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Temporal variability in reproductive traits and fluctuation in Pacific cod
Gadus macrocephalus population

Yoji NARIMATSU

Annual changes in life history traits and their effect on reproductive success were reviewed in exploited demersal fishes,
especially in Pacific cod off the Pacific coast of Northern Honshu, Japan. In Pacific cod, age at maturity plastically
changed with recruitment size. Early maturing females showed no different characteristics in relative fecundity and
onset of spawning compared to older females. On the other hand, early maturing females showed disadvantages in fu-
ture growth and egg size compared to older ones. In comparisons with other demersal species, the recent fluctuating
pattern of the Pacific cod population was discussed in relation to the variability of life history traits.
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1. (FUBIC

VAR SEORE T K ORFHOEIIZIMAAL T D,
Z DMEANIFHBDOWAD D Al & $HIA & e RO K 4
ZO/NHEREMOF L 5 ER I LTng, P 3
i L PRIl EEIN D HI A O REINIE, SSBDIA 7214 Tid
KEBIHAT Vo x LOWHEFIERITZLEHD (Scott
et al., 1999, 2006; Murawski et al., 2001). Z®D Z &1 SSB A
HRR T VY L EMTLE ML ANWI LERLTE
D, FHAEEORKIN & FHETT 28121, BRI SRR R
SRR D EERFNZEAL DR N EHBETH 5 Z & 2Rk L T
3.

AEKFAERFISIAL 4§ % ~ & T Gadus macrocephalus
1%, KEEMA S Betliatm BB G T RIZ Rk Ed 5 Z
Eno, HERICB AU TH L L L GICHEENICEH
BENGIE > TS, SO MERIC & 72 2 gL 7 O
KFEPER (HIbER) Tk, v & 7 DKEmid 8kt s #%
AbNTH3E (EIEA2, 1992) A%, Jii 1K Z 5 2 5 i
DXIF L 5T D720, EEREHI 03 LT % Jl
SRR ST (RIS, 2006). 20 K5 IZHnfarhD
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DML TIE D 08, HFEOEFIIKELSELBHLODOY,
AKIEIZFNLNUIZH B ENHSNIZE>TWNS,
HEFEO GO WD RN LENITEERRED AL ST
HE WL T BT 52 3 ERKRENILEH D,
ZN 51 E KT TR O BhERE O RERINZAL D B D
WTR I fTbhoDod 5. 22T, EF
DWFFRBEEIT T2 L L 10, HILBRO~ & 712513
BE LR+ 32 8T, B H T TIEWEIETIZE 2
2H 5 TEIRES LD ONTHRE L, SH%OHEE
AMHEICT B 2 A HE LT,

2. YHESDEREAEOHE

2.1, &R

HARBIZH T 27X FI2D0WTIZRD X 5 5 EEERHIS
N3, d@HE, KE200-500mDFAIZHM L T D
Az, 2002), KAOIIEOLERITOHE» GMHEE D
(Hattori et al., 1992), HEA&ENY 7FIL & x> TR
e (FIF, 2006) Z & AHEMEIE, ATHERD? 5L 2
IZENT05, FBERETIIRMEHTHI2AFIIADL L, K
FUZKE100m LIROBEAN S L IZBIICBRE+ 2 (18
HIE A, 1985). PEBUEREIND ~ & 51308 KOFEET %
REGE LTHAL TH D, WA < pEIN b3
3. ZO—F TARMNH ARG ARMNATF-HREOERTII/NMA
PRI A HITINTEL TR D, KRB S ek
BEiax Ak kliis LsnweELIoN TS (FH,
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2006) . BHEISMEHER 7 & L <3 1S L CRBDIET
fibh, MHZ 1M OEINTT N TOYIZE EANT (Sakurai
and Hattori, 1996). PEAM N zUNEZE N ZFhrnsEcL T
HEEL, < RiE LZIEETHRAET 3.
FRIZSMEBELIFS S LTEEL, BEEGEEIZA S,
PEDLY (Takatsu et al., 1995) , JUFTIX6 H £ TIZIEHEIR
kRN AEND XS5 4T, LREBTIZ4H M
AENBZ NS, LRBEOHH » AIZEF W (FhM -
ZkH, 2002). LIEWE, BEEECRE SO HEROHANE
SHTCIE, R4S mm & D R E OARITIRAEEOM E &
NRTW5 728 (Takatsu et al., 1995; #b - 2, 2002), #
JEERHIT R TR A B 2 D0, FHEY A ZIFHBEL T
2LEZONS. /-, LEBTEs Ak (RN -

M, 2002) , PEEETIZ6 A P LI (Takatsu et al., 1995)

NFMOWRFETIE7T AU (A, 1974) 1ICI3IEFE A LR
N, ZOIRHE TITEN S L ISEEESICRE$ 5
EEILND.
2.2. HEBE
1996-2007 ££-0> 10-11 FIZHALIk TH IS v — L& %
T, Bonzv 4 72O THRE ERELIIIE L 72,
Ha LR EZR U722, RIS S - 2HhaoHh %
fEO | WA EEIT-> 72, 72, UIBOMEEYI A %15 o)
WOHEMMOF D S B, KAEHRIL 72, RO J
FEHNMEA ZIIRED —ERIZ DWW T EH & & IR A CE L,
EAR BN R ds & O Fauige (Fadpng,/ Palisibs 2 R )
RO, 51T, PEINONE AR & LT B fil] LA
EOWHER N S | (KY 4 ZHIOWHERZ KD B & L 312,
FTIZPRIN S T B IRBE A 513200 Y1 2 A 25 1 il Y
L, 60°C T48KFMHzf < CEHEAMEL 7.
ZDF—=Zty b6, RDZEEZWSMZL =, K
OB, A#zEHRHIL, FREESRE A bE TE,
WO KRB A EHEE L2, F72, Pu— LA RE
& EATHF R OB R A HEE L, B IEKUE & AR o ik
HIAOBRERD 72, MATHER, Fhpl AL, i
A IO 6 K 2 AR RO INE & 5], 4
Bl DOEA BN BT O R EEIA I K Ofadig & U<
K& 720N A R, S 2l A& B TR 2 AR O I
BoFEL2 RO 72, 612, HAOFEMIC T, MHxt
faung, EINRHHE JOINEREE KL, ZO/RRE S &
IZFAAC D BT BIERHEN DRSOV TG L 7=,

3. BIRDIRAE & ¥IE R FAE RS

B RO S RO Hin i3 2 < O frE{E KR
THIGN T (Jorgensen, 1990; Rijnsdorp, 1993; Trippel,
1995; Armstrong et al., 2004; Olsen et al., 2005). Z DHH
EEIZ2DOFEPUC K > THRR SN T 5. 123
BINETH 5. BIOWWIZ X - TN 72 b OF) A
KEAEMNZ L D, TOME, REREPLHES KL &

D, BT ERATE L85, HEEID RN &1
& o THREE K SN B ARTEORPEINE DI 28, HED
BAb & AR O M I K BN 72 0 O pEINE O R i
KoTHIEE N T B Z &2 5 (Trippel et al., 1997).
ZORETIE, FELIZFE B TOEMEIC & > Thl &
HZINTNB 720, MIAHEEZ TR AT 88 2 B 23D
B o7, HHVERENAANEIZE 72 FIE, RE
AN i (KA, Wesik) 1227 b Ligs.

LI I DI EIRE TH D, BVEEEIC X > T
DRI E & Fs oA N TR &2 53 & TA Eikh s ik
T, HH TS AR I AP REKRTIEIZR S,
&L, FL & RO ZALAEIAN 2R % F 5 &
S51F, WREIELMEEREZE 26T 0S8k d
(Kuparinen and Merila, 2007, #f U \WNEIZBIII - )E %
(2010) AES AN 0), —B IO K5 I2HLs
% &, KA SR EOIEIE 2 0 5 T B R D 13
HEANOEIZLEZ DIz WEHEZL 5N TS (Stokes
and Law, 2000; Law, 2007). ZDIEEIEST L & ZDHROE
JICHERE LG 2 5 3R 50, LaL, fEkThhid
AL 2K D iR A4 TRRFEIRETE AT S L1
55728, FRERUIZKWTREEAT L, 6123 HO%
TR & KD 2 TREME W B A 5N D,

HALHHE O~ % 7 DB PFII K E LB #HFOEL Tk
D, OIFRREREFEARENSEHNLNILIZH B (Fig. 1).
Z OfEAEET & BI OB HE S PR fn D 2L AR
ENTWE ., MEIZIZN 3 A & AT B[k &4 5
WA AR B 0 (Fig. 2), i 3D B IZ B IHO M
AKBEEBOMBEEZRT. 2F 0, MABZOE 4 iEH»
ST MRS L < 50, MARD 20 L3 5 B
AT AN L < 55 (Fig 2). AERIIRRIZREL T
ZALS B2 B 0D, 50% REAKRIZIZK & LFE 2R
VoMW &, MAPEWNERIEE 0ERICK T 2R
MWL, HEEIZAE U2 RREN/M3 K E TR s 5 Z
EAREINTWAS (AR, 2006; Narimatsu et al., 2010) .
VAEOGRIREER L WE WS Z e b, BIfE~v X 5 TA
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Figure 1. Annual changes in population size by age and catch
amount of Pacific cod in the Tohoku population.
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Figure 2.
Pacific cod in the Tohoku population.
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Figure 3. Comparison in potential egg productions by 3 year
old females. The egg productions were estimated using by
average and actual parameters in maturation rates and num-
ber of eggs. Notice that egg productions estimated by actual
parameters tend to be higher than those estimated by average
parameters in low egg production years such as in
2001-2003.

5N AT MO FENL, EETOZELE bRV
MO RIRETH D EHL NS5, LirL, EoiffE
FE2 2020 0 F O O EAARBFREEIC E > Tnd 2R 5
SHBWHMRPHNZAD ZhnE L FBAITIE, ﬁmm
BIDEEMES Gt b2 FE 1605,

TiE, ZORAEROEZNILE DFLE 3K AERDIN
BITHBAEBZ TWEDEA 5. FZTEI2RD 720 3%
O A X OERE ZE & LIl 2R 3
WD %KD 72 (B AZEL 2008 . 7=,
BAEDIAREN P II Ze pR & R & e U il i 4
RO 3L A DTN E KD (L2 ZE L 5 0WINED ,
L EZR LI i L7z, 208K, F28(be %
&L WINBOZEEIRENZ0.92 TH > 72Dz L, FZ1L

100
Age 4 year

Age 3 year

Recruitment index of
each year class (x108)

Age 5 year <

year

Annual changes in maturity at ages, and recruitment size index of each year class for age 3 year of female

EHERLUINKTIR074TH D, FAELEZEEL2IE 5 H
INEWHIANZ B > 72, FRIZ, 20014822003 F- 75 £ #fR
WAL IR e VR THEZ L A BB L 2 WIIBUC T
NCEELZWEPZ < ARG O NBMEHMIZH 572720
(Fig. 3) , IRl L fa B D HF2AIE, EREA D 20
FRROINDORE IR PENEFE L Sz,

Gk, WBEMIAD —ERI3RRE L & QITRINI D Z &8
H Y (FISHINREME) , Fa9P% (potential fecundity) % 14X
T BREHNC & o T3 Fadn s & FZER D FEII D IIZ K & % T
Bt 2 PE A3 AT REME A R S Ty B (Witthames and
Greer Walker, 1995; Kurita et al., 2003; Thorsen et al., 2006) .
BEROFMTHMON TN 20A% 5T, FBOKEEY & T
TEHEHONTWBBIR TH 5728 (Thorsen et al., 2006) ,
VAT THEEET BN S 528, SN Z O#EIG O
ZALIZ DN TIZEE L Ty,

4. BB EROEIERINICRIZTTZE

— B I IERR ERY  (indeterminate) (ZE L, Ak
RICETAANCHA LD 5. AT HZLICKD, Zh
FCREICH DN T X 72T 3L F — 24RO FEEIZ I
FTHZELIIBEBZOT, PR EML X, kOB
HOBUR T OEFEEHIRL T35 8 LiZky (Jobling,
1994). F72, KT B LIk o> THRBEIREENEL &1 |
FEETB)ZAINEE 7D

(Morgan and Colbourne,

1999; Lambert and Dutil, 2000) , 244D EAE 0 4 FE % b
BLEDTAHIEEH D, —ERIL MRS, XEILIFE

DA W T 2HNIHEMOBIHETH SN TE D (Ride-
out et al., 2005) , /R i TR L 2= E AR 40
AIEERDERIHIZZF o T LR TNEFL LA TH
% (Jorgensen et al., 2006). 2N 5D Z x5, Ffbix
b BFOHEINBEHIET 2RI B 2L DD, ZTOFELIE
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JRHTHE

DRI RN A D LTS EetEd & 5.
HIR D K 512~ & 7 O peIN G oM Ok Bk & F s
D, BRENCZEEEESTAS 2 (A, 1974), &
RO R EM G A3 BN 22 0 IS BEINBI R A & Lz g
T T b Z &p 6 EIMEARIC BRI 23222 5 T HE
PR D 5. W3 ORI L BB 5N T
WBDT, i 30 FAEE & 3 - 4 B 1Y B R
AT 52T, BN ROBINIC B KT THES
TR,
41. RREANDZE
W3k D & EDERR LK 4EOREE -2 L L
REREKR L2 24, WEOBIITHEDOMHBEN® 5 Z
EMNW S NITHE 572 (p<0.005, Fig. 4). i 3Dk, &
BUIARRIIKF L T B30T, Jili3mE TOREN & K
MY D EZORITFHOREILES LEEHEILIONE. B
WL WERIER & aBE) A ¢ $IC B AR, T
F—EREOARIIHELT 5. 2O/, BT AT
EFERRAND S EL 2 T <, R E BB O 2L R A
FEHEOIK T 2R 242§ 2D T, ZDHBROMERIZEN
RUBDEAS. 72770, THIBEEREEL NILOFERTH
D, 72& ZXERY A ZIRAF L 2B OE (b E WD 5
LA, ARREL N OITREROREE K< 5 5. <
&5 Ok, TIERES, H 4 & ORI FEREEIC I3 A
NI35L50DHF DM TIEA L (Ketchen, 1970) , #whL
Mg 2 & OPIE FEIEFH R TR, FEmplic ik
4 ZHEWEL TR BKEL L TOMMN AT 2 L10k
D, KORBEOEVEREESE Z e iEE kL5775,
4.2. Z¥x v TENOAHEM
v & 7139 HE» SINEDOER #MG® , KOEZD L &8
IZINHEIN & 65 X ¥ T < (Hattori et al., 1992) ® T,
10-11 A O T S 2o ik, REud, YR
DINEDOFHTHI LT b, W D20 TcH o T
Wb &9k, INEOER A BLG U 72 12 I RERIRa 0 76 & 28
IEE D, BITL TN E NS r — % (“reabsorbing”, Ride-
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Figure 4. Relationship between BL at age 3 year and specific
growth rate (SGR) during age 3 to 4 year. The Pacific cod in
year classes with small BL at age 3 year tend to have high
growth rate in a following year over those with large BL.

out et al., 2005) &, ¥ & I TIXHISG T\, 72, il
358 TR U 72 (AR 23 458 TR % B G L 2y (“rest-
ing”, Rideout et al., 2005) HHEMEIITBFETE LWL DD, R
BV TR & 72 4 D B Y RO K HE TREE L T
W372% (Fig.2), 8L dbL L TEIEHFIKOEIATH
2LEZONS. 51T, MWSHEATIETXTOMREKAH R
L TW220T (Fig 2), 4 THAL 22k TEED
PENZ 2% » L COfifRidnar o7z 0ni 5,
IN6DZENS, XTI TRIRTHRAT S Z LI
koT, ZOHDOEENMT S Z LIRSz E DD
JID 2 F o FIFIF L AL E THENWT EARE SN,

S.E%ﬁﬁgﬁﬁﬁE&ET%g
. EWAAICT, EINEE

Ellﬂf‘:ﬂi% EolBETIE, %X iiﬁ@zﬁl_ﬁﬁ SEA
NHHZENREINTND, 2L A1, —DOBGEIHIC
PEONEFHIG 5 44 2 v 2703, /N, %%®ﬂ%i0ék
A, SO MEDIES BE v & v S Bl (DeMartini and
Fountain, 1981; Reznick and Brown, 1987; Schultz et al., 1991;
Wiegmann et al., 1997; Saito and Nakano, 1999; Wieland et al.,
2000; Wright and Gibb, 2005; Narimatsu et al., 2007) 23 %
—J T, B & WS4 (Hutchings and Myers, 1993; Mor-
gan, 2003) LHIS N T3, EIEZEW Z & 12 Atlantic cod
G. morhua T, FIC X230 FO BN AT — 4 %
TR, 70 Mg i3/, RO IE 5 230N %
<D BDITH L (Wieland et al., 2000) , JEPEKPGHETIE
WiTdHbdZEMNREINTWS (Hutchings and Myers,
1993).

AEPERPEPED KA Sl pkid N ik i E T
BEUN A IS 5 6 DD, FEINHIFIE RV (Hutchings and
Myers, 1993). Atlantic cod & &, — B #E & nl LIl
TAHHTIE, —WHTHHEREDLENTVEEDOD
(Kjesbu, 1994; Morgan, 2003) , /N FnflE R IF & FEINH
IO BRI TH 5 (DeMartini and Fountain, 1981;
Kjesbu, 1989; Trippel, 1998; Marteinsdottir and Steinarsson,
1998).

B O RO AE E N5 LR ARV 229, [
— AR Dl A & D R TIIFRAE D, HE R O]k 22
HIEODOFNWLEETIIFERIC LS LELALNS. LIrLZ
NI OAEGE LI OERICB L Tk, ARITHZ L0
Wi e dH 55— T (Cargnelli and Gross, 1996; Lapolla and
Buckley, 2005) , @ LAARFTH 2 LS5 MELE b 5
(Wright and Bailey, 1996; Narimatsu and Munehara, 1999) .
ﬂ&@%ﬁﬁﬁﬁ&&éh%%ﬁi BA Fhofkizhr

125 HIUTZOHIZE KD 5 % (Wright and Gibb,
2005)

HHRENFRIIZGZ~ 25 OREMERH 0 |, FEIIEHIC
*%NA%mwﬁﬁTﬂ%%ﬁ%bbtﬂbﬁﬁiﬁ



~ 5T ORFULE & BIRAE)

bhTng, i, sALERO ~ & 7 130K%E 200 m LIED
WSRIZAER L TH D, AT 2 K5 4 - KOk H
200mBITRIZHA T 5 Z &gy (UINE2, 2002). Z D
728, ) UM T & B (AR PEIN O 7= 8 12 Pedtipik i In]
WLTEihkeEZ OGNS, £/, FEHEUEL ko
5, EER P OMEKRIZ42.0%, WoKYEZ A3 5 flHdkiE
46.4%, AXY b OfEIKIZ11.5% Th 7z, WAL THH
PRIN & TORFEIZFEREIZ K > THRE S DD, 24 ¢ L
PIZHE Z % fafEA £y (Hunter and Macewicz, 1985; Scott
etal., 1993; Jackson et al., 2006; #2111, 2006) Z &2 5, #i
Ui X h 2~ & 5 OMHCIZEEINE AT O MR 2 £ < &
FhaeEz2oh5. HILMEOEEDL, AERCKELZH
e LTI4RBADEMNICHFED EhbE., 22T, AD
e & AFH OB tR % K& 72 5 2 TA Y EERI O AR %
A i & PEINIRE] & OBIfR A R 72,

AD BB EFEMmOMREASD L, 1RBADIZHHEINS
MkiZekd LS B 7TKADERABTH 72, 72, AD
BB A % LAk A < 5 B1dIA s D, KT 5
RAEO 3R TN TLRBAD IS Tz, 20
ZEens, ADEBIZIEEYNC B 2FmDHRIZkh S &
FlfrTcx 5. RICAD EBEONCHERH2# - 2 5,
1998-2003 F-1ZiZ W FhOF-8 1 H T2 iz v —2
& U TR A KYIT EhTnz (Fig. 5). Zh
5 ORFIT, FHEOEIRIC IR Z AT hiEdsnl e
PREL TS, 7272 LAY RBEOMETOHIZIE, HEd &
FNTND T &2 5 I Flin - I 2 W 5 212§ 3
7= DI ISMERE R D A 3 EE T 5
5.2. Y4 X, 1aiH
HNIZB T 2009 4 ZOERIIELS »5/bNMTHD, &
FXELRBERPBEG TS5 ZENHE»IZE>TWS (Jon-
sson et al., 1996; Chambers, 1997; Morita et al., 1999). {&+
4 X, LI A4 ORI D20 TED 5T
W5 DD (Chambers and Leggett, 1996) , — ZHE 12 #HI%L
OIFEYN4 25 T, EARNT LI A ZI3RERY| TS
5ZL¥HBZ & (Trippel, 1998) , MFEIZFEINA LR L C
WEPENPEINY A DI EE G A SRR H ST L
HMoNTHED (Kjesbu, 1989), A4 A4 XRH fis U4 4 X
DOBIROBIUIE T MR & D & %> Twb . Atlantic cod
Ti&, EDNy FTEBMEITHEINE R L Ty 5 KB
RDIE S A, WD TREIN 2 AE8R§ 2/ MOk K D & KA
DYIEFEATNDZENY I 2L =Y a VIZX->TREh
T35 (Vallin and Nissling, 2000). ZD—}5 7T, {44 X
EIH 4 ZOBNTIIHBENZRY S v &3 561 (Cham-
bers and Waiwood, 1996) X, 1Kk+4 4 X & & { IZHFIRMED
HETHD -5 72BEME SN Ty %  (Marteinsdottir
and Steinarsson, 1998) .

VS FIZOW TR & T B PN H & A OO ARl 1
W72 A, Flc k> TINERICENH S Z A5

Number of
fish/box
L}

60+ 1998

Frequency (%)

early Jan
early Fel
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late Mar. [

o
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Figure 5. Periodical change in occurrence frequency of fish box
in 1998-2003. Each box contains from 1 to 4 individuals. No
distinct difference occurred between number of fish in the
box and catch period (Friedman test, %>=0.75, p=0.86),
which indicated that here were no age- or body size-depen-
dent difference in spawning period.
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©
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Figure 6. Egg size variations among ages of parent. Egg weight
significantly differs among ages (ANOVA), especially eggs of
age 3 year females are lighter than those of the other ages.

MIZE o7z, W3KADNMOEER 135 L, s
WCIE1.05, W SHETIE 110, 6 T L1, 7T
LISEis e LI kEL A->THY, W3EHOUNER
DR OINTERIZH N THZEIZES? 572 (ANOVA
with Scheffe test, p<0.05, Fig. 6) .

P44 X720 Tid s <, IIBUC & IR A4 XN ER D
HIENFEE RIET I ENPASN TS, Atlantic cod Tl
RICHRY A X TEEINEREBR L TOBAEDIES /vy F
W70 OFEIBUE Z W T L MEIHEREBIC K - THE»D 5 h
T3 (Trippel, 1998). ZhEFTHOELZ A, ¥4 7T,
BRI >THh S 1, 27 ARA 5 LRPER & KE
BOYHNIEE L, 2O 720, YIEER OM A )8 N
L RPENFIC T B Z 2T A, RN I A
KOBZ LGB THS., 22T, HREICL > TR~
TaIN B A -l e U 7.
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Figure 7. Comparison of potential fecundity between age 3 and
4 years in 2000-2008. Potential fecundity of age 4 year is
significantly fewer than that of age 3 year in both body length
classes (ANOVA). Bars show standard errors.

3L mAREIZIOWT, KE koG %
Lz, hESOcmEB KO 55emIZEUE L L 7= & & Dl
BaRdz, ki, 2000945 5 2008 40 B #uf o -1 ik
Rl 3 T50.8cm, W4 T55.8ecm Th 5. fudif %
2000 -2 5 2008 F-DFIMETHA S &, K& 50 cm DIFKT
Vi 3 R D FIN KL 28 146 Jifil T dp % DK L 45 T
143 H{ET, K& 55 cm O IR T 13305 3 & LD Fa Il E A 200
FHTHB0Ixt Lii4i& T3 181 H{TH -7 (Fig. 7).
2F0, FUKY A ZThIUL, W4k &3
DIE S PFIIBIZ LN E WS 212k 572 (ANOVA,
2<0.05).

6. HHIC
WALHR D~ 4 7 TALNZEREFT LOTAD L, TIA
BEIZXEZENAH D, 2 s U Tl aeEinic & 21t
NRDEN7Z. BRI K TRAL , 1R Ry
BZLIZE 5> TEDRIERMORERIZEL &5 2 & HRik
ENiz, FO—FHT, BUEOBRID 2 F v TR S hix
Mol et FEROBERWRINZKIETAOKELH X
DRELBWEEZONT. £77, FlpN BT % 1
Np L, BRIGAORIES 4 IV 73 TR0 o h
3, BEEONRHEA 2 4 3V IR OB R W T L AURIE
Ihiz, 3L 4k AE RS & IERIEIKDIED
PEMEANZ D > 7208, KA 24720 OREINEuEE L A
ZWEMIA B > 72, S BHEETIE, EmEYIEICRED
FOOERUT P U 72BN D IR A BEd &\ o 2B B H1 S
NTHD (Jonsson et al., 1996; Morita et al., 1999) , Z[ED
WREINOEDERLEHPL TS, LEA-T, ¥4 5
TH S NIZFMEAUZ B 1T U049 4 ZO/NELE, %<
DYNEPET 7= DWIE L L CIRIRT 22 &N TE 5.
INFTHRARTEAZLSIT, Blid 3V IZHEIK OB
FULEH d B VT EEIN AR L Ch A bRt &
F BRI WTE B Z RGN TS, ZLT
ZOZENMARBIEZ EVW—HEEELZGN TS (&

& Z 13 Trippel et al.,1997; Scott et al., 2006). A I N3
WMOKIE/-& 2 b BHEMFE SN THTE, EABH->TH
72 D AEFRICAE S IRHHICEE AR S N T % 5 EOBIHIC K
D, INOEFENMAIZDEDRLENVEWVWSHIRTH 5. 5
M5 & Uiz~ & 7 OEREHI > S I h T 5
ZEydD, 3L TOHERME EARE L TR ENTE
D, EROMEIIERTIZD RN, 20720, Hineplnk
AOEDINDEZ R REFOB MmO TEHETH
5. 3MBOELING, Y4 X TIX 4K L E DA 2 E
DINZ IR TNONVEBNZ D > 7208, ZOIENITRHIZE -
TOWBRHERER S WA 572, ThoDZ ehns, i,
BREPEWKEE TR 2 T B BRI, HilsDMED BE A
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