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Fisheries management by spawning per recruit analysis for Pagrus major

around the coastal waters of Ishima Island, Tokushima Prefecture

KEN-1ICHI WATANABE™ AND TATSUYA HOSHO?

\Fysheries Research Imstitute, Tokushima Agriculture, Forvestry and Fisheries Technology Center, Hiwasa,
Tokushima 779-2304, 2Japan NUS Co., LTD., Minato, Tokyo 108-0022, Japan

Fisheries management of Pagrus major around Ishima Island on the Pacific coast of Tokushima Prefecture

was examined based on spawning per recruit (SPR) analysis. % SPR of the present stock is 11.97% and the lower
limit status for a sustainable yield is 20%. A SPR of 20% can be attained by reducing mainly the fishing coefficient
by 20% on small trawls which raise the fishing pressure around Ishima Island and by more than 60% on fish youn-

ger than one year old by fixing the minimum size limit to a total length of 14 cm. The ideal status (% SPR=30%)

can be attained by reducing the fishing coeflicient by 20% on small trawls and by 60% on fish younger than one

year old, and 40% on one year old fish by fixing the minimum size limit to a fork length of 20 cm. The fish younger

than one year old are caught by small trawl fishery, and one year old fish by pole line and set net fishery. Stock

management can be attained by reducing the fishing coeflicient of small trawls and releasing the fish caught under

the minimum size limit.
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Fig. 1. Sampling locality for Pagrus major studied.
Fishing grounds of pole and set-net fishery are wi-
thin the area marked by the dotted line.
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Fig. 2. Annual change of catch of Pagrus major around
Ishima Island, Tokushima, Japan.
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Table 1. Number of catch, stock and fishing mortality coefhcient of Pagrus major, around Ishima Island, Tokushima, Japan

Year
Age
1993 1994 1995 1996 1997
Number of catch 0 24,678 78,157 41,489 9,224 51,529
1 31,323 44 489 51,847 21,247 13,936
2 6,010 7,018 11,037 11,621 5,127
3 2,944 3,717 3,990 7,103 3,100
4 2,305 2,297 2,257 3,915 849
5 1,890 1,350 900 1,463 399
Total 69,150 137,028 111,520 54,573 74,940
Number of stock derived from VPA 0 138,596 202,213 92,906 36,821 85,407
1 59,317 77,562 78,780 31,728 18,412
2 17,617 19,358 22,337 17,150 6,606
3 8,651 9,384 9,93 8,827 3,994
4 5,701 4,615 4,534 4,753 1,094
5 4,675 2,712 1,809 1,777 514
Total 234,557 315,844 210,304 101,056 116,027
Fishing mortality coefficient deriver from VPA 0 0.235 0.597 0.729 0.347 1.173
1 0.878 1.003 1.283 1.327 1.740
2 0.460 0.497 0.758 1.287 1.740
3 0.458 0.557 0.568 1.918 1.740
4 0.573 0.767 0.767 2.054 1.740
5

0.573 0.767 0.767 2.054 1.740
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T 30X ITETHT ENTED,

RRICEDCOFTRLEL, 2EKADRE Table5 i
1993 #./0 65 1995 4E I ki 4 10, 11 BO 0 fan4eE
MR AR L, 10, 11 A= 74 0@ansEans
B TH %, YA XAORKEESRIL, FH BRI A X
D12 cem LA TFIE28.7%, 13cm LLFiE55.2%, fEiEE

)

1, 2
1, 2
L

ODEMRY A A 1ldem LT3 784% A5, 15ecm LU F i
93.3% TH o7z, Lihi->T, TNENDOGE &M

ELoRE (D 3, LRROBE D 0 5% fH
5T LT A,

Table 6 (= 1994 4E /6 1997 £ D 1, 2AORETE
A RL7z, CORIXEMKTIE 18em LI Fit 16.3
%, 19cm LLF1332.0%, 20cm LI ML 47.2%, 21cm
LAFi258.1%, 22cm AL 67.7% THo71ce FNFE
NOREZREEL LIEEL, LL0EE01, 2%A
HRETL LI L TERT LI L ICR D,

WIRD %SPR 1L 11.97% TH 5, &, &BKDOF & *
DEET, %SPR % 20% 124510, 0B TOFD
80% HIE OB E, 1, 2RATO F O 24.6% O A
LETH S (Tabled) 7, 0 s E l4em L F
(Table 5), 1, 2skfaE ¥ & 19cm AT (Table 6) @

Table 2. %SPR of the present fishing coefficient of Pagrus major around Ishima Island, Tokushima, Japan
Age  Namber Moy Fibingeoelicint  Spawnng e
SPR (F=0) 0 1000 0.346 0 0
1 708 0.242 0 0
2 556 0.170 0 5057
3 469 0.170 0 65478
4 395 0.170 0 160610
5 334 0.170 0 190024
Total 421169
SPR (F of 1993) 0 1000 0.346 0.235 0 50398/
1 560 0.242 0.878 0 421169
=11.97%
2 183 0.170 0.460 1663
3 97 0.170 0.458 13591
4 52 0.170 0.573 21082
5 25 0.170 0.573 14062
Total 50398
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Table 3. Change of fishing coetficient calculated by sensitivity analyses

Fishing coe hc1enL

Age

1993 1994 1995 1996 1997

Terminal F=1.740 0 0.235 0.597 0.729 0.347 1.173

(The value applied to VPA) 1 0.878 1.003 1.283 1.327 1.740

2 0.460 0.497 0.758 1.287 1.740

3 0.458 0.557 0.568 1.918 1.740

4 0.573 0.767 0.767 2.054 1.740

5 0.573 0.767 0.767 2.054 1.740

Terminal F=1.044 0 0.233 0.587 0.691 0.280 0.692

(407 of the above value) 1 0.870 0.990 1.228 1.152 1.044

2 0.456 0.488 0.736 1.114 1.044

3 0.455 0.550 0.551 1.711 1.044

4 0.569 0.757 0.747 1.842 1.044

5 0.569 0.757 0.747 1.842 1.044

Terminal F=2.436 (+40%) 0 0.235 0.601 0.743 0.381 1.655

1 0.881 1.008 1.304 1.408 2.436

2 0.461 0.500 0.767 1.367 2.436

3 0.459 0.560 0.574 2.011 2.436

4 0.574 0.770 0.775 2.149 2.436

5 0.574 0.770 0.775 2.149 2.436
T, 0AET78.4%, 1, 2551 31.96% o> F O YW DL 1,500 | v OBBERTH - /78, LA, 19334
MEH L, 20%SPR WM T H LNTES, 25%, D800 M FE TEMICHA L, TOBREROTHL
3026 ICF A1, 0ADFARORE L 20cm, 21 cm Lékﬁ#qwﬁ- <, 1960 % | & B T 2R LT 1971 4R
Lﬂ?@ 1, 2HAORETCERT 5, X512, &40 F v I R mﬂi S 7ahy, LR IR & B
% 109% B L T %SPR % 20% 1C¢ 5iCid, O it % 1983 4 LIF% }Jll/\ﬁf"F}EVﬁ(/)iFwﬁfﬁﬁﬁi'G%%)/*ﬁ, 1,000
RO, 1, 28%AT 18 cm L FOM#ECER 4 5, 25, M URIETEEL T 5, £/, Bk <lE, 1991
30%SPRICT A2, OBOFBOMREL L LICF FLRE—ARPyEE S L Ciff b - Tk Y, N
NZEN19cm, 20cm LT 1, 2RAOHES NI - WOBROLEEA R L Tob, —75, FEFIEE
5. D F % 15% BIE L T %SPR % 20% 124 % TIE, WEREAREML CTHRERE TP - T b b
Wik, 0B ORIBEORE L & ﬂo IZ17em R 1, 2 254, 1kl EO g R 1993 4 LIRS « 2 <
AT FETNIEIRWI LIC o 25, 30% i2d AT o TWADPEDBN S, SEINE L L2 L
i3, 19cm, 20cm LA Fo 1, 2 ﬁ,ﬁ% DARFE 7 J: f;c NONEEO NIRRT L0, TFE XA OfaEs
bo EfROF % 20% B L T %SPR % 20% (<4 5 DKIBILIEMNFRD 5N T B, FERIT, RIS CE
(3, OB TORIED F OB, HELTT- 7284, 1, BLTLB0MAERORBETH > L DA, &4
2HAORETLE R L, 25, 30%SPR T A 7-oiC ERRIC LA NI L /T SISk B b E RS
Oi 18cm, 19em LMD 1, 25KEOHEFEIC L VERT N5, WL, SN R ORFKGER & 5 E R
BTSN, E2ON, ZOFERBISLETER VA, BIEORINED
%EﬁhkﬁWfﬁ% 13 AMORMERE 1991 £, 5 For g é-km MESN/IERET S LT /iR
1999 & & w>9ipf’bﬁr_iaﬁz> TR OB L, 0EH DWRBEEICLD, SR 2RBOMEERE Gl 20
L8 EDOHPT, HFiHL32ETH-7, Lich- T, 5H) e mDIRERD 20% BEICL A, D
1990 FE DM ERIT 284 £ A5 DT, 10 FRIOFH = JEC R A B O & R LR OB M OB AN 1T — 3%
it, 32/284x10/9%x100=12.6% TH 5, *7-, S LTHEY, JTETEMNEE RIS \z)“(ﬁﬁémmiﬁ

EALHAAEIC ISV Tid, 20% OEMATE I N TV S, 0, FEBIO~T A4 OBBEFRITRINL T x
= g LD ELFEZ BN,

SPR @Ms R 6, WEO~ X A &L, %SPR »
R NERESER O~ 2 41k, 1918 5, 5 1925 4 11.97% Lt xn, B0, Mace!) BN HEASH |-
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Table 4. Change of % SPR in case of reducing fishing coefficient for Pagrus major around Ishima Island, Tokushima, Japan

Reduction rate (%) fron the present fishing

Reduction rate (%) from the total Reduction rate (%) from the present coefficient of one and two years old
present fishing coefficient fishing coefficient under one year old
20%SPR 25%SPR 30%SPR
0 40 31.7 48.6 62.3
50 29.9 46.8 60.5
60 28.2 45.0 58.8
70 26.4 43.2 57.0
80 24.6 41.5 55.2
90 22.9 39.7 53.5
100 21.1 37.9 51.7
10 40 18.8 37.6 52.8
50 17.1 35.8 51.1
60 15.3 34.0 49.3
70 13.5 32.2 47.5
80 11.8 30.5 45.8
90 10.0 28.7 44.0
100 8.2 26.9 42.2
15 40 11.2 31.0 47.2
50 9.4 29.3 45.4
60 7.7 27.5 43.7
70 5.9 25.7 41.9
80 4.1 24.0 40.1
90 2.4 22.2 38.4
100 0.6 20.4 36.6
20 40 2.6 23.7 40.8
50 0.8 21.9 39.1
60 0.0 20.1 37.3
70 0.0 18.3 35.5
80 0.0 16.6 33.8
90 0.0 14.8 32.0
100 0.0 13.0 30.2

* 0¢SPR of the present fishing coefficient=11.97%

Table 5. Total length composition of Pagrus major under TREEZEZTWA20% 2 Flal-> TWARRH EEZ BN
?rr:izssfm(ﬁdjgr;slct. and Nov. around Ishima Island, Feo Em A AOBEE, A REMSAL T L SIS

: MICENTHE S, MSY IR TRy, I5L

Towllenght  No,  Cupiive  Cumgative ro b ECFHENA £S5 TETNADM, SPR
9 1 1 ‘ 0.23 WHTTH LA, BEIO MacelV B3l X T\ 5 X DI H

10 13 14 3.22 AEBEAEONTWAELOBFEDT — X &b LILE

11 28 42 9.66 FIAEATFOHTED, 22, E<HOLNTNSHHDT

12 83 125 28.74 L), —OOAKE L THERAL CLAnbDLEbh

' Mo 240 o017 o FHED S AL, IMAREERICEE L7 B

i 1& ﬁé gi FL T2 AS, T TSI I 5T L, 2%

16 20 496 97.93 OEMBEFTHMSRDOON D, —T7, FEBALO

17 9 435 100.00 AN, PR F A HATH] S I S W iR E A

DO IIEIE VIR 7 TWhH EE X bR, 20% %
TlaASEORKRL HoME TE28EEBph5, 4
%, BEOLE L EEAEOHEAER - TW DI
i, —BOBEEHEOBIEIBLELEZ BND,
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Table 6. Fork lenght composition of Pagrus major of one Mo T, TOLERPTHRITHIZTONNIE, 0KE
and two years old around Ishima Island, Tokushima, DOEIL, e DB ES TERTE S L Ebh s, L
Japan ML, OREORERIAME TL 1, 2 MEOEER
Ror%{cfﬁglgth 1Age , Total CuT(sltl;tive Cumg/iative BOBBILERL T LEAHS (Tabled), 1, 2
WEICOWTIE, BRE20ecm T T472%, 19cm
14 2 2 2 0.17 LR C31.96, 18cm LU F T 16.28, 17 cm B C 6.63
15 3 3 5 0.43 , ,
o 5 i, o L8t % DR K S (Table 6), L7+ T, wﬁrﬁﬁ
17 56 56 77 6.63 et Ee L Taho Fi20% HlBL, O/SPR w2
18 111 1 112 189 16.28 % BEICHEROICE0OmAO60% OFRETRL,
19 176 6 182 371 31.96 B - M};m 2%, %SPR % 25, 30% o4 éd) S E
20 175 2 17 548 47.20 18-20ecm AT 1, 2 MmOMENLE L x5, L2k
SO A i OF% 10, 15% B % L, 1, 2MEADZAFH 18
93 51 48 99 485 76.93 cm, 17 cm LU FORFE T %SPR % 20% ICfR> 2 &)
24 29 40 69 954 82.17 k% &E2ZBN, %SPR % 25% f%/ﬂi) iHedn
25 19 29 48 1002 86.30 $ 19em DUF, FLU < 30% i2ff2iid 20 cm LATF O 1,
26 1140 51 1053 90.70 2IMBDRENLETH L EEZ LN, £, JOR
27 2033 5 1088 9871 BOREDB G, 2RARHRICALTELLTLRA
- A g RIS L% 2 BN (Table 6),
30 13 13 1147 03.79 Pl Z b, #AES (1993 i?l) ioU’ iz dy
31 9 9 1156 99.57 U LCEREROSELL T, FERLICBT AT
32 2 2 1158 99.74 A RS D0, CNAREE S /a/J\’“UEELE%ﬂW’%U
33 1 1 1159 99.83 RLU, stlisnTWAEM ChIERHERE) & &aic
34 ! L 1160 99.91 T DR 209 REEIC éum 9%SPR % 20% i=
5 0 6o 9991 T BTN 0 B 60% DIETE <, FHICIE4E 14
36 1 1 1161 100.00
em LI RO/ O TR IZ & - TAIEE 720, S50
FEAREY AR BRI T\ L 2 fm 509 SPR 1=+ 5 -
i, FRO 0FBORE L BYE20em U TOE L L
K, B# %F‘ﬂi/ﬁ(“m, KR E AT O T/ EITEEM, TIWAORES L VC)P’)(L ITRWEEZ OGN/, TO
— A LUHFHEIC & 0~ 7 DS N T, KON A L5 F O & 0k foRE, —
BRI S - T ;fﬂf’f&@ﬁ@'&l?@%é” BT ds AR s Ay, Wit LU J\’”Jﬁ% HIC £ A i N O fRGE
TNTCNH, T~ X A st 1o L /-5 \;,”JLK 12 &0+ e L) T BE &'%zf:ﬂnf:o
HHEICLORFERATHEDOBOREN TSNS K UL, 1993 4 LURE = 20 A 5 G o/ NI 0 A oD i
(2700, MR S < - THIRCEEE V- TR FERAE IR ZEACH O, SEOHIE L EFEOF)E
ECAFETICE->TBEEZOND, LTh->T, = PHHEL T ZEMRLETH 5,
d')“(’@ﬁfé?#ﬂnﬂl“@ BRI~ 7 A 7?%5?\%%4’7“)42\%/7386 N
o ETI, MEERTIE, BB & & bR # B
ﬂ’u@rﬁiﬁéﬁ’f‘u/}*x@&ﬁ SNTED, B & FRETL T KmL DL D FLDITHAD, TS HEVEHE A
DR RO BHRIC LD 20% OEREOHIRIT ’—H;%%nl R A A & R IR OKE RIS B A S L
”fﬁz‘i&‘%;{b%l@o 0 >V, £ 14em T CEHMOBATRT S, if;, *E?i\é:‘(ﬁ'ﬁ*’?“’}@ﬂl%b’
DNV OMRHET8E], 15em LLF T 9 XA T x T a TR/ RR i & S EIB OB B D 2 1 R
BHo i, INOLORETFHIRIC L H I LT AN, T 5,
IR A Tl S 7 0BT, e D BETES 5 ‘
WEZ LN, COEK xﬁ AREEDP I T 5H, NI % i
R AERIEY) O R KA1, %ﬁﬁﬂ%ﬁ‘aﬁ@h%ﬁ, B R 1) MRl T84 #IUEIE, $aT. 1937; ppl43d.
WORR, L5 IO B £ OTIFEC 51 B o o ISR S Al
AHUKARBKH ORI 7 ¥ 5T 5, TN B HMRRE, G, HAL LB BRIE
LR XA OEEREOR LG, T4 A UNDOER B 9B [mlobE e R S ] i S e ﬁ W
LIS A LICh D, BIFERRFIRE, L 1984; 22-33.
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