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Fisheries Management for the Pacific Stock of Chub Mackerel, Scomber
Japonicus, Based on Spawning per Recruit Analysis

Tokio Wapa® Chikako SaTo®, and Yoshiharu MASTUMIYA?

Abstract

TFor the persistence of a fish population, fishing should not reduce the spawning biomass per recruit
(SPR) below a threshold level that is necessary for replacement. If we can adjust SPR as a reciprocal
of the recruits per unit of spawning biomass (RPS) estimated from spawning-recruitment relation-
ship, successive generations of the population will replace each other on average. The abundance of
chub mackerel (Scomber japonicus) stock in the Pacific waters off northern Japan has decreased
throughout the 1980's and in a low level at present without any fishing regulation. We simulated the
changes in annual biomass and catch from 1980 to 1994 under 20 to 60%SPR conditions, and compared
with those under actual fishing conditions. In the case of 40%SPR, the simulated biomass on 1994 was
four times of actual value, and the average of annual catch was almost same as actual catch. 40%SPR
would be appropriate as a conservative threshold level for replacement and also acceptable as a target
of the fisheries management for the stock. Under 20%SPR condition, the stock almost collapsed by
1989. It was suggested that 20%SPR was not sufficient for replacement of the stock. On the other
hand, 60%SPR was the most effective for maintaining the stock abundance. Under this condition,
however, annual catch was controled in a low level even in case that the stock abundance was high,

therefore 60%SPR would be inadequate as a target reference point for utilization of the stock.
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Table 1. Body weight, natural mortality coefficient, rate of maturity, and
rate of recruitment by age of the Pacific stock of chub mackerel.
Age Body('\ﬁgeight &ﬂg{i& Rate pf Ratg of
g Coefficient Maturity Recruitment
1 252 0.4 0.0 0.25
2 434 0.4 0.2 0.44
3 610 0.4 1.0 0.62
4 672 0.4 1.0 0.79
5 811 04 1.0 1.00
6 912 0.4 1.0 1.00
7 1,084 04 1.0 1.00
RIET MM 13, FBECERCprbET—EE -
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L, SPRr=¢ DffilcE-VWT Q) ROBEFZEEM 2T %
SPR: #ETE L 1o,

WEt OHE & L 71970~19954E % 3 > O i b
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Fig. 1 Relationships between spawning biomass and
number of recruits per spawning biomass (RPS)
of the Pacific stock of chub mackerel from 1970 to
1994. Number of recruits is the stock abundance in
number at 1-yr old of the year—class calculated by
cohort analysis.
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Table 2. Annual changes in stock biomass and number of recruits calculated
by cohort analysis, catch, and rate of exploitation of the Pacific stock of

chub mackerel from 1970 to 1995.

Year Stock Biomass Recruitment Catch Rate of
(10%ons) (109 (10%*ons) Exploitation
1970 4,453 74,419 1,146 0.26
1971 4,787 69,754 1,207 0.25
1972 5,089 48,886 1,469 0.29
1973 4,535 38,029 900 0.20
1974 4,244 45,854 957 0.23
1975 4,040 70,657 982 0.24
1976 4510 92,473 553 ‘ 0.12
1977 6,100 73,928 1,162 0.19
1978 6,523 46,457 1,796 0.28
1979 5,397 31,781 1,468 0.27
1980 4,109 28,741 1,333 0.32
1981 3,015 23,275 596 0.20
1982 2,735 21,170 329 0.12
1983 2,645 27,336 511 0.19
1984 2,521 28,443 675 0.27
1985 2,297 31,732 511 0.22
1986 2,387 10,628 917 - 0.38
1987 1,484 2,779 576 0.39
1988 787 830 363 ) 0.46
1989 316 682 196 0.62
1990 87 1,195 23 0.26
1991 83 5,129 6 0.07
1992 201 18,757 21 0.11
1993 662 1,792 364 0.55
1994 276 2,053 172 0.62
1995 118 55 0.47
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Table 3. SPRr, ratio of the SPRt to SPRr=¢ (%SPR), and Fr with the range and average of ac-
tual F value at the maximum age for the Pacific stock of chub mackerel by period. SPRr and
Fr were calculated by eqs. (7) and (3) in the text, respectively, based on the Ricker type
stock-recrditment equations(eq. (8)). Actual F values were based on the cohort analysis.

SPRr= is 920.2g/recruits.

F at maximum age

Period SPR¢ 9% SPR
Max. Min. Average
1970-1980 34.3 3.7 434 1.67 0.35 0.85
1981-1985 90.3 9.8 1.23 - 0.40 0.64
1986-1994 241.2 26.2 4.35 0.63 173
1970—19804F : R=291.3S exp(—0.00114S) 5
1981 —19854F : R=110.7S exp(—0.001255) (8) = FEOXSPR & F30%SPR
1986 —19944F ; R =41.58 exp(—0.00285S) tF + FO0XSPR & F2OKSPR
’r'é? - FA0%SPR & ACTUAL
T&H -7, Table 3ic, HEERONI 2 -y abh b 3
FERRIICEHE L7 SPRe, % SPR, Fr, BLUTH— e
M EHTIC & 2 RSN (T8 TOFOME (F)AFRL c
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SPRr &9 SPR (I L Fr B Lico Fr EFr % 3
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Fe R %KEL EA-7, LA L, 1986~19944E T
3, FlLL-TRF B F: 2KkEL EE->TEHD, 0 19‘80 o 990 ]9‘95

BiEOFEEREAENIEC LR 2 EERESNL 501
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1. A&

HWREHEEL L T20~60%ETIOREEAHDY
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(0.67_), Fso9spr(0.48), 3 & U Feogssprr(0.34) D b &
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B U7z 19805EAFEM & L TI994E E T, EMB D&
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SERELTY I ab—va vl b~k
12, 2 YNREHERFOBFLEERFKICIE Ricker O
BEERODTRDHEETHD, ENEREH Y
MAR (RPS) SEEKENICELT B EMREN
feo 2T, BHOWKE, ENGEENELTEL
& BBESRAZERL T, (FicBi 3 EHEEE O
& TDORPS, i EIMAER:L: %,

RPS;, i=exp{In(Ry, /St 0) +(St,i—St0) B}  (9)
Ry i=RPS;, i8S, 10

Year

Fig.2 Annual changes in simulated stock biomass of
the Pacific stock of chub mackerel under six
different targets of the fisheries management,
Faysesprs Faosspr, Frosssers Frosgser Feosgspre and actual
from 1980 to 1994.
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+ F50%SPR & F20%SPR
1500 & FAOKSPR = ACTUAL
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=
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Year
Fig. 3 Annual changes in simulated catch from the
Pacific stock of chub mackere! under six different
targets of the fisheries management, Fysspr ,
Fassgsers Fiossser, Frosssers Foossser, and actual from
1980 to 1994.
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A BEINEREEY, EKEHOEFERET— 7 LaH
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TRE L, BEEMGROSRHTEA0MMEEL LT
FooysprZEREE L7z, CLark (1991) &, EfA=WHR

Table 4. Comparisons of simulated results nuder the various F values as the target reference
ponts in the fisheries management for the Pacific stock of chub mackerel from 1980 to 1994.

Stock Biomass Catch(10%ons) Average
Target I Minimum 1994 Average Coefficent Rate of
(10%ons) (10°tons) (10%ons) of Variation Exploitation

ACTUAL 83 276 440 0.79 k 0.32
F209SPR 87 166 439 1.07 041
Fa095sPR 190 547 441 0.80 0.32
F4034SPR 308 1099 415 0.62 0.25
Fs026SPR 423 1709 371 0.51 0.20
Fe0955PR 532 2337 313 0.45 0.15
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19854F T 180 U TSI L 7T - 1o,

—7, FREDERICK and PETERMAN (1995) %, #iE
BHEFMICEENSH B & &, PHRERSALOAT,
CHR iZ CES icfea /3, Lo b CESDLHICER
BPAEEELUT OBACHEKIc T 246808, F1
FERELTHEHEBENTH 5 & Ui, Fyser (& CHR I
BT 54, BEDERED RPS IcHE ST Fyser D
TP TZ LM TENE, SSICBVERS
RohstiFsha, Lrl, BEROEAICE, I
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199475 &), EEEIC RPS A FWREETFAT A &3
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