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Abstract:  Chum salmon are the second most abundant salmon in the North Pacific Ocean. In the 1930s, chum 
salmon were abundant along the Russian coast and in British Columbia. The total catch of chum salmon was 
small from the late 1940s into the 1970s but increased in the 1980s, reaching historically high levels from the 
1990s to the present.  Ocean distribution of chum salmon is affected by sea surface temperature. Ocean growth 
and fish size at maturity decreased in the 1970s and 1980s but recovered in the 1990s and 2000s. These trends 
in abundance and biological characteristics correlated with ocean conditions. An international cooperative salmon 
survey by the North Pacific Anadromous Fish Commission may elucidate the mechanisms underlying the relation-
ships among these trends. For conservation and sustainable use of chum salmon stocks, we should monitor the 
abundance and biological characteristics of chum salmon both in the ocean and in rivers.
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INTroducTIoN

	 The	total	salmon	catches	around	the	North	Pacific	Ocean	
were large in the 1930s–early 1940s and the 1980s–2000s 
(Eggers et al. 2005).  These large catches can be attributed 
in part to the increases in catches of pink (Oncorhynchus 
gorbuscha) and chum (O. keta) salmon.  Chum salmon are 
the second most abundant salmon (after pink salmon) in the 
North	Pacific	Ocean.	 	The	geographical	 range	of	natal	 riv-
ers of chum sal mon extends from Kyushu Island, Japan, and 
California in the south, to Siberia and the Arctic coast of 
North America in the north (Salo 1991).  Chum salmon fry 
migrate to the sea soon after emerging from their freshwater 
spawning	beds	in	spring.	 	Juveniles	migrate	offshore	in	the	
first	summer.		Chum	salmon	grow	rapidly	in	offshore	waters	
in	the	North	Pacific.		They	can	spend	2–7	years	in	the	ocean	
before	returning	to	their	natal	rivers	for	reproduction.
	 Pacific	 salmon	 are	 one	 of	 the	 dominant	 zooplankton	
feeders in the pelagic ecosystem of the subarctic North Pa-
cific	 and	 adjacent	 seas	 (Shuntov	 et	 al.	 1999).	 	 Long-term	
changes	in	some	fish	populations	and	in	ocean	productivity	
have	coincided	with	the	long-term	changes	in	climate	(e.g.	
Beamish	1995).		From	the	1970s	to	the	1990s,	a	decline	in	
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the	 size	of	mature	 salmon	was	observed	 in	populations	of	
many	 rivers	 around	 the	North	 Pacific	Rim	 (see	 review	 by	
Bigler et al. 1996; Helle and Hoffman 1998).  Simultane-
ously,	total	salmon	abundance	reached	a	high	level.	 	Some	
researchers think that the ocean growth of salmon is den-
sity-dependent (e.g. Ishida et al. 1993).  The abundance of 
salmon	and	 their	prey	 (i.e.	 zooplankton	and	micronekton),	
and	biological	characteristics	(e.g.	body	size)	should	also	be	
affected by climate and ocean conditions.  
 To examine relationships among trends in chum salmon 
abundance, biological characteristics, and ocean conditions, 
we examined time series data from commercial catches, off-
shore research cruises, and monitoring programs in hatcher-
ies. 

MATErIALS ANd METHodS

Trends in Abundance

 We used catch numbers as an index of abundance based 
on the assumption that the exploitation rate of chum salmon 
did	not	change	significantly	between	years	and/or	was	high	
enough because long time series of reliable statistics for es-
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capement	around	the	North	Pacific	were	not	available.		The	
levels	of	commercial	catches	were	used	as	an	index	reflect-
ing the trend in abundance of salmon stocks because the 
proportion of commercial catch was large in relation to total 
run	 size	 across	 the	 entire	North	Pacific	 (e.g.	Beamish	 and	
Bouillon	 1993;	Klyashtorin	 and	Rukhlov	 1998).	 	 For	 spe-
cific	stocks	of	Pacific	salmon,	escapement	(or	the	number	of	
hatchery brood stock in the case of Japanese chum salmon) 
showed trends similar to those in the commercial catch (e.g. 
Henderson and Graham 1998; Hiroi 1998).  Thus we rea-
soned	 that	 trends	 in	 catch	may	 reflect	 trends	 in	 the	 abun-
dance of chum salmon.  Catch statistics for chum salmon 
were obtained from Eggers et al. (2005).
 As another index of chum salmon abundance, we used 
catch per unit effort (CPUE) calculated from Japanese moni-
toring	surveys	in	the	high-seas	areas	of	the	central	North	Pa-
cific	(CNP)	and	Bering	Sea	(BS)	between	170°E	and	170°W	
in	June	and	July.		Japanese	fisheries	research	institutes	have	
monitored salmon abundance and distribution beginning in 
1952	using	drift	gillnets.		After	1972,	they	changed	to	stan-
dard	research	gillnets	consisting	of	ten	different	mesh	sizes	
each	 (Takagi	1975).	 	CPUE	was	 calculated	 as	 the	number	
of	fish	caught	per	30	tans	of	research	gillnet	(i.e.	three	tans	
of	each	mesh	size	(one	tan	is	50	m	in	length)).		Because	the	
maximum	number	of	fish	examined	was	60	per	mesh	size	per	
operation, we weighted the age composition by the number 
of	fish	in	three	tans	of	gillnet	by	each	mesh	size	in	the	calcu-
lation	of	CPUE	by	age	group.		CPUE	was	averaged	for	each	
research	station	in	waters	ranging	5–10°C	in	sea	surface	tem-
perature (SST) because chum salmon are most commonly 
found	at	temperatures	between	5	and	10°C	(Nagasawa	et	al.	
2005).  

Trends in ocean distribution

	 To	evaluate	 the	correlation	between	chum	salmon	dis-
tribution and sea surface temperature, we examined latitudi-
nal (i.e. south-to-north) distribution of chum salmon in July 
in the CNP and BS.  To estimate latitudinal distribution, we 
used	the	ratio	of	average	CPUE	of	the	BS	to	the	sum	of	aver-
aged	CPUEs	in	the	BS	and	CNP.		We	averaged	CPUE	in	the	
high-seas area of the BS and CNP.  For CPUE in the CNP, we 
used	data	collected	north	of	45°N.		

Trends in Fish Size and Age

	 For	fish	size	and	growth	during	ocean	life,	we	used	mea-
surements of fork length in June and July in Japanese gillnet 
surveys	in	the	CNP	and	the	BS.		We	averaged	fork	length	of	
chum salmon caught using a research gillnet by age group.  
Although	a	single-mesh	gillnet	usually	has	a	strong	size-se-
lectivity,	 research	 gillnets	 consisting	 of	 ten	 different	mesh	
sizes	 are	 less	 size-selective	 (Takagi	 1975).	 	Ocean	growth	
was	calculated	as	the	difference	between	average	fork	length	
of	an	age	group	in	a	year	and	the	average	fork	length	of	the	

same year-class one year before:

 Ga,y	=	FLa,y	–	FLa-1, y-1

where Ga,y is ocean growth of age group a at year y,	and	FLa,y 
is	average	fork	length	of	age	group	a at year y.
	 For	trends	in	size	and	age	of	mature	chum	salmon,	we	
used	fish	measurement	data	 from	 the	monitoring	of	hatch-
ery	brood	stocks	in	the	Ishikari	River,	Hokkaido,	Japan.		We	
considered	the	Ishikari	River	chum	salmon	as	representative	
of	Asian	chum	salmon	stocks	because	trends	in	size	and	age	
of	mature	fish	were	similar	to	other	Asian	stocks	(Ishida	et	
al.	1993).		We	averaged	the	fork	length	of	four-year-old	fish	
because the dominant age of maturation was four years old 
in	the	river.		Age	at	maturity	by	brood	year	was	weighted	by	
the	numbers	of	adults	caught	in	the	river	and	averaged.

relationships among Trends

 For the relationships among ocean conditions, abun-
dance, and biological characteristics of chum salmon, we 
used the multiple regression analysis with a stepwise selec-
tion	of	independent	variables	(P	≤	0.05	to	add,	P	≥	0.10	to	re-
move).		As	indices	of	ocean	conditions,	we	used	the	average	
Pacific	Decadal	Oscillation	(PDO)	index	from	June	to	Sep-
tember	and	average	SST	at	47–49°N,	179°E–179°W	for	July	
(SST, CNP) obtained from the Japan Meteorological Agency.  
PDO	was	the	leading	principle	component	from	the	empiri-
cal orthogonal function analysis of monthly sea surface tem-
perature	 anomalies	poleward	of	 20°N	 in	 the	Pacific	basin,	
which was consistent with salmon catches in the northeast 
Pacific	(Mantua	et	al.	1997).		As	an	index	of	spawner	abun-
dance, we used the time series data of chum salmon catches 
in	 Russia	 and	 Japan	 (excluding	 offshore	 catches)	 because	
Asian stocks were dominant in the CNP and the BS (Seeb 
et al. 2004).  Coastal catches should be proportional to the 
level	of	escapement	under	the	assumption	that	the	exploita-
tion	rate	did	not	change	significantly	between	years	and/or	
was high enough.  Catches and CPUEs were log-transformed 
as usually recommended for abundance statistics.

rESuLTS

Trends in Abundance

 There are two periods with large catches of chum sal-
mon	around	 the	North	Pacific	Ocean:	 the	1930s	 and	 early	
1940s, and the 1980s to 2000s (Fig. 1).  In the 1930s and 
early 1940s, large catches of chum salmon were recorded 
in	 Russia,	 but	 catches	 in	 Japan	 were	 relatively	 small.	 	 In	
the same period, catches in British Columbia and southeast 
Alaska were large in comparison to other areas in North 
America.	 	After	World	War	II,	Japanese	high-seas	fisheries	
grew	under	the	conventions	of	two	treaties:	the	International	
Convention	for	the	High	Seas	Fisheries	of	the	North	Pacific	
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Ocean	involving	Japan,	Canada	and	the	United	States,	and	
the	USSR	–	Japan	Fisheries	Agreement.	 	During	 the	same	
period,	catches	in	coastal	and	river	fisheries	were	small	both	
in	Asia	 and	North	America.	 	During	 the	 latter	 half	 of	 the	
1970s	 and	 1980s,	 catches	 in	 the	 high-seas	 areas	 gradually	
decreased	 due	 to	 reduced	 quotas,	 and	 limits	 in	 fishing	 ar-
eas	and	fishing	durations	for	high-seas	fisheries.		Simultane-
ously,	the	total	catch	of	chum	salmon	increased	significantly,	
largely	due	to	the	contribution	from	Japanese	coastal	fisher-
ies.		In	1993,	high-seas	salmon	fisheries	were	closed	due	to	
the	Convention	for	the	Conservation	of	Anadromous	Stocks	
in	the	North	Pacific	Ocean	and	the	United	Nation’s	General	
Assembly	 resolution	 46/215,	which	 ensured	 a	moratorium	
on	large-scale	pelagic	high-seas	driftnet	fishing.	 	Since	the	

1980s,	chum	salmon	catches	along	the	Japanese	coast	have	
increased	significantly,	but	catches	 in	Russian	waters	have	
remained small.  In North America, catches in southeast 
Alaska	have	 increased,	but	 catches	 in	other	 areas	have	 re-
mained small.  At the present time, chum salmon catches and 
abundance	are	at	historic	high	levels.
 Chum salmon CPUEs in the high-seas areas of the CNP 
and	BS	have	increased	since	the	1970s	(Fig.	2).	 	Although	
the	CPUE	of	age	0.1	fish	fluctuated	around	10	(r = 0.281, 
P	=	0.119),	CPUEs	of	age	0.2,	0.3,	and	0.4	fish	increased	(r 
= 0.556, P < 0.001 for age 0.2; r	=	0.741,	P < 0.001 for age 
0.3; r	=	0.762,	P < 0.001 for age 0.4).  This increase in CPUE 
coincided	with	the	increase	of	overall	coastal	catches	around	
the	North	Pacific	(r	=	0.474,	P = 0.006 for age 0.2 CPUE; r = 
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Fig. 1.  Catches of chum salmon by area around the North Pacific Ocean, 1925-2003 (modified from Eggers et al. 2005).  The Korean catch 
could not be distinguished from catches in other regions because of the small numbers.

Fig. 2.  Catch per unit effort (CPUE, number of fish per 30 tans of research gillnet) of chum salmon by age in waters 5–10°C in sea surface 
temperature in the central North Pacific Ocean and the Bering Sea, 1972-2003.
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0.607,	P < 0.001 for age 0.3 CPUE; r = 0.592, P < 0.001 for 
age 0.4 CPUE).

ocean distribution

 In July, chum salmon were distributed mainly in the BS 
and	the	Gulf	of	Alaska	(Fig.	3).		Age	0.1	fish	were	distributed	
in	waters	with	SST	<	10°C	 in	 the	CNP	as	well	 as	 the	BS	
(Fig.	3A).		The	distribution	of	age	0.2	fish	was	similar	to	the	
distribution	of	age	0.1	fish	(Fig.	3B).		On	the	other	hand,	0.3	
and	0.4	fish	were	distributed	mainly	in	the	BS	(Fig.	3C,	D).
	 Age	0.1	and	0.2	fish	were	distributed	 in	 the	BS	when	
SST	were	high	in	the	CNP	(Fig.	4).		At	low	SST,	these	fish	

Fig. 3.  Ocean distribution of chum salmon in the North Pacific Ocean for age 0.1 fish (A), age 0.2 fish (B), age 0.3 fish (C), and age 0.4 fish (D) 
in July in 1972–2002.  Size of circle indicates catch per unit effort (CPUE, number of fish per 30 tans of research gillnet). Solid areas in circles 
indicate the proportion of maturing fish; MAT maturing, IMM, immature.  “X” indicates zero CPUE.  Lines indicate sea surface temperature (°C).
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Fig. 4.  Ratio of catch per unit effort (CPUE, number of fish per 30 
tans of research gillnet) of chum salmon in the Bering Sea (BS) to 
the sum of CPUEs in the central North Pacific (CNP) and BS by 
age group with mean sea surface temperature (SST) at 47–49°N, 
179°E–179°W July, 1974–1997, 2001–2003.

Fig. 5.  Mean fork length of chum salmon caught in research gill-
nets in the central North Pacific and the Bering Sea by age group, 
1972–2004.
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porally.		Ocean	growth	of	chum	salmon	has	recovered	since	
the 1990s.
 Mean fork length of mature four-year-old chum salmon 
was	large	in	the	1960s	and	1970s	year-classes,	decreased	in	
the	1970s	and	1980s	(r = -0.846, P < 0.001 for males and 
r	=	 -0.747,	P	<	0.001	 for	 females	 in	 the	1971–1990	year-
classes),	and	recovered	in	the	1990s	and	2000s	(r = 0.845, 
P < 0.001 for males and r = 0.802, P < 0.001 for females in 
the 1991–2004 year-classes) (Fig. 6A).  These changes coin-
cided	with	changes	in	fish	size	during	ocean	life	(r = 0.543, P 
= 0.001 for males and r = 0.595, P < 0.001 for females with 
ocean	fork	length	of	age	0.3	fish).		
	 The	 mean	 age	 of	 mature	 fish	 decreased	 in	 the	 1950s	
year-classes but has increased since the 1960s (r = 0.813, P 
< 0.001 for males and r	=	0.745,	P < 0.001 for females after 
the 1960 year-class) (Fig. 6B).  

relationships among Trends

	 The	 regression	 analysis	 showed	 a	 synchronization	 of	
trends in ocean conditions, abundance, and biological char-
acteristics	of	chum	salmon	(Fig.	7).		Offshore	CPUE	of	age	
0.2	fish	correlated	with	the	coastal	catches	in	Asia	three	years	
before.  Coastal catches should be proportional to spawner 
abundance,	 if	 the	 exploitation	 rate	 did	 not	 change	 signifi-
cantly	and/or	was	high	enough.		CPUE	correlated	also	with	
the	summer	PDO	two	years	before,	which	should	correlate	
with	ocean	conditions	during	the	first	summer	of	ocean	life.		
CPUE	of	age	0.2	fish	correlated	with	CPUE	of	age	0.3	fish	of	
the same year-class and with coastal catches one year after, 
which	included	mainly	age	0.3	(four-year-old)	fish.		
	 Ocean	growth	of	age	0.2	fish	correlated	negatively	with	
CPUE	(Fig.	7).		Fork	length	of	age	0.2	fish	in	offshore	wa-
ters	correlated	positively	with	age	at	maturity	for	the	same	
year-class	and	size	of	mature	fish	in	the	same	year.	 	These	
relationships indicate that trends in abundance and biologi-
cal characteristics are affected by ocean conditions.
 Sea surface temperatures in the CNP in July correlated 
positively	with	 the	 ratio	 of	 the	BS	CPUE	 (Figs.	 4	 and	7).		
This indicates that ocean distributions of chum salmon are 
affected by SST.

dIScuSSIoN

Abundance and ocean conditions

	 Regions	 in	which	 large	 catches	of	 chum	salmon	were	
recorded were different in the 1930s–early 1940s compared 
to the 1980s–2000s.  While large catches were recorded in 
Russia,	southeast	Alaska,	and	Canada	in	the	1930s	and	early	
1940s, large catches recorded in the 1980s–2000s were in 
Japan	and	southeast	Alaska	where	hatchery	programs	have	
been	well	developed.		This	supports	the	hypothesis	that	the	
recent increases in chum abundance may be a result of the 
development	of	hatchery	programs	and	 improved	hatchery	
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Fig. 6.  Mean fork length of mature four-year-old chum salmon (A) 
and mean age of mature chum salmon by brood year (B) in the Ishi-
kari River, Hokkaido, Japan.

were also distributed in the CNP.  The ratios of age 0.1 and 
0.2	fish	distributed	in	the	BS	correlated	positively	with	SST	
in the CNP (r = 0.684, P < 0.001 for age 0.1 and r = 0.421, 
P	=	0.036	for	age	0.2).		On	the	other	hand,	age	0.3	and	0.4	
fish	were	always	distributed	in	the	BS.		The	ratio	of	0.3	and	
0.4	fish	distributed	in	the	BS	did	not	correlate	with	SST	in	
the CNP (r = 0.129, P = 0.536 for age 0.3, and r = 0.083, P = 
0.695 for age 0.4).

Trends in Fish Size and Age

 Mean fork length by age group of chum salmon de-
creased	from	the	1970s	to	the	1990s,	but	has	increased	re-
cently	(Fig.	5).		While	mean	fork	length	of	age	0.1	fish	did	
not change appreciably (r = 0.229, P = 0.200), mean fork 
lengths	of	age	0.2,	0.3,	0.4,	and	0.5	fish	decreased	from	the	
1970s	to	the	mid	1990s	(r	=	-0.575,	P < 0.001 for age 0.2; 
r	=	-0.717,	P < 0.001 for age 0.3; r	=	-0.672,	P < 0.001 for 
age 0.4; r = -0.448, P = 0.015 for age 0.5).  Since 1994, fork 
lengths	 of	 age	 0.3,	 0.4,	 and	 0.5	 fish	 have	 increased.	 	The	
larger	change	 in	 fork	 length	of	fish	older	 than	age	0.1	fish	
indicate that ocean growth in offshore waters changed tem-
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techniques	(Mayama	1985;	Kaeriyama	1998).		However,	in	
a	 recent	 review	of	hatchery	programs	 in	Hokkaido,	 Japan,	
Morita et al. (2006) indicated that climate change, the clos-
ing	of	high-seas	fisheries,	and	improvements	in	water	quality,	
as well as hatchery programs, could explain the increase in 
salmon	abundance.		To	attribute	the	effectiveness	of	hatchery	
programs to the recent increases in chum salmon abundance, 
we need more information on topics such as differences in 
ocean	mortality	of	hatchery	and	wild	fish,	 reliable	escape-
ment	estimates,	and	freshwater	mortality	of	wild	fish.
	 An	 alternative	 hypothesis	 to	 explain	 the	 different	 dy-
namics of chum salmon stocks among regions is the effect 
of	climate	change	on	local	populations.		Large-scale	climate	
change strongly affects salmon population dynamics (e.g. 
Beamish	 and	Bouillon	1993;	Mantua	 et	 al.	 1997).	 	Large-
scale climate change has resulted in different responses 
among local ocean micro-climates and ecosystems (Mantua 
et	 al.	 1997;	Nagasawa	2000).	 	 Salmon	 survival	 responded	
differently to local SST in northern and southern areas of the 
Pacific	coast	of	North	America	(Mueter	et	al.	2002).		Inverse	
salmon	production	regimes	were	observed	between	Alaska	
and the west coast of the United States (Hare et al. 1999).  
Large-scale	climate	change	can	result	in	varying	patterns	in	
local population dynamics of chum salmon. 
	 We	 found	 correlations	 between	 mean	 summer	 PDO,	
adult catches in Asian coastal areas, and offshore CPUEs of 
chum salmon.  The relationship between the ocean climate 
(e.g.	PDO	or	Aleutian	Low	Pressure	Index)	and	salmon	abun-
dance has been reported by many authors (e.g. Beamish and 
Bouillon	1993;	Mantua	et	al.	1997).		However,	the	mecha-
nisms underlying the relationship(s) between large-scale cli-
mate	indices	and	salmon	abundance	have	not	yet	been	well	
clarified.		Large-scale	climate	indices	often	outperform	local	
climatic factors in predicting ecological processes of a local 
population, when measures of local climate parameters used 
by ecologists fail to capture complex associations between 

climate conditions and ecological factors (Hallet et al. 2004).  
The strong relationship between local ocean conditions (e.g. 
coastal sea surface temperature or upwelling) and salmon 
abundance	 has	 also	 been	 reported	 (Fukuwaka	 and	 Suzuki	
2000; Mueter et al. 2002).  Asian chum salmon dominated 
in the CNP and the BS when we used CPUE as an abun-
dance	index	in	offshore	waters	(Neave	et	al.	1976;	Seeb	et	al.	
2004).  Temporal patterns in population dynamics were not 
synchronous	among	chum	stocks	in	Asia	(Salo	1991).		Dif-
ferent temporal patterns in local population dynamics could 
be	due	 to	 differences	 in	 terrestrial	 or	 ocean	 environments,	
or mechanisms controlling population abundance.  Although 
local ocean conditions (or climate) and spawner abundance 
of chum salmon may determine the abundance of a local 
population,	a	large-scale	climate	index	(i.e.	PDO)	may	cor-
relate with offshore CPUE, which includes many local popu-
lations.

distribution and ocean conditions

 We showed that the offshore distribution of age 0.1 and 
0.2	chum	salmon	was	different	from	that	of	0.3	and	0.4	fish	
and changed with SST in July.  It is well known that the off-
shore	distribution	of	Pacific	salmon	is	affected	by	SST.		Man-
zer	et	al.	(1965)	reviewed	the	offshore	distribution	of	gillnet	
catches	in	the	Japanese	salmon	fishery	and	the	International	
North	Pacific	Fisheries	Commission	salmon	research.		They	
indicated that geographical and SST ranges of salmon distri-
bution	changed	with	season.		Neave	et	al.	(1976)	showed	that	
immature chum salmon were distributed in waters warmer 
than	 those	 occupied	 by	maturing	 fish	 from	April	 to	 June.		
Sea	surface	temperature	may	influence	growth	and	feeding	
activity	because	chum	salmon	are	distributed	in	the	surface	
layer.	 	 Pacific	 salmon	might	 select	 an	SST	 range	 to	 either	
maximize	or	ensure	somatic	growth	(Welch	et	al.	1995;	Rand	
2002).  Maturing chum salmon begin their homing migration 

Fig. 7.  Relationships among trends in ocean conditions, abundance, and biological characteristics of chum salmon in year t.  PDO, Pacific 
Decadal Oscillation; SST, sea surface temperature; CNP, central North Pacific; FL, fork length.  Numeral indicates a standard partial regression 
coefficient or correlation coefficient and asterisks indicate statistical significance (t-test, *** P ≤ 0.001, ** P ≤ 0.01, * P ≤ 0.05).
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in	June	(Neave	et	al.	1976).	 	While	younger	chum	salmon	
may	actively	select	waters	with	a	preferred	range	of	SST	to	
maximize	somatic	growth,	older	and	maturing	fish	might	be	
distributed in cooler waters of the BS and less affected by 
SST.

Abundance, ocean Growth, Age, and Size at Maturity

	 We	found	a	negative	correlation	between	offshore	CPUE	
and ocean growth of chum salmon.  Ishida et al. (1993) 
showed	a	negative	correlation	between	CPUE	and	fish	size	
using Japanese research data in offshore CNP, and discussed 
density-dependent growth of chum salmon.  Some authors 
thought	that	the	density-dependent	growth	of	Pacific	salmon	
could be the result of competition for food (e.g. Ishida et al. 
1993;	Bigler	et	al.	1996).		Peterman	(1987)	showed	that	in-
traspecific	competition	for	food,	such	as	the	negative	corre-
lation	between	fish	size	of	Fraser	River	pink	salmon	and	the	
number	of	fish	per	zooplankton	biomass	at	ocean	station	P	
in	the	Gulf	of	Alaska.		In	addition,	interspecific	competition	
for	food	(i.e.	zooplankton)	may	occur	among	salmon	species	
or	other	 zooplankton	 feeders	 (e.g.	Ruggerone	et	 al.	2003).		
To clarify the mechanisms of density-dependent growth of 
Pacific	salmon,	 it	 is	necessary	 to	study	competition	within	
and among species of salmon and other plankton feeders in 
the	ecosystem	of	the	North	Pacific	and	the	BS.
	 Ocean	growth	affected	age	at	maturity	of	the	same	year-
class	 of	 chum	 salmon.	 	 Fish	 size	 was	 strongly	 related	 to	
individual	fitness	 because	 large	 females	 can	produce	 large	
numbers	of	eggs	and	large	males	have	some	advantages	in	
mating competition (Hendry et al. 2004).  Parr of Atlantic 
salmon	males	exceeding	a	threshold	size	initiated	maturation	
(Myers	 et	 al.	 1986;	Baum	et	 al.	 2004).	 	However,	physio-
logical studies indicate that somatic growth is linked closely 
with sexual maturation mediated by the endocrine system, 
such as the secretion of growth hormone and insulin-like 
growth	factor-I	 in	vertebrates	 (reviewed	by	Chandrashekar	
et al. 2004).  Growth history affected maturation stronger 
than	fish	size	in	chum	salmon	(Morita	and	Fukuwaka	2006).		
Although	a	threshold	size	for	maturation	may	be	necessary	
to reach sexual maturity, a proximate factor initiating sexual 
maturity	may	be	the	level	of	ocean	growth	in	chum	salmon.
	 Fork	 length	 of	 age	 0.2	fish	 correlated	 negatively	with	
age	at	maturity	and	positively	with	size	at	maturity.		Several	
authors	have	reported	that	a	decrease	in	size	and	an	increase	
in age of mature salmon occurred simultaneously in many 
populations	around	the	North	Pacific	from	the	1970s	to	the	
1990s (e.g. Ishida et al. 1993; Bigler et al. 1996).  In the 
theory of life-history strategy, an optimal response to a re-
duced	growth	rate	is	an	increase	in	age	and	decrease	in	size	
at maturity (Stearns 1992).  Using the scale back-calculation 
techniques, Morita et al. (2005) indicated that a recent in-
crease	in	age	and	decrease	in	size	of	Japanese	chum	salmon	
could result from a growth reduction during ocean life, sup-
porting	the	hypothesis	that	change	in	age	and	size	at	maturity	

is	an	adaptive	response.

International Survey for Mechanisms

	 The	North	Pacific	Anadromous	Fish	Commission	con-
ducted	an	international	survey	from	2002	to	2006	called	the	
Bering-Aleutian	Salmon	International	Survey	(BASIS)	that	
will form the foundation for long-term, large-scale ecosys-
tem research on salmon in the Bering Sea (NPAFC 2001).  
The goal of BASIS is to understand the mechanisms under-
lying	the	effects	of	environmental	variation	and	density-de-
pendence on the salmon carrying capacity in the Bering Sea.  
Key factors determining chum salmon production may occur 
in the Bering Sea as well as in coastal waters during early 
ocean life because ocean growth of chum salmon is higher 
in summer than in other seasons (Ishida et al. 1998).  BASIS 
may elucidate the mechanisms underlying the relationship 
between trends in abundance and biological characteristics 
of chum salmon.

coNcLuSIoNS

	 At	present,	the	size	and	age	of	chum	salmon	continues	
to	increase	even	though	chum	salmon	abundance	around	the	
North	Pacific	is	at	the	highest	level	ever.		In	the	past,	abun-
dance	and	biological	characteristics	of	chum	salmon	fluctu-
ated on a decadal scale.  Abundance and biological character-
istics correlated with each other and were affected by ocean 
or	climate	conditions.		For	conservation	and	sustainable	use	
of chum salmon stocks, we should monitor the abundance 
and	biological	characteristics	in	rivers	and	the	ocean.
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