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Each spring since 1968, scientists of the 
United States and Japan have conducted co
operative cruises to study the distribution 
and migration of salmon in the North Pacific 
O::ean. Results of the first cruise were pre
sented in Commercial F ish e r i e s Review 
December 1968 (French and Bakkala, 1968). 

The U.S . , Japan, and Canada, as treaty 
members of the International North Pacific 
Fisherie s Commission (INPFC), conduct re
search on fishery resources of common in
terest for effective utilization and conserva
tion. In the INPFC treaty of 1953, Japan 
a greed to limit its commercial salmon fish
ing to waters west of 175 0 W . Since then, 
studies by INPFC member nations have shown 
that some sockeye salmon originating in 
Bristol Bay. Alaska, are distributed west of 
the abstention line. 

Principal Objectives 

Principal objectives of the cooperative 
spring cruises were to: (1) study distribu
tion of maturing* Bristol Bay sockeye salmon 
relative to the abstention line at 175 0 W just 
prior to their inshore migration; (2) define 
oceanographic conditions that influence the 
distribution of sockeye salmon in relation t o 
the abstention line; and (3) com'Jine knowledge 
from spring research cruises with that from 
cruises in other seasons to further our un
derstanding of the movements of Bristol Bay 
sockeye salmon during their life at sea. 

This report briefly outlines findings from 
the earlier cooperative cruises in 1968 and 
1969. It presents in more detail the results 
of the 1970 and 1971 spring cruises. 

Vessels and Fishing Gea r 

The Seattl l'\'i\IF (. "a t i onal 
eries Service) Laborat or y ' s R 
Kelez I (550 tons) particip atf'd in h 
operative cruises from 1968 to 1 71 . J P 
nese research vessels we r th I II kk) 1 I' 

(220 tons) during the <1 year s and th 
Maru' (150tons)in 1868 and i' 7I. 
vessels are shown in Figu r e 1 . 

The primary f ishing g"ur \ as sur a 
multifilame nt gillne ts of various m sh Sl~ 
The Japane se v e sse ls al s o used longhn 
capture salmon for taggi ng ('xp(>rlm nts . 
tagging data ar e not r epor ted here. Th 
vessel fished a basic string of 0 
shackles of gillnet s (1 sha ckl 1S 91.5 
long) with five m e sh s i zes - -61, 83, 
and 133 mm stre t c he d measur . C'P rlm 
tal sections of deep n ts and monofllam 
nets we r e also fished at various im s. T 
Japane s e usually fi s h d a hasi n t strin 
50 or 7 5 t ans (1 t an 1S 5u met rs Ion) 1 
five m e shslz es-- 55, 72 '13,121, and 1 7 mn 
stre tche d m e asu r e. In 171, thE' \\ ka 
Marui fishe d 2 5 t ans of r gular multlf11am n 
gillne ts of 10 me s h SIZ s. R S'lltS I' por 
he re are of catche s in th m Iltlftlam nt 
net s. 

Communications 

The authors are biologlSts with National Marine Fisheries Senice , BIologIcal L.?boratory, 272,'; 
Washington 9 102. 

*' Maturing fish mature and spawn in the year of capture; immatures spawn ODe Or t\\O yeal'$ later . 
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Fig. 1 - Research vessels participating in cooperative cruises-
'George B. Kelez' (U.S.) and IHokko Marui and IWakashio Marui 
(Japan). 



Following the cruises, scientists from the 
two nations met in Adak, Alaska, to exchange 
biological and oceanographic data. 

RESULTS OF EARLIER STUDIES IN 1968 -69 

In the in i t i a 1 years of the cooperative 
cruises (1968 and 1969), the method of study 
involved fishing in a north -south direction for 
maturing sockeye salmon at various long
itudes prior to their inshore migration (Fig
ure 2). The fishing sites generally bracketed 
the area where tagging experiments have in
dicated that Bristol Bay soc key e salmon 
dominate the spring catches. These catch 
data allowed us to investigate the north -south 
distribution of maturing fish and their loca
tion in relation to various water masses and 
currents in the North Pacific Ocean; also, to 
gain some insight into the relative abundance 
and migrations of sockeye in relation to the 
abstention line at 175 0 W. 

From these investigations and from the 
analyses of past tagging studies, several con
clusions were reached on the distribution and 
migration of Bristol Bay sockeye in the 
spring (see Figure 2 for location of oceano
graphic features and other areas discussed): 

1. Maturing fish are located in a broad 
band across the North Pacific Ocean from 
about 140° W to 170 0 E. They c ommence 
their inshore migration simultaneously from 
many points along this distribution. 

2. This broad east-west band of maturing 
fish is found primarily in Ridge Area and 
Western Subarctic Intrusion Area waters in 
April and May. 

3. The relative strength and continuity of 
the Alaskan Stream were previously hypothe
sized to influence the extent of westward mi
gration by maturing sockeye salmon in late 
spring. Now they are tentatively considered 
to have little or no direct influence on mi
gration routes in this time period. Maturing 
fish did not enter the Alaskan Stream until 
late Mayor early June when they were en 
route toBristol Bay. They must have moved 
directly into the Bering Sea to have reached 
the Bay in their usual precise timing. 
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4. That portion of the maturing Bristol 
Baystockeast of 165 0 W primarily enter the 
Bering Sea through eastern Aleutian passes 
(east of 175 0 W). They are not vulnerable to 
the Japanese mothership fishery. Those fish 
between 165 0 Wand 175 0 W in early spring 
are more vulnerable to the Japanese fishe r y 
because many of them migrate westward past 
the central Aleutian Islands to enter the Ber 
ing Sea through central or western Aleut ian 
passes. 

From these findings, we have hypothesized 
that the distribution of maturing sockeye in 
April and early May governs their route s of 
inshore migration - -and their vulnerability to 
the Japanese fishing fleet in late May and 
June. In 1970 and 1971, the cruise patte r n 
for the 'Kelez' was changed from the north
south track to an east-west track. This was 
designed to provide fishing stations through 
the main concentrations of maturing sockeye 
salmon and totest this hypothesis. The Japa 
nese vessels continued their north-south pat
tern and provided data on the distribution of 
salmon west of the area covered by the U.S. 
vessel. 

Although data from a series f years will 
be required to accomplish the m ajor objec
tives of the study, some findings have im
mediate benefit. The cruises provide a fore
cast in May of the relative abundance and age 
composition of the Bristol Bay r un--most of 
whic h occurs in early July- -and an indication 
of t he average size of the fish making up the 
run. 

RESULTS OF STUDIES IN 1970-71 

Distribution of Salmon 

Sockeye and chum salmon were the main 
species taken in waters north of 49 0 N in 
April and May. Other species of s almon were 
seldom caught in this area. Earlier studie s 
have shown that main concentrations of pink 
and coho salmon are in more southern waters 
(French, Bakkala, Osako, and Ito, 197 1) . The 
maturing chinook salmon that may be he aded 
for western Alaska rivers are usually not 
taken in the mesh sizes used by the research 
vessels. 
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Sockeye Salmon 

The maturing sockeye salmon sampled in 
spring 1970 were from the large run of 40 
million fish returning to Bristol Bay in 1970, 
a peak cycle year. The Bristol Bay run cur
rently has a 5 -year cycle - -a dominant run 
with runs of intermediate size in the year 
preceding and following the dominant run and 
2 years of relatively low runs. The post
dominant run in 1971 was expected to be much 
smaller than the peak run in 1970; a change 
in magnitude of the runs was obvious from 
the comparison of catch -per-unit-of-effort 
(CPUE) in the 2 years (Figure 3). 

In 1970, we anticipated large catches but 
had assumed that good catches would extend 
to the western Aleutian Islands areas. Con
trary tothese expectations, catches declined 
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sharply we st of 175 0 \\. wh r gllln atch s 
were small or frequently z roo Th s findmgs 
suggested that th maJorlt of Bristol a 
fish were east of th abst ntlOn hn b for 
their inshore migration. 

In spring 1971, the distnbutlOn of sock 
salmon again appeared to b larg ly r stn d 
to waters east of 175°\ (Flgur 3), alth ugh 
some differences from th 1970 distribuhon 
were apparent. The sharp peak m catch s 
between 160 0 Wand 165 0 W in 1970 was not 
apparent in 1971, when abundanc was mor 
uniform from 155 0 W to 170 0 

\. In addition, 
the catch data from the Japan s r s arch 
vessels mdicated that maturing fish \ r 
relatively more abundant near 180 0 in 1971 
than in 1970. Thes changes, hm ver, do 
not substantially alter the general similariti s 
of distribution between 1971 and 1 70. 

55°r------------.-------------.------------.------------
170° 175°E 180° 175°W 170°1 

q;:.Attu 

Q " 

_ Immatures 
c:::J Matures 
.0 No catch 

Hokko Maru 
1971 

CPUE 
I I I 

Wakashio Maru 
1971 

Hokko Maru 
1970 

5 10 15 
tons 

~---------------------------------------
Fig. 4 - DistrIbution of immature and maturIng sockeye salmon, spring 1970 nd 1971. 
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The type of distribution shown in the 2 
years may be typical for maturing Bristol 
Bay sockeye in April and May of most years. 
The proportion of the Bristol Bay run taken 
by the Japanese high -seas fishery has been 
estimated to range from 2% to 11 % (average 
7%) in 12 of 14 years from 1956 to 1969 
(Fredin and Worlund, 1971). Only in 1957 and 
1961 were estimates of the Japanese catch 
higher (3 5% and 24%). We anticipate that the 
type of dist ribution shown by research vessel 
catche s in spring 1970 and 1971 would result 
in the usual exploitation rate of 11% or less. 
T he majority of sockeye would be expecte d t o 
use eastern Aleutianpasses to reach the Ber
ing Sea; a much smaller proportion would 
move west of the abstention line or already 
inhabit these waters and become available to 
the Japanese fishery. Data from Japanese 
c ommercial catches for 1970 and 1971 are 
not y et available to test these assumptions . 
The spring distribution would be expected to 
b e quite different in years such as 1957 and 
1961, when a much higher proportion of the 
B r ist ol Bay run was vulnerable to the high
se as fi shery. 

Catches by the Japanese research vessels, 
which fished a greater north -south range than 
the U .S. vessel, illustrate the differences in 
distribution of immature and maturing sock
eye s a lmon in the spring (Figure 4). Matur
ing fi sh dominated catches south to about 
48 0 30 ' N, and immatures were absent or in 
low abundance in these more northern waters. 
South of 48 0 30' N, immatures usually domi
nated c atches. This separation of immature 
and m aturing sockeye in the spring has been 
observed in other years. It appears to be a 
regular feature of their distribution at sea. 

Chum Salmon 

Since cru i s e t racks in 1970 and 1971 by 
the U.S. vessel were primarily designed to 
fish throu gh main concentrations of sockeye 
s almon, they were not well suited to sample 
chums. Main concentrations of chum salmon 
were probably south of the waters fished; 
those sampled may have represented the 
northe rn part of their distribution. 

Catches in t he area sampled indicated that 
abundance was greatest near 160 0 W, and was 
l e ss t othe west (Figure 5). In 1970, the U.S. 

vessel failed to take chum salmon in many 
sets west of 175 0 W. In 1971, the Japanese 
vessels took chum salmon more consistently 
in this area but in low abundance; abundance 
was generally greater in 1971 than in 1970. 

Fishing data furnished by th Japanese for 
1970 and 1971 illustrated more accurately the 
locationofchumsalmonwest of 175 0 W (Fig
ure 6). Maturing chums were generally more 
abundant to the south--from about 47 0 30' N 
to 48 0 30' N. The north-south distribution of 
matures was extensive, extending from about 
51 0 N to at least 41 0 30' N. The distribution 
of lmmatures was more restricted, extending 
northward to only about 48 0 30' N. In contrast 
to immature and maturing sockeye salmon, 
which were more clearly separated, the im
mature and maturing chums apparently inter
mingle to a much greater degree. This is 
due to the wide north -south range of maturing 
chums, which appears to extend as far south 
as that of immatures. 

Age and Size of Salmon 

The age compositions of maturing sockeye 
salmon in samples taken east and west of 
175 0 W in spring 1970 and 1971 are shown 
below. 

Age"' (Percent) 

Year Area .2 .3 No. of fUb 

1970 East of 1750 W 89 11 999 
West of 1750 W 81 19 52 

1971 East of 1750 W 34 66 590 
West of 1750 W 83 17 199 

The lower abundance of maturing fish west 
of 175 0 W was accompanied by changes in 
age composition. This suggests a greater 
mixture of stocks (probably Asian and Bristol 
Bay) in this area - -or differential distribution 
of the two major age groups of Bristol Bay 
sockeye. The change in age composition was 
not great in spring 1970 when the large num 
bers of Bristol Bay fish would be expected to 
dominate samples in most areas fished. In 
1971, however, the change in age composition 
was substantial. This indicates a much high 
er proportion of non-Bristol Bayfish in 1971 
samples west of 175 0 W than east of this 
longitude - -or greater differential distribu 
tion of age groups. 

* Age designation is that ~iven by 1<00 in 1962: the number of winters in fresh water is indicated by the number preceding the deci
mal; the number of wmters at sea by the number following the decimal. Only ocean ages are discussed here. 
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AGE 8 SAMPLE 
YEAR SIZE 

AGE .2 
1968 62 
1969 326 
1970 889 
1971 377 

AGE .3 

1968 59 
1969 214 
1970 108 
1971 712 

AGE .3 

1968 
1969 
1970 
1971 

AGE .4 

1968 
1969 
1970 
1971 

85 
215 
196 

352 

87 
25 
II 
83 

SOCKEYE SALMON 
LENGTH WEIGHT 

CHUM SALMON 

, 

, 

I I I I I I I I I I I I I I I I I I I I I I I, I I I I I 
40 50 60 70 1.0 2.0 3.0 4.0 5.0 

LENGTH (em) WEIGHT (kg) 

Fig. 7 - Average lengths and weights (and their ranges) of sockeye and chum salmon from spring catches of the 'George B. Kelez', 1968 to 1971. 
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The age composition.in the 1970 Bristol 
Bay run was 90% age .2 and 10% age .3 sock
eye . This was almost identical to the 89% 
age .2 fish and 11% age .3 fish taken east of 
175 0 W. The accuracy of the predicted age 
composition from high seas catches was un
doubtedly due to the high proportion of age .2 
fish in the run and the large numbers of 
Bristol Bay fish at sea in spring 1970. 

Based on 1971 spring sampling east of 
175 0 W, we would forecast the Bristol Bay 
run to be made up of over 60% age .3 fish. 
This forecast assumes that the predominantly 
age .2 sockeye west of 175 0 W will not con
tribute substantially to the 1971 Bristol Bay 
run and alter the age composition shown by 
catches to the east. 

Sockeye salmon were noticeably smaller 
in April and May of 1970 than in other years 
since 1968 (Figure 7). Average lengths of 
age .2 and age .3 fish were at least 2 cm 
(0.8 inch) smaller, and fish weighed at least 
200 g (7 oz) less in 1970 than in other years. 
The reduced size of fish in 1970 suggests that 
the large numbers of Bristol Bay sockeye at 
sea (over 40 million fish) may have overtaxed 
the available quantity of food organisms. It 
is interesting to note that the size of age . 3 

fish in spring 1971 was not similarly reduced, 
although they shared the first 2 years at sea 
with th large population of age .2 fish that 
return d to spawn in 1970. This suggests that 
environmental conditions during their last 
year at sea may b th most critical in de 
termining the u 1 tim ate size of maturing 
salmon. 

Chum salmon were smaller for a given 
ag in 1971 than in any other year . Maturing 
chum salmon wer not particularly small in 
1970, as were sockeye salmon; the size of 
chum salmon apparently was not greatly in
fluenced by the large numbers of sockeye 
present in 1970. The type of food organisms 
taken by chum salmon and the distribution of 
chums may differ sufficiently from those of 
sockeye salmon to reduce the competition 
between species. 
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