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Here I briefly report my experiences and impressions during the CalCOFI Conferences, which were

held at the Scripps Institution of Oceanography, University of California (La Jolla, San Diego, USA),

during November 15-18, 2004 and December 2-7, 2005. This document is written for Japanese

readers; but scientific contents (e.g. programs and presentation abstracts) are available in English

by clicking on the links.
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CalCOFI Conference 2004 in conjunction the Trinational Sardine Forum
FA{EHART: 2004%11H15H~11H18H

BifESPR: Scripps Institution of Oceanography (La Jolla, San Diego,
USA)

CalCOFI Conference 2005
FA{ERART: 2005€128A5H~12A7H
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California Cooperative Oceanic Fisheries Investigations (CalCOFD (U T
ALV ZHERERR) (. AYITAIILZ77HTYA DS ERENRIEL
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2004 (CT O TZOBEFEKRL (RS54 R2) TIE F9. hYIFADS
PYADEDXSINFEAOYERLETEL (CHITDRERERE (FHMEHTIZZE)
PECEEITTEREERERROZEH CORADZL(CERLEZ. 2
NZHHR(C. 1990~2004F (CIEFARFEF TRESNEHYITFA TS
FE204 1EHAR UN A D 2AFER766MEHA Dk RIRE = B A iligiS i
NS, FRERREKE & DBMRZEEM THRUZER. RREE
RENCR(F. 3T IFATIAFET(F22.0°CTHOEDICH L. XD
SAFERTIFL16.2°CTH N, ¥I6°COEN DD ZENDOM DT (RS51 R
3). FENEERRT D LBESNDFHEINIIKES. B#I1a16~22°COEEH
TEBUTCETHED. COMKEEREKRDENEZDOBTEHNT D
KENBREDODBLSORXE XS ITRITEER, Nz [REREREK
RG] EUTZ,

20055 (CTD IZAGEFRR2 (RS B4) TlE. OFEFRER1IOEKEIC
BEUERAZIERL. X FRARM CTREZXEN R USRS ZH
BAL &L D LikAfz. BHEXRFEFFCTERSN CEIIIMFREDORA
BT —9ZFAL. I} - FROEIREENS., HFTTFADTIRUNY
A D> DOEIIKRZRANIZ, TR BRENDILREDHS IFA
D LARREDNDIRED Y 1 D> OFF SN (CHat Nz, DR
KDHSFIFA I (Engraulis japonicus) EX- D= (Sardinops
melanostictus) DE&kIZ. BT AIL_I7BRIZTDHIIOFA T
(Engraulis mordax) &~ "J= (Sardinops sagax) D% & (FE (KT
BINTHD. ERFFORARITHIITFA IS EXA D DHKEFFHE
DEMRIEBE LD EFIL TVNDEEZ BN (RS R5), BIUREAICK
EFEOHRAE CTHKRDOSEEDEREEREC/E>TND, LU, BT
FADERADEOBEKRIFEEFETHDHIC, BERELU TERER
BEEALEZ. WSS FUANMR EEEmEHDE/DITEETR
Uiz
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Takasuka, A., Oozeki, Y., Aoki, I., Kimura, R., Kubota, H., Sugisaki,
H., Yamakawa, T. (2004) Growth-optimal temperature for
larval sardine vs. anchovy: A possible mechanism for sardine?

anchovy regime shift? Abstracts of the CalCOFI Conference 2004 in

conjunction with the Trinational Sardine Forum, p. 24. ((ZEFX1)

Takasuka, A., Oozeki, Y., Kimura, R., Kubota, H., Aoki, I. (2004)
Growth-selective predation hypothesis revisited for larval
anchovy in offshore waters: cannibalism by juveniles vs.
predation by skipjack tunas. Abstracts of the CalCOFI Conference
2004 in conjunction with the Trinational Sardine Forum, p. 58. (7FRA%5 —
FFR1)

Oozeki, Y., Kubota, H., Kimura, R., Takasuka, A. (2004)
Characteristics and decadal shifts of spawning grounds of
small pelagic fishes. Abstracts of the CalCOFI Conference 2004
in conjunction with the Trinational Sardine Forum, p. 52. (7RX
5 —FKR2)

Takasuka, A., Oozeki, Y., Kubota, H. (2005) Contrastive
temperature optimums for anchovy and sardine spawning
between both sides of the North Pacific: Optimal growth
temperature hypothesis extended.Abstracts of the CalCOFI Annual
Conference 2005, p. C-13. (CIZEFEK?2)

Takasuka, A., Oozeki, Y., Kubota, H., Tsuruta, Y., Funamoto, T.
(2005) Temperature impacts on reproductive parameters for
Japanese anchovy: Differences between inshore and offshore
waters. Abstracts of the CalCOFI Annual Conference 2005, p. P-15. (7R
AT —FKR3)
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Oozeki, Y., Kubota, H., Takasuka, A., Akamine, T. (2005) Population
fluctuation of the Northwestern Pacific stock of Japanese
anchovy. Abstracts of the CalCOFI Annual Conference 2005, p. P-11.
(RRE5—FER4)

Nishida, H., Yatsu, A., Takasuka, A., Oozeki, Y. (2005) Assessment
of the Japanese sardine stock in the northwestern Pacific for
Japanese management system.Abstracts of the CalCOFI Annual
Conference 2005, p. P=10. (/R A& —FK5)
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—7BRIgO&RE (U, . T3> ¥J0. 1 H%) OERIKR
RSNz, F48H5(E. “Session II: Status of Fisheries for
Pacific Sardine” &UT. YA DD DOERIKRICERNE TSN, R
MSIRIMNEDH S5SNIz, E2HBE(E. “Session III: Symposium of the
Conference: “Pacific Sardine - Past, Present, and Future”. BEIG5~<-1
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Z-R—V DR S (2004) . . - s — e
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-- (. A=U—CDWTIEIERE(CHFTE=BTz. T2l2L. BRRDREEE
: FREMNIDNTE., REOBESEO DGV ETER(CE
UATZDEWDEDZ ETHDIZ, —A T ORI ITAILZT
B (Bls. B38E) THEERITINEMNCDONTIE, BESMmiHC
HD. CTTOFEMICEDNT2005FDART - ZBK TSz, 3
HE(Z. “Session IV: Contributed Talks” & U T, #kARIEFICE DT
AFRERMMITONIZ. BANSI(E. PIUVKERFTFIOBAHEERNSIIL
THD. BROYA DS ERICRETDIEHRZ DY ITAILZF (IREL
2o CORENMNCalCOFISNEBEDEKRZR NS E(E. HBSEHUTA
IWZTDIA DS EBRDYA DT OHBR - HER(CEELZERF > TLY
BEVNDIHITH D, YANBIERHEEZ T, IRRT—FEEXMNMTHN
2o MOTLLEIFIEFHER T, ARREREVNDLDE, RAF—ZEHI(C
MREWDTZEIRTH 2. TOVWDRIAILDBENZERS LBL\D
ME LNV, 2FETEDEHI(C(E. “Trinational Sardine Forum
Working Group Meetings” &W\WS Y1 DS EREEBDZHDEZENFHEH
nfzoT, IhzFEEL. BiREET.
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EIERICEIREN TS, 2004FECHDE D TEAREESOHERZE
KrzL. B TeEMIBZDR Tz, FIB(E. “Session I: Status
of the California Current” XU “Session II: Status of California’s
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WRM 4 BN SNz, $28B8(d. “Session III: Symposium of
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BECITHONTE/ZCalCOFIEEDRA X TO> T 0 hDORET. D
BKCARSNEEDOEN L Ea—nlz. E2HEBFENSEIHBIC
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Xz, ENENRIDBAITHIDEDIEAREBER LN, HEAFTES DL
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zZE Uz, CalCOFIT(d. SMEHBEAREEEESVWDITTERL, &
BCXDIZ2T7 4 —HERESNTVBLDREIKEZ TZ. <01
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B5lWEEBD> TS,
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20055 (. RFR TR, T—IXR—IFEEODT—U>avIZRZEL
2o &5, ROVUT ZBFRFRFIR OIS I DEIaXoKERTTAT Cff
AN DRFEZE L. SEBEEXBORALLR TR T DIZHDIER
INEE E HFERTDITEZZIT o Iz, FRIESFRE. BRCHERNERET
DI TH. FBRIRGIK - X ZEEITDIERCDONTE, KEEENM T
CENS, IFERe-mailETEBZERITDZE(CIRD Tz, 2005F DR
BRSPS (&, ROUT BFERRAISHEESN CODIRTBFAKFDH
PSRN EEE. POUKERFRATNSEIARZ (CBFHROHREEC K. Fik
BIMIBIARNEDERBRIEKREEHENTE., BEEROEESNDZRDS
EETER,

RRAZ—2 A ~)L—E& (2005)

[Tk HEBL T, TUNNCAHY TAILZFEADOMFEE. AFEDON
RRI—F KRR (2005) R THIHRNEEDBIEOB LRI TR > TLRHEREICDLTHE
RZFO>TLWBERUE, —AT. [BRIFMB(CEDHSNTNDIDT,
HDIEK, BRNEEEXS. B B RERBHAREAECH N
T. BRZBFEEROBREZLR. HFALLESEWSEBENSD,
EERDERFA RO TUL\B, BIXIE. 2006FE4HTHICIE. RIJIVILT

“PICES/GLOBEC Symposium on Climate variability and ecosystem impacts on

B ﬁm the North Pacific: A basin—scale synthesis” WBIEST. b RXKEEFZHDIE
" SRR CHI DI - NIRRT SRR HED SN

oo Fz. EFEL11AICE. FILRKERKFOFRBRE—ZERSHAFLE
12D CERBBOREIEZETIULI DI2HDT—I2 3w T “Global
comparison of sardine, anchovy and other small pelagics: Building towards a
multi-species model” N'BHESN. IRELZDHASBNEATND, SE.

9 —2237 (2005) Wa, TOLSRBETFBAITIRD, Eo &L DED “breakthrough”
(CDIN B BN S,
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(FAEI> TETVWBIDIEA. SEEERRUZ. £EDHRIHIITAILZ
PIROTRURFABERER U TEDSRAWNZA D ERBLY,. SERiTICCalCOFI
DIR—IR—ZTELREDBRIE DA (CHAR LT, BED™SR
REDIBIRIS—NERL TV, 2004F(FHEHDFFHIFTICRRAFEE
FENAE R E CRMESNICEANKEZRERZEIBARS MRS IALTHE
RKUTWZDT. ZOFRFRA—VYTITOZ, EER. BN5YH5EEE
UHE <. FERBICBN DT, R—VIIRETHOIE. THTEEM
BICX=VYIIBETHOIZH. BFULTULVE, FC, RDSZIAHEH
AOBEEREMU Loz, FIBESTZM T4 F—FRAEEIHTHD., &
RSB LTz, REHDENE . BETS Y. BREEZDLE(IC
== 2 )\—TH>z. 2005%F(F. 2004FE(CEBRDTEEZ
U BhE20O#EFEZE LTV DT, ECHRE(CBI .

2004FSNFICE UMD IZDIIRR I —DBEN THD. RITRHA—Y
T—=E) =NV ADDFRFEDH/\UICNA. EXIQIRRS —
T—AZEBA TORIEFET DN Dz, FRORBRZR DS (CEZDED
USHCIBFIAIT D ERB S, DLWTICRD (EZTENSBEELZ CORICE
DIEERDH I T TIRRI - —AZBEITNTECUE > 2 (—Ib&H
ED(C4TD7Z)e €T, 2005F(FRRE —ZFRIRICEIRI LU TH$HD
DTFRL . D TZTeHaIRe/M Mt (CENRI T 2 & Z B DUV, Bl
Eoen, HMREEROIVERLREBOHSMNFTINEFER U, HH
DE(FHR(CHED EEE5R, ALD. #RIZENDHD UHRVDICHT
U. MORADFRFNESLIADZIZEDHDENDTETHD. AKX
DIRRD =3I TEASHBECWNE DTz, CNIFEREE. EHIIEKIEC
BRINC, BINTRRASI—RKREEINDAFEOH U TIEEZL,

(c) Copyright National Research Institute of Fisheries Science, Fisheries Research

Agency All rights reserved.
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Fish regime shift

Climate and fish regime shift
A mystery of the ocean is the phenomenon of out-of-phase
stock oscillations between sardine and anchovy.
Fish regime shifts have been attributed to ocean regime shifts,
However, the biological processes have remained unclear.

Beamplst o al, (1997}

———r =

Vatwu of al, {20613
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Growth-optimal temperature for larval
sardine vs. anchovy:
A possible mechanism for sardine-anchovy
regime shift?

Akinori Takasuka ', Yoshioki Oozeki!, Ichiro Aoki?,
Ryo Kimura %, Hiroshi Kubota ',

el Agery
Symposiam P, and Fuiture™
Seripps Institutien of Docancgraphy, San Dicge, November 16, Z004,
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Anchovy vs. Sardine
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Relationship between recent 3 day mean growth rates and sea
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Contrastive temperature optimums for
anchovy and sardine spawning between
both sides of the North Pacific:
Optimal growth temperature hypothesis extended

T

Akinori Takasuka, Yoshioki OQozeki, Hiroshi Kubota

National Research Institute of Fisheries Science,
Fisheries Research Agency, fapan

CalCOFI Conference 2005
Scripps Institution of Oceanography, University of California, San Diego
Session [V: Contributed talks, December 7, 2005
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Growth-selective predation hypothesis revisited
for larval anchovy in offshore waters:
cannibalism by juveniles vs. predation by skipjack tunas

INTRODUCTION MATERIALS & METHODS

‘Growth-mortality’ paradigm (hypothesis) Table 1
Faster-growing individuals are assumed to be more likely to survive in the sea. Field sampling  Offshore waters: the western North Pacific
" >  Station A in the Kuroshio Extension region (June 11, 1997) Table 1. Sampling information for larval anchovy
EXistipolconcen I dcCate s e C Ea e e Larval anchovy and juvenile conspecifics and predators (juvenile anchovy and skipjack
1. ‘Bigger is better’ hypothesis: size (negative size-selective mortality) »  Station B in the Kuroshio-Oyashio transition region (May 15, 2000) tunas). Standard lengths (SLs) of the ingested
11. ‘Stage duration’ hypothesis: time (high mortality stage duration) D larvae were restored from the actually measured
> Grom_/th-sur\_/ival relagionship has been explained indirec_tly. : : el &) SHE AT otolith radius datgi. FL: fork length; n: number
> No direct evidence existed to support the growth—predation relationship. : for growth analysis; n’: occurrence from the
- stomach contents of the predators.

our previous studies in Sagami Bay (Takasuka et al. 2003; 2004) > Original Iar\_/ae: the larvae captured simultaneously with _the predators
111. ‘Growth-selective predation’ hypothesis: growth rate (per se) : gfg,:g:igﬁ?,.‘éﬁ:f;ﬁg eoci I;Zm the were ra;(:oc:’zglfr:’z:]ag;/;ih
Direct examination of the growth rates of the actually ingested larvae. radius (OR) data, using the OR-SL relationship of the original larvae.
Slower growing larvae were more vulnerable to predation than faster Original larvae
growing larvae, even if they were the same size, at a given moment in the sea. -
Growth rate per se had direct impacts on vulnerability to predation.

Information Station A Station 8
Date 11 June 1097 15 May 2000
Time 10:40-20:20 09:30-17:30
Location 500N, 144°30°E 30BN, 144°34E

z Predator Juvenile Engraulis japonicus Katsuwonus pelamis
n 120 9
size (mm) 357-613(SL) 450-540 (FL)

Prey (E. japonicus)  Ingested larvaeOriginal larvae  Ingested larvacOriginal larvae
n ) 33(85) 100 12(59) a

4 N
X { Comparison }
Larval Japanese anchovy in offshore waters N p
» Japanese anchovy are distributed and spawn widely in offshore waters.

» Larval anchovy are exposed to multiple predator fields. The larvae captured sil size (mm) 136202 131311 22222 144274
. . with the predators n o
Engraulis japonicus i.e. the surviving larvae from the original population

In the present study, ...
> The ‘growth-selective predation’ hypothesis was revisited for larval Standard lengths (mm)
Japanese anchovy in offshore waters. Recent 5 day mean growth rates directly before capture (mm day-1),

> Cannibalism by juveniles vs. predation by skipjack tunas (Katsuwonus pelamis). which were back-calculated by the biological intercept method

3 RESULTS 4 DISCUSSION

Stomach content analysis for predators Cannibalism by juveniles
Cannibalism by juveniles > Negative size-selective predation mortality

»  Atotal of 85 occurred from 31 of 120 juvenile anchovy s f s . P 4 ) .

of 35.7-61.3 mm (SL); otoliths were extracted from 33 : Bigger is better’ (also assumably ‘stage duration’ effects) X Kuroshio-Oyashio
A juvenile of 42.8 mm (SL) was the smallest to show cannibalism. > Slower-growing larvae were more vulnerable to cannibalism by juveniles. i transition region
The SCI values of the cannibals were twice as high as those of non-cannibals. ‘Growth-selective cannibalism’ i

»  Larvae made up 10.0-85.7 % of the stomach content weight for cannibals. % Does cannibalism by juveniles negatively affect the final recruitment? If slower-growing larvas anyway intensively removed by the
i iDi other predators, intrapopulation removal of such fatal larvae would not be critical. Instead, it will provide a considerable energy
Predation by skipjack tunas Source for juvenil conspecifics This vould b rather inidental but rational in terms of nt profiabiliy at the populaton evel

»  Atotal of 59 occurred from 7 of 9 skipjack tunas of 45-54 . . q i
cm (FL); otoliths were extracted from 12 L Survivorship of faster growing larvae. : SIET A o
g . Kuroshio Extension region

Station B

Size-selective predation (‘Bigger is better’ ?) Predation by skipjack tunas - o
Cannibalism by juveniles ” »  Positive size-selective predation mortality
e tended to be smaller than the original larvae. ‘Bigger is not better’ (assumably no ‘stage duration’ effects) ig. 1, ling|station:

Predation by skipjack tunas ) . - I I
> The S tended to be larger than the original larvae, > Even faster-growing larvae were vulnerable to predation by skipjack tunas. ill !I" il
. arval a

‘Non-growth-selective predation’ I
nisin

Growth-selective predation (‘Growth-selective predation’ ?) No advantage of faster growing larvae. B
Cannibalism by juveniles I
> The had lower recent growth rates than the original Causal background
larvae in the same larval size range (= 20 mm) (Student’s t-test, p = 0.005).
Predation by skipjack tunas
» Nodifferences in growth rates were found between the and
original larvae in the same larval size range (2 20 mm) (p = 0.912). e

Were ci
of ami
> Predator-specific ‘Growth-selective predation’. The phenomena are pjack tu
consistent with those detected in Sagami Bay (Takasuka et al. 2003). trolling li
Potential for anti-predator behaviors vs. feeding strategies of predators

Fig. 2 Fig. 3

The smallest cannibal
=42.8 mm (SL) .
Cannibal§ n=33 n=12 0.50 &= 0.07 mm day-!
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by juveniles (< 20mm, n=384)
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Occurrence of 1G larvae

Station A B Station B
SCI=101+ 34% OP larvae 207 OP larvae
Cannibals LEST] n=47

Non-cannibals > 428 mm
SCl= 5122% e

Predation

by skipjack tunas 0.50 £ 0.08 mm day-*
(= 20mm, n=12)
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0
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Standard length (mm) 0.50 = 0.06 mm day-!
LAWC =10.0-85.7 % iy (= 20 mm, n=39)
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° Non-cannibals

Growth rate (mm day"

Fig. 3. Engraulis japonicus. Comparison of 20 25 30 35
standard length (SL) frequencies between the
) and original larvae

(OP larvae) for cannibalism by juvenile anchovy
Standard length (mm) (EJ: left) and predation by skipjack tunas

Fig. 2. Engraulis japonicus. Ontogenetic features Katsuwonus pelamis (KP: right). SLs of the 2

Standard length (mm)

Fig. 4. Engraulis japonicus. Comparison of recent
5 day mean growth rates plotted against standard
length between the

of larval cannibalism by juvenile ianchovy. (a) groups were sepz_arately_restored and original larvae (OP larvae) for cannibalism
Occurrence of the ; (b) stomach from the actually measured otolith radius (OR) by juvenile anchovy (a) and predation by
content index (SCI); (c) larval anchovy weight data, using the OR-SL relationships of the 2 skipjack tunas Katsuwonus pelamis (b)
contribution to the stomach contents of juveniles original larvae groups. '

in wet weight (LAWC).

Larval cannibalism by juveniles would potentially regulate growth-selective survival as well
as survival rate itself during early life history stages of Japanese anchovy, while predation by
skipjack tunas would influence survival rate itself but not growth-selective survival.
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Figs. 2 & 3

INTRODUCTION

Unexploited offshore populations of pelagic fish may migrate and spawn beyond
our view in the various regions.
If any ecological differences exist between inshore and offshore populations,
these should be clarified for a better understanding of the population
dynamics of the species.

n (body weight)

45 48
In (body length)

Japanese anchovy
> Japanese anchovy (EngrauI|SJapon|cus) isa mulllple spawnlng pelaglc fish.

Fig. 2. Relationships between In-transformed

»  Asthe stock size increases, they come to be distributed and spawn widely in body length and In-transformed body wet weight

offshore waters, too.

Daily egg production method R UBE | ISPE | ISCE 160 164
»  Batch fecundity (number of eggs per female released per spawning event) Longitude
> Spawnlng frequency (fractlon of females spawnlng per day)

lead to blases in the estlmates

Miura P

Sagami Bay ‘s

Gonadosomatic index

In the present study, ...
> Biological and reproductive parameters for Japanese anchovy were derived
from the recent literature.

> The data were compared between inshore and offshore samples of anchovy. Fig, 1. Locati Japanese
»  Focus on temperature impacts on batch fecundity and spawning frequency. % . ! | A I
anchovy in in ($agami Bay; 1-29) Fig. 3. Relationships betv
est orth Pacific; gonadosomatic index

MATERIALS & METHODS

2

Data source

»  Tsuruta, Y. (1992) Reproduction in the Japanese anchovy (Engraulis japonica) as related to population
fluctuation. Bull. Nat. Res. Inst. Fish. Eng, 13: 129-168.

»  Tsuruta, Y., Takahashi, S. (1997) Reproductive ecology of the Japanese anchovy (Engraulis japonicus H.)
in the Kuroshio Extension and the Mixed Water Region. Bull. Hokkaido Nat. Fish. Res. Inst., 61: 9-15.

»  Imai, C., Kajitori, K., Tajima, Y., Nakamura, M., Uchiyama, M., Yamada, H. (1998) Biomass
estimation of Japanese anchovy stock in the Honshu-Pacific waters by the egg production method using sea
surface temperature information. Bull. Jpn. Soc. Fish. Oceanogr., 62: 356-368.

»  Funamoto, T. (2002) Studies on the reproductive ecology of Japanese anchovy Engraulis japonicus. PhD
thesis, University of Tokyo, pp. 144.

»  Funamoto, T., Aoki, I. (2002) Reproductive biology of Japanese anchovy off the Pacific coast of eastern

Honshu, Japan. J. Fish Biol., 60: 154-169.
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Relative batch fecundity

et Inshore anchoyy|

Samples
» Batch fecundity in the inshore waters: 8 samples (144 individuals)
> Batch fecundity in the offshore waters: 8 samples (108 individuals)

> Spawning frequency in the inshore waters: 21 samples (422individuals)
»  Spawning frequency in the offshore waters: 18 samples (701 individuals)
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ure (
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Hig. 6| Relationships between sea surface
temperature and spawning frequency.

Biological and reproductive parameters

»  Body length (BL) (mm), body wet weight (g), gonad wet weight (g)
> Batch fecundity, spawning frequency

»  Seasurface temperature (SST)

Relative batch fecundity

Sea surface temperature (°C)

Figl 5/ Relationships between sea surface
temperature and relative batch fecundity.

BIOngICal and reproductlve parameters, their relatlonshlps and their responses

RESULTS DISCUSSION

3

Size, weight, and gonad somatic index
> The inshore anchovy: 79-136 mm; the offshore anchovy: 106-144 mm.
»  The weight-at-size and gonad somatic index (GSI) were higher for the
offshore anchovy than the inshore anchovy.

4

Differences between the inshore and offshore anchovy were observed through

various comparisons of biological and reproductive parameters.
Temperature impacts on reproductive parameters differed between the inshore
and offshore anchovy.

Size, weight, and gonad somatic index

»  The offshore anchovy were much heavier in body weight and had much
heavier ovaries than the same-size inshore anchovy.

»  The offshore anchovy had a lower RBF than the inshore anchovy at the
same GSI, but this was due to the high ovary weight and fatness.

Note: The methods to estimate parameters were ot consistent among the data.

Relative batch fecundity: source paper; but the biases would not be critcal (see handout paper for detal)

» Relative batch fecundity was positively related with GSI and SST.

»  The inshore anchovy will benefit from higher temperature but will be
susceptible to lower temperature.

»  In contrast, the offshore anchovy might not benefit from higher
temperature but would better tolerate lower temperature.

Relative batch fecundity (batch fecundity divided by gonad-free body weight)

»  The gradient of the regression of RBF on GSI was higher for the inshore
anchovy than the offshore anchovy.

» RBF of the inshore anchovy decreased rapidly as SST decreased.

>  RBF of the offshore anchovy decreased with SST gradually. At SST < 20°C,

the offshore anchovy showed much higher RBF than the inshore anchovy.

O Inshore: RBF =—-338.7 + 27.38 SST + 87.91 GSI (N = 144, R? = 0.344, P < 0.001)
O Offshore: RBF = -30.4 + 11.69 SST + 23.46 GSI (N =108, R? = 0.461, P < 0.001)

Spawning frequency

»  No significant differences were found in mean values of spawning frequency
between both groups (Student’s t-test, P = 0.349).

»  The intercepts of regressions of spawning frequency on SST differed
significantly (ANCOVA, P < 0.001): the offshore anchovy showed higher

Spawning frequency
»  The offshore anchovy would be able to spawn at temperatures ca. 5°C lower
as frequently as would the inshore anchovy.

spawning frequency than the inshore anchovy, if compared at the same SST. Responses of reproductive parameters to sea temperature differed between the
inshore and offshore anchovy, even at the same sea temperature, implying

O Inshore: SF =-0.413 + 0.040 SST (N =21, R =0.499, P < 0.001) that such differences cannot be explained only by environmental variability
O Offshore: SF==0.062 + 0.035 SST (N =18, R? =0:320, P < 0.001) but would be due to the inshore- and offshore-specific spawning ecology-

Comparison of temperature impacts on reproductive parameters suggested the existence of
differences between the inshore and offshore anchovy in their specific spawning ecology.
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INTRODUCTION

Japanese anchovy stock assessment is conducted annually in support
of the fishery management process in the Japanese EEZ. The
population fluctuation of its northwestern Pacific stock and annual
changes of relating parameters are described based on the results of
stock assessment. Japanese anchovy, Engraulis japonicus, in the
northwestern Pacific are landed mainly by purse seiners and also their
larval and juvenile stages are landed as “Shirasu” by purse nets off
the northern Pacific coast of Japan. According with the population
declining of Japanese sardine, Sardinops melanostictus, the stock size
of Japanese anchovy increased and the one-year-old age class have
been mainly landed by the purse seiners in recent seven years. Fishing
grounds concentrated only in the coastal area, although the
distribution of the Japanese anchovy expanded from the coast of
Japan to 160° E as their population increases (Fig.1).

BIOLOGICAL PARAMETERS
Stock Structure:
Single stock from off Kyushu island to off Hokkaido island (Fig.1)
Length-weight Relationship:
= W (g) = 0.0153 X SL (cm)32° (2004, n = 21,809, r2 = 0.981)
" Length-at age Relationship:  (t is the age in month)
L, (cm) = 14.82 (1-0.915e%4?%Y) (Hayashi & Kondo, 1957)
Maximum age and size:
Maximum age is 3 years and the size is 17cm in recent years
Maturity Schedule:
Biological minimum is 8cm in SL (one year-old)
Natural Mortality:

. Age | Natural mortality
= Natural mortality was estimated by 8 i
— Pauly(1980) and Chen & Watanabe (1989) 4 i

Fig. 1 Distribution of the northwestern Pacific stock

of Japanese anchovy, Fig. 2 Area definition off the Pacific coast of Japan

FISHERY DATA
« Landings (Fig. 3)
Annual landings of Japanese anchovy increased from 1990 off the
| northern Pacific coast of Japan (Areas - A & B) and the total annual
landing recorded more than 200 thousands metric ton. The annual
landing decreased to be 100 thousands metric ton in 1993 and then
increased to be 200 thousands metric ton in 1996. The annual
landings have increased since then and the ladings exceeded 300
= thousands metric ton except 1997, 2000 and 2001. The annual
landings of recent two years might reach a ceiling 400 thousands
metric ton.
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Fig. 3 Annual catch of Japanese anchovy off the Pacific coast of Japan.

CPUE (Fig. 4)
= Fishing effort of purse seiners increased and the CPUE (metric tons
" haul) decreased from 2000 off the northern Pacific coast of Japan
. (Area-B) . The CPUE generally have continued to be stable in recent
w four years.
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1988
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Year

1998 2000 2002 2004

“8 Fig. 4 Annual change of CPUE and fishing efforts of purse seiners for Japanese
anchovy off the northern Pacific coast of Japan (Area-B).

Catch-at-Age (Fig.5)
The young-of-the-year had been mainly landed until 1988. The Age 1+
fishes have been mainly landed after 1989 and the Age 2+ fishes were
also landed after 1990. High amount of landings were supported by
the catch of Age 1+ fishes in recent seven years, except 2000 and 2001.

1986 1991

Year

1996

Fig. 5 Annual change of catch-at-age in number of Japanese anchovy off the Pacific
coast of Japan. | =

FISHERY-INDEPENDEMT DATA

Eqg production (Fig. 6)

Monthly egg production surveys have been conducted from 1949 along
the Pacific coast of Japan by the 3 National Fisheries Research
Institutes and 18 prefectural Fisheries Experimental Stations.
Vertical towing net samples have been obtained from 150 m deep (or
near bottom) to the surface by the Long NORPAC net (0.335 mm

mesh size, 45 cm mouth diameter and 65 cm + 130 cm-long &
cylindrical-conical net) .

Monthly egg production is calculated by summing up 30° x 30’
squares egg production E; in month i and square j as the following
equation:

-

where s is the average survival rate during egg stage (0.600), D; is the
number of days in month i, dj is the egg incubation time (in days) in

= the jth square in month i, A; is the area of the jth square in m?, and C“

is the average density of egg distribution in the jth square in month i.
The egg incubation time d; is calculated as the following equation: -

where t; is the average surface temperature in the jth square in month i. b —

' Egg productions of Japanese anchovy have been at the high level since

=1

1999 in the Pacific coast of Japan and the annual egg production in
2004 was higher than that in 2003.

Month-Year

= =

RESULTS -
Population numbers at age (Fig. 7)

Recruitment of the Japanese anchovy indicated high level from 1997

at the Pacific coast of Japan. The recruitment of 2004 might be three
quarters of 2003 according to the VPA, but the recruitment failure
might have occurred when the results of egg production were
considered (Fig.6).

Population numbers at age

1986

Fig. 7 Annual changes of estimated population numbers at age of Japanese anchovy
off the Pacific coast of Japan.

= — — -

Comparison between AEPM and VPA (Fig. 8)

Annual changes of spawning stock biomass (SSB) estimated by VPA
was compared to those estimated by the annual egg production
method (AEPM), because of the limited fishing grounds compared to
their broad distribution areas. The SSB based on AEPM was
estimated by the parameters in Takasuka et al.(2005). These two SSB
values indicated similar trends and almost the same level, although
variability of the value estimated by AEPM was greater than that by
VPA. Therefore, the results of VPA was adopted to estimate the
Acceptable Biological Catch (ABC) .

Spawning Stock Biomass
(thousand mt)

Fig. 8 Comparison of estimated spawning stock biomass between AEPM and VPA of
Japanese anchovy off the Pacific coast of Japan. f
Estimated stock biomass and exploitation rate (Fig. 9)
Estimated stock biomass was less than 500 thousand metric tons until |
1988 and increased to be 887 thousand metric tons in 1990. After 1998, |
the estimated stock biomass continued to be around one million metric
ton. The estimates still recorded high level as 1.16 million metric tons ~
in 2004, although it slightly decreased from 2003. |
Exploitation rates in recent years were estimated to be around 30 %, 9
indicating the increasing trend.

I Estimated Stock
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—O— Exploitation rate
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Fig. 9 Annual change of estimated stock biomass and exploitation rate of Japanese
anchovy off the Pacific coast of Japan. Values are calculated by VPA.

Stock-recruitment relationship (Fig. 10)
The relationship between SSB and recruitment was significant and its
linear relationship was used to forecast the future recruitment.

y =0.111x +35.8
2000 r*=0.572

1991

Population numbers at age-0
(billions)

600 800 1000

Spawning stock biomass (thousand mt)

Fig. 10 Relationship between recruitment and spawning stock biomass of Japanese
anchovy off the Pacific coast of Japan. Values are calculated VPA.

RECOMMENDATION

ABC

From the historical datasets, the current stock status is still at the high
level during recent 20 years, although the recruitment was smallest in
2004 among recent 4 years.

ABC;;;;Was estimated under the Fg,, which can continue the lowest
SSB level during the recent five years in the northwestern Pacific
stock of Japanese anchovy.

ABC in 2006 Reference point F Exploitation rate
ABCjinie 322X 10°mt Fim 1.38 30 %
Year Stock biomass( x 10° mt) Catch(x 10°mt) F  Exploitation rate

2003 1.484 415 ) 28 %
2004 1.244 401 113 32%
2005 1.102

F: F-value of Age 1+ mainly caught by fishing.



