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Considerations of reproductive characteristics for fisheries management

Akihiko YATSU

Among reproductive characteristics of commercially exploited fishes, only age at maturity is currently taken into ac-
count in calculating spawning stock biomass (SSB), which is one of the standard biological reference points in the tra-
ditional single-species fisheries management. Recent studies on the Atlantic cod and fishes in the California Current
suggested importance of diversity in age structure of spawners, and fishing would elevate stock variability under fluctu-
ating environmental conditions, mainly through “longevity overfishing”. Therefore, in addition to SSB, conservations of
biodiversity including age compositions, local sub-stocks and reproductive characteristics of spawners, coupled with
marine protected areas, are necessary for a robust management. This can be viewed within a framework of the Ecosys-

tem Approach to Fisheries.
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MTREEh2 X512 ﬁﬁiﬁﬁiﬁﬁmf(MSR&
cruitment per Spawner) 12 KIE 9% RNIR 72 THPI A Al g
Thbd. &EZAD, %Fﬁ‘r‘fi:& 5 5 HAEPERITROD KER 7 T
&, IMAE 2 AR 2 & BUF- & % WVIZ104FE 2 7 — L
D% & > ThHNh 2 Z L% (Fig. 1). $hbb, ¥
4 7 ¥ Sardinops melanostictus Tl& 19701987 F-DMIA 13
Uy A =X EM, 1988 LI IX THIZ EICALNS.
Y HNTIRI969F2 5 19774 £ TE Y v 7 =X Ll
1978 LI IE THIC N E T 2 F 20820, 2D XS wIEE
W PAEPERIRICH VTS, #lFE (SSB; Spawning Stock
Biomass) (2G5 U 723 4R % (F; fishing mortality coefficient)
DOFIZ KD FEEORNEXEAXZ T LN TE S
(LIl 2005). HHED ABC (Allowable Biological Catch;
EVIPETR R R) FERANC W TE F—EJ K& 5
KL LoD, BfagE2d 2Bz Tl =54 1013 F &2
HldaZLEHAE LTS (Fig. 2). 72, KEIZKY
2 KRPEE RGP Cld i R E i (Maximum Sustainable
Yield; MSY) %R $ 2 KUEICEFE LR 752 SN T
B0, FEERICIREEE TR IRRED SSB D 40% % fift
Y52 &2k >TW5 (Berkeley et al,, 2004). 2D KD
(ZSSB & HAK & ¢ 2 B O IR DO Fhmhi i s &1
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DL, EERE LA 2 RBOSHMNEE2 GOEILNE
DTH5.

350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

80
Japanese 36
sardine

71

Recruitment (million)

’/ISSS

10,000 15,000

0 5,000
Spawning stock biomass (1000 t)

25,000
20,000
15,000
10,000
5,000

Chub mackerel 64

Recruitment (million)

0 1,000 2,000 3,000 4,000
Spawning stock biomass (1000 t)

Figure 1. Relationship between spawning stock biomass and re-
cruitment numbers in the Japanese Pacific stocks of Japanese
sardine and chub mackerel with fitted Ricker curves (modi-
fied from Yatsu et al. (2005)). Numeral next to a dot repre-
sents year of recruitment (1900+).
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Figure 2. Diagram of the Japanese harvest control rule (modi-
fied from http://abchan.job.affrc.go.jp/digests19/rule/rule19.
pdf). Bban: no fishing level, B limit: limit reference point for
stock recovery, F limit: limit reference point of fishing mor-
tality coefficient (F), F,.: reference point of F, F target: tar-
get reference point of 7, SSB: spawning stock biomass.
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—fIT, RSN A KR RICEEINN T B, F 0, WRERE
RIFHEAWIZ [ K2 ERS ] BETH D720 (K,
2008) , /NEUGR & pE & SOHO AR IR 3RO TR |
PRERBIAS B DB & 52 1 o9\, PR PRI RPS 1A 4
KEBEEERTA, BEINEH AR & BRI HERIBI RIS
HDEIRETSE, RPSIWHERKERMT2LE LS
N3, Lo L, FEERICIIHADRIZIRAE R AL 23 RN
12589 5 (Berkeley et al., 2004; Ottersen et al., 2006; FiA
2010). —Ji, »5FOEIHRKEE L TAZLE, Y
HAFRRIE TR TOI Sy FITH LT THENI LK
GG TE DS, Thbb, HHFROAKRITEINLE
RN B 2 WIZIVE GEIZRRHE, BRORE AT
ML EED) ICKDRESREZIENELIONDE, &

5%, 2O &3O B TEAN SRR T AfER Sy
DIFATIZHEDWTREH XN Tv 5 (Berkeley et al., 2004) .

Bailey et al. (2005) (%, RPSIZHET 3 HEKE LT, (1)
T2 1F constraining factors (BRIED KWZH), BHEafiig
FHOHE HAENOEE R % & ORERNBERE) &
(2) Jih#E 5Pt activating factors (FEfF/ S F Dk, A4
BHEEOMEV, RN A T Y — FBIE & & ORI
T2) DR &3 L7z (Fig. 3). BUERHEE Eido k5 &
A 2 R B O o] WM %08 U CHIRISFIC G4 5 & &
A6NDE. —JF, 4 XD DI MBEINA A5 U
TARTEDOFRRE 23K & < L L 256, BIERHEDZ
L& & B IZUNRHE(F RO R S 226§ 5 Z L 3 fHE &
5 ().

A TRRICK & B 5 2 2BKO—D212, ¥
FlE DBEZERB~ w F - IAVyFhRd 5. FE, Bk
DEHT IV by DT — 3V SREICIZEAL B XU
W0HERBOZE AN TED, 7V a—Y v VIKRIE
DRI IZ ST IR A DR A K - O IFFEO G L Eh
52812k TN—3I 73 &5 (Chibaetal, 2006).
—J7, BT w2 &
2%y (Berkeley et al., 2004), FUHD pEIIH] & FEH L 12
HEINBEBAREIE TS v 7 Py DT — 3 v ZIENC
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Figure 3. Diagram of population dynamics under climatic

regime shifts, environmental deteriorations and two-types of

overfishing. Middle and lower portions of this figure were
simplified from Bailey et al. (2005).
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Figure 4. Hypothetical diagram of temporal match (a) and mis-
match (b) between a plankton blooming and fish spawning
period and subsequent ontogenetic development. Tall open
box indicate a case when a delayed blooming matched with
feeding larvae and short open box indicates spawning period
(egg distribution) that presumably corresponding to the tall
box.

IAVy FPECTHEATY, BROF ik 4 B 8
FRED ZHRMED+5712 B B 5A IIZPEIN S HERIIC R < AT
bhaZlicky, HEKDAEOCDOWENED b 5 12 iR
XN (Fig. 4aDMUfy). L2 L, HaRLHBO LN
DRI DR R D LRI Ay FRECD T LTk
% (Fig. 4bD x). [IREIZ, & — F L2+ T{REEED WD
B B UVIITHIBIZ & 22N s I 2~y FHEROHEMNE & 2
53,

Atlantic cod Gadus morhua \F IR 2K L, BIRE
AL EhThRI28220b5TF, BELZVRENS
V. ZORRO—2 L LT, Sl #lE 03 LK T2
BaXh T3 (Ottersen et al., 2006). &b 5, Atlantic
codD /Lo . —REIZ BT 5 [IAE-AKIEOHBIB 2
SR DN 235 0 o 7RIS I A S e 2 5 7208,
WAEDORBBOFELIZEN, KRS MARICK X L E %
KIEL T3, Ottersen et al. (2006) (FZ DX H =X Lk
LT, il o sy I & Sl fs 22 30 9 oD $ L 53 A i B
DEMFEDOZNEDIAL, REY 72 D PEINE & ST S
ZNWZ L AT TS, 72, Berkeley et al. (2004) 13,
AH IO IFEIZ DO TERR D 5 & Fh 2AFRORE I
BB R 2 ALK DRI 3 53 < 2> DEILERIH P 23K &
2L (WEROKZEIAFEREZELZSNTWS), DT
IS K O EEINHRREMNG R RS Z R L. 72,
Hsieh et al. (2006) (%77 ) 7 # L = 7 ik SOHAY 30 Fd
DWW TREF- i & R4 DIIA RO Z TR DB R & FH X

72eZA, MBEBIZIZAOHBEMEGR2A S D, & 5ICFMEK
PRI &3 2 M T L B & iR G A s AR B T R &
DEFNRRKELS72EHEL TS, ZhosDflrs, &
Hin 2 BFDAFAEIZ K 0 BIRZS B 23 BREGAZ B (2% U Ol
KoTWabEeEZOLND. &k, KXREWEmEEDOKE
BIIS BT, WIS Ko FarkifElt S h 281803 [
L4 | longevity overfishing & LTy 5 (Beamish et
al., 2006) .

ZD &I, WIEIZ K 2 EiEOFE LIk hKpER
OEFZBRBEEI S L TR OBIRIZT 213200 5, &R
oOMfE ) & #ifb X 2T\ 3 (Fig. 3). ElnEARO WD LA
DOEPEFEO BB & LT, BIENZREEOWD, b
W (7)) EEROMWAD R, ¥ 7 HEFE—-O v b
T =2 D5 NEZL LN, ThbIdRikE U CEREEREE
DHML L ERERIC BT 2BEEDZAL A & 726 T L ME X
T35 (Perry et al,, 2009). X512, TD XS LZ{LIT
B IERIRIE 2 B0 720, 2 OFEO — LIS K 4 &
RT3,

3. BEEEADES
ZNTIE, WBIC K 2EMRMERILIEE ZZTHEI B0
27 ZRUMMAREEOEISHE ] b B IS EICTNTRATF T 5
728, BE—MIZIZRD EhknwiEA S, 2Lz, SPRE
PHZFHWT 8 F30% SPR (WA 281y & & D SPRD 30% %
WELR T B IR F) & ENHRUEL L TIRIBX M TV B H
(Mace and Sissenwine, 1993) , el 2 a3 2 R5E 3 5 SPR
ERPSOZLIZHIG L TELT 28D TH S, £/, Fifi
A IHOERICBIHCHEA AN TH S Z L @ 5
T3 H, HIFEIHE X 7 = 2 LADMHICHEED < FHEFk
DEEICHT 2R K, Lo L, EREOEIGE
TRETCINE, W H§ 256 R OME/EH 5 L
M IR RRE A B LB A SN D720 (Perry et al,
2009), HEHIEFKELEFFNEF XLV P THS.
Beamish et al. (2006) & # 7 &£ BCH D £ v & 5
Anoplopoma fimbria #fil& LT, UTO LS IZRFGORE
BEEBFEHEANOBFAZIBEL LTS, FYEAFIIRET
13 E THEZ 22, IMARIZIFERBIO 10 -z 812
B U TR LT &2, BREAEOEIITMA A &
ABDTHEN, HEADY A 7R H 3 TERMEL
V= LIZRIB L ZZIMARD Y v i —=BIFRAEFERL 5 D 10
FERBEORZELALN TS (Fig. 1). €079, ILXF
HEOL Y =4y 7 MIBUZ204EMFED XY 250/
AL ORRISHEIRT 5 7200204 G kg & LT, ¥
VESIIERMEEIEEEELIONS, TDXD 5
PEEFiR 2 RIS D 72 D R DWI I MIC B 1 5 & — PN
v (R A S X NERBE N 5 2 & RIIHIET S
fiv) I2eAbhb. BARIBCMOEHENGIED L <
DM 30FLL EAF T 5 (Beamish et al., 2006) .
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S IE AL — R KA T B B 7230 EH RFELT R L LRI /)N
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N
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FBOMHEL L B ITRAIZOVTERT A X (GRHh) 237
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ENFHENTHBEDD, EFARED 729 OWPER R
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ENBMEENETEEELAENS.

72, bPREOABCREICE VTS PN &
(ABCtarget) 23R &N T2 OKET - KEERAITZE
Y& —, 2008), TACHREIZIZIFLAEEZ RS T\
WkOTHhB. FlROGIILOEELGEL I EIE xR
ANMEFEE AL B PR 7 70 - F O R SR
ns.

ROBREE LT, BREZE) & fiEORE (AWt s &
) OBMROBE IR & FRICNTE S 5 AEFEMEE I A
7 NEIG A B, WSEE 25 E DR DIRIAOAIROWEH, Bif
WEMEE20iEd2 [MENODEERT T 0 —F
Ecosystem Approach to Fisheries] (Garcia et al., 2003; Garcia,
2006) D AEREITNEEE LS.
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FHREINTW5E, ki, AEBR7 7o —-FI3EFEEHD
[Fay] T3k, BUROEH» 5 OB L L] &
MEDT 5T WS (Garcia, 2006) . BIEFHE 2 &4
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1) - Feci 2 MICAT R EEZ 5N B,
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