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Stocking effectiveness of hatchery-reared juveniles of Japanese flounder
Paralichthys olivaceus in the coastal waters of Toyama Prefecture

Naoki IIDA, Seiji URABE, Jun YOKOGOSHI, Hiroki KAMONO, Ken WATANABE
and Yuichiro FUJINAMI

To assess the stocking effectiveness of hatchery-reared Japanese flounder, juveniles
were released from 2001 to 2006 in the coastal waters of Toyama Prefecture. Total
length and market price of landed wild and released flounder were examined at the
markets in Toyama Prefecture from April 2001 to March 2009, which were identified
according to the hypermelanosis on the blind side. Age composition of Japanese
flounder landed in Toyama Prefecture was examined on the basis of the age-length
relationship, and then the proportion of one-year-and two-year-old fish was estimated
to be 52-70% and 21-48 %, respectively. Young-of-the-year were rarely caught, except
for in the western area where the proportion of them was 9%. Return rate of released
fish ranged from 2.5 to 3.9 % in the 2001-2006 year-classes, except for 8.8 % in the
2003 year-class. Total income from each yearly release was calculated as 4.4-10.2
million yen from the weight and unit prices of recaptured fish in each year. The
economic efficiency defined as the ratio of total income and production cost of juveniles
was 1.04, which was slightly higher than 1. The highest (2.96) and lowest (0.64)
values of economic efficiency were recorded in 2003 and 2006 year-class, respectively.

Key words: Japanese flounder, Paralichthys olivaceus, stock enhancement, recapture
rate, economic efficiency, Toyama Bay
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Fig. 1 The number of hatchery-reared Japanese flounder Paralichthys olivaceus juveniles
released in the coastal area of Toyama Prefecture from 2001 to 2006. The total
number for each year is indicated on the right column, marked as total.
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Fig.2 Map of the coastal area of Toyama Prefecture showing the location of fish markets and fisheries
cooperative association. Solid squares and solid circles denote the fish markets at which the
surveys for recaptured hatchery-reared Japanese flounder were conducted and were not done,
respectively. Open circle denotes fisheries cooperative association that doesn’t have a fish
market. The broken lines divides the coastal area of Toyama Prefecture into geographic fishing
areas (or grounds) where the characteristic fishing methods are different from each other.
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Fig.3 Annual changes in the commercial catch of Japanese flounder Paralichthys olivaceus
and its regional composition in Toyama Prefecture.
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Fig.4 Seasonal changes in water temperature pumped up from the shallow coastal area of Himi
to Toyama Prefectural sea farming center during the release season of hatchery-reared
Japanese flounder Paralichthys olivaceus from 2001 to 2006.
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Fig.5 Growth curve of Japanese flounder Paralichthys olivaceus fitted to the von Bertalanffy
equation. The data of male and female were combined in this curve fitting (modified
from Urabe et al. 2007).
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Tablel Age composition of Japanese flounder Paralichthys olivaceus landed in the surveyed
fish markets of Toyama Prefecture in the fiscal years from 2001 to 2008.

2001~20084F EE (2 & 1L BB = O FRET TR Svic b 7 X OFmEE

Fish Market
age Himi Namerikawa Uozu Kurobe
0 8.8% 0.1% 0.0% 0.0%
1 70.0% 66.2% 55.8% 52.0%
2= 21.2% 33.8% 44.2% 48.0%

*Uozu fish market was surveyed in the fiscal year from 2007 to 2008.

HEEEER 200140 520065 TR S Vi O ERR#R1373.5~99.8% TH-7- (Table 2).
728, 2003FITHUR S NI EHICB W TR A EERPREA T > e icd, TOH%OMREERFER
ZBE L9 5 EHE TIZ20034FE DRI 2 4F, FH4FEDOMREAIEFEROFHMETH 583.0% EIE L 2.

Table 2 Melanism rate on the blind side of hatchery-reared Japanese flounder Paralichthys
olivaceus released in Toyama Prefecture in the years from 2001 to 2006.

2001~ 2006412 & (LRI TR L 72 & & A N TLHE S o SRR o4 (4 B 3 =R
Release year 2001 2002 2003 2004 2005 2006
Melanism rate (%) 99.8 75.0 83.0 77.5 79.7 73.5

*Melanism rate in 2003 was not recorded. Therefore the value for 2003 was estimated by
averaging the data from 2001-2005 except for 2003.
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Fig.6 Relationship between total length and price per individual of Japanese flounder
Paralichthys olivaceus in the surveyed fish markets in fiscal year 2005.
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BEUREDHETE 2001457 5 20064 1t = Av7c N LR O Ffn il O [ E IS L ORI 2 Table 3
IRz, TRTOBIREICRBNT, 15 CRIE - aRaDIERE R b %<, BX%3,700~
8, 100BD&FICH > T2, RWT, 28 CRINENZHRANSE <, BXZ1,500~3,900F Th -
7z. —7, O CEINENZHRiEAOHEBEREITNTNOESS00ERM THRb DR o7z,
TOEMZEE U ZEIRE, &b 7025 7220065 THI5,500/8, b Zh- 1220044E Tidd
X #10,1002 T, 20014EH>520034FE121%6,000~7,000/&/1#% Th - 7z, [ENLEIE, 20034128.8%
b E <L 20014E 78 B NT20064E 121X 2 EN2.5, 2.6% LIEVMETH -T2, FNLISOEDE

WL, 3.5~3.9%0&EFHIzH - T,

Table3 Recapture number and rate of the hatchery-reared Japanese flounder Paralichthys olivaceus which were
released in Toyama Prefecture in the years from 2001 to 2006.

2001 ~20064E 12 Z R THES L- b T A A THES O RIYERE L OEIGR

Release year 2001 2002 2003 2004 2005 2006 Total
Number of juveniles released (X 1,000) Age 255.8 188.1 83.0 2855 250.0 209.1 1,271.5
0 135 140 720 160 41 268
Recapture year and recaputure number 1 4,295 5,300 3,957 5,992 8,075 3,702
of released fish
2 1,919 1,835 2,596 3,947 1,469 1,529
Total 6,349 7,275 7,273 10,099 9,585 5,499 46,080
Recapture rate (%) 25 39 8.8 35 3.8 26 3.6
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BENEDOHETE 2001F2 5200640 6 FICHH I NIt T A OEINESR, FHEAM, BIGE
B L OWRFE R 2 Table 41257 L7z, 20034E & 20044E I S N2 BETIE, 2 mfan N EE
INFILEIL,850kgd L T2,493kg b % <, 0~ 2% ADAZEINESRD, IL%3,200kedks L
4,600kg & Zh o Tz, FRLIANOEITHE SN RETIE, 2005E I S iz b D 2RRE, 0~2
mADOEFHEINEERIT2,100~2,800kg D& ICH > 7=, FEHHEAMIZ, WTFHOETYH 2 Ao
K& A32,400~2,700M /kgRitt TR b E <, KW T 1A, 800~1,900M/kgrif, OmfAaTIER
£ %1,300~1,400M /kgRit & i bk - 7o, BOiAZ & OEINEFED A FX, 2006471244475 5
THEEDMEL, 2004F12131,01607 9 FHERE & o7, Zaudk, EIER, FTHLHMDOSE
W2 A DOBINEEDZE LIS L TWe, HBUER ORFRFE 2% 130.64~2. 96 DEFHICH v, FE
W Z B LTI L 2B VWAR O, Bt (BORfEERE) 25 2o 7220034 D ikt
TRBEDFRIL2.96 LD TR o To—J7, [RINEFE D 7205 - 7220014220064 O i i B TRE %
hRITZNEN0.6820.645, 1 H2#KZXL FEST.

Table4 Recapture weight and economic efficiency of the hatchery-reared Japanese flounder Paralichthys olivaceus
which were released in Toyama Prefecture in the years from 2001 to 2006.

2001~20064F fif i it o> [N 2 f 6 L ORI 20 %

Release year 2001 2002 2003 2004 2005 2006 Tota
Release cost (X 1,000 yen)  Age 7,425 5,325 2490 8,565 7,500 6980 38,285
. 0 22 22 112 24 7 44

Recapture weight (kg) of 1 1243 1589 1.259 2125 2,245 1.206
released fish
2 1,156 1,142 1,850 2493 1,069 897
Total 2421 2753 3.221 4,642 3.321 2147 18505
0 1,402 1,335 1,354 1,347 1,292 1,389
Average unit price 1 1,778 1,849 1,879 1,017 1,766 1,869
(yen/kg)
2 2400 2484 2628 2431 2,729 2375
0 31 30 151 33 9 61
Amount of recaptured fish
(% 1.000 yory 1 2209 2939 2365 4074 3,964 2255
2 2774 2836 4,863 6,062 2918 2129
Total 5014 5,805 7379 10,169 6,891 4445 39,703
Economic efficiency 0.68 1.09 2.96 1.19 0.92 0.64 1.04

i & DEUREDLLE:  AHFZEICISIT 5200147 5 20064FE- 0 6 FEH O3t 32 [BIUEE32.5
~8.8% CTh o=zt L, RURHID B AU TIL, dbHEEdbEs<0.53~3.39%, AbiEEFR ST
0.88~4.13%, FHIETL.2~19.5%TH Y, [LIEFTIT20044FFE TT2.5~3.6% TH -7 (REH
ENEEE MO VHEER S 2011). FKHIFO20044 0 EINER19. 5% ZERITFIX, b DiE
B EEICRICKE RET R -T2, L, BILROEEHIB25ecmAN & T, JbEETIEe
F-30cmAT DA IFEE R, AR TIE30cmPL T O2EHIIR, 1R TIEERE30cmL T O3z 1}
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HIEOEERIREZRITTNWAEZ s, BISNLE T ANREILRIDKEWEHAISNSD, t
FADY A XPRKRELRDICONTHAM S EA32 2 L6 (Fig.6), £EHIEY A X2 KA1t
THZEIEIVEIREND T ADOHfS EAT2Z 2B PREINS. BLRICBWTS Z O]
B A X REL LEFREIC, BEDGRICED X O BB AEL DI ONT, S%BEL T
RELEZLND.
BMREICLEDEREDEL ZDERADKRE SREIOKERELS, BUNENBHFHFEICL D KEER
LML ERoT, 720> T 20035 T Ht S AV DO [aIHRIT8.8% L D FE A2 K & <
BBl 72hy, ZRLIIMIME 2 ~ 4 % THERE L 72, 20034F 12 it S AV Fi i O [RIER B E 0o T2
R O—2L LT, HAEEORRRICKIT 2 KEDOEVWIESL L TWDA[EMERSH 5.

R (Fig. 1) &/kiE (Fig.4) B L OENE (Table 3) OBRERICOWTHRETT 5. 20014F
B L V20064 115w /KIED28CLLE L o T2 FETH Y, WHEOHEEIL, 1A N8 TR S
iz, WFEITHRE SN ATHEE ORICRIINTND 2 %6 &Ko7z, 20024, 20044F3 L O°
2005%-1%, HmEKEP2ICHEETCTLEALLETH -, 2004FIc—HOEE? 6 A Ta»5 7 H
FANCHIR SN LIAME, WTROEDL KED OREE N 8 AT E4, b 3 » FIThif S
NI NTREE ORINERIT 3 % B Th-o7z. 20034E1%, 6 H TAINDS 8 AIZh T THOE & Uk
BMESHERE LIEFEThoTe., Fiz, 2003FLIANOFETIE, KIBOHTEEED 8 A 1T T27C
PLEZEEF LTIk L, 200345EDFE25.5°CTH Y, oFE L VL AITEL -T2, 2T,
2003413, #iZx 7 H TR S 8 A EAIOEHIFRICIT o TR Y, oF & b THORRE 23 14
T LTI Z LV CH Y, ZOFEITHT SN NTREE ORINERIES.8% L Emor->7-. 2?2003
TR SN TR AR RN RIAR 720, OEDMEN SHEE SHIZE (83.0%) %
WTWND 2, RICTHEIERFEENPL00% ERE LTS (BIBEP ROV R <BRH5GE) T8N\ T
b, EUERITT.3% L7220, MOFE L HTHLITE .

E/KIEDE T ACE 2 BB L U CHEE (1980) X, b T X DOEAMKITEY R/KIEIZI8~25C T
HY, 720 TH20~24Chifi C2TCLLE TITEBEEPRSL Y, SEEERPE LS RoELTWD, &
7o, BAKIENRE T AOEEEREICE X DEE L LT, KA (1990) 1, HEERLHREICBITS
T, KEPERDEL<S LS8 ATHNL 9 AFEMICEIR LI LHEL TRV, ZORKEDOO
& ODITKIE EREDORBEZCITHEWVIEIE L 72l REMEAZEBR L TWb, BT (2011) 23ELIRO 8 H»
FTOEHFIZBW TS Ao 8 AT SEOEER ZFHE L I RICBWTY, 6 A TAMLD
7 AWANCEER S S R D % < 720, IFIROKIENRRLE LD 8 A TR LB L Tk, =
NHEDTENBL2TCITET DX REKENRE T ABLIOE T ADEEEHIE > THDEE L 5.
2b0EEZLNG. SHICEHEDL (1997) 1ZEBURRFERIBERICHH L 728 7 2 N TR E 0F
BHIRHE L RIS AR L2 & 2 A, ANTREEIIHROEICII+0 BN TE T, FUERSHET
L7cHEEL THRY, +o728 (7 I8 2R T DR & 3 A XORE PR THE
ThoEERML TS, RIFFETIE, 20034 Z fk < 20014F 2> 5 20064F £ TORGREEIC DWW TIE,
RS9 HETHORTWD R, 2003F1X 8 A FAE T 2K A Tnb, UEkoZ &hb,
HKIEIME S HERE L, HOREE S B2y o 7220034E1F, b T AFEE 1Tk 2 EmAKIRDEE DI |,
EEIEREE D BIF ChHh o EHERI SN, BORE#ROEERRMULOEL YV ErotEZBNDS. &
51T, 20034 IR BRIV 72 in o7 2 8T, 1EERSH 720 DFEOENRE -7 Z &b IS
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5. LERST, &%, BINEREELTEE0101E, KECREEHEY OZEEi) 72 AR S H b
T, XV@EURBRFEEIC OV TR L TWKERH 5 L Bbhd,

FOfh, FEHEOIEICHBREN R EDFEIZHONWTY, AT ORGSR OERICEE L RIET
HEREB EEZOLNLD, ZNULICOWTTFMM TE oz, SRITTNS Zi i+ 5451
Zo< Y, EEEBICH S D NTREE O@EHESCHEEEZFHE L TWS ZELbETHA 9.
BEDEICOWNT FAEHMZE L ZREFEDRIZ1.04TH Y, HIrR L OMERBRENE T A D
IR R KA > 7o &% (FEERE) XV RN S NHRADOTSE TOL&EEND M kRS &
HE SN, BifAOKEG FE&EPEEREEZ ERl-> 72 S IZ—E0iHMiicfEd5. =721, &
AR B M LRI R A TSI ED W EREL TWD A, —REICR AR AT T
Z<WEISNDZ ERDD RSIATEENKEREEE #— 2004). SEIOFMERFICH, H
BE DR AR ADMABIEEAICHA_RZE TR SN T2 b botz, BILRIZBNT, K&
BEOREX, FARMIC-oTETEY, BEEOKRAERFEAIIVRLSZoTHEN, £72, K
HAOHEMEZBATML TWBREENRD 5. £z, ELFEHICLDE T4 1 RH Y OHHIC
FETRNS DO LE LD, FEHSOMERE LI LY BT A OBMIIEEHL T\ (FILE 2011
e, YRBREL DD LE2OLND. 5%, RENEOENKEEZED 2 72D1CiX, FECH S
TLICHMARET DI EOHLETHAS .

ARFZE TlIfifiieE & L CHEEREE AW, L, RifdR2E&HANRL L TEXDE
A, BERETII/RL, AMECHREHNE R EE2EARBEAERE CHMT2 Z E03£<,
EAS (1998), JEH - #EH (2004), [LIES (2007) 72 & OEEITOWT S FIEED 7% THRIARD
BERHEEINTND, IHIT, BR (2010) 1, XIVBEOEWHIHEOHELX AN E L, &
AR ZEH L TWD, 2O T, FEEAEDITZNE LT, ANMEEHBRENE L O
APEICRD R MHREZFELLSMHL TRY, Zhicxd 2 BRhE FIZ) oftEHEID,
BORADTRE TS Z L IT X DR R-oME T L DA, BHAENRRCICL A EERY
ANTWD., FAEEIZOWTIE, —@ - Al (2008) MHRZEJIEBFRICRB W T e 7 X ORI
TR EZHEE LB O EEIVEINC R A L 2 BA R HER L TWD Z e h, TOREZERTEX
WELTW5A, 7z, BEH (2007) 13200640 H ARMEHEHERICRIT S £ T A OEJRESAT R > D
9B, HRA64A N B D, 2001FELBRICHRIES e T AREAEICHER L2 LIk’
JREOHEMZA3 N EHEL TS, Lo T, SRIIEHEEICELREZEHL, ikt
THHMERNE R ZHAEEDRELED b TEHMET 2 L2 BIEL TV RETHAS 9.

HIRNR OB N TIE, RICAFESOHERERNE 2 2 G ATCEEAEREZRHE L 2%
A, BEORINEGHEIIEEAEEREZ KRS TFRESL ZEFIRBICTFHEIND, BUIEEIMEV K
XRFERE L TUL, FERERMENZ E0I1Edy, BILRICEIT 5 b T X Offifg s, THEEERL T
L2 ENKERBEREEZHND. 19794 D> 520074 O MK ERR I 1T 2 B (ZEpERE,/ I
EE) ZFig. iR L7z, 20004E AR O BAIY, &b mde> 7219904E D4, 725 /kg D573 12 b i 7z
7, MOTEVKETHD., 20X REELWBNRTIE, FEEEEICRBITSax koK FokE
SEEOMEMEIH > TEIE AR T2 Z L NREEELEI LMD,

EUREDHERE AU TIZENICD 2B EZEE, FHBIOWEEO 3 Y 7I2Hl), £
VT ROREMNRETIGZRE L. 20X 5 RPFAERFHCLY, T TOERRERR ZREY
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Fig. 7 Trend in unit price (yen/weight (kg)) of Japanese flounder Paralichthys olivaceus
in Toyama Prefecture, data from the Statistical Yearbook of Ministry of Agriculture,
Forestry and Fisheries.

BINEICRBIT S e 7 A08M (F/kg) OHE
T — Z T EMKERFHERIC L 5.

ERICHEMIETIROBEL/ NI TEREEZLND., IHIT, WEMEICI D IREY L X0
ERDEDITONTHMTTER Lz, #bicky, BILESEKETHRES NS BEINEZROHE
EEZ/NSLKTHIENRTE R, BEIHRIZEBAWNT, BT TR I 7 2 ORINEESCH
NG EREZ EICHEE L 72X Do TTH Y, SBEINRICEIT S BT X DT EZE
HBEZHETETHOHEHABRMALRD.

AT TIIWL ODPDOREZBEWVWTHEL TRV, KRR EDORKEZ S0 52BN E I
TW5., 79, ABIFTENBEERFEOH AT TR THAELIZL D & L TH- 7208, hEic
BWTIE, RAATHERAUIARGEY 22T 2EEROFEPREE LITRBINTNS (JEF
1988, fEEIL 1991, PRIRIE 1991, #HpALL 1991, T-HELL 1991, #EH 2005, ELS  2008).
B IRICRIT 5 1986FEDOFHE TIE, 26 00.26% 5 (EEE  1991), 200641274 L 72 IR
REDL. 2% IR OEEERE RA LN (BILH2008). 20 Z LB TiE, RIRAICHAD
WO IEIRBIOMREEE I TRB R OBLZNEEZLNDZE (BER 1991, FIE 1991, T
HEE 1991, EEFE 2005), WONCAHIZE TILEMES L ORI OBRM 2 E GBI O L 5 e
i, AR EBRRIBDPoTZT DD, BINERPRE IR RLR2NEEXD. LL, &
MR EaRFEICEL TX, THREBICLIHEDENRELEZLND Z L6, 51, A
ROREE LR LS5 DIt Hifs 2R BRAoKRGERY O ERELHiEICTLZ L
MDRELEZLND.

AT TIE, EIRANCAAREEOH DL T AL, BENTHRIESNZATHDI EIRELZ. Z0
T OWT, B (2005) 122 bz KU 7DNAIC X 2 HRADBIETZ A TOENDS, ik
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SN T APHRTENLS DWHRESNLTWD 2B A THA L 72/ER, SFmICH it
E I ADIWULIFERTHIRSNIZb D EEZLRBOL, 1O & &SI TEREINE
FIT/2 D LHREL TWND. TOZ s, SRR EEZ D561, tREOBEZE
BT D, EIE, KV RS euloBAL TR & BIXOBRZZEX TS ZEDBETHS S,

| 23

ABFGERATS 1z, THRAIC S T 72U e AR T A SR 1L BB FE 2 O
SHS, WM, RILBERS L CRBIHRRICE CBILH L LTS, E7, TSRS
PR L SHH BV RIS, SRS, YIS KOOk RS0 A IR O
BB LUMAROl < CEHOEERTS. SbIc, AWELLTS 1TH7 ) HILREHKERS
Bl o 4 —KEEERT I S MRS G I, BUSHE TN, LIRS £ BT
5 — LG ORBIEE L, SABETFIATORE R s & ORI A B LI AE A
EOBARRRICITER DLW RSEIEHF L LT D, mIXOLVELDITHEY, K
KETWHMEHICL, AR5 S EE V. £, BB ARSI B B A
35 X OVASRETHR A 1L BB P 00 PR P 10 & B 72 SRR A TRV 2, 2 21T
DERD TRBOBERT .
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