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Growth and survival processes of larvae under variability of
reproductive traits in small pelagic fish

Akinori TAKASUKA

Variability of reproductive traits is assumed to exert effects on growth and survival after hatching through variability of
egg size and quality for small pelagic fish. This short review focuses on the theoretical frameworks of the growth and
survival processes which potentially link variability of reproductive traits to population dynamics. First, operation con-
ditions are reviewed for three functional mechanisms of the “growth—survival” paradigm (“bigger is better,” “stage du-
ration,” and “growth-selective predation” mechanisms). These growth-based survival mechanisms are predator-specific,
assuming that predation is the direct and major source of mortality. In the survival processes, growth rate serves as an
amplifier transmuting the subtle changes of the environment into dramatic fluctuations in survival probability during
early life stages. The key role played by growth rate in early survival makes it worth considering the effects of reproduc-
tive traits on survival dynamics of offspring. Finally, current and future issues are discussed along with the introduction
of recent studies and reviews toward further advance in this research field.
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2. MEAEERICETIRE-ERNTFTA L

[ SR8 23 MR 2SGEIRIIZ BT § 5 ] L) k-
DS T &4 L (“growth-mortality” {X & ; Anderson,
1988) (2K > T, SHOYIERSIZI 1T 2 R X

ATRIER - REN A KRE KT 2 2 & TMADKG %245
EEAONTE, ZOWMD THMZ ST 44 413, &%

&k, Rl REEREE SR L LR IS
TETCED, ¥4 9 Sardinops melanostictus X° 751 & 7 F 4
7 ¥ Engraulis japonicus D & 5 /N ERIZIRS §, F
WEAF R 2 AR 2 MR B S R Y TidE 5 —
BEDE NG D TH S (Anderson, 1988; Govoni, 20053;
Houde, 2008). 7272 L, W DhDKGEFIE fFET 5 Z &
75 (Munch and Conover, 2003) , #43 LU & &1 72 BL5
TRZBEWZEBHIHL TWa, LirLAars, MR-k
BIfR AP NRIE L O ER AT 5 &, KEEHID % < 1&
FHEZFETICE T 28D THEInbrs. 728 21F

B EER Tl KREE S EDICETED L, lm»
F—LRED L — FA T7OH%, 74 > GEEIRE IO
TEHLS ZEAWREIN TS (Lankford etal., 2001). —J7,
BN L TEY T 4 TEMRDIES BAKRI IR TNT
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EERZELLINTY ) WM T TR L LT & ERRF
L AL T TERINIS SR 2. Z O &l F055 & B S
FORMROTIG & HHT M L0, 2L 213
DT> %5ZZ NS 0E5. BIHESRMEFTIE, Al -
B AL AT b =L TE, HFADITENZOWTEH
BRI A VEET D 5 720, EHE A K HE Tt 2
LB NI DL EBS TN TE S, 72770, BRbigh
R OFPNIRE S h A EHAICH 5. —F, BhhE
T T, FEERITF AT 2 h RS 28 B) % IAHPH I
ELATVWEBY, b5 —EDERIRBONI#% TR % Hlg
T55E, HL ETHY Y FILMOFHED ol T Loy
728, & BREE OB EHEE O HPHN TIE Z 2 BI5 i mi L
Ehan, MHEEIEE LS L, RERERE &AM A
EOBIRIZH 2 b Tld A<, AMEAHE TEBRE A5
EAFNCAEHT 5 Z b 545, TAHIH & R RH S 28 %
B AT, PRI RS 23 2 & AVERRICIEIE
BIIZERITH % i 5.

3. BR-&EFENTTA LOWEN A H =X L

BCRHRSE AR ST BN do O T RN 2k & [
Bl nd 5. EFE, ER-EERBRERIET 512
BH7zoT, BEHREIZBES 2 3 DOBK—kH 4 X, K
M (EFECEZ T — DB, RS AR —D 84
MLUT, ZRZHOBERIZIED S HEHEN X 7 = 2 £ DEH
RS 2HIIZH D (Hare and Cowen 1997; Searcy and
Sponaugle, 2001; Takasuka et al., 2004a; Plaza and Ishida,
2008) , WAL T D AREE (Leggett and Frank, 2008)
(2 & o THEGRIFALA B S 7z (Table 1).

Ry A ZITHED SBEEN 4 7 = X 403, eI 52
MB & 1T % 72 “bigger is better” A 1 = X 4 (Miller et al.,
1988) THD. ZDAH=XLDREM, HAERIZE
B IR LR 4 TOIEOBER (&M 1; Fig. 1A) B

FOHEDH A BIRIEC (5=1F2; Fig. 1B) TH 5. I
T A3 ORI SRR MR & D —E IRET R
WEORY A IHRKRELS KD, — IS, KA TR KEN
EAEVKRE I RHENRE 1 4 E R B 5 -0 fliEE 6k
RIVWEE, LLOMERH 5. e d Wilikfla2555 &,
YA X0 s 2MAHDOHORE X EHMATLEAELO
WMBHIIEDNRTLES Z&iFkn., THE T “bigger is
better” X /1 = X LA DRGETIE, & >IEX5EDH 4 LERW
FEC (RfF2) OHBEHRFNSNTE L, —HT, PEED
MRTEFMHEIA LT LIEFE S ToAn, REREE L
YA ZOEORRIE, T RTOMEKDFEIREIZIHE U 7221
WHETIX, FITROL9 5. Lo L, B, b tig
FIE M (Hilin, R4 X, BEHEE) OARER
E$ 5729, »HMMATHZBNT, BT LEREEELNE
AR DX ISR & ek 4 T A D & I3RS v, K
Hifs - s o/ NEAR & & H il - R o KANERO[E]
THOY A ZERWIET (R1F2) BEEZ > 72548, Rk
HENENEES R TS Z L2 E b kW, Thbb,
RN T XA L OFERERN A 7 = X 4 & LT D “bigger
is better” IZKAL L W& WD T EIZHENAMETH 5.
RN EED K B A HIE, REREE &S HEAT -V D
R (W) DOBIfRIZE H 9 5 “stage duration” X 1 =X A
T® % (Chambers and Leggett, 1987; Houde, 1987). Z®D X
HEZXLDESGEML, BHERZAT — VO (RfF1;
Fig. 1C) B KRG & EFETHRZ 7 — Y OHBOE D
BIfR (4fF2; Fig. ID) THh 3. —iIC, SEEHREZFEHIC
o TRIMIZIKT$58DTH D, (FRIIIIHERIZIEA
THECEMEEICED (). 22 TRERENERE
AR 2L T5E (5fF2), BEEE 2 ESOHEKIT
RIECROH A E K 0 PR THEFIAIN L ITTE 3
728, BREMWFECIEIREEKTTSZLICx5, =720,
freEd s K OHERBIOETCROMELANEETH D, £z,

Table 1. Theoretical frameworks of the three functional mechanisms of the “growth—survival” paradigm.

Mechanism Factor Effect of Operation condition (panel in Fig. 1) Original reference
growth rate
Bigger is better Somatic size Indirect (1) Positive relationship between growth rate Miller et al. (1988)
and somatic size at the population level (A)
(2) Negative size-selective mortality (B)
Stage duration Time (stage duration) Indirect (1) Larval stage characterized by higher Chambers and Leggett
mortality rate (C) (1987); Houde (1987)
(2) Negative relationship between growth rate
and high mortality stage duration (D)
Growth-selective Growth rate (per se) Direct (1) Predation mortality Takasuka et al. (2003)

predation

(2) Negative growth-selective mortality at a

given somatic size (E)

5



RO - ERERE

Bigger is better

A B
Q i)
0 2
g IS
o
3 s
Growth rate Somatic size
Stage duration
C D
q) .
= Metamorphosis &,
P ®© C
= ® "g \
= = ®©
g g S
= 5

Development Growth rate

Growth-selective predation

E

e
C
s<
52
CDE \
—
o o

S

Growth rate
(somatic size = constant)

Figure 1. Conceptual diagrams of operation conditions for the
three functional mechanisms of the “growth—survival” para-
digm.

FERZ I RBOBIZ S FECEN R E S AF T2 2 L i3
BICHE 7z, ZTOMREIEMEIZHAE 2 Z LId#L
VWA, FRIOERENET S Z LTk TE
TLAHTOMHEALY I 2 —Y g VIZEL TS, Z0
“stage duration” X J7 =X A ld, “bigger is better” X /1 =X 4
CHER U TR 2 <, BUERGIAS ZRF AN SN TV
552V THS.

Zh 5 “bigger is better” 5 & U “stage duration” X ) = X
LTI, EHREEZKRS A TdH 5 VIR (BECE 2
7 — V) &S HRNTE 2 A TERA OB A5
BAS . —F, PRI 2 RS O R 45
B EZET 5D N “growth-selective predation” * J1 = X 4
(Takasuka et al., 2003) Tdh 5. ZDAH =X LT, Bk
P DML, BRI 2SRRI IR T, iR A
ZARFECTH->TE, BEISH LT TH S, RET

5. ANZZXLOWNEME, HEPECERTHS L
(%M1 BXURUCEKRY A4 XI2THT 5 BO R R#E IR
MFEL (4f2; Fig. IE) Th 5. %, EAFHBIEIICE
AR AR E , PEEEIIARERIC B T AN DO FE
PRI CERTH 5 (1), BEEE SRR,
PR - REMICK D RIFAREBIZH 2 E L o0, FL
R A T THEG UL, KR 2MCOER K D & F ks
JE - EBREICENR TS 20, HREEE R TLE
Eiohd (&fF2). £, HigHIHEEOHEES
L, RPEBENAREH > THIRT2 Z &5 hTn
50, BFLRED D S 7R IEHOSMINC R E L7220, ¥
NOBENSIREMEAEVEE L 5N B (Skajaa et al,
2003).

B — B R BAR DML D TAIGNL & B (AR % e
EEBWTHEHKENRY Y 7Y v L, —ERBROBR IR E
U 7=k & Bk, 2 nDIRT I BREE U 7=l ik & 2R Bkl ik
PHKT B ITOEEREEO R L e LT, EEREAE & ITTD
AT T, RREE - REEEZIKT 2205 6DT
# % (Meekan and Fortier, 1996; Hare and Cowen 1997; Searcy
and Sponaugle, 2001; Takahashi and Watanabe, 2004). RENE
JEE - R B H A RS AT 12 K - TR T &
5. RE-HEBE%R (b 20T “bigger is better” 5 & O
“stage duration” X 7 = X' 4) OKGEEIL, 12 Z OHRAEA
BESRT 24RO R IC RS FHETITDR T 72,
72720, ZOPEROTFETIE, BRI —E B O B
oA xR L 357280, WhliZk\WTdh 2BHEI 5T
WBRBFIO,S T, FECBERIIRETE AW, —F,
“growth-selective predation” X 7 = X A, HRMATF IS
THWEMAROREEHL, H3WBOZF v T gy
F2EH6ABZEIZK > THAEX N7z, Takasuka et al.
(2003) Tik, MBEOXIEY 5 2B TH L 2 F
A T AFFRORE LR A0S 2 i 2 % [ B TRl S
FREL, BEOHNEM» SR LzFf, T45bb,
FERIBERIZ K > THE L AT (B ) LRIRICER
LR, bbb, HRFAPHRS 2 LD AR
SOHfOmM I L — T Hazft L, kEH XU E
B AR L7, ZOME, R TR A ZHPH TR L 7=
Wty WRFROREEE EHSRAEERTE 2 S OfF Iz b
KL, WHIZB T H D, R IE 235 - 72l ik H
PRILCHERP N AR SNz, 72720, ZOFED
PE L, BREE AT AR D SRR 25 AR5k TREB I 0
B BPEMFHETE RN, L > T, miF i3 A
SEM A BIRICH B LA B,

R IR DINT 24 LK % 3D DMRER X 71 =
A%, BMEE L, OSSR O REFEH TS 5. §
bbb, 120X H =X L3O 2 DI MEIRICHMTE
FEREL IS5 2%, FIRFICEISRELTS 5. =& 21X, & BH%MH,
AR AT CBON RN EEET L. Z0L&E, K
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RS oM AR, BRI TR ISR £ XA &
o 7fRE U THRIERESZE 50145 (“bigger is
better”). Z LT, RUCHES 4 ZDOMOMEGKE LRTE A
HIRER L > TWE 2 e hEn o HRMEENE a5
(“growth-selective predation”). F 7z, BCREE 2K

&, BSOS HRAOBITEN S £ 51,

IR 4 2R RE E FHR D FECRICMZE T L, (1
HORRBIECRIE EHR TSI L2k 5 (“stage duration”) .
L2 L, BRBIFECHE % LT % “bigger is better” &
“growth-selective predation” DFIRAMb AU, ZDIELCH
DR Z S “stage duration” DEIFIT X HIZFIR A & DI
KH5THAH. BIEMIZIE, ThoOBIGITITEM 28R
TEHD S 508 Ly, BlEG Bid 2 E U RER 4 7
=X L& UTHEICIXAITE 3.

4. HEERSREM
PG RIC BT A CENIZ S F X E A nigttE» b 5
2, WHHCEWTZhERET 5 2L LIFLIEHEETH
2. M 25 BREEA OBk M4 % SBT3 TR 8
H7=0/F 20, EENERENS LD, k& - AIRRE
DIKT A2 L2BBENENTH B LEZLDILNTE S,
L7235 C, MBI EIR T 2 ALk O ot 2 bR g,
Z DHDOYIAAFE R 51 2 FE» DEEN B TR RN,
BThIEREEND. TOHA, “bigger is better” A 7
=X LDRGERI & LT, Ry A4 XHAREE§ 2 Z &I
Ko THREISHLTHI D& S22 Z %, KAUEA
A EEE A 5 OYEERE S35 < TRMEVKEE DM FIZ Xk 5
THIRHEEEN FHIT 22 ENZETF 6N S (Fuiman
and Magurran, 1994). §Z&bH b, K¥ 4 XOKAULIZ L >
THiEHOIERERIZT§ 2 a8 (susceptibility) (13K
TLTE, #RICHT 2RAMNEE Y (vulnerability)
B ERTEEARHDES. ThoDHERITMA THEH
DOEELERME A BT %5 &, “bigger is better” A /1 = X A
DA B ERERNTH 5 Z L I3ALIZHE< 2. Bai-
ley and Houde (1989) &, ffig&ED 24 712k - T, flif
FIIRT 28 BEEDOY A X & “vulnerability” O BRI 2
BHZEEMETWS, BT TIE, BasiliaErE
Hi 9% 2 00O TH A DBIRSECOME AR B Z
L &R L 72fl (Post and Prankevicius, 1987) , FER 2 Tik,
REBZMEHEORMTHELZY I 2L - 3 v LA,
HRORIER PR E NS EFECIZENI NS Z L &R L7
f123% % (Chick and Van Den Avyle, 2000). ffifr&iz &k >
THERENREL D Z & &#FE UL, “stage duration” X 7
ZZXLIZEVWTHHRERERIH VNI EEAONS.
2L 21, BREREE FRLD S HERAHS AT,
ZD AN =X LIFHAL L0,

A1, “growth-selective predation” & fifi &8 &R 21 T
& - 7z. Takasuka et al. (2007a) Ti&, HFEED > I 2

gt

Bt K Rt S ClRIRE S M= h 2 o F 4 U
FREHBEEDOY Y T ZOWT, fEEOHNEN? S
T U A7 (Wi & RERED SO MR D1
DHFD HIETL L 2R R K OREE O K & fifi & O
R L2AT > TRILL 72, A UK A X TRt fa
EICDNERREDH RO EREE & Wik U 72458, 20 F
4 9 MR (), WL A 4 T Y Etrumeus teres, ¥ T
¥ Trachurus japonicus, > 12" F Pennahia argentata D 'H H*

5 IR U 729 B RO R HE I ZTCOETEOF D & D
KOHEBIE» 572, —TF, A X F Lateolabrax japonicus,
1 ¥ 78 F Seriola dumerili, 71 7 Katsuwonus pelamis D 'H
25 MBLU 729 BT L U HARRED A1 U I3 R D
HREENALNE N 5Tz, Lzd-> T, /NUOFEHE&
FHIRRE BRI 8, A MR IR R RS
JEBRIRMRHE L WS AN TH - 72, &SI Hhiuhf
2% (Robert et al., 2010) TiZ, @WEMETHW YT VK
E &0 B/NED Y N ERER IR R R EEIRN & H Th
BZEFIPLAZ 2D, HRE-REDY A XBKRED
SHIRHOBMARSEETH % il Sz, RAMIC
FAiBE, BB OWIE A A K &3 5 iR
BHFIIHAIHI BRI AE N0, KE1S - 721 %
T 28R —77, MAEMomu ARG I
BTS20, FROKREZICHEFRESHRETE S L
fmT& s, D EXy, PR LIZE T 2Rk £
HEZZXLBHHEHRENTH D, BT 2EIHEH O
B - MY, BERIECHEDO AL S, FFREIRD RS
ERES XRIL T B FA 6N 5.

K- EIRA = X LB RFERRTHE LS T L
d, 2E A, YA X, BEER, KEHEEOWTIE
BIRL 2V E S @ Xdfi g IsliE L 25410, RRE
JEDERRPVE RN E UTHEREL AN Z L 2R L T3,
L L, fEARHEZ OAF RIS BT & & & & 2(Emdl
BHEDE - MKOBRIE & #8594 % . Takahashi and Watanabe
(2004) &, @ - BEIBITHICE T 2822 F4 T2
AR L AFHEFRED BRURIEIRED i 2 5 BRI EIR
W EIRDAFAE 2R U 7=, MR TR DRI L 2 5 H
TR RO A MO H NI KR ERENRH LI NS S,
130, BRI & RREERBRE CALLAICE, KERRE
PAFERRISS U TN TH D Z LRI NHNA S,

5 {HIERBEREICE T IRREEDRE

Houde (1987) % “stage duration” X 7 =X LD ¥ I 2 L —
Vg VITBWT, R N R KIRAEE) L 72154, mET
AT —VThHIFRMERGT 5 R OZEH %257 L T,
K100 (5L EOEFRRAG S Z 2Rt d 5 Z L &
NU7z. ZORERIE, BRI O R & IR ISR LR
T <, RS SRR RIE RN & L THEH E b k&
BEHO—D L7z, TTT, RE-ERST 54 L%

54—
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HHT 5300 A =2 403, B b, Mo FEE
FHRJIZHERE S 5 Z & 123 H U722y, Takasuka et al. (2007a)
T, BREHREEROHREEOE » 6 B L 2880
R RS Sy Al A ORI D E D & k45 Z &1
o T, REHE LM EREOMREF 7=, Bk
M2, & 5B REEREHR (B 0.05mm-day™") 2%
B BB AT & TCO AT O A XIHE 3 AT D % 2 DR R
HE R 51 2 BRI OFRIE L LT, Zha s
EOEIE>TENL HWELT 22 2Rz, 2O
MY 0.20-0.80 mm - day ' D HFIPHIZ & B KR E A Z
DOHFPHN T 0.2 mm - day ' FEEEAK T 9 2 &MY bl frid s
251015 LS9 % Ll &7z (Takasuka et al. 2007a) .
I, L TRBN A LD TIZ AL, FRERERTOBER
MABROMRTH 5. BREHRE ISHEFIIZELT 560
Tdds2, HOMHBEN G E S Z L 52E25 L, F
IR ISR R 2 DIRRED & 5 F2 1% O MRk 3 %
ATREMEZS B, BB SECR DM Rl & & O 1B mIkL
BAHD 228 | BT TERVA, =& 21342
U TR ESEE RN 12 X 6 X 72 & 5 BIBA
BEEITH§ 2 R E O R RENIMR D THRATH 5 Z
AR TE S, o, REHEERNEREOSLA, H
BFIZ “bigger is better” X 7 = X APMEH L TWBr—2 4
&% (Takasuka et al., 2004b). & 512, MEFHNIZIZREH
FEERMIFRE 2 S OMBIEITBKT 5526050
T, R 2 2 RER I & 6 1S “stage duration” DRhH
BHDID. LT, MigdsE - Mzt X378,
Dl &M L, REHE DR ARBRZE)IC & - T 3HifE
JED X — 4 — THIKMERNER§TZ 2 3 +7Is DG
5.

RS, BRI OZENIOKE - fES M & DOBRAE)
IZ&k->THEL D, KEHEIL, WhbiZbd 2 hREAT) %
K2 IMA BB\ &8 BRSO K 5 e &# % R -
T, WBTFATURTA T YD &S A/ NF I A
N> TREZ 2 b R BREAIHIB U TR %
(i B2 EZTZ2erMoh g, FE60
RN — 7T, ZOREREORENEFEHLT, #4
OFATEA T ORI AR - PEYN i KR
N BZ LML (ZhEhfy22eck LU 16°C), Hik
% feie KR CRE Z % AKIRZA ) O i 5B S K o T
DFM - ARBANED S LS ARG EEEL 7=
(Takasuka et al., 2007b, 2008a, 2008b) .

FIRRIS, 2O &S BREHEOHRIEH TSI L3,
BOHRHEOZ R PP ROKE - Bk, 5 ICIIMARZED)
IZKIETRBICOWTEm U BRI, BlammbsilaL LT
FA#hThH A5, 72& Z1F, Marteinsdottir and Begg (2002)
TlE, Atlantic cod Gadus morhua BB OENE (Ffin, H 4

X, AEPLIRRE) LU - AFFRORHE YA X, fFfY A X,

FRAERE) OBIRAB X5, |6 3CHk Table 8 X 0,

INEDBRICEFEH L ENRHDEDD, 213, &
F60-120cm DA S 4 ZDENIZ X - T, IPFRIZIEH
0.20mm D zE (SHEFIOF B4R -INER 2 5 F1y
1.41-1.61 mmDZEH)) AEC 3 EWME IS, ZOIPED
ZERWHEAARIZ L T 037mm D% (7 H5] O IREE L
RS 6 P15 4.08-4.45 mm DZEH) (2HNT 5. X
SICZ Ok EDZET, MR RD RO ZEETH %
#0.72mm (7 FHHIOINEE LK RNR & 0 Py 4.02-
4.84mm DZEH)) D 50%HIHY T 2. FLikRDOXEEZ
D F FHREMEOZEITITIF UHEN A, IR EREICE
W, IR0 2mm g DT & o TREME D ko
ZEBINED 50% FEE SN T 25 AdtHEhbs e L&D,
D H & 2 F 4 T AFFIZ I T R AR E D 5-10
BAEB L Lk SN2 02mm- day ' DR HRE KT
3, RSO RKROZETRD 50% L FTh b, INEE
02mm i K 2 BEEKEDZEH L ~)LiZ TR FISHY T
BTz, SRS SATRIKIE S R | REHE
EOMHEDEIR AN Ra S, L, IfEEIc L5
fbikRd LR EREOEIHHE A DR FE L Th
1, RIS BT B 0.2 mm D 3E GBI 7 95 B e CERR 12
B 55105 EOEICOLB R 572 LTERLTARE
TR LW, ALy, BRRHEOERE»SEL DT
PRI DE K E MR Td 5 EHEEDOE T %5 LT
RIS 2 IR BN D R N BV A 2 T\ B Z i3
I HE< 2,

6. IFRFRID:-HDERE

FOHO W ARG T 5 1 2 BURHE % HLD - 72017813
RIS D, 2D BDE LN, KESE » R H)
THNZRIDOIH T TH 5 Z & aigeimsss LTHE#HRL Tu
5. AFETHILEES IS, RERED» O BHEIZES
WFEA BT A REER A = X LB B2 & B
ENTEZ, &, 2bb6T, FiF, WEERRHREIC
o TEBEZ 2 VT 2 Tk ShTogwn, gk
WE S OMAR TN, W D2 DREEAE - T
5.

9, BUGTOWMBIZHT 2 ERNEROALENET S
5, AREciamLz&02, fiaE0BE - MR
FR-AEBRAERES KR L TCWE L EZ 6NN, Bt
CBTAHMAERESEOHEEIZIUIELIENETH 5720,
TR DMEHE AT T & 2o\, ik o ik & HskiE
TRBED RS DS 73 AR O Ll 20 513, Rl g D& H)
WZPES R 2 BB E RO Z ikt Eh iz, v 7
U0 2R3 I IR AR T % 2\, FETCER DGR oD s 28
SRR EZ 2 AR K TH 5 Z L1, “stage dura-
tion” X H = X LDOME» SO~ TH 5. BfE, ET L
I2&BvIaL—v 3 VTR, BEER (HDVIHAFE)
F—EOEE LTURES N THABNE ZENZ 0, B



SHBHNC 56D < Ml & IRPUIB C 2 EB) 2 LD A Z &
BNTEL, PHEESREMICIN ETS2TH A5,
KT, R4S 24 AAKRANE T S REN T
3. BRHEE D EOARAEIRMICAEKRT S, LnwH T
i, & BMAREEC BT 4 4 4 & R EHUE MO IR A
BN TN ZEICIELE DV, ZOME, IR
WIZHE T, (EEKS ik r» 5k Eh5) (EAKEEO
RS OFEE, WA bk, RT3 EICkS. 2
& AT, AN 2 BT A TIRAL U 2RI BE D BRI 1
Z ORI TIRMERBEN TOZEBEN K E <, BIKTOFY
fEIG, UL L, RIS 2B INE L 2200 5
&, —EOBIM AR R, 3k - PNTOZEMN
PN BRTOEMIZEL &5, 2O TEER
ELRELTRIT L 2054, REERENSNZ &5, i
BERBGMICH > TEROWMAES XN S, &t 24
WA A EITh D, HEEEICKT 2B MEAR L X
LTORMTOREREAEL S B0, KEHE, K

ROl 3 2B RE, MABRIE OB EHEIC 5 5.

ZOMEIL, M IIZE W TIEES S ERAMRMET
B - 7=h, Wi, Atlantic mackerel Scomber scombrus DA
M E W S 2R TT L — 2 2L =3B 572, Robert et al.
(2007) 1%, KPEEES /SO 4D DAEMEEIZ DOV THERIA
AT & TTOAF FARTF OB RIEE 2 e U, #IHA B Rkt
&, BRRGEIE I BB R, A BCINIE DRI £R % @t
T35 LIZkoT, HERIMAMAEREEC I 2 @R RS 2
FRMOEREEE ICHK T 2 546 L F RO REE
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