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Abstract:  After the North Pacific ocean climate change in 1976–77, most species of Pacific salmon (Oncorhyn-
chus spp.) in North America and Asia increased in abundance and declined in body size up until the early 1990s.  
Several authors attributed this decline in body size of chum salmon (O. keta) to increasing population density of 
chum salmon in the ocean.  In the mid-1990s, the body size of adult chum salmon increased in several streams in 
North America in spite of high population numbers.  To determine if these increases in body size were restricted to 
local areas or more widespread geographically in North America, we examined data on the abundance and mean 
body size of salmon from commercial catches in waters from northern Alaska south to the state of Oregon among 
three time periods (1960–76, 1977–94, 1995–2006).  Trends in body size indicate that northern and southern pop-
ulations of chum, pink, and sockeye, and coho in Washington and Oregon experienced increased body size in the 
mid-1990s.  In correlation analyses, chum, pink (O. gorbuscha), and sockeye salmon (O. nerka) body size was, in 
many cases, negatively related to abundance, and more negatively correlated during the 1977–94 period.  For the 
1960–76 period, the abundance of Pacific salmon was low, and the effect of density-dependence on the fish was 
the lowest.  For the 1977–94 period, salmon were numerous and the effect of density on the body size of salmon 
was significant in many cases.  For the 1995–2006 period, the abundance of salmon remained high, however, the 
body size of the salmon was not commonly related to population density.  The 1995–2006 period appears most 
favorable for salmon, in that ocean resources supported salmon of large body size and large population numbers. 
We conclude that the carrying capacity of the North Pacific Ocean for producing Pacific salmon is not a constant 
value and varies with changing environmental and biological factors.
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IntrODuCtIOn

	 Ocean	climate	in	the	North	Pacific	Ocean	changed	dra-
matically	after	1976	(Miller	et	al.	1994).		Following	this	cli-
mate	shift,	Pacific	salmon	(Oncorhynchus	 spp.)	abundance	
in	Alaska	increased	to	record	levels	by	the	mid	1980s	(Fig.	
1).		However,	as	salmon	populations	were	increasing	in	num-
bers,	the	size	of	individuals	decreased	and	their	age	at	matu-
rity	increased	(Ishida	et	al.	1993;	Helle	and	Hoffman	1995;	
Bigler	et	al.	1996).		The	decline	in	body	size	was	statistically	
significant.		For	example,	two	North	American	chum	salmon	
(Oncorhynchus keta)	populations	in	Washington	and	one	in	
southeast	Alaska	declined	46%	in	weight	between	the	early	
1970s	and	the	early	1990s	(Helle	and	Hoffman	1995).		The	
large	decline	in	size	of	chum	salmon	that	accompanied	the	
large	increase	in	abundance	(Fig.	2)	suggested	that	 the	de-
cline	in	size	was	density-dependent.
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	 By	 the	 mid-1990s,	 these	 two	 North	 American	 chum	
salmon	populations	were	 showing	an	 increase	 in	body	size	
(Helle	and	Hoffman	1998).		However,	commercial	harvest	of	
chum	salmon	in	the	North	Pacific	Ocean	remained	high	(Fig.	
2).		Helle	and	Hoffman	(1998)	suggested	that	because	body	
size	was	increasing	while	the	population	abundance	remained	
high,	another	ocean	climate	change	may	have	occurred.
	 Bigler	 et	 al.	 (1996)	 compared	 the	 size	 of	 all	 Pacific	
salmon	from	northern	Alaska	south	to	California	from	1970	
through	the	early	1990s	and	showed	that	all	species	had	ex-
hibited	significant	declines	in	size.		In	the	present	paper,	we	
compare	size	changes	of	salmon	from	the	early	1960s	into	
the	mid-2000s	in	a	broad	geographic	area	similar	to	the	ap-
proach	used	by	Bigler	et	al.	(1996).		Our	objectives	were	to	
learn:	1)	if	the	increase	in	body	size	of	chum	salmon	in	the	
mid	1990s	described	by	Helle	and	Hoffman	(1998)	occurred	
throughout	their	range	in	North	America,	2)	if	this	increase	
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MAtErIALS AnD MEtHODS

Abundance Estimates

	 Indices	of	abundances	for	anadromous	chum,	pink	(O. 
gorbuscha),	sockeye	(O. nerka),	coho	(O. kisutch),	and	Chi-
nook	(O. tshawytscha)	salmon	were	estimated	as	 the	num-
ber	of	salmon	captured	in	the	commercial	fisheries	in	North	
American	waters	and	the	entire	Pacific	Ocean	(North	Amer-
ica	and	Asia)	from	1960	to	2005.		We	reported	abundance	in	
millions	of	fish.		The	North	Pacific	Anadromous	Fish	Com-
mission	documents	and	Statistical	Yearbooks	were	sources	
for	harvest	statistics	from	the	commercial	fisheries	of	Japan,	
Russia,	Alaska,	British	Columbia,	Washington,	Oregon,	and	
California.		Commercial	catch	may	sometimes	not	be	a	good	
indicator	of	abundance	due	to	changes	in	fishing	effort	as	a	
consequence	of	changes	in	monetary	value,	weather	condi-
tions,	and	social	and	cultural	events.		Data	on	escapement	to	
estimate	adult	returns	were	not	available	for	the	time	series	
used	in	the	analysis.	

Body Size Estimates

	 Mean	body	size	of	Pacific	salmon	was	estimated	from	
commercial	 fisheries	 harvest	 statistics	 from	 Kotzebue	 in	
northern	Alaska	 to	 the	 state	 of	 Oregon	 for	 1960	 to	 2006.		
Mean	body	weight	(kg)	was	calculated	as	the	total	biomass	
of	salmon	captured	(kg)	during	year	t	divided	by	the	numbers	
of	 salmon	captured	 (N)	during	year	 t.	 	Mean	body	weight	
was	calculated	for	chum,	pink,	sockeye,	coho,	and	Chinook	
salmon.
	 Regions	 included	 Kotzebue,	 Norton	 Sound,	 Kuskok-
wim,	Yukon	during	 the	summer	salmon	run,	Yukon	during	
the	 fall	 run,	Bristol	Bay,	 central	Alaska,	 southeast	Alaska,	
northern	 British	 Columbia,	Washington,	 and	Oregon	 (Fig.	
3).	 	Mean	size	of	central	Alaska	salmon	was	calculated	as	
the	average	of	 the	average	size	of	salmon	from	the	Alaska	
Peninsula,	Chignik,	Kodiak,	Cook	Inlet,	and	Prince	William	
Sound	areas	(Fig.	3).		Chinook	size	was	not	presented	for	Or-
egon,	Washington,	northern	British	Columbia,	and	southeast	
Alaska	due	to	size	restrictions	in	the	troll	fisheries.
	 Biomass	 and	 numbers	 from	 salmon	 harvest	 statistics	
were	available	from	several	sources.		For	Alaska,	the	Alaska	
Department	 of	 Fish	 and	Game	 (ADFG)	 provided	 biomass	
and	numbers	 for	 pink,	 chum,	 sockeye,	 coho,	 and	Chinook	
captured	from	commercial	fisheries	management	regions	in	
Alaska	from	1960	to	2006	(Doug	Eggers,	Alaska	Department	
of	Fish	and	Game,	Commercial	Fisheries	Division,	P.O.	Box	
25526,	Juneau,	AK	99802-5526).		The	1960–76	data	origi-
nated	from	International	North	Pacific	Fisheries	Commission	
Bulletin	79	and	the	1977–2006	data	from	ADFG	fish	tickets.		
For	northern	British	Columbia,	the	Department	of	Fisheries	
and	Oceans’	Division	of	Data	and	Statistics	webpage	was	the	
source	of	biomass	and	numbers	for	chum,	pink,	sockeye,	and	
coho	salmon	captured	in	the	Area	3	management	region	in	
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Fig. 1.  Total Alaska salmon catch, 1882–2006, all species included.   
Data are from Alaska Department of Fish and Game.
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Fig. 2.  Commercial harvest of salmon in North America and in all of 
the Pacific Ocean (North America and Asia), 1960–2006.

in	body	size	occurred	in	all	species	of	salmon,	3)	if	body	size	
of	salmon	was	related	to	abundance,	and	4)	if	body	size	of	
salmon	was	related	to	ocean	regime	changes.				
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waters	off	northern	British	Columbia,	Canada	from	1969	to	
2006	(DFO	2006).		For	Washington,	the	Washington	Depart-
ment	of	Fish	and	Wildlife	provided	biomass	and	numbers	for	
chum,	pink,	and	sockeye	salmon	harvested	from	the	Puget	
Sound	commercial	fishery	for	years	from	1980	to	2004	(Lee	
Hoines,	Washington	Department	of	Fish	and	Wildlife,	Natu-
ral	Resources	Building,	1111	Washington	St.	SE,	Olympia,	
WA	98501;	Hoineljh@dfw.wa.gov).		For	Oregon,	the	Oregon	
Department	of	Fish	and	Wildlife	provided	biomass	and	num-
bers	for	coho	salmon	harvested	from	the	commercial	ocean	
troll	salmon	fishery	off	the	Oregon	coast	from	1979	to	2004	
(Eric	 Schindler,	Oregon	Department	 of	 Fish	 and	Wildlife,	
Marine	Resources	Program,	2040	SE	Marine	Science	Drive,	
Newport,	OR	97365).	

trends in Body Size and Abundance of Salmon

	 Line	plots	were	used	to	show	the	inter-annual	variation	
in	mean	 body	 size	 and	 salmon	 abundance	 over	 time.	 	 To	
show	the	low-frequency	trends	over	time	we	fitted	a	locally	
weighted	smoothed	regression	line	to	annual	values	of	mean	
body	size	(Cleveland	and	Devlin	1988).		Smoothing	options	
were	specified	as	a	0.3	span	value	and	a	one	degree	 linear	
fitting.	

relation between Body Size and Abundance of Salmon

	 The	 relationships	 between	mean	 body	 size	 of	 salmon	
populations	and	 the	abundance	of	Pacific	salmon	were	de-

scribed	using	the	Pearson	product	moment	correlation	coef-
ficient.	 	The	coefficient	measures	 the	tendency	of	 the	vari-
ables	 to	 increase	 or	 decrease	 together.	 	 The	 coefficient	 is	
calculated	by	dividing	the	covariance	between	the	two	vari-
ables	by	the	product	of	their	standard	deviations.		Analyses	
were	conducted	using	SigmaStat	statistical	software	(1997).		
Coefficients	were	considered	statistically	significant	at	the	P 
<	0.05	level	(*)	and	more	significant	at	P	<	0.01	(**).		
	 Comparisons	 were	 made	 between	 salmon	 body	 size	
and	 salmon	 abundance	 indices	 during	 three	 time	 periods.		
The	 time	 periods	 were:	 pre-	 ocean	 regime	 change,	 1960–
76;	ocean	 regime	change	1977–94;	and	post	ocean	 regime	
change	 1995–2005.	 	 Designations	 for	 time	 periods	 were	
based	on	the	1976–77	ocean	regime	shift	(Hare	and	Francis	
1995),	and	the	1995	increase	in	body	size	of	chum	salmon	at	
Fish	Creek,	Hyder,	Alaska	(Helle	and	Hoffman	1998).		Com-
parisons	were	made	between	salmon	size	and	catch	in	North	
America	and	in	the	North	Pacific	Ocean	(North	America	and	
Asia)	because	populations	from	North	America	and	Asia	are	
known	to	intermingle	in	the	North	Pacific	Ocean	(Myers	et	
al. 1996).

rESuLtS

Abundance of Salmon

	 Catches	of	chum	salmon	in	both	Asia	and	North	America	
have	generally	been	increasing	since	the	ocean	climate	change	
of	1976–77	(Fig.	2).		Asian	chum	salmon	reached	peak	num-

Fig. 3.  Locations of salmon populations examined for changes in body size over time.



NPAFC Bulletin No. 4

292

Helle et al.

bers	in	1996,	while	chum	salmon	in	North	America	reached	
peak	numbers	in	1998.		The	abundance	of	chum	salmon	has	
remained	at	relatively	high	levels	from	the	mid	1990s	to	the	
mid	2000s.		Asian	and	North	American	pink	salmon	have	also	
been	generally	increasing	in	abundance	since	the	mid	1970s.
	 Sockeye	 salmon	 catches	 also	 increased	 after	 the	 mid	
1970s	 and	 peaked	 in	 abundance	 in	 both	 Asia	 and	 North	
America	in	1993	(Fig.	2).		However,	sockeye	salmon	abun-
dance	declined	from	1993	to	1998,	and	remained	relatively	
constant	from	1998	to	2005.
	 Coho	 salmon,	 unlike	 chum,	pink,	 and	 sockeye,	 do	not	
show	an	increase	in	abundance	following	the	mid	1970s	(Fig.	
2).		Coho	salmon	abundance	increased	during	the	early	1960s	
and	 remained	at	 relatively	high	 levels	until	 a	 large	drop	 in	
1997.	 	 Coho	 salmon	 have	 remained	 at	 lower	 levels	 to	 the	
present	time.
	 Chinook	salmon	show	a	trend	in	abundance	opposite	to	
that	of	chum,	pink,	and	sockeye	salmon	(Fig.	2).		The	total	
North	Pacific	and	North	American	catch	of	Chinook	salmon	
increased	 from	 1960	 to	 the	 mid	 1970s,	 and	 then	 declined	
from	the	mid	1970s	to	the	mid	2000s	(Fig.	2).		

Body Size of Salmon

Chum salmon 
	 Except	for	Yukon	River	fall	chum	salmon,	populations	
in	western	Alaska	(areas	1–5	on	Fig.	3)	showed	a	decline	in	
body	size	after	 the	mid	1970s	with	a	 reversal	 in	 this	 trend		
toward	larger	body	size	after	the	mid	1990s	(Fig.	4).		Chum	

salmon	from	central	Alaska	south	to	the	state	of	Washington	
(areas	6–13	on	Fig.	3)	show	remarkable	similarity	in	declin-
ing	size,	 reaching	a	 low	point	 in	1993.	 	They	 then	show	a	
general	increasing	trend	in	body	size	until	another	significant	
drop	starting	in	2003	(Fig.	5).

Pink Salmon
	 Pink	 salmon	 populations	 from	Bristol	Bay	 in	western	
Alaska	south	to	Washington	show	a	decline	in	body	size	be-
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to	the	present	time,	the	size	of	pink	salmon	has	generally	in-
creased.		However,	pink	salmon	in	the	2000s	are	not	as	large	
as	they	were	in	the	mid	1970s	(Fig.	6).

Sockeye Salmon 
	 Sockeye	salmon	populations	from	Bristol	Bay	south	to	
Washington	show	a	decline	in	body	size	after	the	mid	1970s	
to	the	mid	1990s	(Fig.	7).		After	the	mid	1990s,	the	body	size	
of	sockeye	salmon	increased	slightly;	however,	by	the	mid	
2000s	size	again	declined.

Coho Salmon
	 Size	of	Kuskokwim	River	coho	salmon	is	highly	vari-
able	 (Fig.	8).	 	Body	size	of	coho	salmon	from	central	and	
southeast	Alaska	 has	 been	 declining	 since	 the	 late	 1980s.		
Populations	 from	 northern	 British	 Columbia,	Washington,	
and	Oregon	declined	 in	 size	 from	 the	early	1970s	 through	
the	early	1990s	(Fig.	8).		After	the	early	1990s	these	southern	
coho	salmon	populations	increased	in	body	size.

Chinook Salmon  
	 Chinook	 salmon	 from	 the	 Yukon	 River	 in	 the	 north	
through	central	Alaska	all	show	a	continuous	decline	in	body	
size	from	the	mid	1970s	to	the	present	time	(Fig.	9).

relation between Body Size and Abundance of Salmon

	 Correlations	between	body	size	and	abundance	among	
populations	of	chum,	pink,	and	sockeye	salmon	were	nega-
tive	(Tables	1	and	2).		Correlations	between	coho	and	Chi-
nook	 salmon	 were	 mixed,	 some	 negative,	 some	 positive.		
Chum,	pink,	and	sockeye	salmon	showed	a	greater	number	
of	significant	correlations	between	size	and	abundance	dur-
ing	 the	period	following	 the	climate	shift	 in	 the	North	Pa-
cific	Ocean	 in	1977–94	 (Tables	1	and	2),	 than	 in	1960–76	
and	1977–2005.		Correlations	with	chum	salmon	were	also	
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ginning	in	the	mid	1970s	and	continuing	through	the	early	
1990s	(Fig.	6).		A	low	point	in	the	decline	in	pink	salmon	size	
occurred	in	1991,	except	for	populations	in	the	most	north-
erly	and	most	southerly	areas	(Fig.	6).		From	the	early	1990s	
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more	frequently	significant	when	body	size	was	compared	to	
abundance	of	the	total	Pacific	Ocean	catch	(Table	2)	rather	
than the North American catch.

DISCuSSIOn 

	 Declines	in	body	size	of	North	American	and	Asian	pop-
ulations	of	Pacific	salmon	occurred	from	the	mid	1970s	to	
the	mid	1990s	(Ishida	et	al.	1993;	Helle	and	Hoffman	1995,	
1998;	and	Bigler	et	al.	1996).		These	authors	suggested	that	
the	declines	in	body	size	may	have	been	caused	by	the	in-
crease	in	abundance	of	salmon	and	the	resulting	density-de-
pendent	 competition	 for	 resources.	 	The	 increased	 salmon	
abundance	in	 the	North	Pacific	Ocean	from	the	mid	1970s	
through	the	mid	1900s	has	been	attributed	to	enhanced	food	
production	 resulting	 from	 coastal	 ocean	 warming	 in	 the	
eastern	North	Pacific	Ocean	following	a	climate	change	in	
1976–77	(McLain	1984;	Beamish	and	Bouillon	1993;	Miller	
et	al.	1994;	and	Hare	and	Francis	1995).	
	 Helle	and	Hoffman	(1995)	described	a	steep	decline	in	
body	size	for	two	North	American	chum	salmon	populations	
between	the	early	1970s	and	the	early	1990s,	and	suggested	
that	the	decline	may	have	been	caused	by	increasing	popula-
tion	density	during	 this	 time.	 	 In	 the	mid	1990s,	however,	
these	two	populations	showed	an	increase	in	body	size	even	
though	 population	 abundance	 remained	 high	 (Helle	 and	

Hoffman	 1998).	 	 These	 authors	 suggested	 that	 increasing	
body	size	at	high	population	abundance	levels	may	have	sig-
naled	a	change	in	ocean	climate	in	the	North	Pacific	Ocean.	
The	 changes	 in	 the	 body	 size	 in	 the	 two	 populations	 de-
scribed	by	Helle	and	Hoffman	(1995	and	1998)	were	highly	
significant.		Sample	sizes	were	generally	large	within	years	
over	the	24-year	sampling	period.		In	addition,	their	data	on	
chum	salmon	size	was	age-specific	so	changes	in	size	were	
not	obscured	by	combining	multiple	age	groups.	
	 The	concordance	of	all	the	chum	salmon	populations	ex-
amined	in	the	North	Pacific	Ocean	(south	of	the	Bering	Sea)	
to	 increase	 in	 body	 size	 after	 attaining	 a	 common	 smaller	
size	in	1993	(Fig.	5)	would	suggest	that	some	common	event	
was	responsible	for	the	small	size	in	1993	and	the	rebound	
in	size	thereafter.		In	general,	chum	salmon	in	the	Bering	Sea	
show	a	decline	in	size	after	the	mid	1970s	and	an	increase	in	
size	after	the	mid	1990s	(Fig.	4);	however,	the	time	of	these	
size	changes	is	different	from	those	populations	in	the	North	
Pacific	Ocean	south	of	the	Bering	Sea.	
	 The	body	size	of	pink	salmon	in	populations	from	Alas-
ka	tend	to	show	a		decline	in	size	after	the	mid	1970s,	reach	
a	low	point	about	1991,	and	rebound	in	size	thereafter	(Fig.	
6).	 	This	1991	 low	point	 in	 size	 for	pink	 salmon	occurred	
two	 years	 before	 the	 1993	 low	 point	 in	 size	 body	 size	 of	
chum	salmon.		Pink	salmon	mature	as	2-year-olds,	and	chum	
salmon	mature	mostly	as	3-,	4-,	and	5-year-olds;	however,	4	

Table 1.  Pearson correlation coefficients relating mean body size of Pacific salmon to the total commercial catch of salmon in North America.  
Gray columns indicate no significant correlation.

BODY    1960–1976 CATCH 1977–1994 CATCH  1995– 2005 CATCH 

SIZE AREA Chum Pink Sockeye Coho Chinook Chum Pink Sockeye Coho Chinook Chum Pink Sockeye Coho Chinook 

CHUM Kotzebue 0.585 -0.305 -0.477 0.327 0.797* -0.475* -0.530* -0.431 -0.362 0.548* -0.237 -0.067 -0.539 -0.183 -0.579 

  Norton Sound 0.544 -0.309 -0.56 0.253 0.697* -0.472* -0.554* -0.444 -0.130 0.482* -0.190 0.055 0.038 0.207 -0.052 

  Yukon R. Summer 0.358 -0.446 -0.678 0.052 0.691 -0.440 -0.339 -0.217 -0.004 0.448 -0.168 -0.058 -0.200 -0.118 -0.38 

  Yukon R. Fall 0.536 -0.230 -0.076 -0.005 0.780* -0.393 -0.598* -0.345 -0.615* 0.481 0.136 -0.182 -0.086 0.275 0.114 

  Kuskokwim -0.223 -0.805* -0.324 -0.020 0.850* -0.337 -0.605** -0.434 -0.224 0.495* 0.192 -0.356 -0.408 -0.150 -0.581 

  Bristol Bay 0.018 0.081 0.028 0.303 -0.073 -0.143 -0.622** -0.615** -0.362 0.658** -0.180 -0.097 -0.188 0.218 -0.418 

  Central AK 0.084 0.056 -0.246 0.364 0.091 -0.264 -0.625** -0.765** -0.127 0.705** 0.347 -0.309 -0.096 -0.026 -0.469 

  Southeast AK -0.094 0.081 0.024 0.001 -0.150 -0.490* -0.602** -0.718** -0.194 0.745** 0.262 -0.254 -0.166 -0.093 -0.327 

  N British Columbia -0.401 -0.779* -0.638 -0.354 0.093 -0.589** -0.593** -0.584** -0.408 0.586** 0.090 0.158 -0.128 0.069 -0.620* 

  Washington 0.110 -0.322 -0.294 -0.101 0.401 -0.394 -0.474* -0.528* 0.048 0.514* 0.009 -0.235 -0.406 -0.642* -0.139 
                    

PINK Bristol Bay -0.078 -0.583* -0.131 -0.357 0.240 -0.500* -0.391 -0.303 -0.444 0.286 -0.136 0.007 0.069 -0.018 0.327 

  Central AK -0.059 -0.561* -0.151 0.071 0.091 -0.128 -0.729** -0.596** -0.207 0.512* -0.370 -0.104 -0.213 0.130 0.269 

  Southeast AK -0.432 -0.174 0.295 0.019 -0.113 -0.434 -0.692** -0.620** -0.379 0.594** -0.378 -0.384 -0.331 -0.591 0.346 

  N British Columbia -0.665* 0.237 0.467 -0.154 -0.454 -0.463* -0.534* -0.449 -0.347 0.483* -0.265 -0.259 -0.507 -0.531 0.031 

  WA -0.589 -0.208 0.266 -0.140 0.187 -0.625** -0.282 -0.440 -0.604** 0.315 0.088 -0.211 -0.205 -0.481 -0.223 
                    

SOCKEYE Bristol Bay 0.376 -0.176 -0.374 0.327 0.506* -0.041 -0.488* -0.486* -0.143 0.637** -0.464 0.027 -0.446 -0.107 -0.378 

  Central AK 0.473 -0.251 -0.283 0.414 0.783** -0.524* -0.794** -0.751** -0.452 0.773** -0.001 -0.192 -0.142 0.019 -0.117 

  Southeast AK 0.423 0.164 0.139 0.672** 0.295 -0.500* -0.675** -0.698** -0.236 0.759** 0.234 -0.589 -0.410 -0.088 -0.436 

  N British Columbia 0.343 -0.476 -0.378 0.177 0.247 -0.348 -0.563* -0.594** -0.258 0.545* -0.114 -0.427 -0.904** -0.686* -0.680* 

  Washington -0.163 0.170 0.470 0.568 -0.472 -0.065 -0.618** -0.651** 0.172 0.648** 0.277 -0.001 -0.331 0.189 -0.676* 
                    

COHO Kuskokwim -0.691 0.014 -0.078 -0.284 -0.398 -0.138 -0.390 -0.329 -0.260 0.206 -0.332 -0.197 -0.510 0.084 -0.072 

  Central AK -0.390 -0.052 0.113 0.455 0.095 0.084 -0.333 -0.407 0.094 0.280 0.351 -0.756** -0.417 0.041 -0.117 

  Southeast AK -0.343 0.105 0.366 0.172 -0.464 0.220 -0.341 -0.460* 0.074 0.292 0.525 -0.730** -0.128 0.213 0.094 

  British Columbia -0.032 0.523 0.811* 0.383 -0.552 0.325 0.026 -0.012 0.144 -0.265 0.150 -0.265 0.029 0.094 -0.081 

  Washington 0.342 0.153 0.33 -0.629 -0.446 -0.453* -0.197 -0.582** -0.133 0.539 -0.003 0.228 -0.077 0.139 -0.463 

  Oregon 0.077 -0.075 0.395 -0.115 -0.200 -0.136 -0.267 -0.356 -0.277 0.456 -0.193 -0.617 0.095 0.654 0.633 
                    

CHINOOK Yukon R -0.391 -0.059 -0.155 -0.698 -0.597 -0.280 -0.552* -0.521* -0.274 0.393 -0.62 0.664* 0.571 0.423 0.683* 

  Kuskokwim 0.547 -0.28 -0.078 -0.039 0.468 -0.550* -0.496* -0.670** -0.396 0.537* -0.010 0.213 -0.031 0.190 -0.362 

  Bristol Bay 0.353 -0.284 -0.056 0.467 0.634** -0.429 -0.759** -0.717** -0.492* 0.691** -0.084 0.030 0.093 0.661* 0.227 

  Central AK 0.191 -0.443 -0.195 0.458 0.794** -0.202 -0.445 -0.671** -0.339 0.487* 0.241 0.102 0.763** 0.560 0.673* 

 

– 
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years	is	a	common	age	at	maturity	for	chum	salmon	through-
out	North	America	(Salo	1991).		Four-year-old	chum	salmon	
returning	in	1993	and	pink	salmon	returning	in	1991	would	
be	 from	 the	 same	 brood	 year	 (1989).	 	A	 relation	 between	
the	size	at	maturity	of	pink	and	chum	salmon	from	the	same	
brood	year	 is	not	 likely	because	Helle	 (1979)	 showed	 that	
chum	salmon	of	different	ages	show	a	similarity	 in	size	at	
maturity	based	on	 return	year	 and	not	brood	year.	 	There-
fore,	growth	in	the	last	year	in	the	ocean	is	very	important	
in	determining	final	 size	at	maturity.	 	The	commonality	 in	
the	North	Pacific	Ocean	for	most	pink	salmon	to	reach	a	low	
point	in	size	in	1991	may	be	associated	with	the	large	num-
bers	of	maturing	pink	salmon	in	the	North	Pacific	Ocean	in	
1991	(Fig.	2).		The	reason	for	chum	salmon	to	reach	a	low	
point	in	size	in	1993	may	be	related	to	abundance	(Fig.	2),	
but	the	association	with	large	population	abundance	is	not	as	
clear	as	it	is	for	pink	salmon.	
	 Population	 density,	 as	 mentioned	 previously,	 was	
strongly	 suspected	of	being	a	major	 influence	 in	 the	 long-
term	decline	 in	size	 in	Pacific	salmon	 in	 the	mid	1970s	 to	
the	early	1990s.	 	The	 influence	of	 intra-species	population	
density	and/or	inter-species	population	density	being	a	factor	
in	the	increase	in	size	at	maturity	of	chum	salmon	after	the	
mid	1990s	is	unlikely,	because	population	numbers	generally	
remained	high	after	the	mid	1990s	(Figs.	1	and	2).		
	 North	American	and	Asian	populations	of	salmon,	espe-

BODY    1960 –1976 CATCH 1977–1994 CATCH  1995–2005 CATCH 

SIZE AREA Chum Pink Sockeye Coho Chinook Chum Pink Sockeye Coho Chinook Chum Pink Sockeye Coho Chinook 

CHUM Kotzebue 0.898* -0.394 -0.529 0.222 0.769* -0.602** -0.453 -0.446 -0.021 0.581** -0.634* -0.289 -0.632 -0.272 -0.681* 

  Norton Sound 0.522 -0.296 -0.593 0.270 0.649 -0.605** -0.519* -0.455 0.172 0.538* 0.347 -0.128 0.188 0.001 0.001 

  Yukon R. Summer 0.437 -0.188 -0.681 0.636 0.208 -0.404 -0.421 -0.241 0.128 0.384 -0.156 -0.152 -0.101 -0.351 -0.351 

  Yukon R. Fall 0.584 -0.084 -0.336 -0.045 0.716* -0.444 -0.315 -0.373 -0.430 0.355 0.598 0.108 0.484 0.328 0.328 

  Kuskokwim 0.684 0.096 -0.914** 0.267 0.784* -0.586* -0.529* -0.467* 0.156 0.466* -0.133 -0.456 -0.325 -0.538 -0.538 

  Bristol Bay 0.176 -0.123 -0.050 -0.052 -0.052 -0.471* -0.468* -0.633** -0.107 -0.205 0.037 -0.386 -0.159 0.213 -0.479 

  Central AK 0.027 -0.321 -0.295 0.463 0.208 -0.630** -0.540* -0.805** 0.236 0.633** 0.340 -0.272 0.077 0.110 -0.357 

  Southeast AK -0.058 -0.058 0.037 0.025 -0.041 -0.726** -0.536* -0.727** 0.203 0.816** 0.261 -0.122 0.009 0.027 -0.209 

  N British Columbia -0.304 0.210 -0.625 0.002 0.136 -0.672** -0.478* -0.583** -0.022 0.650** -0.116 -0.017 -0.103 0.090 -0.611* 

  Washington 0.381 -0.443 -0.260 0.080 0.816* -0.565* -0.477* -0.569** 0.436 0.574** -0.441 0.056 -0.336 -0.618* -0.053 
                                  

PINK Bristol Bay 0.315 -0.023 -0.087 -0.309 0.096 -0.337 -0.028 -0.326 -0.411 0.215 -0.459 -0.189 -0.182 -0.185 0.161 

  Central AK 0.060 -0.380 -0.169 0.043 0.429 -0.579** -0.577** -0.608** 0.085 0.459 -0.132 -0.206 -0.293 0.025 0.171 

  Southeast AK -0.207 -0.007 0.316 -0.123 -0.139 -0.651** -0.417 -0.614** -0.128 0.599** -0.212 -0.227 -0.355 -0.623* 0.366 

  N British Columbia -0.745* 0.560 0.466 0.005 -0.454 -0.503* -0.213 -0.451 -0.186 0.460* 0.028 0.148 -0.192 -0.407 0.208 

  WA -0.286 0.731 0.197 0.039 -0.038 -0.562* 0.053 -0.429 -0.276 0.470* -0.567 -0.211 -0.408 -0.548 -0.283 
                                  

SOCKEYE Bristol Bay 0.246 0.032 -0.427 0.264 0.337 -0.354 -0.415 -0.485* 0.022 0.426 -0.249 -0.048 -0.349 -0.104 -0.413 

  Central AK 0.215 0.099 -0.389 0.403 0.639** -0.766** -0.557** -0.766** -0.099 0.635** -0.001 -0.387 -0.058 0.049 -0.388 

  Southeast AK 0.089 -0.196 0.044 0.443 0.263 -0.674** -0.511* -0.706** 0.113 0.696** 0.195 -0.598 -0.274 -0.011 -0.351 

  N British Columbia 0.180 -0.602 -0.384 0.331 0.478 -0.647** -0.507* -0.589** 0.216 0.589** -0.537 -0.218 -0.878** -0.663 -0.625* 

  Washington -0.273 -0.607 0.443 0.548 0.078 -0.465* -0.662** -0.680** 0.541* 0.521* -0.335 -0.084 -0.413 0.156 -0.751** 
                                  

COHO Kuskokwim -0.110 -0.106 -0.013 -0.265 -0.006 -0.258 -0.186 -0.335 -0.129 0.146 -0.040 -0.148 -0.354 0.085 -0.080 

  Central AK 0.126 0.247 -0.028 0.376 0.129 -0.196 -0.280 -0.452 0.271 0.193 0.112 -0.644* -0.337 0.071 -0.102 

  Southeast AK -0.153 -0.011 0.373 -0.114 -0.499* -0.167 -0.305 -0.471* 0.076 0.186 0.473 -0.602* 0.018 0.288 0.171 

  British Columbia -0.323 -0.077 0.768* -0.564 -0.564 0.204 0.075 -0.019 0.043 -0.337 -0.149 -0.491 -0.036 0.048 -0.185 

  Washington -0.384 -0.015 0.417 -0.459 -0.459 -0.453 -0.111 -0.564** 0.176 0.673** -0.536 -0.124 -0.421 -0.001 -0.657* 

  Oregon 0.060 -0.154 0.398 -0.157 -0.157 -0.159 -0.149 -0.323 -0.127 0.414 -0.047 -0.851* -0.386 0.485 -0.130 
                                  

CHINOOK Yukon R -0.879** 0.335 -0.037 -0.584 -0.513 -0.643** -0.357 -0.498* 0.129 0.452 0.159 0.149 0.521 0.333 0.517 

  Kuskokwim -0.051 0.292 -0.114 0.076 0.104 -0.726** -0.306 -0.695** 0.136 0.583** 0.336 0.251 0.264 0.327 -0.232 

  Bristol Bay 0.118 0.006 -0.167 0.346 0.524* -0.749** -0.558* -0.739** -0.009 0.717** 0.363 -0.151 0.258 0.654* 0.197 

  Central AK 0.330 -0.081 -0.324 0.414 0.758** -0.529* -0.294 -0.691** 0.004 0.494* 0.780** 0.065 0.809** 0.604* 0.698* 

 

Table 2.  Pearson correlation coefficients relating mean body size of Pacific salmon to the total commercial catch of salmon in North America 
and Asia (total Pacific Ocean catch).  Gray columns indicate no significant correlation.

cially	chum	salmon,	are	known	to	intermingle	in	the	North	
Pacific	Ocean	(Salo	1991;	Myers	et	al.	1996;	Ruggerone	et	
al.	2003;	Urawa	et	al.	2005;	Habicht	et	al.	2005).		Assuming	
that	size	at	maturity	is	strongly	influenced	by	factors	during	
the	final	year	in	the	ocean,	then	many	populations	of	Asian	
and	North	American	salmon	should	exhibit	similar	changes	
in	size	of	 returning	adults.	 	An	exception	 to	 this	argument	
may	be	in	populations	of	chum	and	Chinook	salmon	entering	
rivers	that	discharge	into	the	Bering	Sea.		For	example,	many	
maturing	chum	and	Chinook	salmon	enter	the	Yukon	River	
in	June	and	early	July	so	the	last	summer	growing	season	is	
shortened.		The	penultimate	year	may	be	important	in	deter-
mining	final	size	at	maturity	for	these	northern	populations.
In	all	 species,	 except	coho	salmon,	 significant	correlations	
between	body	size	and	abundance	of	salmon	were	far	more	
common	during	1977–94	than	during	1960–76	or	1995–2005		
(Tables	 1	 and	 2).	 	 Following	 the	 1976–77	 ocean	 climate	
change,	 population	 abundance	 of	 chum,	 pink	 and	 sockeye	
salmon	increased	greatly	during	1977–94	(Fig.	2).	 	During	
the	 next	 time	period,	 1995–2005,	 abundance	 of	 chum	and	
pink	salmon	generally	remained	high,	while	sockeye	salmon	
abundance	declined.		Coho	salmon	did	not	show	a	clear	trend	
in	relationships	between	size	and	abundance	among	the	three	
time	periods.
	 During	1977–94,	chum	salmon	body	size	was	negative-
ly	related	in	many	cases	to	the	total	Pacific	catch	of	chum,	



NPAFC Bulletin No. 4

296

Helle et al.

pink,	and	sockeye	salmon;	positively	related	to	the	total	Pa-
cific	 catch	 of	many	Chinook	 salmon	 populations;	 and	 not	
related	 to	 the	 total	Pacific	catch	of	coho	salmon	(Table	2).		
The	body	size	of	chum	salmon	was	negatively	related	to	the	
abundance	of	pink	salmon	in	North	America,	with	the	excep-
tion	of	summer	chum	salmon	from	the	Yukon	River.		The	to-
tal	Pacific	catch	of	pink	salmon	was	negatively	related	to	the	
body	size	of	all	chum	populations,	except	for	summer	and	
fall	Yukon	River	chum	salmon	and	Kotzebue	chum	salmon	
(Tables	 1	 and	2).	 	Body	 size	 of	 chum	 salmon	populations	
from	Bristol	Bay	south	 to	Washington	were	negatively	 re-
lated	to	abundance	of	sockeye	salmon	in	both	North	America	
and	 the	 total	 Pacific	 catch	 (Tables	 1	 and	 2).	 	Kuskokwim	
River	chum	salmon	were	also	negatively	related	to	the	total	
Pacific	catch	of	sockeye	salmon	(Table	2).		During	1960–76	
and	1995–2005,	there	were	only	sporadic	negative	and	posi-
tive	correlations	(Table	1).		These	results	suggest	that	chum,	
pink,	and	sockeye	salmon	were	competing	for	resources	and	
that	 competition	 intensified	 for	 the	 18	 years	 following	 the	
1976–77	ocean	regime	change.	
	 Chum	 salmon	 body	 size	 was	 more	 negatively	 corre-
lated	with	total	Pacific	catch	of	chum	salmon	than	with	the	
North	American	catch	of	chum	salmon.		For	1977–94,	when	
comparing	chum	salmon	body	size	to	the	total	Pacific	Ocean	
catch	of	chum	salmon,	only	Yukon	River	chum	salmon	did	
not	show	a	significant	negative	relation	(Table	2).		However,	
in	 6	 out	 of	 10	 populations	 during	 this	 time,	 chum	 salmon	
size	did	not	show	significant	relationships	to	the	abundance	
of	North	American	populations	(Table	1).		Clearly,	there	is	
competition	for	resources	among	most	North	American	and	
Asian	chum	salmon	in	the	North	Pacific	Ocean.		
	 Pink	salmon	body	size	 in	comparison	with	abundance	
during	the	same	time	periods	and	locations	of	catches	show	
a	pattern	similar	 to	 that	described	for	chum	salmon	in	 that	
there	 are	 more	 significant	 relations	 during	 1977–94	 than	
during	 the	 earlier	 and	 later	 time	periods	 (Tables	 1	 and	 2).		
Moreover,	as	with	chum	salmon,	most	of	the	significant	rela-
tionships	with	pink	salmon	size	are	negative	with	chum	and	
sockeye	 abundance,	 positive	 with	 Chinook	 salmon	 abun-
dance,	 and	with	 few	 significant	 negative	 correlations	with	
coho	salmon	abundance.		During	1960–77,	the	body	size	of	
northern	British	Columbia	pink	salmon	was	negatively	 re-
lated	 to	 the	 abundance	 of	 chum	 salmon	 in	 both	 the	North	
American	catch	and	the	total	Pacific	catch	(Tables	1	and	2).		
During	1960–77,	Bristol	Bay	and	central	Alaska	pink	salmon	
size	related	negatively	to	 the	abundance	of	pink	salmon	in	
North	American	catches	(Table	1),	but	not	negatively	to	the	
total	 Pacific	Ocean	 catch	 of	 pink	 salmon	 (Table	 2).	 	Dur-
ing	 1995–2005,	 there	was	 only	 one	 significant	 correlation	
between	pink	salmon	body	size	and	abundance	in	both	the	
North	American	catches	and	the	total	Pacific	Ocean	catches.		
Further,	with	 only	 one	minor	 exception	 (Washington	 pink	
salmon)	pink	salmon	body	size	was	more	significantly	cor-
related with the North American catch than with the total Pa-
cific	Ocean	catch.		This	result	is	expected	because	the	ocean	

distributions	of	Asian	and	North	American	pink	salmon,	in	
most	cases,	show	only	minor	overlap	(Myers	et	al.	1996).
	 Significant	 relationships	between	 sockeye	 salmon	 size	
and	abundance	are	far	more	common	during	1977–94,	than	
the	earlier	and	later	periods	in	both	the	comparisons	with	the	
total	Pacific	Ocean	catch	and	the	North	American	catch	(Ta-
bles	1	and	2).		Similar	to	chum	and	pink	salmon	body	size,	
sockeye	size	was	negatively	correlated	with	chum,	pink,	and	
sockeye	abundance,	and	positively	correlated	with	Chinook	
salmon	abundance.		Of	the	five	sockeye	populations	in	North	
America,	 only	 Bristol	 Bay	 sockeye	 were	 not	 significantly	
correlated	with	chum	salmon	abundance	in	the	Pacific	Ocean	
and	North	America	(Tables	1	and	2).	
	 Coho	 salmon	 show	 fewer	 significant	 relationships	 be-
tween	size	and	abundance	than	the	other	species	(Tables	1	
and	2).		Coho	salmon	are	generally	not	as	abundant	as	chum,	
pink	and	sockeye	salmon	and	may	not	be	competing	for	re-
sources	with	these	species	(Fig.	2).		Numbers	of	coho	salmon	
declined	precipitously	in	1997	and	have	remained	at	lower	
levels	 to	 the	present	 time	 (Fig.	 2).	 	Body	 size	of	 coho	 in-
creased	 in	 the	 2000s	 in	 northern	British	Columbia,	Wash-
ington,	and	Oregon;	however,	body	size	of	coho	salmon	in	
southeast	Alaska	and	central	Alaska	appears	to	be	declining.		
Response	of	body	size	to	abundance	in	coho	salmon	appears	
to	be	more	related	to	local	conditions	than	to	the	abundance	
of	 other	 salmon	 species	 because	of	 their	 brief	 (one	winter	
and	two	summers)	time	at	sea.	 	Time	in	the	ocean	of	coho	
salmon	is	similar	to	that	of	pink	salmon.		
	 Chinook	salmon	are	generally	in	lower	abundance	than	
chum,	pink,	sockeye,	and	coho	salmon	(Fig.	2).		However,	
Chinook	 salmon	 show	 more	 significant	 correlations	 than	
coho	salmon	with	abundance	of	the	other	species	of	salmon.		
Chinook	salmon	spend	more	years	at	sea	than	coho	salmon	
and	that	may	account	for	the	differences.		In	addition,	the	de-
clines	in	Chinook	salmon	catches	since	the	early	1970s	may	
account	for	the	positive	correlations	between	size	of	chum,	
pink,	and	sockeye	salmon	and	Chinook	salmon	abundance.	

COnCLuSIOnS

	 In	the	present	paper,	we	compare	salmon	body	size	over	
a	broad	geographic	area,	from	the	northern	Bering	Sea	south	
to	the	state	of	Oregon.		The	data	we	have	used	comes	from	
commercial	catch	records	and	age	composition	within	spe-
cies	was	generally	not	available.	 	Nevertheless,	due	 to	 the	
large	sample	sizes,	we	observed	spatial	and	temporal	trends	
in	body	size	over	time.		We	are	also	aware	of	the	potential	
caveats	 of	 using	 catch	 data	 as	 a	 surrogate	 for	 abundance;	
but,	because	of	the	multiple	years	involved,	we	think	that	the	
trends	were	not	obscured.	
	 After	a	significant	decline	in	body	size	associated	with	
an	increase	in	abundance	of	North	American	chum	salmon	
from	about	1980	to	the	early	1990s,	most	populations	showed	
an	 increase	 in	body	 size	during	 the	 late	 1990s.	 	However,	
abundance	did	decline	after	the	peak	numbers	of	the	mid	to	
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late	 1990s	 but	 still	 remained	 at	 high	 levels.	 	 Pink	 salmon	
abundance	showed	increases	similar	to	those	of	chum	salm-
on,	but	sockeye	salmon	declined	after	the	mid	1990s.		Chum	
salmon	body	size	is,	in	many	cases,	related	negatively	to	the	
abundance	of	pink	and	sockeye	salmon.		Body	size	of	pink	
and	sockeye	salmon	also	tended	to	follow	the	same	pattern	
as	chum	salmon	but	 there	were	some	regional	differences.		
Body	size	of	coho	salmon	was	highly	variable.		Central	and	
southeastern	Alaska	coho	populations	declined	in	body	size	
after	 the	 early	 1980s	 and	 are	 still	 in	 decline	 into	 the	mid	
2000s.		Northern	British	Columbia,	Washington,	and	Oregon	
populations	of	coho	salmon	declined	in	body	size	from	the	
early	1970s	to	the	early	1990s,	and	then	increased	through	
the	early	2000s.		Body	size	and	abundance	of	Chinook	salm-
on	from	the	Yukon	River	south	to	central	Alaska	have	been	
declining	in	size	since	the	early	1970s.		We	did	not	look	at	
size	of	Chinook	salmon	from	southeastern	Alaska,	south	be-
cause	 troll	 fisheries	 for	 these	 fish	 are	 subject	 to	minimum	
size	regulations.	
	 Among	 ocean	 regime	 periods,	 significant	 correlations	
were	most	common	among	the	size	and	abundance	of	chum,	
pink,	and	sockeye	salmon	following	the	1976–77	ocean	re-
gime	change	to	1994.		We	chose	1994	as	the	end	of	the	peri-
od	following	the	ocean	regime	change	because	size	of	chum	
salmon	 in	 the	 two	 North	America	 populations	 monitored	
by	Helle	and	Hoffman	(1998)	started	to	increase	about	that	
time.		During	1977–94	correlations	indicate	that	chum,	pink,	
and	sockeye	salmon	compete	for	resources	in	the	ocean.
	 Our	 results	 indicate	 that	 some	 North	 American	 and	
Asian	salmon	populations	may	compete	for	resources	in	the	
ocean.		Correlations	between	body	size	of	chum	salmon	and	
abundance	were	higher	when	compared	to	the	total	of	North	
American	and	Asian	chum	salmon	than	when	compared	to	
only	the	North	American	abundance.		Correlations	between	
the	 body	 size	 of	 chum	 and	 pink	 salmon	 abundance	 were	
more	significant	and	negative	when	compared	with	the	North	
American	catch,	than	with	the	total	Pacific	catch.		However,	
body	size	of	pink	salmon	from	central	and	southeast	Alaska	
were	strongly	related	to	abundance	of	total	Pacific	catch	of	
chum	salmon	but	not	to	the	North	American	catch	of	chum	
salmon	(Tables	1	and	2).		The	same	comparisons	with	sock-
eye	 salmon	were	mixed.	 	 However,	 body	 size	 of	 sockeye	
salmon	 was	 more	 negatively	 related	 to	 the	 abundance	 of	
chum	salmon	in	the	total	Pacific	catch	than	to	the	catch	of	
chum	salmon	 in	North	America.	 	Specifically,	 some	North	
American	chum	and	pink	 salmon	are	 likely	competing	 for	
resources	in	the	ocean	with	Asian	chum	salmon,	but	not	with	
Asian	pink	salmon.	 	Body	size	of	chum,	pink	and	sockeye	
salmon	were	only	occasionally	related	to	the	abundance	of	
coho	salmon.		
	 Significant	 relationships	 between	 body	 size	 of	 chum	
and	 sockeye	 salmon	 and	 abundance	 of	 Chinook	 salmon	
were	positive	in	1960–76	and	during	1977–94.		However,	in	
1995–2005	the	few	relationships	that	were	significant	with	
Chinook	salmon	were	negative	 (Tables	1	and	2).	 	 It	 is	not	

likely	that	in	1995–2005	chinook	salmon	influenced	the	body	
size	or	abundance	of	chum,	pink,	or	sockeye	salmon	because	
of	the	small	numbers	of	Chinook	salmon	in	the	ocean.
	 We	 identified	 three	 time	 periods	 in	 the	 North	 Pacific	
Ocean	between	1960	and	2006	which	differ	in	the	abundance	
of	Pacific	salmon	and	in	terms	of	density-dependence.		The	
first	period	was	between	1960	and	1976.		The	abundance	of	
Pacific	salmon	was	low,	and	the	effect	of	density	dependence	
on	the	fish	was	the	lowest.		In	the	second	period	from	1977	
to	1994,	salmon	were	numerous	and	the	effect	of	density	on	
the	body	size	of	salmon	was	significant	in	many	cases.		The	
third	period	was	between	1995	and	2006.		The	abundance	of	
salmon	remained	high,	however,	the	body	size	of	the	salmon	
was	not	commonly	related	to	population	density.		This	latter	
time	period	seems	to	be	the	most	favorable	for	salmon.		The	
ocean	resources	during	this	time	supported	salmon	of	large	
body	size	and	large	population	numbers.		We	conclude	that	
the	carrying	capacity	of	the	North	Pacific	Ocean	for	produc-
ing	Pacific	salmon	is	not	a	constant	value.		Carrying	capacity	
varies	with	changing	environmental	and	biological	factors.	
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