sea etc.
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