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To clarify relationships between the abundance and biological characteristics of Pacific salmon Oncorhynchus spp.,
we analyzed spatiotemporal changes in fork length, body weight, and an index of relative abundance (catch per unit
effort, CPUE) for pink salmon (O. gorbuscha), chum salmon (O. keta), and sockeye salmon (O. nerka) collected by
research gill-nets from the T/V Oshoro-maru and the T/V Hokusei-maru of Hokkaido University in the North Pacific
during 1953-2007. Populations of each species were distributed throughout the western Bering Sea, eastern Bering
Sea (EB), western North Pacific (WNP), central North Pacific (CNP), eastern North Pacific (ENP), and Okhotsk
Sea. Since 1970, the average body size of chum salmon at ocean ages 0.3-0.4 has generally declined in the WNP and
CNP. However, the average body sizes of sockeye and pink salmon have not shown temporal changes. Chum salmon
showed significant negative (positive) correlations between CPUE and body size for populations in CNP (ENP) at
ocean ages 0.2-0.3 (age 0.1) for both sexes. In general, sockeye salmon also showed significant negative (positive)
correlations between CPUE and body size for populations in the EB at ocean ages X.2-X.3 (age X.1) for both sexes,
except in CNP at age 2. Our results suggest that better growth by chum and sockeye salmon in the early periods of
their ocean life histories might produce higher abundance. This higher abundance, which might also be affected by
overlapping distributions among Pacific salmon species and populations in certain seas, in turn appears to cause den-
sity-dependent declines in growth in the following ocean life history period due to the limited carrying capacity of the
seas. To understand complex dynamics in Pacific salmon species in the North Pacific Ocean, research on interactions
among species and populations is needed.
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A = S0, dol, wArAo Y Al T2 Y SlrAl HElE gl
WA 2k, o5 F8 2 92 T H Aol whet

HeE S WA 345t AoldolF(Oncorhynchus spp.)  THECE YR O 2 o Fof|A] 7FE7hA] 9] Z5-, gAJobil 3¢l
o= & 0J(O. nerka), <10|(O. keta), HA+0](O0. gorbuscha), o= L3 23S AA FEHE Y A5 L v A5 34
2.90y(0. kisutch), A0](O. tshawytscha), Au}21oi(O. of Bazstu, A5 detATe WY e 5 W e S5
masou), steelhead trout (O. mykiss), cutthroat trout (O. clarkir) o =& Fxslt} sjubthAkBritish Columbia) 2 U5 ahafA
= % 80| QJth(Quinn, 2005). 0] & F & HE]|H oA 0]3] AR B oF 5o 3K Burgner, 1991; Myers et al.,
Bl T2 T, Ao, FARA ], 2o, ol e] 5Folw 1 2007). Aole] - Ao & @5 = T 6|9} FEfEH oF A
Fol A 0], Ao, FAFA7} AA| o] &=Fe] oF 90%E 2t 52 el A Frof st AR depAsHR BEEY 5

AskaL th(Eggers et al., 2004). gl W el Foll Bttt 1 9] Hopgrik(dE 2 &
& dehThE FHEY Tl Ak F2 HYE 5
*Corresponding author: salmon@fish.hokudai.ac.jp of FE3rgtti(Salo, 1991; Urawa, 2000; Myers et al., 2007). 3
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Fig. 1. Map showing the study areas and sampling stations in
the North Pacific; WNP (western North Pacific), CNP (central
North Pacific), ENP (eastern North Pacific), WB (western Ber-
ing Sea), EB (eastern Bering Sea), OS (Okhotsk Sea). Closed
circle represents sampling location (Matuda, 2009).

At¢lol= 2lAfotito]l e & =8, BeH g A, L2|al H|Y
off AlfLof] -zt UAhS: e s =T 9 S| AR, A
5 depasib g el T8, S5 9 s detagkilo] S
oF FHo Ex3lal Qlth(Heard, 1991; Myers et al., 2007).
weba] AR F 9 AL s ol £ Al SEHEYG FF

2007), BESHA HE2 FAE 7 A7) ol ek o] et R
o] Ff FA2, TS, AETo| FES AL FHAN L T

Wo] £ FE 45 1 FE B45§0] AR
oA HeFEHaNE A 2 FoA7]= g0l
= 4= 3lt}(e.g., Ruggerone et al., 2003).

SejTF dlojdol o) AET = o2l Ul slgure 53
19709t SutHe] G454 2715+ tH(Beamish and Bouil-
lon, 1993; Kaeriyama, 1995). Kaeriyama (1995)°] 2]3}H
1930 d o]l of 779hECI YR Aoj&ol7of of vk 1970
toll= of 40RhEC 2 sk GAIRE 1981-19881 of = ThA| oF
65WHEof o|27|7HA] F7Fsl o 19894 ofl= oF 86WHES
7125k9ic}. 2] 3 Bejof clojLolne] ojalek ko] &
wstel A 2719) s B 44 1Bel 571 Aol B
o](Rogers and Ruggerone, 1993; Pyper and Peterman, 1999),
&I of(Kaeriyama, 1989, 1998; Helle and Hoffman, 1998), 35
Akdol(Bigler et al., 1996)5-0l A 2= Q). o]2|qt A|AE
Z wste] A9l ' WE=FLF NI} 12 E 3 glek(Kaeriyama,
1998). S5k, A0El A7) F= Wish @ AREHA B4 24 o
T8 T2 G5 2 AekolA AHE A H A 2 2
2.2 3|3t Aol LR o]fojA= & AAl BHEYE A
ol40l 57} ST 41T EAITHE ke Eae v
ot B ol A 2ARE AAIRE A= S "otk ATk &

7) @A 208 Fof BeEo dlofe] WS ue|x, 1 9glo]
$510]1 7|2f0] o RS M AL

o TelE Bsta Beelx A4 el 49l ol W el
2 S84 olefst A7) 24 W A2 B 7] % AR F5o]
20 AL Aol

wpebA] £ Qe YRS VIET HEBPl A Aol
79 A7) ¥ Mot 9 ABIE B4 W5 dotslu ofF

3
o] TAE e A} BT 2 Ay
I7lo| = tfgte] ZAFAl Oshoro-maru2} Hokusei-maru”} I}
7| oF 509 o)1) 71k 5o Sefmopell ] Ul & SejHo
Aoj&o]F Y7 FAS] A&, ‘Data Record of Oceanographic
Observations and Exploratory Fishing (No. 1-50)' 2 ujj\q @7}t
wof2 Al o]= Fef o] thFet s oA AAIR Ao
ol po} Theta) BEshe 71 4710 shek AR 2Ajol Ak,
‘Hokkaido University long-term Fisheries and Oceanographic
Data Base (HUFO-DAT) 2}= o] 202 o] 227} go|glHo]
shrlo] Z B A& 200950] 2Zo|e). Wb o] o]
A7) B2 AEF AT A9 glon, REA 4EE ol 8%
AL w) - A the.g., Nagasawa, 2007; Batten et al., 2010). =
Aol A= Sdol, Aol, JARo o] a2 g 2 AlTE T
39S s 49 o] & =F(CPUE; catch per unit effort)
= okl o] S A= (Eggers et al,, 2004)3} w] s A F-2] A
= BHSkaL QLA obd Al HSskdich I HSE @
3 oS H T Al Fo| AP A-AF Al WIE
3 9 of S5, Al AlF, e e HAE A

O Ji oM
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iy
2 Aol = FHIEG dolgoli F AA 01w 90%
= AAoh= T30, dof, HAROIE ATt e ® A%
o 2P 2AE RE AR 2 Y E 5 AFHEE
D Aol AEHE 7H7HA =2 FESHE s o LA, &
Bl A slojdol Rzt £ RS H9] 40 0|59 5
-8 EejgoF A E(WNP; western North Pacific), E|HoF =
H(CNP; central North Pacific), £€] 3 %F =X (ENP; eastern
North Pacific), H| &3l A]5-(WB; western Bering Sea), H| & 3]}
5 F-(EB; eastern Bering Sea), 71211 2 ¢ = T 3}j(OS; Okhotsk
Sea)®] oAl o 2 & Lo £A SFIth(Fig. 1).

ZA= SYRE 8U7HA] o] Folfl =, 1970 o] AL
O] 75 ARG oo Abeko] EE TR o 2AFEH(C-Gear; A
non-selective research-type gill nets for salmon, Takagi [1975])
& A4 AHE 3 2lo] oh 917of B9l g olZ]ere A4
of ez glgleh. 1 ol R A BE AR o T2 A
oz AE AR Aol AR 2Ae] ulws ol
2.8 APk A5 9lcHNagasawa, 2007). Theba] 197015
2007 d7bx] o] AP A, Als H D=y o2 Al
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Table 1. Survey year of (a) CPUE and (b) fork length of three
Pacific salmon Oncorhynchus species in the North Pacific
Ocean from 1970 to 2007. N indicates number of survey year
used in HUFO-DAT. Surveyyear of body weight is very simi-
lar to that of fork length

243 WsHg stofstolt.

HUFO-DATo) A = & 3 (tan)d 50 m, & 307§ sfd =
ojF ol AL AHESHE7Io] Y ofFntel R el
g olgRrg T o, wl s A50) e 2A A 3
7t - Ao EAfol ARgSHA] ofkth(Table la). £ & =53]

@ of| Ali= 1970-1977d o] A7} o] o FA|WE 1970-1976A 2
Species Area Year N A7) (Aot ZAH HHE A% clehet 1977d 9] 217
WNP 1972-2007 3 (AR N ER e Aok} AAjalA] Dk BT A1 E7HA
CNP 1975-2003 28 813} mhol-S 914 1970-19761 9] AFRIHS EAof ALg-stgi.
Sockeye ENP 1980-2006 25 O 5 9=y o geke] 152 $13l Eggers et al. (2004)2]
salmon WB 1973 1 AARE AR 7t A Hof| ol T Al S-S ot
5 10741088 3L, g9y of gjekabe] A S TR T, o] Bl
o5 ‘s7o1077 ol RejEct Frol Beg At
WP 19752007 e Al F2 A9 ﬁ_ﬂ‘ﬂ% ol A 74%%_ Bl S0} sl F
oM AL Bl Ag Agow Relste] 217} vehict
o 1T % (Table 1b). F91oo] 49 Thto] | ALE Bl 3147} e
Chum ENP 1980-2006 % APEE 9130 ARG B4 ESHA Ve 9] o
salmen e 19711973 2 ol X2 EA|SIT. A=Y Bt 7ol A AT AT
EB 1974-1988 713 WS 4L AAA BE AYhE A5 T
0s 10721977 o]9] 9 X.1-X.3H0], Ao19] 9L 0.1-0.44]0], FAReio]
WNP 1972-2007 35 L 0.1410]0] tiaf Thete] 7Hsa) o] = BAE T ¢ 5 =T 5)
CNP 1975-2003 28 o] FAoet Aoz sto] AYH dE7} Ho|(N=6) AHE
Pink ENP 1980-2006 5 AlF7H Hs-S apetatr| o= Fe|7t o] Alejskaict. 2t sf
salmon WB 19711973 ofo] Zw, A, A W 7haol Amm) B AE(E =
s 6741088 . ApBh o0, 9]t 2l of 213, AR, AR H 7ol A
05 19794977 A, a2 BAE AREA S o] &3] HAESHI
(b)
Species Sex Age Year
WNP CNP N ENP N EB N
Female X1 1979-1996 4 19752003 11 1980-1999 17 1974-1988 5
X2 19792003 13 19752003 16  1980-1999 17  1974-1988 8
Sockeye X3 1985-2003 1975-2003 8 1980-1999 17 1974-1988 8
salmon Male X1 1979-2003 19752003 13 1980-1999 17 1974-1988 6
X2 19792003 15 19752003 13 1980-1999 17 1974-1988 8
X3 1988-2003 3 1975-2003 6 1980-1999 17 1974-1988 8
Female 0.1 19822003 11 19742003 19  1980-1999 17  1976-1988 5
0.2 19792003 17 19762003 22 1980-1999 17  1974-1988 8
03 19792003 18 19752003 22 1980-1999 17  1974-1988 8
Chum 0.4 19792003 16  1976-1999 17 1982-1998 8 1974-1988 6
salmon Male 0.1 19792003 14 19782003 19 1980-1999 17  1974-1988 5
02 19792003 15 19782003 20  1980-1999 17  1974-1988 5
0.3 1979-2003 18 1975-2003 24 1980-1999 17 1974-1988 6
0.4 1979-2003 16 1975-2003 18 1982-1998 11 1974-1988 3
Pink Female 0.1 1972-2005 29 1975-2001 23 1980-2005 21 1974-1988 9
salmon Male 0.1 19722005 29 1975-2001 16 1980-2005 21 1974-1988 9
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KBRS o 01410 9] A% FABAE Aol =
5 folah 27t @4kl LR gkttt whe, dloj % 1571
oAl A7kl 2 At AFe] BAL SolalA) s A

A
o heliith. olefat A4S SEBY Aot FioAY &
71 A A7), 55 03-0441000] AFHE PS Mo E
3 A B3t 7ol Aol folabl wast AFE F)
SHA| h4:5H %S Uehie,

il oj3lako] AR GO WAS Holk AS
L 570|9lon] W ofo] ATIAE Rl Belealg ojF
o] AEE WAL 912 LrehYThTable 3). oW
Aojo] 75 wjsal AR, doje] ZS Hejgar ARt B,
FARR01o] S HejHop Fret Wl s Baol A Soe A
BAE BT by o] Wil of o] Tels o]
oAl AL o] S ST} HE| B FHO| & 8A0E kst
k.

Felo] U FARA0lY] el o Fk(Fig. 5L ojH

3 7gFo] LhehhA) §oHaL E S Lehbs gpaol
ok ]2 W e FRoIA Y Faolo] Belwu oj2let
977d ] Al £ E50] M e SHE 7| ES AL, ¥

202 Ayt A2d ot EAL 0|04 A7) FerS utet
a17]o) = Fel7t At ol thelie g o] F e Bk
AR} FE, T80 FRE FEol AF o R 1980 S5
HF Hoh 1990t Z-Z9tol] =9kTh SHA|TE, 19704 o] % A &
o oY o Ff HeHY SR A2 Ao At 2
&t Z71eke] 1990 Suto = df7 2 0 & &9k ow 2001
ol 71 2 =215 715519 tH(Table 4a).

o9 of gt FUSt 5] AEF AAE ¥
52 gy oA B = A HefE ok FHollA
o] HFe B 4 oA vk, v s 52 A9
Bkl Al mhetst 4= QIld A7) HES & 4 e A= oot
(Fig. 6). 197014 o] %-0] A& o 20] 3| of|A] {2517
S7Feh= 43S B 9l=tl (Table 4b), W3l F5-2] FAFA
o] - AETFo| 7P A1 gk S dAdo] YEehA] ok
AuE EA 22l 219 £719] AgAte] Qg AdwFol & o +
=Y AA YebgTh

S, Al F2) T o Pk SR vws) 2 A
3}, EE| Y FolA FA0ieh Ho)(N=28, R=0.44, P<0.05),

F210]0} FA1R10|(N=28, R=045, P<0.05)7k] 5T A4
W57} e SR, 2.5 2 Aol A dofel FARlolo)
AlAE H3sh7F o © & Ve THN=5, R=-0.94, P<0.05).

WA 27| Hatet Bl o2lE H A4S Hatol B

A B sl A A AF 9w |zl B

Ehts g Haltk(Table 5). 5, 391019 4 SH¥Y 5
o o] 0241019 A|F-] 95 AlLlstaL HlF
3 & A 0.2-0.34]01eF =71 0.209 A -2l gt A7} ekt
<t 7 5 A S AT B2 014|012 - e
o WA YEhd A2 A9 ATl ol ol A
TAE Btk dolef A-oMe o=t @4l & H st
UHERLE ol Rt BA7E Lehd - B Sdofel Zol 271 A
AL A7oll e ST ol e o] AHEAE HofFd
AEHTBG ) F71 AL Aol E S0 AHdAE A
CHEEB Y 2
o

°
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i
T

F10). BrRdlole] A9t Hel P ol &
0.1410felA] £-21%k BAZk bk A, FHAtelol B 20l
¥l F71] AEALE A Sl Al 0.141o] glofi 2 5 glon
2 Folo] 9 cloje} - B4 45kt 2e Felt ek,

A Bt 1ol A A AFT B A TG 2
wztol 4] £AF5) Lbekiteh(Table 6). 5212 27} Leha 2
o o dlofo] He o B ¢ 0.141019] 7hafo) A 2
AT B epe] BAR o] HAS R ec

2oy dlololfi RejBY FH FHEY Fad
RESPA A A A0 2 W Tujoke] ML 230k 4
o = 2

oto]| o] 27| 7}A] E-3LH(Eggers et al., 2004). ¢1oj<50]
F(FAo], Ao, dlof, £elo], Shalo], Alnfalol)] 20004
AJAFEFS oF 6o 9ulut ul2] 9 © v (North Pacific Anadromous
Fish Commission "the 18th Annual Meeting", Busan, Korea,
November 1-5, 2010) 714 #o] o}2lgl E¢lo], ¢lo], FAad
o]9] AAIFE: OF 69] 243k vke| k. o] 5 Aojdol 79 o]
2 19709t FHHE FEhAET, BHFAAT Aol
Mol wo gelshA) Wt Rejmore] sjopEdol 2as)
7 283t 712 Holtk(Pearcy, 1992; Beamish and Bouillon,
1993; Beamish et al., 1997; Kaeriyama, 2003). Brodeure and
Ware (1992)= &FAF A7]¢Fo] Mol w sl B depirivt
o] s FYAE Aote] FFS FUFS Harskglen, o] Ao
2 o] A5 o]Esh= HofHolFo A Tt AAEHU
2 754 AlASFI L] Beamish and Bouillon (1993)2- 1925
VRE 1989d 7R o] Hejg oo Al & zHzre] ik ¥
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Table 2. Spatiotemporal changes in (a) fork length (i.e., corre-
lation between fork length and year) and (b) body weight (i.e.,
correlation between body weight and year) of three Pacific
salmon Oncorhynchus species in the North Pacific Ocean from
1970 to 2007 (*P<0.05, **P<0.01). Data were updated from
Batten et al. (2010). Details are same as Fig. 1

(a)

Species  Sex Age WNP CNP ENP EB 0os

Female X1 070 029 023 -052
X2 016 -0.10 016 -0.06
Sockeye X3 -048 016 -0.16 -0.04
samon  Mae X1  -0.70 048 003 -0.33
X2 -010 -025 020 -0.06
X3 -094 -056 -007 0.07
Female 01 027 043 021 069
02 -045 -019 -006 005
03  -048° -069" 0.16 047
Chum 04 -0.72% -024 -0.11 -0.96™
samon  Mae 041 031 009 041 043
02  -032 -065" -011 064
03  -009 -059" -003 037
04  -040 -051* -032 -0.94
Pink Female 01  -037 -021 -013 -047 -0.71
samon Male 01  -030 -007 -026 -047 045

(b)
Species  Sex Age WNP CNP ENP EB OS
Female XA 088 031 023 -0.36
X.2 017 -022 0.19 -0.07
Sockeye X3  -048 023 -029 002
samon  Mae X1 043 055 006 -0.01
X.2 -018 -029 022 -0.05
X3 -098 -059 -0.13 0.34
Female 0.1 030 015 024 063
0.2 -045 -0.16 -0.10 0.00
0.3 -0.59* -0.68™ 0.20 -0.39
Chum 04 -0.82 -025 -0.15 -0.96™
salmon Male 0.1 048 010 038 049
0.2 -0.38 -0.60 -0.14 -0.60
0.3 -0.12 -0.63* -0.01 -0.41
04 -0.71 -0.57* -0.28 0.0
Pink Female 0.1 -040* -002 0.01 -049 -057
salmon  Male 0.1 -035 001 -012 -025 0.17

b
®
ns
1
o
)

o

2,

A)4=(ALPI; Aleutian Low Pressure Index)

#7194

2 g oF &1 A= X]4x(Pacific Decadal Oscillation) = &

BFol 8 2 Aol ¥g), o2 W sEEHAET 5
sfFAIATE o] HSt7h BE FARRRS Hof o] SRkl
Mundy (2005)+= E=7%*|4=(Arctic Oscillation)o] 2J3f &
G2 H2 OFRAF A7) ko] uhgto] QatAzbul B cloke] A
ol YIS Fo=H of|ATt pHo Y dEkiTt SR, &
$E0], 2HEF, &5, &5l Yt A9 FUdd HE, A=
9 FEETIAET, £F0FE HIRT HoldE, 1e|al ¢of
£ BT o] FollA vtk 9 seFE ol ol27|7HA] A
= 2dS st 2 Aol A RARE Al £ el
G o] P7E FHBEYE SRl Fdolel Ao, T FA
¢oj7toll F U AAE S etk EEE S S5

Al Z2] ofAlobite] Rz g9 F& A9} Fulitke] 22 ¢
0] M & oAl sdal Al F 272 F+ F Y olthMyers et
al., 2007). u}2}4] Beamish and Bouillon (1993)¢] 2&3} 7+
o, o] 50| 7] a}of A FE FgFzH (bottom-up process)°]
o3l FFE WL 2H & olZlo] T3] Hof ThejiEd
o] SO AA DA A o] UEstE 7Hs 4= AlALsE
Itk it 3401 o) 7] Tl oj vk Wsks 24
\E sfjejo] e ef TRl laL, weba 11 29 4o
= Al T @y ofgwfo] BF HFH A7t §lof
3 BAE &2 AollA & B HES ]l SATE A
, ofofl thgh ARt #4jo] @tHTh o], AEwol 7}
b aAtdolet = R R 2 dof Tholl EAsh= S A0l
thokFst 52 E HilE oY=t (reviewed in Salo, 1991;
Tadokoro et al., 1996), & Lo A= A A, S HF 5o A
T8} o], T of} At T o= FOSHA He=E
ojglgo AlAE W7t FUsHA UEbdd Bhd, dojek FAf
Hofgtoll= ol ek WA ZF UehA] ghetew, 4, SAR o
o AALE 5 71 AUgo] 2 Birlopite] BE o 3 sht
L EEE R REN RN [EES S R LR
u Gdofo} FApelolzrol oI5 whel il ofgakel A4
WL R e 5,  E3be] 1044 E8 2418 7}
$AS AR ArkSo] Ureht #3 o] E3 SRISHE T
7+ 2 a3t
ole] Y952 Qle) Z7let uhdjst ABEe = Wsiely
A7} 9= 74482 (e.g., demonstrated for three Pacific
salmon species by Kaeriyama et al. [2009] and by Mantua
et al. [2009])°]l 7|18l YE=FEAa IS oF7] 5k tH(Rogers,
1980; Kaeriyama, 1998; Helle et al., 2007; Mathisen et al.,
2007). & At A= 7|5 Bl sFehy Heke] g 9 FH
o] FoFe 7 d T Aol 7 S| et A2 S
o] e 7FsAolsith 53] dolof A, ofAlopitat Hn
Ato]l Eejg e 44 S sfotke Al 5 5 7MW @
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Table 3. Results of correlation analysis (Pearson correlation
coefficients, R) on the biomass (i.e., number of return based
on data from Eggers, 2004) and CPUE of three Pacific salmon
Oncorhynchus species at the same area in 1970-2007. Details
are same as Fig. 1

Pearson correlation

Species Area
N R p

WNP 29 025 0.20
Sockeye ENP 21 0.24 0.29
salmon EB 9 0.73 <0.05
0S 6 -0.64 017
WNP 29 0.61 <0.01
Chum ENP 21 0.63 <0.01
salmon EB 9 -0.24 0.54
0S 6 -0.70 2.78
WNP 29 0.28 0.15
Pk ENP 21 0.52 <0.05
salmon EB 9 0.70 <0.05
0S 8 0.58 0.13

9 Bejof FRo|H Rkt (Myer et al,, 2007), 1 &
B 5 %?C’ﬂ/ﬂ«] ST oY W AETo] AAGA
2 §rofshl 271515 371 ARAL Al <1 B Tl A4
2 2L FAsH= dARS B YIt) Ishida et al. (2002) E5H A
o7} ZFOR o gat e % sfLel wa) FrolA 1970
WTH-1990 t 712] 0] ¢1of o] Thjiee et of el A 3
o 7FFol A, AleS AR A3, 2 At Autet fAfst
) 57] AR Aol Rkl olglabe] olgt 57} A,
2 slaro] A% W A%e] §oI% ke AL WSk A
2l W2 sleo] AR Al T ABA A Aarel ¢
Q10 = Ishida et al. (2002)-& T =8 o]&=Fo] =719} E35)
o] X719} 7|5 H3Hi.e., ALPDOIA 7]q1gt 4=2-2] Hslof u}
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Fig. 2. Interannual variation in (a) fork length and (b) body weight of sockeye salmon Oncorhynchus nerka in the North Pacific

Ocean.
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Fig. 2. Continued.
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Fig. 3. Interannual variation in fork length and body weight of pink salmon Oncorhynchus gorbuscha in the North Pacific Ocean.
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Fig. 4. Interannual variation in (a) fork length and (b) body weight of chum salmon Oncorhynchus keta in the North Pacific Ocean.
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Table 4. Spatiotemporal changes in (a) CPUE (i.e., correlation
between CPUE and year) and (b) number of return (i.e., cor-
relation between return and year; based on data from Eggers,
2004) as an indicator of biomass of three Pacific salmon On-
corhynchus species in the North Pacific Ocean in 1970-2007
(*P<0.03, **P<0.01). Details are same as Fig. 1

(@)

Area Sockeye salmon  Chum salmon Pink salmon
WNP 0.23 0.02 0.09
CNP -0.09 0.58 * 0.26
ENP -0.02 0.16 0.07
EB 0.34 0.20 0.25
(O8] 0.49 0.51 0.52
(b)
Area Sockeye salmon  Chum salmon Pink salmon
WNP 0.90 * 0.43 * 0.77 *
ENP 0.15 0.58 * 0.86 *
EB 0.54 b 0.90 * 0.21
oS 0.89 b 0.43 * 0.77 *
160 - 8
—o— Sockeye in EB
—*—Pink in ENP
140 [ —=— Chum in WNP 17
—>— Chum in ENP
—&—Pink in EB m
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X 5§ ~
£ 100 5 ED
o o x
E e
z 80 4 %- 2
2 5 5
© 60 3 0 Z
£ @
S £
m S
40 2 5
20 1
0 A Yy 0
ONT © 0O NT O©O0OANTFTO© 0N ©
SESE5E8E8E8883888EEE
Catch year

Fig. 6. Interannual variation in sockeye Oncorhynchus nerka,
chum O. keta, and pink salmon O. gorbuscha biomass (i.e.,
number of return) in the North Pacific (based on data from Eg-
gers, 2004). Details are same as Fig. 1.
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Table 5. Results of correlation analysis (Pearson correlation
coefficients, R) on the body size (i.e., (a) fork length and (b)
body weight) and CPUE of three Pacific salmon Oncorhynchus
species at the same area in 1970-2007 (*P<0.05, **P<0.01).
Data were updated from Batten et al. (2010). Details are same
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Table 6. Results of correlation analysis (Pearson correlation
coefficients, R) on the body size (i.e., (a) fork length and (b)
body weight) and number of return as an indicator of biomass
(based on data from Eggers, 2004) of three Pacific salmon On-
corhynchus species at the same area in 1970-2007 (*P<0.05,

as Fig. 1 **P<0.01). Details are same as Fig. 1
(@) ()
Species Sex Age WNP CNP ENP  EB Species Sex Age  WNP ENP EB
Female X1 -1  -049 - 0.66 Female X1 - - 0.11
X.2 - 0.49 - 083 X2 - - -0.69
Sockeye X3 - 0.40 - 085" Sockeye X3 - - -0.69
salmon Male X1 . -0.44 . 0.73 salmon Male X1 - - 0.25
X.2 - 0.61 - 091 X2 - - -0.67
X.3 - 0.60 - -0.48 X.3 - - -0.16
Female 01 022 018 0.71* - Female 0.1 -0.00  0.69" -
02 029 -035 032 - 02 -0.39 0.44 -
03 030 -032 -0.35 - 03 0.18 -0.02 -
Chum 04 015 -019 024 - Chum 04 006 021 -
salmon Male 01 004 007 064% - salmon Male 0.1 021 060" -
02 -024 -080* 024 - 02 0.15 0.33 -
03 -004 -037 004 - 0.3 0.20 -0.00 -
04 027 -020 -022 - 04 028 058 -
Pink Female 0.1 - 028 -0.70™ -0.66 Pink Female 0.1 - 038  -049
salmon Male 0.1 - 030 -0.70" -0.14 salmon Male 0.1 - 049" -0.05
"Data unavailable, return was used to verify CPUE.
(b) (b)
Species Sex Age WNP CNP  ENP EB Species Sex Age WNP ENP EB
Female XA - -0.45 - 0.79 Female XA - - 0.35
X.2 - 057 - 081" X.2 - - -0.68
Sockeye X3 - 0.39 - 083 Sockeye X.3 - - -0.63
sdmon  pMale X1 - 034 - 088 salmon Male X1 - - 0.46
X2 - 073 - 089 X.2 - - -0.63
X3 - 0.72 - -0.58 X3 - - -0.07
Female 01 028 011 063" - Female 0.1 002 073 -
02 028 -046* 025 - 0.2 0.6 0.42 -
03 024 -046* -0.31 - 03 016  -0.02 -
Chum 04 013 027 014 - Chum 04 018  0.04 -
salmon Male 01 028 005 064" - salmon Male 0.1 023 073" -
02 039 -073 020 - 0.2 0.04 0.31 -
03 -021 -043 004 - 03 0.21 -0.03 -
04 006 -024 -0.14 - 04 009  -043 -
Pink Female 0.1 - -029 -0.65* -0.08 Pink Female 0.1 - -0.34 -0.51
salmon Male 0.1 - -0.27 -0.65* -0.45 salmon Male 0.1 - -0.42 -0.06
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