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A fish bioenergetics model of Japanese chum salmon (Oncorhynchus keta) for

studying the influence of environmental factor changes

asuko . Tomonori , Toru and Michio J.
Yasuko KaMEzZawA ', T AzuMaYA?, Toru Nagasawa? and Michio J. Kisnr®

In the 1990s, a reduction of Japanese chum salmon (Oncorhynchus keta) body size was observed. In order to investigate
this body size reduction of Japanese chum salmon in the North Pacific, we developed a bioenergetics model for chum
salmon. Our model was based on NEMURO.FISH, using respiration and consumption terms and assumed that SST and
prey zooplankton density are the determining factors of the reduction of body size. SST and prey zooplankton density
are obtained from the result of NEMURO embedded in 3-D physical model, along the migration route of chum salmon.
The period of foraging migration is supposed to be four years and the life stage of Japanese chum salmon is divided
into eight stages, i.e. four stages for summer and the other four for winter. The model reproduced the body size of the
1972 and 1991 year classes of chum salmon, respectively. Reproduced body size of the 1972 year class was larger than
that of 1991 year class. This result showed a good agreement with the observations in the Bering Sea. Moreover, our
model reproduces the trend of observations in 1970-2000 well. The prey density, especially in the Eastern North Pacific,
had a larger influence on the change of body size than SST did. This suggested that the size reduction of Japanese chum
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salmon in the 1990s was partly affected by prey zooplankton density.

Key words: bioenergetics model, Japanese chum salmon, size reduction
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B (Oncorhynchus keta) 1ZAEKNEVE & ALk —BI 7 A
L7 V7 eJUROMIKERIZAE L A6 h s, mi&idH
ALuar7OEMIZGF N, SAIEHEETLIL00,
TNETNEL > -HLERA%ZH L T3 (Neave ef al.,
1980). %7z, HAZY 7 OIATHIZIE L A E DAL
ko THiRFEhTwagoeEZLZLNLTWS
(Kaeriyama, 1999; Hiroi, 1998). M E DML 5 &, X
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o - PR O HASR Y o SREFURIR A KR T 3 o AR H
ZL7%, 1FHOWE» SKIZHT T, T h—v i
THET S, 2 LU TKROKTICEC 1 HEICA A —
o WAL TR AR L, ACKERAEPE IR C i) Ok
AATD 6 LV, BRI EoRBEIZ LD A
LRl EI L, ZO%EETIZR—1 v 2rilAdt L
THEEION TS, XN=1 Vi CRER A L CF
LSRR L7, JURFAERE T L2 HARY 7 g,
N—=1) v 7L JURCFPERER O [ TN K 2 FACE) &
BORLUENSEMUKRET S, 2L TR ENZ 5
WIIZ 25 5 ENERR =Y v g L ¢, HARFEORE
JINZIRT 2 & EZ 26N T W5, £/, WHIHFETBHOREX
IR~ DR ER D D L EFEZ LN TS (Azu-
maya and Ishida, 2004; AJL, 1990; J#ifll, 2000). A7 Tl
ST FTHHOMZET MV S T BRI 5 kS
U7z A3y YT L oA 2 R IR U 72 o 7 & g ARt 1Ak
EL, WBIETHATEZLICEMMAIMEINS LERL
7=,
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Kaeriyama (1998) &Ll (2004) = kA, 1) HAAEG
T 537 OMAREY 4 13, 1900~1970 AR HG: £ TIEH

100 Ji~500 )72 CEY9%9300 TE) DIERAKUETHERE L 7223,

1970 F-AH2F DIFE S0 HEm L, 1995471213 7700 J1 B 1S
FEL72Z L, 2) HAD S OREmMEfEE 1970 FACHTF 12
W 8EETH - 7248, 1982412 2018 )B 123 L TR,
19954 £ TZ DO KUEEZMEFFL T 22 &, 3) 19794425
1989 FF A 20 iF TN A AE U, EIREED 4 2 & BRI A
Jitd 2HAOEKRY 4 XL OMIZITAOHBE BRSNS Z
&, ) EKREEY 4 X L AR OBtk A | 6] —FkdFo o]
Ik e 7 OB B /5 & i ICIEPEE S IED
M BRI B 2 &, 5) 4l (WEEER3®) A
AR HBAEff TH B Z AL T3, ZL T,
ANEUE - L U 22 (R D £ < U 2 & DARE L2 R
WFELKTF LT B Z & MR & - TRl S h T
1% (Kaeriyama, 1998). EERIZN—1) ¥ Z#IZ 5\ TEHRE

SN DY r DRXEEHFND &, W2
b 5 B XE O D% & 7z & Azumaya and Tshida
(2000) (FHWE L T 5,

Azumaya and Ishida (2000), Ishida er al. (1993),
Kaeriyama (1998) 513, Z DEXEZEFHOIFHIK O 134
VAR OBPEE RCAKERBRENC & 5 LI L TWa 2, &
SRR IZAT > T, R Ze BRI 0 S A
DEBHES r OREOEF EFEVC DT =& LT,
Morita et al. (2001) (2K 228236 5. L2 L ZOWZEIE
PIEBREL & REOMBZ - 728 O T, WHBREOZL S
P ORERICE A 5B ERHENIZHMAT 58D Tidk
Motz FZTARMZE TR, 7 OWmEEmHOKEIZEY
T AR T & UKl & B E A RE L 24T oL
F—ETNEAOCTHTrOREAMEL, Zh52D08
B2 r OREBIZED KD 5gBidk 52 2 0HeME»
DD % FHNRT=,

MR EFE

EYPTZNF—ETFTILOHRE

EIFEREEE A (2000) 12Xk B HARY rOEGHIZEED
&, BT IR ORE (ZKL TH 5D HE (Table 1))
IZL 72285 CFig. 1IZRT KRy 7 AW 284 5 L RE L
72, Tto et al. (2004) DK v 7 ZEFILFRIZ, Ko 2 2R
OBENIBEFIZITS> DL L, ZOBEZEC THrolt
KRR B 240 A 8 DD X 7 — VIZH3#EI L
7z. Fig. 1& Table LIZL®T LI, FlzAE, 27 —-V1
OHIMIEZEH» 5B A CHE404HE» 5586 HHE, H
FZLTI2H1IH»65H31 H T, #giddeFremisic
WREL7ZARy 27 Z (WNP) THY, 27— 20HENIEZ
FH2 oA THESSTHH2S5769HH, HfHZL Té6
HIH»S511H30H T, Mg~ —Y ¥ o e iiic 3%
EBL7ZKRy 2 A2 BS)Thb., UTFHEMRIZLT, ZA7—-V3

60°N .
7
2,4,6,8
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50°N 7
1
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Figure 1. Schematic view of the three oceanic spatial domains
and the numbers of life stages simulated in the model. The
three oceanographically domains correspond to western north
Pacific (WNP), Bering (BS), and eastern north Pacific (ENP).

Table 1. Life stages of the chum salmon bioenergetics model.

Stage  Ages (day) Period Region

1 404-586 12/1-5/31 W. North Pacific (WNP)
2 587-769 6/1-11/30 Bering Sea (BS)

3 770-951 12/1-5/31 E. North Pacific (ENP)
4 952-1134 6/1-11/30 Bering Sea (BS)

5 1135-1316 12/1-5/31 E. North Pacific (ENP)
6 1317-1499  6/1-11/30 Bering Sea (BS)

7 1500-1681 12/1-5/31 E. North Pacific (ENP)
8 1682-1834  61/1-10/31  Bering Sea (BS)

25 AT — Y 8ITALKFFERER (ENP) &R — Y v i
HBS) LEFETELIICHELL. AT AL ¥ —F
FILTHOWBEFE/ ST A —ZI1ZZDEOD AT — ¥ DFH
IS5 &5 ISEE L7z,
EMIZINF—FEFTIVOREZTDNT X =2 Kiff5eTH
W2 E 7 I)LiE, Rudstam (1988) O T )L F — 7 A& Fv
T, ALK PRI AR (PICES) DET LA X7 F — 4
IZ& D BAR N KEE= Y ¥ (Clupea harengus pallasi) &
KBEY V= (Cololabis saira) T D E 7 )L NEMURO.FISH
(Ito et al., 2004; Megrey et al., 2002) # AR L LT 5, NE-
MURO.FISH 3K R4 i8R € 7 )L (NEMURO: North Pa-
cific Ecosystem Model for Understanding Regional Oceanogra-
phy; Aita et al., 2003; Kishi et al., 2006; Fujii et al., 2002; Ya-
manaka et al., 2004) & FOEY T I F - T EHEL S
HEDTH 5.

NEMUROZ 11 DR ER A 6 % % (Kishi et al., 2006).
MR EROWRIE, 3THOEY 7 7~ 2~ v UNUEY)
Ty (2S), KT v (ZL), R
g7 o v (ZP)), 2O T S o F v U
M 77 v o~ v (PS), KA~ 2 bV (PL) ),
SR N0y, 7V E=Y A (NH), 7 1%k
(Si(OH),), VA{FHIEZER (DON), RRAEHER (PON), Ki



W T 3OV F =% 7z HRRT 7 O EMT

REWE T £ R (Opal) ThH 5.
AFETHOWIEP T AL E - FNRBLL TORTEX

n3.
aw CAL,

——=[C—(R+SDA+F +E)]-
W -dt CAL,

(M

(1) A7 LEAR Y 7= D HERTIER Y 7= O O IR D85
(DFDKER) 2RL TS, 22T, WizHrofkE
GEER; ww g), t1ZHER (day), CIZAFDOHE I L BIkE
B (g prey-g fish™'-d™"), RIZIPIL & 7213 R & 5 hE
Wd (g prey-g fish™'-d "), SDAIIIHEIZ I\ B e Etd) i1
Iz & B IRERD (g prey-g fish™-d7Y), FIZHEHNIZ & 1k
HIKD (g prey-g fish 1-d7h), EFPEMIC & 2 REED (g
prey-g fish '-d™") TH 5. CALIIEITH 5875 o b
YOI )L F — 05 (cal g zooplankton™'), CALAIFAD T
FILF =Y (cal-g fish ™)) THV, Megrey et al. (2002) 7}
KFE=y v THOWEEZ#H L2, (1) XEESE 1HO C
BLXUE2EHDORIZDWTOHBREL LU/ T X — 4213
Beauchamp ef al. (1989) & Trudel et al. (2004) & Ware (1978)
12K % X=H% (Onchorynchus nerka) D % O % FIH L 7=.
72, REFTFOIST A= R/ EhEr -7 (1) ]G
H3~5DSDA, F, EIZDWTCIZIto ef al. (2004) 12 & 5K
SFHES 2OV TORBRA L 87 X — 2 &z,

C (48 & 2 RERN)

C=Cyy P fAT) 2
Cypx=ac- W™ 3)
PD-v,
p=— b
~ PD-v, 4
i+ v, 4)
K

(D) REIH1HDO CIE, 2 RATRLEELSIS, Gyt B
KIHEH (gprey-g fish™'-d7"), p [ WHEICI T AR,
FA(T) D HBIZB T 2 KRR EDO3E» 5 %55, TiZK
i (CC) ThHB. FIZC,, W& 3) RO LI ITREKE L
7% > T D (Rudstam, 1988), C, BT 5755 X — 43
Beauchamp et al. (1989) ZZ2ZIZLTITRTDAT —V T
—El %5 Z 7z (Table 2). ZZTW : {KEH (g wet weight),
ac, be T EBRTHD. 2 RDpld ) XNTEEh, i E
FIZBITBHTrDAT =Y (1~8), PD . fHDOEE (g wet
weight-m™3), v, 0 27 —VillB I 2O E, K,
AT =iV BMEHET S & X OFENER (g wet
weight-m ™) Th 3. vIZZ T — VI &6 FHIZR KM%
U2 EARGE LT, Tto ef al. (2004) DAFFES ¥ < LAkkIC
FTARTI0&E Lz, 72, FRIAERK L, Tto ef al. (2004)
DHF VDT =LY TRy A4 ZEBEL, TXTDA

7 — P T0.15 (g wet weight-m ) & L 7z (Table 2).

ZZT

fuAT)=gcta-gctb %)
= (xkl-ta) ©)
S Lot k- (ra=1.0)
oo (akd) o
£e (1.0+xk4-(6-1.0))
,a:exp[wten.m{xkz.kaoﬂ )
(te2—tel) (0.02- xkl)
{(m4—T) { (LO—xk@}]
th=exp| ———————Ind xk3- 2 9)
(ted—te3) (0.02- xk4)

(5) A~ (9) RTRUZL(T)E, WIERIRIZ 3 5 fafEo
KB ZE & 6 bIBKCRT, 220 Y 7 EA Flifgo
HF A 6 B D 37D (Thornton and Lessem, 1978). 12137k
WSHAT U TR L (geta), 3 9 1 D13 KIRITHRATE L T
D55 (geth). getalZIF T, tel f(T)=xkl &5 L ED
K, te2:f(T)y=xk2& 755 L EDKIRTHD, gethlZFWN
T, te3:f(T)=xk3 k5 L DKWL, ted f(T)=xk4 & s
5 EEDKETH B (Table 2). AWfzerh Tk, A AR
W BUNS S S HEE Ry A B KR, ER
A D AEM T AL T AR TIRE L 72, b7 AR
A[RE 2 KUY THEAEAR R EAKIRRD S B DRk
RIZE 5 TIFF LK WK (tel=T<te2, te3<T=ted),
EEARAT AERAKERD S B, B OREICE > TF &

U WK (fe2=T=te3) & L 7= (Fig. 2).

Welch ez al. (1995) 2k % &, ENPIZEIF 5 HEZEDOH 7D
AT R AN 10 4°C LT O TH O, EFE T
IE8~12°C D[, FEZ10°CLL T DK TH 5. Nagasawa
(2000) 12k B &, XFO T L THOHAIRIZCLLTD
WX TH BN, Iy riIcBLTwAalE, WNPT
3.9~5.0°C, JEKTF-HEHRIE8T52~6.7°CTd % (Ishida et
al., 1998). AR TIEZ NS DBEDIIEOREE T B
EHAEMT AN F T T MK T S22, Ry 2
T LR B3MHD f(EER L. AT — DM % BR
B4 26802, (T2 —KRIZKELSZELT 528, Z
MWL 72, B¥E5, ZOZLEARMIZRETHOZER Y
2 ZAETFADOHITH Y, 7, TR ZBRETOMEIZ &
3&, ZOEHHRYr ORRIZE 2 5583 X o & H
IN7720Th 5.

G (R)

R=(Rs+Ra)- convertO, (10)
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Table 2. Summary of parameter values used in the chum salmon bioenergetics model.
Symbol Parameter description Value
Consumption, C,,,,
ac Intercept for C,,,, parameter 0.303
bc Coefficient for C,,,, parameter versus weight —0.275
xkl Proportion of C,,,, for tel 0.3
xk2 Proportion of C,,, for te2 0.98
xk3 Proportion of C,,, for te3 0.98
xk4 Proportion of C,,, for te4 0.5
tel Temperature for xk!/ 3.0
te2 Temperature for xk2 3.9*5.0°
te3 Temperature for xk3 5.0°10.0° 8.0¢
ted Temperature for xk4 10.4* 12.0°
K; Half saturation constant 0.15°
Metabolism, R
ars Intercept for standard metabolic rate of 1-g fish at 0°C 0.0799
br Coefficient for standard metabolism versus body weight 0.8
cr Coefficient for standard metabolism versus temperature 0.069
ara Intercept for swimming cost eqn (13)
dr Coefficient for swimming cost versus body weight 0.44
er Coefficient for swimming cost versus swimming speed 242
Swimming Speed, U
au Intercept for optimal foaging speed 20.3
bu Coefficient for swimming speed versus weight 0.132
Egestion and Excreation, F, E and SDA
af Proportion of consumed food egested excreted 0.16
ae Proportion of consumed food egested excreted 0.1
sS Coefficient for Specific Dynamic Action 0.175
Cal
CAL, Caloric equivalent of fish 1323.68
CAL, Caloric equivalent of zooplankton 617.22
* Value for stage 1, 3, 5, 7 chum salmon
b Value for stage 2, 4, 6, 8 chum salmon
¢ Value for stage 1 chum salmon
4 Value for stage 3, 5, 7 chum salmon
¢ Value for stage 1-8 chum salmon
L0 Rs=ars- W"-exp(cr-T) (11)
0.8 Ra=ara- W U (12)
% 0.6 ara=(2.71-104)—(4.96- 1075 T)
0.4 +(5.74-1077-8)—(7.72-107°- 5?) (13)
0.2 U=au- W™ (14)
0.0

Figure 2. Temperature dependent term of grazing function
(f.(T)) for stagel (thin line), stage 2, 4, 6, 8 (bold line) and

012345678 91011121314151617181920
Temperature (°C)

stage 3, 5, 7 (broken line).

13560,

Joules

1

convertQO, =(

=5.258,

zoop/g0,

cal . 2580joules lcal
g02 4.1 8./0ules . g zoop 4.1 8./0’4195

(15)

() AT 21O RIE (10) X TEEIND XS ITRs | M
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R, Ra D MEHL T3 L ZDORBE, 25 >T0
% (Trudel et al., 2004; Ware, 1978). (11) 2D Rs i37KIE & &
HOBBIZAE->TBY, (12) XD Ra 3K, 5y, AE
LMEGGHRE DB L s> T\ B, ars, br, o, dr - B,
U W0GREE, au, bu : EBTdH % (Table 2). (13) XD
ara \FAKMMEIE AP S RWH SN BMETH D, SIZIES (psu)
& 5D (Trudel ef al., 2004). ZN5D/ST X — 2 DH
fildg 0, g fish '-day ' Th 5728, AWfZETIE (15) XD
convertO, % (10) AUZH W72 (Megrey et al., 2002). 7545,
(15) XH D zoop 13 zooplankton DHE T & 5 .

SDA (HEICHE T 2R RBMMEMIC K 2WA) - F (B
H) - E (e

SDA=ss-(C—F) (16)
F=af-C (17)
E=ae-(C—F) (18)

(1) RFFTEE3~5HD SDA, F, EiE (16)~(18) RN TZhZh
zEh, ZhooXid (1) KEEE1HEO CORBIZE >
TW3, RNDaf, ss, aelZ T T, Ito e al. (2004) L7
U K2R Y 2D & D % 72 (Table 2).

ERENVHDEFRFIASE AT AL F—FETLOERE)T &
53K EN B KOMEE (@770 2 ) ORSR
FIATMEIZL, Aita et al. (2007) 1= & % 3D-NEMURO M K%
0~20m DFHAEHRD S 5, Fig. LHIRTHEAR v 7 2T
U7 & i L7z, Aita ef al. (2007) D 3D-NEMURO %, 3
KICHFEEARTEBRE 7 )L IZ NEMURO % fHLAGA A, FRAEZSH)
VZPE D VR RE R DZEBIIZ DT 1948 45720 5 2002 4F- (55
FR) FTOYILV—VaVEff-728DTHS. 77
ZHBETES I A4 7T VEE0IND s T S EETA
THifE LT\ 5 (Kaeriyama et al., 2004) Z & »* 5, NE-
MUROIZEE N B 3FHOEH M T 7 v 2 L DS B, 7P
AR OME LTI L7z, NEMURO Tid, ZPIi3+ ¥
73O KON EEM T T v o+ VICH
W%, NEMURODEIM T 7 v 7 b VB I3
(mol N-L™") TEENBH, Zh% convertN (Megrey et al.,
2002) Z W CHIER (ww gm ) IZHE L2 ((19) R).
ZOfEE, BUAEER (200349 HIZAEA AR ERMRIC 5
WTHEINEE TS v 7 v DS bH¥r OFNEDIC
HENTOZMOMEE (North Pacific Anandromous Fish
Commission, 2004) ZfEEH L7228 D) kD /NI 572,
Z#id, NEMURO D ZP A ZL (REMISH % fplr & L 72 K7
g7 b ) AR T 28R EMSE LTEL
T2DIZHL, 37 23T 3 D Zh e 362
b0 Thsb. L L, WEIEREEREGEA PEDZE LI
KA B H G % &9 NEMURO O FEARE &+
CRWMATESE LT, UTO##HEEDS. 2%, B

HIFER & Aita er al. (2007) D ZP DfE (19714FE7* 5 2002 4F-D
IHDI AL =8 D) & Dlbratiozoop #FHE L ((20)
R), ZO#% Aita er al. (2007) D ZP DIl Z I ZHIZHhT
BWUTZP #5M L7z, 2L CAMEEDM, Tabbd
VAL ¥ -7 VO L LTHGWZ (D).

-6
4y 106 1
umol N e 0,07

1

3
g dry weight 1.0e litters

3

dry weight
convertN= £y wee

N dry weight 0'Zdry weight m

(19)

. observational zooplankton value
ratiozoop= - (20)
ZP, ,..(Aita et al.,2007)

ZP'=ZP - ratiozoop 21

HAE (FEVEZFVCIRECLZBET—42) B
AN B 59 r ORERIZBEIT 28I S LTk, b
B X AKPEMZEr CHEF L 2HBON—) ¥ 7B %
HEMOWPE T -2 &HH L. ZZ2TH> F—21310
Tl H A WA UMM (Takagi, 1975) I2&k > THE I 724
FORXERMNET -4 Ths (HEARLIOY 75 E).
72, AFRTIIREOHBIEEL UChEL WL, #HEk
DR BEME I EXEEH O TWSE Z L0,
F— ALY T XL E - T ILOERE KT 572012,
19734E5 5 19994E.00 8 HIZ N — ) ¥ & i D FHEF THlifE X
N7 r DREXET — & 4166k & F THA R ER
ZER L, BXE (FL) #RE ) 2B L7 (22) A).
LIF, #EMoRXEET -4 % (22) K& HWTHRE
IR U 7o il A B & I 58,

W=10"%%.F[*?7 (R*=0.92) (22)

ERAR

AZEDETFILTIE, ZIERH» OB A THE404HH 25 |
WIETFE 4D I0H3IHETEENTANLT —ET LT
REMT 5. &k, Aim404 HH 2 SEIR 400 5
&, BHRBAMEH & BALT-ERPE S Ok A B L HEE
XN BZER QL 2000) IZADEE2STHS. h—
W W TOREDZITETLORBE gL TEL BT L
L7,

Z O WM % HiA O B RHIA S THE L, R4 R X
T 73600 TEIR L7z, 4FHOFEEET 72, ThE
L, 1) K& BEEEE D AJIME & U AT O RR 5l A
W I972 4EAHE & 1991 FFARAF O R #FH R L, g e
i 2928k (FEUET2ER) | 2) KR A SIIE i -
A& D (FHEFERCH O 22 iR O R 5 O H 15 %
o728 0) ZFvy, BFEE O AT S TR R ERE
EHOWT, MFERFORE#FITRT2FE R (F—21), 3)
BB O AT LA CRIC & O (EHEF2ER TV 72
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AR ORRERME D H I 2B - 72 8 D) & Fv, Ko
AT A AR O RS A& T, MR O = % &
By 2EE (5 —22), 4 MUEEE L FEEOHET
1971~1995 FE-D AT O R 2 FE L, BUllE & b3
DEERTHSD. 77, REIIKT 2 KE & HEEDES %
IR0, (2) ROMEIZ I 5 AKIBMAGEBE(T) L’
B¥L p D FEHESZER DG RAS R G i L 7=,

PEAETZERIZ J5 1) B T2 4EA0E & o1 AR A P 22 B
1) VA 3R 2 1 H ARO[ 2 (R0 ek
W Thd 0 (il 2004), 72, 2)BUHMEIZ K 5L,
AR 3RO S B, RS A TH KT 5720131972
EREBETH O, NFE 5 72DIF 191 FWBETH - 727289
Thbd. K, AMEOEHTAINLF—ETILTIEHTD
HEIC K2 EROZNIIZFE S THEn,

B 2

Fig. 3a D FEHIFIEUEFER 12 K > CTHBL & iz 1972 4507
DRETH D, BAIIEUETEEIC k> THBEL S 721991
HERMBHORETH S, 27 7 HOMANZ 1972 FRBEO B
TWET, =AM ERFOBIMETH 5. ZhEth
DAERRE L 123 MIFRER % 4 H~11 H (ENP~BS) IZ%1)
HIREOR L, 12 A~3 A (ENP) 2B 2 IKEDOR 4 &

D EHMEIZKE W, ENPO 12 A~3 HOREIZ—E % 72
B LTV, 72, ZF—U5E 27—V 7 (WEE
B3 MDATL 4KOLZ) 128 WT, 1972 KW
Kilh - EOETEEE A, 1991 SRR IS S O KR - RO A
J¥ A FRER L T\ 72, Fig. 3biC, FEUEFEER r— 21, 7 —
Z2DFNEND , T2EMHE & OV FHE O (R HE 25 0D g
R ER U7z, 77— 21 TR 197245300 & 1991 4R
REEIIZT—VSETICHMLTED, ZORRISHHE
FER LTI L Qe MERBFO R RICKE L0
BN HIE 2T — V5L 27—V TOENP T, (KEOH
MAKEZWEZEDBS Tld A - 7= (Fig. 3a). —F, 7 —
2 27TUE, 1972 455 & 1991 £F-HHH O I 8 28 13 4 HH R o
WU TRENE 572,

PEUEFZER 12 6 1) B 2 DDAFARIED 7 D3RR L 72Kl &
R DI R A 2540 % Fig. 4128 L 72, 1991 FE5R BTl
AT — ¥ SOYNAKE DI PEAREFO FIRE#EZ 72, 2
T—=VINEAT V4L AT —-V6, AT —V8TIF,
1972 FFARTHE & 1991 SERRTF D EIEE ORI EITIEFEA LR
ENEN TN, AT —=V58 AT — V7T 1972 F-AdF
DT WNI9VERIEL D 2B EP o2, 72, AT —
U5k 2T — V7 OREKIENE 72 FEIIED S A 91 AT K
DY 1°CEA > 7=,

BEHETBRIZ B 2 £(T) ((5) X5 KIERAFBIE D) & p
(@ X5 WAEBIBOME) DOFFHEMH % Fig. Sa, Fig. SbiZZ
NEZIR L7, f(DIEMFREE S & ICFIC 1SRV EER
U, 19724Ef0T & 1991 AT DRI IZF L A E 223 50 5
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Figure 3. a) Simulated wet weight and observed one for 1972
year class (solid line and circles), for 1991 year class (dashed
line and triangles) b) The difference of wet weight between
1972 year class and 1991 year class, for control case (thin
line), for constant prey with time dependent temperature case
(bold line), and for constant temperature with time dependent
prey case (dashed line).
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year class and dashed line is for 1991 year class respectively.

HECcRaMaZL, $rD2F—VROBENIZE & %S
Kl & BB EDZEAL A KL T3,

Fig. 62l 1970~2000 F-IZHZED X —1) ¥ ZUHZ BV TH
T LMEIC K DIRE XN r OFEHKREOREZLEL,
Fig. 6b(21971~1995 F-D KAEMBFD € 7 I K % 5HHEAER
NEERLZEEON— ¥ 72 BT 3 IREORELL
ERL7. BT XL E — T & > THBLX Wi
i 1RO R EORAEZIZIZID bV v Fida <, W
2 A EOREREEMIIEID LY FAARLR
7z, BEFLOMEE, WD LY F AT TR LAEORD
PN U F B4 S BN R & 3R U 72, FHERE R & il
DOAHBNI AN 1% © r=—0.19, WFEFR 2% © 1=045,
WPEERN 3K © r=0.43, WFEER4E D r=065TH D, i
W2 L AR CIIARAKUES) THETH > 7=,

zZ =

1972 £FAHE O UAEF- i 3% LATHZFH ARG R & BUlE 23 & <
FALZZEns (FEHEFEER | Fig. 3a, Fig. 3b) AHI%ED
EPT L F - T VIEMIEL » 2B TES 2 L
Wbtz HEONR=Y V7 TCIImEREE s & IChE
MRELSBMU 72, AFOILK U TIE 1972 100

=4=occan age | =de=ocean age 3
I~ 4000r @ == ocean a§e2 =@=ocean a:e4
E 3000t
5
‘s 2000f
2
§ 1000} w
. AR e s SR e S dC o ap o
1970 1975 1980 1985 1990 1995 2000
year
4000t b
)
E 3000 | MW
5
5 2000} M..-...“
3
§ 1000f N‘M"MN

year
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Sea in summer from 1971 to 1999. a) observed, b) simulated
results.
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Table 3. Factor pattern of principal component analysis. Sensi-
tivity of biological parameters for the simulated wet weight
(ocean age 4).

PCA1 PCA2
K, (Half saturation constant) 0.4981 0.2398
ss (Constant for SDA) 0.2810 —0.8093
af (Constant for egestion) 0.3853 —0.1218
ae (Constant for excretion) 0.3121 0.5221
W (Simulated weight of chum —0.6535 0.0123
salmon (ocean age 4))
Proportion 0.4516 0.2064
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